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GLOSSARY 

AEC: Atomic Energy Commission. Federal agency created in 1946 to manage the development, 

use, and control of nuclear energy for military and civilian applications. The agency was 

succeeded by the Energy Research and Development Administration (now part of the U.S. 

Department of Energy) and the U.S. Nuclear Regulatory Commission. 

Air: Atmosphere that becomes a potential migration pathway for re-suspension and disposal of 

radioactive material and contaminated media. 

Alpha particle: A positively charged particle ejected spontaneously from the nuclei of some 

radioactive elements. Alpha particles can be stopped by a thin sheet of paper. 

Aquifer: A saturated subsurface zone from which water is drawn. 

Background radiation: A naturally occurring radiation from cosmic or terrestrial sources. 

Base Closure and Realignment Act of 1990: The Defense Base Closure and Realignment Act 

of 1990, as amended (Public Law 101-510), was enacted by the U.S. Congress to provide a fair 

process that will result in timely closure and realignment of military installations in the United 

States. Navy uses the BRAC Program to comply with this Act. 

Base Realignment and Closure (BRAC) Program: A process of the United States federal 

government to close excess military installations and realign the total asset inventory to reduce 

expenditures on operations and maintenance. 

Beta particle: A charged particle emitted from a nucleus during radioactive decay with a mass 

equal to 1/1837 that of a proton. Negatively charged beta particles are electrons, and positively 

charged particles are positrons. Beta particles can be stopped by a thin sheet of plastic. 

BUAER:  Navy Bureau of Aeronautics. BUAER was the Navy’s material support organization 

for Naval Aviation from 1921 to 1959. 

BUMED: Navy Bureau of Medicine and Surgery. BUMED is responsible for the Navy’s 

Radiation Health Program. 
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BUSHIPS: Navy Bureau of Ships. Until 1966, was responsible for design, construction, 

procurement, maintenance, and repair of the Navy’s vessels. BUSHIPS was succeeded by the 

Naval Ship Systems Command, now known as the Naval Sea Systems Command or NAVSEA. 

CERCLA: Comprehensive Environmental Response, Compensation, and Liability Act of 1980 

is legislation that established the federal Superfund for response to uncontrolled releases of 

hazardous substances to the environment. 

CERCLIS: Comprehensive Environmental Response, Compensation, and Liability Act 

Information System: U.S. Environmental Protection Agency’s computerized inventory and 

tracking system for potential hazardous waste sites. 

Characterization Survey: Site assessments generally taken after the presence of radioactive 

contamination has been confirmed at an impacted site by a scoping survey. The survey 

determines the extent of contamination and identifies and defines the radionuclides of concern. 

These surveys include in-depth surveys, sampling, monitoring, and analysis necessary to select 

and develop, appropriate cleanup techniques. 

Class 1 area (based on the Multi-Agency Radiation Survey and Site Investigation Manual 

[MARSSIM]): An area having the highest potential for G-RAM contamination. Examples of 

Class 1 areas include (1) areas previously subject to remedial actions, (2) locations where leaks 

or spills are known to have occurred, (3) former burial or disposal sites, (4) waste storage sites, 

and (5) areas containing contaminants in discrete solid pieces of material with high specific 

activity. 

Class 2 area (based on MARSSIM): An area having a moderate potential for the presence of 

radioactive contamination. Examples of areas that might be classified as Class 2 include 

(1) locations where radioactive materials were present in an unsealed form, (2) potential 

contaminated transport routes, (3) areas downwind from stack release points, (4) upper walls and 

ceilings of buildings or rooms subjected to airborne radioactivity, (5) areas handling low 

concentrations of radioactive materials, and (6) areas on the perimeter of former radioactive 

material control areas. 
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Class 3 area (based on MARSSIM): An area having little or no potential for the presence of 

radioactive contamination. Examples of areas that might be classified as Class 3 include buffer 

zones around Class 1 and Class 2 areas and areas with very low potential for residual 

contamination but insufficient information to justify a non-impacted classification. 

Class 1 surveys: Surveys of an impacted site that has a high potential for the presence of 

radioactive material, is known to have radioactive material present, or has been remediated for 

radioactive contamination. This includes areas with radioactive contamination present in excess 

of release criteria based on Scoping or Characterization Surveys, or areas where previous Class 2 

or 3 surveys found radioactive contamination above the release criteria. Class 1 surveys cover 

100 percent of the site. 

Class 2 surveys: Surveys of an impacted site recognized as having a potential for radioactive 

material but with radioactive contamination present at levels not expected to exceed release 

criteria. This includes areas known to contain minor isolated areas with radioactive 

contamination present with low potential for exposure, buffer zones around Class 1 areas, or 

areas where previous Class 3 surveys found radioactive contamination. Class 2 surveys can cover 

10 to 100 percent of the site. 

Class 3 surveys: Surveys of an impacted site that is not expected to contain residual radioactive 

contamination exceeding the release criteria. This includes buffer zones around Class 1 or 2 

areas or areas which have previously been remediated for radioactive contamination. The 

percentage of the site covered by Class 3 surveys is not standardized, and surveys may be 

conducted randomly. 

Commodity Item: An item that could be bought or sold. 

Contaminated media: Materials that contain, or are suspected of containing, radioactive 

contamination or to which radioactive contamination may have migrated. 

Contaminated media assessment: A rating of the potential for radioactive contamination to 

exist in media or its migration at an impacted site. 
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Contamination potential: The likelihood of residual radioactive contamination at an impacted 

site that has been determined through a professional evaluation of historical information, 

previous survey results, and site reconnaissance. 

Curie (Ci): A unit of measure of the amount of radioactivity equal to 3.7 × 1010 disintegrations 

per second or 2.22 × 1012 disintegrations per minute (dpm). 

Decontamination: The reduction in or removal of radioactive contamination from a structure, 

object, or person. Accomplished by treating the surface to remove or decrease the contamination 

or by letting the material decrease as a result of radioactive decay. 

Defense Reutilization and Marketing Office (DRMO): Formally known as Defense Property 

Disposal Office (DPDO). DRMOs are now part of Defense Logistics Agency (DLA) Disposition 

Services and dispose of excess property received from the military services. 

Direct measurement: Measurement of alpha, beta, or gamma radiation with instrumentation 

that displays data as a digital rate, timed count, or integrated dose rate. 

Dose: The amount of energy absorbed by a person exposed to radiation. 

Drainage system: Sanitary drains, facility storm drains or septic systems and leach fields. This 

category can include sediments where drainage occurs. 

Emergency action: Immediate remediation or containment is required because the levels of 

radioactive contamination are such that there is a high potential for release of radioactive 

contamination to the environment or for significant exposure to the public. 

EPA: U.S. Environmental Protection Agency. The lead federal regulatory agency under 

CERCLA for cleanup of hazardous waste sites on the National Priorities List (NPL). 

Final Status Survey (FSS): Assessment taken after historical documentation or previous 

investigations or remediations indicate that radioactive contamination has been removed from an 

impacted site. The survey is intended to verify that an impacted site complies with applicable 

release criteria by taking the appropriate samples and measurements that will define the 

radiological condition of a site. 
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Free release: A recommendation made after historical documentation and previous and current 

investigations and surveys indicate all applicable release criteria have been met and the site is 

ready for review by Navy and regulatory agencies for future non-radiological use. 

G-RAM: All general radioactive material used by the Navy or Marine Corps that is not 

associated with the Naval Nuclear Propulsion Program (NNPP). 

Gamma radiation: High-energy, short-wave-length electromagnetic radiation emitted from the 

nucleus of an atom. Gamma radiation frequently accompanies the emission of alpha and beta 

particles and always accompanies fission. Gamma rays may be stopped by shielding with dense 

materials such as lead. 

Groundwater: Waters contained in subsurface materials and aquifers. 

Half-life: Time required for a population of atoms of a given radionuclide to decrease through 

radioactive decay to exactly one-half of the original number of atoms. No operation, either 

chemical or physical, can change the decay rate of a radioactive substance. Half-lives range from 

much less than 1 microsecond to more than 1 billion years. The longer the half-life, the more 

stable the nuclide. After one half-life, half of the original atoms will remain; after two half-lives, 

one fourth (or 1/2 of 1/2) will remain; and so on. 

Hazardous material: Material that possesses properties of radioactivity, chemical toxicity, or 

other potential to cause human illness or injury. 

Hazardous substance: Any material that poses a threat to human health and/or the environment. 

Typical hazardous substances are toxic, corrosive, ignitable, explosive, or chemically reactive. 

High (Contaminated Media Rating): A rating given to an area or structure indicating that 

evidence of radioactive contamination in the media or migration pathway has been identified.  

Horsham Land Reuse Authority: Provides leadership on behalf of the affected communities in 

Horsham to facilitate the economic redevelopment of surplus Navy properties in the surrounding 

area (NAS JRB Willow Grove, Off-site Housing - Shenandoah Woods and Jacksonville Road, 

and Horsham Memorial Army Reserve Center). 



NAS JRB Willow Grove 
Historical Radiological Assessment Glossary 

FINAL xvi 

HRA: Historical Radiological Assessment. A detailed investigation to collect historical 

radiological information and data derived from environmental monitoring for a particular site 

and its surroundings where radioactive materials were used. The HRA is comparable to the 

Historical Site Assessment as defined in MARSSIM. 

HSA: Historical Site Assessment. The MARSSIM terminology used to describe a document 

equivalent to a historical radiological assessment. See HRA above. 

Impacted site: An area that has or historically had a potential for the presence of radioactive 

contamination based on the site operating history or known contamination detected during 

previous radiation surveys. Impacted sites include areas where radioactive materials were used or 

stored; where known spills, discharges, or other instances involving radioactive materials have 

occurred; or where radioactive materials might have been disposed of or buried. Impacted sites 

are ranked as Class 1, 2, or 3 based on MARSSIM guidance. 

Investigation: The gathering of data or information to identify potential radiation areas. 

Known-Continued Access (Contamination Potential): Low levels of radioactive 

contamination exist, but the contamination is contained in system, fixed on building surfaces, or 

is in generally inaccessible areas. 

Known-Restricted Access (Contamination Potential): Radioactive contamination is known to 

exist at levels that could be hazardous without protective clothing, respiratory protection, or 

radiation monitoring. 

Likely (Contamination Potential): Residual radioactive contamination is expected but has not 

been confirmed. 

Low (Contaminated Media Rating): A rating given to an area or structure indicating that the 

potential for radioactive contamination in the type of medium or migration pathway is remote. 

MARSSIM: Multi-Agency Radiation Survey and Site Investigation Manual 

Media: Types of materials at an impacted site that may contain or are suspected of containing 

radioactive contamination or to which radioactive contamination may migrate. 
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Micro: Abbreviated μ. A prefix used to denote one-millionth (10-6). 

Migration pathway: Media or transport mechanisms that allow radioactive contamination to 

spread in the immediate vicinity of the contaminated media. 

Milli: Abbreviated m. A prefix used to denote one-thousandth (10-3). 

Moderate (Contaminated Media Rating): A rating given to an area or structure indicating that 

the potential for radioactive contamination exists but has not been fully assessed.  

NATO: Northern Atlantic Treaty Organization. Military alliance of the democratic states of 

Europe and North America. 

NAVSEA: Naval Sea Systems Command. Senior Navy command assigned responsibility for 

controlling the use of radioactive materials by the Navy, including the Marine Corps. NAVSEA 

provides oversight and regulatory guidance to the Navy Nuclear Propulsion Program (NNPP), as 

well as the Nuclear Weapons Radiological Controls and G-RAM programs. 

NAVSUP: Naval Supply Systems and Command. Senior Navy command assigned responsibility 

for providing the Navy with supplies and services. 

NCP: National Oil and Hazardous Substances Pollution Contingency Plan. More commonly 

called the National Contingency Plan or NCP; it is the federal government's plan for responding 

to both oil spills and releases of hazardous substances (including radioactive materials). The 

NCP is part of the National Response System, under which federal departments and agencies 

help state and local officials protect public health and the environment during hazardous 

materials emergencies. 

NERP: Navy Environmental Restoration Program. NERP replaced the Navy /Marine Corps 

Installation Restoration Program. The program reduces the risk to human health and the 

environment from legacy waste disposal operations and hazardous substance spills at active and 

BRAC installations. 
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NNPP: Naval Nuclear Propulsion Program. A joint Navy and U.S. Department of Energy 

program to design, build, operate, maintain, and oversee operation of naval nuclear-powered 

ships and associated support facilities. 

None (Contaminated Media Rating): Assessment of media or migration pathway that indicates 

no evidence of contamination has been found or that known contamination has been removed. 

Also, surveys indicate that the media or migration pathway meets release criteria. 

None (Contamination Potential): Radioactive contamination has been fully assessed and 

removed, if necessary, and the site has been free released by the Navy and the regulatory 

agencies. 

Non-destructive inspection (NDI) /Non-destructive testing (NDT): An inspection technique 

that involves examining the structure of materials without destroying or physically changing the 

materials. Industrial radiography using an ionizing radiation source to inspect metals and welds 

to ensure integrity and structure is one type of NDI. Machine sources of ionizing radiation (x-ray 

machines) may also be used to perform NDI. 

Non-impacted site: An area having no reasonable likelihood of residual radioactive 

contamination from site operations, based on historical documents.  

NPL: National Priorities List. Under the Superfund program, a list of sites where releases and 

potential releases of hazardous substances, pollutants, and contaminants appear to pose the 

greatest threat to public health, welfare, and the environment. 

NRC: U.S. Nuclear Regulatory Commission. The federal agency that oversees and authorizes 

the use of byproduct, source, and special nuclear materials. 

NRMP: Naval Radioactive Materials Permit. Navy authorizations for the use of specified 

byproduct, source, or special nuclear radioactive materials that are issued by the Naval Radiation 

Safety Committee (NRSC) under the authority of the Master Materials License granted to the 

Navy by the NRC. 

NRSC: Naval Radiation Safety Committee. Navy organization which manages the NRMP 

Program and provides administrative control of all G-RAM used by the Navy and Marine Corps. 
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Nuclide: Any known isotope, either stable or unstable, of any element. A single element can 

have isotopes, but when referring to isotopes of more than one element, the proper term is 

nuclide. 

NUREG: Nuclear Regulatory Commission’s implementation guidance document. 

PADEP: Pennsylvania Department of Environmental Protection. The state agency charged with 

preventing, abating, and controlling pollution of the air, land, and water.  

Pico (p): A prefix used to denote one-trillionth (10-12). 

Radiography: The process of examining a person, animal, object, or structure below the surface 

without injury or incursion using a radioactive source or a machine source of ionizing radiation. 

Radioisotope: An unstable isotope of an element that decays or disintegrates spontaneously, 

emitting radiation. These elements have the same number of protons but different numbers of 

neutrons in their nuclei. Approximately 3,700 natural and artificial radioisotopes have been 

identified. 

Radioluminescence: Luminescence produced by the bombardment of radiant energy such as x-

rays, radioactive waves, or alpha particles on a phosphorescent material. 

Radioluminescent device: An item containing radioluminescent material or paint that allows the 

device to be seen in the dark. These devices were commonly used by the Navy and possibly 

contained radium-226, strontium-90, tritium, or promethium-147. 

Radioluminescent paint: A paint containing a radioisotope that interacts with a phosphor to 

produce radioluminescence. The paint was commonly applied to devices that needed to be seen 

in areas without natural or artificial lighting. 

Radiologically impacted: An area, building, or piece of equipment that, based on the judgment 

of a radiological professional, has the distinct possibility of being associated with residual 

radioactive material.  

Radionuclide: An unstable nuclide or isotope. 



NAS JRB Willow Grove 
Historical Radiological Assessment Glossary 

FINAL xx 

RASO: The Naval Sea Systems Command Detachment, Radiological Affairs Support Office, 

located in Yorktown, Virginia. RASO provides technical support to the Navy for management 

and control of G-RAM. 

RASP: Radiological Affairs Support Program. This program, managed by NAVSEA and RASO, 

covers the use of G-RAM and machines which produce ionizing radiation in the Navy and 

Marine Corps.  The RASP does not include radioactive materials under control of the NNPP. 

Reference background: Measurements taken in a reference area with similar physical 

characteristics and no radiological history for comparison with measurements performed in the 

area of concern. 

Release criterion: A regulatory limit established to set a limit for decontamination of residual 

radioactive material. The limit may be expressed as a function of radioactivity, dose, or exposure 

risk. 

Rem: Roentgen equivalent man. A measure of radiation dose that is an estimate of the potential 

biological damage resulting from radiation exposure. 

Roentgen: A unit of exposure for x-rays or gamma rays. 

SARA: The Superfund Amendments and Reauthorization Act (SARA) amended the 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) on 

October 17, 1986. SARA reflected EPA's experience in administering the complex Superfund 

program during its first six years and made several important changes and additions to the 

program. SARA also required EPA to revise the Hazard Ranking System (HRS) to ensure that it 

accurately assessed the relative degree of risk to human health and the environment posed by 

uncontrolled hazardous waste sites that may be placed on the National Priorities List. 

Scoping Survey: A survey to identify radionuclide contaminants, relative radionuclide ratios and 

general levels, and extent of contamination. These surveys usually include minimal surface 

scans, sampling, and dose rate assessments. 
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Source: A small device containing radioactive material. The device may be used in research and 

industrial processes and may be sealed or unsealed. Sources are usually enclosed in a housing 

that prevents the escape of the radioactive materials.  Sources are often referred to as 

“radioactive sources” or “sealed sources.” 

Spectroscopy: Physics that deals with the theory and interpretation of interactions of matter and 

radiation. Often used in the analysis of samples for quantification or qualification of radioactive 

content. 

Structure: A man-made surface(s) above the surface or contained within subsurface media. This 

would include a concrete building foundation. 

Subsurface soil and media: Solid materials and media found below the surface soils. 

Surface soil: The top layer of soil (6 inches below ground surface), fill, gravel, waste piles, 

concrete, or asphalt that is available for direct exposure, growing plants, re-suspension of 

particles for inhalation, and mixing from human disturbances. 

Surface water: Water in streams, rivers, lakes, and oceans as well as coastal tidal waters. 

Swipe sample: Type of sample collected to measure removable contamination on surfaces for 

alpha and beta particles. 

Unknown (Contamination Potential): Residual radioactive contamination potentially exists but 

no clear indication of possible contamination levels or contaminants has been established. 

Unlikely (Contamination Potential): Residual radioactive contamination is not believed to 

exist but investigation is warranted. 

Wetland: A type of sensitive environment sufficiently inundated or saturated by surface water or 

groundwater to support vegetation adapted for life under saturated soil conditions. Wetlands 

generally include swamps, marshes, bogs, and similar areas. 
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1.0 EXECUTIVE SUMMARY 

1.1 PURPOSE 

This Historical Radiological Assessment (HRA) presents a comprehensive history of the 

Navy’s use of general radioactive material (G-RAM) at the Naval Air Station Joint Reserve Base 

Willow Grove (NAS JRB Willow Grove), in Horsham, Pennsylvania. To prepare the HRA, the 

Navy examined historical activities involving the use of G-RAM at NAS JRB Willow Grove. 

For the purposes of this HRA, G-RAM is defined as any radioactive material used by the 

U.S. Department of the Navy (DON) (including the Marine Corps), or DON contractors that is 

not associated with the Naval Nuclear Propulsion Program (NNPP). The HRA designates sites as 

impacted or non-impacted by the use or disposal of G-RAM; identifies potential, likely, or 

known sources of radioactive materials, contamination, and areas of use; assesses the likelihood 

of residual contamination and contaminant migration; identifies sites that need further action; 

and provides recommendations for future radiological investigations and remediation processes 

to remove threats to human health and the environment. 

This document has been prepared pursuant to the DON’s Environmental Restoration 

Program to fulfill the requirements for a preliminary assessment in accordance with the 

Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA). 

The format and content are consistent with the guidance for a Historical Site Assessment (HSA) 

as set forth in the Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) 

(HRA-0230). 

1.2 STATION BACKGROUND 

NAS JRB Willow Grove is located in Montgomery County, Pennsylvania, about 25 miles 

north of Philadelphia, Pennsylvania. The facility includes three principal areas: the Main Station, 

the Jacksonville Road Housing Area and the Shenandoah Woods Housing Area. The Main 

Station encompasses approximately 1,100 acres and is surrounded primarily by the commercial 

areas of State Route 611 toward the east, Horsham Road to the southwest, Keith Valley Road to 

the north, and County Line Road to the northeast. The Jacksonville Road Housing Area has 6 
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single family homes situated on approximately 2.5 acres and is located six miles northeast of the 

Main Station in neighboring Ivyland Borough in Bucks County (HRA-0001). The Shenandoah 

Woods Housing Area has 199 townhouse units (and one convenience store) situated on 

approximately 51 acres and is located eight miles northeast of the Main Station in Warminster in 

Bucks County (HRA-0001). This HRA evaluates all three properties.  

This HRA covers the history of G-RAM use at NAS JRB Willow Grove from the time 

the Navy took possession of the property in November 1942 until September 2011, when NAS 

JRB Willow Grove was closed. NAS JRB Willow Grove has historically supported a wide 

variety of squadrons ranging from World War II (WWII) fighter training squadrons to modern-

day anti-submarine patrol squadrons. NAS JRB Willow Grove facilities are currently in the 

process of transition after the closure of the Station in September 2011. 

Details of the history of G-RAM at NAS JRB Willow Grove are provided in Section 6.0 

of this HRA. Historical G-RAM operations included: 

• Repair, use, and disposal of radioluminescent commodity items (dials, gauges, and 

personnel markers) 

• Handling, storage, repair, and disposal of aircraft counterweights containing depleted 

uranium (DU)  

• Storage and handling of commodity items containing radioactive materials 

• On-site disposal of radioactive materials 

• Handling and disposal of radioactive materials by shipment to off-site vendors or waste 

disposal sites 

1.3 HRA METHODOLOGY 

The primary purpose of the HRA is to determine which areas used by the DON at NAS 

JRB Willow Grove have been “impacted” by the potential or known presence of radioactive 

contamination based on historical information. In many instances, designation as impacted does 

not confirm that radioactive contamination is present, only that the possibility exists and must be 

investigated. Once a site is designated as impacted, it retains this designation even if residual 
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radioactive contamination is removed and/or a radiological survey indicates that no residual 

radioactivity is present.  

A “non-impacted” site is one for which, based on historical documentation or results of 

previous radiological survey information, there is no reasonable possibility for residual 

radioactive contamination. If new historical information becomes available or radioactive 

contamination is found at a non-impacted site, the site would be re-designated as impacted.  

For a site to be designated as impacted, the HRA must define the extent of past 

operations involving radioactive material, assess the likelihood of potential contamination and 

potential contaminant migration pathways, and recommend future actions. This information can 

also be used to support removal actions within the context of the CERCLA process. 

The DON researched multiple federal and local archives in the course of preparing this 

HRA. In an effort to find and interview personnel with knowledge of radiological operations at 

NAS JRB Willow Grove, the DON placed a public notice and factsheet announcing the HRA in 

the local newspapers. The factsheet was intended to solicit public input from local former 

civilian employees and military veterans. The DON gathered information from current 

employees at NAS JRB Willow Grove and the DON’s Radiological Affairs Support Office 

(RASO) who had working knowledge of radiological activities at Willow Grove. The DON also 

established a toll-free telephone hotline and a dedicated e-mail location for input and information 

from personnel with knowledge of operations involving radioactive material at NAS JRB Willow 

Grove. The DON compared historical information to evaluations made during several site 

reconnaissance visits to determine which sites were impacted. The results were compiled and are 

provided in this HRA. 

1.4 REGULATORY INVOLVEMENT 

The U.S. Nuclear Regulatory Commission (NRC) and its predecessor agency, the Atomic 

Energy Commission (AEC), exercised licensing and regulatory authority over some of the 

radioactive materials at NAS JRB Willow Grove. Although NAS JRB Willow Grove did not 

possess any AEC/NRC licenses, the DON held AEC/NRC licenses that allowed the possession, 
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use and distribution, of many of the items containing radioactive by-product materials, such as 

strontium devices, used in U.S. Navy aircraft. 

In 1987, the NRC granted a Master Material License to the DON which allowed the DON 

to issue Naval Radioactive Materials Permits (NRMPs) in lieu of the NRC issuing individual 

licenses to Navy and Marine Corps commands (HRA-0287). The NRMP Program is 

administered by RASO for the Chief of Naval Operations. No NRMPs were ever issued to NAS 

JRB Willow Grove. However, radioactive commodity items authorized by NRMPs issued to 

other Navy commands were used at NAS JRB Willow Grove. 

1.5 ASSESSMENT SUMMARY 

Based on a review of the use of G-RAM at NAS JRB Willow Grove, the buildings, 

structures, and open areas with a history of storage, use, distribution, or disposal of radioactive 

materials or commodity items containing radioactive material have been designated by the DON 

as “impacted sites.” MARSSIM defines a site as any installation, facility, or discrete, physically 

separate parcel of land, or any building or structure or portion thereof, that is being considered 

for survey and investigation (HRA-0230). The designation as impacted does not confirm the 

presence of radioactive contamination. It only acknowledges that there is a possibility for 

residual radioactive contamination. An assessment of contamination potential and contaminant 

migration potential is provided for each of these impacted sites along with recommendations for 

future actions.  

In summary, this HRA has concluded that: 

• There is a low to moderate potential for residual radioactive contamination at 18 

impacted sites. 

• Scoping surveys are recommended for all 18 facilities or former facility sites (Facilities 4, 

18, 20, 22, 23, 29, 77, 80, 118, 140, 175, 177, 180, 601, and 680) and three landfill sites 

(IRP Sites 1, 3, and 12). 

• To date, no historical information about radiological operations at any of the impacted 

sites presents a level of concern that would require any emergency action. 
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• High-level radiological contamination is not considered a possibility in this HRA. 

• To date, no impacted sites require restricted access due to known presence of radioactive 

material. 

1.6 CONCLUSIONS 

Radioactive materials were used, stored, and disposed within the Main Station at NAS 

JRB Willow Grove. A total of 18 sites are considered impacted from these activities. This HRA 

has not determined if radioactive contamination is actually present at these sites; therefore, 

further investigations are recommended.   
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2.0 INTRODUCTION 

2.1 SCOPE 

This HRA presents a comprehensive history of G-RAM at NAS JRB Willow Grove. For 

the purposes of this document, G-RAM is defined as any radioactive material, not associated 

with the NNPP, which was used by the DON, other military departments supporting DON 

commands, or DON contractors. No NNPP activities were conducted at NAS JRB Willow 

Grove. This HRA designates sites as impacted from the potential use or disposal of G-RAM; 

identifies potential, likely, or known sources of radioactive materials, and areas of use; assesses 

the likelihood of residual contamination and contaminant migration; and provides 

recommendations for future radiological investigations. 

2.2 HRA PURPOSE 

The primary purpose of this HRA is to designate sites as impacted based on previous 

operations or investigations. An “impacted” site is one that has the potential or known presence 

of radioactive contamination based on historical information, or one that is known to have 

contained radioactive contamination. Once a site is designated as impacted, it retains this 

designation even if contamination is removed and/or a radiological survey indicates that no 

residual radioactivity is present. For most areas, designation as impacted does not confirm that 

radioactive contamination is present, only that the possibility exists and must be investigated. At 

impacted sites, investigation is recommended to determine if residual radioactive contamination 

is present at levels exceeding appropriate release criteria, and to ensure that the site meets current 

release standards. Documentation of future investigations and/or remediations at impacted sites 

will be presented separately from this HRA in site-specific survey reports. A non-impacted site is 

one where, based on historical documentation or results of previous radiological survey 

information, there is no reasonable possibility for residual radioactive contamination. If new 

historical information becomes available or contamination is found at a non-impacted site, the 

site would be re-designated as impacted. To designate a site as impacted or non-impacted, the 

HRA defines the extent of past radiological operations, assesses the likelihood of potential 
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contamination and potential contamination migration pathways, and recommends future actions. 

This information can also be used to support removal actions through the CERCLA process. 

The DON researched multiple federal archives in the course of preparing this HRA. In an 

effort to find and interview personnel with knowledge of radiological operations at NAS JRB 

Willow Grove, the DON placed a public notice in the local newspaper along with a factsheet 

announcing the HRA and soliciting public input. The DON gathered information from 

employees at NAS JRB Willow Grove and the DON’s RASO who had working knowledge of 

radiological activities at Willow Grove. The DON also established a toll-free telephone hotline 

and a dedicated e-mail location for input and information from any interested parties.  

The DON used historical information along with information obtained during several site 

reconnaissance visits to determine whether a site is impacted. The results were compiled and are 

provided in this HRA. This HRA meets the protocol for a preliminary assessment, as defined by 

CERCLA and the National Oil and Hazardous Substances Pollution Contingency Plan (NCP), 

found in Title 40 Part 300 of the Code of Federal Regulations, and can be used to support 

removal actions within the CERCLA process. An HRA is comparable to the HSA described in 

MARSSIM (HRA-0230).  

2.3 HISTORY OF G-RAM 

Details of the radiological history of NAS JRB Willow Grove are provided in Section 6.0 

of this HRA. Historical G-RAM operations included: 

• Repair, use, and disposal of radioluminescent commodity items (dials, gauges and 

personnel markers) 

• Handling, storage, repair, and disposal of aircraft components containing radioactive 

material (e.g. DU counterweights, ice detector probes) 

• On-site disposal of radioactive materials 

• Handling and disposal of radioactive materials for shipment to waste disposal sites 
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2.4 REGULATORY BACKGROUND 

The Defense Environmental Quality Program Policy required DoD components to 

identify their abandoned hazardous waste disposal sites and establish a prioritized program to 

conduct record searches at their installations in 1980 and defined the DoD Installation 

Restoration (IR) Program in 1981 (HRA-0348). In response to this policy requirement, the DON 

instituted the Navy Assessment and Control of Installation Pollutants (NACIP) Program in 1981 

to ensure compliance with the Comprehensive Environmental Response, Compensation, and 

Liability Act (CERCLA), commonly known as Superfund, which was enacted by Congress in 

1980. The NACIP Program identifies and controls environmental contamination from past use 

and disposal of hazardous substances at Navy and Marine Corps installations. Under the NACIP 

Program, an initial assessment study (IAS) was completed at NAS JRB Willow Grove in 1986 to 

assess potential contamination by hazardous materials, including radioactive materials. 

(HRA-0024) No information was given on radioactive materials in the IAS. 

The Navy’s Installation Restoration Program (IRP) was initiated following the enactment 

of the Superfund Amendments and Reauthorization Act of 1986 (SARA), to replace the NACIP 

program. The IRP identified, investigated, and restored sites with hazardous substances to reduce 

the risk to human health and the environment from past waste disposal operations and hazardous 

material spills at DON activities. (HRA-0348) The Installation Restoration (IR) Program Manual 

was replaced by the NAVY Environmental Restoration Program (NERP) Manual in 2006 

(HRA-0420). The NERP manual updates policies to increase the scope and to optimize cleanup 

decisions and systems. 

The National Oil and Hazardous Substances Pollution Contingency Plan (NCP) was 

enabled by CERCLA to provide the guidelines and procedures needed to respond to releases and 

threatened releases of hazardous substances, pollutants, or contaminants. The NCP established 

the National Priorities List (NPL), which allows the EPA to prioritize sites for cleanup under the 

Superfund program. NAS JRB Willow Grove was placed on the National Priorities List (NPL) in 

September 1995 for non-radiological hazards (HRA-0330). 

Under the authority of CERCLA, DoD has undertaken the assessment of radioactive 

contamination at NAS JRB Willow Grove by conforming to the requirements of the NCP. 
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Because CERCLA defines radionuclides as hazardous substances, radionuclides are included in 

the CERCLA process to investigate, characterize, and remediate contamination. Appendix B to 

Title 40, Part 302.4 of the Code of Federal Regulations lists the radionuclides defined as 

CERCLA hazardous substances. The radionuclides of concern (ROCs) for NAS JRB Willow 

Grove are included on this list. 

Developed collaboratively by the Environmental Protection Agency (EPA), DoD, the 

U.S. Department of Energy (DOE), and the NRC, MARSSIM provides guidance for 

investigation of surface contamination at radiologically impacted sites (HRA-0230). Developed 

to be consistent with CERCLA, MARSSIM uses a multi-phase approach to address radioactive 

contamination issues. Once radioactive contamination has been identified and remediated at an 

impacted site, MARSSIM recommends a Final Status Survey (FSS) for radiological release of a 

site for unrestricted use to fulfill the CERCLA closure and post-closure process. Section 8.0 

provides the current status of each impacted site at NAS JRB Willow Grove with the appropriate 

recommendation to implement MARSSIM guidance.  

2.5 REPORT ORGANIZATION 

This HRA presents the history of the use of G-RAM at NAS JRB Willow Grove from 

1942, when NAS JRB Willow Grove was purchased, to the Station’s closure in 2011 by 

providing the following information, as appropriate: 

• Potential, likely, or known sources of G-RAM 

• Potential, likely, and known areas of G-RAM use or disposal 

• History of G-RAM operations, investigations, remediations, and surveys 

• Classification of areas as impacted by radiological operations 

• Identification of potential contaminant migration pathways 

• Information useful to radiological scoping and characterization surveys 

• Recommendations for future radiological investigations and remediation measures 
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The basic organization of the report is shown below. Tables and figures are included after 

their respective sections in the order in which they are mentioned in the text. Section 10.0 lists 

the reference documents used to prepare this HRA. References are cited in parentheses beginning 

with “HRA-” and followed by a number for the source listed in Section 10.0. The actual 

reference documents are organized and provided electronically in a separate folder included on 

the CD-ROM titled as Appendix D.  The Historical Maps and Photographs are also organized 

and provided electronically in a separate folder and titled as Appendix E on the CD-ROM. 

Appendices A, B, and C are included after Section 10.0 

• Abbreviations, Acronyms, and Symbols 

• Glossary 

• Section 1.0 – Executive Summary 

• Section 2.0 – Introduction 

• Section 3.0 – Site Identification and Description 

• Section 4.0 – HRA Methodology 

• Section 5.0 – Regulatory Involvement 

• Section 6.0 – History 

• Section 7.0 – Assessment of Impacted Sites 

• Section 8.0 – Findings and Recommendations 

• Section 9.0 – Conclusions 

• Section 10.0 – References 

• Appendices  
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3.0 SITE IDENTIFICATION AND DESCRIPTION 

NAS JRB Willow Grove is former active Naval Air Station Joint Reserve Base located in 

Montgomery County, Pennsylvania (Figure 3-1). This section details the geological and physical 

characteristics and the current and historical information for NAS JRB Willow Grove and the 

immediate adjacent sensitive areas. 

3.1 STATION DESCRIPTION 

The U.S Navy property known as NAS JRB Willow Grove consists of approximately 

1,100 acres in southeastern Pennsylvania. The Main Station is located in Horsham Township and 

lies in the east-central portion of Montgomery County, immediately adjacent to Bucks County 

(Figure 3-1). The Main Station is located on gently rolling terrain with elevations ranging from 

240 feet above mean sea level (AMSL) to 360 feet AMSL (HRA-0188). The Main Station is 

bounded by State Route 611 toward the east, Horsham Road to the southwest, Keith Valley Road 

to the north, and County Line Road to the northeast (HRA-0188). Entrance to the Station is 

gained through the main gate located on State Route 611. 

For purposes of CERCLA, NAS JRB Willow Grove is referred to as Willow Grove 

Naval Air and Air Reserve Station, Willow Grove, Pennsylvania, EPA Region 3 (Mid-Atlantic), 

CERCLA Information System (CERCLIS) Identification No. PAD987277837. 

NAS JRB Willow Grove includes a Main Station and two remote housing areas, the 

Shenandoah Woods and Jacksonville Road Housing areas, shown in Figure 3-2. The Shenandoah 

Woods Housing Area is approximately 4.5 miles east of the Main Station and encompasses 

51 acres in Warminster Township, Bucks County, Pennsylvania. The Jacksonville Road Housing 

Area is located in the Borough of Ivyland, Bucks County, Pennsylvania. It encompasses 

2.5 acres and is approximately 3.5 miles east of the Main Station. 

The original land consisting of NAS JRB Willow Grove was acquired by the Navy in 

1942 from Harold Pitcairn and was formally commissioned NAS Willow Grove in July 1943. In 

1957, the Navy purchased additional land bordering the Station to bring the total land area of the 

Station to approximately 1,100 acres. In 1994, the Station’s name was changed to Naval Air 
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Station Joint Reserve Base, Willow Grove, to more accurately reflect the mission of the Station, 

which at that time supported the Navy, Marine Corps, and Air Force, Army Reserve and 

Pennsylvania Air National Guard. 

3.2 GEOLOGY 

NAS JRB Willow Grove is located within the Gettysburg-Newark Lowlands Section of 

the Piedmont Physiographic Province. The Station and surrounding area are underlain by the 

Stockton Formation, which consists of sedimentary rocks of Triassic age. The Stockton 

Formation is subdivided into three lithologic units known as the lower arkose, middle arkose, 

and upper shale members. The middle arkose member crops out at the Station and consists of 

fine- to medium-grained sandstone with red siltstone and mudstone. Quartz and feldspar are the 

dominant minerals (HRA-0215).  

The Stockton Formation is about 6,000 feet thick at the Bucks-Montgomery County 

border; the middle arkose member has a maximum thickness of 4,200 feet. Soil and well borings 

at NAS JRB Willow Grove have consistently encountered a variably thick overburden section 

underlain by weathered siltstone and sandstone. The overburden consists of silty clay and clay, 

with minor amounts of silty sand. The thickness of the overburden (or the depth to the top of the 

weathered bedrock) ranges from 9 feet to 18 feet at various locations across the Station 

(HRA-0214). 

A northeast-southwest trending, nearly vertical igneous diabase dike bisects the Stockton 

Formation and passes just south and east of the Station boundary. The dike is approximately 

90 feet thick and has no influence on Station hydrogeology (HRA-0024).  

3.3 HYDROLOGY 

3.3.1 Surface Water 

Surface water in the region of NAS JRB Willow Grove can be characterized as a 

relatively well-organized trellis drainage system, flowing generally eastward into the Delaware 

River. The main surface water features on and around NAS JRB Willow Grove are Pennypack 

Creek, which runs to the Delaware River, and Park Creek, which flows into the Little Neshaminy 
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Creek. Surface water on NAS JRB Willow Grove flows to the northwest into the Little 

Neshaminy Creek drainage basin and to the southeast into the Pennypack Creek drainage basin. 

Both the Pennypack and Little Neshaminy Creeks are part of the Delaware River watershed. 

There are also two man-made freshwater ponds on NAS JRB Willow Grove that were 

constructed in the late 1980s (HRA-0188). The land mass between the two ponds later subsided, 

creating essentially one larger pond of approximately 1.2 acres.  

Although a significant portion of the ground surface in the area of the NAS JRB Willow 

Grove is covered by impermeable paving material, much of the precipitation during normal 

weather conditions is believed to infiltrate the soil, due to the relatively gentle slope, intermittent 

vegetated areas, and the rutted and uneven nature of the ground surface in the compound area. 

Storm drainage swales parallel the northeastern end and southeastern sides of the Station and 

intersect at the northern corner of the Station. Runoff is prevented from entering the Station from 

the south by grading and a storm drainage channel located along the southern side of Privet 

Road. Runoff from the Station that enters the drainage swales discharges to a storm water 

detention basin. Water flow from the storm water detention basin follows an unnamed tributary 

to Park Creek and enters the Little Neshaminy Creek drainage basin (HRA-0214). A regional 

surface water runoff divide roughly parallels the groundwater divide, indicated in Figure 3-3, 

with a maximum topographic elevation of approximately 367 feet AMSL.  

3.3.2 Groundwater 

The rocks of the Stockton Formation form a complex, heterogeneous aquifer with 

partially connected zones of high permeability. The aquifer is composed of a series of gently 

dipping lithologic units with different hydraulic properties, and permeability commonly differs 

from one lithologic unit to another (HRA-0216). 

The Station occupies a topographic high that forms a regional groundwater divide.  

Therefore, most of the Station groundwater originates from the infiltration of on-station 

precipitation.  However, due to the orientation of the Station relative to the regional groundwater 

divide, some of the groundwater in the eastern portion of the Station originates in the off-Station 

areas east of Route 611, and flows onto the Station from the southeast.  In addition, the induced 

movement of off-station groundwater onto the Station through the substantial withdrawal 
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volumes of the two Navy water supply wells has been documented during previous 

investigations of IRP Site 1. (HRA-0240) 

Primary groundwater storage and movement within the Stockton Formation is through 

secondary openings such as interconnected fractures, bedding planes, and joints. Deeper wells 

may penetrate several major water-producing zones with different hydraulic properties that are 

under different hydraulic head. Thus, wells penetrating more than one water-producing zone are 

multi-aquifer wells. The hydraulic head in a multi-aquifer well is a composite of the heads of the 

several water-producing zones it includes. In areas where hydraulic head differs between water-

producing zones, water in a well either flows up or down the well bore in the direction of lower 

head (HRA-0215).  

As shown in Figure 3-3, a regional groundwater divide runs northeast-southwest 

approximately through the center of NAS JRB Willow Grove. From this divide, groundwater 

flows both northwest toward Park Creek, a tributary to Little Neshaminy Creek, and southeast 

toward Pennypack Creek (HRA-0216). Groundwater levels range from a maximum level of 

approximately 340 feet AMSL and fall off to the southeast to approximately 300 feet AMSL at 

seepline discharge points along Pennypack Creek and fall off to the northwest to approximately 

220 feet AMSL to seepline discharge points along Park Creek (see Figure 3-3). 

3.4 CLIMATE AND METEOROLOGY 

NAS JRB Willow Grove is located in the southeastern Pennsylvania temperate latitudes; 

with a prevailing west-to-east flow of weather systems. This produces a variety, and at times a 

rapidly changing, array of weather elements. The location and orientation of the Appalachian 

mountain chain to the west and north has significant effects on eastward-moving frontal systems. 

The nearest coastal section of the Atlantic Ocean is about 70 miles east of the Station. The 

industrial area of Philadelphia produces haze and smoke conditions that persist when southwest-

to-southeast winds prevail (HRA-0120).  

Southeastern Pennsylvania has a moderate climate with periods of very high or low 

temperatures seldom lasting more than several days as conditions change fairly rapidly. Average 

high temperatures at NAS JRB Willow Grove range from 39.5 degrees Fahrenheit (°F) in 
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January to 86.5°F in July and average low temperatures range from 23.6°F in January to 66.2°F 

in July (HRA-0226). In the Piedmont Plateau, summers are long and at times uncomfortably hot. 

Daily temperatures reach 90°F or above on an average of 25 days during the summer season; 

however, readings of 100°F or above are comparatively rare. This area occasionally experiences 

uncomfortably warm periods, 4 to 5 days a week in length, from July to mid-September, during 

which light winds and high relative humidity make conditions oppressive. The winters are 

comparatively mild, with an average of less than 100 days with minimum temperatures below 

the freezing point. The freeze-free season averages 170 to 200 days (HRA-0225). 

Precipitation is fairly evenly distributed throughout the year with highest amounts in late 

summer. Average monthly precipitation at NAS JRB Willow Grove ranges from 2.87 inches in 

February to 4.81 inches in May, with an annual average of 47.93 inches. Much of the summer 

rainfall is associated with local thunderstorms (HRA-0221). 

The prevailing winds throughout Pennsylvania are westerly and carry most of the weather 

disturbances that affect Pennsylvania from the interior of the continent, so that the Atlantic 

Ocean has only a limited influence upon the State’s climate. The prevailing wind direction for 

the summer months is from the southwest, while northwesterly winds prevail during the winter. 

Destructive winds are comparatively rare and occur mostly in gusts during summer 

thunderstorms (HRA-0225).  

3.5 ADJACENT POPULATION 

In 2000, the U.S. Census Bureau reported that there were 11,598,923 people residing in 

counties at least partially within a 50-mile radius of NAS JRB Willow Grove. Of these counties, 

Philadelphia, Middlesex, and Montgomery have the largest populations. The distribution of the 

50-mile radius population is shown in Table 3-1. Table 3-2 shows populations of cities and 

towns within a 10 mile radius of NAS JRB Willow Grove.  

Commercial retail, residential, and public recreation areas surround NAS JRB Willow 

Grove. Forested areas, fields, and two parks, Graeme State Park and Strawbridge Park, lie north 

of the NAS JRB Willow Grove. State Route 611 (Route 611) borders the Station to the east. 

Route 611 is lined with commercial retail establishments, which transition into residential 
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neighborhoods further east. State Route 463 (Route 463) intersects Route 611 south of the 

Station. The commercial development along Routes 463 and 611 also transitions into residential 

areas. The western boundary of NAS JRB Willow Grove is bordered by Route 463, two golf 

courses, and a country club community. Beyond Route 463, there is more commercial and 

residential development. There are 9 schools within 1-mile of the Station’s boundary in all 

directions (Table 3-3).   

3.6 CURRENT AND FUTURE LAND USE 

NAS Willow Grove was designated a Naval Air Reserve Training Station following 

World War II. During the Korean War, the NAS Willow Grove increased training and operation 

support activities. To increase the ability of the NAS Willow Grove to affectively train and 

provide operational support, the Navy purchased additional land in 1957, increasing NAS 

Willow Grove to its present approximate 1,088 acres. Later, the air station saw a significant 

increase in operations during the Vietnam conflict and Gulf War. (HRA-0188) 

NAS Willow Grove’s name was changed in 1994 to NAS JRB Willow Grove to more 

accurately depict the joint composition and mission of the Reservists.  The runway at NAS JRB 

Willow Grove was shared by the Navy, Marine Corp, Air Force, Army Reserves, and the 

Pennsylvania Air National Guard.  (HRA-0188) 

Prior to the closure of the Navy facilities, NAS JRB Willow Grove employed 

approximately 1,550 active duty military personnel and 365 civilians to provide services and 

facilities to more than 2,000 joint reserve personnel from 16 tenant and 19 reserve units 

associated with the Station. Table 3-4 identifies buildings and structures which are currently or 

were formerly located on NAS JRB Willow Grove, with their uses over time, beginning in 1942 

and ending in 2011. Primary land use at NAS JRB Willow Grove has been military training and 

readiness. There are also two remote housing areas associated with NAS JRB Willow Grove, the 

Shenandoah Woods and Jacksonville Road Housing areas. Primary land use in these two housing 

areas was residential.  

The 2005 Navy Base Realignment and Closure (BRAC) Commission recommended to 

close Naval Air Station Joint Reserve Base Willow Grove, PA and for Army Reserve units not 
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relocated by the closure to be incorporated into the Armed Forces Reserve Center established by 

a separate Army BRAC recommendation at Willow Grove.  The property retained by Federal 

title to construct the Air Force Reserve Center shall be encompassed within the enclave 

established by the existing 111th Fighter Wing (ANG).  All functions or activities have ceased at 

the former NAS JRB Willow Grove, except for personnel required for caretaking, or 

environmental cleanup.  (HRA-0419) 

The Horsham Land Reuse Authority (HLRA) has been charged by the federal 

government to review and approve all reuse plans related to the closing of NAS JRB Willow 

Grove. On March 21, 2012, after considerable analysis, public input and discussion, the HLRA 

officially approved the proposed NAS-JRB Willow Grove Redevelopment Plan and Homeless 

Assistance Submission. The final plan identifies the most appropriate uses for the redevelopment 

of the 862-acre property declared surplus by the U.S. Navy in 2010. This surplus does not 

include the Air Guard Station. The NAS-JRB Willow Grove Redevelopment Plan and Homeless 

Assistance Submission were sent to the Secretary of Defense and the Department of Housing and 

Urban Development in Washington D.C on March 30, 2012 (HRA-0367). Proposed future uses 

for NAS JRB Willow Grove include a Town Center, retail development, light industrial 

development, an office park, a hotel/conference center, residential, and parks/open spaces 

(HRA-0368). The Horsham Authority, in coordination with the Bucks County Redevelopment 

Authority, submitted redevelopment plans to the federal Department of Housing and Urban 

Development for the Shenandoah Woods and Jacksonville Road properties. The Shenandoah 

Woods redevelopment plan has been approved by the Department of Housing and Urban 

Development and the Horsham Land Reuse Authority can move forward with implementing that 

plan. Approved future uses for the land and structures in Shenandoah Woods Housing Area 

include creation of park/open space, demolition of existing structures and construction of new 

market rate “for sale” housing, and/or rehabilitation of existing structures for market rate “for 

sale” housing. Approved future uses for the Jacksonville Road Housing Area include 

rehabilitation of existing structures for educational purposes, professional offices, homeless 

housing or market rate “for sale” housing; demolition of existing structures and construction of 

new market rate “for sale” housing; and/or demolition of existing structures and construction of 

new office buildings. (HRA-0351; HRA-0369) 
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3.7 ADJACENT LAND USE 

NAS JRB Willow Grove is located in Horsham Township in east-central portion of 

Montgomery County, immediately adjacent to Bucks County (Figure 3-1). Warrington Township 

is located immediately northeast of the Station and Warminster Township is directly east of the 

Station. The existing land uses surrounding NAS JRB Willow Grove include a mix of residential, 

commercial, industrial, and government/public use zoning categories. Shenandoah Woods and 

the Jacksonville Road Housing areas area surrounded by a mixture of residential and 

government/public use zoning. (HRA-0218; HRA-0219; HRA-0220) 

According to the Horsham Township Open Space Plan Update 2005, the major growth 

areas of residential, commercial, and industrial sections of the Township have previously been 

established and no significant expansion is expected (HRA-0217).  

According to the Warminster Township Park Recreation and Open Space Plan, 

Warminster’s population has decreased each decade between 1980 and 2000. Current estimates 

show that the Township’s population is growing, but has not yet reached the 1980 population 

level. Projections prepared by the Delaware Valley Regional Planning Commission in March of 

2010 forecast that the Township will continue to grow modestly over the next 15 years, 

exceeding the 1980 figure by 2020 (HRA-0220).  

3.8 ENVIRONMENTALLY SENSITIVE AREAS 

Environmentally sensitive areas are located on and in the vicinity of NAS JRB Willow 

Grove. Examples of environmentally sensitive areas include wetlands, critical habitat for 

federally listed species, and rare plant and animal communities. Those present on NAS JRB 

Willow Grove are described below. 

Wetlands are uncommon on NAS JRB Willow Grove. According to National Wetlands 

Inventory data, there are only approximately five acres of wetlands on NAS JRB Willow Grove 

(Figure 3-4) (HRA-0328). Approximately two acres of those are freshwater ponds and the 

remaining three acres are classified as Freshwater Forested/Shrub Wetland. There is 

approximately one acre of Freshwater Forested/Shrub Wetland within the housing areas of NAS 

JRB Willow Grove. 
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No threatened or endangered species are found on NAS JRB Willow Grove. One state-

protected rare species, the hairy field beadgrass (Paspalum laeve var. pilosum), was identified 

during a 1991 survey at the Station; however, this plant species was subsequently removed from 

Pennsylvania’s rare plant list (HRA-0188). 

According to Federal Emergency Management Agency (FEMA) mapping, the only area 

of NAS JRB Willow Grove that would be inundated by a 100-year flood is the northwest side of 

the Station where Park Creek flows along the boundary. Base flood elevations have been 

determined for this area (HRA-0188).  

Because NAS JRB Willow Grove is outside of the coastal zone, the following statutes are 

not applicable: the Coastal Zone Management Act, the Magnuson-Stevens Fishery Conservation 

and Management Act, and the Marine Mammal Protection Act. 
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TABLE 3-1 
POPULATION OF COUNTIES ALL OR PARTIALLY WITHIN A 

50-MILE RADIUS OF NAS JRB WILLOW GROVE 
County 2000 Population 2010 Population 

Atlantic, NJ* 252,552 274,338 
Berks, PA* 373,638 411,442 
Bucks, PA 597,635 625,249 
Burlington, NJ* 423,394 449,576 
Camden, NJ 508,932 513,241 
Carbon, PA* 58,502 65,154 
Cecil, MD* 85,951 101,694 
Chester, PA* 433,501 503,897 
Cumberland, NJ* 146,438 157,095 
Delaware, PA 550,864 559,494 
Gloucester, NJ 254,673 289,104 
Hunterdon, NJ 121,989 128,038 
Lancaster, PA* 470,658 523,594 
Lehigh, PA* 312,090 352,947 
Mercer, NJ 350,761 367,063 
Middlesex, NJ* 750,162 814,217 
Monmouth, NJ* 615,301 631,020 
Monroe, PA* 138,687 169,882 
Montgomery, PA 750,097 804,210 
Morris, NJ* 470,212 494,976 
New Castle, DE* 500,265 541,971 
Northampton, PA* 267,066 298,476 
Ocean, NJ* 510,916 579,369 
Philadelphia, PA 1,517,550 1,536,471 
Salem, NJ* 64,285 65,902 
Schuylkill, PA* 150,336 147,513 
Somerset, NJ* 297,490 324,893 
Union, NJ* 522,541 539,494 
Warren, NJ* 102,437 108,339 
TOTAL POPULATION 11,598,923 12,378,659 
* Only portions of the county are within 50-mile radius of NAS JRB Willow Grove. 
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TABLE 3-2 
POPULATION OF TOWNS WITHIN A 10-MILE RADIUS 

OF NAS JRB WILLOW GROVE 
City (All in Pennsylvania) 2000 Population 2010 Population 

Abington 56,103 55,310 
Ambler 6,426 6,455 
Blue Bell 6,395 6,067 
Bryn Athyn 1,351 1,375 
Buckingham 16,442 20,075 
Chalfont 3,900 4,009 
Churchville 4,469 4,128 
Doylestown 17,619 8,398 
Feasterville-Trevose 24,657 25,155 
Flourtown 4,669 4,538 
Fort Washington 3,680 8,398 
Glenside 7,914 8,384 
Hatboro 7,393 7,404 
Hatfield 2,650 3,290 
Horsham 24,232 26,147 
Ivyland 492 1,041 
Jenkintown 4,478 4,422 
Lansdale 16,071 16,366 
Maple Glen 7,042 6,742 
Montgomeryville 12,031 12,624 
New Britain 10,698 11,070 
North Wales 3,342 3,229 
Oreland 5,509 5,678 
Plymouth Meeting 5,593 6,177 
Richboro 6,678 6,563 
Rockledge 2,577 2,543 
Spring House 3,290 3,804 
Southampton 35,040 37,999 
Village Shires 4,137 3,940 
Warminster 31,383 32,682 
Warminster Heights 4,191 4,124 
Warrington 17,580 23,418 
Willow Grove 16,234 19,409 
Wyncote 3,046 3,044 
Wyndmoor 5,601 5,498 
TOTAL POPULATION 378,843 399,506 
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TABLE 3-3 
SCHOOLS LOCATED WITHIN 1-MILE OF  

NAS JRB WILLOW GROVE 

School 
Address and 

Telephone No. Age Range (Years) Program Times 
No. of Children in 

Program 
Blair Mill 
Elementary School 

109 Bender Road 
Hatboro, PA 19040 

5 to 10 AM K; 8:40-11:30 
PM K; 12:30-3:15 
Grades 1-5; 8:40-
3:15 

422 

The Goddard 
School 

420-B Dresher 
Road Horsham, PA 
19044 

6 wks to 6 yrs 
7:00-6:00 

NA 

Hallowell 
Elementary School 

200 Maple Avenue 
Horsham, PA 
19044 

5 to 10 AM K; 8:40-11:30 
PM K; 12:30-3:15 
Grades 1-5; 8:40-
3:15 

393 

Harboro-Horsham 
Senior High School 

899 Horsham Road 
Horsham, PA 
19044 

14 to 18 
7:30-2:40 

1888 

Horsham 
Montessori 
Children House 

220 Upland Avenue 
Horsham, PA 
19044 

18 mos to 6 yrs 
6:30-6:00 

43 

Keith Valley 
Middle School 

227 Meetinghouse 
Road Horsham, PA 
19044 

11 to 13 
8:00-3:00 

1281 

Simmons 
Elementary School 

411 Babylon Road 
Horsham, PA 
19044 

5 to 10 AM K; 8:40-11:30 
PM K; 12:30-3:15 
Grades 1-5; 8:40-
3:15 

824 

St Catherine of 
Siena School 

317 Witmer Road 
Horsham, PA 
19044 

4 to 13 1/2 Day K; 8:10-
12:00 Full Day K; 
8:10-2:40 Grades 1-
8; 8:10-2:40 

276 

The Quaker School 
at Horsham 

250 Meetinghouse 
Road Horsham, PA 
19044 

5 to 13 
8:15-3:15 

68 

NA – Not Available (information was not available from source)
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TABLE 3-4 
NAS JRB WILLOW GROVE BUILDING USE CHRONOLOGY 

PAGE 1 OF 21 
 

Table 3-4 summarizes the use of the buildings at NAS JRB Willow Grove from 1944 through 2011. The data in the table were 

extracted directly from the referenced documents/maps. NAS JRB Willow Grove periodically inventoried the buildings at the Station 

and documented the inventories in stand-alone documents or included them in Station map revisions. It is not clear from these 

documents if the uses ascribed to individual buildings indicate the actual or intended use of the building. These inventory documents 

reflect the installation’s evolution from 1944 to the present and are important to understanding where G-RAM could have been used. 

If “Not Listed” appears, this implies the facility was not listed on the referenced document list.  

Building  1944 1957 1996 2005 2006 2009 

Number (HRA-0054) (HRA-0425) (HRA-0029) (HRA-0372) (HRA-0373) (HRA-0090) 

1 Administration Administration Administration Not Listed Administration Administration 

2 Recreation Recreation Recreation Recreation Community 
Center 

Community 
Center 

3 Subsistence Subsistence Child Care Subsistence Child Care / 
Library 

Child 
Care/Library 

4 Instruction 
Instruction - 
Technical 
Training 

Not Listed Applied Technical 
Training Not Listed Vacant Lot 

5 Bachelor Officers 
Quarters  

Bachelor Officers 
Quarters  

Bachelor Officers 
Quarters  

Bachelor Officers 
Quarters  

Bachelor Officers 
Quarters  

Bachelor Officers 
Quarters  

6 Boiler House #1 Boiler House #2 Boiler House #1 Not Listed Boiler House Boiler House #1 

7 Incinerator Incinerator Public Works 
Maintenance Not Listed Welding Shop Welding Shop 

8 Sewage Treatment 
Pump House 

Sewage Treatment 
Pump House 

Sewage Treatment 
Pump House Not Listed Sewage Treatment Sewage Treatment 

Pump House 
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TABLE 3-4 

NAS JRB WILLOW GROVE BUILDING USE CHRONOLOGY 
PAGE 2 OF 21 

 
Building  1944 1957 1996 2005 2006 2009 

Number (HRA-0054) (HRA-0425) (HRA-0029) (HRA-0372) (HRA-0373) (HRA-0090) 

9 Barracks No. 1 Barracks No. 1 Not Listed Bachelor Enlisted 
Quarters Not Listed Not Listed 

10 Barracks No. 2 Barracks No. 2 Not Listed Bachelor Enlisted 
Quarters Not Listed Not Listed 

11 
Barracks No. 3 / 
Enlisted Men's 

Club 
Barracks No. 3 Not Listed Bachelor Enlisted 

Quarters Not Listed Not Listed 

12 Barracks No.4 Barracks No.4 Not Listed Bachelor Enlisted 
Quarters Not Listed Not Listed 

13 Garage and Fire 
House 

Crash and Fire 
House Auto Hobby Fire / Rescue Hobby Shop Hobby Shop 

14 Dispensary 

Dispensary, 
Enlisted Married 
Officer's Club, & 
Chief's Quarters 

Not Listed Not Listed Not Listed Not Listed 

15 Hangar Hangar Not Listed Not Listed Not Listed Vacant Lot 

15A Boiler attached to 
Hangar 15 Boiler House #2 Boiler House #2 Not Listed Old South Boiler Old South Boiler 

15B 
Substation 
attached to 
Hangar 15 

Not Listed Substation Not Listed Electric Sub-
Station 

Electric Sub-
Station 

16 Sludge Bed 
(Greenhouse) 

Sludge Bed 
(Greenhouse) 

Sludge 
Bed/Digester Not Listed Not Listed Not Listed 

17 Garage 
Storehouse Bath House Not Listed Not Listed Not Listed Not Listed 
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Building  1944 1957 1996 2005 2006 2009 
Number (HRA-0054) (HRA-0425) (HRA-0029) (HRA-0372) (HRA-0373) (HRA-0090) 

18 Operations and 
Control 

Operations and 
Control Tower Not Listed Not Listed Not Listed Vacant Lot 

19 Cooks' Barracks 
Enlisted Men 
Locker Room 

(Female) 
Not Listed Bath House Not Listed Not Listed 

20 Assembly and 
Repair 

Modular Unit 
Hangar Not Listed Not Listed Not Listed Vacant Lot 

21 
Paint and Dope 

Spray and 
Storehouse 

Paint and Dope 
Spray and 
Storehouse 

Paint/Dope Shop Not Listed Plastic Media 
Blast/Paint Shop 

Plastic Media 
Blast/Paint Shop 

22 Supply Supply Navy Exchange 
Warehouse Not Listed C-9 Warehouse Vacant Building 

23 Parachute Loft 
Naval Air Reserve 

Electronics 
Training Unit  

Not Listed Not Listed Not Listed Vacant Lot 

24 Pump House and 
Switch Room 

Pump House and 
Switch Room Pumphouse Not Listed Utility House Utility House 

25 Magazine Magazine Not Listed Not Listed Not Listed Not Listed 

26 
Naval Air 

Transport Service 
Warehouse 

Small Stores and 
Storage Not Listed Not Listed Not Listed Vacant Lot 

27 Brig 
Enlisted Men 
Locker Room 

(Male) 
Not Listed Child Care Center Not Listed Not Listed 

28 Oil Storage 
Building 

Oil Storage 
Building Not Listed Not Listed Not Listed Not Listed 
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Building  1944 1957 1996 2005 2006 2009 

Number (HRA-0054) (HRA-0425) (HRA-0029) (HRA-0372) (HRA-0373) (HRA-0090) 

29 Aviation Supply 
Annex 

Aviation Supply 
Annex Ground Support Not Listed 

Aircraft 
Intermediate 
Maintenance 
Department 

(AIMD) Emerald 

Vacant Building 

30 Chlorinator House Chlorinator House Chlorinator House Not Listed Weapons Chlorinator House 

31 Well House #1 Well House #1 Well House #1 Not Listed Chlorinator House Well House #1 

32 Well House #2 Well House #2 Well House #2 Not Listed Well House #1 Well House #2 

33 
Equipment 

Storage No. 1 
(Garage) 

Not Listed Not Listed Not Listed Well House #2 Not Listed 

34 
Equipment 

Storage No. 2 
(Garage) 

Not Listed Not Listed Not Listed Not Listed Not Listed 

35 Sentry House 
(West Gate) Not Listed Not Listed Not Listed Not Listed Not Listed 

37 Substation Substation Not Listed Not Listed Not Listed Not Listed 

38 Chapel Chapel Chapel Not Listed Chapel Chapel 

39 Sentry House    
(Main Gate) 

Sentry House - 
Main Gate Gatehouse Not Listed Main Gate Main Gate 

40 Sentry Gate     
(South Gate) Not Listed Not Listed Not Listed Not Listed Not Listed 
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Building  1944 1957 1996 2005 2006 2009 

Number (HRA-0054) (HRA-0425) (HRA-0029) (HRA-0372) (HRA-0373) (HRA-0090) 

41 Garbage House 
(Subsistence) 

Garbage House - 
Subsistence Not Listed Not Listed Not Listed Not Listed 

42 Jarrett House Married Officer's 
Quarters "H" Not Listed Not Listed Recruiting Not Listed 

43 Ordnance 
Building 

Marine 
Quartermaster Not Listed Not Listed Not Listed Not Listed 

44 Barn (Seaman 
Guard) Not Listed Not Listed Not Listed Not Listed Not Listed 

45 Seaman Guard 
Barracks 

Married Officer's 
Quarters "G" Not Listed Not Listed Not Listed Not Listed 

47 Leach House 
(Storage) Not Listed Not Listed Maintenance 

Support Not Listed Not Listed 

48 Public Works 
Storage 

Technical 
Training Shop Not Listed Executive Retail 

Warehouse Subway Not Listed 

49 Public Works  
Paint Shop 

Technical 
Training 

Classroom 
Snack Shop Not Listed Not Listed Subway restaurant 

50 Public Works 
Warehouse 

Technical 
Training 

Warehouse 
Not Listed Public Works 

Warehouse Not Listed Vacant Lot 

51 Public Works  
Storehouse 

Public Works  
Storehouse 

Public Works  
Warehouse Garbage House Not Listed Not Listed 

52 Magazine (1YC2) Magazine (2YC1) Not Listed Not Listed Not Listed Not Listed 

53 Magazine (1YC3) Magazine (2YC2) Not Listed Not Listed Not Listed Not Listed 

54 Magazine (1YC4) Magazine 
(2YC3A) 

Small Arms 
Magazine Not Listed Magazine Magazine 
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Building  1944 1957 1996 2005 2006 2009 

Number (HRA-0054) (HRA-0425) (HRA-0029) (HRA-0372) (HRA-0373) (HRA-0090) 

55 Magazine (1SH5) Magazine 
(2YC3B) 

Small Arms 
Magazine Not Listed Magazine Magazine 

56 
Garbage House 

(Bachelor 
Officer's Quarters) 

Garbage House - 
Bachelor Officer's 

Quarters  
Not Listed Garbage House Bachelor Officer's 

Quarters Storage Not Listed 

57 Homasote Hut 
No. 1 

Bachelor Officer's 
Quarters Storage Not Listed Not Listed Not Listed Not Listed 

58 Homasote Hut 
No. 2 

Locker Room 
(Gymnasium) Not Listed Not Listed Not Listed Not Listed 

59 Dog Kennels Marine 
Electronics Group Maintenance Not Listed Not Listed Not Listed 

60 Radio Transmitter 
Building 

Radio Transmitter 
Building Not Listed Not Listed Not Listed Not Listed 

61 Heavy Equipment 
Shed Not Listed Not Listed Not Listed Not Listed Not Listed 

62 Public Works  
Storage Shed Not Listed Not Listed Not Listed Not Listed Not Listed 

63 Barn Married 
Officers Quarters  Barn Barn Not Listed CO’s Barn CO's Barn 

64 
Spring House 

Married Officers 
Quarters 

Not Listed Not Listed Not Listed Not Listed Not Listed 

65 Laundry Hobby Shop 

Reserve 
Intelligence 

Program Officer / 
Intelligence 

Not Listed 
Reserve 

Intelligence 
Program Officer  

Reserve 
Intelligence 

Program Officer  
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66 Public Works 
Shops Not Listed Not Listed Hobby Shop Not Listed 

Morale, Welfare 
and Recreation 

Storage 

67 Not Listed Public Works 
Storage Not Listed Not Listed Not Listed Not Listed 

68 Not Listed Oil Storage 
Building Not Listed Oil Storage Not Listed Not Listed 

70 Not Listed 
Transformer 
House - Field 

Lighting 
Substation Not Listed Airfield Light 

Vault 
Airfield Light 

Vault 

71 Not Listed Storage Not Listed Not Listed Not Listed Not Listed 

72 Not Listed Oxygen Storage Not Listed Not Listed Not Listed Not Listed 

73 Not Listed Hydrogen Storage Not Listed Not Listed Not Listed Not Listed 

74 Not Listed Acetylene Storage Substation Not Listed Magazine Sub-
Station 

Magazine Sub-
Station 

75 Not Listed Oxygen Transfer 
Building Storage Not Listed 1st Lieutenants' 

Division 
2nd Lieutenants' 

Division 

77 Not Listed Supply Administration Not Listed Not Listed Vacant Lot 

78 Not Listed Public Works 
Building 

Public Works  
Department Not Listed Public Works 

Department 
Public Works 
Department 

79 Not Listed Public Works 
Storage Shed 

Public Works  
Maintenance / 

Storage 

Public Works  
Storage Shed Not Listed Not Listed 
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80 Not Listed Hangar  Hangar Not Listed Aircraft Hangar Aircraft Hangar 

81 Not Listed Jet Fuel Farm 
Pump House Fuel Pumphouse Not Listed Fuel Farm Pump 

House 
Fuel Farm Pump 

House 

82 Not Listed Line Shacks Public Works  
Storage Not Listed Not Listed Not Listed 

83 Not Listed Line Shacks Not Listed Not Listed Not Listed Not Listed 

84 Not Listed Line Shacks Not Listed Not Listed Not Listed Not Listed 

85 Not Listed Line Shacks Not Listed Not Listed Not Listed Not Listed 

86 Not Listed Line Shacks Public Works  
Storage Not Listed Not Listed Not Listed 

87 Not Listed Ready Magazine Ready Magazine Not Listed Magazine Magazine 

88 Not Listed Ready Magazine Ready Magazine Not Listed Not Listed Not Listed 

89 Not Listed Flag Pole Not Listed Not Listed Flag Pole Flag Pole 

90 Not Listed Officers' Pool Not Listed Outdoor Pool 
Officers Pool Area Pool Area 

91 Not Listed Enlisted Men's 
Pool Not Listed Outdoor Pool 

Enlisted Men Not Listed Not Listed 

92 Not Listed Tennis Courts Not Listed Not Listed Not Listed Not Listed 
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93 Not Listed Soft Ball Field Not Listed Not Listed Not Listed Not Listed 

94 Not Listed Soft Ball Field Not Listed Not Listed Admin Ballfield Admin Ballfield 

95 Not Listed Volley Ball 
Courts Not Listed Volleyball Not Listed Not Listed 

99 Not Listed Not Listed Not Listed Fuel Tank Not Listed Not Listed 

106 Not Listed Not Listed Not Listed Not Listed Resov. #1 Resov. #1 

107 Not Listed Not Listed Not Listed Not Listed Resov. #2 Resov. #2 

108 Not Listed Not Listed Water Tank Not Listed Not Listed Not Listed 

109 
Quarters F: 

Welfare and Sr. 
Watch Officer 

Not Listed Married Officers 
Quarters Not Listed Quarters F Quarters F 

110 Quarters B: 
Executive Officer Not Listed Married Officers 

Quarters Not Listed Quarters B Quarters B 

111 Quarters C: A&R 
Officer Not Listed Married Officers' 

Quarters Not Listed Quarters C Quarters C 

112 
Quarters D: 

Commanding 
Officer 

Executive Officer 
Quarter 

Married Officers' 
Quarters Not Listed Quarters D Quarters D 

113 Quarters E: Sr. 
Medical Officer Not Listed Married Officers' 

Quarters Not Listed Quarters E Quarters E 
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114 
Quarters A: 

Communication 
Officer 

Commanding 
Officer Quarter 

Married Officers' 
Quarters Not Listed Quarters A Quarters A 

115 Not Listed Not Listed Jet Fuel Tank Not Listed Not Listed Not Listed 

116 Not Listed Not Listed Jet Fuel Tank Not Listed Not Listed Not Listed 

117 Not Listed Not Listed Substation Not Listed Main Substation Main Substation 

118 Not Listed Not Listed Transmitter Not Listed Ground 
Electronics 

Ground 
Electronics 

119 Not Listed Not Listed Flammable 
Storage 

Flammable 
Storage 

Flammable 
Storage 

Flammable 
Storage 

122 Not Listed Not Listed Not Listed Substation Not Listed Not Listed 

126 Not Listed Not Listed Generator 
Building Not Listed Generator 

Building 
Generator 
Building 

127 Not Listed Not Listed Public Works  
Dispatch Not Listed Public Works  

Dispatch 
Public Works  

Dispatch 

128 Not Listed Not Listed Auto Shop 
Auto Maintenance 

Building (Air 
Force) 

Public Works  
Lawn Shed 

Public Works  
Lawn Shed 

129 Not Listed Not Listed Liquid Oxygen 
Storage 

Liquid Oxygen 
Facility 

Liquid Oxygen 
Farm 

Liquid Oxygen 
Storage 

131 Not Listed Not Listed Garage Not Listed Quarters D 
Garage Not Listed 

132 Not Listed Not Listed Garage Not Listed Quarters A 
Garage Not Listed 
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133 Not Listed Not Listed Garage Not Listed Not Listed Not Listed 

137 Not Listed Not Listed Medical/Dental Not Listed Medical / Dental Medical/Dental 

139 Not Listed Not Listed Not Listed Not Listed North Airfield 
Light Building 

North Airfield 
Light Building 

140 Not Listed Not Listed 
Anti-Submarine 
Warfare (ASW) 
Training Center 

Not Listed 
Reserve ASW 

Tactical Training 
Center 

Reserve ASW 
Tactical Training 

Center 

142 Not Listed Not Listed Not Listed Not Listed Compass Pad Compass Pad 

143 Not Listed Not Listed Not Listed Medical Storage 
Building Not Listed Not Listed 

146 Not Listed Not Listed Radio Range 
Building Not Listed Radio Range 

Building Not Listed 

149 Not Listed Not Listed Marine Motor 
Pool Not Listed Not Listed Not Listed 

150 Not Listed Not Listed Vacant Not Listed Not Listed Not Listed 

152 Not Listed Not Listed Marine Garage Not Listed Not Listed Vacant Lot 

155 Not Listed Not Listed Marine Supply Maintenance Shop Not Listed Not Listed 

156 Not Listed Not Listed Not Listed Maintenance Shop Not Listed Not Listed 

159 Not Listed Not Listed Navy Exchange 
Storage Not Listed Old Fuel Farm 

Office 
Old Fuel Farm 

Office 
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160 Not Listed Not Listed Pool House Bath house Pool Snack Bar Pool Snack Bar 

161 Not Listed Not Listed Not Listed Outdoor Pool – 
Officers Rectangle Pool Not Listed 

164 Not Listed Not Listed Not Listed Not Listed Marine 
Compound 

Marine 
Compound 

165 Not Listed Not Listed Magazine Not Listed Magazine Magazine 

166 Not Listed Not Listed Magazine Not Listed Magazine Magazine 

167 Not Listed Not Listed Minimart Post Exchange 
Retail Store Family Services Family Services 

168 Not Listed Not Listed Not Listed Playing Field Not Listed Not Listed 

170 Not Listed Not Listed Not Listed Not Listed Tennis Courts Tennis Courts 

171 Not Listed Not Listed Supply 
Warehouse Not Listed 

Supply 
Warehouse / 
Comptroller 

Supply 
Warehouse / 
Comptroller 

172 Not Listed Not Listed Barracks Not Listed Bachelor Enlisted 
Quarters #5 

Bachelor Enlisted 
Quarters #5 

173 Not Listed Not Listed Magazine Not Listed Magazine Magazine 

174 Not Listed Not Listed Pitcairn Club Not Listed Pitcairn Club Pitcairn Club 

175 Not Listed Not Listed Hangar Not Listed 
VP Hangar / T-
Line (North and 

South) 
VR Hangar 
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176 Not Listed Not Listed 
79th Army 

Reserve 
Command  

Not Listed Army Admin 
Bldg 

Army Admin 
Bldg 

177 Not Listed Not Listed Army Hangar Not Listed Army Hangar Army Hangar 

178 Not Listed Not Listed 
Army 

Maintenance 
Garage 

Not Listed 
Army 

Maintenance 
Garage 

Army 
Maintenance 

Garage 

179 Not Listed Not Listed Indoor Play 
Courts Not Listed Handball Court Not Listed 

180 Not Listed Not Listed Avionics Shop Not Listed AIMD AIMD 

181 Not Listed Not Listed Not Listed Not Listed Wash Rack Wash Rack 

182 Not Listed Not Listed Not Listed Not Listed Fire Tank Fire Tank 

183 Not Listed Not Listed Not Listed Not Listed Fire Pump House Fire Pump House 

184 Not Listed Not Listed Not Listed Not Listed Utility Building Utility Building 

185 Not Listed Not Listed Utilities Shop Not Listed Not Listed Not Listed 

187 Not Listed Not Listed Storage Not Listed Not Listed Not Listed 

188 Not Listed Not Listed Liquid Oxygen  
Storage Not Listed Liquid Oxygen  

Storage 
Liquid Oxygen  

Storage 

190 Not Listed Not Listed Substation Not Listed Electrical 
Distribution Shed 

Electrical 
Distribution Shed 
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191 Not Listed Not Listed Not Listed Not Listed Transformer Pad Transformer Pad 

192 Not Listed Not Listed Not Listed Not Listed Bowling Alley Bowling Alley 

193 Not Listed Not Listed Not Listed Not Listed Bus Shelter Main 
Gate 

Bus Shelter Main 
Gate 

195 Not Listed Not Listed Not Listed Not Listed Fuel Tank Fuel Tank 

196 Not Listed Not Listed Not Listed Not Listed Fuel Tank Fuel Tank 

197 Not Listed Not Listed Not Listed Not Listed 
Morale, Welfare 
and Recreation 
Tennis Court 

Morale, Welfare 
and Recreation 
Tennis Court 

198 Not Listed Not Listed Not Listed Not Listed Wading Pool Wading Pool 

199 Not Listed Not Listed Picnic Shelter Not Listed Back 40 Picnic 
Area 

Back 40 Picnic 
Area 

201 Not Listed Air Force Hangar Not Listed Not Listed Not Listed Not Listed 

202 Not Listed Air Force Storage 
Building Not Listed Not Listed Not Listed Not Listed 

203 Not Listed 
Air Force 
Technical 
Training 

Not Listed Not Listed Not Listed Not Listed 

205 Not Listed Air Force Well 
Building #2 Not Listed Not Listed Not Listed Not Listed 

206 Not Listed Air Force Sewage 
Pumping Station Not Listed Not Listed Not Listed Not Listed 
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207 Not Listed 
Air Force Bulk 
Aviation Gas 

Storage 
Not Listed Not Listed Not Listed Not Listed 

208 Not Listed Air Force Pump 
Station Not Listed Not Listed Not Listed Not Listed 

209 Not Listed Air Force Well 
Building #1 Not Listed Not Listed Not Listed Not Listed 

210 Not Listed Air Force Water 
Reservoir Not Listed Not Listed Not Listed Not Listed 

211 Not Listed 
Air Force Water 
Booster Pump 

Station 
Not Listed Not Listed Not Listed Not Listed 

212 Not Listed Air Force Central 
Heating Plant Not Listed Not Listed Not Listed Not Listed 

600 Not Listed Not Listed Hazardous Waste 
Building Not Listed Not Listed Vacant Lot 

601 Not Listed Not Listed 

Naval Air 
Maintenance 

Training Group 
Detachment 

Not Listed Reserve Programs Reserve Programs 

603 Not Listed Not Listed Not Listed Not Listed Marine Air Traffic 
Control Unit Pad 

Marine Air Traffic 
Control Unit Pad 

604 Not Listed Not Listed Public Works  
Warehouse Not Listed Not Listed Not Listed 

605 Not Listed Not Listed Navy Exchange Not Listed Navy Exchange Navy Exchange 

 



NAS JRB Willow Grove 
Historical Radiological Assessment Section 3 – Site Identification and Description 

FINAL 3-28 

TABLE 3-4 
NAS JRB WILLOW GROVE BUILDING USE CHRONOLOGY 

PAGE 16 OF 21 
 

Building  1944 1957 1996 2005 2006 2009 

Number (HRA-0054) (HRA-0425) (HRA-0029) (HRA-0372) (HRA-0373) (HRA-0090) 

606 Not Listed Not Listed Marine 
Warehouse Not Listed 

Marine Aircraft 
Group (MAG)  

Warehouse 
MAG Warehouse 

608 Not Listed Not Listed Firehouse Not Listed Firehouse Firehouse 

609 Not Listed Not Listed Barracks Not Listed Bachelor Enlisted 
Quarters #6 

Bachelor Enlisted 
Quarters #6 

611 Not Listed Not Listed Not Listed Not Listed Pool Heating 
Plant 

Pool Heating 
Plant 

612 Not Listed Not Listed Not Listed Not Listed 
Bachelor Officer's 

Quarters Boiler 
House 

Bachelor Officer's 
Quarters Boiler 

House 

613 Not Listed Not Listed Ordnance 
Assembly Not Listed Ordnance 

Assembly 
Ordnance 
Assembly 

619 Not Listed Not Listed Not Listed Not Listed PAR PAR 

624 Not Listed Not Listed Not Listed Not Listed T-Line Shack T-Line Shack 

625 Not Listed Not Listed Not Listed Not Listed Admin Ballfield 
Construction Admin Ballfield 

626 Not Listed Not Listed Galley Not Listed Old Galley Old Galley 

630 Not Listed Not Listed Not Listed Not Listed MAG Motor 
Transport 

MAG Motor 
Transport 

631 Not Listed Not Listed Not Listed Not Listed MAG 
Communications Not Listed 
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Building  1944 1957 1996 2005 2006 2009 

Number (HRA-0054) (HRA-0425) (HRA-0029) (HRA-0372) (HRA-0373) (HRA-0090) 

632 Not Listed Not Listed Not Listed Not Listed MAG 
Communications Not Listed 

633 Not Listed Not Listed Not Listed Not Listed Hazardous Waste Hazardous Waste 

634 Not Listed Not Listed Not Listed Not Listed MAG T-Line MAG T-Line 

635 Not Listed Not Listed Aircraft Support Not Listed Ground Support 
Equipment (GSE) GSE 

637 Not Listed Not Listed Not Listed Not Listed Foam Building 
Fuel Farm 

Foam Building 
Fuel Farm 

638 Not Listed Not Listed Not Listed Not Listed 

Allied Military 
Government for 

Occupied 
Territories 

Reserve Center 

Allied Military 
Government for 

Occupied 
Territories 

Reserve Center 

639 Not Listed Not Listed Not Listed Not Listed MAG 
Transportation 

MAG 
Transportation 

640 Not Listed Not Listed Not Listed Not Listed Public Works  
Salt Shed 

Public Works  
Salt Shed 

641 Not Listed Not Listed Not Listed Not Listed Recycle Building Recycle Building 

642 Not Listed Not Listed Not Listed Not Listed Hazardous Waste Hazardous Waste 

643 Not Listed Not Listed Not Listed Not Listed Public Works  
Supply 

Public Works  
Supply 

644 Not Listed Not Listed Not Listed Not Listed Public Works  
Trans Storage 

Public Works  
Trans Storage 
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Building  1944 1957 1996 2005 2006 2009 
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645 Not Listed Not Listed Not Listed Not Listed Aircraft Rinse 
Facility 

Aircraft Rinse 
Facility 

646 Not Listed Not Listed Not Listed Not Listed Engine Run-Up Engine Run-Up 

647 Not Listed Not Listed Not Listed Not Listed 
Commanding 
Officer’s Lift 

Station 
Not Listed 

648 Not Listed Not Listed Not Listed Not Listed Housing Office Housing Office 

649 Not Listed Not Listed Not Listed Not Listed Picnic Pavilion Picnic Pavilion 

650 Not Listed Not Listed Not Listed Not Listed 
Hazardous/ 
Flammable 

Storage 

Hazardous/ 
Flammable 

Storage 

651 Not Listed Not Listed Not Listed Not Listed Dog Kennel Not Listed 

652 Not Listed Not Listed Not Listed Not Listed Equipment 
Storage 

Equipment 
Storage 

653 Not Listed Not Listed Not Listed Not Listed 
Federal Aviation 
Administration  

Radar Site 

Federal Aviation 
Administration  

Radar Site 

654 Not Listed Not Listed Not Listed Not Listed Public Works  
Storage 

Public Works  
Storage 

655 Not Listed Not Listed Not Listed Not Listed Dog Kennel Dog Kennel 

658 Not Listed Not Listed Not Listed Not Listed 
Public Works  

Equip 
Maintenance 

Public Works  
Equip 

Maintenance 
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660 Not Listed Not Listed Not Listed Not Listed Navy Lodge Navy Lodge 

661 Not Listed Not Listed Not Listed Not Listed Gate House Main 
Gate 

Gate House Main 
Gate 

662 Not Listed Not Listed Not Listed Not Listed Gate House Main 
Gate 

Gate House Main 
Gate 

665 Not Listed Not Listed Not Listed Not Listed Gate House B-29 Not Listed 

666 Not Listed Not Listed Not Listed Not Listed Gate House B-29 Gate House B-29 

677 Not Listed Not Listed Personnel 
Services Not Listed Personnel Support 

Detachment  
Personnel Support 

Detachment  

680 Not Listed Not Listed Marine Hangar Not Listed MAG Hangar MAG Hangar 

681 Not Listed Not Listed Not Listed Not Listed MAG Pump 
House 

MAG Pump 
House 

682 Not Listed Not Listed Not Listed Not Listed Water Tank Water Tanks 

683 Not Listed Not Listed Not Listed Not Listed Water Tank Water Tanks 

686 Not Listed Not Listed Not Listed Not Listed Guard House 
Main Gate 

Guard House 
Main Gate 

780 Not Listed Not Listed Operations Not Listed Passenger 
Terminal 

Passenger 
Terminal 

Pond Not Listed Not Listed Not Listed Not Listed Pond Pond 
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Gates #1 
& 2 Not Listed Not Listed Not Listed Not Listed Gates #1 & #2 Gates #1 & #2 

Gate #3 Not Listed Not Listed Not Listed Not Listed Gate #3 Gate #3 

Gate #4 Not Listed Not Listed Not Listed Not Listed Gate #4 Gate #4 

Gate #5 Not Listed Not Listed Not Listed Not Listed Gate #5 Gate #5 

Gate #6 Not Listed Not Listed Not Listed Not Listed Gate #6 Gate #6 

Gate #7 Not Listed Not Listed Not Listed Not Listed Gate #7 Gate #7 

Gate #8 Not Listed Not Listed Not Listed Not Listed Gate #8 Gate #8 

Gate #9 Not Listed Not Listed Not Listed Not Listed Gate #9 Gate #9 

Gate #10 Not Listed Not Listed Not Listed Not Listed Gate #10 Gate #10 

LBA-1 Not Listed Not Listed 
Pennsylvania Air 
National Guard 

Munitions 
Not Listed Not Listed Not Listed 

LBA-2 Not Listed Not Listed MAG-49 Support Not Listed Not Listed Not Listed 

Museum Not Listed Not Listed Not Listed Not Listed Air Museum Not Listed 

Site 12 Not Listed Not Listed Not Listed Not Listed Not Listed Not Listed 
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Site 2 Not Listed Not Listed Vacant Lot Not Listed Not Listed Not Listed 

Site 1 Not Listed Not Listed Not Listed Not Listed Not Listed Not Listed 

 Ground 
Control 

Approach 
Radar Set 
(CPN-4) 

Not Listed Not Listed Not Listed Not Listed Not Listed Not Listed 
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Figure 3-1 NAS JRB Willow Grove Location 
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Figure 3-2 Main Station and Housing Areas 
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Figure 3-3 Potentiometric Surface and Regional Ground-Water Divide 
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Figure 3-4 Main Station and Housing Areas National Wetlands Inventory 
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4.0 HRA METHODOLOGY 

An HRA is a tool used by the Navy to provide a comprehensive review and assessment of 

the impact of historical uses or disposal of G-RAM at Navy or Marine Corps installations. This 

section describes the processes used by the DON to prepare an HRA. 

4.1 HRA OVERVIEW 

Documentation of operations involving radioactive materials conducted at a Navy or 

Marine Corps installation, regulatory controls of these operations, and closeout surveys 

following the operations are vital to the future uses of current and former Navy and Marine 

Corps properties. The DON uses an HRA to document historical radiological operations or the 

use of radioactive material at an installation and to recommend future actions. This gives the 

BRAC Program Management Office a critical tool needed to properly control, investigate, and/or 

release property. This HRA generally follows the guidance in MARSSIM for preparation of a 

Historical Site Assessment and provides information in a format similar to that used by the EPA 

within the CERCLA process (HRA-0230). 

An HRA provides historical documentation of uses or disposal of G-RAM for a specified 

period. Since Naval facilities at NAS JRB Willow Grove have been closed and are in transition 

towards transfer as the result of the BRAC Program, this HRA documents usage or disposal of 

G-RAM from establishment of NAS JRB Willow Grove as a Navy facility through September 

2011. 

4.2 PURPOSE 

The purpose of this HRA is to document activities or operations involving the use of 

G-RAM at NAS JRB Willow Grove, including:  

• General use of radiation detection instrumentation. Low activity radioactive sources, not 

subject to licensing, were used for performing operational checks of these instruments.  

• Storage and/or disposal of devices containing radioactive materials  

• General use of aircraft components containing G-RAM 
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• General use of non-licensed radioactive commodity items  

In general, this HRA provides the following information about the use of radioactive 

material: 

• History of buildings, structures, and outdoor areas impacted by the use of radioactive 

material 

• Potential, likely, or known sources of radioactive material  

• Contaminant migration assessments 

• Recommended future actions 

4.3 MARSSIM GUIDANCE 

This section describes MARSSIM guidance and how it applies to the NAS JRB Willow 

Grove HRA. 

4.3.1 Historical Site Assessment 

Preparation of a Historical Site Assessment is the first step in following MARSSIM 

guidance for evaluating the effects of past radioactive material use. This assessment has been 

entitled an HRA to clarify the hazard that is being assessed to individuals that are unfamiliar with 

the MARSSIM document; however, the HRA process is the same as a Historical Site 

Assessment. 

Per MARSSIM guidance, this HRA will: 

• Identify potential, likely, or known sources of radioactive contamination based on 

existing or derived information. 

• Provide initial classification of the area or survey unit as impacted or non-impacted. 

• Identify sites that need further action as opposed to those posing no radiological risk to 

human health or the environment.  

• Provide an assessment for the likelihood of contaminant migration. 
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• Provide information useful to scoping and characterization surveys. 

• Provide recommendations for future actions, if necessary. 

4.3.2 Historical Research  

Per MARSSIM guidance, historical information for this HRA was collected by: 

• Reviewing site evaluations; federal, state, and local investigations; and emergency 

actions 

• Reviewing radiological data in licenses, site permits, authorizations, and operating 

records 

• Interviewing former employees or personnel with knowledge of radioactive material use 

at the site 

• Performing site reconnaissance by reviewing maps and blueprints and conducting a 

physical inspection of facilities 

• Using professional judgment 

4.3.3 Non-Impacted and Impacted Sites 

After review of the information obtained during historical research, MARSSIM 

recommends assigning a preliminary classification of “non-impacted” or “impacted” to all areas 

at the site (HRA-0230). Non-impacted areas are those with no history of radioactive material use 

or those that have no reasonable potential for residual contamination, such as residential or 

administrative buildings. Areas with only standard safety devices that contain generally licensed 

radioactive material, such as smoke detectors or exit signs, are classified as non-impacted if the 

site has no other radiological history. Non-impacted areas are not considered for radiological 

investigation because there is no reasonable potential for radioactive material to be present. 

Should information become available that identifies radioactive material use associated with a 

non-impacted area, the area is reclassified as impacted. Discovery of minimal radioactivity 

attributable to natural background radiation or fallout from weapons testing is not, in itself, cause 

for designation of an area as impacted. Areas containing machines that produce ionizing 
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radiation but do not contain radioactive material (such as x-ray machines) are not classified as 

impacted based solely on the use of the machines. 

Impacted areas are generally those with a history of radioactive material use and, 

therefore, have the potential for residual radioactive contamination. Examples include areas 

where 1) commodities containing radioactive materials or radioluminescent materials were used 

or stored; 2) records indicate there were spills, discharges, or other unusual occurrences that 

could result in the spread of radioactive contamination; and 3) radioactive materials were buried, 

burned, or stored. Areas immediately surrounding or adjacent to these locations and buildings 

which were demolished with no documented radiological controls in place are also considered 

impacted because of the potential for inadvertent spread of radioactive contamination. . Although 

an impacted site may be remediated and released as free from residual contamination, the site is 

not generally reclassified as non-impacted. 

4.3.4 Potentially Contaminated Media 

Once an area is properly classified, the next process involves the identification of 

potentially contaminated media within the area. While MARSSIM focuses on surface soils and 

building surfaces, it also provides preliminary guidance on other media, including: 

Surface Media – A term used to describe the top layer of soil, fill, gravel, waste piles, 

concrete, or asphalt that is available for direct exposure, growing plants, resuspension of 

particles for inhalation, and mixing from human disturbances. 

Subsurface Media – A term used to describe solid materials below the surface medium. 

Surface Water – A term used to describe waters from streams, rivers, lakes, coastal tidal 

waters, and oceans. 

Groundwater – A term used to describe the waters contained in subsurface materials and 

aquifers. 

Air – A term used to describe a potential pathway for resuspension and dispersal of 

contaminated media in the atmosphere. 
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Structures – A term used to describe man-made surfaces that are above or below the 

ground surface, such as buildings and building foundations. 

4.3.5 Survey Classifications 

MARSSIM classifies survey requirements for impacted areas as Class 1, 2, or 3, 

depending upon the potential for residual contamination (HRA-0230). The classification of a 

building, structure, or site is a critical step in the survey design process and is used to ensure that 

areas with higher potential for contamination receive a higher degree of survey effort, with Class 

1 areas having the greatest potential for contamination. 

The criteria used for designating an area as Class 1, 2, or 3 will be described in the survey 

or site work plan. As surveys progress and data are analyzed, areas may be reclassified based on 

newly acquired survey data. For example, if contamination is found in a Class 3 area, it is 

typically reclassified as Class 1 or Class 2, depending on the results of the survey. These same 

categories will be applied to any recommended actions listed in Section 8.0. The three 

classifications are described in more detail below. 

4.3.5.1 Class 1 Areas 

An impacted area that is recognized as having a high potential for containing radioactive 

contamination, is known to have radioactive contamination, or had a prior remediation to remove 

radioactive contamination is usually designated as a Class 1 area. This would include any area 

known to contain contamination in excess of appropriate release limits based on a Scoping or 

Characterization Survey. For NAS JRB Willow Grove, possible examples of Class 1 areas 

include 1) locations where leaks or spills are known to have occurred; 2) radioluminescent 

instrumentation repair locations; 3) former burial or disposal sites; and 4) areas previously 

designated as Class 2 or 3 where contamination above the release limits has been found. 

Class 1 areas require 100 percent systematic surveys. To conduct these surveys, each area 

is divided into survey units to facilitate the survey process and analysis of the survey data. The 

maximum area of a Class 1 survey unit is 100 square meters for floor areas of buildings and 

2,000 square meters for open land areas. Sizes of the survey units depend on the type and 

dimensions of the building, structure, or area. 
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4.3.5.2 Class 2 Areas 

An impacted area that is recognized as having a potential for containing radioactive 

contamination but is not expected to exceed the release limit is usually designated as a Class 2 

area. This would include any area known to contain small isolated areas of contamination with 

low potential for exposure or buffer zones around Class 1 areas. For NAS JRB Willow Grove, 

possible examples of Class 2 areas include waste processing, packaging, and storage sites; 

radioluminescent device and check source storage areas; and Class 3 areas where minimal 

contamination was found during scoping surveys.  

Class 2 areas require systematic surveys over 10 to 100 percent of the area. The area is 

divided into survey units to facilitate the survey process and analysis of the survey data. The 

maximum area of a Class 2 survey unit is 1,000 square meters for floor areas of buildings and 

10,000 square meters for open land areas. Sizes of the survey units depend on the type and 

dimensions of the building, structure, or area. 

4.3.5.3 Class 3 Areas 

An impacted area that is not expected to contain residual radioactive contamination 

exceeding the release limit is usually designated as a Class 3 area. This could include buffer 

zones around Class 1 or 2 areas. For NAS JRB Willow Grove, possible examples of Class 3 

areas include weapons storage areas. 

Surveys of Class 3 areas are not standardized and may be conducted randomly. There is 

no limit to the size of a survey unit. Sizes of the survey units depend on the type and dimensions 

of the building, structure, or area. 

4.4 PREPARATION OF THE NAS JRB WILLOW GROVE HRA 

4.4.1 Approach and Rationale 

This HRA will lay the groundwork for initiation of radiological investigations by 

reviewing historical radioactive material use and past radiological investigations to provide a 

complete picture of the current radiological status of the site. 
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To prepare the NAS JRB Willow Grove HRA, all available historical and current 

radiological and non-radiological information was evaluated. This research became the basis for 

designating sites as non-impacted or impacted and will subsequently be used by the Navy and 

Federal, state, and local agencies.  

Obtaining and evaluating information during preparation of the HRA included: 

• Archival research 

• Site assessments and reconnaissance 

• Personal interviews 

• Site designation and classification 

• Identification of radionuclides of concern 

These activities are discussed in Sections 4.4.2 through 4.4.6. 

4.4.2 Archival Research 

A list of all archival documents and sources used as references in this HRA is presented 

in Section 10.0. Electronic copies of these documents are provided on compact discs 

as Appendix D. The numbering of the references is not consecutive because they correspond 

directly to only the pertinent references from the database of historical information compiled 

during research for the HRA. 

4.4.2.1 Archive Locations 

Table 4-1 lists archives where information was found. Hundreds of pertinent documents, 

varying in length from 1 to 800 pages, and more than 100 maps and drawings were reviewed. 

4.4.2.2 Archive Information 

Archival information was reviewed to identify potential radiological sources, areas of 

use, radiological controls, regulatory procedures, and historical releases of radioactive 

contamination at NAS JRB Willow Grove.  
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4.4.3 Site Assessments and Reconnaissance 

4.4.3.1 Historical Assessments 

Throughout its history, NAS JRB Willow Grove had a limited radiological control 

program.  Records were found documenting the authorized disposal of radiological materials 

dating back to 1991; however, with the exception of x-ray radiography, no records of any official 

radiological protection programs were found. The only assessment known to have taken place at 

NAS JRB Willow Grove was a Navy-wide effort to survey and remove Ground Control 

Approach (GCA) parts that contained radium. This effort began around 1976 and continued 

through 1980 (HRA-0197; HRA-0095). Technical assistance visits were conducted by RASO at 

Willow Grove to ensure radiation safety compliance with industrial radiography equipment 

(HRA-0365; HRA-0366). No documentation was found of any other radiological assessments, 

surveys or monitoring events on NAS JRB Willow Grove. 

Section 4.0 discusses the types of radioactive materials used at NAS JRB Willow Grove 

based on Station missions and disposal records. A generic description of pathways these 

materials could have taken to impact human health and the environment is provided 

in Section 7.0. A more comprehensive site-specific summary of this information is provided for 

each impacted site in Section 8.0. 

4.4.3.2 HRA Site Reconnaissance 

As a supplement to archival research, on-site visual inspections of areas with a history of 

radioactive material use were conducted. Through these site visits, existing facilities were 

compared with previous radiological assessments, historical documentation, and maps. None of 

the remaining buildings had warning signs or operational restrictions posted, with the exception 

of the Non-Destructive Inspection (NDI) Vault (see Section 6.3.3 for more information). The on-

site assessments did not include radiological surveys. The history of each impacted site, with 

description of the current condition of the site, is provided in Section 8.0. 
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4.4.4 Interviews 

During the multi-phase preparation of the NAS JRB Willow Grove HRA, personnel with 

knowledge of radioactive material use at NAS JRB Willow Grove were interviewed. The 

interviews were helpful to the research because they provided first-hand accounts of radioactive 

material use and disposal at NAS JRB Willow Grove and supplemented available 

documentation. 

In December 2009, the Navy published a notice in two local newspapers seeking to locate 

individuals with knowledge of radioactive material use at NAS JRB Willow Grove. This notice 

appeared the Courier Times (Bucks County) and The Intelligencer (Doylestown). There were no 

responses to the notice. The content of the notice is provided in Appendix B. 

Individuals with knowledge of early installation operations or radiological operations at 

NAS JRB Willow Grove were interviewed in 2008 and 2009. The individuals interviewed 

included: current civilian employees; current civilian employees previously stationed at NAS 

JRB Willow Grove; and retired Navy employees previously stationed at NAS JRB Willow 

Grove. These employees were located with help from Station personnel. The purpose of the 

HRA and the interview was explained to each individual. Each individual provided: 1) title of 

his/her former position and responsibilities; 2) period(s) of employment; and 3) how the 

individual was involved with, or knew of, radiological operations at NAS JRB Willow Grove. 

Information on operations that may have involved radioactive material was gathered through 

discussion and from specific questions found on an interview form. Information from the 

interviews and the interview forms was summarized into a single document. These summaries 

were mailed to the interviewee for review and signature. Some interviews were returned as 

undeliverable; signed interviews that were returned are provided in Appendix C. 

4.4.5 Site Designation 

Each building, structure, and open space at NAS JRB Willow Grove has been designated 

as either radiologically non-impacted or impacted based on information derived from the archive 

reviews, site reconnaissance, and personal interviews. Impacted areas are further discussed 

in Section 8.0 of this assessment and have been assessed as to the likelihood and extent of 
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residual contamination. Recommendations of actions to evaluate the extent of potential residual 

radioactive contamination or radiologically free release of the property are provided. 

Recommendations for each impacted site are provided in Section 8.0. Sites not discussed further 

in Section 8.0 of this assessment are radiologically non-impacted. 

4.4.6 Radionuclide Identification 

To properly assess a site, the HRA must determine which radionuclides were used. A list 

of radionuclides likely used at NAS JRB Willow Grove was compiled by researching Station 

operations and uses of radioactive material.  

Two of the radionuclides identified (americium-241 [Am-241]) and krypton-85 [Kr-85]) 

were not considered to be a radiological hazard and will receive no further discussion in this 

assessment. Am-241 is used as a sealed source in smoke detectors and is not a concern. Kr-85, a 

gas found in tubes for use as a source or as a self-luminous material, would dissipate from a 

broken tube and no longer be considered a hazard. The radionuclides remaining as a potential 

concern at NAS JRB Willow Grove today and potential previous uses are listed in Table 4-2. 

4.5 HRA BOUNDARIES 

The intent and purpose of this HRA is to assess the radiological status of NAS JRB 

Willow Grove Main Station and offsite locations as described in Section 3.0. Therefore, this 

HRA also addresses radiological concerns for support facilities directly related to NAS JRB 

Willow Grove operations that were located in areas outside of the Main Station fence line but 

under the jurisdiction of, and in the vicinity of, the Main Station. These areas include the housing 

areas of Shenandoah Woods and Jacksonville Road.  
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TABLE 4-1 
RECORD LOCATIONS 

Facility Location 
National Archives and Records Administration (NARA) College Park, Maryland 
National Archives and Records Administration (NARA) Boston, Massachusetts 
National Archives and Records Administration (NARA) Philadelphia, Pennsylvania 
Naval History and Heritage Command Washington, DC 
Naval Air Station Joint Reserve Base Willow Grove Willow Grove, Pennsylvania 
BRAC Program Management Office -  Northeast Philadelphia, Pennsylvania 
Naval Sea Systems Command Detachment, Radiological 
Affairs Support Office 

Yorktown, Virginia 

Horsham Township Library - Willow Grove Naval Air 
Station Administrative Record 

Horsham, Pennsylvania 

Tetra Tech NUS King of Prussia, Pennsylvania 
Tetra Tech NUS  Wilmington, MA 
Interviews from Past NAS JRB Willow Grove Employees 
and Active Duty Military Personnel 

Willow Grove, Pennsylvania  
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TABLE 4-2 
RADIONUCLIDES OF CONCERN AT NAS JRB WILLOW GROVE 

PAGE 1 OF 2 
 

Radionuclide 
Half-life 
(years) Radiation Uses 

C-14 (Carbon) 5730 Beta Electron Tubes 
Voltage Regulators 

Co-60 (Cobalt) 5.27 Beta Electron tubes  
Radar Transmitter 
Spark gap irradiator/ignition exciter 

Cs-137 (Cesium) 30.1 Beta Radar Transmitter 
Spark gap irradiator/ignition exciter 

H-3 (Tritium) 12.3 Beta Aircraft lights 
Self-illuminating signs 
Lensatic compasses 
Bubble Indicators 

Ni-63 (Nickel) 100 Beta Electron Tubes 
Voltage Regulators 

Pb-210 (Lead) 22.2 Beta Electron Tubes 
Voltage Regulators 

Pm-147 (Promethium) 2.62 Beta Watches and Compasses 
Density Gauges 

Ra-226 (Radium) 1,599 Alpha Ice detector probes 
Instrument panels 
Watches and chronometers 
Compasses 
Multimeters/Ammeters 
Radio Sets 
Equipment toggles and fuse caps 
Compass Rose 
Circuit Breakers 
Cabin Pressure Control Indicators 
Bottled Oxygen Regulators 
Oxygen quantity indicators 
Airborne Direction and Range Finders 
GCA Radars 
Smoke detectors 
Self-illuminating signs 
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TABLE 4-2 
RADIONUCLIDES OF CONCERN AT NAS JRB WILLOW GROVE 

PAGE 2 OF 2 
 

Radionuclide 
Half-life 
(years) Radiation Uses 

Sr-90 (Strontium) 28.78 Beta Ice detector probes 
Pressure indicators 
Personnel markers 
IBIS  
Bubble Indicators 

Th-232 (Thorium) 1.405 × 1010 Alpha Electron tubes 
Turret assemblies  
Night vision devices 
Spark gap irradiator/ignition exciter 
Aircraft gear boxes (magnesium-thorium) 

Tl-204 (Thallium) 3.78 Beta Watches and chronometers 
Compasses 

U-238 / DU 
(Uranium-238) 

4.5 × 109 Alpha, Beta, and 
Gamma 

Aircraft counterweights 
 

Source: The Health Physics and Radiological Health Handbook, Revised Edition, 1992, Shleien. 
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5.0 REGULATORY BACKGROUND 

This section provides an overview of federal and DON oversight of radioactive materials 

and their uses at NAS JRB Willow Grove. Although not regulators, state and local government 

entities are also discussed. 

5.1 FEDERAL  

5.1.1 AEC/NRC 

The Atomic Energy Act of August 1, 1946, established the AEC to develop and manage 

the atomic energy program in the United States after World War II (WWII). A civilian 

government agency, the AEC assumed responsibility for control of radioactive materials and 

their uses from the Manhattan Engineer District, the wartime entity responsible for developing 

the atomic bombs detonated in the United States and Japan during the last months of WWII 

(HRA-0114). The AEC’s mission included the production and control of fissionable material, 

accident prevention, research, and peaceful uses of the atom, including the commercial 

generation of electricity. The AEC exercised absolute control over atomic energy production, 

nuclear materials, and facilities that used these materials. The Atomic Energy Act provided for a 

five-member commission, a General Advisory Committee, and a Military Liaison Committee 

within the National Military Establishment, which worked with the AEC on military applications 

of atomic energy. 

From 1946 to 1954, there were no licensing requirements as they are known today 

because all nuclear activities were controlled by a virtual government monopoly through the 

AEC (HRA-0234). During this period, the AEC controlled uses of radioactive materials by 

issuing “authorizations” or “permits.” When the Atomic Energy Act was modified in 1954, AEC 

controls were amended and the licensing program was established, which allowed for 

partnerships with private facilities to produce fissionable materials. An additional amendment in 

1964 permitted private ownership of fissile material in nuclear fuels, aiding the growing nuclear 

power industry. 
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With the establishment of AEC licensing in 1954, procurement and use of radioactive 

materials became more rigorously controlled. Users were required to submit lengthy “license 

applications,” with different license types required for by-product, source, or special nuclear 

materials. AEC required license applications to include: 

• Quantity of each radionuclide to be possessed at any one time 

• Purposes for which the licensed material was to be used 

• Location where radioactive materials were to be used 

• Qualifications of an Radiation Safety Officer (RSO) 

• Demonstration that facilities were adequate to safely control materials and protect human 

health 

• Administrative controls 

• Monitoring procedures and instrumentation 

• Material receipt and accountability procedures 

• An occupational radiation safety program for workers 

• Standard operating and emergency procedures 

• Radioactive waste disposal procedures 

The Navy’s headquarters commands applied for authority to use radioactive materials 

under an AEC license, as required. 

The Energy Reorganization Act of 1974 established two new federal agencies to 

administer and regulate atomic energy activities. On January 19, 1975, the AEC was dissolved 

and replaced with the US Energy Research and Development Administration (ERDA) and the 

NRC. The NRC assumed responsibility for regulation of the by-product, source, and special 

nuclear materials previously controlled by the AEC, as well as the civilian nuclear power 

program. Military weapons applications of radioactive materials remained under the control of 

ERDA, which became part of the newly formed Department of Energy (DOE) in 1977. 
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In 1975, when the NRC assumed the licensing duties previously held by the AEC, there 

were no substantive changes to the licensing rules. Licenses issued by the AEC remained in 

effect under the NRC.  

In many instances, AEC and NRC licenses were issued to a single Navy headquarters 

command, whether or not the material was to be used by an individual field command or ship. In 

some cases, the licenses authorized use of a radioactive commodity by multiple commands. 

There were no AEC or NRC licenses issued directly to NAS JRB Willow Grove. However, NAS 

JRB Willow Grove handled radioactive commodity items licensed by AEC or NRC. Licenses 

were issued to Navy headquarters commands for use of radioactive commodities in Navy 

aircraft.  

The following is a list of available information on AEC and/or NRC licenses that 

authorized use of radioactive components possibly used at NAS JRB Willow Grove: 

• AEC By-product Material License No. 08-05970-02, which was superseded by NRC By-

product Material License No. 08-05970-02, was issued to the DON for the possession 

and use of radioactive components used throughout the US Navy in radioluminescent 

items. These licenses included radioactive by-product materials containing Pm-147, 

hydrogen-3 (H-3 or tritium), and thallium-204 (Tl-204). (HRA-0401; HRA-0266) 

• AEC By-product Material License No. 08-05970-07, which was superseded by AEC By-

product Material License No. 08-05970-03, was issued to the DON for the possession 

and use of radioactive components used throughout the US Navy in aircraft (HRA-0404). 

These licenses included radioactive by-product materials containing Sr-90, Kr-85, and 

H-3 (HRA-0404). This license was amended in 1974 to allow the possession and use of 

Pm-147 (HRA-0329). AEC By-product Material License No. 08-05970-03 was later 

superseded by NRC By-product Material License No. 08-05970-03 (HRA-0402).  

• AEC By-product Material License No. 08-05970-08, which was superseded by NRC By-

product Material License No. 08-05970-02, was issued to the DON for the possession 

and use of radioactive components throughout the US Navy. This license included 

radioactive by-product materials containing Tl-204, Pm-147, and H-3. (HRA-

0403; HRA-0281) 
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• NRC By-product Material License No. 08-05970-17, which was superseded by NRC By-

product Material License No. 08-05970-07 and NRC By-product Material License No. 

08-05970-03, was issued to the DON. The license authorized the possession, use and 

distribution within the DON of items containing radioactive material used throughout the 

US Navy in aircraft. This license included radioactive by-product materials containing 

Sr-90, Kr-85, Pm-147, and H-3. (HRA-0404) 

• An NRC Master Materials License is currently held by the US Navy to cover use of 

NRC-licensed radioactive materials by the DON, including the Marine Corps. The 

implementation of this license established the NRMP Program which is discussed 

in Section 5.2.2.  

• Additional details for AEC licenses are given in Table 5-1.  Additional details for NRC 

licenses are given in Table 5-2. 

Radioactive materials, exempt from licensing by the AEC/NRC, were used in commodity 

items at NAS JRB Willow Grove. Examples of these items included smoke detectors, exit signs, 

and calibration sources for radiation survey instruments. Additionally, radioluminescent devices 

containing radium-226 (Ra-226) used at NAS JRB Willow Grove were not under the auspices of 

the AEC or NRC. Industrial x-ray machines were used to support aircraft maintenance activities 

and produce ionizing radiation; however, they do not contain any radioactive materials. Prior to 

1978, Navy industrial x-ray radiography programs generally followed manufacturers’ guidelines.  

After 1978, RASO oversaw industrial x-ray radiography programs under the Radiological 

Affairs Support Program (RASP).  

5.1.2 EPA 

The EPA is a federal agency established in 1970 to protect human health and safeguard 

the natural environment (air, water, and land). For NAS JRB Willow Grove, the EPA provides 

regulatory oversight under the CERCLA framework for determinations regarding the release of 

outdoor structures and open areas. The EPA participates in the Remedial Project Manager (RPM) 

Team Meetings and is a member of the Restoration Advisory Board (RAB) for NAS JRB 

Willow Grove. 
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5.1.2.1 CERCLA 

The US Congress enacted CERCLA (commonly known as Superfund) in 1980. CERCLA 

allows the EPA to: 

• Establish prohibitions and requirements for closed or abandoned hazardous waste sites 

• Establish liability for entities responsible for releases of hazardous waste sites where 

cleanup costs are incurred 

• Establish a trust fund to provide for cleanup when a responsible party cannot be identified  

CERCLA authorizes two types of response actions: 

• Removal actions, which are prompt responses to address releases that pose an imminent 

or substantial threat to human health or the environment 

• Remedial responses, which are permanent actions taken to protect human health and the 

environment from a release of hazardous substances 

CERCLA also enabled the revision of the National Oil and Hazardous Substances 

Pollution Contingency Plan (NCP) to provide guidance and procedures to respond to releases 

and threatened releases of hazardous substances, pollutants, or contaminants. This revision also 

established the NPL. 

In 2005, NAS JRB Willow Grove was selected for closure and reuse under the Base 

Closure and Realignment Act of 1990. The US Navy is proceeding with the process of removing 

NAS JRB Willow Grove from restrictions under CERCLA in coordination with EPA Region 3.  

Currently, there are no posted radiological restrictions at NAS JRB Willow Grove; however, 

investigative or intrusive activities in potentially radiologically impacted areas may require 

access restrictions and postings. The CERCLA remedial process will be followed for assessing 

potential radiological hazards at NAS JRB Willow Grove. 

The CERCLA remedial process includes the following series of steps: 
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• Preliminary Assessment – A screening process to determine whether further study is 

necessary. (This HRA satisfies the requirements of a preliminary assessment for the 

CERCLA process.) 

• Site Investigation – An on-site investigation to determine whether there has been a 

release or a potential for a release and to determine any associated threats. 

• Remedial Investigation – A process generally taken by the responsible agency to 

determine the nature and extent of the problem associated with a release. 

• Feasibility Study – Action taken by the lead agency to develop and evaluate options for 

remedial actions. 

• Proposed Plan – Presentation of the nature and extent of contamination, alternatives 

evaluated, and preferred approach to remediation. 

• Record of Decision – A public document that describes the selected cleanup action. 

• Remedial Design – Technical analysis of the site remedy with detailed plans for 

implementation. 

• Remedial Action – Actual implementation of the cleanup. 

5.1.2.2 SARA  

SARA amended CERCLA in 1986 and made significant changes to the program. These 

changes provided new enforcement requirements, including: 

• Stressing the importance of permanent remedies and innovative technologies 

• Considering other environmental laws and regulations 

• Increasing state involvement 

• Increasing the focus on human health problems 

• Encouraging greater citizen participation in the decision-making process 

SARA also required EPA to revise the Hazard Ranking System (HRS) to ensure accurate 

assessment of sites placed on the NPL. 
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5.1.2.3 NPL 

The NPL was developed by EPA to rank the sites that most warrant cleanup of hazardous 

substances. EPA uses a numerical rating system with a specific cutoff score to determine 

whether a site is eligible for inclusion in the NPL. Eligibility of a site for the NPL notifies the 

public that the EPA has determined the site warrants further investigation to assess risks to 

human health and the environment. It also serves as notice to responsible parties that EPA may 

be seeking remedial action. The NPL identifies sites that may be eligible to receive funding for 

response costs using EPA’s trust fund. NAS JRB Willow Grove was listed on the NPL on 

September 29, 1995 for soil and groundwater volatile organic contaminants (VOCs), not for any 

radiological concerns (HRA-0222). 

5.2 DEPARTMENT OF DEFENSE AND US NAVY  

5.2.1 General Control of Radioactive Materials 

The first formal Navy document controlling use of radioactive materials was Safety 

Series No. 9 of 1942 for Ra-226 (HRA-0036). However, the DON did not establish a formal 

radiological controls program for all types of radioactive materials until 1946, shortly after the 

end of WWII. These were the predecessors of the more stringent radiological controls programs 

the DON has in effect today. In 1947, the Chief of Naval Operations (CNO) issued the first 

Radiological Safety Manual for general applications of radioactive materials (HRA-0004). This 

manual was based on knowledge gained from the bombing of Hiroshima and Nagasaki and 

OPERATION CROSSROADS testing of the atomic bomb. As experience with and knowledge 

of the effects of radiation on ships and naval personnel grew, the Navy worked to establish more 

protective requirements that met or exceeded federal regulations. In 1953, the DoD established 

the Committee on Atomic Energy (CAE) to provide assistance and guidance for research and 

development activities within DoD. The main areas of interest for the CAE were atomic research 

and its effect on national security, and research and development of atomic energy for military 

use. During this time, the AEC and DoD also formalized the Agreement for the Development, 

Production and Standardization of Atomic Weapons, which established regulations to prevent 

conflicts of responsibility between the military and the AEC (HRA-0405). 
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The Bureau of Aeronautics (BUAER) oversaw the procurement and maintenance of 

aircraft for Naval Aviation from 1921 to 1959. Naval weapons, however, were under the control 

of the Bureau of Ordnance (BUORD). BUAER and BUORD were merged in 1959 to create the 

Bureau of Weapons (BUWEPS), which was replaced with the current Naval Air Systems 

Command (NAVAIR) in 1966. Currently, NAVAIR provides procurement and support for 

aircraft and airborne weapons systems for the Navy. In 1940, the Bureau of Ships (BUSHIPS) 

was established by the Navy through the consolidation of the Bureau of Construction and Repair 

and the Bureau of Engineering. BUSHIPS was responsible for the design, construction, 

procurement, and maintenance of ships and other craft for the Navy. The bureau also managed 

the shipyards, repair facilities, laboratories, and shore stations. The bureau also developed and 

procured instruments to detect radioactivity, equipment to protect personnel aboard ships, and 

methods and equipment for decontaminating ships. Eventually, the Navy reorganized, and these 

responsibilities were assigned to Naval Sea Systems Command (NAVSEA).  

In the late 1940s and early 1950s, the Navy’s Bureau of Medicine and Surgery (BUMED) 

and BUSHIPS worked closely with the Radiation Laboratory and the Naval Radiological 

Defense Laboratory at the Hunters Point Shipyard to develop controls for use of radioactive 

materials throughout the Navy. BUMED established and incorporated safety tolerances into 

regulations, determined physiological effects, developed treatment methods for radiation injuries, 

and approved specifications for instruments to cover medical uses and exposure to radioactive 

materials. BUMED remains responsible for overseeing medical uses of radioactive materials and 

evaluating radiation exposures today. 

5.2.2 Naval Radioactive Materials Permit Program 

In 1987, the NRC granted a Master Material License to the Chief of Naval Operations 

which allows the Navy to issue NRMPs in lieu of the Navy issuing individual NRC licenses for 

uses of radioactive materials at specific Navy and Marine Corps commands. Implementation of 

the NRMP Program in 1987 included conversion of NRC licenses issued to the Navy and Marine 

Corps to NRMPs. (HRA-0287) 

The NRMP Program is managed by the Naval Radiation Safety Committee (NRSC) with 

technical support provided by the Navy and Marine Corps Public Health Center for medical 
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facilities and RASO for non-medical operations. The NRSC issues byproduct, source, and 

special nuclear materials NRMPs. Radioactive materials associated with naval nuclear 

propulsion or nuclear weapons programs are not covered under the license.  

NAVSEA is responsible for the safe use of radioactive materials and machines that 

produce ionizing radiation. NAVSEA is responsible for controlling the use of radioactive 

materials by the Navy, including the Marine Corps, and provides oversight and regulatory 

guidance for the RASP, Navy Nuclear Weapons Radiological Controls, Naval Low Level 

Radioactive Waste and Naval Environmental G-RAM programs. NAVSEA is also responsible 

for the Naval Nuclear Propulsion Program, however, that is not applicable to NAS JRB Willow 

Grove or this HRA. 

To implement the responsibilities for G-RAM, NAVSEA established and is responsible 

for the RASP which includes: 

• all aspects of radiation safety with respect to the design, construction, and control of 

radiation including x-ray devices, accelerators, and radiographic units 

• licensed and non-licensed radioactive materials; including low-level and mixed 

radioactive waste in the Navy and Marine Corps (excluding NNPP materials and waste) 

• technical management of the RASP 

RASO provides technical support to the NRSC and NAVSEA for administration and 

management of the following programs:  

• RASP; manages the Navy’s NRMP Program and the use of machines that produce 

ionizing radiation throughout the Navy and Marine Corps 

• Navy IR Program and BRAC Program; provides radiological expertise on environmental 

issues at Navy and Marine Corps facilities managed by the BRAC PMO and the Naval 

Facilities Engineering Command and its engineering field divisions   

• Naval Low-Level Radioactive Waste (LLRW) Program; manages the Navy’s LLRW 

Program that covers all LLRW generated by the Navy and Marine Corps, excluding the 

NNPP. The program also provides contractual support for both command-specific and 
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Naval Facilities Engineering Command-managed radiological contamination and 

remediation projects at Navy and Marine Corps commands. The program is an integral 

part of the DoD LLRW Program managed by the U.S. Army 

• Radiation Safety Training; provides initial qualification training to prospective Radiation 

Safety Officers (RSOs) and Assistant Radiation Safety Officers (ARSOs) 

The NRSC did not issue any NRMPs to NAS JRB Willow Grove. However, the 

following is a list of NRMPs issued to Naval Supply Systems and Command (NAVSUP), and 

later to NAVAIR, which authorized radioactive commodities that were possibly used at NAS 

JRB Willow Grove: 

• NRMP No. 08-00023-T2NP, which superseded NRC License No. 08-05970-03 and 08-

05970-07, was issued to NAVSUP for the possession and use of radioactive components 

used throughout the US Navy (HRA-0406). This permit authorized use of commodities 

containing Sr-90, Kr-85, Pm-147, and H-3 (HRA-0407). NRMP No. 08-00023-T2NP 

was terminated on February 13, 1997 due to an address change for the permit holder and 

reissued as 45-00023-T2NP (HRA-0307). This permit also authorized use of 

commodities containing Sr-90, Kr-85, Pm-147, and H-3 (HRA-0307). On May 18, 1999, 

NRMP 45-00023-T2NP was terminated and reissued to NAVSUP as NRMP No. 37-

00023-T2NP (HRA-0408). The new permit authorized use of commodities containing 

Kr-85 and H-3 for drogue assemblies; Sr-90 and Pm-147 were deleted (HRA-0408). It 

was later determined that responsibility for the drogue assemblies was better suited for 

NAVAIR and NRMP No. 37-00023-T2NP was terminated and reissued to Patuxent River 

Naval Air Station  as NRMP 19-00019-T4NP on February 23, 2001 (HRA-0319; 

HRA-0339). 

• NRMP No. 45-00023-T1NP, which superseded NRMP No. 08-00023-T1NP and NRC 

License No. 08-05970-02, was issued to NAVSUP on November 9, 1995 for the 

possession and use of radioactive components throughout the US Navy in aircraft 

(HRA-0410; HRA-0411; HRA-0299). This permit authorized use of commodities 

containing Tl-204, Pm-147, and H-3. (HRA-0403; HRA-0281; HRA-0411). NRMP 45-

00023-T1NP was later terminated and reissued as NRMP 37-00023-T1NP on June 15, 

1999, without Pm-147 and Tl-204 (HRA-0412). The sole use of H-3 authorized by 
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NRMP 37-00023-T1NP is for calibration standards not used at NAS JRB Willow Grove 

(HRA-0412). 

• NRMP No. 19-00019-T5NP was issued to NAVSUP for the possession and use of 

radioactive components throughout the US Navy in aircraft. This permit authorized use 

of commodities containing Sr-90 in helicopter In-flight Blade Inspection System (IBIS) 

components and expires in February 2013 (HRA-0324).  

Additional details for NRMPs are given in Table 5-3.   

5.2.3 Navy Environmental Restoration Program (NERP) 

The DON established the NERP to implement the requirements of Defense 

Environmental Restoration Program (DERP), the IR Program, and CERCLA. The purpose of the 

NERP is to identify, investigate, and clean up or control releases of hazardous substances and to 

reduce the risk to human health and the environment from past waste disposal operations and 

hazardous materials spills on Navy property in a cost-effective manner. RASO provides 

technical expertise to the Navy to assist in addressing G-RAM issues associated with the NERP, 

including support for radiological issues at NAS JRB Willow Grove.   

5.3 STATE AND LOCAL 

5.3.1 Commonwealth of Pennsylvania 

Following the creation of the NRC, the United States Government agreed to allow 

individual states permission to grant licenses, both general and specific, to perform some of the 

in-state functions of a nuclear regulator, hence their being called “Agreement States.”  

Pennsylvania has been an Agreement State since April 1, 2008 (HRA-0233). When NAS JRB 

Willow Grove was active, the Station was under exclusive federal jurisdiction and covered under 

the Navy’s Master Materials License (HRA-0421). The Commonwealth of Pennsylvania works 

with EPA and the US Navy to ensure that requirements for state participation in CERCLA 

cleanup actions are fulfilled at NAS JRB Willow Grove. The primary state agencies involved 

with NAS JRB Willow Grove are listed below. 
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5.3.1.1 Pennsylvania Department of Environmental Protection  

The Pennsylvania Department of Environmental Protection (PADEP) is the state agency 

charged with preventing, abating, and controlling pollution of the air, land, and water. PADEP, 

in coordination with the EPA, plays an integral role in overseeing radiological cleanup actions at 

NAS JRB Willow Grove through two divisions of the Bureau of Radiation Protection (BRP), the 

Decommissioning and Environmental Surveillance Division and the Nuclear Safety Division.  

5.3.1.2 Bureau of Radiation Protection (BRP) 

  PADEP’s Bureau of Radiation Protection directs the statewide radiation protection 

program with the goal of protecting the citizens of Pennsylvania from unnecessary exposure to 

radiation. This includes policy, technical, and fiscal management for the program areas of: 

radioactive material, radiation producing machines, radon, nuclear safety, low-level radioactive 

waste, emergency response, and decommissioning and environmental surveillance. 

5.3.1.3 Decommissioning and Environmental Surveillance Division 

The Environmental Surveillance Section of the Decommissioning and Environmental 

Surveillance Division monitors the radiological environment primarily around each of 

Pennsylvania's five nuclear power facilities. However, the Environmental Surveillance Section 

also conducts some limited monitoring programs around facilities that currently use or have in 

the past used radioactive materials. These include some of the sites undergoing decontamination 

and decommissioning, enabling the Decommissioning Section to better evaluate whether cleanup 

criteria have been met.  

5.3.1.4 Nuclear Safety Division 

The Nuclear Safety Division conducts a comprehensive nuclear power plant oversight 

review program and also monitors the activities associated with management and disposal of a 

low-level radioactive waste disposal facility in Pennsylvania and provides planning and support 

for Bureau response to incidents involving nuclear power plants and/or radioactive material in 

Pennsylvania.  
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5.3.1.5 Radiation Control Division 

The Radiation Control Division prevents avoidable exposure to radiation and radioactive 

material through public education, regulation, compliance assistance, licensing, registration and 

inspection of radiation sources, facilities and users in Pennsylvania.  

5.3.2 Local Community 

The local community participates in the regulatory process through representation on the 

RAB. DoD policy requires that RABs be formed for all installations to increase public 

participation in its cleanup program (HRA-0250). The NAS JRB Willow Grove RAB is 

composed of members from the local community and representatives from the Navy, the state, 

and the EPA. Community members selected for RAB membership reflect the diverse interests 

within the local community and either live/work in the affected community or are impacted by 

the restoration program. The RAB for NAS JRB Willow Grove meets on a quarterly basis.  
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TABLE 5-1 
ATOMIC ENERGY COMMISSION LICENSES POTENTIALLY 

ASSOCIATED WITH 
NAS JRB WILLOW GROVE SORTED BY LICENSEE 

 
AEC 

License 
No. Licensee 

Dates of 
Issuance and 
Termination 

Licensed 
Radionuclide(s) 

Maximum 
Allowable Quantity1 

Purpose of 
Use 

08-05970-02 Department 
of the Navy 

NA Pm-147, 
Tl-204 

Pm-147: 
25 millicuries; 

Tl-204:  
1.6 microcuries 

By-product 
isotopes used 

in wrist 
compasses 

and watches, 
and depth 

gauges 
08-05970-03 Department 

of the Navy 
NA Sr-90, 

Pm-147,  
Kr-85,  

H-3 

Sr-90:  
50 microcuries;  

Pm-147: 
300 microcuries; 

Kr-85:   
25 millicuries; 

 H-3: 90 millicuries 

Licensed 
items 

installed in 
Navy 

aircraft: ice 
detector 

probes, exit 
markers, 

drogue lights, 
toggle lock 

switch 
handles 

08-05970-07 Department 
of the Navy 

NA Sr-90, 
Pm-147,  
Kr-85,  

H-3 

Sr-90:  
50 microcuries;  

Pm-147: 
300 microcuries;  

Kr-85:  
25 millicuries; H-3: 1 

curie  

Licensed 
items 

installed in 
Navy 

aircraft: ice 
detectors 

probes, exit 
markers, 

drogue lights, 
toggle lock 

switch 
handles 

08-05970-08 Department 
of the Navy 

NA Pm-147 Pm-147:  
15.5 millicuries  

Wrist 
compasses 

1 No single source to exceed this value 
NA – Not available 
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TABLE 5-2 
NUCLEAR REGULATORY COMMISSION LICENSES POTENTIALLY 

ASSOCIATED WITH  
NAS JRB WILLOW GROVE SORTED BY LICENSEE 

 

NRC 
License No. Licensee 

Dates of 
Issuance 

and 
Termination 

Licensed 
Radionuclide(s) 

Maximum 
Allowable 
Quantity1 Purpose of Use 

08-05970-02 Department of 
the Navy/Naval 
Supply Systems 

Command 

Converted to 
NRMP No. 
08-00023-
T1NP in 

April 1987 

Pm-147, 
Tl-204 

Pm-147: 
25 millicuries; 

Tl-204: 
1.6 microcuries 

By-product 
isotopes used in 
wrist compasses 

and watches, 
and depth 

gauges 
08-05970-03 Department of 

the Navy/Naval 
Supply Systems 

Command 

Converted to 
NRMP No. 
08-00023-
T2NP in 

May 1987 

Kr-85,  
H-3,  

Sr-90,  
Pm-147 

Kr-85: 
25 millicuries; 
H-3: 1 curie; 

Sr-90: 
50 microcuries; 

Pm-147: 
300 microcuries 

Licensed items 
installed in 

Navy aircraft: 
ice detector 
probes, exit 

markers, drogue 
lights, toggle 
lock switch 

handles 
08-05970-07 Department of 

the Navy/Naval 
Supply Systems 

Command 

NA Kr-85,  
H-3,  

Pm-147,  
Sr-90 

Sr-90: 
50 microcuries;  

H-3: 1 curie;  
Kr-85:  

25 millicuries;  
Pm-147: 

300 microcuries 

Licensed items 
installed in 

Navy aircraft: 
ice detector 
probes, exit 

markers, drogue 
lights, toggle 
lock switch 

handles 
08-05970-17 Department of 

the Navy/Naval 
Supply Systems 

Command 

NA Kr-85,  
H-3,  

Pm-147,  
Sr-90 

Sr-90: 
50 microcuries; 

H-3: 90 
millicuries;  

Kr-85: 
25 millicuries;  

Pm-147: 
300 microcuries 

Licensed items 
installed in 

Navy aircraft: 
ice detector 
probes, exit 

markers, drogue 
lights, toggle 
lock switch 

handles 
1 No single source to exceed this value 
NA – Not available   
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TABLE 5-3 
NAVY RADIOACTIVE MATERIALS PERMITS POTENTIALLY 

ASSOCIATED WITH  
NAS JRB WILLOW GROVE 

PAGE 1 OF 2 
 

Permit 
No. 

Permit 
Holder 

Dates of issuance 
and Termination 

Licensed 
Radionuclide(s) 

Maximum 
Allowable 
Quantity1 

Authorized 
Use 

08-00023- 
T2NP 

Naval Supply 
Systems 

Command 

Issued: 
05/18/1987 
Terminated: 

02/13/1997 and 
reissued as 45-
00023-T2NP. 

H-3, 
Kr-85, 
Sr-90, 

Pm-147 

H-3: 
0.4 curies; 

Kr-85: 
25 millicuries; 

Sr-90: 
50 microcuries; 

Pm-147: 
300 microcuries 

Exit markers, 
drogue 

assemblies, ice 
detectors, 

toggle switch 
illumination 
and external 

wind direction 
indicators. 

45-00023-
T2NP 

Naval Supply 
Systems 

Command 

Issued: 
02/13/1997 
Terminated: 

05/18/1999 and 
reissued to 

NAVSUP as 37-
00023-T2NP 

H-3, 
Kr-85, 
Sr-90, 

Pm-147 

H-3: 
0.4 curies; 

Kr-85: 
25 millicuries; 

Sr-90: 
50 microcuries; 

Pm-147: 
300 microcuries 

Exit markers, 
drogue 

assemblies, ice 
detectors, 

toggle switch 
illumination 
and external 

wind direction 
indicators. 

37-00023-
T2NP 

Naval Supply 
Systems 

Command 

Issued: 
05/18/1999 
Terminated: 

02/05/2001 and 
reissued as 19-
00019-T4NP 

H-3, 
Kr-85 

H-3: 
500 millicuries; 

Kr-85: 
millicuries 

Drogue 
assemblies 

19-00019-
T4NP 

Naval Air 
Systems 

Command 

Issued: 02/5/2001 
Expires: 

10/31/2015 

H-3, 
Kr-85 

H-3: 
500 millicuries; 

 Kr-85: 
millicuries 

Drogue 
assemblies 

19-00019-
T5NP 

Naval Air 
Systems 

Command 

Issued: NA 
Expires: 

02/28/2013 

Sr-90 Sr-90: 
500 microcuries 

IBIS 

08-00023-
T1NP 

Naval Supply 
Systems 

Command 

Issued: 4/1/1987 
Terminated: 

11/09/1995 and 
reissued as 45-
00023-T1NP 

Tl-204, 
Pm-147, 

H-3 

Tl-204: 
1.6 millicuries; 

Pm-147: 
25 millicuries; 

H-3: 
30 microcuries 

Watches, depth 
gauges, and 
compasses 
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TABLE 5-3 
NAVY RADIOACTIVE MATERIALS PERMITS POTENTIALLY 

ASSOCIATED WITH  
NAS JRB WILLOW GROVE 

PAGE 2 OF 2 
 

Permit 
No. 

Permit 
Holder 

Dates of issuance 
and Termination 

Licensed 
Radionuclide(s) 

Maximum 
Allowable 
Quantity1 

Authorized 
Use 

45-00023-
T1NP 

Naval Supply 
Systems 

Command 

Issued: 11/9/1995 
Terminated: 

6/15/1999 and 
reissued on as 37-

00023-T1NP, 
which only applies 
to tritiated water 

and is not 
applicable to NAS 

JRB Willow 
Grove. 

Tl-204, 
Pm-147, 

H-3 

Tl-204: 
1.6 millicuries; 

Pm-147: 
25 millicuries; 

H-3: 
30 microcuries 

Watches, depth 
gauges, and 
compasses 

1 No single source to exceed this value 
NA – Not available 
  



NAS JRB Willow Grove 
Historical Radiological Assessment Section 5 – Regulatory Background 

FINAL 5-18 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page is intentionally left blank 
 



NAS JRB Willow Grove 
Historical Radiological Assessment Section 6 – History 

FINAL 6-1 

6.0 HISTORY 

This section presents a historical overview of NAS JRB Willow Grove as it relates to the 

use of G-RAM. The history is augmented by the specific building use and area details 

in Section 8.0.  NAS JRB Willow Grove historically used various licensed and non-licensed 

commodity items containing radioactive components and radioluminescent material. A brief 

history of the development of NAS JRB Willow Grove is followed by a discussion of radioactive 

materials that were used, stored, or disposed at the site. The discussion of each operational use 

identifies what radionuclide would have been present and the kinds of buildings and sites that 

may have been impacted by those operations. Much of the information used in this assessment 

pertains to naval facilities with similar operational histories (i.e. Naval Air Stations, Naval 

aircraft, Marine Aviation Logistics squadrons, and Marine Aircraft Group) because of the lack of 

specific information on NAS JRB Willow Grove operations. A brief summary of radiation 

surveys performed on NAS JRB Willow Grove follows the description of the radiological 

operations. 

6.1 NAVAL AIR STATION, JOINT RESERVE BASE, WILLOW GROVE 

In 1938, the United States Congress passed the Naval Expansion Act and the Vinson-

Walsh Act, which authorized the creation of expanded naval fleets in order to be able to engage 

an enemy on two fronts, the Atlantic and the Pacific. The Secretary of the Navy commissioned 

boards that were charged with making recommendations for existing air bases and reserve 

training stations and the need for additional facilities. As part of the recommendations of one 

such board, the Mason Board, the number of Naval Reserve bases was expanded. (HRA-0029) 

In order to meet the immediate need for aviation personnel, the existing training 

programs had to be rapidly expanded. Also in order to accommodate the immediate demand for 

more pilots, more air bases and reserve training stations were necessary. At the time, primary 

training for Navy pilots in the Philadelphia area was conducted at Mustin Field at the 

Philadelphia Navy Yard. However, Mustin Field was also providing support for many other 

activities associated with an aircraft factory, aircraft modification facility, and aircraft test 

facility. Consequently, Mustin Field could no longer house the primary training unit and a new 
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location for the unit had to be found. In 1941, the Navy purchased a commercial airfield owned 

by Harold Pitcairn, for the construction of a new primary training facility. (HRA-0006) 

 

 

Harold Pitcairn’s airfield itself was established in 1919 and was originally 191 acres. The 

land was purchased under private auspices from four Horsham families for the creation of an 

airport. In the 1920s, Pitcairn, a pioneer in development of the autogiro (the forerunner of 

today’s helicopter), began experimental operations at the site. Pitcairn Field remained in private 

operation until its purchase by the Navy. (HRA-0024) 

After the initial acquisition of the airfield, additional farmland property was acquired in 

phases. The airfield included the short runways and a hangar and other support buildings located 

in what is now the southern half of the airfield. Approximately 577 total acres of land, 

comprising much of the property between Maple Avenue and Privet Road, was acquired by the 

Navy. (HRA-0001)  

After the Navy purchased the land, Pitcairn Aviation was allowed to use the airfield and 

continued to be active in developing both rotary and fixed-wing aircraft (HRA-0029).  

Pitcairn PA-36 “Whirlwing” Autogiro, after making a jump take-off in 1941 
flown by Frederick “Slim” Soule breaks a tape in forward flight.  

Picture by Stephen Pitcairn 
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By October 1942, the first contingent of 

250 naval personnel and an aircraft complement of 

34 N3N biplane trainers, known as the “Yellow 

Perils” took possession of Pitcairn Field. The air 

field was initially designated a Naval Reserve 

Aviation Base and a Primary Flight Training Unit 

with the mission of elimination training for cadets 

(HRA-0006). In January 1943, the air field was 

commissioned the United States Naval Air Station, 

Hatboro, although the name of the Station was 

officially changed to Naval Air Station, Willow 

Grove in July of that same year (HRA-0006).  

The modest Pitcairn Field was soon 

replaced with a much larger modern airfield which 

extended further toward the northwest, equipped 

with paved runways, taxiways, and numerous hangars. The new construction at NAS Willow 

Grove consisted of buildings for naval administration (Building 1), instruction (Building 4), 

barracks (Building 5), and personnel support and service facilities (Buildings 2 and 3). The Navy 

also refurbished several old farmhouses and barns that pre-dated Pitcairn’s ownership of the 

property, and used them for offices, housing, and equipment storage. The Navy also made use of 

Pitcairn’s hangars (Building 20), the operations and control tower (Building 18) and various 

buildings surrounding the old hangars (Buildings 22, 23 and 24). (HRA-0029)  

Shortly after being commissioned, NAS Willow Grove was given a new mission of 

Squadron Operational Training. This program was designed to mold groups of pilots and enlisted 

men with no combat experience into effective fighting forces through a syllabus of combat team 

tactics, gunnery, bombing and rocket firing (HRA-0006). Then in 1943, the Station was placed 

under the Bureau of Aeronautics (BUAER) and became involved in the modification and 

installation of Air to Surface Vessel (ASV) radar in the Lockheed PV-2 Ventura (HRA-0029). 

By the end of this mission, in May 1944, over 2,000 PV-2 Venturas had been modified at NAS 

“Wind Her Up!” by Georges Schreiber 
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Willow Grove. In late 1943, the Naval Air Transport Service took residence at NAS Willow 

Grove in order to set up a terminal for greater flow of Navy pilots to come aboard NAS Willow 

Grove for various training courses and activities (HRA-0029). One of the first training units to 

arrive was the Navy Ferry Squadron (VRF-1) detachment. This detachment established a course 

for all Navy ferry pilots that required them to spend a month refreshing themselves on engines, 

ground work and plane checkouts, and general preparation for the job of ferrying planes 

(HRA-0195).  

In April 1944, the Station became a Radio-Radar and Electronic Engineering Prototype 

Facility.  Various types of electronic equipment were engineered, fabricated, installed and flight 

tested at the Station. Also in August 1944, an Advanced Base Aviation Training Unit installed 

rocket racks on Gunman F6F Hellcats at NAS Willow Grove for a short time (HRA-0029). On 

December 1, 1944 the new Electronics Tactical Training Unit was established at NAS Willow 

Grove. Its mission was to train personnel of the Airborne Coordinating Group as instructors in 

the operation of all newer types of airborne electronics apparatus including search, navigation, 

identification and ordnance radar (HRA-0194). Throughout 1943 and 1944, the Station was 

constantly evolving with the addition of a number of buildings and facilities to house all the new 

operations and commands continuously making their way to NAS Willow Grove. 

By the end of WWII on September 2, 1945, several programs and activities had already 

been terminated or scaled down for disbanding at NAS Willow Grove. In December 1945, NAS 

Willow Grove was designated a Reserve Training Station. An intense recruiting program was 

begun at the Station to draw Naval Reserve enlisted personnel currently on inactive duty back to 

active status. These types of recruiting programs became crucial when the United States entered 

the Korean War in 1950. Of the 24 deployments by fleet carriers during the Korean War, nearly 

one-third of them had at least one reserve squadron operating from the flight deck, including two 

Navy and two Marine Squadrons from NAS Willow Grove (HRA-0006 and HRA-0196).  

In January 1952, NAS Willow Grove was allocated $5 million for facility expansion; 

some of the first new improvements were the completion of a new public works facility 

(Building 78) and a new hangar (Building 80) to service the Station’s aircraft (HRA-0029). In 

addition, from 1953 to 1957, the Navy purchased a several parcels of land that increased the total 
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acreage to 1,100 acres, which allowed for the main runway to be extended to 8,000 feet in order 

to accommodate slow-climbing jets.   

In 1957, the Station was chosen to become a Joint Reserve Training Base. This change in 

status allowed all other branches of the military to use facilities at the Station for training and 

reserve activities. The following year, the U.S. Air Force purchased land at the northern end of 

the Station for Air Force Reserve groups. Also in 1957, NAS JRB Willow Grove became home 

to the Reserve Anti-Submarine Warfare (ASW) Tactical Training School (RESASWTACSCOL) 

which began in 1951 as an airborne electronics training division. This school was the only one of 

its kind in the Navy. RESASWTACSCOL was given a new building (Bldg 140) in 1961 along 

with a new name, the Reserve ASW Tactical Training Center (RESASWTRACEN). 

(HRA-0029) 

By the end of 1958, NAS JRB Willow Grove was hosting approximately 3,700 Navy and 

Marine reservists on regularly scheduled weekends for maintenance and development of 

proficiency in the “changing business of military flying” (HRA-0006). Reservists had the 

opportunity to train on a variety of aircraft including patrol bombers, ASW aircraft trackers, jet 

fighters, transport planes, and helicopters from the 32 Navy and Marine Squadrons and Units 

attached to the Station (HRA-0006).  

Throughout the 1960s, NAS JRB Willow Grove squadrons supported and participated in 

a number of North Atlantic Treaty Organization (NATO) training exercises, Fleet training 

events, reconfiguration of squadrons and the addition of new squadrons to better support the 

changing operations of Naval aviation. Beginning in 1963, the Pennsylvania Air National Guard 

began using the facilities of the U.S. Air Force at NAS JRB Willow Grove (HRA-0014). Also, in 

1960s, operations were stepped up to support the U.S. effort in the Vietnam War as many NAS 

JRB Willow Grove reservists volunteered to fly airlift and cargo missions (HRA-0153).  

The 1970s opened with a complete reorganization of the units at NAS JRB Willow 

Grove. A new program promulgated throughout the Naval Air Reserve reconfigured two Reserve 

Air Carrier Wings, 12 patrol squadrons, and three transport squadrons into one reserve air fleet in 

order to increase readiness as a replicate for active naval air fleets (HRA-0029). Also in 1970, 

two ASW squadrons, Patrol Squadrons VP 66 and VP 64, joined as tenant commands at NAS 
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JRB Willow Grove with the mission of anti-submarine warfare, aerial mine warfare, and long-

range surveillance tactics. Each squadron consisted of approximately 80 officers and 330 enlisted 

personnel. Seven officers and 90 enlisted personnel supervised daily operations and provided 

professional training for reservists. From 1970 to 1973, the squadrons flew PV-2 Venturas; 

however in 1973, they were upgraded to P-3 Orion aircraft (HRA-0024). 

With the complete reorganization of NAS JRB Willow Grove, the 1970s also bought a 

period of building and expansion. New barracks (Building 172) for enlisted personnel were built 

in 1975. A new enlisted men’s club (Building 174) and warehouse (Building 171) were also built 

in 1975. In 1976, the 79th Army Reserve Command “joined the Navy” at NAS JRB Willow 

Grove by setting up operations on the far west side of old Runway 6 on the Station. The Army 

commissioned the construction of an administrative building (Building 176), a hangar 

(Building 177) to house a number of helicopter and fixed-wing units, and a maintenance shop 

(Building 178) to house the Army Aviation Maintenance Division (ASF 28). With the Army 

tenant command in place at NAS JRB Willow Grove, the Station fully embraced the status of 

Joint Reserve facility with all branches of the military present except for the U.S. Coast Guard 

(HRA-0029). Finally in 1977, the largest hangar (Building 175) on NAS JRB Willow Grove was 

constructed to house Patrol Squadrons 64 and 66 (VP 64 and VP 66). In the last years of the 

1970s, an expansive new space for the avionics shop was constructed in Building 180, which 

also housed the Aviation Intermediate Maintenance Department, and an additional wing was 

added to the RESASWTRACEN (Building 140) (HRA-0029). 

In 1994, the name of the Station was officially changed to Naval Air Station Joint 

Reserve Base Willow Grove to more accurately reflect the mission of the Station. Also in 2003, a 

new command was created on Station known as the Naval Air Reserve, which drilled more than 

5,000 Naval Reservists each month. (HRA-0153) 

The Station has provided facilities, services, materials, and training in direct support of 

all assigned units. These units have included two P-3 ASW squadrons, one helicopter ASW 

squadron, one fleet logistic support squadron, one Marine Aircraft Group (including an attack 

squadron and a heavy helicopter squadron), and a total of 22 tenant units and 32 reserve units. 

NAS JRB Willow Grove has supported and deployed servicemen and women to Afghanistan, 
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Iraq and around the globe. Since Operation Enduring Freedom began, approximately 4,000 

mobilizations have occurred at NAS JRB Willow Grove (HRA-0153). However under the 

BRAC law in 2005, NAS JRB Willow Grove was selected for realignment and closure and the 

Station entered into caretaker status on September 15, 2011.  

6.2 REMOTE PROPERTIES 

In August 1995, the Navy transferred a portion of the property used by the Naval Air 

Warfare Center (NAWC), which was located in Warminster, PA (Bucks County), to NAS JRB 

Willow Grove (HRA-0193). The transfer included the housing areas of Shenandoah Woods and 

Jacksonville Road. Both housing areas lie within a populated suburban area, containing several 

acres of wooded parcels.  

6.2.1 Shenandoah Woods Housing Area 

The Shenandoah Woods Housing Area encompasses 51 acres in Warminster Township, 

Bucks County, Pennsylvania, which is approximately 4.5 miles from the Main Station. The 

housing area is generally bounded by the former NAWC Warminster and a residential area 

known as Casey Village. The housing area was built before 1974 and contains 199 residential 

units and includes a youth center, a small store, and large garage for maintenance and storage of 

equipment (e.g., lawnmowers) (HRA-0188).  

6.2.2 Jacksonville Road Housing Area 

The housing area on Jacksonville Road is located in the Borough of Ivyland, Bucks 

County, Pennsylvania, which is approximately 3.5 miles from the Main Station. The housing 

area was built prior to 1974 and contains six small houses which cover 2.5 acres. The housing 

area is generally bounded by the former NAWC Warminster and a residential area known as 

Ivyland Village (HRA-0188).  

6.3 USE OF RADIOACTIVE MATERIAL 

6.3.1 Radioluminescent Devices 
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Radium Gauge 

 
 

 
Radium Personnel Marker 

Beginning in the late 1930s and continuing through the 1970s, radioluminescent devices 

and paint were widely used by the military (HRA-

0346; HRA-0083).  Radioluminescent devices were used 

in most, if not all, Navy aircraft over this period. Initially, 

dials and surfaces that needed to be illuminated without a 

power source were coated with a radioluminescent 

compound, or paint, containing radium (Ra-226) mixed 

with a zinc sulfide base (HRA-0036). This mixture would 

“scintillate” or glow when the base and Ra-226 were 

mixed together. This radioluminescent property allowed 

personnel to locate controls and gauges on instrument 

panels in aircraft during “darken ship” operations without 

the use of an external power source. Radium was used on 

signs, warning placards, circuit breakers, oxygen quantity 

indicators and instruments for emergency use in the case 

of power failure (HRA-0189; HRA-0275). Radium paint 

was also used in various other devices that would likely be 

found at NAS JRB Willow Grove such as clocks, 

wristwatches, rangefinders, personnel markers, compasses, 

radar knobs and toggle switches (HRA-0022). These devices likely constituted the first G-RAM 

introduced to NAS JRB Willow Grove. 

In the early 1950s, other radionuclides, including Sr-90, H-3, and Pm-147, were used in 

addition to Ra-226 in radioluminescent devices. Sr-90 was primarily used in deck markers on 

board ships and personnel markers.  However, it was also used in de-icing components and 

helicopter inflight blade inspection systems. H-3 and Pm-147 were commonly used in diver or 

survival equipment such as watches, personnel markers and compasses. H-3 was also used in 

helicopter blade tip lamps and self-luminous markers (HRA-0189; HRA-0275). 

Radioluminescent devices containing radium were gradually phased out of the Navy programs, 

with air traffic control instrumentation likely to be the last radioluminescent devices removed. 

This instrumentation is thought to have been removed from NAS JRB Willow Grove in 1980, 
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Tritium Exit Sign 

but other air stations potentially had this 

instrumentation in use through at least 1983 

(HRA-0095). 

Many Navy facilities had radium paint shops 

that repaired and maintained radioluminescent devices 

in the 1940s, 1950s, and early 1960s. Historical research has not identified any radium paint 

shops at NAS JRB Willow Grove; however, buildings on station have been described as 

containing “Electronic Shops.” Electronic and instrument repair shops commonly worked with 

radioluminescent devices containing Ra-226. When properly sealed or coated, radioluminescent 

devices containing radium were thought to present no health hazard. However, potential health 

problems would arise when the paint began to chip and peel off, releasing radium into the 

environment that could be inhaled or ingested, creating internal and external hazards for the 

workers. In the late 1960s, the Navy began to implement stricter controls over the use of radium 

to prevent such health hazards (HRA-0015; HRA-0045). 

The potential adverse health effect for personnel working with radioluminescent material 

was well documented. The earliest known Navy regulations and guidance for the protection of 

workers handling radioluminescent compounds appear in General Safety Rules, Section No. 9, 

published in January 1942 (HRA-0036). Later, the Navy applied these same basic radiation 

safety principles to the use of other radioactive materials. These regulations continued to be 

improved over the years as knowledge about health effects of radioactive material evolved 

(HRA-0009; HRA-0015). Of the radionuclides used in radioluminescent devices, those still of 

concern are Ra-226 (1,599-year half-life), Sr-90 (28.78-year half-life), H-3 (12.33-year half-life), 

Pm-147 (2.6-year half-life), and Tl-204 (3.78-year half-life).  

6.3.2 Non-Licensed Radioactive Commodities 

Radioactive materials were commonly used throughout NAS JRB Willow Grove in 

commodity items. These items included smoke detectors (Am-241), exit signs (H-3), night vision 

equipment (Th-232), thorium fluoride-coated lenses (Th-232), thoriated tungsten welding 

electrodes (Th-232), magnesium-thorium (Mg-Th) aircraft components, oxygen system 

components (Ra-226), IBIS (Sr-90), ice detectors (Sr-90), radar electronics (variety of 
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radionuclides) and electron tubes (variety of radionuclides). Some safety devices (smoke 

detectors and exit signs) have been replaced; however, as a safety measure, some remain in place 

in NAS JRB Willow Grove buildings today. 

H-3 is a radioactive isotope of hydrogen gas. It is used as a luminescent material and can 

be found as a gas or impregnated paint compound. The electrons emitted from small amounts of 

tritium cause phosphors to glow and are used to make self-powered lighting devices called 

betalights, which are now used in watches, exit signs, and a variety of other devices.  

Thorium-232 is a naturally occurring radioactive metal found in rocks and soils. Thorium 

fluoride coating was used at NAS JRB Willow Grove on night vision lenses and on P-3 Orion 

infra-red detection system (IRDS) turrets (HRA-0128). The thorium fluoride-coated lenses of the 

window on the IRDS turret presented a possible radiological hazard (HRA-0128). There is 

evidence that instructions for handling the thorium fluoride-coated germanium lenses on these 

turret assemblies may well documented throughout the Navy (HRA-0190). Thoriated tungsten 

welding rods are commercially available and were commonly used at NAS JRB Willow Grove 

and other Navy installations. 

A wide variety of electron tubes contain radioactive material. These tubes were known as 

TR (transmit-receive), ATR (anti-transmit-receive), PRE-TR (pre-transmit-receive), spark-gap, 

voltage-regulator, gas-switching, and cold-cathode gas-rectifier tubes and were used in radar 

systems and other electronic components (HRA-0104; HRA-0189; HRA-0275). Radioactive 

materials used in these devices over the years include H-3, carbon-14 (C-14), Co-60, nickel-63 

(Ni-63), Kr-85, Cs-137, Pm-147, lead-210 (Pb-210), Ra-226, and Th-232. The purpose of the 

radioactive material was to ionize the fill gas so that the application of a high voltage across the 

tube resulted in an instantaneous, steady current (HRA-0191). No radiological hazard existed as 

long as these electron tubes remained intact, however, broken tubes could release fill gases or 

minute sources that were minimally hazardous (HRA-0104). 

DU is natural uranium depleted of the isotopes of uranium-234 (U-234) and uranium-235 

(U-235) during an enrichment process. This “depletion” of U-234 and U-235 leaves the DU in a 

less radioactive state than naturally occurring uranium. DU is used where dense mass is required 

and is plated in cadmium to avoid oxidation. DU was used at NAS JRB Willow Grove in aircraft 
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ballasts and counterweights.  Counterweights were found in aircraft gyroscopes, flight controls, 

helicopter blades, elevator balances, and aileron balances. DU counterweights were in the C-130 

Hercules and various helicopters stationed at NAS JRB Willow Grove. (HRA-0189; HRA-0275) 

6.3.3 Other Generators of Radiation 

Industrial x-ray radiography, a method of non-destructive testing/inspection, was used at 

NAS JRB Willow Grove to test welds on aircraft and aircraft parts. Radiography machines apply 

electricity to a special tube to generate the x-rays. Because radiation is no longer generated when 

the electricity is turned off, there is no residual radioactivity from the use of industrial x-ray 

radiography machines and no long-term impact from their use. Industrial x-ray radiography 

equipment was used at NAS JRB Willow Grove by AIMD in the NDI (Non-Destructive 

Inspection) Lab Vault located in Building 80 (HRA-0365; HRA-0366). It is also likely that the 

Marines (MAG-49) used industrial x-ray radiography in Building 680. Naval x-ray radiography 

operations were discontinued in 2007. (HRA-0228) 

Radiation detection instruments were used to ensure that radiation did not exceed 

acceptable levels during NDI operations. Radioactive check sources would have been used to 

verify operability of the instrument prior to use. Instruments and the check sources were 

controlled by trained personnel and were removed from the Station when NDI activities ceased 

(HRA-0228). 

6.3.4 Squadrons and Aircraft  

Many squadrons have been assigned to NAS JRB Willow Grove through the years to 

support Navy, Marine Corps, Air Force, Army Reserve, and Pennsylvania Air National Guard 

missions. Although a complete listing of these squadrons was not found, all information 

available has been compiled to create a list of known Navy squadrons stationed at NAS JRB 

Willow Grove. Planes that were likely used by these squadrons at NAS JRB Willow Grove are 

also listed.  

The Navy has manuals available that list aircraft parts that contain radioactive material 

(HRA-0189; HRA-0275). However, because there was no documentation for some aircraft 
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known or believed to be at NAS JRB Willow Grove, radioactive aircraft parts that are generally 

used in aircraft are assumed to have been found at the Station.  

This information is listed in Table 6-1. 

6.4 RADIOACTIVE MATERIAL STORAGE AND ON-SITE DISPOSAL 

6.4.1 General Warehouses and Storage Areas 

NAS JRB Willow Grove has changed storage facilities numerous times and consequently 

a number of buildings have been used for storage of various materials, components, equipment 

and devices. Buildings 22 (supply building), 26 (Naval Air Transport warehouse), 29 (aviation 

supply annex), 51 (public works warehouse), 70 (storage), 75 (maintenance warehouse), 

77 (supply administration), 79 (public works storage), 86 (public works storage), 119 (flammable 

storage), 129 (liquid oxygen storage), 155 (Marine supply), 171 (supply warehouse), 

187 (storage), 188 (liquid oxygen storage), 600 (hazardous waste storage), 606 (marine 

warehouse), and 641 (current recycling building [new construction]) have been used at one time 

or another as storage facilities and/or warehouses (HRA-0024; HRA-0029; HRA-0188). 

Individual items would likely have also been moved to specific storage areas in other buildings. 

The Supply Department was normally responsible for all incoming inventory at the Station. The 

Supply Department was also responsible for the disposal of hazardous materials generated at the 

Station, and materials inventoried by the Supply Department that exceeded their shelf life 

(HRA-0024). Items to be salvaged or recycled were removed from the facility for disposal by the 

Defense Reutilization and Marketing Office (DRMO). Hazardous materials were disposed of in 

active landfills at NAS JRB Willow Grove prior to 1967, but were then stored at Building 600 

(and likely by generating facilities in some cases) prior to removal by a DRMO contractor 

(HRA-0024). Radioactive materials could possibly have been disposed of with these hazardous 

materials during earlier years before formal use and disposal controls were in place. In later 

years, radioactive materials requiring disposal at NAS JRB Willow Grove were likely only low 

activity commodity items such as self-luminescent exit signs and electron tubes were disposed of 

through the Navy’s Low-Level Radioactive Waste Program, which is managed by RASO 

(HRA-0144).  
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6.4.2 Aircraft Maintenance Hangars and Aircraft Intermediate Maintenance Department 

NAS JRB Willow Grove operated as many as five hangars for the various reserve and 

tenant squadrons stationed there. Each hangar was designed to house a minimum of two 

squadrons, with the two newest hangars designed for three squadrons each. Within the hangars, 

each squadron had its own work areas which included both avionics and electronics work rooms. 

Within these work rooms, technicians performed maintenance and repaired or replaced avionic 

or electrical components of the aircraft such as compasses, gauges, altimeters, controllers, and 

indicators, all of which could have radium-painted components prior to the 1970s. Currently, 

four hangars remain in place. 

In 1976, Building 180 was constructed and housed the Avionics Shop, the engine shop 

and AIMD. The Avionics Division performed intermediate-level maintenance on avionics 

systems, equipment and components procured by the Supply Department (HRA-0019). The 

Supply Department was responsible for maintenance of transmitters, receivers, radar, electronic 

fire control equipment, bombing radio navigation, altimeter and recognition equipment, aircraft 

power distribution, systems wiring, generators, inverters, meters, motors, batteries, lighting 

systems and approach lights. Avionic technicians also replaced radioactive electron tubes such as 

CRTs, TRs, voltage regulators, and spark-gap irradiators.  

AIMD was responsible for calibration, repair, or replacement of damaged or 

unserviceable parts, components, or assemblies, limited manufacture of parts, and technical 

assistance. Major repairs and maintenance were performed at major aircraft overhaul and repair 

(O & R) facilities (HRA-0067). Each squadron posted technicians in AIMD to perform any 

electronic or heavy maintenance work (greater than replacing simple components) for their 

squadron’s aircraft. Historically, AIMD was the central location for most maintenance and 

fabrication. In general, AIMD technicians repaired, replaced, and used components and materials 

which contain radioactive material.   

The Aviator's Equipment/Cryogenics Division was also housed in Building 180. This 

division performed intermediate maintenance functions on assigned aviator's equipment and 

systems such as safety and survival equipment, ejection seats, seat belts, harnesses, inflatable 

survival equipment, survival kits, helicopter rescue devices, aircrew personal survival equipment, 
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personal parachutes and survival radios (HRA-0019). However, in 1981 this division moved to 

renovated Hangar 20 (HRA-0021).  

Aircraft likely to have been in use at NAS JRB Willow Grove during its years of 

operation and the radioactive material associated with the aircraft are listed in Table 6-1. 

6.4.3 Ground Electronic Maintenance Department (GEMD) 

The GEMD maintained certified equipment and provided qualified technicians in support 

of air operations at NAS JRB Willow Grove. GEMD supported air operations through 

maintenance of the GCA, ASW, and PAR radar units located on station. GEMD Building 118 

was built in 1959 and is the location of the tower field. This department served the GCA 

Unit # 31, which provided radar-controlled approaches and departures for air traffic. It was 

essentially a self-contained and mobile radar site with both short-range air surveillance radar and 

precision approach radar. The ASW radar provided range and azimuth information out to 

50 miles and incorporated features that made radar identification possible in seconds. Finally the 

PAR radar provided highly accurate target information as to azimuth, elevation and rage along a 

pre-computed path. It is well known that all commercial and military radar units possess 

radioactive components such as vacuum tubes, and electron tubes known as transmit-receive, 

anti-transmit-receive, spark-gap, voltage-regulator, gas-switching, and cold-cathode gas-rectifier 

tubes. Additionally, some GCA radar units contained radioluminescent components, such as 

knobs and toggle switches. (HRA-0049; HRA-0191; HRA-0197; HRA-0188) 

6.4.4 Training and Instructional Buildings 

In 1961, Building 140 was constructed to house the Naval Air Reserve Training 

Command (NARESTRACOM) ASW Tactical School. The school was a tenant activity 

providing operational and maintenance training for NARESTRACOM personnel. The theoretical 

and practical aspects of airborne electronics, electrical equipment and instruments were taught 

here. The operational aspects of anti-submarine warfare were heavily emphasized, as was 

operational intelligence. This school served as the standard agency for ASW training in order to 

advance proficiency for mobilization assignments. The RESASWTRACEN provided instructor-

assisted classroom, media, and simulator training. Building 140 provided training on cockpit 
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simulators for various aircraft including the P-3 and Marine helicopters along with tactical 

simulators to support each aircraft. In 1980, RESASWTACSCOL established a simulation 

department for the students (HRA-0020) and in 1982 a major addition to the Station’s classroom 

facilities was constructed in Building 601 (HRA-0029). Electronic components and aircraft 

trainers/simulators used in this building would have contained the same components as the 

components found in actual aircraft and would likely have contained radioactive material. 

6.4.5 On-site Disposal Areas 

Disposal of radioluminescent devices was not controlled by specific Navy procedures 

until the late 1960s. Prior to that time, it was common practice throughout private industry and 

the military to dispose of radioluminescent instruments and articles by burial in landfills. 

Although no specific documentation has been discovered, it can be reasonably assumed that 

control and disposal of radioactive devices would have been handled in a manner similar to those 

for radioluminescent devices because they were general commodity items and not controlled as 

radioactive waste. It was also common practice to leave radioluminescent devices in place on 

equipment when it was sent to the salvage or scrap yard or processed through smelters. NAS 

JRB Willow Grove disposal sites that could have remnants of equipment with radioactive 

material are the Privet Road Compound (IRP-1), Antenna Field Landfill (IRP-2), Ninth Street 

Landfill (IRP-3), and South Landfill (IRP-12) (Figure 6-1). 

The Privet Road Compound (IRP-1) is an approximately 2-acre vacant lot located 

northeast of the steam plant and behind the old Bowling Alley building. The compound was 

created as a transfer station following the 1967 closure of the Ninth Street Landfill (IRP-3) to 

handle materials that were not accepted by the local municipal solid waste pick-up service. 

During the years in which the compound was in use, waste was stored on-site temporarily prior 

to being disposed off-site, or was burned and/or buried on-site in open disposal areas. 

Approximately ten percent of the Station’s waste was buried here during its years of use. Landfill 

operations ceased accepting waste in 1975; however, stored waste material was not completely 

removed from the compound until 1977. Waste at this site consisted of paint waste, scrap metal, 

chemical waste, asbestos, general refuse, oils, lubricants and transformers. The Navy performed 

a removal action in June 1999, which excavated approximately 1,200 tons of polychlorinated 
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biphenyl (PCB)-contaminated soils. Soil excavation was carried out in three stages until post-

excavation confirmation sampling and laboratory analysis demonstrated successful cleanup to 

the residential standard (one part per million [1 ppm] PCB). The contaminated soil was 

transported off-site for proper disposal. A Record of Decision for Site 1 Privet Road Compound 

Soil was signed in 2006 for no further remedial action under the CERCLA program.  A Record 

of Decision for Site 1 Privet Road Groundwater was signed for no further remedial action in 

2008 (HRA-0024; HRA-0188; HRA-0214; HRA-0222).  

The Ninth Street Landfill (IRP-3) is approximately 9 acres and is located along the 

western side of the Station, north of Ninth Street. The landfill was put into use after the previous 

landfill (IRP-12) closed in 1960. This site was a transfer station and open disposal area where 

waste was burned and buried. Wastes disposed in the landfill include general compacted wastes 

and refuse, bulk items, and sewage sludge until 1967. Phase I and II RI field activities were 

conducted in 1991 and 1998, respectively. During the period from 1999 through 2004, progress 

at Site 3 was a lower priority than other IRP sites at NAS JRB Willow Grove. With the passage 

of BRAC 2005, RI/FS activities resumed to ensure compliance with the timetable for Base 

Closure. Significant quantities of buried waste material were encountered at several Site 3 

locations during this investigation, and soil samples contained non-radiological hazardous 

substances. The extent of the contamination was delineated through sampling, test pitting, and 

geophysical surveys. The draft RI Report was submitted to regulatory agencies for review in 

May 2010. Land use restrictions were put into place in August 2010 to protect the integrity of 

groundwater monitoring structures and to prohibit the use of un-treated site groundwater. 

(HRA-0032; HRA-0188; HRA-0242) 

The South Landfill (IRP-12) was previously investigated under the designation of the 

Antenna Field Landfill (IRP- 2). The investigation failed to find significant buried waste in that 

location and Site 2 was determined to need no further action in 2010. The South Landfill is now 

believed to be located in the area designated as Site 12, which is approximately 11 undeveloped 

acres located southwest of Runway 10/28 in the southern portion of the Station. This landfill was 

reportedly used as a disposal area for general compacted wastes and refuse, paint waste, sewage 

sludge, solvents and aircraft parts from 1948 to 1960. Landfill activities reportedly consisted of 
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trench excavation with subsequent burning and burial of waste material within the trenches. 

(HRA-0154; HRA-0240) 

6.5 HISTORICAL RADIOLOGICAL INVESTIGATIONS, SURVEYS, STUDIES 

AND REMEDIAL EFFORTS 

During the research phase of this HRA, almost no documentation of radiological 

sampling, surveys, or investigations intended to assess residual G-RAM at NAS JRB Willow 

Grove was found. The only radiological sampling/survey for which documentation could be 

found was the planned April 1978 investigation of radium-bearing components in Ground 

Control Approach (GCA) radar units (HRA-0088). There is no documentation on completion of 

this event. 

In a letter dated May 2, 1975, the U.S. Army Electronics Command advised the Navy 

that the AN/FPN-36 GCA radar contained radium in the compass rose and other components. 

This radar unit was similar to the Army’s FPN-40 which was programmed for removal of the 

radium-bearing components at Tobyhanna during scheduled maintenance. After two surveys of 

the FPN-36 radar units at Cherry Point, NAVELEX was advised by RASO that radium-bearing 

components in the units did not present a hazard to personnel. However, RASO recommended 

that all such components be identified, labeled, smeared for leakage, and replaced with non-

radium bearing components at NAVELEX repair and maintenance facilities. NAVELEX advised 

all GCA users to survey the equipment and replace radium-bearing parts. The survey by RASO 

had found that Class 5355 GCA radar knobs and toggle switches posed the greatest potential for 

contamination and their radioluminescent paint should be sealed until replacement parts could be 

supplied. Based on the results of the radiological surveys conducted at various facilities, RASO 

committed to visit these facilities to survey and supervise replacement of knobs and toggle 

switches in 1977. NAS JRB Willow Grove was one of approximately 40 Navy facilities and four 

supply depots at which RASO conducted these surveys. NAS JRB Willow Grove was visited by 

RASO in August 1977 when it was determined that no smears would need to be forwarded; 

however, radioactive material was removed. The radioluminescent items that were removed from 

GCA radar units were shipped to RASO for decontamination then shipped to 

NAELECSYSENGCEN, Vallejo, California for reuse. (HRA-0049; HRA-0093; HRA-0197)  
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Although industrial x-ray radiography equipment did not contain G-RAM, a radiological 

safety program was implemented for personnel safety while using this equipment. Technical 

assistance visits were conducted by RASO at Willow Grove to ensure radiation safety was 

performed in compliance with the radiological safety program (HRA-0365; HRA-0366). Per 

RASO, technical assistance visits were replaced by NDI Program inspection in1987. 
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Figure 6-1 Main Station IRP Sites  
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7.0 ASSESSMENT OF IMPACTED SITES 

This section describes the methods and definitions used in Section 8.0 to categorize and 

assess the likelihood of residual contamination at impacted sites, the contaminated media 

involved, the potential for migration of contamination, and the recommended actions for each 

impacted site. Evaluations and definitions are based on guidance provided in MARSSIM. The 

assessment of impacted sites was based on their operational history and whether G-RAM was 

used, stored, or potentially disposed of at the site. The U.S. Navy also used previous site surveys 

and investigations, when available, to confirm or expand on the historical information. 

7.1 IMPACTED SITES 

An impacted site is one that has a potential for radioactive material use, storage, or 

disposal based on historical information or is known to contain radioactive contamination. Areas 

immediately adjacent to a primary impacted site may be included in this designation 

(HRA-0230). Impacted sites may include: 

• Sites where radioactive materials were used or stored 

• Sites where known spills, discharges, or other unusual occurrences involving radioactive 

materials have occurred, or may have occurred, that could have resulted in the release or 

spread of contamination 

• Sites where radioactive materials might have been disposed of or buried 

7.2 NON-IMPACTED SITES 

A non-impacted site is one with no reasonable likelihood of residual radioactive 

contamination, based on historical documentation or results of previous radiological survey 

information (HRA-0230). 

7.3 IMPACTED SITE ASSESSMENTS 

Section 8.0 provides the assessments for each impacted site. These are based on the 

historical record and any site surveys or assessments conducted prior to March 31, 2010. The 
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assessments consider both media and migration pathways. These determinations may change in 

the future as the result of the implementation of recommended actions or location of additional 

historical information. The process used to assess the potential radiological contamination at an 

impacted site is detailed below. 

7.3.1 Contamination Potential 

The Department of Navy determined the potential for residual radioactive contamination 

at each impacted site through a professional evaluation of historical information, previous survey 

results, discussions with former employees, and site reconnaissance. As recommended actions 

are implemented in the future, these determinations may change. Contamination potential 

categorized as: 

• Known - Restricted Access. Radioactive contamination is known to exist at levels that 

could require protective clothing, respiratory protection, radiation monitoring, and site 

access controls. 

• Known - Continued Access. Low levels of contamination exist, but the contamination is 

contained in a system, fixed on building surfaces, or is in generally inaccessible areas. 

• Likely - Residual radioactive contamination is expected but has not been confirmed. 

• Unlikely - Residual radioactive contamination is not expected, but investigation is 

warranted. 

• Unknown - Residual radioactive contamination potentially exists, but no clear indication 

of possible contamination levels or contaminants has been established. 

• None - Radioactive contamination has been fully assessed and removed, if necessary, and 

the site has been free-released by the U.S. Navy and regulators. The site remains 

classified as impacted, but no further action is required. 

7.3.2 Contaminated Media 

Section 8.0 also categorizes and assesses different types of media at each impacted site 

that contain or are suspected of containing radioactive material. The U.S. Navy used previous 
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survey data, historical information, and professional judgment to confirm the presence of or 

determine the potential for radioactive material. Generic terms, as defined in MARSSIM, are 

used to categorize the types of material that would contain the contamination (HRA-0230). For 

example, if a building contains radioactive material in concrete floor materials, the medium 

would be defined as “structures.” To ensure that all potential media contamination has been 

evaluated, Section 8.0 includes an assessment for all media categories for each impacted site. 

The definitions for the types of media that could be contaminated are: 

• Surface Soil - The top layer of soil (to 6 inches below ground surface [bgs]), fill, gravel, 

waste piles, concrete, or asphalt that is available for direct exposure, growing plants, re-

suspension of particles for inhalation, and mixing from human disturbances; this 

definition includes surface sediment in underwater areas 

• Subsurface Soil - Solid materials and media found below the surface soils; this definition 

can include underwater subsurface sediment 

• Surface Water - Waters found in streams, rivers, lakes, ponds, wetlands, and oceans as 

well as tidal waters 

• Groundwater - Waters contained in subsurface materials and aquifers 

• Air - Atmosphere that is a potential pathway for resuspension and dispersal of radioactive 

material and contaminated media 

• Structures - A man-made surface(s) above the ground surface or contained within 

subsurface media 

• Drainage Systems - Sanitary drains, facility storm drains, or septic systems and leach 

fields and sediments contained therein; this category can include bay sediments where 

drainage to the bay occurs 

7.3.3 Contaminated Media Assessment 

Section 8.0 provides an assessment of the potential for contamination for each media 

category at each impacted site. The U.S. Navy determined these ratings during the evaluation of 

each media type. The ratings may change if additional historical information becomes available 
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or further information is developed during the performance of surveys at the site. Ratings are 

defined as: 

• High - Evidence of contamination in the medium or migration pathway has been 

identified. 

• Moderate - The potential for contamination in the medium or migration pathway exists, 

although the extent has not been fully assessed. 

• Low - The potential for contamination in the type of medium or migration pathway is 

remote. 

• None - Evidence of contamination in the specific medium or migration pathway has not 

been found, or known contamination has been removed, and surveys indicate that the 

medium or migration pathway meets current release criteria. 

7.3.4 Potential Migration Pathways 

Migration pathways are the media or transport mechanisms that allow contamination to 

spread in the immediate vicinity of the contaminated media or off-site. The assessment of each 

impacted site in Section 8.0 provides an evaluation of the potential for migration of radioactive 

material. The type of potential or confirmed contaminated media and the radionuclides of 

concern (ROCs) were used to assess the potential migration pathways. 

7.4 RECOMMENDED ACTIONS 

Section 8.0 also provides a recommended action for each impacted site. The 

recommendation is the result of the summary investigations conducted to determine ROCs, 

contamination potential, contaminated media, and potential migration pathways for exposure. 

The categories of recommended actions are defined below. 

• Emergency Action - Immediate remediation or containment is required because the levels 

of radioactive contamination or potential exposure to radiation are such that there is a 

high potential for the release of radioactive materials to the environment or a significant 

exposure to the public. 
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• Scoping Survey - Historical documentation indicates that radioactive contamination may 

be present at an impacted site that has not had an initial evaluation, and a survey is 

required to determine whether contamination in excess of current release criteria exists. 

The intent of scoping surveys is to identify radionuclide contaminants, relative 

radionuclide ratios, and general levels and extent of contamination. These surveys usually 

include minimal surface scans, sampling, and dose rate assessments. 

• Characterization Survey - Radioactive contamination has been confirmed within an 

impacted site by a scoping survey, and action must be taken to identify the ROCs and 

determine the extent of the contamination. These surveys include facility or site in-depth 

surveys, sampling, monitoring, and analysis to provide the basis for acquiring necessary 

technical information to develop, analyze, and select appropriate cleanup techniques. 

• Remediation - Radioactive contamination has been fully characterized at an impacted site 

and remedial or removal action is necessary to comply with site-specific release criteria. 

Remedial action support surveys are performed while remediation is being conducted to 

guide the cleanup activities. 

• Final Status Survey - Historical documentation and previous investigations or 

remediation indicate that radioactive contamination has been removed from an impacted 

site, and a survey needs to be conducted in accordance with MARSSIM guidance to 

verify that the impacted site complies with applicable site release criteria. This survey 

includes the appropriate measurements and sampling that will define the radiological 

condition of the site in preparation for release. The surveys are typically conducted 

following completion of decontamination or remediation activities, but can also be 

conducted to confirm that past radiological activities at the impacted site did not result in 

residual contamination. 

• Free Release - Historical documentation and previous investigations and surveys indicate 

that all applicable release criteria have been met, and the site documentation is ready for 

review by the U.S. Navy and responsible regulators for future non-radiological usage. 

This may include confirmatory surveys by the U.S. Navy or regulatory personnel to 

verify the results reported in the release documentation. 
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• No Further Action - An impacted site has been shown by the U.S. Navy and applicable 

regulatory agencies to meet release criteria. 

7.5 MARSSIM SURVEY CLASSIFICATIONS 

As described in Section 4.3.5, MARSSIM classifies surveys for impacted sites as Class 1, 

2, or 3, depending on the potential for residual contamination (HRA-0230). Sites are classified to 

ensure that areas with a higher potential for contamination receive a higher degree of survey 

effort, with areas with the greatest potential for contamination receiving Class 1 surveys. The 

survey classification impacts FSSs and is instrumental in assessing free release documentation. 

The survey classifications will be applied to recommended actions in Section 8.0, where 

appropriate. As surveys progress and data are analyzed, areas may be reclassified based on newly 

acquired survey data (HRA-0230). For example, if contamination is found during a Class 3 

survey, a more extensive Class 1 survey would typically be conducted. Detailed descriptions of 

the survey classifications are provided in Section 4.3.5. 

7.6 IMPACTED SITE EXAMPLE 

A building, formerly used as a research laboratory, is identified as an impacted site. 

Undefined contamination has been found on interior building surfaces during a Class 3 scoping 

survey. 

• Contamination Potential 

− Known-Continued Access. The contamination has been confirmed, but the level 

of contamination has not been determined. 

• Potentially Contaminated Media 

− Surface Soil – Low. There is a slight likelihood that contamination from the 

building could be in the surface soils immediately surrounding the site. 

− Subsurface Soil – Low. There is a very slight likelihood that contamination from 

the surface soils could be in subsurface soils. Depending on the information 
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available at the time of rating and professional evaluation of the information, this 

potential could be categorized as “None.” 

− Surface Water – None. There is no surface water near the site. 

− Groundwater – None. As the contamination is in the interior of the building, 

there is no potential for groundwater contamination. 

− Air – None. Contamination found on the building surfaces is insufficient to cause 

concern about airborne contamination. This rating would be based on the type and 

level of radioactivity identified in the contamination. 

− Structures – High. Contamination has been identified in the building. 

− Drainage Systems – High. With surface contamination on building interior 

surfaces, there is a significant potential that the drainage systems (primarily 

sanitary) would be contaminated, as most laboratories contain sink drains. 

• Migration Pathways for Exposure to the Public or Environment 

− Surface Soil – Low. The potential contamination in the surface soils would 

present a low probability for exposure to the public or off-site environment, as 

there is no obvious transport mechanism to enable detectable levels of 

contamination to spread to off-site locations. 

− Subsurface Soil – None. There is a low likelihood of initially contaminating 

subsurface soils; therefore, an exposure to the public or off-site environment is 

not likely. 

− Surface Water – None. The information on potentially contaminated media 

already established that there were no surface waters in the vicinity of the site. 

Contamination in the interior of a building would require transport of the 
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contamination to surface waters by a secondary method such as runoff to a storm 

drain system, which is not likely to occur. 

− Air – None. Low levels of interior building surface contamination would require 

transport of a significant portion of the contamination outside the confines of the 

building and then a secondary mechanism to carry the contamination off-site. 

− Structures – Low to Moderate. Migration of the contamination in the building is 

likely. However, the potential for contamination to migrate to the public would be 

dependent on the access and security controls for the building. 

− Drainage Systems – Low. With contamination on interior building surfaces, the 

building drainage sanitary system may be contaminated. Low levels in drainage 

systems would be diluted by the flow of non-contaminated liquids from other 

sources. The exposure potential from this contamination is minimal. 

− Recommended Actions. Characterization survey. 
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8.0 FINDINGS AND RECOMMENDATIONS 

This section describes the 18 sites at NAS JRB Willow Grove that have been designated 

as being impacted by G-RAM operations. The distinction between the terms “impacted” and 

“non-impacted” is discussed below. The former and current use of an impacted site is provided 

below as well as ROCs and any previous radiological investigations. This section categorizes and 

defines the likelihood of residual contamination at the impacted area, the contaminated media 

involved, the potential for migration of G-RAM, and the recommended actions for each 

impacted site using the categories described in Sections 4.0 and 7.0. 

8.1 IMPACTED VERSUS NON-IMPACTED 

The DON assessed past radiological operations at NAS JRB Willow Grove to determine 

whether these operations had an impact on buildings, structures, or open areas. These evaluations 

were based on guidance provided in MARSSIM to define all sites as either impacted or non-

impacted by radiological operations. Impacted sites are those areas with some potential for 

residual contamination due to the use, handling, packaging, or disposal of radioactive materials. 

A non-impacted site is one with no reasonable likelihood of residual radioactive contamination, 

based on historical documentation or results of previous radiological survey information. 

8.2 IMPACTED SITES 

The 18 impacted sites are depicted on Figure 8-19. Details regarding each site are 

provided in Sections 8.2.1 through 8.2.18. Sites are listed in order by the year of their 

construction, with IRP Sites listed after the buildings or structures. Table 8-1 provides a 

summary of site function or site use for impacted sites from the time of the Station’s 

commissioning through closure.  
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8.2.1 Building 4 Site – Instruction Building 

 
 

Site Description: The Academic and General Instruction Building (Building 4) was 

originally built as a pre-flight training facility and also housed the Electronics Tactical Training 

Unit (HRA-0029; HRA-0019). In 1951, the building became the Reserve Antisubmarine 

Warfare Training Center (RESASWTRACEN) until this operation moved to Building 140 in 

1961 (HRA-0029; HRA-0019). The building was constructed in 1943 and was approximately 

18,080 square feet in area (HRA-0014; HRA-0029). No historical floor plans for this building 

were available for review to determine the locations of operational activities within the building. 

It was identical to Building 2, which was still in use up until 2011 and is a wood frame structure 

with a gabled central pavilion and long wings extended from each side and at the rear 

(HRA-0029). From comparing maps and building lists, it appears that Building 4 was 

demolished sometime before 1983. It is now a vacant lot. 

Former Radiological Uses: Electronic components used for training would have 

contained the same components as aircraft. Plane and helicopter trainers/simulators used in this 

Note: Photo only shows the general area of the impacted area and does not define the actual boundaries. 
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building would have had these same components also. Examples of radioactive materials 

possibly used in Building 4 are radar transmitters and self-illuminating instrument panels.  

Current Uses: Vacant Lot  

ROCs: Ra-226 

Previous Radiological Investigations: None 

Contamination Potential: Unlikely 

Contaminated Media: 

Surface Soil: Low 

Subsurface Soil: Low 

Surface Water: Low 

Groundwater: Low 

Air: None 

Structures: Not Applicable 

Drainage Systems: None 

Potential Migration Pathways: 

Surface Soil: Low 

Subsurface Soil: Low 

Surface Water: Low 

Groundwater: Low 

Air: Low 

Structures: Not Applicable 

Drainage Systems: None 

Recommended Actions: Conduct a scoping survey. 
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Figure 8-1 Building 4 Inspection Building 

 
Note: Figure only shows the general area of the impacted area and does not define the actual boundaries. 
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8.2.2 Building 18 Site – Operations and Control Tower 

 
 

Site Description: The Operations and Control Tower (Building 18) was an existing 

building on the Pitcairn property when purchased by the Navy in 1941 (Section 6.1). The 

construction material is unknown, except that a concrete pad remains. The size of the building 

was approximately 4,800 square feet and the remaining vacant footprint is estimated at 2,865 

square feet (GIS) (HRA-0247). No historical floor plans for this building were available for 

review to determine the locations of operational activities within the building. From comparing 

maps and building lists, it appears that the building was demolished sometime between 1958 and 

1969, but the exact year is unknown.  

Former Radiological Uses: In early years of operation, Air Traffic Control commonly 

used self-illuminating radar equipment and instrument panels (HRA-0088). Example of 

radioactive materials possibly used in this building is self-illuminating air traffic control 

instrumentation.  

Current Uses: Vacant Lot 

ROCs: Ra-226 

Previous Radiological Investigations: None 

Contamination Potential: Unlikely 

Contaminated Media: 

Note: Photo only shows the general area of the impacted area and does not define the actual boundaries. 
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Surface Soil: Low 

Subsurface Soil: Low 

Surface Water: Low 

Groundwater: None 

Air: None 

Structures: Low 

Drainage Systems: None 

Potential Migration Pathways: 

Surface Soil: Low 

Subsurface Soil: Low 

Surface Water: Low 

Groundwater: None 

Air: None 

Structures: None 

Drainage Systems: None 

Recommended Actions: Conduct a scoping survey. 
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Figure 8-2 Building 18 Operations and Control Tower 

 
Note: Figure only shows the general area of the impacted area and does not define the actual boundaries. 
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8.2.3 Building 20 Site – Old Aircraft Repair Hangar 

 
 

Site Description: As discussed in Section 6.1, Hangar 20 was in use at the Pitcairn 

airfield when it was purchased by the Navy and was one of the original hangars used at NAS 

JRB Willow Grove after commissioning. The building housed several groups during its years of 

use, including Assembly and Repair, Avionics Division, Parachute and Survival Equipment 

Shop, Non-Destructive Inspection (NDl) Shop, ASW Marine Aircraft Group (MAG 49), and the 

GSE Ordnance Shop (HRA-0029; HRA-0120; HRA-0024). The approximately 16,524-square-

foot wooden hangar was built on a concrete slab and contained sumps for the disposal of oil and 

solvents (HRA-0014; HRA-0001; HRA-0024). According to site photographs, the building was 

demolished between 1978 and 1981(HRA-0001). However, a demolition drawing was created in 

1992 for this building (HRA-0374). This drawing shows the operational portions of the building 

to be eight shop areas, one storage area, and the main hangar bay. A 2006 photograph shows 

temporary hangar was placed over a portion of the footprint, which was used by a local flying 

club (HRA-0001). Some concrete surface from the original building remains in the area where 

the building once stood, but it does not appear to represent the entire original footprint. 

Former Radiological Uses: Many types of aircraft have components containing 

radioactive material (HRA-0275; HRA-0189: HRA-0313). Aircraft that were potentially housed 

and repaired in this building between 1942 and 1975 and their associated radioisotopes are listed 

in Table 6-1. Table 4-2 also lists aircraft components containing radioactive material. 

Note: Photo only shows the general area of the impacted area and does not define the actual boundaries. 
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Additionally, radioluminescent items were used in survival equipment and would have been 

housed and handled in this hangar. Examples of radioactive materials possibly used in this 

building are aircraft parts and self-illuminating instrumentation, compasses, and personnel 

markers.  

Current Uses: Vacant Lot with concrete surface 

ROCs: Pm-147, Ra-226, Sr-90, Tl-204 

Previous Radiological Investigations: None 

Contamination Potential: Likely 

Contaminated Media: 

Surface Soil: Moderate 

Subsurface Soil: Moderate 

Surface Water: Low 

Groundwater: Low 

Air: None 

Structures: Low  

Drainage Systems: None  

Potential Migration Pathways: 

Surface Soil: Low 

Subsurface Soil: Low 

Surface Water: Low 

Groundwater: Low 

Air: Low 

Structures: None 

Drainage Systems: None 

Recommended Actions: Conduct a scoping survey.  
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Figure 8-3 Building 20 Old Aircraft Repair Hangar 

 
Note: Figure only shows the general area of the impacted area and does not define the actual boundaries. 
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8.2.4 Building 22 - Aircraft Supply Warehouse 

 
 

Site Description: As discussed in Section 6.1, Building 22 was an existing building from 

the Pitcairn airfield that was used by the Supply Department after the Naval Air Station was 

commissioned (HRA-0029). The 17,700-square-foot wooden building has a slightly pitched roof 

and concrete foundation (HRA-0001). There is a loading dock and large door at each end. A 

1942 drawing shows operational portions of the building to be a receiving area and an issue area 

(HRA-0376). A 1996 survey found asbestos in this building (HRA-0188).  

Former Radiological Uses: Prior to 1975, Building 22 was used by the Supply 

Department, which stored aircraft parts and possibly hazardous material.  This building was the 

warehouse for C-9 components which did include radioactive materials (Appendix 

C; HRA-0189; HRA-0275). Any item used at the Station containing radioactive material was 

likely housed in this building. Examples of radioactive materials possibly used in this building 

are aircraft parts and self-illuminating instrumentation, compasses, and personnel markers.  

Current Uses: Vacant Building 

ROCs: Ra-226 and Sr-90 
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Previous Radiological Investigations: None 

Contamination Potential: Unlikely 

Surface Soil: Low 

Subsurface Soil: None 

Surface Water: Low 

Groundwater: None 

Air: None 

Structures: Low 

Drainage Systems: Low 

Potential Migration Pathways: 

Surface Soil: Low 

Subsurface Soil: None 

Surface Water: Low 

Groundwater: None 

Air: None 

Structures: Low 

Drainage Systems: Low 

Recommended Actions: Conduct a scoping survey.  
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Figure 8-4 Building 22 Aircraft Supply Warehouse 

 
Note: Figure only shows the general area of the impacted area and does not define the actual boundaries. 
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8.2.5 Building 23 Site - Parachute Shop 

 
 

Site Description: Building 23 stood on the property when it was purchased from Pitcairn 

Aviation and was used initially as a parachute shop and later as a small hangar. The parachute 

shop included a loft, a tall structure used for parachute maintenance. This building was 

approximately 9,120 square feet in size, built on an 8-inch thick concrete slab. A 1991 drawing 

for this building does not label the locations of operational portions of the building (HRA-0377). 

It was demolished in 1991 and the site is currently a vacant lot. (HRA-0205; HRA-0247) 

Former Radiological Uses:  Many types of aircraft have components containing 

radioactive material (HRA-0275; HRA-0189; HRA-0313). Aircraft that were potentially housed 

and repaired in this building between 1942 and 1991 and their associated radioisotopes are the 

older, smaller aircraft listed in Table 6-1. Table 4-2 also lists aircraft components containing 

radioactive material. Additionally, the hangar was used as a parachute shop which would have 

handled several items with radioactive material. Examples of radioactive materials possibly used 

in this building are aircraft parts and self-illuminating instrumentation, compasses, and personnel 

markers.  

Current Uses: Vacant Lot 

ROCs: Pm-147, Ra-226, Sr-90, Tl-204 

Note: Photo only shows the general area of the impacted area and does not define the actual boundaries. 
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Previous Radiological Investigations: None 

Contamination Potential: Likely 

Contaminated Media: 

Surface Soil: Low 

Subsurface Soil: Low 

Surface Water: Low 

Groundwater: None 

Air: None 

Structures: Not Applicable 

Drainage Systems: None  

Potential Migration Pathways: 

Surface Soil: Low 

Subsurface Soil: None 

Surface Water: Low 

Groundwater: None 

Air: None 

Structures: Not Applicable 

Drainage Systems: None 

Recommended Actions: Conduct a scoping survey.  
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Figure 8-5 Building 23 Parachute Shop 

 
Note: Figure only shows the general area of the impacted area and does not define the actual boundaries. 
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8.2.6 Building 29 – Aviation Supply and Station Weapons Building 

 
 

Site Description: Building 29, which has served as an Aviation Supply Annex, a small 

engine shop, Ground Support Equipment (GSE) shop, parachute/survival equipment shop, and 

ordnance shop, is located in the former operations area (HRA-0001; HRA-0029; HRA-

0054; HRA-0120). The Emerald Knights AIMD (HS-75), which serviced ASW helicopters, also 

occupied the bay area of this building at one time, but the time frame is unknown. Built in 1939, 

the original building was concrete block with a gable roof covered with fire-retardant black 

cement tiles (HRA-0001; HRA-0024; HRA-0029). Between 1975 and 1982, a brick addition 

was made (HRA-0001). The building has a small basement with sump and pump (HRA-0029). 

The total size of the building is approximately 19,800 square feet (HRA-0001). A 1996 survey 

found asbestos in this building (HRA-0188). A 1943 drawing for this building shows the 

operational portions of the building to be flight gear storage and a large maintenance bay 

(HRA-0378). 

Former Radiological Uses: Building 29 served as a storehouse for aircraft parts and 

equipment (HRA-0029). Many types of aircraft have components containing radioactive 

material (HRA-0275; HRA-0189). Plane and helicopter components that were potentially 

housed and repaired in this building between 1942 and 2011 and their associated radioisotopes 
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are listed in Table 6-1. Additionally, the building’s use as a survival equipment shop would 

indicate radioluminescent items were routinely used in this building. Examples of radioactive 

materials possibly used in this building are aircraft parts and self-illuminating instrumentation, 

compasses, and personnel markers.  

Current Uses: Vacant Building 

ROCs: Pm-147, Ra-226, Sr-90, Tl-204  

Previous Radiological Investigations: None 

Contamination Potential: Likely 

Contaminated Media: 

Surface Soil: Low 

Subsurface Soil: Low 

Surface Water: Low 

Groundwater: None 

Air: None 

Structures: Low 

Drainage Systems: Low 

Potential Migration Pathways: 

Surface Soil: Low 

Subsurface Soil: Low 

Surface Water: Low 

Groundwater: None 

Air: None 

Structures: None 

Drainage Systems: Low 

Recommended Actions: Conduct a scoping survey.  



NAS JRB Willow Grove 
Historical Radiological Assessment Section 8 – Findings and Recommendations 

FINAL 8-19 

Figure 8-6 Building 29 Aviation Supply and Station Weapons Building 

 
Note: Figure only shows the general area of the impacted area and does not define the actual boundaries. 
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8.2.7 Building 77 Site – Administrative Building (Supply Department and Paraloft) 

 

Site Description: Building 77 was built in 1950 for use as an Administrative Building 

(HRA-0029). Prior to 1975, it was used by the Supply Department (HRA-0024; HRA-0188). 

The building was used as the AIMD Paraloft prior to 1979, when paraloft operations were moved 

to Building 180 and again later in 1996 (HRA-0188). Parachute operations include not only the 

repacking of parachutes, but also the maintenance of survival kits consisting of items such as 

compasses and personnel markers for locating stranded individuals. The building was torn down 

in the late 1990s (HRA-0188). The size of the long, one-story, wood-frame building was 

approximately 6,300 square feet (HRA-0029; HRA-0247). A 1997 drawing for this building 

does not label the locations of operational portions of the building (HRA-0379). A 1996 survey 

found asbestos in this building (HRA-0188). The picture above shows the vacant lot where 

Building 77 was located. 

Former Radiological Uses: During its use by the Supply Department, this building was 

responsible for the storage and disposal of hazardous waste, including radioactive materials, and 

housed materials used at the Station, including aircraft parts containing radioactive material 

Note: Photo only shows the general area of the impacted area (vacant lot) and does not define the actual boundaries. 
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(HRA-0024; HRA-0188). Because of its use as the AIMD Paraloft in earlier years, survival 

equipment containing radioactive material may have been handled. Examples of radioactive 

materials possibly used in this building are aircraft parts and self-illuminating instrumentation, 

compasses, and personnel markers.  

Current Uses: Vacant Lot 

ROCs: Pm-147, Ra-226, Sr-90, Tl-204 

Previous Radiological Investigations: None 

Contamination Potential: Unlikely 

Contaminated Media: 

Surface Soil: Low 

Subsurface Soil: Low 

Surface Water: Low 

Groundwater: None 

Air: None 

Structures: Not Applicable 

Drainage Systems: None 

Potential Migration Pathways: 

Surface Soil: Low 

Subsurface Soil: Low 

Surface Water: Low 

Groundwater: None 

Air: None 

Structures: Not Applicable 

Drainage Systems: None  

Recommended Actions: Conduct a scoping survey. 
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Figure 8-7 Building 77 Administrative Building (Supply Department and Paraloft) 

 
Note: Figure only shows the general area of the impacted area and does not define the actual boundaries. 
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8.2.8 Building 80 – Aircraft Intermediate Maintenance Hangar (AIMD) 

 
 

Site Description: Building 80, built in 1954, was the Air Intermediate Maintenance 

Division (AIMD) Hangar and Control Tower. This building has also housed the Airframes and 

Small Avionics Shop, Ordnance, Fleet Logistics Support Squadrons (VR), Helicopter Anti-

Submarine Squadrons (HS), and the ASW Marine Aircraft Group (MAG), which included heavy 

helicopter, aircraft attack, air traffic control, ground support, communications, operations, and 

aircraft servicing squadrons in its years of use (HRA-0120; HRA-0024). Reinforced concrete 

arches create a spacious, clear-span interior for the hangar; the exterior is covered in seamed 

metal (HRA-0029). The building has overlapping sliding doors on both air and land sides and 

was built on a concrete slab (HRA-0029; HRA-0001). A two-story steel administrative building 

and control tower are attached to the main hangar (HRA-0029). The size of the building has 

been reported as 87,800-square-foot and the size of the control tower has been reported as 4,072 

square feet (HRA-0001; HRA-0029). It appears that the reported size of Building 80 includes 

that of the tower. Drawings from 1954, 1956, 1979, and one undated drawing show the locations 

of operational portions of the building to include: an electronic shop; electrical shop; battery 

shop; engine build-up area; metal shop; ordnance shop; carpenter shop; hydraulic shop; 

parachute shop and loft; sandblasting shop, paint shop, sheet-metal fabrication shop, machine 

shop, non-destructive inspection (x-ray) room, and a shop stores with a tool room on the main 

level. An equipment room was located in the basement (HRA-0380; HRA-0381; HRA-
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0382; HRA-0383; HRA-0384; HRA-0385; HRA-0386). These rooms were used by AIMD and 

MAG-49. A 1996 survey found asbestos in this building (HRA-0188). 

Former Radiological Uses: Functions performed in this hangar include aircraft 

maintenance, avionics, electronics repair, ordnance, paraloft and survival equipment 

maintenance, and radar/ECM repair (HRA-0024). ASW ordnance divisions (MAG-49 and HS-

75) were housed in this building, but would not have handled live ordnance (HRA-0024). Many 

types of aircraft have components containing radioactive material (HRA-0275; HRA-

0189; HRA-0313). Aircraft that were potentially housed and repaired in this building between 

1954 and 2011 and their associated radioisotopes are listed in Table 6-1. Table 4-2 also lists 

aircraft components containing radioactive material. Examples of radioactive materials possibly 

used in this building are DU counterweights, drogue lights, ice detector probes, IBISs, engine 

ignition exciters, and self-illuminating instrumentation, compasses, and personnel markers.  

Current Uses: Vacant hangar, tower, and work shops  

ROCs: H-3, Pm-147, Ra-226, Sr-90, Tl-204 

Previous Radiological Investigations: None 

Contamination Potential: Likely 

Contaminated Media: 

Surface Soil: Low 

Subsurface Soil: Moderate 

Surface Water: Low 

Groundwater: None 

Air: None 

Structures: Moderate 

Drainage Systems: Low 

Potential Migration Pathways: 

Surface Soil: Low 

Subsurface Soil: Low 
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Surface Water: Low 

Groundwater: None 

Air: None 

Structures: Low 

Drainage Systems: Low 

Recommended Actions: Conduct a scoping survey. 
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Figure 8-8 Building 80 Aircraft Inermediate Maintenance Hangar (AIMD) 

 
Note: Figure only shows the general area of the impacted area and does not define the actual boundaries. 
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8.2.9 Building 118 - Ground Electronics Maintenance Division (GEMD) 

 

Site Description: Building 118 has always housed GEMD. The concrete block building 

was built in 1959 (HRA-0029; HRA-0024). The building has a basement the same size as the 

upper floor which is accessed by concrete stairs found just inside the main door. The total size of 

the building is approximately 3,240 square feet (HRA-0246). Drawings from 1957, 1985, and 

one with no date for this building show the operational portions of the building to be shops, 

training, and storage areas (HRA-0387; HRA-0388; HRA-0389). A 1996 survey found asbestos 

in this building (HRA-0188).  

Former Radiological Uses: GEMD performed maintenance and repair on Station 

communications and on airfield navigational aid equipment. Examples of radioactive materials 

possibly used in this building are self-illuminating instrumentation.  

Current Uses: Vacant building 

ROCs: Ra-226, Sr-90, Th-232 

Previous Radiological Investigations: None 

Contamination Potential: Likely 



NAS JRB Willow Grove 
Historical Radiological Assessment Section 8 – Findings and Recommendations 

FINAL 8-28 

Contaminated Media: 

Surface Soil: Low 

Subsurface Soil: None 

Surface Water: Low 

Groundwater: None 

Air: None 

Structures: Low 

Drainage Systems: Low 

Potential Migration Pathways: 

Surface Soil: Low 

Subsurface Soil: None 

Surface Water: None 

Groundwater: None 

Air: None 

Structures: Low 

Drainage Systems: Low 

Recommended Actions: Conduct a scoping survey. 
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Figure 8-9 Building 118 Ground Electronics Maintenance Division (GEMD) 

 
Note: Figure only shows the general area of the impacted area and does not define the actual boundaries. 
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8.2.10 Building 140 - Reserve Antisubmarine Warfare Training Center 

 
 
Site Description: Building 140, the Applied Instruction Building and Operational 

Training Facility, was a training facility that housed many types of Anti-Submarine Warfare and 

Avionics Training operations after the original building was constructed in 1961 (HRA-

0029; HRA-0120). The 70,995-square-foot, two-story building was originally L-shaped (HRA-

0014; HRA-0029). A two-story wing (Building 140-A) was added to the east side in 1975 

(HRA-0029; HRA-0120). Drawings from 1988 and 1991 for this building show the operational 

portions of the building to be classrooms, trainer/simulator rooms (flight, helicopter, tactical, 

radar, avionics, weapons), and storage areas (HRA-0390; HRA-0391; HRA-0392). A 1996 

survey found asbestos in this building (HRA-0188). 

Former Radiological Uses: The facility was used for the theoretical and operational 

training in aviation anti-submarine warfare (ASW), including the use of ASW equipment and 

training simulators (HRA-0029). Early simulators and trainers (e.g., N3N, P-1, P-2, P-3) are 

believed to have had radium-painted air traffic control instrumentation and simulators and may 

have been used at NAS JRB Willow Grove.  Newer simulators had some type of 

radioluminescent air traffic control instrumentation, but radium was no longer used. The building 
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was also used for training support in the maintenance of ASW equipment and training 

simulators.  

Current Uses: Vacant building 

ROCs: Ra-226  

Previous Radiological Investigations: None 

Contamination Potential: Unlikely 

Contaminated Media: 

Surface Soil: Low 

Subsurface Soil: None 

Surface Water: None 

Groundwater: None 

Air: None 

Structures: Low 

Drainage Systems: Low 

Potential Migration Pathways: 

Surface Soil: None 

Subsurface Soil: None 

Surface Water: None 

Groundwater: None 

Air: None 

Structures: Low 

Drainage Systems: Low 

Recommended Actions: Conduct a scoping survey.  
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Figure 8-10 Building 140 Reserve Antisubmarine Warfare Training Center 

 
Note: Figure only shows the general area of the impacted area and does not define the actual boundaries. 
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8.2.11 Building 175 – VP/VR Hangar 

 
 

Site Description: Building 175 is a 323,300-square-foot hangar built in 1975 to house the 

VP/VR ASW Patrol Squadrons (HRA-0001; HRA-0024). As the largest hangar at NAS JRB 

Willow Grove, the steel-clad building is over 500 feet long with a suspended roof and a long 

concrete block section extending across the rear. The concrete block section served as 

administrative and shop areas for the squadrons that occupied the building. Drawings from 1975 

and 1994 for this building show the operational portions of the building to be airframes, aviator 

equipment, electrical instrumentation, electronics, and armament work areas (HRA-

0393; HRA-0394; HRA-0395). A 2001 survey found no radon in this building, but a 1996 

survey did find asbestos (HRA-0188).  

Former Radiological Uses: As stated in Section 6.1, Building 175 originally housed 

ASW Patrol Squadrons (VP Squadrons). Work centers housed in this hangar included: Survival 

Equipment Shop; Avionics Shop; Ordnance Shop; and Flightline Shop (HRA-0024). Many types 

of aircraft have components containing radioactive material (HRA-0275; HRA-

0189; HRA-0313). Aircraft that were potentially housed and repaired in this building between 

1977 and 2011 and their associated radioisotopes are listed in Table 6-1. Table 4-2 also lists 

aircraft components containing radioactive material. Examples of radioactive materials possibly 

used in this building are DU counterweights, ice detector probes, and engine ignition exciters.  
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Current Uses: Vacant hangar 

ROCs: Sr-90 and U-238 

Previous Radiological Investigations: None 

Contamination Potential: Unlikely 

Contaminated Media: 

Surface Soil: Low 

Subsurface Soil: None 

Surface Water: None 

Groundwater: None 

Air: None 

Structures: Low 

Drainage Systems: Low  

Potential Migration Pathways: 

Surface Soil: None 

Subsurface Soil: None 

Surface Water: None 

Groundwater: None 

Air: None 

Structures: Low 

Drainage Systems: Low  

Recommended Actions: Conduct a scoping survey. 
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Figure 8-11 Building 175 VP/VR Hangar 

 
Note: Figure only shows the general area of the impacted area and does not define the actual boundaries. 
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8.2.12 Building 177 - Army Aviation Support Facility 

 
 

Site Description: Building 177 was constructed in 1976 to house the Army Aviation 

Support Division, which operated and maintained both rotary and fixed-wing aircraft 

(HRA-0024). The building is constructed of corrugated sheet metal with a shallow gable roof 

(HRA-0029). Based on a 1999 drawing, the size of this building is approximately 18,865 square 

feet. Drawings from 1987 and 1999 for this building show the operational portions of the 

building to be avionics shops and the main hangar bay (HRA-0396; HRA-0397). A 1996 survey 

found no asbestos in this building (HRA-0188). 

Former Radiological Uses: Hangar 177 was built to specifically house a number of 

helicopter and fixed-wing aircraft units of the 79th Army Reserve Command (ARCOM). 

ARCOM housed and maintained UH-1, OH-58, and U-3 aircraft in this hangar (HRA-0024). 

Many types of aircraft have components containing radioactive material 

(HRA-0275; HRA-0189: HRA-0313). Other aircraft that were potentially housed and repaired 
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in this building between 1976 and 2011 and their associated radioisotopes are listed in Table 6-

1.  Table 4-2 also lists aircraft components containing radioactive material.  Examples of 

radioactive materials possibly used in this building are DU counterweights, IBIS’s, engine 

exciters, magnesium-thorium engine components, and ice detector probes.  

Current Uses: Vacant hangar 

ROCs: Sr-90 and U-238 

Previous Radiological Investigations: None 

Contamination Potential: Unlikely 

Contaminated Media: 

Surface Soil: None 

Subsurface Soil: None 

Surface Water: None 

Groundwater: None 

Air: None 

Structures: Low 

Drainage Systems: Low  

Potential Migration Pathways: 

Surface Soil: None 

Subsurface Soil: None 

Surface Water: None 

Groundwater: None 

Air: None 

Structures: Low 

Drainage Systems: Low 

Recommended Actions: Conduct a scoping survey. 
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Figure 8-12 Building 177 Army Aviation Support Facility 

 
Note: Figure only shows the general area of the impacted area and does not define the actual boundaries. 
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8.2.13 Building 180 - Aircraft Intermediate Maintenance Facility 

 
 

Site Description: Building 180 housed the Aircraft Intermediate Maintenance Division 

(AIMD) and Parachute/Survival Equipment Shop (moved from Building 77 to Building 180 in 

1979). The 64,450-square-foot building was constructed in 1976 from steel-framed high bay 

sections, to which a long, low, concrete section is attached (HRA-0001; HRA-0024). The 

original use for this building was an avionics shop, which was a forerunner to AIMD. A drawing 

from 1999 for this building shows the operational portions of the building to be propeller/blade 

shop, electrical shop, calibrations lab, communication/navigation shop, jet engine build-up shop, 

radar shop, and ASW shop (HRA-0398). A 1996 survey found asbestos in this building 

(HRA-0188).  

Former Radiological Uses: Two divisions, Aircraft Maintenance and Parachute Shop, 

have been located in this building (HRA-0120). The building was not used for the maintenance 

of survival equipment until after 1979. The shop also had a paraloft. During this timeframe, 

items containing radium were being phased out, but may still have been in use. Other 

radioluminescent materials continued to be used (HRA-0188).  Many types of aircraft have 

components containing radioactive material (HRA-0275; HRA-0189; HRA-0313). Aircraft that 
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were potentially housed and repaired in this building between 1976 and 2011 and their associated 

radioisotopes are listed in Table 6-1. Table 4-2 also lists aircraft components containing 

radioactive material. Examples of radioactive materials possibly used in this building are DU 

counterweights, ice detector probes, engine ignition exciters, and self-illuminating compasses 

and personnel markers  

Current Uses: Vacant building 

ROCs:  Pm-147, Ra-226, Sr-90, Tl-204 U-238 

Previous Radiological Investigations: None 

Contamination Potential: Unlikely 

Contaminated Media: 

Surface Soil: Low 

Subsurface Soil: None 

Surface Water: None 

Groundwater: None 

Air: None 

Structures: Low 

Drainage Systems: Low  

Potential Migration Pathways: 

Surface Soil: None 

Subsurface Soil: None 

Surface Water: None 

Groundwater: None 

Air: None 

Structures: Low 

Drainage Systems: Low 

Recommended Actions: Conduct a scoping survey. 
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Figure 8-13 Building 180 Aircraft Intermediate Maintenance Facility 

 
Note: Figure only shows the general area of the impacted area and does not define the actual boundaries. 
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8.2.14 Building 601 - Aircraft Intermediate Maintenance Training Facility 

 
 

Site Description: Building 601 served as the Aircraft Intermediate Maintenance Training 

Facility after it was built in 1982 (HRA-0026). The 18,000-square-foot building is a  

2-story concrete and stucco construction (HRA-0001). A 1996 survey found radon to be above 

the USEPA action levels of 4 pCi/l in this building; however, no abatement system was installed 

(HRA-0188). A drawing from 1980 for this building shows the operational portions of the 

building to be training for ordnance and electrical/electronic repair (HRA-0399). A 1996 survey 

also found asbestos in this building (HRA-0188). 

Former Radiological Uses: AIMD Training and Naval Air Maintenance Training Group 

Detachment (NAMTGD 1010) trained the reserve community on P-3A/B avionics systems in 

this building (HRA-0120). Although radioluminescent components containing Ra-226 were 

found in P-3s in earlier years, they would not have been handled in this building because of its 

dates of use. However, other P-3A/B avionics system components that were housed and repaired 
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in this building between 1982 and 2011 contained radioactive material.  Examples of these items 

are self-illuminating aircraft signage and bubble indicators.  

Current Uses: Vacant building  

ROCs: H-3, Sr-90, U-238 

Previous Radiological Investigations: None 

Contamination Potential: Unlikely 

Contaminated Media: 

Surface Soil: None 

Subsurface Soil: None 

Surface Water: None 

Groundwater: None 

Air: None 

Structures: Low 

Drainage Systems: None 

Potential Migration Pathways: 

Surface Soil: None 

Subsurface Soil: None 

Surface Water: None 

Groundwater: None 

Air: None 

Structures: Low  

Drainage Systems: None 

Recommended Actions: Conduct a scoping survey. 
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Figure 8-14 Building 601 Aircraft Maintenance Training Facility 

 
Note: Figure only shows the general area of the impacted area and does not define the actual boundaries. 
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8.2.15 Building 680 - Marine Aircraft Hangar 

 
 

Site Description: Building 680 was the Marine Aircraft Hangar. The steel-framed 

building features two sets of telescoping sliding doors on the air side. The building was 

constructed in 1989 and is approximately 113,600 square feet (HRA-0029; HRA-0246). A 

drawing from 1987 for this building shows the operational portions of the building to be aviator 

equipment shop, electrical/instrumentation shop, armament shop/armory, air frames shop, and 

operations training (HRA-0400). A 1996 survey found asbestos in this building (HRA-0188).   

Former Radiological Uses: Building 680, which was built on the footprint of Building 

61 (Heavy Equipment Shed), housed Marine Air Group (MAG) 49 from 1989 to 2011 

(HRA-0188; HRA-0120; HRA-0029). The six MAG 49 squadrons that occupied this building 

were responsible for the operation and maintenance of heavy helicopters and attack aircraft 

known to contain radioactive materials (HRA-0024; HRA-0120; HRA-0275; HRA-

0189; HRA-0313). Aircraft that were potentially housed and repaired in this building between 

1989 and 2011 and their associated radioisotopes are listed in Table 6-1.  Table 4-2 also lists 

aircraft components containing radioactive material. During the years of use for this building, 

aircraft would not have contained radioluminescent instrumentation containing Ra-226. 



NAS JRB Willow Grove 
Historical Radiological Assessment Section 8 – Findings and Recommendations 

FINAL 8-46 

Examples of radioactive materials possibly used in this building were DU counterweights, ice 

detector probes, engine ignition exciters, IBIS’s, and drogue lights. Additionally, ice detector 

probes were stored in this building for disposal (HRA-0129). The MAG 49 Ordnance Division 

did not handle live ordnance (HRA-0024).  

Current Uses: Vacant hangar 

ROCs: Co-60, Cs-137, H-3, Sr-90, Th-232, U-238 

Previous Radiological Investigations: None 

Contamination Potential: Likely 

Contaminated Media: 

Surface Soil: Low 

Subsurface Soil: None 

Surface Water: None 

Groundwater: None 

Air: None 

Structures: Low  

Drainage Systems: Low 

Potential Migration Pathways: 

Surface Soil: None 

Subsurface Soil: None 

Surface Water: None 

Groundwater: None 

Air: None 

Structures: Low  

Drainage Systems: None 

Recommended Actions: Conduct a scoping survey. 
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Figure 8-15 Building 680 Marine Aircraft Hangar 

 
Note: Figure only shows the general area of the impacted area and does not define the actual boundaries. 
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8.2.16 IRP Site 1 – Privet Road Landfill 

 
 

Site Description: IRP Site 1 is the Privet Road Landfill, which is located behind the old 

Bowling Alley building. Site 1 is within property transferred to the Air Force in two parcels 

(2009 and 2011).  The Navy retains responsibility for requirements identified in the Site 1 

Groundwater Record of Decision (HRA-0423).   This two-acre site accepted hazardous and non-

hazardous wastes from 1967 to 1975 (HRA-0188). Originally intended to be a transfer station, 

the site was used (in an un-programmed manner) for burning and burial of waste materials that 

went to Building 600, Hazardous Waste Storage,  after it was built in 1982 (HRA-0024). 

Approximately ten percent of the Station’s waste was buried here during its years of use. The 

Navy performed a removal action in June 1999, excavating approximately 1,200 tons of PCB 

contaminated soils (HRA-0214). Soil excavation was carried out in three stages until post-

excavation confirmation sampling and laboratory analysis demonstrated successful cleanup to 

the residential release criteria for PCBs. The contaminated soil was transported off-site for 

proper disposal. It is not known where off-site the PCB contaminated soil was taken for disposal 

and it is unknown where the clean fill used to backfill the area came from. Contaminants of 

Potential Concern, lab results from sampling, and risk assessments performed were for only non-

rad contaminants. A Record of Decision for Site 1 Privet Road Compound Soil was signed in 

2006 for no further remedial action under the CERCLA program (HRA-0222).  A Record of 

Decision for Site 1 Privet Road Groundwater was signed for no further remedial action in 2008 

(HRA-0222). 

Note: Photo only shows the general area of the impacted area (vacant lot) and does not define the actual boundaries. 
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Former Radiological Uses: The site was listed on the National Priorities List in 1995 for 

non-radiological contaminants, but was never surveyed or sampled for radioactive materials. A 

site employee stated that he witnessed electron tubes being disposed of at this site (Appendix C).  

In addition to metal scrap, tires, empty drums, wood, large batches of cardboard, and crates from 

the entire Station, general refuse from the 79th ARCOM was known to be disposed here 

(HRA-0024).  The site was in use when the burial of radioactive material was commonplace. 

Because it is unknown what materials may have been disposed of in this landfill, and the early 

years it was used, all basic ROCs are suspected.  

Current Uses: Vacant Lot 

ROCs: Ra-226 and Sr-90 

Previous Radiological Investigations: None 

Contamination Potential: Unknown 

Contaminated Media: 

Surface Soil: Moderate 

Subsurface Soil: Moderate 

Surface Water: Low 

Groundwater: Low 

Air: None 

Structures: Not applicable 

Drainage Systems: Not applicable 

Potential Migration Pathways: 

Surface Soil: Low 

Subsurface Soil: Low 

Surface Water: Low 

Groundwater: Low 

Air: Low 
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Structures: Not applicable 

Drainage Systems: Not applicable  

Recommended Actions: Conduct a scoping survey.  
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Figure 8-16 IRP Site 1 Privet Road Landfill 

 
Note: Figure only shows the general area of the impacted area and does not define the actual boundaries. 
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8.2.17 IRP Site 3 - Ninth Street Landfill 

 

Site Description: The Ninth Street Landfill (IRP - 3) is approximately 9 acres in size and 

is located along the western side of the Station, north of Ninth Street. The landfill was put into 

use after the previous landfill (IRP-12) closed in 1960. Wastes disposed in the landfill until 1967 

include general wastes and refuse, bulk items, and sewage sludge. This site was a transfer station 

and open disposal area where waste was burned and buried. A metal scrap salvage yard was also 

located in this area. Phase I and II Remedial Investigation (RI) field activities for non-radiological 

contaminants were conducted in 1991 and 1998, respectively. During the period from 1999 

through 2004, progress at Site 3 was a lower priority than other IRP sites at NAS JRB Willow 

Grove. With the passage of BRAC 2005, RI/FS activities resumed at Site 3 to ensure compliance 

with the timetable for Base Closure. Significant quantities of buried waste material were 

encountered at several Site 3 locations during this investigation, and site soil samples were 

taken to identify and confirm the presence of non-radiological hazardous substances.  The extent 

of the non-radiological contamination was delineated through sampling, test pitting, and 

geophysical surveys. The draft RI Report was submitted to regulatory agencies for review in 

May 2010. Land use restrictions were put into place in August 2010 to protect the integrity of 

 Note: Photo only shows the general area of the impacted area and does not define the actual boundaries. 
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groundwater monitoring structures and to prohibit the use of un-treated site groundwater. 

(HRA-0188; HRA-0024; HRA-0032; HRA-0242)  

Former Radiological Uses: As stated above, this landfill received all solid waste 

generated at the Station from 1960-1967. It was in use when the hazards of radioactive material 

were still unknown. Because it is unknown what materials may have been disposed of in this 

landfill, and the early years it was used, the most common ROCs are suspected. Table 4-2 lists 

the ROCs and their uses.  

Current Uses: Re-vegetated Area 

ROCs: Ra-226Sr-90, U-238 

Previous Radiological Investigations: None 

Contamination Potential: Unknown 

Contaminated Media: 

Surface Soil: Moderate 

Subsurface Soil: Moderate 

Surface Water: Low 

Groundwater: Low 

Air: None 

Structures: Not applicable 

Drainage Systems: Not Applicable  

Potential Migration Pathways: 

Surface Soil: Low 

Subsurface Soil: Low 

Surface Water: Low 

Groundwater: Low 

Air: None 

Structures: Not applicable 
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Drainage Systems: Not Applicable  

Recommended Actions: Conduct a scoping survey. 
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Figure 8-17 IRP Site 3 Ninth Street Landfill 

 
Note: Figure only shows the general area of the impacted area and does not define the actual boundaries. 
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8.2.18 IRP Site 12 – South Landfill 

 
 

Site Description: The South Landfill (IRP-12) occupies approximately 11 acres of an 

undeveloped area between IRP Site 2 and Runway 10/28. A drainage ditch separates Site 12 

from Site 2. Site 12 was previously investigated for non-radiological hazards under the 

designation of the Antenna Field Landfill (IRP-2). The investigation failed to find significant 

buried waste in that location and Site 2 was determined to need no further action in 2010.  It was 

determined that Site 12 was the correct location. Reportedly, Site 12 was used as the sole 

disposal area for general refuse, paint waste, sewage sludge and solvents from 1948 to 1960. A 

metal scrap salvage yard may also have been operated in an unknown location in or near this 

area between 1948 and 1967. Landfill activities reportedly consisted of trench excavation with 

subsequent burning and burial of waste material within the trenches (HRA-0154; HRA-

0024; HRA-0240).  A Phase I Remedial Investigation was performed at this site in 2009 for 

hazardous materials other than radioactive material.  The data report was finalized in June 2010 

and showed the presence of non-radiological contaminants in soil, surface water, and sediment 

Note: Photo only shows the general area of the impacted area and does not define the actual boundaries. 
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samples. A plan for additional sampling was submitted to regulators in April 2011 (HRA-

0154; HRA-0242).  

Former Radiological Uses: The timeline for operation of this landfill included years 

when radioactive materials were disposed of burial.  Therefore, it is possible that radioactive 

materials were buried or burned in this area. During a sampling investigation, construction 

debris, bottles, china, and aircraft parts were observed in the area. Due to the presence of aircraft 

parts and the dates of use for this disposal area, is very likely that radioluminescent materials and 

radioactive electronic components are buried here.  

Current Uses: Vacant Lot 

ROCs: Ra-226, Sr-90, U-238 

Previous Radiological Investigations: None 

Contamination Potential: Unknown 

Contaminated Media: 

Surface Soil: Moderate 

Subsurface Soil: Moderate 

Surface Water: Low 

Groundwater: Low 

Air: None 

Structures: Not applicable 

Drainage Systems: None  

Potential Migration Pathways: 

Surface Soil: Moderate 

Subsurface Soil: Moderate 

Surface Water: Low 

Groundwater: Low 

Air: None 
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Structures: Not applicable 

Drainage Systems: None  

Recommended Actions: Conduct a scoping survey. 
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Figure 8-18 IRP Site 12 South Landfill 
  

Note: Figure only shows the general area of the impacted area and does not define the actual boundaries. 
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TABLE 8-1 
SUMMARY OF FACILITY FUNCTION FOR IMPACTED SITES 

PAGE 1 OF 3 
Building/

Area Current Name 
Area 

(square feet) 
Construction 

Date 
Demolition 

Date Original Use Current Use Other Uses ROC 
4 Instruction 

Building 
18,080 1943 Pre-1983 Academic 

and General 
Instruction 
Building 

(Pre-Flight 
Training) 

Vacant Lot Possibly Housed 
Electronics Tactical 
Training Unit (ETTU) 
and Reserve 
Antisubmarine Warfare 
Training Center 
(RESASWTRACEN) 

Ra-226 

18 Operations and 
Control Tower 

4,800 
(building)

2,865 
(footprint) 

Pre-1941 Pre-1969 Operations 
and Control 

Tower 

Vacant Lot None Ra-226,  

20 Old Aircraft Repair 
Hangar 

16,524 Pre-1941 1981  Assembly 
and Repair 

Vacant Lot Parachute and Survival 
Equipment Shop 
(1983,1990); AIMD 
(1967) - Airframe Div. 
(1942 to 1954), Engine 
Shop (1942 to 1979), 
Avionics Div. (1942 to 
1979); GSE Ordnance 
Shop (1985) 

Ra-226, Sr-90 

22 Aircraft Supply 
Warehouse 

17,000 Pre-1941 NA Supply 
Warehouse 

Vacant Building C-9 Warehouse (2006 
and 2008); Naval 
Exchange Warehouse 
(1996); Raytheon 
Aerospace Warehouse 
(1996) 

Ra-226, Sr-90 

23 Parachute Shop 9,120  Pre-1941 1991 Parachute 
Loft 

Vacant Lot Small Hangar, Hobby 
Shop 

Ra-226, Sr-90 
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TABLE 8-1 
SUMMARY OF FACILITY FUNCTION FOR IMPACTED SITES 

PAGE 2 OF 3 
Building/

Area. Current Name 
Area 

(square feet) 
Construction 

Date 
Demolition 

Date Original Use Current Use Other Uses ROC 
29 Aviation Supply 

and Station 
Weapons Building 

19,800 1939 NA Aviation 
Supply 

Vacant Building Station Weapons 
Building/Ordnance 
(1939-1985); Emerald 
AIMD Ground Support 
Ordnance Shop (1985 
to 1996); Parachute/ 
Survival Equipment 
Shop  

Ra-226, Sr-90 

77 Administration 
Building 

6,300 
(building)

1,363 
(footprint) 

1950 Post-1996  Administration 
Building 

Vacant lot Supply Department 
(Pre-1975); AIMD 
Paraloft (1996) 

Ra-226, Sr-90 

80 Aircraft 
Intermediate 
Maintenance 

Hangar (AIMD) 

87,800 1954 NA Hangar Vacant Hangar Airframes and Small 
Avionics Shop (1990), 
Helicopter ASW 
Squadron 75 (HS-75) 
(1976-at least 1986); 
MAG 49 (1972 to 1989) 

H-3, Ra-226, 
Sr-90U-238 

118 Ground Electronics 
Maintenance 

(GEMD) 

3,240 1959 NA Transmitter Vacant Building None Ra-226, Sr-90,  

140 Reserve 
Antisubmarine 

Warfare Training 
Center 

70,995 1961 (3rd 
wing added in 

1975) 

NA ASW Training 
Center 

Vacant Building Avionics Training 
Facility; Applied 
Instruction Building 
and Operational 
Training Facility (1983  
and 1990); Aviation 
Tech Training (1978) 

Ra-226 
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TABLE 8-1 
SUMMARY OF FACILITY FUNCTION FOR IMPACTED SITES 

PAGE 3 OF 3 
Building/

Area Current Name 
Area 

(square feet) 
Construction 

Date 
Demolition 

Date Original Use Current Use Other Uses ROC 
175 VP/VR Hangar 323,300 1975 NA Hangar Vacant Hangar VP Hangar  Sr-90, U-238 
177 Army Aviation 

Support Facility 
18,865  1976 NA Army Hangar Vacant  Hangar None Sr-90, U-238 

180 Aircraft 
Intermediate 
Maintenance 

Facility 

64,450 1976 NA Avionics Shop 
(1979) 

Vacant Building AIMD (1990) Engine 
Shop (1979 to present) 
Parachute Loft  (1979-
Present) 

Ra-226, Sr-90, 
U-238 

601 Aircraft 
Intermediate 
Maintenance 

Training Facility 

18,000 1982 NA Education/ 
Training 

Vacant Building Aircraft Intermediate 
Maintenance Training; 
NAMTRAGUDET 
(1990 and 1996) 

H-3, Sr-90, U-
238 

680 Marine Aircraft 
Hangar 

113,600 1989 NA Marine Hangar Vacant Hangar None Sr-90, U-238 

Site 1 Privet Rd Landfill 2 acres 1967 1975 
(stopped 
accepting 

waste) 1977 
(open piles of 

refuse 
eliminated) 

Landfill Vacant Lot Unknown Ra-226, Sr-90, 
U-238 

Site 3 Ninth Street 
Landfill 

9 acres 1960 1967 
(stopped 
accepting 

waste 

Landfill Recreational 
Area 

Unknown Ra-226, Sr-
90U-238 

Site 12 South Landfill 11 acres 1948 1960 Landfill Vacant Lot None Ra-226, Sr-90, 
U-238 

 
  



NAS JRB Willow Grove 
Historical Radiological Assessment Section 8 – Findings and Recommendations 

FINAL 8-64 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page is intentionally left blank 



NAS JRB Willow Grove 
Historical Radiological Assessment Section 8 – Findings and Recommendations 

FINAL 8-65 

Figure 8-19 Station Aerial Photo Showing Impacted Sites 

 
Note: Figure only shows the general area of the impacted area and does not define the actual boundaries. 
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Figure 8-20 Station Map Showing Impacted Sites 

 
Note: Figure only shows the general area of the impacted area and does not define the actual boundaries. 
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9.0 CONCLUSIONS 

9.1 HISTORICAL RESEARCH 

NAS JRB Willow Grove was purchased from Harold Pitcairn in 1942 and commissioned 

on July 1943, as a Naval Reserve Aviation Base and a Primary Flight Training Unit with the 

mission of elimination training for cadets. Throughout the years, the Station changed missions in 

order to better serve the ever-changing needs of the Navy and all branches of the United States 

military. NAS JRB Willow Grove grew to be the largest Joint Reserve Base in the United States 

with thousands of reservists drilling every month on Station (HRA-0153). It provided facilities, 

services, materials, and training in direct support of all assigned units for more than 60 years. 

G-RAM was gradually introduced at the site, at first in the form of radioluminescent 

components containing Ra-226 in aircraft and other devices, and later with radioactive 

commodity items and DU counterweights in aircraft.  These primary sources of G-RAM will be 

the concern during the remainder of the remedial investigations at NAS JRB Willow Grove. 

9.2 IMPACTED SITE ASSESSMENTS 

The preparation of this HRA was a comprehensive process involving the review of 

information from several thousand records in seven federal record repositories, the internet and 

personnel interviews. Analysis of the information from this research resulted in a total of 18 sites 

being designated as impacted by G-RAM operations. This designation indicates each site has the 

potential for radioactive contamination based on historical information. The potential for residual 

contamination at impacted sites was assessed using the following categories: Known-Restricted 

Access, Known-Continued Access, Likely, Unlikely, and Unknown. The assessment of potential 

contamination at the 18 impacted sites is summarized as follows: 

Known-Restricted Access – 0 

Known-Continued Access – 0 

Likely – 6 

Unlikely – 9 
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Unknown – 3 

The categories High, Moderate, Low, and None were used to assess potentially 

contaminated media for each impacted site. The ratings of potentially contaminated media at 

each of the 18 impacted sites are: 

High – 0 

Moderate – 3 

Low – 15 

None – 0 

The categories of High, Moderate, Low, and None were also used to assess potential 

migration pathways for any radioactive contamination at each impacted site. The ratings of 

migration pathways assessed at each of the 18 impacted sites are: 

High – 0 

Moderate – 1 

Low – 17 

None – 0 

The categories of Emergency Action, Scoping Survey, Characterization Survey, 

Remediation, Final Status Survey, Free Release, and No Further Action were used to recommend 

future actions at each impacted site. The recommended actions for each of the 18 impacted sites 

are: 

Emergency Action – 0 

Scoping Survey – 18 

Characterization Survey – 0 

Remediation – 0 

Final Status Survey – 0 

Free Release Pending Review of Final Status Survey Report – 0 

No Further Action – 0 
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9.3 SUMMARY OF FINDINGS 

Using the above criteria, this HRA concludes that: 

• There is a low to moderate potential for residual radioactive contamination at 18 

impacted sites. 

• Scoping surveys are recommended for all 18 sites (Sites 4, 18, 20, 22, 23, 29, 77, 80, 118, 

140, 175, 177, 180, 601, 680, IRP-1, IRP-3, and IRP-12). 

• To date, no historical information about radiological operations or previous radiological 

surveys at any of the impacted sites presents a level of concern that would require any 

emergency action. 

• High-level radiological contamination is not considered a possibility in this HRA. To 

date, no impacted sites require restricted access due to known levels of radioactive 

contamination. 

• No evidence of a pathway for potential contamination to migrate off NAS JRB Willow 

Grove has been identified. 

The overall conclusion of the HRA is that 18 sites are impacted and the potential for 

residual radioactive contamination is likely or unlikely, depending on the site. If additional 

information is discovered during the remedial process, areas (impacted and non-impacted) may 

require further investigation. This HRA recommends that scoping surveys be performed in areas 

with a potential for radioactive contamination.  
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APPENDIX A 
 

RADIATION OVERVIEW 

A1 GENERAL 

Radiation is energy in the form of electromagnetic waves or subatomic particles. 

Radiation is emitted from the nucleus or electron cloud of atoms or from devices generating 

electromagnetic waves and particles such as x-ray machines, neutron generators, and cyclotrons. 

Radiation is either ionizing or non-ionizing. 

Radiation that has insufficient energy to remove electrons from atoms is non-ionizing 

radiation. Examples of non-ionizing radiation include most visible light, infrared light, 

microwaves, and radio waves. Radiation that has sufficient energy to remove electrons from 

atoms is ionizing radiation. All radiological investigations at NAS JRB Willow Grove have 

focused on ionizing radiation, which includes alpha, beta, and gamma radiation. 

A2 ALPHA RADIATION 

Alpha particles are charged particles containing two protons and two neutrons. Alpha 

particles are emitted from the nuclei of certain heavy atoms, such as uranium, when they decay. 

Because of its size and heavy electrical charge, +2, an alpha particle can travel only a few 

centimeters in air. It can be stopped or shielded by a sheet of paper. Alpha particles cannot 

penetrate the outer layer of skin but can cause localized damage inside the body if ingested or 

inhaled. 

A3 BETA RADIATION 

Beta particles are particles with the mass of an electron and a -1 electrical charge; 

essentially, they are high-velocity electrons. Radioactive isotopes of many different elements 

emit beta particles. Even though moderate energy beta particles can travel as far as 10 feet 

through air, they easily can be stopped by a 1/3-inch-thick sheet of plastic or a 1/8-inch-thick 

sheet of aluminum. Because beta particles can penetrate the outer layer of skin and affect living 

tissue, they are a hazard to the body’s skin and the eyes. 
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A4 GAMMA RADIATION 

Gamma radiation is electromagnetic radiation with no mass or charge. Gamma rays are 

emitted from the nucleus of an atom during radioactive decay. Because it has no mass or charge, 

gamma radiation can penetrate most materials. In air, higher energy gamma radiation can travel 

several hundred feet. Gamma radiation can penetrate the skin and interact with the dense 

structures of the body. Dense materials such as lead or concrete are needed for shielding against 

gamma radiation. 

A5 X-RAYS 

X-rays are also electromagnetic radiation with no mass or charge. The difference between 

gamma radiation and x-radiation is the nature of their origin. Gamma radiation originates in the 

nucleus, while x-rays originate in the electron region of the atom. The penetrating properties are 

the same; therefore, safety concerns and shielding mechanisms are similar. X-rays are typically 

produced by machines, and thus are not a hazard if the machine is turned off. 

A6 SCIENTIFIC NOTATION 

Radiation measurement units are normally reported in scientific notation. Scientific 

notation is also known as exponential notation or power-of-10 notation. It is a concise method of 

expressing numbers from very small to very large. Scientific notation is the expression of a 

number raised to a power of 10. For example, 3,456 can be expressed as 3.456 × 103. For the 

purpose of this HRA, scientific notation is often used when radiation units are reported. 

Here is a listing of common numbers expressed in scientific notation: 

 106
 = 1,000,000  10-1

 = 0.1 (1/10) 
 105

 = 100,000   10-2
 = 0.01 (1/100) 

 104
 = 10,000   10-3

 = 0.001 (1/1000) 
 103

 = 1000   10-4
 = 0.0001 (1/10,000) 

 102
 = 100   10-5

 = 0.00001 (1/100,000) 
 101

 = 10   10-6
 = 0.000001 (1/1,000,000) 

 100
 = 1 
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A7 RADIATION UNITS 

For this HRA, radiation measurements are stated in units of curies, roentgens, rads, rems, 

and reps. These units are defined as: 

• Curie (Ci). The curie measures radioactivity; 1 curie is that quantity of a radioactive 

material that will have 37,000,000,000 (3.7 × 1010) transformations in 1 second. Often 

radioactivity is expressed in smaller units like thousandths (10-3, millicurie or mCi), 

millionths (10-6, microcurie or μCi), billionths (10-9, nanocurie or nCi), or trillionths    

(10-12, picocurie or pCi) of a curie. 

• Roentgen (R). The roentgen is a unit used to measure exposure. It describes an amount of 

gamma and x-rays present in air only. The roentgen is a measure of the ionization of the 

molecules in a mass of air: one roentgen is equal to depositing in dry air enough energy 

to cause an electrical charge of 2.58 × 104 coulombs per kilogram (kg) (1 kg = 2.2 

pounds). The main advantage of this unit is that it is easy to measure directly, but it is 

limited because it is only for deposition in air and only for gamma and x-rays. 

• Rad (from radiation absorbed dose). The rad is a unit used to measure absorbed dose. 

This relates to the amount of energy actually absorbed in some material. It is used for any 

type of radiation and any material. One rad is defined as the absorption of 100 ergs per 

gram of material. The unit rad can be used for any type of radiation, but it does not 

describe the biological effects of different radiations. 

• Rem (from roentgen equivalent man). The rem is a unit used to derive a quantity called 

equivalent dose. This relates the absorbed dose in biological tissue to the biological 

effect. Not all radiation has the same biological effect, even for the same amount of 

absorbed dose. Equivalent dose is often expressed in terms of thousandths of a rem, or 

millirem (mrem). To determine equivalent dose in rem, absorbed dose (rad) is multiplied 

by a quality factor (Q) that is unique to the type of incident radiation and the material in 

which the energy is deposited. 

• Rep (from roentgen equivalent physical). A unit of absorbed radiation dose equal to the 
amount of ionizing radiation that will transfer 93 ergs of energy to 1 gram of water or 
living tissue.   
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Executive Summary
 

A cultural resources survey was conducted by Louis Berger & Associates, Inc. (LBA), 
at Naval Air "Station Willow Grove (NAS Willow Grove), Pennsylvania, in 1996. The objectives 
of the study were to (1) inventory the station's buildings and structures and evaluate their 
significance in tenns of the National Register of Historic Places Criteria for Evaluation; and (2) 
assess the potential of Navy property at NAS Willow Grove to contain prehistoric and historic
period archaeological resources. 

The fmdings of this study are as follows: 

(1) NAS Willow Grove contains no concentration of buildings or structures meeting National 
Register Criteria as a historic district. 

(2) None of the buildings or structures at NAS Willow Grove erected prior to 1945 meet 
National Register Criteria as individual cultural resources, due to lack of historical significance 
and/or loss of physical integrity. 

(3) Of the buildings and structures constructed since 1945 at NAS Willow Grove, none 
demonstrate qualities of exceptional significance necessary to meet National Register Criteria 
Consideration G governing properties less than 50 years of age. 

(4) The vast majority of the land surface within the boundaries of NAS Willow Grove has been 
subjected to severe disturbance resulting from construction activities that have occurred since 
1944. As a result, the potential for intact historic or prehistoric archaeological remains at the 
station are limited. In regard to historic archaeological site potential, 15 locations of historically
documented occupation were examined. Of these, four appear to have either moderate or high 
potential for intact, historic archaeological remains. The remaining 11 locations possess low or 
extremely low potential for such remains. In terms of prehistoric site sensitivity, only one 
circumscribed area within the station boundaries appears to possess even moderate potential for 
prehistoric archaeological resources. 
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Introduction
 

This document presents the results of a cultural resource study conducted in 1995 and 1996 
at NAS Willow Grove, Montgomery County, Pennsylvania. Pursuant to Section 110 of the 
National Historic Preservation Act (as amended), the Department of the Navy commissioned this 
study in order to identify historic properties within its jurisdiction at NAS Willow Grove. 
Results of this study will be utilized by the Navy in meeting its obligations under Section 106 
of the National Historic Preservation Act, and in accordance with 36 CPR 800 and with 
OPNAVINST 5090lB, the Environmental and Natural Resources Program Manual. 

The cultural resources survey for NAS Willow Grove included a Phase 1A archaeological 
investigation and an architectural resource survey. The general purpose of the Phase 1A 
archaeological investigation was to assess the potential of Navy property to contain prehistoric 
and/or historic archaeological resources. The objective of the architectural resource survey was 
to develop an inventory and assessment of buildings and structures with respect to the National 
Register of Historic Places Criteria for Evaluation (36 CPR 60.4). 
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Description of Study Area 

General Physical Characteristics 

NAS Willow Grove is situated on the western side of State Route 611 (Easton Road) in 
Horsham Township, Montgomery County, Pennsylvania (Figure 1). Route 611 is a heavily
travelled four-lane thoroughfare lined chiefly with commercial establishments. The station 
occupies 1,170 acres, much of which are utilized for aircraft runways, taxiways, and associated 
approach zones (Figure 2). Buildings, housing administration, training, and aircraft maintenance 
and other related functions are concentrated in the northeastern portion of the station, accessed 
through the main gate from Route 611. Within the main gate is an oval traffic circle, containing 
a flagpole and small ornamental plantings. The circle disperses traffic to an informal pattern of 
roadways, one of which can be followed around the entire perimeter of the property. Wooded 
areas are confmed to the extreme northwest and west, beyond the clear zones required for aircraft 
landing and takeoff. 

Environmental Setting/Natural Environment 

NAS Willow Grove is located in the Triassic Lowlands of the Piedmont physiographic 
province (Figure 3), part of what A Comprehensive State Plan for the Conservation of 
Archaeological Resources (Raber 1985) defmes as Study Unit 1. This region is characterized by 
generally level terrain, with elevations ranging from 200 to 400 feet above mean sea level (amsl). 

The station is situated on a broad drainage divide; to the northwest, the principal drainage 
is Park Creek:, which flows northeastward to its confluence with Little Neshaminy Creek 
approximately one mile north of NAS Willow Grove. The headwaters of an intermittent stream, 
a tributary of Park Creek:, are located roughly 1,500 feet northwest of the project area. The other 
major drainage in the vicinity of the project area is Pennypack Creek:, whose headwaters are 
situated approximately 4,000 feet southwest of the project area. 

The bedrock underlying NAS Willow Grove consists mainly of the coarse-grained, light 
gray- to buff-colored, arkosic sandstones of the Stockton Formation. Interbedded with the 
sandstones are mudstones and shale. As noted by Archaeological and Historical Consultants, Inc. 
(AHCI) (1989), there are no lithic materials within the Stockton Formation that might have been 
used by prehistoric populations, nor are there any resources that might have been exploited 
historically, like coal or oil (AHCI 1989:5). 

Soils in the vicinity of the project area (Table 1) have been classified by the USDA Soil 
Conservation Service (1986) as consisting predominately of made land. Made land consists of 
areas where earthmoving activities have removed or altered the characteristics of the original 
soils. This land type in the vicinity of NAS Willow Grove resulted from the mixing and altering 
of soils formed in material weathered from shale and sandstone (USDA 1986:118). 
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FIGURE 1: NAS Willow Grove Study Area SOURCE: USGS 7.5 Minute Quadrangle, Ambler, PA 1966 
(Photorevised 1983J 
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TABLE 1
 
SOIL SERIES TYPES IN THE NAS WILLOW GROVE PROJECT AREA
 

son.. SERIES DRAINAGE{fEXTURAL 
CHARACTERISTICS 

DISTRIBUTIONAL 
EMPHASIS 

Bowmansville Deep, Poorly Drained Silt Loam Floodplains at the Base of Slopes 

Chalfont Deep, Somewhat Poorly Drained Silt 
Loam 

Depressions, Lower Flats, Broad 
Uplands 

Croton Deep, Poorly Drained Silt Loam Low-lying Areas, Broad Upland Flats, 
Depressions, Drainageways 

Doylestown Deep, Poorly Drained Silt Loam In Depressions and on Low-lying 
Flats 

Klinesville Shallow, Well Drained Shaly Silt Loam Undulating Uplands 

Lansdale Shallow to Moderately Deep, Well 
Drained Loam and Silt Loam 

Undulating Uplands, Hilltops, Abrupt 
Slopes Adjacent to Drainageways 

Lawrenceville Deep, Moderately Well Drained Silt 
Loam 

Lower Slopes, Undulating Uplands, 
Depressions 

Made Land Shale and Sandstone Materials Sloping 

Readington Deep, Moderately Well Drained Silt 
Loam 

In Depressions and on Flats on 
Smooth or Undulating Uplands 

Reaville Shallow, Well Drained Shaly Silt Loam Undulating and Rolling Uplands 

According to the Montgomery County soil survey, made land extends across most of the project 
area, almost certainly resulting from runway construction and other building activities. Most of 
the soils included in this land type were formerly in the Penn, Readington, Abbottstown, Croton, 
Reaville, Klinesville, Brecknock, Lehigh, Chalfont, Doylestown, and Lawrenceville series. As 
shown in Table 1, several of these soil types have been mapped within the boundaries of the 
project area (USDA 1986:sheet 37). 

Lawrenceville, Chalfont, and Doylestown soils are generally deep, moderately well-drained to 
poorly drained soils that formed in windblown silt deposits. Soils of the Croton, Readington, 
Lansdale, Reaville, and Klinesville series association are generally characterized as deep to 
moderately deep, well-drained soils underlain by shale and sandstone on rolling uplands (Smith 
1967). Bowmansville soils, which also occur in the project area, formed from material washed 
from uplands underlain by shale, sandstone, or diabase; as shown in Table 1, they are deep, 
poorly drained, and occur on floodplains (USDA 1986:93). 
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Quaternary History and Paleoenvironments
 

The study area is located in the Piedmont section of the Oak-Chestnut forest region as 
defmed by Braun (1985). Over the last 15,000 years, this area has experienced radical 
environmental changes. Until approximately 15,000 years ago, climate in the region was affected 
by the proximity of the Wisconsin Glacier. As the glacier retreated, temperatures increased and 
a mosaic of spruce stands, dwarf shrubs, and wet meadows developed (Watts 1979). After 
13,000 Before Present (BP), fir, jack pine, and white pine appeared. Until at least 10,000 BP, 
the climate continued to be dominated by cold air masses associated with the ice sheet and was 
characterized by cold, wet conditions with little seasonal variability (Custer 1985:30). After 
10,000 BP, the retreat of the ice sheet reduced its effect on weather patterns in the Middle 
Atlantic region, bringing about cold and dry conditions with more marked seasonal variation. 
The primary effect of these colder and drier conditions was an expansion of the boreal forests 
of spruce and pine at the expense of grasslands and deciduous elements. Climatic change also 
affected the animal populations of the region. Prior to 10,000 BP, the dominant game animals 
would have been the Pleistocene megafauna: mastodon, mammoth, bison, horse, and camel. 
After 10,000 BP, as the climate gradually warmed, the boreal forest retreated northward, and 
more modem game animals, particularly white-tailed deer, became more prevalent (Custer 
1985:30). 

The onset of the fully-developed Holocene climate occurred by 8500 BP. Conditions would 
have been relatively warm and wet, and extensive ponds and poorly drained areas would have 
been present. Along the coastal plain, rising sea level caused interior water tables to rise. In 
some settings, extensive swamps developed where water tables were stranded on or near the 
surface by impermeable clays (Custer 1985:34). By approximately 7500 BP, hemlock, beech, 
and hickory had begun to appear in the region, while chestnut appeared around 5500 BP (AHCI 
1989:8). 

A relatively stable primary forest was established in the area by about 5000 BP. Despite 
apparent fluctuations in moisture and temperature after 5000 BP, these fluctuations appear to have 
been of low amplitude and short duration. The forest composition at this time seems to have 
been generally similar to that of the Oak-Chestnut forest region of the pre-1930s. Species such 
as oak, beech, ash, walnut, sugar maple, and tulip tree dominated the floodplain and terrace 
settings. Upland forests consisted mainly of oak, chestnut, and hickory. Understory trees 
included species such as dogwood, sassafras, and hornbeam, while a variety of shrubs, herbs, and 
vines were also present (She1ford 1964). This diverse, multilayered forest provided a wide range 
of resources that were exploited by prehistoric and early historic populations. Such resources 
would have included food (game animals, nuts, seeds, berries, and fruits), fuel, wood, fiber, and 
plant products suitable for dyes or medicinal purposes (CRRSI 1988:3). 

Although Native American activities had resulted in some modification of the forests in the 
region, the effects of these activities were minimal compared to the impacts of European 
settlement. Because lumber and the productive agricultural soils were natural resources that 
attracted European populations to the area, large tracts were deforested, resulting in a dramatic 
alteration of the natural landscape. 
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Discussion/Analysis of Background Literature 

Prehistoric Background 

Prehistoric evolution in the Northeast is conventionally divided into broad periods: 
Paleoindian, Archaic, Transitional, Woodland, and Contact. The Archaic and Woodland periods 
are further divided into Early, Middle, and Late subperiods. This section presents a brief 
overview of each period that serves as a context for discussing prehistoric sites located in the 
project area. 

The Paleoindian period encompasses the earliest human habitation of southeastern 
Pennsylvania. Groups of Paleoindians were apparently established in the region by 10,000 to 
11,000 BC, and possibly as early as 15,000 BC (Adovasio et al. 1977). 

Paleoindians are recognized archaeologically by distinctive fluted projectile points that have 
been found throughout North America. Along with fluted projectile points, toolkits of the period 
include bifacial knives, drills, gravers, burins, flake cores, scrapers, and flake tools with no 
formalized shapes. These assemblages display a consistent preference for high-quality 
cryptocrystalline lithic materials. Gardner (1974, 1977) has suggested that sources of these raw 
materials may have influenced the distribution of settlements and the overall size and shape of 
exploitative territories. 

Paleoindian subsistence strategies appear to have emphasized the hunting of large game 
animals, primarily elk and caribou, and Pleistocene megafauna, including mastodon, mammoth, 
and bison. Few traces of additional economic activities, such as the collection and processing 
of plant foods, have been detected. At the Shawnee-Minisink Site, however, the Paleoindian 
component produced fish bones and the remains of edible seeds and plants, thus indicating the 
use of such resources by these populations (McNett et al. 1977). 

Paleoindian settlement/subsistence patterns are thought to have consisted of seasonal 
migrations by small groups. Evidence for Paleoindian occupation in the Piedmont, however, is 
fairly sparse. Archaeological finds from this period have been confmed mainly to isolated 
projectile points. The few well-defmed Paleoindian components that have been identified have 
all been located near poorly drained floodplains, sinkholes, or bogs, and are believed to have 
represented attractive areas for game (AHCl 1989:12). 

The warming Holocene climate resulted in environmental changes that encouraged population 
migrations and the development of new subsistence strategies. These developments characterize 
the Archaic period, dating circa 8000 to 1100 Be. In contrast to Paleoindian populations, 
Archaic populations manifested greater varieties of artifact types, suggesting that new and varied 
technologies were employed in the explpitation of more diverse resources (LBA 1991:IIl-2). 

The initial phase of this period, the Early Archaic (8000 to 6000 BC), appears to represent 
an elaboration of earlier Paleoindian lifeways. The Early Archaic is traditionally divided from 
the Paleoindian period on the basis of distinctive projectile point types that include comer
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notched, stemmed, and bifurcated stemmed vanetles (Broyles 1971; Coe 1964). Cavallo 
(1980)and Gardner (1974), however, have argued that cultural adaptations during the Early 
Archaic were not substantially different than those of the preceding period. Based on similar 
overall technologies, site distributions, and other adaptations, these researchers contend that Early 
Archaic cultures represent a continuum from the Paleoindian traditions (Cavallo 1980; Custer 
1984; Gardner 1974). The primary difference in the tool assemblage from the Paleoindian period 
is the introduction of new projectile point forms. The balance of the toolkit remained essentially 
the same. 

An increasing proportion of deciduous vegetation in the region during this period suggests 
that new environments may have been available to Early Archaic populations. The presence of 
higher frequencies of Early Archaic sites relative to those of the preceding period suggests that 
Early Archaic groups were utilizing new habitats, although overall lifestyles apparently remained 
similar to those of the Paleoindian period. Site data suggest that Early Archaic populations lived 
in small, higWy mobile groups. Additionally, the location and distribution of sites suggest that 
group territories and general settlement rounds were comparable to those of the Paleoindian 
period. 

Because Paleoindian and Early Archaic lifeways are thought to represent a continuum, 
similar influences would have affected the settlement/subsistence strategies of both groups. 
However, the larger numbers of Early Archaic sites, as mentioned above, suggests the 
exploitation of new environments that began to fonD. in the early Holocene. Early Archaic sites 
likely reflect the same functions and activities as Paleoindian sites. Base camps, if established, 
were presumably located in lowlands along larger rivers and streams where environmental 

.~ diversity, and thus usable resources, were greater (Hunter Research 1990). 

The Middle Archaic (6000 to 4000 BC) is problematic because of unclear typological 
defInitions for the period. The paucity of information on the Middle Archaic in the region 
frequently leads researchers to group the period with either the Early or the Late Archaic (Hunter 
Research 1990; Kraft and Mounier 1982). Diagnostic projectile points dating to this period 
include Kirk-like, Stanley Stemmed, Morrow Mountain, Neville, and Stark points (Kinsey et al. 
1972; Kraft 1986a; Ritchie 1971). These designations are based largely on formal similarities 
to projectile point types of the Southeast or New England. Efforts to further understand the 
Middle Archaic in southeastern Pennsylvania have been confounded by an absence of stratified 
deposits yielding diagnostic artifacts. 

In addition to diagnostic projectile points of this period, the toolkit includes hunting and 
butchering-related objects similar to those of the preceding periods. Additions to the assemblage 
include atlatl weights, chipped-stone axes or celts, adzes for woodworking (possibly to build 
dugout canoes), and netsinkers. Flat and pitted stones that may represent milling equipment are 
found associated with Middle Archaic sites (cf. Bebrich 1967; Dumont and Dumont 1979:46; 
Hunter Research 1990; Kraft 1975, 1986a; McMillan 1977). These tools imply increased 
utilization of aquatic and plant resources, as well as woodworking. 

Judging from the available data, Middle Archaic sites in the Piedmont tend to be located 
near ephemeral streams and springheads, or along the base of slopes adjacent to floodplains 

","-, (Custer and Wallace 1982). The apparent absence of base camps in the Piedmont may indicate 
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the limited use of this region during the Middle Archaic (Custer and Wallace 1982), or may be 
the result of site burial or destruction by alluvial processes (ARCI 1989). 

The Late Archaic period (4000 to 1000 BC) is marked by increased numbers of sites and 
possibly growing aboriginal populations (Catlin, Custer, and Stewart 1982). Environmental 
changes include the introduction of chestnut trees into the region around 3500 BC, followed by 
the introduction of larchwood forests. Estuarine and riverine habitats stabilized by 2000 BC and 
environmental conditions in the region approached those of the present. Changes in the 
environment offered new options for Late Archaic groups. Archaeological sites of the period 
reflect the new adaptive strategies employed by these populations. 

Late Archaic artifact assemblages reflect the variety of exploitative activities practiced during 
the period, and the diversity of habitats that were utilized. Artifacts found include knives, drills, 
atlatl weights, axes, celts, grinding and pounding implements, and netsinkers (Kinsey et al. 1972; 
Kraft 1975, 1986a). The variety of lithic resources employed in tool manufacture shows an 
emphasis on materials, often local, such as quartzite and vein quartz, that had previously 
experienced limited use (Snethkamp et al. 1982). 

Archaeological sites of the Late Archaic period are more common relative to earlier periods 
and are present in a variety of upland and lowland settings. The marked increase in the 
frequency, size, and depositional intensity of Late Archaic sites suggests the growth of human 
populations and the exploitation of new resources. By the Late Archaic, environmental 
conditions fostered the appearance of nut-bearing trees, such as hickory, oak, and chestnut, along 
with the animal species dependent on them (e.g., deer, bear, and turkey). 

In contrast to the preceding periods, the Late Archaic is characterized by hunter-gatherer 
groups with well-defmed and scheduled rounds of settlement/subsistence patterns. Residential 
base camps continued to be primary components of the settlement pattern. LBA (1986) has 
suggested three alternative models for Late Archaic settlement. The first involves a central-based 
wandering system wherein a fixed base camp is occupied on a semi-sedentary basis. Seasonal 
or constant forays to other camps would occur, with the base camp periodically or seasonally 
abandoned and reoccupied during the later parts of the annual cycle. A second alternative 
settlement pattern involves a shifting base camp location. This model suggests that base camp 
positions would move when local resource bases became depleted or as seasonal resources 
became available elsewhere. The third alternative model proposes restricted wandering inside 
a given territory, with periodic group consolidation at changing base camp locations as resource 
availability allowed (LBA 1986:111-27). In all three alternatives, base camp locations were likely 
located along larger watercourses (Kraft 1986a). 

In approximately 2000 Be, unique artifact types that mark the beginning of the Terminal 
Archaic or Transitional period appear in the regional archaeological record (Kraft 1986a; Snow 
1980; Witthoft 1953). The new materials may represent shifts in settlement/subsistence strategies 
relative to those identified for other Archaic groups. The appearance of new technologies and 
toolkits in the region has been the subject of various interpretations; these include the migration 
of new populations into the region and the incorporation of new technologies into an existing 
technological tradition (Snethkamp et aI. 1982). 
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Among the changes noted for the Transitional period, distinctive large, thin, and broad
bladed projectile points such as the Perkiomen, Orient Fishtail, and Susquehanna types appear. 
These points evidence a lithic raw material preference for jasper and rhyolite. Carved soapstone 
vessels are an additional hallmark for the period. Finally, fire-cracked rock features are an 
attribute of the Transitional period (Kinsey et al. 1972; Kraft 1986a). Such features are more 
widespread than during previous periods. Settlement/subsistence strategies during this period 
focus on rivers and the exploitation of anadromous fish (Hunter Research 1990:IV-17). 

The Early Woodland period dates between circa 1000 and 300 BC in the Middle Atlantic 
region. By 1000 BC, regional climates and environments approximated historic/modem 
conditions. The productive deciduous element of plant environments would have remained intact 
from earlier periods. Early Woodland adaptations to this environment are generally thought to 
represent a continuation of preceding Late Archaic patterns. The introduction of ceramic 
technology, however, represented an important technological development. Additional changes 
included the replacement of the Transitional period broad projectile point forms by new point 
types. 

Diagnostic projectile point types for this period include Meadowood side-notched and un
notched, Adena, and Fishtail points (Kraft 1986a). The earliest pottery associated with this 
period includes Marcey Creek and Ware Plain types. These ceramics consist of flat-bottomed, 
straight-sided vessels with lugs or handles. These types were apparently followed by Vinette I 
conical-based vessels that are tempered with coarse grit, coil constructed, and cordmarked on 
both interior and exterior surfaces (Kraft 1975; Williams and Thomas 1982). Ceramic fonus of 
the period also include tobacco pipes (Hunter Research 1990). 

Early Woodland populations appear to have used uplands and low-order stream environments 
more frequently than did their Archaic predecessors. In addition, major Woodland habitation 
sites located in the floodplains of rivers show a degree of penuanence or sedentism not evident 
during the Archaic period. Increased utilization of peripheral habitats during Early Woodland 
times, as suggested by Kumar (1984), is probably a direct result of longer occupations at 
floodplain habitation sites: in effect, an intensification of traditional hunting and gathering 
subsistence activities. 

Gardner (1982) attributes the greater degree of sedentism during the Early Woodland to 
several factors. He argues for increased efficiency among Early Woodland populations in 
exploiting a variety of localized resources through settlement selection and resource scheduling. 
Also, he suggests the development of social institutions that encouraged or compelled the 
generation of food surpluses. Finally, he notes that environments, along with associated sets of 
food resources, became stabilized (Gardner 1982). The introduction of pottery also contributed 
to greater sedentism by facilitating the ability of Early Woodland populations to store food for 
periods of low environmental productivity. 

As noted above, Early Woodland settlement patterns resemble those of the Late Archaic. 
Two possible settlement models are suggested by the data from Early Woodland sites. One 
alternative proposes the occupation of base camps located near zones of maximum resource 
availability. Small groups would foray from these bases to exploit available resources, but would 
not extend beyond the major environmental zone in which the base camp was located. The 
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second alternative model suggests that seasonal fusion and fissioning of groups at specialized 
procurement and processing sites occurred. Such consolidation might take place during runs of 
anadromous fish, after which smaller groups would split off and move into a variety of 
environments on forays. Group fusion would later follow in other areas for the exploitation of 
other seasonal resources (LBA 1986:111-30). 

Middle Woodland cultures (circa 400 BC to AD 10(0) in eastern Pennsylvania show a basic 
continuity of lifestyles with their Late Archaic and Early Woodland predecessors. Continuities 
include overlaps of site locations and the types of activities performed in various locations. 
Ceramic studies suggest, however, that the exploitative territories of some groups were more 
restricted during the Middle Woodland than in earlier times. In the absence of significant 
environmental and technological change, the limiting of territorial boundaries is viewed as a 
result of growing populations and elaborations of social relationships and organization. 

Diagnostic artifacts of the Middle Woodland period include Rossville, Lagoon, Fox Creek, 
and Jack's Reef points, along with several ceramic styles that include net-impressed and zoned
incised types. During this period, argillite appears to have been the preferred raw material for 
chipped-stone tools (Hunter Research 1990). Other artifacts commonly associated with this time 
period include pestles, hammerstones, and anvil stones, which indicate the collection and 
processing of plant foods. The continued exploitation of fish is indicated by the presence of 
netsinkers (Stewart 1989; Williams and Thomas 1982). 

In the Middle Atlantic region, large Middle Woodland sites are located east and south of the 
project area in floodplain settings of the Delaware River and the Delmarva Peninsula. Sites such 
as the Abbott Farm National Landmark revealed the presence of large base camps used by local 
and regional groups for the exploitation of anadromous fish (Hunter Research 1990). Sites of 
this period in the Upper Delaware River Valley are small and sparsely distributed. Fischler and 
French (1991) contend that the high resource potential of downstream areas served to draw 
Middle Woodland populations to the south. Consequently, the upper portions of the drainage 
were occupied only on a seasonal basis by transient groups. 

The Late Woodland period (circa AD 1000 to 1610) is fairly well represented in the region 
and is particularly well defmed by excavations in the Upper Delaware River Valley. This period 
is distinguished, in some areas, by increased residential stability, typified by large permanent or 
semi-permanent villages (Fischler and French 1991; Kraft 1986a, 1986b), and subsistence systems 
that utilized horticultural products. Custer (1985) notes, however, that except for the Lancaster
Frederick Lowlands (west of the project area vicinity), Late Woodland lifeways in the Piedmont 
were generally similar to those of the Middle Woodland period. 

Save for stylistic differences, Late Woodland toolkits reflect the same functional diversity 
as earlier assemblages. Hallmarks of the period include triangular Levanna and Madison 
projectile points. Ceramic types include collared and collarless vessels decorated with incised 
geometric motifs and cordmarking, and a variety of chipped- and pecked-stone tools and 
groundstone tools. Hoes, used in horticultural activities, are included in some assemblages of 
the period (Kinsey et al. 1972; Kraft 1986a). The distinctive pottery styles suggest that group 
territories were established by the Late Woodland (Hunter Research 1990:IV-28). 
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Late Woodland subsistence strategies continue to include the exploitation of wild food 
resources. Sites in the Upper Delaware River Valley have yielded evidence of charred nutshells 
(including oak, hickory, and walnut/butternut) and seeds from a variety of fruits, herbaceous 
plants, and weedy plants, along with fish and mammal bones and shellfish remains (Fischler and 
French 1991: 160; Kraft 1986b: 107-108). Wild foods were supplemented during this period by 
domesticated plants, including com, beans, and squash. The latter may have been grown 
primarily for its seeds and for use as containers (Fischler and French 1991:160). 

Late Woodland sites, at least in the Lancaster-Frederick Lowlands, included farming-related 
settlements. Custer (1985) notes that the introduction of cultigens, particularly maize and squash, 
brought about the establishment of what appear to be small farmsteads (Graybill 1973; Kent and 
Packard 1969). Later, fully sedentary villages based on agriculture and evidently organized on 
the basis of family groups were established (Kinsey and Graybill 1971) and are considered to be 
associated with the Shenks Ferry culture (Custer 1985). Stockaded villages which appear during 
this period are suggestive of warfare between neighboring groups (Custer 1985). 

By the early sixteenth century, non-local Iroquoian groups from the north had begun to 
establish themselves in the Susquehanna River Valley of the Lancaster-Frederick Lowlands 
(Witthoft 1959). Tied to the population disruptions of the early Contact period, the movement 
of these groups, known historically as the Susquehannocks, resulted in the disappearance of the 
Shenks Ferry culture. Late Woodland groups elsewhere in the Piedmont, including the project 
area vicinity, were associated with the protohistoric Lenape (Custer 1985:38). 

The period during which aboriginal populations first encountered and co-existed with 
European traders and colonists is tenned the Contact period. For this region, the Contact period 
dates roughly between the early 1600s and the 17408. During this period, increased contact with 
European traders and settlers resulted in the breakdown of traditional lifestyles and an increased 
reliance on European trade goods that were acquired in exchange for land and furs. The 
intensification of the fur trade ultimately led to conflict with neighboring aboriginal groups. 
Warfare, disease, and alcoholism decimated native populations in the region. In the project 
vicinity, most of the indigenous Lenape groups had abandoned the area by the 1750s (Grumet 
1991). 

Contact period assemblages are essentially those of the later Late Woodland, with the 
addition of items acquired through trade, such as projectile points of cut brass or copper, a 
variety of other metal implements and ornaments, glass beads and bottles, and copper vessels 
(Kinsey et al. 1972; Kraft 1981, 1986b). Trade goods are typically emphasized in discussions 
of this period, and it is unclear at what rates these items were adopted by regional indigenous 
groups and how they functioned in their societies. It is likely that aboriginal groups continued 
to manufacture and use traditional objects alongside imported objects and materials. However, 
the status of traditional objects in the Native American culture is not clear for this period, which 
is frequently characterized as one of significant cultural change. 

By 1640 in southeastern Pennsylvania, most stone tools had been replaced by metal 
implements, and guns had replaced traditional weapons. Natives used cloth more than hides, 
while beads and domestic wampum were being used most often for ornamentation (Becker 1985). 
In the Susquehanna River Valley, the dependence on European goods led to a deterioration in 
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the quality of traditional crafts (Kent 1984). Becker (1985:47) asserts, however, that despite 
dramatic changes in material culture, few changes occurred in the structure of aboriginal society. 
During the period between 1640 and 1680, aboriginal cultural integrity is suggested by the 
resistance of regional groups to trade goods, such as silver ornaments and European coins, that 
had social and economic associations to Europeans (Becker 1985:50). Becker (1990) suggests 
that the Native American adoption of such objects by 1750 may be indicative of social changes 
among the aboriginal population. These changes included incipient social ranking that did not 
exist previously. 

Contact period subsistence patterns likely changed from those of the Late Woodland period 
as the economic focus of indigenous groups shifted from hunting, gathering, and horticulture to 
the fur trade. The demands of the fur trade led to intensified hunting by native groups, and 
ultimately to the virtual extermination of beaver and other fur-bearing animals. This shift in 
economic emphasis led to transitions in Native American subsistence patterns. 

The emphasis on procuring furs contributed to a decrease in the hunting of animals for food. 
The preparation of furs also reduced the amount of time available to complete other tasks (Kraft 
1986b:200). Despite the demands of the fur trade, Becker (1985) suggests that few changes in 
prehistoric settlement and subsistence occurred early in the Contact period. Evidence of the 
continued presence of horticultural products in native diets is known from the Miller Field Site, 
where squash remains and copper fragments were cached together (Kinsey et al. 1972:52). The 
presence of European goods in large storage pits and other features characteristic of Late 
Woodland settlements further suggests continuity with earlier settlement/subsistence strategies 
(Kinsey et al. 1972; Kraft 1981). In portions of southeastern Pennsylvania, local populations may 
have actually intensified horticultural activity to produce a surplus for trade with Dutch colonists 
(Becker 1985:49). 

General Historical Background 

NAS Willow Grove is situated in Horsham Township, which was laid out, but unnamed, on 
the first published map of William Penn's settlement in North America, which was printed in 
1687 (Smith 1975: 1). The township's present boundaries, and likely its name, were established 
at the time of its fonnal organization, which occurred in 1717 (Smith 1975:2). Until 1784, when 
Montgomery County was organized, Horsham Township was part of Philadelphia County. 

As was the case with most of the region immediately around (e.g., within a day's journey 
of) Philadelphia, Horsham Township initially developed as a rural, semi-agrarian landscape dotted 
with dispersed farmsteads and estates, and remained so throughout the nineteenth century. The 
local economy was almost entirely based on agriculture, with industry confmed to water-powered 
(and, in some cases, later, steam-powered) milling of grains and lumber, utilizing the waters of 
the Pennypack, Little Neshaminy, and Park creeks (Smith n.d.). Three of the primary roads 
(Welsh, Horsham, and County Line) ran nearly parallel to one another from southeast to 
northwest, following the lines of Penn's original survey (Smith 1975:2). Two other roads, 
Limekiln and Easton (present-day Route 611), were laid out in a more directly north-south 
direction as main routes into Philadelphia. The latter road was also known as the Doylestown 

',-- and Willow Grove Turnpike, after a company of that name was fonned in 1839 to maintain both 
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the Turnpike and the Hatboro Pike to the east through the collection of tolls at various locations 
(Smith n.d.). Four hamlets gradually emerged within the township, to serve as "collecting points 
in the mercantile network," the focus of which was Philadelphia (Lemon 1967:525). These were 
Prospectville, at the junction of Limekiln and Horsham roads, toward the western end of the 
township; Davis Grove, further east at the junction of Privet and Governor roads (now lying 
within NAS Willow Grove); Hallowell, on the Easton Road at Moreland Road, now directly 
across Route 611 from the station; and Horshamville (also known as Horsham), at the junction 
of the Easton and Horsham roads (less than one mile southeast of NAS Willow Grove) (Figures 
4 and 5). All four maintained post offices at one time or another during the nineteenth century 
(Smith n.d.). The largest of these hamlets was Horshamville, the location of the earliest 
settlement in the township and the site of the Horsham Friends Meeting, established in 1718 
(Montgomery County Planning Commission 1975:19; Toll and Schwager 1983). 

Horsham Township remained essentially rural well into the twentieth century (Figures 6 and 
7). Even the initiation of trolley service along Easton Road in the late 18908, which provided 
greatly improved access to Philadelphia, provoked no noticeable population growth. Commercial 
enterprises concentrated along the Easton and Horsham roads in the 1920s, expanding to include 
a number of greenhouse/nursery concerns (Toll and Schwager 1983:245). 

In 1926, Harold Pitcairn, the third son of John Pitcairn, Jr., co-founder of the Pittsburg Plate 
Glass Company and founder of the Bryn Athyn community of the New (also known as 
Swedenborgian) Church, acquired nearly 200 acres northwest of Horshamville, between the 
Easton and Horsham roads. Here he built a small airfield, and facilities for the development, 
experimental testing, and production of aircraft. His first major success was the Mailwing, which 
he developed upon receiving a contract to carry mail between New York and Atlanta in 1927, 
and which was quickly adopted by other air mail carriers of the period. The following year, 
Pitcairn purchased the American patent rights to a craft known as the autogyro (or autogiro), 
from its developer, Spanish aeronautical engineer Juan de la Cierva. As described by Smith 
(n.d.), the autogyro had Ita standard biplane frame, tail, engine and forward propeller. On each 
side was a single projecting stub of a bent-up wing, and on the top was a free-spinning overhead 
propeller." Between 1929 and 1943, Pitcairn Aircraft, Inc., manufactured 12 different models 
of the autogyro, some of which were employed by the U.S. Postal Service and, in Nicaragua, by 
the U.S. Marines. The company also designed and built a variety of conventional airplanes, 
although the Mailwing remained the best known (Collins 1978; Smith n.d.). 

NAS Willow Grove 

The first U.S. naval air station was established at Pensacola, Florida, in January 1914. With 
the outbreak of World War I in Europe that August, the U.S. took an initially neutral stance, such 
that despite appropriations in 1915 and 1916, Pensacola still constituted the Navy's only air 
station in 1917. Upon U.S. entry into the war in April 1917, it immediately became evident that 
Pensacola's facilities were insufficient to train the necessary numbers of both pilots and ground 
support personnel. Over the next year and a half, the Navy embarked on a major construction 
program, with the result that the service had 21 naval air stations in operation by the time of the 
Armistice in November 1918 (Melhuish and Cannan 1995:19-21; U.S., Department of the Navy 
1947:227). 
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FIGURE 7: Plan of the Naval Reserve Aviation Base in 1942 SOURCE: Metz 1942 
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The postwar Congress moved swiftly to enact cost-cutting measures, among them the 
appropriations act of July 11, 1919, which limited the Navy to a maximum of six coastal stations 
for heavier-than-air craft. By 1920, the Navy's only operating heavier-than-air stations were at 
Rockaway, Anacostia, Hampton Roads, Pensacola, Key West, and San Diego (Me1huish and 
Cannan 1995:23). Despite such limitations, great strides were made in the technology and 
adaption to fleet operations of naval aircraft, not least due to the establishment of the Navy's 
Bureau of Aeronautics in 1921. Over time, the number of installations supporting naval aviation 
gradually increased, with stations established at Pearl Harbor and in the Canal Zone (Melhuish 
and Cannan 1995:24-25). In addition, during the 1930s, the Navy established eight reserve air 
bases for preliminary flight training. These installations, offering only the most rudimentary 
facilities, were located at municipal or commercial airports (U.S. Department of the Navy 
1947:228). 

In 1938, concerned with growing international tensions, Congress passed the Naval 
Expansion Act and the Vinson Navy Bill, which, among other provisions, authorized the creation 
of a 3,000-craft naval air fleet, with three aircraft carriers and their associated fighter, torpedo, 
and bomber squadrons, patrol squadrons operating from seaplane tenders, and scouting aircraft 
(Melhuish and Cannan 1995:26). To plan for the support of this expanded naval air fleet, the 
Secretary of the Navy appointed Rear Admiral AJ. Hepburn to head a board charged with 
ascertaining the status of the Navy's 11 existing air bases and eight reserve training stations and 
making recommendations for additional facilities. 

The Hepburn Board's recommendations, enacted into law in 1939 and funded in a 1940 
appropriations act, bore their first fruit with major construction programs at Pensacola, 
Jacksonville/Banana River, Corpus Christi, Miami, Norfolk, Quonset Point, Alameda, San Diego, 
and Seattle (Melhuish and Cannan 1995:26; U.S. Department of the Navy 1947:229). At the 
recommendation of another committee, the Mason Board, the number of Naval Reserve bases was 
also expanded, with three new stations established at Dallas, New Orleans, and Atlanta in late 
1940 (U.S. Department of the Navy 1947:233). Meanwhile, Congress continued to increase the 
Navy's authorized air strength, first, in June 1940, to 10,000 airplanes, and then to 15,000 the 
next month; the ultimate figure, authorized early in 1942, was 27,500 aircraft (U.S. Department 
of the Navy 1947:229). 

NAS Willow Grove was among about 30 new air stations constructed by the Navy in 
response to Congress' authorization of a 27,500-craft naval air fleet. Existing training programs 
had to be suddenly and enormously expanded to accommodate the immediate demand for large 
numbers of pilots for the enlarged fleet. In the Philadelphia area, primary training had been 
conducted at Mustin Field, originally opened in 1924 as an adjunct to the Navy's aeronautical 
engine laboratory, which had been relocated from the Washington Navy Yard to Philadelphia that 
year. By the early 1940s, Mustin Field was providing support for shop and flight-testing 
facilities and for flight operational activities associated with the complex of aircraft factory, 
experiment station, and aircraft modification unit that in 1943 would be collectively reorganized 
as the Naval Air Material Center (U.S .. Department of the Navy 1947:249-250). As a result, 
Mustin Field no longer had room for the primary training unit (which had been relocated there 
from Rockaway in 1929) also based there. In 1941, the Navy acquired a roughly triangular tract 
of land in northern Montgomery County, including 258 acres belonging to Pitcairn Aircraft. The 
first Navy contingent arrived in November 1942, at what was initially designated a Naval Reserve 



24 Legacy Resource Management Program 

Aviation Base (see Figure 7). The station was formally commissioned NAS Willow Grove in 
January 1943 (MARCOA Publishing Co. 1993:22). 

The layout of the new naval air station of necessity represented an expansion and elaboration 
of the facility arrangements previously established by Pitcairn Aircraft (which, permitted to 
maintain use of the airfield, continued its developments in both rotary and fixed-wing aircraft and 
produced Waco gliders for the Army during the war). New construction associated with naval 
operations (hangars, shops, etc.) was confined largely to the area south of the Pitcairn facility, 
between Easton Road and the taxiway running parallel to that road (Figures 8 and 9). 
Administration, instruction, barracks, personnel support, and service facilities were concentrated 
in a triangle formed by Easton Road, Privet Road, and Governor Road in the northeastern comer 
of the station, generally organized around a large open space. A drill ground was laid out on the 
northern portion of this open space, directly opposite two of the barracks buildings. South of the 
drill ground was the remains of an orchard, which was subsequently supplanted by a small grove 
of willow trees that continue to grace the area today. The Navy also made use of buildings 
remaining on the property from the time when the airfield tract supported farms and the small 
village of Davis Grove. Officers, including the Commanding Officer, occupied former 
farmhouses, and several bams were retained, perhaps for storage. For safety reasons, ammunition 
magazines were situated on the northwestern portion of the station, far from the developed areas 
of the facility (see Figure 9). 

The new station's first occupants were the 250 men of the primary training unit from Mustin 
Field. They brought with them 34 of the Navy's N3N training biplanes. Widely known as 
"Yellow Perils," these were the first Navy airplanes that aspiring pilots were permitted to fly 
following their successful completion of preflight training (Shettle 1995:229; U.S. Navy, Bureau 
of Naval Personnel 1955: 105). During 1943, NAS Willow Grove also hosted a variety of carrier 
aircraft groups and squadrons, including Carrier Aircraft Groups 24 and 30, with Carrier Air 
Service Unit 23 providing support. In October of that year, the Navy revised the station's 
mission. The training programs that had been underway came to an end, and the station was 
placed under the command of the Bureau of Aeronautics (BuAer). Under BuAer, NAS Willow 
Grove became involved in the modification and installation of ASV radar in the Lockheed PV 
Ventura, a program that continued until May 1944. In late 1943, the Naval Air Transport Service 
arrived "with no warning" to set up a terminal at NAS Willow Grove. A VRF-l training 
detachment established a course for all of the Navy's ferry pilots. By April 1944, BuAer had 
revised NAS Willow Grove's mission once again, to that of a Radio-Radar and Electronic 
Engineering Prototype facility, involving the engineering, fabrication, installation, and flight 
testing of various types of equipment. An Advanced Base Aviation Training Unit also utilized 
NAS Willow Grove's facilities for a time, beginning in August 1944, for the purpose of installing 
rocket racks on F6F Hellcats. In December of that year, the newly established Electronics 
Tactical Training Unit (ETTU) came aboard to provide instruction in the operation of search, 
navigation, identification, and ordnance radar (Shettle 1995:229; Undated Chronology, Box 305, 
Aviation History File, Air/Ground Establishments, File "Willow Grove NAS," Naval Historical 
Center). 

As the war drew toward a close, the prototype program was terminated, and the ETTU 
activities were phased down in anticipation of the disbanding of that unit in the spring of 1946. 
On December 1, 1945, NAS Willow Grove was designated a Reserve Training Station, one of 
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27 air stations retained in active status for training purposes under the Naval Air Reserve 
Command (U.S. Navy, Bureau of Naval Personnel 1955:98; Shettle 1995:229). With help from 
the 4th Naval District Public infonnation Office, NAS Willow Grove initiated "an intensive 

~ program of publicity" to attract Naval Reserve enlisted personnel then on inactive duty (History 
of the US Naval Station, Willow Grove, PA, 1 March 1946-30 June 1946, Box 305, Aviation 
History File, Air/Ground Establishments, File "Willow Grove NAS," Naval Historical Center). 

In 1950, BuAer issued revised airfield design criteria which included an increase in runway 
length standards to at least 8,000 feet in order to accommodate slow-rising jet aircraft. Major 
Reserve Training Stations selected for the extended runways were those near major population 
centers. Among them were Los Alamitos (serving Los Angeles area Reservists); Glenview, near 
Chicago; Grosse Isle, near Detroit; New York; Olathe (near Kansas City); South Weymouth 
(serving Boston); and NAS Willow Grove (serving Philadelphia area Reservists) (U.S. Navy, 
Bureau of Naval Personnel 1955:98-99). 

On January 1, 1952, NAS Willow Grove was allocated $5 million for facility expansion, "the 
fIrst since World War II" (Historical Report of U.S. Naval Air Station Willow Grove, 1 January
30 June 1952, Box 305, Aviation History File, Air/Ground Establishments, File "Willow Grove 
NAS," Naval Historical Center). Among the fIrst results of this program were the completion 
of a large new public works facility and the erection of a new hangar for the service and repair 
of aircraft assigned to the station. Of the greatest importance, however, was the extension of the 
main (north-south) runway, which required the acquisition of a large amount of additional land 
that increased the station's landholdings to a total of about 1,100 acres. The additional acreage, 
purchased piecemeal between 1953 and 1957, extended northwest as far as Keith Valley Road, 
and north beyond Privet Road to County Line Road (Figures 10-13). 

NAS Willow Grove was also selected for participation in the Navy's program of Joint 
Reserve training bases. This program was intended to "reduce conflict of interests" in areas 
where commercial and private aircraft were also prevalent, by providing facilities for use by all 
U.S. military services (U.S. Navy, Bureau of Naval Personnel 1955:100). To this end, the Air 
Force acquired land at the northern end of the station for the 913th Troop Carrier Group (now 
the 913th Tactical Airlift Group Air Force Reserve) and the 1Ilth Tactical Air Support Group 
of the Pennsylvania Air National Guard; both arrived in 1958 (Intercom 1983) (see Figure 12). 

By 1959, NAS Willow Grove was hosting almost 4,000 Naval and Marine Reservists on 
"regularly scheduled weekends" for maintenance and development of proficiency in the "changing 
business of military flying." Participants could choose among a variety of subjects, including 
patrol bombers, ASW aircraft trackers, jet fIghters, transport planes, and helicopters, and serve 
as mechanics, electronics specialists, and other members of various teams (History of the Naval 
Air Station, Willow Grove, PA [1959], Box 305, Aviation History File, Air/Ground 
Establishments, File "Willow Grove NAS," Naval Historical Center). The station was also home 
to the Reserve ASW Tactical Training School (RESASWTACSCOL), begun in 1951 as an 
airborne electronics training division and fonnally established as a school, the only one of its 
kind in the Navy, in 1957 (Collins 1978). RESASWTACSCOL was given a new building of its 
own in 1961, the same year a counterpart school was fonned at NAS Los Alamitos (NAS Willow 
Grove, Public Affairs Office 1978). The school at Los Alamitos was disbanded in 1971, and the 

"'--' institution at NAS Willow Grove is currently known as RESASWTRACEN.) 
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Aerial Photograph of NAS Willow Grove in 1957 US Navy 4th Naval District, Public Works 
Officer 1957 



30 Legacy Resource Management Program 

FIGURE 12: 

===, 

... 
SOURCE: US Navy 4th Naval District, Public Works 

Officer 1958a 
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FIGURE 13: Aerial Photograph of NAS Willow Grove SOURCE: US Navy 4th Naval District, Public Works 
Ca. 1958, North End of Runway Officer 1958b 
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The 1970s opened with a "complete reorganization of the units" at NAS Willow Grove, in 
response to the "2-2-12-3" program newly promulgated throughout the Naval Air Reserve. The 
name was derived from the formula of two Reserve Air Carrier Wings, 12 patrol squadrons, and 
three transport squadrons, intended to duplicate fleet organization and thereby increase readiness 
(NAS Willow Grove Public Affairs Office 1970). This reorganization coincided with closure of 
NAS New York's entire reserve program except for its helicopter squadrons. Those squadrons, 
along with their counterparts at NAS Willow Grove, were transferred to NARTU Lakehurst. 
Most of NARTU Lakehurst's VR (transport squadron) personnel were transferred to NAS Willow 
Grove's program. With the arrival of VP 66 (originally four reserve VP [patrol squadron] units) 
to join VP 64 already on board, NAS Willow Grove was proud to call itself the largest reserve 
patrol base then in operation in the US (NAS Willow Grove Command History for 1970: Basic 
Narrative). 

At least partly as a result of these developments, the 1970s were a period of major physical 
expansion at NAS Willow Grove. New facilities included a new barracks for enlisted personnel, 
a warehouse, the Pitcairn Club, a large new hangar, and an expansive new space for the avionics 
shop. The Reserve ASW Warfare Training Center received a major addition aswell. In the midst 
of these efforts, the 79th Army Reserve Command (79th ARCOM) "joined the Navy," setting up 
operations in 1976 in a three-building compound (hangar, reserve center, and maintenance shop) 
on old Runway 6 on the western side of the station. With the arrival of the 79th ARCOM, NAS 
Willow Grove's status as a Joint Reserve facility now embraced all branches of the armed 
services except the Coast Guard. 

Physical expansion has continued in the past several decades, as NAS Willow Grove has 
maintained its status as the nation's largest Naval Air Reserve facility devoted exclusively to the 
training of Reserve fighting forces. 

Existing Resource Information 

Historic Architectural Resources 

In the 1969-1970 inventory of historic sites compiled by the Delaware Valley Regional 
Planning Commission, 169 historical resources in Montgomery County were identified. Thirty 
resources, compiled from this inventory and from subsequent entries in PHMC files, were listed 
for Horsham Township in the Montgomery County Planning Commission's 1975 Inventory of 
Historic and Cultural Resources (Montgomery County Planning Commission 1975:xii-xiii: 18-21). 
None of the resources listed are situated within the boundaries of NAS Willow Grove. 

As of this writing, NAS Willow Grove contains no properties listed in or formally 
determined eligible for the National Register of Historic Places. Building 114, which has been 
the residence of the Commanding Officer since 1942, was determined ineligible for the National 
Register by the PHMC in 1993. In 1994, a cultural resource assessment was conducted in 
association with the proposed relocation of Marine Corps Unit MWSS-474 to NAS Willow Grove 
(LBA 1994). That investigation, confined to a remote location on the far western side of the air 
station where the undertaking was to occur, inventoried five buildings appearing to be at least 
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50 years of age within the project's area of potential effect. None of the five buildings (149, 185, 
152, 59, and 150) were found to meet National Register Criteria, a finding with which the 
Pennsylvania SHPO subsequently concurred. 

The National Register property located nearest to NAS Willow Grove is Graeme Park, which 
occupies a tract immediately northeast of the northern end of the main runway, about two miles 
north of the present project site. Graeme Park, believed to have originated as a malt house at 
a distillery called Fountain Low established by Provincial Governor William Keith in 1721-22, 
was converted into a finely-appointed country house by his son-in-law, Dr. Thomas Graeme, in 
1739-40. The property, owned by the Commonwealth of Pennsylvania since 1958, was listed in 
the National Register in 1977 (Snell and Heintzelman 1967/1974). 

Archaeological Resource Information 

To date, only one archaeological survey has been conducted within the boundaries of NAS 
Willow Grove. This work, a cultural resource assessment for the relocation of Marine Corps 
Unit MWSS-474 to NAS Willow Grove, was conducted in 1994 by LBA (LBA 1994). The 
Phase I survey included surface reconnaissance and shovel testing of the site of the proposed 
Marine Corps Reserve Training Center (MCRTC) and the site of a proposed parking area 
relocation; these two areas, encompassing approximately 10 acres, were located in the 
southwestern portion of the station. The results of the survey indicated that no significant 
archaeological resources are located in the area of potential effect. 

While there have been no comprehensive studies of archaeological resources in Montgomery 
County, several cultural resource surveys have been conducted in the general vicinity of NAS 
Willow Grove, in Montgomery County and in neighboring Bucks County, nearly all within the 
last decade. A survey conducted at the proposed Oak Terrace Golf Course Community (Hunter 
Research, Inc. 1992), two miles west of NAS Willow Grove, involved the excavation of 88 
shovel tests in two areas of the proposed development, resulting in the recovery of one prehistoric 
artifact. This was a quartz biface, possibly of Madison or Levanna affinity, found on the surface. 
The paucity of prehistoric material, despite the favorable topographic setting of the project area 
on an interfluve, appears to have been the result of long-term removal of topsoil during sod 
farming operations (Hunter Research, Inc. 1992:7-1). Shovel testing around the circa 1840 
Oak/Conard farmhouse indicated that extensive twentieth-century landscaping had truncated or 
removed the majority of any nineteenth-century deposits that may have been present in the 
vicinity of the dwelling (Hunter Research, Inc. 1992:7-2). 

A survey carried out for the proposed Park Creek Sewage Treatment Plant, just to the 
northwest of NAS Willow Grove, yielded a single prehistoric artifact, an argillite flake found on 
the surface near a spring (see below) (Historic Sites Research 1989). Historic features 
encountered during the survey included plow furrows and a well or stone-rimmed spring; an 1807 
penny was found adjacent to the latter feature (Historic Sites Research 1989:44). This site was 
subsequently designated Site 36Mg189. 

Several prehistoric artifacts were also recovered during a cultural resource investigation for 
the Welsh Road Corridor Improvement Project for the Pennsylvania Department of Transportation 
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(AHCI 1989). The collected artifacts included two quartz flakes recovered from fill deposits; a 
preform and a slate celt, both isolated finds, were found on the surface near the intersection of 
Welsh and Dreshertown roads, about two miles south of the project area. No prehistoric artifacts 
were identified near a spring and ephemeral stream that had been identified as possessing a high 
probability for prehistoric archaeological resources (AHCI 1989:70). Background research for 
the survey suggested that 14 potential historic archaeological sites were located in or near the 
project corridor. Phase I testing was conducted at seven of the 14 potential sites and identified 
two that appeared significant, the Schoolhouse/Hallowell Site (36Mg191) and the M. Stineman 
Site (36Mg 192) (ARCI 1989:2). 

A historical and archaeological resources survey for the Dresher (or Dreshertown) Road 
Improvement Project, south of NAS Willow Grove, resulted in the identification of one 
archaeological site (36Mg184), a mid- to late-nineteenth-century midden located along the 
northern bank of Pennypack Creek, about 0.75 miles southeast of NAS Willow Grove. Because 
it lay outside the Dresher Road project corridor, the midden was not tested; the survey also 
encountered scattered historic artifacts along the road edge, as well as a single black chert flake 
found in a cultivated field outside the project right-of-way (CHRSI 1988:30-32). 

Although, according to the Pennsylvania Archaeological Site Survey (PASS) files, there are 
no previously identified prehistoric or historic archaeological sites within the boundaries of NAS 
Willow Grove, at least nine sites have been documented within a two-mile radius of the study 
area. The closest known sites in relation to the study area are Sites 36Mg72, 36Mg254, 
36Mg189, 36Mg184, 36Mg167, 36Bu106, 36Bu182, 36Bu100, and 36Bu133. These are briefly 
reviewed below. 

Site 36Mg72. Site 36Mg72 is described as an open Archaic period site and is located on a 
terrace 60 meters from Park Creek, approximately 1.5 miles west of the project area. Among 
the artifacts recovered from Site 36Mg72 are two brown jasper points of unidentified type. 

Site 36Mg167. Known as the Graeme Park Historic Site, Site 36Mg167 is situated on level 
terrain overlooking a tributary of Park Creek, just north of the study area. According to the 
PASS form, the prehistoric component of the site yielded several Late Woodland triangular 
projectile points. As noted previously, Site 36Mg167 is on the National Register of Historic 
Places; apart from the scattered prehistoric remains found on the property, the site contains the 
mansion associated with Dr. Thomas Graeme, outbuildings, and a farm complex. 

Site 36Mgl84. Known as the Echenhofer Dump Site, Site 36Mg184, as noted earlier, is a mid 
to late nineteenth-century midden located along the northern bank of Pennypack Creek, 
approximately 0.75 miles southeast of NAS Willow Grove. 

Site 36Mg189. As noted above, Site 36Mg189 is located at a spring that emerges on a gentle 
slope 625 feet from Park Creek, immediately north of the study area, on the opposite side of 
Keith Valley Road. The site was originally part of Deer Park, which was established in the 
1720s for Governor Keith; the single prehistoric artifact from the site consists of an argillite 
flake. 
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Site 36Mg254. Known as the Hughes Site, Site 36Mg254 was located near a tributary of Park 
Creek, approximately two miles west of the study area. The site, which has been completely 
destroyed, dated to the Tenninal Archaic, and yielded grinding stones, a pestle, a hammerstone, 
and several projectile points. Lithic materials included quartz, quartzite, argillite, and jasper. 

Site 36BulOO. Site 36BulOO is described as an open Archaic site and is located on a slope near 
an intennittent tributary of Little Neshaminy Creek, 1.5 miles northeast of the study area. The 
site, which has not been tested or excavated, yielded several points and axes as surface finds. 
Lithic raw material consists mainly of quartz, together with some argillite and chert. 

Site 36Bul06. Known as the Drive-In Site, Site 36Bu106 is located on a knoll above Little 
Neshaminy Creek, 0.85 miles north of the study area. It is described as an open, undated 
prehistoric site; the small artifact collection from Site 36Bu106 includes items fashioned from 
argillite, sandstone, quartz, quartzite, and chert. An unspecified number of hammerstones are 
noted as part of the collection. 

Site 36Bu133. KnOW'l as the Palomino Drive Site, Site 36Bu133 is located on a knoll and 
southward-facing slope about 250 feet north of Little Neshaminy Creek and two miles northeast 
of the study area. A !>urface survey of a plowed field noted a thin scatter of lithic debitage 
(jasper, chert, and quartz), but no diagnostics. 

Site 36Bu182. Known as the Delmont Avenue Site, Site 36Bu182 is located on a knoll near a 
low-order tributary of Little Neshaminy Creek and is situated 1.7 miles northeast of the study 
area. Surface inspection of a cultivated field yielded several Archaic and Transitional points and 
an artifact described as a soapstone "kettle." 

The limited infonnation available from the previously recorded sites reviewed above clearly 
shows that prehistoric sites in the NAS Willow Grove area tend to occur in relatively close 
proximity to watercourses (generally within 300 feet), and on level to gently-sloping terrain with 
well-drained soils. This observation corresponds closely with current models of prehistoric 
settlement in the Piedmont sections of Delaware, New Jersey, and Pennsylvania (Custer and 
Wallace 1982; LBA 1986). Although certainly not comprehensive, the material recorded for the 
sites summarized above demonstrates that components dating to the Archaic to the Late 
Woodland periods are present in the vicinity of NAS Willow Grove. Most, if not all, of the 
previously identified sites appear to be relatively small, and probably represent short-tenn 
encampments or processing stations. 

With the exception of the Graeme Park Historic Site, few, if any, historic archaeological 
resources have been investigated in the immediate vicinity of NAS Willow Grove. Infonnation 
from historic maps, however, provides a suitable basis for examining the settlement pattern in 
the Horsham Township area and for assessing the likelihood that historic archaeological sites are, 
or were, located within the boundaries of NAS Willow Grove. 

Typical of most of rural America during the nineteenth century, the settlement pattern in 
Horsham Township was characterized by a combination of dispersed fannsteads and small 
villages, the latter frequently fonning around a crossroads. As noted previously, several such 
crossroads settlements had been established in Horsham Township by the second half of the 
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nineteenth century, including Horshamville, just to the south of the project area, Prospectville, 
to the northwest, and the hamlet of Davis Grove. The latter had developed around the 
intersection of Privet (Dawes) and Governor roads, in the vicinity of the present Marine hangar, 
recycling compound, and fuel farm. By 1877, the hamlet included a store, a blacksmith shop, 
and four dwellings (see Figure 5). Farmsteads in the area were scattered along the principal 
roads. Most of them, at least in Horsham's Middle District, appear to have been located in fairly 
close proximity to the nearest public thoroughfare. Many, however, were apparently set well 
back from the road, at the end of a long farm lane. By the second half of the nineteenth century, 
at least 13 farmsteads and/or dwellings (not counting those in Davis Grove) had been established 
within the present boundaries of NAS Willow Grove (see Figures 4 and 5). 
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Methods and Research Designs 

Methods 

Data collection for this cultural resources survey involved a review and compilation of 
background information, a comprehensive inventory of buildings and structures, and a 
reconnaissance-level archaeological investigation. 

The starting point for the review of background information was the report on cultural 
resource assessment conducted in association with the proposed relocation of Marine Corps Unit 
MWSS-474 to NAS Willow Grove (LBA 1994). For the present study, additional research to 
update site file information and expand the history of NAS Willow Grove was conducted. 
Repositories consulted included the Pennsylvania Historical and Museum Commission (pHMC), 
Harrisburg; the Montgomery County Public Library and the Montgomery County Historical 
Society, both in Norristown; and the Naval Historical Center, Washington, D.C. Additional 
information about the Naval Air Station was provided by the Public Works and Public Affairs 
offices at NAS Willow Grove. 

The architectural field investigation, conducted in February 1996, included photography of 
all buildings and structures at NAS Willow Grove, physical examination for purposes of 
description and assessment of integrity, and building-specific research in the Public Works Office 
at NAS Willow Grove as necessary to interpret individual resources. 

'"~.~' . 

Archaeological Resources Investigation 

Phase IA field reconnaissance was conducted at NAS Willow Grove on March 4-8, 1996. 
Reconnaissance consisted of a windshield survey of the facility to obtain information on patterns 
of topography, vegetation, disturbance, and development. Walkovers of selected portions of the 
facility were also conducted. Areas examined included the locations of surviving historic-period 
structures and areas where background information (Le., soils maps, topographic maps, and 
historical cartographic data) indicated the potential for historic or prehistoric archaeological 
remains. For portions of the archaeological reconnaissance at the station, the archaeological team 
was accompanied by a Navy serviceman or a Navy civilian employee. Elsewhere, the 
archaeological team conducted its work without guides. Occasional soil auger tests were dug to 
examine stratigraphy and soil development. 

The Phase IA archaeological reconnaissance at NAS Willow Grove took place in generally 
good weather before vegetation had come into leaf; due to a somewhat short-lived period of 
reasonably warm weather, there was no snow cover left on the ground within the boundaries of 
the station. During periods of inclement weather, LBA's researchers took advantage of the 
extensive map resources at the Public Works Office, NAS Willow Grove. 
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Research Designs
 

Architectural Resources 

The basic objective of the architectural resource component of this study was to identify, 
interpret, and assess the potential significance, in terms of the National Register of Historic 
Places Criteria, of buildings and structures at NAS Willow Grove. To this end, several questions 
were posited with respect to the station's built environment: (a) Does the station contain any 
concentration of resources that constitute a historic district or districts? (b) Does the station 
contain buildings or structures that possess significance as individual resources? and (c) Does the 
station contain resources that cannot be fully evaluated at this time, due to their relatively recent 
construction and/or the classified nature of their function? If so, which among them, on the basis 
of available information, appear to possess qualities indicating potential historical significance? 

Interpretation and analysis of architectural resources at NAS Willow Grove were based 
primarily on two major contextual themes. Both themes fall within the larger context of U.S. 
military history from World War II to the present. The first theme is U.S. naval aviation, 
particularly the shore establishments that supported this aspect of naval history. The second 
theme is the architecture and engineering of twentieth-century military buildings and structures. 

Archaeological Resources 

Archaeological research conducted as part of this cultural resources study consisted of a 
Phase IA investigation of NAS Willow Grove. The goal of this investigation was the 
development of estimates of the potential for the presence of prehistoric or historic sites within 
the boundaries of the NAS Willow Grove facility. These estimates are statements as to the 
sensitivity of a given area or a type of environmental setting for containing archaeological sites. 
Archaeological sensitivity is expressed as a simple ordinal scale of low, medium, and high 
potential. A principal goal of the investigation was the production of maps depicting 
archaeological sensitivity. 

In this study, two models of sensitivity for prehistoric resources have been used, one for the 
Piedmont Uplands of Delaware and Pennsylvania (Custer and Wallace 1982) and the other for 
the Piedmont Lowlands of New Jersey (LBA 1986). The model of historic archaeological 
resource potential for the facility was based largely upon historical maps, such as those produced 
by Hopkins (1871) and Scott (1877) for Horsham Township in the latter part of the nineteenth 
century. Maps were used extensively in this investigation because these sources concretely depict 
the locations of permanent structures, which, barring later disturbance, are likely to be the 
locations of certain types of historic-period archaeological sites. 

Archaeological sensitivity modeling involved several steps. First, eXlstmg data were 
reviewed to ascertain whether there were' any known archaeological sites within the facility. This 
review also provided a means to develop information concerning the general patterning of 
prehistoric and historic archaeological sites in the Horsham area; this information is the subject 
of the preceding chapter. Based on this review, preliminary expectations were developed 
concerning the possible locations of archaeological sites at the NAS Willow Grove facility. 
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Next, these expectations were refIned through a review of the land-use history of NAS 
Willow Grove. Analysis of land-use history sought to identify the locations and characteristics 
of past and present buildings, industries, activities, and infrastructure whose construction or 
operation might have resulted in severe ground disturbances. Analysis of land-use history thus 
attempted to identify events or activities that could have seriously damaged or destroyed 
archaeological sites. Also of interest were the locations of activities and facilities that could have 
modifIed the landscape through the placement of thick deposits of fill. Such deposits can make 
it difficult to locate archaeological sites because of their burial beneath blankets of soil, rock, or 
debris. Examples of ground-disturbing activities typically identified during this step of a Phase 
IA study are those indicated by highways, railroads, airfields, large institutional and industrial 
complexes, and dumps. 

Finally, the background research was complemented by an archaeological field 
reconnaissance. The reconnaissance sought to complete a visual inspection of the terrain, with 
the particular goal of improving the understanding of landforms previously interpreted through 
the study of topographic, geological, and soils maps alone. Reconnaissance also aimed to refine 
infonnation on past and present disturbance processes and perform an initial examination of areas 
identified as having high- and low-archaeological resource potential, in order to evaluate whether 
these estimates were acceptable or in need of revision. Given the substantial acreage of NAS 
Willow Grove, the archaeological reconnaissance was largely restricted to surface inspection 
alone; only limited subsurface testing was conducted as part of this Phase IA archaeological 
study. 
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Architectural Resource Survey 

Introduction 

The land initially acquired by the Navy for the Naval Reserve Aviation Base was a roughly 
triangular tract bounded by Easton Road on the east, Privet Road on the north, Horsham Road 
on the west, and Maple Avenue on the south. In addition to the 258 acres acquired from Harold 
Pitcairn, the tract contained a variety of smaller holdings, including a row of 12 residential lots 
fronting on Easton Road, and several fonner agricultural properties. Excluded from the Navy's 
purchase was the plant of Pitcairn Aircraft, Inc., which occupied a location about midway along 
the frontage acquired by the Navy along Easton Road. Accommodating its own designs to the 
airfield layout already established by Pitcairn, the Navy concentrated the station's operational 
features in the area immediately south of the Pitcairn plant. Buildings for administration, 
housing, personnel, and other support were for the most part situated north of the Pitcairn plant, 
arranged around a large open space with a drill field at its northern end. 

This arrangement held until the early 19608. With the 1950s acquisition of additional land 
and the extension of the main runway northward 8,000 feet, operations (Le., aircraft hangars and 
associated elements) also gradually moved north, to a point midway along the runway and much 
closer to the main built-up portion of the station. Over the decades, the triangle fonned by 
Easton Road, Privet Road, and Governor Road has become ever more crowded with buildings 
and parking lots, obscuring the World War II-era layout and relegating the handful of buildings 
remaining from that period to a visually diminished role. The drill ground is no longer extant, 
and mid to late twentieth-century buildings occupy the entire western side of the original open 
space. A small grove of willows occupies the center of the remaining open space. 

Architectural Resources 'from the World War II Era 

Note: Photographs of buildings at NAS Willow Grove built prior to or during World War 
II are arranged in order of facility number at the end of this chapter. Buildings examined as part 
of this survey are shown on Figure 14. 

As indicated earlier in this report, the landholdings acquired by the Navy in 1942 for NAS 
Willow Grove contained a variety of buildings at the time. While most of these were eventually 
removed, a number, chiefly dwellings, were retained for Navy use. At least seven dwellings 
housed married officers and their families, including the station's Commanding Officer. Six of 
these dwellings are still used for that purpose at the station. Three of them (Buildings 109, 110, 
and 111) were constructed in 1941, and a fourth (Building 112) was constructed in 1937. Each 
was situated on a two-acre lot, fronting on Easton Road, that appears to have been subdivided 
out of a larger tract owned by Mary Cornell. Buildings 109 and 110 are of very similar design, 
vaguely "Colonial Revival," with brick-clad frrst stories and clapboarded second stories beneath 
simple side-gable roofs. A flat-roofed section at one gable end served as a garage (on Building 
110, it is now fully enclosed as living space), while a shed-roofed enclosed porch was attached 
to the other gable end. Each house has a side-hall plan, with the entry in the three-bay main 
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elevation opening directly onto a stair, with the living room to the right and the kitchen and 
dining room at the rear. Building 112's high gambrel roof with shed dormers suggests the Dutch 
Colonial style, but in most respects this house is similar to Buildings 109 and 110. The first 

.~	 story is clad with brick and the remainder with aluminum siding. The entrance to the hipped
roofed brick extension on the southern end is sheltered beneath a shed-roofed porch supported 
on short Tuscan Doric columns. Building 111, on the other hand, is clad entirely in brick. The 
two-story dwelling has a symmetrical three-bay facade, the main entrance featuring a triangular 
top suggestive of a pediment. Wooden 6/6 double-hung sash windows are set in rectangular 
openings topped with soldier courses and flanked by narrow shutters. The exterior brick chimney 
at the northern gable end is flanked by quarter-circle windows at attic level. 

Buildings 113 and 114 are former fannhouses considerably predating NAS Willow Grove. 
Building 113, situated immediately north of the old Pitcairn Aircraft works, is dated by the Navy 
to 1856. It is of frame construction (now clad with aluminum siding), with symmetrical three
bay main elevation and side-gable roof terminating in partial cornice returns, and is 2-1/2 stories 
high. The ground plan fonns a T; the head of the T is the single-pile main block, and the stem 
is a two-story rear wing. Narrow rectangular "eyebrow" windows set close beneath the eaves of 
the main block provide illumination at the attic level. The existing brick chimney at the southern 
gable end does not appear to be original; the window elements are clearly not original, being 
modern III units with snap-in muntins to create the illusion of 6/6 sash. A large one-story 
enclosed porch with gable roof is also off the southern end. 

Building 114, currently the Commanding Officer's residence, is situated at the far southern 
end of the station. The gravel driveway (which may once have extended all the way to Maple 
Avenue) is lined with mature conifers. Bearing a date stone reading "1842 T.P.S.," the original 

'-..,. 
part of the house is two stories, and is of fieldstone construction with side-gable orientation. The 
first story is divided into three bays and the second into four bays, all with 6/6 wooden sash. 
Slender wooden posts with Eastlake-style brackets support the hipped roof of the full-length front 
porch. At the northern end of the house is a 2 1/2-story late nineteenth-century wood frame 
addition, the gable roof of which is clipped at the front and shelters a small balustraded porch 
that surmounts a two-story polygonal bay. Off the rear of this frame section is a curious masonry 
section with steep shed roof, containing the kitchen. According to Public Works drawings, the 
stone foundation of this section is attached to, and may be contemporary with, the foundation of 
the main block, although the original character of the structure it supports is no longer 
discernible. East of the house is a medium-sized bank bam (numbered #63 by the Navy), with 
fieldstone ground level and timber-framed threshing floor and loft area clad with vertical 
beadboard siding. The built-up earthen ramp on the eastern side of the bam is stabilized by stone 
retaining walls. The asphalt-shingled barn roof is pierced by a row of skylights installed at an 
unknown date. 

During World War II, the Navy erected approximately 70 buildings and structures at NAS 
Willow Grove. Nearly all were constructed from designs generated for the Navy in 1942 by The 
Ballinger Company, one of Philadelphia's pre-eminent architectural and engineering finns. 
Approximately 30 of these World War II-era buildings and structures are still extant. Many of 
the station's World War II-era buildings were designed to be temporary, and as such were of 
wood frame construction, with concrete foundations, drop siding, and multilight double-hung sash 
windows. The continued use and improvement of such buildings ultimately required their 
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reclassification as semi-pennanent, a designation that many of those remaining today still retain. 
Brick and concrete were selectively utilized for buildings such as power plants, pump houses, and 
those used for storage of flammable or corrosive materials, and also for Headquarters and the 
sentry house at the main gate. 

The Headquarters building (Building 1) is prominently sited directly across the traffic circle 
from the main gates. The two-story edifice has a V-shaped ground plan, with the arms of the 
U extending forward from the principal facade. The exterior walls are of a dark, brown-red brick 
that is rusticated at the water table. The foundation and trim are concrete, including the cast 
architraves of the three entrances, each of which features the winged anchor insignia of naval 
aviation. The window openings, topped with concrete lintels, are fitted with modern metal 1/1 
sash, and the original wooden doors have likewise been replaced with metal elements. 

The wartime station featured four barracks for enlisted personnel, buildings for recreation, 
subsistence, and training, a large dispensary, and an equally large BOQ. All but the latter were 
situated toward the northern end of the station, in an arrangement loosely organized around the 
drill ground. The BOQ, on the other hand, was situated well to the south, oriented to face Easton 
R<;>ad and in closer proximity to the quarters for married officers (MOQ). Of these, Building 2 
(recreation), Building 3 (subsistence), and Building 5 (BOQ) remain extant. Each of these wood 
frame buildings features a gabled central pavilion with long wings extended from each side and 
at the rear. Their symmetrical facades are vaguely classical in composition, with the theme 
emphasized by the pedimented portico on Building 2 and the pedimented treatment of the central 
block of Building 5. Originally clad with wood drop siding, all three buildings have in recent 
decades been clad with "exterior finish insulation," a styrofoam-like substance that, painted tan, 
resembles stucco when viewed from a distance. Metal 1/1 window elements have almost entirely 
replaced the buildings' original 6/6 wooden sash. Buildings 2 (recreation) and 5 (BOQ) continue 
to serve their original functions, although with numerous modifications and modernizations. 
Building 3, the fonner mess hall for enlisted personnel, has been converted to a child care center 
within the past decade. The old wooden enlisted mens' barracks (originally Buildings 9-12) have 
been replaced by several large new concrete masonry buildings, and a new galley, Building 626, 
provides subsistence to personnel in residence. 

Buildings 6, 7, and 8 are situated along Privet Road, at the extreme northern edge of the 
Naval Reservation. Building 6 is the station's main power plant, a compact structure of brown
red brick and concrete from which rise two tall metal stacks with conical caps. Expansive 
industrial-type metal multilight windows, set in large segmental-arched openings, that originally 
illuminated the engine room have been replaced with aluminum elements of smaller dimensions 
and featuring horizontal lights. Building 7 was originally the station's incinerator. This small, 
rectangular, flat-roofed building has a full basement below the raised main floor and is of 
concrete construction. At the western end is an unloading dock, and there is a square concrete 
chimney at the eastern end. 

Building 8 was built, and still serves, as the pump house for the station's sewage treatment 
plant. The cottage-like frame building, with gable roof and cement-asbestos shingled walls, is 
flanked on the south by four rectangular primary clarifiers, and on the north by a pair of 
secondary clarifiers. Four circular trickling filters (two for primary treatment and two for 
secondary treatment) are arranged in a line immediately east of the pump house. Beyond the 
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filters are two circular sludge digesters enclosed by high earth embankments. Attached to one 
side of the northernmost digester is a tall concrete enclosure for meters, sampling tanks, and 
controls; an exterior concrete staircase winds around one corner of the enclosure to provide 
access to the top of the tank. The last feature of this compact facility is the sludge bed (Building 
16), which encloses an arrangement of gated concrete channels and beds within a steel-framed, 
glass-covered "greenhouse." The sewage treatment plant was expanded in the late 1950s or early 
1960s, essentially by replication of existing elements, but the design and operation of the facility 
remain basically as initially constructed. 

Building 13 originally served as the station's garage and firehouse, and today provides 
accommodations for automobile-related "hobbies." The building, which is one story on a 
concrete foundation, has a broad gable roof supported by wooden trusses. The exterior, originally 
clad in drop siding, is covered with cement-asbestos shingles. Modern metal roll doors replaced 
the original wooden elements at vehicular entries informally placed on northern and western 
elevations. Building 608, constructed in 1987, currently provides fire protection services to the 
air station. The commodious steel-framed building, with five large vehicle bays, is clad on the 
exterior with bricklike masonry. 

NAS Willow Grove's original operations area, situated toward the southern end of the Naval 
Reservation, displays a somewhat forlorn appearance, now that the locus of airfield activity has 
moved well to the north, and the World War II-era control tower (Building 18), hangar (Building 
15), aircraft assembly shop (Building 20), and Naval Air Transport warehouse (Building 26) are 
no longer extant. Buildings 15A and 15B, a boiler house and a substation, respectively, were 
originally attached to the back of the hangar. Both are utilitarian structures of brick and concrete 
with flat roofs. Building 15A, the larger of the two, is distinguished by a large vehicular bay in 
the eastern elevation. Building 21, originally a paint and dope shop, is nearby. The building, 
of brick and reinforced concrete construction, has an expansive work area illuminated on the 
northern and eastern sides by large "window walls" of industrial-type steel sash. Ventilation was 
provided by a powerful blower system mounted in the upper level of the western end of the 
building. 

Building 22, designated as a "supply building" in 1942 drawings, appears to have always 
been used as a warehouse. Situated immediately south of Building 21, the long, wood-framed, 
one-story building is set on a raised concrete foundation. Its nearly-flat roof is extended at the 
northern and southern ends to shelter loading docks. The originally drop-sided exterior is now 
clad with cement-asbestos shingles, and metal window units with horizontal lights have replaced 
six-light fixed windows and 6/6 double-hung sash. 

Building 43, located across the road from Building 22, was constructed in 1934, according 
to the Navy's P-164 inventory, and contained a small restaurant or snack bar. The building 
wasacquired from Pitcairn Aircraft in 1942. Originally used by the Navy for ordnance, Building 
43 was remodeled in 1945 to serve as an instruction and classroom area for petty officers. The 
wood-frame, one-story building has a central hipped-roofed main block, with small, hipped-roofed 
appendages at the northern and southern ends which postdate the original central section. 
Building 43, which is now clad with cement-asbestos shingles, houses a recruiting station. 
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TIlls operations area had its own pump house, Building 24, which provided water for both 
domestic use and firefighting. Building 24, which is one story high, is composed of two sections, 
with a small distribution/switchboard room positioned at the western end of a long pump room. 

A circular covered reservoir is situated adjacent to the northern wall of the pump room. The 
building's brown-red brick walls are pierced with segmental-arched openings fitted with 6/6 
wooden double-hung sash. 

Building 29, originally designated the "aviation supply annex" and now used to house ground 
support equipment, is also in the former operations area. One of a small number of buildings 
at NAS Willow Grove designed for the Navy in 1943 by consulting engineer John A. Irwin, 
Building 29 is of concrete block construction, with its gable roof clad with frre-retardant black 
cement tiles. Expansive 6/9 wooden sash windows, grouped in threes, provide natural 
illumination to the interior. 

Postwar construction in the old operations area included Building 77, a long, one-story, 
wood-frame building constructed in 1950 that has twin gable roofs terminating at the northern 
end in a single clipped gable. The exterior of the building is clad with cement-asbestos shingles. 
Window openings are fitted with metal elements with horizontal lights. Building 70, a flat-roofed 
concrete storage structure built in 1947, and Building 75, a gable-roofed frame garage built in 
1948, are also in this area. The oldest structure in the former operations area is the water tower, 
an elevated 50,OOO-gallon steel tank constructed for Pitcairn Aircraft in about 1930 by the 
Chicago Bridge and Iron Works. At the base of the tower is Building 180, a tiny brick pump 
house. 

The rest of NAS Willow Grove's World War II-era buildings vary widely in terms of 
function and physical characteristics. They include an assortment of small flat- or shed-roofed 
masonry utility structures, such as the chlorinator house (Building 30) and Well Houses #1 and 
#2 (Buildings 31 and 32). Also in this category are ammunition magazines (Buildings 54 and 
55), earth-covered, reinforced concrete "igloo" type structures typical of wartime construction. 
Building 49, of concrete block construction with a flat roof, has since the early 1980s functioned 
as a snack bar called the Flight Line Inn; it was originally a Public Works paint shop. Building 
51, situated in the Public Works compound at the northern end of the station, is a typical World 
War II-era temporary structure, gable-roof~..d with wood framing and set on concrete piers. 
Building 59, a one-story, gabled building with cement-asbestos shingles applied over original 
drop siding, was constructed as a dog kennel, and was situated at the southeastern comer of the 
station property, adjacent to a pre-existing farmhouse (used by the Navy as an MOQ) and bam 
that are no longer extant. Building 59 was subsequently relocated to its present spot in a fenced 
compound on the far side of the airfield now occupied by a Marine Reserve unit. The former 
station laundry, Building 65, is a flat-roofed, concrete block building whose large window 
openings have been completely filled in. 

Building 38, the station's 2oa-man. chapel, was built in 1944. Constructed from designs 
generated by the Bureau of Yards and Docks, the chapel has brown-red brick exterior walls 
enclosing a nave five bays long. The shallowly-pitched gable roof, supported on exposed wooden 
trusses, is surmounted by a short, octagonal, louvered belvedere supporting a simple cross. The 
three-bay main elevation originally contained three double-leaf wooden doors below large 
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multilight transom panels. The doors are now composed of modern aluminum and glass 
elements. A full-height projecting porch features thick, square wooden columns that are now 
encased in aluminum siding. The nave windows, set in segmental-arched openings, are abstract 
compositions of colored glass, with blue as the primary color. These windows replaced original 
8/8/4 wooden sash during a major interior remodeling effort in 1966. 

The sentry house (Building 39) at the main gate, also constructed in 1944, is of some interest 
as a very late design by University of Pennsylvania architect Paul Philippe Cret (1876-1945). 
This modestly-proportioned building exhibits a simplified classical revival style complemented 
by the rusticated brick piers of the flanking wrought-iron gates. The rear portion of the building 
is of brick, with rusticated brick quoining. At the front is a wooden enclosure, representing an 
in-process reconstruction of the original enclosure. This office area, extensively glazed on three 
sides, is sheltered beneath a pedimented extension of the gable roof supported on slender wooden 
posts. At the western end, the roof has partially returned cornices. 

NAS Willow Grove, 1945-Present 

Note: Photographs of buildings erected at NAS Willow Grove since 1945 are arranged by 
facility number in Appendix A. 

Over the past 50 years, the gradual transformation of NAS Willow Grove into a major Joint 
Reserve training installation has significantly transformed the character of the station's built 
environment as well. A significant number of the principal wartime "temporary" buildings are 
no longer extant; the most important of those that remain (Buildings 2, 3, and 5) have undergone 
both interior and exterior modernization. Steel framing and metal or concrete cladding are more 
characteristic of mid-to-late-twentieth-century construction at the station. Some of the earlier 
postwar buildings are clad with brick in a traditional manner; others, more recent, are clad with 
square brick masonry units. In contrast to the simplified classicism exhibited by some of the 
World War II-era buildings, a modernist, utilitarian style now prevails, characterized by crisp, 
rectilinear forms, and an emphasis on the horizontal. The scale of the station's postwar 
architecture is also noticeably larger than that of its wartime architecture. 

In place of the two relatively small wooden hangars utilized by the Navy during the war, 
four capacious modem structures now serve as the focal point of airfield activities. Three of the 
structures are utilized by the Navy and the Marines, and the fourth by the Army. Building 80, 
constructed in 1954, utilizes reinforced concrete arches to create its clear span interior. The 
hangar, clad in seamed metal, has overlapping sliding doors on both its air and land sides, and 
is flanked by two-story, steel- framed and -clad instruction and administrative sections. At the 
southern corner is the control tower, and off the southeastern elevation is Building 780, a very 
new two-story, brick-clad operations facility. Building 175, the largest of the station's hangars, 
was erected in 1977 from designs by the station's original architect, The Ballinger Company. It 
is basically a very long (over 500 feet) 'steel-clad shed, the roof of which is suspended from a 
series of exterior steel frameworks. A long concrete block section with a narrow band of 
windows high in the wall extends across the rear. Between these hangars is Building 180, an 
avionics shop erected in 1979, consisting of a steel-framed high-bay section to which a long, low, 
concrete section is attached. The station's newest hangar, Building 680, home to Marine Air 
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Group 49, was built in 1989. Building 680, which is steel-framed, features two sets of 
telescoping sliding doors on the air side. The Army hangar, Building 177, was also constructed 
in 1977. It has a shallow gable roof and is clad in unpainted corrugated sheet metal. 

Building 140, constructed in 1961, is home to the Navy's Reserve Antisubmarine Warfare 
Training Center (RESASWTRACEN), which employs a wide variety of simulators to train and 
update flight and maintenance crews in the ever-evolving complexities of ASW technology. The 
long, flat-roofed, two-story building has a largely windowless brick-clad exterior, with a single 
double-loaded corridor terminating in a short cross-passage at the northern end. Off the eastern 
side is a two-story wing added in 1975, its elevations divided into alternating vertical panels of 
brick and concrete. The most recent major addition to the station's classroom facilities, set near 
Building 140, is Building 601 (1982), a visually abstract (but highly functional) arrangement of 
two concrete masses, one a low, flat-roofed box, the other enclosed by a high, steep shed roof, 
most of which is glazed to provide natural illumination to the interior. 

With the temporary wooden barracks removed, enlisted personnel are accommodated in two 
large buildings. Building 172, constructed in 1975, is three stories tall, with a ground plan in the 
shape of a shallow D, a flat roof, and a roughcast concrete exterior. Pipe railings edge the 
exterior walkways. Strong horizontal lines mark the most recent BEQ, the four-story Building 
609, linking it visually to the adjacent galley (Building 626). 

The station's personnel and Public Works support facilities have also expanded over the 
decades, evidenced in part by the conversion of Building 3 to a child-care center and the 
remodeling of Building 2 for updated recreational use. Other recent construction programs have 
resulted in a new Navy Exchange (Building 605), and facilities for the Personnel Support 
Detaclunent (Building 677). Health care is provided from Building 137, a one-story, resolutely 
featureless structure with aluminum windows piercing the exterior brick cladding at regular 
intervals. Building 78, erected in 1953 for the Public Works Department, was the first of the 
station's major postwar construction efforts. Organized around an L-shaped hall, the flat-roofed 
building features a two-story central block originally designed for general storage and offices, 
with a large transportation shop at the southwestern end, and spaces for pipe, electrical, paint, 
and carpentry shops at the northern end. Tall bands of metal windows extend for most of the 
length of the principal elevations. Building 171, an enormous gable-roofed concrete block 
warehouse with flat-roofed office block clad in square brick masonry units at the western end, 
provides space for receipt and disbursement of the innumerable goods and materials necessary 
for day-to-day life and work on the installation. Nearby is the Marine Air Group's own 
warehouse, Building 606, which is steel-framed on a raised concrete foundation. The office 
portion, at the eastern comer, is set off from the rest of the seamed-metal-clad building by glazed 
tile and glass block, and the two unloading bays are cheerfully and clearly marked by door-sized 
numerals. 

The station's small collection of aviation artifacts, most of which are grouped in a fenced 
enclosure adjacent to :Easton Road, should also be noted. They include an F9F-2 Panther, a high
performance night fighter first flown in 1947; a Seabat UH-34 helicopter, used for ASW and air
sea rescue; the supersonic Crusader LTV F8D-1, flown by Navy and Marine Reservists at NAS 
Willow Grove in the 1960s and 1970s; the Seadart XF-2Y-1, a sea-based jet fighter flying boat 
that is one of only five ever built; a Cutlass F7V-3, designed in 1946 from information captured 
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from the Luftwaffe, and ftrst flown in 1951; a North American AF-IE (FJ-4B) Fury attack 
fighter, the Navy version of the F-86 Sabre jet; and a TV-1 Shooting Star. Behind this little 
open-air museum, adjacent to the Navy Exchange parking lot, is a decommissioned P3 Orion, 
long the workhorse of Navy patrol squadrons. 
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Building 1 (Administratidn) 
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Building 3 (Child Care) 

Building 5 (BOO) 
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Building 6 (Boiler House #1) 
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Building 13 (Auto Hobby) 
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Building 16 (Sludge Bed) 
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Building 22 (t\lEX Warehouse) 
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Building 29 (Ground Support) 
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Building 30 (Chlorinator House) 
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Building 39 (Gatehouse) 
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Building 49 (Snack Shop) 
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Building 59 (Maintenance) 
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Building 74 (Substation, left)
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BUilding 108 (Water Tank) 
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Building 109 (MOO) 

Building 110 (MOO) 
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Building 111 (MOO) 
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Building 131 (Garage, left) 

Building 132 (Garage) 

Building 133 (Garage, right) 
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ARCHAEOLOGICAL SURVEY 

The Phase IA archaeological reconnaissance of NAS Willow Grove facilities was intended 
to gather information on patterns of topography, vegetation, disturbance, and development and 
to inspect the locations of historically recorded sites/structures. Information gathered during the 
reconnaissance served as a complement to and a check on material obtained during the 
background study. Together, these two sources contributed to the development of archaeological 
sensitivity models for the NAS Willow Grove facilities. 

As noted, the reconnaissance consisted of a combination of windshield survey and walkovers 
of selected areas of the facility. Only a few soil cores were examined, and no systematic 
subsurface survey was undertaken. 

NAS Willow Grove covers 1,170 acres, much of which has been utilized for runways, 
taxiways, approach zones, and buildings housing administration, aircraft maintenance, training, 
and other related functions (see Figure 2). The property is located on a broad drainage divide 
between Little Neshaminy Creek, situated 4,000 feet north of the northern boundary of the 
facility, and Pennypack Creek, located 3,000 feet south of the station's southern boundary (see 
Figure 1). Several minor drainages located near the facility flow in a generally northward 
direction; two flow into Park Creek, a tributary of Little Neshaminy Creek, while the third 
empties directly into Little Neshaminy Creek. Two other minor watercourses flow southwestward 
from the vicinity of the antenna field and the vicinity of the Commanding Officers residence, 
emptying into Pennypack Creek. The topography of the station is generally level, with a gradual 
downward slope to the northwest and south (see Figure 1). 

In general, the ground surface of NAS Willow Grove is covered by vegetation (grass and 
brush), or by artificial surfaces such as runways, roads, and buildings. Nonetheless, the 
archaeological reconnaissance included walkovers of several areas within the facility. Areas 
examined in detail included 15 locations that, based on late nineteenth- and early twentieth
century maps (particularly Hopkins [187l] and Scott [1877]), had been foci of historic 
occupation. Previous visits to the station, together with evidence from topographic and soils 
maps, suggested that the western margins of NAS Willow Grove had not been subjected to 
extensive disturbance and therefore might possess some potential for prehistoric archaeological 
remains. This area, which also contained several of the potential historic site locations, was 
closely inspected during the pedestrian reconnaissance. 

The 15 potential historic site areas were given numeric designations 1 through 15 during the 
pedestrian survey (Figure 15). The survey commenced in the vicinity of the former conununity 
of Davis Grove and moved clockwise around the runway facility. The results of the pedestrian 
survey for each of these areas are presented below. 

Historic Site Area 1. All of the potential site locations within Davis Grove, located at the 
intersection of Privet and Governor roads, were designated as Historic Site Area 1 (see Figure 
15). Four structures, including three residences and a store, are shown in Davis Grove on the 
1871 Hopkins map (see Figure 4). By 1877, a blacksmith shop (B.S.S.) had been established at 
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the northeastern comer of the intersection (see Figure 5). Presently, this area is located in a 
heavily developed part of the station, where a number of aircraft support facilities have been 
built. These include the fuel farm, storage tanks, a multistory aircraft hangar, and runway 
approaches (see Figure 15). It is highly improbable, given the extent of the modern construction 
at the former road intersection, that any significant historical archaeological remains exist at this 
location. 

Historic Site Area 2. This designation was assigned to a site belonging to S. Deweas in 1871 
and J.W. Jarrett in 1877 (see Figures 4 and 5). The site is presently the location of the Flightline 
Restaurant, parking facilities, and a roadway. Due to the extensive alterations created by cutting 
and filling to build these existing facilities, this area is considered to have a low probability to 
contain significant archaeological resources. 

Historic Site Area 3. This is the location of a structure depicted on the 1877 Scott map (see 
Figure 5) and on an 1893 property atlas of Montgomery County (Smith 1893). During the latter 
year, it is shown as being located on a large tract of land owned by W.J. Hallowell (Smith 
1893: 15). As late as 1942, a dwelling and one or two outbuildings were still located in this area 
(see Figure 7). This is presently the site of the main entrance to NAS Willow Grove (see Figure 
2). Modern construction in this area has included the gate building and wall, the circle drive, 
a parking lot just north of the gate, and the widening of Route 611 to five lanes in front of the 
gate. No evidence of the former turnpike structure was observed. As a result of the modern 
construction in this area, it appears unlikely that deposits related to this structure exist. 

Historic Site Area 4. Site Area 4 is an extant structure (Building 113 discussed earlier) located 
at the comer of Governor Road and Route 611 (see Figure 15). The building, dated by the Navy 
to 1856, is on Hopkins' 1871 map as the residence of W. Howell (see Figure 4). In 1877, the 
building was recorded as a blacksmith shop (B.S.SH) (see Figure 5), although that activity 
probably took place in another structure on the property. Today, the building serves as a 
residence for NAS Willow Grove personnel. A surface examination of the yard areas adjacent 
to the dwelling indicate that associated archaeological deposits may be intact. Therefore, Historic 
Site Area 4 is believed to have moderate to high archaeological potential. 

Historic Site Area 5. This is the location of a structure, presumably a dwelling, belonging to 
W. Wade in 1871 (see Figure 4). In 1877, the property was listed as belonging to M.L. Wade 
(see Figure 5). Presently, this area is immediately east of the runway and north of where the 
water tower is situated, in the vicinity of buildings 15A, 15B, 24, and 107 (see Figure 15). The 
former structure would probably have been situated between Route 611 and the access road west 
of the water tower. Modern construction in this area has been moderate to extensive, with filling 
in the vicinity of these structures and downcutting adjacent to the runway. The walkover of this 
area yielded no evidence of historic occupation. Based on these results and the extent of the 
modem development, this location is estimated to have low to moderate potential for historical 
archaeological deposits. 

Historic Site Area 6. Site Area 6 is located at the northwestern corner of the former intersection 
of Maple Avenue and Route 611 (see Figure 15). Both the Hopkins 1871 and Scott 1877 atlases 
show two structures, presumably a farmstead belonging to C. Kenderdine (see Figures 4 and 5). 
On the 1934 Franklin survey map, a cluster of three buildings is depicted at this location: a 
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dwelling that fronted on Maple Avenue, and two outbuildings to the rear (Franklin 1934) ~see 

Figure 6). Mid-twentieth-century construction in this area is clearly documented on the CIrca 
1944 and 1958 aerial photographs, and includes the filling and lengthening of the runway and 
the rerouting of Maple Avenue to the south (see Figures 8 and 12). Due to the extensive 
runway-related construction in this area, Historic Site Area 6 appears to have low potential to 
contain significant archaeological deposits. 

Historic Site Area 7. Site Area 7 is an extant fannstead located at the southern end of the base 
near Gate 4 (see Figure 15). In 1871 and 1877, the property was depicted as belonging to W. 
Stemple (see Figures 4 and 5). By 1893, the property was owned by George Sill (Smith 
1893:15). Today, the farmstead serves as the residence of the NAS Willow Grove Commanding 
Officer. On the 1934 Franklin survey map, two structures, a house and barn, are depicted on the 
property (Franklin 1934) (see Figure 6). An examination of the June 30, 1944 NAS map (see 
Figure 9) and the 1994 NAS topographic maps (see Figure 2) reveals a discrepancy that should 
be noted. The discrepancy arises from differences in how the structures were mapped on the 
different dates. The 1994 map accurately reflects the existing conditions at the site. The 1944 
map, however, shows a slightly different fannstead configuration, with smaller structures at 
different locations. The discrepancy between the two drawings is possibly the result of a map 
error. An alternative explanation could be that the buildings on the property were moved 
sometime after 1944. An inspection of the yard areas adjacent to the house and barn, however, 
indicated no obvious modern disturbance, suggesting that associated archaeological deposits may 
be intact. Therefore, it is estimated that Site Area 7 has moderate to high potential to contain 
significant archaeological deposits. 

Historic Site Area 8. Area 8 was assigned to a property belonging to W. Yerkes in 1871 and 
1877 (see Figures 4 and 5). In 1893, the property was owned by Howard Wood (Smith 
1893:15). On all three nineteenth-century maps, the site is depicted at the end of a short lane 
running north from Horsham Road. On the 1934 Franklin map, three structures are depicted on 
the site (Franklin 1934) (see Figure 6). Modern construction in this area has included the 
building of the antenna field (see Figure 2), which required filling to a depth of approximately 
15 feet on the southern and western sides of the site, and the rerouting of the drainage 
immediately south of the site. The full extent of the disturbances related to this construction 
episode is clearly visible on the 1958 aerial photograph (see Figure 12). As a result of this 
disturbance, this location is expected to have low potential for intact archaeological deposits. 

Historic Site Area 9. Site 9 was also located along Horsham Road, north of the Yerkes 
farmstead (see Figure 15). In 1871 and 1877, the property is depicted as belonging to C. 
Stockhouse (see Figures 3 and 4). Thomas Strackhouse is listed as the property owner in 1893 
(Smith 1893: 15). The 1934 survey map shows two structures, a house fronting on Horsham Road 
and a large barn to the rear (see Figure 6). Modern disturbances have included the construction 
of Building 176, and the construction of the original runway configuration, visible on the 1944 
aerial photograph (see Figure 8). The walkover survey of the area indicated no evidence of the 
former site location. It was concluded that, due to the high degree of disturbance, this area has 
low potential for containing intact archaeological deposits. 

Historic Site Area 10. This site location was assigned to a former structure located at the 
intersection of Horsham and Privet roads. In 1871 and 1877, the site was listed as the property 
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of 1. Carr. The property was owned by Isaac Carr in 1893 (Smith 1893: 15). Two structures are 
depicted on the 1934 survey map, a dwelling and a relatively small outbuilding (see Figure 6). 
In 1944, the complex included the house, the bam, and five outbuildings (see Figure 9). The 
pedestrian survey of the area revealed no trace of structural foundations, indicating that the area 
was bulldozed when the structures were razed. Recent road maintenance disturbance revealed 
a diffuse scatter of plain and transfer-printed whiteware along Horsham Road in the vicinity of 
the location of the former dwelling. Two mature shade trees also denote the presence of the 
former farmstead. Based on the survey of the existing conditions at the site, this area is 
estimated to have low to moderate potential to contain significant archaeological deposits. 

Historic Site Area 11. Area 11 refers to a site belonging to T. Rush in 1871 and 1877 (see 
Figures 4 and 5). The site is not depicted on the 1934 Franklin survey map, and may have been 
demolished by that time (Franklin 1934) (see Figure 6). The location presently serves as the 
recreation area, where a ballfield and picnic facilities have been constructed (see Figure 2). 
Additional modem disturbances include the construction of roads immediately to the south and 
east, and the construction of the lake and dam to the north and east. The pedestrian 
reconnaissance of the area revealed no evidence of the former structure. The results of the 
walkover and the extent of the modem development indicate that the area has low potential for 
containing significant archaeological remains. 

Historic Site Area 12. Site Area 12 (see Figure 15) refers to a property belonging to 1. Pierson 
in 1871 and 1877 (see Figures 4 and 5). The 1934 Franklin survey map depicts two structures 
on a small triangular lot at the intersection of Privet and Davis Grove roads (Franklin 1934) (see 
Figure 6). This location is presently located directly beneath the main runway. Due to the extent 
of the disturbance caused by this construction, this location is estimated to have extremely low 
archaeological potential. 

Historic Site Area 13. Site Area 13 was located along the north side of Davis Grove Road, 
north of the intersection with Privet Road (see Figure 15). In 1871 and 1877, the property was 
listed as belonging to J. Jarrett, Sr. (see Figures 4 and 5). A structure was also shown at this 
location in 1893, although the name of the property owner is obscured (Smith 1893: 14). The site 
is no longer depicted on the 1934 survey map, indicating that it may have been demolished prior 
to military ownership (see Figure 6). The site is presently located beneath the runway fringe and 
runway maintenance road. Aerial photographs taken in 1955, 1957, and 1958 (see Figures 10-13) 
clearly demonstrate massive ground disturbance related to the construction of the runway 
extension. Due to the extent of this disturbance, this area is estimated to have extremely low 
potential for intact archaeological remains. 

Historic Site Area 14. This site area was located on the northern side of Davis Grove Road, 
west of Site Area 13 (see Figure 15). In 1871 and 1877, the property was listed under the 
ownership of S. Cozzens (see Figures 4 and 5). Samuel Cromier owned the property in 1893; 
at that time, the tract contained two structures (Smith 893:14). The same two buildings were 
depicted in 1934, when the property was listed under the name Nancy S. Wood (see Figure 6). 
Modern construction in the vicinity of the site area consists of filling to bring this part of the 
runway extension up to a consistent grade. This section of filling begins just south of the former 
structures and extends north for a distance of approximately 1,600 feet. Although this area of 
made land is not depicted accurately on the Montgomery County Soil Survey (where the limit 
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of made land is shown too far to the east), it is clearly shown on the 1955 and 1957 aerial 
photographs taken of recent runway construction (see Figures 10 and 11). It is estimated that 
the depth of fill in this area ranges between 5 and 20 feet. The pedestrian survey in this area did 
detennine that portions of the Davis Grove Road roadbed are intact west of the made land; 
however, no intact foundations were identified. Possible building stone rubble near the road is 
the only indication of the former site location. The results of the pedestrian survey in this area, 
and the extent of the made land east of the roadbed, indicate that the site possesses low potential 
for intact archaeological remains. 

Historic Site Area 15. Site Area 15 (see Figure 15) was assigned to the core of a property 
depicted by Smith in 1893 as belonging to Abel Pemrrose; at that time, the tract contained two 
structures, presumably a house and a bam (Smith 1893:14). The 1934 survey map shows only 
one structure on the property, which by that time was owned by the estate of William F. Beck 
(see Figure 6). The site area is near Gate 8, at the end of a short lane facing Keith Valley Road. 
The pedestrian reconnaissance of the location revealed large fragments of concrete in a small 
scatter within 50 feet of Keith Valley Road. These fragments may be related to a structure that 
once stood in this area. The site vicinity at the end of the lane depicted on the 1934 map is well 
within the water retention basins built at the end of the runway extension. The 1955, 1957, and 
1958 aerial photographs which document this construction episode clearly show extensive 
disturbance in this area (see Figures 10-13). Historic Site Area 15, therefore, appears to possess 
extremely low potential for intact archaeological deposits. 

Following the pedestrian reconnaissance of each specific Historic Site Area, the remainder of the 
least developed portion of the station, located west of the runways, was examined as part of a 
comprehensive walkover survey. The goals of this walkover were to look for visible remains of 
sites that may not have been mapped during the nineteenth or early twentieth centuries, and to 
record the extent of visible disturbances that affect the potential of NAS Willow Grove to contain 
intact prehistoric deposits. The results of this general walkover yielded no unrecorded historical 
remains. Documented disturbances which affect the potential for prehistoric remains were 
primarily related to the construction which has affected water drainage patterns on the western 
side of the station. These results are discussed below. 

As previously discussed, prehistoric sites in the Montgomery County area tend to occur on well
drained landforms in close proximity (usually within 300 feet) to a watercourse. As part of the 
pedestrian survey, the ground surface near four minor, intermittent watercourses in the western 
portion of the station were examined to assess the potential for prehistoric archaeological 
resources (Figure 16). The first area examined (designated Prehistoric Area 1) consisted of 
terrain on either side of a drainage that extends southwest from Historic Site Area 7 (see Figure 
16). Surface inspection revealed that this watercourse has been channelized and straightened, and 
two small ponds have been constructed near the head of the drainage, just to the southeast of the 
former Stempel farmhouse. Two auger tests were placed in this area, one on either side of the 
drainage. Auger Test 1, situated near the ponds, revealed 1.1 feet of fill overlying a truncated 
silty loam B-horizon. Auger Test 2, placed northwest of the stream about 45 feet from Auger 
Test 1, also revealed deposits of fill extending to 1.5 feet below present ground surface; a rock 
obstruction was encountered at 1.5 feet. Both the auger testing and the surface inspection 
conducted in the vicinity of Historic Site Area 7 indicate that the terrain to either side of the 
stream has been affected by historic activities, particularly landscaping and recontouring carried 



77 Cultural Resources Survey. NAS Willow Grove. Pennsylvania 

Ol--

240 480 FEET 

liiiiiiiiiiiiiiiiiiiiiiiiiii~~i 
o 

FIGURE 16: Potential Prehistoric Site Areas Examined During Pedestrian Survey of NAS Willow Grove 
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out during the nineteenth and twentieth centuries. As a result, this area appears to have low to 
moderate potential for prehistoric resources. 

The second area examined for prehistoric site potential (prehistoric Area 2) lay just to the 
northwest, near Historic Site Area 8 (see Figure 16). Upon inspection, it became apparent that 
this intennittent watercourse had been entirely relocated due to the construction of the antenna 
field. TIris drainage fonnerly ran northeast to southwest, and presently runs roughly east to west. 
The head of this drainage is now channeled through a concrete pipe approximately three feet in 
diameter. Because of the extensive and severe disturbance to this area resulting from the antenna 
field construction, this location is considered to possess low potential for prehistoric 
archaeological resources. 

The largest drainage on the station is an intennittent stream with its source in the vicinity of the 
recreation area (Prehistoric Area 3) (see Figure 16). From there, it flows northward for 4,000 
feet before joining a perennial tributary of Park Creek. This drainage has been dammed to create 
a small pond along the southeast side of Privet (Dawes) Road. Grading for the recreation area 
and road construction has altered the natural contours in this area. As a result, its potential for 
intact prehistoric archaeological resources is considered to be low. 

The fourth area examined for prehistoric site potential (Prehistoric Area 4) is located just to the 
north of Prehistoric Area 3. An intennittent stream flows westward from this area for about 
3,000 feet before joining the intennittent drainage with its source in Area 3. The surface 
inspection of this area indicated that cutting and filling for road construction has resulted in at 
least moderate levels of surface disturbance in this locations. Prehistoric Area 4's potential for 
intact prehistoric archaeological remains is considered to be low. 
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EVALUATION OF RESULTS 

Architectural Resources 

NAS Willow Grove was among some 30 naval air stations that were hastily established, 
beginning in 1942, to accommodate the training program necessary to support the Navy's 27,500
plane air fleet. Its initial mission was to serve as a primary training facility for naval aviators 
and ground crews. Transferred to the operational control of BuAer in October, 1943, the station 
was relieved of its primary training mission and instead became involved in the installation, 
testing, and, eventually, fabrication, of equipment, as well as serving as a terminal for the Naval 
Air Transport Service. Assigned to the Chief of Naval Air Reserve Training in December 1945, 
NAS Willow Grove embarked upon the mission that basically characterizes it today-the 
education and maintenance of a reserve force "ready for mobilization at any time." In fulfillment 
of its current mission, NAS Willow Grove provides facilities for in-the-air and in-the-classroom 
instruction of Naval and Marine Air Reserve personnel. Under the Joint Reserve Base concept, 
the station provides accommodations for the Army Reserve and also for the Air Force, which 
maintains its own complex immediately north of the station but utilizes the station's runways. 
In certain respects, the importance of NAS Willow Grove to the U.S. naval establishment (and 
to the nation's military training programs in general) has become much greater in the past three 
or four decades than it was during World War II. The station supports training for reservists 
from throughout the Middle Atlantic region who represent all branches of the armed forces 
(including, on occasion, the Coast Guard), and since 1957 has been one of the Navy's major 
centers for operational and maintenance training in airborne avionics. 

The transformation of NAS Willow Grove from a hastily-built wartime training facility to 
today's expansive joint-use training center has resulted in an equivalent transformation of the 
station's built environment. The station's legacy as a World War II installation is most evident 
in its overall layout and roadway pattern. The physical arrangement of various station functions 
has changed noticeably over time, with airfield operations relocated from their original position 
south of the old Pitcairn Aircraft plant to positions much closer to housing, personnel support, 
and instructional facilities. Removal of a number of World War II-era buildings, coupled with 
numerous large-scale construction programs since the 1950s, has conferred upon the station a 
distinctly contemporary character. 

NAS Willow Grove does not possess any concentrations of resources conforming to National 
Register guidelines as a historic district. The original core for personnel and support at the 
northern end of the station has experienced removal of the four original enlisted men's barracks 
and the hospital, and is now dominated by buildings erected largely since 1960. The old 
operational core south of the Pitcairn Aircraft plant, while retaining a variety of World War II-era 
buildings, no longer possesses key buildings such as the control center, hangar, and aircraft 
assembly shop, and as such can no longer represent its historic function and mission. 

NAS Willow Grove also does not contain any buildings or structures constructed prior to 
1945 that meet National Register Criteria as individual resources. 
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Criterion A: Association with Important Events 

In one sense, all buildings erected at NAS Willow Grove during World War II are associated 
with that incontrovertibly important event. Only two of the buildings once most directly 
associated with the station's wartime missions as a naval air facility, however, remain extant. 
Building 21 was a shop facility used for painting aircraft components. Building 29 served as a 
storehouse for aircraft parts and equipment. While each contributed to the success of the station's 
mission, neither demonstrates sufficient importance to meet this National Register Criterion. The 
other World War II-era buildings at NAS Willow Grove, including Headquarters (Building 1), 
the recreation facility (Building 2), the former galley (Building 3), BOQ (Building 5), and various 
public works facilities such as the power plant (Building 6), pump house (Building 24), 
garage/firehouse (Building 13), and sewage plant (Buildings 8 and 16), are more appropriately 
associated with the infrastructure of support generally provided at most naval shore installations, 
rather than with NAS Willow Grove's official mission. None, therefore, meet National Register 
Criteria for historical association. 

NAS Willow Grove also contains two resources originally associated with Pitcairn Aircraft, 
a notable center of aircraft research and experimentation in the 1920s and 1930s and the producer 
of the autogyro, an early version of the helicopter. These resources, however, consist of the 
water tank and present-day Building 43, once known as the Pelican Restaurant. Neither one 
possesses significant associations with this important enterprise. Indeed, the core of the Pitcairn 
Aircraft facility itself remains, largely unaltered, nearby, in active use under the Tinius Olsen 
company. 

Criterion B: Association with Important Persons 

Based on historical research, NAS contains no buildings that are directly associated, in a 
significant way, with the productive life of an important person. 

Criterion C: Possessing Significant Characteristics of a Type, Period, or 
Method of Construction 

None of the pre-1945 architectural resources at NAS Willow Grove possess qualities of 
design, construction, or use of materials of sufficient importance to meet this aspect of Criterion 
C. Buildings 113 and 114, which are nineteenth-century farmhouses converted to MOQ, are 
unexceptional examples of local vernacular domestic architecture. Buildings 109, 110, 111, and 
112, dwellings erected just prior to World War II, are typical of mass-market period revival 
housing of their time. 

Buildings erected by the Navy during the establishment of NAS Willow Grove do not exhibit 
characteristics that distinguish them as significant examples of naval architecture or engineering. 
The most prominent of the remaining wood "temporary" buildings (Buildings 2, 3, and 5) now 
lack integrity of historical design, workmanship, and materials as a result of the replacement of 
original window elements and exterior cladding with modern materials. Building 1, the 
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Headquarters, displays a greater degree of exterior integrity, although aluminum windows and 
doors now substitute for the original wood elements. With its symmetrical massing, plain brick 
walls, and discrete insignia, Building 1 projects the formality appropriate to its function. It does 

'-.....-'	 not, however, demonstrate qualities of demonstrable significance with respect to design, 
workmanship, or use of materials. The same is true for Building 39 at the main gate, although 
the arrangement of period Colonial Revival building and the flanking brick piers supporting iron 
gates offers an attractive, welcoming visage to those entering the station. The variety of other 
wartime buildings remaining on the station constitute unexceptional examples of storage, support, 
and utility structures erected in both military and civilian environments during the middle decades 
of the twentieth century. 

Criterion C: Representing the Work of a Master 

The ot:iginal designs for NAS Willow Grove were generated for the Bureau of Yards and 
Docks by The Ballinger Company of Philadelphia. The company, believed to be the oldest 
continuously practicing architectural and engineering firm in the United States, was founded in 
1878 by Walter H. Geissinger. Under the leadership of Walter F. Ballinger, who joined the firm 
in 1894, the company (subsequently known as Hales & Ballinger, Ballinger & Perrot, and, after 
1924, simply as Ballinger) specialized in industrial and commercial design, but also provided 
designs for institutional, ecclesiastical, and residential projects. During Ballinger's co-partnership 
(1901-1920) with Emile Perrot, the company emerged as an innovator in the use of reinforced 
concrete, and achieved particular note as the developer of the Super-Span Saw-Tooth roof, 
patented in 1920, in which the members making up the sawtooth skylights became integral 
elements of long-span trusses up to a then-remarkable 100 feet long. Ballinger counted RCA, 
the American Viscose Company, Campbell Soup, and Atwater Kent among its numerous 
Philadelphia-area clients in the decades prior to World War II (Ballinger n.d.; Tatman and Moss 
1930). 

For NAS Willow Grove, The Ballinger Company, headed at the time by Walter Ballinger's 
son, Robert, provided a workmanlike set of designs to accommodate the Navy's requirements. 
Considered within the body of the firm's work up to that time, the NAS Willow Grove designs 
are unexceptional from both an architectural and engineering standpoint. As such, the buildings 
resulting from those designs cannot be considered important representations of the work of this 
significant architectural and engineering firm. 

Paul Philippe Cret, a graduate of the Ecole des Beaux-Arts in Paris, emigrated from France 
to the United States in 1903. He eventually joined the faculty of the University of Pennsylvania, 
where he taught for 34 years. Through a wide range of designs for public buildings generated 
in the 1920s and 1930s, Cret exerted a powerful influence on the evolution of federal 
architecture. He became perhaps best known for his promulgation of so-called "starved 
classicism," which combined aspects of both classical and modem architecture. Among his major 
works were the Federal Reserve Board Building and the Folger Shakespeare Library in 
Washington, the Federal Reserve Bank in Philadelphia, and the Naval Medical Center, Bethesda, 
Maryland (Craig 1984). 
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Cret's design of the gates and the gatehouse at NAS Willow Grove occurred only a few 
years before his death in 1945. A competent and modestly appealing effort, it cannot, however, 
be considered among the more important examples of this architect's work. 

Criteria Consideration G: Properties Achieving Significance within the Past 
50 Years 

Under National Register Criteria, properties less than 50 years of age must demonstrate 
exceptional or extraordinary significance in order to meet National Register eligibility 
requirements. This study has identified no resources at NAS Willow Grove possessing qualities 
of extraordinary significance in terms of either historical association or design characteristics. 

In general, NAS Willow Grove's importance in the postwar era has come about through its 
contributions to broad, ongoing efforts by the U.S. military over the decades to create and 
maintain ready reserve forces, rather than through direct association with pivotal events or 
developments of the Cold War. As post-1946 resources reach the age of 50 years, their re
examination may warrant further investigation of the Joint Reserve base concept and its 
contributions to the U.S. military establishment as a whole. Architectural resources that may be 
most closely linked with (or illustrative of) that concept may include Building 140 (Reserve 
Antisubmarine Warfare Training Center, for most of its history the only such school in the 
Navy); the line of hangars (Buildings 80, 175, and 680) and their supporting facilities; the Army 
compound (Buildings 176, 177, and 178); and possibly portions of the Air Force complex (not 
included in the present study). 

Table 2 presents a summary of National Register evaluations for buildings and structures at 
NAS Willow Grove. 

Archaeological Resources 

One of the principal goals of the archaeological component of the cultural resource 
investigation at NAS Willow Grove is the construction of models of archaeological sensitivity 
or potential. These sensitivity models can provide a basis for initial consultations between the 
Navy and the Pennsylvania Historical and Museum Commission concerning the potential effects 
on archaeological resources by proposed undertakings. 

Previous sections have provided background environmental and historical information and 
summarized observations made during reconnaissance of the NAS Willow Grove facility. This 
section synthesizes these sources of information to create archaeological sensitivity models. 

Discussion begins with a review of previous ground disturbances. This discussion identifies 
those past activities that either are known to have resulted in extensive and severe ground 
disturbance or that may be reasonably assumed to have had such an effect. In settings such as 
those represented by the NAS Willow Grove facilities, severe ground disturbance is likely to 
destroy or seriously compromise the integrity of most types of archaeological deposits. 
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After eliminating areas with severe ground disturbance, potential locations of prehistoric and 
historic sites are identified. Because the archaeological study was conducted at a Phase IA level, 
no conclusions can be drawn concerning the significance under the criteria of the National 
Register, if any, for archaeological deposits at NAS Willow Grove. Determinations of eligibility 
for archaeological resources would require subsurface survey and site testing (Phase IB and Phase 
II investigations), which are beyond the scope of this study. 

Ground Disturbance 

Substantial sections of NAS Willow Grove have been altered through construction of 
runways and other facilities during the period of Navy occupancy. The most comprehensive 
sources of infonnation concerning present ground conditions at the main station are soils maps 
for the facility (Soil Conservation Service 1986), and the series of aerial photographs depicting 
the various construction episodes which have taken place since 1944 (see Figures 10-13). These 
sources show extensive areas of made land, created by cutting and filling the original ground 
surface beneath the active and abandoned runways and the core administrative-residential areas. 
The extent of made land mapped by the Soil Conservation Service and the existing infrastructure 
are shown on Figure 17. Figures 18 through 21 depict the extent of ground disturbance caused 
by construction activities between 1944 and 1958. Figure 22 shows the cumulative effect of 
these activities. 

On the basis of this data, two disturbance zones have been identified for the main station (see 
Figure 22). 

Zone 1	 Moderate ground disturbance. Areas where ground disturbance is locally 
severe, but discontinuous. Depending on local conditions, archaeological sites 
found in this zone are likely to range from those having satisfactory integrity 
over their entire areas, to those possessing areas of both good and poor 
integrity, to those that have been severely compromised throughout. Because 
preservation conditions in this zone are higWy variable, local inspection 
(including subsurface data as needed) is imperative in this zone. Includes 
portions of the recreation area, isolated areas between the perimeter road and 
fenceline, and areas in the vicinity of the Marine Corps Reserve Center 
Compound and the Commanding Officer's residence. 

Zone 2	 Extensive and severe ground disturbance. Areas where continuous or nearly 
continuous and severe ground disturbance has taken place through excavation, 
grading, and filling. Preservation of archaeological sites is unlikely. Includes 
operational and abandoned runways, graded overruns, the main operations/ 
administration area, ponds, dumps, and underground fuel depots. 
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FIGURE 19: NAS Willow Grove; Construction Disturbance, 1955
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FIGURE 20: NAS Willow Grove; Construction Disturbance. 1957
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FIGURE 21: NAS WHlow Grove; Construction Di8turbance. 1958
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Prehistoric Archaeological Resources 

As noted in the review of existing information, there are no previously identified prehistoric 
archaeological sites recorded in the files of the Pennsylvania Historical and Museum Commission 
for NAS Willow Grove. At least eight prehistoric sites have been identified, however, within 
a two-mile radius of the station. The available information thus provides little specific guidance 
concerning the possible locations of archaeological sites at NAS Willow Grove. Therefore, 
assessments of sensitivity for prehistoric resources must be based on a generalized model of 
aboriginal land use. This model takes into consideration proximity to water resources, local 
relief, and soil drainage. It is specifically based upon regional models of prehistoric settlement 
(Custer and Wallace 1982; LBA 1986). Simply put, prehistoric sites located within the 
boundaries of NAS Willow Grove would be expected to occur on well-drained landforms in close 
proximity to a source of surface water-generally at a distance of no more than about 300 feet. 
As previously discussed, NAS Willow Grove is located on a broad drainage divide; today (and 
historically), sources of surface water consist of only a few minor, intermittent drainages in the 
western portion of the station. A review of available cartographic data and aerial photographs 
of the station identified four areas that appeared to have at least some potential for prehistoric 
archaeological resources, based on proximity to water, topographic position, and general soil 
characteristics (see Figure 16). The field inspection indicated that of these, only one, Prehistoric 
Site Area 1, appears to retain any integrity. Although located in areas of moderate ground 
disturbance, Prehistoric Site Areas 2 through 4 had been subjected to locally severe disturbance 
from grading and filling, and as a result are considered to have little potential for intact 
archaeological resources. Prehistoric Site Area 1, which corresponds to the location of Historic 
Site Area 7, appears to possess moderate potential for prehistoric archaeological remains. 

Historic Archaeological Resources 

Analysis of a series of maps dating from the late nineteenth to the mid-twentieth centuries 
shows that several dozen buildings stood on the present NAS Willow Grove property before the 
Navy acquired it. Among these structures were houses, barns, and outbuildings associated with 
more than a dozen farmsteads. Several blacksmith shops and the agglomerated settlement of 
Davis Grove were also located within the present station boundaries. Not all of these buildings 
stood at the same time. Several of these structures were demolished or moved out of the area 
in the final decades of the nineteenth century, and others were erected (Franklin 1934; Hopkins 
1871; Scott 1877; Smith 1893). With the establishment of the air station in the 1940s, the Navy 
typically purchased the dwellings and other structures within the boundaries of its facilities. The 
acquisition process continued with the expansion of the station in the 19508. Eventually, the 
Navy demolished most of these buildings. Today, only two structures dating before the 19308 
stand on the station. Both are former farmhouses, one of which, Building 114 (located within 
Historic Site Area 7), is the Commanding Officer's residence. 

Background research identified 15 locations of potential historic site sensitivity (see Figure 
15). Of these, 11 are located in areas of severe ground disturbance and, as a result, are 
considered to have low (and in some cases, extremely low) potential for intact archaeological 
remains (Figure 23). The four remaining locations (Historic Site Areas 4, 5, 7, and 10), on the 
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other hand, are considered to possess moderate to high potential for historic archaeological 
resources dating to the nineteenth century (see Figure 23). Further investigation of such sites 
might demonstrate that some are eligible for the NRHP, but without additional historical research 
and subsurface investigations, no assessment concerning eligibility is possible. 
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TABLE 2
 
RECORDED ARCHITECTURAL RESOURCES
 

FACILITY DATE ORIGINAL USE CURRENT USE STATUS 

1 1942 Administration Administration NE-S 

2 1942 Recreation Recreation NE-I, S 

3 1942 Subsistence Child Care NE-I, S 

5 1942 BOQ BOQ NE-I, S 

6 1942 Boiler House #1 Boiler House #1 NE-S 

7 1942 PW Maintenance PW Maintenance NE-S 

8 1942 Sewage Pump House Sewage Pump House NE-S 

13 1942 Garage/Firehouse Auto Hobby NE-S 

15A 1942 Boiler House #2 Boiler House #2 NE-S 

15B 1942 Substation Substation NE-S 

16 1942 Sludge Bed/Digester Sludge Bed/Digester NE-S 

21 1942 PaintlDope Shop Paint/Dope Shop NE-S 

22 1942 Supply NEX Warehouse NE-I, S 

24 1942 Pumphouse Pumphouse NE-S 

29 1943 Aviation Supply Ground Support NE-S 

30 1942 Chlorinator House Chlorinator House NE-S 

31 1942 Well House #1 Well House #1 NE-S 

32 1942 Well House #2 Well House #2 NE-S 

38 1944 Chapel Chapel NE-I, S 

39 1944 Gatehouse Gatehouse NE-S 

43 1934 Snack Shop Recruiting NE-I, S 

49 1944 PW Paint Shop Snack Shop NE-I, S 

51 1944 PW Warehouse PW Warehouse NE-I, S 
54 1944 Small Arms Magazine Small Arms Magazine NE-S 
55 1944 Small Arms Magazine Small Arms Magazine NE-S 

59 1942 Dog Kennel Maintenance NE-I, S 
63 1885 Bam Bam NE-S 

65 1944 Laundry RIPO/Intelligence NE-I, S 
70 1947 Substation Substation NE-S, A 
74 1942 Substation Substation NE-S 
75 1948 Storage Storage NE-S, A 
77 1950 Administration Administration NE-I, S, A 
78 1953 PW Department PW Department NE-A 
79 1953 PW Maintenance/Storage PW Maintenance/ 

Storage 
NE-A 

80 1954 Hangar Hangar NE-A 
81 1954 Fuel Pumphouse Fuel Pumphouse NE-A 

86 Unknown PW Storage PW Storage NE-S 

87 1956 Ready Magazine Ready Magazine NE-A 
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FACILITY DATE ORIGINAL USE CURRENT USE STATUS 

88 1956 Ready Magazine Ready Magazine NE-A 

108 1930 Water Tank Water Tank. NE-S 

109 1941 Dwelling MOQ NE-S 

110 1941 Dwelling MOQ NE-S 

111 1941 Dwelling MOQ NE-S 

112 1937 Dwelling MOQ NE-S 

~3 
114 

1856 

1843 

Dwelling 

Dwelling 

MOQ 

MOQ 

NE-I, S 

NE-S 

115 Unknown Jet Fuel Tank. Jet Fuel Tank. NE-A 

116 Unknown Jet Fuel Tank. Jet Fuel Tank NE-A 

117 1959 Substation I Substation NE-A 

118 1959 Transmitter Transmitter NE-A 

119 1959 Flammable Storage Flarnrnable Storage NE-A 

1126 1960 Generator Generator NE-A 

127 1960 PW Dispatch PW Dispatch NE-A 

128 1960 Auto Shop Auto Shop NE-A 

129 1960 LOX Storage LOX Storage NE-A 

1 131 1937 Garage Garage NE-A 

132 1925 Garage Garage NE-A 

133 1942 Garage Garage NE-A 

137 1960 Medical/Dental Medical/Dental NE-A 

140 1961 ASW Training Center ASW Training Center NE-A 

146 1962 Radio Range Building Radio Range Building NE-A 

149 Unknown Marine Motor Pool Marine Motor Pool NE-A 

150 Unknown Radar Dome Vacant NE-A 

152 Unknown Unknown Marine Garage NE-A 

155 Unknown Unknown I Marine Supply NE-A 

159 1964 Gas Station NEX Storage NE-A 

160 1964 Pool House Pool House NE-A 

165 1968 Magazine Magazine NE-A 
166 1968 Magazine Magazine NE-A I 
167 1972 Unknown Minimart NE-A 

171 1975 Supply Warehouse Supply Warehouse NE-A 

172 1975 Barracks I Barracks \ NE-A I 

173 1974 Magazine Magazine NE-A 

174 1974 Pitcairn Club Pitcairn Club NE-A 
175 1977 Hangar Hangar NE-A 

176 1977 79th ARCOM 79th ARCOM NE-A 

177 1977 Army Hangar Army Hangar NE-A 

178 1977 Army Maintenance Army Maintenance NE-A 

179 1973 Indoor Play Courts Indoor Play Courts NE-A 

180 1979 Avionics Shop Avionics Shop NE-A 



95 Cultural Resources Survey, NAS Willow Grove, Pennsylvania 

FACILITY DATE ORIGINAL USE CURRENT USE STATUS 

185 1980 Utilities Shop Utilities Shop NE-A 

187 
I 

1970 Storage Storage NE-A 

188 1960 LOX Storage LOX Storage NE-A 

190 1980 Substation Substation NE-A 

199 1976 Picnic Shelter Picnic Shelter NE-A 

600 1981 Hazardous Waste Building Hazardous Waste 
Building 

NE-A 

601 1982 Education/Training NAMTRAGUDET NE-A 

604 Unknown PW Warehouse PW Warehouse NE-A 

605 1983 Navy Exchange Navy Exchange NE-A 

606 1984 Marine Warehouse Marine Warehouse NE-A 

608 1987 Firehouse Firehouse NE-A 

609 1988 Barracks Barracks NE-A 

613 1983 Ordnance Assembly Ordnance Assembly NE-A 

626 1988 Galley Galley NE-A 

! 635 1992 Aircraft Support Aircraft Support NE-A 
f 677 Unknown Personnel Services Personnel Services NE-A 

680 Unknown Marine Hangar Marine Hangar NE-A 

780 Unknown Operations Operations NE-A 

LBA-l Unknown PAANG Munitions PAANG Munitions NE-A 

LBA-2 Unknown MAG-49 Support MAG-49 Support NE-A 

KEY: NE-A = NOT ELIGIBLE, LESS THAN 50 YEARS OLD 
NE-I = NOT ELIGmLE, LACKS INTEGRITY 
NE-S = NOT ELIGmLE, LACKS SIGNIFICANCE 
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CONCLUSIONS 

Architectural Resources 

The architectural portion of this cultural resources survey involved an inventory and a 
National Register evaluation of buildings and structures erected prior to 1946, and an examination 
of those portions of the station's built environment constructed after 1946 to identify any 
resources possessing extraordinary significance. This study has concluded the following with 
respect to architectural resources: 

(1) Due to removal of key buildings and to extensive post-1946 construction, NAS Willow 
Grove contains no concentrations of resources meeting National Register requirements for a 
historic district. 

(2) None of the buildings or structures at NAS Willow Grove erected prior to 1946 meet 
National Register Criteria as individual resources. 

(3) None of the buildings or structures at NAS Willow Grove erected since 1946 meet 
National Register requirements of extraordinary significance for resources less than 50 years of 
age. 

Assuming that current laws and regulations governing federal agency responsibilities with respect 
to cultural resources continue in force, all resources constructed since 1946 will require 
evaluation under National Register Criteria as they respectively reach the 50-year threshold. 

Archaeological Resources 

The archaeological portion of this cultural resources survey involved analysis of background 
materials, field reconnaissance, evaluation of prior ground disturbance, and development of 
sensitivity models for prehistoric and historic resources at the NAS Willow Grove facility. This 
information will provide a basis for future consultations between the Navy and the Pennsylvania 
State Historic Preservation Officer concerning proposed undertakings at NAS Willow Grove. 
This study has concluded the following with respect to archaeological resources: 

(1) That the majority of NAS Willow Grove has been subjected to severe ground 
disturbance resulting from construction activities beginning in the 19408, and that several 
circumscribed locations of less severe (or moderate) disturbance are present along the western 
edge of the station. 

(2) Only one location within the boundaries of NAS Willow Grove appears to have the 
potential for prehistoric archaeological resources. 

(3) Four locations within the station boundaries appear to possess moderate to high potential 
for intact historic archaeological resources. 
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Under Section 106 of the National Historic Preservation Act of 1966, as amended, agencies 
of the federal government, including branches of the anned forces, are required to detennine in 
advance whether an undertaking has the potential to affect significant cultural resources. 

\,,,,,,,/	 Agencies are also required to afford the Advisory Council on Historic Preservation the reasonable 
opportunity to comment on the undertaking. Regulations promulgated by the council as 36 CFR 
800 provide the necessary guidance to accomplish the review process. These regulations direct 
that an agency shall engage in consultations with the State Historic Preservation Officer prior to 
an undertaking. Should an undertaking be proposed for any of the four areas of moderate to high 
potential identified at NAS Willow Grove during this survey, the Navy should consult with the 
PHMC concerning the possible effects of such an undertaking. The outcome of this consultation 
could include either: (a) a recommendation that the project be redesigned to avoid affecting the 
parcel; or (b) a recommendation that further archaeological investigations be conducted, 
consisting of a subsurface survey to ascertain the actual presence of archaeological sites, possibly 
followed by further testing to evaluate the significance of the site(s). The materials presented 
herein are thus intended to provide the basis for the initial step in the process of consultation 
between the Navy and the PHMC concerning the possible effects of undertakings at NAS Willow 
Grove. 
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FOREWORD 
 

The Agency for Toxic Substances and Disease Registry, ATSDR, is an agency of the U.S. Public 
Health Service. It was established by Congress in 1980 under the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA), also known as the Superfund law. This 
law set up a fund to identify and clean up our country's hazardous waste sites. The 
Environmental Protection Agency (EPA) and the individual states regulate the investigation and 
clean up of the sites. 
 
Since 1986, ATSDR has been required by law to conduct a public health assessment at each of 
the sites on the EPA National Priorities List. The aim of these evaluations is to find out if people 
are being exposed to hazardous substances and, if so, whether that exposure is harmful and 
should be stopped or reduced. (The legal definition of a health assessment is included on the 
inside front cover.) If appropriate, ATSDR also conducts public health assessments when 
petitioned by concerned individuals. Public health assessments are carried out by environmental 
and health scientists from ATSDR and from the states with which ATSDR has cooperative 
agreements. 
 
Exposure: As the first step in the evaluation, ATSDR scientists review environmental data to 
see how much contamination is at a site, where it is, and how people might come into contact 
with it. Generally, ATSDR does not collect its own environmental sampling data but reviews 
information provided by EPA, other government agencies, businesses, and the public. When 
there is not enough environmental information available, the report will indicate what further 
sampling data is needed. 
 
Health Effects: If the review of the environmental data shows that people have or could come 
into contact with hazardous substances, ATSDR scientists then evaluate whether or not there will 
be any harmful effects from these exposures. The report focuses on public health, or the health 
impact on the community as a whole, rather than on individual risks. Again, ATSDR generally 
makes use of existing scientific information, which can include the results of medical, 
toxicologic and epidemiologic studies and the data collected in disease registries. The science of 
environmental health is still developing, and sometimes scientific information on the health 
effects of certain substances is not available. When this is so, the report will suggest what further 
research studies are needed. 
 
Conclusions: The report presents conclusions about the level of health threat, if any, posed by a 
site and recommends ways to stop or reduce exposure in its public health action plan. ATSDR is 
primarily an advisory agency, so usually these reports identify what actions are appropriate to be 
undertaken by EPA, other responsible parties, or the research or education divisions of ATSDR. 
However, if there is an urgent health threat, ATSDR can issue a public health advisory warning 
people of the danger. ATSDR can also authorize health education or pilot studies of health 
effects, full-scale epidemiology studies, disease registries, surveillance studies or research on 
specific hazardous substances. 
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Interactive Process: The health assessment is an interactive process. ATSDR solicits and 
evaluates information from numerous city, state and federal agencies, the parties responsible for 
cleaning up the site, and the community. It then shares its conclusions with them. Agencies are 
asked to respond to an early version of the report to make sure that the data they have provided is 
accurate and current. When informed of ATSDR's conclusions and recommendations, sometimes 
the agencies will begin to act on them before the final release of the report. 
 
Community: ATSDR also needs to learn what people in the area know about the site and what 
concerns they may have about its impact on their health. Consequently, throughout the 
evaluation process, ATSDR actively gathers information and comments from the people who 
live or work near a site, including residents of the area, civic leaders, health professionals, and 
community groups. To ensure that the report responds to the community's health concerns, an 
early version is also distributed to the public for their comments. All the comments received 
from the public are responded to in the final version of the report. 
 
Comments: If, after reading this report, you have questions or comments, we encourage you to 
send them to us.  
 
Letters should be addressed as follows: 
 
Attention: Chief, Program Evaluation, Records, and Information Services Branch, Agency for 
Toxic Substances and Disease Registry, 1600 Clifton Road (E-56), Atlanta, GA 30333.  
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SUMMARY 

 
The Naval Air Station Joint Reserve Base (NASJRB) and Air Reserve Station (ARS) at Willow 
Grove are two separate, but adjacent, military facilities that cover 1,015 acres in Montgomery 
County, Pennsylvania, approximately 20 miles north of Philadelphia. NASJRB and ARS are 
operating U.S. Navy (Navy) and U.S. Air Force (USAF) installations, respectively. 
 
NASJRB, originally named Pitcairn Airfield, began operation in the 1920s. In 1942, the Navy 
acquired the airfield and established a classified anti-submarine program at NASJRB. Jet training 
began in 1949. After World War II, the Navy used NASJRB for reserve training. In 1958, the 
USAF established ARS on land adjacent to NASJRB. ARS has primarily served to train 
personnel for various air transport and air evacuation activities, to operate station facilities and 
air terminals, and to provide overall support to assigned units. Navy and USAF training 
operations continue as the primary function of NASJRB and ARS. As a result of training 
activities and associated facility operations, such as aircraft maintenance, hazardous materials 
have been generated, stored, and disposed of at NASJRB and ARS. 
 
In preparing this public health assessment, the Agency for Toxic Substances and Disease 
Registry (ATSDR) reviewed available data from the Navy, USAF, and local water suppliers. 
Community concerns were gathered during discussions with Navy and USAF personnel and 
review of station documents. As a result, ATSDR identified exposure to contaminants in 
drinking water, surface soil, surface water and sediment, and fish as the principal possible 
exposure pathways of concern. After reviewing available environmental information, potential 
exposure situations, and contaminant toxicology information, ATSDR categorized NASJRB and 
ARS as posing no apparent public health hazard. Potential contact with site contaminants are not 
expected to result in illnesses or adverse health effects. (A description of ATSDR’s hazards 
categories is provided in the Glossary, Appendix B.) 
 
Drinking Water
Past, current, and future exposure to contaminants in drinking water is not expected to result in 
illness or adverse health affects. Station supply wells contain low-levels of volatile organic 
compounds (VOC) and metals. ATSDR evaluated potential past exposures to these contaminants 
and found that concentrations were below levels expected to result in harm. To prevent current 
and future exposures, the Navy operates an air stripping unit to remove VOCs from the water 
supply prior to distribution. No remedial actions have been taken to address metal 
concentrations. However, metal concentrations have not exceeded drinking water standards 
during regular sampling conducted to determine compliance with state and federal regulations. 
The Navy suspects that the source of VOCs in the station supply is located off station to the 
north. No contamination attributable to NASJRB or ARS operations has been found in 
community supply wells. Community water suppliers operate air strippers to remove VOCs, 
resulting from off-station sources, in their water supply and conduct regular monitoring to ensure 
the safety of the water supply. One VOC—1,1-dichloroethene [1,1-DCE]—was found in two 
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private wells south of NASJRB. Because evidence indicates an off-station source, the Navy notified the 
Pennsylvania Department of Environmental Protection and the local Board of Health about the 
contamination in the private wells. Nonetheless, ATSDR evaluated possible exposures and found that 
use of private wells containing low-levels of 1,1-DCE was not expected to result in illness or adverse 
health effects. The Navy and USAF are conducting or investigating remediation measures to address 
groundwater contamination at NASJRB and ARS and to prevent current and future impacts to drinking 
water supplies from Navy or USAF sources. 
 
Surface Soil
Past, current, and future exposure to contaminants in surface soil is not expected to result in illness or 
adverse health affects. Most areas of surface soil contamination are inaccessible to the public, therefore, 
no exposures occur at these locations. Station residents and/or the public may contact surface soil 
contamination at recreational areas near the Ninth Street Landfill. In these areas, however, contaminant 
concentrations are below state and federal regulatory limits and below levels expected to result in illness 
or harm from exposures during recreational activities. The public may also contact low-levels of 
contaminants found at the off-station Aircraft Mishap Site. After an F-14 Tomcat crash, the Navy 
conducted remedial actions and backfilled the area with topsoil. Sampling of the topsoil found three 
contaminants at levels below state and federal regulatory limits, but above ATSDR’s conservative 
screening values. These contaminants are likely naturally occurring in the soil and are not a result of 
releases from the F-14 Tomcat crash. Although above screening levels, contaminant concentrations at 
the Aircraft Mishap Site are below levels expected to result in illness or harm from exposures during 
recreational activities. 
 
Surface Water and Sediment
Past, current, and future exposure to contaminants in surface water and sediment is not expected to result 
in illness or adverse health affects. Similar to surface soil contamination, most areas of surface water and 
sediment contamination are inaccessible and no exposures are occurring. Exposures may occur at the 
recreational pond located near the Ninth Street Landfill and at off-station streams. Surface water and 
sediment contamination levels found in the recreational pond and at the station boundaries are below 
levels expected to result in illness or harm from exposures during recreational activities. Since sampling 
at the station found contaminants at levels below regulatory or health concern, possible exposures in off-
station streams would not be expected to result in illness or harm during recreational activities. 
 
Fish
Past, current, and future exposure to contaminants in fish is not expected to result in illness or adverse 
health affects. Streams within the station boundaries are intermittent and, therefore, do not support an 
edible fish population. Fishing is permitted in the recreational pond by the Ninth Street Landfill, 
however, consumption of fish caught in this pond is prohibited. Little Neshaminy Creek and Pennypack 
Creek, downstream of the station, are used for fishing. The low levels of surface water and sediment 
contaminants originating at the station are expected to disperse and be diluted to concentrations too low 
to accumulate to levels of concern in fish in these creeks. Sampling indicates that contaminant 
concentrations have decreased to levels below regulatory concern at the edge of the station. Fish 
consumption advisories are also in place for all water bodies in Pennsylvania based on a statewide 
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concern about mercury in fish, and for Little Neshaminay Creek based on a watershed concern about 
polychlorinated biphenyls (PCBs) in fish. Although very low levels of mercury and PCBs have been 
found in media at NASJRB and ARS, their presence was not the cause for these fish advisories. To 
prevent future migration of contamination beyond station boundaries, the Navy and USAF are planning 
or conducting remediation, as necessary, at sites at NASJRB and ARS. 
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BACKGROUND 

 
Site Description and Operational History 
 
The Naval Air Station Joint Reserve Base (NASJRB) at Willow Grove and the Air Reserve 
Station (ARS) at Willow Grove cover 1,015 acres in Horsham Township in Montgomery 
County, Pennsylvania (Figures 1 and 2). NASJRB and ARS are operating U.S. Navy (Navy) and 
U.S. Air Force (USAF) installations, respectively. The installations are adjacent to one another 
and are located approximately 20 miles north of Philadelphia.  
 
NASJRB and ARS are bordered on the north by the Graeme Historical Site, open agricultural 
land, and residential development. Land west of the station primarily consists of open 
agricultural areas, residential areas, and a private golf course. Areas south and east of the station 
are used for residential, commercial, and industrial uses. 
 
NASJRB was first activated during the 1920s, when the facility was called Pitcairn Airfield. The 
Navy acquired the airfield in 1942. After World War II, NASJRB was designated a reserve 
training station. Jet training began at NASJRB in 1949.  
 
ARS has been in operation since 1958, occupying 210 acres adjacent to the northern portion 
border of NASJRB. Originally called the 512th Troop Carrier Wing, the name was later changed 
to the 913th Airlift Wing (AW). The 913th AW trains personnel for various air transport and air 
evacuation activities, operates station facilities and air terminals, and provides overall support to 
assigned units (Montgomery Watson 1998). 
 
Currently, NASJRB and ARS provide materials, facilities, services, and training in direct support 
of the Navy and USAF. Other units that currently reside at these facilities include Patrol 
Squadrons 64 and 66, Fleet Logistic Support Squadron 52, Marine Air Group 49, 111th 
Pennsylvania Air Guard, and the Reserve Anti-Submarine Warfare Training Center (Brown and 
Root 1998). 
 
Activities that generate, store, or dispose of hazardous waste at these two stations fall into these 
categories: aircraft maintenance, fuel operation, civil engineering, and personnel training (EPA 
Region III 2001).  
 
 
Remedial and Regulatory History 
 
The Department of Defense’s installation restoration program (IRP) at NASJRB and ARS 
commenced in 1984 to identify locations where hazardous substances may have been released 
into the environment (EA 1990). After investigations at NASJRB and ARS confirmed the 
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presence of contaminants at several locations, these stations were added to the U.S. 
Environmental Protection Agency’s (EPA) National Priorities List in October 1995 
(Montgomery Watson 1998). 
 
Sites at NASJRB and ARS were grouped into 16 IRP sites in 1984, based on type of site and 
plans for remediation: nine at NASJRB and seven at ARS. The Navy Fuel Farm was added to the 
IRP in 1988 and the Aircraft Apron Parking in the mid-1990s. The sites are named as follows: 
 
 NASJRB 
 Site 1 -- Privet Road Compound 
 Site 2 -- Antenna Field Landfill 
 Site 3 -- Ninth Street Landfill 
 Site 4 -- North End Landfill 
 Site 5 -- Fire Training Area 
 Site 6 -- Abandoned Rifle Range #1 
 Site 7 -- Abandoned Rifle Range #2 
 Site 8 -- Building #118 Abandoned Fuel Tank 
 Site 9 -- Steam Plant Building #6, Tank Overfill 
 Site 10 -- Navy Fuel Farm 

Site 11 – Aircraft Apron Parking 
 
 ARS 
 Site 1 -- Petroleum, Oil, and Lubricant (POL) Area 
 Site 2 -- Open Storage Area 
 Site 3 -- Ponding Basin 
 Site 4  -- Washrack Area 
 Site 5  -- Waste Oil Storage Area 
 Site 6  -- Heating Plant 
 Site 7  -- Old Well House 
 
In addition to the sites within station boundaries, an F-14 Tomcat crashed in an isolated 10-acre 
area north of the station in June 2000. This area is referred to as the Aircraft Mishap Site. The 
Navy investigated the crash area as a site where fuel and oil may have been released to the 
environment. The Navy conducted remedial actions at the site to address these possible releases. 
This site was not considered an IRP site, so investigations and remediation were conducted under 
Pennsylvania environmental regulations (Foster Wheeler 2000). 
 
In 1993, the USAF removed a 300-gallon underground storage tank (UST) at Building 209 and 
discovered that the UST had leaked. As a result the area was designated non-IRP site 
contamination. Sampling and remediation were conducted following Pennsylvania Department 
of Environmental Protection (PADEP) and federal UST regulations. To address elevated levels 
of benzene in one groundwater monitoring well, the USAF injected an oxygen-releasing 
compound to encourage biodegradation of the benzene. After this action, benzene concentrations 
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in this well have been below drinking water standards. The USAF expects to close this site in 
2001. The USAF has replaced USTs at ARS and manages potential leaks and spills under their 
environmental compliance program (ARS 1995, USAF 2001a). The Navy also managed their 
USTs under an environmental compliance program. The last two USTs located at NASJRB were 
removed in the early 1990s (Navy 2001a). 
 
Site Investigations (SIs) and/or Remedial Investigations (RIs) have been performed for each site. 
The Navy has conducted Interim Removal Actions when necessary and is in the process of 
conducting Feasibility Studies (FSs) for sites at NASJRB. The USAF has completed or is in the 
process of implementing remedial actions selected under Records of Decision (RODs) for ARS.  
 
Table 1 describes the IRP sites and Aircraft Mishap Site, past investigations, and completed or 
planned remedial investigations. The table also provides an evaluation of potential public health 
hazards associated with each site. 
 
 
ATSDR Involvement 
 
In June 1996, the Agency for Toxic Substances and Disease Registry (ATSDR) conducted a site 
visit at NASJRB and ARS to collect and evaluate information for ranking these facilities 
according to potential public health hazards. ATSDR identified potential public health issues 
related to environmental contamination from NASJRB and ARS activities during this time, but 
no immediate public health hazards. 
 
ATSDR reviewed past and current exposures documented for the facilities and completed a site 
summary in October 1996. Past exposures reviewed included the trichloroethylene (TCE) and 
tetrachloroethylene (PCE) contamination of on-station drinking water. Based on screening-level 
analyses, ATSDR concluded that past on-site exposures to TCE and PCE in drinking water were 
not expected to result in adverse health effects. ATSDR also concluded in the 1996 Site 
Summary that there were insufficient data to determine whether there was human contact with 
site contaminants originating from some areas at NASJRB and ARS.  
 
ATSDR conducted a follow-up site visit in November 2000, to obtain updated information and 
evaluate site conditions for this Public Health Assessment (PHA). During the site visit, ATSDR 
met with representatives from the Navy and USAF. Issues identified by ATSDR or concerns 
expressed during the site visit are discussed in the “Evaluation of Environmental Contamination 
and Potential Exposure Situations” and the “Community Health Concern” sections of this PHA. 
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Demographics and Land Use 
 
NASJRB and ARS are adjacent military facilities located in southeastern Pennsylvania in 
Horsham Township in Montgomery County, approximately 20 miles north of Philadelphia and 
70 miles west of the Atlantic Ocean. Horsham Township has a population of approximately 
24,000 (U.S. Census 2001). Land north and west of the station is primarily open agricultural 
land, with some scattered residences, low-level commercial activities, and a private golf course. 
Farms and the Graeme Historical Site border ARS on the northern side. An industrial complex 
about 1,000 feet northwest of the station includes some small businesses and warehouses. Areas 
south and east of NASJRB and ARS are used for residential, commercial, and industrial uses. A 
cemetery is also located east of NASJRB, and a school is located approximately 1.5 miles to the 
southwest. 
 
Access to both facilities is restricted to military personnel, station residents, and civilian 
employees. The public and contractors may only enter by passing a security guard station, 
registering their vehicle, and obtaining a pass. The station is surrounded by a perimeter fence that 
is regularly patrolled. Except for areas separately fenced, access to contaminated areas is not 
limited once within NASJRB or ARS boundaries.  
 
NASJRB and ARS employ 1,571 active-duty individuals, 993 National Guard, 3,500 Reserves, 
and 778 civilians. On-station daily staff is approximately 1,700 (NASJRB 2001).  
 
About 230 people live at the station year-round, with less than 30 people residing in single 
family dwellings and less than 200 in barracks (ATSDR 1996). NASJRB and ARS have five 
officer family units, 200 enlisted family units, and 250 unaccompanied enlisted units (NASJRB 
2001). Housing units are located in the northeastern portion of the station, near the main gate. 
 
There is a day-care center on station for 96 children from military families stationed at NASJRB 
and ARS. The Willow Grove Branch Medical Clinic is also located on the station, providing 
primary care, medical support, preventive medicine, and occupational health services to 20,000 
active duty, reserve, retired personnel, and their family members (NASJRB 2001; Navy 2001b). 
 
Recreational facilities, including a pavilion, playground, pond, and baseball diamond are located 
on the Ninth Street Landfill. 
 
 
Quality Assurance and Quality Control 
 
In preparing this PHA, ATSDR reviewed and evaluated information provided in the referenced 
documents. Documents prepared for the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) program must meet standards for quality assurance 
and control measures for chain-of-custody, laboratory procedures, and data reporting. The 
environmental data presented in this PHA are from Navy and USAF SIs, RIs, and site 

 7



 Willow Grove Naval Air Station/Air Reserve Station Public Health Assessment 

investigations. Based on our evaluation, ATSDR determined that the quality of environmental 
data available for NASJRB and ARS were adequate for making public health decisions.  
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EVALUATION OF ENVIRONMENTAL CONTAMINATION AND 

EXPOSURE SITUATIONS 
 
 
Introduction 
 
In this section, ATSDR evaluates whether community members have been, are, or could be 
exposed to harmful levels of contaminants in the environment. The conservative exposure 
evaluation process used by ATSDR is illustrated in Figure 3. ATSDR considers how individuals 
might come into contact with contaminated media, as well as the duration and frequency of 
exposure. 
 
If it is possible that exposure has occurred or does occur, ATSDR then considers whether 
contaminants were or are present at harmful levels. This is accomplished by screening the 
concentration of each contaminant in an environmental medium (e.g., soil or groundwater) 
against its health-based comparison value (CV). CVs are contaminant concentrations that are not 
likely to cause adverse effects, even when very conservative exposure scenarios are assumed. 
However, environmental levels that exceed CVs will not necessarily produce adverse health 
effects. If a contaminant is found in the environment at levels exceeding its corresponding CV, 
ATSDR examines potential exposure variables and the toxicology of the contaminant. ATSDR 
emphasizes that regardless of the level of contamination, a public health hazard exists only if 
people come into contact with, or are otherwise exposed to, harmful levels of contaminants in 
site media. 
 
ATSDR identified the groundwater, surface soil, surface water and sediment, and fish pathways 
as requiring further investigation. ATSDR then examined whether human exposure to harmful 
levels of contaminants via these pathways has occurred or does occur. The evaluation process for 
potential exposure pathways is illustrated in Figure 3, and is described in more detail in Table 2 
and the following discussion. A list of CVs and a glossary are included in Appendices A and B. 
In addition, more information about the ATSDR evaluation process can be found in ATSDR’s 
Public Health Assessment Guidance Manual at http://www.atsdr.cdc.gov/HAC/HAGM/. 
 
 
Exposure to Contaminants in Drinking Water 
 
Past activities at ARS have resulted in groundwater contamination with petroleum products. 
Petroleum products have been detected in monitoring wells located beyond ARS boundaries. 
Chlorinated solvents, specifically TCE and PCE, have been found in station drinking water 
production wells located at NASJRB. Could past, current, or future use of groundwater from 
station, community, or private drinking water supplies pose potential health hazards? 
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Conclusion 
 
No apparent public health hazards were found associated with drinking water from station supply 
wells, community supply wells, or private wells. Sampling has found volatile organic 
compounds (VOCs), specifically PCE, TCE, and 1,1-dichloroethene (1,1-DCE), arsenic, barium, 
and lead in station supply wells or private wells. No contaminants attributable to NASJRB and 
ARS have been found in community supply wells located near NASJRB and ARS. Exposures to 
these site-related contaminants were possible in station supply wells and private wells, however, 
no direct evidence indicates that exposures actually occurred. Nonetheless, ATSDR reviewed 
environmental data, potential exposure situations, and contaminant toxicology information and 
concluded that no apparent public health hazards are posed by contaminants found in 
groundwater at NASJRB and ARS. Potential exposures were below levels expected to result in 
illness or other adverse health effects and measures are in place to prevent current and future 
impacts to drinking water supplies.  
 
Discussion 
 
Hydrogeology 
 
NASJRB and ARS are situated on the late Triassic age Stockton Formation, which is composed 
of fine- to medium-grained sandstone, shale, and siltstone (Brown and Root 1998). The different 
hydraulic properties found in this rock combination create a complex, heterogeneous, 
multiaquifer system. Groundwater moves through the network of interconnecting fractures, 
joints, and bedding plans. Nearly all deep wells in the Stockton Formation are open to several 
water-bearing zones and are multiaquifer wells (Sloto et al. 1996). Water from the Stockton 
Formation is the sole source of potable water to the station, and provides water to most 
community supplies and private wells in the area (Montgomery Watson 1998).  
 
Groundwater Use 
 
Drinking water is supplied to the station from station supply wells and to off-station communities 
from off-station community supply systems and off-station private wells.  
 

Station Supply Systems
NASJRB and ARS currently obtain water from two production wells, which have been in 
existence since the 1930s. Navy Wells #1 and #2 (NW-1 and NW-2, respectively) are 
located in the northeastern portion of NASJRB. A third well, Air Force Well #3 (ARF-3), 
is located in the southeastern portion of ARS. This well has not been used for at least the 
past 10 years because too few personnel are stationed at ARS to necessitate well 
operation. Pumps are operated monthly for maintenance (USAF 2001a). Locations of the 
wells are shown in Figure 2. 
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NASJRB and ARS also have reservoirs. NW-1 and NW-2 pump into Reservoir #1, which 
has a capacity of over 500,000 gallons and serves the north and central portions of two 
stations, and Reservoir #2, which serves the south end of the stations. Potable water is 
mixed and pumped from the reservoirs into the main distribution system (Earth Data 
1985). Water is treated for VOCs by an air stripper prior to distribution (Brown and Root 
1998; Navy 2001a). 

 
Community Supply Systems and Private Wells
Community supply systems are operated by the Hatboro Borough Authority, Horsham 
Water and Sewer Authority (HWSA), Warminster Township Municipal Authority, 
Warrington Municipal Authority (WMA), and Warminster Heights Water Company, 
which meet all federal and state drinking water standards. These community supply 
systems were established in 1952. The municipalities collectively operate approximately 
49 drinking water production wells. HWSA and WMA operate wells located closest to 
NASJRB and ARS (Earth Data 1985). 

 
Private wells are located near the southern portion of NASJRB. In investigating 
groundwater contamination, the Navy identified approximately 160 private wells within 
0.5 miles of the southern portion of the base. The Navy located private wells by 
reviewing HWSA records and identifying addresses which were billed for sewer use, but 
not for water use. The depths of most of these wells is unknown. Five private wells were 
sampled by the Navy, as described in the next section of this PHA (GLA 1996; Navy 
2001a). Off-station private wells are shown in Figure 4. 

 
Nature and Extent of Contamination 
 
Past activities and waste disposal practices at NASJRB and ARS have resulted in groundwater 
contamination. VOCs, primarily PCE and TCE, bis(2-ethylhexyl)phthalate (BEHP), dieldrin, 
Aroclor-1260, and metals contaminated the groundwater at levels above ATSDR CVs. ATSDR 
identified groundwater contamination at the Privet Road Compound, the Fire Training Area, the 
ARS POL Area, and the Aircraft Mishap Site as possibly impacting drinking water wells. 
Review of the data generated during investigations of these sites, as detailed in the following 
text, found that none of these sites have actually impacted drinking water wells.  
 
 Station Supply Systems

Station supply wells are located in the northeastern corner of NASJRB. Based on site 
investigations, the Navy identified the Privet Road Compound as a potential source of 
contaminants found in station supply wells. Groundwater sampling at this site began 
during the 1990 SI and continued through the 1993 and 1998 Phase I and II RIs. 
Groundwater monitoring is ongoing. Monitoring wells at the Privet Road Compound 
have contained VOCs, including PCE and TCE, dieldrin, Aroclor-1260, and metals at 
concentrations above CVs (EA 1990; Brown and Root 1998). Later investigations, 
however, found that the Privet Road Compound was not the probable source of 
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contamination in the supply wells. The supply wells are fed by water carried in a bedrock 
fracture upgradient of the Privet Road Compound. Where the fracture originates and the 
source of contamination in this fracture is unknown, but is suspected to originate off 
station. The Navy will continue attempts to determine the origin of the fracture and 
source of contamination. The Navy believes that the Privet Road Compound is not 
responsible for contamination found in the supply wells, however, this finding has not yet 
been submitted to state and federal regulators for agreement (Navy 2001a, 2001c). 

 
Sampling of station supply wells began in 1979, when groundwater contamination was 
found in areas throughout the region. Data from 1979, when contamination was 
discovered, to 1984 reported maximum detected concentrations of 300 part per billion 
(ppb) of TCE and 91 ppb of PCE in on-site supply wells. The second highest detected 
levels in this time period were 68 ppb of TCE and 79 ppb of PCE. The highest levels of 
both TCE and PCE were found in NW-1. After contamination was detected, this well was 
used mainly for fire protection, and not drinking water. Monitoring in 1985 also found 
arsenic (to 22 ppb), barium (to 1,190 ppb), and lead (to 20 ppb) above CVs in the 
drinking water wells (EA 1980; NASJRB 1980; Earth Data 1985; ATSDR 1996). As a 
result of detected contamination, the Navy installed an air stripper to treat groundwater 
prior to distribution (Brown and Root 1998). Monitoring of treated water between 1996 
and 1998 found no contaminants above EPA’s Maximum Contaminant Levels (MCLs), 
and only arsenic (to 2.5 ppb) above ATSDR’s CVs (NASJRB 1999). A summary of 
contaminants found in the station supply wells is provided in Table 3. 

 
Community Supply Systems and Private Wells
Groundwater at the Fire Training Area at NASJRB and the POL Area at ARS was 
identified as a potential source mostly likely to impact off-station drinking water 
supplies. The Navy installed and sampled monitoring wells at the Fire Training Area 
during the 1990 SI and 1993 and 1998 Phase I and II RIs. These wells contained VOCs, 
dieldrin, and arsenic above CVs.  

 
The HWSA production well #17 and private wells are located west of the Fire Training 
Area. HWSA provides drinking water with a system of 15 groundwater supply wells. 
These wells feed into elevated water tanks before discharging water to the distribution 
system. HWSA annually inspects each well in the system and conducts regular 
monitoring to insure that state and federal drinking water standards are met. Although 
VOC contamination has been found in some of the wells in the supply system, none of 
the wells located closest to NASJRB and ARS (well #17 to the northwest and wells #1 
and #10 to the east) have contained contamination. HWSA treats the water supply prior 
to distribution to prevent exposures to VOCs (HWSA 2000, 2001).  

 
In 1996, the Navy sampled five private wells located along Horsham Road adjacent to the 
western station boundary. One well contained 1,1-DCE (2.8 ppb) above its CV, but 
below its MCL. The other four wells were free of contamination (GLA 1996). During 
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investigations of the Fire Training Area, the Navy found that the extent of a groundwater 
plume originating at the site was contained within NASJRB’s boundaries. This plume, 
therefore, is not the source of 1,1-DCE found in private wells. Table 3 provides detailed 
information about the contamination found in the private well.  

 
WMA also operates community drinking water supply wells near NASJRB and ARS. 
Residents in the western portion of Warrington receive drinking water from the North 
Wales Water Authority, which is provided by a surface water supply. Approximately 
2,000 residents in the eastern portion of Warrington receive drinking water from the 
WMA system of nine groundwater wells. Of the nine wells operated by WMA, wells #1, 
#2, #6, and #8 are located nearest NASJRB and ARS—to the north along Easton Road. 
These wells, therefore, are not located near possible off-station contaminant migration 
areas associated with the Fire Training Area at NASJRB (southwest of the station) and 
the POL Area at ARS (northwest of the station). Regardless, WMA conducts annual 
monitoring under state and federal regulations to ensure the safety of the public water 
supply. In the past, VOC contamination has been reported in some of the supply wells. 
However, the presence of VOCs has not been attributed to NASJRB or ARS and WMA 
operates an air stripping system to remove these VOCs before distribution (WMA 2001, 
2001b). 

 
A jet petroleum No. 4 (JP-4) contaminant plume and free-phase JP-4 (fuel floating on the 
groundwater) were discovered at the POL Area at ARS in 1988 during RI investigations. 
At that time, groundwater sampling detected benzene, ethylbenzene, and toluene—
components of JP-4—extending 1,400 feet to the northwest and free-phase JP-4 
extending 900 feet northwest of the site. No drinking water supply wells, however, were 
found within the footprint of the groundwater plume or free-phase product. Groundwater 
monitoring completed in 1994 found that the extent of the groundwater plume and free-
phase JP-4 had decreased. The groundwater plume extended only 575 feet to the 
northwest and the free-phase JP-4 extended only 380 feet northwest of the site 
(Montgomery Watson 1998). 

 
Remediation efforts conducted at the ARS POL Area to date have had limited success. A 
passive recovery trench and soil vapor extraction (SVE) wells were installed and operated 
from 1993 to 1994. Changes in the groundwater levels, however, submerged the SVE 
wells, rendering them ineffective. In 1997, the USAF investigated implementing an 
SVE/groundwater extraction system. Pilot studies, however, indicated that this 
technology would also have limited use. A passive aerobic bioremediation technology 
was tested in 1998. Although analyses of the test results are ongoing, this technology (use 
of an oxygen releasing compound) will likely be deemed ineffective. The USAF is 
continuing to investigate remedial alternatives and is currently recommending a three-
phase approach. Phase I includes baseline sampling to provide a picture of the current 
extent of contamination. Phase II includes implementation of in-situ chemical oxidation 
combined with enhanced in situ bioremediation in areas with shallow groundwater. Phase 
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III will include additional remediation, as necessary, based on monitoring conducted after 
Phase II. Phase III would consist of enhanced in situ bioremediation. Regardless of the 
methods used, the USAF will strive to clean the site to a set of standards in 
Pennsylvania’s Land Recycling Program (Montgomery Watson 1998; USAF 2001a, 
2001c). 

 
The Graeme Historical Site, which obtains drinking water from a spring, is located 
northwest of the station and downgradient of the POL Area at ARS. Groundwater flow 
and contamination data gathered during the 1988 RI indicated that groundwater from the 
JP-4 plume flowed in the direction of the Graeme Historical Site. However, the 1988 RI 
indicated that the geologic conditions feeding the spring would be unaffected by the 
groundwater plume from the POL Area at ARS. Since the 1990s, the USAF has sampled 
the Graeme Historical Site well for benzene, toluene, ethylbenzene, xylenes, and 
naphthalene (JP-4 components). None of these contaminants were found when sampling 
began, or have been found in recent sampling events. Fuel components have been found 
at low-levels on several occasions when a nearby pond floods. The specific chemicals 
and concentrations found are unknown. During flooding events, the spring, which is 
located in the basement of a caretaker house, is covered by surface water runoff. The 
likely source of the infrequent and low-level detections found in the spring is migration, 
via surface water during spring flooding, of fuel components from vehicle maintenance 
areas at the caretaker house (Dames & Moore 1988; Montgomery Watson 1998; USAF 
2001). 

 
In June 2000, an accident involving a F-14 Tomcat occurred west of the station at the 
intersections of Horsham Road and Norristown Road. To assess whether fuel or hydraulic 
fluids potentially released during the crash impacted groundwater, the Navy sampled six 
nearby private wells in June and August 2000. Some of these wells had been sampled 
during the 1996 private well sampling event. One private well contained 1,1-DCE (0.27 
ppb) above ATSDR CVs, but below EPA’s MCL. The other five wells were free of 
contamination. 1,1-DCE is not a component of fuel or hydraulic fluid, therefore, the 
presence of this contaminant was not attributed to the F-14 Tomcat accident (Foster 
Wheeler 2000). Table 3 provides additional information about the contamination found in 
the private well. 

 
Evaluation of Potential Public Health Hazards 
 
After reviewing the environmental data, potential exposure situations, and contaminant 
toxicology information, ATSDR concluded that the contaminants found in groundwater at 
NASJRB and ARS pose no apparent public health hazards. Although exposures may have 
occurred, no direct evidence indicates whether exposures actually occurred. Nonetheless, any 
possible exposures were below levels expected to result in illness or other adverse health effects 
and measures are in place to prevent current and future impacts to drinking water supplies. The 
following text and Appendix C describe how ATSDR reached this conclusion. 
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 Station Supply Systems

In the past, TCE, PCE, arsenic, barium, and lead were found in station supply wells at 
concentrations above CVs. When these contaminants were detected, the Navy 
implemented measures to prevent exposures. ATSDR assumed that people living and 
working at NASJRB and ARS in the past could have been exposed to these contaminants, 
although no direct evidence indicates that exposures actually occurred. ATSDR evaluated 
possible health effects from this exposure by assuming that people drank water with the 
highest levels of contamination while they were stationed at NASJRB and ARS—30 
years for employees and 6 years for residents.1, 2 Employees were assumed to drink 1 liter 
(a medium size soda bottle) of water from the station supply system each day for 250 
days each year (5 days a week for 50 weeks a year). Adults living at NASJRB and ARS 
were assumed to drink 2 liters (a large soda bottle) and children 1 liter of water every day 
of the year.3 Using these conservative assumptions, ATSDR found that the amount of 
contaminants that a person would drink would be below levels expected to result in 
health effects.  

 
Measures to intercept contaminant migration and prevent current and future exposures 
have been implemented. Drinking water from station wells is treated prior to distribution 
and the Navy regularly monitors water quality under state and federal regulations to 
ensure that all drinking water standards are met. The Navy will also continue attempts to 
determine the source of contamination. 

 
 Community Supply Systems and Private Wells

The HWSA supply wells, WMA supply wells, Graeme Historical Site supply well, and 
private wells along Horsham Road were identified as the water supplies most likely to be 
affected by station contamination. Although VOCs have been found in some of the wells 
serving HWSA, this contamination cannot be attributed to NASJRB and ARS. None of 
the supply wells nearest the station have contained elevated levels of VOCs. To prevent 
current and future contamination of the HWSA water supply, regular monitoring is 
conducted and water containing VOCs is treated before distribution. 

                                                 

 1 The exposure duration of 30 years for a worker is based on a 1988 study that showed 
that men age 70 and older spend an average of 30 years in a single job. Women and younger men 
spend less time, on average, in a single job (EPA 1997).  

 2 The exposure duration of 6 years for NASJRB and ARS residents is based on 
conservative assumptions. Most military personnel are stationed at NASJRB and ARS for 2 to 4 
years before transfer (ATSDR 1996). 

 3 The average adult drinks 1.4 liters of water a day and the average child, age 3 or 
younger, drinks 0.61 liters of liquid each day. A full-time employee is assumed to drink half of 
their daily intake while at work (EPA 1997). 
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VOC contamination has been found in some of the WMA drinking water supply wells, 
however, this contamination is not attributed to NASJRB and ARS. To prevent exposure 
to VOCs, the WMA operates air strippers to remove VOCs before water distribution and 
conducts regular monitoring to ensure that drinking water regulations are met.  

 
The Graeme Historical Site receives water from a spring, which was located beyond areas 
of site contamination during the 1988 RI sampling. The USAF has detected low-levels of 
fuel components in this spring during flooding events. No contaminants were detected 
when sampling began in the early 1990s or in recent sampling events. Contamination 
found during flooding has been attributed to surface water runoff of fuel components 
released during vehicle maintenance at the caretaker house located on property adjacent 
to the Graeme Historical Site. Currently, the local Board of Health bans use of this spring 
as a drinking water supply due to concerns about bacteriological contamination (USAF 
2001b). Past use of the well and possible infrequent exposure to low-levels of fuel 
components is not expected to result in illness or adverse health effects. The well is no 
longer being used as a drinking water supply and remediation efforts in place at the POL 
Area at ARS will prevent future impacts to this water supply. 

 
Most local residents receive water from community water supply systems, which meet all 
federal and state drinking water standards. Private wells, however, are found along 
Horsham Road. Sampling has found 1,1-DCE above its CV in two of these private wells. 
The source of this VOC is not known, however, the Navy has used groundwater 
investigations and modeling to determine that the source of 1,1-DCE is not related to 
NASJRB and ARS activities or the Aircraft Mishap Site. Nonetheless, ATSDR evaluated 
possible exposures to residents drinking from these wells. Similar to the evaluation of the 
station water supply, ATSDR considered that residents drank water containing the 
highest levels of 1,1-DCE every day for 30 years as adults and 6 years as children.4 
Adults were assumed to consume 2 liters of water and children 1 liter of water each day. 
Using these conservative assumptions, ATSDR found that 1,1-DCE concentrations were 
below levels expected to result in illness or adverse health effects. Although the source of 
1,1-DCE found in the two private wells has not been attributed to NASJRB and ARS, the 
Navy and USAF are addressing station contamination in accordance with state and 
federal regulations to ensure that private wells are not impacted by contaminants 
originating at NASJRB and ARS in the future. The Navy also notified PADEP and the 
local Board of Health about the contamination found in the private wells. 

 

                                                 

 4 Based on several studies, a residence time of 30 years in a single home represents the 
95th percentile of the population. An exposure duration of 6 years for a child is assumed to 
represent the time from toddler to young child when exposures may be at their highest (EPA 
1997). 
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Exposure to Contaminants in Surface Soil 
 
Past activities resulted in areas of surface soil contamination located in several areas of the 
station. Could past, current, or future use of these sites pose potential public health hazards? 
 
Conclusion 
 
No apparent public health hazards are associated with recreational use of facilities located 
adjacent to the Ninth Street Landfill or adjacent to the Aircraft Mishap Site. Although surface 
soil contamination has been found in several locations at the station, most areas of surface soil 
contamination are inaccessible to members of the public. At recreational areas near the Ninth 
Street Landfill, station residents and/or the public may contact surface soil contamination. 
Contamination, however, is below levels expected to result in illness or harm from exposures 
during past, current, or future recreational activities. Because only low-levels of surface soil 
contamination have been found in these areas, the Navy plans no further action. Low-levels of 
contaminants, which may be contacted by the public, have been found at the off-station Aircraft 
Mishap Site. The Navy conducted remedial actions at this site and backfilled the area with 
topsoil. Sampling of the topsoil found three contaminants at levels below state and federal 
regulatory limits, but above ATSDR’s conservative screening values. These contaminants are 
likely naturally occurring in the soil and are not a result of releases from the F-14 Tomcat crash. 
Although above CVs, contaminant concentrations are below levels expected to result in illness or 
harm from exposures during past, current, or future recreational activities. 
 
Discussion 
 
Land Use 
 
Military housing areas are located in the northeastern portion of the stations, near the main gate. 
No areas of contamination have been identified near the on-site housing. Recreational areas 
available at NASJRB and ARS include a pavilion, playground, pond, and baseball diamond. 
These facilities are located in the southwest portion of the site on and near the Ninth Street 
Landfill. A private country club and golf course is near the station boundary, by the Ninth Street 
Landfill. 
 
In June 2000, an F-14 Tomcat crashed southwest of NASJRB’s southern boundary. The crash 
occurred in an isolated 10-acre area, referred to as the Aircraft Mishap Site, surrounded by 
residential homes and commercial businesses (Foster Wheeler 2000). 
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Nature and Extent of Contamination 
 
To characterize possible surface soil contamination at the Ninth Street Landfill, the Navy 
conducted site investigations under a 1984 Preliminary Assessment (PA), the 1990 SI, 1993 
Phase I RI, and 1998 Phase II RI. As part of the SI, six surface soil samples were collected and 
analyzed for semivolatile organic compounds (SVOCs), pesticides, polychlorinated biphenyls 
(PCBs), and metals. Benzo(a)pyrene (0.47 parts per million [ppm]), dieldrin (0.11 ppm), and 
arsenic (19 ppm) were found above ATSDR’s CVs (EA 1990). During the Phase I and II RIs, 28 
surface soil samples were collected and analyzed for VOCs, SVOCs, pesticides, PCBs, and/or 
metals. Benzo(a)pyrene (to 1.1 ppm), benzo(b)fluoranthene (to 1.4 ppm), dibenz(a,h)anthracene 
(to 0.15 ppm), dieldrin (to 0.62 ppm), arsenic (to 8.6 ppm), cadmium (to 18.4 ppm), and iron (to 
27,200 ppm) were found above ATSDR’s CVs (Brown and Root Environmental 1998). 
 
As a result of the F-14 Tomcat crash, on-board fuel and hydraulic fluids were released into the 
environment. Based on the nature of the crash and burn area, most of the on-board fuels and oils 
were likely consumed in the crash fire. The Navy gathered surface soil samples in the crash area 
to characterize possible fuel releases to the ground. Trace amounts of chemicals associated with 
fuel and oil were found, but no concentrations exceeded ATSDR’s CVs. Topsoil imported from 
an off-station location to cover the crash site contained benzo(a)pyrene (0.35 ppm), which in 
some cases may be a natural component of soil, above ATSDR’s CV. Arsenic (7.6 ppm) and iron 
(23,3000) were also found above CVs, however these two metals are natural parts of the soil and 
are not found in fuel or oil (Foster Wheeler 2000). 
 
Details regarding contaminants found above their CVs are provided in Table 4.  
 
Evaluation of Potential Public Health Hazards 
 
No apparent past, current, or future public health hazards are associated with recreational use of 
facilities near the Ninth Street Landfill or the Aircraft Mishap Site. Several chemicals were 
found above ATSDR’s health-based CVs. These CVs, however, were developed by ATSDR 
assuming that a person contacts, by accidentally eating, soil every day. Accidentally eating 
soil—also called incidental ingestion—can happen when a person gets soil on their hands, such 
as when gardening or playing baseball, and then eats food without washing their hands. Dust 
generated from the soil during activities such as digging or gardening may also settle on food 
that is then eaten without being washed first.  
 
In conducting investigations of the Ninth Street Landfill, the Navy found only low-levels of 
contamination and has proposed that no further actions are required to address surface soil 
contamination at these sites (Navy 2001a). In evaluating exposures to surface soil contamination 
at the Ninth Street Landfill, ATSDR found that daily exposures are not expected to occur. 
Recreational areas near the Ninth Street Landfill are not expected to be accessed by residents at 
NASJRB and ARS or the public on a regular and frequent (daily) basis. 
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After the F-14 Tomcat crash at the Aircraft Mishap Site, the Navy conducted investigations and 
remedial actions to assess possible fuel releases and prevent contact with possible contamination. 
Remedial actions included backfilling the area with topsoil. Sampling of the topsoil found three 
contaminants at levels below state and federal regulatory limits, but above ATSDR’s 
conservative screening values. These contaminants are likely naturally occurring in the soil and 
are not a result of releases from the F-14 Tomcat crash. Nonetheless, ATSDR evaluated potential 
exposures to these contaminants. As with the Ninth Street Landfill, daily exposures are not 
expected to occur. The Aircraft Mishap Site is located in an isolated area which is not expected 
to be accessed by the public on a regular and frequent, daily, basis.. 
 
 
Exposure to Contaminants in Surface Water and Sediment 
 
Could exposure to contaminants in surface water and sediment adversely affect members of the 
NASJRB and ARS and surrounding communities? 
 
Conclusion 
 
No apparent public health hazards are associated with recreational use of the on-station pond 
near the Ninth Street Landfill or streams flowing off station. No public health hazards are 
associated with surface water and sediment contamination possibly present at other sites at 
NASJRB and ARS. Most on-station areas of surface water and sediment are inaccessible to the 
public. The recreational pond located near the Ninth Street Landfill can only be accessed by 
people within NASJRB and ARS. However, off-station streams can be accessed by the public. 
 
Sampling has found contamination in the recreational pond and on-station streams. Off-station 
sampling of two streams found no contamination in the tributary to Park Creek fed by runoff 
from the Ponding Basin and only low-level sediment contamination in the tributary to Pennypack 
Creek fed by runoff from the Antenna Field Landfill. Contaminant concentrations found in on- 
and off-station water bodies are below levels expected to result in illness or harm from exposures 
during past, current, or future recreational activities at the pond near Ninth Street Landfill or off-
station streams. The Navy and USAF are planning no further action to address possible off-
station stream contamination because only low-levels of contamination (below levels of health 
concern) were found in on- and off-station areas accessible to the public. The Navy and USAF, 
however, are conducting remediation as needed to address contamination sources.  
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Discussion 
 
Surface Water Hydrology 
 
NASJRB and ARS lie on a topographic high, therefore, most surface water flows from the 
station to surrounding areas. Only minimal surface water flow from surrounding areas to the 
station is likely. Surface elevations range from approximately 370 feet above sea level in the 
southern portion of the station to 240 feet above sea level in the northern portion. Most land 
slopes are less than three percent, though regrading has resulted in some steeper areas.  
 
NASJRB and ARS have two drainage basins—Little Neshaminy Creek in the north and 
Pennypack Creek in the south. Most surface water flows north into Park Creek, a tributary of 
Little Neshaminy Creek. Antenna Field Landfill and a portion of the Fire Training Area lie 
within the Pennypack Creek drainage basin. Both creeks eventually discharge to the Delaware 
River. No perennial streams have been identified at NASJRB and ARS. During heavy rainfalls 
runoff is channeled into swales and man-made drainage ditches. These swales and ditches are 
channeled to five primary outfall areas. Of the five outfalls, three drain to Park Creek, one drains 
into Pennypark Creek, and one directly connects to the Northern Storm Sewer System (Brown 
and Root 1998).  
 
Surface water runoff from the Ninth Street Landfill collects in the recreational pond adjacent to 
the landfill. The outlet to the recreational pond discharges to an unnamed tributary of Park 
Creek, which passes through the golf course located adjacent to the station boundary (Brown and 
Root 1998).  
 
Land Use 
 
Within NASJRB and ARS boundaries, the pond located north of the landfill and recreational 
areas at the Ninth Street Landfill may be used for recreation. Signs prohibiting swimming, 
fishing, and boating, however, are posted. Beyond station boundaries, streams carrying surface 
water runoff from the station may be used for recreation, including fishing. PADEP designated 
Pennypack Creek as a warm-water fishery. The Pennsylvania Fish and Boat Commission 
(PFBC) stocks Little Neshaminy Creek and Pennypack Creek with trout during the spring 
(Brown and Root 1998; PFBC 2001a). 
 
Nature and Extent of Contamination 
 
Several on-site surface water bodies contain contaminated sediment and surface water (e.g., 
Antenna Field Landfill creek, recreational pond near Ninth Street Landfill, and Privet Road 
Compound drainage swales). Surface water and sediment contamination may result from direct 
release of contaminants to a surface water body or transport of contaminants in surface water 
runoff. Contaminants detected above CVs in surface water and/or sediment include VOCs, 
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BEHP, polycyclic aromatic hydrocarbons (PAHs), dieldrin, PCBs, and metals (Dames & Moore 
1988; EA 1990, 1992; Brown and Root 1998). 
 
Most areas of surface water and sediment contamination are located in remote portions of the 
station or are fenced to limit access, which minimizes contact with contaminants by the public, 
on-station residents, and on-station workers. Exposures, however, are possible at the recreational 
pond near the Ninth Street Landfill. During the 1990 SI sampling, four surface water and 
sediment samples were collected from the recreational pond. The Navy collected four surface 
water samples from the wetlands around the pond, and the downstream drainage swale during 
the 1993 Phase I RI and two samples from a ditch draining into the pond during the 1998 Phase 
II RI. Sediment samples collected by the Navy include six samples gathered during the 1993 
Phase I RI and three samples gathered during the 1998 Phase II RI (EA 1990; Brown and Root 
1998).  
 
Results from these sampling events reported surface water containing dieldrin (0.06 ppb), 
antimony (to 73.3 ppb), arsenic (to 2 ppb), chromium (245 ppb), lead (to 83.5 ppb), manganese 
(to 5,710 ppb), and zinc (to 11,700 ppb) above CVs for drinking water. Drinking water CVs were 
used to evaluate contaminant concentrations in surface water because no surface water CVs are 
available. These CVs are very conservative estimates for exposure to surface water because they 
consider regular (e.g., daily) ingestion for extended periods of time (e.g., years). 
 
Methylene chloride (10 ppb) and BEHP (6 ppb) were each found above their CVs in one sample 
collected in 1989. These contaminants, however, are commonly used in laboratory analysis 
methods and their presence was attributed to laboratory contamination. Sediment samples 
contained benzo(a)anthracene (to 14 ppm), benzo(a)pyrene (to 12 ppm), benzo(b)fluoranthene 
(to 12 ppm), benzo(k)fluoranthene (to 10 ppm), dibenz(a,h)anthracene (at 0.41 ppm), 
indeno(1,2,3-c,d)pyrene (to 8 ppm), aldrin (to 0.12 ppm), dieldrin (to 1.4 ppm), antimony (to 
30.9 ppm), arsenic (to 7.4 ppm), cadmium (to 24 ppm), chromium (to 256 ppm), cyanide (at 
30,700 ppm), iron (to 30,100 ppm), lead (to 3,690 ppm), mercury (to 30.2 ppm), thallium (to 
61.2 ppm), and vanadium (to 208 ppm) above their surface soil CVs (EA 1990; Brown and Root 
1998). Surface soil CVs were used to assess sediment contaminant concentrations because no 
sediment CVs are available. These CVs are very conservative estimates for exposure to sediment 
because they consider regular (e.g., daily) contact with surface soil for extended periods of time 
(e.g., years). Table 5 summarizes the contaminants found above CVs during these sampling 
events.  
 
Off-station surface water and sediment samples were collected where runoff from the Ponding 
Basin and Antenna Field Landfill leaves the station. Runoff from the Ponding Basin flows into a 
tributary of Park Creek and runoff from the Antenna Field Landfill flows into a tributary of 
Pennypack Creek. No contaminants were found above CVs in off-station surface water or 
sediment samples collected near the Ponding Basin (Dames & Moore 1988). Arsenic and 
benzo(a)pyrene were found above CVs in off-station sediment samples collected both upstream 
and downstream of the Antenna Field Landfill. Upstream samples contained arsenic to 3.1 ppm 
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and benzo(a)pyrene to 330 ppb. The downstream sample contained arsenic at 3.2 ppm and 
benzo(a)pyrene at 160 ppb. No contaminants were found above CVs in surface water. Details 
regarding contaminants found above their CVs in surface water and sediment are provided in 
Table 5. 
 
A review of results from samples collected from streams and drainage swales at the edge of the 
station found that most contaminants were at levels equal to or less than contaminant levels 
found at the recreational pond near the Ninth Street Landfill. Only dieldrin (0.11 ppb) in surface 
water at the Antenna Field Landfill and arsenic (23 ppm) and iron (42,700 ppm) in sediment at 
the North End Landfill were found at higher concentrations (Dames & Moore 1988; EA 1990, 
1992; Brown and Root 1998). 
 
 
 
 
Evaluation of Potential Public Health Hazards 
 
No apparent past, current, or future public health hazards were identified associated with 
recreational use of the pond at the Ninth Street Landfill or off-station streams. Although people 
may contact contaminants in surface water and sediment in the recreational pond or off-station 
streams, the levels of contamination are below those associated with health concerns. Because no 
CVs are available for surface water and sediment, ATSDR conservatively compared contaminant 
levels found in surface water against drinking water CVs and sediment against surface soil CVs. 
Both groundwater and surface soil CVs are developed assuming daily contact. Recreational use 
of the pond and streams is expected to occur less frequently based on signs prohibiting 
swimming, boating, and fishing in the recreational pond; climate restrictions of Pennsylvania; 
and the intermittent flow of off-station streams adjacent to NASJRB and ARS. In addition, 
contaminants were found above the conservative drinking water and surface soil CVs in only a 
portion of the samples collected. As such, contact with contaminants at concentrations above 
CVs was expected to be infrequent and of short duration. No further actions are planned to 
address low-level contaminant concentrations (below levels of health concern) in surface water 
and sediment. The Navy and USAF, however, continue to undertake investigation and 
remediation efforts to address site contamination throughout NASJRB and ARS. 
 
 
Exposure to Contaminants in Fish 
 
Past activities at NASJRB and ARS have resulted in surface water and sediment contamination. 
Recreational fishing occurs in streams and ponds receiving runoff from NASJRB and ARS. 
Could consumption of fish from station and/or downstream water bodies pose potential health 
hazards? 
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Conclusion 
 
No apparent public health hazards were identified from consuming fish caught at NASJRB and 
ARS or downstream water bodies. Streams within the station boundaries are intermittent and, 
therefore, do not support a fish population suitable for eating. Little Neshaminy Creek and 
Pennypack Creek, downstream of the station, are used for fishing. Pesticides and mercury were 
found in surface water and sediment at NASJRB and ARS and are contaminants that can 
accumulate in fish. Contaminant concentrations, however, are expected to decrease below levels 
of health concern as the contaminants are transported downstream. In addition, PFBC has 
implemented consumption advisories to limit the potential for consumption of fish by the public. 
These advisories are not based on specific concerns about NASJRB and ARS, rather the advisory 
for mercury contamination is based on a statewide fish consumption advisory and the advisory 
for PCBs is based on concerns for the Little Neshaminy Creek watershed. 
 
Discussion 
 
Fishing occurs in water bodies receiving storm water runoff from the station. Little Neshaminy 
Creek, located about 1.5 miles downstream of NASJRB and ARS, and Pennypack Creek, located 
about 0.6 miles downstream, are stocked with trout for sport fishermen (PFBC 2001a). 
Pennypack Creek also is designated as a warm-water fishery by PADEP (Brown and Root 1998).  
 
Although these creeks are stocked and fished, PFBC has issued fish-consumption advisories for 
mercury and PCBs. These advisories are in place because of statewide or watershed-wide 
concerns, not because of specific concerns about NASJRB and ARS. The mercury advisory 
applies to the entire state and recommends that people eat one meal per week, or less, of any fish 
caught in Pennsylvania. This advisory is consistent with the nationwide fish-consumption 
advisory developed to protect populations particularly susceptible to mercury toxicity, including 
pregnant and nursing women, women of childbearing age, and young children. The PCB 
advisory applies to designated water bodies. Under this advisory, people catching fish in the 
Little Neshaminy Creek basin are advised to eat one fish meal per week, or less, of all species, 
except carp. Carp should only be eaten once a month. Proper cleaning and cooking techniques 
should be used to reduce the amount of PCBs eaten (PFBC 2001b, 2001c).  
 
Nature and Extent of Contamination 
 
Transport of contaminants may occur through surface water runoff in several small creeks 
flowing off station. Access to these off-station creeks is not restricted. A review of results from 
one sample collected off station from the Ponding Basin, two samples collected off station from 
the Antenna Field Landfill, and samples collected from streams and drainage swales at the edge 
of the station found PAHs, metals, and pesticides at concentrations above drinking water and 
surface soil CVs, as described in the “Exposure to Surface Water and Sediment” section of this 
PHA, but below levels of regulatory concern. Of the contaminants found in surface water and 
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sediment, pesticides and mercury are typically a concern for bioaccumulation in fish. No fish 
sampling, however, has been conducted.  
 
The pesticide aldrin was found in sediment (0.08 ppm), but not surface water, collected near the 
station boundary at the Ninth Street Landfill. Sediment samples collected near the station 
boundary at the Antenna Field Landfill (0.71 ppm), Ninth Street Landfill (0.09 ppm), and North 
End Landfill (0.23 ppm) contained the pesticide dieldrin. Surface water at these sites contained 
dieldrin at 0.11 ppb, 0.03 ppb, and 0.06 ppb, respectively. In samples collected near the station 
boundary, mercury was found in sediment at 0.42 ppm near the Ninth Street Landfill and at 0.18 
ppm at the North End Landfill. Mercury was found in surface water at 0.24 ppb at the North End 
Landfill (Dames & Moore 1988; EA 1990, 1992; Brown and Root 1998). 
  
 
 
Evaluation of Potential Public Health Hazards 
 
No apparent public health hazards have been identified from fishing in streams at NASJRB and 
ARS or downstream of the station. Streams within NASJRB and ARS boundaries are 
intermittent and do not support a fish population suitable for consumption. The surface water and 
sediment samples collected at the edge of the station reflect contaminant concentrations in 
intermittent streams and do not represent concentrations available for bioaccumulation in fish. 
As chemicals are transported downstream in surface water and sediment, their concentrations are 
expected to be reduced by the physical processes of dispersion. Fishable waters—Little 
Neshaminy Creek and Pennypack Creek—are located 1.5 and 0.6 miles downstream of NASJRB 
and ARS, respectively. In addition, PFBC has implemented fish consumption advisories. These 
advisories are not based on specific concerns about NASJRB and ARS, rather these advisories 
(consumption of one fish meal per week) are based on statewide and nationwide mercury 
concerns and a watershed-wide concern about PCBs. PFBC has implemented more stringent fish 
consumption advisories for mercury in a number of waterbodies; neither Little Neshaminy Creek 
or Pennypack Creek were identified as needing more stringent restrictions. PFBC has also 
implemented a fish consumption advisory based on PCBs in Little Neshaminy Creek. Trout that 
are stocked in Little Neshaminy Creek and Pennypack Creek are stocked at their legal catch size. 
The need for annual re-stocking indicates that the fish remain resident in these creeks for a short 
period, during which time bioaccumulation would be minimal. 
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COMMUNITY HEALTH CONCERNS 

 
ATSDR identified community health concerns through meetings with Navy and USAF personnel 
and review of site documents, including RODs and Community Relations Plans. The following 
concerns were identified: 
 
Have exposures occurred or could they be occurring from contaminated water drawn from 
shallow private wells near the Fire Training Area or Antenna Field Landfill? 
 
The Fire Training Area and Antenna Field Landfill are located in the southern portion of 
NASJRB. Groundwater contamination from the Fire Training Area was identified as possibly 
affecting drinking water wells located along Horsham Road to the west. To address concerns 
about exposures to contaminants in private wells, the Navy collected samples from five private 
wells located along Horsham Road in 1996. These samples were analyzed for VOCs. One 
sampled contained 1,1-DCE at 2.8 ppb. In June 2000, a F-14 Tomcat crashed near the 
intersection of Horsham and Norristown Roads. Some of the wells sampled in 1996 were 
resampled in an effort to determine if fuels released during the F-14 Tomcat accident affected six 
nearby private wells. One sample contained 1,1-DCE at 0.27 ppb. 1,1-DCE was found in two 
different wells during the two sampling events. In both wells, the detected concentrations were 
above the CV for cancer effects (0.06 ppb), but below the CV for noncancer effects (90 ppb) and 
EPA’s MCL (7 ppb) (GLA 1996; Foster Wheeler 2000).  
 
The source of the 1,1-DCE is unknown. During the F-14 Tomcat crash, only fuels, which contain 
no 1,1-DCE, were released. In conducting evaluations of the Fire Training Area, the Navy found 
that the aerial extent of a groundwater plume originating at the site was contained within 
NASJRB’s boundaries. This plume, therefore, is not the source of 1,1-DCE found in private 
wells (Navy 2001a).  
 
As described in the “Exposure to Contaminants in Drinking Water” section of this PHA, ATSDR 
reviewed information on detected concentrations, potential exposure situations, and contaminant 
toxicology. Based on an evaluation of this information, ATSDR concluded that no apparent 
public health hazards are posed by exposure to contaminants found in private wells. Although 
exposures may have occurred, they were below levels expected to result in illness or other 
adverse health effects. The Navy is also continuing to investigate groundwater contamination 
found at the Fire Training Area. A FS, which outlines proposed remediation measures, is under 
development. The Navy will conduct remediation once remedial measures are approved by state 
and federal environmental protection agencies to prevent exposures to contaminants originating 
at the Fire Training Area (Navy 2001a).  
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Could lead from the Water Tower Demolition project affect members of the town or workers 
on the station? 
 
In 1997, the Navy demolished a water tower located in the eastern portion of the station. 
Community members are concerned that lead released from the lead paint coating the water 
tower may harm the public and workers at NASJRB and ARS. After demolishing the water 
tower, the Navy excavated approximately 52 tons of surface soil (0 to 6 inches) located near the 
water tower to remove possible soil contamination. The Navy collected five soil samples and 
analyzed them for metals, including lead, to confirm that possible contamination was removed. 
No metals were found at levels of concern. The excavated soil was disposed off station at Waste 
Management Landfill in Morristown, Pennsylvania (Navy 2001b). The public and workers at 
NASJRB and ARS are not expected to be affected by lead paint from the water tower because 
the water tower and potentially contaminated soil have been removed from the station.  
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ATSDR CHILD HEALTH INITIATIVE 

 
ATSDR recognizes that infants and children may be more sensitive to exposures than adults in 
communities with contamination in water, soil, air, or food. This sensitivity results from a 
number of factors. Children are more likely to be exposed because they play outdoors and they 
often bring food into contaminated areas. Children are shorter than adults, which means they 
breathe dust, soil, and heavy vapors close to the ground. Children are also smaller, potentially 
resulting in higher doses of chemical exposure per unit body weight. The developing body 
systems of children can sustain permanent damage if toxic exposures occur during critical 
growth stages. Most importantly, children depend completely on adults for risk identification and 
management decisions, housing decisions, and access to medical care. Therefore, ATSDR is 
committed to evaluating their special interests at sites such as NASJRB and ARS as part of the 
ATSDR Child Health Initiative. 
 
ATSDR has attempted to identify populations of children near NASJRB and ARS. Horsham 
Township, in which NASJRB and ARS are located, has a population of approximately 5,500 
children ages 14 and younger. Warrington Township, which is located adjacent to NASJRB and 
ARS to the northeast, has a population of approximately 4,400 children ages 14 and under (U.S. 
Census Bureau 2001). 
 
Like other people living or working at or near NASJRB and ARS, children may contact 
contaminated site media. As discussed in the “Evaluation of Environmental Contamination and 
Potential Exposure Situations” section of this PHA, past, current, and future exposures for 
children include contact with contaminants in drinking water, surface soil, surface water and 
sediment, and fish. After reviewing information for each of these potential exposures, ATSDR 
concluded that exposure to site contamination does not pose unique health hazards for 
children. This conclusion is based on ATSDR’s exposure evaluation and the following 
information: 
 
# Although groundwater contamination is present at NASJRB and ARS, impacts to 

drinking water supply wells has been minimal. In the past, station supply wells contained 
TCE, PCE, arsenic, barium, and lead, but at levels below those expected to cause adverse 
health effects in adults or children. To prevent current and future exposures, a treatment 
system was installed and wells are tested regularly to ensure that state and federal 
drinking water standards are met. Community water supplies are operated by HWSA and 
WMA. HWSA wells nearest the station have been free of contamination. WMA wells 
nearest the station have contained low-levels of VOCs, however, this contamination is 
not attributable to NASJRB and ARS. As required under state and federal regulations, 
regular monitoring is conducted to ensure that drinking water standards are met. A 
caretaker house located on property adjacent to the Graeme Historic Site has a spring-fed 
well, which has infrequently been contaminated with fuel components. The source of this 
contamination was identified as surface water runoff containing fuel components from 
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vehicle maintenance areas on the property. The well is no longer used as a drinking water 
supply and the USAF is investigating remedial alternatives to prevent possible future 
impacts from the POL Area at ARS. Sampling of private wells along Horsham Road 
found two wells that contained 1,1-DCE at concentrations below health concern. The 
source of the 1,1-DCE is unknown. The Navy has found that groundwater contamination 
associated with the Fire Training Area, the nearest on-station source to these wells, is 
confined within station boundaries. The Navy is developing remedial actions to prevent 
off-station migration of this groundwater contamination plume. 

 
# Surface soil contamination is located in several areas at the station, however, access to 

most of these areas is restricted. Children playing in the recreational areas near the Ninth 
Street Landfill may contact PAHs, dieldrin, arsenic, cadmium, and iron. An F-14 Tomcat 
crash released fuels to surface soil in an isolated off-station location. Children who may 
enter this area would contact benzo(a)pyrene, arsenic, and iron, which were found at 
levels below regulatory limits in topsoil used to backfill the crash site. At both the Ninth 
Street Landfill and the Aircraft Mishap Site, however, contaminant concentrations are 
below levels expected to cause adverse health effects during recreational use for both 
adults and children. No remediation at the Ninth Street Landfill or further actions at the 
Aircraft Mishap Site are planned because contaminant levels were below levels of 
concern. 

 
# Contaminants were found in surface water and sediment in several locations at NASJRB 

and ARS, but like surface soil contamination, most contaminants were found in areas 
inaccessible to the public. Children playing at the recreational pond near the Ninth Street 
Landfill and in off-station streams may be exposed to PAHs, aldrin, dieldrin, and metals 
in surface water and/or sediment. Concentrations of these contaminants, however, are 
below levels expected to cause adverse health effects during recreational use. No 
remediation, therefore, is planned by the Navy or USAF. 

 
# Children may also be exposed to contaminants accumulated in fish. Streams at NASJRB 

and ARS contain sediment and surface water contamination, but these streams are 
intermittent and support no edible fish population. When surface water is flowing, 
contaminants may move downstream of the station to fishing areas. Little Neshaminy 
Creek and Pennypack Creek are located 1.5 and 0.6 miles downstream of NASJRB and 
ARS, respectively, and are used for fishing. Only low levels of aldrin, dieldrin, and 
mercury, however, were found in surface water and sediment samples collected at the 
station boundaries. As these contaminants move downstream, concentrations would 
decrease further based on dispersion mechanisms. Contaminant levels in fishable streams 
would be expected to be at levels too low to collect in fish at harmful levels. In addition, 
fish consumption advisories for mercury and PCBs are in place. Although very low levels 
of mercury and PCBs have been found in media at NASJRB and ARS, their presence at 
NASJRB and ARS was not the cause for these fish advisories. These advisories are based 
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on the nationwide concern about mercury in fish and a watershed concern about PCBs in 
fish from Little Neshaminy Creek. 
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CONCLUSIONS 

 
Based on a review of available environmental information, ATSDR concludes that the exposure 
situations at NASJRB and ARS pose no apparent public health hazards. (For a description of 
ATSDR’s hazard categories, see the Glossary, Appendix B.) Conclusions regarding media-
specific exposures are as follows: 
 
1. No apparent public health hazards are posed by contaminants found in groundwater at 

NASJRB and ARS. Levels of PCE, TCE, 1,1-DCE, arsenic, barium, and lead detected in 
station supply wells or off-station private wells were below levels associated with adverse 
health effects. Low-levels of fuel components were infrequently detected in the Graeme 
Historic Site well. No contaminants attributable to NASJRB and ARS have been found in 
community supply wells located near NASJRB and ARS. The Navy and USAF are 
conducting or investigating remediation measures to prevent current and future impacts 
to drinking water supplies. 

 
2. No apparent public health hazards are associated with contaminants found in surface soil.  

Most areas of surface soil contamination are inaccessible to the public, therefore, no 
exposures occur at these locations. Station residents and/or the public may contact 
surface soil contamination at recreational areas near the Ninth Street Landfill and at the 
off-station Aircraft Mishap Site. In these locations, however, contaminant concentrations 
are below levels expected to result in illness or harm from exposures during past, current, 
or future recreational activities. No remediation at the Ninth Street Landfill or further 
actions at the Aircraft Mishap Site, therefore, are planned by the Navy. 

 
3. No apparent public health hazards are associated with contaminants found in surface 

water or sediment. Similar to surface soil contamination, most areas of surface water and 
sediment contamination are inaccessible and no exposures are occurring. Exposures may 
occur at the recreational pond located near the Ninth Street Landfill and off-station 
streams. Surface water and sediment contamination levels found in the recreational pond, 
in off-station streams, and at the station boundaries, however, are below levels expected 
to result in illness or harm from exposures during past, current, or future recreational 
activities. No remediation, therefore, is planned by the Navy or USAF. The Navy and 
USAF, however, are planning or conducting remediation as necessary to address sources 
of contamination throughout NASJRB and ARS. 

 
4. No apparent public health hazards were identified from consuming fish caught at 

NASJRB and ARS or downstream water bodies. Streams within the station boundaries 
are intermittent and, therefore, do not support an edible fish population. Little Neshaminy 
Creek and Pennypack Creek, downstream of the station, are used for fishing. Pesticides 
and mercury concentrations found at the station, however, are expected to disperse to 
concentrations too low to accumulate at levels of concern in fish in these creeks. Fish 
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consumption advisories are also in place, not because of concern about contaminants 
originating from NASJRB and ARS, but because of a nationwide concern about mercury 
in fish and a watershed concern about PCBs in fish. To prevent future migration of 
contamination beyond station boundaries, the Navy and USAF are planning or 
conducting remediation as necessary to address sources of contamination throughout 
NASJRB and ARS. 
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PUBLIC HEALTH ACTION PLAN 

 
The Public Health Action Plan (PHAP) for NASJRB and ARS describes actions taken and those 
to be taken by ATSDR, the Navy, and USAF subsequent to the completion of this PHA. The 
purpose of the PHAP is to ensure that this PHA not only identifies potential and ongoing public 
health hazards, but provides a plan of action designed to mitigate and prevent adverse human 
health effects resulting from exposure to hazardous substances in the environment. The public 
health actions that are completed, ongoing or planned, and recommended are listed below. 
 
 
Completed Actions 
 
1. The Navy and USAF have conducted environmental investigations to identify possible 

areas of contamination and to characterize the nature and extent of contamination at these 
areas. Investigation results have been reported in the 1988 RI for ARS, 1990 SI, 1992 
Extended Site Inspection, and 1993 Phase I and 1998 Phase II RIs for NASJRB. Based 
on the results of these investigations, the Navy and USAF have recommended FSs to 
assess possible remediation, implemented remedial actions, or prepared no further 
response action documents. 

 
1. PCB-containing soils were found at the Privet Road Landfill during site investigations. 

Although this site is inaccessible to the public, the Navy excavated and removed 
approximately 1,200 tons of soil from the site in 1999. Contaminated soils were disposed 
of off station. Excavation and removal activities were documented in the 1999 Close-out 
Report for PCB Removals at the Privet Road Landfill. 

 
2. To address possible fuel and oil releases during the F-14 Tomcat crash, the Navy cleared 

damaged vegetation, covered the area with topsoil, reseeded and replanted disturbed 
areas, and repaired a fence damaged by the crash and remediation efforts. A Remedial 
Action Completion Report documenting these actions was issued in September 2000. 
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Ongoing or Planned Actions 
 
1. To address contamination found in station supply wells, the Navy operates an air 

stripping unit to remove contaminants from the water supply prior to distribution. As the 
Navy receives and allocates funding, ongoing investigations and proposed remediation 
activities are occurring or will occur at the Privet Road Compound, Fire Training Area, 
Ninth Street Landfill, and other sites as necessary. Groundwater monitoring is also 
conducted at areas of concern—where contamination may impact drinking water 
supplies—throughout the station. At the Navy Fuel Farm, a vacuum-enhanced light non-
aqueous phase liquid (LNAPL) and groundwater recovery and treatment system has 
operated since 1998. This system removes LNAPL floating on the surface of the 
groundwater and treats groundwater to remove dissolved chemicals (EA 2001). The 
USAF is continuing to address groundwater contamination associated with the POL Area. 
Past remediation efforts have had limited success. Currently, the USAF is proposing 
remediation in three phases. Phase I includes additional sampling to characterize current 
groundwater conditions, Phase II includes in-situ chemical oxidation and enhanced in-
situ bioremediation, and Phase III includes expanded enhanced in-situ bioremediation, if 
needed. 

 
1. The USAF installed absorbent booms in the Ponding Basin at the outfall to off-station 

streams to capture fuel contamination that may enter the basin with surface water runoff. 
These booms are replaced twice a year, or more frequently if needed. In addition, the 
USAF conducts monthly sampling and monitoring of the Ponding Basin outfall to ensure 
that parameters set forth in a National Pollution Discharge Elimination System permit are 
met (USAF 2001a).  

 
1. The Navy is in the process of developing an FS to address contamination found at the 

Fire Training Area. The preferred remediation measures outlined in the FS will be 
reviewed and approved by state and federal environmental protection agencies. 

 
 
Recommended Actions 
 
1. If new information from monitoring or future site investigations identifies pathways of 

contaminant exposure that may result in adverse effects on public health, ATSDR can, if 
requested, review the additional information and make recommendations for the 
protection of public health. ATSDR will also re-evaluate the potential for public health 
hazards if changes in station land uses or remedial activities may lead to future exposures 
that result in adverse effects on public health.  

 
2. ATSDR supports Navy and USAF efforts to implement groundwater treatment 

technologies, operate the treatment system serving the station water supply system, and 
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conduct ongoing monitoring. These efforts will minimize or prevent current and future 
exposures to contaminants originating at NASJRB and ARS.  
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Table 1. Evaluation of Public Health Hazards at the Naval Air Station Joint Reserve Base and Air Force Reserve Station at Willow Grove 
Site Site Description/Waste Disposal 

History 
Investigation Results/ Environmental 

Monitoring Results 
Corrective Activities and/or 

Current Status 
Evaluation of Public Health 

Hazard 
Naval Air 
Station Joint 
Reserve Base 
(NASJRB) Site 
1- Privet Road 
Compound 

The Privet Road compound is 
located west of Building No. 6, in 
the northern corner of the station. 
The compound was used as a 
transfer station for wastes after the 
closure of the Ninth Street 
Landfill in 1967. The Privet Road 
Compound operated between 
1967 and 1975 and was used as an 
open disposal area where 
appreciable quantities of waste 
were burned and buried. 

Sampling was conducted as part of the 
1990 Site Inspection (SI), 1993 Phase I 
Remedial Investigation (RI), and 1998 
Phase II RI. The following 
contaminants were found above 
comparison values (CVs): 
Surface Soil: Benz(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene,  
dibenz(a,h)anthracene, indeno(1,2,3-
cd)pyrene, dieldrin, polychlorinated 
biphenyls (PCBs), arsenic, and iron. 
Groundwater: Carbon tetrachloride, 
1,1-dichloroethene (1,1-DCE), 
methylene chloride, tetrachloroethylene 
(PCE), trichloroethene (TCE), bis(2-
ethylhexyl)phthalate (BEHP), dieldrin, 
Aroclor-1260, aluminum, arsenic, 
chromium, cadmium, iron, lead, 
manganese, and vanadium. 
Surface Water: Acetone, 4-methyl-2-
pentanone, and antimony. 
Sediment: Benzo(a)pyrene, dieldrin, 
Aroclor-1260, arsenic, chromium, and 
iron. 

The compound is currently 
fenced. PCB-containing soils 
were removed and disposed 
off site in 1999. 
Approximately 1,200 tons of 
soil were removed to achieve 
cleanup levels of 1 part per 
million (ppm). This site was 
initially identified as a 
potential source of volatile 
organic compounds (VOCs) 
found in station water supply 
wells. As such, the Phase II 
RI recommended completion 
of a Feasibility Study (FS) to 
address contamination. Later 
studies found that the Privet 
Road Compound is not a 
source of station well 
contamination. Regardless, 
an FS is currently under 
development. Groundwater 
monitoring is ongoing, and 
an air stripper removes 
VOCs from the station’s 
drinking water supply. 

Surface Soil: No apparent 
public health hazard is 
associated with soil. Access 
restrictions have been 
implemented to prevent 
current and future exposures. 
Groundwater: No apparent 
public health hazard is 
associated with groundwater 
contamination. Past exposures 
to VOCs in drinking water 
were below levels of health 
concern and treatment 
systems are in place to 
prevent current and future 
exposures. 
Surface Water/Sediment: 
No apparent health hazard 
was identified. Contaminants 
were detected infrequently 
and exposures are expected to 
be infrequent and of short 
duration. 
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Table 1. Evaluation of Public Health Hazards at the Naval Air Station Joint Reserve Base and Air Force Reserve Station at Willow Grove 
Site Site Description/Waste Disposal 

History 
Investigation Results/ Environmental 

Monitoring Results 
Corrective Activities and/or 

Current Status 
Evaluation of Public Health 

Hazard 
NASJRB Site 
2- Antenna 
Field Landfill 

The Antenna Field Landfill, 
located in the southern portion of 
NASJRB, was used between 1948 
and 1960 as the principal area of 
disposal for solid waste generated 
by the station. Landfilling 
procedures consisted of trench 
excavation, followed by burning 
and burial of waste. After 
landfilling operations ceased, the 
area was regraded with a soil 
cover and vegetated with grass. 

An SI was completed in 1990 and 
Phase I and II RIs were completed in 
1993 and 1998, respectively. The 
following contaminants were found 
above CVs: 
Surface Soil: Benz(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, 
dibenz(a,h)anthracene, indeno(1,2,3-
cd)pyrene, dieldrin, arsenic and iron. 
Groundwater: Benzene, methylene 
chloride, 1,1-dichloroethene, PCE, 
BEHP, dieldrin, arsenic, barium, 
beryllium, cadmium, iron, lead, 
manganese, and thallium. 
Surface Water: Methylene chloride, 
BEHP, dieldrin, arsenic, cadmium, and 
manganese. 
Sediment: Benz(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, 
dibenz(a,h)anthracene, indeno(1,2,3-
cd)pyrene, dieldrin, arsenic, iron, lead, 
and manganese. 

Based on sampling results 
and evaluations conducted 
under the Phase I and II RIs, 
the U.S. Navy (Navy) 
determined that no remedial 
actions are necessary at the 
Antenna Field Landfill. Only 
low-levels of contaminants 
were found in soil, surface 
water, and sediment and no 
exposure routes were 
identified for groundwater 
contamination. 

Surface Soil: No public 
health hazard was identified 
because access to this site was 
and is restricted. 
Groundwater: No public 
health hazards are associated 
with groundwater 
contamination. Groundwater 
in this area is not used as a 
drinking water supply. 
Surface Water/ Sediment: 
No apparent public health 
hazard from exposure to 
surface water and sediment 
was identified because 
contaminants were detected 
infrequently and access to the 
site was and is restricted. 
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Table 1. Evaluation of Public Health Hazards at the Naval Air Station Joint Reserve Base and Air Force Reserve Station at Willow Grove 
Site Site Description/Waste Disposal 

History 
Investigation Results/ Environmental 

Monitoring Results 
Corrective Activities and/or 

Current Status 
Evaluation of Public Health 

Hazard 
NASJRB Site 
3- Ninth Street 
Landfill 

The Ninth Street Landfill is 
located along the western side of 
NASJRB, north of Ninth Street. 
The landfill was used as a disposal 
area after the Antenna Field 
Landfill closed in 1960. Wastes 
disposed in the landfill include 
TCE, paint wastes, asbestos, PCB 
fluids, general refuse, metal scrap, 
sewage sludge, and industrial 
paint sludge. Landfill operations 
included dumping and burning the 
waste, then covering the trench. 
This area is currently used as a 
recreational area for station 
personnel. 

An SI was completed in 1990. Phase I 
RI monitoring of surface soil, 
groundwater, surface water, and 
sediment began in 1991. Phase II RI 
monitoring was conducted in 1997. The 
following contaminants were found 
above CVs: 
Surface Soil: Benzo(a)pyrene, 
benzo(b)fluoranthene, 
dibenz(a,h)anthracene, dieldrin, 
arsenic, cadmium, and iron. 
Groundwater: Methylene chloride, 
PCE, 1,1,2,2-tetrachloroethane, TCE, 
BEHP, arsenic, barium, cadmium, 
chromium, iron, lead, and manganese. 
Surface Water: Methylene chloride, 
BEHP, dieldrin, antimony, arsenic, 
cadmium, chromium, iron, lead, 
manganese, and zinc. 
Sediment: Benz(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, 
dibenz(a,h)anthracene, indeno(1,2,3-
cd)pyrene, aldrin, dieldrin, antimony, 
arsenic, cadmium, chromium, cyanide, 
iron, lead, mercury, thallium, and 
vanadium. 

The Navy determined, based 
on sampling data generated 
during the Phase I and II RIs, 
that no further remedial 
actions were necessary to 
address contamination in 
soil. Additional 
investigations were necessary 
to address possible 
ecological impacts of 
sediment contamination. 
Development of an FS 
addressing groundwater 
contamination above the U.S. 
Environmental Protection 
Agency’s (EPA) Maximum 
Contaminant Levels (MCLs) 
was also recommended. This 
FS will be prepared when 
funding is allocated, likely 
after the completion of an FS 
for the Fire Training Area. 

Surface Soil: No apparent 
public health hazards were 
identified. Contaminant 
concentrations were below 
levels expected to cause 
health effects during 
recreational use of the site.  
Groundwater: No public 
health hazards are associated 
with groundwater 
contamination. Groundwater 
in this area is not used as a 
drinking water supply. 
Surface Water/Sediment: 
No apparent public health 
hazard was identified because 
exposures are expected to be 
infrequent during recreational 
use of the site. 
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Table 1. Evaluation of Public Health Hazards at the Naval Air Station Joint Reserve Base and Air Force Reserve Station at Willow Grove 
Site Site Description/Waste Disposal 

History 
Investigation Results/ Environmental 

Monitoring Results 
Corrective Activities and/or 

Current Status 
Evaluation of Public Health 

Hazard 
NASJRB Site 
4- North End 
Landfill 

The North End Landfill lies on 3.5 
acres on the north end of Runway 
15/33. The landfill was active 
from 1967 to 1969, and was used 
to dispose of overflow from Privet 
Road Compound.  

Sampling was conducted at North End 
Landfill as part of the 1990 SI. The 
following contaminants were found 
above CVs: 
Surface Soil: Arsenic, thallium, and 
vanadium. 
Groundwater: Methylene chloride, 
BEHP, dieldrin, antimony, arsenic, 
barium, cadmium, iron, and 
manganese. 
Surface Water: Dieldrin, antimony, 
arsenic, and lead. 
Sediment: Dieldrin, arsenic, and iron. 
 

No further action was 
proposed for this site. 
Contaminants were 
determined to originate from 
sources other than the 
landfill. Groundwater 
concentrations of dieldrin 
were attributed to surface 
water infiltration during 
flooding. 

Surface Soil: No public 
health hazard was identified. 
The site is located in a remote 
portion of the station and 
landfill capping has limited 
current and future exposures. 
Groundwater: No public 
health hazard was identified. 
Groundwater contamination 
is the result of up gradient 
sources and groundwater in 
this area is not used as a 
drinking water supply. 
Surface Water/Sediment: 
No public health hazard was 
identified. This site is located 
in a remote area not expected 
to be accessed by the public. 
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Table 1. Evaluation of Public Health Hazards at the Naval Air Station Joint Reserve Base and Air Force Reserve Station at Willow Grove 
Site Site Description/Waste Disposal 

History 
Investigation Results/ Environmental 

Monitoring Results 
Corrective Activities and/or 

Current Status 
Evaluation of Public Health 

Hazard 
NASJRB Site 
5- Fire 
Training Area 

The Fire Training Area is located 
in the south-central area of 
NASJRB, between Runway 10/28 
and State Route 463. The area was 
used from 1942 to 1975 for 
firefighting exercises, including 
the disposal and burning of 
flammable liquid wastes. Wastes 
were generated by NASJRB and 
included solvents, paint 
chemicals, xylenes, toluene, and 
various petroleum compounds. At 
least 4,000 gallons of these 
compounds were burned per year. 

This area was evaluated during the 
1990 SI and the 1993 and 1998 RIs. 
The following contaminants were 
found above CVs: 
Surface Soil: Benz(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, 
dibenz(a,h)anthracene, indeno(1,2,3-
cd)pyrene, dieldrin, arsenic, and lead. 
Groundwater: Benzene, 1,1-
dichloroethene, 1,2-dichloroethane, 
PCE, 1,1,1-trichloroethane, 1,1,2-
trichloroethane, TCE, dieldrin, arsenic, 
barium, and chromium. 
Surface Water: Arsenic and dieldrin. 
Sediment: Arsenic, dieldrin, 
benzo(a)pyrene, benzo(b)fluoranthene, 
and dibenz(a,h)anthracene. 

An FS was recommended in 
1998 to evaluate removal and 
treatment options for 
polycyclic aromatic 
hydrocarbon (PAH) hot spots 
in soil and  contaminants in 
groundwater. This FS is 
currently under development. 
The Navy will select and 
complete remedial actions 
with oversight of state and 
federal environmental 
protection agencies. No 
further action was 
recommended for surface 
water and sediment. 

Surface Soil: No public 
health hazards were identified 
because this site is located in 
a remote part of the station 
and access by the public is 
not expected. 
Groundwater: No public 
health hazards are associated 
with groundwater 
contamination. Studies 
indicate that the groundwater 
plume has not affected 
drinking water wells and the 
Navy is investigating 
remediation options to 
prevent future well impacts. 
Surface Water/Sediment: 
No public health hazard was 
identified because the site is 
located in a remote part of the 
station and contaminants were 
infrequently detected. 

NASJRB Site 
6- Abandoned 
Rifle Range #1 

This rifle range was constructed 
when NASJRB was 
commissioned in 1942 and 
operated until 1953. The rifle 
range occupies 1 acre and is 
located west of the Marine 
Compound and immediately 
adjacent to Horsham Road. 

Soil: Investigations during the 1990 SI 
estimated that approximately 345 
pounds of lead remained. Soil samples 
were collected near the Abandoned 
Rifle Range #1 during construction of 
the Marine Compound. These samples 
were analyzed for lead, which was 
found at levels below CVs.  

No further action was 
proposed for this site. 

Soil: No apparent public 
health hazard was identified. 
No lead contamination was 
found during sampling. Past 
exposure during use of the 
range was expected to be 
infrequent and of short 
duration. 
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Table 1. Evaluation of Public Health Hazards at the Naval Air Station Joint Reserve Base and Air Force Reserve Station at Willow Grove 
Site Site Description/Waste Disposal 

History 
Investigation Results/ Environmental 

Monitoring Results 
Corrective Activities and/or 

Current Status 
Evaluation of Public Health 

Hazard 
NASJRB Site 
7- Abandoned 
Rifle Range #2 

Abandoned Rifle Range #2 is 
located west of the north end of 
Runway 15/33. The site occupies 
1 acre and was used from 1965 to 
1977. After closure of the firing 
range, the site was used as a 
landfill for inert construction and 
demolition debris, as well as 
wastewater treatment sludge and 
emulsified oil and grease. 

SI sampling was completed in 1990 and 
a Extended Site Investigation (ESI) was 
completed in 1992. 
Surface Soil: Arsenic and iron were 
found above CVs. Sampling found lead 
at levels below its CV. 
Groundwater: Methylene chloride, 
BEHP, arsenic, barium, beryllium, 
cadmium, iron, lead, manganese, 
nickel, and vanadium were detected 
above CVs. 

Based on the results of the 
ESI, no further investigation 
was recommended. 
Approximately 180 pounds 
of lead may lie buried in soil 
less than 12 inches from the 
surface. 

Surface Soil: No apparent 
public health hazard was 
identified. Exposure is 
expected to be infrequent and 
of short duration. 
Groundwater: No public 
health hazard was identified; 
contaminants were detected 
infrequently and groundwater 
at the site is not used as 
drinking water supply. 

NASJRB Site 
8- Building 
#118 
Abandoned 
Fuel Tank 

Building #118 and its 500-gallon 
underground storage tank (UST) 
are located in the northeast area of 
NASJRB. The tank was 
constructed in 1959. Oil seepage 
from the tank was discovered in 
1980. In 1980, the UST was 
replaced with a 290-gallon above 
ground storage tank (AST). 

A soil vapor survey was conducted in 
1988. No detectable levels of 
contaminants were found. 

No further action at this site 
was proposed since no 
contamination above levels 
of concern was found. 

No contamination has been 
found at this site, therefore, 
no health hazards were 
identified. 

NASJRB Site 
9- Steam Plant 
Building #6, 
Tank Overfill 

In 1978, a supplier delivering a 
load of fuel oil mistakenly hooked 
up to a full above ground storage 
tank. Between 3,000 and 5,000 
gallons of No.2 fuel oil spilled on 
the ground. 

A soil vapor survey was conducted in 
1988. No detectable levels of 
contaminants were found. 

No further action was 
proposed at this site since no 
contamination above levels 
of concern was identified. 

No contamination has been 
found at this site, therefore, 
no health hazards were 
identified. 
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Table 1. Evaluation of Public Health Hazards at the Naval Air Station Joint Reserve Base and Air Force Reserve Station at Willow Grove 
Site Site Description/Waste Disposal 

History 
Investigation Results/ Environmental 

Monitoring Results 
Corrective Activities and/or 

Current Status 
Evaluation of Public Health 

Hazard 
NASJRB Site 
10- Navy Fuel 
Farm 

The Navy Fuel Farm is located 
along the north side of Privet 
Road and south of the Air Reserve 
Station (ARS). Two partially 
buried 210,000 gallon fuel tanks 
were located at this site from 1950 
to 1991. ASTs were installed in 
1991 to replace the removed 
tanks. 

A soil vapor survey was conducted in 
1988 and led to subsurface soil and 
groundwater sampling in 1989.  
Surface Soil: No surface soil sampling 
has been conducted. No contaminants 
were found above CVs in subsurface 
soil samples. 
Groundwater: Acetone, benzene, 
methylene chloride, and TCE were 
detected above CVs. 

The Navy conducted pilot 
studies between 1994 and 
1996 to identify means of 
remediating fuel oils floating 
on the groundwater table. As 
a result, a vacuum-enhanced 
fuel oil and groundwater 
recovery and treatment 
system was installed and has 
been operating since 1998. 

Surface Soil: No apparent 
health hazard was identified. 
The Fuel Farm is not 
expected to be accessed by 
the public and contamination 
is mainly limited to the 
subsurface. 
Groundwater: No apparent 
public health hazards were 
identified. Groundwater 
remediation is underway and 
no impacts to drinking water 
supplies were reported in the 
past. 

NASJRB Site 
11- Aircraft 
Apron Parking 

The Aircraft Apron Parking site 
was identified in the mid-1990s 
during a construction project 
along the runway apron in the 
northeastern portion of NASJRB 
(north of the Navy Fuel Farm). 
Markings on the concrete suggest 
that aircraft defueling occurred in 
this area. 

Soil: Soil samples were collected 
during construction in the mid-1990s. 
Analysis of these samples found fuel 
products.  

Soil excavation was 
conducted as part of the 
construction project. No 
other remedial actions have 
been completed. This site 
was assigned a low-priority.  

Soil: No apparent public 
health hazards were identified 
because the area is not 
accessible to the public. No 
exposures are expected to 
occur.  
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Table 1. Evaluation of Public Health Hazards at the Naval Air Station Joint Reserve Base and Air Force Reserve Station at Willow Grove 
Site Site Description/Waste Disposal 

History 
Investigation Results/ Environmental 

Monitoring Results 
Corrective Activities and/or 

Current Status 
Evaluation of Public Health 

Hazard 
Aircraft 
Mishap Site 

In June 2000, an F-14 Tomcat 
crashed in an isolated 10-acre area 
located northwest of NASJRB and 
ARS. The plane was carrying 
approximately 1,300 gallons of 
fuel oil and 20 gallons of 
hydraulic fluid at the time of the 
crash. Although most of the fuel 
and oil was expected to burn 
during the crash, some may have 
been released to the environment. 

The Navy collected surface soil, private 
well water, and standing water when 
characterizing environmental impacts 
of the crash. 
Surface Soil: No contaminants were 
found above CVs. Topsoil used to 
cover the crash area contained 
benzo(a)pyrene, arsenic, and iron 
slightly above CVs.  
Private Well: One well contained 1,1-
DCE above its CV. 1,1-DCE is not a 
component of fuel or hydraulic fluid. 
Its presence, therefore, is not a result of 
the aircraft crash. 
Standing Water: Benzene was found 
above its CV. 

To address possible fuel and 
oil releases, the Navy cleared 
damaged vegetation, covered 
the area with topsoil, 
reseeded and replanted 
disturbed areas, and repaired 
a fence damaged by the crash 
and remediation efforts. A 
Remedial Action Completion 
Report was issued in 
September 2000. 

Surface Soil: No apparent 
health hazard was identified 
because the site is located in 
an isolated area. Exposures to 
contaminants in the topsoil 
are expected to be infrequent. 
Private Well: No apparent 
health hazards were found 
from use of nearby private 
wells. Only one well 
contained contamination, 
which was found at levels 
below health concerns. 
Standing Water: No 
apparent health hazard was 
identified because standing 
water was only present due to 
heavy rainfall. Exposures are 
expected to be infrequent. 
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Table 1. Evaluation of Public Health Hazards at the Naval Air Station Joint Reserve Base and Air Force Reserve Station at Willow Grove 
Site Site Description/Waste Disposal 

History 
Investigation Results/ Environmental 

Monitoring Results 
Corrective Activities and/or 

Current Status 
Evaluation of Public Health 

Hazard 
ARS Site 1- 
Petroleum, Oil, 
and Lubricant 
(POL) Area 

The POL Area is located in the 
northern section of the station, 
between the Open Storage Area 
and the Ponding Basin. Four  
ASTs are present at the site. They 
have been used to store jet 
petroleum No. 4 (JP-4), JP-8, 
aviation oil, and No. 6 fuel oil. It 
is estimated that tens of thousands 
of gallons of JP-4 may have been 
spilled throughout its history; one 
spill of 9,000 gallons has been 
recorded. 

A 1988 RI confirmed groundwater 
contamination resulting from JP-4 
leaks. 
Surface Soil: Arsenic was found above 
its CV. 
Groundwater: RI sampling found 
benzene, ethylbenzene, methylene 
chloride, toluene, naphthalene, and 
arsenic above CVs. In 1992, free-phase 
JP-4 was discovered floating on 
groundwater. 
Surface Water/Sediment: 
Naphthalene was detected above its 
CV. However, no contaminants were 
found above CVs in samples collected 
beyond station boundaries. In 1992, 
free product was found floating on 
surface water in Park Creek, outside the 
station boundary.  
Drinking Water: Monthly sampling, 
beginning in the 1990s and continuing 
today, has found only low-levels of fuel 
components in a well at the caretaker 
house adjacent to the Graeme Historic 
Site. Detections occurred only during 
flooding events. 

Remediation efforts 
conducted at the POL Area 
to date have had limited 
success. Based on the 1988 
RI, the U.S. Air Force 
(USAF) completed a FS in 
March 1989 and Record of 
Decision (ROD) in 1990. 
The ROD was not 
implemented because 
contamination was later 
found to be more extensive 
than defined by the RI. In 
response to the free product 
discovery, a soil vapor 
extraction (SVE) system and 
passive recovery trench were 
implemented, but were 
ineffective. A SVE/ 
groundwater extraction 
system and passive aerobic 
bioremediation technology 
(oxygen release compound) 
have also been tested with 
limited success. The USAF is 
currently planning additional 
sampling followed by in-situ 
chemical oxidation and 
enhanced in situ 
bioremediation. 

Surface Soil: No apparent 
public health hazards were 
identified. The public is not 
expected to this area.  
Groundwater: No apparent 
public health hazards are 
associated with groundwater 
contamination. Other than the 
Graeme Historical Site well, 
no drinking water wells are 
located in this area. The 
USAF is investigating 
remedial alternatives to 
prevent future exposures.  
Surface Water/Sediment: 
No contaminants were found 
in surface water and sediment 
collected beyond station 
boundaries, where exposure 
would occur. As such, no 
apparent public health 
hazards were identified. 
Drinking Water: The spring 
at the caretaker house on land 
adjacent to the Graeme 
Historic Site is no longer used 
as a drinking water. 
Infrequent exposure to past 
contamination is not expected 
to result in adverse health 
effects. 
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Table 1. Evaluation of Public Health Hazards at the Naval Air Station Joint Reserve Base and Air Force Reserve Station at Willow Grove 
Site Site Description/Waste Disposal 

History 
Investigation Results/ Environmental 

Monitoring Results 
Corrective Activities and/or 

Current Status 
Evaluation of Public Health 

Hazard 
ARS Site 2- 
Open Storage 
Area 

The Open Storage Area is located 
along the northern boundary of the 
station. This 150 foot by 200 foot 
area was used from 1957 to the 
1970s to store equipment and 
drums of hazardous substances, 
including oils, fluids, solvents, 
and batteries. Approximately 
every three months, materials 
stored at the site were removed. 

An RI was completed in 1988. The 
following contaminants were found 
above CVs: 
Surface Soil: Arsenic. 
Groundwater: Benzene, ethylbenzene, 
methylene chloride, and arsenic. 
 

Sampling during the 1988 RI 
indicated that contamination 
at the Open Storage Area 
was a result of POL Area 
contaminant migration. A no 
further response action plan 
(NFRAP) was written in 
August 1988, but was never 
approved. Results from more 
recent data collection efforts 
will be used to update the 
NFRAP. 

Surface Soil: No apparent 
public health hazard was 
identified because access to 
the site is limited.  
Groundwater: See the POL 
Area (ARS Site 1). 

ARS Site 3- 
Ponding Basin 

The Ponding Basin, a man-made 
catchment pond, was created in 
1957 and enlarged in 1979 to 5.8 
million gallons. Contaminants 
associated with the area include 
petroleum, oils, lubricants, 
solvents, heavy metals, and PCBs. 

A RI was completed in 1988. The 
following contaminants were found 
above CVs: 
Groundwater: Benzene, benzidine, 
ethylbenzene, toluene, naphthalene, and 
arsenic. 
Surface Water: Methylene chloride. 
Sediment: Benzidine, 
benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, 
dibenz(a,h)anthracene, and arsenic. 

Absorbent booms are in 
place at the outfall of the 
Ponding Basin to capture 
floating fuel products 
entering the basin in surface 
water runoff. These booms 
are replaced at least twice a 
year. Monthly sampling and 
monitoring is conducted as 
well to ensure compliance 
with discharge permits. An 
NFRAP was written in 
August 1988, but was never 
approved. A removal action 
was completed in October 
2000. Results from more 
recent data collection efforts 
will be used to update the 
NFRAP.  

Groundwater: See the POL 
Area (ARS Site 1). 
Surface Water/Sediment: 
No apparent public health 
hazards were identified. The 
area is inaccessible to the 
public and off-station samples 
contained no contaminants 
above CVs.  
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Table 1. Evaluation of Public Health Hazards at the Naval Air Station Joint Reserve Base and Air Force Reserve Station at Willow Grove 
Site Site Description/Waste Disposal 

History 
Investigation Results/ Environmental 

Monitoring Results 
Corrective Activities and/or 

Current Status 
Evaluation of Public Health 

Hazard 
ARS Site 4- 
Washrack Area 

The Washrack Area is located 
southeast of Hangar 201 and is 
used to wash aircraft and strip 
paint. Detergent, solvent, and 
paint strippers have been 
discharged to the disposal system. 

SI sampling was completed in 1990; 
ESI sampling in 1992. 
Surface Soil: No contaminants were 
found above CVs. 
Groundwater: TCE and 1,1-DCE were 
detected above CVs.  

Based on the results of the 
1992 ESI, an NFRAP was 
written in January 1993. 
Under the direction of EPA, 
the USAF completed a 
Source Identification Study 
at this site in 1999. Result of 
this study are undergoing 
EPA review. 

Surface Soil: No apparent 
public health hazard was 
identified. Site access to the 
public is limited.  
Groundwater: No apparent 
public health hazards were 
identified. The Washrack 
Area was not identified as the 
source of TCE in  
groundwater found in the 
intermediate depth aquifer. In 
addition, groundwater in this 
area is not used as drinking 
water. 

ARS Site 5- 
Building No. 
330 Waste Oil 
Storage Area 

The Waste Oil Storage Area is a 
small area behind Building No. 
330, with an AST that was used 
between 1970 and 1980. 
Overfilling and spills associated 
with the AST have resulted in 
releases of contamination. 

SI sampling was completed in 1990.  
Soil: Composite soil samples were 
collected and contained no 
contaminants above CVs. 
 

Based on the results of the 
SI, a NFRAP decision was 
written in August 1990. 

Surface Soil: No apparent 
public health hazard was 
identified. Access to the site 
was and is limited. 

ARS Site 6- 
Heating Plant 

Two ASTs are located in this area, 
one 15,000 gallons and one 600 
gallons. In 1984, a 50-gallon fuel 
oil spill occurred when one of the 
ASTs was overfilled. Other 
chemicals have been stored in 
miscellaneous drums in and 
around the area. It was concluded 
that spills or leaks could have 
occurred. 

Soil vapor sampling completed as part 
of the 1990 SI found no detectable 
levels of VOCs. 

Based on the results of the 
SI, an NFRAP decision was 
written in June 1990, but was 
never approved. Results from 
more recent data collection 
efforts will be used to update 
the NFRAP. 

No apparent public health 
hazard was identified. No 
contaminants have been 
found during investigations 
and spill containment walls 
control any discharge.  
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Table 1. Evaluation of Public Health Hazards at the Naval Air Station Joint Reserve Base and Air Force Reserve Station at Willow Grove 
Site Site Description/Waste Disposal 

History 
Investigation Results/ Environmental 

Monitoring Results 
Corrective Activities and/or 

Current Status 
Evaluation of Public Health 

Hazard 
ARS Site 7- 
Old Well 
House 

The Old Well House is a building 
located in the northern portion of 
the station. Beginning in 1972, the 
building was used for storing 
wastes, including paint, paint 
thinner, laquer thinner, and paint 
wastes. A well was installed in 
1962, but was never used and was 
closed by capping and sealing 
soon after installation. 

The former supply well was sampled 
during the December 2000 SI. Several 
metals were found above CVs, but no 
elevated levels of VOCs or SVOCs 
were found.  

The pump was removed and 
the well was capped in 1962. 
Based on the results of the 
SI, an NFRAP decision was 
written in June 1990, but was 
never approved. Results from 
more recent data collection 
efforts will be used to update 
the NFRAP. 

No public health hazards 
were identified because the 
well at this site was never 
used to supply water and the 
building is inaccessible to the 
public. 

Sources: ATSDR 1996; Brown and Root 1998; Dames & Moore 1988; EA 1990, 1992, 2001; Foster Wheeler 1999, 2000; Halliburton NUS 1992, 1993; USAF 
2000, 2001a, 2001b, 2001c; Navy 2000, 2001a, 2001b, 2001c; Montgomery Watson 1998; WGARS 1995; WrightLab 1994 
 
Notes: 
 
ARS  Air Reserve Station 
AST  above ground storage tank 
BEHP  bis(2-ethylhexyl)phthalate 
CV  comparison value 
1,1-DCE  1,1-dichloroethene 
EPA  U. S. Environmental Protection Agency 
ESI  extended site investigation 
FS  feasibility study 
JP-4  jet petroleum No. 4 
MCL  maximum contaminant level 
NASJRB Naval Air Station Joint Reserve Base 
Navy  U.S. Navy 
NFRAP  No further response action planned 

PAH  polycyclic aromatic hydrocarbon 
ppm  parts per million 
PCB  polychlorinated biphenyl 
PCE  tetrachloroethylene 
POL  petroleum, oil, and lubricant 
RI  remedial investigation 
ROD  record of decision 
SI  site investigation 
SVE  soil vapor extraction 
TCE  trichloroethylene 
USAF  U. S. Air Force 
UST  underground storage tank 
VOC  volatile organic compound 
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Table 2: Potential Exposure Situations at the Naval Air Station Joint Reserve Base and Air Force Reserve Station at Willow Grove 

 Exposure Pathway Elements  

 
Pathway 
Name 

 
Contaminant 

Environmental 
Medium 

Point of 
Exposure 

Route of 
Exposure 

Time of  
Exposure 

Exposed 
Population 

 
Comments 

Exposure to 
Contaminants 
in Drinking 
Water 

Trichloroethylene 
(TCE), 
tetrachloroethylene 
(PCE), 1,1-
dichloroethene 
(1,1-DCE), arsenic, 
barium, and lead 

Groundwater Station 
supply wells, 
community 
supply wells, 
and private 
wells 

Ingestion, 
dermal 
contact, 
and 
inhalation 
of 
volatiles 

Past (all 
wells) and 
current 
and future 
(private 
wells 
only) 

Station and 
local 
residents 

No apparent public health hazards 
were identified. Concentrations of 
TCE, PCE, arsenic, barium, and lead 
detected in the past at station water 
supply wells were below levels 
expected to cause adverse health 
effects in adults or children. A 
treatment system was installed to 
address this contamination. 
Community water supply wells 
operated by the Horsham Water and 
Sewer Authority and Warrington 
Municipal Authority and located 
proximate to the Naval Air Station 
Joint Reserve Base (NASJRB) and Air 
Reserve Station (ARS) have not been 
impacted by NASJRB and ARS. As 
required under state and federal 
regulations, station and community 
water supplies are monitored regularly 
to ensure that safe drinking water 
standards are met. Sampling of private 
wells along Horsham Road found two 
wells that contained 1,1-DCE at 
concentrations below health concern. 
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Table 2: Potential Exposure Situations at the Naval Air Station Joint Reserve Base and Air Force Reserve Station at Willow Grove 

 Exposure Pathway Elements  

 
Pathway 
Name 

 
Contaminant 

Environmental 
Medium 

Point of 
Exposure 

Route of 
Exposure 

Time of  
Exposure 

Exposed 
Population 

 
Comments 

Exposure to 
Contaminants 
in Surface Soil 

Polycyclic aromatic 
hydrocarbons 
(PAHs), dieldrin, 
arsenic, and iron 

Surface soil Ninth Street 
Landfill and 
Aircraft 
Mishap Site 

Incidental 
ingestion 
and 
dermal 
contact 

Past, 
current, 
and future 

Station and 
local 
residents 

No apparent public health hazards 
were identified. Chemical 
concentrations are slightly higher than 
the Agency for Toxic Substances and 
Disease Registry’s (ATSDR’s) 
comparison values (CVs), which are 
developed assuming daily contact. 
Contact with surface soil 
contamination during recreational use 
of these sites is expected to be much 
less frequent and is not expected to 
result in adverse health effects. 

Exposure to 
Contaminants 
in Surface 
Water and 
Sediment 

PAHs, aldrin, 
dieldrin, and metals 

Surface water and 
sediment 

Recreational 
pond at the 
Ninth Street 
Landfill and 
off-station 
streams 

Incidental 
ingestion 
and 
dermal 
contact 

Past, 
current, 
and future 

Station and 
local 
residents 

No apparent public health hazards 
were identified. Most contaminants 
were found in areas inaccessible to the 
public. Contaminants found at the 
recreational pond near the Ninth Street 
Landfill and in off-station streams are 
below levels expected to cause adverse 
health effects during recreational use. 
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Table 2: Potential Exposure Situations at the Naval Air Station Joint Reserve Base and Air Force Reserve Station at Willow Grove 

 Exposure Pathway Elements  

 
Pathway 
Name 

 
Contaminant 

Environmental 
Medium 

Point of 
Exposure 

Route of 
Exposure 

Time of  
Exposure 

Exposed 
Population 

 
Comments 

Exposure to 
Contaminants 
in Fish 

Aldrin, dieldrin, 
and mercury 

Fish tissue Little 
Neshaminy 
Creek and 
Pennypack 
Creek 

Ingestion Past, 
current, 
and future 

Fishers and 
their 
families 

No apparent public health hazards 
were identified. Flow in on-station 
streams is too low to support an edible 
fish population. Consumption of fish 
caught in the recreational pond near the 
Ninth Street Landfill is prohibited. 
Pesticides and mercury transported off 
station to Little Neshaminy Creek and 
Pennypack Creek, downstream of the 
station, are expected to disperse to 
concentrations too low to accumulate 
at levels of concern in fish in these 
creeks. Fish consumption advisories 
are also in place based on a nationwide 
concern about mercury in fish and a 
watershed concern about 
polychlorinated biphenyls in fish, and 
not because of specific concerns about 
sources at NASJRB and ARS. 

 
Notes: 
 
ARS  Air Reserve Station 
ATSDR  Agency for Toxic Substances and Disease Registry 
CV  comparison value 
1,1-DCE 1,1-dichloroethene 
NASJRB Naval Air Station Joint Reserve Base 
PAH  polycyclic aromatic hydrocarbon 
PCE  tetrachloroethylene 

TCE  trichloroethylene 
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Table 3: Summary of Drinking Water Supply Data that Exceed Comparison Values 

Comparison Values  
 

Contaminant 

 
Impacted Well 

Source of 
Contamination 
Impacting Well 

Maximum Detected 
Concentration  

(ppb) 

Value (ppb) Source 

Station Supply Wells 

Tetrachloroethylene 91.1 5 MCL 

Trichloroethylene 300 5 MCL 

Arsenic 

Navy Wells #1 
and #2, Air Force 

Well #3 

unknown, 
suspected source 

is located off 
station to the north

22 0.02 
3 

CREG 
EMEG-child
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Table 3: Summary of Drinking Water Supply Data that Exceed Comparison Values 

Comparison Values  
 

Contaminant 

 
Impacted Well 

Source of 
Contamination 
Impacting Well 

Maximum Detected 
Concentration  

(ppb) 

Value (ppb) Source 

Barium 1,190 700 RMEG-child

Lead 

  

20 15 MCL action 
level 

Off-site Private Wells 

Fuel components Graeme Historic 
Site 

 unknown not 
applicable 

not applicable

1,1-Dichloroethene Horsham Road unknown 2.8 0.06 
90 

CREG 
EMEG-child



 

 56

Table 3: Summary of Drinking Water Supply Data that Exceed Comparison Values 

Comparison Values  
 

Contaminant 

 
Impacted Well 

Source of 
Contamination 
Impacting Well 

Maximum Detected 
Concentration  

(ppb) 

Value (ppb) Source 

1,1-Dichloroethene Near Aircraft 
Mishap Site, 

Horsham Road 

unknown 0.27 0.06 
90 

CREG 
EMEG-child

Source: Dames & Moore, 1988; Montgomery Watson 1998; Foster Wheeler 2000; GLA 1996; HWSA 2000, 2001; 
Earth Data 1985; WGNAS 1980; ATSDR 1996; Brown and Root 1998; WGNAS 1999 
 
Notes: 
 
-child  comparison value for exposure to a child 
CREG  Cancer Risk Evaluation Guide 
EMEG  Environmental Media Evaluation Guide 
MCL  U.S. Environmental Protection Agency’s Maximum Contaminant Level 
ppb  parts per billion 
RMEG  Reference Dose Media Evaluation Guide 
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Table 4: Summary of Surface Soil Sampling Data That Exceed Comparison Values 

 
Chemical 

Frequency of 
Detection* 

Range of Detected 
Concentrations (ppm)

Comparison 
Value (ppm) 

 
Source 

NAS Site 3 - Ninth Street Landfill 

Benzo(a)pyrene 16/28 0.043 - 1.1 0.1 
0.087 

CREG 
RBC 

Benzo(b)fluoranthene 21/28 0.045 - 1.4 0.87 RBC 

Dibenz(a,h)anthracene 1/28 0.15 0.087 RBC 

Dieldrin 22/27 0.0045 - 0.62 0.04 
3 

CREG 
EMEG-child 

Arsenic 21/21 0.37 - 8.6 0.5 
20 

CREG 
EMEG-child 

Cadmium 2/26 1.9 - 18.4 10 EMEG-child 

Iron 28/28 14,300 - 27,200 23,000 RBC 

Aircraft Mishap Site (topsoil) 

Benzo(a) pyrene 1/1 0.35 0.1 
0.087 

CREG 
RBC 

Arsenic 1/1 7.6 0.5 
20 

CREG 
EMEG-child 

Iron 1/1 23,300 23,000 RBC 
Source: Brown and Root 1998; Foster Wheeler 2000 
 
Notes: 
 
-child comparison value for exposure to a child 
CREG Cancer Risk Evaluation Guide 
EMEG Environmental Medial Evaluation Guide 
ppm parts per million 
RBC U.S. Environmental Protection Agency (EPA) Region III Risk-Based Concentration 
 
* Frequency of detection is the times detected / times sought 
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Table 5: Summary of Surface Water and Sediment Sampling Data from the Recreational Pond that Exceed 
Comparison Values 

 
Chemical 

Frequency of 
Detection* 

Range of Detected 
Concentrations 

Comparison 
Value+

 
Source 

Surface Water (parts per billion) 

Dieldrin 3/16 0.02 - 0.06 0.002 
0.5 

CREG 
EMEG-child 

Antimony 3/16 44.8 - 73.3 4 RMEG-child 

Arsenic 3/15 1.6 - 2 0.02 
3 

CREG 
EMEG-child 

Chromium 2/16 3.2 - 245 30 RMEG-child 

Lead 15/16 1.1 - 83.5 15 MCL action level 

Manganese 16/16 37.8 - 5,710 500 RMEG-child 

Zinc 15/16 6.5 - 11,700 3,000 RMEG-child 

Sediment (parts per million) 

Benzo(a)anthracene 11/19 0.13 - 14 0.87 RBC 

Benzo(a)pyrene 11/19 0.18 - 12 0.1 
0.087 

CREG 
RBC 

Benzo(b)fluoranthene 13/19 0.049 - 12 0.87 RBC 

Benzo(k)fluoranthene 7/10 0.13 - 10 8.7 RBC 

Dibenz(a,h)anthracene 3/19 0.136 - 0.41 0.087 RBC 

Indeno(1,2,3-c,d)pyrene 11/19 0.014 - 8 0.87 RBC 

Aldrin 3/9 0.0064 - 0.12 0.04 
2 

CREG 
EMEG-child 

Dieldrin 12/17 0.031 - 1.4 0.04 
3 

CREG 
EMEG-child 

Antimony 5/18 5.7 - 30.9 20 RMEG-child 

Arsenic 15/15 1.1 - 7.4 0.5 
20 

CREG 
EMEG-child 

Cadmium 14/19 0.61 - 24 10 EMEG-child 

Chromium 17/17 8.5 - 256 200 RMEG-child 

Cyanide 2/19 0.17 - 30,700 1,000 RMEG-child 

Iron 19/19 279 - 30,100 23,000 RBC 

Lead 19/19 5.4 - 3,690 400 SSL 

Mercury 4/19 0.11 - 30.2 23 SSL 

Thallium 6/19 0.15 - 61.2 5.5 RBC 

Vanadium 19/19 11.9 - 208 200 iEMEG-child 
Source: EA 1990; Brown and Root 1998 
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Notes: 
 
-child comparison value for exposure to a child 
CREG Cancer Risk Evaluation Guide 
EMEG Environmental Media Evaluation Guide 
i intermediate 
ppb parts per billion 
ppm parts per million 
RBC Environmental Protection Agency (EPA) Region III Risk-Based Concentration 
RMEG Reference Dose Media Evaluation Guide 
SSL Soil Screening Level 
 
* Frequency of detection is the times detected / times sought. 
+ Contaminant concentrations in surface water were compared to drinking water comparison values and contaminant 
concentrations in sediment were compared to surface soil comparison values. Drinking water and surface soil 
comparison values are very conservative estimates for exposure to surface water and sediment, respectively, because 
these comparison values are developed considering regular (e.g., daily) contact with contaminants for extended 
periods of time (e.g., years). 
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Public Release Willow Grove Naval Air Station/Air Reserve Station Public Health Assessment 

Figure 1: Area Map
Source: Montgomery Watson 1998 
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Source: Navy 2000 
Figure 2: Naval Air Station Joint Reserve Base and Air Force Reserve Station at Willow Grove
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Figure 3. ATSDR’s Exposure Evaluation Process 
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Source: Brown and Root 1998 

Figure 4: Private Well Locations Adjacent to the Naval Air Station Joint Reserve Base and Air Force 
Reserve Station at Willow Grove 
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APPENDIX A: Comparison Values 
 
The conclusion that a contaminant exceeds the comparison value does not mean that it will cause 
adverse health effects. Comparison values represent media-specific contaminant concentrations 
that are used to select contaminants for further evaluation to determine the possibility of adverse 
public health effects. 
 
Cancer Risk Evaluation Guides (CREGs) 
Estimated contaminant concentrations that would be expected to cause no more than one excess 
cancer in a million (10-6) persons exposed over a 70-year life span. The Agency for Toxic 
Substances and Disease Registry’s (ATSDR’s) CREGs are calculated from the U. S. 
Environmental Protection Agency’s (EPA’s) cancer potency factors (CPFs). 
 
Environmental Media Evaluation Guides (EMEGs)  
EMEGs are based on ATSDR minimal risk levels (MRLs) and factor in body weight and 
ingestion rates. An EMEG is an estimate of daily human exposure to a chemical (in milligrams 
of chemical per kilogram of body weight per day [mg/kg/day]) that is likely to be without 
noncarcinogenic health effects over a specified duration of exposure.  
 
Maximum Contaminant Level (MCL)  
The MCL is the drinking water standard established by EPA. It is the maximum permissible 
level of an individual contaminant in water that is delivered to a free-flowing water supply. 
MCLs are derived for individual contaminants based on toxicity. MCLs are considered 
protective of public health over a lifetime (70 years) for people consuming 2 liters of water per 
day.  
 
Reference Dose Media Evaluation Guides (RMEGs) 
ATSDR derives RMEGs from EPA’s oral reference doses (RfDs). The RMEG represents the 
concentration in water or soil at which daily human exposure is unlikely to result in adverse 
noncarcinogenic effects.  
 
Soil Screening Level (SSL) 
Generic SSLs were derived by EPA for nation-wide application to sites used for residential 
areas. SSLs are estimates of contaminant concentrations that would be expected to be without 
noncancer health effects over a specified duration of exposure or to cause no more than one 
excess cancer in a million (10-6) persons exposed over a 70-year life span.  
 
Risk-Based Concentration (RBC) 
The RBCs were developed by EPA Region III. RBCs for tap water, air, and soil were derived 
using EPA RfDs and cancer potency factors combined with standard exposure scenarios, such as 
ingestion of 2 liters of water per day, over a 70-year life span. RBCs are contaminant 
concentrations that are not expected to cause adverse health effects over long-term exposures. 
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APPENDIX B: ATSDR Plain Language Glossary of Environmental 
Health Terms (Revised December 15 1999) 
 
 
Adverse Health 
Effect:   A change in body function or the structures of cells that can lead to disease 

or health problems. 
 
ATSDR:   The Agency for Toxic Substances and Disease Registry. ATSDR is a 

federal health agency in Atlanta, Georgia that deals with hazardous 
substance and waste site issues. ATSDR gives people information about 
harmful chemicals in their environment and tells people how to protect 
themselves from coming into contact with chemicals. 

 
Background Level:  An average or expected amount of a chemical in a specific environment. 

Or, amounts of chemicals that occur naturally in a specific environment. 
 
Cancer:   A group of diseases which occur when cells in the body become abnormal 

and grow, or multiply, out of control. 
 
Carcinogen:   Any substance shown to cause tumors or cancer in experimental studies. 
 
CERCLA:   See Comprehensive Environmental Response, Compensation, and 

Liability Act.  
 
Completed Exposure 
Pathway:  See Exposure Pathway. 
 
Comparison Value 
(CVs):   Concentrations or the amount of substances in air, water, food, and soil 

that are unlikely, upon exposure, to cause adverse health effects. 
Comparison values are used by health assessors to select which substances 
and environmental media (air, water, food and soil) need additional 
evaluation while health concerns or effects are investigated.  
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Comprehensive Environmental  
Response, Compensation, and Liability 
Act (CERCLA): CERCLA was put into place in 1980. It is also known as Superfund. 

This act concerns releases of hazardous substances into the environment, 
and the cleanup of these substances and hazardous waste sites. ATSDR 
was created by this act and is responsible for looking into the health issues 
related to hazardous waste sites. 

 
Concern:  A belief or worry that chemicals in the environment might cause harm to 

people. 
 
Concentration: How much or the amount of a substance present in a certain amount of 

soil, water, air, or food. 
 
Contaminant:  See Environmental Contaminant. 
 
Dermal Contact: A chemical getting onto your skin. (see Route of Exposure). 
 
Dose:   The amount of a substance to which a person may be exposed, usually on 

a daily basis. Dose is often explained as “amount of substance(s) per body 
weight per day”. 

 
Duration:  The amount of time (days, months, years) that a person is exposed to a 

chemical. 
 
Environmental  
Contaminant:  A substance (chemical) that gets into a system (person, animal, or the 

environment) in amounts higher than that found in Background Level, or 
what would be expected. 

 
Environmental 
Media: Usually refers to the air, water, and soil in which chemcials of interest are found. 

Sometimes refers to the plants and animals that are eaten by humans. 
Environmental Media is the second part of an Exposure Pathway. 

 
U.S. Environmental  
Protection  
Agency (EPA): The federal agency that develops and enforces environmental laws to 

protect the environment and the public’s health. 
 
Exposure:  Coming into contact with a chemical substance.(For the three ways people 

can come in contact with substances, see Route of Exposure.) 
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Exposure Pathway: A description of the way that a chemical moves from its source (where it 
began) to where and how people can come into contact with (or get 
exposed to) the chemical. 

 
 ATSDR defines an exposure pathway as having 5 parts:   

1. Source of Contamination, 
2. Environmental Media and Transport Mechanism, 

2.     Point of Exposure, 
3.     Route of Exposure, and  
4.     Receptor Population.  
  

When all 5 parts of an exposure pathway are present, it is called a 
Completed Exposure Pathway. Each of these 5 terms is defined 
in this Glossary.  

 
Frequency:  How often a person is exposed to a chemical over time; for example, every 

day, once a week, twice a month. 
 
Hazardous Waste: Substances that have been released or thrown away into the environment 

and, under certain conditions, could be harmful to people who come into 
contact with them.  

 
Health Effect:  ATSDR deals only with Adverse Health Effects (see definition in this 

Glossary). 
 
Indeterminate Public 
Health Hazard: The category is used in Public Health Assessment documents for sites 

where important information is lacking (missing or has not yet been 
gathered) about site-related chemical exposures.  

 
Ingestion:  Swallowing something, as in eating or drinking. It is a way a chemical can 

enter your body (See Route of Exposure). 
 
Inhalation:  Breathing. It is a way a chemical can enter your body (See Route of 

Exposure). 
 
NPL:   The National Priorities List. (Which is part of Superfund.) A list kept by 

the U.S. Environmental Protection Agency (EPA) of the most serious, 
uncontrolled or abandoned hazardous waste sites in the country. An NPL 
site needs to be cleaned up or is being looked at to see if people can be 
exposed to chemicals from the site.  
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No Apparent Public 
Health Hazard: The category is used in ATSDR’s Public Health Assessment documents 

for sites where exposure to site-related chemicals may have occurred in 
the past or is still occurring but the exposures are not at levels expected to 
cause adverse health effects.  

 
No Public 
Health Hazard: The category is used in ATSDR’s Public Health Assessment documents 

for sites where there is evidence of an absence of exposure to site-related 
chemicals. 

 
PHA:   Public Health Assessment. A report or document that looks at chemicals 

at a hazardous waste site and tells if people could be harmed from coming 
into contact with those chemicals. The PHA also tells if possible further 
public health actions are needed.  

 
Plume:   A line or column of air or water containing chemicals moving from the 

source to areas further away. A plume can be a column or clouds of smoke 
from a chimney or contaminated underground water sources or 
contaminated surface water (such as lakes, ponds and streams). 

 
Point of Exposure:  The place where someone can come into contact with a contaminated 

environmental medium (air, water, food or soil). For example:  
 the area of a playground that has contaminated dirt, a 
contaminated spring used for drinking water, the location where 
fruits or vegetables are grown in contaminated soil, or the 
backyard area where someone might breathe contaminated air. 

 
Population:  A group of people living in a certain area; or the number of people in a 

certain area. 
 
Public Health 
Assessment(s): See PHA. 
 
Public Health 
Hazard:   The category is used in PHAs for sites that have certain physical features 

or evidence of chronic, site-related chemical exposure that could result in 
adverse health effects. 

 
Public Health 
Hazard Criteria: PHA categories given to a site which tell whether people could be harmed 

by conditions present at the site. Each are defined in the Glossary. The 
categories are:  
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1. Urgent Public Health Hazard 
2. Public Health Hazard 
3. Indeterminate Public Health Hazard 
4. No Apparent Public Health Hazard 
5. No Public Health Hazard 

 
Receptor  
Population:  People who live or work in the path of one or more chemicals, and who 

could come into contact with them (See Exposure Pathway). 
 
Route of Exposure: The way a chemical can get into a person’s body. There are three exposure 

routes:  
 - breathing (also called inhalation),  
 - eating or drinking (also called ingestion), and  
 - or getting something on the skin (also called dermal contact). 

 
SARA:   The Superfund Amendments and Reauthorization Act in 1986 amended 

CERCLA and expanded the health-related responsibilities of ATSDR. 
CERCLA and SARA direct ATSDR to look into the health effects from 
chemical exposures at hazardous waste sites.  

 
Source  
(of Contamination): The place where a chemical comes from, such as a landfill, pond, creek, 

incinerator, tank, or drum. Contaminant source is the first part of an 
Exposure Pathway. 

 
Special 
Populations:  People who may be more sensitive to chemical exposures because of 

certain factors such as age, a disease they already have, occupation, sex, or 
certain behaviors (like cigarette smoking). Children, pregnant women, and 
older people are often considered special populations. 

 
Superfund Site: See NPL. 
Urgent Public 
Health Hazard: This category is used in ATSDR’s Public Health Assessment documents 

for sites that have certain physical features or evidence of short-term (less 
than 1 year), site-related chemical exposure that could result in adverse 
health effects and require quick intervention to stop people from being 
exposed. 
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APPENDIX C: Exposure Evaluation 
 
To evaluate the potential for adverse health effects from consuming drinking water from station, 
community, and private wells, the Agency for Toxic Substances and Disease Registry (ATSDR) 
estimated potential exposure doses. ATSDR estimated exposure doses using information about 
substance concentrations and how often and how long a person could have contacted these 
substances. In the absence of site-specific information, ATSDR applied several conservative 
assumptions. 
 
Applying conservative assumptions allows ATSDR to estimate the highest possible exposure 
dose and determine the corresponding health effects. Although ATSDR expects that few, if any, 
residents were exposed to the highest contaminant concentrations, the “conservative” estimates 
are used to protect public health. ATSDR used the following equation and assumptions to 
estimate exposure doses: 
 
  Estimated exposure dose=C x IR x EF x ED
      BW x AT    
where: 

C = Maximum concentration (milligrams of chemical per liter water [mg/L]). 
 

Although contaminants were found in water supply wells at a range of 
concentrations, ATSDR assumed that people ingested water containing the 
highest levels of 1,1-dichloroethylene (2.8 parts per billion [ppb], which equals 
0.0028 mg/L) tetrachloroethylene (91.1 ppb or 0.0911 mg/L), trichloroethylene 
(300 ppb or 0.3 mg/L), arsenic (22 ppb or 0.022 mg/L), barium (1,190 ppb or 1.19 
mg/L), and lead (20 ppb or 0.02 mg/L). This assumption is designed to 
overestimate exposures. These substances were found in only some of the samples 
collected and analyzed and were found at a range of concentrations. 
Concentrations fluctuate over time and the Navy implemented measures to 
prevent exposures as soon as contaminants were detected. As such, people may 
have been exposed to water that contained the maximum detected concentrations, 
but they also may have been exposed to water with lower contaminant 
concentrations or may have consumed water free of contamination.  

 
IR = Intake rate: 2 liters per day (L/day) for adults, 1 L/day for children, and 1 L/day 

for workers 
 

The intake rate represents the amount of liquids that a person would drink in a 
single day. The average adult drinks 1.4 liters of water a day and the average 
child, age 3 or younger, drinks 0.6 liters of liquid each day. Workers were 
assumed to drink half of their daily intake while at work (EPA 1997). This 
assumption overestimates exposures because people likely obtain water from 
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sources other then their drinking water wells (e.g., prepackaged soda or juice; 
bottled water; or wells serving stores, businesses, or schools). 

 
EF = Exposure frequency: 365 days per year (day/yr) for residents and 250 days/yr 

for workers. 
 

For residents, ATSDR assumed that exposures occurred every day, although daily 
exposures are unlikely because people are expected to travel or vacation away 
from their homes. For workers, ATSDR assumed workers would be at their jobs 5 
days a week for 50 weeks per year.  

 
ED = Exposure duration: 6 years (yrs) for adults living at the Naval Air Station Joint 

Reserve Base (NASJRB) or Air Reserve Station (ARS), 30 yrs for adults living in 
the community, 6 yrs for children, and 30 yrs for workers 

 
The exposure duration for people living at NASJRB or ARS was assumed to be 6 
years, a conservative estimate based on an average residence at the facility for 2 
to 4 years. An exposure duration of 6 years for children represents the time from 
toddler to young child when exposures may be at their highest. The exposure 
duration of 30 years for community residents and workers is based on studies of 
how long people will live in their homes or remain at a single occupation (EPA 
1997).  

 
BW = Body weight: 70 kilograms (kg), which equals 154 pounds, for adults and 10 

kg, which equals 22 pounds, for children 
 

No site-specific information is available to characterize the average weight of 
people living at or near NASJRB and ARS. ATSDR reviewed the scientific 
literature and used the U.S. Environmental Protection Agency’s (EPA) 
recommended default weight for an adult (70 kg) and child (10 kg) (EPA 1997).  

 
AT = Averaging time: 2,190 days (6 yrs x 365 days/yr)for non-cancer effects to 

NASJRB residents and children, 10,950 days (30 yrs x 365 days/yr) for non-
cancer effects to community residents and workers, and 25,550 days (70 yrs x 365 
days/yr) for cancer effects 

 
In assessing non-cancer effects, the averaging time is equal to the exposure 
duration. In assessing cancer effects, the averaging time is equal to a person’s life 
span. No site-specific information is available to characterize the average life span 
of people living at or near NASJRB and ARS. ATSDR reviewed the scientific 
literature and used EPA’s recommended default life span of 25,550 days (365 
days per year x 70 years) (EPA 1997).  
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ATSDR compared the estimated exposure doses to dose-based CVs to assess potential non-
cancer effects. Dose-based CVs (referred to as minimal risk levels [MRLs] by ATSDR and 
reference doses [RfDs] by EPA) are contaminant-specific doses that are conservatively derived 
based on the health effects literature and are below the levels associated with adverse health 
effects. Doses for people drinking water from community supply wells or private wells and 
workers at NASJRB and ARS were below dose-based CVs. Doses for adults and/or children 
living at NASJRB were slightly above the MRL for arsenic and RfD for barium. Because of the 
conservative assumptions used to estimate a dose, the true dose is expected to be much lower 
than the estimated dose. For arsenic, the dose-based CV was derived based on several 
epidemiologic investigations. These studies found health effects from prolonged (e.g., 45 years) 
exposure to arsenic at a dose of 0.014 milligrams of chemical per kilogram body weight per day 
(mg/kg/day) and higher. This dose is higher than the conservative doses estimated for adults and 
children consuming drinking water from station supplies. The estimated dose for children 
consuming water containing the highest levels of barium was below the dose shown to cause no 
health effects in laboratory studies (0.21 mg/kg/day). Table C-1 summarizes the conservative 
doses estimated for consumption of station water and the dose-based CVs (ATSDR 2001; EPA 
2001). As such, possible past exposures to arsenic and barium are not expected to result in 
adverse health effects for adults or children using station supply wells. 
 
Table C-1: Estimated Non-Cancer Exposure Doses 

Contaminant Adult NASJRB 
Resident 

(mg/kg/day) 

Child NASJRB 
Resident 

(mg/kg/day) 

Minimal Risk 
Level 

(mg/kg/day) 

Arsenic 0.00063 0.0022 0.0003 

Barium 0.034 0.12 0.07 
 
ATSDR estimated a theoretical excess cancer risk expressed as the proportion of a population 
that may be affected by a carcinogen during a lifetime of exposure. In assessing cancer risks, 
scientists assume that any exposure to a carcinogen could result in a possible cancer case. 
However, information about the likelihood of developing cancer is based on studies where 
animals or humans have been exposed to high concentrations of a contaminants, levels much 
higher than would occur as a result of environmental releases. This assumption that any contact 
with a carcinogen could lead to cancer is extremely conservative. Scientists assume that the 
theoretical cancer risk can never be zero, whereas the true or actual risk is unknown and could be 
as low as zero (EPA 1996).  
 
At NASJRB and NAS, the theoretical cancer risk for exposures to carcinogens were below 10-4 
(1 additional cancer over background in a population of 10,000)—a level used as a guideline for 
exposure doses that are below levels of concern. Only workers exposed to arsenic had a 
theoretical cancer risk above this level (1.4 x 10-4 or 1.4 additional cancers over background in a 
population of 10,000). Because of the conservative assumptions used to estimate a dose, the true 
dose is expected to be much lower than the estimated dose. EPA classified arsenic as a 
carcinogen based on epidemiological studies where people consumed water containing 170 to 
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800 ppb arsenic for a 45-year exposure period. The maximum detected arsenic concentration in 
station wells was 22 ppb. Although the study demonstrated an association between arsenic in 
drinking water and skin cancer, the study failed to account for a number of complicating factors, 
including exposure to other non-water sources of arsenic, genetic susceptibility to arsenic, and 
poor nutritional status of the exposed population. In addition, unlike other carcinogens, arsenic 
does not cause cancer in laboratory animals when administered orally (ATSDR 2000). As such, 
possible past exposures to arsenic are not expected to result in an increased risk of developing 
cancer in workers using station supply wells. 
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DEPARTMBM' OF THE NAVY 
BUREAU OF AERONAUTICS 

MAINTENANCE REPRESENTATIVE OFFICE 
EASTERN DISTRICT 

U. S. NAVAL Am STATION 
NORFOLK 11, VlRGINrA 

8 October 1952 

Froml Bureau of Aeronautics Maintenance Representative, Eastern District 
T 01 Distribution List 

Subj, Facili ties and services available for support of naval aircraft; 
procedures for requesting 

Refa (a) BAMR ED 1tr ser 2624 of 4 Apr 1951 
(b) ACL 19-45 of 23 Feb 1945 
(c) ACL 57-45 of 26 May 1945 
(d) BuAer MA-44 1tr ser 135182 of 29 Nov 1951 
(e) ACL 6-50 of 20 Jan 1950 
(f) ACL 1-52 of 25 Jan 1952 
(g) ACL 10-52 of 12 May 1952 
(h) ACL 74-50 of 8 Dec 1950 
(i) ACL 12-51 of 9 May 1951 
(j) ACL 21-51 of 11 July 1951 
(k) ACL 36-51 of 16 Nov 1951 
(1) BuAer MA.-443 1tr Ber 45664 of 15 Jun 1950 
(m) ACL 11-50 of 17 Feb 1950 
(n) ACL 1-51 of 26 Jan 1951 
(0) ACL 52-47 of 14 May 1947 
(p) ACL 14-51 or 23 May 1951 
(q) ACL 21-48 of 24 Mar 1948 

Enc1s (1) List of subjects covered by references (b) thru (q) 

1. Reference (a) is hereby cancelled and superseded. 

NOTE a The following applies to activities within the Eastern District 
as defined by Bureau of AeroJ;l8.utics Manual 1950, Chapter 3, 
Sections 501 and 502. . .. 

2. Reference (b) promulgated the Bureau or Aeronautics policy whereby all 
work performed by continental Overhaul & Repair Departments for activities 
other than the Bureau of Aeronautics is under the control of the cognizant 
district Bureau of Aeronautics Maintenance Representative (BAMR) for sched
uling and priority purposes. Re£erence (c) established the Bureau of Ord
nance policy relative to coordination of work in ordnance categories by 
the cognizant Bureau of Aeronautics Maintenance Representative. Reference 
(d) sets forth the current relative priorities for work to be performed 
within Overhaul & Repair Departments. These priorities are, from time to 
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time, modified by the Bureau of Aeronautics to conform with the requirements 
of the Integrated Aeronautics Program and, in accordance with reference (b), 
may be supplemented by the cognizant Bureau of Aeronautics Maintenance Rep
resentative to meet unusual and attendant local conditions. 

3. Class "A" Overhaul & Repair Depu-tments shall be prepared to accomplish 
replirs to all types of naval aircraft, regardless of assigned overhaul pro
grams in accordance with and governed by the provisions of references (e), 
(f) and (g) when such work is beyond the capabilities and/or capacity of 
the requesting activity and supporting maintenance facilities. The scope 
of aircraft maintenance to be accomplished by maintenance units and self
supporting Fleet and Training Aircraft Squadrons is governed by reference 
(g). It is incumbent upon Fleet and Training activities to request equip
ment and supporting material to maintain tn>e aircraft to be serviced in 
accordance with~eferences (h), (i) and (j). 

4. Requests in the following categories, originating within the Eastern 
District for the performance of work in Overhaul & Repair Departments for 
activities other than the Bureau of AeronautiCS, shall be processed in 
accordance with the following: 

a. Repair to Aircraft 

(1) Activities under the cognizance of the Fleet and Training 
Commands and other naval activities requiring services to damaged aircraft 
shall submit requests via cognizant major commands to the Bureau of Aero
nautics Maintenance Representative, Eastern District. The Bureau of Aero
nautics Maintenance Representative, Eastern District, will arrange with an 
Overhaul & Repair Department to examine and evaluate the damaged aircraft. 
The Overhaul & Repair Department shall make the required e:xamination and 
submit an original and three (3) copies of Damaged Aircraft Condition and 
Disposition Report to Bureau of Aeronautics Maintenance Representative, 
Eastern District and information cop,y to the controlling custodian and to 
the reportine; custodian of the aircraft. If the aircraft falls within 
the eight (8) calendar week limitation set forth in paragraph 4d of ref
erence (f) and is beyond Class "C" maintenance ability (reference (g» I 
the Bureau of Aeronautics Maintenance Representative, Eastern District, 
will then designate the repair activity, advising the activity requesting 
services and the controlling custodian, and all interested activities by 
information cop,y. If the repair time will be in excess of eight (8) cal
endar weeks, the custodian will be so advised by the Bureau of Aeronautics 
Maintenance Representative, Eastern District, and the aircraft will then 
be transferred to the controlling custody of the Bureau of Aeronautics 
(Material and Services) in accordance with provisions of references (e) 
and (r) unless by mutual agreement between both the custodian and repi-ir 
activity arrangements are consummated for the repair of the subject air
crafi and return to service after more than eight (8) weeks in process of 
repair. Final disposition will be determined by the Bureau of Aeronautics 
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or the Bureau of Aeronautics Maintenance Representative, Eastern District, 
as appropriate. 

(2) Procedure for requesting services to aircraft damaged while in 
• a ferry or other transient status is defined by paragraph 5 of reference 

(e). .. 

(3) The only work to be accomplished by the Overhaul & Repair De
partments designated to repair damaged aircraft, where custody remains 
with the operating activity, is the repair of defects which are, in the 
opipion of the eJtamining Planner and Estimator, normally beyond the ability 
of the requesting activity and supporting maintenance facilities and which 
were estimated at the time the Damaged Aircraft Condition and Disposition 
Report was prepared. Additional discrepancies found during the processing 
of the aircraft shall be repaired if such discrepancies are the result of 
the original damage and could not be ascertained without disassembly of 
the aircraft. Discrepancies noted but not rep1ired shall be made a matter 
of record and the operating activity shall be advised by appropriate entry 
in the aircraft logbook. 

(4) In such cases where the damaged aircraft is remotely located 
from an Overhaul & Repair Department, and when damage incurred is of such 
nature that the repa.ir time cannot be estimated by the Planner and Estima
tor in the field and can only be properly evaluated after receipt of the 
aircraft at an Overhaul & Repa.ir Depa.rtment for further disassembly and 
inspection, or when other factors preclude rigid compliance with the intent 
of reference (f), the in-process repa.ir time will be computed from the date 
the aircraft is received at the Overhaul & Repair Department. 

b. !l'0cessing of Class 265 Material 

(1) Reference (k) established the procedures for processing of 
aeronautical spares (Class 265) for the Naval Aviation Supply System. 
Particular attention is invited to pa.ragraphs 15 and 16 of reference (k) 
which outlines procedure for the establishment of local schedules for re
placement of overage components and very minor repa.ir to otherwise ready
for~issue material. 

(2) Class nCR and liD" activities are encouraged to establish, in 
accordance with paragraph 16 of reference (k), local scheduling and process
ing of material otherwise ready-for-issue requiring incorporation of changes, 
bulletins and minor rework requiring no special tools, jigs, equipment or 
technical information. 

c. Processing of Aeronautical Material by Class "A" Overhaul and 
Repair Department 

i 

(1) Requests for processing of aeronautical material on an emergency 
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basis is governed by }:6ragraph 5, i, (3), (b) of reference (m). Emergency 
requirement is defined by J:6ragraph 3, d, of reference (m). 

(2) Work in the following categories may be requested directly of 
a Class IIA" Overhaul activity provided a written request has been approved 
by the cognizant FABRON, MAM>, Service Squadron or other similar supporting 
maintenance activity. Bureau of Aeronautics Maintenance Representative, 
Eastern District, will be furnished an information cop,y by the requesting 
activity after approval by supporting FASRON, MAMS, etc. 

(a) Inspection, bench testing and functional checking of instru
ments, propeller governors, hydraulic, fuel and vacuum pumps, generators, 
carburetors and work of a similar nature when the requesting activity or 
supporting maintenance facility does not have the necessary equipment. 

(b) Heat treating, anodizing, electroplating, and similar work 
when the requesting activity and supporting maintenance facility does not 
have the necessary equipment and/or technical skill. 

d. Manufacture of Aeronautical Material 

(1) Reference (n) established the Bureau of Aeronautics 1 coding 
and manufacturing policies applicable to aeronautical material and equip
ment needed to meet overhaul and maintenance requirements. Where the pro
visions of reference (n) do not provide for a J:6rticular }:6rts problem, the 
circumstances may be referred to the Bureau of Aeronautics Maintenance 
Representative, Eastern District, for appropriate action. Such requests 
will contain the following information: 

(a) Quantities required. 

(b) Latest allowable completion date (Include also, completion 
dates for J:6rtial quantities when it is not imperative that entire order 
be completed on a specified date). 

(c) Shipping instructions for completed material. 

(d) All available technical information, including J:Srt numbers 
and standard nomenclature, with sketches where applicable. 

(2) All requesting activities are cautioned to review any manufac
turing requests labeled as emergency and shall only request proceSSing of 
the amounts sufficient to satisfy such emergency and no more. Additional 
amounts required for stock shall be requested under priority as indicated 
by references (d) and (n). 

e. Overhaul. Reconditioning, Conversion and Modernization of Aircraft 

(1) Processing of aircraft in the above categories is controlled by 
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the Bureau of Aeronautics and as such, shall be referred to the Bureau of 
Aeronautics as appropriate with information copy to the Bureau of Aeronautics 
Maintenance Representative, Eastern District. 

(2) In cases of unusual circumstances, Bureau of Aeronautics Mam
tenance Representative, Eastern District will assist in any action required 
to expedite fulfillment of requests for subject type of work. 

f. Incorporation or Removal of Changes in Aircraft 

(1) Paragraph 2(e) of reference (e) and references (0) and (p) est
ablished the policy for incorporation or removal of aircraft service changes. 
Custodians of aircraft, except Bureau of Aeronautics, that require assistance 
of an Overhaul & Repair Department to e:rfect a modification of aircraft by 
incorporation or removal of aircraft changes, shall request such assistance 
from the Bureau of Aeronautics Maintenance Representative, Eastern District, 
for scheduling and priority purposes. Such requests shall include the follew
ing: 

(a) Type, quantity, location and bureau numbers of aircraft 
involved. 

(bj Applicab+e bureau service change numbers or bulletin numbers. 
(c Date a;l.rcraft will be available for rework. 
(d Date change material will be available, if known. 
(e) Requested comPletion dates. 

(2) Reference (q) established the policy for incorporation of air
craft armament changes and bulletins. 

g. Professional Servicep 

(1) Requests for professional assistance such as engineering or 
consultation Services, materials testing and analysis may be submitted by 
the operating unit, as indicated in paragraph 4, c,(2~above to the nearest 
Class "An Overhaul activity within the Eastern District via the Bureau of 
Aeronautics Maintenance Representative, Eastern District. 

h. Maintenance Training 

Upon written request, maintenance and familiarization training of 
operating personnel by the Overhaul & Repair Departments of the Eastern 
District will be arranged by the Bureau of Aeronautics :Maintenance Repre
sentative, Eastern District. 

5. Class "A" Air Stations within the Eastern District are guided in part 
by the apPlicable references contained in this letter when processing re
quests for the performance of work for activities other than the Bureau of 
Aeronautics and the Bureau of Ordnance. Requests for services not covered 
in the above paragraphs may be referred to the Bureau of Aeronautics Main
tenance Representative, Eastern District, who will advise appropriate action 
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to be taken. Enclosure (1) is included for ready reference to subjects cov
ered by references herein. 

6. In order that each Bureau of ~eronautics controlled Overhaul & Repair 
activity can account properly for work performed and funds expended to 
support Fleet and operating units, the Bureau of Aeronautics Maintenance 
Representative, Eastern District, requests utmost ompliance with all direc .. 
tives contained or referenced in this letter. 

Distribution: 
COMNAB ONE 
COMlaB THREE 
COMNAB FOUR 
COMNAB FIVE 
COMNAB SIX 
CO NAS Anacostia 
CO NARTU Anacostia 
CO NAP' SRNC Annapolis 
CO NAS Atlantic City 
CG MOAS Cperry Point 
CG MOAB MCAS Cherry Point 
CO NAAS Chincoteague 
CO NAOTS Chincoteague 
CO NAF N:EU Dahlgren 
CO MCALF Edenton 
CO NAB Johnsville 
CO NADC Johnsville 
CO NAS Lakehurst 
CO NARTU NAS Lakehurst 
CNATE NAS Lakehurst 
BRASO NAS Lakehurst 
CO NAAS Mustin Field 
CO NAS New York 
CO NAB Norfolk 
CO NARTU NAS Norfolk 
CO MARTC NAS Norfolk 
CO liruS Niagara Falls 
CO NAB Oceana 
CO NAB Patuxent River 
CO NATC Fatuxent River 
COM NAMe Philadelphia 
IDR NAF NAMC Philadelphia 
Director NAESNAMC Phila 
CO ~£AS Quantico 

(2) 
(2) 

g)! 
(2 
(5 
(5 
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(5) 
(10) 
(3) 
(5) 
(5) 
(5) 
(5) 
(5) 
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(10) 
(3) 
(5) 
(5) 
(5) 
(5) 
(10) 
(5) 
(5) 
(5) 
(5) 
(2) 
(7) 
(5) 
(5) 
(5) 
(5) 

CO NAS Quonset Point 
CO NATU NAB Quonset Point 
CO NAS Squantum 
CO NAP' Weeksville 
CO NAS Willow Grove 
CO ASD NBC Norfolk 
CO NAS Akron 
CO NAB Columbus 
CO NSC Norfolk 
CO NBC Mechanicsburg 
ComAirtant 
ComFair Quonset Point 
CNARESTRA Glenview 
CG MarAirWing Cherry Point 
ComFltAirWingsLant 
COMDT PRNC Washington, D. C. 
COMDT SRNC Annapolis 
ComFlogNingsLant 
CO NAS Brunswick 
BAR Akron 
BAR Baltimore 
BAR Bethpage 
BAR Buffalo 
BAR College Point 
BAR Columbus 
BAR East Hartford 
BAR Essington 
BAR Morton 
BAR Rockaway 
BAR Teterboro 
BAR Wood Ridge 
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COM SIX 
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BAMR WI) 

QomFair Jacksonville 
BAGR ED 
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Introduction 

Almost a year after World War II ended, Congress 
established the United States Atomic Energy Commission 
to foster and control the peacetime development of atomic 
science and technology. Reflecting America’s postwar op- 
timism, Congress declared that atomic energy should be 
employed not only in the Nation’s defense, but also to pro- 
mote world peace, improve the public welfare, and 
strengthen free competition in private enterprise. After 
long months of intensive debate among politicians, military 
planners and atomic scientists, President Harry S. Truman 
confirmed the civilian control of atomic energy by signing 
the Atomic Energy Act on August 1,1946.(l) 

The provisions of the new Act bore the imprint of the 
American plan for international control presented to the 
United Nations Atomic Energy Commission two months 
earlier by U.S. Representative Bernard Baruch. Although 
the Baruch proposal for a multinational corporation to 
develop the peaceful uses of atomic energy failed to win 
the necessary Soviet support, the concept of combining 
development, production, and control in one agency found 
acceptance in the domestic legi,slation creating the United 
States Atomic Energy Commission.(2) 

Congress gave the new civilian Commission extraor- 
dinary power and independence to carry out its awesome 
responsibilities. Five Commissioners appointed by the 
President would exercise authority for the operation of the 
Commission, while a general manager, also appointed by 
the President, would serve as chief executive officer. To 
provide the Commission exceptional freedom in hiring 
scientists and professionals, Commission employees 
would be exempt from the Civil Service system. Because 
of the need for great security, all production facilities and 
nuclear reactors would be government-owned, while all 
technical information and research results would be under 
Commission control, and thereby excluded from the nor- 
mal application of the patent system. 

In addition, the Act provided for three major advisory 
committees: a Congressional Joint Committee on Atomic 
Energy, a Military Liaison Committee, and a General Ad- 
visory Committee of outstanding scientists.f3) 

The First Commission 

On January 1, 1947, the fledgling Atomic Energy Com- 
mission took over from the Manhattan Engineer District 
the massive research and production facilities built during 
World War II to develop the atomic bomb. The facilities 
were the product of an extraordinary mission accomp- 
lished in three years in almost complete secrecy. Under the 
direction of General Leslie Ft. Groves of the Army Corps of 
Engineers, the laboratory experiments of Enrico Fermi and 
other American and European scientists had been 
transformed into operating plants capable of producing a 
military weapon of devastating power. When the atomic 
bomb was dropped on Hiroshima on August 6, 1945, and 
three days later on Nagasaki, not only was a long and cost- 
ly war brought to an end, but the world also became aware 
of a completely new and largely unexpected technology.(4) 

As the first chairman of the agency created to control 
the peace,time development of the new technology, Presi- 
dent Harry Truman appointed David E. Lilienthal, a lawyer 

and former head of tht Tennessee Valley Authority. Dur- 
ing the preceding year, Lilienthal and Under Secretary of 
State Dean Acheson had co-authored the well-known 
Acheson-Lilienthal report which had formed the basis for 
the American plan for international control of atomic 
energy. Serving with Lilienthal on the Commission were 
Sumner T. Pike, a businessman from New England, 
William T. Waymack, a farmer and newspaper editor from 
Iowa, Lewis L. Strauss, a conservative banker and reserve 
admiral, and Robert F. Bather, a physicist from Los 
Alamos and the only scientist on the Commission. Carroll 
L. Wilson, a young engineer who had helped Vannevar 
Bush organize the National Defense Research Committee 
during the war, was appointed general manager. Two 
floors of the New War Department Building in Washington 
provided a temporary home for the Commission. A few 
months later more permanent headquarters were found at 
19th and Constitution Avenue, N.W., in the former war- 
time offices of the Joint Chiefs of Staff. 

The new Commission faced a challenging future. World 
War II was quickly followed by an uneasy international 
situation commonly referred to as the Cold War, and Lilien- 
thal and his colleagues soon found that most of the Com- 
mission’s resources had to be devoted to weapon develop- 
ment and production. The requirements of national 
defense thus quickly obscured their original goal of 
developing the full potential of the peaceful atom. For two 
decades military-related programs would command the 
lion’s share of the Commission’s time and the major por- 
tion of the budget.t5) 

The Nuclear Arsenal 

To meet the Nations expanding requirements for fis- 
sionable material the Commission set about refurbishing 
the production and research facilities built during the war. 
A major overhaul of the original reactors and two new 
plutonium reactors were authorized for the Hanford, 
Washington plant. Oak Ridge was scheduled for an addi- 
tion to the existing K-25 plant and a third gaseous diffusion 
plant for the production of uranium 235. The Commission 
decided to adopt the Army’s practice of hiring private cor- 
porations to operate plants and laboratories, thereby ex- 
tending into peacetime the contractor system previously 
used by the Government only in times of national 
emergency. 

The first test of new weapons was conducted at 
Enewetak Atoll in April and May 1946. Operation 
Sandstone explored weapon designs and tested a new fis- 
sion weapon to replace the clumsy tailor-made models 
used during World War II. By 1946 the Commission had 
both gun-type and implosion-type non-nuclear and nuclear 
components in stockpile and was well on the way toward 
producing an arsenal of nuclear weapons. 

In early September 1949 a special Air Force unit 
detected a large radioactive mass over the Pacific, in- 
dicating that the Soviet Union had successfully detonated 
a nuclear device. The Soviet detonation not only ended the 
United States’ monoploy of nuclear weapons, but also had 
an immediate effect on the Commission’s planned expan- 
sion program. During the prolonged debate which fol- 
lowed the announcement of the Soviet event, Commis- 
sioner Lewis L. Strauss, supported by fellow Commis- 



sioner Gordon Dean, urged the Commission to take a 
“quantum jump” by developing a thermonuclear weapon. 
Strong support for the Strauss’ position came from the 
Congressional Joint Committee on Atomic Energy, and 
from scientists such as Edward Teller, Luis W. Alverez, and 
Ernest 0. Lawrence, who agreed that the development of 
the superbomb was absolutely essential to the security of 
the United States. The members of the General Advisory 
Committee, however, while concurring in the need for giv- 
ing high priority to the development of atomic weapons for 
tactical purposes, recommended against an all-out effort 
to develop a hydrogen bomb. On January 31,1950, Presi- 
dent Truman settled the issue with his momentous deci- 
sion that the Commission should expedite work on the 
thermonuclear weapon.(b) 

Production Expansion 

David Lilienthal resigned on February 15th after three 
years as chairman of the Atomic Energy Commission. 
Although his dream of developing the full potential of the 
peaceful atom had not been fulfilled, the Commission 
under his leadership had become an effective government 
institution. Indeed, the future held great promise for the 
peaceful atom, but for the moment at least the military 
atom would continue to be in the ascendancy. 

By mid July 1950 Gordon Dean had become chairman of 
the Commission, and the Nation was no longer in a twilight 
zone between peace and war. Following an attack by 
North Korean troops across the 38th parallel, President 
Truman ordered U.S. forces to the aid of South Korea. 
Suddenly increased military demands, added to the Presi- 
dent’s decision to develop the hydrogen bomb, threatened 
to exhaust the Commission’s production capacity. Begin- 
ning in October 1950 the Commission embarked on a vast 
expansion program. During the next three years the con- 
structicn of huge plants increased capacity at each step in 
the production chain. The new facilities included a feed 
materials production center at Fernald, Ohio; a plant to 
produce large quantities of lithium 6 at Oak Ridge; a 
gaseous-diffusion plant at Paducah, Kentucky; a whole 
new gaseous diffusion complex at Portsmouth, Ohio; two 
“Jumbo” reactors and a separation plant for producing 
plutonium at Hanford; and five heavy-water reactors at the 
Savannah River site in South Carolina for producing 
tritium from lithium 6 as well as plutonium. The three year 
three-billion-dollar expansion program represented one of 
the greatest federal construction projects in peacetime 
history. 

In addition to having an impact on the Commission’s ex- 
pansion program, the Korean War also focused attention 
on the need for a continental test site. In December 1950, 
with the approval of the Department of Defense and the 
General Advisory Committee, the Commission selected 
the Las Vegas bombing and gunnery range as the site to 
conduct the January 1951 Ranger test series, the first 
atomic tests in the United States since the Trinity detona- 
tion at Alamogordo on July 16,1945.(7) 

The United States detonated the world’s first thermo- 
nuclear device in the fall of 1952. Code-named Mike, the 
shot was part of the Ivy test series conducted at Enewetak 
By the end of 1953 more than thirty weapon test devices 
had been successfully fired at Pacific or Nevada sites, the 

~iesutt of extraordinary efforts by scientists and engineers 
at the Commission’s Los Alamos weapon laboratory. A se- 
cond weapon laboratory established at Livermore, Califor- 
nia in early 1952, soon became the center of a weapon 
engineering and production network which included the 
Ssndia Laboratory near Albuquerque, New Mexico, as well 
as new or expanded facilities in Iowa, Texas, Missouri, 
Ohio, and Colorado.(B) \ 

Organizing the National Laboratories 

Fortunately the concentrated effort on weapon produc- 
tion did not mean a total neglect of the Commission’s 
research laboratories. The Commission recognized the 
need to maintain the vitality of the national labs, and to en- 
courage the university research teams and industry groups 
whose research on the peaceful uses of atomic energy 
would provide the technology of the future. The 
Metallurgical Laboratory at the University of Chicago had 
been reorganized by the Army in 1946 as the Argonne Na- 
tional Laboratory. The following year the Commission ob- 
tained a new site for the lab at Argonne, Illinois and deter- 
mined that the laboratory should become a large multi- 
disciplinary research center for the midwest. Under the 
direction of Walter H. Zlnn, one of Enrico Fermi’s principal 
assistants .in developing the world’s first reactor, Argonne 
very quickly became the Commission’s center for reactor 
development.(9~ 

The Clinton Laboratories, built during World War II at 
Oak Ridge, Tennessee, became the regional research 
center for southeastern United States. Reorganized in 
1948 as the Oak Ridge National Laboratory, Oak Ridge 
became the Nation’s largest supplier of radioisotopes for 
medical, industrial and physical research, as well as a 
regional center for research in chemistry, physics, 
metallurgy, and biology. The laboratory also conducted 
the largest radiation genetics program in the world. 

To provide regional research facilities for the northeast, 
the Commission approved a plan by Associated Univer- 
shies, Inc. to build and operate a laboratory at Upton, New 
York. The Brookhaven National Laboratory provided 
research facilities in reactor physics, high-energy ac- 
celerators, and the biomedical sciences. A fourth center in 
the far west was established by expanding the facilities of 
the University of California Radiation Laboratory at 
Berkeley. In addition to the regional centers the Commis- 
sion continued to support the wartime research 
laboratories at a number of colleges and universities, and 
awarded and administered hundreds of contracts with 
research institutions, universities and nonprofit organiza- 
tions for basic research in the physical and biological 
sciences.( 10) 

Reactor Development 

Afthough by 1953 the vast production complex of the 
Atomic Energy Commission was almost totally dedicated 
to military purposes, the idea of a civilian nuclear power 
system based on American industry was very much alive. 
As early as 1947, Lilienthal had publicly encouraged a part- 
nership with industry in developing the peaceful uses of 
atomic energy. The Commission had supported a modest 
but coherent plan for developing nutilear power and pro- 
pulsion and had permitted a few industry committees 
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behind the Commission’s security barriers to evaluate the 
opportunities for commercial development. On December 
20, 1951, at the Commission’s Idaho Test station, Zinn and 
a group of engineers from the Argonne National 
Laboratory succeeded in producing a token amount of 
electricity from an experimental fast breeder reactor. This 
historic accomplishment demonstrated in a practical way 
that the atomic nucleus could serve mankind as a source 
of power. ( 11) 

Probably the most successful reactor program in the 
1850’s was the naval reactors project established and 
directed by Admiral Hyman G. Rickover. On June 14,1852, 
at the keel-laying ceremony for the wortd’s first nuclear 
powered ship, Chairman Gordon Dean noted that the pro- 
pulsion of the submarine Nautilus would be the first prac- 
tical utilization of atomic power, heretofore used primarily 
as an explosive. The Navy project later played a significant 
role in the widespread adoption of pressurized-water reac- 
tors by the nuclear power industry in the United States.flP) 

By the end of 1852, technological developments had 
generated a broad interest in nuclear power in Congress as 
well as in industry, and the election of a Republican presi- 
dent brought further encouragement. Indeed, there was 
soon reason for optimism. Two outstanding ac- 
complishments of the Eisenhower years, the 1853 Atoms- 
for-Peace plan, and the passage of the 1854 Atomic Energy 
Act were to have a significant impact on the Nation’s 
nuclear program031 

Atoms for Peace 

Speaking before the United Nation’s General Assembly 
on December 8, 1853, President Dwight D. Eisenhower 
declared that “peaceful power from atomic energy is no 
dream of the future. . that capability, already proved, is 
here today.“(l4) The President’s Atoms-for-Peace pro- 
posal became a major pronouncement of America’s public 
policy concerning the international management of 
nuclear energy. With a sufficient supply of uranium to 
satisfy its own military needs, by 1954 the United States 
could turn its attention to the promotion of the peaceful 
uses of nuclear energy051 

Lewis Strauss had been President Eisenhower’s special 
assistant for atomic energy prior to his appointment as 
Commission chairman in July 1853. Strongly committed to 
national security during his early years as a Commissioner, 
and supportive of Truman’s decision to expedite the 
development of the thermonuclear weapon; Strauss was 
now in a position to work closely with Eisenhower in pro- 
moting the peaceful atom on a world-wide basis. 

The Atomic Energy Act of 1954 

The President’s Atoms-for-Peace speech also focused 
attention on the need for a fundamental revision of the 
Atomic Energy Act of 1846 to enable the Commission to 
share technical and scientific information with foreign 
governments. On February 17, 1854, the President asked 
Congress to pass legislation “making it possible for 
American atomic energy development, public and private, 
to play a full and effective part in leading mankind into a 
new era of progress and peace.” Exhaustive hearings in 
the spring of 1854 and Congressional debate during the 

early summer resulted in a new law which opened the door 
for an exchange of nuclear technology with other nations. 
Although industry did not gain the right to own fissionable 
material, liberal licensing provisions, greater access to 
technical data, and the right to own reactors provided the 
essential conditions for the private development Of nuclear 
power in the United States.(lG) 

The Five Year Plan 

Even before Congress had passed the Atomic Energy 
Act of 1854, the Commission had launched a new program 
for power reactor development. In early 1854 Strauss an- 
nounced plans to test the basic designs then under study 
by building five experimental reactors within five years. Of 
the five reactor prototypes planned, the one with the most 
immediate impact on nuclear power development was the 
Pressurized Water Reactor (PWR) at Shippingport, Penn- 
sylvania. Based on the technology developed for nuclear 
propulsion systems for submarines, Shippingport was 
completed on schedule in late 1857 as the Nation’s first 
full-scale nuclear generating station. 

The other reactor experiments constructed under the 
five year program included the Sodium Reactor Experi- 
ment built by North American Aviation, a Commission 
contractor in southern California; the Experimental Boiling 
Water Reactor constructed at the Commission’s Argonne 
National Laboratory; and new models of the fast breeder 
and homogeneous reactor experiments built in the early 
1850’s at the National Reactor Testing station in central 
Idaho, and the Oak Ridge National Laboratory in Ten- 
nessee. Of the five experiments in the program, the Ship 
pingport and the Argonne boiling-water reactors en- 
countered fewer technical problems, but each experiment 
contributed to the development of the technology needed 
to build full-scale nuclear power plants in the future. 

Cooperation with Industry 

The terms of the Atomic Energy Act enabled the Com- 
mission to encourage private industry to build its own 
nuclear plants, using fissionable material leased from the 
Government. Industry responded to the Commission’s 
January 1855 Power Demonstration Reactor Program with 
four proposals covering all but one of the Commission’s 
five prototypes. Thus by the end of 1857, the Commission 
had seven experimental reactors in operation and 
American industry was participating in nine independent 
or cooperative projects capable of producing almost 
806,CKM kilowatts of electricity by the mid-1960’s. For the 
moment at least, prospects for the future of the peaceful 
atom were extremely encouraging.fl7) 

International Participation 

In his Atoms-for-Peace proposal of December 8, 1953, 
President Eisenhower had proposed that the nuclear 
powers contribute portions of their stockpiles of normal 
uranium end fissionable materials to an international 
atomic energy agency, which would then allocate these 
materials toward peaceful uses. After three years of pa- 
tient diplomatic negotiations, the International Atomic 
Energy Agency (IAEA) was formally inaugurated in Vienna, 
Austria on October 1, 1957. As head of the United States 
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delegation to the first IAEA conference, Lewis Strauss 
delivered the President’s message of hope that the fis- 
sioned atom would now be transformed from a symbol of 
fear to one of hope. The new spirit of international 
cooperation had been in evidence even earlier when more 
than 1400 scientists from 73 nations attended the first 
United Nations sponsored International Conference on the 
Peaceful Uses of Atomic Energy, held in Geneva, 
Switzerland in August 1965. Similar conferences were held’ 
in 1958,1964and 1971. 

In addition to sponsoring the International Atomic 
Energy Agency, the United States gave strong support to 
Eurarom, the European atomic energy community con- 
sisting of West Germany, France, Italy, Belgium, the 
Netherlands and Luxembourg. Formally inaugurated in 
January 1958, Euratom undertook to establish an in- 
tegrated program for developing an atomic energy in- 
dustry in Europe similar to the European Coal and Steel 
Community. Prior to the establishment of either the Inter- 
national Atomic Energy Agency or Euratom, the Atomic 
Energy Commission had negotiated a series of bilateral 
agreements to provide research reactors, power reactor 
fuel and technical information to friendly nations, as well 
as training programs for nuclear scientists and technicians. 
Although no bilateral agreements were made with the 
Soviet Union, Commission Chairman John A. McCone 
and his Soviet counterpart, Professor Vasily S. Emelyanov, 
signed a Memorandum on Cooperation on November 24, 
1959, covering exchanges of visits and information on 
several unclassified areas of peaceful nuclear application. 
Similar memoranda in the 1960’s and early 1970’s covered 
joint experiments in the fields of high energy physics, con- 
trolled thermonuclear research and fast breeder reac- 
tors.(l8) 

Weapon Testing and Fallout 

The detonation of the first shot in the Castle weapon 
test series in the spring of 1954, however, had threatened 
to cast a shadow over the glowing prospects for the 
peaceful atom, so recently kindled by Eisenhower’s atoms- 
for-peace proposal. At the time of the Bravo shot on 
March 1, a Japanese fishing vessel had been within 82 
nautical miles of the test area, close enough to receive a 
heavy dusting of radioactive fallout. By the time the ship, 
the f-ukuryu Maru (or Lucky Dragon) returned to Japan the 
effects of the radiation exposure had become evident, and 
several members of the crew required hospitalization. The 
American and Japanese press accounts of the incident 
had made the public aware, probably for the first time, of 
the worldwide dangers of radiation from fallout.(l9) 

On February 15, 1955, with the approval of the Presi- 
dent, Strauss released a major report on the “Effects of 
High-Yield Nuclear Explosions.” The report did little to 
calm public apprehension, and mounting concerns found 
expression in numerous articles on radiation and fallout in 
scientific journals and other public media. Both the Com- 
mittee on Armed Services and the Joint Committee on 
Atomic Energy held healings in the spring of 1955 on pro- 
blems associated with radioactive fallout. The following 
December, the United Nations established a Scientific 
Committee on Radiation with the former director of the, 
Commission’s Division of Biology and Medicine, Shields 
Warren, as United States’ representative.(20) 
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In January 1956 Commissioner Willard F. Libby revealed 
the existence of Project Sunshine, a study of global fallout 
from weapon testing which Libby had initiated in the fall of 
1953 while serving on the General Advisory Committee. 
Commission laboratories and contractors had been analyz- 
ing data collected through a worldwide network monitor- 
ing the presence of strontium 90 in humans, foods and 
soils. Prior to 1953 public concern with radiation had fo- 
cused primarily on workers in atomic energy projects. In 
1957 the Joint Committee’s hearings on the nature of 
radioactive fallout revealed for the first time the extent of 
the Commission’s radiation research program. Millions of 
dollars were involved in more than 300 Commission- 
sponsored projects on various aspects of radiation and 
fallout.(21 I 

Testing of nuclear devices by the United States con- 
tinued throughout the 1950’s, although the Eisenhower 
Administration repeatedly expressed its willingness to sus- 
pend nuclear tests as part of a disarmament agreement. 
When the Conference of Experts convened in Geneva in 
the summer of 1958, the President announced that the 
United States was prepared to negotiate a test ban agree- 
ment and would voluntarily suspend all weapon testing 
after the completion of the Hardtack series in the fall. As a 
result an unpoliced moratorium period began on October 
31, 1958, during which both the United States and the 
Soviet Union refrained from nuclear weapon ex- 
periments.(22) 

Limited Test Ban Treaty 

Three years later the Soviet Union abruptly ended the 
moratorium by announcing, on August 31,1961, that they 
intended to resume testing. By now John F. Kennedy was 
in the White House, and Glenn Seaborg had succeeded 
John McCone as chairman. One of the original members 
of the General Advisory Committee and the first scientist 
appointed as chairman of the Commission, Seaborg 
served during the entire decade of the 1960’s. 

Although the Soviet Union tested a large number of 
high-yield weapons in the atmosphere during the autumn 
of 1961, President Kennedy limited the Commission’s 
weapon laboratories to underground tests until April 25, 
1962, when the first shot in the Dominic series was con- 
ducted at Christmas Island in the Pacific. With technical 
support from Seaborg and the Commission, the President 
at the same time had been earnestly pursuing a test ban 
agreement with the Soviet Union. It had been a long and 
arduous task bearing little fruit. In an address to the Nation 
on March 2,1962, Kennedy had explained that he deplored 
the necessity of beginning atmospheric testing again, but 
“a nation which is refraining from tests obviously cannot 
match the gains of a nation conducting tests.“031 

Finally, after months of negotiations, a limited test ban 
treaty was signed in Moscow on August 5, 1963, pro- 
hibiting nuclear explosion tests in the atmosphere, outer 
space, or under water, but permitting underground 
detonations provided no radioactive debris crossed the 
borders of the country in which the test was being con- 
ducted. 

In the absence of further success in negotiating a com- 
prehensive test ban treaty, President Kennedy, and later 
Presidents Johnson and Nixon, continued to authorize 
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underground tests in accordance with the 1963 treaty. 
Although the limitations of the treaty imposed severe 
technical problems, particularly in testing high-yield 
warheads, the Commission’s laboratories nevertheless 
were highly successful in devising ways to improve and up- 
date nuclear weapons by testing underground. 

Civilian Power: The Proliferation of the Peaceful 
Atom in the Sixties 

The signing of the Limited Test Ban Treaty in August 
1963 also had an impact on the civilian power program. 
The cessation of weapon testing in the atmosphere gave 
new hope that the peaceful atom might soon command as 
large a share of the Commission’s time and budget as the 
military atom had for so many years. 

Although the imminence of economic nuclear power 
had been a main theme at the 1958 Geneva Conference, 
recurring technical difficulties in many of the prototype 
and demonstration plants in several European countries 
continued in the next few years to frustrate hopes for a 
practical new source of electrical power. In the United 
States, however, prospects were somewhat more en- 
couraging. In March 1962 President Kennedy had re- 
quested the Atomic Energy Commission to take a “new 
and hard look at the role of nuclear power” in the Nation’s 
economy. In submitting the Commission’s report several 
months later, Seaborg noted optimistically that the Com- 
mission’s ten-year civilian power program, adopted in 
1958, was on the threshold of attaining its primary objec- 
tive of competitive nuclear power by 1968. Suggested 
goals for the future included a concentration of resources 
in the most promising reactor systems, the early establish- 
ment of a self-sufficient and growing nuclear power in- 
dustry, and increased emphasis on the development of im- 
proved converter or breeder reactors which would con- 
serve natural uranium resources. The report was broadly 
circulated and stimulated public confidence in the 
economic prospects for civilian nuclear power.(24) 

On November 22, 1963, Lyndon B. Johnson became 
President of the United States. One of Johnson’s first and 
probably most significant acts was to order a 25 percent 
cutback in production of enriched uranium and the shut 
down of four plutonium piles, with the expectation that 
other nations might be challenged to do the same. 
Although verification was difficult, Chairman Khruschev 
later announced production cutbacks in the Soviet Union. 

Another milestone in civilian power development oc- 
curred on December 12, 1963, when the Jersey Central 
Power and Light Company announced that it had con- 
tracted for a large nuclear power reactor to be built at 
Oyster Creek near Toms River, New Jersey. According to 
the company’s own evaluation, the plant would be com- 
petitive with a fossil fuel plant. For the first time an 
American utility company had selected a nuclear power 
plant on purely economic grounds without government 
assistance and in direct competition with a fossil-fuel plant. 
In a commencement address at Holy Cross College on 
June IO, 1964, President Johnson called it an “economic 
breakthrough.“@51 Two months later private industry 
received further encouragement from Congress in the 
form of new legislation. 

Private Ownership Legislation 

On August 26, 1964, President Johnson brought to an 
end an eighteen-year mandatory government monopoly of 
special nuclear materials by signing into law the “Private 
Ownership of Special Nuclear Materials Act.” Enriched 
uranium for power reactor fuel would no longer have to be 
leased from the government. Private entities would be per- 
mitted to assume title to special nuclear materials. 
Although the new law provided for a transition period for 
the changeover from government to private ownership, 
after June 20, 1973 private ownership of power reactor 
fuels would become mandatory. The Act also authorized 
the Commission to offer uranium enriching services to 
both domestic and foreign customers under long-term 
contracts, beginning on January 1, 1969. Most of the 
Atomic Energy Commision’s literature on reactor 
technology had been declassified as early as 1955. With 
the adoption of the Private Ownership Act in 1964, fis- 
sionable materials as well as reactors now entered the 
public domain, and a fullOfledged nuclear industry became 
a possibility.(26) 

But how would a full-fledged nuclear industry be 
regulated? Could one agency continue to regulate a single 
energy technology in a time of increasing energy needs? In 
a few years the energy crisis of 1973 would bring these 
questions into sharp focus. 

Nuclear Power Capacity 

The Commission’s 1962 report on civilian power had 
projected 5,060 megawatts of nuclear power capacity by 
1970 and 40,ooO by 1980. Within five years the outlook had 
changed so dramatically that in March 1967 the Commis- 
sion issued a supplementary report doubling its previous 
predictions. Within a few years, however, even these re- 
vised statistics were exceeded. (By the end of 1974 two 
hundred and thirty-three nuclear central-station generating 
units, with a capacity of 232,000 megawatts, were either in 
operation, under construction, or on order in the United 
States.11271 

The Breeder Reactor 

In addition to predicting dramatic increases in megawatt 
capacity, the Commission’s 1967 report on civilian nuclear 
power reaffirmed the promise of the breeder reactor for 
meeting long-term energy needs, and gave the Liquid 
Metal Fast Breeder Reactor (LMFBR) the highest priority 
for civilian reactor development. A major boost was given 
to the program four years later by President Richard Nixon. 
In his “clean energy” message to Congress on June 4, 
1971, the President called for the commercial demonstra- 
tion of a breeder reactor by 1980, stating that “The breeder 
reactor could extend the life of our natural uranium fuel 
supply from decades to centuries, with far less impact on 
the environment than the power plants which are 
operating today.“(28) 

The fast breeder project included a demonstration plant 
in Oak Ridge, Tennessee- the Clinch River Breeder Reac- 
tor (CRBRI-and a test reactor in Richland, 
Washington- the Fast Flux Test Facility (FFTF). . Clinch 
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River promised to be a major step in the transition from 
technology to large-scale demonstration of the fast 
breeder concept. The project was launched in August 1972 
with the signing of a memorandum of understanding be- 
tween the Commission and the principal UbTi par- 
ticipants, the Commonwealth Edison Company and the 
Tennessee Valley Authority: The Commission would be 
responsible for research and development of the 
demonstration plant while the Commonwealth ,Edison 
Company and the Tennessee Valley Authority would 
engineer, manufacture and proof test equipment and 
systems&?91 _- 

Licensing and Regulation 

Under the terms of the Atomic Energy Act of 1954, Con- 
gress had given the Atomic Energy Commission the 
responsibility for regulating and licensing commercial 
atomic activities. As the Nation’s electric power industry 
increasingly turned toward nuclear plants, the Commission 
found it necessary to modify its organizational structure to 
separate regulatory from non-regulatory functions. In 1961 
the regulatory staff was separated from the General 
Manager’s office and placed under a Director of Regula- 
tion who reported directly to the Commissioners. Two 
years later the regulatory and operational functions were 
separated physically when the regulatory staff was moved 
from the headquarters building in Germantown, Maryland 
to offices in BethesdaJ30) 

Licensing procedures involved a series of technical 
reviews and public hearings, including an independent 
technical safety evaluation by the Advisory Committee on 
Reactor Safeguards. The Commission itself sewed as a 
final review board for all licenses granted, and maintained 
continuous surveillance of licensed reactors throughout 
their operating lifetime. 

Research 

The weapon requirements for national defense in the 
early years had forced the Commission to postpone goals 
for an all-out program of research on the peaceful atom. 
As seen in the development of the power reactor, 
however, there was a gradual shift in emphasis during the 
Eisenhower era, and the trend continued to gain momen- 
tum during the Kennedy and Johnson Years. In 1966 the 
AEC budget for the first time was divided about equally be- 
tween weapons and peaceful uses. , 

Research and development programs in the 1966’s and 
early 1970’s produced a significant fund of knowledge 
about radiation and its effects, and provided basic data 
needed to determine radiation protection standards and to 
assess the environmental impact of nuclear technology. 
Advances in medical diagnostic techniques based on the 
use of radioisotopes and radiation machines added to the 
skills of the medical profession, while immunological 
research provided the knowledge needed for successful 
transplants. Other medical breakthroughs included the 
treatment of Parkinson’s Disease, the preservation of cells 
for transfusion, and the introduction of small accelerators 
to produce short-lived radioisotopes for immediate use in 
patients. Although Oak Ridge produced virtually all of the 
radioisotopes available for physical and biomedical as well 
as for industrial applications, the Commission gradually 
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transferred production, packaging, and shipping to com- 
mercial suppliers, while continuing to support research on 
new applications.(31) 

During the 1966’s the Commission produced a series of 
radioisotope-powered and reactor-powered electrical- 
generating units for space applications. The first such unit 
was launched into space from Vandenburg Air Force Base 
in California ‘on April 3, 1965, under the Systems for 
Nuclear Auxiliary Power (SNAP) program. Newly 
discovered heavy isotopes, such as Californium-252, were 
found useful in both research and industry. In addition, 
significant progress was made in developing cardiac 
pacemakers for human use and ultimately artificial hearts 
using radioisotopic-power sources.(32) 

Major research facilities such as high energy ac- 
celerators were constructed and operated by the AEC. 
Building on the accomplishments of the Berkeley Bevatron 
and the Brookhaven Cosmotron in the 1966’s, the Com- 
mission supported even larger accelerators in the 1966’s 
and 1976’s, including the Alternating Gradient Syn- * 
chrotron at Brookhaven, the Zero Gradient Synchrotron at 
Argonne, and the two-mile long Stanford Linear Ac- 
celerator. The Fermi National Accelerator Laboratory, 
completed in 1972, contained the world’s most powerful 
proton synchrotron. The principal centers for research on 
controlled thermonuclear (fusion) reactors were Oak 
Ridge, Los Alamos, Livermore, and Princeton, although 
many universities and industrial facilities were involved on 
a smaller scale. 

Applied Technology 

As nuclear technology developed, the Commission 
perfected special applications of nuclear power, such as 
nuclear explosives for earth moving and for extracting 
resources deep undarground. Gnome, the first experiment 
in the PIowshare series, was conducted in December 1961 
in a thick salt bed deposit near Carlsbad, New Mexico, 
while the firat nuclear cratering experiment, Project Sedan, 
was completed the following July at the Nevada Test Site. 
Project Gasbuggy in 1967, Rulison in 1969, and Rio Blanc0 
in 1973, tested methods for extracting natural gas from im- 
permeable rock. In the early 1970’s, the Commission 
directed applied technology projects toward environmen- 
tal research, energy storage and transmission systems, 
synthetic fuels, and nonnuclear energy. 

Nonnuclear Research 

The scientific and technological expertise gained by the 
national laboratories in developing nuclear energy made 
the Commission a logical contender for a strong role in 
developing new energy options. The doors of the national 
labs first opened to nonnuclear research in 1960 when the 
Commission, in a special report to the Joint Committee on 
Atomic Energy, acknowledged “that the strong 
capabilities of the laboratories are not the exclusive 
resources of the atomic energy field; they are held in trust 
for the Nation as a whole.” Accordingly, work from other 
federal agencies would be accommodated whenever the 
skills of the national laboratories were needed.031 

On August 11,1971, largely in response to President Nix- 
on’s energy message of june 4, Congress authorized the 
Atomic Energy Commission to undertake research and 
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development projects geared to providing a variety of alter- 
natives for meeting the Nation’s energy needs. As a result 
the Commission’s industrial contractors and national 
laboratories became involved in the areas of super- 
conducting power transmission systems, energy storage, 
solar energy, geothermal resources, and coal gasifica- 
tion.04) 

Reorganization 

James R. Schlesinger took over the helm of the Atomic 
Energy Commission in August 1971, as its twenty-fifth year 
as an agency was drawing to a close. American troops 
were still in Vietnam and anti-war protests were 
widespread. The Nation faced increasing demands for 
energy, a leveling out of domestic oil production, limita- 
tions on coal use due to environmental concerns, inade- 
quate natural gas supplies, and field delays in the licensing 
and construction of nuclear power plants. The rapid 
growth in atomic energy activities in the previous decade 
and changing perspectives in nuclear technology clearly 
pointed.to the need for a substantial reorganization of the 
Commission’s operational and regulatory functions. For 
nearly a quarter of a century the Commission had focused 
research and development toward responding to national 
defense requirements, funding and developing new uses 
for atomic energy, and fostering the growth of a com- 
petitive and viable nuclear industry. The next few years 
would see increasing attacks on the Commission’s role as 
a regulatory overseer of the nuclear industry, particularly in 
the areas of quality of product and public safety4351 

As a first order of business, Schlesinger led the Commis- 
sion in a comprehensive review of the agency’s functions 
and organization. An economist and former assistant 
director of the Bureau of the Budget, Schlesinger an- 
nounced the results of the review in December 1971. The 
first broad reorganizaton in ten years would bring together 
various related programs previously scattered throughout 
the agency. Developmental and operational functions 
formerly under the jurisdiction of the general manager 
would now bt under six assistant general managers for 
Energy and De\ slopment Programs, Researoh, Production 
and Management of Nuclear Materials, Environment and 
Safety Programs, National Security, and Administration. 
Reflecting expanding areas of Commission involvement 
were new divisions of Controlled Thermonuclear 
Research, International Security Affairs, and Applied 
Technology4361 The second half of 1971 also saw a major 
revamping of the regulatory organization and functions. 

Calvert Cliffs Decision 

The Nixon Administration believed that nuclear power, 
as an environmentally “clean” fuel, could help the Nation 
produce the increasing supply of energy needed for the 
future. On the other hand ponderous licensing procedures - 
and increasing environmental considerations lengthened 
the time necessary to bring nuclear power plants on line, 
and increased costs to the industry, and ultimately to the 
consumer. As Commissioner Doub informed the Atomic 
Industrial Forum in October 1971, the Commission har- 
bored no illusions as to the magnitude of the task of trying 
to match “the capabilities of a dynamic and complex 
technology to the urgent energy and environmental needs 
of the countty.“(37) 

The Federal Court of Appeals’ August 4, 1971 landmark 
decision concerning the Calvert Cliffs nuclear Power Plant 
became a pivot point for a major revamping of the Com- 
mission’s licensing procedures. The Court ruled that the 
Atomic Energy Commission’s regulations for implement- 
ing the National Environmental Policy Act of 1969 in licens- 
ing procedures did not comply in several respects with the 
Act, and that the Commission should make an indepen- 
dent review and evaluation of all environmental effects at 
every decision point in the nuclear power plant licensing 
process. 

Moving swiftly to implement the Court’s ruling, the 
Commission made substantive changes in environmental 
review procedures. Both the Commission and the license 
applicant would now be required to consider the total im- 
pact of the proposed plant on the environment, including 
water quality. In addition, a cost-benefit analysis would 
balance the benefits of building the facility against a varie- 
ty of alternatives.(38) These changes in procedures af- 
fected virtually all nuclear power plants whether licensed 
for operation or under review. 

To expedite the additional procedures which the Calvert 
Cliff’s decision required, Schlesinger made significant 
changes in the Commission’s regulatory organization, and 
added additional personnel to the staff to help with the ex- 
panded reactor licensing workload. Additional changes in 
1972 further streamlined the regulatory staff. Three direc- 
tors consolidated the functions previously performed by 
seven divisions. All licensing activities were centered in the 
largest of the three, the Directorate of Licensing, headed 
by John F. O’Leary, former Director of the Bureau of 
Mines.(39) 

The Commission’s Last Days 

Schlesinger left the Atomic Energy Commission in 
January 1973 to become head of the Central Intelligence 
Agency. He was succeeded as chairman by Dr. Dixy Lee 
Ray, a marine biologist from the state of Washington who 
had been appointed to the Commission by President Nixon 
in August 1972. The first woman to be chairman of the 
Atomic Energy Commission, Ray took over at a time when 
the Nation was faced with the monumental task of recon- 
ciling energy needs, environmental concerns and 
economic goals. More importantly for the Commission, 
criticism had begun to mount against an agency that 
regulated the very same energy source that it helped to 
produce and operate. 

In June 1973, President Nixon directed the chairman of 
the Atomic Energy Commission to undertake an im- 
mediate review of federal and private energy research and 
development activities and to recommend an integrated 
program for the Nation.( The President’s energy pro- 
posals to Congress the following January reflected the 
recommendations submitted by Chairman Ray in the 
December 1, 1973 report on “The Nation’s Energy 
Future.” Because of the energy crisis resulting from the 
October Arab oil embargo, the President had chosen to 
break tradition and present his energy request to Congress 
before delivering his State of the Union address. Both his 
proposal for a five-year $10 billion energy research and 
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development program, and his determination to double the development and application of nuclear technology for 
total federal commitment to energy research and develop- scientific, medical, and industrial purposes. Through par- 
ment for fiscal year 1975, were in line with the recommen- ticipation in the International Atomic Energy Agency, inter- ’ 
dations made by the Commission chairman. The Ray national coriferences and bilateral agreements, the United 
report also supported the President’s recommendation to Swam shared the new technology with other nations. 
establish an Energy Research and- Development Ad- 
ministration.(l)1 1 

.The congressional mandate of 1948 also called for the 
use of atomic energy in a way that would strengthen free 

Reactor Safety 
competition in private enterprise. Although the severe 
mslrictions of the 1946 Act made atomic energy virtually a 

In December 1973 the Commission announced new re- government monopoly, the Commission in less than a 
quirements for the performance of the emergency core decade advanced nuclear technology to the point where 
cooling systems IECCS) installed in light-water-cooled industrial participation was feasible, and then encouraged 
power reactors. Such systems provided the capability for the passage of new legislation in 1954 which made a 
emergency removal of heat from the reactor core in the nudaar industry possible. By the early 1970’s nuclear 
event of a loss of the normal reactor coolant water. The pow~ offered a promising option for meeting national and 
Co.mmission’s action concluded a DNo-year public rule. world energy needs. . , 

making hearing which had served as a focal point for 
public discussion of opposing viewpoints on the safety of 

In carrying out the Congressional mandate of 1948, the 
Atomic Energy Commission essentially worked its way out 

nuclear power plants. Six months of hearing sessions, be. of Qdstence. After concentrating on defense com- 
tween January 27,1972 and July 28,1973, had produced a mibnents in the early years, the Commission then focused 
voluminous transcript, a clear witness to the complexity of on the development of a viable nuclear industry, only to 
the technical issues involved in nuclear safety. A constant come under fire in the late 1960’s and 1970’s for being in 
advocate of the public’s right to know and fully understand 
the possible dangers of radiation, the Joint Committee on 

the position of regulating the same industry it helped to 
m 

Atomic Energy had also held a hearing in early 1973 on the 
safety of nuclear power plants. 

7Itis difficulty had been foreseen in 1981 when the func- 
tims of the agency were divided between the General 

Clearly the handwriting on the wall was spelling out the 
numbered days of the AEC in 1973. Although nuclear 

Manager and the Director of Regulation. Then in 1983 the 
two functions were physically separated by being housed 

power constituted a significant part of the answer to the 
Nation’s need for additional sources of energy, it was by 

in different geographical locations. Finally, the legal 
separation of the developmental and regulatory functions, 

no means the only answer as had been predicted in the 
early decades of the Commission’s existence. 

requested in 7973 by the Commission itself, was ac- 
complished by the Energy Reorganization Act of 1974. The 

‘Summary 
regulatory and licensing responsibilities became the ex- 
dusive focus of a new agency headed by a five-member 

When President Ford signed the Energy Reorganization board, the Nuclear Regulatory Commission, while the 
Act of 1974 on October 11, the Atomic Energy Commis- developmental functions were placed under a single ad- 
sion’s twenty-eight year stewardship of the Nation’s ministrator in a second agency, the Energy Research and 
nuclear energy program came to an end. On January 19, Development Administration. 
1975, the Commission’s research and development respon- 
sibilities were assumed by the Energy Research and 

In the preceding decade the Atomic Energy Commission 

Development Administration, and the regulatory and licen- 
had lost much of its privileged status with Congress and 

sing functions by the Nuclear Regulatory Commission. Six 
the American public. The exclusive monopoly and the 

thousand, three hundred and twenty Commission 
rr&? of secrecy had been largely removed, and no longer 

employees went to ERDA while one thousand nine hun- 
did atomic energy seemingly provide the perfect formula 

dred and seventy former regulatory personnel became part 
for both military defense and civilian energy needs. 

of the new Nuclear Regulatory Commission. 
Regulatory restrictions and environmental concerns were a 
large part of the reason for the demise of the AEC, but 

In the preceding twenty-eight years the Atomic Energy mole important was the recognition that a single 
Commission had accomplished a large portion of the mis- tedmology should not be the exclusive focus of one agen- 
sion established by the Congress in 1948. First, through its cy. The energy crisis would now require the coordination 
weapon laboratories and production contractors, it had of all major energy programs in a new’ research and 
developed and stockpiled an array of sophisticated nuclear development agency, whose primary purpose would be to 
weapons which for nearly three decades had served as an assist the Nation in achieving energy independence. 
important element in national defense. Also in the area of 
defense, the Commission had supported the development 

As a legacy to the new agency, the Atomic Energy Com- 

of nuclear propulsion reactors which made possible the 
mission passed on its unique production facilities, its 

creation of a fleet of reliable nuclear submarines and sur- 
valuable network of national laboratories, and the proven 
technological skills, resourcefulness, and experience of its 

face ships. personnel. Three years later the Energy Research and 
Although for many years military related programs com- Development Administration, like the Atomic Energy Com- 

manded the major portion of the budget, the Commission mission before it, became part of an even larger organiza- 
had initiated and supported extensive research in the tion. On October 1, 1977 Congress created a cabinet-level 
nuclear sciences. The research contract and the national Department of Energy to coordinate Federal energy 
laboratory had become key instruments in the widespread policies and programs. 
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APPENDIX I 

(Personnel) 

Joint Committee on Atomic Energy 

CHAIRMEN DATES OF SERVICE 

Brien McMahon 1946. 
Burke B. Hickenlooper 1947 - 1948 
Brien McMahon 1949 - 1952 id. 7/28/52) 
Carl T. Durham (Acting) 1952. 
W. Sterling Cole 1953.1954 
Clinton P. Anderson 1954.1956 
Carl T. Durham 1956.1958 
Clinton P. Anderson 1959. 
Chet Holifield 1960.1961 
John 0. Pastore 1962 - 1964 
Chet Holifield 1965.1966 
John 0. Pastore 1967.1968, 
Chet Holifield 1969 - 1970 
John 0. Pastore 1970 - 1972 
Melvin Price 1973 - 

Military Liaison Committee 

CHAIRMEN DATES OF SERVICE 

Lt. Gen. Lewis H. Brereton, USAF 1946 - 1948 
Donald F. Carpenter 1948. 
William Webster 1948-1949 
Robert F. LeBaron 1949.1954 
Herbert B. Loper 1954-1960 
Gerald W. Johnson 1961.1962 
W.J. Howard 1963-1965 
Carl Walske 1966-1969 
Chet Holifield 1970. 
Carl Walske 1971.1972 
Donald R. Cotter 1973 - 

General Advisory Committee 
CHAIRMEN DATES OF SERVICE 

J. Robert Oppenheimer 1946 - 1952 
lsidor I. Rabi 1952.1956 
Warren C. Johnson 1956.1959 
Kenneth S. Pitzer 1960 - 1961 
Manson Benedict 1962-1963 
L.R. Hafstad 1964.1967 
Norman F. Ramsey 1968. 
Howard G. Vesper 1969 - 1972 
Lombard Squires 1973 - 
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Sumner T. Pike 

David E. Lilienthal, Chairman 
Robert F. Bather 
William W. Waymack 
Lewis L. Strauss 

Chairman 
Gordon Dean 

Chairman 
Henry DeWolf Smyth 
Thomas E. Murray- 
Thomas Keith Glennan 
Eugene M. Zuckert 
Joseph Campbell 
Willard F. Libby 
John Von Neumann 
Harold S. Vance 
John S. Graham 
John Forrest Floberg 
John A. McCone, Chairman 
John H. Williams 
Robert E. Wilson 
Loren K. Olson 
Glenn T. Seaborg, Chairman 
Leland J. Haworth 
John G. Palfrey 
James T. Ramey 
Gerald F. Tape 
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Wilfred E. Johnson 
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William E. Kriegsman 
William A. Anders 
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Oct. 31, 1946 
Nov. 1, 1946 
Nov. 1, 1946 
Nov. 5, 1946 
Nov. 12, 1946 
July 2, 1953 
May 24, 1949 
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May 30, 1949 
May 9, 1950 
Oct. 2, 1950 
Feb. 25, 1952 
July 27, 1953 
Oct. 5, 1954 
Mar. 15, 1955 
Oct. 31, 1955. 
Sept. 12, 1957 
Oct. 1, 1957 
July 14, 1958 
Aug. 13, 1959 
Mar. 22, 1960 
June 23, 1960 
Mar. 1, 1961 
Apr. 17, 1961 
Aug. 31, 1962 
Aug. 31, 1962 
July 15, 1963 
June29, 1964 
Aug. 1, 1966 
Aug. 1, 1966 
Oct. 1, 1968 
June 12, 1969 
Sept. 2, 1969 
Aug. 17, 1971 
Aug. 17, 1971 
Aug. 8, 1972 
Feb. 6, 1973 
June 12, 1973 
Aug. 6, 1973 

Carroll L. Wilson 
Marion Boyer 
Kenneth D. Nichols 
Kenneth F. Fields 
Paul F. Foster 
A. R. Luedecke 
R. E. Hollingsworth 
John A. Erlewine 

General Managers 

Dec. 31, 1946 Aug. 15, 1950 
Nov. 1, 1950 Oct. 31, 1953 
Nov. 1, 1953 Apr. 30, 1955 
May 1, 1955 June 30, 1958 
July 1, 1958 Nov. 30, 1958 
Dec. 1, 1958 July 31, 1964 
Aug. 11, 1964 Dec. 31, 1973 

Feb. 15, 1974 Dec. 31, 1974 

To 

Dec. 15; 1951 
Feb. 15, 1950 
May 10, 1949 
Dec. 21, 1948 
Apr. 15, 1950 
June 30, 1958 

June 30, 1953 
June 30, 1953 
Sept. 30, 1954 
June 30, 1957 
Nov. 1, 1952 
June 30, 1954 
Nov. 30, 1954 
June 30, 1959 
Feb. 8, 1957 
Aug. 31, 1959 
June 30, 1962 
June 23, 1960 
Jan. 20, 1961 
June 30, 1960 
Jan. 31, 1964 
June 30, 1962 
Aug. 16, 1971 
June 30, 1963 
June 30, 1966 
June 30, 1973 
Apr. 30, 1969 
June 30, 1965 
June 30, 1972 
Aug. 1, 1967 
June 30, 1969 
Nov. 25, 1970 
June 30, 1974 
Jan. 26, 1973 
Aug. 17, 1974 

Jan. 18, 1975 
Jan. 18, 1975 
Jan. 18, 1975 

APPENDIX I 
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APPENDIX II 
Chronology 

DATE 

August 1,1946 

January 1,1947 

September 1947 

March 1,1948 

April-May 1948 

March 1,1949 

August 29,1949 

January 31,195O 

June 27,195O 

December 20,195l 

June 14,1952 

November 1952 

December 8,1953 

March 1,1954 

August 30,1954 

January lo,1955 

August 820,1955 

EVENTS 

Atomic Energy Act of 1946 signed by President Truman. 

Atomic energy program transferred from the Manhattan Engineer District to the Atomic Energy 
Commission. 
Start of construction on first of two new Hanford reactors. 

Oak Ridge National Laboratory officially established to continue work of Clinton Laboratories 
established in 1943; 

Operation Sandstone, the first AEC nuclear test series conducted at Enewetak Atoll. 

Announcement by AEC of selection of a site for the National Reactor Testing Station in Idaho. 

Soviet Union detonated nuclear device. 

President Truman directs Commission “to continue work on all forms of weapons, including 
the so-called hydrogen or super-bomb.” 

Truman orders U.S. forces to aid of South Korea. 

Experimental Breeder Reactor No. 1 IEBR-1) first reactor to produce electric power from nuclear 
energy. 

Keel of the world’s first nuclear-powered ship, the submarine Nautilus, laid at Groton, Connec- 
ticut. 

World’s first thermonuclear device detonated by US. at Enewetak. 

Announcement by President Eisenhower of the Atoms-for-Peace program and proposal to 
establish an international agency to promote peaceful applications of atomic energy. 

First shot in Cast/e weapon test series fired in Pacific. 

President Eisenhower signed the Atomic Energy Act of 1954, a major revision of the 1946 Act. 
The new law made possible greater participation by private industry and more cooperation with 
other countries in developing the peaceful uses of nuclear energy. 

Announcement by the AEC of the Power Demonstration Reactor Program, under which the 
AEC and industry would cooperate in the construction and operation of experimental power 
reactors. 

First United Nations International Conference on the Peaceful Uses of Atomic Energy, in 
Geneva, Switzerland. 

October 1,1957 International Atomic Energy Agency inaugurated in Vienna, Austria. AEC Chairman Lewis 
Strauss announced U.S. offer to make 5,000 kilograms of uranium 235 available to the agency. 

December 23,1957 Full-power operation of the Shippingport Atomic Power Station, the world’s first full-scale 
nuclear power plant, at Shippingport, Pennsylvania. 

August 22,1958 President Eisenhower announced moratorium on weapon testing to begin on October 31. 

November 24, 1959 AEC Chairman John A. McCone and Professor Vasily S. Emelyanov signed Memorandum of 
Cooperation betweeni U.S. and U.S.S. R. 

March 1961 Regulatory functions separated from General Manager’s Office and placed under a Director of 
Regulation. 

August 31,196l Soviet Union broke moratorium and-began testing nuclear weapons. 

December lo,1961 Project Gnome, the first Plowshare nuclear detonation, conducted in New Mexico. 

April 25,1962 First shot in Dominic series conducted at Christmas Island in the Pacific. 

August 5,1963 Limited test ban treaty between U.S., U.K., and U.S.S.R. signed in Moscow. 

August 26,1964 President Johnson signed Private Ownership of Special Nuclear Materials Act. 

October 1964 The nuclear-powered surface ships, Enterprise, Long Beach and Bainbridge, completed 
“Operation Sea Orbit,” a round-the-world cruise without logistic support of any kind. 
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December 16,1964 

April 3,1965 

March 5‘1970 

June 4,197l 

July 23,197l 

March 1972 

October 17,1973 

December 1, 1973 

October 11,1974 

August 4,1977 

AEC issued a permit to Jersey Central Power and Light Company for the construction of a 
nuclear power plant at Oyster Creek, New Jersey. This was the first civilian power reactor to be 
built on a competitive basis with conventional plants and without government assistance. 

The first launching and operation of a nuclear reactor in space (SNAP-lOA). 

Ratification of the Treaty for the Nonproliferation of Nuclear Weapons by the United States, 
the United Kingdom, and the Soviet Union and 45 other nations. 

President Nixon announced as a national goal a commitment to complete LMFBR demonstra- 
tion plant by 1980. 

Calvert Cliffs decision regarding AEC licensing procedures for nuclear power plants. 

Completion of National Accelerator Laboratory at Batavia, Illinois, world’s most powerful pro- 
ton synchrotron. 

Organization of Arab Petroleum Exporting Countries embargoed oil to the United States. 

AEC Chairman Dixy Lee Ray submitted report to President 
Nixon on “The Nation’s Energy Future.” 

Energy Reorganization Act of 1974 signed by President Ford. 

Department of Energy Reorganization Act signed by President Carter. 
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APPENDIX III 
Laboratories and Production Facilities 

Atomic Energy Commission 

A EC facility 

Multiprogram Laboratories 
Argonne National Laboratory .................. 

Brookhaven National Laboratory ............... 
Lawrence Berkeley Laboratory. ................ 
Lawrence Livermore Laboratory. ............... 
Los Alamos Scientific Laboratory. .............. 
Oak Ridge National Laboratory ................. 

Location 

Chicago, Ill. . . . . . . . . 

Upton, N.Y. . . . . . . . . 
Berkeley, Ca. . . . . . . . 
Livermore, Ca. . . . . . . 
Los Alamos, N. Mex.. 
Oak Ridge, Tenn.. . . . 

Pacific Northwest Laboratory .................. Richland, Wash. . . . . 

Engineering Development 
Bettis Atomic Power Laboratory. ............... 
Hanford Engineering Development Lab. ......... 
Knolls Atomic Power Laboratory ............... 
Liquid Metal Engineering Center. ............... 

Pittsburgh, Pa.. . . . . . 
Richland, Wash. . . . . 
Schenectady, N.Y. . . 
Santa Susana, Ca.. . . 

Idaho National Engineering Lab ................. 
Naval Reactors Facility, INEL .................. 
Sandia Laboratories .......................... 

Savannah River Laboratory. ................... 
Shippingport Atomic Power Station ............ 

Specialized Physical Research Laboratories 
Ames Laboratory ............................ 
Fermi National Accelerator Laboratory .......... 
Notre Dame Radiation Lab ..................... 
Princeton Plasma Physics Lab. ................. 
Stanford Linear Accelerator Center ............. 

Specialized Biomedical Research Laboratories 
Comparative Animal Research 

Laboratory ................................ 
Franklin McLean Memorial Research Inst, 

(formerly Argonne Cancer Res. Hosp.). ........ 
Inhalation Toxicology Res. Inst. ................ 

Laboratory of Nuclear Medicine 8 
Radiobiology .............................. 

Laboratory of Radiobiology. ................... 
MSU/AEC Plant Research Lab. ................ 
ORAU Research Facilities ..................... 

Puerto Rico Nuclear Center ................ ..~. 

Radiobiology Laboratory. ..................... 
Radiobiology Laboratory. ..................... 
Savannah River Ecology Lab. .................. 
U.ofRochesterMed.Lab.. .................... 

Idaho Falls, Id. . . . . . . 
Idaho Falls, Id. . , . . , . 
Albuquerque, N. Mex. 

8 Livermore, Ca. . . 
Aiken,S.C.. . . . . . . . . 
Shippingport, Pa. . . . 

Ames, Iowa . . . . . . . . Iowa State U. of Sci. Et Tech. 
Batavia, Ill. . . . . . . . . . Universities Research Assn. 
South Bend, Ind.. . . . Univ. of Notre Dame 
Princeton, N. J.. . . . . . Princeton University 
Palo Alto, Ca.. . . . . . . Stanford University 

Oak Ridge, Tenn.. . . . University of Tennessee 

Chicago, Ill. . . . . . . . . 
Albuquerque, N. Mex. 

Los Angeles, Ca. . . . . Univ. of Calif. at L.A. (UCLA) 
San Francisco, Ca. . . Univ. of Calif. Medical Center 
E. Lansing, Mich.. . . . Michigan State University 
Oak Ridge, Tenn.. . . . Oak Ridge Associated 

Mayaguez and Rio 
Piedras, P.R.. . . . . . University of Puerto Rico 

Davis, Calif. . . . . . . . . University of Calif. (Davis) 
Salt Lake City, Utah . University of Utah 
Aiken,S.C . . . . . . . . . . University of Georgia 
Rochester, N.Y. . . . . . University of Rochester 

Contractor-operator 

Univ. of Chicago and 
Argonne Universities Assn. 

Associated Universities, Inc. 
University of California 
University of California 
University of California 
Nuclear Div., Union Carbide 

Corp. 
Pacific Northwest Div. 

Battelle Memorial Inst. 

Westinghouse Electric Corp. 
Westinghouse Hanford Co. 
General Electric Co. 
Atomics International Div. 

Rockwell Int’l Corp. 
Aerojet Nuclear Co. 
Westinghouse Electric Corp. 
Sandia Corp. (Western 

Electric-Bell System) 
E.I. du Pont de Nemours Et Co 
Duquesne Light Co. 

University of Chicago 
Lovelace Foundation of Medical 

Education and Research 

Universities 
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Production, Development, and Fabrication Centers 

Burlington-AEC Plant . . . . . . . . . . . . . . . . . . . . . . . . . Burlington, Iowa . . . . 

Feed Materials Plant .......................... Ashtabula, Ohio. . . . . 
Feed Materials Plant .......................... Fernald, Ohio. . . . . . . 
Feed Materials Plant .......................... Paducah, Ky. . . . . . . . 

Hanford Works . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Richland, Wash. . . . . 

Idaho Chemical Processing Plant. .............. INEL, Idaho . . . . . . . . 
Kansas City Plant ............................ Kansas City, MO. . . . . 
Mound Laboratory ........................... Miamisburg, Ohio . . . 
Nevada Test Site ............................. Mercury, Nev. . . . . . . 

Oak Ridge Gaseous Diffusion Plant . . . , . . , . . . . . . 

Paducah Gaseous Diffusion Plant. . . . . . . . . . . . . . . 

Portsmouth Gaseous Diffusion Plant ............ 
Pantex Plant ................................ 

Pinellas Plant. ............................... Clearwater, Fla. ..... 
Rocky Flats Plant ............................ Golden, Colo ........ 

Savannah River Plant. ........................ 
Y-12Plant .................................. 

Oak Ridge, Tenn.. . . . 

.Paducah, Ky. . . . . . . . 

Portmouth, Ohio . . . . 
Amarillo, Texas . . . . . 

Aiken,S.C . . . . . . . . . . 
Oak Ridge, Tenn.. . . . 

Mason & Hanger-Silas Mason 
Co., Inc. 

Reactive Metals, Inc. 
National Lead Co. 
Nuclear Div., Union Carbide 

Corp. 
Atlantic-Richfield Hanford Co. 

and United Nuclear, Inc. 
Allied Chemical Corp. 
Bendix Corp. 
Monsanto Research Corp. 
Reynolds Electrical 8 Engineer- 

ing Co.; EG&G, Inc.; and 
Holmes 8 Narver Inc. 

Nuclear Div., Union Carbide 
Corp. 

Nuclear Div., Union Carbide 
Corp. 

Goodyear Atomic Corp. 
Mason Et Hanger-Silas Mason 

Co. Inc. 
General Electric Co. 
Atomics International Div. 

Rockwell International Corp. 
E.I. du Pont de Nemours Et Co. 
Nuclear Div., Union Carbide 

Corp. 

7974 Annual Report to Congress 
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U.S. ATOMIC ENERGY COMMISSION 

GENERAL ADVISORY COMMITTEE ATOMIC ENERGY JOINT COMMITTEE ON ATOMIC 

MILITARY LIAISON COMMITTEE COMMISSION ENERGY 

1 

I I’ 
GENERAL’MANAGER 4-1 

DEPUTY GENERAL MANAGER 

DIRECTOR OF INTELLIGENCE SECRETARY TO COMMISSION 

RAW MATERIALS 
OPERATIONS OFFICE 

: 
r 

i 

;: 

APPENDIX Iv-1 

December 1948 
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

OPERATIONS OFFICES 

CONGRESSIONAL LIAISON 

INSPECTION 

GENERAL MANAGER 
DEPUTY GENERAL MANAGER 

GENERAL COUNSEL 

CONTROLLER 

’ PLANNING AND ANALYSIS 

ASSISTANT GENERAL MANAGER FOR 
ENERGY AND DEVELOPMENT PROGRAMS 

____________~_______________________~________. 

REACTOR DEVELOPMENT AND TECHNOLOGY 
APPLIED TECHNOLOGY 
INTERNATIONAL PROGRAMS 
SPACE NUCLEAR SYSTEMS 
NUCLEAR EDUCATION AND TRAINING 

ASSISTANT GENERAL MANAGER FOR 
PRODUCTION Et MANAGEMENT OF 

NUCLEAR MATLS. 
_____________________----_---_____-----__--_. 
PRODUCTION AND MATERIALS MANAGEMENT 

GRAND JUNCTION OFFICE 

ASSISTANT GENERAL MANAGER FOR ASSISTANT GENERAL MANAGER FOR 
NATIONAL SECURITY RESEARCH 

________________________________________-. ___-______--____.___--____________________ 

MiLlTARY APPLICATION 
INTERNATIONAL SECURITY AFFAIRS 
NUCLEAR MATERIALS SECURITY 
NAVAL REACTORS 
SCHENECTADY NAVAL REACTORS OFFICE 
PITTSBURGH NAVAL REACTORS OFFICE 

BIOLOGY AND MEDICINE 
PHYSICAL RESEARCH 
CONTROLLED THERMONUCLEAR RESEARCH 

ASSISTANT GENERAL MANAGER FOR 
ADMINISTRATION 

SECURITY 
CONSTRUCTION 
CONTRACTS 
PERSONNEL 
HEADQUARTERS SERVICES 
MGMT. INFO. AND TELECOMM. SYSTEMS 
CLASSIFICATION 
LABOR RELATIONS 

ASSIS rANT GENERAL MANAGER FOR 
ENVIRONMENT AND SAFETY 

ENVIRONMENTAL AFFAIRS 
OPERATIONAL SAFETY 
WASTE MANAGEMENT AND TRANSPORTATION 

APPENDIX IV-2 
December 1971 
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ATOMIC ENERGY COMMISSION 
REGULATORY ORGANIZATION 

JAMES R. SCHLESINGER 

T”E cCzz;s,oN 

JAMES T. RAMEY CLARENCE E. LARSON 

WILLIAM 0. OOUB OIXY LEE RAY 

I 

I I I I 
OFFICE OF ATOMIC SAFETY b ATOMIC SAFETY b 

ADMINISTRATIVE 
BOARD OF 

CONTRACT APPEALS 
LICENSING APPEAL LICENSING SOAR0 

LAW JUDGE PANEL PANEL 

I I 

,ALSO REPORT TO COMMISSION AND GENERAL MANAGER) 
I I I 

L. Manning Muming 

INFORMATION 

(OAK RIDGE1 

I , 

I REGION I 

II 

REGION II 

II 

REGION III 

II 

REGION I” 
NEWARK 

II 

REGION ” 
ATLANTA CHICAGO DENVER SAN FRANCISCO 

1 I I I I I L J 

APPENDIX IV-3 
August 1972 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 

OFFICES AND LABORATORIES 

Pacific Northwest Lab. 

(:I Lawrcnci Laboratories w4* 

Bcrkclcy Lwrrmorc I-Y!_ 
. ) 

’ r”‘o 
FRANCISCO 

lab 

RIVER 

December 1973 
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NUCLEAR POWER REACTORS IN THE UNITED STATES 

--- 
NUCLEAR GENERATING UNIT CWACITY 

kilowatts 
l otwabts 

50 licensed by AEC to operate 32.679.000 
2 others authorized to operate IAEC-owned~ 940.000 

& Bean9 Built 
56 conrrruction permtr 66.637.000 
11 limited work authorizatmns 11.665.000 

0 Ptanned 
100 reactors orderal 112.712.000 

121 214.652.000 

U111ts lor which a sow has ,101 yet bee~l ,electrd ale am1 mdxated 
011 IIlL? nldi) 

September 30, 1974 

APPENDIX IV-5 
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APPENDIX V 
United States Announced Nuclear 

Detonations and Early Stockpile Data 

1945-1974 

Event or Series Name Description 

Trinity ................ First test of an atomic ... 
bomb 

Hiroshima ............. First use in combat. ..... 
Nagasaki .............. Second use in combat. .. 
Crossroads .................................... 
Sandstone.................................. ... 
Ranger ....................................... 
Greenhouse ................................... 
Buster-Jangle .................................. 
Tumbler-Snapper .............................. 
Ivy ........................................... 

Mike, experimental. ..... 
thermonuclear device 

Upshot-Knothole ............................... 
Castle ........................................ 

Bravo, experimental. .... 
thermonuclear device 

Teapot ....................................... 
Wigwam ...................................... 
Redwing ...................................... 
Plumbbob ..................................... 
Hardtack ...................................... 
Argus ........................................ 
Hardtack ...................................... 

Dates 
July 16,1945 

August 6,1945 
August 9,1945 
June-July 1946 
April - May 1948 
January - February 1951 
April - May 1951 
October - November 1951 
April - June 1952 
October - November 1952 
October 31,1952 

March-June 1953 
February - May 1954 
February 28,1954 

February - May 1955 
May 14,1955 
May-July 1956 
May - October 1957 
April - August 1958 
August - September 1958 
September - October 1958 

NO TESTS CONDUCTED FROM OCTOBER 30,1958to SEPTEMBER 1961 

Nougat.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . September 1961 -June 
1962 

Dominic I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . April 1962 - June 1962 
Storax........................................ July1962 - June1963 

Sedan, excavation . . . . . . July 6,1962 
exoeriment 

Dominic II . . . . . . . . . . . . .Three above ground tests. July 1962 

LIMITED TEST BAND TREATY, AUG. 5,1963, PROHIBITED NUCLEAR 
DETONATIONS IN ATMOSPHERE, OUTER SPACE AND UNDER WATER 

Niblick ........................................ 
Wtretstone .................................... 

. Flintlock ...................................... 
Latchkey ...................................... 
Crosstie ....................................... 
Bowline ....................................... 
Mandrel ...................................... 
Emery ........................................ 
Grommet ..................................... 
Toggle ........................................ 
Arbor ......................................... 
Bedrock ...................................... 

August 1963 -June 1964 
July 1964 - June 1965 
July 1965 -June 1966 
July 1966 - June 1967 
July 1967 -June 1968 
July 1968 - June 1969 
July 1969 - June 1970 
October 1970 - June 1971 
July 1971 - May 1972 
July 1972 - June 1973 
October 1973 -June 1974 
July 1974 - 
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1. ,_ * . 

_.. .,.. ._ . . ._ ., . .L .. . 

Total Announced Detonations by Year 

1945 ................ ...3 
1946 .................. 2 
1947 .................. 0 
1948 .................. 3 
1949 .................. 0 
1950 .................. 0 
1951.. ................ 16 
1952..................10 
1953..................11 
1954 .................. 6 
1955 .................. 15 
1956..................17 
1957..................2 4 
1958 ................. .55 
1959.............; .... 0 
1960 .................. 0 

Ml.................. 9 
1962 ............... ...89 
1963..................2 5 
1964. ................ .28 
1965 ................. .28 
1966 ................ ..a 
1967. ................ .28 
1968.. ............... .33 
1969 ................. .28 
1970..................3 0 
1971..................11 
1972 .................. 8 
1973 .................. 9 
1974 .................. 7 

TOTAL 535 

Early Nuclear Weapon Stockpile Data 

Fiscal Year 

7945 7946 1947 1948 

Number of nonnuclear 
components 

1. Gun-type 
2. Implosion-type 

Number of nuclear 
components 

3. Gun-type 
4. Implosion-type 

*Numbers declassified in 1976 

0 0 0” 2” 
2 9 29” 53” 

0 0 0 0 
2 9 13 50 
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APPENDIX VI 
Financial Statistics 

U.S. Government Investment in the 
Atomic Energy Program 

(From June MOThrough January 18,1W5) 

(in millions) 

Appropriation Expenditures: 
National Defense Research Council ........................................ 
Office of Scientific Research and Development ............................. 
War Department (including Manhattan Engineer District) ..................... 

Atomic Energy Commission: 
Fiscal years prior to 1966. ................................................ 
Fiscal year 1966 ........................................................ 
Fiscal year 1967 ........................................................ 
Fiscal year 1968 ........................................................ 
Fiscal year 1969 ........................................................ 
Fiscal year 1970 ........................................................ 
Fiscal year 1971 ........................................................ 
Fiscal year 1972 ........................................................ 
Fiscal year 1973 ........................................................ 
Fiscal year 1974 ........................................................ 
Fiscal Year 1975 (through January 181 ..................................... 

Total A EC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57,562.4 

Total Appropriation Expenditures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59,795.a 

Unexpended Balance of Funds in U.S. Treasury 
January 18,1975 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Total Funds Appropriated *..............**.....*........................ 63,235.7 

Less: 
Collections paid to U.S. Treasury . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..a..... 
Property and services transferred to other Federal agencies 

without reimbursement, net of such transfers received 
~ from other Federal agencies. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Cost of operations from June 1940 through January 18,1975. . . . . . . . . . . . . . . . . . 

AEC Equity at January la,1975 as shown on Balance Sheet . . . . . . . . . . . . . . . . $16,153.5 

$ .5 
14.6 

2,218.3 

2,233.4 

34,643.a 
2,402.g 
2.263.7 
2,466.6 
2,450.4 
2,455.0 
2,274.7 
2,392.1 
2,393.1 
2,307.5 
1,512.6 

3,439.g 

58.0 

462.0 
46,562.2 
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Institutional Origins of the Department of Energy 

Executive Office of the President . Manhattan Engineer District 
Federal Power Commission 

(1920) 

Special Energy National Energy 

Committee (1973) Office (1973) 

t v 

Energy Policy Office (1973) 

r 
v 

Federal Energy Office 
(1973) Cost of Living Council’ 

Internal Revenue Service’ 
I 

1 

Federal Energy Administration Energy Research and 
Development Administration 

Nuclear Regulatory Commission 
(1975) 

National Science 

L 

Energy Coordinating Committee4 
(1978) I Department of Energy 

’ Treasury - Energy Office 
lnteriof - 

Dil Import Administration 
Petroleum Allocation 
Energy Co”seNatb” 
Energrgd “G*,” and Analysis 

Cost of Living Council - Energy Division 
Internal Revenue Service - Enforcement of Allocation and 

Pricing Regulations 

rp 

Interstate Commerce Commksion3 

Urban Develop”w” 

I 1 

t 

Federal Energy Regulatory 5 
--mm- 

Commission (1977) 

J ’ lnttnior - 

-&ice of Coal Research 
Bureau of Mines - Energy Research Centers 

Environmental Protection Agency - Research, Development and 
Denwnstration of innovative Automotive Systems 

Natiorvl Scienca Fwndatio” 
Sdar Heating and Cooling 
Gaothe”nalPwr 

3 Agriculture - REA Loans 
Commerce - Voluntary Industrial Conservation 
Defense - Petroleum and Shale Reserves 
ICC - Oil Pipeline Reguktion 
SEC - Electric Utilii Merger 
HUD - Thermal Efficiency Standards 
DOT - Fuel Efficiency Standads 

4 Cabinet rak advkory body 

’ independent agency within Department of Energy 

z~/o9o-t~C-o-C86t :WId.dO ~NI&kIIid +- A09 'S'Ar 
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This Master Plan is an up 
e~~s~lv~~i~~ated ~~~be~ 1 
ffic~e~t use of f~~~~~t~~s and 

Station. In add~ti~~~ this plan provides bucks 
to assist pers~~~e~ from all levels of the N 
projects at NAS ~~~~~w Grove. 

aster Plan forthe naval Air Station 
This plan is intend d as a guide to ensure 

aside growth at the 
on welsh is ~nte~de 

A. OBJECTIVES 

The major objectives which have evolved during preparative of this plan are: 

1. Improve upon the Station3 ~~~C~~~~~ ~~~~/~~~~~~~~ 

2. Provide cost effective s~~~t~~~s to s isfy facility DEFl 

3. Identify areas of potential ~~C~~~~ T and suggest ~jt~gat~~g measures. 

5. Y ~~~~~~E~~Y. 

6. improve SAFETY and SECURlTY in operations and support areas. 

8. Review INFRASTRUCTURE systems ability to support development and improve 
reliability. 

9. Review and update the AICUZ. 
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A. LOCATION 

Naval Air Station, willow Grove is located in the southeastern portion of ~en~syl~a~ia 
approximately twenty-five (25) miles Gove of center city P~~lade~p~~a~ See Plate W-l, 
Location Map. The Station is in the southeast area of ~o~tg~~e~ County ~~~~d~at~ly 
adjacent to the boundary of Bucks County. 

The immediate area surrounding NAS illow Grove is provably r~s~de~tia~ 

Other related military installations in ,the r~g~o~a~ area include: ~h~~ad@lp~ia Naval 
Base; Philadelphia Naval Hospital; Defense Personnel Support Center; Navy Aviation 
Supply Office, Naval Air Develops ar~~~ister~ Naval Air P 
Trenton; Naval E~gi~~eri~g Center, La~e~~rst~ and Naval weapons St 

B. PURPOSE AN5 USE OF THE CASTS 

m The Master Plan is a comprehensive guid to insure the logical and efficient use of 
facilities and real estate assets as wall as to guide the orderly growth, change, and physical 
development of the Station. 

This Plan is intended to be used as a ~e~~s~o~ baling tool by all e~h~l~n~ of Navy 
personnel, both military and civilian. In orckrfsr the Master Plan to remain viable, it will be 
updated as necessary to reflect changes made necessary through mission or worklo 
changes. The Capital l~pro~~~e~ts Plan (ClP) section is updated every two (2) years to 
reflect progress made in the Station’s de~~~op~a~t and to ~ai~~ai~ the pro~ra~~j~g of 
Military Construction Projects in a current status 

C. OBJECTIVES 

At the outset of this planning effort certain goals and objectives were established to 
provide a guide for the in-depth analysis which was to follow. 

The basic objectives of this Master Plan are to: 

a 2. Provide cost effective solutions to satisfy facility ~~~~~~~~~/~S and SHORTFALLS. 

Introduction Page Ill-l 



Page I%%=2 



Introduction 





A. GENERAL 

Fundamental to any planning process is an understanding of the basic purpose of the 
various activities at an installation and any antedate that exists between a~tiv~tjes. The 
purpose of this section is to provide that information through a description of the mission 
and tasks, organization, ~epa~ments~ tenants, aircraft loading, and facilities requirement 
plan summary of Naval Air Station, Window Grove, Pennsylvanian 

5. MISSION AND TASKS 

The mission of NAS Wif~ow Grove is to m intain and operat facilities, to provide 
services, material, administrative~oordination~ d logistic support f roperations involving 
aviation a~ivit~es and units of the commander Naval Rasa~e Force (CO AVR~SF~R~ 
and other a~tivities/units as designated by the ief of naval Operati to admjnister 
the Naval Air Reserve Training program as d ed by the Chief of Naval Reserve. The 
mission also ~n~ludesadminister~ng the Naval eserve Program as directed by the Chief 
of Naval Reserve and to train all assigned units for their mobilization assignm 
accordance with the specific mission and functions assigned in ~~~~AVRESF~R 
instruction 5450.26. 

C. ORGANIZATION 

There are two formally structured ech~$ons at NAS Willow Grove. One is the host or- 
ganization of the Station itself, the other is the tenant and supported units structure of the 
squadrons and their command units. See Plate IV-l. The command relationships of both 
host and tenant structure flow from CQM AVRESFOR and essentially parallel each other. 
Functionally however, the two structures are interdependent in the sense that the host 
supports the tenant’s activities. The most obvious overlap is in aircraft maintenance where 
the host conducts intermediate level maintenance salads and the squadrons conduct 
organizational level maintenance. However, squadron personnel are used to augment the 
AIM5 shops and other departments when stationed at NAS Willow Grove. Direct s~ppo~ 
from the host, exclusively to the tenant squadrons, comes from the Air Operations and 
Weapons Departments of the Station. The squadrons are also among those directly sup- 
ported by the Station’s Supply and communications departments. The remaining 
departments of the Host structure support all tenant activities indirectly by maintaining the 
physical assets of the base and providing personnel services. 

Requirements Analysis Page IV-1 



ns 

IV- 



Requirements Analysis Page IV-3 



E -c 



ADM~NISTRAT~~~ 5EPART~~NT - Csde 04 

Provides general administrative services for the Activity; operates the ~~ntra~~~ed por- 
tion of the Activity mail, file, ~~rres~on ence, directive, duplicating, messenger systems, 
and exercises technical coordination of such systems and services throughout the Activity; 
develops local policy and procedures for safeguarding classified material and monitors 
compliance; provides security and legal fu~~~t~ons, and active duty services. Rapid com- 
munications, ~~pt~graph~~ and registere iications services are provided by a s~ppo~ 
agreement with GOMSEC Custodian of 1998 ~omm~n~~ations Squadron, Willow 
Grove Air Reserve Facility, USAF Reserve. 

SAFETY DEPARTMENT - Code 05 

Plans and administers a ~ompreh~ns~va klavy occupational Safety and t-lealth (NAV- 
OSH) Program. Reports directly to the CO of WAS Wjl~ow Grove as the p~rna~ consult- 
ant on matters relating to safety or health. Acts as an advisor to tenant commanding 
Officers/officers in charge. Performs safety ~ornp~~an~a reviews of d~pa~rn~n~off~~~ 03-t 
performance, productions and test pr~~~d~r~s, new cons on, con on, repair plans 
and requirements, and acceptance of new materials, ch ah, fue d eq~~prn~nt. 

Performs Preliminary Hazard Analysts (PH s) on all MILCON scope projects prior to 
submission. Conducts inspection of b~~~~~ngs~ ro~nds~ sites, materials, equipment and 
devices to ensure compliance with Navy, Fede and ~~c~p~tiona~ Safety and Health Ad- 
ministration standards. Coordinates form I inspections conducted by higher authority. 
Conducts mishap investigations of residents and injuries, maintains rewords and submits 
required reports. 

Administers the Aviation Safety Program, which includes the review, eval~atjon and in- 
spection of resonant operations, pro~~dur~s~ equipment and facilities to ensure the proper 
allocation of appropriate safety standards and criteria where the safety of flight personnel 
and aircraft are involved. Conducts a continuous education program in all aspects of 
aviation safety. Investigates aircraft accidents and evaluates aircraft accident intelligence. 
Serves as a member of the Aircraft Mishap Board and coordinates the preparation of all 
endorsements to aircraft accident, incidents flight hazard and ground accident reports as 
necessary. Monitors all matters relating to aviation safety. 

Conducts the Water Survival Training Program for aircrews of active duty and reserve 
commands. NAS Willow Grove is a CNO approved site for water survival training. 
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AIRCRAFT INTERMEDIATE MAI 

Provides intermediate level ~~r~ra~ 
activities, and up to and i~~~~di~g interm 

53, C-9 and the Station’s C-1 2 aircraft. Ens 
material to maintain the ~r~d~~ive output a 
tenant and NAS aircraft. Maintains and c 
system for ~~i~ta~a~~e and ~~rres~~~~~~~~. 

Rivis~~~s and Work Centers wit 
ction Control, Training, 
ontroi, WC. 300; Tra 

~i~rarnes~ WC. 600; Av~o~i~s~ WC. 61 Cl* 
Instrument Repair, W.C. 640; Radar/E 
Precision measuring Equipment, 
Eq~i~rne~t Repair, WC. 800; Life Su 
Cryogenics, and WC. 900; Support 

AIR OPERATlONS DEPART 

Operates airfield and provides se~i~~~ to s~~~~~ ~~er~ti~~~ of A~tivity~ tenant, and 
transient aircraft; provides ~ras~~res~~e/str~~t~~a~ firefig~~t~~g f~~~ti~fls~ s~~ed~~e station 
aircraft; maintain ground ele~tr~~i~~ eq~~~rn@~t~ provide ~~~t~gra~~i~ Semites and line 
servicing f~~~t~o~s for transient a~r~ra~~ an operate ali Statien rn~~iti~~ f~~~i~~s~ 

1. Administration Division - Co 
operation divisions. 

2. Air Traffic Control Division _ Code 52: 
ex~~di~i~~s movement of air traffic on th 
space. Federally lit nsed Navy air traffic 
Operating Facility (ROF). In d&ion, ~~~~~lete flight plan 
maintained and operated. 

3. C-12 Aircrew/Flight S~~~~~t Divisi - Code 53: Pravi 
maintains pilot log books, sends out man 
maintains currency for pilots on frights and training. 

4. Ground Electronics ~a~nte~~~~~ ~~~~~~~~ - Code54: Safest I 
control aircraft movement and provide a safe e~v~r~~rne~t ts land aircr 
weather. Provide comrn~~~~ation betw n air~ra~ and grainy, provi 
for all aircraft in Station controlled airspace. 
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ction of the stat 
gr~ssive action 

Tasking, provided 
by the Navy Air L~g~st~~s Office ~~~ 
The sq~adr~~~ currently op 
all passenger, all cargo, or mixed loads. 

r-vice to CONU and overseas units. 
rts ~~i~~ can be ~~~f~g~r~d for 

MAIN GATE BLDG. 39 
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6. Marine Wing C~rnrn~n~~at~~~~ ~~~~~~~~ ( -48) UNIT A: Res 
setting up ground ~~rnrnu~~~atio~s with HP ~a~~bil~%y for the ~A~-4~ unit. 

7. MAG-49 ~~~Awi~t~~~ Combat El ment: 
logistical, personnel, and sup ly aspects of ~A~-4~. 

rs staff for the 

Trains both TAR and selected res sts on P-3AE3 ~v~o~i~~ systems. The CNO 
approved curriculum taught at NATTY 010 includes orga~~~atio~a~ and ~~t~rm~diate 
level courses. 

NAVAL DENTAL B ANON CLINK2 

Provides routine dental care to all active ilK~w Grove and ~A~~ 
Warminster, emergency care for active duty a and annual exami~a~ 
tions for reservists. It provides or r~v~~t~ve dentistry, operative de~t~stry~ oral 
surgery, and endodontics. 

NAVAL HOSPITAL ~~A~~~ CLlNlC 

Supports the medical rnob~~~~atio~ rea iness of the Na emer- 
gency treatment and arnb~~ato~ medical s rvices to all activ pend- 
ents, retired personnel and their dep~~d~~ts~ and sa~e~ted re s. Emphasis is planed 
on preventive medicine, physical exarni~~t~~~s~’ ~rnrn~~~~atio~s~ o~~~~atio~al health, 
medical records rna~~tenan~e, and supp~~~iv~ administrative f~~~%~o~s. 

NAVAL QCEANOG EVENT (NOG eather) 

Provides oceanographic support, including aviation weather se s, local ~limatologi- 
cal studies, technical and military tra~~~~~, 24-hour terminal aer ome forecasts, and 
severe weather warnings to ~omma~~der, guavas ase ~h~lade~p~ia and various activities 
at the Naval Air Station. Operates meteorological and ~omm~n~~ations equipment. 
Prepares and maintains a local area ~ore~ast~r~~ handbook and conducts an active 
squadron and fleet liaison program. 
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Provides all formal naval Reserve P-3 A~t~-~~brna~~ Wa~are ~r~~~~~g for Naval Re- 
servists, fleet *and foreign mili rsonrpel in the thee tical and operational ~h~~e~ of 
aviation anti-s~brn~ri~e warfa uality sta~~ard~~at~o~ of all ~rewmembers flying naval 

rve Force P-3 aircraft; and tra~~~~~ and use of airborne 
ipment and training s~rn~~~~~rs. S ing pro~~d~~ is a portion of a 
on of training deaden f ~ersQ~~e~ in s 
nts. 

U.S. ARMY RESE VE CENTER UNI=l”S 

1. 97th U.S. Army Reserve ~~rnrn~~~.~ Comm troop program units 
(except Selective Service ~eta~~rne~ts~ and attained ~~d~v~d~a~s~ rei~for~~me~ 
units, and mobili2ati~~ designed det~~~rn~~ts within t~eirgeographi~ areaof resp 
not assigned or attac ed to another GOCO 

ort of the Depa nt of the Army Mili- 
to supplement 

account of events as recorded by orga~i~atio~~ in the course of operations. 

3. 153rd & 157th dudge A~w~c~ 
Judge Advo~~t~ f~~~tio~s~ Provides a 
ganizations. Effects f~~x~b~lity of prclfes 

s within uflits. 

~~~rn~~t: Performs ope 
for variab~~ stre 

surate with varyi 

activities. 

provides music in support 
es music in sup 

remonies, forma- 
m~~ity r~~~t~o~s 

5. 4074 Receptioin Station: Administers reception processin 
entering the Army from civilian iife. 

6. AMSA #23 (Area ~aj~t~~a~c~ Su alit A~t~wity~: Provides ~rga~i~atio~al and 
selected direct support tasks for assigner roup eq~ip~~e~t. 

7. Flight Act~wity#Z3~ Provides or ~~i~ati~~a~ and timite direct support for assigned 
aircraft. 
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111th TACTICAL AIR SUPPORT GR 

This gr0up is a tenant of the 913th (AFR 
nd in s~ppo~ of, ground forces to pla SWKI ~Q~trQ~ attac 

such as jet fighter strikes~ troop Currier op 
tactical operations requiring close air sup 

This mission assignment is un 
Guard and three active duty units 
its own needs to accomplish mission goals. 

11 th ~r~~~ is one of six 
an integral unit, ca 

The 111 th is composed of the f~~l0~i~g units: 

111 th Resource management Squadron 
103rd Tactical Air Support Sq~adr0~ 
111 th Combat Support Squadroln 
111 th Consolidated Aircraft ~ai~t~~a~~~ squadron 
111 th Civil Engi~ee~~g Forget 
111 th Tactical Clinic 
11 I th Communications Flight 

H. BASE LOAlXNG 

1. PersonneD 

The latest personnel loadin 
System Base Loading Summ 
population loadings are she 
between the current and projected base roadhogs. 

Permanent Party Reserves StudentsTTrans. 
Year Officer Enlisted Officer Officer Civilian Total 

1990 123 1,322 23 185 17 28 568 2,266 
1995 136 1,458 24 43 17 28 568 2,274 

I Includes tenant comands assigned to the Station. 
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~over~m~~t ~ff~~ia~s have ret 
nity d~v~l~prn~~t~rnai~t~na~~~ c 
int~~s~ti~s a 
other enviro 

ergy problems and ~~rnrn~= 
patterns and dav~~~~rn~~t 

ic tra~sp~~at~~~ ~~st=~ff~~t~v~ and have 

NAS Willow Grove takes primary across from P State Route 61 I, Easton Road, a four 
lane major regional highways It i~t~r~ha~ s tares miles south with the ~e~~sy~va~ia 
Turnpike (l-276) at Exit #27, Will 
Pennsylvania Turnpike provides rtheast i~te~stat 
local highways serving the Philade a. A ~ig~ifi~a~t amount of ~~rnrn~r~ial, indus- 
trial, and r~si~e~tia~ strip developm ~~~rr~d along PA61 1. The i~t~r~e~ti~~ of four 
collector roads an reets restrict traff~~ f~~ws d~~~g peak hours. 

b) Railrem& 

Major Conrail freight lines radiate from the core of Phila elphia northeast and south- 
ward through the nearby rnetr~p~~~ta~ ~~~t~rs~ Others rad e ~o~hward and westward 
along river valleys to the more distant cities esf Harrisbu I A~le~town~ ~at~le~arn~ Pottstown, 
Pittsburgh, and cities beyond. 

The passenger station nearest the naval Air Station is Willow Grove, located appr~~i- 
mately four miles south of the Naval Air Station on PA 611 s A second passenger station 
is located approximately four miles east of the Naval Air Station on Park Road, between 
County Line Road and Street Road in arminist~r. Plate V-A-2 illustrates the SEPTA 
Regional Rail system in eastern ~~~tg~rn~~ county. 
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TABLE Q-A-1 

Year Year Year 
198Q 174 2000 

BllGkS County 15.5 ~~Q~~~~ 15.0 
Montgomery county 643,621 624,080 3.1 78Q~~Q~ 21 .Q 
Warrington Twp. 41 .a 48.5 
Warminster Twp. 1.6 14.6 
Horsham Township 14. 31.6 
Hatboro Borough -14.J 31.9 
Abington Township -7.1 6?,400 14.1 
Lower Gynedd a.5 8,900 28.9 
~o~t~~rn~~ Twp. 45.3 10,60 85.4 
Upper Dublin Twp. 14.2 26,lQ 16.8 
Upper Moreland Twp. 411 29.000 12.1 

TwpJBoro. TOTAL 1 89,711 183,s 3.3 229,?0 21.1 

Since a numberofstation personnel live at NA C Warmi~st~r, th~i~~~~en~~~t children 
attend schools which are in the Centen District in W~rmi~sts~T~wns~ip. At the 
start of the school year 1989-i 990, this trid ~~~~~~~~ 364 st~~~~ts from NAD 
and another82 students from ~@p~n~~~ts aiming off-base. These r~~r~s~~t~~ about seven 
percent of the school district population, with a majority at the el~rn~~ta~ level. 

The Philadelphia area boasts a large ~~rnb~r of colleges, universities, and t~~~~i~~~ 
institutes. Within a five-mile radius of the station are ~~ntgorn~~ County Community 
College, Gwynedd Mercy College, and Temple U~i~ersity~Amb~er Campus. Ursinus 
College is located eight miles away in ~~l~~ge~i~l~. 

b. Religious Facilities 

Virtually all of the predominant religious enclminations are well represented through- 
out the local communities. 
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g. Historic Resources 

Both Bucks and cry County are rich in cultural and historic resources. 

Using a recent state and local ~~vant~ri~~ of 
as the National ~~g~st~r of Historic Places, sit 
located. There three sites in the gen 
or are consider ligib~~ far listing in the 
These includes Union Li 
Rd., Hatboro; and Gras 

h. Other Support Services and F 

Many major skipping centers a in a t~~-rn~~e radiu 
include the Winnow Grove Park Mall ~Q~t~~~ Mo~tgome~ 
Cheltenham ping Center (fo ‘Ees sQ~th~~ and the King df Pr 
west). In ad the central Ph Lydia business district is easil 
tra~sp~~ation~ The city of Ph~~adelp~~a offers a ran of cultural aGtiv~t~~s and is home to 
several professional sports teams. 

The economic foundation of the two ~~~~ti~~ and local rn~~~~~pa~it~ 
traditional rnan~faGt~~ng industries of fabri metals and rnaG~i~e~ pro~uGts, chemi- 
cals and allied ~r~du~s~ and electrical equ t. A high, and ever ~~~r~asi~g pertion of 
the employed labor force is located in t collar’” jobs of prof~ssi~n~~, managerial, 
sales, and clerical categories. 

Current devel~pmant trends are toward ht manufacturing, office parks, and ware- 
housing. Examples are the Prudential Busin s Campus and the W~~~~w Grove Industrial 
and Office Center along PA 611 south and west of the Station. 

~o~tgorna~ County is ra~orded as paving t e highest per capit 
five southeastern PennsylvaniaGou~ties. It is also ~igherthant~e state PCI. However, the 
municipalities near the NAS, while above average for the area, are mostly lower than 
~o~tg~rn~~ County. The percent change is greater for these subdivisions i~diGating the 
difference is being reduced, if not already reversed. 

The local county and municipal government financial status is quite strong. Both 
counties and the local municipalities located north and west of the Station have consider- 
able land resources and infrastructure systems to Supp~~Go~trOlled growth and expansion 
of their tax bases. 
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d. State Planning 

State Planning agencies provide guidance in coordinating inter-regional facilities such 
as power resources, air, rail, highway, and port systems, development and exploitation of 
natural resources and influence the growth and occupational expertise of human re- 
sources. 

8. ZONING 

The municipalities most directly impaled by the Station inclu e: Horsham, Upper 
Moreland, and Warrington Townships and the Borough of Hatboro. Zoning in these 
municipalities provides for a range of residential development, several commercial 
districts, and industrial use districts. The zoning pattern for Horsham Township, which 
basically encompasses the Station, is illustrated on Plate V-A-4. 

The apprOaGh pattern to Runway 33 is over portions of Hatboro, Upper Moreland, and 
Horsham which are densely developed as multiple residential, commercial centers, and 
small lot single family residential. 

In Horsham, high density residential zones and shopping center zones are located 
under the primary approach-depa~~re flight pattern of Runway 33. 

Of particular concern is the C-l Shopping C ter Districts located under the approach 
pattern These districts permit restaura~ts~ as bly halls, community buil 
recreational establishments, libraries, child care centers, and indoor theaters - land 
uses which attract high volumes of people concentrates them in one small space. 
These types of uses should be disG~uraged in any area subject to potential crashes and 
high noise volume. Also, the C-l zone allows a building height of up to 65 feet. The close 
proximity of these zones to the Air Station pres nt a severe problem in terms of pilot and 
citizen safety. 

The Government is in process of acquiring much of the lands in the north and south clear 
zones and additional easements to the norP~ All of the C-5 and much of the C-l zone and 
other areas have been acquired. Acquisitian is focusing on precluding additional d~ve~~~- 
ment while avoiding existing residential areas. 

The flight paths from Runway 15 cover R-l and R-2 residential zones in Horsham 
Township. 

Flight paths also traverse areas of each industrial zoning category (I-1, l-2, and I-3) in 
Horsham Township. 
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In Warrington Township, the flight paths for Runway 15 cover small areas of zones RA- 
2, R-2, and PI-2. 

Warminister Township is not involved in the AICUZ footprint. The various zones are 
summarized inChapter IX, Appendix I - Zoning Classifications. 

9. SURROUNDING LAND USE 

Land use surrounding NAS Willow Grove can be characterized as suburban residential 
intermixed with commercial and light industrial uses and scattered vacant parcels. To the 
north, residential uses are mixed with large areas of open space, including a golf course. 
To the east, land uses are predominantly commercial along PA 611 with some vacant lots 
toward the northeast. To the southeast, the US. Army Reserve Training Center is located 
on PA 611 across from NAS. To the south, land uses aremostly residential with commercial 
and some light manufacturing. To the west, land remains mostly open, including a large 
golf course, with scattered residential and light industrial. 

Warrington and Horsham Townships are expected to experience substantial growth in 
the years ahead. Horsham’s population growth will be in the western part of the township 
where open land is available and sanitary sa~ice~ are planned. Areas to the north of the 
Station are mostly large vacant tracts of Ian low density residential. This pattern 
is expected to continue due to the County and Township land use plans, lack of utility 
services and the environmental sensitivity of the watershed. One reel to the north was 
rezoned for light industry having a proposed development p rn with building and 
improvement restrictions and flight clear nce~visibi~ity GOnside s. The golf course 
bordering the northwest side of the Station is also zoned industrial. 

IO. POTENTIAL GROWTH 

A number Of factors are important to aid in identifying future development trends within 
a community or region. Some factors are easily defined since they are based on objective 
criteria that allow certain types of devel~pm nt in accordance with the suitability of a given 
land area. Other factors, such as economic cremate, community attitudes, and develop- 
ment regulations are less easily identified since they are part of a dynamic, continuing 
process within the various communities. 

Horsham Township’s position is highly influenced by the Philadelphia Metropolitan 
area, which has grown outward to Horsham. The metropolitan development pattern has 
enveloped Horsham between the P~ilad~~~~ia arterial corridors of State Routes 309 and 
611. Suburbanization is already evident in the surrounding communities of Upper Dublin, 
Upper Moreland, Hatboro, Warminster, and Warrington. 

Regionat and Community Data Page V-A-1 3 





Most of the land to the north, encompassed by the AICUZ footprint is undeveloped. 
Much of the area is zoned for large lot single family development which is considered 
incompatible. One of the large parcels was rezoned for planned industrial with considera- 
tion given toward a development pattern, building requirements, site improvements, and 
other conditions which are favorable toward air operations. Certain agreement conditions 
between the developer and Navy have failed to materialize. The Government is now 
acquiring clear zone land areas and flight clearance easements or restrictive easements 
in this northerly area, where necessary. 

The south clearzone is moredeveloped and iszonedforcommercial and industrial uses 
with some fringe areas having residential development. Acquisition hasconcentrated in the 
industrial and commercial areas which were largely undeveloped and generally more 
central to the clear zone An elementary school, considered excess to the school system, 
was also acquired. This acquisition altows for-the extension of the runway approach lighting 
in addition to added safety to local residents and aircrew. 

At this point in time, development potential has been substantially reduced and the 
viability of the Station has been enhanced. Some incompatible zoning and land develop- 
ment plans do exist under the downwind leg of the approach pattern having a classification 
of Accident Potential Zone 1. Other potions are being developed as office parks and light 
industrial areas. Still others are in ownars~ip~ that have minimal likelihood of being 
developed. 

The Station should continue to monitor development policies, trends and community 
plans, and maintain adialogue with the local officials, citizens, special interest groups, and 
planners to ward off further incompatible development. For instance, an increase in zoning 
amendments can be an indicator of the upcoming increase in land development activity 
which in turn could increase encroachment pressure. 

b. Airspace Environment and Air Traffic Control 

The airspace between 4,000 and 7,000 feet above NAS Willow Grove is contained 
within the*Philadelphia Terminal Control Area and is utilized for arrivals and departures to 
Philadelphia international Airport. The WAS aircraft must obtain authorization to operate 
within this area regardless of weather conditions. t 

The Naval Air Development Center (NADC) Warminster lies approximately three miles 
east of NAS Willow Grove. The extended runway centerline of the NADC passes over NAS 
Willow Grove. Entry to the NADC traffic pattern is normally from the northwest, rotating 
clockwise through the southeast approach end of the runway. Traffic below3,000 feet must 
receive NAS Willow Grove clearance. The NAS has control of the airspace for a distance 
of five miles. 
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3) Limited space aboard the Air Station to absorb general aviation or to provide for 
future expansion of military facilities as may be required. 

4) SeGurity considerations. 

5) Increased noise and accident potential and the resulting adverse impact on the 
Station’s Air Installation Compatible Use Zone (AICUZ) efforts. 

6) Local community opposition to the plan. 

Additionally, the NAS serves not only the Navy but also the Air Force, the Army, and the 
Pennsylvania Air National Guard. Fu~hermore~ NAS Willow Grove is one of only six 
remaining Reserve Naval Air Stations in Continental United States. They are situated to 
serve major metropolitan areas. NAS Willow Grove has the highest level of flight operations 
of the system and is a primary training facility for other Reserve Stations and their ASW 
long-range patrol squadrons. 

In the future, the Navy should monit~r%~a State and Regional Airport Plans and continue 
to state their opposition to join%-use of the illow Grove Naval Air Station for the reasons 
stated in the CNO letter ~6~3~4~6 of 20 Oc%ober 1978 and any other more cur 
reasons that may apply. 

In Match 1990, the Delaware Regional Planning Commission ~~VRP~~ published a 
report titled “Airspace Conflicts Analysis of Ph elphia Metro Area Airports”. This report 
was a prelimina~ analysis of airsp covering the Philadelphia International 
Airport and twelve satellite airports. ~nfo~~na%e~y, this study did no% ra~gnize%he impacts 
of the area military airports (NAS Willow Grove, NADC Warmin~ster~ NAEC Lakehurst, and 
McGuire AFB) on airspace conflicts. Recommendations have been made to DVRPC to 
prepare a Second phase study to address these military airports. 

Regional and Community Data Page V-A-1 7 



This pa 



V-B. ACTi ETY DATA 

1. HISTORICAL PERSPECTIVE 

In 1919, an airfield was established when, under private auspices, land was purchased 
from four Horsham families for the creation of an airport. In the 1920”s Harold Pitcairn, a 
U. S. pioneer in the european autogyro ~f~re~unn~rof today’s helicop%ar~ began experimen- 
tal operations on the site. The structure now housing Tinius Olsen Testing Company was 
built as part of this early operation. 

In 1942, with the outbreak of World War If, the Navy acquired and expanded the 516 
acre Pitcairn field to provide a separate facility for its expanding air operations. The major 
Runway, 15-33, remained in use; however, Runways 06-24 and IO-28 were closed to 
operations due to inadequate length for larger aircraft and because of surrounding 
community encroachment. These runways are now used as taxiways and helicopter 
landing pads. A large portion of today’s xisting facilities were construded during the World 
War II era. 

Formal commissioning occurred in January 1943, when the Installa%ion wasdesignated 
Naval Air Station, Horsham. Seven months later, the name was c~an~ed to Naval Air 
Station, Willow Grove. 

In the 1950’s, land acquisitions made possible the necessary end-zone clearance at 
the south end of the major runway. Today, it runs in a no~~wes~sou%heas% direction and 
is 8,000 feet long. Thisclearance tookt~eform of re,moving structures and relocating Maple 
Avenue. 

Additional property was acquired during %h 1956’s until the Station expanded to over 
1,000 acres. Included in that property was 161.73 acres deeded over to the U.S. Air Force 
on a host-tenant agreement. The Air Force ma~n%ains its own facilities and aircraft, but uses 
the airfield and all support facilities on a joint user basis; while the Navy controls all aircraft 
and furnishes fire, crash, and rescue services. An additional host-tenant agreement was 
signed in 1976 with the 79th Headq~a~e~s~ U.S. Army Rese~e Command, which has a 
heliGop%er unit loca%ed on the west end of former Runway 06-24. 

During the 1970’s, upon the introduction of the P-3 Orion aircraft to the Station, a major 
investment was made for organiza%i~nal and intermediate maintenance facilities, as well as 
additional parking aprons. Technical training facilities were also expanded so thal 
squadron personnel in the Reserve Programco~~d be trained, making them t~chnicallyand 
operationally ready to function as a unit in the event of mobilization. 
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4. EXlSTiNG LAND USE 

As is normal with a Naval Air Sta~~~~ test ~o~i~~ of th a at NAS Willow 
Grove is devoted to airfield ~~erat~o~a~ , a~~~a~d safety a clearance zones, 
and separation spaces necessary between and argued various facilities. Air traffic control, 
navigational aid, and electronic systems also require unobstructed line-of-sight ‘“quiet” and 
interference free separation distances. ~~~a~~~ the Station ~r~~id~s a Reserve Training 
Mission only a small area is e~c~~~ered R ~~~a~~e Explosive Safety 
(ESQD) Arcs in comparison to major fleet stations. Plates V-B-La an 
the existing land uses for the Station and veloped area, 

It may be useful to point out at this time that the development sequence at NAS Willow 
Grove has not been ideal. With a corm i~ati~~ of operational facilities gradually intruding 
into the singuiarpurpose of personnel support areathat ante comprised the entire northern 
part of the Station and the Station ~~~~da~~~, most notably State Route 611, limiting 
growth and expansion in that direction, the burial separation betw n personnel support 
and operations is not possible. Therefore, that best that can be m of the situation is to 
use the fill in/demolition process, whereby the planning process attempts to place or 
replace required facilities as near as ~~ss~~~e to the ideal location while a~k~Qwledgj~g the 
realities of the constricted site. 
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With the exception of Ground Support equipment (GSE), the employment force is fairly. 
stable during the day. This exception is due to the remoteness of E’s present location, 

southeast end of the Base, with relation to the operational gal-s. 

Lunchtime causes a temporary interr~~ti~~ stabi~~ty of the employment force. At 
thistime, there isamass migratjon ofthe ~rn~~oy o one of five (5) dining fatalities notated 
on the Station, the largest number o~~~rr~~g a e Enlisted Dining ~a~~~~t~~ which also 
serves approximately 90% of the Air Force personnel in addition to Navy personnel. 

The military population will move between their work spaces, dining facilities, Navy 
Exchange, and living quarters during the day. In the evening, these ~~p~lat~on centers shift 
to the on and off-Station housing facilities and recreation facilities. 

personnel. 

employment force mov s entirely off-Station to their domiciles, except for 
es working overtime, dependents of the military, and maintefla~~e~watch 

6. STiTlQN ACCESS 

There are four access gates to the Main, Air Force, Sout 
Reserve Center gates. These gat ~r~vide easy direst access to the 
medi~a~~denta~, per~on~~l s~~~o~~ s. however, durh 
there is a large back-up of traffic enteri ng the Station both on Easton Road and 
the areas~rrou~d~ng therapy Gate insr on. On a typical wea~day~ obse~at~o~s 
revealed little back-up, but a queue of 14-l 5 turning vehicles did tax the capacity of the gate 
on one or two signal cycles. 

The Air Force Gate is accessed f he i ty Line Roads 
and is only open from 6~45 AM to 7:4 $11 M tQ 5100 PM. 
This gate presents the greatest operational d~ff~o~lt~e~ since it creates a five-legged 
intersection at County Line and Easton Road. 

The Army Reserve Center Gate is off f-lorsham Road (State Route 463) and is only open 
on reserve weekends. 

The South Gate access is on Maple Avenue and offers rush hour access only from 7:OQ 
AM to 615 AM and 4:OO PM to 5:15 P 
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8. FACILITIES 

a. Airfield Operational Surfaces 

Original ~~nstructi~~ of Runways 15-33 and 06-24 w extended with an asphalt 
section and a 500 fcmt poniard cement c~~cr~t~ s~ct~~~ at t 
phalanx cement concrete section was placad at the saute end. 

Runway 15-33 ast-~Q~hwest dir~~~i~~ an t 
t wide. it is cap ing all typos of aircraft p~es~~tl 

The cross runway 06-24 waist runs in a nort st-s~ut~w~§t~rly dir cticm is ~~a~tiv@ and 
used mainly for engine runups, taxiing, and 

Runway 06-24 and taxiway 1 O-2 r~~~iv~d bit~rn~n~~s paving in 1980. Runway 15-33 
was overlaid in 1981. 

d in Appendix 

2) 

A survey to determine the Pav~rn~~t ~~~d~t~~~ index (PC!) was ~~~duct~d CM-I all the 
airfield pavements at NAS Winnow Grave in June of 19 . The objectives for the condition 
survey were to: 1) ~et~rrn~~~ present c~~d~ti~n of t p~v~rn~nt in terms of ~pp~r~~t 
structural integrity and ~paratiQnal surfac 2) provide a c0mm0r-i ind 
comparing the condition and pe~~rrna~c~ of p~vamants at ali air stations and also provide 
a rational basis for justification of pavement repair projects, and 3) to provide faadbac~ on 
pavement performance of validation and irn~r~v~rn~~t of current pavement design, 
evaluation, and maintenance pr~~~d~r~s. 

The results yielded avery good rating farthe ~SphalticcQn~~ete (AC) portion of flyway 
15-33, and a good to very good for the Portland cement concrete (PCC) 
general, the other PCC areas, mostly aircraft parking, ranged from fairto excel 
B-l 0 illustrates the composition of airfield types at WAS Wi$l~w Grove. 

Wheel loading capacities for the airfield p~vern~~ts at NAS Wi~lQw Grove are included 
in Appendix 6, Airfield Pavement Evaluation. 

3) Airfield Pavements 

a) Runways 

Runway 15-33 is complete and in good condition. 

Activity Data Page V-B-1 7 





b) Taxiways 

The taxiway systems are CQmpl~t~ and in good ~Q~ditiQ~~ 

c) Parking Aprons 

The main problem with the aircraft par ons is lack of adequate area free of 
violations. The area that does exist is in reas bly good ~o~~itiQ~. The lack of adequate 
parking has resented from a main runway is bas~~a~~y ~nmQveable~ a mad-made 
boundary (State Route 611) which restricts on ~x~a~~~Q~~ and the need to place too 
many facilities ween these two “‘bound ~uently~ the majority Qf the P-3 
aircraft are fore rk in violative of t 
constraints, there do not seem to be 
condition. 

d) Helicopter Landing Pads 

There are three main areas used ~~li~o~ter Qp~rat~o~s at NA llow Grove. The 
first area is located west of hangar 6 n Taxiway 15-33. l-EL-94 a MH-J-72 use Ellis 
areaduring th~dayands~~~tot e Runway IS-33 for ni ht Qpe~atiQ~~ due to the availability 
of lighting. 

The 79th ARCOM uses the one designated carding pad to the west of Ru 
located on Taxiway 10-28. rectiy between the two a 
runways are used for skid mount ionally, R~flway 15-33 is 
infrequent basis and during I 

b. Aircraft Support 

1) Aircraft Washrack 

An aircraft washrack is located southeast of Hangar 175. It is ~onv~~ie~tly close to the 
P-3 apron and taxiways. 

2) Aircraft Rinse Facilitv 

An aircraft rinse facility does not exist at NAS Willow Grove. 

The aircraft compass calibration pad is aviated approxi~iat~ly 400 feet east of Building 
#I 76 and is in adequate condition. 
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Hangar 20, near Building #29, houses the para te and su~iva~ equipment shop and 
a small engine maintenance shop in addition to main engine maintenance shop in 
Building #i&O. These spaces in Hangar 20 are also considered substandard due to a 
generally poor building condition and its notation in the south clear zone. 

Hangar 80 houses the ai~rames shop and a small avionics s op, both a~~~~ate 
facilities An aviation armament shop does n h one is required. 

e. Air Operations 

Aircraft operations, weather servic and p~~tograp~i~ spa~as are forayed in Hangar 
80. 

The control tower, also located in Hangar 80, is an adequate facility with the exception 
of limited visibility to the area immediately south of Hangar f 75. 

A new air ~perations~a~r passenger t~rm~mal is und r ~~~stru~ti~~ south of Hangar 80. 
It wilt provide adequate spaces for an air passe~~ar and operation terminal with waiting 
receiving areas, flight operations sup art, ~~mm~~i~ations, weathers an a~min~str~ti~n. 

f. Combined ~tr~~t~ral~A~r~raft ~ir~~~~s~~~ Station 

Recently completed building # ~~air~ra~ ~~re-Res~~~ Station. 
Location of this facility is directly provides direct access to the 
operational hangars, flight line, and other Station facilities. 

g. Ordnance Facilities I 

The ordnance operation is located in building #29 and is considered substandard due 
to OSHA and roof deficiencies. 

There are two main magazine areas: one is approximately 800 feet west of Runway 33 
end and the other approximately 1,~~~ feet n heast of Hangar Building 177. The eight 
magazines are ali adequate facilities and pro y sited. See Table V-B-l. Plate V-D-8 in 
Section V-D illustrates the ordnance facilities on base with t~eir~orr~s~ondi~g ESQD arc. 

For the explosive capacity of each rna~a~iI~e~ see Appendix K, ~~g~~i~e Data Report. 

h. Aircraft Fuel Dispensing Facilities 

The aircraft fuel dispensing facilities are located approximately 300 feet north of Hangar 
680 and have direct access to the aircraft ~ar~~~g area. The aircraft fuel farm contains two 
210,000 gallon storage tanks, #I 15 and #I 16, which are used to store JP-5. 
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Bldg. Ord. Year Amt. Are 
I&L& lttQ!&m cu Fz, 

87 1 Y2B H 25 6X&X$ 1956 1.3 268 400 PyKdFuses VP-66 
1 Y2A 1.4 286 100 Small Arms EOD 

88 1YlA H25 6x6~6 1956 1.4 266 100 Small Arms PA ANG 
IYlR 6-l 25 1.3 28 400 Pyre/Fuses PA ANG 

25 1YClA t-i 27 12X4x7 1942 1.4 252 100 Small Arms 
lYCl& f-i 27 18X12x7 1.4 1,134 100 Small Arms tvlAG 49 

173 2HC4 N 18 lQx~~x6 1974 1.3 525 400 Chemical ~~r~~a~~s~ 
D@signation - Fuse and 
Det. Msg. 

166 1NC2 N 19 25X50X1 0 196 1.3 125 K HE 400 Semi Fixed Projectiles 
Rocket Motors 

54 2YC3A M 19 49X14X6 194.4 1.4 4,116 100 Small Arms 

55 2YC3B M 19 49X14X6 1944 1.3 4,116 400 Pyre 

165 iNC1 L 18 25x50~10 1968 1.3 7,500 400 HEher! Material 

~1 ESQD Arcs reflect designated mobilization f~~~~~~, not necessarily present day use. 

The Public Works compound contains the rna~~rit~ of the Public Works facilities and is 
located in the northern triangular area of th Station. 5~i~di~~ #?8 is the primary Public 
Works shop. 

tank, #I 30, has a rapidity of 1 O,O 0 gallons and is notated near the Pu 
Works compound. 
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n. Administrative 

The ~~rnrn~~d He~d~ua~~rs for 
adequate facility. 

Willow Grove is located in ~~i~di~g #I, an 

The Pass and Personnel S~p~~~ S) ~et~~~rne~t office, occu 
constructed ~~il~i~g #677. This fa space for the following mi 
PASS fun~tio~s~ (1) Admi~~strat~Q~ nal se~i~~s~ (3) Source Data System 
(SDS) CRT terminal area, and (4) a ~~st~rn~r scrip@ counter. The 
the pay and pers~~~e~ records, disb~rsi~g~ and Travis and transpo 

Other administrative spaces occur about the Station in direct sipped of various 
functions and departments. 

CL Housing Facilities 

Housing assets include family ~~~si~~ ~~~~ers~ bath Eor officer ~~a~~r~ (BOQ), and 
bachelqr enlisted quarters (BEQ). 

1) Family lousing Assets 

The Naval Air Statian, Willow Gro with NADG Warminister 
Philadelphia in the area Navy Family piex. Assets t~r~~gh~~t 

lex area are ~ornbi~ available for use by the three activities. 
ion housing (on-bas ~o~~military controlled ~private~ housing. 

NAS Willow Grove has six units, all offi r quarters, located cm Station. NADC 
inister has the largest portion of on-ba housing, 207 units of which 199 are for 

enlisted personnel. 

At present, the Wavy has not established any housing leases in the local ~~mrnu~ity. 

2) Bai=hetor Officer Quarters (Boa) 

This function is located in Building #5. The W-1/0-2 and O-3 and above are considered 
inadequate due to roof and air~o~d~tio~ing~e~v~ro~menta~ control system deficiencies. The 
Commissioned Officer f’v’iess, Open, which is also limited in Building #5, is ~Q~sid~red 
adequate. 
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- Located in Building #I 93, it is adequate and 
satisfies all requirements. 

-Currently located in B~i~diflg #I 9, it does not 

- Located in ~~i~d~~g #38, the Chapel i totally a~~~~at~ an 
h on and ~~~~~~~ ~~r~~~~~~. 

- This required facility does mot ~~rrantly 
exist. 

- Currently ~o~~ted in Building #2, it is an adequate but 

- Located in Building #&X5, this recently con- 

- Currently aviated in Building #2, it is 
inadequate due to fun~ional and design criteria defi~ie~~i@s. 

y in ~ui~d~~~g #2, th 
The only other o 
~~i~~~r store is located in 5uildin 

- This required fatality currently does not 

CCN 740-l 9. Credit Union = Located in building #2, the Credit Wnion occupies adequate 
space which satisfies the requirement. 

-This f~~~io~ is locate in 5~ildi~g #2, occupying 
adequate space. 

-This function is notated 
in 

- This function currently operates out of 
Building #159. It is located behind the new Marine Aircraft Hangar. 

CCN 740-32. Exchanae Self Serve Car Wash - The car wash is located outside of 
Building #13. The existing area needed indoors to store equipment and supplies is 
adequate. 
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be 
.. The Station has four outdoor tennis courts; two located 

OQ (facilities #I JO). 

CCN 750-20. Plavina Field - There ar c~rr~ntlythree playing areas; one baseball field 
located behind Building #l) acombinatio b~~~ball~f~ot~a~~ field east of Building #110, and 
a baseball field located on the east side of tte Base by the recreation pavillion. 

-There are two outdoor pools on the Station (#~~ 
and #I 611, both located behind B~~~~ing #5. Facility #90 (30 meters) is considered 
substandard with totally deteriorated plumbing. Facility #I61 is considered adequate 
although it has a stabilization problem. 

CCN 750~34. Wading Pool - This adequate facility (#198) is located adjacent to the 
swimming pools. 

g. Food Services/Club Facilities 

This section is an analysis of the combined food services and club facility system on the 
Installation. 

CCN 722-l 0. Enlisted Dinino Facilitv - This function is located in recently constructed 
Building #626. The facility is properly notated adjacent to the enlisted barracks and satisfies 
all requirements. 

to be justifiable. 
- Although numerically required, it is not considered 

TED CLUB BLDG. 174 
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b. Steam Production and Distribution 

The main steam plant, Building #6, c~~t~~~s two Keeler water tube boilers each with 
rated capacity of 35,000 I s/hr. These boilers crate at 15 pig and burn natu 
the outdoor temperature above 32 deg hrenheit and #2 fuel oil whe 
temperature is below 32 degrees Fahrt?n Both boilers were i~~~a~led in 1 
in good condition. 

The condition of the main steam plant di~tribut~~~ and con ate r63turn system is 
good. The majority of the piping was replayed ~p~r~xim~te~y t years ago and the 
condensate receiving stations hav ither been recently replayed or are being replaced as 
funds become available. Conden e return to the main steam plant has increased from 
approximately 40% to 70% in the past several y rs. The capacity of the main steam plant 
distribution and condensate return system is a uate for the present and foreseeable 
future needs of the Station 

The south end steam plant, Bldg. #I!%, contains one Sellers boiler and one Clayton 
boiler (used as standby) each with a rated ty of 6,900 lbslhr. These boilers operate 
at 50 psig and burn #2 fuel oil. The Sell ler was installed in 1982 and is in good 
condition. The Clayton boiler, installed in in poor condition and is scheduled to be 
replaced. 

The majority of the south end steam plant distribution and condensate return system is 
40 years old, in poor condition, and scheduled to be repaired~re~laced~ The capacity of the 
south end steam distribution and c~~d~ns~te return system is adequate for the present and 
foreseeable needs of the Station. 

Plates V-B-l 2a and V-B-l 2b illustrate the steam distribution system at the northern and 
southern portions of the Installation, respectively. 

BOILER HOUSE 1 
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f. star 

8 ~ystarn is illu 
low area 

PECO also hofd 

This ~~tar~~~ti~~e natural 
#6) which is in the m~~hwe 
current system for ~~rr~si~~ ~r~tecti~~ 
for ma~~ta~ni~g this existing cathodic p 

NAS Willow Grove is served 
ined by AT&T. This switch 

a 

~~0 statists. Presently, th tiolns off of this 
machine. ~~te~~~~s with ~r~~c~~al 
d lizaticn, no Green is prcj 
0 II of ~e~~sylva~ia and c 
sufficient capacity for any project 

The air c~m~r~ss~rs and air ret ivers t~r~~~~~~t the ~ta~i~~ ar 
There is no compressed air distri~~t~~~ syst cw Grcve. A se~~~~ contract 
is issued for testing unfired pressure vessels (air r-e ) every 3 years. 

Compressed air is used for ail at~rni~at~~~ in Central Plant, Bldg. , control air in 
heating and air~c~diti~ming systems, an ~~~~rnatic tools and aut tic spr~~~~er systems 
in Hangar 80. 

The capacities of the air compressors are considered ade uate for the existing and 
future demand. 
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j. Aviation Fuei Storage Syste 

The aircraft fuel farm contains three 21 C&O 
owned by the Navy and are des~g~~tad as #I 
and is designated No. 207. The Davy suppl 
Force is independent except for emerge~~~y 

tanks. Two of the tanks are 
the Air Force 

Although the storage rapacity is adequ 
the Station, the condition of the aviation fu 
modernization. 

nt and foreseeable futur 
stem is currently under 

of 
or 

k. Fire Alarm System 

A new ~one~e~l D.G.P. Fire Alarm intern was i~sta~~a 
74. It satisfactorily replaced the thirty ar old ~amewel~ 

The Data Gathering Panel has dual local al 
U.S. Army building which was a new re~~irema 
control panel is located in the new f~re~~~se, B 

ed to include the 
ned. The master 

I. Refuse Disposal 

The solid waste disposal system is ada~uat~ to m e needs of the Air Stati 
waste is collected by a govar~ment-owned 24 cubi C~rnpactQr truck. All 
refuse is taken by government vehicles to ornery dainty Soli ste in Ab~~gto~~ 
Pennsylvania, approximately six miles from Window Grove. 

The Naval Air Station also has a small transfer site which it utilizes which it utilizes for 
disposal of wood and metal. This small area is fenced off to prevent the spread of litter. The 
metal and wood at this transfer site are dispo ate contract. It is estimated that 
approximately 60 cubic yards of this type of wa ratedat the activity 
private contractor empties the full container on an “as ~~~d~d” basis There are no 
deficiencies in the solid waste disposal system. 

m. Air Conditioning Systems 

The air conditioning systems throughput the Station are well maintained and in 
generally good condition, however, some of the units are in poor condition and beyond 
economic repair. The capacities are adequate to meet the needs of the Station. 
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1. CLMATE 

Willow Grove is within tl-ls t~~p~~at~ latitu west to east fiow of 
atMosphe~c systems. This ~r~~u~ ly ~ha~~i~~ array of 
weather elements. 

The location and orientation oft 
effects on eastward moving fronta 
Ocean is about 70 miles east of th 
haze and spoke ~~~ditio~s that p 

and horth has significant 
al suction of the Atl 

Mad ia ~~od~~~s 
st wi travail. 

The Station has a Moderato climate. 
seldom last more than several days as a3 
Climatic Conditions. 

Flying ~o~dit~o~s are ~x~e~~e~t. The fie 
minimums 90% of the time. Heavy fog, cau 
lent during the autumn and winter months. 

Precipitation is fairly evenly diatribe 
onths. The av 

summer rainfall is in ~~n~~~t~o~ with lot 
21.5 inches. Single storms of 10 inche 

s. bath of the 
annual snowfall is 

The prevailing wind direction for the summer coitus is from the southwest, while 
no~hwesterly winds prevail during the winter. ~estr~~t~v~ win s are comparatively rare 
and occur in gustiness during summer t~~~~d~rstor~s. 

2. GEOLOGY 

The Station is located in the Triassic lowlands of the Piedmont P~y~io~ra~hi~ Province. 
Three sedimentary formations make up the drock in the vicinity of the Station. These 
include the Stockton, Brunswick, and ~o~kato~~~ Formations. 

Structurally, these formations form a ~m~no~lina~ dip 10 to 14 degrees to the northwest. 
Superimposed on the local structure is the Warr~~~to~ anticline, bounded on the north by 
a fault. The bedrock is joined parallel to th dding planes, though there is sorme vertical 
jointing as well. 
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3. SOILS 

~p~~~xi~~ate~y fi~ee~ soil ty 
C-l s The prihcip 
tion are ~aw~e~ceville silt loam. R 

undisturbed 

for use 
t. This limitative 

siltation of beady streams. 

On flatter areas where the erosion haired is ~i~~~ 
and become more suitable for d~v~~~p~e~t~ ~awr~~ 
extensive within the drainag lel along the wast s of ~~~way 1533. 

uiring ~xt~~siv~ la ~a~age~e~t and 

ale soils are ~od~rat~ly deep, well d~a~~ed, an 
water table greater than 3 f 
moisture c~~acit~ fo~veg~t 
erosion hazard is ~od~rate with god 
moderate for use in develop~~~t. 

The ~a~-~ada land’ (those soil altered from their ori 
i~~ed~ate~y adjacent to the r~~w~y in the built-up areas ar 
Triassic shale and s~~dstone or silt Is ~n~~~~ai~ by sh 

soils vary widely in depth and drainage c~~dit~~n~ but all range from very good to moderately 
good with a minimum of protective Measures indicated. 

4. HYDROLOGY 

a) Groundwater 

With the exception of the Stockton ~or~at~~~~ consolidate directs in the area are 
poor sources of groundwat~r. Having a low ratio of pore space t 
in these formations must be tapped from the joint str~~ures to provide a us 
lower and middle arkosic members of the formation are the best sources of water. The 
upper member is shale which acts as a co~fi~~~g bed. Jointing and fracturing is found 
primarily in the weathered zone in the first 500 +/- feet of the formation. Average yield in 
the formation is 106 gallons per minute. 
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all of the ~~~1s pro 
Per Dakota cmsu 

Surface water in the re 

Two large storm water d~t~~ti~n 
One is a~~a~~~ a double basin locat 
Prone Areas. tt impou s much of the 
second basin exists on no~h~~y bou 
slowly releases runoff that a~~u~u~at~s 

6. WETLANDS 

The National Wetlands ~~v~nt~~ (N p ~ndi~atas the presence of Palustrine open 
water in the north central portion of th along the s~~th~r~ b~~nda~, and on the 
western b~~nda~ atpng Dawes A P~~~stri~~ S~r~b-~~~~b~E~ 
mapped along the western Brenda ractly saute of one of the Palustrine 
NWI maps, due to their margin of error, do not show all wat~a~d~ and a 
define the limits of federal, state, or local juris 
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shrubs in a~~~r~a~~~ with ai~i~~d Pretoria 
tion an Base is along the 
adjoining family ~~~~i~g 

I sf a! trees and I 

The va~~t~* distributive, a 

of the [and. The habi 
mammals. Thisdiversi 

s, w~~d~a~ds~ with 
e close pr~xim~t 

d~vel~pm~~t. Appen 
mammals, reptiles, a 

9. ENDANGERED SPECIES 

A ~ompilat~~~ of state-listed 
plants and aminals within the Co 

ecies and fed rawly-fisted enda~~~r~d 
~w~a~t~ of ~e~~sy~va~ia is in A~~a~dix B. 

With the exception of the perag~~~ falcon, there a rm shelves of wi~d~i~~ w~~~~ are 
recorded as being present within the let re~~g~~~~d as endang d or 
threatened under the Federal of 1973. The peregrine falcon is 
a rare transient in this area during the peri hrowg h ~~v~mb~r. 
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Constraints to Station d~~~l~~~~~t h s Natural ~~~~traints an 
Operati~~al~~an-dada constraints. acne of these ~~~strai~ts ~v~r~a~ ~~rnrn~~ areas. 

a) Threatened/Endangered Species 

The Enda~~e~~d Species Act of 197 
programs forthe ~~~$e~ation of 
that actions taken by the agencies do not ~~~p~~~i~~ the ~xist~n~~ of 

With the exception of the Peregrine Falcon, there are no speei 
recorded as being present within the is 
threatened under the Federal ~~da~g~r~~ 
a rare transient in the area during the perio 

b) Historic Sites 

No historical or ar~ha~l~gi~al survey has been ~o~d~~t~d 
according to the P~~~sylva~ia Bureau of Hi 
sites or buildings on the station that have be 
National Register of Historic Places. 

c) Flood Prone Areas 

The most prominent floodplain borders Park Creek when that stream ~ve~~~ws its 
banks. A small area of the Station becomes i~~~~atad in the 100 and 50 year fr~~~~n~y 
identified .by the U.S. Department of ~~~~si~~ and Urban 5~ve~~~ ant ~ati~~~~ Flood 
Insurance Program. Other more local ~nd~fi~@d flood piaims exist along the natural 
drainage courses. 

Man-made flood plains exist around the pon e storm wat~rd@tenti~n basins. 

Most of the flood prone areas constrain d ent. The Park Creak flood plain and 
northerly detention basins are in the runway dear zone. The other local flood piains are 
mostly in areas lacking utility services and have no planned daval~~m~nt. 
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Clear 2mes are the areas extending ~mrne~iat~~y off the en 
areas are required for airdrop ~~~~~~~ and ~~~r~s~~i~~~~ ~i~i~i~~~~ 0 
zone ~i~~~~i~ns for Class 
either side, extended 200” from the run 
approximately 8 to a distaste of 30 
divided into thre areas, Type I, II, a 

f the flyway to 

The clear zone is 

This zone is imm~diat~ly a to the end of th 
sh d, and free of above ~r~~~ s with the ~x~e~tio~ of ~i~ield 
lighting, and is to re~~ive special ground treat nt or pavem~~t in t 
the runway overrun. This type clear zone is uiraj at both ends of th 

This zone is used only for Class 
of the Type I clear zone except that 
graded and cleared of all above gro 

This zone is lateral 
5 runways and is used in lieu of the Type it cl 
OLPs used by T-34 aircraft. Obj 
clearance surface. Buildings for Mornay ha 
zone is best utilized for agriculture ar per 
which would attract birds or wate~~~~~ Land us 
extended periods should be avoid 
are permitted, provided they wou 

s, r~i~~~ads~ canals, etc. 

2) Accident Potential Zones 

Accident Potential Zones (APZs) have been deva~o~ed to identify areas having 
sufficient exposure to aircraft accidents. Refer to the Acci ent Potential Zones narratjv 
in Section VI, AICUZ Update for preferred corn atjbje land uses. 

3) Imaginary Surfaces 

The imagi~a~ surfaces are illustrate 
the height of objects in the vicinity of 
affecting Station faciiities are: 

level, extending 750 feet from the c 
of the runway and 200 feet beyond the ends. Only navigational and operational aids are 
allowed above ground level within this area. 

Development Constraints Page V-D-5 





LEGEND 

Development Constraints Page V-D-7 



a 

0 

0 



/ 

, : 

Development Constraints Page V-D-9 



a 



Existing objects 
and r@~~~r~ ~i~~e~~ 
for the ~t~t~~~ is 60ntai 
of imaginary su~~~~s~ 

d) Noise Zen 

The principal s~~~~~ of noise on the Station is 
stands. The ~Q~s~est assigner air~ra~ are the 
however* are ~~~rn~Qs~te of all the ~~~~~~ 
flights. Test stand ~~~rat~~~s and rn~~~t~~ 
time periods. 

g aircraft and engine ruwp test 
nd OA-37’s. The noise zones, 

a~~~ 
xten 

As shown on Plate V-D-5, the 75 Ldn ~~~~~ur ~~~~rn sses the runway, tax~~~ys~ 
parking aprons, aircraft rnai~te~a~~ II the ~~t~r~ west side of the 
airfield. The 65 Ldn contolur covers th 
tip. 50th noise zones encompass 

Acceptable outdoor noise environ 
container in ~A~~A~ P-970, ‘“Planni 
levels of exterior noise expose 
building noise insulation. amuse 
tdn ~~~t~urs must take into consi 

spaces from outdoor noise levels. 

e) Contaminated Areas 

1) Background 

As part of the DQD ~ns~~~~ati~~ ~~st~r~ti~fl ~r~gr~rn~ the N the Navy 
Assessment and Control of Instal~at~Q~ ~~~l~t~~ts ~~A~~P~ ~r~~r~rn to ~~~nt~~y, assess, 
and control e~v~r~nmenta~ ~~nt~rni~~ti~~ from past rn~th~~s of storage, h~~~l~ng, and 
disposal of hazardous substances at naval shore ~a~il~ti~s. 

As part of the NACIP program, an ~~~t~~~ Ass~ssm nt Study (IAS) was ~~n~~Gt~~ by 
the Naval Energy and Environmental diwity (NEESA) at NA 
The purpose of an IAS is to identify a sites posing a ~~t~~ti 
health or to the environment ue to ~~t~rn~~~ti~~ from past ~a~~r~~~s rn~t~ri~ls op- 
erations. 
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Based on ~n~~rrn~ti~~ from ~i~t~r~~a~ ~e~~~~~* 
and personnel inte~iews~ the IAS i 
areas, while were ev 

p~~~~tant re~~~t~rs. 
Appendix H in 

The IAS ~~~~~ud~d ihat while none 
health or the ~~vir~~rn~~t, six sites wa 
program to assess pate 
was re~~rn~~e~ded to c 
quantify the extent of any ~r~~~~rn~ 

Site Number 

1 Privet 

2 Antenna Field Lan 

3 Ninth Street ~a~d~il~ 

4 North End Lan 

5 Fire Tra~n~~~ Area 

6 Fuel Farm Area 

The results of the Confirmation Studies will e used to evaluate the necessity of 
conducting remedial measures or clean up operations. 
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environment which must be ~r~t~~t~~ fr 
Facility s~t~~~s must adh 
to people ~~E~~~~ ordnance (W 

~arati~~ distastes a similar, t~~~~~ usually i ss ~x~a~siv~ than the ar~st~~t 
rd~a~~~ storage fa~~~it~~s~ ~epar~ti~~ distastes for ~~~~~a~~e are nor 
air statures than for ~rs~nn~l and fuel. See 

Ela~tr~rna~~et~~ Radiating ~~~~ti~~s~ for the l~~at~~~s and 
tances of ele~trQrna~~~ti~ r ing ~~~i~rn~~t. The HERP distances are 
ten milliwatt per square centimeter criteria. 

The most serious HERP condition at NA ~~~l~w Grove is not ~~neratad by fixed 
e~u~~rn~nt, but by radar equi t rn~~~t~~ in the air~ra~ being grau 
tional procedures require pl ent of warning signs argued the 
equipment is being gr tested. The P-3 air~ra~ a~t~~~as may radi 
a distance of 40 feet. onnel are warned to ~~rn~i~ at least 75 feet m the antennas 
which are situated in the bow and tail s~~t~~~s of the aircraft. 

A theoretical E~R~E~~ Survey was prepared by ~A~~~~~~~~~~ 
lestown, South Carolina in April 1982. The salty provides e safe separation distant 
for HERO, HERF, and HERP. A more recent study on ~~e~t tic r~diat~~~ includ 
an E~e~tr~rna~~eti~ Environment Assessment ~~~~rrnad by the Naval Surfac 
Center ~~S~C~~ Dalgren, Virginia in May 1987. H~w~v~r~ this sunny only p 
separation distances for ordnance ~~~~~~. A~~andix 5 in Section IX lists all tra~smi~ers~ 
antenna systems on Station along with tr~~~smitt~r ~r~~~~n~y~ powers type of antenna and 
gain, and the corresponding separatism distances. 

The E~~~E~R Study indicated that the indicated that the ~T-~4$~A -94 at Building 
140, the A~~SC-~~ at the Balloon Tent training area behind ~~~ld~~~ 32 or the A~~ARC- 
94 at the MATCU site can generate fields in excess of a~~aptable ~~v~~s for HERO Unsafe 
ordnance in several potentially hazardous areas. Restrictions on HF tra~srn~~ar ~p~rati~~ 
while ordnance is in a HERO Unsafe ~~~d~ti~~ at these locations should pr~~~~d~ any 
HERO problems from occurring. 

On base operation of the A~~~C-~~~ rn~bi~e transmi~~r in its high power mode 
presents some possible HERO Unsafe hazards. Restrictions on wh the antenna is 
aimed will prevent HERO problems from occurring. The proposed ~~~~-2? radar 
should be equipped with mechanical blocks to gravest it from being depressed below zero 
degrees to avoid a potential HERO Unsafe hazard at the proposed ~rd~a~~~ Assamb~y 
area. 
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Ordnance storage facilities at NA Grove caving ESQD arcs i 
m zincs ~~~~ted on the Station. There are two main rn~~a~~n~ areas; OR 
mateiy 830 feet west of subway 33 r ap~r~~irn~te~y 1 ,QO 
of hangar 177. See Table V-B-I, 0 ~~~~~it~es~ in Section 
for a ~~rnp~~te listens of rna~~~ines r~~~~re~ clear ~~st~~~~ I The ESQD arcs 
for these buildings are illustrated i D-8. 

Other ordnance facilities re~~~r~~~ ES 5 arcs are the two arming ~-arrn~~~ pads 
located at the ends of subway 15-33. Each p wed area for ~~tiv~ti~~ or 
deactivating weapons systems ~~~b~ard aircra 

ilow Grove has also submitter a site app l request d~si~~ati~~ an area 617 
the aircraft parking apron directly in front of the new ine Hangar for ~rd~~~~~ loading 
and u~~~adi~~ during flight training. This are and un~~~di~~ 
ordnance from A-4H aircraft on weap~~strai~i 1 OiO feet would 
be required around each aircraft. 

Small arms and arnmu~iti~~ is store 
has been established. 

130. No ESQD arc 

h) Ordnance ~andfin~ Routes 

Virtually all of the ordnance mat re delivered to the ~t~ti~~ via s~~~~e tra~sp~r- 
tation. The primary and secondary ce routes to the rna~a~i~es are scows OR Plate 
V-D-9. The primary ordnance route for s~~~rne~ts are t~a~s~~~ed t~r~~~h the main gate 
off Route 611 south on Orion Avenue to the ~~a~azi~a as. The se~~~d~ry ~rdn~n~~ 
route travels north on the crushed stone road to the m 

i) Compass Calibration Pad Restrictions 

This facility must be located in an ar a free as possible from local, natural, and man- 
made disturbances Any change in the physique features of the site may result in rna~~~ti~ 
disturbances. Thus, any proposed ~~~str~~ti~n sf facilities, uti~~ties~ etc., must respect the 
lateral clearance requirements as outlined in TARMAC 5~-2~. 

Table V-D-4 provides the ra~~mrna~ded minimum lateral ~lear~n~~s from center of 
calibration pad. 

a 
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Arm~Dearming Pad 1,006 
,- ,.- 

Large Reflecting Surface 3,000 

Ordnance Handling 

Fuel storage 1,000 

Reflecting Surface 1~~~~ 

Receiver ~u~~~~ng - Recommended 1,500 
Absoiute ~i~irnUrn 1,008 

Runway 1,000 

Taxiway 450 

TACAN 2,500 

Magazine 1,000 

For further elaboration, refer to the se electronics systems ~~~ineer~~g Plan 
(BESEP) for the ASR-8, prepared by VELEX ~har~est~~, SC. 

k) Control Tower Clear Vision Zones 

The control tower is normally sited as near as practical to the centroid of the runway 
system consistent with airfield safety zone ~rn~g~~~~ surface criteria. Consideration is also 
given toward future airfield operational surface ex~~~s~o~ and functional relati~~s~~~ with 
the air operations building and traffic control COM 
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The AlCUZ Update will be issued as an ~~~e~~~~ to this Plan. 
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The use of conceptual models arrows for an sed l~o~at general land use p~nciples 
that apply to the Station. The co~c~~t~ s are necessarily oversimplified in order 
to focus on large scale relationships. 

The major fu~~i~~s considered in the ~onc~~t~al Development Model are: 

Administration Bachelor Housing 

Public Works ~edica~~Denta~ 

Supply Trainin 

Airfield Operations ce (ESQD Safety Arcs) 

Personnel Support ~om~~n~cations Transmitting Antennas 

Family Housing Vehicular Access Routes 

Aircraft maintenance outdoor Recreation 

Most of the functions described above are self exp~anato~, however a few require 
further explanation. The Administration unction is intended to describe the commanding 
Officer, his Command Staff, as well as c rtain command support depa~ment~~ namely the 
Comptroller and Administration. 

The Personnel Support function is intends to represent a wide variety of services 
primarily in support of the milita~c~mmun~ty~ b many of which also serve the civilian work 
force. Included within this function are the ~~rso~~el Support Activity Detachment, Navy 
Exchange, Religious and Family Services, and indoor Recreation Services. 

Vehicular Access Routes have been divide into three categories; Personnel, Indus- 
trial, and Ordnance. 
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RH - RACHELOR H!x SEC- SECURITY 
FW - FAMILY HSG EC - ENWRONktENTAC 
AD .. A!X4tNISTRA~lQE CONSTRAM 
PS - PERSONNEL SUPPORT INQ- INDUSTR:AL 
TNG- TRAINING QG - OUTGN&NT 
pw - PUBLIC WORKS 
33 - WPPLY STOPAGE 

WC- OUTDOOR RECREATION L 

MD - MEDICAL DENTAL g : g&g&& 
FS - FUEL STORAGE MA - MAINENANCE 
VI3 - VISUAL BUFFER 

- DEMOLITION 
t?D- ORDINANCE 

PLATE VII-2 
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These types of ch ges which rel e l~stal~~tio~ are the Marine Aircra~ 
~ai~tana~ce H~~~~r~ t Air ~~~r~ti~~s~P~s ~rTer~~i~~l~ and the a ition of ~~~ldi~~g 
#I 40 to a~ommodate increased d flight simulators. 

2. Policy Reiate 

Policy related changes are those changes click are brought about by the new or 
revised policies org~ida~~e such as; executive Orders, DOD or Navy ~flstr~ction, CAVIAR 
Design or Siting Criteria, Activity ~nstru~t~~~s and official guidance, and other Federal, 
State, and local governmental regulations and policies. The Activity is 
with the revised policies. One example of new guidance that will affect th 
at the Station is ~~~AVI~ST 5530.14, Physical ~ec~~ty and Loss Prev 
instruction contains guidance which will affect protects concerning the Station’s perimeter 
fence and roads and upgraded security for certain sensitive areas. 

An example of a policy related change at the Station is the recently const~cted flight 
line security fence. The fence was constructed as a result of the increased security 
requirements for the flight lines at military installations. 

3. Economically Driven Changes 

There are changes brought about primarily from an economics or o erational efficiency 
standpoint. included in this category are facility renovations or replacement which will 
reduce the life cycle cost for that facility. Also included in this cate~o~ is the derno~~t~o~ of 
existing buildings which have outlived their useful life and have become a drain on 
resources. 

4. Development Constraints 

Development constraints can either b naturally occurring or man-mad 
which limit or prohibit development. natural constraints consist of factors such as 
threatened or endangered species, historic sites, flood-pro ) and wetlands. Man- 
made constraints consist of various safety zones for a~~iel ions, electromagnetic 
radiation arcs, ordnance handling routes, and ex sive safety quantity distance arcs. In 
addition, certain development limitati n areas of high noise intensity, as well 
as sites which have become contaminates by past operations on the Station A detailed 
description of constraints to development at the Station are contained in Chapter V-D. 

5. Previous Development Plans and General P~~n~in~ Principles 

Much of the existing development at the Station has been guided by previous master 
planning and the applications of general planning principles. The previous Master Plan for 
the Station was completed in October 1983. Other plans inclu e a Base Exterior 
Architecture Plan (BEAP) and an Air I~stallatiQ~ ~ompatib~e Use Zone (AICXJZ) Study. 
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LEGEND 
BH - BACHELOR HSG 
FH - FAtdEL’f I-!SG 

SEC- SECURITY 

AD - ADMlMlSYf?RYlVE 
EC - ENVlRONMENTAL 

CONSTRAINED 
PS - PERSONNEL SUPPORT 
YNG- TRAINING 

IND- I~!DUSTRIAL 
OG - OLJWKAWT 

PW - PUBLIC WORKS REC- OUTDOOR RECREATlOfJ 
ss - SUPPLY QTORACE UT - UTILITIES 
M) - MEDKXL GENTAL OP - OPERATIONS 
FS - FUEL STORAGE MA - MAINTENANCE 
VB - VISUAL BUFFER 

NAS WILLOW GROVE 
MASTER PLAN 

PLATE VII-4 
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The majority of aircraft parked at WAS Willow Grove are in vitiation of ~i~~~~~ safety 
criteria when parted on the apron but are permitt d urder several waivers. This probl 
is resultant from ~n~uffi~ientdi~t~~~~ between the and i~ada~uate land are 
around the operational hangers to pr~par~~~~~~rn ment. The expan~i~~ 
of the aircraft parking apron to the south must be im 
which must be parked in violation of airfield safety criteria. 

Outlying areas around th airfield are largely ~~~~tr~i~e 
conditions. The area west of the airfield is ba~i~~~l~ reneged for operations and relate 
support systems such as navigational aids, ~~rnrnu~i~~t~o~~~ air traffic control, and 
ordnance. Electronic interference and radiative must be avoided. 

Airfield obstructions should be eliminates if possible. If this is not feasible, either due 
to location off-Station orfu~ding~~itin~ ~~~~trai~t~~ then action should be ~~~ti~ted to obtain 
a waiver. On-going land acquisitions will eliminate some off-Station ~b~tr~~tion~, but not 
all. On-Station obstructions are ~is~u~~ed as follows: 

Control Tower - This obstruction penetrates the 711 slope by approximately 16 feet. There 
does not appear to be a location available that meets all required criteria and is free of 
constraints. Therefore, recommend a waiver be obtained for this facility. 

Water Tower - This obstruction, located south of Tinius Olsen, penetrates the J:l slope by 
over 66 feet; the largest numerically of any ~b~tr~~i~n on the Station. Ideally, the locution 
would be replacement by a lower profile ~~~~rgr~u~ or on-grade tank with pressurization 
included as required. If this is not ~~n~id~~~d p~a~i~a~ due to budget ~~~~trai~t§~ then a 
waiver should be sought. 

Hangar Building 20 - This represents probably the worst case in airfield violations in that 
a large portion of the structure lies within the 750 foot primary airfield surface. Scheduled 
for demolition in the past, it should be demolished as soon as possible. 

Wind Direction Indicator - Penetrates the 7:1 slope by approximately 7 feet. recommend 
relocation. 

8. Proposed Demolitions 

The construction/demolition process is a form of “urban renewal”. Although it is a slow 
and expensive process, it has many positive effects such as: improvements of functional 
relationships, reduction of energy use and space needs, reduces fire hazards, eliminates 
handicap barriers, reduces maintenance costs, and it improves the efficiency of land 
utilization. Those buildings which are currently ~ropo§ed for demolition are listed in Table 
VII-1 and illustrated in Plate Vll-6. 
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Main Reasm for Functims 

Bachelor Enlisted 
Quarters 

Inadequate faciliciss 
to meet BEG 
Stafldi3Kt§. 

Bldgs. #Q and #lo 
to remah 

15A Utility 

15B Utility 

20 Hangar/A~M~ 

see not% #I. 

se% now #lo 

Airfield obstruction 
focated in primary 
surface; substandard 
facility 

No replacement 

No r~pfa~m~~t. 

P-213; GSE Facility, 
MP-201; Addition to 
GSE, and MP-202; 
C&d., Para., & Surv. 

see note #2. 

See note #2. 

Various repplacement 
facilities must be 
read&d prior to 
demolition. See 
note #2. 

21 GSE Shop Facilities are far from the P-213; GSE Facility. See nota #2. 
aircraft it smves. 

22 Warohouse 

23 Old Hobby Shop 

24 Utility 

29 GSE Shop 

43 Recruiting Office 

70 Utility 

75 Storage 

77 Pass Office 

Sac note #l. see f-lots Y2. 

see note #i * See note #2. 

See note #l, No replacement. See note #2. 

Inadequate facility, far P-213; GSE Facility, See note #2. 
removed from tha aircraft and MP-202; Ord., 
it sorves. Para., B Surv. Equip. 

fnadequate facility in MP-601; Recruitklg See nota #2, 
poor location. office. 

see note #l I No roplacament. se% note #2. 

Soa note #2. Relocation to #1 71. 

Inadequate facili& in pcor P-200; Pass Office. se0 noto #2. 
location, remote from 
majority of personnel. 

lo& Water Tower Airfield obstructions soo 
not@ #2. 

Should replace with 
ground level or under- 
ground tank. 

Note #I Utility supporting complex south of Tinius Olsen, If complex can be eliminated, no need would 
remain for these facilities. 

Note #2 Supports one of the major recommendations in this Mastw Plan, to eliminate all facilities at complex 

south of Tinius Olsen. 
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SITES REACXLY 6 PWENTIALL! 
AVAtLASLE FOR DEVELOPMENT 

READLY AVAILBOLE SITES 

POTEHTIALLY AVAILABLE SITES 

NAS WILLOW GROVE 
MASTER PLAN 

GR4PHIC SCALE IN FEET 

PLATE VII-7 
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SEC VIII. PEA 

TAL ASSESSM 

Prepared by: Northern Division, Naval Facilities Engineering Command for the Naval 
Air Station Willow Grave, Pennsylvania, in accordance with OPNAVINST 5090.1 in com- 
pliance with the Envircnmental Policy Act of 1969. Northern Division, Naval Facilities En- 
gineering Command may be contacted at the fcllowing address for further information. 

Commanding Officer 
Northern Division, Naval Facilities Engineering Command 
Building 77L 
U.S. Naval Base 
Philadelphia, PA 19112 
Attn: Mr. R. F. Lewandowski, Code 201 .l 

Phone: Autovon 4436255 
Commercial: (215) 697-6255 
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4. Build upon the proposed land use plan contained herein. This will improve functional 
relationships, reduce undesirable e~v~ronme~ta~ conflicts, and eliminate intrusions into 
airfield surface safety zones. 

5. Maintain an active communtiy liaison prog m and participate as a Iand owner, in 
decisions that could affect the operations of the Station. 

6. Evaluate recommendations from Utilities Technical Studies forthe utilities systems and 
develop new or revise existing projects to alleviate deficiencies identified within these 
studies. 

7. When feasible, existing buildings should be rehabilitated to improve their energy 
efficiencies, extend their service life, and to consolidate compati le functions into in&m+ 
fied multiple use facilities in lieu of rnai~tai~~~g and operating small, inefficient, and 
dispersed facilities. 

C. EXISTING CONDITIONS 

1. Topography, Geology, and Soils 

NAS Willow Grove is in the Triassic Lowlands of the Piedmont physiographic province 
and the bedrock is of sedimentary origin. 

The Montgomery County Soil Survey (US Soil Conservation Service, 1986) indicates 
that the soil types found on the Station are ~r~rna~ly Lawrenceville silt loam, Lansdale silt 
loam, and Readington silt loam. Lawre~cevil~~ silt loam occurs on the northwest and 
northeast tips of the Station and the southern end of the Station. This soil is a deep, 
moderately well-drained silty soil. Permeability is moderately slow. Depth to the shale 
bedrock is about five feet. Lansdale silt loam, a moderately deep, we~l~drain~d soil, occurs 
in small pockets scattered throughout the Station. Depth to bedrock is about five feet. A 
somewhat large area of Readington silt loam occurs northeast of the airstrip. This soil is 
a deep, moderately well-drained soil with a depth to bedrock of four feet. 

The remaining areas are disturbed and classified as Made Land. These soils are 
variable in depth and drainage and are composed of silty materials with shale and 
sandstone. The areas of made land are extensive and underlie almost all of the buildings 
on Station, the runways, and the strips of land adjacent to the runways. 

According to the soil survey, there are prime agricultural soils in the vicinity of NAS 
Willow Grove, although none of these soils exist on the Station. 
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8. Cultural Resources 

There are no known sites or buildings on the Station that have been listed ordetermined 
eligible for listing in the National Register of Historical Places. 

9. Disposal Sites 

. As part of the DOD I stallation Restoration Program, the Navy developed 
the sment and Control of Installation Pollutants (NATION Program to “identify, 
assess, and control environmental contamination from past methods of storage, handling, 
and disposal of hazardous substances at naval shore facilities”. 

As part of the NACIP Program, an Initial Assessment Study (IAS) was con 
Naval Energy and Environmental Support Activity (NEESA) at the Naval Air 
purpose of the IAS was to “identify and assess sites posing a threat to human health orthe 
environment due to contamination from past hazardous materials operation”. 

Based on information from historical records, aerial photographs, field inspections, and 
personal interviews, a total of ten (10) potentially oo~taminated sites were identified at NAS 
Willow Grove. For more detailed information regarding these sites, see Appendix f-i. Each 
of the sites was evaluated with regard to contamination characteristics, migration path- 
ways, and pollutant receptors. 

Both the surface water and ground water are potential contaminant pathways in the 
NAS Willow Grove area. Runoff from the Station discharges into two watersheds, the 
Pennypack Creek and the Little N~sharn~~y Creek. Both are used to a limi extent for 
contact recreation. Ground water quality is ~~tentially at risk because NAS low Grove 
and several communities obtain potable and agricultural water supplies from wells in the 
shallow aquifer. Three (3) such supply wells are located on the Station grounds. 

The Study concluded that, while none of the sites pose an immediate threat to human 
health or to the environment, several sites warrant further investigation under the Navy 
Installation Restoration (IR) Program to assess potential long-term impacts. A Remedial 
Investigation Feasibility Study, involving sampling and monitoring of the sites, is to be 
conducted to confirm or deny the presence of the suspected contamination and to quantify 
the extent of any problems which may arise. The results of the Confirmation Studies will 
be used to evaluate the necessity of conducting remedial measures or-cleanup operations. 

D. PROJECT DESCRIPTIONS AND EN~~R~~~~NTAL CONSEQUENCES 

This section will address projects that are listed in the Five Year Defense Plan (FYDP) 
as identified by COMNAVRESFOR. Each project will be evaluated for its potential impact 
without going into extensive detail. 
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a) Project Description 

This project will provide heating and air con itioning in the north lean-to of Hangar 80. 

b) Potential Consequences 

No adverse impacts will result to the e~~ir~~rne~t from this project other than the tem- 
porary degradation of the air quality and noise generated during construction. 

c) Mitigating Measures 

Air pollutants emitted during construction will be controlled as necessary. Noise 
impacts will be short term and limited to daytime hours. 

4. p-164: POV Parkinu. BEQ Area FY- 

a) Project Description 

This project will provide privately owned vehicle (POV) parking in the BEQ area, 
adjacent to maintenance Hangars 680. A total of approximately 10,500 SY of parking will 
be constructed to accommodate an additional 300 cars. 

b) Potential Consequences 

Potential impacts include; increased noise levels, deterioration of the air quality, 
increased surface water runoff, and a decrease in the amount of “green space” on the 
Station. 

c) Mitigating Measures 

Noise impacts will be short term and confined to daytime hours. Watering down work 
surroundings will reduce dust emissions Proper construction and storm drainage work 
should control and channelize runoff water and avoid any adverse impacts. 

Preliminary Environmental Assessment Page VIII-7 



This 



IX. AP ES 

Appendieies Page IX-1 





0 

m 

Air ~nstai~ation Compatible Use Zone Sldy, for NAS ~~~~~w Grove, PA, CH;! 
Engineers/Planners, December 1977 

ApprovedSasic StockLevelofAmn7unit~Qn, for NAS Willow Grove, PA, Naval Sea Systems 
Command, February I983 

Base Electronic System Engineering Plan, for NAS Wil6ow Grove, Pennsylvania, Naval 
Electronic Systems Engineering Center, Charleston, SC, September 1979 

Base ExteriorArchitecture Plan, for NAS W6l6~w Grove, Pennsylvania, Wallace Roberts & 
Todd, October 1983 

Capital improvements Plan, for NAS Wil6~w Grove, Northern Division, Naval Facilities 
Engineering Command, September 1988 

Draft Environmental Assessment for e Cl~s~re~~ea~ig~me~t of ~~etr~~t, Ml, TAMS 
Consultants, Inc., New York, NY, August 1990 

Draft Environmental jmpact Statement, for Base Cl~s~r~~Rea~~g~me~t of NAS South 
Weymouth, MA, TAMS Consultants, inc., New York, NY, August 1990 

Electromagnetic Env~r~nmentAssessment~f~AS Wi~iow~rov~~ Naval Surface Weapons 
Center, Dahlgren, VA, June 1987 

Hors&m Township Comprehensive Plan of 19J13, Horsham Township PBanning Commis- 
sion, Horsham, PA 19044 

initial Assessment Study, for NAS Willow Grove, Pennsylvania, Naval Energy and 
Environmental Support Activity, Port Hueneme, CA, February 1986 

Master Plan, for NAS Willow Grove, Northern Division, Naval Facilities Engineering 
Command, October 1983 

NAVFAC P-90, Data Collection and Application for Navy Master Planning, Juiy 1987 

Noise Measurement Survey, for NAS Willow Grove, Harris, Miller, Miller, and Hanson, Inc., 
September 1983 
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Bat, Big Brown 
Chipmunk, Eastern 
Cottontail, Eastern 
Fox, Red 
Mink 
Mole, Eastern 
Woodchuck 
Mouse, House 
Deer, White-tailed 
fblyotis, Little Brown 
Raccoon 
Rat, Norway 
Shrew, Short-tailed 
Skunk, Striped 
Squirrel, Gray 
Weasel, Long-tailed Mustela frenata 

Copperhead, Northern 
Snake, Queen 
Snake, Eastern Garter 
Tuttie, Red-bellied 

Aaiistrodon 
Septemvittata Regina 

Thamnophis sirtalis 
Chrysemvs rubriventris 

Frog, Bu66 
Frog, Green 
Frog, Northern Cricket 
Frog, P6ains Leopard 

Rana 
Rana 
Acris 

blairi Rana 



m 

m 

m 



l 
Flicker, Common 
Flycatcher, Least 
Flycatcher, Ye66Qw-be666ed 
Gnatcatcher, Blue-gray 
Goldfinch, American 
Goose, Canada 
Grackle, Common 
Grosbeak, Evening 
Gull, Bonaparte’s 
Gull, Ring-billed 
Hawk, Rough-necked 
Heron, Black-crowned Night 
Hummingbird, Ruby-throated 
Ibis, Glossy 
Jay, Blue 
Junco, Dark-eyed 
Kestrel, American 
Kingiet, Ruby-crowned 
Loon, Red-throated 
Mallard 
Martin, Purple 
Mockingbird, Northern 
Swallow, Tree 
Swift, Chimney 
Tanager, Scarlet 
Thrush, Wood 
Titmouse, Tufted 
Towhee, Rufous-sided 
Turnstone, Ruddy 
Vireo, Red-eyed 
Warbler, Black-throated Blue 
Warbler, Parula 
Warbler, Yellow 
Water-thrush, Northern 
Waxwing, Cedar 
Woodcock, American 
Woodpecker, Downy 
Wren, Carolina 
Yellowlegs, Greater 
Yellowthroat, Common 

americana Parula 
Dendroica getechia 
Seiurus noveboracensis 
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CLAS F SOIL 

1 SHRINK-SWELL POTENTlAL n 

IAL DEVELOP 

SEASONAL HIGH WATER TABLE 
l eeoeeeeeeee 

MIHAMUM DEPTH TO BEDROCK 
III-III- 

* PRlME FARMLAND 
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The Naval Surface Warfare Center (NS ~a6gren, VA re~~nt6y completed an 
Electromagnetic Environment Assessment for S W666~w Grove in June 1987. This 
survey provides safe separation distances for rice. Separation distances for person- 
nel and fuel are obtained from the Theoretic ~o~agneti~ Radiation Survey by the 
Naval Electronics Systems Engineering Center ~~AVEL~XCE~~ dated April 1 

References: 

(a) NAVSEA OP 3565INAVAIR 16-l -529/NAVELEX 0967-LP-624-6010, 
ELECTROMAGNETlC RADIATION HAZARDS ~~AZA~~S TO ~R5~ANCE~, 
Vol. II, Change 5, 1 May 1987. 

l 

Appendix D Page IX-D-1 



T 
F 

m 



l 

l 

0 

TR T 
NAS WIL R 

TRANStWI-l-ER ANTENNA HERO HER 
TYPE GAEN UNSAFE SUSCEPTIBLE HERF HERP 

ANGRT-21 

AN/GRT-21 1 

MQCQM 35’ 

MQCQM 70 

HT-220 

MT-500 

CQN~E~TA~~~‘,~ 

FLEXAR BASE’ 

AN/WC-82 

AN/FRC-166 

KPFI’ 

AN/URC-1 013 

AN/GRT-22 

AN/FRN-39’ 

AN/G%-1 71 

RML 107’73 

AN/GPN-27 

AN/TPX42 

AN/URN-25 

AN/FPN-63 

AN/U RN-5 

2 dRi 

2 dF3i 

2 dBi 

2 d&i 

1 dBi 

1 dBi 

2 dBi 

2 dBi 

2 dBi 

2 dE3i 

2 dBi 

1 d0i 
1 d0i 

2 dBi 

2 df3i 

2 dE3i 

40 dBi 

33.5 dBi 

19.5 dBi 

6 dBi 

39.7 dBi 

2 dBi 

93 ftI28 m 

70 ft/22 m 

43 fv-43 m 

80 fu24 m 

21 ft/6 m 

21 W6m 

49ftu5m 

56fV17m 

69 ft/2¶ m 

117 ft/36 m 

lOft/3m 

21 W6m 
26 ft/8 m 

21 ftI6 m2 

21 ft/6m 

30 W9 m2 

57 fVl7 m 

50 ft lft 

10 fti3 m 

10W3m 50 fi lft 

2OW6m 50 R lft 

lOft/3m 50 ft lft 

IQ fV3 m 

18 ft/3 m 

12W4m 

13ft/4m 50 ft lft 

25 fti8 m 

10 ft/3 m 

IO fU3 m 
10 St/3 m 

10 ft/3 m2 

10 ft/3 m 

IO ft/3 m* 

4Oft/l2m 

2710 WI345 m 955 fW290 m 

27 it/8 m* 13ft/4m2 

48ft/l4m 23 ft#7 m 

155 ft/47 m 1 IO fti33 m 

112ftJ32m2 11 ftI3 rn’ 

232 fl 65 it 

‘Equipment not listed in Table 3-l of reference (a). 
These distances vary from those published in Table 3-1 of reference (a). 
This list takes precedence as it reflects the equipment configuration at NAS Willow Grove. 

3Proposed equipment. 
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TRANSMlTTER ANTENNA HERO HERO 
TYPE GAIN UNSAFE SUSCEPTlBLE HERF HERP 

AN/MRC-138 

AN/PRC-164 

AN/ARC-94 

AN/ARC-94 

AN/ARC-94 

AN/WC-46 

AN/VRC-78 

AN/ARC-l 01 

AN/GRC-171 

AN/GRT-22 

ANJGRC-205 

AN/IXN-44 

AN/UPS-l 

ANITPN-8 

2 dBi 

2 dBi 

2 dBi 

2 dBi 

1 d0i 

1 dBi 

2 dBi 

2 dBi 

2 dBi 

2 dBi 

2 d&i 

2 dBi 

1 dBi 

2 dBi 

2292 fti699 m 

513 fVl56 m 

1145ftI349m 

21 fti6 m 

2292 ft/699 m 

324 ft/99 m 

324 fv99 m 

70 ft121 m 

30 fv9 m” 

48 fti’14 m 

83fti25m 

30 ft/9 m 

1325 W404 m 

202 ft/6% m 

229 ft/7Q m 

51 ftl16 m 

114fv35m 

iOft!3m 

229 fv7Q m 

39fW2m 

39fU2m 

20W6m 

10ft!3m1 

13fV4m 

17ftf5m 

14ftEm 

728 fU222 m 

143ftMm 

‘These distances vary from those published in Table 3-l of reference (a). 
This list takes precedence as it reflects the equipment configuration at NAS ~ii~~w Grove. 
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TRANSMlTTER ANTENNA HERO HERO 
TYPE GAIN UNSAFE SUSCEPTlBLE HERF HERP 

AN/ARC-94 2 d0i 

AN/ARC-51 2 dBi 

AN/ARC-l 14 2 dBi 

AN/ARC-l 59 2 dBi 

AN/ARC-190’ 2 dBi 

618M-2D 2 df3i 

FLEXAF? BASE 2 dBi 

AN/AKT-22(V)6 2 dBi 

LN-66 32 dBi 

AN/APN-182A(V)” 28 dBi 

AN/APN-171 I 13 dBi 

AN/APN-52” 2 dBi 

AN/APN-154 6 dBi 

AN/APN-118 27 dBi 

AN/‘APN-153 21 dBi 

AN/APS-80 35 dBi 

AN/APN-194 12.6 dBi 

ANJAPX-72 2 dBi 

2300 W701 m 

30fMm 

362fMlOm 

24 ft/7 m 

2300 ftl701 m 

70 ft/21 m 

56ftJl7m 

10 ftJ3 m 

18ftJEim 

10 ft/3 m 

lOW3m 

87 ftf26 m 

10 ft/3 m 

10 ft/3 m 

10ft/3m2 

140 ft/43 m 

10 ft/3 m 

10 ft/3 m 

230 ftl70 m 

10 ft/3 m 

19W6m 

lOft/3m 

230 fti70 m 

14W4m 

12ft/4m 

lOft/3m 

12ft/4m 

10Mm 

10 R/3 m 

41 ft/l2m 

lOftI3m 

10 ft/3 m 

10 ft/3 m2 

90 ftf27 m 

lOftI3m 

10 ft/3 m 

‘Equipment not listed in Table 3-l of reference (a). 
*These distances vary from those published in Table 3-l of reference (a). 
This list takes precedence as it reflects the equipment configuration at NAS Willow Grove. 
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2-12 MHZ 

2-30 MHz 

30-76 MHz 

225400 MHZ 

30-88 MHz 

400 w 

400 

50 

5w 

30 w 

40 

3w 

ICE 

20 w 

-lclw 

low 
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TRA~S~l~~R/A~T~N~A SYSTEMS 
PA AIR NATIONAL GUARD AND AIR FORCE RESERVE 

TRANSMlTTER ANTENNA HERO 
TYPE GAIN UNSAFE 

HERO 
SUSCEPTIBLE HERF HERP 

AN/ARC-94 

MK-108’ 

ANIPRC-47 

TSC-60 

AN/VRC-46 

ANJPRC-77 

ED-7 

WILLCOX 807’ 

AN/PRC-66’ 

AN/ARC-l 64 

AN/ARC-51 

AN/ARC-l 642 

AN/ARC-l 86* 

ANIARN-1 1812 

618T-2’ 

AN/ARC-l 86 

AN/ARC-l 64 

ANJAPN-t 50’ 

ANIAPN-147’ 

AN/ARN-118’ 

AN/APN-133A 

2 dBi 

2 dBi 

2 dBi 

2 dBi 

2 dBi 

2 dBi 

2 dBi 

2 dBi 

2 dBi 

2 dBi 

2 dBi 

2 dBi 

2 dBi 

25 dBi 

2 dBi 

2 dBi 

2 dBi 
2 dBi 

8.5 dBi 

25 dBi 

27 dBi 

2 dBi 

2300 ft/701 m 

2300 ft/701 m 

1200 ft/369 m 

3583 ftIlO93 m 

324 ft/99 m 

257 ft/78 m 

70 ft/21 m 

82 ft/25 m 

lOW3m 

67 fV20 m 

30ft/9m 

120ft/?m 

402 ft1’122 m 

lOft/3m 

2300 ft/7Ol m 

402 fv122 m 

120 ftI7 m 
83 W25 m 

lOW3m 

10 ft/3 m 

10 ft/3 m 

10 ft/3 m 

‘Equipment not listed in Table 3-l of reference (a). 
*Proposed equipment. 

Appendix D 

230 &JO m 

230 ftI70 m 

120ftI37m 

358 ft/lO9 m 

39ftJ12m 

‘13fU4m 

14ft/4m 

16ft/5m 

10 ft/3 m 

18 ft/5 m 

lOfV3m 

10 ft/3 m 

21 ft/6 m 

lOftI3m 

230 ft/70 m 

21 ft/6 m 

10 fN3 m 
17ft/5m 

10 ft/3 m 

10 ft/3 m 

lOft/3m 

10 ft/3 m 
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TRANSMITTER/ANTENNA SYSTEMS 
PA AIR NATIONAL GUARD AND AIR FORCE RESERVE (cont’d.) 

TRANSMITTER ANTENNA HERO 
TYPE GAtN UNSAFE 

HERO 
SUSCEPTIBLE HERF HERP 

AN/APN-169 

AN/APX-72 

Appendix D 

lQfV3m 

lOft/3m 

lOfti3m 

10 R/3 m 
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AIRFELD OPE IONAL WAIV 

Waivers are granted for specific existing facilities and conditions that cannot be easily 
eliminated by the Activity. 

The following Airfield Safety Waivers are currently on file with the Naval Air Systems 
Command for Naval Air Station, Willow Grove, PA. See Plate IX-E-l on page IX-E-5 for 
waiver locations 

WAIVER e DESCRIPTION 

WG-1 

WG-2 

Cancelfed. 

To permit installation by Philadelphia Electric Company of a street light at 
the northeast corner of Easton Road and Maple Avenue located in the 
approach zone to Runway 33. 

WG-3 

WG-4 

Cancelled. 

To permit the remaining obstruction located in the approaches to Runway 
15-33 until such time as a complete engineering evaluation is made. 

WG-5 To permit the widening of Maple Avenue East as set forth in Easement 
No. (R)-98202 and as shown on NAS Willow Grove Drawing 44-62. 

WG-6 

WG-7 

Cancelled. 

To permit the following existing navigational aidsto remain: 

a) GCA (Ground Control Approach) trailer located 200 ft. northeast of 
Runway 15-33 and 3,300 ft. inboard at Runway 33 end, extending 25 ft. 
above the runway centerline elevation. 

b) TACAN (Tactical Air Navigation) trailer located 500 ft. southwest of 
Runway 15-33 and 2,100 ft. inboard at Runway 33 end, extending 18 ft. 
above the runway centerline elevation. 

a 
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0 
WAIVER # DESCRIPTION 

WG-10 c) Touchdown reflector, IO ft. high, 500 ft. inboard the threshold end of 
(cont’d) Runway 33 and 260 ft. east of Runway 15-33 centerline. 

d) Centerline reflector, 12 ft. high, 830 ft. outboard the threshold end of 
Runway 15 and on the centerline extended. 

e) Touchdown reflectors, 5 ft. high, 650 ft. inboard the threshold end of 
Runway 15, 200 ft. and 220 ft. west of the Runway 15-33 centerline. 

f) Touchdown reflector, IO ft. high, 650 ft. inboard the threshold end of 
Runway 15 and 200 ft. east of the Runway 15-33 centerline. 

WG-1 1 To permit a MATCU to be located 4,330 ft. (scaled) to 4,634 ft. (scaled) 
inboard the Runway 15 threshold end and 400 ft. to 600 ft. west of the 
Runway 15-33 centerline. 

The installation will consist of the following components: 

a) Two 18 ft. high radomes. 

b) ALCC, GCA, ASR, supply van, test equipment van, two 
maintenance vans - all 7 ft. 9 in. high. 

c) A 107 van - 7 ft. high. 

d) ATC ready room (provided this facility is not a continuously occupied 
building). 

e) Four generators and a power converter. 

WG-12 Cancelled. 

WG-13 To permit two G-9’s and one C-l 30 to park in front of Hangar No. 80 and 
to penetrate the 7:l transitional surface of Runway 15-33 by 11 ft. and 23 
ft., respectively. 

WG-14 To permit a 21 ft. by 25 ft. line shack to be located 3 ft. south of Hangar 
No. 80’s aircraft parking apron edge and 45 ft. (scaled) north of Building 
No. 180. This line shack violates aircraft parking apron criteria. 
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APPENDIX G 

AlRFIELD PAVE ENT EVALUATION 

AbLOWABLE GROSS AIRCRAFT LOAD (LBS.) 
FOR AIRCRAFT WITH: 

PAVED AREA TYPE OF 

Dual-Wheel Dual-Tandem 
Single-Wheel Gear Gear Gear - _- _““--.~. 

1 Runway 15-33 

2 Taxiway 15-33 

3 Runway 06-24 
(abandoned) 

4 Taxiway 10-28 

5 Taxiway 2 

6 South Parking Apron 
access taxiway 

7A Navy Parking Apron 
(10” portion) 

7B Navy Parking Apron 
(12” portion) 

8 Air Force Parking 
Apron 

9 Navy P-3 Aircraft 
Parking Apron 
(9)1 PCC) 

SURFACE il.iard 400 150 150 

asphalt/concrete 95,000 76,000 161,000 318,000 

asphalt/concrete 149,000 96,000 241,000 370,000 

asphalt 193,000 99,000 251,000 377,000 

asphalt 196,000 114,000 255,000 382,000 

asphalt 101,000 52,000 131,000 197,000 

asphalt 78,000 36,000 101,000 152,000 

concrete 101,000 81,000 

concrete 192,000 160,000 

concete 105,000 82,000 

concrete 79,000 64,000 

177,000 

335,000 

165,000 

149,000 

348,000 

525,000 

315,000 

293,000 

Note: These figures were taken from the NAWFAC P-l 8, Pavement Evaluation Data for Naval and Marine 
Corps Air Stations dated April 1978. 
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APPENDIX H 

Area of 
ConGern 

Period of Types of Waste 
Operation 

Site 1 
Privet Road Compound 1967-i 975 Wooden crates, empty drums, 

tires, metaf scrap, paint 
wastes, general refuse, coal 
ash, sewage sludge, PCS 
fluid asbestos, oil from 
separators, grease emulsions 
from same source 

The site was used to drain 
engine oil by refueling 
contractors. The debris was 
peroidically burned and 
buried. In 1972 on-site 
disposal was terminated. 
The location has been used 
since as a waste transfer 
and recycling station. 

Site 2 
Antenna Field Landfill 1948- 1960 General refuse, paint 

materials, tires, shingles, 
furniture, metal scrap, coal 
ash, sewage sludge, oil and 
grease emulsions from 
separators 

The antenna Field Landfill 
consists of trenches in 
which trash was burned 
prior to burial. 

Site 3 
9th Street Landfill 

Site 4 
North End Landfill 

1960-l 967 General refuse, paint 
materials, tires, shingles, 
furniture, metal scrap, coal 
ash, sewage sludge, oil and 
grease emulsions from 
separators, asbestos 

This landfill was run in a 
similiar fashion to Site 2, 
Antenna Field Landfill. A 
salvage yard was 
constructed over part of the 
site in 1967. Spills of PCf3 
fluid in this area associated 
with the servicing of 
transformers may have 
occurred. 

1967- 1969 General refuse, wooden 
crates, metal scrap, paint 
wastes, sewage sludge, 
asbestos, oil and grease 
from separators 

Believed to have received 
overflow from Site 1 t Privet 
Road Compound. Black 
tarry waste PCIL is currently 
escaping from the surface of 
this site. 
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Distric& 

HORSHAM TOWNSHIP 

R-i Residential 

R-2 Residential 

R-3 Residential 

PR-2 Planned Res 

50,OOO’SF 
35,000 SF 

40,000* SF 
25,000 SF 

25,000 SF 

PR-3 Planned Res. 20,000 SF 

R-4 Residential 

R-5 Residential 

12,000 SF 

10,000 SF 

R-6 Residential 

R-7 Residential 

ZONING CLASSIFICATIONS 

Densitv 

3 acres per 
Dwelling unit 

5,400 SF 
(2 acres) 

4,400 SF 
(5 acres) 

Permitted Uses Special Um 

Woodland, Conservation, 
Agriculture, Public Parks, 
Single Family Detached 
Dwelling 

Same as R-i 

Cemetery, Golf Course, 
Convelescent Home, 
Churches, Stables, 
Professional Home Office 

Same as R-l, Day 
Nursery 

Same as R-i Same as R-2 

Single Family Detached 
Dwelling 

Single Family Detached 
Dwelling 

Same as R-l 

Same as R-i, Two Family 
Dwellings, Duplexes 

Same as R-l 

Same as R-i 

Multiple Dwellings, Apartments, None 
Town Houses, Convelescent 
Hornes, Professional Offices 

Same as R-6, Garden 
Apartment 

Same as R-6 

* Without public sewer system and water supply 

Note: R-l and R-2 are classified as Low Density. 
R-3 through PR-3 are classified as Medium Density. 
R-4 through R-7 are classified as High Density. 
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O-2 OfficeJNon- 
Manufacturing 

Densitv 

4 acres 

UPPER MORELAND TOWNSHIP 

R-Residence 

R-i Residence 

R-2 Residence 

R-3 Residence 

HRM-0 High Rise 
Multiple and Office 

M-O Multiple Dwelling 
and Office 

M-l Multiple Dwelling 

M-2 Multiple Dwelling 

C-i Commercial 

C-2 Commercial 

3 acres Single Family Detached 
Dwelling, Schools & Churches, 
Agriculture, Nursery and 
Greenhouse, Keeping of 
Livestock 

1 acre 

20,000 SF 

Same as R 

Same as R-i except no 
livestock rnay be kept 

14,000 SF 

10 acres 
(1,500 SF/ 
DC.) 

Same as R-2 Municipal Use 

Multiple Dwellings, High Rise 
Apartment, Condominium, 
Municipal Use, Public Utility 
Building, Educational Offices, 
Professional Off ices 

3 acres 
(15,000 SF) 

Offices and Professional Offices, 
Banks, Multiple Dwellings, 
Town Houses, Single Family 
Dwelling - Detached, Schools 
and Churches 

4 acres 
(4,000 SF) 

Multiple Dwellings, Group 
Dwellings, Schools & Churches, 
Professional Office 

10 acres 
(5,000 SF) 

Variable 

Same as M-i 

Same as R-3, M-O, Retail 
Sales, Personal Services, 
Restaurants, Indoor Theater, 
Bowling, Billiards, Indoor 
Amusements, Newspaper 
Printing, Greenhouse, Nursery, 
Clubs. Pet Shops 

Variable Same as C-i, Animal Hospital 

fijncipat Permitted Uses 

Same as O-l Same as O-i 

Cemetery 

Same as R 

Same as R-i 

Same as R-2 

None 

Sanitorium or Rest Home 

None 

None specified 

Restaurant, Gasoline 
Service Stations, Outdoor 
Theater, Electric 
Substation, Motel, New & 
Used Car Sales, Body 
Shop 

Appendix I Page IX-I-3 



- 



. . 
strtc& nensitv 

WARRINGTON TOWNSHIP 

Princbal Permitted Uses 

RA-1 Residential 
Agricultural 

RA-2 Residential 
Agricuftural 

R-i Low Density 
Residential 

R-2 Medium Density 
Residential 

C-i Commercial 

C-2 Commercial 
- General 

40,000 SF 

1 acre 

40,000 SF 

30,000 SF* 
20,000 SF 

5 acres 
35” height 

20,000 SF 

Single Family Dwelling, 
Agriculture (5 acre min.), 
Greenhouse, Roadside Stand, 
Municipal Uses, Home 
Occupation, Cluster 
Development Option 
(30,060 SF) 

Same as RA-1 

Single Family Detached 
Dwelling, Municipal Uses, 
Cluster Development Option 
(22,500 SF) 

Single Family & Two-Family 
Dwellings, Municipal Uses, 
Cluster Development Option 
(13,500 SF) 

Retail Shopping Center 

Retail Shops, Professional 
Offices, Clubs, Lodges, Hotels, 
Motels, Amusement 
Recreation 

Keeping & Raising of 
Livestock, Greenhouse as 
a principal use, Private 
Schools, Churches, 
Hospitals, Sanitariums, 
Convalescent Homes, 
Camps, Lodges, Public 
Utilities, Cemeteries, Dog 
Kennels, Schools 

Same as RA-1 

Private Schools, 
Churches, Public Uses & 
Services, Schools, 
Planned Residential 
Development 

Private Schools, 
Churches, Public Schools, 
Multi-Family Dwellings, 
Apartment Complexes, 
Planned Residential 
Development 

Auto Service Stations, 
Single Family Housing, 
Apts. in conjunction with 
Businesses, Wholesale 
and Warehousing Truck 
Terminals, Schools, 
Churches, Auto Repair, 
Drive-in Theater 

PI-1 Pianned lndustriat 2 acres Industrial Park 

PI-2 Planned Industrial 20 acres Industrial Park, Mobile Home 
Park (with S&W only) 

- 

Q - Quarry Quarrying and/or Stone 
Excavation, Agricultural, Light 
Industrial 
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APPENDIX J 

CONSTRUCTION HISTORY FOR 
AIRFIELD OPERAT ONAL SURFACES 

kern No, Section from Surface to Subgrade 

1 North end of Runway 15-33 
Portion of Taxiway 15-33 

10” Reinforced Portland Cement Concrete 
12” - 14” Crushed Aggregate Base Course 

2 Portion of Runway 15-33 

Date 
Constructed 

Date Strengthened 
9r Sealed. 

1954 

3” Max. Asphaltic Concrete Overlay 1981 
1” AC Wearing Course 1971 
3/4” Min. Binder/Leveling Course 
3-i/4” - 4” Asphaltic Concrete 
13-l i2” - 18-l 12” Crushed Aggregate Base Course 

1954 

3 Portion of Runway 15-33 

3” max. Asphaltic Concrete Overlay 
1” AC Overlay (Wearing Course) 
3/4” Min. AC Binder/Leveling Course 
2” AC Overlay 
2-112’” - 3” Tar Concrete 
4” - 6” Crushed Stone Base Course 
5” - 6” Slag Subbase 

4 South end of Runway 15-33 

lo” Reinforced Portland Cement Concrete 
16” Crushed Aggregate Base Course 

5 South end of Taxiway 15-33 

12” Reinforced Portland Cement Course 
12” Crushed Aggregate Base Course 

Appendix J 
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J&m NQ, Section from Surface to !5Ubg@& 

11 Taxiway 2 

Removed 3” Asphaltic Concrete and replaced 
with I-I/2’” Asphaltic Concrete Wearing Course over 
1 -l/2” Binder and Fabric 
2” Asphaltic Concrete Overlay 
I-1/2” - 2” Asphaltic Concrete Overlay 
1 -I/2” - 2’” Asphaltic Concrete 
2-l/2” - 4” Crushed Stone Base Course 
8” Slag Subbase 

12 Taxiway 

Removed 3” Asphaltic Concrete and replaced 
with I -i/2’” Asphaltic Concrete Wearing Course over 
1 -I/2” Binder and Fabric 
2” Asphaltic Concrete Overlay 
Seal Coat 
3” Tar Concrete 
2-I/2” - 5” Crushed Stone Base Course 
5” - 8” Slag Subbase 

13 Taxiway 

Removed 3” Asphaltic Concrete and replaced 
with I -I/2” Asphaltic Concrete Wearing Course over 
1 -I/T’ Binder and Fabric 
Asphaltic Concrete 

14 Portion of Taxiway 15-33 

14” Portland Cement Concrete 
9” Crushed Aggregate Base Course 

15 Portion of Taxiway 15-33 

12” Nonreinforced Portland Cement Concrete 
8” - 13” Crushed Aggregate Base Course 

16 Portion of Taxiway 15-33 

10” Nonreinforced Portland Cement Concrete 
IO” - 13” Crushed Aggregate Base Course 

Date 
Constru&& 

Date Strengthened 
i2r S-W 

1985 

1963 
1958 

1945 

1985 

1963 
1955 

1942 

1985 

CDNA 

1957 

1959 

1954 
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APPROVED BASIC STOCK LEVEL OF AMMUNITION 
FOR NAS WILLOW GROVE 

MAGAZINE DATA REPORT (EXPLOSIVE CAPACITY) 

MAO. DESIGNATOR 
ER - TYPE - WAG 

col-EC ” 165 
OOl-BC - 166 
OOl-HC - 173 
001~SH - 54 
OOl-SH - 55 
002”YC - 25 
002-YC - 26 
003-K-r ” 87 
003-KT - 88 

MA&TYPE 

HIGH EXP 
HIGH EXP 
HIGH EXP 
INERT 
INERT 
SP AND P 
SP AND P 
RESERVED 
RESERVED 

DIMENSIONS 
C-W-H 

W-26- 10 
50- 25- 10 
10” 10-S 
49-14-a 
49-u-a 
18- 12-7 
12-4-7 
6-8-8 
6-8-8 

EXPLOSIVE CAPACITY IN 100 LBSIHAZARD CLASS 
1413 lkY&c!4wmmu 

PC PC 
PC PC 
PC PC 

0 0 
0 0 

PC PC 
PC PC 
PC PC 
PC PC 

PC PC 25xl 
PC PC 2500 
PC PC 75 

0 0 0 
0 

PC PC” 5d 
PC PC 2000 
PC PC 40 
PC PC 40 

2500 2500 
2500 2500 

75 75 
0 0 
0 0 

5000 5000 
2Goo 2Qoo 

40 40 
40 40 
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X. CAPITAL lMPROVEMENTS PLAN 

A. ACTIVITY OVERVIEW 

The Naval Air Station, Willow Grove, Pennsylvania is a Commander, Naval Reserve 
Force (COMNAVRESFOR) facility serving the Middle-Atlantic States and part of New York 
State. It provides facilities, services, materials, and training in direct support of assigned 
units to maintain a state of readiness for their antisubmarine warfare mission. The units 
include two long range antisubmarine warfare (ASW) squadrons, one helicopter ASW 
squadron, one fleet logistic support squadron, one Marine Air Group including an attack 
squadron, a heavy helicopter squadron, and numerous other Navy and Marine Reserve 
Units. 

The U.S. Army 79th Army Reserve Command, also located at NAS Willow Grove, is a 
tenant activity having a mix of helicopter and fixed-wing aircraft. 

The US. Air Force has a contiguous installation and jointly uses the NAS airfield 
facilities. Two flying units are assigned: the USAF 913th Tactical Air Group, a heavy airlift 
squadron, and the Pennsylvania Air National Guard, a light ground attack squadron. 

Aircraft loading of all military units totals approximately 100. 

Personnel loading of all military active duty and reserve personnel totals approximately 
9,830 with an additional 575 civilian employees. 

Total Government real estate holdings (including Air Force) is approximately 180 
buildings and 1,000 acres. Land holdings are changing due to acquisition of land in the 
clear zones and flight clearance easements. 

8. CIP INTRODUCTION 

The Capital Improvements Plan (CIP) provides documentation for the identification of 
specific projects necessary for the successful implementation of the Master Plan and for 
the detailed siting of specific projects, including any particular phasing requirements. The 
CIP provides a complete listing of all planned projects; programmed and unprogrammed 
Military Construction Naval Reserve Projects (MCNR) Master Plan (MP) Projects 3 Minor 
Construction Program Special Projects (R, C, RC, and E), Non-Appropriated Fund Projects 
(NAF), and Base Exterior Architecture Plan Projects in one source along with the graphics 
illustrating the location of each project. The Proposed Development Plans illustrates all 
P-Projects (Plate X-l and X-2), Master Plan Projects (Plate X-3), and Special Projects 
(Plate X-4) which occupy new land areas, change building use, or-change land use. Special 
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C. PROJECTS IN ADVANCED STAGES OF PLANNING OR DESIGN 

l 
Certain projects appear on Plates X-l and X-2, and may not be described in the text 

because they are already under construction, or are in advanced stages of planning or 
design. They are as follows: 

P-l 18; Aircraft Rinse Facility 

: This project will provide for the construction of a rinse facility 
for the two patrol squadrons to reduce the accelerated corrosion caused by salt 
deposits. 

Status: Project is 100% designed, but is now unprogrammed. 

P-l 67; Air Operations/Passenger Terminal 

Project Descriotion: This project will provide an air (security) passenger and 
operational terminal building with waiting and receiving areas, flight operations 
support, communications, weather and administration. 

Status: Project is in advanced stages of design. 

P-213; Ground Support Equipment Shop 

Proiect Descriotion: This project will construct a new Ground Support Equipment 
Shop located adjacent to AIMD and maintenance hangars. 

Status: This project is under design. 

RCl3-88; Aircraft Fuel Farm Repairs 

Project Description: This project proposes four major jobs to be funded in 
successive phases. The first phase will repairthe aging pumphouse, equipment and 
deteriorated underground pipes beneath it with an aboveground pipe network; truck 
fill stand with its underground electrical cable network, and electrical distribution 
system. The second phase would replace the underground fuel tanks with two 
aboveground tanks including PCL distribution pipelines, and demolish the fuel 
operations building. The third phase will demolish the underground tanksand repair 
the roads and fences. The fourth phase will construct a new PCL operations building 
and replace bitmuminous with concrete paving. 

m: Phase one is under construction. 
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I 171-35 I 220 380 

ITEM U/M COST 
NW 

PRIMARY FACILITY 182 
SUPPORTING FAClLlTlES 155 
SUBTOTAL 337 
CONTINGENCY (5%) 17 
TOTAL CONTRACT COST 354 
SUPERVISION, INSPECTION, & OVERHEAD (WY%) 21 
TOTAL REQUEST 375 
TOTAL REQUEST ROUNDED 380 
EQUIPMENT FROM OTHER APPROPRlATlONS (0) .- ~- 

d%ion to the existing one story structure Buildi 140 
Masonry unit walls with brick facing, open web ~of framing, concrete roof plank, insulated 4 ply built -up firlg. 
raised flooring, fire proteclion system and connection to existing utilities are to be provided. 

Reserve ASW Training Center provides aircrew Fraining for the fleet and is in the process of acquiring neti 
training equipment to modernize the ASW Training mission. The simulator is sch uled for delivery in the fat 
of 1989. Emphasis on realidic training requires compu ized simulator facilities to keep the nation’s 
technological edge. A s%e for this equipment must be avail e and ready for pre-delivery, preparation, ant 
installation. 

ACTIVITY UIC: NO01 !!Z$ ALTERNATE HOST: SUP UNIT: SPEC AREA: 
INVESTMENI PROGRAM: SIR: RESOURCE SPONSOR: 
MAJ/SUBCLAIMANT CODE: _B INVESTMENT CATEGORY: - M~B~LI~AT~~N INDICATOR: I___ 
ACTIVITY PRIORITY: CLAIMANT PREORITW: FLEP PRIORITY: 
READINESS RATING: 

. PROJ CT DFTAN. DATA, 
CATEEORY VALIDATION 

CODE DESCRlPTlON SCOPE U/M CC INDICATOR 

171-35 OPERATIONAL TRAINER FACILBTY 1,920 SF 4A 

Jt~4TION; 

ACTIVITY “-,, DATE: “~ 
MAJOR CLAIMANT ---~.-~ DATE: _1.__11_1__.- 
NAVFACENGCOMHQ -------. DATE: __lll,, - 

Capita\ Improvemen& Plan Page X-l 3 
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0 

0 

SUPPORTING FACILITIES 
SUBTOTAL 
CONTINGENCY (5%) 

TOTAL REQUEST 
TOTAL REQUEST ROUNDED 

E) shop fully equipped to efficiently maintain and repair 
ground support equipment in support of high performance aircraft assigned to the Naval Air Station. The GSE 
shop will be a steel-frame, CMU building with spread footing, concrete floors, masonry walls, sloping roof, fire 
protection system, and utilities. The GSE shed will not be 
Building #29, the present ~inad~~at~~ GSE shop will bs 

submitted separately. 

project will include a gravel base parking lot for POV parki 
n of this project. This 

BASE cost 
= $4,000 (included in primary facility cost). 

mainlonance of ground support ~~i~~~~t is ~a~ormed in this shop on all “yellow gear” items 
such as aircraft tow tractors, trucks, fork lifts, ~ompr~ssors~ el 
hydraulic power carts, and repair stands. The GSE shop su 

al ~w~r~~n~rat~rs, aircraft ground starters, 

to the Air Station, including transient aircraft. 
s the mai~F~naflc~ of all jet aircraft assigner 

ALTERNATE HOST:, SUP UNIT: SPEC AREA: 
INVESTMENT PROGRAM: SIR: RESOURGE SPONSOR: 
MAJ/SUBCLAIMANT CODE: _& INVESTMENT CATEGORY: ~ M~BIL~~AT~~N INDICATOR. 
ACTIVITY PRIORITY: I 

I------ 
CLAIMANT P~IORITY~ l=LEP PRIORITY: 

READINESS RATING: 

PROJECT DFTAIL DATA; 
CATEGORY VALIDATION 

CODE DESCRIPTION SCOPE U/M cc INDICATOR 

218-80 GROUND SUPPORT EQUIPMENT SHOP 10,000 SF 38 

ACTIVITY 
MAJOR CLAIMANT _ 
NAVFACENGGQMHQ -,, 

Capital Improvements Plan 

DATE: 
I DATE:- 

__I____ DATE: 
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GONTINGENCY (5%) 
TOTAL CONTRACT COST 

TOTAL REQUEST 

(Runway 15-33) of NAS Willow Grove. 
~as~rn~nt of 25.27 acres of land in the north Clear Zone 

tallation Com~atibiliFy Use Zone (AICUZ) Program has identifi both runway Clear Zones 
at NAS Willow Grove as (high potential) aircraft ~~~~~~~t~ zones. It is DoD policy to acquire these Clear Zones 
in fee simple or restrictive ~as~rn~~t to protect the prolix and the Station from high potential of an aircraft 
accident. 

ACTIVITY UIC: ALTERNATE HOST: SUP UNIT: SPEC AREA: 
INVESTMENT RESOURCE SPONSOR: I- 
M~~§UB~LAlMANT CODE: 1 INVESTMENT ~AT~G~~Y~ ll_lll_ MOBlL~~T~~N ~ND~~AT~R~ I- 
ACTIVITY PRIORITY: FLEP PRIORITY: 
READINESS RATING: 

CODE 
911-10 

DESCRIPTION 
LAND - PURCHASE 

SCOPE U/M cc 
25.27 AC 6B 

VALIDATION 
INDICATOR 

ACTlVlTY 
MAJOR CLAIMANT 
NAVFACENGCOMHQ 

Capital Improvements Plan 

DATE: -, 
DATE: -._ -.- 
DATE: .- 
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MASTER PLAN 

GRAPHtC SCALE IN FEET 

PLATE X-7 
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CONTINGENCY (5%) 
TOTAL CONTRACT COST 

TOTAL REQUEST 

QUlW&WI& . 

Recent security intrusiclns on the flight line t~r~~~~ this area, causing $400,000 damage might have been 
prevented had more clear area existed between the Navy flight line and the Tinius Olsen land. Addditi~nallly~ 
a privately funded museum being constructed just n~~b~~st and adjacent to this site, wilt require the re~~~ti~~ 
of one playing field and two married quarters. This land wilt enable all three objectives to be achieved. This 
acquisition also complements the future expansion of the aircraft parking apron (P-206). 

ACTIVITY UIC: NO01 56 ALTERNATE HOST: SUP UNIT: I SPEC AREA: 
INVESTMENT PROGRAM: SIR: RESQURCE SPONSOR: 
MAJSUBCLAIMANT CODE: _& INVESTMENT CATEGORY: -, M~B~LI~ATI~N IN~~~AT~~: I__ 
ACTIVITY PRIORITY: CLAIMANT PRIORITY: FLEP PRlORITY: 
READINESS RATING: 

PROJ CT DETAIL DATA, . 

CATEk?Y VALI~AT~QN 
CODE DESCRIPTION SCOPE U/M CC INDICATOR 
911-10 LAND - PUBCHASE 4.4 AC 6B 

ACTIVITY DATE: I_ 
MAJOR CLAIMANT DATE: 
NAVFA~ENGC~M~~ 

-“. -“--..““-“- 
DATE: --~~“- 
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PRIMARY FACILITY 
SUPPORTING FACILlTlES 
SUBTOTAL 
CONTINGENCY (5%) 

TOTAL REQUEST 
TOTAL REQUEST ROUNDED 

of this area. Assignment of two C-9 leased aircraft and assignment of HS-75 as a supported unit has generated 
the requirement for additional heat d~strib~ti~~ in these spaces and to provide additional airc~~d~i~~ing in other 
spaceson the 1 st deck, north lean-to, Hangar80. This new mission support has alsogenerat 
for construction to support C-9 and HS-75 ~~erat~~~a~ f~~~i~~s. Proposed on is to expand utility systems 
to provide minimum comfort and provide proper administrative space to s rt the required missions, 

.@QUlREMENT: HS-75 with seven aircraft has been assigned to NAS Wiltow Grove as a mission 
requirement. VR-52 has two C-9 leased aircraft assigned. The new ~~nst~~ti~n necessary to provide proper 
administrative and maintenance space in support of the operation of HS-75. Changes in the interior space 
configuration on the 1st deck, north lean-to, hangar 80 has uncovered defi~ie~~jes in the heating and air 
conditioning distribution systems. HS-75 spaces are deficient in heating, with only perimeter units available and 
leaving some spaces without heat. Extension of the he and air handling system will provide required heating 
for these spaces. Spaces proposed to sipped the leas aircraft and station aircraft are deficient in ventilation 
and air conditioning, especially for summer operations. Expanded utility systems to provide minimum comfort 
levels will be provided under this project. 

ALTERNATE HOST: SUP UNIT: SPEC AREA: 
INVESTMENT PROGRAM: SIR: RESOURCE SPONSOR: 
MAj~SUBCLAl~ANT CODE: _8- INVESTMENT CATEGORY: - MOBILIZATION INDICATOR: ~ 
ACTIVITY PRIORITY: CLAIMANT PRIORITY: ~ FLEP PRIORITY: ~ 
READINESS RATING: 

CATEGORY VALIDATION 
CODE DESCRIPTION SCOPE U/M cc INDICATOR 

21 l-07 MAINTENANCE HANGAR - 02 SPACE LS 2A 

REQUIREMENTS CERTtFICATtON: 
ACTIVH-Y __ 
MAJOR CLAIMANT I ~ 
NAVFACENGC~MH~ 

Capital improvements Plan 

DATE: 
_ll__l DATE: 

DATE: 
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Capital Improvements Plan Page X-31 



e x-32 



8 

PRIMARY FACILITY 
SUPPORTING FAClLlTlES 
SUBTOTAL 
CONTINGENCY (5%) 
TOTAL CONTRACT COST 

TOTAL REQUEST 
TOTAL REQUEST ROUNDED 
I 

I 

1 
I 
( 

1 
1 
i 
I 
t 

>aved to facilitate better pedestrian and v~h~~~lar traffii flak. lmpr~vem~~ts involve the ~~stallat~~n of new 
:urbs, drainage, lighting, and screen plantings to improve the appearance of the area. 

4 shortage of vehicular parking exi ewly ~~~str~~ted BEQ and d 
s a premium and is badly needed 

ity, Addjt~~~ally~ parking 
the ~~~~ke~d reso traj~i~~ at the two main 

iangars and AIMD. Construction o assenger Tarrn~~a~ has r the available 300 parking spaces to 
he busiest main hub of the Station, which has the ~r~~t~st workday and largest ~~~~~~trati~~ of ~~r$~~~s$. 

! 

I 
I 
1 
I 

I 
I 

I 
1 
I 
I 

ACTIVITY UIC: ALTERNATE HOST: SPEC AREA: ,“I_ 
: SIR: 
E: .a. INVESTMENT 

CLAIMANT PRIORITY: 
READINESS RATING: 

PROJFCT DETAIL DATA; 
CATEGORY VALI~AT~QN 

CODE DESCRIPTION SCOPE U/M cc INDICATOR 
852-l 0 PQV PARKING, BEQ AREA 10,500 SY 1B 

-4CTIVl-i-Y I, .“.. 
WAJOR CLAIMANT 

DATE: 
~I ..-” 

AAVFACENGCOMHQ 
DATE: 

~._.. DATE: 
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ON, SOUTH CLEAR ZONE, 

SUPPORTiNG FAG! LlTlES 
SUBTOTAL 
CONTINGENCY (5%) (15%) 
TOTAL CONTRACT COST 

TOTAL REQUEST ROUNDED 
EQUIPMENT FROM c); 

of 3.7 acres of prime real estate located within the South 
Clear Zone of NAS ~~ilow Grove. 

imple of 3.7 acres of land which lies at the a~proaG~ path of ~~~w~y 15-33 considered high 
risk should an aircraft accident occur. Acquisition is needed to limit development and ensure mission viability 
for this Air Station. The requirement to acquire the Clear Zone properties is stronger than ever because of 
increasing efforts by local developers to change ~o~~~g and facilitate ~~~~rn~at~~~e d~ve~o~rne~t withes the 
South Clear Zone properties. This action represents an ~~a~epta~~e risk to public safety and will severely 
impact on flight operations of the Air Station. 

SPEC AREA: ~ 
INVESTMENT PROGRAM: I 

AGTIVITY PRIORITY: 
READINESS RATING: 

CATEGORY VAL~DAT6~N 
CODE DESCRIPTION SCOPE U/M cc INDICATOR 

911-10 LAND - PURCHASE 3.71 AC 6B 

ACTIVITY DATE: 
MAJOR CLAIMANT -,-- 

.” 
..- DATE: 

NAVFACENGCOMHQ 
._~ 

~-“_-~ I- DATE: -- 

Capital ~rnpr~v~rn~~~~ Plan Page X-37 



SE 



00 

Capital Improvements Plan 

NM WILLOW GROVE 
MASTER PLAN 

PLATE X-l 1 

Page X-39 





Capital Improvements Plan Page X-41 



IT 
I 



44; BRANC 

-- 

-x---x- 

Capital Imprcwxnents Plan Page x-43 





Capital Improvements Plan Page x-45 



l_l_l___l_-l--.-- .____lll - . - . - . - -  - - - “ . - - “ .  

- . “ . - “ l . - . -  



Capital Improvements Plan Page X-47 



._ ^ 

- - “ . - -  ---l_____Lil_i-...- 

a 



Capital knprolvements Plan Page x-49 





P-l 42; cwl- 

Capital improvements Plan Page X-51 



- 

0 



TR 

Page X-53 



a 

* 

a 



P-l91 ; SUPPLY WARE USE & STOR GE SHED 

PLATE X-l 8 
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P-205; SOUTH LEA 

GRAPHIC SCALE IN FEET 
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PLATE X-20 
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P-223; LAND ACQUISITIO , S~l.,l’l-H CLEA E, phase 2 
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NAS WILLOW GROVE 
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PLATE X-25 
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TABLE X-3 (continued) 

cost 
Proiect No. Descrbtion j$OOOl 

Fiscal Year 90 

R30-84 Repair Station Roadways & Pavements (Phase II) 200.0 

R45-89 Enlisted Barracks Demolition, Building #12 125.0 

Fiscal Year 9 1 

R4-89 Drainage Trench Repairs 140.0 

R5-89 Enlisted Barracks Repairs, Building #9 (Asbestos) 925.0 

R8-90 Hangar 80 Repairs, Worth & South Lean-to’s 
(Phase II) 550.0 

RI l-89 Water Distribution Repairs (Phase Ill> 600.0 

Rl6-89 Structural Repairs to Hangar 175 350.0 

Rl8-89 R/W Repairs, Steel Plates under Cross Pendant 
at Arresting Gear i 65.0 

R20-89 Parking Apron Bituminous Repairs 75.5 

R41-89 Enlisted Barracks Repairs, Building #10 925.0 

Fiscal Year 92 

R2-88 Interior Repairs to Hangar 175 130.0 

R7-90 Roof Repairs, NAMT AGRUDET Applied Instruction, 
Building #6Ol 80.0 

R&-89 Bldg. Repairs, South End, Building #15A 150.0 
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TABLE X-3 (continued) 

cost 
Proiect No. Descrintion I$OOQ) 

Fiscal Year UP 

R5-88 Bituminous and Concrete Repairs, Various Locations 200.0 

R7-89 Exterior Repairs, Building #3 (Child Care) 500.0 

RI 5-89 Optical Systems Repairs 0.0 

RI 5-90 Interior Repairs, RESASWTRACEN Facility 100.0 

R22-87 Exterior & Interior Repairs to Recruiting Building #43 300.0 

R24-89 Electrical Repairs to PA System, Building #I 76 80.0 

R25-89 HVAC Repairs, Navy Exchange Building 100.0 

R26-89 HVAC Repairs, Building #I76 (Pitcaim Club) 100.0 

R30-89 Repairs to Building #I 3 500.0 

R21-90 HVAC Repairs, BEQ, Building #I72 100.0 

RC4-87 Repair Airfield Lighting System 0.0 

RC8-85 Exterior & Interior Repairs, Building #I 37’ (Dispensary) 0.0 

RC9-88 Alterations & Repairs to Old Pass Office, Building #77 153.9 

RC24-87 Industrial Ventilation Hazard Abatement, Buildings #80 
and #I 80 150.0 

RC26-86 Convert and Repair RAW 6-24 to Taxiway 300.0 

RC46-89 Repairs and Alterations to Naval Hospital Branch 
Clinic, Building #I 37 350.0 
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a TABLE X-4 

BEAP PROJECTS 

SITE PLANNING PROJECTS 
Estimated 

Prefect Description Priority 

la Typical Dumpster Treatment: Provide wooden screen 
enclosures around dumpster, construct pads, shrub tree 
planting. Various locations. I/ 6 

e 

2a Public Works: Demolition, asphalt paving, brick paving, 
large trees, small trees, shrubs, signage, flag pole, hedge 
plants. 170 

3a Entrance Oval: Demolition, concrete paving, asphalt 
paving, brick paving, small trees, shrubs, ground cokr, 
signage 220 

4a Training Buildings: Demolition, concrete and brick paving, 
small trees, shrubs, signage, and site furniture. 85 

5a Maintenance Area: Demolition, large and small trees, 
screening, shrubs, and fencing. 96 

6a Pedestrian Walkways in Campus Area: Bituminous walks 
interconnecting various facilities, trees, shrubs, and drainage. 
Various locations. 75 

SIGNAGE PROJECTS 

lb EntryJMuseum 17 

2b Directional/Parking street name signs; various locations 68 

3b Building identification signs; various locations 34 

4b Station identification signs; various locations 23 

a 
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-010 Ammunitions ~ag~2i~e - Construct a ~~~~~ SF pre- 
engineered facility on a concrete pad. Site work is 
required to clear an area and provide a temporary 
road s~~~~e to make the fatality useable. Lighting will 
be provided. A concrete block fire-wall will be 
constructed. 

120 

40726 Addit~o~~A~t~rations to ~aint~~~~~e Dock/ 
Orga~~i~at~~~~l ~ai~t~~a~~e~Air ~r~~~d ~~u~~rn~~t 
Shop - Construct an airhead rn~~~t~n~n~~ dock by 
enclosing the area between ~~~g~rs 330 and 340. 
Construct an aircraft or~a~i~a~iona~ rnaj~tan~fl~~ facility 
as an addition to the ~~~l~~ur~ and construct an addition 
to the AGE shop in the lean-to of Hangar 340. The 
existing AGE shop are ill be altered. Latrines, lo~kers~ 
and utilities will be upg ed to support the new 
addition. Functional areas will include tool/parts room, 
equipment storage areas, offices, classrooms, 
maintenance bays, battery rooms, wash rack, and 
covered storage. 

2,700 

41406 Weapons and Release Systems Shop - Construct a 1,105 
weapons and release systems shop with masonry walls, 
concrete foundation concrete floor slab to support 
loaded trailers, and steel deck and rubber membrane 
roof including necessary electrical, mechanical, and 
structural to provide a mplete facility. Functional 
areas include: mainte nce shops, offices, rn~~~tio~s 
equipment storage, tool/parts room, classroom, 
restrooms, locker rooms, and mobility e~~~prnent storage. 
One building will be dern~l~s~ed~ 

Capital Improvements Plan Page x-83 
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MASTER PLAN 

PLATE X-29 
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TABLE X-6 (continued) 

Cost 

Proiect Title and Description Project # 

10. Build additional wheeled combat vehicle shop spaces 
to Building #178 

o 

11. Reclaim present privately owned vehicle parking lot and 
reestablish aircraft useage of the area. 

12. Reclaim present wheeled combat vehicle storage area 
and reestablish A/C useage of the area. 

WR 9667 Helicopter Parking Apron - Replace six bituminous 50 
helicopter pads with concrete for additional parking and 
refueling of helicopters. The pads would be 20 ft x 20 ft 
and six inches thick. 

Capital Improvements Plan Page X-67 
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GENERATORS 

HAZARDOUS- WASTE TRACKING SYSTElt 

FILL IN ALL LINES THAT ARE PRECEDED WITH AN <*) 

1. RECORD NUMBER
 

2 •. 1. D. NUMBER L 03/
 
* 3. EPA NUMBER 

4. STATE NUMBER 

* S. UN/NA NUMBER 

* 6. DOT NUMBER 

* 7. NSN NUMBER 

* 8. NOMENCLATURE 

* 9. PROCESS CODE 

* 10. TECH PROCESS 

* 11. COMPOSITION 

12. UNIT QTY 

* 13. CONTAINER TYPE 

* 14. CONTAINER SIZE 

15. UNIT OF MEASURE z 
16. AMOUNT 

17. TOTAL WEIGHT 

18. LOCATION CODE 

* 19. BLDG LOCATION 

20. WASTE STATUS 

21.	 RECYCLING
 
METHOD
 

22.	 PREVIOUS CY
 
BACK LOG
 



36. DISPOSAL SITE 

*	 37. SIGNATURE {\ - r D/
WASTE GENERATOR':-UQc-x-sJ/cr~t.fK... 

38.	 SIGNATURE
 
WASTE HANDLER
 

()
 



Sundstrand Data Control, Inc. 
subsidiary 01 Sundsrrand CorporatIon 

oveRLAKe INDU8T~IAL PARK' ReDMOND, WA8HINC!lTON 980152' PHONE 208/8815-371' • TWX 910/449·:2880' TELEX 3:2-0313 

LEAK TEST OF SEALED SOURCES CONTAININC;
 
RADIO ACTIVE MATERIALS
 

PURCHASE ORDER NO.-i1 A- z. 11 7 j 

CUSTOMER 
LICENSE NO. G4JiE/iAL. 

MOD.E L NO. 169-600/- 012 p2. SE RIA L NO. ..t:;,,g~)~o~9L-"':- _ 

MFG. OF SEALED SOU RCES..:t6o'-&et? totltk-el~ LifE SOURCE PART NO. sf 9'0 ss, 
SERIAL NO. OF SEALED SOURCE :l~O S- ,s:..l.....lo9~LPr.:::..I.C'o<.::-ACTIVITY ..... MAXIMUM 

RA DI0 ISOTOPE --==S::..:v-~9<~o CH EMICA L FOR M -=S.::.!,._.--,:....!.II~'O:....:3""--- _ 

DATE OF LEAK TEST ,/1-d,7-qJ RES U LT <,0. Q .:f«.e
;> 

sOLVENT__-----'~~it...:....-------INSTRUMENTS /Q 
7, 

USED <;SI}1 SU,...Ue.y Y(l<:-&.r 

GM TUBE WI.NDOW /. i rrJ, 71elfk~ NEXT LEAK TEST DUE ON OR BEFORE 

_____I1/.o.rif~ DATE SH IPPED I_;;~/,---J--I-1_1_( _ 
/ 

(SIGNED) RADIATION SURVEY MONITOR'-fJ.J~~.:-/-+-~'~:

HEALTH SAFETY MONITOR+r+'b~'-L--f:;:rI 

QUALITY ASSURANCE TECHNICIAN.....:....~~..&L.<----=:=.;.; 

RAD 5d 

SDCF-i39 



1.	 TH IS FORM IS TO BE FILLED OUT IN DUPLICATE FOR EACH 1278' PROBE OR SIMI LAR 

DEVICE CONTAINING LICENSED MATERIAL. DISTRIBUTION SHALL BE AS FOLLOWS: 

A.'	 THE ORIGINAL TO BE INSERTED IN THE PRiMARY CONTAINER IN WHICH DEVICE IS 
PACKAGED FOR SHIPMENT TO CUSTOMER. 

B.	 'THE CARBON COpy TO BE FORWARDED TO RADIOLOGICAL SAFETY OFFICER FOR 

PERMANEI\JT RECORDS. 

2.	 LEAK TESTING OF SEALED SOURCE CAPSULES HAS BEEN ACCOMPLISHED IN COI\IFORM

ANCE WITH THE PROVISIONS OF THE STATE OF WASHINGTON RADIOACTIVE MATERIALS 

LICENSE NO. WN-1 020-1, 

3.	 LEAK TESTS MUST BE ACCOMPLISHED ON SEALED SOURCE CAPSULES WITHIN SIX (6) 

MONTHS PRIOR TO THE TRANSFER OF ANY DEVICE CONTAII\JING LICENSED, MATERIAL 

_ " ,TO A, C;:lJSTOMEH., 

4.	 LEAK TESTS ON SEALED SOURCE CAPSULES SHALL BE SUFFICIENTLY SEI\JSITIVE TO 

DETECT 0.005 MICROCURIEOF REMOVABLE BETA AND/OR GAMMA EMITTING RADIO
ACTIVE MATERIAL. 

. , .'" 

\", 

SDCF-739 (cont.) 



Sundstrand Data Control, Inc_ ~ 
_ .. Sooftdaer_ c..._ ••_ V 

OVI:JltLAKE INOUSTJltlAL PAJltK • JltEOMONO. WASHlN8TON HOS2· PHONE 208/••5-:171'. -nvX .'O'~.-2.eo·TELEX :12-031:1 

-GENERAL LICENSE

A copy of the following 'General License', under which the Ice Detector Unit is 
distributed, must be furnished to the device's recipient(s) upon each and every 
transfer of a device as dictated by Washington State (of the United States of 
America) Administrative Code 402-22-110(4) (d) (i) and 402-21-050(4). 

(4) Certain musuring. ,au,in, or controllln, devrces. 
(a) A general license is hereby issued to commercial 

and industrial firms and research. educ::uional and med
ical institutions. individuals in the conduCl of their busi
ness. and state or local government agencies to own. 
acquire. receive. possess. usc or tnnsfer. in accordance 
with the provisions of paragraphs (4)(b). (c). and (d) of 
this section. radioactive material,excluding special nu
clear material,contained in deVICes designed and manu
factured for the purpose of detecting. measuring. 
gauging or controlling thickness. density. level. interface 
location. radiation. leakage. or qualitative or quantitative 
chemical composition. or for producing light or an io
nized atmosphere. 

(b) Thc general license in pansnph (4)(a) of this 
section applies only to radioaaive material contained in 
devices which have been manufactured and labeled in 
accordance with the specifications contained in a specifie 
license issued by the department pursuant to WAC 402
22-1 1O( oS) or in accordance with the Nuclear Resula
tory Commission. an Agreement State or a LiCCftSina 
State. which authorizes distribution of devices to penons 
lencrally licensed by thc United States Nuclear Rcgula
tory Commission. an Alreemcnt State or Licensinl 
Statc". 

-Non: Rq."'-.1Ider I. F"" FODd. Dn.. ud e-.ctic 
Act IUIMrizlnl •• _ 01 radiclachft _ua1 cIcwica ia road 
produetioa f'IIlIlIin c:cnain ecldiliGDal Iabdial ...... -llidt 
it roand ia SecIioa 179.11 ol2t CFR Pan 179. 

(c) Any person who owns. acquires. receives. pos
scsscs. uses or transfers radioactive material in a device 
pursuant to thc acncnl license in paragraph (a) of this 
subsection: 

(i) Shall assure that ali labels affillcd to the device at 
the timc of receipt and bearinl a statement that removal 
of thc label is prohibited are maintained thereon and 
shall comply with all instructions and precautions pr0

vided by such labels: 
(ii) Shall assure that thc device is tested for lcabsc of 

radioactivc material and proper operation of the on-ofI' 
mechanism and indicalor. if any. al no Ionler thaD siz
month intervals or at such other intervals as arc speci
fied in thc label. howeva. 

(A) Devices containins only krypton need not be 
tested for leakase of radioactive material: and 

(B) Devices containing only tritium or not morc thaD 
100 microcuries of other beta and/or gamma emittinl 
material or 10 microcuries of alpha emiuins material 
and devices held in storase in the orisinal shipping con
tainer prior to initial installation need not be test~ for 
any purpose: 

(iii) Shall assure that thc tests required by item 
(4)(c)(ii) of this section and other testing. installation. 
servicing. and remov:l1 from installation involving thc 
radioactive materials. its shielding or containment. are 
performcd: 

(A) In accordance with the instructions provided by 
the l::lbels: or 

(B) By a person holding a specific license rrom the 
departmcnt or from the United States l'uclc::lr Regula
tory Commission or from any Agreement State to per
form such activilies: 

(iv) Sh:lll maintain records showing compliance with 
the requirements of items ("')(c)(ii) and (iii) of this sec
tion. The records shaH show the results of tests. Thc re
cords 31so sh311 show the dates of performance and the 
names or persons performing. testins. install3tion. ser
vicinS. and r.:mov:lI from installation concemins thc ra· 
dioaaive material. its shieldins or containmcnL Records 
of tests for le:akage of radioactive material required by 
item ("')(c)(ii) of this section shall be maintained for one 
year after the next required leak test is performed or the 
scaled source is transferred or disposed. Records of tests 
of the on/off mechanism and indicator required by item 
(4)(c)(ii) of this section shall be maintained for onc year 
aflcr the next required test of the on/orr mechanism and 
indicalor is perrormed or the scaled source is tnnsfcncd 
or disposed. Records or other testina. installation. ser
vicins. and removal frum instalbtion required by ilem 
("')(c)(iii) of this section shall be maintained for a period 
of two ycars from the date of thc recorded event or until 
the device is tnnsferred or disposed; 

(v) Upon the occurrence of a failurc of or damap: to. 
or any indication of a possible fail lire of or damalC 10. 
lbc shieldinl of the ndioactivc matcrial or theon/off 
mechanism or indicator. or upon Ihe dctection of O.ooS 



microcuries or more removable radioactive material.
 
shall immedialely suspend operalion of the device until it
 
has been repaired by the manufacturer or olher person
 
boldine a specific license from the deparlment. tbe
 
United Slales Nuclear Regulatory Commission. or rrom
 
aD Agreement Slate to repair such devices. or disposed
 
by mnsfer to a person authorized by a specific license 10
 
receive the radioactive malerial contained in the device
 
and. within thirty days. furnish to the department a re

port containing a brier descriplion of the event and the
 
remedial action taken;
 

(vi) Shall not abandon the device containing radioac

tive material;
 

(vii) ~cept as provict.:d in itcritr 'f4){c)(viii) of this'
 
section. shall transfer or dis~~mce containina
 
radioactive material only by tranStcriO' a perSon holdin.
 
a specific license of the department. the United States
 
Nuclear Regul~to"7 Commission. or an A,rccment
 
State. or a licensins State whose spccirac license au

thorizes the penon to receive the device and within,
 
thirty days after transfer of a device to a specific li

censee shall furnish to the department a report contain

jn, identification of the device by manufacturer's name
 
and model number and the name and address of the
 
person receiving the device. No report is required if the
 _. - - ---~:..._=---::-==-=--"----- -.,--'--=-'- -device is transferred to the' spccificlicenscc in or~~t -t([-----~ 
obtain a replacement device; . , .~ 

(viii) Shall transfer the device to another general li

censee only:
 

(A) Where the device remains in usc at a particular
 
location.. 'n such case. the transferor shall give the
 
transferee a copy of this subsection and any safety doc

uments identified in the label of the device and within
 
thirty days of the transfer. report to the department the
 
manufaclurer's name and model number of device
 
transferred. the name and address of the transferee. and
 
the name and/or position of an individual who may con

stitute a point of contact between the depanment and
 
the transferee; or
 

(B) Where the device is held in stora,e in the oricina'
 
shippin. container at its intended location of usc prior to .
 
inilial use by a general licensee:
 

(ix) Shall comply wilh the provisions of WAC 402

24-180 and 402-24-190 for reportin. radiation ina

denu. theft or loss of licensed material. but shall be ca

empl from the olher requirements of chapters 402-24
 
and 402-48 WAC.
 

(d) The general license 'in parasraph (4)(a) of this
 
section docs DOl authorize the manufacture. impon or
 
upon of deviCQ containins radioactive material.
 

(e) The leneral license provided in subsection (4) or
 
this section is subject to the provisions of WAC 402-12- .
 
080 throUlh 402-12-100. 402-12-130. 402-12-140.
 
402-12-170. 402-19-300. 402-19-350. 402-19-100.
 
and 402-19-500.
 ... .. ~ob__ 

. .. ~ 

•• J<•. '=-= 



rechargeable coIlSlllD.erprodnets. 

Hazardous Technical Information Services Mar - Apr 1997 

radioactive waste (LLRW). Like 

Place the container in a 
location that does DOl 
experience much tJaffic; lUld 

Mart the bag/boxldrum so 
thallhe contents are easily 
identified without having 10 
re-open the container 
unnec~; 

Forward an official request (0 

Ca:n:fulJ.y place the .signs in a 
container (e.g., plastic bag, 
cardbolll11bOx, ordrwn, etc.); 

• 

• 

• 

• 

electron tubes or self·lum.inescellt 
dial wrist watches,. these sip 
sbould not be stored 8ll hazardous 
waste. They are not hazardous 
waste, nor should they be labeled 
or stem! as such. Unlike 
hazardous or mixed wastes, the 90 
day accumulation time limits, and 
Material Safety Data Sheets 
(MSDS) do nol apply to 
fIldioactive wastes. Thaeby, in 
accordance with Occupational 
Safety and Health Administration 
(OSHA) hazard ccmmmrication 
standards, a MSDS is n01 needed 
for a radioactive hazard There are 
no specific handling and 
packaging requirements for 
disposal of these signs, and these 
sign. should DOt be font'U'ded to 
a DRMO fordi.lpow. Each 
service ccllecting these signs as 
LLRW. mould contact their 
respectil,e radiological affairs 
office for proper handling, 
pacb.ging, transportation, and 
disposal instructiODS. Otherwise, 
as a minimum, activities 
collecting expired signs should 
take the following steps: 

Editor, H11S Bulletin 
Satalie R. Carrington 

Chid, _us TecJudcal 
lIIformation Services Branch 

Robert L. Cook 

Director, Product Development 
CIwles R Carrell 

Commander, Dc:fCD6C SupplJ 
Center Richmond 

M E. FlnIey, Captain, SC, USN 

If vou are presently on our 
mailing 1.i.5l and wish to make a 

change, please include YO\D" 
complete current mailing address 

along with your change of 
address. 

HTIS Bulletin Te<:bnical Advisor 
Fred I Tr.unontin, PhD 

Chief, Standardization & . 
Haz.ardous Malerials Informanon 

Dni.sion 
Allen J. Osborne 

The HTIS Bulletin is produeed 
bimoruhly. Conespondence 

should be addres&ed to Defense 
Supply Center Richmond, 

DSCR-VBC, 8000 Jeff"""" 
DIVis Highway, Ricllmood, VA 
23297-l609. Or call DSN 695
5168 Commercial (804) 279
5168: or ToU Free (800) 848
lITIS. Our Fax is (804) 279

4194. Our 
E-Mail Address is 

htiS@dscr.dla.mil. Or try our page 
on the WEB : 

ht1p:/Iwww.dser.dIa.milJhlisl 
htis. htm 

Muhammad HaniC, HnS 

Self
Luminescent 
Sign Disposal 

ClearJy this Act is a case where a 
Federal environmental regulation 
is both sensible and protective of 
the environment. With the 
Rechargeable Battery 
Management Act, everybody 
wins. A much needed battery 
recycling market can emerge 
whereas generators of wed 
redlargeable hazardous waste 
batteries will have a relath/ely 
simple rule with which to comply 
as opposed to full Subtitle C 
Hazardoos Waste regulations. For 
the full text of the law, refer to 
Public Law 104-102, May 13, 
1996. For additional infonnation 
concerning the Unh-ersa! Waste 
Rule requirements, refer to the , 
July-August 1995 issue of the 
HTIS Bulletin. 

Al;;cording to the Naval Sea 
Systems Command D~cbment, 

Radiological Affairs Suppon 
Office (RASO), $elf~luminesccm 

exit signs containing vials filled 
with Hydrogen-J (tritium), create 
a potential inhalation.b.azard if the 
vials should break. l1le self~ 

luminescent signs are procured . 
under Fedeml S~ly CWs (Fsq 
9905, and are considered low 
leveJ radioactive materials 
(LLRM). There are two NSNs 
(9905-00-118-5841, and 9905.()1

radiological affair office for 280-0226) mal are on the LLRM No special permission is required
 
disposal assistance.
 list database maintained by to quote or reproduce articles
 

RASO, and other radiological' written by the HTIS Staff'.
 • The request should ideatify
 
affairs offices of the services. However, proper credil would be the material (i.e., self-

When self-luminescent exit signs appreciated.. luminesec:nt exit signs), and
 
are oonsidered no longer useful include any other idc:mifying
 
[or service, they become low level details printed or e.mfKJssed 

I Page 2 .•CALL DSN 69S.' 168 OR 80G-848-4S47 FUR ASSISTANCE wrm YOUR llAZJ\lWOUS MATERlAL Al\'D WASTE QUESTIONS! I 



Hazardous Technical InfOnDatioD Services Mar - Apr 1997 

on the signs (i.e., Phone: DSN 24Q..3486 or Com owners and operators increased 
manufactm'Cr name, part 210-536-3486 flexibility ill meeting the 
numb", style/model numb", POC: Captain Julie Coleman requirements of the rules while 
level of ntdioactivity in terms USAF, DSN 240-1903; Mr. Ken still providing 5lJfIic:iCD1 controls. 
of microeuries, ete.), aod Vaughn, DSN 2~1'lO4 to be protective ofhuman health 
spedty the quantity of signs and the cnviromnenL EPA'$ 

requiring disposaL action also suspended theOrganic Air applicability and implementatlon 
For POe adclress. and cum:Pl	 of subpart CC of Parts 264 and 

details on disposal and assistance Emission	 265 from October 6, 1996. to 
for sPecific CONUS and	 December 6, 1996. 
OCONUS locales, contact by Standards 
phone the appropriate office: DOD facilities that treat, store orAmendment dispose ofbazardoWl waste and 
NlvylMariDe COrpl: are subject 10 RCRA Subtitle C 
Commerci.al (757) 887-4692, DSN permitting requirements, areby Abdul H. Khalid, IffiS 
953-4692, AnN: Ms. Lamie	 potentially affected by this rule, 

which btume effective Od.Mill"	 On November 25, 1996, the U.S. 
December 6, 1996.EPA issued teclmical amendments 

Air Fora: Commercial (210) to the final rule on organic air 
536--3486, DSN 240·3486, AnN: Rde.rnce: Fedenl Register, emission staDdaIds for tanks,
Capt Col..... lulie, USAF, November 25, 1996, Volume 61, smface impoundments. and 
or Mr. Ken Vauglm	 Number 228, Page .59!}31~.59991.con:tainen. The initial rule was 

published on D_6, 1994 
AnIlyIDLA: Commercial (309) (.59 FR 62896) UDder the Resource 
782'{)33812966, DSN 793- Conservation and Recovery AC1 

Non-Bulk 
033812966, ATIN: Mr. Kelly (RCRA) to reduce organic; air 
erooka	 Packaging

emissioPS from 001aiD hazardous 
waste management activities to Compliance
levels that are protective of humanAir Force 
health and the c:uvironment. (The Date 
standards aro known colloquiallyLLRWOffice 
as the "subpart CC" standards due Extensionto their incltmon in subpart CC ofRelocates 
parts 264 and 26.5 of the llCRA 
subtil1e C regulations). These air by Mubanunad Hanif. HUS 

MuhQmmad Hanif. lITIS nandards apply to certain tanks, 
containers, and surface On September 26, 1996, the 

The Air Force LLRW offic;e impoundments (including tanks Research and Spccial Programs 
located at KeUy AFB, TIC, bas and containCl5 at generators' Administration (RSPA) of the 
been relocated to Brooks AFB, facilities) used to manage DepartmeD/. of TraospolU-tion 
San Antonio, TX The Air Force hazardoWl waste capable of (001) promulgated a final rule 
personnel generating LLRW releasing organic; waste unda Docket.HM·lS1H. Many 
should contact their bue cotUlitucol5 at levels which can of the provisions were adopted as 
Radiation Safety 0fIi= (RSO) harm human health and the proposed by the RSPA in a notice 
forprope:r guidance and disposal environmCIlt. of proposed rulanaklng (NPRM) 
lnittuctiops, In the event a RSO is which was published on June 26, 
not located al the AFB, contaC1 EPA's amendmc:ots lO the final 1996. under Dockd HM-181H 
the Air Force RadioacmeMixod orgmic air emission standards (6IFRl3216). This addre<sed 
Waste (AFRMW) office at: clarifies the regulalory text of the most of the remaining issues 

final sLmdards, clarifies certain iUSOciated with the 
ALlOEBZ (APRMW) language in the preamble to the implementation of Docket HM
2402 E Dril'e final rule, and provides additional 181 provisions nnd certain other 
Brooks AFB, TX 73235-51 14 'options for compliance thal give issues arising from a final rule 

Page 3.. ,cAll. D8N695·5168 OkSOO-148-4147 FOR;\SSISTAN'CE WJll:l YOVRHALARPOUS MA1EJUALAND w;\Sn QUESTIONS T 
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In 1926, when many people were afraid of airplanes and most 
considered flying a daredevil sport, aviation pioneer Harold Pit-
cairn bought a large section of farmland on the west side of 
Doylestown Pike, now Route 611. 

No sooner were the arrangements of sale signed and the checks 
handed over when Pitcairn began work that turned the farmland 
into a flying field. A hangar was soon built near the highway and 
the grass was mowed for a landing strip. From these beginnings 
sprang what is now the largest Naval Air Station Joint Reserve 
Base on the East Coast. From 1926 to 1942, Pitcairn developed, 
tested, built and flew many different aircraft, most notable being 
the Mailwing and the Autogyro. 

In 1927, when Pitcairn won the Postal Service contract to carry the 
overnight mail between New York and Atlanta, he designed the 
Mailwing. Faster, safer and more efficient than any other aircraft on 
the market, the Mailwing was immediately bought as standard 
equipment by many other airlines. Pilots loved the aircraft because of 
its reliability and ease of handling. When crashes did occur, pilots 
were often able to walk away with minor injuries due to the Mail-
wing's rugged construction. 

In December of 1928, Pitcairn first brought the Autogyro to 
America. This aviation phenomenon, with its uncanny ability to 
make steep takeoffs without danger of stalling and to land nearly ver-
tically with no-roll landings, had been developed by the Spanish 
aeronautical engineer Juan de la Cierva. Recognizing the potential of 
this aircraft, Pitcairn bought the American rights to Cierva's patents 
and soon Autogyros, as well as Mailwings were being turned out of 
the Pitcairn aircraft factory. Although the Autogyro did not become 
the commercial success that many hoped it would, the Pitcairn 
patents were purchased by Sikorski and utilized in developing the 
helicopter. Pitcairn Aviation, from its early mail route start, went on 
to later become Eastern Airlines. 

In 1942, to help the nation rise to its defense, Pitcairn sold his 
flying field to the United States Navy. The naval aviation unit that 
first occupied what was to become NAS JRB Willow Grove origi-
nated in 1929 at the Rockaway, N.Y. training school with 16 offi-
cers, 53 enlisted men, four seaplanes and seven land based aircraft. 
They were soon transferred to Mustin Field at the Philadelphia 
Navy Yard as World War II approached; it became obvious that 
small Mustin Field was inadequate for mobilization purposes. So in 
early 1942, the Navy paid $480,000 for the Pitcairn field and 
hangars. Some 250 Naval personnel took possession of the field 
that year bringing along with them 30 N3N biplane trainers known 
as the "Yellow Peril." 

In January 1943, the field was officially commissioned the United 
States Naval Air Station Willow Grove. By October, a highly clas-
sified project under the direction of the Naval Research Laborato-
ry got underway to establish an effective deterrent to the German 
submarine threat. A new unit called, USNR Radio/Radar Unit, 
modified over 2,000 PV-1 antisubmarine aircraft here, for delivery to 
squadrons operating in both the Atlantic and Pacific theatres. The 
PV-1 is the ancestor of our present day P-3C aircraft that operates in 
the Patrol Squadrons here on station and around the country. At its 
wartime peak, NAS Willow Grove housed tens of thousands of ser-
vicemen and women. 

Following the end of the war, Willow Grove was designated a 
Reserve training station under the Chief of Naval Air Reserve Training. 
Activities increased during the Korean War and then in 1957, the Navy 

purchased additional land bordering the station to bring the area to 
its present total of 1,100 acres. The Vietnam War also brought a step 

up in operations and many Willow Grove Reservists volunteered to fly 
airlift and cargo missions in support of the U.S. effort. 

In 1994, the station's name was changed to Naval Air Station 
Joint Reserve Base, Willow Grove, to accurately depict the popu-
lation and efforts of the station. In 2003, more changes to the 
Department of the Navy's structure came about creating a new 
command on station known as the Naval Air Reserve, which is 
now responsible for the more than 5,000 drilling Naval Reservists 
that come to the Grove each month. 

Integration of resources and personnel is the theme throughout 
today's Navy. Today's Navy Selected Reservist is a member of the 
Navy's Reserve, supporting the Fleet wherever the need exists. On 
October 1, 2004, the Naval Air Reserve Command onboard NAS 
JRB Willow Grove became the home to the more than 2,500 
Navy Selected Reservists that drill here. Additionally, last year 
marked the station's 60th Anniversary. The station has grown in 
scope tremendously over the years and currently employs 1,289 
active duty and 726 civilians to provide services and facilities to over 
5,000 joint reserve personnel from 22 tenant and 32 reserve units 
associated with the station. As of 2005, the NAR was redesignated 
the Naval Operational Support Command to encompass the ever-
changing Navy Selected Reserve program. The station is truly a 
Joint Reserve Base. The Willow Grove "team" supports Navy, 
Marine Corps, Air Force Reserve, and Pennsylvania Air National 
Guard and Army Guard units. From A-10 and C-130 aircraft, H-53 
helicopters, soldiers on the ground to sailors on ships these units 
deployed to Afghanistan, Iraq and around the globe. Since the 
Operation Enduring Freedom began, approximately 4,000 mobi-
lizations have occurred. These are the people winning the global war 
on terrorism. Through outstanding support to Reservists, NAS JRB 
Willow Grove fulfills the mission of the Naval Reserve—"support to 
the Fleet-ready and fully integrated." 

While the units stay busy defending our freedom, NAS JRB Willow 
Grove is one of the bases on the BRAC 2005 list for realignment and 
closure. As of October 1, 2007, the 913th Airlift Wing Air Force 
Reserve will be disestablished due to the Department of the Air Force's 
decision realign their programs. The Navy and Marine Corps 
squadrons/units are scheduled to move to McGuire Air Force Base by 
2010. The 111th Fighter Wing of the PA Air National Guard will 
remain at their present site along with an Army Reserve enclave sched-
uled to be in place by 2010. The Main Gate to NAS JRB Willow 
Grove will be closed by 2011. 

22 	Naval Air Station Joint Reserve Base Willow Grove • 2009 Base Guide 
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EXECUTIVE SUMMARY

Tetra Tech NUS, Inc. (Tetra Tech) has prepared this Sampling and Analysis Plan (SAP) for the Phase I
Remedial Investigation (RI) at Site 12 – South Landfill (Site 12) at the Naval Air Station Joint Reserve
Base (NAS JRB) Willow Grove, Pennsylvania under Contract Task Order (CTO) No. WE05, Contract
N62470-08-D-1001, Comprehensive Long-Term Environmental Action-Navy (CLEAN). Figure 1 shows
the location of the NAS JRB Willow Grove facility and Site 12 - South Landfill.

A portion of Site 12 was previously investigated, as part of Site 2, during the Preliminary Assessment (PA),
Site Inspection (SI), and RI. These investigations focused mainly on the area identified as Site 2-Antenna
Field Landfill.

Subsequent to completion of the field work for the Phase II RI for Site 2, the United States Environmental
Protection Agency (EPA) Region 3 requested that the Navy investigate various features identified
adjacent to Site 2 in an Environmental Photographic Interpretation Center (EPIC) analysis of aerial
photographs. During their field reconnaissance of these features, the Navy discovered several drums
abandoned on the ground surface. In 2003, the Navy tasked Resources Management Concepts, Inc.
(RMC) to obtain surface and shallow subsurface soil samples at 19 EPIC feature locations and 10 drum
locations, and analyze the soil for volatile organic compounds (VOCs), semivolatile organic compounds
(SVOCs), pesticides, polychlorinated biphenyls (PCBs), and metals.

The results of the RMC investigation (2003) indicated that SVOCs, pesticides, and metals were present at
some locations. The area comprising the EPIC and drum locations was referred to as Site Screening
Area (SSA) 12.

In December 2007, Tetra Tech collected confirmation samples at the locations previously sampled during
the RMC investigation. SVOCs, pesticides, and metals were detected at concentrations above the EPA
Region 3 Risk Based Concentrations (RBCs) for residential soil. During the confirmation sampling
investigation construction debris, bottles, china, and aircraft parts were observed in the study area.
Hummocky, uneven ground was also observed, which was potentially indicative of buried waste
materials.

Based on the observations made during the confirmation sampling investigation, the Navy directed Tetra
Tech to perform an electromagnetic (EM) geophysical survey of SSA 12 to locate potential buried waste
materials and to delineate the lateral extent of these materials. The EM survey was conducted in April
2008 by Advanced Geological Services. Various anomalies were detected and mapped during the EM
survey, which confirmed the presence of buried materials at the site. SSA 12 was renamed Site 12 -
South Landfill.

The primary purpose of the Phase I RI described in this SAP is to determine the nature and extent of any
buried waste at the site and to further characterize the nature and extent of the soil contamination
discovered during previous investigations. In addition, surface water and sediment samples will be
collected to determine if contamination is present in the drainage features associated with the site. This
information will be used in the remedial decision process. The Phase I RI will include test pits and
subsurface soil samples, as well as surface water, sediment, and surface soil samples for ecological
screening. Fifteen (15) test pits will be excavated at locations based on the EM survey to correspond to
areas of suspected buried waste. Four samples will be collected from each test pit at different depth
horizons to characterize the nature and extent of the contamination. As many as five subsurface
dioxins/furans samples will be collected from areas that show evidence of charred waste, if encountered.
An additional ten surface and shallow subsurface soil samples will be collected from areas that did not
show the presence of EM anomalies. These samples will be collected to provide representative coverage
of the site. Eight surface water and sediment samples will be collected from the surface water drainage
pathway from the site.

Soil, sediment, and surface water samples will be analyzed for Target Compound List (TCL) VOCs, TCL
SVOCs (including Low-Level Polycyclic Aromatic Hydrocarbons [PAHs] by Selected Ion Monitoring
[SIM]), TCL Pesticides/PCBs, and Target Analyte List (TAL) Metals and Cyanide. Additionally, sediment
samples will be analyzed for Total Organic Carbon (TOC). The test pit samples will be chosen based on
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direct (visual or olfactory) evidence of contamination, or on the highest photoionization detector (PID)
screening responses. All surface soil samples, as well as the surface water and sediment samples, will
be analyzed by analytical methods with sufficient sensitivity to provide the detection limits required for
comparison of results to typical ecological risk screening values.

Previous investigations are the basis for development of this SAP. The SAP contained herein was
generated for, and complies with applicable Uniform Federal Policy for Quality Assurance Project Plans
(UFP-QAPP), and EPA Region 3 requirements, regulations, guidance, and technical standards, as
appropriate.

This SAP outlines the organization, project management, objectives, planned activities, measurement,
data acquisition, assessment, oversight, and data review procedures associated with the planned
investigations at Site 12.

Protocols for sample collection, handling, and storage, chain-of-custody, laboratory and field analyses,
data validation, and reporting are also addressed in this SAP. The investigation procedures utilized will
comply with Tetra Tech Standard Operating Procedures (SOPs), which are included in Appendix A. The
field work and sampling are scheduled to begin in August 2009. A complete schedule is detailed in SAP
Worksheet No. 16.

Field activities conducted under this SAP shall meet the requirements of the NAS JRB Willow Grove Site-
Specific Health and Safety Plan (Tetra Tech, 2008).
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Acronyms

°C Degrees Celsius

% Percent

%D Percent Difference or Percent Drift

%R Percent Recovery

ACT-POC Activity Point of Contact

bgs Below Ground Surface

BRAC Base Realignment and Closing

BTAG Biological Technical Assistance Group

CCB Continuing Calibration Blank

CCC Calibration Check Compound

CCV Continuing Calibration Verification

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act of 1980

CFR Code of Federal Regulations

CLEAN Comprehensive Long-Term Environmental Action Navy

COC Chain-of-Custody

Columbia Columbia Analytical Services, Inc.

CompuChem CompuChem Environmental Corporation

COPC Constituent of Potential Concern

COPEC Constituent of Potential Ecological Concern

CTO Contract Task Order

CVAA Cold Vapor Atomic Absorption

DoD Department of Defense

DPT Direct Push Technology

DQI Data Quality Indicator

DQO Data Quality Objective

DVM Data Validation Manager

ECD Electron Capture Detector

EM Electromagnetic

EPA Environmental Protection Agency

EPIC Environmental Photographic Interpretation Center

ERA Ecological Risk Assessment

ESSL Ecological Soil Screening Level

FOL Field Operations Leader

FTMR Field Task Modification Request

FS Feasibility Study

g Gram

GC Gas Chromatograph

GC/MS Gas Chromatograph/Mass Spectrometer
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Acronyms
(Continued)

GPS Global Positioning System

HASP Health and Safety Plan

HAZWOPER Hazardous Waste Operator and Emergency Response

HCl Hydrochloric Acid

HHRA Human Health Risk Assessment

HNO3 Nitric Acid

HRMS High Resolution Mass Spectrometry

HSM Health and Safety Manager

IAS Initial Assessment Study

ICAL Initial Calibration

ICP-AES Inductively Coupled Plasma-Atomic Emission Spectroscopy

ICP-MS Inductively Coupled Plasma-Mass Spectroscopy

ICS Interference Check Standard

ICV Initial Calibration Verification

IDW Investigation-Derived Waste

IS Internal Standard

L Liter

LCS Laboratory Control Sample

LCSD Laboratory Control Sample Duplicate

MCL Maximum Contaminant Level

MD Matrix Duplicate

MDL Method Detection Limit

mg/kg Milligrams per Kilogram

mL Milliliter

MPC Measurement Performance Criteria

MS Matrix Spike

MSD Matrix Spike Duplicate

NA Not Applicable

NaOH Sodium Hydroxide

NAS JRB Naval Air Station Joint Reserve Base

NAVFAC Naval Facilities Engineering Command

NDIRD Non-Dispersive Infrared Detector

NE Northeast

NELAP National Environmental Laboratory Accreditation Program

NFA No Further Action

NFESC Naval Facilities Engineering Service Center

NOAA National Oceanic and Atmospheric Administration
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(Continued)

NTU Nephelometric Turbidity Unit

ORNL Oak Ridge National Laboratory

OSHA Occupational Safety and Health Administration

OSWER Office of Solid Waste and Emergency Response

OU Operable Unit

oz Ounce

PA Preliminary Assessment

PADEP Pennsylvania Department of Environmental Protection

PAH Polycyclic Aromatic Hydrocarbon

PCB Polychlorinated Biphenyl

PDF Portable Document Format

PID Photoionization Detector

PM Project Manager

PMO Program Management Office

POC Point of Contact

PPE Personal Protective Equipment

PQLG Practical Quantitation Limit Goal

PQO Project Quality Objective

PSL Project Screening Level

PWC-DET Public Works Center Detachment

QA Quality Assurance

QAM Quality Assurance Manager

QAO Quality Assurance Officer

QC Quality Control

QL Quantitation Limit

QSM Quality Systems Manual

r Linear Regression Correlation Coefficient

RBC Risk Based Concentration

RF Response Factor

RI Remedial Investigation

RMC Resource Management Concepts, Inc.

RPD Relative Percent Difference

RPM Remedial Project Manager

RSD Relative Standard Deviation

RSL Regional Screening Level
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Acronyms
(Continued)

SAP Sampling and Analysis Plan

SDG Sample Delivery Group

SI Site Investigation

SIM Selected Ion Monitoring

SLERA Screening Level Ecological Risk Assessment

SMC System Monitoring Compound

SOP Standard Operating Procedure

SOW Statement of Work

SPCC System Performance Check Compound

SQL Structured Query Language

SQuiRT Screening Quick Reference Table

SSA Soil Screening Area

SSO Site Safety Officer

SVOC Semivolatile Organic Compound

TAL Target Analyte List

TBD To Be Determined

TCL Target Compound List

Tetra Tech Tetra Tech NUS, Inc.

TOC Total Organic Carbon

TPH Total Petroleum Hydrocarbon

UFP-QAPP Uniform Federal Policy for Quality Assurance Project Plan

µg/kg Micrograms per Kilogram

µg/L Micrograms per Liter

VOC Volatile Organic Compound
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SAP Worksheet No. 2 -- SAP Identifying Information
(UFP-QAPP Manual Section 2.2.4)

Site Name/Number: Site 12 - South Landfill
Operable Units: No designation yet assigned
Contractor Name: Tetra Tech NUS, Inc. (Tetra Tech)
Contract Number: N62470-08-D-1001
Contract Title: Comprehensive Long-Term Environmental Action Navy

(CLEAN)
Work Assignment Number: Contract Task Order (CTO) WE05

1. This Sampling and Analysis Plan (SAP) was prepared in accordance with the requirements of the
Uniform Federal Policy for Quality Assurance Plans (UFP-QAPP) (U.S. EPA 2005) and U. S.
Environmental Protection Agency (EPA) Guidance for Quality Assurance Project Plans, EPA QA/R-5,
EPA QA/G-5, QAMS (U.S. EPA 2002).

2. Identify regulatory program: Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA).

3. This SAP is a project-specific SAP.

4. List dates of scoping sessions that were held:

Scoping Session Date
Data Quality Objectives (DQO) Meeting February 12, 2009
Project Planning and Field Sampling Preparation February 12, 2009
Team Meeting February 12, 2009

5. List dates and titles of any SAP documents written for previous site work that are relevant to the
current investigation.

Title Date
None

6. List organizational partners (stakeholders) and connection with lead organization:

EPA (regulatory oversight), Pennsylvania Department of Environmental Protection (PADEP) (regulatory
oversight), Naval Facilities Engineering Command (NAVFAC) Base Realignment and Closure (BRAC)
Program Management Office (PMO) Northeast (NE) (property owner), Tetra Tech (Navy contractor)

7. Lead organization: NAVFAC Mid-Atlantic

8. If any required SAP elements or required information are not applicable to the project or are provided
elsewhere, then note the omitted SAP elements and provide an explanation for their exclusion below:

Worksheet No. 8 omitted. 40-Hour Hazardous Waste Site Operations (HAZWOPER) Training and 8-Hour
Refresher training documented in the Health and Safety Plan (HASP), provided under separate cover.
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UFP-QAPP
Worksheet No.

Required Information Crosswalk to Related
Information

A. Project Management
Documentation
1 Title and Approval Page Not Applicable
2 Table of Contents

SAP Identifying Information
Not Applicable

3 Distribution List Not Applicable
4 Project Personnel Sign-Off Sheet Not Applicable
Project Organization
5 Project Organizational Chart Not Applicable
6 Communication Pathways Not Applicable
7 Personnel Responsibilities and Qualifications Table Not Applicable
8 Special Personnel Training Requirements Table Not Applicable
Project Planning/Problem Definition
9 Project Planning Session Documentation (including

Data Needs tables)
Project Scoping Session Participants Sheet

Not Applicable

10 Problem Definition, Site History, and Background.
Site Maps (historical and present)

Not Applicable

11 Site-Specific Project Quality Objectives Not Applicable
12 Measurement Performance Criteria Table Not Applicable
13 Sources of Secondary Data and Information

Secondary Data Criteria and Limitations Table
Not Applicable

14 Summary of Project Tasks Not Applicable
15 Reference Limits and Evaluation Table Not Applicable
16 Project Schedule/Timeline Table Not Applicable
B. Measurement Data Acquisition

Sampling Tasks
17 Sampling Design and Rationale Not Applicable
18 Sampling Locations and Methods/ SOP

Requirements Table
Sample Location Map(s)

Not Applicable

19 Analytical Methods/SOP Requirements Table Not Applicable
20 Field Quality Control Sample Summary Table Not Applicable
21 Project Sampling SOP References Table

Sampling SOPs
Not Applicable

22 Field Equipment Calibration, Maintenance, Testing,
and Inspection Table

Not Applicable

Analytical Tasks
23 Analytical SOPs

Analytical SOP References Table
Not Applicable

24 Analytical Instrument Calibration Table Not Applicable
25 Analytical Instrument and Equipment Maintenance,

Testing, and Inspection Table
Not Applicable

Sample Collection
26 Sample Handling System, Documentation Collection,

Tracking, Archiving and Disposal
Sample Handling Flow Diagram

Not Applicable

27 Sample Custody Requirements, Procedures/SOPs
Sample Container Identification
Example Chain-of-Custody Form and Seal

Not Applicable

Quality Control Samples
28 QC Samples Table

Screening/Confirmatory Analysis Decision Tree
Not Applicable
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UFP-QAPP
Worksheet No.

Required Information Crosswalk to Related
Information

Data Management Tasks
29 Project Documents and Records Table Not Applicable
30 Analytical Services Table

Analytical and Data Management SOPs
Not Applicable

C. Assessment Oversight
31 Planned Project Assessments Table

Audit Checklists
Not Applicable

32 Assessment Findings and Corrective Action
Responses Table

Not Applicable

33 QA Management Reports Table Not Applicable
D. Data Review
34 Verification (Step I) Process Table Not Applicable
35 Validation (Steps IIa and IIb) Process Table Not Applicable
36 Validation (Steps IIa and IIb) Summary Table Not Applicable
37 Usability Assessment Not Applicable
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SAP Worksheet No. 3 -- Distribution List
(UFP-QAPP Manual Section 2.3.1)

Name of SAP
Recipients

Title/Role Organization
Telephone

Number
E-mail Address or Mailing

Address

Document
Control
Number

Jeff Dale
Remedial Project Manager
(RPM)

NAVFAC Mid-Atlantic 215-897-4914 jeffrey.m.dale@navy.mil
Not Applicable
(NA)

Bob Lewandowski
BRAC Environmental
Coordinator

BRAC PMO NE 215-897-4908 robert.f.lewandowski@navy.mil NA

Dave Barclift Technical Manager NAVFAC Mid-Atlantic 215-897-4913 david.barclift@navy.mil NA

Harold Dusen
Environmental Director Activity
Point of Contact (ACT-POC)

Naval Air Station Joint
Reserve Base (NAS JRB)
Willow Grove

215-443-6937 harold.dusen@navy.mil NA

Administrative Record
(Bonnie Capito)

Librarian and Records
Manager

NAVFAC 757-322-4785 bonnie.capito@navy.mil NA

Lt. Commander
Suzanne Montgomery

Coordinator Public Works Center
Detachment (PWC-DET) 215-443-6221 suzanne.montgomery@navy.mil NA

Bill Heil Facility Contact NAVFAC Mid-Atlantic 215-443-6938 bill.heil@navy.mil NA
Lisa Cunningham EPA RPM EPA Region 3 215-814-3363 cunningham.lisa@epa.gov NA
Charles Clark PADEP Project Manager (PM) PADEP 484-250-5731 cclark@state.pa.us NA
Russell Turner PM Tetra Tech 610-382-1534 russ.turner@tetratech.com NA

Tom Johnston
Quality Assurance Manager
(QAM)

Tetra Tech 412-921-8615 tom.johnston@tetratech.com NA

Joe Samchuck
Data Validation Manager
(DVM)

Tetra Tech 412-921-8510 joseph.samchuck@tetratech.com

Don Whalen
Field Operations Leader (FOL)
/Site Safety Officer (SSO)

Tetra Tech 610-382-1536 don.whalen@tetratech.com NA

Mark Traxler Project Chemist Tetra Tech 610-382-1171 mark.traxler@tetratech.com NA

Mark Ross Laboratory PM
CompuChem
Environmental Corporation
(CompuChem)

919-379-4006 markross@compuchemlabs.com NA

Karen Verschoor Laboratory PM
Columbia Analytical
Services, Inc. (Columbia)

281-994-2960 kverschoor@caslab.com NA

To Be Determined
(TBD)

Test Pit Excavating
Subcontractor

TBD TBD TBD NA

TBD Surveyor TBD TBD TBD NA
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SAP Worksheet No. 4 -- Project Personnel Sign-Off Sheet
(UFP-QAPP Manual Section 2.3.2)

Name
1

Organization/Title/Role
Telephone
Number Signature/E-Mail Receipt

SAP Section
Reviewed

Date SAP
Read

Russell Turner Tetra Tech PM 610-382-1534

Don Whalen Tetra Tech FOL/SSO 610-382-1536

Tom Johnston Tetra Tech QAM 412-921-8615

Joe Samchuck Tetra Tech DVM 412-921-8510

Mark Traxler Tetra Tech Project Chemist 610-382-1171

Mark Ross CompuChem Laboratory PM 919-379-4006

Karen Verschoor Columbia Laboratory PM 281-994-2960

TBD
Test Pit Excavating
Subcontractor PM

TBD

TBD Surveyor PM TBD

1 - Persons listed on this worksheet will be responsible for distributing the SAP to the appropriate people within their organization.
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SAP Worksheet No. 5 -- Project Organizational Chart
(UFP-QAPP Manual Section 2.4.1)

Lines of Authority Lines of Communication

Russ Turner
Tetra Tech

PM
610-382-1534

Laboratories

CompuChem
Mark Ross

919-379-4006

Columbia
Karen Verschoor

281-994-2960

Charles Clark
PADEP PM

484-250-5731

Jeff Dale
Navy RPM

215-897-4914

Bill Heil
NAS JRB Willow

Grove POC
215-443-6938

Ken Bowers
Government

Chemist
757-322-8341

Tom Johnston
Tetra Tech

QAM
412-921-8615

Lisa
Cunningham

EPA RPM
215-814-3363

Matt Soltis
Tetra Tech

HSM
412-921-8912

Mark Traxler
Tetra Tech
Chemist

610-382-1171

Don Whalen
Tetra Tech
FOL/SSO

610-382-1536

Joe Samchuck
Tetra Tech

DVM
412-921-8856

TBD
Tetra Tech

Field Technician

TBD
Tetra Tech

Data Validator

TBD
TBD

Test Pit
Excavating

Contractor PM

TBD
TBD

Surveyor PM
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SAP Worksheet No. 6 -- Communication Pathways
(UFP-QAPP Manual Section 2.4.2)

Communication Drivers Responsible Affiliation Name
Phone

Number
and/or e-mail

Procedure

Regulatory Agency Review
EPA RPM
PADEP PM

Lisa Cunningham
Charles Clark

215-814-3363
484-250-5731

Review Technical Documents.

SAP Amendments
Navy RPM Jeff Dale 215-897-4914

Informs Tetra Tech PM.
Document the changes via a Field Task
Modification Request (FTMR) form within five
days of initiating the form.
SAP Amendments submitted to NAVFAC for
review and approval.

Changes in Schedule Tetra Tech PM Russell Turner 610-382-1534
Informs Navy via schedule impact letter within
one business day.

Issues in the field that result in
changes in scope of field work

Tetra Tech FOL
Tetra Tech PM

Don Whalen
Russell Turner

610-382-1536
610-382-1534

FOL informs PM within one business day; PM
informs Navy RPM by close of the next working
day; and Navy RPM issues scope change if
warranted; Scope change to be implemented
before work is executed. Document the
changes on a FTMR form and obtain required
approvals within five days of initiating the form.

Recommendations to stop work and
initiate work upon corrective action

Tetra Tech FOL
Tetra Tech PM
Tetra Tech QAM
Tetra Tech Health and Safety
Manager (HSM)
Navy RPM

Don Whalen
Russell Turner
Tom Johnston
Matt Soltis

Jeff Dale

610-382-1536
610-382-1534
412-921-7273
412-921-8912

215-897-4914

Responsible Party informs subcontractors, the
Navy, and Project Team within one business
day.

Analytical data quality issues

CompuChem Laboratory PM
Columbia Laboratory PM

Tetra Tech Project Chemist

Mark Ross
Karen Verschoor

Mark Traxler

919-379-4006
281-994-2960

610-382-1171

Notify Tetra Tech Project Chemist within one
business day.

Notify Data Validation Staff and Tetra Tech PM,
within one business day.
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SAP Worksheet No. 7 -- Personnel Responsibilities and Qualifications Table
(UFP-QAPP Manual Section 2.4.3)

Name Title/Role
Organizational

Affiliation
Responsibilities

Education and/or
Experience Qualifications

Russell Turner PM Tetra Tech Oversees project, financial, schedule, and technical day to day
management of the project, including the following:

 Ensures timely resolution of project-related technical, quality,
and safety questions associated with Tetra Tech operations.

 Functions as the primary Tetra Tech interface with the Navy
RPM, NAS JRB Willow Grove, Tetra Tech field and office
personnel, and laboratory points of contact.

 Ensures that Tetra Tech health and safety issues related to
this project are communicated effectively to all personnel and
off-site laboratories.

 Monitors and evaluates all Tetra Tech subcontractor
performance.

 Coordinates and oversees work performed by Tetra Tech
field and office technical staff (including data validation, data
interpretation, and report preparation).

 Coordinates and oversees maintenance of all Tetra Tech
project records.

 Coordinates and oversees review of Tetra Tech project
deliverables.

 Prepares and issues final Tetra Tech deliverables to the
Navy.

B.A. Natural Sciences, 30 years
environmental experience

Don Whalen FOL, SSO,
QA/QC
Advisor

Tetra Tech Supervises, coordinates, and performs field sampling activities, including
the following:

 Ensures that health and safety requirements are
implemented.

 Functions as the on-site communications link between field
staff members, the SSO, NAS JRB Willow Grove, and the
Tetra Tech PM.

 Alerts off-site analytical laboratories of any special health and
safety hazards associated with environmental samples.

 Oversees the mobilization and demobilization of all field
equipment and subcontractors.

 Coordinates and manages the field technical staff.
 Adheres to the work schedules provided by the Tetra Tech

PM.

B.A. Geology, M.S. Marine
Studies, 19 years environmental
experience
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Name Title/Role
Organizational

Affiliation
Responsibilities

Education and/or
Experience Qualifications

 Ensures the proper maintenance of site logbooks, field
logbooks, and field recordkeeping.

 Initiates FTMRs when necessary.
 Identifies and resolves problems in the field, resolving

difficulties via consultation with the NAS JRB Willow Grove
Point of Contact (POC), implementing and documenting
corrective action procedures, and providing communication
between the field team and project management.

As SSO, will be responsible for training and monitoring site conditions
related to personnel safety. Details of the SSO’s responsibilities are
presented in the HASP and include the following:

 Controls specific health and safety-related field operations
such as personnel decontamination, monitoring of worker
heat or cold stress, and distribution of safety equipment.

 Conducts and documents a daily health and safety briefing
each day while on site.

 Assures that field personnel comply with all procedures
established in the HASP.

 Identifies an assistant SSO in his absence.
 Terminates work if an imminent safety hazard, emergency

situation, or other potentially dangerous situation is
encountered.

 Ensures the availability and the condition of health and safety
monitoring equipment.

 Coordinates with the PM to institute and document any
necessary HASP modifications.

 Ensures that facility personnel and subcontractors are
adequately advised and kept clear of potentially
contaminated materials.

As the Site QA/QC Advisor, will be responsible for ensuring adherence to
all quality assurance/quality control (QA/QC) requirements as defined in
this SAP. Strict adherence to these procedures is critical to the collection
of acceptable and representative data. The following is a summary of the
Site QA/QC Advisor's responsibilities:

 Ensuring that field QC samples are collected at the proper
frequencies.

 Ensuring that additional volumes of sample are supplied to
the analytical laboratory with the proper frequency to
accommodate laboratory QA/QC analyses.
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Name Title/Role
Organizational

Affiliation
Responsibilities

Education and/or
Experience Qualifications

 Ensuring that measuring and test equipment are calibrated,
used, and maintained in accordance with applicable
procedures and technical standards.

 Acting as liaison between site personnel, laboratory
personnel, and the QAM.

 Managing bottle ware shipments and overseeing field
preservation.

 Preparing a daily log of all work being performed.

Tom Johnston QAM Tetra Tech Reviews the SAP, oversees preparation of the laboratory scope,
coordinates with laboratory, and conducts data quality review. Ensures
quality aspects of the CLEAN program, including the following:

 Develops, maintains, and monitors QA/QC policies and
procedures.

 Provides training to Tetra Tech staff in QA/QC policies and
procedures.

 Conducts systems and performance audits to monitor
compliance with environmental regulations, contractual
requirements, SAP requirements, and corporate policies and
procedures.

 Audits project records.
 Monitors subcontractor quality controls and records.
 Assists in the development of corrective action plans and

ensuring correction of non-conformances reported in internal
or external audits.

 Ensures that this SAP meets Tetra Tech, Navy, and PADEP
requirements.

 Prepares QA reports for management.

PhD Analytical Chemistry, 30
years environmental experience
as technical and quality
specialist

Mark Traxler Project
Chemist

Tetra Tech Coordinates analyses with laboratory chemists, ensures the scope is
followed and that QA has been performed for QA data packages, and
communicates with Tetra Tech staff.

 Ensures that the project meets objectives from the standpoint
of laboratory performance.

 Provides technical advice to the Tetra Tech team on project
chemistry matters.

 Monitors and evaluates subcontractor laboratories
performance.

 Ensures timely resolution of laboratory-related technical,
quality, or other issues effecting project goals.

 Functions as the primary interface with the subcontracted

B.S. Biochemistry, 28 years
environmental experience
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Name Title/Role
Organizational

Affiliation
Responsibilities

Education and/or
Experience Qualifications

laboratories and the Tetra Tech PM.
 Coordinates and oversees work performed by the

subcontracted laboratories.
 Oversees the completion of Tetra Tech data validation.
 Coordinates and oversees review of laboratory deliverables.
 Recommends appropriate laboratory corrective actions.

Joseph
Samchuck

DVM Tetra Tech Quality assurance of data validation deliverables. B.S. Chemistry, MBA, M.S.
Finance, 23 years
environmental experience

Matt Soltis HSM Tetra Tech Oversees CLEAN Program Health and Safety Program

 Provides technical advice to the Tetra Tech PM on matters of
health and safety.

 Oversees the development and review of the HASP.
 Conducts health and safety audits.
 Prepares health and safety reports for management.

B.S. Industrial Safety Sciences,
24 years environmental
experience

Mark Ross Laboratory
PM

CompuChem  Ensures that the scope is followed.
 Coordinates analyses with laboratory chemists.
 Performs QA on data packages.
 Communicates with Tetra Tech staff.

Can be provided upon request

Karen
Verschoor

Laboratory
PM

Columbia  Ensures that the scope is followed.
 Coordinates analyses with laboratory chemists.
 Performs QA on data packages.
 Communicates with Tetra Tech staff.

Can be provided upon request

TBD Test Pit
Excavating

Subcontractor
PM

TBD Ensures that project specific requirements are communicated to field
personnel.

Can be provided upon request

TBD Surveyor PM TBD Ensures that project specific requirements are communicated to field
personnel.

Can be provided upon request

In some cases, one person may be designated responsibilities for more than one position. For example, the FOL may also be responsible for SSO duties. This action will be
performed only as credentials, experience, and availability permits.
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SAP Worksheet No. 8 -- Special Personnel Training Requirements Table
(UFP-QAPP Manual Section 2.4.4)

All field personnel will have appropriate training to conduct the field activities to which they are assigned.
Additionally, each site worker will be required to have completed a 40-hour course (and 8-hour refresher,
if applicable) in Health and Safety Training as described under Occupational Safety and Health
Administration (OSHA) 29 Code of Federal Regulations (CFR) 1910.120(b)(4). Safety requirements are
addressed in greater detail in the site-specific HASP.
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SAP Worksheet No. 9 -- Project Scoping Session Participants Sheet
(UFP-QAPP Manual Section 2.5.1)

Project Name: NAS JRB Willow Grove Site 12
Remedial investigation

Projected Date(s) of Sampling:
August 2009

Project Manager: Russell Turner

Site Name: Site 12 - South Landfill, NAS JRB Willow
Grove

Site Location: Willow Grove, Pennsylvania

Date of Session: January 5, 2009
Scoping Session Purpose: Preliminary Scoping Meeting
Name Title Affiliation Phone # E-mail Address Project Role

Russell Turner PM Tetra Tech 610-382-1534 russ.turner@tetratech.com Management

Don Whalen FOL Tetra Tech 610-382-1536 don.whalen@tetratech.com
Task
Management

Kevin Kilmartin Geologist Tetra Tech 610-382-1173 kevin.kilmartin@tetratech.com Lead Geologist
Megan Ritchie Project Chemist Tetra Tech 610-382-1527 megan.ritchie@tetratech.com Chemist

Comments/Decisions: Discussed physical findings from Site 2 RI, Confirmation Soil Investigation and.
Geophysical Survey. Discussed the steps for the Phase I Remedial Investigation for Site 12 – South
Landfill.

Action Items: Write implementation plan for Phase I Remedial Investigation

Consensus Decisions:

Project Name: NAS JRB Willow Grove Site 12
Projected Date(s) of Sampling:

August 2009

Project Manager: Russell Turner

Site Name: Site 12 - South Landfill, NAS JRB Willow
Grove

Site Location: Willow Grove, Pennsylvania

Date of Session: January 7, 2009
Scoping Session Purpose: Team Meeting. Discussed Site 12 Landfill Phase I Remedial Investigation planning
options.
Name Title Affiliation Phone # E-mail Address Project Role
Russell Turner PM Tetra Tech 610-382-1534 russ.turner@tetratech.com Management

Curtis Frye RPM
NAVFAC
Mid-Atlantic

215-897-4914 curtis.frye@navy.mil RPM

Lisa Cunningham RPM EPA 215-814-3363 lisa.cunningham@epa.gov RPM
Bernice Pasquini Hydrogeologist EPA 215-814 -3326 bernice.pasquini@epa.gov Hydrogeologist
Linda Watson Risk Assessor EPA 215-814-3116 linda.watson@epa.gov Risk Assessor

Bob
Lewandowski

BRAC
Environmental
Coordinator

Navy BRAC
PMO NE

215-897-4908 robert.f.lewandowski@navy.mil
BRAC
Environmental
Coordinator

Dave Barclift
Technical
Manager

NAVFAC
Mid-Atlantic

215-897-4913 david.barclift@navy.mil Tech Manager

Kevin Kilmartin
Senior
Geologist

Tetra Tech 610-491-9688 kevin.kilmartin@tetratech.com Geologist

Megan Ritchie Project Chemist Tetra Tech 610-382-1527 megan.ritchie@tetratech.com Chemist

Comments/Decisions: Site 12 available data were discussed.

Action Items: Prepare Statement of Work (SOW) and the UFP-SAP based on meetings. Propose
sampling locations.

Consensus Decisions: Tetra Tech assigned task to prepare preliminary draft UFP-SAP.
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Project Name: NAS JRB Willow Grove Site 12
Projected Date(s) of Sampling:

August 2009

Project Manager: Russell Turner

Site Name: Site 12 - South Landfill, NAS JRB Willow
Grove

Site Location: Willow Grove, Pennsylvania

Date of Session: February 12, 2009
Scoping Session Purpose: Develop project quality objectives using EPA DQO process
Name Title Affiliation Phone # E-mail Address Project Role
Russell Turner PM Tetra Tech 610-382-1534 russ.turner@tetratech.com Management

Curtis Frye RPM
NAVFAC
Mid-Atlantic

215-897-4914 curtis.frye@navy.mil RPM

Lisa Cunningham RPM EPA 215-814-3363 lisa.cunningham@epa.gov RPM
Bernice Pasquini Hydrogeologist EPA 215-814-3326 bernice.pasquini@epa.gov Hydrogeologist

Linda Watson
Human Health
Risk Assessor

EPA
215-814-3116 linda.watson@epa.gov Human Health

Risk
Assessment

Kathleen
Patnode

Ecological Risk
Assessor

EPA
Biological
Technical
Assistance
Group
(BTAG)

304-234-0238 kathleen_patnode@fws.gov
Ecological Risk
Assessment

Charles Clark PM PADEP 484-250-5731 cclark@state.pa.us PADEP PM
Jessica Kasmari Geologist PADEP 484-250-5724 jkasmari@state.pa.us Technical Staff
Chelsea
Scharding-Taras

Geologist PADEP
484-250-5792 cscharding-taras@state.pa.us

Technical Staff

Gloria Abarca Facility Contact
NAS JRB
Willow
Grove

215-773-2106 gloria.abarca@navy.mil
Facility POC

Bill Heil Facility Contact
NAS JRB
Willow
Grove

215-443-6938 bill.heil@navy.mil
Facility POC

Sherri Eng
Government
Chemist

NAVFAC
Mid-Atlantic

757-322-4366 sherri.eng@navy.mil QA/DQO
Support

Bob
Lewandowski

BRAC
Environmental
Coordinator

Navy BRAC
PMO NE

215-897-4908 robert.f.lewandowski@navy.mil
BRAC
Environmental
Coordinator

Dave Barclift
Technical
Manager

NAVFAC
Mid-Atlantic

215-897-4913 david.barclift@navy.mil
Risk
Assessment

Donald Whalen Geologist Tetra Tech 610-382-1536 don.whalen@tetratech.com Geologist
Megan Ritchie Chemist Tetra Tech 610-382-1527 megan.ritchie@tetratech.com Chemist

Comments/Decisions: See meeting minutes in Appendix D.

Action Items: Tetra Tech assigned task to prepare preliminary draft UFP-SAP.

Consensus Decisions: See meeting minutes in Appendix D. The meeting participants developed project
quality objectives (PQOs) using EPA’s seven-step DQO process. Tetra Tech assigned the task to
prepare a preliminary draft UFP-SAP.
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SAP Worksheet No. 10 -- Problem Definition
(UFP-QAPP Manual Section 2.5.2)

10.1 SITE LOCATION

NAS JRB Willow Grove (the Base) is located in Horsham Township, Montgomery County in southeastern
Pennsylvania, approximately 20 miles north of the city of Philadelphia (Figure 10-1). Site 12 – South
Landfill, is located southwest of Runway 10/28 in the southern portion of the Base, immediately northeast of
Site 2 – Antenna Field Landfill (Figure 10-2). A drainage ditch separates Site 12 from Site 2.

10.2 SITE HISTORY

Site 12 consists of what is believed to be the historical landfill that was previously investigated under the
designation “Site 2”. Site 2 investigations failed to find significant buried waste. Reportedly, Site 12 was
used as a disposal area for general refuse, paint waste, sewage sludge and solvents from 1948 to 1960.
Landfill activities reportedly consisted of trench excavation with subsequent burning and burial of waste
material within the trenches.

10.3 PHYSICAL SETTING

10.3.1 Surface Features

The Base is comprised of flat to slightly rolling terrain and is generally bounded by State Route 611 to the
east, State Route 463 to the southwest, and Keith Valley Road to the north. Site 12 occupies
approximately 11 acres of an undeveloped area between Site 2 and Runway 10/28 (Figure 10-2). Site 12 is
well vegetated with a mixture of grass and woody vegetation. The ground surface at Site 12 generally
slopes southwestward. The site is bounded by a drainage ditch to the southwest, which separates Site 12
from Site 2. This drainage ditch empties into an unnamed creek that flows through the southeastern portion
of the site. A storm sewer outfall empties into the unnamed creek approximately 100 feet upstream of the
confluence with the drainage ditch. The unnamed creek flows off-Base and enters Pennypack Creek
approximately 3,000 feet from the Base boundary. A gravel road runs through the northeastern part of the
site. This road provides access to a fenced magazine area in the eastern part of the site. The Marine
Compound is located immediately west of the site.

10.3.2 Soils

The Soil Survey of Montgomery County (United States Department of Agriculture, 1967) indicates that Site
12 is mainly underlain by the Lansdale and Lawrenceville silt loams. The Lawrenceville silt loam is
described as a deep, moderately well drained silty soil, and the Lansdale silt loam is a moderately deep and
deep well drained soil. The low lying area in the southeastern portion of Site 12 is underlain by Chalfont silt
loam, which has a moderate to slow permeability that encourages rapid runoff during normal precipitation
events.

Shallow soil borings (2.5 feet deep) completed at Site 12 in 2007 encountered soil consisting mainly of silt
with varying amounts of sand and clay. Soil borings collected from the Base during the Site Investigation
(SI) and Remedial Investigation (RI) encountered bedrock generally from 5 feet to 15 feet below ground
surface (bgs).

10.4 PREVIOUS ENVIRONMENTAL INVESTIGATIONS

A portion of Site 12 was previously investigated during the Preliminary Assessment (PA), SI, and RI for Site
2. More recent investigations have focused exclusively on Site 12.

10.4.1 Initial Assessment Study

The PA, also identified as the Initial Assessment Study (IAS), was completed in 1986 and consisted of a
records search and a site reconnaissance. Site 2 was recommended for an SI based on the potentially
hazardous nature of the wastes disposed at the site, the lack of specific documentation regarding waste
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quantities, and the potential for contaminants to migrate from the site via surface water. Site 2
encompassed a portion of Site 12 during the IAS.

10.4.2 Site Investigation

During the Site 2 SI, which was completed in 1990, an electromagnetic (EM) survey was conducted, three
monitoring wells were installed and sampled, four surface water samples were collected, and four sediment
samples were collected. The EM survey included a portion of Site 12. One of the monitoring wells
(02MW02) was located in the upgradient portion of Site 12, one (02MW03) was immediately downgradient
from Site 12, and one (02MW01) was approximately 500 feet downgradient from Site 12. All samples were
analyzed for full Target Compound List (TCL) Volatile Organic Compounds (VOCs), TCL Semivolatile
Organic Compounds (SVOCs), TCL Pesticides, TCL Polychlorinated Biphenyls (PCBs), Target Analyte
List (TAL) Metals and Cyanide, Total Organic Carbon (TOC), and Total Petroleum Hydrocarbons (TPH), as
well as Total and Dissolved TAL Metals in groundwater samples. The EM survey did not reveal any
significant anomalies. Groundwater sample results revealed trace levels of several VOCs and total lead at
levels exceeding the Maximum Contaminant Level (MCL) in the upgradient well, 02MW02. Dieldrin was
detected in groundwater, surface water, and sediment samples at levels exceeding screening criteria.
Numerous Polycyclic Aromatic Hydrocarbon compounds (PAHs) were detected in sediment samples. Site 2
was recommended for a Remedial Investigation/Feasibility Study (RI/FS) based primarily on the potentially
adverse impact of dieldrin to surface waters downstream from the site.

10.4.3 Remedial Investigation

During the Phase I RI for Site 2, the three existing monitoring wells were sampled and 10 surface water and
13 sediment samples were collected. The surface water and sediment samples were collected from the
drainage ditch that separates Sites 2 and 12 and from the intermittent stream that borders both sites to the
southeast. The sample locations are shown on Figure 10-3. All samples were analyzed for TCL VOCs,
TCL SVOCs, TCL Pesticides/PCBs, and TAL Metals parameters. Groundwater samples revealed low
concentrations of several metals below drinking water standards. There were no organic compounds
detected in the groundwater samples. Surface water samples revealed low levels of several metals and
trace levels of bis(2-ethylhexyl)phthalate and di-n-butyl phthalate. Dieldrin was not detected in surface
water samples. The concentrations and distribution of metals did not indicate that Sites 2 and 12 were
significant sources of metals in surface water. PAHs and metals were the most significant contaminants
detected in sediment samples. Dieldrin was detected in several on-site samples generally within the range
of background concentrations. The report recommended the collection of surface soil samples from the
landfill area to determine the source of the observed sediment contamination.

Initial Site 2 Phase II RI field activities were conducted from March through July 1997 in accordance with the
Phase II RI Work Plan submitted by Tetra Tech in May 1997. The initial field activities included installation
of 5 monitoring wells, collection of 7 groundwater samples (from the 5 new wells and 2 existing wells),
collection of surface soil samples from 18 locations, excavation of 9 test pits and collection of 40
subsurface soil samples, sampling of surface water and sediment at 2 locations, and sampling of 4r seep
areas (surface water and sediment). The Site 2 RI activities conducted within the Site 12 boundary
consisted of the collection of nine surface soil samples (02SS09 through 02SS18), the excavation of 3
test pits (02TP07, 02TP08, and 02TP09), and the collection of 12 subsurface soil samples (4 samples
from each of the 3 test pits). The Site 2 monitoring wells are 02MW02S, which is located in the
upgradient portion of Site 12; and the 02MW03 cluster (wells 02MW03I and 02MW03SI), which is located
near the southern corner of Site 12. Site 2 RI sample locations are shown on Figure 10-3. Site 12 soil
analytical results above human health risk -based screening levels are shown on Figure 10-4.

Surface soil results showed arsenic at levels exceeding site screening criteria at all sampling locations.
One or more PAHs exceeded site screening criteria in all samples except SS11, SS14, and SS16.

The test pits were approximately 15 feet long and approximately 10 feet deep (the depth of bedrock).
Two of the three test pits excavated at Site 12, 02TP07 and 02TP09, encountered buried debris. In
02TP07, the debris consisted of glass, wire, pipe, charcoal, metal and paper between 3.5 and 5.5 feet
bgs. In 02TP09, the debris consisted of scattered asphalt and glass fragments between 3.5 and 4 feet
bgs. Four subsurface soil samples were collected from each test pit, from depths of approximately 2 feet,
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4 feet, 6 feet, and 9 feet. Arsenic exceeded screening criteria in all of the samples, at concentrations
ranging from 1.1 milligrams per kilogram (mg/kg) to 11.6 mg/kg. Lead was detected in the 4-foot sample
from 02TP07 and 02TP09 at concentrations (1,530 mg/kg and 1,030 mg/kg, respectively) exceeding site
screening criteria. One or more PAH concentrations exceeded site screening criteria in samples from
03TP07 and 03TP09.

10.4.4 Soil Characterization and Drum Removal Investigation

Subsequent to completion of the field work for the Phase II RI for Site 2, EPA requested that the Navy
investigate various EPIC-designated features that had been identified adjacent to Site 2, in an area
initially designated Site Screening Area (SSA) 12 and later named Site 12, South Landfill. During field
reconnaissance of these features, the Navy discovered several drums abandoned on the ground surface.
As a result, the Navy directed Tetra Tech to prepare a work plan and perform investigations to identify
and delineate the potential contamination at SSA 12.

10.4.5 Confirmation Soil Investigation

In December 2007, Tetra Tech collected surface and shallow subsurface soil samples at 25 locations.
Surface soil samples (0 to 6 inches bgs) were collected at 16 locations (SSA12-SS01E through SSA12-
SS10E, and SSA12-SS13E through SSA12-SS18E). Shallow subsurface soil samples (2 to 2.5 feet bgs)
were collected at nine locations SSA12-SS01D through SSA12-SS08D and SSA12-SS10D). The
samples were analyzed for TCL VOCs, TCL SVOCs, TCL Pesticides/PCBs, and TAL Metals.
Miscellaneous debris was observed scattered on the ground in the study area. The debris included
construction debris, bottles, china, and aircraft parts. In addition, hummocky, uneven terrain was
observed in some portions of the study area, potentially indicative of buried material. The analytical
results indicated that SVOCs, pesticides and metals were detected at concentrations above the EPA
Region 3 Risk Based Concentrations (RBCs) for residential soil (Figure 10-5).

Surface Soil Results

SVOCs were detected at concentrations above EPA Region 3 RBCs in surface soils at four former drum
locations (1D, 2D, 7D and 8D) and 12 EPIC-identified features (1E, 4E, 5E, 7E, 8E, 9E, 13E, 14E, 15E,
17E, 18E and 19E).

Dieldrin was detected at concentrations above RBCs at one former drum location (8D) and two EPIC
feature locations (7E and 10E).

Arsenic was detected at concentrations exceeding RBCs in all of the surface soil samples.

Shallow Subsurface Soil Results

Benzo(a)pyrene was the only SVOC detected above RBCs in any shallow subsurface soil sample and it
was found only in one location (8D).

Pesticides were not detected in the shallow subsurface soils.

Arsenic was detected at levels exceeding RBCs at all sample locations. Thallium concentrations in the
subsurface soil exceeded RBCs at four locations (5D, 6D, 7D and 8D). Iron and lead exceeded RBCs at
location 8D.

10.4.6 Geophysical Survey

An EM conductivity geophysical survey was conducted in April 2008, by Advanced Geological Services,
to locate potential buried waste materials and to delineate the lateral extent of these materials. A
Geonics EM-31 conductivity meter was used for the survey and a global positioning system (GPS) was
used to log the survey locations.
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Figures in Appendix E show the April 2008 EM survey results. Anomalies (shown as blue or red on the
figures) indicate a response from buried metallic and non-metallic debris or variations from the
undisturbed soil formation induced by the field generated EM-31 scan. The following summarizes the EM
survey results.

Site 12 - Southwest Area

Four large areas of possible buried waste were discovered in the southwest portion of Site 12:

1) An 80 foot by 60 foot area (“A”) in the northwestern part of the survey area with a very strong
EM response.

2) A 250 foot by 80 foot area (“B”) near the center of the survey area with a moderately strong,
discontinuous EM response.

3) An 85 foot by 50 foot area (“C”) in the southeastern part of the survey area with a very strong
EM response.

4) A 40 foot by 20 foot area (“D”) in the northern part of the survey area with a strong EM
response.

In addition, six linear anomalies were detected in the southern part of the survey area. These features
suggest former trenches with possible utility pipe or cable.

Site 12 - Southeast Area

One area of possible buried waste was detected at the southeast end of the survey area. The area
measures approximately 140 feet by 75 feet and showed a very strong EM response.

10.5 CONCEPTUAL SITE MODEL

Contaminant Sources

Site investigations to date indicate that the principal classes of contaminants in site soils are PAHs, other
SVOCs, pesticides, and metals. The EM geophysical survey indicated potential waste and potential soil
contamination locations at Site 12. Characterization of nature and extent of any buried material is the
purpose of the work proposed in this SAP.

Potential Contaminant Migration Pathways

Contaminant migration pathways from the source areas include wind erosion, overland runoff, and
infiltration. Contaminated fugitive dust can be generated during ground-disturbing activities, such as
construction or excavation. Contaminants could then be dispersed in the surrounding environment and
transported to downwind locations where they could repartition to surface soil, surface water, or sediment
through gravitational settling, precipitation, and deposition. Vegetation at Site 12 serves to minimize the
airborne contaminant transport pathway. Precipitation runoff can carry contaminants via overland runoff
to the drainage swale on the southwest boundary of the site. This drainage swale runs between Site 2
and Site 12.

Infiltrating precipitation can cause contamination to move into subsurface soil and groundwater.
Chemicals (e.g., PAHs) with a stronger tendency to adsorb to organic matter in soil are expected to
migrate at a slower rate than VOCs. Upon entering the water column, a chemical is carried with the flow
of groundwater to downgradient locations. Contaminants can be deposited subsequently in sediment or
surface water.

Exposure Pathways

Human Health Risk

Soil, groundwater, surface water, and sediment at the site may be contacted by human receptors
engaged in activities associated with either current (currently restricted to maintenance activities like
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cutting grass or brush) or future (potential unrestricted land use after Base Closure) exposure scenarios.
The exposure pathways for soil consist of ingestion, dermal absorption, and inhalation of fugitive dust or
ambient air contaminants; for groundwater, ingestion and dermal absorption; and for surface water and
sediment, ingestion and dermal absorption.

Ecological Risk

Terrestrial animals at Site 12 can be exposed to soil contaminants through the ingestion of contaminated
food items. In addition, animals can incidentally ingest soil while grooming fur, preening feathers, digging,
grazing close to the soil, or feeding on items that are covered with soil (such as roots and tubers).
Exposure to contaminants in the soil via dermal contact can occur. Terrestrial vegetation can be exposed
to contaminants through direct aerial deposition and root translocation. Aerial deposition, however, is
presently minimal due to the presence of dense vegetation on Site 12. Terrestrial receptors can also
come into contact with contaminants in surface water by using it for drinking, although this exposure route
generally represents a negligible portion of total exposure for most receptors. Aquatic and semi-aquatic
organisms can be exposed to contaminants through direct contact with surface water and sediments
existent at Site 12, incidental ingestion of surface water and sediments, and consumption of contaminated
food items.

Potential Receptors

Human Receptors

Anticipated exposure scenarios include residential, industrial, construction worker, and limited
recreational situations. With the anticipated closure of the Base under the BRAC process, future land use
is expected to remain similar to the current industrial and recreational land usage.

Ecological Receptors

The vegetated areas at Site 12 provide habitat for a variety of terrestrial receptors, although these
habitats are isolated to a great extent by surrounding developed areas. Terrestrial receptors at the site
consist of mammals such as rabbits, raccoons, squirrels, and various rodents (including woodchucks),
deer, and foxes. Reptiles and amphibians may utilize some portions of the site, particularly the drainage
swale. The vegetated areas provide forage (seeds, insects, worms, etc.) for a variety of bird species.
Arboreal birds utilize the woods and shrub thickets. Avian raptors are expected to utilize all habitats at
the site. The drainage swale may provide a habitat for certain benthic macroinvertebrates and
amphibians.

10.6 PROBLEM DEFINITION

Based on the investigations that have been completed to date, current site conditions may present
unacceptable risks to human and ecological receptors. Previously detected geophysical anomalies
represent areas most likely to be contaminated if contamination is present. Therefore, this investigation
will assess whether potential contamination may represent an unacceptable level of human health or
ecological risk associated within previously detected geophysical anomalies.
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SAP Worksheet No. 11 -- Project Quality Objectives/Systematic Planning Process
Statements
(UFP-QAPP Manual Section 2.6.1)

The following text describes the development of the PQOs using EPA’s DQO (System Planning) Process.

11.1 IDENTIFY THE STUDY GOAL

Decision Statement: Determine whether chemical concentrations in site media (surface and subsurface
soil, sediment, and surface water) exceed applicable risk-based human health or ecological screening
values. If screening values are exceeded, then the project team will develop a plan for evaluating human
health and ecological risks and delineating the nature and extent of contamination at this site. If chemical
concentrations in site media are less than the risk-based screening values, then the Project Team, which
includes the EPA RPM, PADEP PM, Navy RPM, and Tetra Tech project members, will recommend no
further action (NFA) at the Site.

11.2 DATA NEEDS

The data from this investigation, along with usable data from previous investigations, will be used to
conduct a risk assessment (as a separate task from this project), if the results support a need to conduct
a risk assessment.

Based on the historical site information and the Conceptual Site Model, VOCs, SVOCs, Pesticides, PCBs,
Dioxins/Furans, Metals (including Mercury), and Cyanide in surface and subsurface soil, surface water,
and sediment are the possible classes of contaminants and affected matrices that will be investigated
under this SAP.

The analytical fractions identified above are included to cover all likely hazardous contaminants that may
have been disposed of in the landfill. VOCs have not been detected in site soil samples collected thus
far; however, the groundwater underlying adjacent Site 2 contained VOC concentrations that were above
the RBCs. Site 12 has not been ruled out as a possible contributing source of the groundwater
contamination in this area. Therefore, VOCs are included in the sample analyses for soil, sediment and
surface water, which could serve as sources of groundwater contamination. Groundwater is not
addressed in this UFP-SAP because it has been addressed in other investigations in the area, and it will
be addressed as part of the future RI Phase II work at Site 12.

In general, test pits will be excavated at locations across boundaries separating where the April 2008 EM
survey results indicate where wastes have been buried and where undisturbed soils are located. Visual
observations of materials within the test pits will be used to establish the extent of the landfill perimeter.
Visual subsurface soil observations will be made to identify buried wastes, to help establish the extent of
contamination and the types of materials encountered.

The following physical and chemical data will be required to make the decision identified in Section 11.1:

1. Surface and subsurface soil, sediment, and surface water chemical data will be used to determine the
nature and extent of TCL VOCs, TCL SVOCs (including Low-Level PAHs by Selected Ion Monitoring
[SIM]), TCL Pesticides/PCBs, TAL Metals, and Cyanide in site media. Soil pH will be measured at
each surface soil location for use in the ecological risk assessment. Subsurface soil chemical data
will be used to determine the nature and extent of Dioxins/Furans specifically from areas where there
is evidence of burning, such as charred debris or ash, if encountered. The selected target analytes
represent those analytes likely to be associated with historical site operations. The list of chemical
analytes and the Project Screening Levels (PSLs) associated with these analytes for each matrix, are
presented in Worksheet No. 15. The sampling methods are presented in Worksheet No. 18, and the
analytical methods are presented in Worksheet No. 19.
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2. Surface water field parameters will be pH, specific conductivity, turbidity, temperature, and dissolved
oxygen. These data will assist with site characterization and, when combined with chemical soil and
sediment data, will assist with understanding the nature and extent of contamination. Tetra Tech
Standard Operating Procedure (SOP) SA-1.1 (Appendix A) will be used for collecting this data.

3. Sediment TOC concentrations will be required to support site-specific ecological risk calculations.

4. Subsurface soil screening: A photoionization detector (PID) will be used to screen subsurface soil
boring materials for potentially elevated levels of VOCs. Visual screening of test pit contents and soil
boring cuttings will also be used to determine the presence of waste materials that may contribute to
contamination. Tetra Tech SOP SA-1.3 (Appendix A) will be used to conduct the screening.

5. If surface water samples are highly turbid (above 10 Nephelometric Turbidity Units [>10 NTUs]), then
Dissolved TAL metals analysis of surface water will be required to support site-specific human health
and ecological risk calculations.

Project Screening Levels

This Site 12 RI requires chemical data that can be used to characterize the site and conduct a screening
level Human Health Risk Assessment (HHRA) and a Screening Level Ecological Risk Assessment
(SLERA). To identify constituents of potential concern (COPCs), laboratory results will be compared
against the current EPA Region 3 RBCs for residential surface and subsurface soil, sediment, and
surface water to conduct a human health risk screening. To identify constituents of potential ecological
concern (COPECs), laboratory results will be compared against the current EPA Region 3 surface and
subsurface soil, sediment, and surface water benchmarks to conduct an ecological risk screening. The
surface soil, subsurface soil, sediment, and surface water PSLs are set at the lowest matrix-specific, risk-
based or regulatory human health and ecological screening criteria appropriate for the site. The complete
list of applicable screening values for the selected analytes is presented in Worksheet No. 15.

The risk and regulatory criteria applicable to Site 12 includes the Oak Ridge National Laboratory (ORNL)
Regional Screening Level (RSL) values and appropriate ecological criteria, as identified below.

The criteria for surface soil, subsurface soil, and sediment are compiled from the following sources:

 ORNL RSLs, Residential Direct Contact, Soil/Sediment criteria (updated May 19, 2009).
 Surface soil ecological risk criteria, which include (in hierarchal order):

o EPA Ecological Soil Screening Levels (Eco-SSLs) (2005).
o National Oceanographic and Atmospheric Administration (NOAA) Screening Quick

Reference Tables (SQuiRTs), Soil Benchmarks (updated November 13, 2008).
o EPA Region 3 BTAG Soil Screening Levels (1995).

 Sediment ecological risk criteria, which include (in hierarchal order):
o EPA Region 3 BTAG Freshwater Sediment Screening Benchmarks (2004).
o NOAA SQuiRTs, Sediment Benchmarks (updated November 13, 2008).

The criteria for surface water are compiled from the following sources:

 EPA MCLs, Groundwater criteria (updated 2006).
 ORNL RSLs, Tapwater, Groundwater and Surface Water criteria (updated May 19, 2009).
 Surface water ecological risk criteria, which include (in hierarchal order):

o EPA Region 3 BTAG Freshwater Screening Benchmarks (2007).
o NOAA SQuiRTs, Water Benchmarks (updated November 13, 2008).

To conduct comparisons of site data to screening values for surface soil, subsurface soil, sediment, and
surface water, the selected laboratories should be able to achieve Quantitation Limits (QLs) that are low
enough to measure constituent concentrations at less than the PSLs. In some cases, this will not be
achievable. The rationale for allowing these deviations is described in the footnotes to Worksheet 15.
The Project Team will accept the laboratory analytical results when the PSL is greater than the Practical
Quantitation Limit Goal (PQLG). Also, in cases where the PSL is between the Method Detection Limit
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(MDL) and the PQLG, the Project Team will accept these analytical results as long as the results are “J”
qualified. When the PSL is less than the MDL for a particular analyte or analytes, an evaluation of
detection limits and the impact on data usability will be discussed in the RI report. Any limitations on the
data will be documented at that time and, if significant data gaps remain, additional data will be collected.

QC samples for estimating precision, bias, and contamination potential will be collected at frequencies
established in Worksheet No. 12.

11.3 DEFINE THE STUDY BOUNDARY

1. The initial horizontal boundary of the landfill for the study is defined as the outer, three-dimensional
perimeter of the area where possible landfill operations took place, based upon information from
previous investigations (Figure 10-2). The population of interest (identified as the landfill) is all soils
associated with the landfill operations that contain visible buried waste and associated chemical
contamination. To establish this boundary, chemical and visual observation data must be collected
from within and from without any buried waste and contaminated soil area.

2. The depth of interest for test pits is from the surface to approximately 10 feet bgs, which is the
approximate depth of bedrock. This depth is also consistent with the maximum soil depth typically
used to evaluate human health risks, which may be conducted if potentially unacceptable levels of
contamination are detected.

3. For the purpose of defining surface soil and subsurface soil depths: For a human health risk,
assessment, surface soil is defined as the interval from 0 to 2 feet bgs and subsurface soil is defined
as the soil interval from 2 feet bgs to the waste depth or bedrock. For ecological risk, surface soil is
defined as the interval from 0 to 6 inches bgs For this reason, the 6 to 24 inch depth samples are
described as “shallow subsurface” to distinguish them from other subsurface samples and to allow
risk assessors to properly address the soils from the different depths.

11.4 RULES FOR DECISION MAKING

If the maximum measured concentration of any analyte in any of the sampled media exceeds Region 3
residential risk-based human health or Region 3 ecological screening values (PSLs), or if visual waste is
detected that indicates evidence of chemical contamination, then develop a plan for conducting a Phase II
RI, which would consist of delineating the nature and extent of contamination and assessing human
health and ecological risks. If chemical concentrations in all site media are less than the PSLs, then the
Project Team, including the EPA RPM, PADEP PM, Navy RPM, and Tetra Tech project members, will
recommend no further action (NFA) for the Site.

11.5 PERFORMANCE CRITERIA

Because this is a screening investigation which depends heavily on biased sampling, probability limits for
false positive and false negative decision errors were not established. Simple comparisons of measured
concentrations to other concentrations or PSLs are being used. Test pit sample locations were selected
(to determine the nature of surface and subsurface soil contamination) from areas most likely to be
contaminated, and from presumably clean areas below the impacted areas, based on the April 2008 EM
survey and the field observations. This biased selection of sample locations in contaminated areas does
not support the use of quantitative statistics to estimate decision performance as specified in the DQO
guidance (EPA 2002 and 2005). Instead, the Project Team will use the results of the RI to determine
whether the amount and type of data collected are sufficient to support the attainment of project
objectives. This will involve an evaluation of contaminant concentrations and an evaluation of uncertainty
for contaminants that have PSLs which are below the MDLs to ensure that contaminants are likely to
have been detected if present. If all data have been collected as planned and no data points are missing
or rejected for quality reasons, the investigation completeness will be considered satisfactory. If any data
gaps are identified, including missing or rejected data, the project team will assess whether a claim of
having obtained project objectives is reasonable. This assessment will depend on the number and type
of identified data gaps, therefore, a more detailed strategy cannot be presented. All stakeholders will be
involved in rendering the final conclusion regarding adequacy of the data.
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11.6 PLANS FOR OBTAINING THE DATA

Sample Collection and Analyses

1. Sample Collection
 Based on the consensus input of the Project Team during the February 2009 DQO Planning

meeting (Appendix D), 15 test pits will be excavated to locate and identify representative samples
of the unknown materials that are present in April 2008 EM survey-identified anomalous areas.
Four soil samples will be collected from each test pit to represent distinct depths at each location,
one from each of the following depths: surface at 0 to 6 inches; shallow subsurface at 6 to 24
inches; subsurface (at greater than 2 feet), and subsurface (at the bottom of the test pit).
Subsurface soil samples from at least five of the test pits will be collected specifically from a
depth of 2 to 4 feet bgs to support ecological conclusions regarding burrowing animals at Site 12.
The soil samples will be biased towards areas of suspected contamination based on visual
observations and elevated PID readings. These samples will be analyzed for all parameters of
concern, except dioxins and furans. In addition, as many as five subsurface soil samples from
the test pits will also be analyzed for Dioxins/Furans, if charred waste is encountered, to evaluate
the potential impact from historical burning activities.

 Five shallow soil borings will be completed in areas that are not expected to contain buried waste,
based on the results of the April 2008 EM survey, to represent soil conditions at Site 12 that are
outside of the EM anomalies. Two soil samples will be collected from each boring, one surface
sample from 0 to 6 inches bgs and one shallow subsurface sample from 6 to 24 inches bgs.

 Eight collocated surface water and sediment samples will be collected from the intermittent
tributary in the southeastern portion of the site and the drainage ditch that borders the site to the
southwest to assess the potential impact from site landfilling activities to these media. If a
surface water sample has a turbidity >10 NTUs, then a filtered sample will also be collected.
Locations to be targeted for sampling will be biased toward potentially contaminated areas based
on field observations (e.g., if there is a drainage channel that discharges to the stream, that would
be one of the sampling locations because it is a potential conduit for contamination.

Test pits are planned to establish the anomaly perimeter boundary. The length of each test pit must be
sufficient to span the anomaly perimeter boundary in a way that allows observers to distinguish between
buried waste and clean soil containing no buried wastes. Each test pit will be approximately 20 feet to 50
feet in length, 3 feet wide (the width of the backhoe bucket), and 10 feet deep (the anticipated maximum
depth to bedrock). The exact length of each test pit will be determined in the field based upon
observations of the subsurface conditions encountered at each location. Surface and shallow subsurface
soil samples will be collected from the depths between 0 and 6 inches bgs and 6 and 24 inches bgs. The
depths of the subsurface soil samples will be determined based on observations of subsurface conditions.
The objective of the subsurface soil samples will be to sample soil from an area that is likely to be
contaminated, and from an area considered to be a bottom sample, which represents the first clean
interval below the identified waste material area in the test pit.

2. Analyses
 Surface and subsurface soil, surface water, and sediment samples will be analyzed for TCL

VOCs, TCL SVOCs (including Low-Level PAHs), TCL Pesticides/PCBs, TAL Metals, and
Cyanide. Sediment samples will also be analyzed for TOC. In addition, select subsurface soil
samples will also be analyzed for Dioxins/Furans. If a surface water sample has a turbidity >10
NTUs, then the sample will also be analyzed for Dissolved TAL Metals.
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SAP Worksheet No. 12 -- Measurement Performance Criteria Table – Field Quality Control Samples
(UFP-QAPP Manual Section 2.6.2)

QC Sample Analytical Group Frequency
Data Quality

Indicators (DQIs)
Measurement Performance

Criteria (MPC)

QC Sample
Assesses Error for

Sampling (S),
Analytical (A) or

Both (S&A)

Trip Blank VOCs
One per cooler of VOC
samples shipped to
laboratory

Accuracy/Bias/
Contamination

No analytes ≥ ½ QL, except common 
lab contaminants, which must be < QL.

S & A

Field Blank All analytical groups
One per Sample Delivery
Group (SDG), or every
20 samples

Accuracy/Bias/
Contamination

No analytes ≥ ½ QL, except common 
lab contaminants, which must be < QL.

S & A

Equipment Rinsate
Blank

VOCs, SVOCs, Low-Level
PAHs, Pesticides/PCBs,
Total Metals, Cyanide

One per 20 samples per
sampling equipment1

Accuracy/Bias/
Contamination

No analytes ≥ ½ QL, except common 
lab contaminants, which must be < QL.

S & A

Filtered Rinsate Blank
Dissolved Metals (if
necessary)

One per filter brand2 Accuracy/Bias/
Contamination

No analytes ≥ ½ QL, except common 
lab contaminants, which must be < QL.

S & A

Field Duplicate
VOCs, SVOCs, Low-Level
PAHs, Pesticides/PCBs

One per 20 field samples Precision
Values > 5X QL: Relative Percent
Difference (RPD) ≤50

3.
S & A

Field Duplicate
Total and Dissolved
Metals, Cyanide

One per 20 field samples Precision Values > 5X QL:  RPD ≤50
4. S & A

Matrix Spike (MS) All analytical groups
One per SDG, or every
20 samples

Accuracy / Bias
Within laboratory statistically derived
percent recovery (%R) limits.

A

Matrix Spike Duplicate
(MSD)

VOCs, SVOCs, Low-Level
PAHs, Pesticides/PCBs,
Cyanide

One per SDG, or every
20 samples

Accuracy / Bias /
Precision

Within statistically derived %R limits;
RPD of ≤30%

3.
A

Matrix Duplicate (MD)
Total and Dissolved
Metals

One per SDG, or every
20 samples

Precision RPD of ≤30%
3. A

Temperature Indicator All analytical groups One per cooler Representativeness
Temperature between 2 and 6 degrees
Celsius (4 ± 2 °C).

S

1 – Equipment rinsate blanks will be collected if non-dedicated submersible pumps or other equipment are used.
2 – A filtered rinsate blank will be collected if filtered samples are collected.
3 – If duplicate values are < 5x QL, absolute difference should be < 2x QL.
4 – If duplicate values are < 5x QL, absolute difference should be < 4x QL.
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SAP Worksheet No. 13 -- Secondary Data Criteria and Limitations Table
(UFP-QAPP Manual Section 2.7)

Secondary Data
Data Source

(originating organization, report
title and date)

Data Generator(s)
(originating organization, data

types, data generation /
collection dates)

How Data Will Be Used Limitations on Data Use

Aerial Photographs Aerial Photographic Site
Analysis, Willow Grove Naval
Air Station, Willow Grove,
Pennsylvania

EPA, Characterization
Research Division, June
1995

Data will be used to generate
approximate landfill location
on topographic or
geographical information
system maps and to select
proposed test pit locations at
Site 12.

None

April 2008 EM
Survey Data

Geophysical Survey Results,
NAS JRB Willow Grove Site

Advanced Geological
Services, 2008

Data will be used to select
proposed test pit locations at
Site 12.

None

RI Phase I Analytical
Data

RI Report for Sites 1, 2, 3, and
5, Naval Air Station Willow
Grove, Pennsylvania

Halliburton NUS
Environmental Corporation,
February 1993

Data may be used to
recalculate environmental
risks

None, the data were fully
validated.

RI Phase II Analytical
Data

Draft Phase II RI Report for
NAS JRB Willow Grove

Brown and Root
Environmental, 1997

Data may be used to
recalculate environmental
risks

None, the data were fully
validated.

SSA 12 Soil
Investigation
Analytical Data

SSA 12 Soil Investigation Letter
Report

Tetra Tech, NUS, Inc., 2008 Data may be used to
recalculate environmental
risks

None, the data were fully
validated.
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SAP Worksheet No. 14 -- Summary of Project Tasks
(UFP-QAPP Manual Section 2.8.1)

14.1 FIELD INVESTIGATION TASK PLAN

The field tasks are summarized below. A short description of these tasks is also provided. Data recording
and management procedures are described in Worksheet No. 29.

 Mobilization/Demobilization
 Site-Specific Health and Safety Training
 Utility Clearance
 Monitoring Equipment Calibration
 Test Pit Trenching
 Surface and Shallow Subsurface Soil Sampling
 Surface Water and Sediment Sampling
 Investigation-Derived Waste (IDW) Management
 Surveying
 Field Decontamination Procedures
 Field Documentation Procedures
 Sample Custody and Shipment Tasks

Mobilization/Demobilization

Mobilization shall consist of the delivery of all equipment, materials, and supplies to the site, the complete
assembly in satisfactory working order of all such equipment at the site, and the satisfactory storage at
the site of all such materials and supplies. Tetra Tech will coordinate with the Base to identify locations
for the storage of equipment and supplies. Site-specific Health and Safety Training to all Tetra Tech
subcontractors will be provided as part of the site mobilization.

Demobilization shall consist of the prompt and timely removal of all equipment, materials, and supplies
from the site following completion of the work. Demobilization includes the cleanup and removal of IDW
generated during the conduct of the investigation.

Site-Specific Health and Safety Training

There are no specialized/non-routine project specific training requirements or certifications needed by
personnel to successfully complete the project or tasks. All field personnel will have appropriate training
to conduct the field activities to which they are assigned. Each site worker will be required to have
completed the OSHA 40-hour course (and 8-hour refresher, if applicable) in Health and Safety Training.
Safety requirements are addressed in greater detail in the site-specific HASP.

Utility Clearance

Prior to the commencement of any intrusive activities, Tetra Tech will coordinate with the Base to identify
and mark-out utilities that may be present within the proposed excavation areas. Subsurface utilities will
also be cleared by the excavation subcontractor by notifying the Pennsylvania One-Call utility clearing
service. See SOP HS-1.0 in Appendix A for conducting subsurface soil investigations for further
information.

Monitoring Equipment Calibration

These procedures are described in Worksheet No. 22.
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Test Pit Trenching and Sampling

Test pits will be excavated in areas that the April 2008 EM survey indicates are probable locations of buried
waste. Test pits will also be used to confirm the conclusions of the EM survey regarding areas where waste
is not indicated.

Each test pit will be approximately 20 feet to 50 feet in length, approximately 3 feet wide (the width of the
backhoe bucket), and approximately 10 feet deep (the anticipated maximum depth to bedrock). The
exact length of each test pit will be determined in the field based upon observations of the subsurface
conditions encountered at each location. All excavated materials will be used as backfill at the conclusion
of the excavation activities at each location. If potentially hazardous material is encountered, such as
drums or liquid waste, work will halt and the Navy facility contact will be notified. Wastes will be
segregated and disposed as described in the Investigation Derived Waste section below. Each test pit
will be excavated and backfilled during the same day to prevent leaving an open excavation overnight.
Under no circumstances will anyone be allowed to enter a test pit during the excavation activities. Health
and Safety procedures and protocols for test pit excavation identified in the HASP will be strictly enforced.

Test pit samples will be obtained from excavated material directly from the backhoe bucket. Entry into the
excavation pit is strictly forbidden. The soil will be described by the site geologist and will be screened for
evidence of contamination visually and with a PID. Any signs of potential contamination (such as soil
staining or PID readings above background) will be noted. Soil sampling procedures for test pits are
discussed in Tetra Tech SOP SA-1.3, soil logging procedures are documented in Tetra Tech SOP GH-
1.5, and the use of the PID is discussed in the manufacturer’s instructions. SOPs are included in
Appendix A.

The VOC samples will be obtained in the field with sampling equipment supplied by the laboratory. SW-
846 Method 5035 preparation will begin in the field using preservative-containing vials from the lab.
Analysis through SW-846 Method 8260B will be completed in the laboratory. Field and laboratory QC
samples will be collected as specified in Worksheet No. 20.

Surface and Shallow Subsurface Soil Sampling

The 0 to 6 inches bgs surface soil samples will be collected by filling the sample jars using either a
decontaminated stainless steel trowel or a dedicated disposable trowel – either choice is acceptable. The
6 to 24 inch bgs shallow subsurface soil samples will be collected using a stainless steel hand auger and
stainless steel or disposable trowel. The soil will be described by the site geologist and will be screened
for evidence of contamination with a PID. Soil pH will be measured at each location using a field test kit.
Any qualitative signs of potential contamination (such as soil staining or PID reading above background)
will be noted.

Soil sampling procedures are discussed in Tetra Tech SOP SA-1.3, soil logging procedures are
documented in Tetra Tech SOP GH-1.5, and the use of the PID is discussed in manufacturer’s
instructions. These SOPs are included in Appendix A.

The VOC samples will be obtained in the field with sampling equipment supplied by the laboratory. SW-
846 Method 5035 preparation will begin in the field using preservative-containing vials from the lab.
Analysis through SW-846 Method 8260B will be completed in the laboratory. Field and laboratory QC
samples will also be collected.

Surface Water and Sediment Sampling

The surface water and sediment sampling procedures discussed in SOP SA-1.2 (included in Appendix A)
will be followed. The sampling and analysis program is outlined in Worksheet No. 18, and the sampling
requirements for each type of analyses (i.e., bottleware, preservation, holding time) are listed in
Worksheet No. 19.
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Sediment samples for VOC analysis will be obtained in the field with sampling equipment supplied by the
laboratory. SW-846 Method 5035 preparation will begin in the field using preservative-containing vials
from the lab. Analysis through SW-846 Method 8260B will be completed in the laboratory. Field and
laboratory QC samples will also be collected.

Investigation Derived Waste Management

It is not anticipated that solid or semi-solid IDW (i.e., soil, sediment, etc.) will be generated during this field
activity during the test pit and soil boring excavation. Soils will be replaced into the test pit or soil boring
where the soils where excavated. If gross contamination is encountered (for example, any non-soil,
contaminated material, such as product, or soil with high [greater than 100 ppm PID readings]), then
excavation will cease. Any grossly contaminated material that is brought to the surface will not be
returned to the test pit, but will be segregated from the excavated soils and placed on a plastic liner. Any
grossly contaminated material will be securely staged until arrangements can be made for proper off-site
disposal.

Used personal protective equipment (PPE) will be bagged and disposed of as regular trash in an
appropriate facility waste container.

Equipment decontamination fluids will be generated during test pit and soil boring activities. The backhoe
will be cleaned by a high-pressure steam washer before initial operations and after each test pit. The
hand auger will be decontaminated before initial operations and after each soil boring. Decontamination
water will be discharged to the ground surface over the corresponding backfilled test pit or soil boring.

Surveying

A Pennsylvania licensed surveyor will be subcontracted by Tetra Tech to survey the horizontal location
and dimensions of each of the test pit excavation and surface soil location. The horizontal measurements
shall be accurate to 0.1 foot. Each of the locations will be surveyed relative to the coordinates of
established site benchmarks.

Field Decontamination Procedure

Sample containers will be provided certified-clean (I-Chem 300, or equivalent) from the analytical
laboratories. Decontamination of sampling equipment will not be necessary for this project because
dedicated and disposable hand trowels will be used. However, if decontamination is necessary, these
requirements will apply. Decontamination of sampling equipment (e.g., non-disposable hand trowels,
hand augers) will be conducted prior to and between sampling at each location. At each site, an
abbreviated decontamination procedure consisting of a soapy water (laboratory-grade detergent) rinse
followed by a deionized water rinse will be performed. However, if free product is encountered, a more
elaborate decontamination of equipment will be conducted in accordance with Tetra Tech SOP SA-7.1.

Decontamination of the excavator bucket will be performed over the completed, backfilled test pit using a
high pressure spray washer with water supplied by the Base. Decontamination of the hand auger will be
performed over the completed, backfilled soil boring. All decontamination water will be allowed to
infiltrate to the test pit or soil boring. In the event that free product is encountered, the excavator bucket
or hand auger wash water will be captured and containerized for sampling and appropriate disposal
according to analysis results.

Field Documentation Procedures

Field documentation will be performed in accordance with SOP SA-6.3 presented in Appendix A.

A summary of all field activities will be properly recorded in a bound logbook with consecutively numbered
pages that cannot be removed. Logbooks will be assigned to field personnel and will be stored in a
secured area when not in use.
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At a minimum, the following information will be recorded in the site logbook:

 Name of the person to whom the logbook is assigned.
 Project name.
 Project start date.
 Names and responsibilities of on-site project personnel including subcontractor personnel.
 Arrival/departure of site visitors.
 Arrival/departure of equipment.
 Sampling activities and sample log sheet references.
 Description of subcontractor activities.
 Sample pick-up information, including chain-of-custody (COC) numbers, air bill numbers,

carrier, time, and date.
 Description of borehole or monitoring well installation activities and operations.
 Health and safety issues.
 Description of photographs including date, time, photographer, roll and picture number,

location, and compass direction of photograph.

All entries will be written in ink and no erasures will be made. If an incorrect entry is made, striking a
single line through the incorrect information will make the correction; the person making the correction will
initial and date the change.

Sample Custody and Shipment Tasks

Data management and sample tracking tasks are defined in SOP CT-05 in Appendix A.
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SAP Worksheet No. 15 -- Reference Limits and Evaluation Table
(UFP-QAPP Manual Section 2.8.1)

Matrix: Surface and Shallow Subsurface Soil (depth: 0 to 2 feet)
Analytical Group: VOCs

Analyte
CAS

Number

Project
Screening

Level
(μg/kg) 

Project Screening
Level Reference

1

Project
Quantitation
Limit Goal

2

(μg/kg) 

CompuChem

QLs
(μg/kg) 

MDLs
(μg/kg) 

Dichlorodifluoromethane 75-71-8 19,000 ORNL Res (C) 6,300 5 1.00

Chloromethane 74-87-3 10,400 Lowest NOAA (M) 3,400 5 1.09

Vinyl chloride 75-01-4 60 ORNL Res (C) 20 5 1.00

Bromomethane 74-83-9 235 Lowest NOAA (M) 78 5 2.44

Chloroethane 75-00-3 1,500,000 ORNL Res (N) 500,000 5 1.00

Trichlorofluoromethane 75-69-4 16,400 Lowest NOAA (M) 5,400 5 1.00

1,1-Dichloroethene 75-35-4 8,280 Lowest NOAA (M) 2,700 5 1.00

1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 4,300,000 ORNL Res (N) 1,400,000 5 1.12

Acetone 67-64-1 2,500 Lowest NOAA (M) 830 12.5 7.06

Carbon disulfide 75-15-0 94.1 Lowest NOAA (M) 31 5 1.00

Methyl acetate 79-20-9 7,800,000 ORNL Res (N) 2,600,000 5 1.12

Methylene chloride 75-09-2 4,050 Lowest NOAA (M) 1,300 5 1.00

trans-1,2-Dichloroethene 156-60-5 784 Lowest NOAA (M) 260 5 1.00

Methyl tert-butyl ether 1634-04-4 39,000 ORNL Res (C) 13,000 5 1.00

1,1-Dichloroethane 75-34-3 3,400 ORNL Res (C) 1,100 5 1.00

cis-1,2-Dichloroethene 156-59-2 200 Lowest NOAA (M) 100 5 1.00

2-Butanone 78-93-3 89,600 Lowest NOAA (M) 29,000 12.5 2.50

Chloroform 67-66-3 300 ORNL Res (C) 100 5 1.00

1,1,1-Trichloroethane 71-55-6 29,800 Lowest NOAA (M) 9,900 5 1.00

Cyclohexane 110-82-7 720,000 ORNL Res (N) 240,000 5 1.00

Carbon tetrachloride 56-23-5 250 ORNL Res (C) 83 5 1.00

Benzene 71-43-2 255 Lowest NOAA (M) 85 5 1.00

1,2-Dichloroethane 107-06-2 450 ORNL Res (C) 150 5 1.00

Trichloroethene 79-01-6 2,800 ORNL Res (C) 930 5 1.00

1,2-Dichloropropane 78-87-5 930 ORNL Res (C) 310 5 1.02
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Analyte
CAS

Number

Project
Screening

Level
(μg/kg) 

Project Screening
Level Reference

1

Project
Quantitation
Limit Goal

2

(μg/kg) 

CompuChem

QLs
(μg/kg) 

MDLs
(μg/kg) 

Bromodichloromethane 75-27-4 280 ORNL Res (C) 93 5 1.00

cis-1,3-Dichloropropene 10061-01-5 398 Lowest NOAA (M) 130 5 1.00

4-Methyl-2-pentanone 108-10-1 443,000 Lowest NOAA (M) 140,000 12.5 2.50

Toluene 108-88-3 5,450 Lowest NOAA (M) 1,800 5 1.00

trans-1,3-Dichloropropene 10061-02-6 398 Lowest NOAA (M) 130 5 1.00

1,1,2-Trichloroethane 79-00-5 1,100 ORNL Res (C) 370 5 1.00

Tetrachloroethene 127-18-4 570 ORNL Res (C) 190 5 1.00

2-Hexanone 591-78-6 12,600 Lowest NOAA (M) 4,200 12.5 2.86

Dibromochloromethane 124-48-1 700 ORNL Res (C) 230 5 1.00

1,2-Dibromoethane 106-93-4 34 ORNL Res (C) 11 5 1.00

Chlorobenzene 108-90-7 13,100 Lowest NOAA (M) 4,300 5 1.00

Ethylbenzene 100-41-4 5,160 Lowest NOAA (M) 1,700 5 1.11

o-Xylene 95-47-6 100 Lowest NOAA (O) 33 5 1.05

m,p-Xylene 179601-23-1 100 Lowest NOAA (O) 33 5 2.00

Styrene 100-42-5 4,690 Lowest NOAA (M) 1,500 5 1.02

Bromoform 75-25-2 15,900 Lowest NOAA (M) 5,300 5 1.00

Isopropyl benzene 98-82-8 220,000 ORNL Res (N) 73,000 5 1.33

1,1,2,2-Tetrachloroethane 79-34-5 127 Lowest NOAA (M) 42 5 1.00

1,3-Dichlorobenzene 541-73-1 37,700 Lowest NOAA (M) 12,000 5 1.00

1,4-Dichlorobenzene 106-46-7 546 Lowest NOAA (M) 180 5 1.00

1,2-Dichlorobenzene 95-50-1 2,960 Lowest NOAA (M) 980 5 1.14

1,2-Dibromo-3-chloropropane 96-12-8 5.6 ORNL Res (C) 1.8 5 (est.) TBD

1,2,4-Trichlorobenzene 120-82-1 11,100 Lowest NOAA (M) 3,700 5 1.00
1 Surface and shallow subsurface soil screening references: ORNL Res (C) or (N) – Oak Ridge National Laboratory (ORNL) Risk Based Concentration (RBC), Direct

Contact Residential (April 2009), C=carcinogen, N=non-carcinogen criteria; EPA Eco-SSL – EPA’s Ecological Soil Screening Levels (2005); Lowest NOAA –
Lowest appropriate value from the National Oceanic and Atmospheric Administration (NOAA) Screening Quick Reference Tables (SQuiRTs) (11/2008),
(M)=mammal, (P)=plant, (I)=invertebrate, (O)=other, (Mi)=Microbes.

μg/kg – micrograms per kilogram 
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Matrix: Surface and Shallow Subsurface Soil (depth: 0 to 2 feet)
Analytical Group: SVOCs

Analyte CAS Number
Project Screening

Level
(μg/kg) 

Project Screening
Level Reference

1

Project Quantitation
Limit Goal

2

(μg/kg) 

CompuChem

QLs
(μg/kg) 

MDLs
(μg/kg) 

Benzaldehyde 100-52-7 780,000 ORNL Res (N) 260,000 170 21

Phenol 108-95-2 30,000 Lowest NOAA (I) 10,000 170 100

Bis(2-chloroethyl)ether 111-44-4 190 ORNL Res (C) 63 170 91

2-Chlorophenol 95-57-8 243 Lowest NOAA (M) 81 170 97

2-Methylphenol 95-48-7 40,400 Lowest NOAA (M) 13,000 170 94

2,2'-Oxybis(1-chloropropane) 108-60-1 3,500 ORNL Res (C) 1,100 170 85

Acetophenone 98-86-2 300,000 Lowest NOAA (M) 100,000 170 82

4-Methylphenol 106-44-5 31,000 ORNL Res (N) 10,000 170 20

N-Nitroso-di-n-propylamine 621-64-7 69 ORNL Res (C) 23 170 85

Hexachloroethane 67-72-1 596 Lowest NOAA (M) 190 170 89

Nitrobenzene 98-95-3 1,310 Lowest NOAA (M) 430 170 79

Isophorone 78-59-1 139,000 Lowest NOAA (M) 46,000 170 87

2-Nitrophenol 88-75-5 1,600 Lowest NOAA (M) 530 170 74

2,4-Dimethylphenol 105-67-9 10 Lowest NOAA (P) 3.3 170 59

Bis(2-chloroethoxy)methane 111-91-1 302 Lowest NOAA (M) 100 170 79

2,4-Dichlorophenol 120-83-2 18,000 ORNL Res (N) 6,000 170 82

4-Chloroaniline 106-47-8 900 ORNL Res (N) 300 170 84

Hexachlorobutadiene 87-68-3 39.8 Lowest NOAA (M) 12 170 86

Caprolactam 105-60-2 3,100,000 ORNL Res (N) 1,000,000 330 38

4-Chloro-3-methylphenol 59-50-7 7,950 Lowest NOAA (M) 2,600 170 83

Hexachlorocyclopentadiene 77-47-4 755 Lowest NOAA (M) 250 170 71

2,4,6-Trichlorophenol 88-06-2 6,100 ORNL Res (N) 2,000 170 80

2,4,5-Trichlorophenol 95-95-4 4,000 Lowest NOAA (P) 1,300 170 77

1,1'-Biphenyl 92-52-4 60,000 Lowest NOAA (P) 20,000 170 170

2-Chloronaphthalene 91-58-7 12.2 Lowest NOAA (M) 4.1 170 93

2-Nitroaniline 88-74-4 18,000 ORNL Res (N) 6,000 330 77

Dimethyl phthalate 131-11-3 200,000 Lowest NOAA (M) 66,000 170 85

2,6-Dinitrotoluene 606-20-2 32.8 Lowest NOAA (M) 10 170 73

3-Nitroaniline 99-09-2 1,800 ORNL Res (N) 600 330 69



Project-Specific SAP Title: SAP for Phase I RI at Site 12 - South Landfill
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 1
Site Location: Willow Grove, Pennsylvania Revision Date: November 2009

L/DOCUMENTS/NAVY/02014/22939 Page 43 of 135

CTO WE05

Analyte CAS Number
Project Screening

Level
(μg/kg) 

Project Screening
Level Reference

1

Project Quantitation
Limit Goal 2

(μg/kg) 

CompuChem

QLs
(μg/kg) 

MDLs
(μg/kg) 

2,4-Dinitrophenol 51-28-5 60.9 Lowest NOAA (M) 20 330 90

4-Nitrophenol 100-02-7 5,120 Lowest NOAA (M) 1,700 330 77

Dibenzofuran 132-64-9 15,600 ORNL Res (N) 5,200 170 82

2,4-Dinitrotoluene 121-14-2 160 ORNL Res (N) 53 170 85

Diethyl phthalate 84-66-2 24,800 Lowest NOAA (M) 8,200 170 76

4-Nitroaniline 100-01-6 18,000 ORNL Res (N) 6,000 330 57

4,6-Dinitro-2-methylphenol 534-52-1 610 ORNL Res (N) 200 330 75

N-Nitrosodiphenylamine 86-30-6 545 Lowest NOAA (M) 180 170 69

1,2,4,5-Tetrachlorobenzene 95-94-3 1,800 ORNL Res (N) 600 170 (est.) TBD

Hexachlorobenzene 118-74-1 199 Lowest NOAA (M) 68 170 72

Atrazine 1912-24-9 2,100 ORNL Res (C) 700 170 17

Pentachlorophenol 87-86-5 2,100 EPA Eco-SSL 700 330 78

Carbazole 86-74-8 24,000 ORNL Res (C) 8,000 170 34

Di-n-butyl phthalate 84-74-2 150 Lowest NOAA (M) 50 170 74

Butyl benzyl phthalate 85-68-7 239 Lowest NOAA (M) 79 170 69

3,3'-Dichlorobenzidine 91-94-1 646 Lowest NOAA (M) 310 170 170

Bis(2-ethylhexyl)phthalate 117-81-7 925 Lowest NOAA (M) 300 170 76

Di-n-octyl phthalate 117-84-0 709,000 Lowest NOAA (M) 230,000 170 71
1 Surface and shallow subsurface soil screening references: ORNL Res (C) or (N) –ORNL RBC, Direct Contact Residential (April 2009), C=carcinogen, N=non-

carcinogen criteria; EPA Eco-SSL – EPA’s Ecological Soil Screening Levels (2005); Lowest NOAA – Lowest appropriate value from the NOAA SQuiRTs (11/2008),
(M)=mammal, (P)=plant, (I)=invertebrate, (O)=other, (Mi)=Microbes.

2
Bolded PQLGs indicate values which are less than the laboratory QL. However, the laboratory QL, or at a minimum the MDL, is sufficiently low to meet
the PSL and for the intended data use. Bolded and shaded compounds have QLs and MDLs that do not meet the PQLG. These compounds are being
monitored only in an effort to ensure that unexpected conditions are not present at the site. Any uncertainties introduced by MDLs or QLs that are greater than
PSLs will be described in the Phase I RI report.
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Matrix: Surface and Shallow Subsurface Soil (depth: 0 to 2 feet)
Analytical Group: PAHs by SIM

Analyte CAS Number
Project Screening

Level
(μg/kg) 

Project Screening
Level Reference

1

Project Quantitation
Limit Goal

2

(μg/kg) 

CompuChem

QLs
(μg/kg) 

MDLs
(μg/kg) 

Naphthalene 91-20-3 29,000 EPA Eco-SSL 990 8.3 0.72

2-Methylnaphthalene 91-57-6 29,000 EPA Eco-SSL 990 8.3 0.68

Acenaphthylene 208-96-8 29,000 EPA Eco-SSL 990 8.3 0.53

Acenaphthene 83-32-9 29,000 EPA Eco-SSL 990 8.3 0.60

Fluorene 86-73-7 29,000 EPA Eco-SSL 990 8.3 0.45

Phenanthrene 85-01-8 29,000 EPA Eco-SSL 990 8.3 1.3

Anthracene 120-12-7 29,000 EPA Eco-SSL 990 8.3 0.43

Fluoranthene 206-44-0 29,000 EPA Eco-SSL 990 8.3 1.3

Pyrene 129-00-0 1,100 EPA Eco-SSL 370 8.3 0.57

Benzo(a)anthracene 56-55-3 150 ORNL Res (C) 50 8.3 0.55

Chrysene 218-01-9 1,100 EPA Eco-SSL 370 8.3 0.63

Benzo(b)fluoranthene 205-99-2 150 ORNL Res (C) 50 8.3 0.57

Benzo(k)fluoranthene 207-08-9 1,100 EPA Eco-SSL 370 8.3 0.43

Benzo(a)pyrene 50-32-8 15 ORNL Res (C) 5.0 8.3 0.38

Indeno(1,2,3,-cd)pyrene 193-39-5 150 ORNL Res (C) 50 8.3 0.37

Dibenzo(a,h)anthracene 53-70-3 15 ORNL Res (C) 5.0 8.3 0.33

Benzo(g,h,i)perylene 191-24-2 1,100 EPA Eco-SSL 370 8.3 0.38

1 Surface and shallow subsurface soil screening references: ORNL Res (C) or (N) –ORNL RBC, Direct Contact Residential (April 2009), C=carcinogen, N=non-
carcinogen criteria; EPA Eco-SSL – EPA’s Ecological Soil Screening Levels (2005); Lowest NOAA – Lowest appropriate value from the NOAA SQuiRTs (11/2008),
(M)=mammal, (P)=plant, (I)=invertebrate, (O)=other, (Mi)=Microbes.

2
Bolded PQLGs indicate values which are less than the laboratory QL. However, the laboratory QL, or at a minimum the MDL, is sufficiently low to meet
the PSL and for the intended data use.
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Matrix: Surface and Shallow Subsurface Soil (depth: 0 to 2 feet)
Analytical Group: Pesticides

Analyte CAS Number
Project Screening

Level
(μg/kg) 

Project
Screening Level

Reference
1

Project
Quantitation
Limit Goal

2

(μg/kg) 

CompuChem

QLs
(μg/kg) 

MDLs
(μg/kg) 

alpha-BHC 319-84-6 77 ORNL Res (C) 25 1.67 0.17

beta-BHC 319-85-7 3.98 Lowest NOAA (P) 1.3 1.67 0.33

delta-BHC 319-86-8 77 ORNL Res (C) 25 1.67 0.17

gamma-BHC (Lindane) 58-89-9 5 Lowest NOAA (P) 1.6 1.67 0.23

Heptachlor 76-44-8 5.98 Lowest NOAA (M) 2.0 1.67 0.17

Aldrin 309-00-2 3.32 Lowest NOAA (P) 1.1 1.67 0.17

Heptachlor epoxide 1024-57-3 53 ORNL Res (C) 27 1.67 0.18

Endosulfan I 959-98-8 119 Lowest NOAA (M) 39 1.67 0.17

Dieldrin 60-57-1 4.9 EPA Eco-SSL 1.6 3.34 0.33

4,4'-DDE 72-55-9 596 Lowest NOAA (M) 190 3.34 0.33

Endrin 72-20-8 10.1 Lowest NOAA (M) 3.34 3.34 0.33

Endosulfan II 33213-65-9 119 Lowest NOAA (M) 39 3.34 0.33

4,4'-DDD 72-54-8 758 Lowest NOAA (M) 250 3.34 0.33

Endosulfan sulfate 1031-07-8 35.8 Lowest NOAA (M) 11 3.34 0.33

4,4'-DDT 50-29-3 21 EPA Eco-SSL 7.0 3.34 0.50

Methoxychlor 72-43-5 19.9 Lowest NOAA (M) 6.8 16.7 2.17

Endrin ketone 53494-70-5 10.5* Lowest NOAA (M) 3.34 3.34 0.33

Endrin aldehyde 7421-93-4 10.5 Lowest NOAA (M) 3.34 3.34 0.33

alpha-Chlordane 5103-71-9 224 Lowest NOAA (P) 74 1.67 0.17

gamma-Chlordane 5103-74-2 224 Lowest NOAA (P) 74 1.67 0.17

Toxaphene 8001-35-2 119 Lowest NOAA (M) 39 83.3 33.8
1 Surface and shallow subsurface soil screening references: ORNL Res (C) or (N) –ORNL RBC, Direct Contact Residential (April 2009), C=carcinogen, N=non-

carcinogen criteria; EPA Eco-SSL – EPA’s Ecological Soil Screening Levels (2005); Lowest NOAA – Lowest appropriate value from the NOAA SQuiRTs (11/2008),
(M)=mammal, (P)=plant, (I)=invertebrate, (O)=other, (Mi)=Microbes.

2
Bolded PQLGs indicate values which are less than the laboratory QL. However, the laboratory QL, or at a minimum the MDL, is sufficiently low to meet
the PSL and for the intended data use.
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CTO WE05

Matrix: Surface and Shallow Subsurface Soil (depth: 0 to 2 feet)
Analytical Group: PCBs

Analyte CAS Number
Project Screening

Level
(μg/kg) 

Project Screening
Level Reference

1

Project
Quantitation
Limit Goal

2

(μg/kg) 

CompuChem

QLs
(μg/kg) 

MDLs
(μg/kg) 

Aroclor-1016 12674-11-2 0.332 Lowest NOAA (M) 0.11 24
3

23.7

Aroclor-1221 11104-28-2 0.332 Lowest NOAA (M) 0.11 34
3

20.3

Aroclor-1232 11141-16-5 0.332 Lowest NOAA (M) 0.11 17
3

7.50

Aroclor-1242 53469-21-9 0.332 Lowest NOAA (M) 0.11 17
3

11.2

Aroclor-1248 12672-29-6 0.332 Lowest NOAA (M) 0.11 17
3

7.50

Aroclor-1254 11097-69-1 0.332 Lowest NOAA (M) 0.11 17
3

6.67

Aroclor-1260 11096-82-5 0.332 Lowest NOAA (M) 0.11 17
3

10.0
1 Surface and shallow subsurface soil screening references: ORNL Res (C) or (N) –ORNL RBC, Direct Contact Residential (April 2009), C=carcinogen, N=non-

carcinogen criteria; EPA Eco-SSL – EPA’s Ecological Soil Screening Levels (2005); Lowest NOAA – Lowest appropriate value from the NOAA SQuiRTs (11/2008),
(M)=mammal, (P)=plant, (I)=invertebrate, (O)=other, (Mi)=Microbes.

2
Bolded PQLGs indicate values which are less than the laboratory QL. However, the laboratory QL, or at a minimum the MDL, is sufficiently low to meet
the PSL and for the intended data use. Bolded and shaded compounds have QLs and MDLs that do not meet the PQLG These compounds are being
monitored only in an effort to ensure that unexpected conditions are not present at the site. Any uncertainties introduced by MDLs or QLs that are greater than
PSLs will be described in the Phase I RI report.

3 The QL and MDL are greater than the compound PSL; however, these values represent the lowest possible conventionally achievable detection limits.
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CTO WE05

Matrix: Surface and Shallow Subsurface Soil (depth: 0 to 2 feet)
Analytical Group: TAL Metals and Cyanide

Analyte
CAS

Number

Project
Screening

Level
(mg/kg)

Project
Screening Level

Reference
1

Project
Quantitation
Limit Goal

2

(mg/kg)

CompuChem

QLs
(mg/kg)

MDLs
(mg/kg)

Aluminum 7429-90-5 50 Lowest NOAA (P) 17 20 3.5

Antimony 7440-36-0 0.27 EPA Eco-SSL 0.090 0.2 0.0059

Arsenic 7440-38-2 0.39 ORNL Res (C) 0.13 0.1 0.0133

Barium 7440-39-3 330 EPA Eco-SSL 110 1 0.0193

Beryllium 7440-41-7 21.6 EPA Eco-SSL 7.2 0.1 0.0040

Cadmium 7440-43-9 0.36 EPA Eco-SSL 0.12 0.1 0.0034

Chromium 7440-47-3 26 EPA Eco-SSL 8.6 0.2 0.0048

Cobalt 7440-48-4 13 EPA Eco-SSL 4.3 0.1 0.0025

Copper 7440-50-8 28 EPA Eco-SSL 9.3 0.5 0.15

Iron 7439-89-6 200 Lowest NOAA (Mi) 66 10 1.3

Lead 7439-92-1 11 EPA Eco-SSL 3.6 0.1 0.0019

Manganese 7439-96-5 220 EPA Eco-SSL 73 1 0.043

Mercury 7439-97-6 0.10 Lowest NOAA (I) 0.033 0.1 0.011

Nickel 7440-02-0 38 EPA Eco-SSL 12 0.5 0.062

Selenium 7782-49-2 0.52 EPA Eco-SSL 0.17 0.5 0.0261

Silver 7440-22-4 4.2 EPA Eco-SSL 1.4 0.1 0.0016

Thallium 7440-28-0 0.0569 Lowest NOAA (M) 0.019 0.1 0.0020

Vanadium 7440-62-2 7.8 EPA Eco-SSL 2.6 0.5 0.0111

Zinc 7440-66-6 46 EPA Eco-SSL 15 15 0.73

Cyanide 57-12-5 1.33 Lowest NOAA (M) 0.45 0.5 0.053
1 Surface and shallow subsurface soil screening references: ORNL Res (C) or (N) –ORNL RBC, Direct Contact Residential (April 2009), C=carcinogen, N=non-

carcinogen criteria; EPA Eco-SSL – EPA’s Ecological Soil Screening Levels (2005); Lowest NOAA – Lowest appropriate value from the NOAA SQuiRTs (11/2008),
(M)=mammal, (P)=plant, (I)=invertebrate, (O)=other, (Mi)=Microbes.

2
Bolded PQLGs indicate values which are less than the laboratory QL. However, the laboratory QL, or at a minimum the MDL, is sufficiently low to meet
the PSL and for the intended data use. Bolded and shaded compounds have QLs and MDLs that do not meet the PQLG.
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CTO WE05

Matrix: Subsurface Soil (depth: greater than 2 feet)
Analytical Group: VOCs

Analyte
CAS

Number

Project
Screening

Level
(μg/kg) 

Project Screening
Level Reference

1

Project
Quantitation
Limit Goal

2

(μg/kg) 

CompuChem

QLs
(μg/kg) 

MDLs
(μg/kg) 

Dichlorodifluoromethane 75-71-8 12,200 ORNL SSL 4,000 5 1.00

Chloromethane 74-87-3 980 ORNL SSL 320 5 1.09

Vinyl chloride 75-01-4 0.112 ORNL SSL 0.037 5 1.00

Bromomethane 74-83-9 44 ORNL SSL 14 5 2.44

Chloroethane 75-00-3 120,000 ORNL SSL 40,000 5 1.00

Trichlorofluoromethane 75-69-4 16,800 ORNL SSL 5,600 5 1.00

1,1-Dichloroethene 75-35-4 2,400 ORNL SSL 800 5 1.00

1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 3,000,000 ORNL SSL 1,000,000 5 1.12

Acetone 67-64-1 88,000 ORNL SSL 29,000 12.5 7.06

Carbon disulfide 75-15-0 5,400 ORNL SSL 1,800 5 1.00

Methyl acetate 79-20-9 152,000 ORNL SSL 50,000 5 1.12

Methylene chloride 75-09-2 24 ORNL SSL 8.0 5 1.00

trans-1,2-Dichloroethene 156-60-5 680 ORNL SSL 220 5 1.00

Methyl tert-butyl ether 1634-04-4 54 ORNL SSL 18 5 1.00

1,1-Dichloroethane 75-34-3 14 ORNL SSL 4.6 5 1.00

cis-1,2-Dichloroethene 156-59-2 400 ORNL SSL 130 5 1.00

2-Butanone 78-93-3 30,000 ORNL SSL 10,000 12.5 2.50

Chloroform 67-66-3 1.1 ORNL SSL 0.37 5 1.00

1,1,1-Trichloroethane 71-55-6 1,900 ORNL SSL 630 5 1.00

Cyclohexane 110-82-7 260,000 ORNL SSL 86,000 5 1.00

Carbon tetrachloride 56-23-5 1.58 ORNL SSL 0.52 5 1.00

Benzene 71-43-2 4.6 ORNL SSL 1.5 5 1.00

1,2-Dichloroethane 107-06-2 0.88 ORNL SSL 0.29 5 1.00

Trichloroethene 79-01-6 12.2 ORNL SSL 4.0 5 1.00

1,2-Dichloropropane 78-87-5 2.6 ORNL SSL 0.86 5 1.02

Bromodichloromethane 75-27-4 0.66 ORNL SSL 0.22 5 1.00

cis-1,3-Dichloropropene 10061-01-5 3.2 ORNL SSL 1.0 5 1.00

4-Methyl-2-pentanone 108-10-1 8,800 ORNL SSL 2,900 12.5 2.50
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CTO WE05

Analyte
CAS

Number

Project
Screening

Level
(μg/kg) 

Project Screening
Level Reference

1

Project
Quantitation
Limit Goal

2

(μg/kg) 

CompuChem

QLs
(μg/kg) 

MDLs
(μg/kg) 

Toluene 108-88-3 34,000 ORNL SSL 11,000 5 1.00

trans-1,3-Dichloropropene 10061-02-6 3.2 ORNL SSL 1.0 5 1.00

1,1,2-Trichloroethane 79-00-5 1.64 ORNL SSL 0.54 5 1.00

Tetrachloroethene 127-18-4 1.04 ORNL SSL 0.34 5 1.00

Dibromochloromethane 124-48-1 0.80 ORNL SSL 0.26 5 1.00

1,2-Dibromoethane 106-93-4 0.038 ORNL SSL 0.012 5 1.00

Chlorobenzene 108-90-7 1,360 ORNL SSL 450 5 1.00

Ethylbenzene 100-41-4 38 ORNL SSL 12 5 1.11

o-Xylene 95-47-6 32,000 ORNL SSL 10,000 5 1.05

m,p-Xylene 179601-23-1 32,000 ORNL SSL 10,000 5 2.00

Styrene 100-42-5 40,000 ORNL SSL 13,000 5 1.02

Bromoform 75-25-2 46 ORNL SSL 15 5 1.00

Isopropyl benzene 98-82-8 26,000 ORNL SSL 8,600 5 1.33

1,1,2,2-Tetrachloroethane 79-34-5 0.56 ORNL SSL 0.18 5 1.00

1,4-Dichlorobenzene 106-46-7 9.2 ORNL SSL 3.0 5 1.00

1,2-Dichlorobenzene 95-50-1 8,000 ORNL SSL 2,600 5 1.14

1,2-Dibromo-3-chloropropane 96-12-8 0.0030 ORNL SSL 0.0010 5 (est.) TBD

1,2,4-Trichlorobenzene 120-82-1 260 ORNL SSL 86 5 1.00
1 Subsurface soil screening references: ORNL SSL – ORNL Soil Screening Level, Migration to Groundwater, Dilution Attenuation Factor (DAF) = 20 (April 2009).
2

Bolded PQLGs indicate values which are less than the laboratory QL. However, the laboratory QL, or at a minimum the MDL, is sufficiently low to meet
the PSL and for the intended data use. Bolded and shaded compounds have QLs and MDLs that do not meet the PQLG. These compounds are not expected to
be a compound of concern at the site; therefore, the laboratory QL will be sufficient for the intended data use. These compounds are being monitored only in an
effort to ensure that unexpected conditions are not present at the site. Any uncertainties introduced by MDLs or QLs that are greater than PSLs will be described in
the Phase I RI report.
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CTO WE05

Matrix: Subsurface Soil (depth: greater than 2 feet)
Analytical Group: SVOCs

Analyte CAS Number
Project Screening

Level
(μg/kg) 

Project Screening
Level Reference

1

Project Quantitation
Limit Goal

2

(μg/kg) 

CompuChem

QLs
(μg/kg) 

MDLs
(μg/kg) 

Benzaldehyde 100-52-7 19,400 ORNL SSL 6,400 170 21

Phenol 108-95-2 162,000 ORNL SSL 54,000 170 100

Bis(2-chloroethyl)ether 111-44-4 0.054 ORNL SSL 0.018 170 91

2-Chlorophenol 95-57-8 4,000 ORNL SSL 1,300 170 97

2-Methylphenol 95-48-7 40,000 ORNL SSL 13,000 170 94

2,2'-Oxybis(1-chloropropane) 108-60-1 1.8 ORNL SSL 0.60 170 85

Acetophenone 98-86-2 22,000 ORNL SSL 7,300 170 82

4-Methylphenol 106-44-5 3,800 ORNL SSL 1,200 170 20

N-Nitroso-di-n-propylamine 621-64-7 0.22 ORNL SSL 0.073 170 85

Hexachloroethane 67-72-1 64 ORNL SSL 21 170 89

Nitrobenzene 98-95-3 1.42 ORNL SSL 0.47 170 79

Isophorone 78-59-1 440 ORNL SSL 140 170 87

2,4-Dimethylphenol 105-67-9 24,000 ORNL SSL 8,000 170 59

Bis(2-chloroethoxy)methane 111-91-1 460 ORNL SSL 150 170 79

2,4-Dichlorophenol 120-83-2 3,600 ORNL SSL 1,200 170 82

4-Chloroaniline 106-47-8 2.4 ORNL SSL 0.80 170 84

Hexachlorobutadiene 87-68-3 38 ORNL SSL 12 170 86

Caprolactam 105-60-2 114,000 ORNL SSL 38,000 330 38

Hexachlorocyclopentadiene 77-47-4 16,000 ORNL SSL 5,300 170 71

2,4,6-Trichlorophenol 88-06-2 320 ORNL SSL 100 170 80

2,4,5-Trichlorophenol 95-95-4 188,000 ORNL SSL 62,000 170 77

1,1'-Biphenyl 92-52-4 390,000 ORNL Res (N) 130,000 170 170

2-Chloronaphthalene 91-58-7 360,000 ORNL SSL 120,000 170 93

2-Nitroaniline 88-74-4 660 ORNL SSL 220 330 77

Dimethyl phthalate 131-11-3 61,100,000 ORNL Res (N) 20,000,000 170 85

2,6-Dinitrotoluene 606-20-2 680 ORNL SSL 220 170 73

3-Nitroaniline 99-09-2 19.4 ORNL SSL 6.4 330 69

2,4-Dinitrophenol 51-28-5 1,360 ORNL SSL 450 330 90

4-Nitrophenol 100-02-7 49,000 ORNL Res (N) 16,000 330 77
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CTO WE05

Analyte CAS Number
Project Screening

Level
(μg/kg) 

Project Screening
Level Reference

1

Project Quantitation
Limit Goal 2

(μg/kg) 

CompuChem

QLs
(μg/kg) 

MDLs
(μg/kg) 

Dibenzofuran 132-64-9 15,600 ORNL Res (N) 5,200 170 82

2,4-Dinitrotoluene 121-14-2 4.0 ORNL SSL 1.3 170 85

Diethyl phthalate 84-66-2 260,000 ORNL SSL 86,000 170 76

4-Nitroaniline 100-01-6 20 ORNL SSL 6.6 330 57

4,6-Dinitro-2-methylphenol 534-52-1 102 ORNL SSL 34 330 75

N-Nitrosodiphenylamine 86-30-6 3,400 ORNL SSL 1,100 170 69

1,2,4,5-Tetrachlorobenzene 95-94-3 560 ORNL SSL 180 170 (est.) TBD

Hexachlorobenzene 118-74-1 5.8 ORNLSSL 1.9 170 72

Atrazine 1912-24-9 3.8 ORNL SSL 1.2 170 17

Pentachlorophenol 87-86-5 78 ORNL SSL 26 330 78

Carbazole 86-74-8 24,000 ORNL Res (C) 8,000 170 34

Di-n-butyl phthalate 84-74-2 220,000 ORNL SSL 73,000 170 74

Butyl benzyl phthalate 85-68-7 13,400 ORNL SSL 4,400 170 69

3,3'-Dichlorobenzidine 91-94-1 46 ORNL SSL 15 170 170

Bis(2-ethylhexyl)phthalate 117-81-7 32,000 ORNL SSL 10,000 170 76
1 Subsurface soil screening references: ORNL Res (C) or (N) –ORNL RBC, Direct Contact Residential (April 2009), C=carcinogen, N=non-carcinogen criteria; ORNL

SSL – ORNL Soil Screening Level, Migration to Groundwater, Dilution Attenuation Factor (DAF) = 20 (April 2009).
2

Bolded PQLGs indicate values which are less than the laboratory QL. However, the laboratory QL, or at a minimum the MDL, is sufficiently low to meet
the PSL and for the intended data use. Bolded and shaded compounds have QLs and MDLs that do not meet the PQLG. These compounds are not expected to
be a compound of concern at the site; therefore, the laboratory QL will be sufficient for the intended data use. These compounds are being monitored only in an
effort to ensure that unexpected conditions are not present at the site. Any uncertainties introduced by MDLs or QLs that are greater than PSLs will be described in
the Phase I RI report.
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CTO WE05

Matrix: Subsurface Soil (depth: greater than 2 feet)
Analytical Group: PAHs by SIM

Analyte CAS Number
Project Screening

Level
(μg/kg) 

Project Screening
Level Reference

1

Project Quantitation
Limit Goal

2

(μg/kg) 

CompuChem

QLs
(μg/kg) 

MDLs
(μg/kg) 

Naphthalene 91-20-3 11 ORNL SSL 3.6 8.3 0.72

2-Methylnaphthalene 91-57-6 18,000 ORNL SSL 6,000 8.3 0.68

Acenaphthylene 208-96-8 340,000 ORNL Res (N) 110,000 8.3 0.53

Acenaphthene 83-32-9 340,000 ORNL Res (N) 110,000 8.3 0.60

Fluorene 86-73-7 230,000 ORNL Res (N) 76,000 8.3 0.45

Phenanthrene 85-01-8 170,000 ORNL Res (N) 56,000 8.3 1.3

Anthracene 120-12-7 1,700,000 ORNL Res (N) 560,000 8.3 0.43

Fluoranthene 206-44-0 230,000 ORNL Res (N) 86,000 8.3 1.3

Pyrene 129-00-0 170,000 ORNL Res (N) 56,000 8.3 0.57

Benzo(a)anthracene 56-55-3 150 ORNL Res (C) 50 8.3 0.55

Chrysene 218-01-9 15,000 ORNL Res (C) 5,000 8.3 0.63

Benzo(b)fluoranthene 205-99-2 150 ORNL Res (C) 50 8.3 0.57

Benzo(k)fluoranthene 207-08-9 1,500 ORNL Res (C) 5,000 8.3 0.43

Benzo(a)pyrene 50-32-8 15 ORNL Res (C) 5.0 8.3 0.38

Indeno(1,2,3,-cd)pyrene 193-39-5 150 ORNL Res (C) 50 8.3 0.37

Dibenzo(a,h)anthracene 53-70-3 15 ORNL Res (C) 5.0 8.3 0.33

Benzo(g,h,i)perylene 191-24-2 170,000 ORNL Res (N) 56,000 8.3 0.38

1 Subsurface soil screening references: ORNL Res (C) or (N) –ORNL RBC, Direct Contact Residential (April 2009), C=carcinogen, N=non-carcinogen criteria; ORNL
SSL – ORNL Soil Screening Level, Migration to Groundwater, Dilution Attenuation Factor (DAF) = 20 (April 2009).

2. Bolded PQLGs indicate values which are less than the laboratory QL. However, the laboratory QL, or at a minimum the MDL, is sufficiently low to meet
the PSL and for the intended data use.
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CTO WE05

Matrix: Subsurface Soil (depth: greater than 2 feet)
Analytical Group: Pesticides

Analyte CAS Number
Project Screening

Level
(μg/kg) 

Project
Screening Level

Reference
1

Project
Quantitation
Limit Goal

2

(μg/kg) 

CompuChem

QLs
(μg/kg) 

MDLs
(μg/kg) 

alpha-BHC 319-84-6 1.48 ORNL SSL 0.49 1.67 0.17

beta-BHC 319-85-7 5.2 ORNL SSL 1.7 1.67 0.33

delta-BHC 319-86-8 1.48 ORNL SSL 0.49 1.67 0.17

gamma-BHC (Lindane) 58-89-9 8.6 ORNL SSL 2.8 1.67 0.23

Heptachlor 76-44-8 32 ORNL SSL 10 1.67 0.17

Aldrin 309-00-2 16.8 ORNL SSL 5.6 1.67 0.17

Heptachlor epoxide 1024-57-3 1.58 ORNL SSL 0.52 1.67 0.18

Endosulfan I 959-98-8 37,000 ORNL Res (N) 12,000 1.67 0.17

Dieldrin 60-57-1 1.8 ORNL SSL 0.60 3.34 0.33

4,4'-DDE 72-55-9 1,200 ORNL SSL 400 3.34 0.33

Endrin 72-20-8 1,800 ORNL Res (N) 600 3.34 0.33

Endosulfan II 33213-65-9 37,000 ORNL Res (N) 12,000 3.34 0.33

4,4'-DDD 72-54-8 1,720 ORNL SSL 570 3.34 0.33

Endosulfan sulfate 1031-07-8 37,000 ORNL Res (N) 12,000 3.34 0.33

4,4'-DDT 50-29-3 1,700 ORNL Res (C) 560 3.34 0.50

Methoxychlor 72-43-5 31,000 ORNL Res (N) 10,000 16.7 2.17

Endrin ketone 53494-70-5 1,800 ORNL Res (N) 600 3.34 0.33

Endrin aldehyde 7421-93-4 1,800 ORNL Res (N) 600 3.34 0.33

alpha-Chlordane 5103-71-9 660 ORNL SSL 220 1.67 0.17

gamma-Chlordane 5103-74-2 660 ORNL SSL 220 1.67 0.17

Toxaphene 8001-35-2 240 ORNL SSL 80 83.3 33.8
1 Subsurface soil screening references: ORNL Res (C) or (N) –ORNL RBC, Direct Contact Residential (April 2009), C=carcinogen, N=non-carcinogen criteria; ORNL

SSL – ORNL Soil Screening Level, Migration to Groundwater, Dilution Attenuation Factor (DAF) = 20 (April 2009).
2. Bolded PQLGs indicate values which are less than the laboratory QL. However, the laboratory QL, or at a minimum the MDL, is sufficiently low to meet

the PSL and for the intended data use.
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CTO WE05

Matrix: Subsurface Soil (depth: greater than 2 feet)
Analytical Group: PCBs

Analyte CAS Number
Project Screening

Level
(μg/kg) 

Project Screening
Level Reference

1

Project
Quantitation
Limit Goal

2

(μg/kg) 

CompuChem

QLs
(μg/kg) 

MDLs
(μg/kg) 

Aroclor-1016 12674-11-2 220 ORNL Res (C) 73 24 23.7

Aroclor-1221 11104-28-2 2.8 ORNL SSL 0.93 34 20.3

Aroclor-1232 11141-16-5 2.8 ORNL SSL 0.93 17 7.50

Aroclor-1242 53469-21-9 60 ORNL SSL 20 17 11.2

Aroclor-1248 12672-29-6 60 ORNL SSL 20 17 7.50

Aroclor-1254 11097-69-1 102 ORNL SSL 34 17 6.67

Aroclor-1260 11096-82-5 220 ORNL Res (C) 73 17 10.0
1 Subsurface soil screening references: ORNL Res (C) or (N) –ORNL RBC, Direct Contact Residential (April 2009), C=carcinogen, N=non-carcinogen criteria;

ORNL SSL – ORNL Soil Screening Level, Migration to Groundwater, Dilution Attenuation Factor (DAF) = 20 (April 2009).
2. Bolded PQLGs indicate values which are less than the laboratory QL. However, the laboratory QL, or at a minimum the MDL, is sufficiently low to meet

the PSL and for the intended data use. Bolded and shaded compounds have QLs and MDLs that do not meet the PQLG. These compounds are not expected to
be a compound of concern at the site; therefore, the laboratory QL will be sufficient for the intended data use. These compounds are being monitored only in an
effort to ensure that unexpected conditions are not present at the site. Any uncertainties introduced by MDLs or QLs that are greater than PSLs will be described in
the Phase I RI report.
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Matrix: Subsurface Soil (depth: greater than 2 feet)
Analytical Group: Dioxins/Furans

Analyte CAS Number
Project Screening

Level
(μg/kg) 

Project Screening Level
Reference

1

Project
Quantitation
Limit Goal

2

(μg/kg) 

Columbia

QLs
(μg/kg) 

MDLs 3

(μg/kg) 

2,3,7,8-TCDD 1746-01-6 0.0030 ORNL SSL 0.0010 0.0005 0.000023

1,2,3,7,8-PeCDD 40321-76-4 0.00449 ORNL Res (C) 0.0014 0.0025 0.000031

1,2,3,4,7,8-HxCDD 39227-28-6 None --- --- 0.0025 0.000032

1,2,3,6,7,8-HxCDD 57653-85-7 42.7 ORNL Res (C) 14 0.0025 0.000036

1,2,3,7,8,9-HxCDD 19408-74-3 None --- --- 0.0025 0.000034

1,2,3,4,6,7,8-HpCDD 35822-46-9 44.6 ORNL Res (C) 14 0.0025 0.000077

OCDD 3268-87-9 44.9 ORNL Res (C) 14 0.005 0.000087

2,3,7,8-TCDF 51207-31-9 0.0373 ORNL Res (C) 0.012 0.0025 0.000019

1,2,3,7,8-PeCDF 57117-41-6 0.747 ORNL Res (C) 0.24 0.0025 0.000017

2,3,4,7,8-PeCDF 57117-31-4 0.00747 ORNL Res (C) 0.0024 0.0025 0.000017

1,2,3,4,7,8-HxCDF 70648-26-9 None --- --- 0.0025 0.000029

1,2,3,6,7,8-HxCDF 57117-44-9 None --- --- 0.0025 0.000036

1,2,3,7,8,9-HxCDF 72918-21-9 35.8 ORNL Res (C) 11 0.0025 0.000044

2,3,4,6,7,8-HxCDF 60851-34-5 0.0373 ORNL Res (C) 0.012 0.0025 0.000039

1,2,3,4,6,7,8-HpCDF 67562-39-4 None --- --- 0.0025 0.000059

1,2,3,4,7,8,9-HpCDF 55673-89-7 37.2 ORNL Res (C) 12 0.0025 0.000076

OCDF 39001-02-0 37.3 ORNL Res (C) 12 0.005 0.000062
1 Subsurface soil screening references: ORNL Res (C) or (N) –ORNL RBC, Direct Contact Residential (April 2009), C=carcinogen, N=non-carcinogen criteria; ORNL

SSL – ORNL Soil Screening Level, Migration to Groundwater, Dilution Attenuation Factor (DAF) = 20 (April 2009).
2

Bolded PQLGs indicate values which are less than the laboratory QL. However, the laboratory QL, or at a minimum the MDL, is sufficiently low to meet
the PSL and for the intended data use.

3 MDLs for Dioxins/Furans are reported as the Average Estimated Detection Limits.
Congeners that do not have individual PSLs are included to obtain the total OCDD/OCDF values and to calculate Toxicity Equivalent Factors.
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CTO WE05

Matrix: Subsurface Soil (depth: greater than 2 feet)
Analytical Group: TAL Metals and Cyanide

Analyte
CAS

Number

Project
Screening

Level
(mg/kg)

Project
Screening Level

Reference
1

Project
Quantitation
Limit Goal 2

(mg/kg)

CompuChem

QLs
(mg/kg)

MDLs
(mg/kg)

Aluminum 7429-90-5 7,700 ORNL Res (N) 2,500 20 3.5

Antimony 7440-36-0 3.1 ORNL Res (N) 1.0 0.2 0.0059

Arsenic 7440-38-2 0.026 ORNL SSL 0.0086 0.1 0.0133

Barium 7440-39-3 1,500 ORNL Res (N) 500 1 0.0193

Beryllium 7440-41-7 16 ORNL Res (N) 5.3 0.1 0.0040

Cadmium 7440-43-9 7.0 ORNL Res (N) 2.3 0.1 0.0034

Chromium 7440-47-3 280 ORNL Res (C) 93 0.2 0.0048

Cobalt 7440-48-4 2.3 ORNL Res (N) 0.76 0.1 0.0025

Copper 7440-50-8 10,000 ORNL Res (N) 3,300 0.5 0.15

Iron 7439-89-6 5,500 ORNL Res (N) 1,800 10 1.3

Lead 7439-92-1 400 ORNL Res (N) 130 0.1 0.0019

Manganese 7439-96-5 180 ORNL Res (N) 60 1 0.043

Mercury 7439-97-6 0.43 ORNL Res (N) 0.14 0.1 0.011

Nickel 7440-02-0 150 ORNL Res (N) 50 0.5 0.062

Selenium 7782-49-2 39 ORNL Res (N) 13 0.5 0.0261

Silver 7440-22-4 39 ORNL Res (N) 13 0.1 0.0016

Thallium 7440-28-0 0.51 ORNL Res (N) 0.17 0.1 0.0020

Vanadium 7440-62-2 39 ORNL Res (N) 13 0.5 0.0111

Zinc 7440-66-6 2,300 ORNL Res (N) 760 2.0 0.73

Cyanide 57-12-5 160 ORNL Res (N) 53 0.5 0.053
1 Subsurface soil screening references: ORNL Res (C) or (N) –ORNL RBC, Direct Contact Residential (April 2009), C=carcinogen, N=non-carcinogen criteria;

ORNL SSL – ORNL Soil Screening Level, Migration to Groundwater, Dilution Attenuation Factor (DAF) = 20 (April 2009).
2

Bolded PQLGs indicate values which are less than the laboratory QL. Bolded and shaded compounds have QLs and MDLs that do not meet the
PQLG. These compounds are not expected to be a compound of concern at the site; therefore, the laboratory QL will be sufficient for the intended data use.
These compounds are being monitored only in an effort to ensure that unexpected conditions are not present at the site. Any uncertainties introduced by
MDLs or QLs that are greater than PSLs will be described in the Phase I RI report.
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CTO WE05

Matrix: Sediment
Analytical Group: VOCs

Analyte
CAS

Number
Project

Screening Level
(μg/kg) 

Project Screening Level
Reference 1

Project
Quantitation
Limit Goal 2

(μg/kg) 

CompuChem

QLs
(μg/kg) 

MDLs
(μg/kg) 

Dichlorodifluoromethane 75-71-8 19,000 ORNL Res (N) 6,300 5 1.00

Chloromethane 74-87-3 120,000 ORNL Res (C) 40,000 5 1.09

Vinyl chloride 75-01-4 10 Lowest NOAA (D) 3.3 5 1.00

Bromomethane 74-83-9 790 ORNL Res (N) 260 5 2.44

Chloroethane 75-00-3 1,500,000 ORNL Res (N) 500,000 5 1.00

Trichlorofluoromethane 75-69-4 80,000 ORNL Res (N) 26,000 5 1.00

1,1-Dichloroethene 75-35-4 31 R3 FW Sed Benchmark 10 5 1.00

1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 4,300,000 ORNL Res (N) 1,400,000 5 1.12

Acetone 67-64-1 6,100,000 ORNL Res (N) 2,000,000 12.5 7.06

Carbon disulfide 75-15-0 0.851 R3 FW Sed Benchmark 0.28 5
(3)

1.00

Methyl acetate 79-20-9 7,800,000 ORNL Res (N) 2,600,000 5 1.12

Methylene chloride 75-09-2 11,000 ORNL Res (C) 3,600 5 1.00

trans-1,2-Dichloroethene 156-60-5 1,050 R3 FW Sed Benchmark 350 5 1.00

Methyl tert-butyl ether 1634-04-4 39,000 ORNL Res (C) 13,000 5 1.00

1,1-Dichloroethane 75-34-3 3,400 ORNL Res (C) 1,100 5 1.00

cis-1,2-Dichloroethene 156-59-2 78,000 ORNL Res (N) 26,000 5 1.00

2-Butanone 78-93-3 35,000 Lowest NOAA (D) 11,000 12.5 2.50

Chloroform 67-66-3 20 Lowest NOAA (D) 6.6 5 1.00

1,1,1-Trichloroethane 71-55-6 30.2 R3 FW Sed Benchmark 10 5 1.00

Cyclohexane 110-82-7 720,000 ORNL Res (N) 240,000 5 1.00

Carbon tetrachloride 56-23-5 64.2 R3 FW Sed Benchmark 21 5 1.00

Benzene 71-43-2 10 Lowest NOAA (D) 3.3 5 1.00

1,2-Dichloroethane 107-06-2 20 Lowest NOAA (D) 6.6 5 1.00

Trichloroethene 79-01-6 96.9 R3 FW Sed Benchmark 32 5 1.00

1,2-Dichloropropane 78-87-5 2 Lowest NOAA (D) 0.66 5 1.02

Bromodichloromethane 75-27-4 280 ORNL Res (C) 93 5 1.00



Project-Specific SAP Title: SAP for Phase I RI at Site 12 - South Landfill
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 1
Site Location: Willow Grove, Pennsylvania Revision Date: November 2009

L/DOCUMENTS/NAVY/02014/22939 Page 58 of 135

CTO WE05

Analyte
CAS

Number
Project

Screening Level
(μg/kg) 

Project Screening Level
Reference

1

Project
Quantitation
Limit Goal

2

(μg/kg) 

CompuChem

QLs
(μg/kg) 

MDLs
(μg/kg) 

cis-1,3-Dichloropropene 10061-01-5 0.0509 R3 FW Sed Benchmark 0.017 5
(3)

1.00

4-Methyl-2-pentanone 108-10-1 None ORNL Res (N) --- 12.5 2.50

Toluene 108-88-3 10 Lowest NOAA (D) 3.3 5 1.00

trans-1,3-Dichloropropene 10061-02-6 0.0509 R3 FW Sed Benchmark 0.017 5
(3)

1.00

1,1,2-Trichloroethane 79-00-5 1,240 R3 FW Sed Benchmark 410 5 1.00

Tetrachloroethene 127-18-4 468 R3 FW Sed Benchmark 150 5 1.00

Dibromochloromethane 124-48-1 700 ORNL Res (C) 230 5 1.00

1,2-Dibromoethane 106-93-4 34 ORNL Res (C) 11 5 1.00

Chlorobenzene 108-90-7 8.42 R3 FW Sed Benchmark 2.8 5(4) 1.00

Ethylbenzene 100-41-4 1,100 R3 FW Sed Benchmark 360 5 1.11

o-Xylene 95-47-6 89 Lowest NOAA (D) 29 5 1.05

m,p-Xylene 179601-23-1 25.2 R3 FW Sed Benchmark 8.4 5 2.00

Styrene 100-42-5 559 R3 FW Sed Benchmark 180 5 1.02

Bromoform 75-25-2 280 ORNL Res (C) 93 5 1.00

Isopropyl benzene 98-82-8 86 R3 FW Sed Benchmark 28 5 1.33

1,1,2,2-Tetrachloroethane 79-34-5 1,360 R3 FW Sed Benchmark 450 5 1.00

1,3-Dichlorobenzene 541-73-1 4,430 R3 FW Sed Benchmark 1,400 5 1.00

1,4-Dichlorobenzene 106-46-7 599 Lowest NOAA (M) 190 5 1.00

1,2-Dichlorobenzene 95-50-1 16.5 R3 FW Sed Benchmark 5.5 5 1.14

1,2-Dibromo-3-chloropropane 96-12-8 5.6 ORNL Res (C) 1.8 5 (est.) TBD

1,2,4-Trichlorobenzene 120-82-1 2,100 R3 FW Sed Benchmark 700 5 1.00
1

Sediment screening references: ORNL Res (C) or (N) – ORNL RBC, Direct Contact Residential (April 2009), C=carcinogen, N=non-carcinogen criteria. R3 FW Sed Benchmark – EPA Region
3 Freshwater Sediment Screening Benchmarks (2004); if none for a compound, use Lowest NOAA – Lowest corresponding freshwater sediment value from the NOAA SQuiRTs (11/2008),
(D)=Dutch value.

2 Bolded PQLGs indicate values which are less than the laboratory QL. However, the laboratory QL, or at a minimum the MDL, is sufficiently low to meet the PSL and for the
intended data use. Bolded and shaded compounds have QLs and MDLs that do not meet the PQLG. These compounds are not expected to be a compound of concern at the site; therefore,
the laboratory QL will be sufficient for the intended data use. These compounds are being monitored only in an effort to ensure that unexpected conditions are not present at the site. Any
uncertainties introduced by MDLs or QLs that are greater than PSLs will be described in the Phase I RI report.
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CTO WE05

Matrix: Sediment
Analytical Group: SVOCs

Analyte CAS Number
Project Screening Level

(μg/kg) 
Project Screening
Level Reference

1

Project Quantitation
Limit Goal

2

(μg/kg) 

CompuChem

QLs
(μg/kg) 

MDLs
(μg/kg) 

Benzaldehyde 100-52-7 780,000 ORNL Res (N) 260,000 170 21

Phenol 108-95-2 420 R3 FW Sed Benchmark 140 170 100

Bis(2-chloroethyl)ether 111-44-4 190 ORNL Res (C) 63 170 91

2-Chlorophenol 95-57-8 31.2 R3 FW Sed Benchmark 10 170 97

2-Methylphenol 95-48-7 310,000 ORNL Res (N) 100,000 170 94

2,2'-Oxybis(1-chloropropane) 108-60-1 3,500 ORNL Res (C) 1,100 170 85

Acetophenone 98-86-2 780,000 ORNL Res (N) 260,000 170 82

4-Methylphenol 106-44-5 670 R3 FW Sed Benchmark 220 170 20

N-Nitroso-di-n-propylamine 621-64-7 69 ORNL Res (C) 23 170 85

Hexachloroethane 67-72-1 1,000 R3 FW Sed Benchmark 330 170 89

Nitrobenzene 98-95-3 4,400 ORNL Res (C) 1,400 170 79

Isophorone 78-59-1 510,000 ORNL Res (C) 170,000 170 87

2,4-Dimethylphenol 105-67-9 29 R3 FW Sed Benchmark 9.3 170 59

Bis(2-chloroethoxy)methane 111-91-1 18,000 ORNL Res (C) 6,000 170 79

2,4-Dichlorophenol 120-83-2 117 R3 FW Sed Benchmark 39 170 82

4-Chloroaniline 106-47-8 9,000 ORNL Res (C) 3,000 170 84

Hexachlorobutadiene 87-68-3 6,100 ORNL Res (N) 2,000 170 86

Caprolactam 105-60-2 3,100,000 ORNL Res (N) 1,000,000 330 38

Hexachlorocyclopentadiene 77-47-4 37,000 ORNL Res (N) 12,000 170 71

2,4,6-Trichlorophenol 88-06-2 213 R3 FW Sed Benchmark 71 170 80

2,4,5-Trichlorophenol 95-95-4 10 Lowest NOAA (D) 3.3 170 77

1,1'-Biphenyl 92-52-4 1,220 R3 FW Sed Benchmark 400 170 170

2-Chloronaphthalene 91-58-7 250 Lowest NOAA (D) 83 170 93

2-Nitroaniline 88-74-4 18,000 ORNL Res (N) 6,000 330 77

Dimethyl phthalate 131-11-3 61,100,000 ORNL Res (N) 20,000,000 170 85

2,6-Dinitrotoluene 606-20-2 6,100 ORNL Res (N) 2,000 170 73

3-Nitroaniline 99-09-2 1,800 ORNL Res (N) 600 330 69

2,4-Dinitrophenol 51-28-5 12,000 ORNL Res (N) 4,000 330 90

4-Nitrophenol 100-02-7 49,000 ORNL Res (N) 16,000 330 77
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Analyte CAS Number
Project Screening Level

(μg/kg) 
Project Screening
Level Reference

1

Project Quantitation
Limit Goal 2

(μg/kg) 

CompuChem

QLs
(μg/kg) 

MDLs
(μg/kg) 

Dibenzofuran 132-64-9 415 R3 FW Sed Benchmark 140 170 82

2,4-Dinitrotoluene 121-14-2 41.6 R3 FW Sed Benchmark 14 170 85

Diethyl phthalate 84-66-2 603 R3 FW Sed Benchmark 200 170 76

4-Nitroaniline 100-01-6 18,000 ORNL Res (N) 6,000 330 57

4,6-Dinitro-2-methylphenol 534-52-1 610 ORNL Res (N) 200 330 75

N-Nitrosodiphenylamine 86-30-6 2,680 R3 FW Sed Benchmark 890 170 69

1,2,4,5-Tetrachlorobenzene 95-94-3 1,090 R3 FW Sed Benchmark 390 170 (est.) TBD

4-Bromophenyl phenyl ether 101-55-3 1,230 R3 FW Sed Benchmark 410 170 62

Hexachlorobenzene 118-74-1 20 R3 FW Sed Benchmark 6.6 170 72

Atrazine 1912-24-9 6.62 R3 FW Sed Benchmark 2.2 170 17

Pentachlorophenol 87-86-5 504 R3 FW Sed Benchmark 160 330 78

Carbazole 86-74-8 24,000 ORNL Res (C) 8,000 170 34

Di-n-butyl phthalate 84-74-2 6,470 R3 FW Sed Benchmark 2,100 170 74

Butyl benzyl phthalate 85-68-7 10,900 R3 FW Sed Benchmark 3,600 170 69

3,3'-Dicholorobenzidine 91-94-1 127 R3 FW Sed Benchmark 42 170 170

Bis(2-ethylhexyl)phthalate 117-81-7 180 R3 FW Sed Benchmark 60 170 76
1 Sediment screening references: ORNL Res (C) or (N) –ORNL RBC, Direct Contact Residential (April 2009), C=carcinogen, N=non-carcinogen criteria. R3 FW Sed

Benchmark – EPA Region 3 Freshwater Sediment Screening Benchmarks (2004); if none for a compound, use Lowest NOAA – Lowest corresponding freshwater
sediment value from the NOAA SQuiRTs (11/2008), (D)=Dutch value.

2
Bolded PQLGs indicate values which are less than the laboratory QL. However, the laboratory QL, or at a minimum the MDL, is sufficiently low to meet the
PSL and for the intended data use. Bolded and shaded compounds have QLs and MDLs that do not meet the PQLG. These compounds are not expected to be a
compound of concern at the site; therefore, the laboratory QL will be sufficient for the intended data use. These compounds are being monitored only in an effort to
ensure that unexpected conditions are not present at the site. Any uncertainties introduced by MDLs or QLs that are greater than PSLs will be described in the Phase I RI
report.
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Matrix: Sediment
Analytical Group: PAHs by SIM

Analyte CAS Number
Project

Screening Level
(μg/kg) 

Project Screening Level
Reference

1

Project Quantitation
Limit Goal

2

(μg/kg) 

CompuChem

QLs
(μg/kg) 

MDLs
(μg/kg) 

Naphthalene 91-20-3 176 R3 FW Sed Benchmark 58 8.3 0.72

2-Methylnaphthalene 91-57-6 20.2 R3 FW Sed Benchmark 6.7 8.3 0.68

Acenaphthylene 208-96-8 5.9 R3 FW Sed Benchmark 1.9 8.3 0.53

Acenaphthene 83-32-9 6.7 R3 FW Sed Benchmark 2.2 8.3 0.60

Fluorene 86-73-7 77.4 R3 FW Sed Benchmark 25 8.3 0.45

Phenanthrene 85-01-8 204 R3 FW Sed Benchmark 68 8.3 1.3

Anthracene 120-12-7 57.2 R3 FW Sed Benchmark 19 8.3 0.43

Fluoranthene 206-44-0 423 R3 FW Sed Benchmark 140 8.3 1.3

Pyrene 129-00-0 195 R3 FW Sed Benchmark 65 8.3 0.57

Benzo(a)anthracene 56-55-3 108 R3 FW Sed Benchmark 36 8.3 0.55

Chrysene 218-01-9 166 R3 FW Sed Benchmark 55 8.3 0.63

Benzo(b)fluoranthene 205-99-2 27.2* R3 FW Sed Benchmark 9.0 8.3 0.57

Benzo(k)fluoranthene 207-08-9 27.2* R3 FW Sed Benchmark 9.0 8.3 0.43

Benzo(a)pyrene 50-32-8 15 R3 FW Sed Benchmark 5.0 8.3 0.38

Indeno(1,2,3,-cd)pyrene 193-39-5 17 R3 FW Sed Benchmark 5.6 8.3 0.37

Dibenzo(a,h)anthracene 53-70-3 15 R3 FW Sed Benchmark 5.0 8.3 0.33

Benzo(g,h,i)perylene 191-24-2 170 R3 FW Sed Benchmark 56 8.3 0.38
1 Sediment screening references: ORNL Res (C) or (N) –ORNL RBC, Direct Contact Residential (April 2009), C=carcinogen, N=non-carcinogen criteria. R3 FW Sed

Benchmark – EPA Region 3 Freshwater Sediment Screening Benchmarks (2004); if none for a compound, use Lowest NOAA – Lowest corresponding freshwater
sediment value from the NOAA SQuiRTs (11/2008), (D)=Dutch value.

2
Bolded PQLGs indicate values which are less than the laboratory QL. However, the laboratory QL, or at a minimum the MDL, is sufficiently low to meet
the PSL and for the intended data use.
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Matrix: Sediment
Analytical Group: Pesticides

Analyte CAS Number
Project Screening

Level
(μg/kg) 

Project Screening Level
Reference

1

Project Quantitation
Limit Goal

2

(μg/kg) 

CompuChem

QLs
(μg/kg) 

MDLs
(μg/kg) 

alpha-BHC 319-84-6 6 R3 FW Sed Benchmark 2.0 1.67 0.17

beta-BHC 319-85-7 5 R3 FW Sed Benchmark 1.67 1.67 0.33

delta-BHC 319-86-8 6,400 R3 FW Sed Benchmark 2,100 1.67 0.17

gamma-BHC (Lindane) 58-89-9 2.37 R3 FW Sed Benchmark 0.79 1.67 0.23

Heptachlor 76-44-8 68 R3 FW Sed Benchmark 22 1.67 0.17

Aldrin 309-00-2 2 R3 FW Sed Benchmark 0.66 1.67 0.17

Heptachlor epoxide 1024-57-3 2.47 R3 FW Sed Benchmark 0.82 1.67 0.18

Endosulfan I 959-98-8 2.9 R3 FW Sed Benchmark 0.96 1.67 0.17

Dieldrin 60-57-1 1.9 R3 FW Sed Benchmark 0.63 3.34 0.33

4,4'-DDE 72-55-9 3.16 R3 FW Sed Benchmark 1.0 3.34 0.33

Endrin 72-20-8 2.22 R3 FW Sed Benchmark 0.74 3.34 0.33

Endosulfan II 33213-65-9 14 R3 FW Sed Benchmark 4.6 3.34 0.33

4,4'-DDD 72-54-8 4.88 R3 FW Sed Benchmark 1.6 3.34 0.33

Endosulfan sulfate 1031-07-8 5.4 R3 FW Sed Benchmark 1.8 3.34 0.33

4,4'-DDT 50-29-3 4.16 R3 FW Sed Benchmark 1.3 3.34 0.50

Methoxychlor 72-43-5 18.7 R3 FW Sed Benchmark 6.2 16.7 2.17

Endrin ketone 53494-70-5 2.22* R3 FW Sed Benchmark 0.74 3.34 0.33

Endrin aldehyde 7421-93-4 2.22* R3 FW Sed Benchmark 0.74 3.34 0.33

alpha-Chlordane 5103-71-9 3.24** R3 FW Sed Benchmark 1.0 1.67 0.17

gamma-Chlordane 5103-74-2 3.24** R3 FW Sed Benchmark 1.0 1.67 0.17

Toxaphene 8001-35-2 0.1 R3 FW Sed Benchmark 0.033 83.3
3

33.8
1 Sediment screening references: ORNL Res (C) or (N) –ORNL RBC, Direct Contact Residential (April 2009), C=carcinogen, N=non-carcinogen criteria. R3 FW Sed

Benchmark – EPA Region 3 Freshwater Sediment Screening Benchmarks (2004); if none for a compound, use Lowest NOAA – Lowest corresponding freshwater
sediment value from the NOAA SQuiRTs (11/2008), (D)=Dutch value.

2
PQLGs indicate values which are less than the laboratory QL. However, the laboratory QL, or at a minimum the MDL, is sufficiently low to meet the PSL and
for the intended data use. Bolded and shaded compounds have QLs and MDLs that do not meet the PQLG. These compounds are not expected to be a compound of
concern at the site; therefore, the laboratory QL will be sufficient for the intended data use.

3 The QL and MDL are greater than the compound PSL, however, these values represent the lowest possible technically achievable detection limits.
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Matrix: Sediment
Analytical Group: PCBs

Analyte CAS Number
Project

Screening Level
(μg/kg) 

Project Screening Level
Reference

1

Project Quantitation
Limit Goal 2

(μg/kg) 

CompuChem

QLs
(μg/kg) 

MDLs
(μg/kg) 

Aroclor-1016 12674-11-2 59.8 R3 FW Sed Benchmark 19 24
3

23.7

Aroclor-1221 11104-28-2 59.8 R3 FW Sed Benchmark 19 34
3

20.3

Aroclor-1232 11141-16-5 59.8 R3 FW Sed Benchmark 19 17 7.50

Aroclor-1242 53469-21-9 59.8 R3 FW Sed Benchmark 19 17 11.2

Aroclor-1248 12672-29-6 59.8 R3 FW Sed Benchmark 19 17 7.50

Aroclor-1254 11097-69-1 59.8 R3 FW Sed Benchmark 19 17 6.67

Aroclor-1260 11096-82-5 59.8 R3 FW Sed Benchmark 19 17 10.0
1 Sediment screening references: ORNL Res (C) or (N) –ORNL RBC, Direct Contact Residential (April 2009), C=carcinogen, N=non-carcinogen criteria. R3 FW Sed

Benchmark – EPA Region 3 Freshwater Sediment Screening Benchmarks (2004); if none for a compound, use Lowest NOAA – Lowest corresponding freshwater
sediment value from the NOAA SQuiRTs (11/2008), (D)=Dutch value.

2
Bolded PQLGs indicate values which are less than the laboratory QL. However, the laboratory QL, or at a minimum the MDL, is sufficiently low to meet
the PSL and for the intended data use. Bolded and shaded compounds have QLs and MDLs that do not meet the PQLG.

3 The QL and MDL are greater than the compound PSL, however, these values represent the lowest possible technically achievable detection limits.
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Matrix: Sediment
Analytical Group: TAL Metals and Cyanide

Analyte CAS Number
Project Screening Level

(mg/kg)
Project Screening Level

Reference
1

Project Quantitation
Limit Goal

2

(mg/kg)

CompuChem

QLs
(mg/kg)

MDLs
(mg/kg)

Aluminum 7429-90-5 7,700 ORNL Res (N) 2,500 20 3.5

Antimony 7440-36-0 2 R3 FW Sed Benchmark 0.66 0.2 0.0059

Arsenic 7440-38-2 0.39 ORNL Res (C) 0.13 0.1 0.0133

Barium 7440-39-3 1,500 ORNL Res (N) 500 1 0.0193

Beryllium 7440-41-7 16 ORNL Res (N) 5.3 0.1 0.0040

Cadmium 7440-43-9 0.99 R3 FW Sed Benchmark 0.33 0.1 0.0034

Chromium 7440-47-3 43.4 R3 FW Sed Benchmark 14 0.2 0.0048

Cobalt 7440-48-4 2.3 ORNL Res (N) 0.74 0.1 0.0025

Copper 7440-50-8 31.6 R3 FW Sed Benchmark 10 0.5 0.15

Iron 7439-89-6 5,500 ORNL Res (N) 1,800 10 1.3

Lead 7439-92-1 35.8 R3 FW Sed Benchmark 11 0.1 0.0019

Manganese 7439-96-5 180 ORNL Res (N) 60 1 0.043

Mercury 7439-97-6 0.18 R3 FW Sed Benchmark 0.060 0.1 0.011

Nickel 7440-02-0 22.7 R3 FW Sed Benchmark 7.5 0.5 0.062

Selenium 7782-49-2 2 R3 FW Sed Benchmark 0.66 0.5 0.0261

Silver 7440-22-4 1 R3 FW Sed Benchmark 0.33 0.1 0.0016

Thallium 7440-28-0 0.51 ORNL Res (N) 0.17 0.1 0.0020

Vanadium 7440-62-2 39 ORNL Res (N) 13 0.5 0.0111

Zinc 7440-66-6 121 R3 FW Sed Benchmark 40 2.0 0.73

Cyanide 57-12-5 0.1 R3 FW Sed Benchmark 0.033 0.5 3 0.053
1 Sediment screening references: ORNL Res (C) or (N) –ORNL RBC, Direct Contact Residential (April 2009), C=carcinogen, N=non-carcinogen criteria. R3 FW Sed

Benchmark – EPA Region 3 Freshwater Sediment Screening Benchmarks (2004); if none for a compound, use Lowest NOAA – Lowest corresponding freshwater
sediment value from the NOAA SQuiRTs (11/2008), (D)=Dutch value.

2
PQLGs indicate values which are less than the laboratory QL. However, the laboratory QL, or at a minimum the MDL, is sufficiently low to meet the PSL
and for the intended data use. Bolded and shaded compounds have QLs and MDLs that do not meet the PQLG.

3 The QL and MDL are greater than the compound PSL, however, these values represent the lowest possible technically achievable detection limits.
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CTO WE05

Matrix: Surface Water
Analytical Group: VOCs

Analyte
CAS

Number

Project Screening
Level
(μg/L) 

Project Screening
Level Reference

1

Project Quantitation
Limit Goal

2

(μg/L) 

CompuChem

QLs
(μg/L) 

MDLs
(μg/L) 

Dichlorodifluoromethane 75-71-8 3,900 ORNL Tap 1,300 0.5 0.04

Chloromethane 74-87-3 1,900 ORNL Tap 630 0.5 0.10

Vinyl chloride 75-01-4 0.16 ORNL Tap 0.053 0.5 0.08

Bromomethane 74-83-9 87 ORNL Tap 29 0.5 0.47

Chloroethane 75-00-3 210,000 ORNL Tap 70,000 0.5 0.13

Trichlorofluoromethane 75-69-4 13,000 ORNL Tap 4,300 0.5 0.08

1,1-Dichloroethene 75-35-4 25 R3 FW Benchmark 8.3 0.5 0.08

1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 590,000 ORNL Tap 190,000 0.5 0.15

Acetone 67-64-1 1,500 R3 FW Benchmark 500 2.5 1.15

Carbon disulfide 75-15-0 0.92 R3 FW Benchmark 0.30 0.5 0.06

Methyl acetate 79-20-9 370,000 ORNL Tap 120,000 0.5 0.4

Methylene chloride 75-09-2 48 ORNL Tap 16 0.5 0.06

trans-1,2-Dichloroethene 156-60-5 970 R3 FW Benchmark 320 0.5 0.05

Methyl tert-butyl ether 1634-04-4 120 ORNL Tap 40 0.5 0.06

1,1-Dichloroethane 75-34-3 24 ORNL Tap 8.0 0.5 0.08

cis-1,2-Dichloroethene 156-59-2 590 R3 FW Benchmark 190 0.5 0.06

2-Butanone 78-93-3 14,000 R3 FW Benchmark 4,600 2.5 0.41

Chloroform 67-66-3 1.8 R3 FW Benchmark 0.60 0.5 0.05

1,1,1-Trichloroethane 71-55-6 11 R3 FW Benchmark 3.6 0.5 0.05

Cyclohexane 110-82-7 130,000 ORNL Tap 43,000 0.5 0.09

Carbon tetrachloride 56-23-5 2.0 ORNL Tap 0.66 0.5 0.07

Benzene 71-43-2 4.1 ORNL Tap 1.3 0.5 0.03

1,2-Dichloroethane 107-06-2 1.5 ORNL Tap 0.50 0.5 0.06

Trichloroethene 79-01-6 17 ORNL Tap 5.6 0.5 0.06

1,2-Dichloropropane 78-87-5 3.9 ORNL Tap 1.3 0.5 0.07

Bromodichloromethane 75-27-4 1.2 ORNL Tap 0.40 0.5 0.06

cis-1,3-Dichloropropene 10061-01-5 0.055 R3 FW Benchmark 0.018 0.5
3

0.05

4-Methyl-2-pentanone 108-10-1 170 R3 FW Benchmark 56 2.5 0.36

Toluene 108-88-3 2 R3 FW Benchmark 0.66 0.5 0.04
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CTO WE05

Analyte
CAS

Number

Project Screening
Level
(μg/L) 

Project Screening
Level Reference

1

Project Quantitation
Limit Goal 2

(μg/L) 

CompuChem

QLs
(μg/L) 

MDLs
(μg/L) 

trans-1,3-Dichloropropene 10061-02-6 0.055 R3 FW Benchmark 0.018 0.5 0.04

1,1,2-Trichloroethane 79-00-5 2.4 ORNL Tap 0.80 0.5 0.09

Tetrachloroethene 127-18-4 1.1 ORNL Tap 0.37 0.5 0.11

2-Hexanone 591-78-6 99 R3 FW Benchmark 33 2.5 0.37

Dibromochloromethane 124-48-1 1.5 ORNL Tap 0.50 0.5 0.08

1,2-Dibromoethane 106-93-4 0.065 ORNL Tap 0.021 0.5 0.06

Chlorobenzene 108-90-7 1.3 R3 FW Benchmark 0.43 0.5 0.04

Ethylbenzene 100-41-4 7.3 R3 FW Benchmark 2.4 0.5 0.29

o-Xylene 95-47-6 350 R3 FW Benchmark 110 0.5 0.06

m,p-Xylene 179601-23-1 1.8* R3 FW Benchmark 0.60 1 0.06

Styrene 100-42-5 32 R3 FW Benchmark 10 0.5 0.06

Bromoform 75-25-2 85 ORNL Tap 28 0.5 0.15

Isopropylbenzene 98-82-8 2.6 R3 SW Benchmark 0.86 0.5 0.04

1,1,2,2-Tetrachloroethane 79-34-5 0.67 ORNL Tap 0.22 0.5 0.12

1,3-Dichlorobenzene 541-73-1 38 R3 FW Benchmark 12 0.5 0.05

1,4-Dichlorobenzene 106-46-7 4.3 ORNL Tap 1.4 0.5 0.04

1,2-Dichlorobenzene 95-50-1 0.7 R3 FW Benchmark 0.23 0.5 0.06

1,2-Dibromo-3-chloropropane 96-12-8 0.0032 ORNL Tap 0.0010 0.5 (est.) TBD

1,2,4-Trichlorobenzene 120-82-1 24 R3 FW Benchmark 8.0 0.5 0.13
1 Surface water screening references: ORNL Tap – ORNL RBC Tapwater (April 2009); R3 FW Benchmark – EPA Region 3 Freshwater Screening Benchmarks

(2007); if no R3 FW Benchmark value, then Lowest NOAA – Lowest corresponding surface water value from the NOAA SQuiRTs (11/2008).
2. Bolded PQLGs indicate values which are less than the laboratory QL. However, the laboratory QL, or at a minimum the MDL, is sufficiently low to meet

the PSL and for the intended data use. Bolded and shaded compounds have QLs and MDLs that do not meet the PQLG.
μg/L – micrograms per liter 
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CTO WE05

Matrix: Surface Water
Analytical Group: SVOCs

Analyte CAS Number
Project Screening

Level
(μg/L) 

Project Screening
Level Reference

1

Project Quantitation Limit
Goal

2

(μg/L) 

CompuChem

QLs
(μg/L) 

MDLs
(μg/L) 

Benzaldehyde 100-52-7 37,000 ORNL Tap 12,000 5 1.34

Phenol 108-95-2 4 R3 FW Benchmark 1.3 5 0.56

Bis(2-chloroethyl)ether 111-44-4 0.12 ORNL Tap 0.040 5 0.92

2-Chlorophenol 95-57-8 24 R3 FW Benchmark 8.0 5 0.93

2-Methylphenol 95-48-7 13 R3 FW Benchmark 4.3 5 0.50

2,2'-Oxybis(1-chloropropane) 108-60-1 3.2 ORNL Tap 1.0 5 0.65

Acetophenone 98-86-2 37,000 ORNL Tap 12,000 5 0.84

4-Methylphenol 106-44-5 543 R3 SW Benchmark 180 5 0.63

N-Nitroso-di-n-propylamine 621-64-7 0.096 ORNL Tap 0.032 5 1.07

Hexachloroethane 67-72-1 8.0 R3 FW Benchmark 2.6 5 0.86

Nitrobenzene 98-95-3 1.2 ORNL Tap 0.40 5 0.79

Isophorone 78-59-1 710 ORNL Tap 270 5 1.05

2-Nitrophenol 88-75-5 1,920 R3 SW Benchmark 640 5 0.99

2,4-Dimethylphenol 105-67-9 100 R3 FW Benchmark 33 5 1.07

Bis(2-chloroethoxy)methane 111-91-1 1,100 ORNL Tap 370 5 1.27

2,4-Dichlorophenol 120-83-2 11 R3 FW Benchmark 3.6 5 0.72

4-Chloroaniline 106-47-8 3.4 ORNL Tap 1.1 5 0.71

Hexachlorobutadiene 87-68-3 0.053 R3 FW Benchmark 0.017 5 0.85

Caprolactam 105-60-2 180,000 ORNL Tap 60,000 5 5

Hexachlorocyclopentadiene 77-47-4 5.2 R3 FW Benchmark 1.7 5 0.67

2,4,6-Trichlorophenol 88-06-2 4.9 R3 FW Benchmark 1.6 5 0.55

2,4,5-Trichlorophenol 95-95-4 63 R3 FW Benchmark 21 5 0.75

1,1'-Biphenyl 92-52-4 14 R3 FW Benchmark 4.6 5 0.71

2-Chloronaphthalene 91-58-7 0.396 R3 FW Benchmark 0.13 5 0.87

2-Nitroaniline 88-74-4 1,100 ORNL Tap 370 10 0.69

Dimethyl phthalate 131-11-3 3 R3 FW Benchmark 1.0 5 0.54

2,6-Dinitrotoluene 606-20-2 81 R3 SW Benchmark 27 5 0.66

3-Nitroaniline 99-09-2 110 ORNL Tap 37 10 0.62

2,4-Dinitrophenol 51-28-5 19 R3 FW Benchmark 6.3 5 1.09
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CTO WE05

Analyte CAS Number
Project Screening

Level
(μg/L) 

Project Screening
Level Reference

1

Project Quantitation Limit
Goal 2

(μg/L) 

CompuChem

QLs
(μg/L) 

MDLs
(μg/L) 

4-Nitrophenol 100-02-7 60 R3 FW Benchmark 20 5 0.50

Dibenzofuran 132-64-9 3.7 R3 FW Benchmark 1.2 5 0.56

2,4-Dinitrotoluene 121-14-2 2.2 ORNL Tap 0.73 5 0.58

Diethyl phthalate 84-66-2 110 R3 FW Benchmark 37 5 0.55

4-Nitroaniline 100-01-6 34 ORNL Tap 11 5 1.29

4,6-Dinitro-2-methylphenol 534-52-1 37 ORNL Tap 12 10 0.54

N-Nitrosodiphenylamine 86-30-6 140 ORNL Tap 46 5 0.62

1,2,4,5-Tetrachlorobenzene 95-94-3 3 R3 FW Benchmark 1.0 5 (est.) TBD

4-Bromophenyl phenyl ether 101-55-3 1.5 R3 FW Benchmark 0.5 5 0.54

Hexachlorobenzene 118-74-1 0.0003 R3 FW Benchmark 0.0001 5 0.64

Atrazine 1912-24-9 1.8 R3 FW Benchmark 0.6 5 1.49

Pentachlorophenol 87-86-5 5.6 ORNL Tap 1.8 10 0.84

Carbazole 86-74-8 23.1 ORNL Tap 7.7 5 1.46

Di-n-butyl phthalate 84-74-2 9.7 R3 FW Benchmark 3.2 5 1.43

Butyl benzyl phthalate 85-68-7 19 R3 FW Benchmark 6.3 5 1.47

3,3'-Dicholorobenzidine 91-94-1 1.5 ORNL Tap 0.50 5 0.52

Bis(2-ethylhexyl)phthalate 117-81-7 0.3 R3 FW Benchmark 0.1 5 1.46

Di-n-octyl phthalate 117-84-0 3 R3 FW Benchmark 1.0 5 1.29
1 Surface water screening references: ORNL Tap – ORNL RBC Tapwater (April 2009); R3 FW Benchmark – EPA Region 3 Freshwater Screening Benchmarks

(2007); if no R3 FW Benchmark value, then Lowest NOAA – Lowest corresponding surface water value from the NOAA SQuiRTs (11/2008).
2

Bolded PQLGs indicate values which are less than the laboratory QL. However, the laboratory QL, or at a minimum the MDL, is sufficiently low to meet
the PSL and for the intended data use. Bolded and shaded compounds have QLs and MDLs that do not meet the PQLG. These compounds are not expected to
be a compound of concern at the site; therefore, the laboratory QL will be sufficient for the intended data use. These compounds are being monitored only in an
effort to ensure that unexpected conditions are not present at the site. Any uncertainties introduced by MDLs or QLs that are greater than PSLs will be described in
the Phase I RI report.
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CTO WE05

Matrix: Surface Water
Analytical Group: PAHs by SIM

Analyte
CAS

Number

Project Screening
Level
(μg/L) 

Project Screening Level
Reference

1

Project Quantitation
Limit Goal 2

(μg/L) 

CompuChem

QLs
(μg/L) 

MDLs
(μg/L) 

Naphthalene 91-20-3 1.1 R3 FW Benchmark 0.37 0.2 0.030

2-Methylnaphthalene 91-57-6 4.7 R3 FW Benchmark 1.5 0.2 0.15

Acenaphthylene 208-96-8 4,840 Lowest NOAA 1,600 0.2 0.010

Acenaphthene 83-32-9 5.8 R3 FW Benchmark 1.9 0.2 0.035

Fluorene 86-73-7 3.9 R3 FW Benchmark 1.3 0.2 0.045

Phenanthrene 85-01-8 3.6 R3 FW Benchmark 1.2 0.2 0.035

Anthracene 120-12-7 0.012 R3 FW Benchmark 0.004 0.2
3

0.020

Fluoranthene 206-44-0 0.04 R3 FW Benchmark 0.013 0.2 0.010

Pyrene 129-00-0 0.025 R3 FW Benchmark 0.0083 0.2
3

0.010

Benzo(a)anthracene 56-55-3 0.027 R3 FW Benchmark 0.0090 0.2
3

0.020

Chrysene 218-01-9 0.041 R3 FW Benchmark 0.013 0.2 0.015

Benzo(b)fluoranthene 205-99-2 0.29 ORNL Tap 0.096 0.2 0.010

Benzo(k)fluoranthene 207-08-9 0.29 ORNL Tap 0.096 0.2 0.010

Benzo(a)pyrene 50-32-8 0.015 R3 FW Benchmark 0.0045 0.2
3

0.010

Indeno(1,2,3,-cd)pyrene 193-39-5 0.29 ORNL Tap 0.096 0.2 0.010

Dibenzo(a,h)anthracene 53-70-3 0.029 ORNL Tap 0.0096 0.2 0.010

Benzo(g,h,i)perylene 191-24-2 7.64 R3 FW Benchmark 2.5 0.2 0.010

1 Surface water screening references: ORNL Tap – ORNL RBC Tapwater (April 2009); R3 FW Benchmark – EPA Region 3 Freshwater Screening Benchmarks
(2007); if no R3 FW Benchmark value, then Lowest NOAA – Lowest corresponding surface water value from the NOAA SQuiRTs (11/2008).

2
Bolded PQLGs indicate values which are less than the laboratory QL. However, the laboratory QL, or at a minimum the MDL, is sufficiently low to meet the
PSL and for the intended data use. Bolded and shaded compounds have QLs and MDLs that do not meet the PQLG.

3 The QL and MDL are greater than the compound PSL, however, these values represent the lowest possible technically achievable detection limits.
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CTO WE05

Matrix: Surface Water
Analytical Group: Pesticides

Analyte CAS Number
Project

Screening Level
(μg/L) 

Project Screening Level
Reference

1

Project Quantitation
Limit Goal

2

(μg/L) 

CompuChem

QLs
(μg/L) 

MDLs
(μg/L) 

alpha-BHC 319-84-6 0.11 ORNL Tap 0.037 0.05 0.005

beta-BHC 319-85-7 0.37 ORNL Tap 0.12 0.05 0.005

delta-BHC 319-86-8 0.11 ORNL Tap 0.037 0.05 0.006

gamma-BHC (Lindane) 58-89-9 0.00215 ORNL Tap 0.00071 0.05 0.0058

Heptachlor 76-44-8 0.0019 R3 FW Benchmark 0.00063 0.05
3

0.0045

Aldrin 309-00-2 0.017 R3 FW Benchmark 0.0056 0.05 0.005

Heptachlor epoxide 1024-57-3 0.0019 R3 FW Benchmark 0.00063 0.05
3

0.0055

Endosulfan I 959-98-8 0.028 R3 FW Benchmark 0.0093 0.05 0.005

Dieldrin 60-57-1 0.042 ORNL Tap 0.014 0.05 0.0026

4,4'-DDE 72-55-9 2 ORNL Tap 0.66 0.1 0.005

Endrin 72-20-8 0.036 R3 FW Benchmark 0.012 0.1 0.0055

Endosulfan II 33213-65-9 0.028 R3 FW Benchmark 0.0093 0.1 0.0043

4,4'-DDD 72-54-8 0.011 R3 FW Benchmark 0.0036 0.1
3

0.005

Endosulfan sulfate 1031-07-8 2.22 R3 FW Benchmark 0.73 0.1 0.005

4,4'-DDT 50-29-3 0.0005 R3 FW Benchmark 0.00017 0.1
3

0.005

Methoxychlor 72-43-5 0.019 R3 FW Benchmark 0.0063 0.5
3

0.025

Endrin ketone 53494-70-5 0.036* R3 FW Benchmark 0.012 0.1 0.006

Endrin aldehyde 7421-93-4 0.15 R3 FW Benchmark 0.050 0.1 0.005

alpha-Chlordane 5103-71-9 0.00215 R3 FW Benchmark 0.00072 0.05
3

0.005

gamma-Chlordane 5103-74-2 0.00215 R3 FW Benchmark 0.00072 0.05
3

0.0046

Toxaphene 8001-35-2 0.0002 R3 FW Benchmark 0.00073 5
3

1.04
1 Surface water screening references: ORNL Tap – ORNL RBC Tapwater (April 2009); R3 FW Benchmark – EPA Region 3 Freshwater Screening Benchmarks

(2007); if no R3 FW Benchmark value, then Lowest NOAA – Lowest corresponding surface water value from the NOAA SQuiRTs (11/2008).
2

Bolded PQLGs indicate values which are less than the laboratory QL. However, the laboratory QL, or at a minimum the MDL, is sufficiently low to meet the
PSL and for the intended data use. Bolded and shaded compounds have QLs and MDLs that do not meet the PQLG. These compounds are not expected to be a
compound of concern at the site; therefore, the laboratory QL will be sufficient for the intended data use. These compounds are being monitored only in an effort to
ensure that unexpected conditions are not present at the site. Any uncertainties introduced by MDLs or QLs that are greater than PSLs will be described in the Phase
I RI report.

3 The QL and MDL are greater than the compound PSL, however, these values represent the lowest possible technically achievable detection limits.
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CTO WE05

Matrix: Surface Water
Analytical Group: PCBs

Analyte CAS Number
Project

Screening Level
(μg/L) 

Project Screening Level
Reference1

Project Quantitation
Limit Goal

2

(μg/L) 

CompuChem
QLs

(μg/L) 
MDLs
(μg/L) 

Aroclor-1016 12674-11-2 0.014 R3 FW Benchmark 0.0046 0.93
3

0.36

Aroclor-1221 11104-28-2 0.014 R3 FW Benchmark 0.0046 1.25
3

1.25

Aroclor-1232 11141-16-5 0.014 R3 FW Benchmark 0.0046 0.93
3

0.58

Aroclor-1242 53469-21-9 0.014 R3 FW Benchmark 0.0046 0.625
3

0.32

Aroclor-1248 12672-29-6 0.014 R3 FW Benchmark 0.0046 0.625
3

0.42

Aroclor-1254 11097-69-1 0.014 R3 FW Benchmark 0.0046 0.625
3

0.16

Aroclor-1260 11096-82-5 0.014 R3 FW Benchmark 0.0046 0.93
3

0.28
1 Surface water screening references: ORNL Tap – ORNL RBC Tapwater (April 2009); R3 FW Benchmark – EPA Region 3 Freshwater Screening Benchmarks

(2007); if no R3 FW Benchmark value, then Lowest NOAA – Lowest corresponding surface water value from the NOAA SQuiRTs (11/2008).
2

Bolded PQLGs indicate values which are less than the laboratory QL. However, the laboratory QL, or at a minimum the MDL, is sufficiently low to meet
the PSL and for the intended data use. Bolded and shaded compounds have QLs and MDLs that do not meet the PQLG. These compounds are not expected to
be a compound of concern at the site; therefore, the laboratory QL will be sufficient for the intended data use. These compounds are being monitored only in an
effort to ensure that unexpected conditions are not present at the site. Any uncertainties introduced by MDLs or QLs that are greater than PSLs will be described in
the Phase I RI report.

3 The QL and MDL are greater than the compound PSL, however, these values represent the lowest possible technically achievable detection limits.
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CTO WE05

Matrix: Surface Water
Analytical Group: TAL Metals and Cyanide

6010

Analyte CAS Number
Project Screening

Level
(μg/L) 

Project Screening Level
Reference

1

Project Quantitation
Limit Goal

2

(μg/L) 

CompuChem

QLs
(μg/L) 

MDLs
(μg/L) 

Aluminum 7429-90-5 87 R3 FW Benchmark 29 200 28.9

Antimony 7440-36-0 30 R3 FW Benchmark 10 10 3.5

Calcium 7440-70-2 116,000 R3 FW Benchmark 38,000 5,000 35.6

Chromium 7440-47-3 74 R3 FW Benchmark 24 10 1.1

Cobalt 7440-48-4 23 R3 FW Benchmark 7.6 10 0.84

Iron 7439-89-6 300 R3 FW Benchmark 100 100 24.6

Magnesium 7439-95-4 82,000 R3 FW Benchmark 27,000 5,000 31

Manganese 7439-96-5 120 R3 FW Benchmark 40 10 0.16

Potassium 7440-09-7 53,000 R3 FW Benchmark 17,000 5,000 21.9

Sodium 7440-23-5 680,000 R3 FW Benchmark 220,000 5,000 87.5

Zinc 7440-66-6 120 R3 FW Benchmark 40 20 2.7

6020

Analyte CAS Number
Project Screening

Level
(μg/L) 

Project Screening Level
Reference

1

Project Quantitation Limit
Goal

2

(μg/L) 

CompuChem

QLs
(μg/L)

MDLs
(μg/L)

Antimony 7440-36-0 30 R3 FW Benchmark 10 1 0.033

Arsenic 7440-38-2 0.45 R3 FW Benchmark 0.15 1 0.066

Barium 7440-39-3 4 R3 FW Benchmark 1.3 10 0.021

Beryllium 7440-41-7 0.66 R3 FW Benchmark 0.22 1 0.021

Cadmium 7440-43-9 0.25 R3 FW Benchmark 0.083 1 0.035

Chromium 7440-47-3 74 R3 FW Benchmark 24 1 0.020

Cobalt 7440-48-4 23 R3 FW Benchmark 7.6 1 0.016

Copper 7440-50-8 9 R3 FW Benchmark 3.0 1 0.076

Lead 7439-92-1 2.5 R3 FW Benchmark 0.83 1 0.011

Nickel 7440-02-0 52 R3 FW Benchmark 17 1 0.021

Selenium 7782-49-2 1 R3 FW Benchmark 0.33 5 0.13

Silver 7440-22-4 3.2 R3 FW Benchmark 1.0 1 0.015

Thallium 7440-28-0 0.8 R3 FW Benchmark 0.26 1 0.008

Vanadium 7440-62-2 20 R3 FW Benchmark 6.6 1 0.014
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CTO WE05

7470/9012

Analyte
CAS

Number

Project Screening
Level
(μg/L) 

Project Screening Level
Reference

1

Project Quantitation
Limit Goal

2

(μg/L) 

CompuChem

QLs
(μg/L) 

MDLs
(μg/L) 

Mercury 7439-97-6 0.026 R3 FW Benchmark 0.0093 0.2 0.088

Cyanide 57-12-5 5 R3 FW Benchmark 1.6 10
3

2.9
1 Surface water screening references: ORNL Tap – ORNL RBC Tapwater (April 2009); R3 FW Benchmark – EPA Region 3 Freshwater Screening Benchmarks

(2007); if no R3 FW Benchmark value, then Lowest NOAA – Lowest corresponding surface water value from the NOAA SQuiRTs (11/2008).
2

PQLGs indicate values which are less than the laboratory QL. However, the laboratory QL, or at a minimum the MDL, is sufficiently low to meet the PSL
and for the intended data use. Bolded and shaded compounds have QLs and MDLs that do not meet the PQLG.

3 The QL and MDL are greater than the compound PSL, however, these values represent the lowest possible technically achievable detection limits.
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SAP Worksheet No. 16 -- Project Schedule / Timeline Table
(UFP-QAPP Manual Section 2.8.2)

Activities Organization

Dates (MM/DD/YY)

Deliverable Deliverable Due Date
Anticipated

Date(s)
of Initiation

Anticipated Date
of Completion

Test Pits and Soil Sampling,
Surface Water and Sediment

Sampling
Tetra Tech 8/31/2009 9/11/2009

Phase I Remedial
Investigation Report,
Site 12 – South Landfill

11/30/2009 (draft)
2/1/2010 (final)
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SAP Worksheet No. 17 -- Sampling Design and Rationale
(UFP-QAPP Manual Section 3.1.1)

Samples will be collected at Site 12 to evaluate potential risks to human and ecological receptors and to
identify the presence of contamination, while also providing information that will be helpful to delineate the
extent of contamination, if contamination is detected. The planned sample locations are presented on
Figures 14-1 and 14-2.

April 2008 EM survey data and reporting will be verified by physical/visual confirmation in the field using
confirmation test pit excavations.

Test Pits

Test pit locations have been selected with a bias to correspond with areas likely to contain buried waste,
based upon the results of the April 2008 EM survey. A total of 15 test pits (Figure 14-1), selected to be
biased toward potential worst case contamination, will be excavated to visually characterize any buried waste
at the site and to provide a means for the collection of subsurface soil samples to investigate the nature and
extent of soil contamination. The test pit soil sample locations will be determined in the field according to
what is encountered in each test pit.

The samples from each test pit will consist of the following: one surface soil sample from 0 to 6 inches
bgs; one shallow subsurface sample from 6 to 24 inches bgs; one sample from greater than 2 feet bgs;
and one sample from the bottom of the test pit, below any waste encountered. If no waste is encountered
in a test pit, the bottom sample will not be collected.

In each test pit, one subsurface soil sample will be collected from an area of potential contamination
based on direct (visual or olfactory) evidence of contamination, or on the highest PID screening response.
At least four of these biased samples will be collected specifically from a depth of 2 to 4 feet to support
the ecological risk assessment (that may be performed in the future if deemed needed by the project
team). The test pit subsurface soil samples will be collected from areas known or suspected to contain
buried waste, and will be biased towards areas where exposed waste or staining is found to be present.
The intent will be to sample those areas that are likely to be the most contaminated. The analytical
results will be used to confirm the “worst-case” material encountered within each test pit associated with
the EM-anomalous area.

The second subsurface soil sample from each test pit will be collected from the “bottom” of the test pit
excavation, from the first “clean” interval below any waste encountered. If no waste or evidence of
contamination is observed in a test pit, then no bottom subsurface soil sample will be collected.

Fifteen (15) surface soil samples, 15 shallow subsurface soil samples, and 30 subsurface soil samples
(plus 3 duplicate samples for QC purposes) will be collected from the 15 test pits and analyzed for TCL
VOCs, TCL SVOCs (including low-level PAHs), TCL Pesticides/PCBs, TAL Metals, and Cyanide.

In addition to the analytical suite of tests identified above, as many as five of the test pit subsurface
samples (plus one field duplicate) from test pit locations where evidence of charred waste is observed will
also be analyzed for Dioxins/Furans. For these Dioxins/Furans samples, preference will be given to
areas that show greatest evidence of charred waste within a test pit. Concentrations are expected to be
low to medium. If no ash or charred waste areas are encountered in any of the test pits, then a minimum
of four samples, one from each of the “A” to “D” southwestern area anomalies, (plus one duplicate sample
for QC purposes) will be collected from the subsurface soil samples (from the 24 inches bgs to bottom
layer) and analyzed for Dioxins/Furans.

Soil Borings from Outside EM Anomalies

Five shallow soil borings will be completed in areas not expected to contain waste because they did not
exhibit anomalies in the EM survey (Figure 14-1). These samples are being collected to test the theory
presented in the CSM that the anomalies identified in the EM survey represent areas that are most likely
to be contaminated if contamination exists, and they are also intended to represent areas within Site 12
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that are outside of the major EM anomalies areas, since historical aerial photographs indicate
disturbances around Site 12 that are not associated with the EM anomalies. Soil samples will be
collected from two depths from each boring: surface soil at 0 to 6 inches bgs, and shallow subsurface soil
at 6 to 24 inches bgs. These five soil boring locations will be from areas that are not expected to be
impacted and will be marked in the field in agreement among Tetra Tech, the Navy, and regulatory
agencies, based upon the EM geophysical survey and the Confirmation Soil Investigation. Five surface
soil samples (plus one duplicate sample for QC purposes) and five shallow subsurface soil samples (plus
one duplicate sample for QC purposes) will be collected and analyzed for TCL VOCs, TCL SVOCs
(including Low-Level PAHs), TCL Pesticides/PCBs, TAL Metals, and Cyanide.

Surface Water and Sediments

Surface water and sediment sample locations have been selected to provide representative coverage of
the drainage ditch bordering the site to the southwest and the intermittent stream that runs through the
southeastern part of the site. A total of eight collocated surface water and sediment samples will be
collected from the locations shown on Figure 14-2. Two samples will be collected from the drainage
swale bordering the site to the southwest: one in the upstream portion, and one in the downstream
portion upstream of the confluence with the intermittent stream. Five samples will be collected from the
unnamed intermittent stream in the southeastern portion of the site: three samples will be collected
upgradient of the storm water outfall, one sample will be collected from the intermittent stream between
the storm water outfall and the drainage ditch confluence, and one sample will be collected downstream
from the confluence with the drainage ditch. One sample (the most upgradient) will be collected from the
runway storm drain/culvert outfall.

The eight surface water samples and eight sediment samples (plus one duplicate sample of each matrix
for QC purposes) will be collected and analyzed for TCL VOCs, TCL SVOCs (including Low-Level PAHs),
TCL Pesticides/PCBs, TAL Metals, and Cyanide. Sediment samples will also be analyzed for TOC to
support site-specific risk calculations. If any surface water samples are highly turbid (>10 NTU), then an
additional portion of the sample will be filtered and will be analyzed for Dissolved TAL Metals. If there is
no surface water encountered at a proposed surface water/sediment location during the sampling event,
then that sample will be postponed until Phase II, should additional sampling be required.

Surface water samples will be collected by directly filling the bottles from the stream. Water quality
parameters (pH, specific conductivity, turbidity, temperature, and dissolved oxygen) will be recorded for
each sampling location. Sediment samples will be collected by filling the sample jars using either a
decontaminated stainless steel trowel or a dedicated disposable plastic trowel.

Field Quality Control Samples

Field quality control samples will be collected as part of the investigation, including field duplicates, trip
blanks, equipment rinsate blanks, and field blanks. Worksheet No. 20 presents the field QC sample
summary. Also, additional sample volume will be collected as necessary for the laboratory QC analysis of
MS/MSD analyses (VOCs, SVOCs, Low-Level PAHs, Pesticides/PCBs, and Cyanide) or MS/MD analyses
(Total and Dissolved Metals).
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SAP Worksheet No. 18 -- Sampling Locations and Methods/SOP Requirements Table
(UFP-QAPP Manual Section 3.1.1)

Sampling Location ID Number Matrix Depth
(feet)

Analytical Group
Number of

Samples (identify
field duplicates)

Sampling SOP
Reference

1

Site 12 Test Pit 01

12TP01-000.5-01
and
12TP-DUP-013

Soil 0 - 0.5

VOCs 2

SA-1.3, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 2

Pesticides/PCBs 2

Metals/Cyanide 2

12TP01-0.502-02 Soil 0.5 - 2

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP01-XXXX2-03 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1
Pesticides/PCBs 1

Dioxins/Furans4 TBD

Metals/Cyanide 1

12TP01-XXXX2-04 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

Site 12 Test Pit 02

12TP02-000.5-01
Soil 0 - 0.5

VOCs 1

SA-1.3, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP02-0.502-02 Soil 0.5 - 2

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP02-XXXX2-03 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1
Pesticides/PCBs 1

Dioxins/Furans4 TBD
Metals/Cyanide 1
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Sampling Location ID Number Matrix Depth
(feet)

Analytical Group
Number of

Samples (identify
field duplicates)

Sampling SOP
Reference

1

12TP02-XXXX2-04 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

Site 12 Test Pit 03

12TP03-000.5-01
Soil 0 - 0.5

VOCs 1

SA-1.3, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP03-0.502-02 Soil 0.5 - 2

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP03-XXXX2-03 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1
Pesticides/PCBs 1

Dioxins/Furans4 TBD

Metals/Cyanide 1

12TP03-XXXX2-04 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

Site 12 Test Pit 04

12TP04-000.5-01
Soil 0 - 0.5

VOCs 1

SA-1.3, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP04-0.502-02 Soil 0.5 - 2

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP04-XXXX2-03 Soil TBD

VOCs 1
SVOCs 1
Pesticides 1

Dioxins/Furans4 TBD
Metals/Cyanide 1
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Sampling Location ID Number Matrix Depth
(feet)

Analytical Group
Number of

Samples (identify
field duplicates)

Sampling SOP
Reference

1

12TP04-XXXX2-04 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

Site 12 Test Pit 05

12TP05-000.5-01
Soil 0 - 0.5

VOCs 1

SA-1.3, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP05-0.502-02 Soil 0.5 - 2

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP05-XXXX2-03 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1
Pesticides/PCBs 1

Dioxins/Furans4 TBD

Metals/Cyanide 1

12TP05-XXXX2-04 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

Site 12 Test Pit 06

12TP06-000.5-01 Soil 0 - 0.5

VOCs 1

SA-1.3, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP06-0.502-02
and
12TP-DUP-023

Soil 0.5 - 2

VOCs 2
SVOCs/Low-Level PAHs 2

Pesticides/PCBs 2

Metals/Cyanide 2

12TP06-XXXX2-03 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1
Pesticides/PCBs 1

Dioxins/Furans4 TBD
Metals/Cyanide 1



Project-Specific SAP Title: SAP for Phase I RI at Site 12 - South Landfill
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 1
Site Location: Willow Grove, Pennsylvania Revision Date: November 2009

L/DOCUMENTS/NAVY/02014/22939 Page 80 of 135

CTO WE05

Sampling Location ID Number Matrix Depth
(feet)

Analytical Group
Number of

Samples (identify
field duplicates)

Sampling SOP
Reference

1

12TP06-XXXX2-04 Soil TBD

VOCs 1
SVOCs 1

Pesticides 1

Metals/Cyanide 1

Site 12 Test Pit 07

12TP07-000.5-01 Soil 0 - 0.5

VOCs 1

SA-1.3, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP07-0.502-02 Soil 0.5 - 2

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP07-XXXX2-03 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1
Pesticides/PCBs 1

Dioxins/Furans4 TBD

Metals/Cyanide 1

12TP07-XXXX2-04 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

Site 12 Test Pit 08

12TP08-000.5-01 Soil 0 – 0.5

VOCs 1

SA-1.3, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP08-0.502-02 Soil 0.5 - 2

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP08-XXXX2-03 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1
Pesticides/PCBs 1

Dioxins/Furans4 TBD
Metals/Cyanide 1
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Sampling Location ID Number Matrix Depth
(feet)

Analytical Group
Number of

Samples (identify
field duplicates)

Sampling SOP
Reference

1

12TP08-XXXX2-04 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

Site 12 Test Pit 09

12TP09-000.5-01
Soil 0 - 0.5

VOCs 1

SA-1.3, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP09-0.502-02 Soil 0.5 - 2

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP09-XXXX2-03 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1
Pesticides/PCBs 1

Dioxins/Furans4 TBD

Metals/Cyanide 1

12TP09-XXXX2-04 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

Site 12 Test Pit 10

12TP10-000.5-01
Soil 0 - 0.5

VOCs 1

SA-1.3, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP10-0.502-02 Soil 0.5 - 2

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP10-XXXX2-03
and
12TP-DUP-033

Soil TBD

VOCs 2
SVOCs/Low-Level PAHs 2
Pesticides/PCBs 2

Dioxins/Furans4 TBD
Metals/Cyanide 2
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Sampling Location ID Number Matrix Depth
(feet)

Analytical Group
Number of

Samples (identify
field duplicates)

Sampling SOP
Reference

1

12TP10-XXXX2-04 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

Site 12 Test Pit 11

12TP11-000.5-01 Soil 0 - 0.5

VOCs 1

SA-1.3, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP11-0.502-02 Soil 0.5 - 2

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP11-XXXX2-03 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1
Pesticides/PCBs 1

Dioxins/Furans4 TBD

Metals/Cyanide 1

12TP11-XXXX2-04 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

Site 12 Test Pit 12

12TP12-000.5-01
Soil 0 - 0.5

VOCs 1

SA-1.3, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP12-0.502-02 Soil 0.5 - 2

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP12-XXXX2-03 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1
Pesticides/PCBs 1

Dioxins/Furans4 TBD
Metals/Cyanide 1
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Sampling Location ID Number Matrix Depth
(feet)

Analytical Group
Number of

Samples (identify
field duplicates)

Sampling SOP
Reference

1

12TP12-XXXX2-04 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

Site 12 Test Pit 13

12TP13-000.5-01
Soil 0 - 0.5

VOCs 1

SA-1.3, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP13-0.502-02 Soil 0.5 - 2

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP13-XXXX2-03 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1
Pesticides/PCBs 1

Dioxins/Furans4 TBD

Metals/Cyanide 1

12TP13-XXXX2-04 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

Site 12 Test Pit 14

12TP14-000.5-01 Soil 0 - 0.5

VOCs 1

SA-1.3, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP14-0.502-02 Soil 0.5 - 2

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP14-XXXX2-03 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1
Pesticides/PCBs 1

Dioxins/Furans4 TBD
Metals/Cyanide 1
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Sampling Location ID Number Matrix Depth
(feet)

Analytical Group
Number of

Samples (identify
field duplicates)

Sampling SOP
Reference

1

12TP14-XXXX2-04
and
12-TP-DUP-043

Soil TBD

VOCs 2
SVOCs/Low-Level PAHs 2

Pesticides/PCBs 2

Metals/Cyanide 2

Site 12 Test Pit 15

12TP15-000.5-01
Soil 0 - 0.5

VOCs 1

SA-1.3, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP15-0.502-02 Soil 0.5 - 2

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12TP15-XXXX2-03 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1
Pesticides/PCBs 1

Dioxins/Furans4 TBD

Metals/Cyanide 1

12TP15-XXXX2-04 Soil TBD

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

Site 12 Background Soil
Boring 01

12SB01- 000.5-01
and
12SB-DUP-013

Soil 0 - 0.5

VOCs 2

SA-1.3, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 2

Pesticides/PCBs 2

Metals/Cyanide 2

12SB01-0.502-02
and
12SB-DUP-023

Soil 0.5 - 2

VOCs 2
SVOCs/Low-Level PAHs 2

Pesticides/PCBs 2

Metals/Cyanide 2

Site 12 Background Soil
Boring 02

12SB02-000.5-01 Soil 0 - 0.5

VOCs 1

SA-1.3, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1
Pesticides/PCBs 1
Metals/Cyanide 1
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Sampling Location ID Number Matrix Depth
(feet)

Analytical Group
Number of

Samples (identify
field duplicates)

Sampling SOP
Reference

1

12SB02-0.502-02 Soil 0.5 - 2

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

Site 12 Background Soil
Boring 03

12SB03-000.5-01 Soil 0 - 0.5

VOCs 1

SA-1.3, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12SB03-0.502-02 Soil 0.5 - 2

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

Site 12 Background Soil
Boring 04

12SB04-000.5-01
Soil 0 - 0.5

VOCs 1

SA-1.3, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

12SB04-0.502-02 Soil 0.5 - 2

VOCs 1
SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

Site 12 Background Soil
Boring 05

12SB05-000.5-01 Soil 0 - 0.5

VOCs 1

SA-1.3, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1
Pesticides/PCBs 1
Metals/Cyanide 1

12SB05-0.502-02 Soil 0.5 - 2

VOCs 1

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1
Metals/Cyanide 1

Site 12 Surface Water 01
12SW01
and
12SW-DUP-013

Surface Water TBD

VOCs 2

SA-1.2, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 2

Pesticides/PCBs 2
Metals/Cyanide 2
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Sampling Location ID Number Matrix Depth
(feet)

Analytical Group
Number of

Samples (identify
field duplicates)

Sampling SOP
Reference

1

Site 12 Surface Water 02 12SW02 Surface Water TBD

VOCs 1

SA-1.2, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

Site 12 Surface Water 03 12SW03 Surface Water TBD

VOCs 1

SA-1.2, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

Site 12 Surface Water 04 12SW04 Surface Water TBD

VOCs 1

SA-1.2, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

Site 12 Surface Water 05 12SW05 Surface Water TBD

VOCs 1

SA-1.2, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

Site 12 Surface Water 06 12SW06 Surface Water TBD

VOCs 1

SA-1.2, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

Site 12 Surface Water 07 12SW07 Surface Water TBD

VOCs 1

SA-1.2, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

Site 12 Surface Water 08 12SW08 Surface Water TBD

VOCs 1

SA-1.2, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

Site 12 Sediment 01
12SD01
and
12SD-DUP-013

Sediment TBD

VOCs 2

SA-1.2, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 2

Pesticides/PCBs 2

Metals/Cyanide 2
TOC 2



Project-Specific SAP Title: SAP for Phase I RI at Site 12 - South Landfill
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 1
Site Location: Willow Grove, Pennsylvania Revision Date: November 2009

L/DOCUMENTS/NAVY/02014/22939 Page 87 of 135

CTO WE05

Sampling Location ID Number Matrix Depth
(feet)

Analytical Group
Number of

Samples (identify
field duplicates)

Sampling SOP
Reference

1

Site 12 Sediment 02 12SD02 Sediment TBD

VOCs 1

SA-1.2, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

TOC 1

Site 12 Sediment 03 12SD03 Sediment TBD

VOCs 1

SA-1.2, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

TOC 1

Site 12 Sediment 04 12SD04 Sediment TBD

VOCs 1

SA-1.2, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

TOC 1

Site 12 Sediment 05 12SD05 Sediment TBD

VOCs 1

SA-1.2, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

TOC 1

Site 12 Sediment 06 12SD06 Sediment TBD

VOCs 1

SA-1.2, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

TOC 1

Site 12 Sediment 07 12SD07 Sediment TBD

VOCs 1

SA-1.2, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

TOC 1

Site 12 Sediment 08 12SD08 Sediment TBD

VOCs 1

SA-1.2, CT-04,
SA-6.1, SA-6.3

SVOCs/Low-Level PAHs 1

Pesticides/PCBs 1

Metals/Cyanide 1

TOC 1
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1 SOP or worksheet that describes the sample collection procedures (Worksheet No. 21).
2 XXXX represents depth of the sample. Depth will be determined in the field. For example, if sample is collected from 5 to 6 feet, the depth will be recorded as 0506.
3 Field duplicate locations may change in the field based on visual and olfactory observations and PID readings.
4 A maximum of five locations (plus 1 field duplicate) will be chosen for dioxins/furans analysis to coincide with the presence of charred waste material. If no
charred waste material are identified, a minimum of one sample per test pit area (“A”, “B”, “C”, and “D”) will be selected and submitted for Dioxins/Furans analysis.
TBD – To Be Determined
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SAP Worksheet No. 19 -- Analytical SOP Requirements Table
(UFP-QAPP Manual Section 3.1.1)

Matrix
Analytical

Group
Analytical and Preparation
Method / SOP Reference

1
Containers

(number, size, and type)

Sample
volume

(units)

Preservation
Requirements

(chemical, temperature,
light protected)

Maximum Holding
Time

(preparation / analysis)

Soil/Sediment

VOCs
SW-846 5035/8260B
CompuChem 1.3.2.4

3 – 40 milliliter (mL)
clear glass vials;
1 – 2 ounce (oz) wide-
mouth glass jar for
percent moisture

15 grams
(g) – 5 in
each vial

Two vails containing
sodium bisulfate in
water and one vial
containing methanol;
Cool to (4 ± 2) °C;
no headspace

14 days to analysis

SVOCs
SW-846 3550B/8270C
CompuChem 2.5.2.3, 2.5.2.7

1 – 8 oz wide-mouth
glass jar

250g Cool to (4 ± 2) °C
14 days to extraction; 40
days analysis

Low Level
PAHs

SW-846 3550B/8270C
Modified for SIM
CompuChem 2.4.4.5

Pesticides
SW-846 3550B/8081A
CompuChem 2.2.4.2, 2.2.4.10

PCBs
SW-846 3550B/8082
CompuChem 2.2.5.2, 2.2.5.3

Dioxins/Furans
SW-846 8290
Columbia 12H

1 – 8 oz wide-mouth
amber glass jar

10g Cool to (4 ± 2) °C
30 days to extraction; 45
days to analysis

Metals
SW-846 3050B/6010B/6020
CompuChem 3.2.1.5, 3.2.1.6,
3.2.1.7, 3.2.1.9

1 – 8 oz wide-mouth
glass jar

250g Cool to (4 ± 2) °C

180 days to analysis

Mercury
SW-846 7471A
CompuChem 3.3.2, 3.3.4

28 days to analysis

Cyanide
SW-846 9012A
CompuChem 3.4.5, 3.4.6

14 days to analysis

TOC
SW-846 9060
CompuChem 3.6.2.2

1 – 4 oz wide-mouth
amber glass jar

10g Cool to (4 ± 2) °C 28 days to analysis

Aqueous field
QC blanks and
surface water

VOCs
SW-846 8260B
CompuChem 1.3.2.2

3 – 40 milliliter (mL)
clear glass vials

120mL
Cool to (4 ± 2) °C
Hydrochloric acid (HCl)
to pH < 2

14 days to analysis

SVOCs
SW-846 3550B/8270C
CompuChem 2.5.2.1, 2.5.2.7

4 – 1 liter (L) amber
glass bottles

4L Cool to (4 ± 2) °C
7 days for preparation; 40
days to analysis

Low Level
PAHs

SW-846 3550B/8270C
Modified for SIM
CompuChem 2.4.4.5

Pesticides
SW-846 3550B/8081A
CompuChem 2.2.4.1, 2.2.4.10
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Matrix
Analytical

Group
Analytical and Preparation
Method / SOP Reference

1
Containers

(number, size, and type)

Sample
volume

(units)

Preservation
Requirements

(chemical, temperature,
light protected)

Maximum Holding
Time

(preparation / analysis)

PCBs
SW-846 3550B/8082
CompuChem 2.2.5.1, 2.2.5.3

Metals (Total
and Dissolved)

SW-846 3050B/6010B/6020
CompuChem 3.2.1.4, 3.2.1.6,
3.2.1.9, 3.2.1.13 1 – 1L plastic bottle 1L

Cool to (4 ± 2) °C; Nitric
acid (HNO3) to pH < 2

180 days to analysis

Mercury (Total
and Dissolved)

SW-846 7470A
CompuChem 3.3.1, 3.3.4

28 days to analysis

Cyanide
SW-846 9012A
CompuChem 3.4.2

1 – 1L plastic bottle 1L
Cool to (4 ± 2) °C;
Sodium hydroxide
(NaOH) to pH > 10

14 days to analysis
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SAP Worksheet No. 20 -- Field Quality Control Sample Summary Table
(UFP-QAPP Manual Section 3.1.1)

Matrix
Analytical

Group

No. of
Sampling
Locations

No. of
Field

Duplicates

No. of
MS/MSDs

1

No. of
Field

Blanks

No. of
Equip.
Blanks

No. of
VOA Trip
Blanks

No. of PT
Samples

Total No. of
Samples to

Lab

Soil VOCs 70 6 4 1 4 15 0 96
Soil SVOCs/PAHs 70 6 4 1 4 0 0 81
Soil Pesticides/PCBs 70 6 4 1 4 0 0 81

Soil Dioxin/Furans
4 minimum;
5 maximum

1 1 1 1 0 0 8

Soil Metals 70 6 4 1 4 0 0 81
Soil Mercury 70 6 4 1 4 0 0 81
Soil Cyanide 70 6 4 1 4 0 0 81
Sediment VOCs 8 1 1 0 0 1 0 10
Sediment SVOCs/PAHs 8 1 1 0 0 0 0 9
Sediment Pesticides/PCBs 8 1 1 0 0 0 0 9
Sediment Metals 8 1 1 0 0 0 0 9
Sediment Mercury 8 1 1 0 0 0 0 9
Sediment Cyanide 8 1 1 0 0 0 0 9
Sediment TOC 8 1 1 0 0 0 0 9
Surface water VOCs 8 1 1 0 0 1 0 10
Surface water SVOCs/PAHs 8 1 1 0 0 0 0 9
Surface water Pesticides/PCBs 8 1 1 0 0 0 0 9
Surface water Total Metals 8 1 1 0 0 0 0 9
Surface water Total Mercury 8 1 1 0 0 0 0 9

Surface water Dissolved Metals
0 minimum;
8 maximum

1 1 0 1* 0 0 10

Surface water
Dissolved
Mercury

0 minimum;
8 maximum

1 1 0 1* 0 0 10

Surface water Cyanide 8 1 1 0 0 0 0 9
1Although the MS/MSD is not typically considered a field QC, it is included here because location determination is often established in the field. The

MS/MSD are not included in the Total No. of Samples sent to the Lab. For Total and Dissolved Metals an MD will be collected in place of an MSD.

* - The equipment blank for the Dissolved Metals, if collected, will be obtained by passing rinse water through a 0.45-micron filter.
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SAP Worksheet No. 21 -- Project Sampling SOP References Table
(UFP-QAPP Manual Section 3.1.2)

Reference
Number

Title, Revision Date and / or
Number

Originating
Organization of
Sampling SOP

Equipment Type
Modified for

Project Work?
(Y/N)

Comments

CT-04
Sample Nomenclature
Rev. 2, March 2009

Tetra Tech NA Y
Although test pit samples will be
soils, the abbreviation “TP” will be
used in place of “SB”

CT-05
Database Records and Quality Assurance
Rev. 2, January 29, 2001

Tetra Tech NA N

HS-1.0
Utility Locating and Excavation Clearance
Rev. 2, December 2003

Tetra Tech NA N

SA-1.1
Groundwater Sample Acquisition and
Onsite Water Quality Testing
Rev. 7, April 2008

Tetra Tech Multi-parameter water quality
meter, such as a Horiba U-22 N

This SOP will only be used for
Section 6.5 Onsite Water Quality
Testing for surface waters.
Groundwater will not be collected
during the Phase I Soil Investigation.

SA-1.2
Surface Water and Sediment Sampling
Rev. 5, April 2008

Tetra Tech Sampling Procedures, Methods N

SA-1.3
Soil Sampling
Rev. 9, April 2008

Tetra Tech Sampling Procedures, Methods N

SA-6.1
Non-radiological Sample Handling
Rev. 3, February 2004

Tetra Tech
Sample Bottle ware, Packaging
Material, Shipping Materials

N

SA-6.3
Field Documentation
Rev. 3, March 2009

Tetra Tech
Field Logbook, Field Sample
Forms, Boring Logs

N

SA-7.1
Decontamination of Field Equipment
Rev. 6, January 2009

Tetra Tech
Decontamination Equipment
(scrub brushes, phosphate free
detergent, de-ionized water)

Y

Decontamination of sampling
equipment is not anticipated.
However, if required, nitric acid is
removed from the decontamination
procedure. Isopropyl Alcohol to be
used, if field conditions warrant.
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SAP Worksheet No. 22 -- Field Equipment Calibration, Maintenance, Testing, and Inspection Table
(UFP-QAPP Manual Section 3.1.2.4)

Field Equipment Activity
1

Frequency Acceptance Criteria
Corrective

Action
Responsible

Person
SOP

Reference
2 Comments

PID
Calibration and

Visual
Inspection

Daily
Manufacturer’s
Guidance

Replace
FOL or

designee
Manufacturer’s

Guidance

To be used to
determine the
Test Pit depth
that is most
impacted for
biased sample
collection.

Backhoe / Excavating
Machinery

Inspection Daily
Equipment Inspection
Sheet Criteria

Replace
FOL or

designee
SA-1.3

Disposable Hand
Trowel

Inspection Per Use NA Replace
FOL or

designee
SA-1.3

Multi-Parameter Water
Quality Meter

Visual
Inspection,
Calibration

Daily
Manufacturer’s
Guidance

Replace
FOL or

designee
Manufacturer’s

Guidance

Turbidity Meter
Visual

Inspection,
Calibration

Daily

Manufacturer’s
Guidance;

Calibrations must
bracket expected
values.

Initial Calibration
Verification (ICV)
must be <10 NTU.

Replace
FOL or

designee
Manufacturer’s

Guidance

To be used to
determine the
need to collect
Dissolved TAL
Metals samples
(if >10 NTU).

1 Activities may include: calibration, verification, testing, maintenance, and/or inspection.
2 Specify the appropriate reference letter or number from the Project Sampling SOP References table (Worksheet No. 21).
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SAP Worksheet No. 23 -- Analytical SOP References Table
(UFP-QAPP Manual Section 3.2.1)

Lab SOP
Number

Title, Revision Date, and / or
Number

Definitive or
Screening

Data

Matrix and
Analytical

Group
Instrument

Organization
Performing

Analysis

Modified for
Project Work?

(Y/N)

1.3.2.2

Analysis of Volatile Organic Compounds in
Aqueous and Medium/High Concentration
Soil Samples by SW-846 (Revision 13,
3/24/09)

Definitive
Surface water and
aqueous field QC
samples – VOC

Gas
Chromatograph/

Mass Spectrometer
(GC/MS)

CompuChem N

1.3.2.4

GC/MS Analysis of Low Concentration
Volatiles in Soil/Sediment/Sludge Samples
by SW-846 and NYSASP (Revision 10,
2/8/05)

Definitive
Soil and sediment –

VOC
GC/MS CompuChem N

2.2.4.1
Sample Preparation for Pesticides/ PCBs in
Water SW-846 and NYSASP (Revision 11,
10/18/07)

Definitive

Surface water and
aqueous field QC

samples –
Pesticides

None CompuChem N

2.2.4.2

Low-Level Preparation for Analysis of
Pesticides/PCBs in Soil/Sediment/Sludge
by SW-846 and NYSASP (Revision 11,
3/4/09)

Definitive
Soil and sediment –

Pesticides
None CompuChem N

2.2.4.10
GC/ECD Analysis of Organochlorine
Pesticides in Water and Soil Extracts by
SW-846 (Revision 7, 3/6/09)

Definitive
Soil and sediment –

Pesticides

GC/
Electron Capture

Detector (GC/ECD)
CompuChem N

2.2.5.1
PCBs in Water Preparation Procedure
(SW-846 and NYSASP) (Revision 9,
2/18/08)

Definitive
Surface water and
aqueous field QC
samples – PCBs

None CompuChem N

2.2.5.2
Low-Level Preparation for Analysis of
PCBs only in Soil/Sediment/Sludge by SW-
846 and NYSASP (Revision 9, 3/4/09)

Definitive
Soil and sediment –

PCBs
None CompuChem N

2.2.5.3
GC/ECD Analysis of PCBs as Aroclors in
Water and Soil Extracts (Revision 7,
2/20/08)

Definitive
Soil and sediment –

PCBs
GC/ECD CompuChem N
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Lab SOP
Number

Title, Revision Date, and / or
Number

Definitive or
Screening

Data

Matrix and
Analytical

Group
Instrument

Organization
Performing

Analysis

Modified for
Project Work?

(Y/N)

2.4.4.5

GC/MS SIM Semivolatile Analyses of
Aqueous and Soil Samples using SW-846
and EPA CLP Methodologies (OLC03.2
and OLM04.3) (Revision 1, 6/20/06)

Definitive

Soil, sediment,
surface water and
aqueous field QC
samples – SVOC

GC/MS CompuChem N

2.5.2.1

Preparation of Water Samples for the
Analysis of Semivolatiles by SW-846
Method 3510C and EPA 625
(Revision 13, 6/15/08)

Definitive

Surface water and
aqueous field quality

control samples –
SVOC

None CompuChem N

2.5.2.3

Preparation of
Soil/Sediment/Sludge/Samples for the
Analysis of Semivolatiles by SW-846 and
NYSASP
(Revision 12, 2/27/09)

Definitive
Soil and sediment –

SVOC
None CompuChem N

2.5.2.4

Medium Level Preparation Procedure for
Semivolatile Organics in Soil Samples by
SW-846 and NYSASP
(Revision 8, 3/4/09)

Definitive
Soil and sediment –

SVOC
None CompuChem N

2.5.2.7

GC/MS Analysis of Extractible
Semivolatiles in Water and Solid Sample
Extracts by SW-846
(Revision 13, 11/4/08)

Definitive

Soil, sediment,
surface water and
aqueous field QC
samples – SVOC

GC/MS CompuChem N

3.2.1.4

Digestion Block Preparation of Aqueous
Samples for ICP Analysis of Total or
Dissolved Metals by SW-846, MCAWW,
and Standard Methods (Revision 4,
5/27/08)

Definitive
Surface water and
aqueous field QC
samples – Metals

None CompuChem N

3.2.1.5

Digestion Block Preparation of Soil
Samples for ICP Analysis of Total Metals
by SW-846 Method 3050B (Revision 7,
6/5/08)

Definitive
Soil and sediment –

Metals
None CompuChem N

3.2.1.6
Inductively Coupled Plasma Atomic
Emission Spectroscopy by SW-846 Method
6010B (Revision 16, 6/8/08)

Definitive

Soil, sediment,
surface water and
aqueous field QC
samples – Metals

Inductively Coupled
Plasma - Atomic

Emission
Spectroscopy (ICP-

AES)

CompuChem N
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Lab SOP
Number

Title, Revision Date, and / or
Number

Definitive or
Screening

Data

Matrix and
Analytical

Group
Instrument

Organization
Performing

Analysis

Modified for
Project Work?

(Y/N)

3.2.1.7
Digestion Block Preparation of Solid
Samples for ICP-MS Determination of Total
Metals by SW-846 (Revision 15, 8/4/06)

Definitive
Soil and sediment –

Metals
None CompuChem N

3.2.1.9
Determination of Metals by ICP-MS by SW-
846 Method 6020 (Revision 4, 6/20/08) Definitive

Soil, sediment,
surface water and
aqueous field QC
samples – Metals

Inductively Coupled
Plasma - Mass
Spectroscopy

(ICP-MS)

CompuChem N

3.2.1.13

Digestion Block Preparation of Aqueous
Samples for ICP-MS Analysis of Total or
Dissolved Metals by SW-846 Method
3005A (Revision 1, 10/5/06)

Definitive
Surface water and
aqueous field QC
samples – Metals

None CompuChem N

3.3.1
Mercury in Water, Manual Digestion
Procedure for EPA CLP, NYSASP, SW-
846, and MCAWW (Revision 19, 2/24/09)

Definitive
Surface water and
aqueous field QC

samples – Mercury
None CompuChem N

3.3.2
Solid Sample Mercury Digestion by SW-
846 and NYSASP (Revision 16, 6/6/08) Definitive

Soil and sediment –
Mercury

None CompuChem N

3.3.4
Automated Cold Vapor Determination for
Mercury by CLP, SW-846, and NYSASP
(Revision 21, 7/23/07)

Definitive

Soil, sediment,
surface water and
aqueous field QC

samples – Mercury

Cold Vapor Atomic
Absorption (CVAA)

CompuChem N

3.4.2

Midi-Distillation of Aqueous Samples for
the Determination of Total and Free
Cyanide by SW-846 and Standard Methods
(Revision 10, 12/13/07)

Definitive
Surface water and
aqueous field QC

samples – Cyanide
Spectrometer CompuChem N

3.4.5

Cyanide Analysis of Water and
Soil/Sediment Distillates by CLP, MCAWW,
SW-846, NYSASP & Lachat (Revision 10,
2/25/09)

Definitive
Soil and sediment –

Cyanide
Spectrometer CompuChem N

3.4.6

Solid Sample for Total and Free Cyanide
Midi Distillation by SW-846 Method 9010B
and Standard Methods 4500 CN I
(Revision 4, 6/11/08)

Definitive
Soil and sediment –

Cyanide
Spectrometer CompuChem N

3.6.2.2
Analysis of Soil Samples for Total Organic
Carbon (TOC) by SW-846 and Lloyd Kahn
(Revision 14, 6/13/08)

Definitive
Soil and sediment –

TOC

Non-Dispersive
Infrared Detector

(NDIRD)
CompuChem N
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Lab SOP
Number

Title, Revision Date, and / or
Number

Definitive or
Screening

Data

Matrix and
Analytical

Group
Instrument

Organization
Performing

Analysis

Modified for
Project Work?

(Y/N)

12H
Method 8290: Tetra- through Octa-
Chlorinated Dioxins and Furans by Isotope
Dilution GC/HRMS (Revision 6.0, 4/4/08)

Definitive
Soil –

Dioxins/Furans

GC/
High Resolution

Mass Spectrometry
(GC/HRMS)

Columbia N
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SAP Worksheet No. 24 -- Analytical Instrument Calibration Table
(UFP-QAPP Manual Section 3.2.2)

Instrument
Calibration
Procedure

Frequency of
Calibration

Acceptance Criteria
Corrective

Action

Person
Responsible for

Corrective Action

SOP
Reference1

GC/MS
VOCs

Tuning Prior to ICAL and at
the beginning of each
12 hour analytical
sequence.

Must meet the ion abundance criteria
required by the method. No samples
may be accepted without a valid tune.

Manual tuning;
replacement of the
ion source or
filament.

Lab Manager 1.3.2.2

1.3.2.4

Initial Calibration
(ICAL) – A
minimum of a 5-
point calibration
curve is analyzed

After major
maintenance; upon
2nd consecutive failure
of CCV standard.

System Performance Check
Compounds (SPCCs) average
Response Factors (RFs) 1,1,2,2-
tetrachloroethane and chlorobenzene
≥0.30; chloromethane, 1,1-
dichloroethane and bromoform ≥0.10;  

Percent Relative Standard Deviation
(%RSD) for RFs ≤30% for Calibration 
Check Compounds (CCCs); and:
(Option 1):
%RSD ≤15% for all other compounds.  
If not met (Option 2):
Linear least squares regression:
Linear Regression Correlation
Coefficient (r) ≥0.995.

Repeat calibration,
if criterion is not
met.

Lab Manager

Initial
Calibration
Verification
(ICV) - 2nd

source

Once after each ICAL,
prior to beginning a
sample run.

All analytes ≤20 Percent Difference or 
Percent Drift (≤20%D) from the true 
value.

Investigate problem
and verify second
source standard.
Reanalyze ICAL.

Lab Manager

Continuing
Calibration
Verification
(CCV)

Daily before analysis
and every 12 hours
after the analysis of
the tuning standard.

CCCs ≤20%D; 

SPCC RFs ≥ 0.10 & 0.30 (compounds 
as listed above in ICAL block).

Investigate cause
and repeat
injection. Repeat
initial calibration
and reanalyze all
samples analyzed
since the last
successful CCV.

Lab Area Supervisor
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Instrument
Calibration
Procedure

Frequency of
Calibration

Acceptance Criteria
Corrective

Action

Person
Responsible for

Corrective Action

SOP
Reference1

GC/MS
SVOCs
(including SIM
PAHs)

Tuning Prior to ICAL and at
the beginning of each
12 hour analytical
sequence.

Must meet the ion abundance criteria
required by the method. No samples
may be accepted without a valid tune.

Manual tuning;
replacement of the
ion source or
filament.

Lab Manager 2.4.4.5

2.5.2.7

ICAL – A
minimum of a 5-
point calibration
curve is analyzed

After major
maintenance; upon
2nd consecutive failure
of CCV standard.

SPCC RFs ≥0.050 (≥0.010 for SIM); 
%RSD ≤30% for the CCCs; and 
(Option 1):
%RSD ≤15% for all other compounds. 
If not met (Option 2):
Linear least squares regression:
r ≥ 0.995. 

Repeat calibration,
if criterion is not
met.

Lab Manager

ICV - 2nd source Once after each ICAL,
prior to beginning a
sample run.

SPCC RFs ≥0.050 (≥0.010 for SIM); 

CCCs ≤20%D (≤30%D for SIM). 

Investigate problem
and verify second
source standard.
Reanalyze ICAL.

Lab Manager

CCV Daily before analysis
and every 12 hours
after the analysis of
the tuning standard.

SPCC RFs ≥0.050 (≥0.010 for SIM); 

CCCs ≤20%D (≤30%D for SIM). 

Investigate cause
and repeat
injection. Repeat
ICAL and reanalyze
all samples
analyzed since last
successful CCV.

Lab Area Supervisor

GC/ECD
(Pesticides/
PCBs)

Breakdown
Check

At the beginning of
each 12-hour period,
prior to analysis of
samples.

Degradation ≤15% for both DDT and 
Endrin.

Column
maintenance;
injection port
maintenance.

Lab Manager 2.2.4.10

2.2.5.3

ICAL – A
minimum of a 5-
point calibration
curve is analyzed

After major instrument
maintenance; upon
failure of 2nd

consecutive CCV.

%RSD ≤20% for all compounds. 
If not met (Option 2):
Linear least squares regression:
r ≥ 0.995. 

Repeat calibration,
if criterion is not
met.

Lab Manager

ICV - 2nd source Once after each ICAL,
prior to beginning a
sample run.

All analytes ≤20%D of the expected 
value.

Investigate problem
and verify second
source standard.
Reanalyze ICAL.

Lab Manager

CCV After each 10 field
samples and at the
end of the analytical
sequence.

All analytes ≤20%D of the expected 
value.

Investigate cause
and repeat
injection. Repeat
ICAL and reanalyze
all samples
analyzed since last
successful CCV.

Lab Manager
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Instrument
Calibration
Procedure

Frequency of
Calibration

Acceptance Criteria
Corrective

Action

Person
Responsible for

Corrective Action

SOP
Reference1

ICP-AES
Metals

ICAL – A
minimum of a 1-
point calibration is
analyzed

Daily ICAL prior to
sample analysis.

None; only one high standard and a
calibration blank must be analyzed. If
more than 1 calibration standard is
used, r ≥ 0.995. 

Investigate and
perform necessary
equipment
maintenance.
Check calibration
standards.
Recalibrate.

Lab Area Supervisor 3.2.1.6

ICV - 2nd source Once after each ICAL,
prior to beginning a
sample run.

90-110 %R of the true value. Investigate and
perform necessary
equipment
maintenance, verify
standard and
repeat.
Recalibrate.

Lab Area Supervisor

CCV After each 10 field
samples and at the
end of the analytical
sequence.

90-110 %R of the true value. Investigate and
perform necessary
equipment
maintenance.
Recalibrate and
reanalyze any
samples not
bracketed by
passing CCVs.

Lab Area Supervisor

Continuing
Calibration
Blank (CCB)

After the initial CCV,
after every 10
samples, and at the
end of the sequence.

No analyte detected ≥ QL. Investigate the
source of
contamination,
reanalyze,
reanalyze any
samples not
bracketed by
passing CCBs.

Lab Area Supervisor

Low-Level
Check Standard

Daily after ICAL and
before samples.

80-120 %R of the true value. Investigate and
perform necessary
equipment
maintenance.
Recalibrate and
reanalyze all
affected samples.

Lab Area Supervisor

Interference
Check
Standards (ICS
- ICSA & ICSB)

At the beginning of an
analytical run.

ICSA recoveries must be within the
absolute value of the QL and ICSB
recoveries must be within 80-120 %R of
the true value.

Investigate and
perform necessary
equipment
maintenance.
Recalibrate and
reanalyze all
affected samples.

Lab Area Supervisor
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Instrument
Calibration
Procedure

Frequency of
Calibration

Acceptance Criteria
Corrective

Action

Person
Responsible for

Corrective Action

SOP
Reference1

ICP-MS
Metals

ICAL – A
minimum of a 1-
point calibration
curve is analyzed

Daily ICAL prior to
sample analysis.

None; only one high standard and a
calibration blank must be analyzed. If
more than 1 calibration standard is
used, r ≥ 0.995. 

Investigate and
perform necessary
equipment
maintenance.
Check calibration
standards.
Recalibrate.

Lab Area Supervisor 3.2.1.9

ICV - 2nd source Once after each ICAL,
prior to beginning a
sample run.

90-110 %R of the true value. Investigate and
perform necessary
equipment
maintenance, verify
standard and
repeat.
Recalibrate.

Lab Area Supervisor

CCV After each 10 field
samples and at the
end of the analytical
sequence.

90-110 %R of the true value. Investigate and
perform necessary
equipment
maintenance.
Recalibrate and
reanalyze any
samples not
bracketed by
passing CCVs.

Lab Area Supervisor

CCB After the initial CCV,
after every 10
samples, and at the
end of the sequence.

No analyte detected > QL. Investigate the
source of
contamination,
reanalyze,
reanalyze any
samples not
bracketed by
passing CCBs.

Lab Area Supervisor

Low-Level
Check Standard

Daily after ICAL and
before samples.

80-120 %R of the true value. Investigate and
perform necessary
equipment
maintenance.
Recalibrate and
reanalyze all
affected samples.

Lab Area Supervisor

ICS - ICSA &
ICSB

At the beginning of an
analytical run.

ICSA recoveries must be within the
absolute value of the QL and ICSB
recoveries must be within 80-120 %R of
the true value.

Investigate and
perform necessary
equipment
maintenance.
Recalibrate and
reanalyze all
affected samples.

Lab Area Supervisor
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Instrument
Calibration
Procedure

Frequency of
Calibration

Acceptance Criteria
Corrective

Action

Person
Responsible for

Corrective Action

SOP
Reference1

CVAA
(Mercury)

ICAL – A
minimum of a 5-
point calibration
curve is analyzed

Daily ICAL prior to
sample analysis.

Linear Regression Correlation
Coefficient ≥0.995. 

Investigate and
perform necessary
equipment
maintenance.
Check calibration
standards.
Recalibrate.

Lab Area Supervisor 3.3.4

ICV - 2nd source Once after each ICAL,
prior to beginning a
sample run.

80-120 %R of the true value. Investigate and
perform necessary
equipment
maintenance, verify
standard and
repeat.
Recalibrate.

Lab Area Supervisor

CCV After each 10 field
samples and at the
end of the analytical
sequence.

80-120 %R of the true value. Investigate and
perform necessary
equipment
maintenance.
Recalibrate and
reanalyze any
samples not
bracketed by
passing CCVs.

Lab Area Supervisor

CCB After the initial CCV,
after every 10
samples, and at the
end of the sequence.

No analyte detected > QL. Investigate the
source of
contamination,
reanalyze,
reanalyze any
samples not
bracketed by
passing CCBs.

Lab Area Supervisor

TOC Analyzer ICAL Daily prior to sample
analysis.

Linear Regression Correlation
Coefficient ≥0.9950.

Recalibrate. Lab Section Supervisor 3.6.2.2

ICV - 2nd source Once after each ICAL,
prior to beginning a
sample run.

90-110 %R of the true value. Recalibrate. Lab Section Supervisor

CCV After each 10 field
samples and at the
end of the analytical
sequence.

90-110 %R of the true value. Recalibrate. Lab Section Supervisor
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Instrument
Calibration
Procedure

Frequency of
Calibration

Acceptance Criteria
Corrective

Action

Person
Responsible for

Corrective Action

SOP
Reference1

Spectrometer
(Cyanide)

ICAL – A
minimum of a 6-
point calibration
curve is analyzed

Daily prior to sample
analysis.

Linear Regression Correlation
Coefficient ≥0.9950. 

Investigate and
perform necessary
equipment
maintenance.
Check calibration
standards.
Recalibrate.

Lab Section Supervisor 3.4.5

ICV - 2nd source Once after each ICAL,
prior to beginning a
sample run.

85-115 %R of the true value. Investigate and
perform necessary
equipment
maintenance, verify
standard and
repeat.
Recalibrate.

Lab Section Supervisor

Distilled
Standards (1
high, 1 low)

Once per ICAL. 85-115 %R of the true value. Reanalyze;
recalibrate, if
reanalysis fails.

Lab Section Supervisor

CCV After each 10 field
samples and at the
end of the analytical
sequence.

85-115 %R of the true value. Investigate and
perform necessary
equipment
maintenance.
Recalibrate and
reanalyze any
samples not
bracketed by
passing CCVs.

Lab Section Supervisor

HRGC/HRMS
(Dioxins/
Furans)

Tuning At the beginning and the
end of each 12 hour
period of analysis.

Static resolving power ≥10,000.  Lock-mass 
ion between lowest and highest masses ≤ 
10% full-scale deflection.

MS maintenance.
Retune.

Area Supervisor or
Manager

12H

ICAL Prior to sample
analysis.

Mean RFs must be ≤20 %D. 
RSD must be ≤30%. 
Signal to noise ratio ≥10. 
Ion abundance ratios within limits on Table 8
of the method.

Recalibrate when
CCV is not met.

Area Supervisor or
Manager

CCV At the beginning of
each 12 hour period,
and at the end of each
analytical sequence.

Ion abundance ratios within limits on Table 8
of the method.
Mean RFs must be ≤20 %D unlabeled and 
≤30 %D labeled.  Average CCVs if no more 
then 2 unrelated compounds above 20/30%
but less than 25/35% on end-of-run CCV.

Acceptable
bracketing CCVs
must be established
before sample
reporting may
begin.

Area Supervisor or
Manager

1 Specify the appropriate reference letter or number from the Analytical SOP References table (Worksheet No. 23).
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SAP Worksheet No. 25 -- Analytical Instrument and Equipment Maintenance, Testing, and Inspection Table
(UFP-QAPP Manual Section 3.2.3)

Instrument /
Equipment

Maintenance Activity
Testing
Activity

Inspection
Activity

Frequency
Acceptance

Criteria
Corrective

Action
Responsible

Person
SOP

Reference
1

GC/MS Replace/clean ion source;
clean injector; replace liner;
replace/clip capillary column.

Flush/replace tubing on purge
and trap devise; replace trap.

VOCs Ion source,
injector liner,
column, column
flow, purge
lines, purge
flow, trap

As needed Must meet initial
and/or continuing
calibration
criteria.

Repeat
maintenance
activity or
remove from
service.

Lab Manager 1.3.2.2

1.3.2.4

GC/MS Replace/clean ion source;
clean injector; replace liner;
replace/clip capillary column.

Flush/replace tubing on purge
and trap devise; replace trap.

SVOCs,
including
low-level
PAHs

Ion source,
injector liner,
column, column
flow, purge
lines, purge
flow, trap

As needed Must meet initial
and/or continuing
calibration
criteria.

Repeat
maintenance
activity or
remove from
service.

Lab Manager 2.4.4.5

2.5.2.7

GC/ECD ECD maintenance; replace/clip
capillary column.

Pesticides/
PCBs

ECD, injector,
injector liner,
column, adjust
column flow

As needed Must meet initial
and/or continuing
calibration
criteria.

Repeat
maintenance
activity or
remove from
service.

Lab Manager 2.2.4.10

2.2.5.3

ICP-AES Clean plasma torch; clean
filters; clean spray and
nebulizer chambers; replace
pump tubing.

Metals Torch, filters,
nebulizer
chamber, pump,
pump tubing

As needed Must meet initial
and/or continuing
calibration
criteria.

Repeat
maintenance
activity or
remove from
service.

Lab Manager 3.2.1.6

ICP-MS Clean plasma torch; clean
filters; clean spray and
nebulizer chambers; replace
pump tubing.

Metals Torch, filters,
nebulizer
chamber, pump,
pump tubing

As needed Must meet initial
and/or continuing
calibration
criteria.

Repeat
maintenance
activity or
remove from
service.

Lab Manager 3.2.1.9

CVAA Clean/replace dehydrator
tubing and sample mixing coil
tubing; replace sample probe;
replace pump tubing; clean
optical cell.

Mercury Tubing, sample
probe, optical
cell

As needed Must meet initial
and/or continuing
calibration
criteria.

Repeat
maintenance
activity or
remove from
service.

Lab Manager 3.3.4

TOC Analyzer Replace sample tubing, clean
sample boat, replace syringe.

TOC Tubing, sample
boat, syringe

As needed Must meet initial
and/or continuing
calibration
criteria.

Repeat
maintenance
activity or
remove from
service.

Lab Manager 3.6.2.2
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Instrument /
Equipment

Maintenance Activity
Testing
Activity

Inspection
Activity

Frequency
Acceptance

Criteria
Corrective

Action
Responsible

Person
SOP

Reference
1

Spectrometer Flush/replace tubing. Cyanide Tubing As needed Must meet initial
and/or continuing
calibration
criteria.

Repeat
maintenance
activity or
remove from
service.

Lab Manager 3.4.5

HRGC/HRMS Replace/clean ion source;
clean injector; replace liner;
replace/clip capillary column.
Flush/replace tubing on purge
and trap devise; replace trap.

Dioxins/
Furans

Ion source,
injector liner,
column, column
flow, purge
lines, purge
flow, trap

As needed Must meet initial
and/or continuing
calibration
criteria.

Repeat
maintenance
activity or
remove from
service.

Area
Supervisor or
Manager

H12

1 Specify the appropriate reference letter or number from the Analytical SOP References table (Worksheet No. 23).
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SAP Worksheet No. 26 -- Sample Handling System
(UFP-QAPP Manual Appendix A)

SAMPLE COLLECTION, PACKAGING, AND SHIPMENT

Sample Collection (Personnel/Organization): Don Whalen / Tetra Tech

Sample Packaging (Personnel/Organization): Don Whalen / Tetra Tech

Coordination of Shipment (Personnel/Organization): Don Whalen / Tetra Tech

Type of Shipment/Carrier: Overnight courier service (Federal Express)

SAMPLE RECEIPT AND ANALYSIS

Sample Receipt (Personnel/Organization): Sample custodians / CompuChem and Columbia

Sample Custody and Storage (Personnel/Organization): Sample custodians / CompuChem and Columbia

Sample Preparation (Personnel/Organization): Preparation laboratory staff / CompuChem and Columbia

Sample Determinative Analysis (Personnel/Organization): GC/MS, GC/ECD, ICP-AES, ICP-MS, CVAA, Spectrophotometer / CompuChem;
HRGC/HRMS, Columbia

SAMPLE ARCHIVING

Field Sample Storage (No. of days from sample collection): 30 days from submittal of final report

Sample Extract/Digestate Storage (No. of days from extraction/digestion): 30 days from submittal of final report

Biological Sample Storage (No. of days from sample collection): Not Applicable

SAMPLE DISPOSAL

Personnel/Organization: Sample custodians / CompuChem and Columbia

Number of Days from Analysis: 30 days from submittal of final report
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SAP Worksheet No. 27 – Sample Custody Requirements Table
(UFP-QAPP Manual Section 3.3.3)

Field Sample Custody Procedures (sample collection, packaging, shipment, and delivery to
laboratory):

The laboratories will provide pre-preserved sample containers for sample collection. Following sample
collection into the appropriate bottle ware, all samples will be immediately placed on ice in a cooler.
Glass sample containers will be enclosed in bubble-wrap in order to protect the bottle ware during
shipment. The cooler will be secured using strapping tape along with a signed custody seal. Sample
coolers will be delivered to a local courier location for priority overnight delivery to the selected laboratory
for analysis. Samples will be preserved as appropriate based on the analytical method. Samples will be
maintained at 4°C until delivery to the laboratories. Proper custody procedures will be followed
throughout all phases of sample collection and handling.

Chain-of-custody protocols will be used throughout sample handling to establish the evidentiary integrity
of samples. These protocols will be used to demonstrate that the samples were handled and transferred
in a manner that would eliminate possible tampering. Samples for the laboratory will be packaged and
shipped in accordance with Tetra Tech SOP SA-6.1.

Chain-of-Custody Procedures:

After collection, each sample will be maintained in the sampler's custody until formally transferred to
another party (e.g., Federal Express). For all samples collected, COC forms will document the date and
time of sample collection, the sampler's name, and the names of all others who subsequently held
custody of the sample. Specifications for chemical analyses will also be documented on the COC form.
Tetra Tech SOP SA-6.3 (Field Documentation) provides further details on the chain-of-custody
procedure, which is provided in Appendix A. Chain-of-custody requirements are also documented with
instructions contained in each shipment from the laboratories, which are provided in Appendix B.

Laboratory Sample Custody Procedures (receipt of samples, archiving, disposal):

COC requirements are also documented with instructions contained in each shipment from the laboratory
(CompuChem SOPs 4.1 and 4.6 [Sample Receiving and Sample Storage] and Columbia Login and
Storage of Samples and Sample Processing SOP), which are provided in Appendix B.

Sample Designation System

Each sample collected for analysis will be assigned a unique sample tracking number. This number will
consist of a two-segment alphanumeric code that identifies the site, the sample type (sample medium or
QC sample designation), the sample location, and the sample depth indicator. Tetra Tech SOP CT-04
addresses sample nomenclature (Appendix A). The alphanumeric coding system to be used is as
follows:

Site Identifier:

12 = Site 12

Sample Medium:

TP = Test Pit Sample
SS = Surface Soil Sample
SB = Subsurface Soil Sample
SD = Sediment Sample
SW = Surface Water Sample
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Quality Assurance/Quality Control (QA/QC) Sample Designation:

TB = Trip Blank
FB = Field Blank
RB = Equipment Rinsate Blank (if necessary)
DUP = Field Duplicate

Sample Location:

Each test pit and soil boring will be assigned a two digit consecutive number in the order of installation.
Sample locations within a given test pit will be assigned a two digit consecutive number in the order of
collection.

Surface soil, surface water, and sediment samples will be assigned a two digit consecutive number in the
order of collection.

For test pit/subsurface soil samples, the soil sample depth will be indicated by a four digit number. The
first two digits will represent the upper limit of the sample depth interval (rounded to the nearest foot) and
the bottom two digits will represent the lower limit of the depth interval.

QC Sample Number:

All QC samples will be assigned a sequential sample number. The field duplicate, MS, and MD/MSD
samples will be collected from the same station. For example, the first trip blank will be assigned the
tracking number 12TB-01.

The field duplicate will be given the same type of sample designation as the samples so that it will be
“blind” to the laboratory. The sampling time recorded on the COC form, labels and tags for the duplicate
samples will be 0000. Notes detailing the sample number, time, date, and type will be recorded on the
routine sample log sheets and will document the location of the duplicate sample (sample log sheets are
not provided to the laboratory).

All pertinent information regarding sample identification will be recorded in the field logbooks and on
sample log sheets where appropriate.
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SAP Worksheet No. 28 -- Laboratory QC Samples Table
(UFP-QAPP Manual Section 3.4)

Matrix Soil/Sediment/ Surface
Water and aqueous field
QC samples

Analytical Group VOCs
Analytical Method/
SOP Reference

SW-846 8260B
CompuChem 1.3.2.2;
1.3.2.4

QC Sample Frequency/Number
Method/SOP QC

Acceptance Limits
Corrective Action

Person(s)
Responsible for

Corrective Action

Data Quality
Indicator (DQI)

Measurement
Performance
Criteria (MPC)

Trip Blank One per cooler of VOC
samples shipped to
laboratory.

No analytes ≥ ½ QL, 
except common lab
contaminants, which must
be < QL.

No corrective action by
laboratory.

None Accuracy / Bias
Contamination

No analytes ≥ ½ QL, 
except common lab
contaminants, which
must be < QL.

Method Blank One per batch of 20
samples or less per
matrix.

No analytes ≥½ QL and 
1/10 the amount
measured in any sample
or 1/10 the regulatory
limit (whichever is
greater), except common
lab contaminants, which
must be < QL.

Re-clean, retest, re-extract,
reanalyze. If reanalysis cannot
be performed, qualify data.

Analyst, Laboratory
Supervisor

Accuracy / Bias
Contamination

No analytes ≥½ QL and 
1/10 the amount
measured in any sample
or 1/10 the regulatory
limit (whichever is
greater), except
common lab
contaminants, which
must be < QL.

System Monitoring
Compounds (SMC)/
Surrogates

All field and QC
samples.

Department of Defense
(DoD) Quality Systems
Manual (QSM) QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).

Re-prepare and reanalyze for
confirmation of matrix
interference when appropriate.

Analyst, Laboratory
Supervisor

Accuracy / Bias DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).

Laboratory
Control
Sample (LCS)

One per batch of 20
samples or less per
matrix.

DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).

Evaluate and reanalyze, if
possible. If an MS/MSD was
performed in the same 12 hour
clock and acceptable, narrate. If
the LCS recoveries are high, but
the sample results are <QL,
narrate; otherwise, re-prepare
and reanalyze.

Analyst, Laboratory
Supervisor

Accuracy / Bias DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).
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Matrix Soil/Sediment/ Surface
Water and aqueous field
QC samples

Analytical Group VOCs
Analytical Method/
SOP Reference

SW-846 8260B
CompuChem 1.3.2.2;
1.3.2.4

QC Sample Frequency/Number
Method/SOP QC

Acceptance Limits
Corrective Action

Person(s)
Responsible for

Corrective Action

Data Quality
Indicator (DQI)

Measurement
Performance
Criteria (MPC)

Laboratory
Control
Sample Duplicate
(LCSD)
(Not Required)

One per batch of 20
samples or less per
matrix, if analyzed.

DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).
RPD ≤ 30%. 

Evaluate and reanalyze, if
possible. If an MS/MSD was
performed in the same 12 hour
clock and acceptable, narrate. If
the LCS recoveries are high, but
the sample results are <QL,
narrate; otherwise, re-prepare
and reanalyze.

Analyst, Laboratory
Supervisor

Accuracy / Bias
Precision

DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).
RPD ≤ 30%. 

Internal Standards
(IS)

Every field sample,
standard, and QC
sample.

Retention times for IS
must be within + 30
seconds and the
responses within -50% to
+100% of ICAL mid-point
standard.

Inspect MS or GC for
malfunctions; mandatory
reanalysis of samples analyzed
while system was malfunctioning.

Analyst, Laboratory
Supervisor

Accuracy / Bias Retention times for IS
must be within + 30
seconds and the
responses within -50%
to +100% of ICAL mid-
point standard.

MS One per batch of 20
samples or less per
matrix.

DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).

Corrective action will not be taken
for samples when recoveries are
outside limits and surrogate and
LCS criteria are met.
If both the LCS and MS/MSD are
unacceptable, re-prepare the
samples and QC.
Examine the project DQOs and
contact the client.

Analyst, Laboratory
Supervisor

Accuracy / Bias DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).

MSD One per batch of 20
samples or less per
matrix.

DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).
RPD ≤ 30%. 

Corrective action will not be taken
for samples when recoveries are
outside limits and surrogate and
LCS criteria are met.
If both the LCS and MS/MSD are
unacceptable, re-prepare the
samples and QC.
Examine the project DQOs and
contact the client.

Analyst, Laboratory
Supervisor

Accuracy / Bias
Precision

DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).
RPD ≤ 30%. 
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CTO WE05

Matrix Soil/Sediment/Surface
Water and aqueous
field QC samples

Analytical Group SVOCs (and low
concentration PAHs)

Analytical Method/
SOP Reference

SW-846 8270C
CompuChem
2.5.2.7/2.4.4.5 (SIM)

QC Sample Frequency/Number
Method/SOP QC

Acceptance Limits
Corrective Action

Person(s)
Responsible for

Corrective Action

Data Quality
Indicator (DQI)

Measurement
Performance
Criteria (MPC)

Method Blank One per batch of 20 or
fewer samples per
matrix.

No analytes ≥½ QL and 1/10 the 
amount measured in any sample
or 1/10 the regulatory limit
(whichever is greater), except
common lab contaminants, which
must be < QL.

Re-clean, retest, re-extract,
reanalyze, and/or qualify data.

Analyst, Laboratory
Supervisor

Accuracy / Bias
Contamination

No analytes ≥½ QL and 
1/10 the amount measured
in any sample or 1/10 the
regulatory limit (whichever
is greater), except
common lab contaminants,
which must be < QL.

SMCs All field and QC
samples.

DoD QSM QC acceptance
criteria, if available. Otherwise,
laboratory statistically-derived
%R limits (Appendix B).

Re-prep and reanalyze for
confirmation of matrix interference
when appropriate.

Analyst, Laboratory
Supervisor

Accuracy / Bias DoD QSM QC acceptance
criteria, if available.
Otherwise, laboratory
statistically-derived %R
limits (Appendix B).

LCS One per batch of 20 or
fewer samples per
matrix.

DoD QSM QC acceptance
criteria, if available. Otherwise,
laboratory statistically-derived
%R limits (Appendix B).

Evaluate and reanalyze, if
possible. If an MS/MSD was
performed in the same 12 hour
clock and acceptable, narrate.
If the LCS recoveries are high, but
the sample results are <QL,
narrate; otherwise, re-prepare and
reanalyze.

Analyst, Laboratory
Supervisor

Accuracy / Bias DoD QSM QC acceptance
criteria, if available.
Otherwise, laboratory
statistically-derived %R
limits (Appendix B).

IS Every field sample,
standard, and QC
sample.

Retention times for IS must be
within + 30 seconds and the
responses within -50% to +100%
of ICAL mid-point standard.

Inspect MS or GC for malfunctions;
mandatory reanalysis of samples
analyzed while system was
malfunctioning.

Analyst, Laboratory
Supervisor

Accuracy / Bias Retention times for IS
must be within + 30
seconds and the
responses within -50% to
+100% of ICAL mid-point
standard.

MS One per batch of 20 or
fewer samples per
matrix.

DoD QSM QC acceptance
criteria, if available. Otherwise,
laboratory statistically-derived
%R limits (Appendix B).

Corrective action will not be taken
for samples when recoveries are
outside limits and surrogate and
LCS criteria are met. If both the
LCS and MS/MSD are
unacceptable, re-prepare the
samples and QC. Examine the
project DQOs and contact the
client.

Analyst, Laboratory
Supervisor

Accuracy / Bias DoD QSM QC acceptance
criteria, if available.
Otherwise, laboratory
statistically-derived %R
limits (Appendix B).
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CTO WE05

Matrix Soil/Sediment/Surface
Water and aqueous
field QC samples

Analytical Group SVOCs (and low
concentration PAHs)

Analytical Method/
SOP Reference

SW-846 8270C
CompuChem
2.5.2.7/2.4.4.5 (SIM)

QC Sample Frequency/Number
Method/SOP QC

Acceptance Limits
Corrective Action

Person(s)
Responsible for

Corrective Action

Data Quality
Indicator (DQI)

Measurement
Performance
Criteria (MPC)

MSD One per batch of 20 or
fewer samples per
matrix.

DoD QSM QC acceptance
criteria, if available. Otherwise,
laboratory statistically-derived
%R limits (Appendix B).
RPD ≤30%.

Corrective action will not be taken
for samples when recoveries are
outside limits and surrogate and
LCS criteria are met. If both the
LCS and MS/MSD are
unacceptable, re-prepare the
samples and QC. Examine the
project DQOs and contact the
client.

Analyst, Laboratory
Supervisor

Accuracy / Bias
Precision

DoD QSM QC acceptance
criteria, if available.
Otherwise, laboratory
statistically-derived %R
limits (Appendix B).
RPD ≤30%. 
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CTO WE05

Matrix Soil/Sediment/ Surface
Water and aqueous
field QC samples

Analytical Group Pesticides
Analytical Method/
SOP Reference

SW-846 8081A
CompuChem 2.2.4.10

QC Sample Frequency/Number
Method/SOP QC

Acceptance
Limits

Corrective Action
Person(s)

Responsible for
Corrective Action

Data Quality
Indicator (DQI)

Measurement
Performance

Criteria (MPC)

Method Blank One per batch of 20 or
fewer samples per
matrix.

No analytes ≥½ QL 
and 1/10 the amount
measured in any
sample or 1/10 the
regulatory limit
(whichever is greater),
except common lab
contaminants, which
must be < QL.

Re-clean, retest, re-extract,
reanalyze, and/or qualify data.

Analyst, Laboratory
Supervisor

Accuracy / Bias
Contamination

No analytes ≥½ QL 
and 1/10 the amount
measured in any
sample or 1/10 the
regulatory limit
(whichever is greater),
except common lab
contaminants, which
must be < QL.

Surrogates All field and QC
samples.

DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).

If both surrogates are out on both
columns, re-extract and reanalyze.

Analyst, Laboratory
Supervisor

Accuracy / Bias DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).

LCS One per batch of 20 or
fewer samples per
matrix.

DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).

Evaluate and reanalyze all
associated samples.

Analyst, Laboratory
Supervisor

Accuracy / Bias DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).

MS One per batch of 20 or
fewer samples per
matrix.

DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).

Corrective action will not be taken
for samples when recoveries are
outside limits and SMC and LCS
criteria are met. Examine the
project DQOs and contact the
client.

Analyst, Laboratory
Supervisor

Accuracy / Bias DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).

MSD One per batch of 20 or
fewer samples per
matrix.

DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).
RPD ≤ 30%. 

Corrective action will not be taken
for samples when recoveries are
outside limits and SMC and LCS
criteria are met. Examine the
project DQOs and contact the
client.

Analyst, Laboratory
Supervisor

Accuracy / Bias
Precision

DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).
RPD ≤ 30%. 
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CTO WE05

Matrix Soil/Sediment/ Surface
Water and aqueous
field QC samples

Analytical Group Pesticides
Analytical Method/
SOP Reference

SW-846 8081A
CompuChem 2.2.4.10

QC Sample Frequency/Number
Method/SOP QC

Acceptance
Limits

Corrective Action
Person(s)

Responsible for
Corrective Action

Data Quality
Indicator (DQI)

Measurement
Performance

Criteria (MPC)

Second Column
Confirmation

All positive results
must be confirmed.

Results between
primary and second
column -
RPD ≤ 40%. 

None. Analyst, Laboratory
Supervisor

Accuracy / Bias
Precision

Results between
primary and second
column -
RPD ≤ 40%. 
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CTO WE05

Matrix Soil/Sediment/ Surface
Water and aqueous
field QC samples

Analytical Group PCBs
Analytical Method/
SOP Reference

SW-846 8082
CompuChem 2.2.5.2

QC Sample Frequency/Number
Method/SOP QC

Acceptance Limits
Corrective Action

Person(s)
Responsible for

Corrective Action

Data Quality
Indicator (DQI)

Measurement
Performance
Criteria (MPC)

Method Blank One per batch of 20 or
fewer samples per
matrix.

No analytes ≥½ QL and 
1/10 the amount
measured in any sample
or 1/10 the regulatory
limit (whichever is
greater), except common
lab contaminants, which
must be < QL.

Re-clean, retest, re-extract,
reanalyze, and/or qualify data.

Analyst, Laboratory
Supervisor

Accuracy / Bias
Contamination

No analytes ≥½ QL and 
1/10 the amount
measured in any sample
or 1/10 the regulatory
limit (whichever is
greater), except common
lab contaminants, which
must be < QL.

Surrogates All field and QC
samples.

DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).

If both surrogates are out on
both columns, re-extract and
reanalyze.

Analyst, Laboratory
Supervisor

Accuracy / Bias DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).

LCS One per batch of 20 or
fewer samples per
matrix.

DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).

Evaluate and reanalyze all
associated samples.

Analyst, Laboratory
Supervisor

Accuracy / Bias DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).

MS One per batch of 20 or
fewer samples per
matrix.

DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).

Corrective action will not be
taken for samples when
recoveries are outside limits and
SMC and LCS criteria are met.
Examine the project DQOs and
contact the client.

Analyst, Laboratory
Supervisor

Accuracy / Bias DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).

MSD One per batch of 20 or
fewer samples per
matrix.

DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).
RPD ≤ 30%.

Corrective action will not be
taken for samples when
recoveries are outside limits and
SMC and LCS criteria are met.
Examine the project DQOs and
contact the client.

Analyst, Laboratory
Supervisor

Accuracy / Bias
Precision

DoD QSM QC
acceptance criteria, if
available. Otherwise,
laboratory statistically-
derived %R limits
(Appendix B).
RPD ≤ 30%.

Second Column
Confirmation

All positive results
must be confirmed.

Results between primary
and second column -
RPD ≤ 40%.

None. Analyst, Laboratory
Supervisor

Accuracy / Bias
Precision

Results between primary
and second column -
RPD ≤ 40%.
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CTO WE05

Matrix Soil/Sediment/ Surface
Water and aqueous
field QC samples

Analytical Group Metals
Analytical Method/
SOP Reference

SW-846 6010B/6020
CompuChem 3.2.1.6,
3.2.1.8

QC Sample Frequency/Number
Method/SOP QC

Acceptance Limits
Corrective Action

Person(s)
Responsible for

Corrective Action

Data Quality
Indicator (DQI)

Measurement
Performance

Criteria (MPC)

Calibration Blank Before beginning a sample
run, after every 10
samples, and at the end of
the analytical sequence.

No analytes >2x MDL. Re-clean, retest, re-extract,
reanalyze, and/or qualify data.

Analyst, Laboratory
Supervisor

Accuracy / Bias
Contamination

No analytes >2x MDL.

Method Blank One per batch of 20 or
fewer samples per
matrix.

No analytes ≥½ QL and 
1/10 the amount measured
in any sample or 1/10 the
regulatory limit (whichever
is greater), except
common lab contaminants,
which must be < QL.

Re-clean, retest, re-extract,
reanalyze, and/or qualify data.

Analyst, Laboratory
Supervisor

Accuracy / Bias
Contamination

No analytes ≥½ QL and 
1/10 the amount measured
in any sample or 1/10 the
regulatory limit (whichever
is greater), except common
lab contaminants, which
must be < QL.

ICS At the beginning of an
analytical run.

80-120 %R.
Non-spiked analytes <±2x
MDL.

Terminate analysis and
recalibrate instrument.

Analyst, Laboratory
Supervisor

Accuracy / Bias 80-120 %R.
Non-spiked analytes <±2x
MDL and interferents in
sample within order of
magnitude of spike
concentration.

Low Level Check
Standard

Daily after ICAL. %R must be within 80-
120% of the true values.

Reanalyze. Analyst, Laboratory
Supervisor

Accuracy /
Sensitivity

80-120 %R.
Check results near QL.

LCS One per batch of 20 or
fewer samples per
matrix.

DoD QSM QC acceptance
criteria.

Investigate source of problem.
Re-digest and reanalyze all
associated samples.

Analyst, Laboratory
Supervisor

Accuracy / Bias DoD QSM QC acceptance
criteria.

MS One per batch of 20 or
fewer samples per
matrix.

DoD QSM QC acceptance
criteria, if sample < 4x
spike added.

Prepare post digestion spike for
analytes outside limits.

Analyst, Laboratory
Supervisor

Accuracy / Bias DoD QSM QC acceptance
criteria, if sample < 4x spike
added.

MD One per batch of 20 or
fewer samples per
matrix.

DoD QSM QC acceptance
criteria.  RPD ≤20%, if 
result >10x MDL.

Flag results. Analyst, Laboratory
Supervisor

Precision RPD ≤20%, if result >10x 
MDL; else, <±QL.

ICP Serial Dilution One per batch of 20 or
fewer samples per
matrix.

If original sample result is
at least 50x IDL, a 5x
dilution must agree within
± 10% of the original
result.

Flag result or dilute and
reanalyzed sample to eliminate
interference.

Analyst, Laboratory
Supervisor

Accuracy / Bias
Precision

If original sample result is at
least 50x IDL, a 5x dilution
must be ≤10 %RPD. 

Post-Digestion Spike When serial dilution test
fails.

%R must be within + 25%
of the true value.

Narrate. Analyst, Laboratory
Supervisor

Accuracy / Bias 75-125 %R.
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CTO WE05

Matrix Soil/Sediment/ Surface
Water and aqueous
field QC samples

Analytical Group Mercury
Analytical Method/
SOP Reference

SW-846 7470A/7471A
CompuChem 3.3.4

QC Sample Frequency/Number
Method/SOP QC

Acceptance Limits
Corrective Action

Person(s)
Responsible for

Corrective Action

Data Quality
Indicator (DQI)

Measurement
Performance Criteria

(MPC)

Calibration Blank Before beginning a
sample run, after every
10 samples, and at the
end of the analytical
sequence.

No analytes >2x MDL. Re-clean, retest, re-extract,
reanalyze, and/or qualify
data.

Analyst, Laboratory
Supervisor

Accuracy / Bias
Contamination

No analytes >2x MDL.

Method Blank One per batch of 20 or
fewer samples per
matrix.

No analytes ≥½ QL and 
1/10 the amount
measured in any
sample or 1/10 the
regulatory limit
(whichever is greater),
except common lab
contaminants, which
must be < QL.

Re-clean, retest, re-extract,
reanalyze, and/or qualify
data.

Analyst, Laboratory
Supervisor

Accuracy / Bias
Contamination

No analytes ≥½ QL and 
1/10 the amount measured
in any sample or 1/10 the
regulatory limit (whichever
is greater), except common
lab contaminants, which
must be < QL.

LCS One per batch of 20 or
fewer samples per
matrix.

DoD QSM QC
acceptance criteria.

Redigest and/or reanalyze as
necessary.

Analyst, Laboratory
Supervisor

Accuracy / Bias DoD QSM QC acceptance
criteria.

MS One per batch of 20 or
fewer samples per
matrix.

DoD QSM QC
acceptance criteria, if
sample < 4x spike
added.

Narrate exceedances. Analyst, Laboratory
Supervisor

Accuracy / Bias DoD QSM QC acceptance
criteria, if sample < 4x spike
added.

MD One per batch of 20 or
fewer samples per
matrix.

DoD QSM QC
acceptance criteria.
RPD ≤20%, if result 
>10x MDL.

Report original result with
notation or narration.

Analyst, Laboratory
Supervisor

Precision RPD ≤20%, if result >10x 
MDL; else, <±QL.
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CTO WE05

Matrix Soil/Sediment/ Surface
Water and aqueous
field quality control

Analytical Group Cyanide
Analytical Method/
SOP Reference

SW-846 9012A
CompuChem 3.4.2,
3.4.5

QC Sample Frequency/Number
Method/SOP QC

Acceptance Limits
Corrective Action

Person(s)
Responsible for

Corrective Action

Data Quality
Indicator (DQI)

Measurement
Performance Criteria

(MPC)

Method Blank One per batch of 20 or
fewer samples per
matrix.

No analytes ≥½ QL and 
1/10 the amount
measured in any sample
or 1/10 the regulatory
limit (whichever is
greater), except common
lab contaminants, which
must be < QL.

Re-clean, retest, re-extract,
reanalyze, and/or qualify data.

Analyst, Laboratory
Supervisor

Accuracy / Bias
Contamination

No analytes ≥½ QL and 
1/10 the amount
measured in any sample
or 1/10 the regulatory limit
(whichever is greater),
except common lab
contaminants, which
should be < QL.

LCS One per batch of 20 or
fewer samples per
matrix.

DoD QSM QC
acceptance criteria.

Re-prepare and reanalyze
samples.

Analyst, Laboratory
Supervisor

Accuracy / Bias DoD QSM QC acceptance
criteria.

MS One per batch of 20 or
fewer samples per
matrix.

DoD QSM QC
acceptance criteria, if
sample < 4x spike
added.

Narrate. Analyst, Laboratory
Supervisor

Accuracy / Bias DoD QSM QC acceptance
criteria, if sample < 4x
spike added.

MD One per batch of 20 or
fewer samples per
matrix.

DoD QSM QC
acceptance criteria.
RPD ≤20%, if result >10x 
MDL.

Narrate. Analyst, Laboratory
Supervisor

Precision RPD ≤20%, if result >10x 
MDL; else, <±QL.
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CTO WE05

Matrix Sediment
Analytical Group TOC
Analytical Method/
SOP Reference

SW-846 9060
CompuChem 3.6.2.2

QC Sample Frequency/Number
Method/SOP QC

Acceptance Limits
Corrective Action

Person(s)
Responsible for

Corrective Action

Data Quality
Indicator (DQI)

Measurement
Performance Criteria

(MPC)

Method Blank One per batch of 20 or
fewer samples per
matrix.

No analytes ≥ QL.   Re-clean, retest, re-extract, 
reanalyze, and/or qualify data.

Analyst, Laboratory
Supervisor

Accuracy / Bias
Contamination

No analytes ≥ QL. 

LCS One per batch of 20 or
fewer samples per
matrix.

%R must be within 90-
110% of the true value.

Re-prepare and reanalyze
samples.

Analyst, Laboratory
Supervisor

Accuracy / Bias 90-110 %R.

MS One per batch of 20 or
fewer samples per
matrix.

%R must be within 75-
125% of the true value, if
sample <4x spike added.

Narrate. Analyst, Laboratory
Supervisor

Accuracy / Bias 75-125 %R, if >4x spike
added.

MD One per batch of 20 or
fewer samples per
matrix.

%RPD < 20%. Narrate. Analyst, Laboratory
Supervisor

Precision RPD ≤20%, if result >10x 
MDL; else, <±QL.
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CTO WE05

Matrix Soil
Analytical Group Dioxins/Furans
Analytical Method/
SOP Reference

SW-846 8290
Columbia 12H

QC Sample Frequency/Number
Method/SOP QC

Acceptance Limits
Corrective Action

Person(s)
Responsible for

Corrective Action

Data Quality
Indicator (DQI)

Measurement
Performance Criteria

(MPC)
Method Blank One per batch of 20 or

fewer samples per matrix.
No PCDD/Furan > QL and
must be < 10% level in
sample.

Re-extract, reanalyze, and/or qualify
data.

Analyst, Laboratory
Supervisor

Accuracy / Bias
Contamination

No PCDD/Furan > QL and
must be < 10% level in
sample.

Extraction Standard 9 standards, see Method
Table 4.

40-135% R. Re-prep and reanalyze for
confirmation of matrix interference
when appropriate.

Analyst, Laboratory
Supervisor

Accuracy / Bias 40-135 %R.

Clean-up Standard 5 standards, see Method
Table 4.

No criteria. Re-prep and reanalyze for
confirmation of matrix interference
when appropriate.

Analyst, Laboratory
Supervisor

Accuracy / Bias 25 – 150 %R.

Injection Standards 2 standards, see Method
Table 4.

No criteria. Re-prep and reanalyze for
confirmation of matrix interference
when appropriate.

Analyst, Laboratory
Supervisor

Accuracy / Bias 25 – 150 %R.

LCS One per batch of 20 or
fewer samples per matrix.

DoD QSM QC acceptance
criteria, if available.
Otherwise, laboratory
statistically-derived %R limits
(Appendix B).

Re-extract and reanalyze if low
recovery.

Analyst, Laboratory
Supervisor

Accuracy / Bias DoD QSM QC acceptance
criteria, if available.
Otherwise, laboratory
statistically-derived %R
limits (Appendix B).

LCSD One per batch of 20 or
fewer samples per matrix.

DoD QSM QC acceptance
criteria, if available.
Otherwise, laboratory
statistically-derived %R limits
(Appendix B).
RPD ≤20%. 

Re-extract and reanalyze if low
recovery.

Analyst, Laboratory
Supervisor

Accuracy / Bias
Precision

DoD QSM QC acceptance
criteria, if available.
Otherwise, laboratory
statistically-derived %R
limits (Appendix B).
RPD ≤20%. 

MS One per batch of 20 or
fewer samples per matrix.

DoD QSM QC acceptance
criteria, if available.
Otherwise, laboratory
statistically-derived %R limits
(Appendix B).

Narrate. Analyst, Laboratory
Supervisor

Accuracy / Bias DoD QSM QC acceptance
criteria, if available.
Otherwise, laboratory
statistically-derived %R
limits (Appendix B).

MSD One per batch of 20 or
fewer samples per matrix.

DoD QSM QC acceptance
criteria, if available.
Otherwise, laboratory
statistically-derived %R limits
(Appendix B).
RPD ≤20%. 

Narrate. Analyst, Laboratory
Supervisor

Accuracy / Bias
Precision

DoD QSM QC acceptance
criteria, if available.
Otherwise, laboratory
statistically-derived %R
limits (Appendix B).
RPD ≤20%. 
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CTO WE05

SAP Worksheet No. 29 -- Project Documents and Records Table
(UFP-QAPP Manual Section 3.5.1)

Document Where Maintained

Field Documents
Field Logbook
Field Sample Forms
COC Records
Air Bills
Sampling Instrument Calibration Logs
Sampling Notes
Drilling Logs
Photographs
FTMR Forms
This SAP
Health and Safety Plan

Field documents will be maintained in the project file located in the Tetra
Tech King of Prussia, Pennsylvania office.

Laboratory Documents
Sample Receipt, Custody, and Tracking Record
Standards Traceability Logs
Equipment Calibration Logs
Sample Preparation Logs
Analysis Run Logs
Equipment Maintenance, Testing, and Inspection Logs
Corrective Action Forms
Reported Field Sample Results
Reported Results for Standards, QC Checks, and QC Samples
Sample Storage and Disposal Records
Telephone Logs
Extraction/Clean-up Records
Raw Data
Data Completeness Checklist

Laboratory documents will be included in the hardcopy and PDF
deliverables from the laboratory. Laboratory data deliverables will be
maintained in the Tetra Tech King of Prussia, Pennsylvania project file
and in long-term data package storage at a third-party professional
document storage firm.

Electronic data results will be maintained in a database on a password
protected Structured Query Language (SQL) server.

Assessment Findings
Field Sampling Audit Checklist (if conducted)
Analytical Audit Checklist (if conducted)
Data Validation Memoranda (includes tabulated data summary forms)

All assessment documents will be maintained in the Tetra Tech King of
Prussia, Pennsylvania project file.

Reports
Phase I Remedial Investigation Report, Site 12 – South Landfill

All versions of the Phase I Remedial Investigation Report, Site 12 – South
Landfill and all support documents (e.g., Data Validation Reports) will be
stored in hardcopy in the Tetra Tech King of Prussia, Pennsylvania project
file and electronically in the server library.
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SAP Worksheet No. 30 -- Analytical Services Table
(UFP-QAPP Manual Section 3.5.2.3)

Matrix
Analytical

Group

Sample
Locations/ID
Number

Analytical
Method

Data Package
Turnaround Time

Laboratory /
Organization

(name and address,
contact person and
telephone number)

Backup Laboratory /
Organization

(name and address,
contact person and
telephone number)

Soil and Sediment
VOCs See Worksheet No. 18 SW-846 5035/8260B 21 days CompuChem

501 Madison Avenue
Cary, NC 27513
Mark Ross
919-379-4006

NA
SVOCs See Worksheet No. 18 SW-846 3540/8270C 21 days NA
Pesticides See Worksheet No. 18 SW-846 3540/8081A 21 days NA
PCBs See Worksheet No. 18 SW-846 3540/8082 21 days NA

Metals See Worksheet No. 18
SW-846 3050/
6010B/6020

21 days NA

Mercury See Worksheet No. 18 SW-846 7471A 21 days NA
Cyanide See Worksheet No. 18 SW-846 9012A 21 days NA

Sediment TOC See Worksheet No. 18 SW-846 9060 21 days NA

Soil Dioxins/Furans See Worksheet No. 18 SW-846 8290 21 days

Columbia
19408 Park Row,
Suite 320
Houston, TX 77084
Karen Verschoor
281-994-2660

NA

Aqueous

VOCs See Worksheet No. 18 SW-846 5035/8260B 21 days CompuChem – see
above

NA
SVOCs See Worksheet No. 18 SW-846 3540/8270C 21 days NA
Pesticides See Worksheet No. 18 SW-846 3540/8081A 21 days NA
PCBs See Worksheet No. 18 SW-846 3540/8082 21 days NA

Metals See Worksheet No. 18
SW-846 3050/
6010B/6020

21 days NA

Mercury See Worksheet No. 18 SW-846 7471A 21 days NA
Cyanide See Worksheet No. 18 SW-846 9012A 21 days NA
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SAP Worksheet No. 31 -- Planned Project Assessments Table
(UFP-QAPP Manual Section 4.1.1)

Assessment
Type

Frequency
Internal

or
External

Organization
Performing
Assessment

Person(s)
Responsible for

Performing
Assessment

(title and
organizational

affiliation)

Person(s) Responsible
for Responding to

Assessment Findings
(title and organizational

affiliation)

Person(s)
Responsible for
Identifying and
Implementing

Corrective Actions
(title and

organizational
affiliation)

Person(s)
Responsible for

Monitoring
Effectiveness of

Corrective Action
(title and

organizational
affiliation)

Health and
Safety

One per
contract
year

Internal Tetra Tech Health and Safety
Personnel, Tetra
Tech

PM, Tetra Tech Auditor and HSM,
Tetra Tech

HSM, Tetra Tech

Laboratory
Systems Audit1

Every 18
months

External Naval
Facilities
Engineering
Service
Center
(NFESC)

NFESC Auditor QAM, CompuChem
QAM, Columbia

QAM, CompuChem
QAM, Columbia

QAM, CompuChem
QAM, Columbia

Field Quality
Assurance

One per
contract
year

Internal Tetra Tech Auditor, Tetra Tech PM, Tetra Tech Auditor and QAM,
Tetra Tech

QAM, Tetra Tech

1 CompuChem and Columbia have successfully completed the laboratory evaluation process required as part of the NFESC Quality Assurance Program and as
described in the DoD QSM. The support laboratories are additionally certified under the National Environmental Laboratory Accreditation Program (NELAP),
which is the recognized certifying authority for the state of Pennsylvania. The NFESC and NELAP certification letters are included in Appendix B.
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SAP Worksheet No. 32 -- Assessment Findings and Corrective Action Responses
(UFP-QAPP Manual Section 4.1.2)

Assessment
Type

Nature of
Deficiencies

Documentation

Individual(s) Notified
of Findings
(name, title,

organization)

Timeframe of
Notification

Nature of
Corrective

Action
Response

Documentation

Individual(s) Receiving
Corrective Action

Response
(name, title,

organization)

Timeframe
for

Response

Field
Supervision

Site log book and
sample collection
logs

Russ Turner, PM,
Tetra Tech; Don
Whalen, FOL, Tetra
Tech

Immediately Entry in site log
book

Russ Turner, PM, Tetra
Tech; Don Whalen, FOL,
Tetra Tech

24 hours

Project
Supervision

Written report John Trepanowski,
Program Manager;
Garth Glenn, Deputy
Program Manager,
Tetra Tech

Monthly Written memo John Trepanowski,
Program Manager;
Garth Glenn, Deputy
Program Manager, Tetra
Tech

Within a
week of
notification

Health and
Safety Audit

Audit checklist
and written audit
finding summary

Russ Turner, PM,
Tetra Tech; Don
Whalen, FOL, Tetra
Tech; John
Trepanowski, Program
Manager; and Garth
Glenn, Deputy
Program Manager,
Tetra Tech

Dependant on
findings, if major a
stop work maybe
issued
immediately,
however if minor
within 1 week of
audit

Written memo Matt Soltis, HSM, Tetra
Tech; Designee, Field
Auditor; John
Trepanowski, Program
Manager; and Garth
Glenn, Deputy Program
Manager, Tetra Tech

Within 48
hours of
notification

Field
Sampling
System Audit

Audit checklist
and written audit
finding summary

Russ Turner, PM,
Tetra Tech; Don
Whalen, FOL, Tetra
Tech; John
Trepanowski, Program
Manager; and Garth
Glenn, Deputy
Program Manager,
Tetra Tech

Dependant on
findings, if major a
stop work maybe
issued
immediately,
however if minor
within 1 week of
audit

Written memo Tom Johnston, CLEAN
QAM, Tetra Tech;
Designee, Field Auditor,
Tetra Tech;
John Trepanowski,
Program Manager;
Garth Glenn, Deputy
Program Manager, Tetra
Tech

Within 48
hours of
notification

Laboratory
System Audit

Written audit
report

Laboratory QA
Manager(s)

Not specified by
NFESC

Letter NFESC Specified by
NFESC
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SAP Worksheet No. 33 -- QA Management Reports Table
(UFP QAPP Manual Section 4.2)

Type of Report
Frequency

(daily, weekly monthly,
quarterly, annually, etc.)

Projected Delivery
Date(s)

Person(s) Responsible
for Report Preparation
(title and organizational

affiliation)

Report Recipient(s)
(title and organizational

affiliation)

Data Validation Report Per SDG Within two weeks after
receiving the data from the
laboratory

Data Validator, Tetra Tech PM, Tetra Tech; project file

Major Analysis Problem
Identification (Internal
Memorandum)

When persistent analysis
problems are detected

Immediately QAM, Tetra Tech PM, Tetra Tech; project file

Project Monthly Progress
Report

Monthly for duration of the
project

Monthly PM, Tetra Tech PM, Tetra Tech; QAM,
Tetra Tech; Program
Manager, Tetra Tech;
project file

Field Progress Reports Daily, oral, during the
course of sampling

Everyday that field
sampling is occurring

FOL, Tetra Tech PM, Tetra Tech

Laboratory QA Report When significant plan
deviations result from
unanticipated
circumstances

Immediately Laboratory PM,
CompuChem
Laboratory PM, Columbia

PM, Tetra Tech; project file
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SAP Worksheet No. 34 -- Verification (Step I) Process Table
(UFP-QAPP Manual Section 5.2.1)

Verification
Input

Description
Internal /
External

Responsible for Verification
(name, organization)

Chain-of-Custody
Forms

The Tetra Tech FOL or designee will review and sign each COC form to
verify that all samples listed are included in the shipment to the laboratory
and the sample information is accurate. The COC forms will be signed by
the sampler and a copy will be retained for the project file, the PM, and the
data validator. See SOP SA-6.3.

Internal FOL and Field Crew, Tetra Tech

The laboratory sample custodian will review the sample shipment for
completeness and integrity and will sign accepting the shipment. The data
validator will check that the COC form was signed and dated by the Tetra
Tech FOL or designee relinquishing the samples and also by the laboratory
sample custodian receiving the samples for analyses.

Internal/

External

1 - Laboratory Sample
Custodian, TBD

2 –Data Validator, Tetra Tech

Sample Tables Proposed samples verified to have been collected. Internal FOL and Field Crew, Tetra Tech

Sample Log
Sheets

Log sheets completed as samples are collected in the field are verified for
completeness and are maintained at the project office.

Internal PM, FOL, or designee, Tetra
Tech

Sample
Coordinates

Sample locations will be verified to be correct and in accordance with the
SAP (compare map of proposed locations to map of actual locations).

Internal PM, FOL, or designee, Tetra
Tech

Field QC
Samples

Verify that field QC samples listed in Worksheet No. 20 were collected as
required.

Internal FOL or designee, Tetra Tech

Analytical Data
Packages

All analytical data packages will be verified internally for completeness by
the laboratory performing the work. The laboratory QAM will sign the case
narrative for each data package.

Internal Laboratory QAM, CompuChem,
Laboratory QAM, Columbia

Verify that the data package contains all the elements required by the
functional guidelines and scope of work. This occurs as part of the data
validation process.

Internal Data Validator, Tetra Tech

Electronic Data
Deliverables

The electronic data will be compared to the COC form and hard copy data
package to verify accuracy and completeness.

External Data Validator, Tetra Tech
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SAP Worksheet No. 35 -- Validation (Steps IIa and IIb) Process Table
(UFP-QAPP Manual Section 5.2.2) (Figure 37 UFP-QAPP Manual) (Table 9 UFP-QAPP Manual)

Step IIa/IIb Validation Input Description Responsible for Validation
(name, organization)

IIa Field SOPs/Field
Logs/Sample
Collection

Ensure that all sampling SOPs were followed. Verify that deviations have
been documented and MPCs have been achieved, particularly that
samples were correctly identified, that sampling location coordinates are
accurate, and that documentation establishes an unbroken chain of
custody from sample collection to report generation. Verify that the
correct sampling and analytical methods/SOPs were applied. Verify that
the SAP was implemented and carried out as written and that any
deviations are documented.

PM, FOL, or designee, Tetra
Tech

IIa Analytical SOPs Ensure that all laboratory SOPs were followed. Verify that the correct
analytical methods/SOPs were applied.

Laboratory QAM, CompuChem,
Laboratory QAM, Columbia

IIa Documentation of
Method QC Results

Establish that all method QC samples were analyzed and in control as
listed in the analytical SOPs. If method QA is not in control, the
laboratory will contact Tetra Tech for guidance prior to report preparation.

Laboratory QAM, CompuChem,
Laboratory QAM, Columbia

IIa Chain-of-Custody
Forms

Ensure that the custody and integrity of the samples were maintained
from collection to analysis and that custody records are complete and any
deviations are recorded.

Data Validator, Tetra Tech

IIa Holding Times Verify that the samples were shipped and store at the required
temperature and that the sample pH values for chemically preserved
samples meet the requirements listed in Worksheet No. 19. Verify that
the analyses were performed within the holding times listed in Worksheet
No. 19.

Data Validator, Tetra Tech

IIa Data Results Verify that the summary form results match the raw data. Data Validator, Tetra Tech
IIa/IIb Laboratory Data

Results
Ensure that the laboratory QC samples listed in Worksheet No. 28 were
analyzed and that the MPCs listed in Worksheet No. 12 were met for all
field samples and QC analyses. Verify that specified field QC samples
were collected and analyzed and that the analytical QC criteria set up for
this project were met.

Data Validator, Tetra Tech
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Step IIa/IIb Validation Input Description Responsible for Validation
(name, organization)

IIa/IIb Field and
Laboratory
Duplicate Analyses
for Precision

Verify the field sampling precision by checking the RPD for field duplicate
samples. Verify laboratory precision by checking RPDs or %D values
from laboratory duplicate, MS/MSD, and LCS/LCSD analyses. Ensure
compliance with the methods and project MPC accuracy goals listed in
Worksheet No. 12.

Data Validator, Tetra Tech

IIa/IIb Sample Results for
Representativeness

Verify that the laboratory recorded the temperature of each sample at
sample receipt and the pH of chemically preserved samples to ensure
sample integrity from sample collection to analysis.

Data Validator, Tetra Tech

IIa/IIb Project Screening
Levels

Discuss the impact of matrix interferences or sample dilutions performed,
because of the high concentration of one or more contaminants, on the
other target compounds reported as not detected. Document this
usability issue and inform the PM.

Data Validator, Tetra Tech

Project Screening
Levels

Review and add PSLs to the laboratory electronic data deliverable. Flag
samples and notify the PM of samples that exceed the PSLs as listed in
Worksheet No. 15.

PM or designee, Tetra Tech

IIa/IIb Data Validation
Report

Summarize deviations from methods, procedures, or contracts. Qualify
data results based on method or QC deviation and explain all data
qualifications. Print a copy of the project database, qualified data
depicting data qualifiers, and data qualifiers codes that summarize the
reason for data qualifications. Determine if the data met the MPCs and
determine the impact of any deviations on the technical usability of the
data.

Data Validator, Tetra Tech

IIa/IIb SAP QC Sample
Documentation

Verify that all QC samples specified in the SAP were collected and
analyzed and that the associated results were within prescribed SAP
acceptance limits. Verify that QC samples and standards prescribed in
analytical SOPs were analyzed and within the prescribed control limits. If
any significant QC deviations occur, the laboratory shall have contacted
the Tetra Tech Project Chemist or PM.

Data Validator, Tetra Tech

IIa/IIb Documentation of
Analytical Reports
for Completeness

Ensure that the required analytical samples have been collected,
appropriate sample identifications have been used, and correct analytical
methods have been applied. Validator will verify that elements of the data
package required for validation are present, and if not, the laboratory will
be contacted and the missing information will be requested. Validation
will be performed as per Worksheet No. 36. Verify all data have been
transferred correctly and completely to the final SQL database.

Data Validator, Tetra Tech
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Step IIa/IIb Validation Input Description Responsible for Validation
(name, organization)

IIb Project Quantitation
Limits for Sensitivity

Verify that the QLs listed in Worksheet No. 15 were achieved. Data Validator, Tetra Tech

IIb Analytical Data
Deviations

Determine the impact of any deviation from sampling or analytical
methods, SOP requirements, and matrix interferences on the analytical
results.

Data Validator, Tetra Tech
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SAP Worksheet No. 36 -- Analytical Data Validation (Steps IIa and IIb) Summary Table
(UFP-QAPP Manual Section 5.2.2.1)

Step IIa / IIb Matrix
Analytical

Group
Validation Criteria

Data Validator
(title and organizational

affiliation)
IIa and IIb Soil,

Sediment,
Surface
Water

TCL VOCs A full (Level IV) data validation will be performed using criteria for
SW-846 8260B listed in Worksheets Nos. 12, 15, 24, 25, and 28,
and the DoD QSM. If not included in the aforementioned, the logic
outlined in the Region 3 Modifications to the National Functional
Guidelines for Organic Data Review (1994) should be used to apply
qualifiers to data.

Data Validator, Tetra
Tech

IIa and IIb Soil,
Sediment,
Surface
Water

TCL SVOCs
and Low Level
PAHs

A full (Level IV) data validation will be performed using criteria for
SW-846 8270C and 8270-modified listed in Worksheets Nos. 12,
15, 24, 25, and 28, and the DoD QSM. If not included in the
aforementioned, the logic outlined in the Region 3 Modifications to
the National Functional Guidelines for Organic Data Review (1994)
should be used to apply qualifiers to data.

Data Validator, Tetra
Tech

IIa and IIb Soil,
Sediment,
Surface
Water

TCL Pesticides A full (Level IV) data validation will be performed using criteria for
SW-846 8081A listed in Worksheets Nos. 12, 15, 24, 25, and 28,
and the DoD QSM. If not included in the aforementioned, the logic
outlined in the Region 3 Modifications to the National Functional
Guidelines for Organic Data Review (1994) should be used to apply
qualifiers to data.

Data Validator, Tetra
Tech

IIa and IIb Soil,
Sediment,
Surface
Water

TCL PCBs A full (Level IV) data validation will be performed using criteria for
SW-846 8082A listed in Worksheets Nos. 12, 15, 24, 25, and 28,
and the DoD QSM. If not included in the aforementioned, the logic
outlined in the Region 3 Modifications to the National Functional
Guidelines for Organic Data Review (1994) should be used to apply
qualifiers to data.

Data Validator, Tetra
Tech

IIa and IIb Soil,
Sediment,
Surface
Water

TAL Metals and
Cyanide

A full (Level IV) data validation will be performed using criteria for
SW-846 6010B, 6020A, 7470A, and 9012B listed in Worksheets
Nos. 12, 15, 24, 25, and 28, and the DoD QSM. If not included in
the aforementioned, the logic outlined in the Region 3 Modifications
to the Laboratory Data Validation Functional Guidelines for
Evaluating Inorganic Analyses (1993) should be used to apply
qualifiers to data.

Data Validator, Tetra
Tech
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Step IIa / IIb Matrix
Analytical

Group
Validation Criteria

Data Validator
(title and organizational

affiliation)
IIa and IIb Sediment TOC A full (Level IV) data validation will be performed using criteria for

SW-846 9060 listed in Worksheets Nos. 12, 15, 24, 25, and 28, and
the DoD QSM. If not included in the aforementioned, the logic
outlined in the Region 3 Modifications to the Laboratory Data
Validation Functional Guidelines for Evaluating Inorganic Analyses
(1993) should be used to apply qualifiers to data.

Data Validator, Tetra
Tech

IIa and IIb Soil Dioxins/Furans A full (Level IV) data validation will be performed using criteria for
SW-846 8290 and 8290A listed in Worksheets Nos. 12, 15, 24, 25,
and 28, and the DoD QSM. If not included in the aforementioned,
the logic outlined in the Region 3 Draft Dioxin/Furan Data Validation
Guidance (1999) and EPA National Functional Guidelines for
Dioxins/Furans (2005) should be used to apply qualifiers to data.

Data Validator, Tetra
Tech
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SAP Worksheet No. 37 -- Usability Assessment
(UFP-QAPP Manual Section 5.2.3)

Data Usability Assessment

The usability of the data directly affects whether project objectives can be achieved. The following
characteristics will be evaluated at a minimum. The results of these evaluations will be included in the
project report. The characteristics will be evaluated for multiple concentration levels if the evaluator
determines that this is necessary. To the extent required by the type of data being reviewed, the
assessors will consult with other technically competent individuals to render sound technical
assessments of these data characteristics:

Completeness
o For each matrix that was scheduled to be sampled, the FOL acting on behalf of the project team

will prepare a table listing planned samples/analyses to collected samples/analyses. If
deviations from the scheduled sample collection or analyses are identified the Tetra Tech PM
and Project Risk Assessor will determine whether the deviations compromise the ability to meet
project objectives. If they do, the Tetra Tech PM will consult with the Navy RPM and other
project team members, as necessary (determined by the Navy RPM), to develop appropriate
corrective actions.

Precision
o The Project Chemist acting on behalf of the project team will determine whether precision goals

for field duplicates and laboratory duplicates were met. This will be accomplished by comparing
duplicate results to precision goals identified in Worksheets 12 and 28. This will also include a
comparison of field and laboratory precision with the expectation that field duplicate results will
be no less precise than laboratory duplicate results. If the goals are not met, or data have
been flagged as estimated (J qualifier), limitations on the use of the data will be described in the
project report.

Accuracy
o The Project Chemist acting on behalf of the project team will determine whether the

accuracy/bias goals were met for project data. This will be accomplished by comparing percent
recoveries of LCS, LCSD, MS, MSD, and surrogate compounds to accuracy goals identified in
Worksheet 28. This assessment will include an evaluation of field and laboratory
contamination; instrument calibration variability; and analyte recoveries for surrogates, matrix
spike, and laboratory control samples. If the goals are not met, limitations on the use of the
data will be described in the project report. Bias of the qualified results and a description of the
impact of identified non-compliances on a specific data package or on the overall project data
will be described in the project report.

Representativeness
o A Project Scientist identified by the Tetra Tech PM and acting on behalf of the project team will

determine whether the data are adequately representative of intended populations, both
spatially and temporally. This will be accomplished by verifying that samples were collected
and processed for analysis in accordance with the SAP, by reviewing spatial and temporal data
variations, and by comparing these characteristics to expectations. The usability report will
describe the representativeness of the data for each matrix and analytical fraction. This will not
require quantitative comparisons unless professional judgment of the Project Scientist indicates
that a quantitative analysis is required.

Comparability
o The Project Chemist acting on behalf of the project team will determine whether the data

generated under this project are sufficiently comparable to historical site data generated by
different methods and for samples collected using different procedures and under different site
conditions. This will be accomplished by comparing overall precision and bias among data sets
for each matrix and analytical fraction. This will not require quantitative comparisons unless
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professional judgment of the Project Chemist indicates that such quantitative analysis is
required.

Sensitivity
o The Project Chemist acting on behalf of the project team will determine whether project

sensitivity goals listed in Worksheet #15 are achieved. The overall sensitivity and quantitation
limits from multiple data sets for each matrix and analysis will be compared. If sensitivity goals
are not achieved, the limitations on the data will be described. The Project Chemist will enlist
the help of the Project Risk Assessor to evaluate deviations from planned sensitivity goals.

Project Assumptions and Data Outliers
o The Tetra Tech PM and designated team members will evaluate whether project assumptions

are valid. This will typically be a qualitative evaluation but may be supported by quantitative
evaluations. The type of evaluation depends on the assumption being tested. Quantitative
assumptions include assumptions related to data distributions (e.g., Normal versus log-normal)
and estimates of data variability. Statistical tests for outliers will be conducted using standard
statistical techniques appropriate for this task. Potential outliers will be removed if a review of
the associated indicates that the results have an assignable cause the renders them
inconsistent with the rest of the data. During this evaluation, the team will consider whether
outliers could be indications of unanticipated site conditions. Consideration will be given to
whether outliers represent an unanticipated site condition.

Describe the evaluative procedures used to assess overall measurement error associated with
the project:

After completion of the data validation, the data and data quality will be reviewed to determine whether
sufficient data of acceptable quality are available for decision making. In addition to the evaluations
described above, a series of inspections and statistical analyses will be performed to estimate these
characteristics. The statistical evaluations will include simple summary statistics for target analytes,
such as maximum concentration, minimum concentration, number of samples exhibiting non-detected
results, number of samples exhibiting positive results, and the proportion of samples with detected and
non-detected results. The project team members identified by the Tetra Tech PM will assess whether
the data collectively support the attainment of project objectives. They will consider whether any
missing or rejected data have compromised the ability to make decisions or to make the decisions with
the desired level of confidence. The data will be evaluated to determine whether missing or rejected
data can be compensated by other data. Although rejected data will generally not be used, there may
be reason to use them in a weight of evidence argument, especially when they supplement data that
have not been rejected. If rejected data are used, their use will be supported by technically defensible
rationales.

For statistical comparisons and mathematical manipulations, non-detected values will be represented by
a concentration equal to one-half the sample-specific reporting limit. Duplicate results (original and
duplicate) will not be averaged for the purpose of representing the range of concentrations. However,
the average of the original and duplicate samples will be used to represent the concentration at a
particular sampled location.

Identify the personnel responsible for performing the usability assessment:

The Tetra Tech PM, Project Chemist, FOL, and Project Scientist will be responsible for conducting the
listed data usability assessments. The data usability assessment will be reviewed with the Navy RPM,
the EPA RPM, and the PADEP PM. If deficiencies affecting the attainment of project objectives are
identified, the review will take place either in a face to face meeting or a teleconference depending on
the extent of identified deficiencies. If no significant deficiencies are identified, the data usability
assessment will simply be documented in the project report and reviewed during the normal document
review cycle.
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Describe the documentation that will be generated during usability assessment and how
usability assessment results will be presented so that they identify trends, relationships
(correlations), and anomalies:

The data will be presented in tabular format, including data qualifications such as estimation (J, UJ) or
rejection (R). Written documentation will support the non-compliance estimated or rejected data results.
The project report will identify and describe the data usability limitations and suggest re-sampling or
other corrective actions, if necessary.
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EXECUTIVE SUMMARY 

This Environmental Condition of Property (ECP) report for Naval Air Station Joint Reserve Base 
(NAS JRB) Willow Grove, Pennsylvania summarizes the historical, cultural, and environmental 
conditions of the property as part of Base Realignment and Closure (BRAC) documentation 
associated with the closure of NAS JRB Willow Grove.  Information was reviewed with 
installation points of contact to ensure all data are current and accurate.  Where information was 
not available, the sources contacted and reference materials sought were documented.  

Originally constructed and occupied in 1942, NAS JRB Willow Grove, Pennsylvania was first 
commissioned in January 1943 as the Naval Air Station (NAS) Willow Grove.  Following World 
War II, NAS Willow Grove was designated a Naval Air Reserve Training Station.  During the 
Korean War, the NAS Willow Grove increased training and operations support activities at the 
base.  The NAS Willow Grove also saw a significant increase in operation activities during both 
the Vietnam conflict and the Gulf War. 

The name of the NAS Willow Grove was changed to the current NAS JRB Willow Grove in 1994 
to more accurately depict the joint composition and mission of the Reservists serving at Willow 
Grove.  The following agencies currently conduct operations at the NAS JRB Willow Grove:  
United States (U.S.) Navy, U.S. Marine Corps, U.S. Air Force, U.S. Army Reserves, and 
Pennsylvania Air National Guard (PaANG). 

NAS JRB Willow Grove is situated approximately 20 miles north of Philadelphia and presently 
encompasses approximately 910 acres in Horsham Township, Montgomery County, 
Pennsylvania.  Furthermore, the U.S. Navy owns and maintains the NAS JRB Willow Grove 
Clear Zone, which is located adjacent to the end of the Runway 15/33. The subject of this report 
includes the information for the NAS JRB Willow Grove.  This report does not describe the 
environmental condition of the adjacent Air Reserve Station Willow Grove.  A separate ECP was 
prepared for the Off-Base Housing Areas of the NAS JRB Willow Grove and has been included 
in Appendix C of this report. 

A brief summary of ECP findings is provided below by subject area.   

• Classifications of Environmental Conditions.  This ECP Report is not intended to 
identify uncontaminated property in compliance with the Community Environmental 
Response Facilitation Act (CERFA) and Department of Defense (DoD) policy.  The 
Navy will comply with its statutory requirement to identify uncontaminated property 
through additional evaluations and documentation. 

• Installation Restoration Program Sites.  The U.S. Navy has identified 10 Installation 
Restoration Program (IRP) sites at NAS JRB Willow Grove since 1994; one additional 
site (potential “Site 11”) was studied although was never added to the list of IRP sites 
or the NPL.  NAS JRB Willow Grove currently has four sites in various stages of 
investigation and cleanup and seven sites, including the potential “Site 11,” 
recommended for No Further Action (NFA) (EA Engineering 2004). According to site 
personnel, a Federal Facilities Agreement (FFA) was signed in 29 June 2005 by the 
U.S. Environmental Protection Agency (USEPA), Pennsylvania Department of 
Environmental Protection (PADEP), and the U.S. Navy addressing each IRP site 
(Edmond 2005c). 
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• Storage Tanks.  There are two regulated underground storage tanks (USTs) at NAS 
JRB Willow Grove, used for storage of diesel and motor gasoline.  All USTs on-site are 
registered with the PADEP yearly (Edmond 2006a, Weston Solutions 2004).  There 
are currently 74 aboveground storage tanks (ASTs) at NAS JRB Willow Grove.    

• Munitions and Explosives of Concern.  According to site personnel, there are no 
identified munitions and explosives of concern (MEC) at NAS JRB Willow Grove 
(Edmond 2005a, Edmond 2005b).  

• Hazardous Wastes.  NAS JRB Willow Grove is classified as a large quantity 
generator of hazardous waste (#PA4170000158) (Edmond 2005c, Engineering Field 
Activity 2003).  Hazardous waste is managed in Building #633, where it is accumulated 
for less than 90 days. 

• Medical Wastes.  Medical waste is collected and disposed of by the Regional Medical 
Dispensary in Bethesda, Maryland (Edmond 2006b). 

• Universal Wastes. NAS JRB Willow Grove has a Defense Reutilization and Marketing 
Office (DRMO) contract for the disposal of universal wastes such as used oil, batteries, 
light bulbs, etc. (Edmond 2006b). 

• Polychlorinated Biphenyls.  According to site personnel, there are no polychlorinated 
biphenyls (PCB)-containing materials currently located at NAS JRB Willow Grove 
(Edmond 2005a, Edmond 2005b).  All PCB-containing materials historically located at 
NAS JRB Willow Grove were removed in the late 1990s; however, no documentation 
exists. 

• Radiological Materials.  According to site personnel, there are no radiological 
materials located at NAS JRB Willow Grove (Edmond 2005b). 

• Pesticides.  The Draft Pest Management Plan (PMP) for NAS JRB Willow Grove 
describes the requirements and recommended best practices for all aspects of on-
going pest management, in accordance with Federal laws, DoD, and Navy regulations 
(Kincaid 2001).  Records relating to actual use and storage of pesticides on-site prior 
to 2001 were not available for review.    

• Asbestos.  A 1996 asbestos inventory including 89 of the approximately 150 buildings 
at NAS JRB Willow Grove indicates that 52 structures contain “identified” asbestos 
containing material (ACM) or presumed asbestos-containing material (PACM) 
(Dewberry & Davis 1997).   

• Lead-Based Paint.  According to site personnel, lead-based paint was removed from 
NAS JRB Willow Grove on-base housing and other buildings frequented by children 
(Edmond 2005b, Edmond 2005c).  All other painted surfaces are assumed to contain 
lead until a negative determination is made through screening and/or sampling and 
analysis.   

• Radon.  A radon survey in Quarters “E” was conducted in 1991 identifying radon 
concentrations of 6.9 picoCuries per Liter (pCi/L), which is above USEPA action level 
concentrations of 4.0 pCi/L.  A Radon Mitigation system was installed in Quarters “E” 
in 1999 with subsequent sampling conducted in 1999 and 2002.  Both surveys 
indicated radon concentrations less than the USEPA action level.  A much larger radon 
survey was conducted at NAS JRB Willow Grove in 2001.  The survey monitored 
radon levels in approximately 8 percent of the buildings at NAS JRB Willow Grove, and 
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identified one location (Building #137 – Room 122) with radon gas concentrations 
above the USEPA action level.  

• Air Quality.  NAS JRB Willow Grove operates fuel burning equipment, emergency 
diesel generators, and process equipment (i.e., storage tanks, fuel dispensing, jet 
engine test cells, woodworking operations, painting operations, parts cleaners, and 
blast booths) under a Commonwealth of PADEP air emission license (Number 46-
00079).  The air emission license is renewed every 5 years by contract and submitted 
to PADEP (Lewandowski 2006).   

• Drinking Water.  The potable water supply for NAS JRB Willow Grove is obtained 
from two on-site groundwater production wells.  The water is treated on-site and the 
system is classified as a Community Water System (CWS) wells (Woodard & Curran 
2004).  

• Stormwater.  NAS JRB Willow Grove operates under a multi-sector stormwater 
National Pollutant Discharge Elimination System (NPDES) permit (Number PA 
0022411) issued on 7 December 2001 and has a term of 5 years (PADEP 2001b).   

• Wastewater.  NAS JRB Willow Grove operates an on-site wastewater treatment 
facility and discharges the treated water into nearby Park Creek which exits the north 
side of the property.  In addition, currently there are 11 oil/water separators (OWSs) 
located on NAS JRB Willow Grove that are considered wastewater storage tanks 
(Weston Solutions 2004). 

• Floodplains.  According to Federal Emergency Management Agency (FEMA) 
mapping, two areas of NAS JRB Willow Grove would be inundated by 100-year flood 
events: (1) the north side of NAS JRB Willow Grove along Park Creek; and (2) the 
northwest side of the site from where the Little Nashaminy Creek flows along the edge 
of NAS JRB Willow Grove.  The Little Nashaminy Creek flood area has Base Flood 
Elevations (BFEs) determined; however, the Park Creek 100-year flood area does not 
have the BFE determined (Engineering Field Activity 2003). 

• Wetlands and Aquatic Habitats (Special Aquatic Sites).  The main surface water 
features on and around NAS JRB Willow Grove include Pennypack Creek which runs 
to the Delaware River and Park Creek, which flows into the Little Neshaminy Creek.  
Both creeks discharge to the Delaware River watershed (Geo-Marine 2001).  Other 
forms of surface water resources mapped at the NAS JRB Willow Grove include 
approximately 14.3 acres of separated wetlands. 

• Surface Water.  The main surface water features on and around NAS JRB Willow 
Grove include Pennypack Creek which runs to the Delaware River and Park Creek, 
which flows into the Little Neshaminy Creek.  Both the Pennypack and Little 
Neshaminy Creeks discharge into the Delaware River watershed.  Other forms of 
surface water resources mapped at NAS JRB Willow Grove include approximately 
14.3 acres of separate freshwater wetlands and two freshwater ponds (Geo-Marine 
2001, Weston Solutions 2004). 

• Coastal Zone Areas.  Coastal Zone Protection Act is not applicable to the NAS JRB 
Willow Grove. 

• Coral Reefs.  Coral reef protection is not applicable to the NAS JRB Willow Grove. 



 
Department of the Navy BRAC Program Management Office 

 
 
 

FINAL Environmental Condition of Property Report  11 May 2006 
Naval Air Station Joint Reserve Base, Willow Grove, Pennsylvania ES-4 

• Fisheries.  The Magnuson-Stevens Fishery Conservation and Management Act is not 
applicable to NAS JRB Willow Grove because there are no fisheries located on the 
site.   

• Marine Mammals.  Marine Mammal Protection Act is not applicable for NAS JRB 
Willow Grove. 

• Threatened, Endangered, and Other Sensitive Species.  No federally listed 
threatened or endangered species are known to reside on NAS JRB Willow Grove.  
One state-recognized rare species, the hairy field bluegrass (Paspalum laeve var. 
pilosum), was identified during a 1991 site survey, although this plant species was 
subsequently removed from Pennsylvania’s rare plant list (Geo-Marine 2001).   

• Geological Hazards.  There are no geological hazards at NAS JRB Willow Grove 
(i.e., landslides, earthquakes, sinkholes) (DCNR 2006). 

• Historic Resources.  A 1996 architectural resources survey conducted for NAS JRB 
Willow Grove did not identify any buildings or structures that meet National Register 
criteria for an historic district or individual cultural resources (Louis Berger 1996).   

• Archaeological Resources.  Archeological sites at NAS JRB Willow Grove include 
four areas with potential for prehistoric sites.  There are 11 historic archaeological 
localities noted as potential, dating to the nineteenth century (Louis Berger 1996). 

• Native American Graves.  Native American graves have not been discovered on NAS 
JRB Willow Grove (Edmond 2005a, Edmond 2005b).  A 1996 cultural resource survey 
did not document any information specific to Native American graves and there is no 
other documentation available specific to Native American graves at NAS JRB Willow 
Grove (Louis Berger 1996).  

• Solid Wastes.  The solid waste at Willow Grove is collected and transported to the 
Montgomery County Transfer Station by facility personnel (Edmond 2006b). 
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1.0 Purpose 

The Navy Base Realignment and Closure (BRAC) Program Management Office (PMO) 
prepared this Environmental Condition of Property (ECP) report for Naval Air Station Joint 
Reserve Base (NAS JRB) Willow Grove, Pennsylvania.   

This report used existing information to summarize the historical, cultural, and environmental 
conditions of NAS JRB Willow Grove property.  Information was reviewed with installation 
personnel to ensure all data are current and accurate.  Where information was not available, the 
sources contacted and reference materials sought were documented.   

The purposes of the ECP report are to: 

• Provide the BRAC PMO with the information it may use to make disposal decisions 
regarding the property; 

• Provide the public with information relative to the environmental condition of the 
property; 

• Assist the local government in planning for the reuse of BRAC property; 

• Assist Federal agencies during the Federal property screening process; 

• Provide information for prospective buyers; 

• Assist new owners in meeting their obligations under the United States (U.S.) 
Environmental Protection Agency’s (USEPA’s) “All Appropriate Inquiry” regulations, at 
such time as they become final; and 

• Assist in determining appropriate responsibilities, asset valuation, liabilities, and 
liabilities with other parties to a transaction. 
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2.0 Background 

NAS JRB Willow Grove, Pennsylvania was originally farmland, purchased in 1926 by aviation 
pioneer Harold F. Pitcairn to develop, build, test, and fly different aircraft.  Throughout the 
1930s, Pitcairn developed and perfected aviation technology into what would later be used to 
develop the first helicopter.  In 1942, Pitcairn reluctantly sold his airfield to the U.S. Navy to 
support the war effort.  That year, 250 personnel from nearby Philadelphia Naval Shipyard took 
possession of the airfield, which was then commissioned in January 1943 as the U.S. Naval Air 
Station (NAS) Willow Grove. 

The NAS Willow Grove was designated a Naval Air Reserve Training Station following World 
War II.  During the Korean War, the NAS Willow Grove increased training and operation support 
activities.  To increase the ability of the NAS Willow Grove to affectively train and provide 
operational support, the Navy purchased additional land in 1957, increasing the NAS Willow 
Grove to its present approximate 1,088 acres.  Later, the air station saw a significant increase in 
operations during the Vietnam conflict and Gulf War (Global Security 2005). 

The NAS Willow Grove’s name was changed in 1994 to the current NAS JRB Willow Grove to 
more accurately depict the joint composition and mission of the Reservists.  Currently, the 
runway at NAS JRB Willow Grove is shared by the Navy, Marine Corp, Air Force, Army 
Reserves, and the Pennsylvania Air National Guard (PaANG) (Global Security 2005). 

In August 1994, NAS JRB Willow Grove became one of only five DoD locations to operate the 
Standard Terminal Automation Replacement System (STARS) air radar.  STARS radar enables 
the facility to simulate air traffic for training purposes.  The STARS radar software allows 
controllers to simulate any number of inbound and outbound air traffic scenarios, using the 
same climb, descent, turn rates, and approach speeds as the specific type of aircraft being 
simulated (Global Security 2005).   
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3.0 Property Description 

The NAS JRB Willow Grove currently encompasses approximately 910 acres in Horsham 
Township within Montgomery County, Pennsylvania (see Figure 3-1).  Furthermore, the U.S. 
Navy owns and maintains the NAS JRB Willow Grove Clear Zone, which is located adjacent to 
the end of the Runway 15/33NAS JRB (Geo-Marine 2003).  

NAS JRB Willow Grove is situated in southeastern Pennsylvania, approximately 20 miles north 
of the city of Philadelphia.  The station is primarily located on flat, gently rolling terrain with 
elevations ranging from 240 feet (ft.) above mean sea level (AMSL) along the north boundary 
(Keith Valley Road) to 360 ft. AMSL at the south end of Runway 15/33 (Geo-Marine 2001).  
NAS JRB Willow Grove is generally bounded by State Route 611 toward the east, Horsham 
Road to the southwest, Keith Valley Road to the north, and County Line Road to the northeast 
(Geo Marine 2001, TtNUS 2004a).  NAS JRB Willow Grove is immediately adjacent to the Air 
Force installation known as the Air Reserve Station Willow Grove. 
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4.0 Environmental Condition Overview – Existing 
Environmental Information 

As part of ECP report activities, extensive record reviews were conducted, a meeting at the 
BRAC PMO Northeast office, an on-site inspection, and personnel interviews were held to 
document current and historic conditions at NAS JRB Willow Grove.  A meeting at the BRAC 
PMO Northeast office was conducted on 26 September 2005. On-site inspections were 
conducted on 3 October 2005 and 15 November 2005.   

The BRAC PMO Northeast office as well as site personnel located at NAS JRB Willow Grove 
provided relevant information for this ECP report.  Additionally, available reports of previous 
environmental investigations at NAS JRB Willow Grove were obtained and reviewed.  
Appendix A presents a list of the documents that were reviewed as part of this effort.  The 
information presented in this report was reviewed with installation personnel to ensure all data 
are current and accurate. Where information was not available, the sources contacted and 
reference materials sought were documented.   

Interviews were conducted with NAS JRB Willow Grove personnel during a site visit and in 
subsequent telephone conversations and e-mail communications.  Appendix B presents a list 
of the people contacted during preparation of the ECP report.   

Appendix C presents the Environmental Condition of Property Report for the Off-Site Housing 
Areas of NAS JRB Willow Grove. 

4.1 Classification of Environmental Conditions  

The Community Environmental Response Facilitation Act (CERFA) of 1992 (amending the 
Comprehensive Environmental Response, Compensation, and Liability Act [CERCLA] to add 
Section 120(h)(4) of CERCLA, 42 United States Code (U.S.C.) Section 9620(h)(4)) requires the 
identification and documentation of uncontaminated real property controlled by the Department 
of Defense (DoD) Components where DoD plans to make excess property available for reuse 
pursuant to a base closure law.  Uncontaminated property is defined as any "real property on 
which no hazardous substances and no petroleum products or their derivatives were known to 
have been released, or disposed of."  This includes aviation fuel and motor oil.  This ECP 
Report is not intended to identify uncontaminated property in compliance with CERFA and DoD 
policy.  The Navy will comply with its statutory requirement to identify uncontaminated property 
through additional evaluations and documentation. 

4.2 Installation Restoration Program Sites  

NAS JRB Willow Grove was placed on the National Priorities List (NPL) (USEPA ID# 
PAD987277837) in 1995 (USEPA 2004).  The NPL is a prioritized list of sites with known or 
threatened releases of hazardous substances, pollutants, or contaminants at locations 
throughout the U.S. and its territories.  The NPL is intended primarily to guide the USEPA in 
prioritizing sites that warrant further investigation.  Since placement of NAS JRB Willow Grove 
on the NPL in 1995, the air station has rectified identified source areas through activities 
including excavation, source removal, and underground storage tank (UST) upgrades (EA 
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Engineering 2004).  These cleanup activities were completed as part of the Installation 
Restoration Program (IRP), a DoD program developed in 1975 to investigate and manage 
environmental impacts on military bases.  The IRP adheres to all applicable regulations, 
including those issued by the USEPA, CERCLA and the Superfund Amendments and 
Reauthorization Act of 1986.   

The Navy has identified 10 IRP sites at NAS JRB Willow Grove; one additional site (potential 
“Site 11”) was studied although was never added to the list of IRP sites or the NPL.  NAS JRB 
Willow Grove currently has four sites in various stages of investigation and cleanup and seven 
sites, including the potential “Site 11,” recommended for No Further Action (NFA) at NAS JRB 
Willow Grove (TtNUS 2004b).  Details concerning each site including suspected material 
disposed/released, period of operation, and remedial status are presented in the next sections.  
Figure 4-1 presents the locations of the IRP sites at NAS JRB Willow Grove.  Table 4-1 is a 
summary of the IRP sites. 

4.2.1 Site 1 Privet Road Compound  

Site 1 is located northeast of steam plant (Building #6) (see Figure 4-1).  Site 1 is approximately 
2 acres in size, and consists of a bowling alley, parking lot, and a 0.5-acre undeveloped area 
(Rogers, Golden & Halpern 1986, TtNUS 2004b).  The Privet Road Compound began as a 
transfer station following the 1967 closure of the Ninth Street Landfill (Site 3) to handle materials 
that were not accepted by the local municipal solid waste pick-up service.  During the years of 
Privet Road Compound operations, waste was stored on-site temporarily prior to being disposed 
off-site, or burned and/or buried on-site.  A fence was built around the compound in an effort to 
control waste disposal and handling to within the compound boundaries in 1972. 

Operations continued at the Privet Road compound until 1975, when regular trash collection 
and off-base disposal services were established for the NAS JRB Willow Grove.  Currently the 
waste generated by NAS JRB Willow Grove is transported to a landfill operated by the local 
municipality.  Although burning and burial ceased by 1975, stored waste material was not 
completely removed from the compound until 1977.   

Wastes disposed at Site 1 reportedly consisted of paint wastes, paint stripper and solvents, 
Freon, general refuse, asbestos, battery acid, sewage sludge containing heavy metals, oils and 
lubricants, and mercury-containing dental amalgam.  Transformers (containing polychlorinated 
biphenyls [PCBs]) were also stored at the Privet Road Compound which was later accidentally 
overturned in the late 1980’s, resulting in the release of approximately 840 tons of PCB-
containing liquids (Rogers, Golden & Halpern 1986, TtNUS 2004b). 

In 1991, B&R Environmental (formerly Halliburton NUS Corporation) conducted Site 1 Remedial 
Investigation (RI) field activities (Halliburton 1993), including groundwater and soil sampling.  
The RI report concluded that additional sampling was needed to further delineate the extent of 
contamination and/or potential sources at the site, but identified the potential for impacts to the 
downgradient water supply from lead, calcium, and antimony.  The RI report concluded that 
there was a low possibility for soil contamination associated with lead and cadmium. The RI 
recommended implementation of a Phase II investigation and feasibility study (FS) (B&R 
Environmental 1998).   
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Phase II RI fieldwork was conducted in 1997, and a draft Phase II report was submitted to 
regulators for review in 1998 (B&R Environmental 1998, TtNUS 2004b).  During the Phase I, the 
RI site activities for Sites 1, 2, 3, and 5 were completed as one investigation; however, separate 
Phase II documents were prepared for each site.  An interim removal action (IRA) for PCB-
contaminated soil at Site 1 was completed in June 1999, with removal and off-site disposal of 
approximately 1,100 tons of soil (TtNUS 2004b). 

The Site 1 RI report was finalized and submitted to the regulators in 2002 (TtNUS 2002).  A 
2004 draft Addendum RI Report identified the primary source of chlorinated solvents detected in 
the local groundwater as an off-base location southeast of Site 1, and identified Site 1 as a 
potential minor source of chlorinated solvents (TtNUS 2004b).   

The Navy submitted the final Proposed Remedial Action Plan (PRAP) for Site 1 soil and 
conducted a public meeting in September 2004 regarding the proposed NFA determination, 
based on the completion of PCB-contaminated soil removal (TtNUS 2004a).  The U.S. Navy has 
submitted a NFA Record of Decision (ROD) to the USEPA for Site 1 and the ROD is currently 
under final review by the regulators (Edmond 2005b, Edmond 2006a).    

4.2.2 Site 2 Antenna Field Landfill 

Site 2, the Antenna Field Landfill, was operated between 1948 and 1960 as a principle disposal 
area for solid waste generated by NAS JRB Willow Grove.  Located in the southwestern portion 
of the NAS JRB Willow Grove, the landfill occupies approximately 9 acres (see Figure 4-1).  
The primary historical activities at Site 2 consisted of trench excavation where waste material 
was typically burned and/or buried.  In addition to general wastes, bulk items such as furniture, 
tires, and shingles were disposed at the Antenna Field Landfill.  Furthermore, paint wastes and 
sewage sludge were also reportedly disposed at Site 2 (Rogers, Golden & Halpern 1986, 
TtNUS 2004b).   

The Antenna Field Landfill was backfilled with soil (Edmond 2005b, TtNUS 2004b), and, during 
the late 1990’s, an array of five antennae was constructed at Site 2 (TtNUS 2004b).   

In 1991, B&R Environmental conducted RI field activities at Site 2.  The RI report (Halliburton 
1993) recommended performance of additional sampling to further delineate the extent and/or 
potential sources of contamination, and implementation of a Phase II investigation and a FS.  
Phase II fieldwork was conducted in 1997, and a draft Phase II RI report was submitted to 
regulators for review in 1998.  The U.S. Navy decided to separate the reporting process for the 
RI sites (1, 2, 3, and 5) in 1999 by preparing separate Phase II documents for each site (B&R 
Environmental 1998, TtNUS 2004b). 

An internal draft Phase II report for Site 2 was completed in 2002.  During this time frame, the 
U.S. Navy also discovered empty drums that had been discarded near the Antenna Field 
Landfill; therefore, the U.S. Navy contracted with RMC Environmental (RMC) to remove the 
drums and sample both the drum/contents (residues) and potentially impacted soils.  Analytical 
data and conclusions regarding these soil samples were ultimately incorporated into a revised 
internal draft Phase II report for Site 2 (B&R Environmental 1998, RMC 2003, TtNUS 2004b).  
Currently, the U.S. Navy is finalizing the Phase II RI report (Edmond 2005b, Edmond 2006a).  
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4.2.3 Site 3 Ninth Street Landfill 

Site 3 is located at the western boundary of NAS JRB Willow Grove, immediately north of Ninth 
Street (see Figure 4-1).  Site 3 is approximately 9 acres in size and began disposal operations 
in 1960 as a replacement for Site 2.  During these operations, wastes disposed were similar to 
those found at Site 2, including general wastes, bulk items, paint waste, asbestos, and sewage 
sludge.  In addition, a salvage yard was established on the landfill after closure in 1967 where 
PCB-containing transformers were stored and serviced (TtNUS 2004b).  

In 1991, B&R Environmental conducted RI field activities at Site 3.  The RI report (Halliburton 
1993) recommended performance of additional sampling to further delineate the extent and/or 
potential sources of contamination at the site and implementation of a Phase II investigation and 
a FS.  Phase II fieldwork was conducted in 1997, and a draft Phase II RI report was submitted 
to regulators for review in 1998.  The U.S. Navy decided to separate the reporting process for 
four of the RI sites (1, 2, 3, and 5) in 1999, and submit separate Phase II RI documents for each 
site (B&R Environmental 1998, TtNUS 2004b, EA Engineering 1992).   

The U.S. Navy has conducted additional investigations in response to comments after the report 
was submitted to regulators in 1998.  In March of 1998, the U.S. Geological Survey (USGS) 
conducted geophysical logging of two irrigation wells, owned by the Commonwealth National 
Country Club, to determine whether groundwater contamination had occurred as a result of the 
activities at Site 3.  In 2002, sediments were analyzed from the recreation pond that is located 
just north of Site 3, and, in 2003, the U.S. Navy attempted to improve pond dam integrity by 
executing a major pond maintenance construction project (Woodard & Curran 2002, TtNUS 
2004b).  Currently, the U.S. Navy is actively investigating contamination of the Ninth Street 
Landfill (Edmond 2005b).  

The RI at Site 3 is underway, however, down gradient access to the CNC Golf Course has not 
been obtained; therefore, an investigation report for Site 3 has not been prepared for 
submission to the regulators.  Remedial activities at Site 3 have not progressed beyond Phase II 
remedial investigations (TtNUS 2004b).  

4.2.4 Site 4 North End Landfill 

Site 4 occupies approximately 3.5 acres and is located between the northern end of Runway 
15/33 and the Perimeter Road (see Figure 4-1).  The North End Landfill site has reportedly 
been in operation from approximately 1967 to 1969 to receive overflow wastes from Site 1.  The 
primary wastes disposed at Site 4 consisted of items not collected by routine trash pickup such 
as bulk items, sewage sludge, oils and lubricants.  Furthermore, wastes were reportedly 
covered; however, observations from the Initial Assessment Study (IAS) showed waste 
materials, including oil, at the surface (EA Engineering 1990, Rogers, Golden & Halpern 1986, 
TtNUS 2004b).  Contaminants discovered during sampling included calcium, lead, 
benzo(a)pyrene, and antimony (TtNUS 2004b). 

The U.S. Navy has recommended NFA at Site 4, based on findings of previous investigations. 
Previous investigations found that no contaminants are migrating off-site, therefore, Site 4 was 
designated NFA by the Pennsylvania Department of Environmental Protection (PADEP) prior to 
being placed on the NPL.  The U.S. Navy has been granted concurrence on this conclusion by 
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the USEPA and has designated Site 4 as NFA in the Federal Facilities Agreement (FFA) (EA 
Engineering 1990, Edmond 2006a, TtNUS 2004b).   

4.2.5 Site 5 Fire Training Area 

Site 5 is located in the south-central portion of the NAS JRB Willow Grove, roughly between 
Runway 10/28 and Horsham Road (see Figure 4-1).  The Fire Training Area covers an 
irregularly shaped area of approximately 1.25 acres, immediately south of the Taxiway Juliet. 
Site 5 was operated from 1942 to 1975 for large-scale firefighting exercises involving the 
disposal and burning of flammable liquid wastes generated by the NAS Willow Grove, such as 
solvents, paint chemicals, and various petroleum compounds, consumed at a rate of up to 4,000 
gallons per year (gpy).  In addition, Site 5 was reportedly used for drum storage of the 
flammable materials between the burning exercises (Rogers, Golden & Halpern 1986, TtNUS 
2004b). 

Site 5 is primarily covered by grasses, with some woody and brushy vegetation present in the 
southern portion of the site.  The area where the firefighting exercises took place was located in 
the south-central portion of the site, with two small wetland areas located immediately to the 
south (TtNUS 2002, TtNUS 2004b).   

In 1991, B&R Environmental conducted RI field activities at Site 5.  The RI report (Halliburton 
1993) recommended performance of additional sampling to further delineate the extent of 
contamination and/or potential sources at the site, and implementation of a Phase II 
investigation and a FS.  Phase II fieldwork was conducted in 1997, and the draft Phase II RI 
report was submitted to regulators for review in 1998.  The U.S. Navy decided to separate the 
reporting process for four of the RI sites (1, 2, 3, and 5) in 1999, by preparing separate Phase II 
documents for each site (B&R Environmental 1998, TtNUS 2004b).   

In 2000, additional fieldwork was completed to assess whether site groundwater contamination 
was migrating off-base toward the Horsham Township Municipal Water supply well (HTMW 26) 
located approximately 150 yards from Site 5.  Sentinel monitoring wells were installed at NAS 
JRB Willow Grove to monitor water quality between Site 5 and HTMW 26, and groundwater 
sampling is performed annually by NAS JRB Willow Grove personnel to monitor contaminant 
migration (TtNUS 2004b, Edmond 2005c).  Current data from monitor well testing does not 
indicate any impacts on HTMW 26 from Site 5 (Edmond 2006a).   

The Final Site 5 RI Report was completed in February 2002, and included documentation on 
halogenated volatile organic compounds (VOCs) in groundwater and a range of organic 
compounds (polynuclear aromatic hydrocarbons [PAHs]) in surface soils.  The Final Site 5 RI 
Report combined the results from the draft Phase II RI Report and the previous findings for Site 
5 (TtNUS 2002, TtNUS 2004b). 

The FS report was finalized in 2002 and submitted to regulators and the Restoration Advisory 
Board (RAB); however, to address community stakeholders concerns, the U.S. Navy decided to 
reconsider emerging biological and chemical treatments and resubmit the Site 5 FS for 
regulatory and public review (TtNUS 2002, TtNUS 2004b).  The U.S. Navy later installed an 
additional airport runway perimeter security fence after submission of the RI and FS reports 
(TtNUS 2004b).  A section of the new security fencing was installed within the area of known 
PAH soil contamination.  As a result of the potential change in the Site 5 surface soil conditions 
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in the area of PAH soil contamination, samples of surface and shallow subsurface soils were 
collected in June 2004 to compare with data collected in 1997.  Accordingly, a draft Site 5 IR 
report addendum was submitted to the USEPA containing the new soil data (TtNUS 2002, 
TtNUS 2004b). 

In June 2004, additional groundwater monitoring was conducted to determine the direction of 
the contaminant plume.  A revised FS was developed to evaluate the emerging technology 
alternatives requested by the RAB that address source control and groundwater remediation for 
Site 5 (TtNUS 2004b).  The revised draft FS for Site 5 groundwater was submitted to the 
USEPA and PADEP in 2004; the U.S. Navy is currently awaiting comments on the revised draft 
FS from the USEPA and PADEP (Edmond 2006a).  Further, to decrease the potential of 
groundwater contamination, the U.S. Navy removed the source of contamination, in November 
2005, by a soil removal action (Edmond 2005d).  Sampling results following the initial soil 
removal indicates that need for additional soil removal and subsequent confirmatory sampling.  
The Navy has initiated action to remove additional soil with follow-on sampling (Edmond 2005d). 

4.2.6 Site 6 Abandoned Rifle Range No. 1  

Site 6 is located adjacent to Horsham Road near the southwestern corner of the Marine 
Compound (see Figure 4-1).  Rifle Range No. 1 was built in 1942, consisting of a firing mat and 
an earthen rampart of approximately 1 acre in size.  Activities at the Rifle Range No. 1 are 
assumed to have lasted until 1965 when the second range was built, although it is not known 
exactly when Site 6 was closed.  After the closure of Site 6, the earthen rampart was re-graded 
and the Marine Corps Reserve Training Center, built in 1995, currently sits on top of the site 
(Rogers, Golden & Halpern 1986, TtNUS 2004b, EA Engineering 1992). 

The U.S. Navy has recommended NFA at Site 6 based on previous investigations and the 
results of the site screening process that was completed in 1991; Site 6 was designated NFA by 
PADEP previous to being placed on the NPL (Edmond 2005b).  The U.S. Navy has been 
granted concurrence on this conclusion by the USEPA and has designated Site 6 as NFA in the 
FFA (Edmond 2006a).  

4.2.7 Site 7 Abandoned Rifle Range No. 2 

Site 7, the Abandoned Rifle Range No. 2, is located in the northwestern corner of NAS JRB 
Willow Grove, west of the north end of Runway 15/33 (see Figure 4-1).  The construction and 
operation was similar to Site 6, consisting of an approximate 1 acre earthen rampart for 
collection of fired rounds of ammunition.  The site was operated from 1965 to 1977 when the 
current range (located in Building #176 at the Army Reserve Compound) was built (Rogers, 
Golden & Halpern 1986, TtNUS 2004b, EA Engineering 1992).  The earthen rampart, along with 
the spent ammunition, was regraded in 1977.  After 1977, Site 7 was used as a landfill for inert 
materials, including clean fill, broken concrete, asphalt, and cinderblocks.  In addition, dry 
wastewater treatment sludge, emulsified oil, and grease from on-site oil/water separators 
(OWSs) have reportedly been buried at Site 7 (TtNUS 2004b).  

EA Engineering conducted Extended Site Inspection (ESI) fieldwork at Site 7 in 1991.  The 
results indicate that there are no apparent threats to human health or the environment, and 
recommended NFA; prior to being placed on the NPL, Site 7 had been designated NFA by 
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PADEP (TtNUS 2004a).  The U.S. Navy has been granted concurrence on this conclusion by 
the USEPA and has designated Site 7 as NFA in the FFA (Edmond 2006a).   

4.2.8 Site 8 Building 118 - Abandoned Fuel Tank 

Site 8 is located approximately 50 ft. north of Building 118 and consists of an underground 500-
gallon heating fuel tank (see Figure 4-1).  The fuel tank was installed in 1959 to store No. 2 
heating fuel for Building 118, and was abandoned in place in 1980 when it was replaced by a 
275-gallon aboveground tank (118DIE01).  After abandonment in 1980, oil was observed 
seeping into the basement of Building 118 on an intermittent basis and was removed after each 
occurrence.  As a result of the observed seepage, the tank and surrounding soils were 
investigated.  The tank was found to be empty and the excavated soils did not indicate any 
presence of released materials; however, the fill and riser pipes were removed and the tank was 
buried in place (EA Engineering 1990, Rogers, Golden & Halpern 1986, TtNUS 2004b, EA 
Engineering 1992). 

The U.S. Navy has recommended NFA for Site 8 based on previous investigations and the 
results of the site screening process; Site 8 was designated NFA prior to being placed on the 
NPL by PADEP.  The U.S. Navy has been granted concurrence on this conclusion by the 
USEPA and has designated Site 8 as NFA in the FFA (Edmond 2006a).     

4.2.9 Site 9 Steam Plant Building 6 Tank Overfill 

The main steam plant (Building #6) was converted from coal to oil without construction of a spill 
containment area for fuel oil storage or berms (see Figure 4-1) between 1969 and 1970.  In 
1978, a fuel oil supplier delivered No. 2 fuel oil to a filled tank and left the delivery truck 
unattended.  As a result, the fuel backed up through the vent pipe, spilling approximately 3,000 
to 5,000 gallons of fuel oil.  The area of the spill is located between Building #6 and Building 
#114, and has since been modified to contain spills resulting from fuel delivery (Rogers, Golden 
& Halpern 1986, TtNUS 2004b, EA Engineering 1992).    

The NAS JRB Willow Grove fire department responded to the spill and flushed the fuel with 
water, directing the runoff to drainage areas downstream of the steam plant toward the Air 
Reserve Facility’s detention basin on the northern side of the facility (TtNUS 2004b).  The 
detention basin is equipped with oil spill containment devices.  The total affected area was 
estimated at less than 1 acre. 

The U.S. Navy has recommended NFA at Site 9 based on previous investigations and the 
results of the site screening process; Site 9 was designated NFA by PADEP prior to being 
placed on the NPL (EA Engineering 1990, TtNUS 2004b).  The U.S. Navy has been granted 
concurrence on this conclusion and has designated Site 9 as NFA in the FFA (Edmond 2006a).     

4.2.10 Site 10 Navy Fuel Farm 

Site 10, the Navy Fuel Farm, is located along the north side of Privet Road, south of the Air 
Reserve facility (see Figure 4-1).  Formerly, the site contained two partially-buried 210,000 
gallon fuel tanks (Tank No. 115 and Tank No. 116 containing jet petroleum (JP)-4/JP-5 aviation 
fuel) and two smaller USTs located in the southeastern corner of the site.  One tank contained 
diesel fuel while the other stored waste oil (formerly used for fuel storage).  Tank No. 115 was 
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overfilled releasing fuel onto the ground in 1986.  On the south side of Site 10 that same year, a 
non-aqueous phase liquid (NAPL) was observed floating on top of water in a trench excavated 
for utility work.  Furthermore, NAPL was also observed in the area of a dry well near the 
northeastern corner of Building 81, located south of the 210,000 gallon tanks.  Previously, the 
dry well was used to discharge effluent water siphoned from the bottom of the fuel tanks.  JP-5 
jet fuel was discovered emanating from two areas of dead grass on the west side of Tank No. 
115 in March 1989.  The two main fuel tanks along with the waste oil and diesel fuel USTs were 
removed in 1991.  Subsequent to the removal of the waste oil tank, an inspection revealed that 
the tank was not intact; reportedly, holes up to 1 inch in diameter were observed (TtNUS 
2004b). 

Under the PADEP UST program, the groundwater remediation pilot system was installed in 
order to investigate petroleum (jet fuel) contamination at the Navy Fuel Farm.  The Final Study 
Report for Product Recovery Pilot System was completed in 1996 (EA Engineering 2003, 
TtNUS 2004b).   

A light non-aqueous phase liquid (LNAPL) recovery system was installed in 1998 to remediate 
the jet fuel spill.  The Navy discontinued the operation of the LNAPL recovery system in 2001.  
Quarterly floating product recovery continued by bailing, or capture by absorption onto recovery 
“socks” down well, until January 2003 (TtNUS 2004b). 

PADEP approved the final Work Plan, dated March 2003, for the fieldwork efforts at Site 10 
including LNAPL monitoring and groundwater sampling.  The final RI for Site 10 was submitted 
in December 2003 in support of no further investigation at this time (Edmond 2005b).  In 
addition, the U.S. Navy submitted a request for NFA for Site 10 Groundwater in September 
2004.  The PADEP concurred with the U.S. Navy that no further remediation or investigation at 
this time was appropriate for Site 10 soils or groundwater; however, PADEP noted that 
groundwater and soil at Site 10 did not meet the criteria for unrestricted use and that full closure 
under PADEP Act 2 may be appropriate if land use changes occur (TtNUS 2004b). 

4.2.11 Potential “Site 11” – Aircraft Parking Apron 

While constructing an Air Force Reserve Facility in 1992, the construction crew reportedly 
detected organic odors.  The area of the reported odors is located at the north end of the main 
runway, between the U.S. Navy and U.S. Air Force parking aprons (TtNUS 2004b) (see Figure 
4-1).  The cause of the odors is suspected to have come from a fuel spillage in the past.  Soil 
samples were collected and analyzed from the suspected contaminated soil in 1992.  In 
addition, the analytical method was not stipulated and the laboratory reporting units were 
questionable (the samples consisted of soil; however, the units indicated aqueous samples).  As 
a result, PADEP requested that confirmation soil samples be collected and evaluated in 
attempts to determine if attainment for Act 2 liability protection for closure be demonstrated for 
the area of concern.  Additionally, PADEP requested that the groundwater for the site be 
sampled downgradient in order to determine if the groundwater in the area was affected by the 
contaminated soil (TtNUS 2004b).  Per PADEP’s request, confirmation sampling was performed 
by EA Engineering in 2003 (EA Engineering 2004, TtNUS 2004b).  The U.S. Navy requested 
and received liability release for closure for this site from PADEP. 
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4.3 Storage Tanks  

4.3.1 Underground Storage Tanks 

There are currently two regulated USTs in use at NAS JRB Willow Grove that are registered 
with the PADEP, containing Bio-diesel and motor gasoline, located next to Building #127. All 
active USTs on-site are registered with the PADEP annually (Edmond 2006a).  In addition, there 
are 11 underground OWSs located at NAS JRB Willow Grove, eight of which are considered 
wastewater treatment tanks and are, therefore, not included in Table 4-2 (Weston Solutions 
2004).  Table 4-2 presents all USTs on-site, along with the location, reported volume, and 
contents of each tank.  Figure 4-2 presents the locations of the active USTs.  The largest 
number of USTs in use at one time at NAS JRB Willow Grove was before 1991 with a total of 16 
USTs; including seven heating oil USTs, one diesel UST, one gasoline UST, and seven oil/ 
water separators.  The tanks were removed and either replaced by aboveground storage tanks 
(ASTs) or removed with no replacement where an alternate energy, fuel, or chemical source 
could be used.  Table 4-3 presents all closed/removed USTs at NAS JRB Willow Grove, 
including location, reported volume, contents, and the current status of each tank. 

Prior to April 2002, NAS JRB Willow Grove operated an additional UST on-site (UST Number 
080OWS01) that was inspected by a PADEP certified inspector and found to be noncompliant 
with state regulations (25 PA Code 245.411).  PADEP recommended that the tank classification 
be changed from holding used motor-oil to an OWS.  In 1991, two leaking USTs were removed 
from the Navy Fuel Farm followed by active soil and groundwater remediation (Weston 
Solutions 2004).  Section 4.2.10 (Navy Fuel Farm) describes the UST removal, associated soil 
and groundwater investigations, and remedial actions taken. 

4.3.2 Aboveground Storage Tanks 

There are currently 74 active ASTs located at NAS JRB Willow Grove.  All active ASTs on-site 
are registered with PADEP annually (Edmond 2006a).  Table 4-4 presents all ASTs on-site, 
along with the location, reported volume, contents of each tank, and current uses.  Refer to 
Figure 4-3 for the locations of all active ASTs.    

4.4 Munitions and Explosives of Concern  

According to site personnel, there are no identified munitions and explosives of concern (MEC) 
located at NAS JRB Willow Grove (Edmond 2005b). 

4.5 Hazardous Substances 

4.5.1 Hazardous Wastes 

NAS JRB Willow Grove has been classified by the PADEP as a large quantity generator of 
hazardous waste (#PA4170000158), producing more than 1,000 kilograms per month (Edmond 
2005c, Engineering Field Activity 2003).  Hazardous waste is generated by a number of different 
processes at NAS JRB Willow Grove producing wastes, such as solvents, waste paints, 
adhesives, sealants, contaminated fuel, rags/diapers, and various acids.  To manage these 
hazardous wastes, NAS JRB implemented a hazardous waste program with two hazardous 
waste handlers to reduce the amount of waste produced over the last several years 
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(Engineering Field Activity 2003).  Hazardous waste is accumulated in Building #633 (see 
Figure 4-4) for less than 90 days, prior to contractor collection for off-site treatments, recycling, 
and disposal (Edmond 2005c).    

4.5.2 Medical Wastes 

Medical waste from the Navy Regional Medical and Dental Clinic is disposed of through a U.S. 
Navy Bureau of Medicine (Bethesda) contract (Edmond 2006b). 

4.5.3 Universal Wastes  

NAS JRB Willow Grove has a Defense Reutilization and Marketing Office (DRMO) contract for 
the disposal of universal wastes such as used oil, batteries, light bulbs, etc. (Edmond 2006b). 

4.6 Polychlorinated Biphenyls  

All PCB-containing materials and equipment formerly located at NAS JRB Willow Grove were 
removed in the late 1990s; however, no documentation exists (Edmond 2005b).  Currently, 
there are no PCBs located on-site (Edmond 2005a, Edmond 2005b). 

4.7 Radiological Materials 

According to site personnel, there are no radiological materials currently used or located at NAS 
JRB Willow Grove (Edmond 2005a, Edmond 2005b).  If radiological materials had been used in 
the past, the material would have been disposed of as hazardous waste (refer to Section 4.5). 

4.8 Pesticides 

This section presents the current pesticide use at the NAS JRB Willow Grove.  The 2001 Draft 
Pest Management Plan (PMP) describes the current pesticide use at NAS JRB Willow Grove for 
rodent and insect control such as wasps and ants (Kincaid 2001). 

The Draft PMP for NAS JRB Willow Grove describes the requirements and recommended best 
practices for all aspects of pesticide management, in accordance with Federal laws, DoD and 
U.S. Navy regulations (Kincaid 2001).  Integrated Pest Management (IPM) procedures are 
presented in detail in Appendix C of the Draft Pest Management Plan for NAS JRB Willow 
Grove (Kincaid 2001).  Records relating to actual use and storage of pesticides on-site prior to 
2001 were not available for review.    

4.9 Asbestos 

An asbestos survey conducted at NAS JRB Willow Grove in 1996 included sampling of 89 of the 
approximately 150 buildings.  Sample data indicated that 52 buildings were determined to 
contain asbestos containing material (ACM) or presumed asbestos-containing material (PACM), 
which has either been removed or has been placed under the Operations and Maintenance 
(O&M) program (refer to Table 4-5).  The asbestos survey was accomplished in accordance 
with USEPA Title 40 Code of Federal Regulations (CFR) 763 Asbestos Hazard Emergency 
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Response Act (AHERA) requirements (Dewberry & Davis 1997).  The location of the buildings 
with confirmed or suspected ACMs are depicted in Figure 4-5. 

4.10 Lead-Based Paint 

According to site personnel, lead-based paint was removed from NAS JRB Willow Grove on-
base housing and other buildings frequented by children (Edmond 2005b, Edmond 2005c); 
however, no documentation exists.  The USEPA/AHERA requirements only apply to the 
removal of lead-based paint in housing and other areas frequented by children (e.g., day care 
centers, playgrounds, etc.).  All buildings painted before 1978 that have not been surveyed are 
assumed to contain lead-based paint until a negative determination is made through screening 
and/or sampling and analysis. 

4.11 Radon 

A preliminary radon screening was performed in 2001 in accordance with the U.S. Navy Radon 
Assessment and Mitigation Program (NAVRAMP) (Di Giantomasso 2001).  The 2001 survey 
monitored radon levels in approximately 8 percent of the buildings at NAS JRB Willow Grove, 
including collection of 208 radon samples from 14 buildings.  Of the 200 samples analyzed (8 
samples were lost in transit), only 1 sample contained radon concentrations above the USEPA 
action level of 4 picoCuries per Liter (pCi/L).  This sample, containing 6.0 pCi/L radon, was 
collected from Room 122 in Building #137, the Medical Dental Building (Di Giantomasso 2001).  
In addition, another sample collected from Building #137, the Dental Conference Room, 
contained 4.0 pCi/L radon.  Previous to the preliminary radon screening in 2001, a radon 
screening had taken place in Quarters “E”, Building #113, during 1991 (Edmond 2006e, 
Edmond 2006f).  The sample collected in Quarters “E” contained radon concentrations of 6.9 
pCi/L, which is above the USEPA action level.  Three radon detectors were installed in 1999 as 
a result of the radon samples collected in 1991.   After the installation, two more screenings of 
radon concentrations took place in Quarters “E” in 1999 and 2002; Building #601 was also 
tested during the 1999 radon survey.  Samples collected in Quarters “E” identified 
concentrations of radon below 4.0 pCi/L both in 1999 and 2002.  Radon concentrations in 
Building #601 were identified as above the USEPA action levels; however, no abatement was 
installed (Edmond 2006e, Edmond 2006f). Figure 4-6 presents the locations tested for radon at 
NAS JRB Willow Grove.  Table 4-6 summarizes each building and the average detected radon 
detector(s) results.  

4.12 Air Quality 

NAS JRB Willow Grove operates under PADEP Title V / State Operating Permit Number 46-
00079 (PADEP 2001a, Parsons Engineering Science 1999).  Renewal of the Air Title V has 
been completed by contract and submitted to PADEP (Lewandowski 2006).  The emissions-
generating equipment addressed in the operating permit includes emergency diesel generators, 
storage tanks, fuel dispensing, painting operations, and parts cleaners (Edmond 2005b, 
Parsons Engineering Science 1999). 
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4.13 Water Quality 

4.13.1 Drinking Water 

The Safe Drinking Water Act (SDWA) of 1974, amended in 1986 and 1996, was passed to 
protect public health by regulating the nation’s pubic drinking water supply and its sources 
including rivers, lakes, reservoirs, springs, and groundwater.  The NAS JRB Willow Grove 
obtains its potable water from two on-site wells and two storage reservoirs presented on 
Figure 4-7.  The two 200-gallons per minute drinking wells (well 31 and well 32) pump 167,000 
gallons per day (gpd) to meet all of NAS JRB Willow Grove potable water and fire protection 
demands.  A third well (#209), originally built for the U.S. Air Force Water System, has been 
abandoned (Woodard & Curran 2004).  Once pumped, the water is then passed through an air 
stripper to remove trichloroethylene (TCE) and tetrachloroethylene (PCE), and is then 
disinfected with chlorine.  This type of treatment system is common with the local water 
authorities, as both TCE and PCE are prevalent in Montgomery County, Pennsylvania (Edmond 
2005c).  The treated water is then placed in two separate 500,000-gallon underground 
reservoirs for storage; either the Northern Reservoir (Tank 106) located in the basement of 
Building 6, or Tank 107 in the southern portion of NAS JRB Willow Grove. This system is 
classified as a Community Water System (CWS) and serves a population of approximately 
6,000 persons (Woodard & Curran 2004).    

4.13.2 Stormwater 

The Water Pollution Control Act Amendments of 1972, commonly known as the Clean Water 
Act (CWA), use a variety of regulatory and non-regulatory tools to reduce pollutant discharges 
into waterways and to manage polluted runoff.  A National Pollutant Discharge Elimination 
System (NPDES) permit is required for all facilities that discharge industrial-related stormwater.  
In 2001, NAS JRB Willow Grove applied for and received a NPDES permit from USEPA Region 
3 for stormwater that drains into the Little Neshaminy and Pennypack Creeks as well as to Park 
Creek through the Commonwealth National Country Club (Edmond 2005c).  The NPDES permit 
(Number PA 0022411) has a term of 5 years and expires on 7 December 2006 (PADEP 2001b).   

4.13.3 Wastewater 

According to site personnel, NAS JRB Willow Grove owns and maintains an on-site wastewater 
treatment facility, at Building #8, which treats all the wastewater generated by NAS JRB Willow 
Grove (see Figure 4-8) (Edmond 2005b).  After the wastewater is treated, it is then discharged 
into the nearby Park Creek.  The wastewater treatment facility at NAS JRB Willow Grove is 
considered a non-industrial treatment facility, operating under a NPDES permit (No. PA 
0022411) for the discharge of treated wastewater from the treatment facility (PADEP 2001b, 
Weston Solutions 2004).  In addition, there are currently 11 OWSs located on NAS JRB Willow 
Grove, eight of which are considered underground wastewater treatment tanks (Weston 
Solutions 2004).  Table 4-7 presents all OWSs on-site, along with the location, reported volume, 
contents of each tank, and current uses.  Refer to Figure 4-8 for the locations of all active 
OWSs. 
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4.14 Natural Resources 

4.14.1 Floodplains  

Site personnel did not have information on the locations of floodplain areas at NAS JRB Willow 
Grove.  Federal Emergency Management Agency (FEMA) flood maps of the Horsham area 
(shown in Figure 4-9) indicate that the following two areas of NAS JRB Willow Grove that would 
be inundated during a 100-year flood event (USDA 2005):  

• The north side of NAS JRB Willow Grove along Park Creek from where it exits the 
property 

• The northwest side of the site from where the Little Nashaminy Creek flows along the 
edge of NAS JRB Willow Grove. 

 
Although Park Creek and the Little Nashaminy Creek are within 100-year flood areas, the Little 
Nashaminy Creek was the only area where Base Flood Elevations (BFEs) have been 
determined.  The Park Creek 100-year flood area does not have the BFE determined 
(Engineering Field Activity 2003). 

4.14.2 Wetlands and Aquatic Habitats (Special Aquatic Sites)  

The main surface water features on and around NAS JRB Willow Grove include the Pennypack 
Creek and Park Creek which flows into the Little Neshaminy Creek. Both of the Pennypack 
Creek and the Little Neshaminy Creek flow into the Delaware River watershed (Geo-Marine 
2001).  Other forms of surface water resources mapped at the NAS JRB Willow Grove include 
approximately 14.3 acres of separated wetlands (see Figure 4-10).  

4.14.3 Surface Water 

Surface water features at the NAS JRB Willow Grove include two man-made freshwater ponds 
and separated wetlands, comprising of 14.3 acres of the land area on-site (Geo-Marine 2001, 
Edmond 2006c).  The two freshwater ponds were originally constructed in the late 1980s and 
were approximately 30 ft. by 30 ft.  According to site personnel, the area between the two ponds 
has since caved in, creating essentially one larger pond approximately 30 ft. by 60 ft. (Edmond 
2006c).  

Other surface water at NAS JRB Willow Grove includes the main stormwater detention basin 
located along the northern border within the property owned by the Willow Grove Air Reserve 
Station as shown on Figure 4-10.  The detention basin includes oil booms and a sluice gate 
outlet in order to allow the primary outlet to be closed, if necessary, before flowing into Park 
Creek (Rogers, Golden & Halpern 1986). 

4.14.4 Coastal Zone Areas 

Coastal Zone Protection Act is not applicable to the NAS JRB Willow Grove. 
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4.14.5 Coral Reefs 

Coral reef protection is not applicable to the NAS JRB Willow Grove. 

4.14.6 Fisheries 

The Magnuson-Stevens Fishery Conservation and Management Act is not applicable to NAS 
JRB Willow Grove because there are no fisheries located on the site.   

4.14.7 Marine Mammals 

Marine Mammal Protection Act is not applicable for NAS JRB Willow Grove. 

4.14.8 Threatened, Endangered and Other Sensitive Species 

There are no known populations of rare, threatened, or endangered plant or animal species 
identified on NAS JRB Willow Grove (either State or Federal).  The Pennsylvania Science Office 
and The Nature Conservancy/Eastern Office of the Pennsylvania Natural Diversity Inventory 
conducted a thorough on-site survey for species of concern and significant natural communities 
in 1991.  As a result of the survey, only one element found was a rare plant, hairy field 
bluegrass (Paspalum laeve var. pilosum); later the hairy field bluegrass was removed from the 
Pennsylvania rare plant list.  The lack of rare species on the property is suspected to result from 
the previous agricultural use of the land which would cause an almost complete elimination of 
any indigenous vegetation (Geo-Marine 2001). 

4.14.9 Geological Hazards 

There are no geological hazards (i.e., landslides, earthquakes, sink holes) present at NAS JRB 
Willow Grove (DCNR 2006).   

4.15 Cultural Resources 

4.15.1 Historic Resources 

Facility personnel indicated that NAS JRB Willow Grove does not have an Integrated Cultural 
Resources Management Plan (ICRMP) (Edmond 2005a, Edmond 2005b); however, a Cultural 
Resources Survey was conducted at the NAS JRB Willow Grove in 1996 with the draft report 
dated 1996 (Louis Berger 1996).  Part of the Cultural Resources Survey included an 
Architectural Resources Survey.  The findings of the Architectural Resources Survey are 
summarized below: 

• Buildings constructed prior to 1946 - none meet the National Register Criteria as 
individual resources 

• Buildings constructed after 1946 - none contain concentrations of resources meeting 
National Register requirements for a historic district 

• Buildings constructed after 1946 - none meet National Register requirements of 
extraordinary significance for resources less than 50 years of age. 
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4.15.2 Archeological Resources 

Site personnel indicate that NAS JRB Willow Grove does not have an ICRMP (Edmond 2005a, 
Edmond 2005b); however, a Cultural Resources Survey was conducted in 1995 and 1996 at 
NAS JRB Willow Grove.  The Cultural Resources Survey consisted of a Phase IA 
archaeological investigation and an architectural resources survey.  The findings of the Phase 
IA archaeological investigation are summarized below (Louis Berger 1996): 

• Four locations within the boundaries of NAS JRB Willow Grove have been identified to 
have potential for prehistoric archaeological resources.  Of the four potential sites, only 
one, Prehistoric Site Area 1 (see Figure 4-11), appears to have any integrity.  

• There are 15 identified locations of potential historic sites within the boundaries of NAS 
JRB Willow Grove (see Figure 4-11).  Of these, 11 are located in areas of severe 
ground disturbance and, therefore, considered to have low potential for intact 
archaeological remains.  Of the four remaining locations, two are classified as having 
moderate potential for intact historical archaeological resources (Site Areas 5 and 10), 
and two are classified with a high potential for intact historical archaeological 
resources (Site Areas 4 and 7).  

• The majority of NAS JRB Willow Grove has been subjected to severe ground 
disturbance from construction activities beginning in the 1940s, and several locations 
of less severe (or moderate) disturbances are present along the western edge of NAS 
JRB Willow Grove.   

 
The results of the Architectural Resources Survey are summarized in Section 4.15.1.    

4.15.3 Native American Graves 

According to facility personnel, Native American graves have not been discovered on NAS JRB 
Willow Grove (Edmond 2005a, Edmond 2005b).  The Cultural Resource Survey conducted in 
1996 did not contain any information specific to Native American graves and there was no other 
documentation available specific to Native American graves (Louis Berger 1996).  

4.16 Solid Wastes 

The solid waste at Willow Grove is collected and transported to the Montgomery County 
Transfer Station by facility personnel (Edmond 2006b). 

4.17 Summary of Environmental Conditions 

Environmental conditions at NAS JRB Willow Grove consist of the following: 

• Due to the age of buildings, it is likely that lead paint exists in some of the non-
residential buildings  

• Presence of ACM and PACM in 52 structures 

• Presence of radon above 4 pCi/L in Building 137 room 122 

• Portions of NAS JRB Willow Grove are within the 100-year flood boundary 
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• Existence of 14.3 acres of separated wetlands 

• Presence of four potential pre-historic localities and 11 potential historic archaeological 
localities. 

 
The environmental conditions are summarized in Figure 4-12. 
 
Based on the information reviewed, there are locations on the property that have established 
land use restrictions associated with the IRP sites (Section 4.2) that need to be maintained 
when NAS JRB Willow Grove is transferred to other private and public entities. 
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Table 4-1.  Summary of CERCLA Information 

IRP 
Site 
ID 

IRP Site 
Name 

Dates of 
Operation Historic Description Contaminates of 

Concern 

Current Phase 
of Remedial or 

Corrective 
Action 

1 Privet Road 
Compound 

Unknown – 1975 
(waste material not 
completely 
removed until 
1977) 

Landfill was a transfer station that handled materials 
not accepted by the local municipal solid waste pick-up 
service prior to being disposed of off-site, or burned 
and/or buried on-site.  Materials received include paint 
wastes, paint stripper and solvents, Freon, general 
refuse, asbestos, battery acid, sewage sludge 
containing heavy metals, oils and lubricants, PCBs, 
and mercury-contaminated dental amalgam (TtNUS 
2004). 

Asbestos, PCBs, 
and/or metals in soil, 
groundwater, and 
sediments (TtNUS 
2004). 

Active 

2 Antenna Field 
Landfill 1948 – 1960 

The primary activities consisted of trench excavation 
where waste material was typically burned and/or 
buried.  Landfill reportedly received general wastes, 
furniture, tires, shingles, paint wastes and sewage 
wastes (TtNUS 2004). 

Possible soil 
contamination. Active 

3 Ninth Street 
Landfill 1960 – 1967 

Landfill that received general wastes, paint waste, 
asbestos, sewage sludge.  In addition, a salvage yard 
was established where PCB-containing transformers 
were stored and serviced (TtNUS 2004). 

PCB contamination of 
soil (TtNUS 2004). Active 

4 North End 
Landfill 1967 – 1969 

Disposal included items not collected by routine trash 
pick-up, such as bulk items, sewage sludge, lubricants 
and oils (TtNUS 2004). 

Possible contamination 
of soil. NFA 

5 Fire Training 
Area 1942 – 1975 

Used for large-scale firefighting exercises involving 
disposal and burning of flammable liquids, such as 
solvents, paint chemicals, xylenes, toluene, various 
petroleum compounds, and drum storage of the 
materials between the burning exercises (TtNUS 
2004). 

VOCs contamination in 
groundwater and 
PAHs contamination of 
surface soils. 

Active 

6 
Abandoned 
Rifle Range 
No. 1 

1942 - 1965 Assumed lead from the fired rounds was mixed with 
soil from the rampart (TtNUS 2004). 

Assumed lead 
contamination of soil. NFA 
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Table 4-1.  Summary of CERCLA Information 

IRP 
Site 
ID 

IRP Site 
Name 

Dates of 
Operation Historic Description Contaminates of 

Concern 

Current Phase 
of Remedial or 

Corrective 
Action 

7 
Abandoned 
Rifle Range 
No. 2 

1965 – 1977 used 
as landfill after 
1977 

Spent ammunition and inert materials; such as clean 
fill; broken concrete; asphalt; cinderblocks; dry 
wastewater treatment sludge; emulsified oil and grease 
(TtNUS 2004). 

Potential soil 
contamination. NFA 

8 
Building 118-
Abandoned 
Fuel Tank 

1959 – 1980  
fuel tank 
abandoned 
underground after 
1980 

No. 2 fuel oil observed seeping into basement of 
Building 118 (TtNUS 2004). 

Possible contamination 
of soil. NFA 

9 
Steam Plant 
Building 6 
Tank Overfill 

1969 – Present No. 2 fuel oil spillage (3,000 to 5,000 gallons) in 1978 
(TtNUS 2004). 

Possible contamination 
of soil and 
groundwater. 

NFA 

10 Navy Fuel 
Farm Unknown – 1991 JP-4/JP-5 fuel oil spillage onto ground in 1986 (TtNUS 

2004). 

Possible soil and 
groundwater 
contamination. 

NFA 

11 Aircraft 
Parking Apron 

Unknown – 
Present 

Reported odors, suspected to have resulted from a fuel 
spillage in the past (TtNUS 2004). 

Suspected 
contaminated soil and 
groundwater. 

NFA 

Source:  TtNUS  2004.   
Notes: 
PAH = Polynuclear aromatic hydrocarbons 
PCBs = Polychlorinated Biphenyls 
VOCs = halogenated volatile organic compounds 
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Table 4-2.  Underground Storage Tanks at NAS JRB Willow Grove 
 

Identification 
Number Location Capacity 

(gallons) Contents Current Use 

127DIE01 Building #127 10,000 Bio-Diesel UST – Service Station 
127MOG01 Building #127 10,000 Motor Gasoline UST – Service Station 

080OWS01 Building #80 1,000 Waste Oil UST- Oil/Water 
Separator 

119OWS01 Building #119 350 Waste Oil UST- Oil/Water 
Separator 

078OWS01 Building #78 350 Waste Oil UST – Oil/Water 
Separator 

Source:  Weston Solutions 2004. 
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Table 4-3.  Closed/Removed Underground Storage Tanks at NAS JRB Willow Grove 
 

Location Capacity 
(gallons) Contents Current Status 

Building #3 2,000 #2 Fuel Oil Removed 
Building #6 30,000 #2 Fuel Oil Removed 
Building #6 30,000 2# Fuel Oil Removed 
Building #6 30,000 #2 Fuel Oil Removed 
Building #6 30,000 #2 Fuel Oil Removed 
Building #6 30,000 #2 Fuel Oil Removed 
Building #6 20,000 #2 Fuel Oil Removed 
Building #6 20,000 #2 Fuel Oil Removed 
Building #8 500 Fuel Oil Removed 
Building #8 50 Gasoline Closed1 
Building #15A 15,000 #2 Fuel Oil Removed 
Building #20 50 Gasoline Removed 
Building #20 13,500 Aviation Gasoline Closed2 

Building #20 20,000 Aviation Gasoline Closed2 
Building #20 20,000 Aviation Gasoline Closed2 
Building #20  20,000 Aviation Gasoline Closed2 
Building #43 500 #2 Fuel Oil Removed 
Building #78 500 #2 Fuel Oil Removed 
Building #126 500 #2 Fuel Oil Removed 
Building #164 1,000 #2 Fuel Oil Removed 
Building #176 2,500 #2 Fuel Oil Removed 
Building #176 5,000 #2 Fuel Oil Closed1 
Building #190 500 #2 Fuel Oil Removed 
Building #611 2,000 #2 Fuel Oil Removed 
Building #612 1,000 #2 Fuel Oil Removed 
Building #619 500 #2 Fuel Oil Removed 
Adjacent to Quarters “D” on Route #611 500 Unknown Removed 
Navy Fuel Farm Site 10 210,000 JP-4 Removed 
Navy Fuel Farm Site 10 210,000 JP-5 Removed 
Navy Fuel Farm Site 10 Unknown Diesel Fuel Removed 
Navy Fuel Farm Site 10 Unknown Waste Oil Removed 
Sources: Edmond 2006d.  Edmond, Jim.  2006.  Written correspondence, via email, to Laura  

Garrett with AMEC Earth & Environmental, Inc. pertaining to the Closed/Removed  
Underground Storage Tanks and abandoned wastewater system at NAS JRB Willow Grove.  22 February 
2006.   

Notes: 
1. UST’s filled in place and abandoned. 
2. According to site personnel, the building was demolished in the late 1980’s and it is assumed that the UST’s were 

removed; however, documentation does not exist.  
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Table 4-4.  Aboveground Storage Tanks at NAS JRB Willow Grove 
 

Identification 
Number Location Contents Capacity  

(gallons) Current Use 

002DIE01 Building #2 Diesel 350 Base Mounted Generator 
003DIE01 Building #3 Diesel 315 Base Mounted Generator 
005DIE01 Building #5 Diesel 400 Base Mounted Generator 
006DIE01 Building #6 Diesel/Fuel Oil 300 AST- Generator 
006DIE02 Building #6 Diesel 300 AST- Generator 
006DIE03 Building #6 Diesel 300 AST- Generator 

006DIE04 Building #6 Diesel ~10 AST- Make-up Tank for 
Generator 

006FOL01 Building #6 Fuel Oil 10,000 AST – Boiler  Supply 
008DIE01 Building #8 Diesel 300 AST- Generator 
024DIE01 Building #24 Diesel 300 AST- Generator 
024DIE02 Building #24 Diesel 150 AST- Generator 
024DIE03 Building #24 Diesel 200 AST- Generator 
070DIE01 Building #70 Empty 1,000 AST 
078DIE01 Building #78 Diesel 300 Base Mounted Generator 
080AFF01 Building #80 AFFF 1,500 AST- Fire Suppression 
080AFF02 Building #80 AFFF 1,500 AST- Fire Suppression 
080AFF03 Building #80 AFFF 1,500 AST- Fire Suppression 
080AFF04 Building #80 AFFF 1,500 AST- Fire Suppression 
080DIE01 Building #80 Diesel 300 AST- Generator 
080DIE03 Building #80 Diesel 120 AST- Generator 
080DIE04 Building #80 Diesel 120 AST- Generator 
080DIE01 Building #80 Diesel 130 Base Mounted Generator 
118DIE01 Building #118 Diesel 275 AST- Generator 
126DIE01 Building #126 Diesel 500 AST- Generator 
127DIE01 Building #127 Empty 2,000 AST 
129LN202 Building #129 Liquid Nitrogen 1,000 AST 
129LOX03 Building #129 Liquid Oxygen 1,000 AST 
129LOX04 Building #129 Liquid Oxygen 2,000 AST 
137DIE01 Building #137 Diesel 230 Base Mounted Generator 
139DIE01 Building #139 Diesel 500 AST- Generator 
139DIE02 Building #139 Diesel 75 AST- Generator 
157FOL01 Building #157 No. 2 Fuel Oil 210,000 AST- Bulk Heating Supply 
157KAC01 Building #157 Potassium Acetate 42,000 AST 
157XXX01 Building #157 Empty 210,000 AST – Reserve Capactiy 
157AFF01 Building #157 AFFF 300 AST – Fire Suppression 
174DIE01 Building #174 Diesel 400 Base Mounted Generator 
177AFF03 Building #177 AFFF 1,600 AST – Fire Suppression 
177AFF04 Building #177 AFFF 1,600 AST – Fire Suppression 
180DIE01 Building #180 Diesel 315 Base Mounted Generator 



 
Department of the Navy BRAC Program Management Office 

 
 
 

FINAL Environmental Condition of Property Report  11 May 2006 
Naval Air Station Joint Reserve Base, Willow Grove, Pennsylvania Page 2 of 2 

Table 4-4.  Aboveground Storage Tanks at NAS JRB Willow Grove 
 

Identification 
Number Location Contents Capacity  

(gallons) Current Use 

181GLY01 Building #181 Propylene Glycol 3,000 AST 
181KAC01 Building #181 Potassium Acetate 3,000 AST 
183AFF01 Building #183 AFFF 6,000 AST – Fire Suppression 
183AFF02 Building #183 AFFF 6,000 AST – Fire Suppression 

183DIE01 Building #183 Diesel 1,400– Multi-
compartment AST – Generator 

183DIE02 Building #183 Diesel 350 – Multi-
compartment AST – Generator 

183DIE03 Building #183 Diesel 275 AST – Generator 
183DIE04 Building #183 Diesel 50 AST- Make-up Tank 
190DIE01 Building #190 Diesel 275 AST – Generator 
608DIE01 Building #608 Diesel 500 AST – Generator 
619DIE01 Building #619 Diesel 500 AST – Generator 
621DIE01 Building #621 Diesel 300 AST – Generator 

633WSO01 Building #633 Waste Oil 1,000 AST 
647DIE01 Building #647 Diesel 100 Base Mounted Generator 
649DIE01 Building #649 Diesel 200 Base Mounted Generator 
650DIE01 Building #650 Diesel 127 Base Mounted Generator 
650AFF01 Building #650 AFFF 400 AST – Fire Suppression 
650AFF02 Building #650 AFFF 400 AST – Fire Suppression 
653DIE01 Building #653 Diesel 1,000 AST 
681AFF01 Building #681 AFFF 2,500 AST – Fire Suppression 
681AFF02 Building #681 AFFF 2,500 AST – Fire Suppression 
681DIE01 Building #681 Diesel 150 AST – Generator 
681DIE02 Building #681 Diesel 500 AST – Generator 
681DIE03 Building #681 Diesel 500 AST – Generator 
681DIE04 Building #681 Diesel 500 AST – Generator 
681DIE05 Building #681 Diesel 500 AST – Generator 
681DIE06 Building #681 Diesel 500 AST – Generator 

AG1GLY01 RN (N) Ethylene Glycol 300 AST - Arrester Gear 
AG2GLY01 RN (N) Ethylene Glycol 300 AST - Arrester Gear 
AG3GLY01 RN (S) Ethylene Glycol 300 AST - Arrester Gear 
AG4GLY01 RN (S) Ethylene Glycol 300 AST - Arrester Gear 
FC-AVG01 Fly Club AVGAS 4,000 AST - Re-Fuel Station 
TC1JP801 Test Cell JP-8 1,000 AST - Engine Test Station 
TC2JP801 Test Cell JP-8 1,000 AST - Engine Test Station 
TC3JP801 Test Cell JP-8 1,009 AST - Engine Test Station 

Source:  Weston Solutions 2004.   
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Table 4-5.  Results of the Station-Wide Asbestos Survey Conducted in 1996 
 

Location 
Location Description 

(Building Name) 
Asbestos-Containing 

Materials Found? 

Building #1 Commanding Officer Naval Air Station Administration Yes 
Building #2 Community Services Building Yes 
Building #3 Child Development Center/Chaplains Office/Library Yes 
Building #5 BOQ Yes 
Building #6 Boiler House #1 Yes 
Building #7 Public Works Storage No 
Building #8 Sewage Treatment Yes 
Building #13 Hobby Shop/Thrift Store Yes 
Building #15A Boiler House #2 Yes 
Building #15B Electric Sub-station Yes 
Building #21 Paint Shop Yes 
Building #22 Raytheon Aerospace Warehouse Yes 
Building #24 Pump House No 
Building #29 Weapons Yes 
Building #30 Chlorinator Building Yes 
Building #31 Well House #1 No 
Building #32 Well House #2 No 
Building #38 Chapel Yes 
Building #39 Gate House/Security Yes 
Building #43 Recruiting Yes 
Building #49 Flight Line Inn Yes 
Building #51 Public Works Warehouse Yes 
Building #56 BOQ Storage No 
Building #59 Mag Electric Building Yes 
Building #63 Captains Barn No 
Building #65 Naval Reserve Intelligence No 
Building #68 Storage No 
Building #70 Sub-station Field Lights Yes 
Building #74 Sub-station Yes 
Building #75 Maintenance Warehouse Yes 
Building #77 AIMD Paraloft Yes 
Building #78 Public Works Department Yes 
Building #79 Public Works Storage Shed No 
Building #80 Hangar, VR/HSL/Tower Yes 
Building #81 Pump House No 
Building #117 Main Sub-station No 
Building #118 Ground Electronics Yes 
Building #119 Flammable Storage No 
Building #126 Emergency Generator Yes 
Building #127 Public Works Dispatcher Yes 
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Table 4-5.  Results of the Station-Wide Asbestos Survey Conducted in 1996 
 

Location 
Location Description 

(Building Name) 
Asbestos-Containing 

Materials Found? 

Building #128 Auto Vehicle Maintenance-Public Works No 
Building #129 LOX Building/AIMD Yes 
Building #137 Hospital Branch Clinic Yes 
Building #139 Approach Lights Vault No 
Building #140A Reserve Training Yes 
Building #140B RESASWTRACEN/Trainers Yes 
Building #146 Radio Range Building No 
Building #149 Marine Motor Pool No 
Building #152 Marine Garage No 
Building #159 Fuel Farm Office Yes 
Building #160 Pool Snack House No 
Building #164 Marine Compound Yes 
Building #167 Navy Family Service Center Yes 
Building #171 Supply Warehouse Yes 
Building #171A Supply Comptroller Yes 
Building #172 Barracks #5 Yes 
Building #174 Pitcarin Club Yes 
Building #175 Hangar VP-64/66 Yes 
Building #176 79th ARCOM Yes 
Building #177 Army Hangar No 
Building #178 Army Maintenance Garage No 
Building #179 Handball Court #2 No 
Building #180 AIMD Yes 
Building #184 Utilities Building Yes 
Building #185 Utilities Shop/Mag No 
Building #187 MWR Storage Yes 
Building #188 LOX Storage Shed No 
Building #192 Bowling Center No 
Building #193 Bus Shelter No 
Building #601 Reserve Programs Yes 
Building #604 Public Works Storage Shed No 
Building #605 NEX Building Yes 
Building #606 Mag Warehouse Yes 
Building #608 Firehouse Yes 
Building #609 Barracks #6 Yes 
Building #611 Pool Heating Plant No 
Building #612 BOQ Boiler House No 
Building #613 Ordinance Assy Area No 
Building #624 T-line Shack No 
Building #625 Administration Concession Stand No 



 
Department of the Navy BRAC Program Management Office 

 
 
 

FINAL Environmental Condition of Property Report  11 May 2006 
Naval Air Station Joint Reserve Base, Willow Grove, Pennsylvania Page 3 of 3 

 

Table 4-5.  Results of the Station-Wide Asbestos Survey Conducted in 1996 
 

Location 
Location Description 

(Building Name) 
Asbestos-Containing 

Materials Found? 

Building #626 Galley No 
Building #630 Mag-New Fuel Lab No 
Building #631 Communications Building/Mag No 
Building #632 Communications Building/Mag No 
Building #634 T-line/Mag No 
Building #635 AIMD-Ground Support Equipment Yes 
Building #677 Personnel Support DETAC No 
Building #680 Maine Hangar Yes 
Building #780 Passenger OPS Building Yes 
Source:  Dewberry & Davis 1997.   
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Table 4-6.  Radon Assessment Results 
 

Location Location Description Date Tested Average Radon 
Level (pCi/L) 

Building # 3 Child Development Center and 
Library (“A” Wing) 24 October 2001 0.0 

Building # 3 Child Development Center and 
Library (“B” Wing) 24 October 2001 0.2 

Building # 6 Boiler House 24 October 2001 0.0 
Building # 49 Subway Restaurant 24 October 2001 0.1 
Building # 113 Quarters “E” 1991 6.9 
Building # 113 Quarters “E” 1999 < 4.0 
Building # 113 Quarters “E” 2002 < 4.0 

Building # 137 
Medical Dental Building 24 October 2001 

(Confirmation Testing on 
14 November 2001) 

0.4 

Building # 159 Fuel Farm Office 24 October 2001 1.1 
Building # 171 Supply Warehouse 24 October 2001 0.0 
Building # 174 Pitcarin Club 24 October 2001 0.0 
Building # 175 Hanger (VP 64 Wing) 24 October 2001 0.0 
Building #175 Hanger (VP 66 Wing) 24 October 2001 0.1 
Building # 192 Bowling Alley 24 October 2001 0.0 
Building # 601 Reserve Programs 1999 > 4.0 
Building # 606 Mag Warehouse 24 October 2001 1.3 
Building # 608 Firehouse 24 October 2001 0.4 
Building # 635 AIMD Ground Support 24 October 2001 0.0 
Building # 677 Personnel Support Detachment 24 October 2001 0.2 
Building # 780 Passenger OPS 24 October 2001 0.0 
Source:  Di Giantomasso 2001.  
 



 
Department of the Navy BRAC Program Management Office 

 
 
 

FINAL Environmental Condition of Property Report  11 May 2006 
Naval Air Station Joint Reserve Base, Willow Grove, Pennsylvania Tables 

 

THIS PAGE INTENTIONALLY LEFT BLANK 
 



 
Department of the Navy BRAC Program Management Office 

 
 
 

FINAL Environmental Condition of Property Report  11 May 2006 
Naval Air Station Joint Reserve Base, Willow Grove, Pennsylvania Page 1 of 1 

 

Table 4-7.  Active Oil/Water Separators at NAS JRB Willow Grove 
 

OWS Number Location  Type Volume 
(gallons) 

078 Building #78 UST 350 
080 Building #80 UST 1,000 
119 Building #119 UST 350 
157 Building #157 OWS 10,000 
175 Building #175 OWS Pit 500/500 
177 Building #177 OWS 350 
178 Building #178 OWS 350 
180 Building #180 OWS 500 
608 Building #608 O/WS 500 
639 Building #639 OWS 1,000 
680 Building #680 OWS Pit 2,162 

Source:  Weston Solutions 2004.  
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EXECUTIVE SUMMARY 

This Environmental Condition of Property (ECP) report for the off-base housing areas of the 
Naval Air Station Joint Reserve Base (NAS JRB) Willow Grove, Montgomery County, 
Pennsylvania summarizes the historical, cultural, and environmental conditions of the property 
as part of the United States (U.S.) Navy Base Realignment and Closure (BRAC) documentation 
associated with closure of NAS JRB Willow Grove.  Information was reviewed with installation 
points of contact to ensure all data are current and accurate.  Where information was not 
available, the sources contacted and reference materials sought were documented.   

The Naval Air Material Unit (NAMU) was established in 1943 in Warminster, Bucks County, 
Pennsylvania, where the U.S. Navy coordinated its activities with the National Defense 
Research Committee and the Special Weapons Experimental Tactical Test Unit (Department of 
the Navy 1999, UPENN 1982).  The NAMU Warminster was then designated the Naval Air 
Development Station (NADS) Warminster, prior to being changed to the Naval Air Development 
Center (NADC) Warminster in 1949 (Department of the Navy 1999, UPENN 1982).  The NADC 
Warminster was renamed in January 1993 to the Naval Air Warfare Center (NAWC) 
Warminster; however, NAWC Warminster was disestablished on September 30, 1996 under the 
DoD BRAC II program (Department of the Navy 2000).  Ownership of two housing areas located 
on the NAWC Warminster property was transferred to NAS JRB Willow Grove located in nearby 
Horsham Township, Montgomery County, Pennsylvania.  These housing areas include 
Shenandoah Woods and the Jacksonville Road housing areas (Department of the Navy 1999, 
Edmond 2006, Szamborski 2006). 

The Shenandoah Woods housing area currently encompasses 51 acres in Warminster 
Township, Bucks County, Pennsylvania, while the housing area on Jacksonville Road covers 
2.5 acres in the Borough of Ivyland, Bucks County, Pennsylvania.  Both of the housing areas 
were built prior to 1974 (Department of the Navy 1999).   

The Shenandoah Woods housing area contains 199 residential units and includes a youth 
center, a small store, and a large garage for maintenance equipment (e.g., lawnmowers).  The 
Jacksonville Road housing area includes six single-family houses (Department of the Navy 
1999). 

A brief summary of ECP findings is provided below by subject area.   

• Classifications of Environmental Conditions.  This ECP Report is not intended to 
identify uncontaminated property in compliance with the Community Environmental 
Response Facilitation Act (CERFA) and Department of Defense (DoD) policy.  The 
Navy will comply with its statutory requirement to identify uncontaminated property 
through additional evaluations and documentation.  An Environmental Baseline Survey 
(EBS) was completed in 1999 for all housing units at NAS JRB Willow Grove including 
the housing areas on Jacksonville Road and Shenandoah Woods (Department of the 
Navy 1999). 

• Installation Restoration Program Sites.  The U.S. Navy has identified one 
Installation Restoration Program (IRP) site, Site 5, known as Operational Unit (OU)-1B 
(groundwater) and OU-10 (soil) at the Shenandoah Woods housing area.  The Navy, 
in conjunction with the U.S. Environmental Protection Agency (EPA) and Pennsylvania 
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Department of Environmental Protection (PADEP), issued a No Further Action Record 
of ROD for OU-1B (groundwater) on 20 June 2000, indicating that no further action is 
necessary to be protective of human health and the environment (Department of the 
Navy 2000).  The Navy, in conjunction with the USEPA and PADEP issued a No 
Further Action Record of Decision for OU-10 (soil) on 28 September 2000, indicating 
that no further action is necessary to be protective of human health and the 
environment (Department of the Navy 2000).  

• Aboveground Storage Tanks.  There are no historical or existing aboveground 
storage tanks (ASTs) located at Shenandoah Woods housing area or the Jacksonville 
Road housing area (Department of the Navy 1999). 

• Underground Storage Tanks.  There are no underground storage tanks (USTs) 
currently in use at Shenandoah Woods housing area.  There are six heating fuel USTs 
that are no longer in use located at each of the six housing units on Jacksonville Road.  
Each UST is encased in concrete and located underneath the foundation (Department 
of the Navy 1999).  The tanks have not been cleaned.  Removal of the tanks would 
impact the integrity of the housing structures. 

• Munitions and Explosives of Concern.  According to site personnel, there are no 
historical or current use or storage of munitions and explosives of concern (MEC) at 
the Shenandoah Woods housing area or the Jacksonville Road housing area 
(Szamborski 2006).  

• Hazardous Wastes.  Site personnel have indicated that the Shenandoah Woods and 
the Jacksonville Road housing areas do not generate hazardous wastes (Szamborski 
2006).    

• Polychlorinated Biphenyls.  All transformers within the housing areas are U.S. Navy 
owned and are considered non-Polychlorinated biphenyls (PCB) (less than 50 parts 
per million [ppm] PCB or mineral oil).  Sampling of the main pad-mounted transformer 
was conducted at the Shenandoah Woods housing area in 1998.  The samples 
collected indicated that PCBs were found to be less than 1 ppm (Department of the 
Navy 1999, Reuters 1998).  

• Radiological Materials.  There is no documentation of past or present radiological 
materials located at the Shenandoah Woods or the Jacksonville Road housing areas 
(Szamborski 2006).   

• Pesticides.  Pesticide application at the Shenandoah Woods and the Jacksonville 
Road housing areas are performed by contracted pesticide services, although no 
documentation was available regarding these activities (Szamborski 2006).   

• Asbestos.  An asbestos survey was conducted as part of a U.S. Navy-wide program 
to evaluate asbestos in housing areas from 1996 to 1998.  The survey indicated that 
asbestos was found to be present in the Jacksonville Road housing area.  Asbestos 
containing material (ACM) was also determined to be present in the Shenandoah 
Woods housing area.  The two housing areas have been abated by the housing 
department of NAS JRB Willow Grove and no further action is necessary related to 
ACM (Department of the Navy 1999).  

• Lead-Based Paint.  A lead-based paint survey has not been conducted for 
the housing areas (Snyder 2006).  Due to the age of initial building construction (prior 
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to 1974), it is likely that lead paint was used at the housing areas and could still be 
present. 

• Radon.  A radon survey was conducted including representative sampling of the 
housing areas with radon levels found to be below the USEPA action level of 4.0 
picoCuries per Liter (pCi/L) (Department of the Navy 1999).  

• Air Quality.  The Shenandoah Woods and the Jacksonville Road housing areas do 
not operate any emissions-generating equipment (Edmond 2006, Szamborski 2006).   

• Drinking Water.  The Shenandoah Woods and the Jacksonville Road housing areas 
obtain potable water from Bucks County Water & Sewer Authority (BCW&SA), a public 
utility (BCW&SA 2006, Edmond 2006, Szamborski 2006).   

• Stormwater.  Stormwater at Shenandoah Woods is managed through the use of an 
existing retention basin, referred to as East Pond, with a 425-foot long drainage swale 
that directs runoff into the retention basin, and several other storm drains that 
discharge into the basin (Dewberry & Davis 2005a, Dewberry & Davis 2005b).  No 
information was available on stormwater management at the Jacksonville Road 
housing area. 

• Surface Water.  There are no surface water features located at the Shenandoah 
Woods or the Jacksonville Road housing areas (USFWS NWI 2006).   

• Wastewater.  The Shenandoah Woods and the Jacksonville Road housing areas do 
not operate on-site wastewater treatment facilities.  Wastewater generated at the 
housing areas is conveyed to and treated by BCW&SA, a public utility (BCW&SA 
2006, Edmond 2006, Szamborski 2006).  

• Floodplains.  The Federal Emergency Management Agency (FEMA) flood maps of 
Warminister Township and the Borough of Ivyland areas indicate that there are no 
portions of housing areas that would be inundated during a 100-year flood event 
(USDA 2005).  

• Wetlands and Aquatic Habitats.  There are no wetland features or aquatic habitats at 
the Shenandoah Woods or the Jacksonville Road housing areas (PADEP 2006).  

• Coastal Zone Areas.  The Shenandoah Woods and the Jacksonville Road housing 
areas are not located in a coastal area; therefore, Coastal Zone Protection Act is not 
applicable. 

• Coral Reefs.  The Shenandoah Woods and the Jacksonville Road housing areas do 
not have any coral reef habitat; therefore, coral reef protection is not applicable. 

• Fisheries.  There is no Essential Fish Habitat (EFH) designation for the Shenandoah 
Woods or Jacksonville Road housing areas due to the absence of on-site surface 
water features; therefore, the Magnuson-Stevens Fishery Conservation and 
Management Act is not applicable.  

• Marine Mammals.  The Marine Mammal Protection Act is not applicable for the 
Shenandoah Woods or the Jacksonville Road housing areas because there is no 
marine habitat present. 

• Threatened, Endangered, and Other Sensitive Species.  There are no known 
populations of State or Federally-listed rare, threatened, or endangered plant or animal 
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species residing at the Shenandoah Woods or the Jacksonville Road housing areas 
(USFWS 2006).   

• Geologic Hazards.  There are no geological hazards identified at the Shenanhoah 
Woods or the Jacksonville Road housing areas (PADEP 2006).   

• Historic Resources.  According to the NAWC Warminster Environmental Impact 
Statement, there are no buildings that possess sufficient integrity required for listing in 
the National Register (Navy 1998). 

• Archaeological Resources.  The NAWC Warminster Environmental Impact 
Statement, Phase I Archaeological Survey, indicated that majority of NAWC 
Warminster was classified as moderate or moderate to low sensitivity for historic or 
prehistoric resources but there were several areas classified as high sensitivity of 
historic resources.  The Phase 1B Archaeological investigation indicated that these 
areas did not possess the potential for significant archeological resources due to the 
extensive subsurface disturbance (Navy 1998). 

• Native American Graves.  According to site personnel, a Final Environmental Impact 
Statement (EIS), Disposal and Reuse of NAWC Warminster, dated December 1998, 
concluded that no Native American graves were found at the Shenandoah Woods or 
the Jacksonville Road housing areas (Szamborski 2006).   

• Solid Wastes.  According to site personnel, the solid waste generated at the 
Shenandoah Woods housing area is disposed of by J.P. Mascaro and Sons and the 
housing area along Jacksonville Road is disposed of by Gorski Trash Removal 
(Borough of Ivyland 2006, Edmond 2006, Szamborski 2006, Warminster Township 
2006).  

• Universal Wastes.  According to site personnel, the Shenandoah Woods and the 
Jacksonville Road housing areas do not generate universal wastes (Szamborski 
2006).   

• Medical Wastes.  According to site personnel, the Shenandoah Woods and the 
Jacksonville Road housing areas do not generate medical wastes (Szamborski 2006). 

• Hazardous Materials.  Shenandoah Woods housing area has a small quantity of 
hazardous materials associated with the maintenance equipment garage which include 
fuel and lubricants.  Information on the disposal of hazardous materials was not 
available.
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1.0 Purpose 

The United States (U.S.) Navy Base Realignment and Closure (BRAC) Program Management 
Office (PMO) prepared this Environmental Condition of Property (ECP) report for the off-base 
housing areas (Shenandoah Woods and Jacksonville Road) of the Naval Air Station Joint 
Reserve Base (NAS JRB) Willow Grove, Montgomery County, Pennsylvania.  

This report used existing information to summarize the historical, cultural, and environmental 
conditions of the housing areas.  Information was reviewed with installation personnel to ensure 
all data are current and accurate.  Where information was not available, the sources contacted 
and reference materials sought were documented.   

The purposes of the ECP report are to: 

• Provide the BRAC PMO with the information it may use to make disposal decisions 
regarding the property; 

• Provide the public with information relative to the environmental condition of the 
property; 

• Assist the local government in planning for the reuse of BRAC property; 

• Assist Federal agencies during the Federal property screening process; 

• Provide information for prospective buyers; 

• Assist new owners in meeting their obligations under the U.S. Environmental 
Protection Agency’s (USEPA’s) “All Appropriate Inquiry” regulations, at such time as 
they become final; and 

• Assist in determining appropriate responsibilities, asset valuation, liabilities, and 
liabilities with other parties to a transaction.  
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2.0 Background 

The property of the former Naval Air Warfare Center (NAWC) Warminster, Bucks County, 
Pennsylvania was originally owned by the Brewster Aeronautical Corporation where aircraft 
engineering and production was established during the 1940’s, and held a contract with the U.S. 
Navy for the production of Naval aircraft.  The U.S. Navy took full control of the property and 
began a conversion to an aircraft engineering and modification center (UPENN 1982).   

The establishment of the Naval Air Material Unit (NAMU) Warminster in 1943, enabled the U.S. 
Navy to begin mass production of aircraft and eventually become a leader in adapting radar in 
U.S. Navy planes; NAMU also began to coordinate activities with the National Defense 
Research Committee and the Special Weapons Experimental Tactical Test Unit during the 
1940’s (Department of the Navy 1999, UPENN 1982).  

The NAMU Warminster was designated the Naval Air Development Station (NADS) Warminster, 
prior to being changed to the Naval Air Development Center (NADC) Warminster in 1949 
(Department of the Navy 1999, UPENN 1982).  The NADC Warminster was renamed in January 
1993 to the NAWC Warminster; however, NAWC Warminster was disestablished on September 
30, 1996, in response to the DoD BRAC II program (Department of the Navy 2000).  Ownership 
of two housing areas, of the original NAWC Warminster property, was transferred to NAS JRB 
Willow Grove located in nearby Horsham Township, Montgomery County, Pennsylvania.  These 
housing areas include Shenandoah Woods and the Jacksonville Road housing areas (Edmond 
2006, Szamborski 2006). 
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3.0 Property Description 

The NAS JRB Willow Grove off-base housing consists of two non-contiguous land parcels.  The 
Shenandoah Woods housing area currently encompasses 51 acres in Warminster Township, 
Bucks County, Pennsylvania.  The housing area on Jacksonville Road contains six small 
houses which cover 2.5 acres in the Borough of Ivyland, Bucks County, Pennsylvania 
(Department of the Navy 1999).  Both of the housing areas were built prior to 1974 (Department 
of the Navy 1999). 

The Shenandoah Woods housing area contains 199 residential units and includes a youth 
center, a small store, and a large garage for maintenance equipment (e.g., lawnmowers). The 
Jacksonville Road housing area includes six houses (Department of the Navy 1999).  Refer to 
Figure 3-1 for the locations of the NAS JRB Willow Grove off-site housing areas. 

The area of the former NAWC Warminster, including both housing areas, lies within a populated 
suburban area, containing several acres of a small wooded areas.  The Shenandoah Woods 
housing area is located on Orion Road, Warminster Township, and is generally bound by the 
former NAWC Warminster and a residential area known as Casey Village (USEPA 2006b). 
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4.0 Environmental Condition Overview – Existing  
Environmental Information 

As part of ECP report preparation, activities included record reviews, a meeting at the BRAC 
PMO Northeast office, a site visit, and personnel interviews to document current and historic 
conditions of the NAS JRB Willow Grove off-base housing areas including Shenandoah Woods 
and Jacksonville Road.  The meeting at BRAC PMO Northeast office was conducted on 26 
September 2005.  On-site inspection was conducted on 22 March 2006.  

The BRAC PMO Northeast office and personnel located at NAS JRB Willow Grove provided 
relevant information for this ECP report.  Additionally, available reports of previous 
environmental investigations at the Shenandoah Woods and the Jacksonville Road housing 
areas were obtained and reviewed.  The information presented in this report was reviewed with 
installation personnel to ensure all data are current and accurate.  Where information was not 
available, the sources contacted and reference materials sought were documented.   

Interviews were conducted with NAS JRB Willow Grove personnel during the site visit and in 
subsequent telephone conversations and e-mail communications.     

4.1 Classification of Environmental Conditions  

The Community Environmental Response Facilitation Act (CERFA) of 1992 (amending the 
Comprehensive Environmental Response, Compensation, and Liability Act [CERCLA] to add 
Section 120(h)(4) of CERCLA, 42 United States Code (U.S.C.) Section 9620(h)(4)) requires the 
identification and documentation of uncontaminated real property controlled by the Department 
of Defense (DoD) Components where DoD plans to make excess property available for reuse 
pursuant to a base closure law.  Uncontaminated property is defined as any "real property on 
which no hazardous substances and no petroleum products or their derivatives were known to 
have been released, or disposed of."  This includes aviation fuel and motor oil.  This ECP 
Report is not intended to identify uncontaminated property in compliance with CERFA and DoD 
policy.  The Navy will comply with its statutory requirement to identify uncontaminated property 
through additional evaluations and documentation.   

An Environmental Baseline Survey (EBS) was conducted in 1999 for the housing areas of NAS 
JRB Willow Grove which included the off-base housing areas of Shenandoah Woods and 
Jacksonville Road (Department of the Navy 1999).  

4.2 Installation Restoration Program Sites  

The NAWC Warminster was placed on the National Priorities List (NPL) USEPA ID# 
PA6170024545) in 1989 (USEPA 2005).  The NPL is a prioritized list of sites with known or 
threatened releases of hazardous substances, pollutants, or contaminants at locations 
throughout the U.S. and its territories.  The NPL is intended primarily to guide the USEPA in 
prioritizing sites that warrant further investigation.  NAWC Warminster was placed on the NPL in 
1989.  The center was subsequently closed under BRAC, and the custody and control of the 
housing areas were transferred to NAS JRB Willow Grove.  One of the sites, Site 5 located at 
Shenandoah Woods, is currently under the custody of NAS JRB Willow Grove.  The identified 
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source areas have undergone Remedial Investigations (RI) to characterize potential sources of 
contamination (Department of the Navy 2000).  These investigation activities were completed as 
part of the Installation Restoration Program (IRP), a DoD program developed in 1975 to 
investigate and manage environmental impacts on military bases.  The IRP adheres to all 
applicable regulations, including those issued by the USEPA, CERCLA, and the Superfund 
Amendments and Reauthorization Act of 1986.   

The U.S. Navy has identified one IRP site at the Shenandoah Woods housing area.  The IRP 
site encompasses housing units #401 and #402, paved roadways and walkways, and several 
housing unit lawns (see Figure 4-1).  The site originally included trenches that were used as a 
disposal area for demolition wastes, paints, solvents, scrap metal, aircraft paints, cans and 
asphalt from the former NAWC Warminster (Department of the Navy 1999, Department of the 
Navy 2000).  Reportedly, the IRP site at the Shenandoah Woods housing area was operated 
from 1955 to 1970 and was approximately 12 feet (ft.) by 70 ft. by 8 ft. in dimension, and was 
covered by 2 ft. of fill, graded and seeded.   

RI had been conducted in several phases; Phases I, II, and III of the RI were performed at the 
IRP site between October 1989 and December 1999.  The Phase I RI was conducted from 1989 
through 1991, and included soil gas sampling, geophysical surveys, air sampling, soil borings, 
and surface water and sediments sampling (Department of the Navy 2000).   

The Phase II RI included the collection of samples of soils, surface water and sediments; in 
addition, an Aerial Photographic Site Analysis Report was completed during Phase II RI and 
later resulted in a more comprehensive Phase III RI that began in 1995.  The Aerial 
Photographic Site Analysis Report identified two potential waste trenches, TR3 and TR5, in the 
area of Site 5.  The field activities conducted during the Phase III RI included sampling and 
analysis of surface soils, subsurface soils, and waste.  The results of the Phase III RI field 
activities were reported and released in a draft Phase III RI report, and resulted in a 
supplemental soil investigation in December 1999 (Department of the Navy 2000). 

The results of all the RI conducted at the IRP site within the Shenandoah Woods housing area 
were summarized and incorporated into the RI report for the Operational Unit (OU)-10 (soil), 
which contains several other IRP sites located at NAWC Warminster.  The report identifies OU-
1B (groundwater), including the site at Shenandoah Woods housing area, and contains an 
assessment of any risk to human health and the environment (Department of the Navy 2000).  
The Navy, in conjunction with the U.S. Environmental Protection Agency (USEPA) and 
Pennsylvania Department of Environmental Protection (PADEP), issued a No Further Action 
Record of Decision for OU-10 (soil) on 28 September 2000, indicating that no further action is 
necessary to be protective of human health and the environment (Department of the Navy 
2000).  A second RI report was released to address the potential impact of the site on area 
groundwater quality, addressed under OU-1B (groundwater), in August of 2000.  The Navy, in 
conjunction with the USEPA and PADEP, issued a No Further Action Record of ROD for OU-1B 
(groundwater) on 20 June 2000, indicating that no further action is necessary to be protective of 
human health and the environment (Department of the Navy 2000).    
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4.3 Storage Tanks  

4.3.1 Aboveground Storage Tanks 

There are no historical or existing aboveground storage tanks (ASTs) located at Shenandoah 
Woods or the Jacksonville Road housing areas (Department of the Navy 1999). 

4.3.2 Underground Storage Tanks 

There are no underground storage tanks (USTs) in use at Shenandoah Woods housing area; 
however, heating fuel USTs, that are no longer is use, are located at each of the six housing 
units on Jacksonville Road.  Each UST is encased in concrete and located underneath the 
foundation (Department of the Navy 1999). The tanks have not been cleaned.  Removal of the 
tanks would impact the integrity of the housing structure. 

4.4 Munitions and Explosives of Concern  

According to site personnel, there are no munitions and explosives of concern (MEC) at the 
Shenandoah Woods or the Jacksonville Road housing areas (Szamborski 2006).     

4.5 Hazardous Wastes 

Site personnel have indicated that neither the Shenandoah Woods or the Jacksonville Road 
housing areas generate hazardous wastes (Szamborski 2006).   

4.6 Polychlorinated Biphenyls  

All transformers within the housing areas are U.S. Navy owned and are considered non-
polychlorinated biphenyls (PCB) (less than 50 parts per million [ppm] PCB or mineral oil).  
Sampling of the main pad-mounted transformer was conducted at the Shenandoah Woods 
housing area in 1998.  The samples collected indicated that PCBs were found to be less than 1 
ppm (Department of the Navy 1999, Reuters 1998).  

4.7 Radiological Materials 

There is no documentation of past or present radiological materials located at the Shenandoah 
Woods or the Jacksonville Road housing areas (Szamborski 2006).   

4.8 Pesticides 

Pesticide used at the Shenandoah Woods and the Jacksonville Road housing areas are applied 
by contracted pesticide services, although no documentation was available regarding these 
activities (Szamborski 2006).   



 
Department of the Navy BRAC Program Management Office 

 
 
 

FINAL Environmental Condition of Property Report  11 May 2006 
Off-Base Housing Areas of Naval Air Station Joint Reserve Base, Willow Grove, Pennsylvania Appendix C, 10 

4.9 Asbestos 

An asbestos survey was conducted as part of a U.S. Navy-wide program to evaluate asbestos 
in housing from 1996 through 1998.  The survey indicated that asbestos was found to be 
present in the Jacksonville Road housing area.  Asbestos containing material (ACM) was found 
in roofing materials, wallboard and drywall, as well as piping insulation and expansion joints.  
ACM was also determined to be present in the Shenandoah Woods housing area in flooring 
materials, sheet rock, and caulking compound.  The housing areas were abated by the housing 
department of NAS JRB Willow Grove and no further action is necessary related to ACM 
(Department of the Navy 1999).   

4.10 Lead-Based Paint 

A lead-based paint survey has not been conducted for the housing areas (Snyder 2006). Due to 
the age of initial building construction (prior to 1974), it is likely that lead paint was used at the 
housing areas and could still be present. 

4.11 Radon 

A radon survey was conducted in a representative sampling of the housing areas with radon 
levels found to be below the USEPA action level of 4.0 picoCuries per Liter (pCi/L) (Department 
of the Navy 1999).  

4.12 Air Quality 

The Shenandoah Woods and the Jacksonville Road housing areas do not operate any 
emissions-generating equipment (Edmond 2006, Szamborski 2006).   

4.13 Water Quality 

4.13.1 Drinking Water 

The Safe Drinking Water Act (SDWA) of 1974, amended in 1986 and 1996, was passed to 
protect public health by regulating the nation’s pubic drinking water supply and its sources 
including rivers, lakes, reservoirs, springs, and groundwater drinking wells. The Shenandoah 
Woods and the Jacksonville Road housing areas obtain potable water from Bucks County 
Water & Sewer Authority (BCW&SA), a public utility (BCW&SA 2006, Edmond 2006, 
Szamborski 2006).  

4.13.2 Stormwater 

Currently, stormwater at the Shenandoah Woods housing area is managed through the use of 
an existing retention basin, referred to as East Pond, with a 425-foot long drainage swale that 
directs runoff into the retention basin, and several other storm drains that discharge into the 
basin (Dewberry & Davis 2005a, Dewberry & Davis 2005b).  The retention basin is currently 
dammed by a 6.5-foot concrete riser and the embankment that supports Patrol Road.  The dam 
outlet consists of a single 30-inch by 52-inch pipe that connects to a municipal stormwater 
collection system downstream of the basin along Decker Lane (Dewberry & Davis 2005a, 
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Dewberry & Davis 2005b).  Refer to Figure 4-2 for the location of the stormwater retention 
basin. 

No information was available on stormwater management at the Jacksonville Road housing 
area. 

4.13.3 Surface Water 

There are no surface water features located at the Shenandoah Woods or the Jacksonville 
Road housing areas (USFWS NWI 2006).   

4.13.4 Wastewater 

The Shenandoah Woods and the Jacksonville Road housing areas do not operate any on-site 
wastewater treatment facilities.  Wastewater generated at the housing areas is conveyed to and 
treated by BCW&SA, a public utility (BCW&SA 2006, Edmond 2006, Szamborski 2006).  

4.14 Natural Resources 

4.14.1 Floodplains  

The Federal Emergency Management Agency (FEMA) flood maps of the Warminster Township 
and the Borough of Ivyland indicate that there are no portions of housing areas that would be 
inundated during a 100-year flood event (Figure 4-3) (USDA 2005).   

4.14.2 Wetlands and Aquatic Habitats (Special Aquatic Sites)  

There are no wetland features or aquatic habitats at the Shenandoah Woods or the Jacksonville 
Road housing areas (PADEP 2006).  

4.14.3 Coastal Zone Areas 

The Shenandoah Woods and the Jacksonville Road housing areas are not located in a coastal 
area; therefore, Coastal Zone Protection Act considerations are not applicable. 

4.14.4 Coral Reefs 

The Shenandoah Woods and the Jacksonville Road housing areas do not have any coral reef 
habitat; therefore, coral reef protection issues are not applicable. 

4.14.5 Fisheries 

There is no Essential Fish Habitat (EFH) designation for the Shenandoah Woods or the 
Jacksonville Road housing areas due to the absence of on-site surface water features; 
therefore, the Magnuson-Stevens Fishery Conservation and Management Act is not applicable.   
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4.14.6 Marine Mammals 

The Marine Mammal Protection Act is not applicable for the Shenandoah Woods or the 
Jacksonville Road housing areas because there is no marine habitat present. 

4.14.7 Threatened, Endangered, and Other Sensitive Species 

There are no known populations of State or Federally-listed rare, threatened, or endangered 
plant or animal species residing at the Shenandoah Woods or the Jacksonville Road housing 
areas (Department of the Navy 2000, USFWS 2006).   

4.14.8 Geological Hazards 

There are no geological hazards identified at the Shenandoah Woods or the Jacksonville Road 
housing areas (PADEP 2006).   

4.15 Cultural Resources 

4.15.1 Historic Resources  

According to the NAWC Warminster Environmental Impact Statement, initially there appeared to 
be several buildings that possessed the required historic or architectural importance necessary 
to be eligible for listing in the National Register.  However, the Pennsylvania Historical and 
Museum Commission determined that the buildings did not have sufficient integrity required for 
listing in the National Register (Navy 1998). 
 
4.15.2 Archaeological Resources 

The NAWC Warminster Environmental Impact Statement, Phase I Archaeological Survey, 
indicated that the majority of NAWC Warminster was classified as moderate or moderate to low 
sensitivity for historic or prehistoric resources but there were several areas classified as high 
sensitivity of historic resources.  The Phase 1B Archaeological investigation for portions of 
NAWC Warminster was conducted to address the cultural resources issues raised through the 
Phase I research.  The Phase IB survey concluded that these areas did not possess the 
potential for significant archeological resources due to the extensive subsurface disturbance 
(Navy 1998). 

4.15.3 Native American Graves 

According to site personnel, a final Environmental Impact Statement (EIS), Disposal and Reuse 
of NAWC Warminster, dated December 1998, concluded that no Native American graves were 
found at the Shenandoah Woods housing area (Szamborski 2006).  No information was 
available on the Jacksonville Road housing areas.   

4.16 Solid Wastes 

According to site personnel, the solid waste generated at the Shenandoah Woods housing area 
is disposed of by J.P. Mascaro and Sons while the Jacksonville Road housing area is disposed 
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of by Gorski Trash Removal (Borough of Ivyland 2006, Edmond 2006, Szamborski 2006, 
Warminster Township 2006). 

4.17 Universal Wastes 

According to site personnel, the Shenandoah Woods and the Jacksonville Road housing areas 
do not generate universal wastes (Szamborski 2006). 

4.18 Medical Wastes 

According to site personnel, the Shenandoah Woods and the Jacksonville Road housing areas 
do not generate medical wastes (Szamborski 2006).   

4.19 Hazardous Materials 

Shenandoah Woods housing area has a small quantity of hazardous materials associated with 
the maintenance equipment garage which include fuel and lubricants.  Information regarding the 
disposal of the hazardous materials was unavailable. 

4.20 Summary of Environmental Conditions 

Environmental conditions at the off-base housing areas of the NAS JRB Willow Grove consist of 
the following: 

• Due to the age of initial building construction (prior to 1974), it is likely that lead paint 
was used at the housing areas and could still be present  

• The presence of the six heating fuel USTs at the Jacksonville Road housing area.   

 
Based on the information reviewed, there are no locations on the property that have established 
land use restrictions that need to be maintained, including the IRP site, when off-base housing 
areas of the NAS JRB Willow Grove are transferred to other private and public entities.    
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Contact Name 
(Last, First) Title/Position Location Telephone 
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ext. 141 robert.michalkiewicz@amec.com  
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Project Team Member Plymouth Meeting, PA 610-828-8100, 
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The Aerospace Maintenance and Regeneration Center 

AMARC 

The Air Force Material Command 

RADIATION MATERIAL HANDBOOK 

This handbook is meant to be a guide toward possible 
Locations of radioactive materials found on aircraft and aircraft 
,:omponents. It covers aircraft, active and inactive, belonging 
to all DOD services. Each item will NOT be found on each 
aircraLL due to previous maintenance and TCTO actions. Every 
attempt will be made to keep this handbook current. However, due 
to the amount of research required and lack of technical data 
available in some cases, incorrect information may be found. 
Correct or missing data which is forwarded to AMARC/SE will be 
entered during the next revision. 

The technical order illustrations are for informational 
purposes only. They are NOT meant to be used as. e  T.O. for the 
purpose of maintenance. 

The handbook is divided into 15 sections representing the 
various categories of aircraft such as attack, bomber, cargo, 
etc. 

PLease forward any comments regarding this handbook to the 
following: 

AMARC/SE 
Davis-Monthan AFB, Az 

85707-6201 

or call: Mr. William.Emmer DSN 361-4363 
Mr. Claude Wells 	DSN 361-4363 

(602 750-4363) • 

 





WORK CONTROL DOCUMENT ( MEDS ) 
,JATE  

pAcc_oor_pacEs  

2 	.108 ORDER NO 3 	QUANTITY 4 PRODUCTION IEC'HCC 5 DATE SCHED 0 GATE COMPLETE° 

• 

7 PART NUMBER S TECH DATA S 	ITEM SERIAL NO 

10 	mODEL•DESIGN•SERIES 

C-130 

11 	STOCK NUMBER 12 'OPTIONAL 

13 	SERIAL NUMBER 

ALL 

14 NOUN 

Radiation 
Hazard Handbook 

' I 5. 
DISPATCH 
STATION 

,e. 
PERF RCC/OP 

NO 

17 

WORK TO BE ACCOMPLISHED  

IS DATE 
4RWQM 

is 

'P' 	' 
ZO 

001 

Circuit Breakers 	(4) 	Essential 	Bus'08/11/3 
and auto pilot on C/P lower breaker 
panel. 
Radium 	Fig 	179, 	PN 371725-1 . 

002 

Exciter Assembly 	PN 	10-85375-4 
All 	engines 	 10-85375-1,2843 
Fig 	18C-5 	 10-111150-1 
Cesium 137 	 196C180a1 
Indicator, 	Cabin Press 
Control. 
Fig 	99-8 	PN 	102078-3 
Radium  

731/11/4 
' 

41/11/4 

. 
003 

004 

Regulators on Oxygen. 
Walk around bottle. 

Radium 

01/11/4 

005 

ADF Radio Control 
on Naval Console 

Radium 

27/02/5 
• 

006 

Indicator, Cabin Alternate on 
Pilot's overhead panel. 

Radium 

27/02/5 

. 

007 

AC Generator Circuit Breaker 
Panel. 	 . 

Radium 

27/02/5 

008 

Interior light circuit breaker 
panel on 	left aircraft of 
pilot seat. 
Radium 

27/02/t 

009 

Pilot's 	and Co-pilot's 	signal.  
outlet circuit breakers. 

Radium 	 . 

28/0215 

010 

*3 Oil 	cooler flap circuit 
breaker on right wing DC Bus. 
at rear of cockpit. 
Radium  

2d/02/t 

FINAL DESTINATION 22. 	COORDINATION/INITIATING RCC SIONATURVOATE 	 - 23. 	00CUmENT/siw 

DISPATCH FUNCTIONAL 
CODE 

A 

• 

C 

Old 47.  C -  35 

0 13 	 - 

AFLC FORM 958 NOV. 80 
	

PREVIOUS EDITION W LL BE USED 



I1 

	DATE 

WORK CONTROL DOCUMENT ( MEDS ) 

....., 
eAct_or_pAGEs 

2 JOB ORDER NO 

- 

3 QUANTITY 

- 

• PRODUCTION SEC/RCC 

. 

5 DATE SCHED e DATE COMPLETED 

. 

. 
7 PART NUMBER 

' 
S TECH DATA 

1C1308-4, 	1C130A-4, 
00-110N-2, 	3, 	4 

9 	ITEM SERIAL NO 

10 MODEL..DESiGN.sERIES 

. 	C-130 

I 1 	STOCK NumEIER 

. 

12 'OPTIONAL 

13 SERIAL NUMBER 

ALL 

i • NOUN 

Radiation 
Hazard Handbook 

is. 
DISPATCH 
STATION 

I S. 
PERF PCC,OP 

NO 

17 

WORK TO SE ACCOMPLISHED 

i 8  DAT-E 
Plaaralk 

19  

P' 

20 

0 

011 

Indicator, 	low approach 
PN 1D525ARN 
TO 	1C130A-4 
Fig 	106 	Index 	10 

24/09/6 

' 

012 

Indicator, 	rate of climb 
PN MS28049-1 
TO 1C130A-4 
Fig 	104 	Index 	17 

24/09/6 

013 

Oxygen quanity indicator 
PN 802642 
Fig 258 Index 72 
Radium 

14/01/47 

014 

Circuit breaker DC Interphone 
Fig 	178 

Radium 

14/01/87 

015 

ADF radio control, 	co-pilots 
R/H console. 	TO 	1C130A-4 
Fig 	105 	Index 86 
Radium 	PN 115-00073-9 

016 

AC/DC cir breaker for doppler radar 
(located lower 	flight, station radid  
Junction box) 	TO 	1C130A-4 Fig 224 
Index 124 PN MS 25017-5 	Radium 

017 

DC-  cir breaker for doppler radar  
(located lower flight station radio 
junction box) 	TO 	1C130A-4 Fig Q24 
Index 124 PN MS 25017-5 	Radium • 

018 

' DC Generator 
Control Circuit Breaker 

019  

-ADF Radio Control -Center 
Console 

020 

rwat.thes alovor raw or 
Phase A Circuit Breaker 

. 

21 	FINAL DESTINATION 22. 	COORDINATION/INITIATING RCC SIGNATURE/DATE 23. 	DOCUIKENT:SN 

DISPATCH FUNCTIONAL. 
CODE 

A C 

40 

r 

t 

elGe 1:: - 3 
'11 

AFLC FORM 958 NOV. 80 
	

• PREVIOUS EDITION WILL RE USED 



WORK CONTROL DOCUMENT ( MEDS ) 
. 	woNit. 

• pAGE_OF_PAGES 

2 	JOU UR Ut R NO 

._ 

3 	C. 	ANfirY 4 	PRODUCT: ON SEC ACC !' 	DATE SCHCO n 	uArt 	Lomr't 1 iLu 

• 
7 PART NUMBER 	. 8 TECH OATA 

1C130B-4, 	1C130A-4, 
00-110N-2, 	3, 	4 

9 .ITEM SERI AL NO 

10 	MOOEL•OESIGN•SERIES 

C-130 

11 	STOCK NUMBER 12 'OPTIONAL. 

• 
12 	SERIAL NUMBER 

ALL 

14 	NC:-.4 

Radiation 
Hazard Handbook 

IS 

DISPATCH 
STATION 

16 
PERI FICC'OP 

NO 

17 
. 

WORK TO BE ACCOMPLISHEO 

!FOUND 
AlfarAVE 

19 

.1.- 
20 

0 

021 

Control, 	Radar Set 
PN C1242 APN 59 
Fig 	108 	Index 	32 • 

022 

Circuit Breaker  
PN MS 25017-10 
Fig 205 	Index 56 
DC Power 

023 

Circuit Breaker 
PN MS 25017-20 
Fig 223 	Index 90 
DC Power 

. 

• 

024 

Circuit Breaker 
PN 346740-15-17 
Fig 223 	Index 5 
DC Power 

025 

Exciter Assy 
GTC 	 . 
Fig 	190 	Index 	104 

. 
, 

026 

Cir Breaker Air Conditioning 
Control Valve PN MS 25017-5 
Fig 	199 Indek 7 
Radium 	

. 

17/03/88 
, 

027 

Indicator Glide Slope 
ID-481 ARN 
Fig  
Radium 

27/09/88 

27/09/88 

028 

Circuit Breaker 71understorm 
Flight Deck Pilot CB Panel 

Radium 

029 

Feather Motor Power 
Phase A Circuit Breaker 
#2 Engine 

3/2/89 

4 

030 

Feather Motor Power 
Phase A Circuit Breaker 
#3 Engine 

03/02/89' 

21. 	FINAL DESTINATION 22. 	COORDINATION/INITIATING RCC SIGNATURE/DATE 	 23 	00Cu ki E., t  6.4  

DISPATCH FUNCTIONAL 
CODE 

• 

A C 

g4(,-*C: 	C 	'  

• a o 
C4.4,e 	1._ . 

- 

AFLC FORM 958 NOV. 80 
	

PREVIOUS EDITION WILL SC USED 



WORK CONTROL DOCUMENT ( MEDS 	
04CC 

2 CB ORDER NO 2 GUANT,,Y 4 PRODUCTION  SEC RCC 	5 DATE SCHEO CATE COMPLETED 

7 PART NUMBER 8 TECH DA TA 

1C130B-4, 1C130A-4, 00-110N-2, 3, 4 
1C7130-B-1 

0 MOOEL CESIGN•SERIES 11 STOCK NUMBER 12 OPTIONA 

C-1.30 
1'1 SERIAL NUMBER 

ALL. 

.14 NO.. N 
Radiation Hazard 
Handbook 

15 
DISPATCH 
STATION 

(6 

NO 
PERF RCC OP 

 
17 

WORK TO SE ACCOMPLISHED 

"POUND 
XiMMRXIN 

19  

P 

031 Feather Motor Power Phase A 
Circuit. Breaker 
l4 Engine 

03/03/89 

032 Landing Light C/B 	- 
Fig 	1-37, 	1C-130-B-1 
CoPilot's Lower C/B Panel 
Ra 226 

03/02/9 

033 Feather Motor Power C/B 
No. 	1 and No. 	4, Pilots side C/B Panel 
1C-130-13-1, 	Fig 1-32  
Ra 226 

03/02/9 

034 Fuel Qty Power C/B No. 	1 
Pilots Lower C/B Panel 
1C-130-B-1, 	Fig 1-34 
Ra 226 

03/02/9 

21 FINAL DESTINATION 22 	 COORDINATION/INITIATING ACC SIGNATUREMATE 23 	00CumEN • ... 

DISPATCH FUNCTIONAL 
Goof 

A C 

Ali 6 il" C.2 ( 	_ 
S o 

C 1,/,14 14d q e 	I 

AFLC FORM 958 NOV. 80 
	

PREVIOUS EDITION WILL SE USED 



0 

59 
58 

6055 

61 

aa 

(.',4)  83 

86 
87  82 

68 

62 

70 

71 

6 
10 

17 
18 

13 

-1(  
)6?  

7 
12 8  

14 1 3 

22 

33 

31 

29 27 26 
26 

52 

45 

73 
74 

35 

36 	37 

75 
/ 83 

43 	 77 78 

44 	 10 	 79 
• 80 

49 	 / 

67 	
A.) 

28 25 

T.O. 1C-130A-4 

FUSELAGE CONTROLS 

Figure 108. Navigator's Control Panel and Support Installation 

2-682.2 	Change 3 

C - 39 



1 . v. W.. • .■•• • • 

Figure 18C. Electrical System (Ignition) (Quad Compressor Case) 

2-1NIK CHANGE 15 

C - 4o 



T.O. 1C- 130k 4 

FUSELAGE CONTROLS 

111•111111 

9 

• 

20 

57 25 
111 

21 

58 59 

15 
16 

9 

55 

1 
46 

46 
70 

77 
36 

39 

39. 	93 

3
9 

12 	 95 

87 

82 

15 
90 87 

85 
87 

8 
85

2 
 

2.668 Change 1 
PA6e Figure 106. Copilot's Instrument Panel (Sheet 1 al 2) (I 7. 

17 
23 

94 82 

97 91 
92 

63 
35 

93 
83 60 82 

90 118 	93 
79 

88 
81 

96 

65 

12 	 93
91 

93 92 



T.O. 10130A-4 

FUSELAGE CONTROLS 

2.692 	Chants 28 

Figure 110. Control Panel Flight Station Overhead (Sheet 1 of 2) I JUA -14,25.0 



" 7 
a 
10 

59 

12 
13 
21 
22 
53 
3 
35 

12 
21 
13 
23 
25 

26 

27 

48 
19 
45 

66 

62 

T. O. 10130A.4 

FUSELAGE CONTROLS 

4 
3 

68 

82 

81 

58 

9 
10 

59 

6 

66 

12 
60 

14 
so 

5$ 

50 
47 

57 
63 
61 
66 

4 

42 

Figure 104. Pilot's Instrument Panel (Limited) 
2450 	

fila* C-15 



74 

77 
75 

42 

41 

44 

45 

46 

73 
47 

48 

49 

50-- 

• 541  

43 

AF59-1527 AND ON 
AIR FORCE ONLY 

74 

1110•...4 

T.O. 1C-1308.4 

Fes/019s Electrical 

rims 178. Copilot's Sid. Panel (Sheet 2 of 2) 
2.1134 • 



41 
43 

52 

22 

64 

35 

39 

T 0 I XIS 

FUll.likly 1 EIC04.3(14.01 

15 
16 
17 

-----21 

55 

AF 59-1577 AND ON 

85 

44  
43 

53 

57 

15 

81 

16 

81 

17 

44,, 

90 	 - 011s. I/  

19  7' 	'Vas)  1 43 ,.7,00! 

90 	 ()LA y 
20 	

1)111 	 7i3O  
: kly • 43 	, 

1,--  44.(-)1: 
90 

-IS' 	°. 70 70  70 	- 70 70 / 	( ) 
- (I 

r 	• 	•  

AF 57-525 ANO ON 

48 

AF 57-525 AND ON 

11 

71 
54 

AF 58-743 AND ON 

AF tt.)- il(), 4.1 -,48 
AND ON 

Ali: I vi(CE, ONL 

12 

65  

° 

	
74' 

ore 179. Copilot's Distribution P..nels (Sheet 1 of 4) 

- 4/7 
	

21 



RADIO 

96 
45 18 19 42 

79 

80 
81 41 

91 
93 
90 
.99' 
90 

99 

92 
94 
99 
90 

95 
90 
5 
6 

15 
28 90  

31 

.32 

. 39 

46 

34 

100 

100
6  

-16 

55 

24 

25 

5 
6 

7$7 
5 
6 

00 

S 
6 

100 
9 5 

95 

1 
88 
S 
6 
89 
5 
6 
88 

88 
17 

T.O. 1C-130A-4 

Figure 224. Flight Station Radio Junction Box (Shoot 1 of 2) 

21458 



57 

T.O. 1C-13(8.4 

Systems 

45 	 39 

2-1658 

Figure 258. Crew Oxygen Syit.m (8h•st 3 of 3) 
1301)44-1)-012 

  



T.O. 1C-130A-4 

SYSTEMS 
110 

39 	 . 106 

47 
108 

109 
113 

1 

119 

118 

ppqq 
112 

116 0-113 

113 114 

—11.7 

95 

Incurs 280. Mot Static System 

2-1852 



T.O. 1C-130A-4 

FUSELAGE HEATING, VENTILATING AND PRESSURIZATION 

Figure 190. GTC and ATM Ducting (Sheet 1 of 3) 

2-1202 



84 

. I 30A ••4 	/ 

t 	1C130A•4 

RADIO 

Figure 223. Flight Station Radio Junction Box (Sheet 1 of 2) 

2-1450 

C 



FUSELAGE ELECTRICAL 

43 

108 
oe 

109 
ECP 214-1K) 

120 
121 

37 

79 
76 

BO 

81 

77 

123 

39 

84 

TCTO 1C-130A-703 
(ECP 784-1K) Af57-496 TIIRU 57-509 

49 82 

75 

Figure 205. AC-DC Main Power Relay and Switch Panels (Sheet 2 of 2) 

2.1312 	Change 28 



T.O. 1C-130A-4 
FUSELAGE ELECTRICAL 

Figure 199. 'Debt Station Distribution Box and Pilot's Side Panel 

2-1272 

C- 54.1 



OM GM 

00 

o
los so 
■am IN No lag O' 

b. (56  

IN  IN 

22 

000 
tavagoll 111111111.00 

toSeall ...16-105111011014, 
COM" 14

41 
NS MS 

000  

e HAM 	 ■■•1 	 ■, 
IN 	 IMP IMMO 	 ... 
oo8 Cse)5 

	 OM INN 	 NEM 
ON 	kINII 	WM 	MOM I III MI 

om  Z5 6 rO Z7 

	 IMP MP Mat 	• 
oyme■mi ram. unip■I ,■•11019171 OM PP 

O00000 

Airplane AF 63-7815 

Copilot's Lower Circuit Breakev P 

ESSENTIAL 
D C BUS MAIN AC US 

I 

0 

•._ 

3 A. 
b 

	 ME 	  
MEI •■•■■ 	

MEM g■IMEII■ITA 

S000 222 

00 

os:21 Z5noo 

r•■•■•••11 	 • 
Wu 	el 	01 	Oa • MOP OP O

MI
MNI 

0000 00  

w 
cro 9 9. 0 052 

lin= PPM MIR •1111 MOP_ al MIMS 
MN • 	 ie.  a/ gm MO II I= 

0 0 0 0 0 0 0 
me MIN 	 WM MI= COM OM 

=Mk 

r■wellIS 011/...q Itte 
MIMS MB OR WV 668  = " 	I •=s$o_"I a® an a as 

Oa" 000 

WARNING • HIGH VOLTAGE 
00 NOT OPEN COVER VIRILE POWER IS ON 

I EXCEPT FOR IN RIM" EMERGENCIES 

4101 fpl■IM 	ingi Win 4■001111 	 sta 

T.O. 1C-1308-1 

C" - "'cc 
C ■ /* 4+6 e L 

figure 1,37. (Sheet 2 o04) 



,  0 0 0 0  0 0 0  

n wla , 
Q 0 0 

•ti 

 

,•••114.■•■■1 
4■■411111•11ma...■1 

Ls, 

0 

	 44a11•11.1A DA SC 	  
A I al 	 A 	1144401 

f010101 

0 
44. II 

O c  1411 0.14A *AMP 	Met.401 

0000 

0 000000 

O 0 

41 Me. I 66 	41..• 

O 0 0 

4.1.1 	.4. I' 	 • 0 0 0 
VA AA 	COM SI% 	,..44 

51041 	AAA** 	AA NI 10/64.114AIN C UAW,. 	4.4441:1 
AMA. 	14 011 	101410 	lousy owner. 

O 000  0 0 0 
CAR4,111 	 C41444414411 	 voLdolt 	NA. ea 

I POW 	464AV 

rTh 

0 

0 

0 

AIRPLANES AF61-2358 AND UP AND AIRPLANES 

T.O. 1C-1 

       

0 

0 

0 

0 

0 

0 

0 

0 

ESS AC BUS 
BATTERY BUS 

( 
	  54 I_ 44 NA 	  

44, 	 Mai 	r--1141 t40.0111 MASS ...4.41 
AAA 	 At 	A/ 	M ■■• 

0 00  0 000 
tool 	 1 00550 	wi 

	 Awl* 	  

0 0 0  0  0 0 0 , 

MI RAW .Co. .444.444■44.41f- oft walICOI AM. 1 On 4.40 
1144 w t 54414 .1.1 1 404 440 4 	100.1 	41.441, 	■611 

,,000 0 000,  

,000   0  0001  

ESS .AC BUS 
ISOLATED DC BUS 

O Is 
„,.., 

a.14.4.0 {c.a. 

O 0 0 0 0 0 0 
cwispaw nom. CtAAAA 	 C6,.041 

**\ 

0 

0•  

0 

0 

0 

0 

0 

114111tITE 61.14.46 

AIRPLANES AFIS1.23SB THROUGH 63-9817. 	 EMER LOCR XMTR. AIRPLANES 
MODIFIED BY T.O. IC-130-998. 

'XV NOT INSTALLED ON AIRPLANE AF63-7815 'TN 	IL AIRPLANE AF83.7816  

Figure 1-32. (Sheer 2 of 2) 4fe 	.41) 

aN.; 



T.O. 1C-1308.1 

FUSES 
AC INST & ENG 
FUEL CONT BUS 

f----.- wit A II ••••••IwIll COmila01•1 

loG ..0 I 	loG MOI 	DIG NO 1 IMO MO• 

000 
 • 0 0 

A17*
1170 

0 

MI 
77)/ /IC 

II•A•tealuall 

00 

,-.------,watoso .o)it 	 -...-■, 	mini 

loC) 170. 	I oGo0 ) 	loG MO 1 	IMO ea • 	tAitwal 

0000  

,....-...---,,c, AA II:WU/CAI III •■■■•, 	octAg 	 vOtIssIIIII 
IMG 170 I 	loG MO I 	ING 110 I 	IMO ale • 	CAT 	 toICIALIIIA 

	

0000  • 0 	 IP 

,......,NI, I:77M.10f " 

IA III 	111 111 

0 0 
1•1•11 

0 0 0 0 0 

I Wit MUMMY 
'AAA ma I I AMA MCI I I Ara NO 1177171  of)* ll 	to ALM 	IN MI5 	faiatlitit 

0 0 0 0 0 0 0 
I Aloe 	MINI 

/ 

•77t1 $1.0.) 

0 0 0 

ISO 	NO 	INC 	IMO 
NO • 	. 

OW"  6'  O.."  0 

00 0000  0 

0 0 0 0 0 0 0 

r 	I MP. Oat AC Gilt—' 	---1  
11•0•0 III 	 Ali 	 COSI #131 	 MO I 	 (7 

0 0 	

0 

i A 	 la 
0 

. f--- Vol ----, 
we GCVO 

0 0 	0 0 
7A 	 ■• 

• C 0111 A 1MG Hat C0111 etill 
r--.—..---04)141 1101 toll on 0111111141111•—■), 

*MG 1.0 I 	OM MO I 	OW NO 3 	IWO MO A 

0 0 0 0 0 
IA 	 • 	 la, 

Itift 11111 mi) IN01014 COt MIMI. 	 I 
IoG 170 I 	MC. 1101 	1 AK WO 3 	IMO MO 6 IM 	•10O 

0 0 0 0 0 
$A 	 IA 	 IA la 

I 	 0•11•C•1011 II• PIN MON 

1430111 	 WWI? 	Stall Iaill 	1,0■Alio. NAAS 11••10 

0 0 0 0 0 

IA 	 IA 177 

r■11414•300 MI MSS ...1 
1771111 1100/1 	 -717111 MO HI6•411/COM111., 

1007111 	wool 	No, 	..(t t 

0 0 0 0 0 
i• 	IA 	 IA IA 

0 

COPACII1 AC IMO 117111 
r 	CNA COMO A 1:40;" 	Pi.' /MOOS 	WOO A 

MAT 	11110•411111 

0 
• IA 	 ta 

Ple• II • 

0 0 0 0 0 
• IA 	 IA . 	 IA 

PIMAii a 	 1 

0 

0 

0 

O 

0 

0 

Figur* 1-34. Ow 4 of 4) 

	 r/a,;e C 
1.110 	Change 2 

P 



BLANK PAGE 

PAGE C-54d 
CHANGE 1 



002 

003 

AMARC RADIOACTIVE MATERIAL HANDBOOK 

ACFT TYPE: H-1 
	

REF: TM 55-2840-229-27F 
All Models 
	

NAVAIR 01-110HCA-4 
1H-1(U)F-4 

ITEM NO NOMENCLATURE 	 DATE FOUND 

001 . 	NOMEN: Control, ADF 
PN: C2277/ARN 	NSN: 
FIG: 708 	 INDEX: 11 
ISO: Ra 226 	 ACT: 0.017 uCi 

NOMEN: Exciter, Ignition (Spark Gap Tube) 
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Figure 1. Pilot and Static Pressure Systems (Sheet 2) 
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Figure 5. Pitot and Static Pressure Electrical System 
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Electron Tubes 
 

A wide variety of electron tubes have used radioactive material: voltage regulators, spark-gap tubes, voltage 
sensitive switching tubes, glow lamps, etc. In general, such tubes consist of a glass envelope, a fill gas, a 
radioactive source, an anode and an unheated (cold) cathode.  
 

The various radioactive sources that have been used in 
these devices include  H-3, C-14, Co-60, Ni-63, Kr-
85, Cs-137, Pm-147, Pb-210, Ra-226, and Th-232. If 
H-3 or Kr-85 is used, it is typically mixed with the fill 
gas.  The purpose of the radioactive source is to ionize 
the fill gas so that the application of a high voltage 
across the tube results in an instantaneous current. In 
the absence of such a source, the initiation of the 
current would some random event (e.g., light, cosmic 
ray, background gamma ray) to ionize the gas. The 
radioactive source therefore speeds up the operation 
of the tube and ensures that the tube output is steady 
and not subject to random fluctuations. 

In the photo to the right, the tube with the hand-
painted red trefoil is a Western Electric 346B tube that 
contains radium. The solid black tube is a Western 
Electric 346C tube that contains Kr-85. The tubes are 
painted to eliminate the random ionizing events in the 
tube gas that would occur if light got inside. This 
produces a steadier tube performance. 

 

 

 

 



 
Transmit-Receive Tubes.  Their first use seems to have been in the early 1940s when they began to be used 
as transmit-receive (TR) tubes in radar systems. Their purpose was to disconnect the receiver from the 
antenna during transmission. In other words, they acted as a switch. Anti transmit-receive disconnect the 
transmitter from the antenna during reception. These tubes generally employed Co-60, Ra-226 or H-3. 

Voltage Regulator Tubes.  These tubes act as a protection against sudden changes (transients) in high 
voltage. Solid state equipment is particularly susceptible to these transients when it is operating off of AC 
lines.  These types of tubes have usually contained less than 1 uCi of Cs-137, Ni-63, Kr-85, or Pb-210.  Most 
of the voltage regulators and surge arrestors manufactured today are small ceramic cylinders with a thin 
deposit of Ni-63 on one electrode. 

Indicator Lamps. These devices have provided light in many different types of electronic devices including 
cloths washers and dryers, stereos, coffeemakers, and pinball machines. They are often about 25 mm long 
and 2.5 mm in diameter.  Typical activities would be about 20 uCi of H-3, or 0.2 uCi of Kr-85.  NUREG-
1775 indicated that several hundred million were produced during the 1970s.  
 
Glow Lamps or Spark Gap Tubes. According to 
NCRP No. 95, these devices have been used as 
starters for compact fluorescent lamps, and in electric 
blanket thermostats and other specialty products. The 
report (1987) claimed that the annual production of 
these devices was in the millions. The sources 
generally consisted of 1 to 9 uCi of Co-60, Ni-63, Kr-
85, Pm-147, or Th-232.  Today, most fluorescent 
lamp starters use about 5 pCi of Th-232 coated on the 
inside of a glass tube.  The starter is actually a switch 
that applies the high voltage to the fluorescent lamp 
after that latter has been given time to warm up. This 
preheating of the lamp improves its ability to conduct. 

 
 

 



NUREG-1717 provided the following NRC data regarding the annual distribution of electron tubes 
containing byproduct material during the period of 1970 to 1986.  

       Radionuclide          Tubes per Year       uCi per Tube 

            H-3                      8.3  x  106                39  

            Co-60                  3.2  x  104                0.29 

            Ni-63                   7.4  x  104                1.0 

            Kr-85                   7.4 x  107                0.28 

            Cs-137                 1.7  x  104                1.0 

            Pm-147                 2.1  x  106                5.6  

Dose Estimates    

1.  Routine Use.  

NUREG-1717 estimated the doses to an occupant in a home from five electron tubes that contained either, 
H-3, Co-60, Kr-85, Cs-137, or Pm-147. It was assumed that for a given nuclide, each of the five tubes 
contained the activity presented in the previous table. For the calculations, it was assumed that the occupant 
spent 6,000 hours per year in the home. It was also assumed that the average distance to one tube was 1 
meter, the average distance to two tubes was 3 meters and the average distance to the remaining two tubes 
was 6 meters.  The dose was due to the emission of gamma rays and bremsstrahlung.  In the case of tritium, 
the dose was due to airborne tritium  -  a leakage rate from the tubes of 2.5 ppm per hour was assumed. 

        Radionuclide         uCi per Tube   Effective Dose Equivalent 

              H-3                       39                  <0.001 mrem/year  

              Co-60                 0.29                    2 mrem/year 

              Kr-85                  0.28                   0.004 mrem/year 

              Cs-137                 1.0                      2 mrem/year 

              Pm-147                 5.6                   <0.001 mrem/year  

NUREG-1717 also calculated the dose to an individual exposed to a single tube in a work environment. In 
this scenario, the individual was 1 meter away from the tube for 2,000 hours per year.  In the case of a tritium 
containing tube, it was assumed that the equilibrium concentration in the air due to leakage was 4.9 pCi/m3. 
The resulting effective dose equivalents when the tube contained the maximum activity allowed by the 



exemptions were as follows: 

         Radionuclide         uCi per Tube       Effective Dose Equivalent 

               H-3                      150                     5 mrem/year  

              Co-60                   0.29                    2 mrem/year 

               Kr-85                  0.28                   0.1 mrem/year 

               Cs-137                  1.0                     2 mrem/year 

               Pm-147                 5.6                 0.001 mrem/year  

2.  Accidents and Misuse 

NUREG-1717 estimated the doses due to a variety of non-routine situations (e.g., carrying a tube in a pocket, 
residential fires and warehouse fires), but the largest dose by far was due to the crushing of a microwave 
receiver protector tube containing the maximum activity of tritium permitted by the exemption (150 mCi). 
The potential dose to an individual crushing such a tube was estimated at 1000 mrem (1 rem).  

Pertinent Regulations  

30.15 Certain items containing byproduct material.  

(a) Except for persons who apply byproduct material to, or persons who incorporate  

byproduct material into, the following products, or persons who initially transfer for sale or distribution the 
following products containing byproduct material, any person is exempt from the requirements for a license 
set forth in section 81 of the Act and from the regulations in parts 20 and 30 through 36 and 39 of this 
chapter to the extent that such person receives, possesses, uses, transfers, owns, or acquires the following 
products:  

. . . . .  

(8) Electron tubes: Provided, That each tube does not contain more than one of the following specified 
quantities of byproduct material:  

(i) 150 millicuries of tritium per microwave receiver protector tube or 10 millicuries of tritium per any other 
electron tube;  

(ii) 1 microcurie of cobalt-60;  

(iii) 5 microcuries of nickel-63;  



(iv) 30 microcuries of krypton-85;  

(v) 5 microcuries of cesium-137;  

(vi) 30 microcuries of promethium-147;  

And provided further, That the levels of radiation from each electron tube containing byproduct material do 
not exceed 1 millirad per hour at 1 centimeter from any surface when measured through 7 milligrams per 
square centimeter of absorber.  

For purposes of this paragraph ‘‘electron tubes’’ include spark gap tubes, power tubes, gas tubes including 
glow lamps, receiving tubes, microwave tubes, indicator tubes, pickup tubes, radiation detection tubes, and 
any other completely sealed tube that is designed to conduct or control electrical currents.  
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DEPARTMENT OF DEFENSE 

 

Department of the Navy 

 

  

Record of Decision for the Disposal and Reuse of Naval Air  

Warfare Center, Aircraft Division, Warminster, PA 

 

SUMMARY: The Department of the Navy (Navy), pursuant to Section  

102(2)(C) of the National Environmental Policy Act of 1969 (NEPA), 42  

U.S.C. 4332(2)(C) (1994), and the regulations of the Council on  

Environmental Quality that implement NEPA procedures, 40 CFR parts  

1500-1508, hereby announces its decision to dispose of Naval Air  

Warfare Center, Aircraft Division, Warminster (NAWC), which is located  

in Bucks County, Pennsylvania. 

    Navy analyzed the impacts of the disposal and reuse of NAWC  

Warminster in an Environmental Impact Statement (EIS), as required by  

NEPA. The EIS analyzed four reuse alternatives and identified the  

Proposed Reuse Plan, Naval Air Warfare Center, Bucks County, approved  

on June 10, 1997, (Reuse Plan) as the Preferred Alternative. The  

Preferred Alternative proposed to use the base for residential,  

commercial, municipal, and assisted living activities; to provide low  

income and homeless assistance services; to develop public parks and  

recreational areas; and to build access roads. The Federal Lands Reuse  

Authority of Bucks County (FLRA) is the Local Redevelopment Authority  

(LRA) for NAWC Warminster. Department of Defense Rule on Revitalizing  

Base Closure Communities and Community Assistance (DoD Rule), 32 CFR  

176.20(a). 

    Navy intends to dispose of NAWC Warminster in a manner that is  

consistent with the Reuse Plan. Navy has determined that the proposed  

mixed land use will meet the goals of achieving local economic  

redevelopment, creating new jobs, and providing additional housing,  

while limiting adverse environmental impacts and ensuring land uses  

that are compatible with adjacent property. This Record of Decision  

does not mandate a specific mix of land uses. Rather, it leaves  

Note: EPA no longer updates this information, but it may 
be useful as a reference or resource.

Federal Register Environmental Documents
Last updated on Monday, November 21st, 2011.
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selection of the particular means to achieve the proposed redevelopment  

to the acquiring entities and the local zoning authorities. 

 

Background 

 

    Under the authority of the Defense Base Closure and Realignment Act  

of 1990 (DBCRA), Public Law 101-510, 10 U.S.C. 2687 note (1994), the  

1991 Defense Base Closure and Realignment Commission recommended the  

realignment of Naval Air Development Center, Warminster. This  

recommendation was approved by President Bush and accepted by the One  

Hundred Second Congress in 1991. 

    As a result of the 1991 realignment, most of the Warminster  

Development Center's aircraft systems research and development and test  

and evaluation functions moved to Naval Air Warfare Center, Aircraft  

Division, Patuxent River, Maryland. On January 1, 1992, the remaining  

facilities, i.e., the inertial guidance laboratory (Building 108), the  

navigation equipment laboratory (Building 125), the communications  

systems laboratory (Building 138), the dynamic flight simulator  

(Buildings 70 and 72), the family housing units, and the Oreland Open  

Water Test Facility, a 15-acre non-contiguous site located about eight  

miles southwest of NAWC Warminster in Montgomery County, Pennsylvania,  

were renamed Naval Air Warfare Center, Aircraft Division, Warminster. 

    The 1995 Defense Base Closure and Realignment Commission modified  

the 1991 Commission's recommendation by directing Navy to close NAWC  

Warminster, including the Oreland Open Water Test Facility. The 1995  

Commission's recommendation was 
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approved by President Clinton and accepted by the One Hundred Fourth  

Congress in 1995. The base closed on September 30, 1996. 

    With the exception of the Oreland facility, all of the property  

comprising NAWC Warminster is located in the southern part of Bucks  

County, Pennsylvania, about 18 miles north of Center City Philadelphia.  

This property covers 824 acres and lies within three municipalities.  

Most of the property, about 609 acres, is located in Warminster  

Township. About 46 acres in the northwest corner of the base are  

located in Ivyland Borough. The remaining 169 acres in the eastern part  

of the base are located in Northampton Township. Navy controls an  

additional 38 acres in Northampton Township by way of easements for air  

operations. Disposal and reuse of the Oreland Open Water Test Facility  

in Montgomery County were treated in a separate environmental analysis  

and document. 

    The base is oriented along an east-west axis with irregularly  

shaped borders. It is bounded on the west by a Southeastern  

Pennsylvania Transportation Authority railroad line; on the north by  

Kirk Road, Newtown Road, and Bristol Road; on the east by New Road; and  

on the southwest by Street Road. In the western part of the base,  

Jacksonville Road crosses the property in a northeast-southwest  

alignment and connects Kirk Road to Street Road. In the eastern part of  

the base, Bristol Road crosses the property in a northwest-southeast  

orientation, and Hatboro Road links Bristol Road to New Road. 

    Navy will retain certain NAWC Warminster properties, i.e., six  

single-family houses, 40 multi-family residential units, and related  

support buildings that serve 205 military families. In August 1995,  

Navy transferred these properties, covering 67 acres, to Naval Air  

Station Joint Reserve base, Willow Grove, Pennsylvania. 

    This Record Of Decision addresses the disposal and reuse of those  

parts of NAWC Warminster that are surplus to the needs of the Federal  

Government. This surplus property, covering 757 acres, contains about  
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162 buildings and structures that provide about 1.7 million square feet  

of space. The base contains aviation facilities consisting of an 8,000- 

foot east-west runway, an aircraft parking apron covering about 11  

acres, a hangar, an air traffic control tower, and a fire station. The  

surplus property also contains research and development facilities,  

laboratory facilities, industrial facilities, administrative offices,  

personnel support facilities, medical facilities, and recreational  

facilities. 

    Navy expects to convey about 287 acres of surplus property in the  

western part of the base to the Federal Lands Reuse Authority by way of  

an economic development conveyance. Of that total, about 261 acres  

located in Warminster Township, including the western end of the runway  

and the main complex of buildings (Buildings 1, 2, and 3), will be  

redeveloped as a business complex. About 26 acres located in Ivyland  

Borough will be redeveloped as a residential area. 

    The remaining 470 acres of surplus property have been or will be  

conveyed by way of various kinds of public benefit conveyances. On  

September 19, 1997, Navy assigned about 125 acres in the eastern end of  

the base to the United States Department of the Interior for subsequent  

conveyance to Northampton Township for use as parks and recreational  

areas. Subsequently, about 32 of those 125 acres were made available  

for construction of a school and related recreational facilities for  

the Council Rock School District. On November 18, 1997, Navy assigned  

about two acres at the northern tip of the eastern end of the base to  

the United States Department of Education for subsequent conveyance to  

Northampton Township for use as a fire fighter training facility. 

    On January 7, 1998, Navy assigned about 38 acres in the eastern  

part of the base to the United States Department of Health and Human  

Services for subsequent conveyance to Northampton Township for use as  

an assisted living facility for senior citizens. On October 27, 1998,  

Navy assigned about two acres in the eastern end of the base to the  

United States Department of Health and Human Services for subsequent  

conveyance to Northampton Township. The Township will build a well on  

this property to increase the capacity of its existing municipal water  

system. 

    On March 18, 1999, Navy assigned about 31 acres and the inertial  

guidance laboratory (Building 108), located in the south central part  

of the base, to the United States Department of Education for  

subsequent conveyance to Pennsylvania State University for use as an  

applied research laboratory. 

    Navy will assign about 255 acres in the western and central parts  

of the base to the United States Department of the Interior for  

subsequent conveyance to Warminster Township for use as parks and  

recreational areas, access roads and open space. 

    Navy will assign nine acres and the base's wastewater treatment  

plant in the western end of the base to the United States Department of  

Health and Human Services for subsequent conveyance to the Warminster  

Municipal Authority. Navy will assign about two acres in the western  

part of the base adjacent to the dynamic flight simulator (Buildings 70  

and 72) to the United States Department of Health and Human Services  

for subsequent conveyance to Bucks County, which will build a facility  

for its county coroner. 

    Of the remaining six acres of surplus Federal property, Navy will  

assign two acres to a private homeless assistance provider and four  

acres to Bucks County. They will provide low income and homeless  

assistance services in accordance with four legally binding agreements  

between the FLRA and homeless assistance providers that were approved  

by the United States Department of Housing and Urban Development. 

    Navy published a Notice Of Intent in the Federal Register on  

September 19, 1995, announcing that Navy would prepare an EIS for the  
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disposal and reuse of NAWC Warminster. On October 12, 1995, Navy held a  

public scoping meeting at the Longstreth Elementary School in  

Warminster, and the scoping period concluded on November 1, 1995. 

    Navy distributed the Draft EIS (DEIS) to Federal, State, and local  

agencies, elected officials, interested parties, and the general public  

on January 3, 1997, and commenced a 45-day public review and comment  

period. During this period, Federal, State, and local agencies,  

community groups and associations, and interested persons submitted  

oral and written comments concerning the DEIS. On January 28, 1997,  

Navy held a public hearing at the Warminster Township Building to  

receive comments on the DEIS. 

    Navy's responses to the public comments were incorporated in the  

Final EIS (FEIS), which was distributed to the public on December 24,  

1998, for a review period that concluded on January 25, 1999. Navy  

received two letters commenting on the FEIS. 

 

Alternatives 

 

    NEPA requires Navy to evaluate a reasonable range of alternatives  

for the disposal and reuse of this surplus Federal property. In the  

FEIS, Navy analyzed the environmental impacts of four reuse  

alternatives. Navy also evaluated a ``No Action'' alternative that  

would leave the property in caretaker status with Navy maintaining the  

physical condition of the property, providing a security force, and  

making repairs essential to safety. 

    On February 1, 1995, the Board of Commissioners of Bucks County  

established the Federal Lands Reuse Authority of Bucks County. Bucks 

 

[[Page 59166]] 

 

County Ordnance No. 89. The FLRA would prepare a reuse plan for the  

NAWC Warminster property to be available as a result of the 1991 round  

of Defense Base Closures and Realignments. In March 1995, the FLGA  

adopted a proposed reuse plan entitled Naval Air Warfare Center, Bucks  

County, Pennsylvania, Reuse Plan. Navy identified this initial reuse  

plan as the Preferred Alternative in the DEIS dated December 1996. In  

1997, the FLRA changed its reuse plan and incorporated those parts of  

the base that Navy had retained under the 1991 realignment but  

subsequently declared surplus as a result of the 1995 closure decision.  

The FLRA adopted the Proposed Reuse Plan, Naval air Warfare Center,  

Bucks County, Pennsylvania, as its final plan on June 10, 1997. FLRA  

Resolution No. 25-97. 

    The Reuse Plan, identified in the FEIS as the Preferred  

Alternative, proposed a mix of land uses. The Preferred Alternative,  

proposed a mix of land uses. The Preferred Alternative would use 26  

acres for residential purposes; 292 acres for a business complex; 38  

acres for an assisted living facility; 13 acres for public health and  

safety facilities; six acres for low income and homeless assistance  

services; 18 acres for access roads and open space; and 370 acres for  

parks and recreational activities. This Alternative would not use the  

runway for aviation activities. It will be necessary to make extensive  

utility infrastructure and roadway improvements to support the Reuse  

Plan's proposed redevelopment of NAWC Warminster. 

    The Preferred Alternative would use 68 acres west of Jacksonville  

Road for commercial activities. Within these 68 acres on the western  

end of the property, this Alternative proposed to use the main complex  

(Buildings 1, 2, and 3) and the dynamic flight simulator (Buildings 70  

and 72) for research and development in ways similar to Navy's  

historical uses of those buildings. In the southeastern part of this  

area, the Preferred Alternative proposed to use the dispensary  
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(Building 16) for low income and homeless assistance services. 

    East of Jacksonville Road and north of Street Road, the Preferred  

Alternative would build a 187-acre business complex providing about 1.5  

million square feet of new construction. The Preferred Alternative  

would use part of the runway to build new access roads to serve this  

business complex. In the northern part of the complex, this Alternative  

would use the base's fire station as a municipal fire station. In the  

southeastern part of this complex, the aircraft flight equipment  

laboratory (Building 80) would be used for low income and homeless  

assistance services. 

    In Ivyland Borough, north of the proposed business complex, east of  

Jacksonville Road, and southwest of Kirk Road, the Preferred  

Alternative proposed to build a 26-acre single-family residential  

complex adjacent to the officers housing retained by Navy. This  

residential complex would provide between 150 and 200 new homes. 

    The central part of the base, east of the business complex and  

southwest of Bristol Road, would be reserved for parks and recreational  

activities. This area would cover the eastern part of the runway. The  

parks and recreational areas would extend northwest to the new  

residential complex and southwest along the 187-acre business complex  

to the southern boundary of the property. The Preferred Alternative  

would use Quarters A and Quarters B here for low income and homeless  

assistance services. 

    South of the parks and recreational areas and adjacent to the  

enlisted housing retained by Navy, the Preferred Alternative proposed  

to use 37 acres for another business complex that would include use of  

the inertial guidance laboratory (Building 108) in a manner similar to  

Navy's historical use of that building. 

    On 125 acres at the eastern end of the base in Northampton  

Township, the Preferred Alternative would develop parks and  

recreational areas. On two acres at the northern tip of the eastern end  

of the base, this Alternative would build a fire station. At the  

eastern end of the base, it would build a municipal drinking water well  

and pump facility. On the remaining surplus property, north of Hatboro  

Road, it would build as assisted living facility on 38 acres that would  

support about 500 senior residents. 

    Navy analyzed a second ``action'' alternative, described in the  

FEIS as the University/Institutional Alternative. This Alternative was  

identified in the DEIS as the Preferred Alternative and reflects the  

FLRA's March 1995 reuse plan. The University/Institutional Alternative  

proposed land uses similar to those in the Reuse Plan, but provided  

more intense development and less parks and recreational areas. 

    West of Jacksonville Road, the University/Institutional Alternative  

would use 46 acres to develop a business complex. This Alternative also  

proposed to use the dynamic flight simulator (Buildings 70 and 72) for  

research and development in a manner similar to Navy's historical use  

of those buildings. Additionally, it proposed to build university and  

institutional facilities on 12 acres west of Jacksonville Road. On  

these 12 acres, the navigation equipment laboratory (Building 125) and  

the communications systems laboratory (Building 138) would also be used  

for university and institutional activities. This Alternative proposed  

to use Building 16 west of Jacksonville Road for low income and  

homeless assistance services. 

    On 159 acres east of Jacksonville Road, the University/ 

Institutional Alternative would build an industrial and business  

complex providing 1,850,000 square feet of new construction. On the  

southern end of this complex, it proposed to build a 50,000 square foot  

hotel and conference center on ten acres facing Street Road. On the  

northern edge of the complex, this Alternative would use the base's  

fire station as a municipal fire station. In the southeastern part of  

Page 5 of 15Record of Decision for the Disposal and Reuse of Naval Air Warfare Center, Aircraft Division, Warminst...

11/21/2011mhtml:file://\\nusaikfp1\Projects\Government\NAS JRB Willow Grove\WG HRA\Appendix E - Documen...



the complex, this Alternative proposed to use Building 80 for low- 

income and homeless assistance services. It would also maintain open  

space along the boundary between the hotel and Building 80. 

    In Ivyland Borough, north of the business complex, east of  

Jacksonville Road, and southwest of Kirk Road, the University/ 

Institutional Alternative proposed to build a 26-acre single-family  

residential complex adjacent to the officers housing retained by Navy.  

This residential complex would provide between 150 and 200 new homes. 

    East of this residential area and south of Kirk Road, the  

University/Institutional Alternative would provide 25 acres for  

municipal purposes. This Alternative would also use parts of the runway  

and aircraft parking apron to build new access roads. 

    The central part of the base, east of the industrial/business  

complex and the municipal area and south of Kirk Road, Newtown Road,  

and Bristol Road, would be reserved for parks and recreational  

activities. This area would cover the eastern part of the runway. The  

University/Institutional Alternative would use Quarters A and Quarters  

B here for low income and homeless assistance services. 

    The University/Institutional Alternative would use the inertial  

guidance laboratory (Building 108), located south of the parks and  

recreational areas and adjacent to the enlisted housing retained by  

Navy, in a manner similar to Navy's historical use of that building.  

Northeast of the laboratory, this Alternative would use 84 acres to  

build an educational complex serving about 2,000 students. 
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    On 125 acres at the eastern end of the base in Northampton  

Township, the University/Institutional Alternative would develop parks  

and recreational areas. On the northern and eastern tips of the eastern  

end of the property, this Alternative would provide five acres for  

municipal uses. On the remaining surplus property, north of Hatboro  

Road, it would build an assisted living facility on 38 acres that would  

support about 500 senior residents. 

    Navy analyzed a third ``action'' alternative, described in the FEIS  

as the Residential Alternative. Under this Alternative, the property  

east of Jacksonville Road would be developed for residential uses and  

recreational facilities. 

    West of Jacksonville Road, the Residential Alternative would use 46  

acres to develop a business complex. This Alternative also proposed to  

use the dynamic flight simulator (Buildings 70 and 72) for research and  

development in a manner similar to Navy's historical use of those  

buildings. 

    Additionally, it proposed to use 12 acres and Buildings 125 and 138  

for university and institutional activities. This Alternative also  

proposed to use Building 16 west of Jacksonville Road for low income  

and homeless assistance services. 

    On 65 acres east of Jacksonville Road, the Residential Alternative  

would build an industrial and business complex providing about 636,000  

square feet of new construction. Northeast of the complex, this  

Alternative would use the base's fire station as a municipal fire  

station. 

    In Ivyland Borough, northeast of the business complex, east of  

Jacksonville Road, and southwest of Kirk Road, the Residential  

Alternative proposed to build a 26-acre single-family residential  

complex adjacent to the officers housing retained by Navy. This  

residential complex would provide about 175 new homes. East of the  

residential area and the industrial/business complex, the Residential  

Alternative would develop parks and recreational areas. 

    In the central part of the base, east of the parks and recreational  
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areas and southwest of Bristol Road, the Residential Alternative would  

build a 250-acre golf course and residential community consisting of  

400 residential units. This area would cover the eastern part of the  

runway. This Alternative would use Quarters A and Building 80 here for  

low income and homeless assistance services. 

    Southwest of the golf course community and east of the industrial  

and business complex and parks and recreational areas, the Residential  

Alternative would reserve open space. South of the golf course  

community, this Alternative would develop additional parks and  

recreational areas. This Alternative would use Quarters B here for low  

income and homeless assistance services. South of the golf course  

community, between the additional parks and recreational areas and the  

enlisted housing retained by Navy, it would use the inertial guidance  

laboratory (Building 108) in a manner similar to Navy's historical use  

of that building. 

    On 125 acres at the eastern end of the base in Northampton  

Township, the Residential Alternative would develop additional parks  

and recreational areas. On the remaining surplus property, north of  

Hatboro Road, this Alternative would build an assisted living facility  

on 38 acres that would support about 500 senior residents. 

    Navy analyzed a fourth ``action'' alternative, described in the  

FEIS as the Aviation Alternative. Using 3,800 feet of the 8,000-foot  

runway, this Alternative would develop a general aviation airport on  

168 acres. The airport would support single engine and twin engine  

propeller aircraft and light cargo turboprop aircraft. By the year  

2010, projected air operations for this airport could range from 20,400  

to 215,500 general aviation operations annually. 

    The remainder of the surplus property would be dedicated to uses  

compatible with a general aviation airport. These uses would include 58  

acres for a business complex; 284 acres for industrial and commercial  

activities; ten acres for a hotel and conference center; 162 acres for  

parks and recreational activities; and 41 acres for access roads and  

open space. This Alternative would develop more intense industrial,  

research and development, and aviation activities than the other reuse  

alternatives. 

    West of Jacksonville Road, the Aviation Alternative would build a  

business complex on 58 acres. This Alternative proposed to use the  

dynamic flight simulator (Buildings 70 and 71) for research and  

development in a manner similar to Navy's historical use of those  

buildings. It also proposed to use Building 16 west of Jacksonville  

Road for low income and homeless assistance services. 

    East of Jacksonville Road, north and east of the runway, and  

southwest of Bristol Road, the Aviation Alternative would use 284 acres  

to develop a 4,900,000 square foot industrial and business complex.  

This Alternative would use Quarters A here for low income and homeless  

assistance services. South of the runway, the Alternative would use 77  

acres to support aviation operations with hangars, maintenance  

facilities, and aircraft tiedown areas. It would also use seven acres  

here to build a passenger terminal. 

    On the southern end of the property, south of the aviation support  

facilities, this Alternative proposed to build a 50,000 square foot  

hotel and conference center on ten acres facing Street Road. East of  

the passenger terminal, it would use Building 80 and Quarters B for low  

income and homeless assistance services. This Alternative would  

maintain open space along the boundary between the hotel and Building  

80. 

    South of the industrial and business complex, between the aviation  

support facilities and the enlisted housing retained by Navy, the  

Aviation Alternative would use the inertial guidance laboratory  

(Building 108) in a manner similar to Navy's historical use of that  
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building. On 162 acres at the eastern end of the base in Northampton  

Township, this Alternative would develop parks and recreational  

activities. 

 

Environmental Impacts 

 

    Navy analyzed the direct, indirect, and cumulative impacts of the  

disposal and reuse of this surplus Federal property. The EIS addressed  

impacts of the Preferred Alternative, the University/Institutional  

Alternative, the Residential Alternative, the Aviation Alternative, and  

the ``No Action'' Alternative for each alternative's effects on land  

use, socioeconomics, community services, transportation, air quality,  

noise, infrastructure, cultural resources, natural resources, and  

petroleum and hazardous substances. This Record of Decision focuses on  

the impacts that would likely result from implementation of the Reuse  

Plan, identified in the FEIS as the Preferred Alternative. 

    The Preferred Alternative would not have an significant impact on  

land use. Implementation of the Preferred Alternative would result in  

the continuing use and further development of the property as a  

technology research and development center. There would be more  

commercial, industrial, and office activities, additional housing (for  

single-family) and assisted living), various municipal activities, and  

extensive parks and recreational areas. 

    The existing airfield would not be used, and parts of the runway  

would be converted into roadways and parking areas. Access to the  

property would be gained from the existing roadway network of  

Jacksonville Road, Street 
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Road, Kirk Road, Newton Road, Bristol Road, Hatboro Road, and New Road. 

    The land uses proposed in the Preferred Alternative would be  

generally compatible with each other and with adjacent off-base land  

uses. However, development of the new facilities and activities would  

result in a substantial increase in use of the property's open space  

and a significant change from the existing airfield to various proposed  

uses. Zoning changes will be required for the assisted living facility,  

the parks and recreational areas, the firehouse, and the municipal  

well. In Ivyland Borough, it would be necessary to rezone the proposed  

site of the Reuse Plan's 150 to 200 housing units to accommodate the  

resultant increase in residential density. 

    The Reuse Plan would not have any significant impact on the  

socioeconomics of the surrounding area. The Preferred Alternative would  

build 150 to 200 new homes in that part of NAWC Warminster located in  

Ivyland Borough, providing housing for an additional 400 to 600  

persons. The proposed 250,000 square foot assisted living facility  

would provide housing for about 500 senior residents. 

    By the year 2010, this Alternative would create about 6,850 direct  

jobs and 7,504 indirect jobs that would generate about $181 million in  

direct payroll earnings and $151 million in indirect earnings. The  

Preferred Alternative would also generate an estimated $1.305 million  

annually in property tax revenue. 

    The Preferred Alternative would not have any significant impact on  

community services. By the year 2010, the Preferred Alternative would  

generate an increase of 1,610 school age children living in the area.  

Since this increase in student population would not be reached until  

the year 2010, there is sufficient time for local school districts to  

prepare for this impact from the reuse of NAWC Warminster as well as  

other unrelated demographic changes in the region. Additionally,  

property tax revenues that support local school systems would increase  
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as property previously owned by the Federal Government became taxable. 

    The redevelopment of NAWC Warminster would increase the demand on  

local communities for fire and police protection services. Closure of  

the Navy fire station on the base resulted in dissolution of the mutual  

aid agreements among local fire departments. Thus Warminster Township  

is considering hiring full-time fire department employees to supplement  

the volunteers who currently provide fire protection services. It would  

also be necessary for Ivyland Borough to expand its fire and police  

protection services to accommodate the redevelopment of NAWC  

Warminster. However, implementation of the Preferred Alternative would  

increase local government revenues by expanding the property tax base,  

and these revenues would assist in expanding fire and police protection  

services. 

    The Preferred Alternative would increase the number of recreational  

facilities in the region. Under this Alternative, additional passive  

recreational resources, such as nature and picnic areas and athletic  

fields, would be available to the public. 

    The Preferred Alternative would have a significant impact on  

transportation. By the year 2010, this Alternative would generate about  

15,370 average daily trips. The traffic generated by the Reuse Plan  

would cause considerable delays at eight intersections in the vicinity  

of NAWC Warminster. Six of these intersections would operate at  

unacceptable levels of service during peak commuting hours.  

Implementing mitigation measures, such as signal modifications,  

additional lanes, staggered work hours, and ride sharing, could reduce  

the traffic impacts. Even with these improvements, however, there would  

be significant impacts at certain intersections for which mitigation is  

not feasible. 

    The Preferred Alternative would not have any significant impact on  

air quality. The base is located in a severe nonattainment area for  

ozone as regulated by the Clean Air Act, 42 U.S.C. 7401-7671a (1994).  

Ozone, commonly known as smog, is produced when volatile organic  

compounds and nitrogen oxides react in the atmosphere. The base is in  

attainment for all other common air pollutants regulated under the  

Clean Air Act. However, emissions of one common air pollutant, carbon  

monoxide (CO), would increase under the Reuse Plan. 

    Carbon monoxide is produced by the burning of fossil fuels. As a  

result of increased vehicular traffic moving to and from the property,  

the annual emissions of CO would increase under the Reuse Plan.  

Nevertheless, there would be no violation of the national standards for  

carbon monoxide. 

    The impact on air quality that could arise from sources of  

stationary emissions, such as heating units, would depend upon the  

nature and extent of activities conducted on the property. Developers  

of future facilities would be responsible for obtaining the required  

air permits and for complying with Federal, State and local laws and  

regulations governing air pollution. Temporary impacts on air quality  

resulting from construction activities would not be significant. 

    Section 176(c) of the Clean Air Act, 42 U.S.C. 7506 (1994),  

requires Federal agencies to review their proposed activities to ensure  

that these activities do not hamper local efforts to control air  

pollution. Section 176(c) prohibits Federal agencies from conducting  

activities in air quality areas such as Bucks County that do not meet  

one or more of the national standards for ambient air quality, unless  

the proposed activities conform to an approved implementation plan. The  

United States Environmental Protection Agency regulations implementing  

Section 176(c) recognize certain categorically exempt activities.  

Conveyance of title to real property and certain leases are  

categorically exempt activities. 40 CFR 93.153(c)(2) (xiv) and (xix).  

Therefore, the disposal of NAWC Warminster will not require Navy to  
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conduct a conformity determination. 

    The Preferred Alternative would not have any significant impact on  

noise. During reuse, a gradual increase in ambient noise levels would  

arise out of the increased vehicular traffic. At four of the six sites  

analyzed, noise increases in the early morning hours would be  

perceptible to the human ear, i.e., greater than three decibels.  

However, the existing noise levels near the residential areas are  

typical of a suburban neighborhood and are already high. 

    The Preferred Alternative would not have any significant impact on  

infrastructure and utilities. It would be necessary gradually to  

replace and upgrade the electrical distribution system. The Reuse  

Plan's projected daily demand for potable water would exceed Navy's  

historical usage and would require additional sources of water. It  

would be necessary to extend the Warminster Municipal Authority's water  

distribution system to the base and incorporate a drinking water well  

on the base into that system. 

    The proposed redevelopment of NAWC Warminster would require an  

increase in wastewater treatment capacity. The acquiring entities could  

use the base's wastewater treatment plant to provide adequate treatment  

capacity for the proposed redevelopment of NAWC Warminster. When  

operating this plant, they would be subject to the requirements of the  

National Pollutant Discharge Elimination System (NPDES) permit program.  

Similarly, stormwater must be managed in accordance with Federal,  

State, and local laws and regulations. 
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Thus, the acquiring entities would be responsible for constructing  

adequate drainage facilities. 

    The Preferred Alternative would generate about three tons of solid  

waste per day more than Navy did when the base was operational. There  

is adequate disposal capacity to accommodate this increase in waste,  

and no significant impact is likely. 

    The Preferred Alternative would not have any significant impact on  

cultural resources. Pursuant to Section 106 of the National Historic  

Preservation Act, 16 U.S.C. 470f (1994), Navy performed a cultural  

resource survey and determined that seven structures are eligible for  

listing on the National Register of Historic Places. In a letter dated  

May 6, 1998, the Pennsylvania State Historic Preservation Officer  

(SHPO) stated that only three of the seven structures satisfied  

eligibility requirements. The three structures at NAWC Warminster  

determined to be eligible for listing on the Register are the inertial  

guidance laboratory (Building 108), the ejector seat test facility  

(Structure 361), and the centrifuge (Building 70). The Reuse Plan  

proposes to use the inertial guidance laboratory and the centrifuge in  

ways similar to Navy's historical uses. The ejector seat test facility  

will be used to support communications antennas. 

    There are no known archaeological sites at NAWC Warminster that are  

eligible for listing on the National Register. However, the cultural  

resource survey identified archaeologically sensitive areas within  

parts of NAWC Warminster proposed for disposal and reuse, i.e., at  

Quarters A and Quarters B. Depending upon the location and design of  

particular redevelopment projects, potential archaeological resources  

in these areas could be affected by construction activities. 

    Navy has completed consultation pursuant to Section 106 of the  

National Historic Preservation Act with the Advisory Council on  

Historic Preservation and the Pennsylvania State Historic Preservation  

Officer. These consultations identified measures that the acquiring  

entities must take to avoid or mitigate adverse impacts on the eligible  

structures and the archaeologically sensitive areas. These measures  
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were set forth in a Programmatic Agreement among Navy, the Advisory  

Council on Historic Preservation, and the Pennsylvania State Historic  

Preservation Officer, dated December 9, 1998. This Programmatic  

Agreement requires the incorporation of restrictive deed covenants for  

each of the structures in the documents conveying the property. These  

covenants require subsequent owners of the property to obtain written  

permission from the SHPO before undertaking any alterations to the  

three eligible structures and before engaging in any activities that  

would disturb the ground in the archaeologically sensitive areas. 

    The Preferred Alternative would not have any significant impact on  

upland vegetation and wildlife. The existing vegetation in the vicinity  

of the runway, taxiways, and developed areas consists largely of  

maintained lawns and ornamental and naturally occurring trees and  

shrubs. The redevelopment of these areas would reduce the vegetation in  

these low value habitats. Navy did not actively use the property east  

of the runway when the base was operational and leased it for farming.  

The proposed redevelopment of this area would result in a change from  

agricultural activities to parks and recreational uses. 

    Navy determined that there were no Federally-listed threatened or  

endangered species at NAWC Warminster as defined by the Endangered  

Species Act of 1973, 16 U.S.C. 1531-1544 (1994). Therefore, the  

disposal and reuse of NAWC Warminster would not have any adverse effect  

on Federally-listed threatened or endangered species. In letters dated  

September 14, 1995 and November 21, 1995, the United States Fish and  

Wildlife Service concurred in Navy's determination. 

    There are several freshwater wetlands on the base that cover about  

three acres. The Reuse Plan did not provide detailed site plans for the  

proposed redevelopment. Thus, the impact on these wetlands cannot be  

fully assessed. Future redevelopment plans that may affect wetlands  

will be subject to the wetland regulations that implement Section 404  

of the Clean Water Act, 33 U.S.C. 1344 (1994). These regulations are  

set forth at 33 CFR part 323, and are enforced by the United States  

Army Corps of Engineers. Implementation of the Preferred Alternative  

would not have any impact on floodplains, because NAWC Warminster does  

not lie within 100-year or 500-year floodplains. 

    The Preferred Alternative would not have any significant impact on  

the environment as a result of the use of petroleum products or the use  

or generation of hazardous substances by the acquiring entities.  

Hazardous materials used and hazardous waste generated by the Reuse  

Plan will be managed in accordance with Federal and State laws and  

regulations. 

    Implementation of the Preferred Alternative would not have any  

impact on existing environmental contamination at NAWC Warmister. Navy  

will inform future property owners about the environmental condition of  

the property and may, when appropriate, include restrictions,  

notifications, or covenants in deeds to ensure the protection of human  

health and the environment in light of the intended use of the  

property. 

    Executive Order 12898, Federal Actions to Address Environmental  

Justice in Minority Populations and Low-Income Populations, 3 CFR 859  

(1995), requires that Navy determine whether any low income and  

minority populations will experience disproportionately high and  

adverse human health or environmental effects from the proposed action.  

Navy analyzed the impacts on low income and minority populations  

pursuant to Executive Order 12898. The FEIS addressed the potential  

environmental, social, and economic impacts associated with the  

disposal of NAWC Warminster and subsequent reuse of the property under  

the various proposed alternatives. Minority and low income populations  

residing within the region would not be disproportionately affected.  

Indeed, the employment opportunities, housing and public services  
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generated by implementing the Reuse Plan would have beneficial effects. 

    Navy also analyzed the impacts on children pursuant to Executive  

Order 13045, Protection of Children from Environmental Health Risks and  

Safety Risks, 3 CFR 198 (1998). Under the Preferred Alternative, the  

largest concentration of children would be present in the residential  

and recreational areas. The Preferred Alternative would not pose any  

disproportionate environmental health or safety risks to children. 

 

Mitigation 

 

    Implementation of Navy's decision to dispose of NAWC Warminster  

does not require Navy to implement any mitigation measures. Navy will  

take certain actions to implement existing agreements and regulations.  

These actions were treated in the FEIS as agreements or regulatory  

requirements rather than as mitigation. 

    The FEIS identified and discussed those actions that will be  

necessary to mitigate impacts associated with the reuse and  

redevelopment of NAWC Warminster. The acquiring entities, under the  

direction of Federal, State, and local agencies with regulatory  

authority over protected resources, will be responsible for  

implementing necessary mitigation measures. 
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Comments Received on the FEIS 

 

    Navy received comments on the FEIS from one Federal agency, the  

United States Environmental Protection Agency (Region III), and one  

local agency, the Warminster Municipal Authority. All of the  

substantive comments concerned issues discussed in the FEIS. Those  

comments that require clarification are addressed below. 

    The comments of the Environmental Protection Agency's Region III  

concerned background information in Section 3 of the FEIS regarding  

Navy's Installation Restoration Program at NAWC Warminster. Navy's  

responses to these comments are being provided to Region III in the  

separate regulatory process prescribed for Installation Restoration  

Programs by the Comprehensive Environmental Response, Compensation and  

Liability Act of 1980, U.S.C. 9601-9675 (1994). 

    The Warminster Municipal authority commented that the analysis in  

Section 4 of the FEIS incorrectly stated that extending the Authority's  

potable water distribution system to the base would provide an adequate  

supply of water for redevelopment. The Municipal Authority stated that  

it would also be necessary to draw upon a drinking water well on the  

base to provide an adequate supply of potable water for redevelopment.  

As discussed earlier, Navy acknowledges that a drinking water well on  

the base must be incorporated into the Authority's water distribution  

system to provide an adequate supply of potable water for the proposed  

redevelopment of NAWC Warminster. 

    The Municipal Authority also commented that the analysis in Section  

4 of the FEIS incorrectly concluded that its wastewater treatment plant  

has sufficient capacity to treat wastewater generated under the  

Preferred Alternative. As discussed earlier, Navy acknowledges that  

additional wastewater treatment capacity would be required to support  

the proposed redevelopment of NAWC Warminster. 

 

Regulations Governing the Disposal Decision 

 

    Since the proposed action contemplates a disposal under the Defense  

Base Closure and Realignment Act of 1990 (DBCRA), Public Law 101-510,  

10 U.S.C.. 2687 note (1994), Navy's decision was based upon the  
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environmental analysis in the FEIS and application of the standards set  

forth in the DBCRA, the Federal Property Management Regulations (FPMR),  

41 CFR part 101-47, and the Department of Defense Rule on Revitalizing  

Base Closure Communities and Community Assistance (DoD rule), 32 CFR  

parts 174 and 175. 

    Section 101-47.303-1 of the FPMR requires that disposals of Federal  

property benefit the Federal Government and constitute the ``highest  

and best use'' of the property. Section 101-47.4909 of the FPMR defines  

the ``highest and best use'' as that use to which a property can be put  

that produces the highest monetary return from the property, promotes  

its maximum value, or serves a public or institutional purpose. The  

``highest and best use'' determination must be based upon the  

property's economic potential, qualitative values inherent in the  

property, and utilization factors affecting land use such as zoning,  

physical characteristics, other private and public uses in the  

vicinity, neighboring improvements, utility services, access, roads,  

location, and environmental and historic considerations. 

    After Federal property has been conveyed to non-Federal entities,  

the property is subject to local land use regulations, including zoning  

and subdivision regulations, and building codes. Unless expressly  

authorized by statute, the disposing Federal agency cannot restrict the  

future use of surplus Government property. As a result, the local  

community exercises substantial control over future use of the  

property. For this reason, local land use plans and zoning affect  

determination of the ``highest and best use'' of surplus Government  

property. 

    The DBCRA directed the Administrator of the General Services  

Administration (GSA) to delegate to the Secretary of Defense authority  

to transfer and dispose of base closure property. Section 2905(b) of  

the DBCRA directs the Secretary of Defense to exercise this authority  

in accordance with GSA's property disposal regulations, set forth in  

Part 101-47 of the FPMR. By letter dated December 20, 1991, the  

Secretary of Defense delegated the authority to transfer and dispose of  

base closure property closed under the DBCRA to the Secretaries of the  

Military Departments. Under this delegation of authority, the Secretary  

of the Navy must follow FPMR procedures for screening and disposing of  

real property when implementing base closures. Only where Congress has  

expressly provided additional authority for disposing of base closure  

property, e.g., the economic development conveyance authority  

established in 1993 by Section 2905(b)(4) of the DBCRA, may Navy apply  

disposal procedures other than those in the FPMR. 

    In Section 2901 of the National Defense Authorization Act for  

Fiscal year 1994, Public Law 103-160, Congress recognized the economic  

hardship occasioned by base closures, the Federal interest in  

facilitating economic recovery of base closure communities, and the  

need to identify and implement reuse and redevelopment of property at  

closing installations. In Section 2903(c) of Public Law 103-160,  

Congress directed the Military Departments to consider each base  

closure community's economic needs and priorities in the property  

disposal process. Under Section 2905(b)(2)(E) of the DBCRA, Navy must  

consult with local communities before it disposes of base closure  

property and must consider local plans developed for reuse and  

redevelopment of the surplus Federal property. 

    The Department of Defense's goal, as set forth in Section 174.4 of  

the DoD Rule, is to help base closure communities achieve rapid  

economic recovery through expeditious reuse and redevelopment of the  

assets at closing bases, taking into consideration local market  

conditions and locally developed reuse plans. Thus, the Department has  

adopted a consultative approach with each community to ensure that  

property disposal decisions consider the LRA's reuse plan and encourage  

Page 13 of 15Record of Decision for the Disposal and Reuse of Naval Air Warfare Center, Aircraft Division, Warmin...

11/21/2011mhtml:file://\\nusaikfp1\Projects\Government\NAS JRB Willow Grove\WG HRA\Appendix E - Documen...



job creation. As a part of this cooperative approach, the base closure  

community's interests, as reflected in its zoning for the area, play a  

significant role in determining the range of alternatives considered in  

the environmental analysis for property disposal. Furthermore, Section  

175.7(d)(3) of the DoD Rule provides that the LRA's plan generally will  

be used as the basis for the proposed disposal action. 

    The Federal Property and Administrative Service Act of 1949, 40  

U.S.C. 484 (1994), as implemented by the FPMR, identifies several  

mechanisms for disposing of surplus base closure property: by public  

benefit conveyance (FPMR Sec. 101-47.303-2); by negotiated sale (FPMR  

Sec. 101-47.304-9); and by competitive sale (FPMR 101-47.304-7).  

Additionally, in Section 2905(b)(4), the DBCRA established economic  

development conveyances as a means of disposing of surplus base closure  

property. The selection of any particular method of conveyance merely  

implements the Federal agency's decision to dispose of the property.  

Decisions concerning whether to undertake a public benefit conveyance  

or an economic development conveyance, or to sell 
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property by negotiation or by competitive bid, are left to the Federal  

agency's discretion. Selecting a method of disposal implicates a broad  

range of factors and rests solely within the Secretary of the Navy's  

discretion. 

 

Conclusion 

 

    The LRA's proposed reuse of NAWC Warminster, reflected in the Reuse  

Plan, is consistent with the requirements of the FPMR and Section 174.4  

of the DoD Rule. The LRA has determined in its Reuse Plan that the  

property should be used for various purposes including residential,  

commercial, municipal, assisted living, low income and homeless  

assistance, and parks and recreational activities. The property's  

location, physical characteristics, and existing infrastructure as well  

as the current uses of adjacent property make it appropriate for the  

proposed uses. 

    The Reuse Plan responds to local economic conditions, promotes  

rapid economic recovery from the impact of the closure of NAWC  

Warminster, and is consistent with President Clinton's Five-Part Plan  

for Revitalizing Base Closure Communities, which emphasizes local  

economic redevelopment and creation of new jobs as the means to  

revitalize these communities. 32 CFR parts 174 and 175, 59 FR 16,123  

(1994). 

    Although the ``No Action'' Alternative has less potential for  

causing adverse environmental impacts, this Alternative would not take  

advantage of the property's location, physical characteristics, and  

infrastructure or the current uses of adjacent property. Additionally,  

it would not foster local economic redevelopment of the NAWC Warminster  

property. 

    The acquiring entities, under the direction of Federal, State, and  

local agencies with regulatory authority over protected resources, will  

be responsible for adopting practicable means to avoid or minimize  

environmental harm that may result from implementing the Reuse Plan. 

    Accordingly, Navy will dispose of the surplus Federal property at  

Naval Air Warfare Center, Aircraft Division, Warminster, Pennsylvania,  

in a manner that is consistent with the Federal Lands Reuse Authority  

of Bucks County's Reuse Plan for the property. 

 

    Dated: October 15, 1999. 

William J. Cassidy, Jr., 
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Deputy Assistant Secretary of the Navy (Conversion And Redevelopment). 

    Dated: October 27, 1999. 

J.L. Roth, 

Lieutenant Commander, Judge Advocate General's Corps, U.S. Navy,  

Federal Register Liaison Officer. 

[FR Doc. 99-28646 Filed 11-1-99; 8:45 am] 
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historians and aviation enthusiasts with a general back-
ground on Naval Aviation history. It highlights the sig-
nificant events and developments that shaped Naval
Aviation from 1910 to 1995, rather than providing a
detailed treatise of particular subjects or actions. It cov-
ers all aspects of Naval Aviation, including operational
activities, technical developments and administrative
changes.

To help make this book a more useful reference
tool, Mr. Roy Grossnick and his expert staff have more
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than doubled the number of appendices, which
include the most commonly requested subjects or data
on Naval Aviation. The aim is to make this the first-
source document that people use when they are look-
ing for basic information on Naval Aviation. The book
provides the opportunity to gain an insight and learn
about the origins, achievements and traditions of
Naval Aviation as it relates to the rich naval heritage of
the United States.

Naval Aviation has undergone immense change since
1910. It now plays a defining role in the nation’s
defense structure and is on call to respond to military
crises around the world. The past developments, as
chronicled in this book, serve as a prologue to future
developments in Naval Aviation.

William S. Dudley
Director of Naval History



The history of this book goes back to 1956 when the
Deputy Chief of Naval Operations (Air) and Chief,
Bureau of Aeronautics supported the preparation of a
chronology for Naval Aviation. Their intent was to
record events of special interest and lasting significance
pertaining to the growth of U.S. naval air as an element
of sea power, its employment and accomplishments in
war and peace.

The writing project was undertaken by two history
offices, the Naval Aviation History Office assigned to
Deputy Chief of Naval Operations (Air) and the
Historian’s Office in the Bureau of Aeronautics. Under
the initial directive, the two offices were permitted con-
siderable leeway in defining the elements to be includ-
ed in the chronology. Adherence to professional stan-
dards was paramount. Accuracy and comprehensive
coverage of events and developments were key words
for the project; its scope included the air elements of the
Navy, Marine Corps, and the Coast Guard in time of war.

At the outset of the project, the historians in the two
offices realized that “one of the drawbacks of chronolo-
gies as a form of exposition stems from the fact that
they record, or chronicle, events with no attempt at
explanation.” Their chronology departed from that
form, particularly for extended periods such as war
campaigns and for developments in various technical
areas. Some types of information, important to the his-
tory of Naval Aviation, became repetitious when includ-
ed in a chronology. When such information was
amenable to statistical or tabular treatment, it was incor-
porated in appendixes. Thus, the chronology project
evolved into two parts: an actual chronology and vari-
ous appendices providing invaluable facts and figures
on subjects not suitable for the chronology but perti-
nent to the history of Naval Aviation.

The authors of the initial publication, United States
Naval Aviation 1910–1960, did an admirable job in
adhering to their professional objectives. Mr. Adrian O.
Van Wyen, historian DCNO (Air), and Mr. Lee M.
Pearson, historian, Bureau of Aeronautic/Bureau of
Weapons, set the standards for future aviation historians
to chronicle the history of Naval Aviation.
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The first update, United States Naval Aviation
1910–1970, followed the basic scope and concept put
forth in the earlier edition. Authors for this update were:
Mr. Clarke Van Vleet, historian, DCNO (Air); Mr. Adrian
O. Van Wyen, historian (Ret), DCNO (Air); and Mr. Lee
M. Pearson, historian, Naval Air Systems Command. The
second update, United States Naval Aviation
1910–1980, represented a more substantial upgrade to
the publication. It retained the basic format but includ-
ed more detailed appendices. The primary authors were
Dr. William J. Armstrong, historian, Naval Air Systems
Command, and Mr. Clarke Van Vleet, historian, DCNO
(Air Warfare).

Many transformations in Naval Aviation have taken
place since the first publication in the early 1960s. The
world structure has undergone major realignments and
old adversaries are now allies, or at least friends.
People and machines are still the key ingredients for
Naval Aviation. However, technology has come to play
a very dominate role in how Naval Aviation projects its
power in support of national defense objectives and
our nation’s heritage. The third update, United States
Naval Aviation 1910–1995, attempts to bring into focus
the myriad aspects of Naval Aviation and how they play
a role in defense as well as the humanitarian side of
their mission.

This edition, besides attempting to maintain the pro-
fessional standards set by the early authors, has attempt-
ed to correct any errors in previous editions and make
it the primary reference source on Naval Aviation for the
Navy Department and researchers. It is not designed as
a comprehensive source on Naval Aviation but as a
basic guide to educate readers on Naval Aviation histo-
ry. In order to accomplish this goal, the number of
appendices covering commonly requested data on
Naval Aviation has been more than doubled. The
chronology provides a narrative flow of information,
while the appendices provide an insight into the multi-
ple functions of Naval Aviation. All aspects of Naval
Aviation, including operational activities, administrative
and personnel changes and technical developments,
have been incorporated.



When drafting a reference work with such an exten-
sive range of data, it is almost impossible to prevent
errors. An exhaustive effort was made to check the
accuracy of information in this book. When different
sets of records or sources provided conflicting data, I
selected the most accurate information based on
reviewing all the possible sources. As the primary
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compiler for this edition, I accept full responsibility for
any mistakes or errors of fact or misinterpretations that
may have occurred in the book, and I welcome any
corrections.

Roy A. Grossnick



I began working in the Naval Aviation History Office
in 1980 and this book, in its editions as United States
Naval Aviation 1910–1970 and 1910–1980, has been
my primary reference source. It was the first source I
used when a quick answer was needed on a particular
Naval Aviation subject. Credit for making the book an
indispensable reference tool must go to its past authors:
Mr. Adrian O. Van Wyen, Mr. Lee M. Pearson, Mr. Clarke
Van Vleet and Dr. William J. Armstrong.

Compiling a reference work of this magnitude was
beyond the scope of just one person. The staff of the
Naval Aviation History Office, both past and present,
must be complimented on the work they have done
over the years that contributed to updating the book.
Special recognition goes to the contributors who are list-
ed on the title page. Without the work done by Dr.
William J. Armstrong, historian, Naval Air Systems
Command, and Naval Aviation History Office staffers Mr.
John M. Elliott, historian, retired; Ms. Judith A. Walters,
historian; Ms. Gwendolyn J. Rich, archivist; and Mr. W.
Todd Baker, historian, this edition would not have been
possible. I extend to them my sincere thanks for all the
extra time and diligent work they put into the project.

The Naval Aviation News magazine staff contributed
their expertise in editing the manuscript. Their knowl-
edge of Naval Aviation terminology and subject matter
helped smooth out any writing discrepancies that may
have crept into the text. Commander Diana T.
Cangelosi’s staff includes: Ms. Sandra K. Russell, Ms.
Wendy E. Karppi, Journalists Second Class Gerald E.
Knaak and E. Blake Towler, Mr. Morgan I. Wilbur, Art
Director, and Mr. Charles C. Cooney, former Art
Director.

Several people outside the Naval Historical Center
also played a role in reviewing, making comments and
providing information on special topics. Mr. Hal
Andrews’ vast knowledge of Naval Aviation, particular-
ly its technical aspects, helped make this book a pri-
mary reference source for years to come. Lieutenant
Commander Richard R. Burgess, USN (Ret.); Mr. Robert
Lawson; Captain James E. Lesher, USNR (Ret.); and Mr.
Leroy Doig III contributed to special sections in the
appendices. A special thank-you goes to four people
who spent considerable time reviewing the entire man-
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1st MAW First Marine Aircraft Wing
6thFLT Sixth Fleet
7thFLT Seventh Fleet
A&R Assembly & Repair
A.P. Armor Piercing
AAF Army Air Forces
AAM Air-to-air Missile
AAS Army Air Service
ABATU Advanced Base Aviation Training Unit
ACC Air Combat Command
ACLS Automatic Carrier Landing System
ACMR Air Combat Maneuvering Range
ACNO (Air Warfare) Assistant Chief of Naval Operations (Air Warfare)
ADM Admiral
ADVCAP Advanced Capability
AED Aeronautical Engineering Duty
AEDO Aeronautical Engineering Duty Officer
AEW Airborne Early Warning
AEWWINGPAC Airborne Early Warning Wing, Pacific
AFB Air Force Base
AFEM Armed Forces Expeditionary Medal
AIM Air Launched Aerial Intercept Guided Missile
AIM Aircraft Intermediate Maintenance
AIMD Aircraft Intermediate Maintenance Department
AirDet/AIR DET Air Detachment
AirLant/AIRLANT Air Force, Atlantic Fleet or Commander, Air Force, U.S. Atlantic Fleet
AirPac/AIRPAC Commander, Air Force, U.S. Pacific Fleet or Air Force, U.S. Pacific Fleet
ALARS Air Launched Acoustical Reconnaissance
ALNAV All Navy
ALVRJ Advance Low Volume Ramjet
AMD Aeronautical Maintenance Duty
AMO Aviation Medical Officer
AMRAAM Advanced Medium Range Air-to-air Missile
ANA Association of Naval Aviation
ANG Air National Guard
AOCP Aviation Officer Continuation Pay
AOCS Aviation Officer Candidate School
ARAPAHO Name for a portable modular aviation facility for merchant ships
ARG Amphibious Ready Group 
ARM Antiradiation Missile
ARPA Advanced Research Projects Agency
ARPS Automatic Radar Processing System
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ASM Air-to-surface Missile
ASMD Anti-ship Missile Defense
ASO Aviation Supply Office
ASROC Antisubmarine Rocket Missile
ASTOVL Advanced Short Takeoff/Vertical Landing
ASW Antisubmarine Warfare
ATARPS Advanced Tactical Aerial Reconnaissance Pod System
ATG Air Task Group
ATU Advanced Training Unit
BRAC Base Closure and Realignment Commission
BTG Basic Training Group
BuAer Bureau of Aeronautics
BuC&R Bureau of Construction and Repair
BuMed Bureau of Medicine and Surgery
BuNav Bureau of Navigation
BuOrd Bureau of Ordnance
BuPers Bureau of Naval Personnel
BuShips Bureau of Ships
BuS&A Bureau of Supplies and Accounts
BuWeps Bureau of Naval Weapons
CO/co Commanding Officer
CAA Civil Aeronautics Authority
CAEWWS Carrier Airborne Early Warning Weapons School
CAF Confederate Air Force
CAINS Carrier Aircraft Inertial Navigation System
CalTech California Institute of Technology
CAP Civil Air Patrol
CAP Combat Air Patrol
CAPT Captain
CARDIV Carrier Division
CASU Carrier Air Service Unit
CASU(F) Combat Aircraft Service Units (Forward)
CC Construction Corps
CCR Circulation Control Rotor
CDR Commander
CG Commanding General
CIC Combat Information Center
CincPac/CINCPAC Commander in Chief, Pacific
CincPacFlt/CINCPACFLT Commander in Chief, U.S. Pacific Fleet
CINCUS Commander in Chief, U.S. Fleet
CIWS Close in Weapons System (Phalanx)
CNATRA Chief of Naval Air Training
CNR/CHNAVRSCH Chief of Naval Reserarch
CNO Chief of Naval Operations
COD Carrier On-board Delivery
COIN Counter Insurgency
ComAirLant Commander, Naval Air Force, U.S. Atlantic Fleet
ComAirPac Commander, Naval Air Force, U.S. Pacific Fleet
ComFAIR/COMFAIR Commander, Fleet Air
COMHATWING Commander, Heavy Attack Wing
COMHSLWINGPAC Commander, Helicopter Antisubmarine Light Wing, U.S. Pacific Fleet
COMINCH Commander in Chief, U.S. Fleet
COMINCUS Commander in Chief, U.S. Fleet
COMLATWING Commander, Light Attack Wing
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COMMATWING Commander, Medium Attack Wing
COMNAVAIRESFOR Commander, Naval Air Reserve Force
COMNAVAIRLANT Commander, Naval Air Force, U.S. Atlantic Fleet
COMNAVAIRPAC Commander, Naval Air Force, U.S. Pacific Fleet
COMNAVFOR Somalia Commander, Naval Forces Somalia
COMNAVSUPFOR Commander, Naval Support Force
COMOPDEVFOR Commander, Operational Development Force, U.S. Fleet
COMPATWING Commander, Patrol Wing
COMSTRKFIGHTWING Commander, Strike Fighter Wing
CONUS Continental United States
DASH Drone Antisubmarine Helicopter
DCNO Deputy Chief of Naval Operations
DFC Distinguished Flying Cross
DICASS Directional Command Active Sonobuoy System
DMZ Demilitarized Zone
DoD Department of Defense
ECM Electronic Countermeasures
ECMO Electronic Countermeasures Operator/Officer
ECP Enlisted Commissioning Program
EDO Engineering Duty Officer
EFM Enhanced Fighter Maneuverability
ELEX/COMNAVELEX Naval Electronic Systems Command
ENS Ensign
EW Electronic Warfare 
FAA Federal Aviation Administration
FAETU Fleet Airborne Electronics Training Units
FASOTRAGRULANT Fleet Aviation Specialized Operational Training Group Atlantic
FAW Fleet Air Wing
FAWTUPAC Fleet All Weather Training Unit, Pacific
FBM Fleet Ballistic Missile
FEWSG Fleet Electronic Warfare Support Group
FLIR Forward Looking Infrared Radar 
FMS Foreign Military Sales
FORSCOM Forces Command
Ft Feet
FTEG Flight Test and Engineering Group 
FY Fiscal Year
G.P. General Purpose
GCA Ground Controlled Approach
Glomb Guided Glider Bomb
GMGRU Guided Missile Group
GMU Guided Missile Unit
Halon Fire Suppression Agent
HARM High Speed Antiradiation Missile
HATWING Heavy Attack Wing
HIPEG High Performance External Gun
hp Horsepower
HTA Heavier-than-air
HUD/Hud Heads up Display
Hvar High Velocity Aircraft Rocket
IBM International Business Machine Company
IFF Identification Friend or Foe
IGY International Geophysical Year
IO Indian Ocean
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IOC Initial Operational Capability
IR Imaging Infrared
JATO Jet Assisted Takeoff
JCS Joint Chiefs of Staff
JPATS Joint Primary Aircraft Training System
KIA Killed in Action
KIAS Knots indicated air speed
KLM Kuwait Liberation Medal
KPUC Korean Presidential Unit Citation
KSM Korean Service Medal
LAMPS Light Airborne Multipurpose System
Lant/LANT Atlantic
lbs Pounds
LCAC Air Cushion Landing Craft
LCDR Lieutenant Commander
LCOL Lieutenant Colonel
LDO Limited Duty Officer
LGB Laser Guided Bomb
LIC Low Intensity Conflict
Loran/LORAN Long Range Navigation Equipment
LRAACA Long-range, Air Antisubmarine Warfare-capable Aircraft
LSO Landing Signal Officer
LT Lieutenant
LT (jg) Lieutenant Junior Grade
LTA Lighter-than-Air
LTV Ling Temco Vought Corp.
MAC Military Airlift Command
MACV Military Assistance Command, Vietnam
MAD Magnetic Airborne (or Anomaly) Detection
MAG Marine Air Group
MAGTF Marine Air Group Task Force
MATS Military Air Transport Service
MAU Master Augmentation Unit
MAW Marine Air Wing
MAWSPAC Medium Attack Weapons School, Pacific
MCAAS Marine Corps Auxiliary Air Station
MCAF Marine Corps Air Facility
MCAS Marine Corps Air Station
Med Mediterranean Sea
MEF Marine Expeditionary Force
MEU Marine Expeditionary Unit
MIA Missing in Action
MiG Russian aircraft designed by Artem I. Mikoyan and Mikhail I. Gurevich
MIRALC/SLBD Mid Infrared Advanced Chemical Laser/Sea Lite Beam Director
MIT Massachusetts Institute of Technology
MLS Microwave Landing System
MRC Major Regional Conflicts
MUC Meritorious Unit Commendation 
NAAF Naval Air Auxiliary Facility
NAAS Naval Air Auxiliary Station
NAB Naval Air Base
NACA National Advisory Committee on Aeronautics
NAD Naval Aviation Depot
NADC Naval Air Development Center
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NADEP Naval Aviation Depot
NAEC Naval Air Engineering Center
NAESU Naval Aviation Electronic Service Unit
NAF Naval Air Facility
NAF Naval Aircraft Factory
NAFC Naval Air Ferry Command
NAILS Naval Aviation Integrated Logistic Support Task Force
NALCOLANTUNIT Naval Air Logistics Control Office, Atlantic Unit
NAMC Naval Air Material Center
NAMO Naval Aviation Maintenance Office
NAMTC Naval Air Missile Test Center
NAO Naval Aviation Observer
NAP Naval Aviation Pilot/Naval Air Pilot
NAR Naval Air Reserve
NARF Naval Air Rework Facility
NARTU Naval Air Reserve Training Unit
NARU Naval Air Reserve Units
NAS Naval Aeronautic Station
NAS Naval Air Station
NASA National Aeronautics and Space Administration
NASM National Air Space Museum
NATC Naval Air Test Center
NATMSACT Naval Air Training Maintenance Support Activity
NATO North Atlantic Treaty Organization
Natops/NATOPS Naval Air Training and Operating Procedures Standardization Program
NATB Naval Air Training Base
NATC Naval Air Training Center
NATS Naval Air Transport Service
NATEC Naval Airship Training and Experimental Command
NATT Naval Air Technical Training
NATTC Naval Air Technical Training Center
NAVAIR Naval Air Systems Command
NAVAIRSYSCOM Naval Air Systems Command
NAVCAD Naval Aviation Cadet
NavE Navy Battle “E” Ribbon
NAVICP Naval Inventory Control Point
NAVMAT/NMC Naval Material Command
NavPro/NAVPRO Naval Plant Representative Office
NAVRES/NR Naval Reserve
Navstar Navigation Satellite
NAWC Naval Air Warfare Center
NAWC (WD) Naval Air Warfare Center (Weapons Division)
NAWC (AD) Naval Air Warfare Center (Aircraft Division)
NDSM National Defense Service Medal
NEM Navy Expeditionary Medal
NERV Nuclear Emulsion Recovery Vehicle
NFO Naval Flight Officer
NFRC Naval Reserve Flying Corps
nm Nautical Mile
NNV National Naval Volunteers
NOB Naval Operating Base
NORAD North American Air Defense Command
NorLant Northern Atlantic Ocean
NorPac Northern Pacific Ocean
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NOTS Naval Ordnance Test Station
NRAB Naval Reserve Aviation Bases
NRFC Naval Reserve Flying Corps
NRL Naval Research Lab/Naval Research Laboratory
NROTC Naval Reserve Officer Training Corps
NS Naval Station
NSF National Science Foundation
NTPS Naval Test Pilot School
NUC Navy Unit Commendation
NVG Night Vision Goggle
NVN North Vietnam
NWC Naval Weapons Center
O&R Overhaul and Repair
OASU Oceanographic Air Survey
OCS Officer Candidate School
ODM Operational Development Model
ONR Office of Naval Research
OPNAV Naval Operations
Ops Operations
ORI Operational Readiness Inspection
OSD Office of Secretary of Defense
P/A Pilotless Aircraft
Pac/PAC Pacific
PASU Patrol Aircraft Service Unit
PatSU/Patsu Patrol Aircraft Service Unit
PatWing/PATWING Patrol Wing
PLAT Pilot Landing Aid Television
PMTC Pacific Missile Test Center
Pol Petroleum, Oil, Lubricants
POW Prisoner of War
PPI Plan Position Indicator
PUC Presidential Unit Citation
Radar Radio Detection and Ranging Equipment
RADM Rear Admiral
RAF Royal Air Force
RAM Rolling Airframe Missile
RAST Recovery Assist, Securing and Traversing System
RCA Radio Corporation of America
RDT&E Research, Development, Training and Evaluation
Ret Retired
REWSON Reconnaissance, Electronic Warfare and Special Operations
RFC Canadian Royal Flying Corps
RimPac Pacific Rim Exercise (Joint)
RIO Radar Intercept Officer
RN Royal Navy
RNAS Royal Naval Air Station
ROK Republic of Korea
RPV Remotely Piloted Vehicle
RPV Star Ship-deployable, Tactical Airborne Remotely Piloted Vehicle
RVN Republic of Vietnam
RVNGC Republic of Vietnam Meritorious Unit Citation (Gallantry Cross)
SAM Surface-to-air Missile
SAR Search and Rescue
SASM Southwest Asia Service Medal

xx



SCS Sea Control Ship Concept
Seals Sea-air-land Team
SEAPAC Sea Activated Parachute Automatic Crew Release
SecDef/SECDEF Secretary of Defense
SECNAV/SecNav Secretary of the Navy
SEVENTHFLT Seventh Fleet
SIXTHFLT Sixth Fleet
SLAM Standoff Land Attack Missile
SLCM Sea/Surface Launched Cruise Missile
SLEP Service Life Extension Program
Sol Rad Solar Radiation
SoLant/SOLANT Southern Atlantic Ocean
SOOS Stacked Oscars on Scout System
SoPac/SOPAC South Pacific
SPASUR Navy Space Surveillance System
Sq Square
SSM Surface-to-surface Missile
STM Supersonic Tactical Missile
STRATCOM Strategic Command
SVN South Vietnam
SWIP System Weapons Integration Program
SWOD Special Weapons Ordnance Device 
TACAMO Take Charge and Move out
Tacan/TACAN Tactical Air Navigation System
TACELWING Tactical Electronic Warfare Wing
TACGRU Tactical Group
T&E Test and Evaluation
TARPS Tactical Aerial Reconnaissance Pod System
TERCOM Terrain Contour Matching 
TF Task Force
TG Task Group
TINS Thermal Imaging Navigation Set
TRAM Target Recognition Attack Multisensor
TraWing/TRAWING Training Air Wing
TRIM Trail Road Interdiction Mission 
TWA Trans World Airlines
UAV Unmanned Aerial Vehicle
UDT Underwater Demolition Team
U.K. United Kingdom
U.S. United States
UN United Nations
UNSM United Nations Service Medal
USA U.S. Army
USACOM U.S. Atlantic Command
USAF U.S. Air Force
USCG U.S. Coast Guard
USMC U.S. Marine Corps
USN U.S. Navy
USNR U.S. Navy Reserve
USNRF U.S. Navy Reserve Force
USNS United States Naval Ship
USSR Union of Soviet Socialist Republics
VADM Vice Admiral
VAST Versatile Avionics Shop Test
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VCNO Vice Chief of Naval Operations
VFAX Advanced Experimental Fighter Aircraft
VLAD Vertical Line Array DIFAR
VOD Vertical on board Delivery
Vstol Vertical/short Take-off and Landing
Vtol Vertical Take-off and Landing
Vtol/stol Vertical Take-off and Landing; Short Take-off and Landing
Vtxts Navy Undergraduate Jet Flight Training System
VWS Ventilated Wet Suit
WestPac/WESTPAC Western Pacific Ocean
WNY Washington Navy Yard
WTS War Training Service
WW-I World War I
WW-II World War II 

Note: Acronyms or abbreviations for squadron designations, air groups or air wings, aviation ship designations and aviation ratings may be found
in appendices 16, 15, 3, and 14, respectively. Other appendices in the book also provide a limited number of more specialized acronym meanings.
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of research, and the assignment of an airplane to
every major combatant ship of the Navy.

Progress in these early years was marked by an
endurance record of six hours in the air; the first suc-
cessful catapult launch of an airplane from a ship; exer-
cises with the Fleet during winter maneuvers at
Guantanamo Bay, Cuba; and combat sorties at Veracruz,
Mexico. These were but some of the accomplishments
by pioneer pilots. Their activity furthered the importance
of aviation to the Navy. In 1914, Secretary of the Navy
Josephus Daniels announced that the point had been
reached “where aircraft must form a large part of our
naval forces for offensive and defensive operations.”

1898
25 March Theodore Roosevelt, Assistant Secretary of
the Navy, recommended to the Secretary that he
appoint two officers “of scientific attainments and
practical ability” who, with representatives from the
War Department, would examine Professor Samuel P.
Langley’s flying machine and report upon its practica-
bility and its potentiality for use in war.

29 April The first joint Army-Navy board on aero-
nautics submitted the report of its investigation of the
Langley flying machine. Since the machine was a
model of 12-foot wing span, its value for military pur-
poses was largely theoretical, but the report expressed
a general sentiment in favor of supporting Professor
Langley in further experimentation.

1908
17 September Lieutenant George C. Sweet and
Naval Constructor William McEntee were official Navy
observers at the first Army demonstration trials of the
Wright flying machine at Fort Myer, Va.

2 December Rear Admiral Willliam S. Cowles, Chief
of the Bureau of Equipment, submitted a report on
aviation prepared by Lieutenant George C. Sweet to
the Secretary of the Navy. The report outlined the

The United States Navy’s official interest in air-
planes emerged as early as 1898. That year the Navy
assigned officers to sit on an interservice board investi-
gating the military possibilities of Samuel P. Langley’s
flying machine. In subsequent years there were naval
observers at air meets here and abroad and at the
public demonstrations staged by Orville and Wilbur
Wright in 1908 and 1909. All were enthusiastic about
the potential of the airplane as a fleet scout. By 1909,
naval officers, including a bureau chief, were urging
the purchase of aircraft.

It was in 1910 that a place was made for aviation in
the organizational structure of the Navy. That was the
year Captain Washington I. Chambers was designated as
the officer to whom all aviation matters were to be
referred. Although holding no special title, he pulled
together existing threads of aviation interest within the
Navy and gave official recognition to the proposals of
inventors and builders. Before the Navy had either
planes or pilots he arranged a series of tests in which
Glenn Curtiss and Eugene Ely dramatized the airplane’s
capability for shipboard operations and showed the
world and a skeptical Navy that aviation could go to sea.

Early in 1911 the first naval officer reported for flight
training. By mid-year, the first money had been appro-
priated, the first aircraft had been purchased, the first
pilot had qualified, and the site of the first aviation
camp had been selected. The idea of a seagoing avia-
tion force was beginning to take form as plans and
enthusiasms were transformed into realities. By the end
of the year a humble beginning had been made.

The need for more science and less rule of thumb
was apparent to Captain Chambers. He collected the
writings and scientific papers of leaders in the new
field, pushed for a national aerodynamics laboratory,
and encouraged naval constructors to work on aerody-
namic and hydrodynamic problems. The Navy built a
wind tunnel, and the National Advisory Committee for
Aeronautics was established. The first real study of
what was needed in aviation was conducted by a
board under Chambers’ leadership and included in its
recommendations the establishment of a ground and
flight training center at Pensacola, Fla., the expansion
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specifications of an airplane capable of operating from
naval vessels on scouting and observation missions,
discussed the tactical advantages of such capability for
naval forces and recommended that a number of air-
craft be purchased and “placed in the hands of the
personnel of the Navy to further develop special fea-
tures adapted to naval uses.”

1909
16 August A Bureau of Equipment request for
authority to advertise for the construction of “two
heavier than air flying machines” was disapproved by
the Acting Secretary of the Navy with the comment:
“The Department does not consider that the develop-
ment of an aeroplane has progressed sufficiently at
this time for use in the Navy.”

1 September Commander Frederick L. Chapin, U.S.
Naval Attache at Paris, reported his observations at the
Rheims Aviation Meet, expressing the opinion that “the
airplane would have a present usefulness in naval
warfare, and that the limits of the field will be extend-
ed in the near future,” and in elaborating upon that
theme prophetically noted two means by which air-

craft could be operated from naval vessels. The first
was the use of the Wright launching device (a cata-
pult) to launch planes from the cleared quarterdeck of
battleships, and the second was the construction of a
floor (a flight deck) over the deck houses of auxiliary
ships to provide the clear space required for take-off
runs and landing aboard.

3 November Lieutenant George C. Sweet was taken
up as a passenger in the first Army Wright by
Lieutenant Frank P. Lahm, USA, at College Park, Md.
As a result, Sweet is credited with having been the first
Navy officer to fly in an airplane.

1910
26 September The Secretary of the Navy informed
the U.S. Aeronautical Reserve (a new organization of
private citizens formed to advance aeronautical sci-
ence as a means of supplementing the national
defense) that Captain Washington I. Chambers,
Assistant to the Aid for Material, had been designated
as the officer to whom all correspondence on avia-
tion should be referred. This is the first recorded ref-
erence to a provision for aviation in Navy
Department organization.
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29 November Glenn H. Curtiss wrote to the
Secretary of the Navy offering flight instruction with-
out charge for one naval officer as one means of
assisting “in developing the adaptability of the aero-
plane to military purposes.”

23 December The first naval officer to undergo
flight training, Lieutenant Theodore G. Ellyson, was
ordered to report to the Glenn H. Curtiss Aviation
Camp at North Island, San Diego, Calif.

1911
18 January At 11:01 a.m., Eugene Ely, flying the
same Curtiss pusher used to take off from
Birmingham (CL 2), landed on a specially built plat-
form aboard the armored cruiser Pennsylvania
(Armored Cruiser No. 4) at anchor in San Francisco
Bay, Calif. At 11:58 he took off and returned to
Selfridge Field, San Francisco, completing the earliest
demonstration of the adaptability of aircraft to ship-
board operations.

26 January The first successful hydroaeroplane
flight was made by Glenn H. Curtiss at North Island,
San Diego, Calif. This important step in adapting air-
craft to naval needs was witnessed by Lieutenant
Theodore G. Ellyson, who assisted in preparing for
the test.

1 February Glenn H. Curtiss made two successful
flights from the water at San Diego, Calif., in his stan-
dard biplane using a single main float in place of the
tandem triple float used in earlier tests. These take-offs
demonstrated the superior efficiency of the sled profile
float which was used on Navy hydroaeroplanes up to
World War I.

10 February Acting Secretary of the Navy Beekman
Winthrop directed the Point Loma, Calif., Wireless
Station to cooperate with Captain Harry S. Harkness,
U.S. Aeronautical Reserve, in experiments in connec-
tion with use of wireless from aeroplanes.

17 February In another of the early demonstrations
of the adaptability of aircraft to naval uses, Glenn H.
Curtiss taxied his hydroaeroplane alongside
Pennsylvania (Armored Cruiser No. 4) at anchor in
San Diego Harbor, was hoisted aboard and off again
by ship’s crane and then returned to base.

4 March The first funds for Naval Aviation were
appropriated, providing $25,000 to the Bureau of
Navigation for “experimental work in the development
of aviation for naval purposes.”

11 October  The General Board, of which Admiral
George Dewey was president, recommended to the
Secretary of the Navy that, in recognition of “the great
advances which have been made in the science of avi-
ation and the advantages which may accrue from its
use in this class of vessel,” the problem of providing
space for airplanes or dirigibles be considered in all
new designs for scouting vessels.

7 October In a letter to the Secretary, the Chief of
the Bureau of Steam Engineering, Captain Hutch I.
Cone, pointed to “the rapid improvement in the
design and manipulation of airplanes and the impor-
tant role they would probably play” and requested
authority to requisition an airplane for Chester (CL 1)
and the services of an instructor to teach one or more
officers to fly the machine.

13 October The Secretary of the Navy approved the
recommendation of the Chief Constructor that an offi-
cer from the Bureau of Construction and Repair and
another from the Bureau of Steam Engineering be
appointed to investigate the subject of aviation and
gain technical knowledge of airplanes, and directed
that these officers keep Captain Washington I.
Chambers, previously designated to serve in a similar
capacity in the Secretary’s office, fully informed of
work contemplated and the results of all experiments.

22 October The International Aviation Tournament
opened at Belmont Park, N.Y. Attending in an official
capacity as Navy observers were the three officers
recently named to investigate aviation: Captain
Washington I. Chambers, Naval Constructor William
McEntee, and Lieutenant N. H. Wright.

31 October The Chief of the Bureau of Construction
and Repair suggested to the Secretary of the Navy that
steps be taken to obtain one or more aeroplanes to
develop their use for naval purposes and recommended
that in the absence of specific funds for their purchase,
specifications for the battleship Texas (Battleship No.
35) be modified so as to require its contractors to sup-
ply one or more aircraft as a part of their obligation.

14 November First take-off from a ship—Eugene
Ely, a civilian pilot, took off in a 50-hp Curtiss plane
from a wooden platform built on the bow of
Birmingham (CL 2). The ship was at anchor in
Hampton Roads, Va., and Ely landed safely on
Willoughby Spit.

UNITED STATES NAVAL AVIATION 1910–1995 3

1910—Continued



9 March The Wright Company made a formal offer
to train one pilot for the Navy contingent upon the
purchase of one airplane for the sum of $5,000. This
offer was later made unconditional.

17 March Lieutenant John Rodgers, who became
Naval Aviator No. 2, reported to the Wright Company
at Dayton, Ohio, for instruction in flying.

1 April Captain Washington I. Chambers, the officer
in charge of aviation, reported for duty with the
General Board, a move suggested by Admiral George
Dewey, when space for aviation was not available in
the office of the Aid for Operations.

14 April The embryo office of Naval Aviation was
transferred from the General Board and established in
the Bureau of Navigation.

8 May Captain Washington I. Chambers prepared req-
uisitions for two Curtiss biplanes. One, the Triad, was to
be equipped for arising from or alighting on land or
water; with a metal tipped propeller designed for a
speed of at least 45 miles per hour; with provisions for
carrying a passenger alongside the pilot; and with con-
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trols that could be operated by either the pilot or the
passenger. The machine thus described later became the
Navy’s first airplane, the A-1. Although these requisitions
lacked the signature of the Chief of the Bureau of
Navigation, necessary to direct the General Storekeeper
to enter into a contract with the Curtiss Company, they
did indicate Captain Chambers’ decision as to which air-
planes the Navy should purchase. From this, 8 May has
come to be considered the date upon which the Navy
ordered its first airplane and has been officially pro-
claimed to be the birthday of Naval Aviation.

27 June Lieutenant (jg) John H. Towers, who
became Naval Aviator No. 3, reported for duty and
instruction in flying at the Curtiss School,
Hammondsport, N.Y.

1 July First flight of the A-1—At 6:50 p.m., Glenn H.
Curtiss demonstrated the A-1, the first aircraft built for
the Navy, taking off from and alighting on Lake Keuka
at Hammondsport, N.Y. This flight was of 5 minutes’
duration, and to an altitude of 25 feet. Three other
flights were made the same evening, one by Curtiss
with Lieutenant Theodore G. Ellyson as a passenger,
and two by Ellyson alone.

UNITED STATES NAVAL AVIATION 1910–1995 5

1911—Continued

Sandbags, first arresting gear, halt Ely’s plane 450108

Hoisting plane aboard Pennsylvania, February 1911 1051558



3 July Lieutenant Theodore G. Ellyson flew the A-1
from Lake Keuka to Hammondsport, N.Y., on the first
night flight by a naval aviator, landing successfully on the
water on the second attempt without the aid of lights.

6 July Captain Washington I. Chambers was ordered
to temporary duty at the Naval Academy in connection
with the establishment of an aviation experimental sta-
tion, the site for which had been previously selected
on Greenbury Point, Annapolis, Md. Although not
occupied by the aviators until September, this was the
first base for Naval Aviation.

10 July Amphibious features of the Navy’s first air-
craft were demonstrated by Glenn H. Curtiss in the
24th flight of the Triad—the machine in which he took

off from land, lifted the wheels while in the air, and
landed in water.

13 July The Navy’s second aircraft, the A-2, was set
up and flown at Hammondsport, N.Y. The first flight
was made by Glenn H. Curtiss, and the second by
Lieutenant Theodore G. Ellyson.

23 August The officers on flight duty at
Hammondsport, N.Y., and Dayton, Ohio, were
ordered to report for duty at the Engineering
Experiment Station, Naval Academy, “in connection
with the test of gasoline motors and other experimen-
tal work in the development of aviation, including
instruction at the aviation school” being set up on
Greenbury Point, Annapolis, Md.
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10 October Lieu-
tenant Holden C.
Richardson, CC,
USN, reported to
aviation at the Wash-
ington Navy Yard.
Richardson became
the Navy’s first engi-
neering and mainte-
nance officer for
aviation.

16 October Plans
for a scientific test
of hydroaeroplane
floats at the Wash-
ington Navy Yard
Model Basin were
described in a letter
from Captain Wash-
ington I. Chambers in which he stated that a model of
the pontoons with Forlanini planes (hydrovanes) was
nearly ready for test.

17 October Searching for improved powerplants,
Captain Washington I. Chambers, in a letter to Glenn
H. Curtiss, discussed heavy oil (or diesel) engines and
turbine engines similar in principle to those that, some
30 years later, would make jet propulsion practical.
Chambers wrote, “In my opinion, this turbine is the
surest step of all, and the aeroplane manufacturer who
gets in with it first is going to do wonders.”

25 October Lieutenants Theodore G. Ellyson and
John H. Towers, on a flight in the A-1 from Annapolis,
Md., to Fort Monroe, Va., to test the durability of the
aircraft on cross-country flight, were forced down by a
leaking radiator near Milford Haven, Va., having cov-
ered 112 miles in 122 minutes.

8 November Ensign Victor D. Herbster, later desig-
nated Naval Aviator No. 4, reported for flight instruc-
tion at the Aviation Camp at Greenbury Point,
Annapolis, Md.

14 November The Navy’s first major aircraft modifi-
cation, conversion of the Wright B-1 landplane into a
hydroaeroplane, was initiated with a telegraphic order
to the Burgess Company and Curtiss, Marblehead,
Mass., for a suitable float.

20 December Experiments with airborne wireless
transmission were conducted at Annapolis, Md., by
Ensign Charles H. Maddox in the A-1 airplane piloted
by Lieutenant John H. Towers. The trailing wire anten-

7 September A memorable experiment in the
Navy’s search for a shipboard launching device was
completed at Hammondsport, N.Y., when Lieutenant
Theodore G. Ellyson made a successful takeoff from
an inclined wire rigged from the beach down to the
water. Ellyson’s report contained the following
description of the run: “The engine was started and
run at full speed and then I gave the signal to release
the machine. . . . I held the machine on the wire as long
as possible as I wanted to be sure that I had enough
headway to rise and not run the risk of the machine
partly rising and then falling. . . . Everything happened
so quickly and went off so smoothly that I hardly
knew what happened except that I did have to use the
ailerons, and that the machine was sensitive to their
action.”

16 September Plans to purchase flight clothing
were described in a letter from Lieutenant Theodore
G. Ellyson, who hoped to get the Navy Department
to pay for them later. Requirements were previously
outlined as a light helmet with detachable goggles, or
a visor, with covering for the ears and yet holes so
that the engine could be heard; a leather coat lined
with fur or wool; leather trousers; high rubber
galoshes and gauntlets; and a life preserver of some
description.

20 September The attempt to equip aircraft with
navigational instruments was reflected in a request
of the Bureau of Navigation to the Naval Obser-
vatory for temporary use of a boat compass in
experimental work connected with the development
of aviation.
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na, reeled out after take-off, was found to be too
weak, and no definite results were obtained.

26 December Search for a shipboard launching
device continued as Captain Washington I. Chambers
reported that the Bureau of Ordnance was interested in
experimenting with a catapult for launching aeroplanes
somewhat after the manner of launching torpedoes.

29 December The aviators at Annapolis, Md., were
ordered to transfer with their equipment to North

Island, San Diego, Calif. to set up an Aviation Camp
on land offered for the purpose by Glenn H. Curtiss.

1912
9 March Interest in steel and aluminum as aircraft
structural materials was evident in a letter from
Assistant Naval Constructor Holden C. Richardson,
who wrote to Captain Washington I. Chambers, “From
all I can gather, there is little doubt that much greater
confidence would be felt if pontoons were constructed
with a metal skin. . . . It would be unwise to make any
requisition for such a construction until a practically
standard design has been developed.”

11 March An early, if limited, interest in the heli-
copter was shown as the Secretary of the Navy autho-
rized expenditure of not more than $50 for developing
models of a helicopter design proposed by Chief
Machinist’s Mate F.E. Nelson of West Virginia
(Armored Cruiser No. 5). The Secretary’s accompany-
ing policy implication was followed with a few excep-
tions for the next 30 years: “The Department recog-
nizes the value of the helicopter principle in the
design of naval aircraft and is following closely the
efforts of others in this direction.”

23 March Chief Electrician Howard E. Morin con-
ducted experiments with wireless at Mare Island Navy
Yard, San Francisco, Calif., in which he made transmis-
sions from a dummy airplane fuselage hoisted to a
height of 85 feet, which were received by a station at
Point Richmond, Calif., 20 miles distant.

22 May 1st Lieutenant Alfred A. Cunningham,
USMC, the first Marine Corps officer assigned to flight
instruction and later designated Naval Aviator No. 5,
reported to the Superintendent of the Naval Academy
for “duty in connection with aviation” and subsequent-
ly was ordered to the Burgess Company at Marble-
head, Mass., for flight instruction. This date is recog-
nized as the birthday of Marine Corps aviation.

21 June Lieutenant Theodore G. Ellyson ascended
900 feet over Annapolis, Md. in 3 minutes and 30 sec-
onds in the A-1.

20 July Comparative tests of Wright steel wire and
Monel wire were conducted at Engineering
Experiment Station Annapolis, Md., by the Aviation
Camp. These, the earliest recorded Navy tests of air-
craft structural materials, showed the Monel wire to be
both free of corrosion and 50 percent stronger than
the steel wire.
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constructed at the Naval Gun Factory, Washington
Navy Yard, from a plan proposed by Captain
Washington I. Chambers.

18 September Lieutenant Bernard L. Smith, USMC,
the second Marine officer assigned to flight training
and later designated Naval Aviator No. 6, reported for
instruction at the Aviation Camp at the Naval Academy
in Annapolis, Md.

3 October The Davis recoilless gun was given initial
tests at Naval Proving Ground, Indian Head, Md. This
gun was designed by Commander Cleland Davis to
fire from an aircraft a caliber shell large enough to
damage submarines but with a recoil slight enough to
be absorbed by the aircraft.

6 October Lieutenant John H. Towers, flying the
Curtiss A-2, took off from the water at Annapolis, Md.,
at 6:50 a.m. and remained in the air 6 hours, 10 min-
utes and 35 seconds, setting a new American
endurance record for planes of any type.

8 October Tests of a Gyro 50-horsepower rotary
motor were completed at the Engineering Experiment
Station, Annapolis, Md. This, the Navy’s first recorded
attempt to utilize laboratory equipment and methods

25 July Aircraft specifications—On the basis of the
Navy’s experience with its first airplanes, the Secretary
of the Navy published “Requirements for
Hydroaeroplanes,” the first general specifications for
naval aircraft. The purpose expressed by the Secretary
was “to assist manufacturers in maintaining the highest
degree of efficiency, while improving the factors
which govern safety in aviation, without demanding
anything that may not be accomplished under the lim-
itations of the present state of the art and without con-
fining purchases to the products of a single factory.”

26 July Tests of airborne wireless were continued at
Annapolis, Md., using the Wright B-1 piloted by
Lieutenant John Rodgers. On one flight, Ensign
Charles H. Maddox, who was giving technical assis-
tance to the aviators, sent messages to Stringham
(Torpedo Boat No. 19) at a distance of about one and
a half miles.

31 July The Navy’s first attempt to launch an air-
plane by catapult was made at Annapolis, Md., by
Lieutenant Theodore G. Ellyson in the A-1. The air-
craft, not being secured to the catapult, reared at
about mid-stroke, was caught in a cross wind and
thrown into the water. The pilot was not injured. This
catapult, which was powered by compressed air, was
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in evaluating an aircraft engine, consisted of three
brief dynamometer tests, followed by ground runs and
flight tests.

8 October Physical requirements for prospective
naval aviators were first defined in Bureau of Medicine
and Surgery Circular Letter 125221.

25 October Ensign Godfrey deC. Chevalier, later
designated Naval Aviator No. 7, reported for flight
training at the Aviation Camp at Annapolis, Md.

12 November The Navy’s first successful launching
of an airplane by catapult was made at the
Washington Navy Yard by Lieutenant Theodore G.
Ellyson in the A-3. The following month a flying boat
was successfully launched from this catapult.

26 November Lieutenant (jg) Patrick N. L. Bellinger,
later Naval Aviator No. 8, reported for flight instruction
at the Aviation Camp, Annapolis, Md.

30 November The C-1, the Navy’s first flying boat,
was tested at Hammondsport, N.Y., by Lieutenant
Theodore G. Ellyson. Its performance, as informally
reported by Ellyson, was: “Circular climb, only one
complete circle, 1,575 feet in 14 minutes 30 seconds
fully loaded. On glide approximately 5.3 to 1. Speed,
eight runs over measured mile, 59.4 miles per hour
fully loaded. The endurance test was not made, owing
to the fact that the weather has not been favorable,
and I did not like to delay any longer.”

2 December Ensign William D. Billingsley, later to
become Naval Aviator No. 9, reported for duty at the
Aviation Camp, Annapolis, Md., and was assigned to
the Navy-Wright B-2 for instruction.

18 December Lieutenant John H. Towers reported
completion of a series of tests begun on 26 October to
determine the ability to spot submarines from the air.
He gave general conclusions that the best altitude for
observation was about 800 feet; that submarines could
be detected when running a few feet below the sur-
face, but that the waters of Chesapeake Bay were too
muddy for a fair test; and suggested that additional tri-
als be held at Guantanamo Bay, Cuba.

19 December President William H. Taft, acting on a
recommendation made by the Secretary of the Navy,
created a “Commission on Aerodynamical Laboratory”
to determine the need for and a method of establish-
ing such a laboratory. Navy members of the commis-
sion were Naval Constructor David W. Taylor and
Captain Washington I. Chambers.

1913
6 January The entire aviation element of the Navy
arrived at Guantanamo Bay, Cuba, and set up the
Aviation Camp on Fisherman’s Point for its first opera-
tions with the fleet. The assignment, which included
scouting missions and exercises in spotting mines and
submerged submarines as part of the fleet maneuvers,
served both to demonstrate operational capabilities of
the aircraft and to stimulate interest in aviation among
fleet personnel, more than a hundred of whom were
taken up for flights during the eight-week stay.
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being the first to demonstrate the usefulness of the
aeroplane in navies, in developing a practical catapult
for the launching of aeroplanes from ships, in assisting
in the practical solution of the hydroaeroplane by the
production in association with others of the flying
boat, in having been instrumental in the introduction
into our halls of Congress of bills for a National
Aerodynamic Laboratory, and a Competitive Test, and
through his perseverance and able efforts in advancing
the progress of Aeronautics in many other channels.”

31 March Aircraft instruments and allied equipment
for installation in a new flying boat, the Burgess

8 February Lieutenant John H. Towers reported on
experimental work underway at Guantanamo Bay,
Cuba, including bombing, aerial photography, and
wireless transmission, and stated: “We have become
fairly accurate at dropping missiles, using a fairly sim-
ple device gotten up by one of the men. Have
obtained some good photographs from the boats at
heights up to 1,000 feet. I believe we will get some
results with wireless this winter.”

26 February Action to provide the Navy with a
wind tunnel, a basic tool in aeronautical research and
development, was approved formally by the Chief
Constructor of the Navy. The resulting tunnel, which
was built at the Washington Navy Yard, remained in
operation until after the end of World War II.

4 March The Navy Appropriations Act for fiscal year
1914 provided an increase of 35 percent in pay and
allowances for officers detailed to duty as flyers of
heavier-than-air craft, limited to 30 the number of offi-
cers that could be so assigned, and further provided
that no naval officer above the rank of lieutenant com-
mander, or major in the Marine Corps, could be
detailed to duty involving flying.

5 March As a result of tests held at Guantanamo
Bay, Cuba, 3-5 March, Lieutenant John H. Towers
reported that submarines were visible from the air at
depths of from 30 to 40 feet.

13 March Captain Washington I. Chambers was
awarded the medal of the Aeronautical Society for the
year 1912 and cited for “his unusual achievements in
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Company and Curtiss D-1, were listed as: compass,
altimeter, inclinometer, speed indicator, chart board,
radio, and generator. Although the radio and generator
were not installed, the remaining equipment was repre-
sentative instrumentation on naval aircraft of the period.

10 April Performance standards for qualification as a
Navy Air Pilot, and issuance of a certificate to all offi-
cers meeting the requirements, were approved by the
Secretary of the Navy. They were described by
Chambers as being different from those of the “land
pilot” and more exacting than the requirements of the
international accrediting agency, the Federation
Aeronautique Internationale.

28 April Chief of the Bureau of Navigation Rear
Admiral Victor Blue approved a proposal that the
Navy Department, Glenn Curtiss, and the Sperry
Company cooperate in testing the gyroscopic stabilizer
on a new Navy airplane.

9 May President Woodrow Wilson approved the
designation of representatives of governmental depart-
ments to serve on an advisory committee for the
Langley Aerodynamical Laboratory which had been
reopened by the Smithsonian Institution on 1 May.
Navy members of the advisory committee were
Captain Washington I. Chambers and Lieutenant
Holden C. Richardson, CC, USN.

12 June Secretary of the Navy approved detailing
Lieutenant Jerome C. Hunsaker, CC, USN, to the
Massachusetts Institute of Technology to develop “a
course of lectures and experiments on the design of
aeroplanes and dirigibles, and to undertake research
in that field.” After making a tour of aeronautical
research facilities in Europe, Hunsaker participated in
establishing a course of aeronautical engineering at
M.I.T. in the Department of Naval Architecture.

13 June Lieutenant (jg) Patrick N. L. Bellinger, flying
the Curtiss A-3 at Annapolis, Md., set an American alti-
tude record for seaplanes, reaching 6,200 feet.

20 June Ensign William D. Billingsley, piloting the
B-2 at 1,600 feet over the water near Annapolis, Md.,
was thrown from the plane and fell to his death, the
first fatality of Naval Aviation. Lieutenant John H.
Towers, riding as passenger, was also unseated but
clung to the plane and fell with it into the water,
receiving serious injuries.

23 June A General Order fixed the cognizance of

various bureaus in aviation in a manner paralleling the
division of responsibility for naval vessels.

30 August A Sperry gyroscopic stabilizer (automatic
pilot) was flight tested in the C-2 Curtiss flying boat by
Lieutenant (jg) Patrick N. L. Bellinger at
Hammondsport, N.Y.

30 August In a report to the Secretary of the Navy,
the General Board expressed its opinion that “the
organization of an efficient naval air service should be
immediately taken in hand and pushed to fulfillment.”

5 October Initial trials of the Navy’s first amphibian fly-
ing boat—the OWL, or Over-Water-Land type—were
completed at Hammondsport, N.Y., under the supervi-
sion of Lieutenant Holden C. Richardson, CC, USN. The
aircraft, subsequently redesignated E-1, was the A-2
hydroaeroplane in which the pontoon was replaced with
a flying boat hull containing a three-wheel landing gear.

7 October The Secretary of the Navy appointed a
board of officers, with Captain Washington I.
Chambers as senior member, to draw up “a compre-
hensive plan for the organization of a Naval
Aeronautic Service.” Its report, submitted after 12 days
of deliberation, emphasized the need for expansion
and for the integration of aviation with the fleet, and
was in all respects the first comprehensive program for
an orderly development of Naval Aviation. Its recom-
mendations included the establishment of an
Aeronautic Center at Pensacola, Fla., for flight and
ground training and for the study of advanced aero-
nautic engineering; establishment of a central aviation
office under the Secretary to coordinate the aviation
work of the Bureaus; the assignment of a ship for
training in operations at sea and to make practical
tests of equipment necessary for such operations; the
assignment of one aircraft to every major combatant
ship; and the expenditure of $1,297,700 to implement
the program.

17 December Captain Mark L. Bristol reported to
the Navy Department for special duty as officer in
charge of aviation, thereby relieving Captain
Washington I. Chambers of that duty.

1914
6 January The Marine Corps element of the Aviation
Camp at Annapolis, Md., under Lieutenant Bernard L.
Smith, USMC, and equipped with a flying boat, an
amphibian, spare parts, and hangar tents, was ordered
to Culebra Island, P.R., for exercises with the Advance
Base Unit.
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7 January The Office of Aeronautics, with Captain
Mark L. Bristol in charge, was transferred from the
Bureau of Navigation to the Division of Operations in
the Office of the Secretary of the Navy.

10 January Secretary of the Navy Josephus Daniels
announced that “the science of aerial navigation has
reached that point where aircraft must form a large
part of our naval force for offensive and defensive
operations.”

20 January The aviation unit from Annapolis, Md.,
consisting of 9 officers, 23 men, 7 aircraft, portable
hangars, and other gear, under Lieutenant John H.
Towers as officer in charge, arrived at Pensacola, Fla.,
on board Mississippi (BB 23) and Orion (AC 11) to set
up a flying school. Lieutenant Commander Henry C.
Mustin, in command of the station ship Mississippi (BB
23) was also in command of the aeronautic station.
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16 February Lieutenant (jg) James M. Murray, Naval
Aviator No. 10, on a flight at Pensacola, Fla., in the
Burgess D-1 flying boat, crashed to the water from 200
feet and was drowned.

20 February The beginnings of Aviation Medicine
were apparent in a letter to the Commanding
Officer at Pensacola, Fla., on the subject of physical
requirements for aviator candidates which expressed
the opinion that useful information could be
obtained by observing pilots during flight and by
physical examination before and after flight. The let-
ter further directed that this be considered and a
program developed that would permit incorporation
of such practice in the work of the flight training
school.

9 March The wind tunnel at the Washington Navy
Yard was tested. Calibration required about three
months, and its first use in July was a test of ship’s
ventilator cowling.

27 March The original designations of aircraft were
changed to two letters and a number of which the
first letter denoted class, the second type within a
class, and the number the order in which aircraft

within class were acquired. Four classes were set up;
A for all heavier-than-air craft, D for airships or dirigi-
bles, B for balloons and K for Kites. Within the A
Class, the letters L, H, B, X and C represented land
machines, hydroaeroplanes, flying boats, combination
land and water machines, and convertibles, respec-
tively. Thus the third hydroaeroplane, formerly A-3,
became AH-3, and the first flying boat, formerly C-1,
became AB-1.

20 April First call to action—In less than 24 hours
after receiving orders, an aviation detachment of 3
pilots, 12 enlisted men, and 3 aircraft, under command
of Lieutenant John H. Towers, sailed from Pensacola,
Fla., on board Birmingham (CL 2) to join Atlantic Fleet
forces operating off Tampico in the Mexican crisis.

20 April Mr. A. B. Lambert of St. Louis, Mo.,
informed the Secretary of the Navy that the services of
the Aviation Reserve, which he had organized the year
before, were available for use in the Mexican crisis
and listed the names of 44 members, 20 of whom
could furnish their own aircraft.

21 April A second aviation detachment from
Pensacola, Fla., of one pilot, three student pilots, and
two aircraft, commanded by Lieutenant (jg) Patrick N.
L. Bellinger, embarked on Mississippi (BB 23) and
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in the vicinity of Veracruz, Mexico—the first marks of
combat on a Navy plane.

19 May As the need for scouting services dimin-
ished at Veracruz, Mexico, the aviation detachment
resumed routine flight instruction while awaiting
orders to return to Pensacola, Fla.

24 May The aeronautic detachment on board
Birmingham (CL 2) arrived at Veracruz, Mexico, from
Tampico to join the Mississippi (BB 23) detachment in
the school routine of flight instruction.

26 May On the basis of flight tests, Lieutenant
Holden C. Richardson, CC, USN, recommended that
the Navy buy two swept-wing Burgess-Dunne
hydroaeroplanes “so that the advantages and limita-
tions can be thoroughly determined . . . as it appears to
be only the beginning of an important development in
aeronautical design.” The aircraft which were subse-
quently obtained were designated AH-7 and AH-10.

1 July Aviation was formally recognized with the
establishment of an Office of Naval Aeronautics in the
Division of Operations under the Secretary of the Navy.

28 July Lieutenant (jg) Victor D. Herbster reported
on bombing tests which he and Lieutenant Bernard L.
Smith, USMC, carried out at Indian Head Proving
Grounds, Stumpneck, Md. Both dummy and live
bombs were dropped over the side of the machine
from about 1,000 feet against land and water targets.
Herbster reported his bombing would have been more
accurate “if I had been able to disengage my fingers
from the wind-wheel sooner.”

21 August Lieutenant Commander Henry C. Mustin,
Lieutenant Patrick N. L. Bellinger and 1st Lieutenant
Bernard L. Smith, USMC, arrived in Paris, France, from
North Carolina (ACR 12) for a two-day tour of aircraft
factories and aerodromes in the immediate area. This
temporary assignment, the first use of Naval Aviators
as observers in foreign lands, was a precedent for the
assignment of aviation assistants to naval attaches,
which began the same month when Lieutenant John
H. Towers was sent to London. In September
Lieutenant (jg) Victor D. Herbster and 1st Lieutenant
Bernard L. Smith reported to Berlin, Germany, and
Paris, respectively.

16 November An administrative reorganization at
Pensacola, Fla., shifted overall command from the sta-
tion ship to headquarters ashore and the station was
officially designated Naval Aeronautic Station,
Pensacola.

sailed for Mexican waters to assist in military opera-
tions at Veracruz, Mexico.

22 April The Bureau of Navigation approved formal
courses of instruction for student aviators and student
mechanics at the Flying School at Pensacola, Fla.

25 April On the first flight by the Mississippi (BB 23)
aviation unit at Veracruz, Mexico, Lieutenant (jg)
Patrick N. L. Bellinger piloted the AB-3 flying boat to
observe the city and make a preliminary search for
mines in the harbor.

28 April Lieutenant (jg) Patrick N. L. Bellinger and
Ensign Walter D. LaMont made a flight in the AB-3 fly-
ing boat to photograph the harbor at Veracruz, Mexico.

2 May The AH-3 hydroaeroplane, piloted by
Lieutenant (jg) Patrick N. L. Bellinger with Ensign W.
D. LaMont as observer, flew the first mission in direct
support of ground troops as Marines encamped near
Tejar, Mexico, reported being under attack and
requested the aviation unit at Veracruz, Mexico, to
locate the attackers.

6 May The Curtiss AH-3 hydroaeroplane, piloted by
Lieutenant (jg) Patrick N. L. Bellinger with Lieutenant
(jg) Richard C. Saufley as observer, was hit by rifle fire
while on a reconnaissance flight over enemy positions
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23 November The title “Director of Naval
Aeronautics” was established to designate the officer
in charge of Naval Aviation. Captain Mark L. Bristol,
already serving in that capacity, was ordered to report
to the Secretary of the Navy under the new title.

25 November To measure and record velocity and
direction of winds, gusts, and squalls at the ends of
the speed course at Pensacola, Fla., Director of Naval
Aeronautics Captain Mark L. Bristol established
requirements for special meteorological equipment to
be installed there.

1915
1 February The Division of Naval Militia Affairs in the
Bureau of Navigation directed that an aeronautic corps
could be organized in each of the state Naval Militia.

3 March A rider to the Naval Appropriations Act cre-
ated the National Advisory Committee for Aeronautics.
Navy members in the original organization were
Captain Mark L. Bristol and Lieutenant Holden C.
Richardson, CC, USN.

3 March The Naval Appropriations Act of 1916
added enlisted men and student aviators to those eligi-
ble for increased pay and allowances while on duty

involving flying; increased the amount previously pro-
vided for qualified aviators; and provided for the pay-
ment of one year’s pay to the next of kin of officers
and men killed in aircraft accidents. The same act also
raised the limits on personnel assigned to aviation to a
yearly average of not more than 48 officers and 96
men of the Navy and 12 officers and 24 men of the
Marine Corps.

22 March The title “Naval Aviator” replaced the for-
mer “Navy Air Pilot” designation for naval officers
qualified as aviators.

16 April The AB-2 flying boat was successfully cata-
pulted from a barge by Lieutenant Patrick N. L.
Bellinger at Pensacola, Fla. The catapult used had
been designed in 1913 by Lieutenant Holden C.
Richardson, CC, USN, and fabricated at the
Washington Navy Yard. The success of this and subse-
quent launchings led to installation of the catapult
aboard ship.

23 April Lieutenant Patrick N. L. Bellinger, in the
Burgess-Dunne AH-10, established an American alti-
tude record for seaplanes by ascending to 10,000 feet
over Pensacola, Fla.

8 May Lieutenant (jg) Melvin L. Stolz, student avia-
tor, was killed in a crash of the AH-9 hydroaeroplane
at Pensacola, Fla.
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for 13 instruments to be installed in service aero-
planes: air speed meter, incidence indicator, tachome-
ter, skidding and sideslip indicator, altitude barometer,
oil gauge, fuel gauge, compass, course and distance
indicator, magazine camera, binoculars, clock, and
sextant. All except the navigational instruments, cam-
era, binoculars, and clock were also required for
school aeroplanes.

5 August Lieutenant Patrick N. L. Bellinger, flying
the Burgess-Dunne AH-10, spotted mortar fire for
Army shore batteries at Fort Monroe, Va., signaling his
spots with Very pistol flares.

11 August The Naval Observatory requested the
Eastman Kodak Company to develop an aerial camera
with high-speed lens, suitable for photography at
1,000 to 2,000 yards altitude, and so constructed that
the pressure of the air during flight would not distort
the focus.

12 October A directive was issued establishing an
Officer in Charge of Naval Aeronautics under the
newly created Chief of Naval Operations and giving
authority for aviation programs in the Navy
Department to the Chief of Naval Operations and to
the Bureaus. Although this had the effect of abolishing
the Office of the Director of Naval Aeronautics, that
office continued to exist until the detachment of the
incumbent director.

15 October The Secretary of the Navy referred a
proposal, made by Captain Mark L. Bristol, to convert
a merchant ship to operate aircraft, to the General
Board with the comment that there was a more imme-
diate need to determine what could be done with
North Carolina (ACR 12), already fitted to carry aero-
planes.

5 November Lieutenant Commander Henry C.
Mustin, in the AB-2 flying boat, made the first catapult
launching from a ship, flying off the stern of North
Carolina (ACR 12) in Pensacola Bay, Fla.

3 December Lieutenant Richard C. Saufley, flying
the Curtiss AH-14, set an American altitude record for
hydroaeroplanes, reaching 11,975 feet over Pensacola,
Fla., and surpassing his own record of 11,056 feet
which he had set only three days before.

1916
6 January Instruction commenced for the first
group of enlisted men to receive flight training at
Pensacola, Fla.

28 May The Naval Militia was informed that refresh-
er flight training at Pensacola, Fla., was available for a
limited number of its aviators.

1 June The Navy let its first contract for a lighter-
than-air craft to the Connecticut Aircraft Company,
New Haven. It ordered one non-rigid airship which
was later designated the DN-1.

7 July In the initial step towards mobilizing science,
Secretary of the Navy Josephus Daniels stated in a let-
ter to Thomas A. Edison: “One of the imperative needs
of the Navy, in my judgment, is machinery and facili-
ties for utilizing the natural inventive genius of
Americans to meet the new conditions of warfare.”
This letter led to the establishment of the Naval
Consulting Board, a group of civilian advisors which
functioned during the World War I period and includ-
ed in its organization a “Committee on Aeronautics,
including Aero Motors.”

10 July The Aeronautical Engine Laboratory had its
beginnings at the Washington Navy Yard, Washington,
D.C., with an authorization by the Secretary to outfit a
building for testing aeronautic machinery.

10 July After test of a sextant equipped with a
pendulum-type artificial horizon, NAS Pensacola’s
commanding officer, Henry C. Mustin, reported that
while the pendulum principle was basically unsatis-
factory for aircraft use, a sextant incorporating a
gyroscopically stabilized artificial horizon might be
acceptable.

10 July A standard organization prescribed by
General Order was the first to provide for an aeronau-
tic force within the Naval Militia. Its composition, par-
alleling that of other forces established at the same
time, was in sections of not more than 6 officers and
28 enlisted men; two sections forming a division.
Officers were in the “aeronautics duty only” category,
the highest rank provided being that of lieutenant
commander at the division level. Its enlisted structure
provided that men taken in under regular ratings of
machinist mates and electricians would perform duties
as aeronautic machinists; carpenter mates would per-
form duties as aeronautic mechanics; and landsmen,
the equivalent of today’s strikers, would perform spe-
cial duties.

22 July Based on recommendations received from
the Naval Aeronautic Station, Pensacola, Fla., the
Director of Naval Aeronautics established requirements
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11 January The Naval Observatory forwarded two
magnetic compasses to Pensacola, Fla., for tests under
all conditions. These compasses, modified from the
British Creigh-Osborne design on the basis of recom-
mendations by Naval Aviators, provided a model for
the compasses widely used in naval aircraft during
World War I.

21 January In a step that led to the establishment of
an aviation radio laboratory at Pensacola, Fla., the
Officer in Charge of Naval Aeronautics requested the
Superintendent, Radio Service, to authorize the radio
operators at the Pensacola Radio Station to experiment
with aircraft radio. Simultaneously, four sets of radio
apparatus for aeroplanes were received at Pensacola.
Although initiation of developmental work did not
begin immediately, by late July an officer and a civil-
ian radio expert had been detailed to aircraft radio
experimentation at Pensacola and the Bureau of Steam
Engineering had ordered approximately 50 aircraft
radio sets.

10 February The Bureau of Construction and
Repair implemented a Navy Department decision by
directing that designating numbers be assigned to all
aircraft under construction and that these numbers be
used for identification purposes until the aircraft were
tested or placed in service at which time standard
designations provided by the order of 27 March 1914
would be used. Numbers, beginning with 51-A, were
simultaneously assigned to 33 aircraft. This was the
introduction of serial numbers hereafter assigned to
all aircraft.

4 March Captain Mark L. Bristol was detached as
Director of Naval Aeronautics and both the title and
the office ceased to exist. Captain Bristol was assigned
to command North Carolina (ACR 12) and, under a
new title of Commander of the Air Service, assumed
operational supervision over all aircraft, air stations,
and the further development of aviation in the Navy.
Such aviation duties as remained in the Office of the
Chief of Naval Operations were assumed by
Lieutenant Clarence K. Bronson.

25 March Qualifications for officers and enlisted
men in the Aeronautic Force of the Naval Militia were
defined by General Order which, in each instance,
were over and above those prescribed for the same
ranks and ratings of the Militia. These extras, cumula-
tive for ranks in ascending order, required ensigns to
have knowledge of navigation (except nautical astron-
omy) and scouting problems, practical and theoretical

knowledge of aeroplanes and motors, and ability to fly
at least one type of aircraft. Lieutenants (jg) were in
addition to have some knowledge of nautical astrono-
my, principles of aeroplane design, and to qualify for
a Navy pilot certificate. Additional requirements for
lieutenants called for a greater knowledge of nautical
astronomy and ability to fly at least two types of naval
aircraft, while lieutenant commanders, the highest
rank provided for the force, were also to have knowl-
edge of Navy business methods used in aeronautics.
Aviation mechanics were to have knowledge of air-
craft maintenance and aviation machinists were to
have similar knowledge of motors.

29 March Lieutenant Richard C. Saufley, flying a
Curtiss hydroaeroplane at Pensacola, Fla., bettered his
own American altitude record with a flight to 16,010
feet and on 2 April extended it again with a mark of
16,072 feet.
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30 March The Secretary of the Treasury informed
the Secretary of the Navy that Coast Guard officers
Second Lieutenant Charles E. Sugden and Third
Lieutenant Elmer F. Stone had been assigned to flight
instruction at Pensacola, Fla., in accordance with an
agreement between the two departments.

15 April An anchor and a two digit numeral, both
in dark blue on a white background, were pre-
scribed as “Distinguishing Marks for Naval
Aeroplanes” in a Bureau of Construction and Repair
drawing. The anchor and numeral were painted out-
board on the upper and lower wing surfaces, the
anchor was generally placed on the vertical tail sur-
faces and the numeral fore and aft on both sides of
the fuselage.



certain heavier-than-air components that were not pro-
vided for in the earlier order.

12 July The AB-3 flying boat, piloted by Lieutenant
Godfrey deC. Chevalier, was catapulted from North
Carolina (ACR 12) while underway in Pensacola Bay,
Fla. The launch completed calibration of the first cata-
pult designed for shipboard use; North Carolina
became the first ship of the U.S. Navy equipped to
carry and operate aircraft.

17 July The first flight of the Gallaudet 59-A, a novel
airplane with the propeller mounted in the fuselage aft
of the wings, was made at Norwich, Conn., by David
H. McCulloch and witnessed by Navy Inspector
Lieutenant (jg) George D. Murray.

18 July Flight clothing allowances were established
by the Secretary. Aviators were to be furnished hel-
mets, goggles, and safety jackets. Enlisted men whose
duties involved flying were to receive, in addition,
wool head cover, suit, gauntlets, and boots.

22 July Serious interest in the development of light
metal alloys for aeronautical use led Chief Constructor
Rear Admiral David W. Taylor to request that the
Aluminum Company of America apply its resources to
the development of a suitable alloy, and for use in
fabrication of Zeppelin-type girders.

8 August The Secretary clarified the place of avia-
tion in the departmental organization by redefining the
responsibilities of bureaus and offices for specific ele-
ments of the aviation program. While the new direc-
tive followed the division of cognizance over material
established by the General Order of 20 June 1916, it
went further in that it assigned the General Board
responsibility for advising as to the numbers and gen-
eral characteristics of aircraft, and in effect made the
Bureau of Construction and Repair a lead bureau for
aircraft development and procurement.

10 August Negotiation for the first aircraft produc-
tion contract began with a telegram to Glenn H.
Curtiss requesting him to “call at the Bureau
[Construction and Repair] Monday with a proposition
to supply at the earliest date practicable thirty school
hydro aeroplanes.” Specified characteristics included:
two seats, loading of about four pounds per square
foot, and power loading of about twenty pounds per
horsepower. The telegram concluded, “Speed, climb
and details of construction to be proposed by you.
Rate of delivery is important and must be guaranteed.”
This telegram resulted in a contract for thirty N-9s
which were delivered between November 1916 and

13 May The Chief of Naval Operations requested
appropriate bureaus to undertake development of
gyroscopic attachments for instruments and equip-
ment, including compasses, bombsights, and base
lines, the latter being a forerunner of the turn and
bank indicator.

20 May Development of a gyroscopically operated
bomb-dropping sight was initiated with the allocation
of $750 to the Bureau of Ordnance to be used in plac-
ing an order with the Sperry Gyroscope Company.

22 May The Naval Observatory sent a color camera,
made by the Hess-Ives Corporation, to the Naval
Aeronautic Station at Pensacola, Fla., to determine
whether color photography would be of value in aero-
nautic work.

3 June Formal instruction in free and captive bal-
loons was instituted at Pensacola, Fla., when the
Secretary of the Navy approved a course proposed by
Lieutenant Commander Frank R. McCrary, and directed
that it be added to the Bureau of Navigation Circular
“Courses of Instruction and Required Qualifications of
Personnel for the Air Service of the Navy.”

9 June Lieutenant Richard C. Saufley, on an
endurance flight in the AH-9 over Santa Rosa Island
off Pensacola, Fla., crashed to his death after being in
the air 8 hours and 51 minutes.

20 June A General Order, superseding that of 23
June 1913, was issued defining cognizance for aero-
nautics in the Navy Department. In addition to extend-
ing the subject from “Naval Aeroplanes” to
“Aeronautics,” this order embraced lighter-than-air and
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the Naval Flying Corps; of surplus graduates of aero-
nautics schools; and of members of the Naval Reserve
Force with experience in aviation.

9 September The initiation of formal flight testing
as a basis for accepting new aircraft and the establish-
ment of procedures for determining whether opera-
tional aircraft were safe to fly were provided for in an
order issued by the Secretary.

12 September A demonstration of guided missile equip-
ment—a piloted hydroaeroplane equipped with automatic
stabilization and direction gear developed by the Sperry
Company and P. C. Hewitt—was witnessed by Lieutenant
Theodore S. Wilkinson of the Bureau of Ordnance at
Amityville, Long Island, N.Y. Wilkinson reported: “The
automatic control of the aeroplane is adequate and excel-
lent. The machine left the water without difficulty, climbed
to its desired height, maintained this altitude until the
end of the run, when it dived sharply; and, unless con-
trolled by the aviator, would have dived to the earth.”

20 September The earliest extant instruction regard-
ing color of naval aircraft was issued. This instruction
canceled use of slate color and provided that wings,
body and pontoon of the N-9 be finished with opaque
yellow (or greenish-yellow) varnish.

February 1917. The aircraft became the Navy’s most
popular training aircraft during World War I.

12 August The Secretary of the Navy agreed with
the Secretary of War that the straight Deperdussin sys-
tem of controlling aircraft in flight be adopted as the
standard system for use in all aircraft of both services.

17 August The Secretary of the Navy approved a
reorganization of the Naval Aeronautic Station,
Pensacola, Fla. which reassigned the training of com-
missioned and enlisted personnel for aeronautic ser-
vices with the fleet as a primary mission, and ordered
the establishment of an Aeronautics School and
departments for Manufacturing, Experimental Test and
Inspection, Public Works, Supply and Medical.

29 August The Naval Appropriation Act for fiscal
year 1917 provided for the establishment of a Naval
Flying Corps to be composed of 150 officers and 350
enlisted men in addition to those provided by law for
other branches of the Navy. It also provided for the
establishment of a Naval Reserve Force of six classes
including a Naval Reserve Flying Corps to be com-
posed of officers and enlisted men transferring from
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11 October The Acting Secretary of War recom-
mended to the Secretary of the Navy that a joint Army-
Navy board be appointed to consider the requirements
for developing a lighter-than-air service in the Army or
Navy or both. With the Secretary’s concurrence, there
came into being an agency for interservice coopera-
tion in aeronautics which under its later title,
Aeronautical Board, functioned for over 30 years
before being dissolved in 1948.

24 October The Bureau of Steam Engineering
requested the Navy Yard, Philadelphia, Pa., to under-
take development of a radio direction finder for use
on aeroplanes, and specified that the apparatus be as
light as possible and use wave lengths of 600 to 4,000
meters.

27 October The Chief of Naval Operations directed
that all aircraft loaned or donated to the Naval Militia
by private individuals or organizations be designated
NMAH and be given numbers in sequence beginning
with one.

8 November Lieutenant Clarence K. Bronson, Naval
Aviator No. 15, and Lieutenant Luther Welsh, on an
experimental bomb test flight at Naval Proving
Ground, Indian Head, Md., were instantly killed by the
premature explosion of a bomb in their plane.

17 November Efforts to develop high speed sea-
planes for catapulting from ships led Chief Constructor

David W. Taylor to solicit suitable designs from vari-
ous manufacturers. Among the requirements were a
speed range of 50 to 95 mph, two and a half hours
endurance, and provisions for radio.

7 December Lieutenant Commander Henry C.
Mustin reported that an Eastman Aero camera, tested
at NAS Pensacola, Fla., at altitudes of 600 to 5,100 feet,
was by far the best camera tested up to that time, and
produced photographs very satisfactory for military
purposes.

12 December Captain Mark L. Bristol was detached
as Commander of the Air Service, and the functions of
the command but not the title were transferred to Rear
Admiral Albert Gleaves, Commander Destroyer Force,
Atlantic Fleet.

30 December The Commission on Navy Yards and
Naval Stations, authorized by the Act of 29 August
1916 for the purpose of selecting new sites for the
expansion of Navy Yards and for submarine and air
bases along the coast, submitted its preliminary report.
For aviation the commission could only report that
“the present development of aeronautical
machines . . . and the practical experience so far
obtained in the utilization of such machines to meet
the tactical and strategical requirements of the fleet
and the defense of the coast, is such as to preclude
the determination at this time of any extensive system
of aviation bases.” The commission recommended that
a joint Army-Navy board decide upon locations that
might be used by both services.
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place in aviation history in 1919 as the first aircraft to
fly the Atlantic.

The flying boat was so impressive that many Naval
Aviators urged its adoption as the major means of
taking air power to sea. Others remained of the opin-
ion that aircraft should fly from combatant ships of
the fleet, and enthusiasts of lighter-than-air pointed
to airship success in the war and urged development
of their specialty. The logic of these claims, and the
usefulness of these aeronautic types, were not
ignored. The 1920s saw development in each area.
But even as the war ended, sentiment in favor of the
aircraft carrier was gaining currency. In 1919 the
Navy decided to convert a collier to a carrier. This
decision represented a modest beginning for a pro-
gram which would occupy the attention of a host of
ship builders, aircraft designers and naval tacticians
for years to come.

1917
6 January A board of Army and Navy officers rec-
ommended to the Secretaries of the War and Navy
Departments that an airship of the Zeppelin type be
designed and constructed under the direction of the
Chief Constructor of the Navy with funds provided
equally by the Army and the Navy, and that a board of
three Army and three Navy officers be created to
insure effective interservice cooperation in prosecution
of the work.

8 January A Benet-Mercie machine gun, installed in
a flexible mount in the Burgess-Dunne AH-10, was
fired at altitudes of 100 and 200 feet above Pensacola,
Fla. Both the gun and the aircraft operated satisfactori-
ly during the test.

10 January The first production order for aerial
photographic equipment was initiated when the Naval
Observatory issued requisitions for 20 aero cameras
and accessories to be manufactured by the Eastman
Kodak Company.

A small group of pioneer Navy and Marine Corps
aviators had nurtured the early growth of Naval
Aviation, but it was too small and poorly equipped to
wage war. When the call came in April 1917, one air
station was operating, 48 aviators and students were
available; 54 aircraft were on hand, but none of them
had been designed for the work that would be
required.

In the 19 months between declaration of war and
the armistice, expansion was remarkable (see
Appendix 4). Air stations sprang up on both sides of
the Atlantic. Training programs were established at
new air stations, on university campuses, and even
with private industry. The Naval Reserve Flying Corps
produced thousands of aviators, ground officers,
mechanics and technical specialists. Aircraft of many
types were produced, and one aircraft engine
advanced from concept to mass production and
operation.

The speed and breadth of the expansion produced
expected chaos, but Naval Aviation nonetheless
achieved a good wartime record. One of its units was
the first from the United States to reach France. Naval
aircraft flew more than 3 million nautical miles and
attacked and damaged a dozen U-boats. By war’s end,
Navy and Marine Corps squadrons had organized the
Northern Bombing Group which was preparing a
round-the-clock air campaign which would have been
the first strictly American air offensive of the war.
When hostilities ceased, Navy and Marine Corps avia-
tors were using 27 bases in Europe, two in Canada,
one in the Canal Zone, one in the Azores, and 12 in
the United States.

Naval Aviation’s outstanding technical product of
the war was the long-distance flying boat. Numerous
types appeared but they all bore the look of a single
family. The design progressed through the HS-1 and
H-16 to the British original known as the F-5L, but all
could trace their ancestry to the earlier work of Glenn
H. Curtiss. The culmination of work with flying boats
in the war was the Curtiss NC type. A product of naval
constructors, a Yankee builder of aircraft, and New
England yacht manufacturers, the NC type secured a
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15 January Seattle (Armored cruiser No. 11) arrived
at Culebra, P.R., with an aviation detachment and air-
craft on board, for fleet exercises in the Southern Drill
Grounds. From this date until 23 March her air detach-
ment operated from ship and temporary shore bases
performing scouting and other missions in conjunction
with fleet operations.

4 February The Secretary of the Navy directed that
16 nonrigid airships of Class B be procured. Contracts
were issued subsequently to the Connecticut Aircraft
Corporation, the Goodyear Tire & Rubber Company
and the B. F. Goodrich Company.

5 February The Chief of Naval Operations recom-
mended that, in view of the urgent military necessity,
eight aeronautic coastal patrol stations be established.

10 February The National Advisory Committee for
Aeronautics (NACA) established a patent subcommit-
tee with Lieutenant John H. Towers as a member. The
necessity for this subcommittee arose from the fact
that the threat of infringement suits being brought by
the holders of basic aeronautic patents was causing
prohibitive prices for aircraft and general demoraliza-
tion of the entire industry.

13 February At Pensacola, Fla., Captain Francis T.
Evans, USMC, performed the first loop with a sea-
plane, an N-9 floatplane at 3,000 feet, and then forced
it into a spin and successfully recovered. For this con-
tribution to the science of aviation, he was later
awarded the Distinguished Flying Cross.

12 March The first interservice agreement regarding
the development of aeronautic resources and the
operations of aircraft was submitted by a board of
Army and Navy officers and approved by the
Secretaries of the War and Navy Departments. The
agreement recognized a general division of aeronauti-
cal functions along lines traditional to the services, but
stressed the importance of joint development, organi-
zation, and operation, and enunciated basic principles
whereby joint effort could be achieved in these areas.

13 March The Bureau of Construction and Repair
directed that all seaplanes be finished in an opaque
yellow color over all.

24 March The First Yale Unit of 29 men, among
which were four destined to hold such high positions
in the military departments as Assistant Secretary for
War held by F. Trubee Davison, Assistant Secretary of
the Navy for Air held by David S. Ingalls, Under

Secretary of the Navy and Assistant Secretary of the
Navy for Air held by Artemus L. Gates, and Secretary
of Defense held by Robert A. Lovett; enlisted in the
Naval Reserve Flying Force and four days later left col-
lege to begin war training at West Palm Beach. This
was the first of several college groups to join up as a
unit for war service.

6 April The United States declared that a state of
war existed with Germany. The strength of Naval
Aviation, Navy and Marine Corps combined, was: 48
officers and 239 enlisted men, 54 airplanes, 1 airship,
3 balloons, and 1 air station.

6 April The Secretary of the Navy, by approval of
the recommendation of the Board on Flying
Equipment, established standard flight clothing for the
Naval Flying Service, and authorized its issuance as
Title B equipage. Clothing consisted of a tan sheep-
skin long coat, short coat and trousers, moleskin
hood, goggles, black leather gloves, soft leather boots,
waders, brogans and life belts.

7 April By Executive Order, the president directed
that the Coast Guard be transferred from the Treasury
Department to operate as a part of the Navy until fur-
ther orders.

14 April The Navy’s first guided missile effort began
when the Naval Consulting Board recommended to
the Secretary of the Navy that $50,000 be apportioned
to carry on experimental work on aerial torpedoes in
the form of automatically controlled aeroplanes or
aerial machines carrying high explosives.

20 April The Navy’s first airship, DN-1, made its first
flight at Pensacola, Fla. Its performance was unsatisfac-
tory on several counts and, after only two more flights
in this month, it was grounded and never flown again.

26 April The catapult installed on Huntington (ACR
5) was given its first dead load tests at Mare Island
Navy Yard, San Francisco Bay, Calif.

27 April The Marine Aeronautic Company, Advance
Base Force, was organized at Marine Barracks,
Philadelphia Navy Yard, Pa., by the transfer of person-
nel from the Marine Aviation Section at Pensacola,
Fla., from other Marine Corps units and from the
Marine Corps Reserve Flying Corps. Captain Alfred A.
Cunningham was in command.

1 May An expansion of the training program was
approved which called for assignment of new classes
every 3 months and the establishment of a course of
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16 May The Aircraft Production Board was estab-
lished by resolution of the Council of National
Defense as a subsidiary agency to act in an advisory
capacity on questions of aircraft production and pro-
curement. Membership included a representative from
each service, the Navy’s being Rear Admiral David W.
Taylor. Reconstitution of the Board by Act of Congress
on 1 October 1917, transferred its control to the War
and Navy Departments, enlarged its membership for
greater service representation, and changed its title to
Aircraft Board.

17 May Aircraft machine gun procurement— The
Chief of Naval Operations requested purchase of 50
aircraft machine guns synchronized to fire through
propellers and 50 for all-around fire.

17 May Captain Noble E. Irwin was ordered to the
Material Branch to relieve Lieutenant John H. Towers
as Officer-in-Charge of the aviation desk in the Office
of the Chief of Naval Operations. Lieutenant Towers,
who remained as an assistant to Irwin, was given addi-
tional duty orders to the Bureau of Navigation as
Supervisor, Naval Reserve Flying Corps.

17 May The Navy awarded a contract to the Curtiss
Exhibition Company to train 20 men of the Naval
Reserve Flying Force as aviators at the company field
at Newport News, Va.

18 May Experimental self-sealing fuel tanks, consist-
ing of double walled galvanized iron containing layers
of felt, gum rubber and an Ivory soap-whiting paste,
were demonstrated to representatives of the Army and
Navy by the Bureau of Standards.

19 May A distinguishing insignia for all United
States Government aircraft was described in a general
order which directed that it be placed on all naval air-
craft. The insignia called for a red disc within a white
star on a blue circular field to be displayed on the
wings and for red, white and blue vertical bands on
the rudder, with the blue forward.

19 May The Secretary of the Navy directed that the
building (bureau) number of each aircraft be placed in
figures three inches high at the top of the white verti-
cal band on each side of the rudder. As a result of this
order, the practice of assigning numbers to aircraft, as
AH, was discontinued and the building (bureau) or
serial number became the sole means of identifying a
particular aircraft.

18 months duration to qualify officers as pilots of
either seaplanes or dirigibles. The program also pro-
vided for training enlisted men as aviation mechanics
and for selection of a few for pilot training and qualifi-
cation as quartermaster.

4 May The Commandant of the First Naval District
was directed to assume control of the Naval Militia
station at Squantum, Mass., for use in air training. On
the same date, arrangements were completed to take
over the Naval Militia station at Bay Shore, N.Y. These
were two of several actions taken immediately after
declaration of war to expand the flight training pro-
gram while stations of a more permanent nature were
being built.

5 May The Secretary of War agreed to a proposal of
the Secretary of the Navy that a joint board be estab-
lished for the purpose of standardizing the design and
specifications of aircraft. The board, subsequently
established, was originally titled “Joint Technical Board
on Aircraft, except Zeppelins.”

5 May Pensacola, Fla., reported on a test in which a
Berthier machine gun, synchronized to fire through
the propeller, was fired from a Curtiss R-3 taxiing on
water and standing on the beach.

15 May The Secretary of the Navy established an
order of precedence for work involved in the prepara-
tion for war which placed “aircraft and their equip-
ment” ninth on a list of twenty major fields of material
procurement.
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19 May The Chief of Naval Operations requested
that two small seaplanes and one pilot be detailed for
duty in connection with radio experimentation at
Pensacola, Fla.

23 May The initial production program to equip the
Navy with the aircraft necessary for war was recom-
mended by the Joint Technical Board on Aircraft, to
consist of 300 school machines, 200 service seaplanes,
100 speed scouts and 100 large seaplanes. The N-9
and R-6 were listed as the most satisfactory for school
and service seaplanes, but the remaining two types
were not sufficiently developed to permit a selection.
28 May Huntington (ACR 5) arrived at Pensacola,
Fla., from Mare Island, Calif. While there, and until 1
August 1917, she was used in various aeronautic
experiments involving the operation of seaplanes and
kite balloons from her deck.

29 May The Navy awarded a contract to the
Goodyear Tire & Rubber Company of Akron, Ohio, to
train 20 men as LTA pilots.

30 May The Navy’s first successful dirigible, the B-1,
landed in a meadow 10 miles from Akron, Ohio, com-
pleting an overnight test flight from Chicago, Ill. The
B-1 was manufactured at Akron by Goodyear, assem-
bled in Chicago, and piloted on this flight by
Goodyear pilot, Ralph H. Upson.

4 June The construction of five prototype models of
8- and 12-cylinder Liberty motors was authorized by
the Aircraft Production Board and the Joint Technical
Board on Aircraft. The design of these engines, based
on conservative engineering practices especially adapt-
ed to mass production techniques, had been worked
out in a room in a Washington, D.C., hotel by J. G.
Vincent of the Packard Motor Car Company and E. J.
Hall of the Hall-Scott Motor Car Company.

5 June The first U.S. military unit sent to France in
World War I, the First Aeronautic Detachment, arrived
in Pauillac, France, aboard Jupiter (AC 3). The
Detachment, consisting of seven officers and 122
enlisted men, including the element aboard Neptune
(AC 8) which arrived at St. Nazaire on 8 June, was
commanded by Lieutenant Kenneth Whiting.
Offloading was completed by 10 June.

11 June All aviation personnel and aircraft were
transferred from Seattle (Armored cruiser No. 11) as
she made ready for convoy duty at the Brooklyn Navy
Yard, N.Y. Her raised catapult, while left on board,
was lowered and secured to the deck where it would
not interfere with normal operations at sea.

14 June The establishment of patrol stations along
the Atlantic coast was implemented as the first con-
tract for base construction was let. The contract cov-
ered sites on Long Island, N.Y., located at Montauk,
Rockaway and Bay Shore.
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7 July Lieutenant Kenneth Whiting, commanding the
First Aeronautic Detachment, cabled the Secretary of
the Navy reporting the results of his negotiations with
the French in regard to training and establishment of
air stations and requested departmental approval.
Under the terms of the agreement, the first of several
concerned with the expansion of Naval Aviation over-
seas, the French agreed to train personnel of the
Detachment at existing French Army Aviation Schools
(pilots at Tours, France, and mechanics at St. Raphael,
France), and to start construction of three patrol sta-
tions for American use, located at Dunkirk, France, the
mouth of the Loire River (Le Croisic, France), and the
mouth of the Gironde (St. Trojan, France), and a train-
ing station at Lake Lancanau (Moutchic, France).

9 July A group of 24 potential Naval Aviators under
Ensign Frederick S. Allen as Officer-in-Charge, report-
ed at the University of Toronto for the start of flight
training under the Canadian Royal Flying Corps (RFC).
This training was arranged by an agreement with the
Army and the RFC that 25 men from the Navy would
be included in the contingent of 100 Americans for
which the Government of Canada had agreed to pro-
vide flight training.

10 July A plan for training student officers of the
Naval Reserve Flying Corps was circulated for com-
ment. It proposed a program in three parts: (1) A
Ground School for indoctrination into the Navy and
study of subjects related to aircraft and flight, (2) a
Preliminary Flight School for flight training through 5
to 10 hours of solo, and (3) a Completing Flight

17 June A joint Army-Navy Mission (called the
Bolling Mission after its senior member, Major R. C.
Bolling), of which the Navy members were
Commander George C. Westervelt and Lieutenant
Warren G. Child, sailed for Europe to study air devel-
opments among the Allies and recommend a policy
and program for the American air services.

22 June Enlisted men of the First Aeronautic
Detachment began preliminary flight training in
Caudron landplanes under French instructors at the
Military Aviation School, Tours, France. At about the
same time, 50 men of the Detachment were sent to St.
Raphael, France, for training as mechanics.

22 June Change No. 11 in uniform regulations was
the first to make special provision for aviators. It pro-
vided for a summer service flying uniform of Marine
Corps khaki in the same pattern and design as service
whites, to be worn when on immediate active duty
with aircraft. The order also provided for a working
dress uniform made as a coverall from canvas, khaki
or moleskin of the same color as the flying uniform.

4 July The first 8-cylinder Liberty motor arrived in
Washington, D.C., for testing by the Bureau of
Standards, having been assembled at the Packard
Motor Car Company from parts made by manufactur-
ers in plants scattered from Philadelphia, Pa., to
Berkeley, Calif. Design, manufacture, and assembly of
this motor had required less than six weeks.
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School for advanced flight training and qualification as
a Naval Aviator and a commission as Ensign, USNRF.
This plan was implemented without the benefit of a
formal directive by the establishment of the Ground
School in the same month and the later division of
flight training into elementary and advanced courses.

23 July Ground instruction for prospective pilots
and for aviation ground officers began at the
Massachusetts Institute of Technology (MIT) with a
class of 43 students comprising the Naval Air
Detachment under command of Lieutenant Edward H.
McKitterick. In this, and in similar programs later
established at the University of Washington, Seattle,
Wash., and the Dunwoody Institute, Minneapolis,
Minn., large numbers of officers were indoctrinated
and introduced to the fundamentals of aviation.

24 July A large obstacle to the effective expansion
of aircraft production was removed by formation of
the Manufacturers Aircraft Association to handle the
business of a Cross Licensing Agreement by which
member companies had full access to all patents held
by other members at fixed low rates.

26 July The Army Navy Airship Board endorsed a
proposal by the Bureau of Mines for the experimental
production of helium and recommended the allotment of
$100,000 to construct a small plant for the purpose. This
action, subsequently approved by both Departments,
initiated helium production in the United States.

27 July An act of Congress authorized the president
to take possession of North Island, San Diego, Calif.,
for use by the Army and Navy in establishing perma-
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nent aviation stations and aviation schools. The arrival
of Lieutenant Earl W. Spencer on 8 November 1917,
under orders to establish and command a station for
the purpose of training pilots and mechanics and con-
ducting coastal patrols, marked the beginning of the
present NAS North Island.

27 July Construction of the Naval Aircraft Factory at
the Navy Yard, Philadelphia, Pa., was authorized for
the purposes of constructing aircraft, undertaking
aeronautical developments and providing aircraft con-
struction cost data.

8 August The approval by the Secretary of the Navy
for plans to establish one training and three coastal
patrol stations in France was the first of several deal-
ing with an overseas base construction program that
was expanded successively and ultimately provided 27



United States establish and operate as many coastal
patrol stations in Europe as possible, and that
European aircraft be obtained for use at those stations
until the more satisfactory types manufactured in the
United States became available.

7 September In tests which led to additional orders
for 300 Simon radio transmitters, radio signals, sent
from an R-6 seaplane flying from NAS Pensacola, Fla.,
were received by Naval Radio Station New Orleans,
La., 140 miles distant.

7 September A forestry green winter service flying
uniform, of the same design as the summer uniform,
was authorized for all officers assigned to aviation
duty.

7 September A winged foul anchor was adopted as
an official device to be worn on the left breast by all
qualified Naval Aviators. Before the wings were
issued, use of the letters “U.S.”, which had been incor-
porated in the first design, was abandoned by order of
12 October 1917 and the design adopted was essen-
tially that of the wings worn today.

8 September A site at Naval Operating Base,
Hampton Roads, Va., was established as an air training
station and patrol base to conduct experimental work
in seaplane operation. Detachments under training at
the Curtiss School at Newport News, Va., and at
Squantum, Mass., transferred to this location in
October, and on 27 August of the next year, the Naval
Air Station was formally established.

17 September A kite balloon from Huntington
(ACR 5) was hit by a squall and while being hauled
down struck the water so hard that the observer,
Lieutenant (jg) Henry W. Hoyt, was knocked out of
the basket and caught underwater in the balloon rig-
ging. As the balloon was pulled toward the ship,
Patrick McGunigal, Ships Fitter First Class, jumped
overboard, cleared the tangle and put a line around
Lieutenant Hoyt so that he could be hauled up on
deck. For this act of heroism, McGunigal was later
awarded the Medal of Honor.

18 September A production program of 1,700 oper-
ational type aircraft was established on the basis of a
report issued this date by the Joint Technical Board on
Aircraft.

26 September Lieutenant Louis H. Maxfield, com-
manding the Naval Air Detachment at Akron, Ohio,
reported the qualification of 11 students, including
himself, as lighter-than-air pilots and requested their

locations in France, England, Ireland and Italy, from
which naval air units were operating at the close of
the war.

10 August Ground was broken for the Naval
Aircraft Factory at the Philadelphia Navy Yard, Pa.

14 August In an experiment initiated through the
impetus of Rear Admiral Bradley A. Fiske, and con-
ducted by Lieutenant Edward O. McDonnell at
Huntington Bay, Long Island, N.Y., a dummy torpedo
was launched from a seaplane, but struck the water at
an unfavorable angle and ricocheted, nearly striking
the plane. This event marked the beginning of serious
Navy interest in launching torpedoes from aircraft.

15 August The Bureau of Construction and Repair
authorized the Curtiss Company to paint the wings of
naval aircraft with “English-Khaki-Gray-Enamel” and
all aircraft manufacturers to use either opaque yellow
or clear varnish on floats and hulls. These, the initial
variations to the color scheme that had been estab-
lished the preceding March, were followed by so
many other exceptions that no standard existed for the
next six months. The trend, however, was to use an
opaque yellow finish for school machines and to use a
khaki finish, similar to that used on British aircraft, for
service machines.

25 August The NC flying boat development was ini-
tiated by Chief Constructor David W. Taylor in a
memo which outlined certain general requirements of
an airplane needed in war and directed his staff to
investigate the subject further. In part, Taylor stated:
“The ‘United States [Liberty] Motor’ gives good promise
of being a success, and if we can push ahead on the
airplane end, it seems to me the submarine menace
could be abated, even if not destroyed, from the air.
The ideal solution would be big flying boats or the
equivalent, that would be able to fly across the
Atlantic to avoid difficulties of delivery, etc.”

25 August The 12-cylinder Liberty motor passed a
50-hour test with a power output of 301 to 320 horse-
power, preliminary to being ordered into mass pro-
duction.

4 September The technical members of the Bolling
Mission, having just returned from studying air devel-
opments in Europe, submitted a report to the
Secretaries of War and Navy. Among other things they
recommended that air measures against submarines
take precedence over all other air measures, that the
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designation as Naval Aviator (Dirigible). These men,
the first trained specifically as dirigible pilots, were
subsequently assigned Naval Aviator numbers ranging
from 94 to 104.

6 October The Secretary of War authorized the Navy
to use a part of the Army landing field at Anacostia,
D.C., for the erection and maintenance of a seaplane
hangar. Terms of use were within those of a revokable
license and with the understanding that the Army
might have joint use of the Navy area at any time. In
the following January, NAS Anacostia, D.C., was estab-
lished to provide a base for short test flights, to pro-
vide housing and repair services for seaplanes on test
flights from NAS Hampton Roads, Va., and the Army
station at Langley Field, Va., and to set up new sea-
plane types for study by those responsible for their
construction and improvement.

11 October The catapult, aircraft and all aeronautics
gear were removed from North Carolina (ACR 12) at
the Brooklyn Navy Yard, N.Y.

13 October After serving on convoy duty without
using her aeronautic gear except for one attempt with
a kite balloon, Huntington (ACR 5) transferred her
equipment ashore at New York. This transfer, and the
subsequent departure of aviation personnel, marked
the end of the operational test with aircraft on board
combatant ships that had started with the North
Carolina (ACR 12) in 1916.

14 October The Marine Aeronautic Company at
Philadelphia, Pa., was divided into the First Aviation
Squadron, composed of 24 officers and 237 men, and
the First Marine Aeronautic Company, composed of 10
officers and 93 men. On the same day, the First
Marine Aeronautic Company transferred to the Naval
Air Station at Cape May, N.J., for training in seaplanes
and flying boats and on 17 October the First Aviation
Squadron transferred to the Army field at Mineola,
Long Island, N.Y., for training in landplanes.

16 October The first power driven machine was
started at the Naval Aircraft Factory, just 67 days after
ground was broken.

21 October First flight test of Liberty engine—The
12-cylinder Liberty engine was flown successfully for
the first time in a Curtiss HS-1 flying boat at Buffalo,
N.Y. This flight and other successful demonstrations
led to the adoption of both the engine and the air-
plane as standard service types.

22 October Special courses to train men as inspec-
tors were added to the Ground School program at MIT
with 14 men enrolled. Eventually established as an
Inspector School, this program met the expanding
need for qualified inspectors of aeronautical material
by producing 58 motor and 114 airplane inspectors
before the end of the war.

24 October The first organization of U.S. Naval
Aviation Forces, Foreign Service, which had evolved
from the First Aeronautic Detachment, was put into
operation as Captain Hutch I. Cone relieved Lieutenant
Commander Kenneth Whiting of command over all
Naval Aviation forces abroad.

24 October Routine instruction in flight and ground
courses began at NAS Moutchic, France, established as
a training station serving naval air units in Europe.

2 November Twelve men who had organized as the
Second Yale Unit and had taken flight training at their
own expense at Buffalo, N.Y., were commissioned as
Ensigns, USNRF, and soon after received their designa-
tions as Naval Aviators.

5 November To coordinate the aviation program,
Captain Noble E. Irwin, Officer-in-Charge of Aviation,
requested that representatives of bureaus having cog-
nizance over some phase of the program meet regular-
ly each week in his office for the purpose of discussing
and expediting all matters pertaining to aviation.

9 November Permission was received from the
Argentine Government to use three Argentine Naval
Officers, recently qualified as U.S. Naval Aviators, as
instructors in the ground school at Pensacola, Fla.

10 November A Navy “flying bomb,” manufac-
tured by the Curtiss Company, was delivered to the
Sperry Flying Field at Copiague, Long Island, N.Y.,
for test. Also called an aerial torpedo, the flying
bomb was designed for automatic operation carrying
1,000 pounds of explosive with a range of 50 miles
and a top speed of 90 miles per hour. In addition to
this specially designed aircraft, N-9s were also con-
verted for automatic operations as flying bombs that
were closely related to the guided missile of today.

14 November A major step in assuring the success
of the Navy’s World War I aircraft production pro-
gram was taken when the Secretary of War, Newton
D. Baker, approved a recommendation “that priority
be given by the War Department to naval needs for
aviation material necessary to equip and arm sea-
plane bases.”
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carry no more than a 600-pound ordnance load and
thus were incapable of delivering a torpedo with an
explosive charge large enough to seriously damage a
modern warship. This problem, the size of an effective
torpedo versus the capabilities of aircraft, retarded tor-
pedo plane development in World War I and contin-
ued as an important factor in the post war years.

1 December NAS Pauillac, France, was established
as an active assembly and repair station supporting all
naval air stations in France.

5 December The policy regarding helicopter devel-
opment was established by the Secretaries of the War
and Navy Departments on the basis of recommenda-
tions made by the Joint Technical Board on Aircraft.
Basically, need for improvements in powerplants and
propellers was recognized as necessary if a successful
helicopter was to be obtained, but actual support of
development efforts was to be limited to moral
encouragement until a vendor had demonstrated a
helicopter of military value.

7 December Fighter-type aircraft development was
initiated with the Secretary’s authorization for the
Curtiss HA, or “Dunkirk Fighter.” This single-pontoon
seaplane was equipped with dual synchronized
machine guns forward and dual flexible machine guns
in the rear cockpit.

7 December The Naval Aeronautic Station Pensa-
cola, Fla., was redesignated a Naval Air Station.

22 December The addition of an Aerography School
in the training program at MIT was marked by the start
of classes with one student enrolled. A major portion of
the school’s new instruction program was carried out at
the Blue Hill Observatory, Harvard University, but some
classes were also held at the Aerographic Laboratory on
the MIT campus. Of 55 men enrolled in the school, 54
qualified as aerologists by the end of the war.

31 December The First Aviation Squadron of the
Marine Corps, commanded by Captain William M.
McIlvain, USMC, transferred from Mineola, N.Y., to
Gerstner Field, Lake Charles, La., for advanced training
in landplanes.

1918
1 January The Experimental and Test Department at
Pensacola, Fla., was transferred to NAS Hampton
Roads, Va., to overcome difficulties arising from the
remoteness of the former location from the principal
manufacturing and industrial areas.

15 November A Committee on Light Alloys, with
Naval Constructor Jerome C. Hunsaker a member, was
established within the NACA to intensify efforts to
develop light metal alloys for aeronautical use.

18 November U.S. aerial coastal patrols in European
waters began with Tellier seaplanes from LeCroisic,
France, at the mouth of the Loire River. This seaplane
patrol station, the first of eight established in France,
was established 27 November under command of
Lieutenant William M. Corry.

21 November A demonstration of the Navy N-9 fly-
ing bomb at Amityville, Long Island, N.Y., was wit-
nessed by Major General George O. Squier, USA, Chief
Signal Officer. Subsequently the Army established a
parallel aerial torpedo project.

22 November A Tellier seaplane piloted by Ensign
Kenneth R. Smith, with Electrician’s Mate Wilkinson
and Machinist’s Mate Brady on board, was forced
down at sea on a flight out of NAS LeCroisic, France,
to investigate the reported presence of German sub-
marines south of Belle Isle. Two days later, and only
minutes before their damaged plane sank, they were
rescued by a French destroyer. It was the first armed
patrol by a U.S. Naval Aviator in European waters.

24 November In discussing the development of air-
craft torpedoes and torpedo planes, the Chief of Naval
Operations pointed out that available aircraft could
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21 January The First Marine Aeronautic Company,
Captain Francis T. Evans, USMC, commanding, arrived
at Naval Base 13, Ponta Delgada, Azores, to fly antisub-
marine patrols over convoy lanes in the Azores area.

25 January The Supervisor, Naval Reserve Flying
Corps requested that Dr. Alexander McAdie, Director
of Blue Hill Observatory, Harvard University, be
enrolled as a Lieutenant Commander in the Naval
Reserve and be assigned to the Aviation Office in CNO
to organize a Naval Aerological Organization.

3 February Aerial gunnery training for prospective
Naval Aviators and enlisted men began under
Canadian Royal Flying Corps instructors at the Army
field at Camp Taliaferro, Fort Worth, Tex.

8 February A change in national aircraft insignia
was promulgated by the Navy which replaced the
white star with concentric circles of red and blue
around white, and reversed the order of the red, white
and blue vertical bands on the rudder, placing the red
nearest the rudder post.

21 February NAS Bolsena, Italy, was established,
Ensign William B. Atwater commanding. The first of
two air stations established in Italy during World War
I, Bolsena was used primarily as a flying school.

22 February The Director of Naval Communications
was requested to provide wireless transmitting and

receiving equipment at five naval air stations on the
Atlantic coast and at San Diego, Calif., and Coco Solo,
Panama, to permit pilots on patrol to communicate
with their bases. The following May, this request was
expanded to cover all naval air stations.

22 February NAS Queenstown, Ireland, an assembly
and repair station for all naval air stations in Ireland,
was established, Lieutenant Commander Paul J. Peyton
commanding.

26 February In recognition of the importance to
flight operations of data on weather phenomena in the
upper atmosphere, and acting largely on the recom-
mendations of Lieutenant Commander Alexander
McAdie, formerly of Harvard University’s Blue Hill
Observatory, the Chief of Naval Operations established
an allowance list of aerographic equipment for air sta-
tions abroad.

28 February The president issued a proclama-
tion, effective in 30 days, that prohibited private
flying over the United States, its territorial waters
and its possessions without a special license issued
by the Joint Army and Navy Board on Aeronautic
Cognizance.

1 March The dirigible station at Paimboeuf, France,
where several aviation personnel had been on duty
with the French since November 1917, was taken over
by American forces and established as a Naval Air
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German seaplanes. Ensign Stephan Potter shot down
one of the attackers and was credited officially as
being the first American Naval Aviator to shoot down
an enemy seaplane.

21 March The HA seaplane, or “Dunkirk Fighter,”
made its first flight at Port Washington, Long Island,
N.Y., with Curtiss test pilot Roland Rohlfs at the con-
trols and Captain Bernard L. Smith, USMC, occupying
the second seat.

25 March Ensign John F. McNamara, flying out of
RNAS Portland, England, made the first attack on an
enemy submarine by a U.S. Naval Aviator. For his
attack, reported by Admiral Sims as “apparently suc-
cessful,” Ensign McNamara was commended by the
Secretary of the Navy for his “valiant and earnest
efforts on this particular occasion.”

27 March The first aircraft built at the Naval Aircraft
Factory, the H-16, Serial No. A-1049, was flown for the
first time. The H-16 was used in antisubmarine patrol
from U.S. and European stations, and for this purpose
was equipped with two 230-pound bombs and five
Lewis machine guns; one forward, two aft, and two
amidships.

30 March The Curtiss 18-T or “Kirkham” triplane
fighter was ordered from Curtiss Engineering
Corporation. This single-engine, two-seater landplane
was fitted with two synchronized and two flexible
guns.

Station, Lieutenant Commander Louis H. Maxfield in
command.

3 March Dirigibles in France—The AT-1 (Astra-
Torres), having been obtained from the French on 1
March, made its first flight under American control at
Paimboeuf, France. Prior to the armistice, the Navy
obtained 12 dirigibles from the French.

6 March The Bureau of Navigation established instru-
ment allowances for naval aircraft allotting a compass,
two altimeters and a clock for service seaplanes and
flying boats; a compass, altimeter, clock and stato-
scope for dirigibles and free balloons; and an altimeter
and clock for kite balloons and training planes.

6 March An unmanned flying-bomb type plane was
launched successfully and flown for 1,000 yards at the
Sperry Flying Field, Copiague, Long Island, N.Y. The
launching device was a falling weight type catapult.

7 March The Office of the Director of Naval
Aviation was established in the Office of the Chief of
Naval Operations and the Aviation Section became a
Division.

9 March A revised training program for Naval
Aviators, Seaplanes, was initiated which provided that,
after a period of general training, all student aviators
specialize in one of three general types of seaplanes;
that they follow a syllabus which divided the program
into elementary, advanced, and advanced specializa-
tion courses; and designated the stations at which the
respective courses would be given.

15 March The Bureau of Construction and Repair
directed that all new naval aircraft be painted in low
visibility naval gray enamel.

19 March As combat operations underlined the
need for Aviation Intelligence Officers, Commander,
Naval Aviation Forces, Foreign Service, distributed a
circular letter defining the duties and functions per-
formed by such officers at Royal Navy Air Stations
with the suggestion that provisions for similar services
be made at naval air stations “as may seem expedi-
ent.” Supplementary letters clarified the duties and
functions and on 31 October it was specifically stated
that Aviation Intelligence Officers be specially trained
for this work.

19 March A formation of flying boats, on long range
reconnaissance off the German coast, was attacked by
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15 April The First Marine Aviation Force, command-
ed by Captain Alfred A. Cunningham, USMC, was
formed at NAS Miami, Fla., from personnel of the First
Aviation Squadron and the Aeronautic Detachment,
USMC, both of which had disbanded the day before. A
Headquarters Company and four squadrons designat-
ed A, B, C and D, were organized within this Force on
16 June and it was later transferred overseas to oper-
ate as the Day Wing of the Northern Bombing Group.

16 April The first detachment of trained aerologists,
consisting of nine officers and 15 enlisted men,
departed for duty at naval air stations in Europe.

17 April Lieutenant William F. Reed, Jr., reported at
NAS Pensacola, Fla., for what was then called “aero-
graphical” duty, the first such assignment ever made to
a naval air station.

23 April The first shipment of Liberty engines to
Naval Aviation units in France was received at the
assembly and repair station, NAS Pauillac, France.

27 April The airship AT-1, commanded by
Lieutenant Frederick P. Culbert and a crew made up
of Ensigns Merrill P. Delano, Arthur D. Brewer and
Thomas E. McCracken, completed a 25-hour 43-
minute flight out of Paimboeuf, France, during the
course of which three convoys were escorted through
a mined zone. For their flight, the longest on record
for an airship of the type, the commanding officer

and crew were officially commended by the French
Minister of Marine.

30 April Northern Bombing Group—The Secretary
of the Navy approved a plan, recommended by the
General Board and developed by U.S. Naval Forces in
Europe, for air operations to be undertaken in the
Dunkirk-Zeebrugge region against German submarine
support facilities by a specially organized unit later
designated the Northern Bombing Group, and directed
that bureaus and offices expedite assembly of the nec-
essary personnel and equipment.

6 May NAS Coco Solo, Panama, was established,
Lieutenant Ralph G. Pennoyer commanding, to main-
tain patrols over the seaward approaches to the
Panama Canal.

15 May The Bureau of Steam Engineering reported
that the Marconi SE 1100 radio transmitter, designed
for use on the H-16 flying boat, had demonstrated
dependability in voice communications at distances up
to 50 nautical miles and in code communications at up
to 120 nautical miles. This was one of the first radio
sets used in, and the first tube set developed for, naval
aircraft.

18 May The Chief of Naval Operations set training
goals to provide pilots for foreign service, and to meet
them, directed that eight elementary training
squadrons be operated, two at Key West, Fla., four at
Miami, Fla., and two at Bay Shore, N.Y.; that elemen-
tary training at Pensacola, Fla., be discontinued as
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21 July A surfaced German submarine, firing on a
tugboat and three barges three miles off Nauset Beach
on Cape Cod, Mass., was attacked by two seaplanes
from NAS Chatham, Mass. After firing on both aircraft,
the submarine submerged and escaped.

24 July NAS Porto Corsini, Italy, the only U.S. Navy
seaplane patrol station established in Italy during
World War I, was placed in operating status,
Lieutenant Wallis B. Haviland commanding.

25 July The Secretary of War approved a recommen-
dation by the Joint Army and Navy Airship Board, thus
completing an inter-service agreement which assigned
responsibility for the development of rigid airships to
the Navy.

27 July The N-l, first experimental aircraft designed
and built at the Naval Aircraft Factory, made its fourth
successful flight and its first test of the Davis gun for
which it was designed. Lieutenant Victor Vernon pilot-
ed and Lieutenant Sheppard operated the gun which
gave what was reported as a very satisfactory perfor-
mance against a target moored in the Delaware River
near the factory.

30 July Headquarters Company and Squadrons A, B,
and C of the First Marine Aviation Force arrived at
Brest, France, on board DeKalb (a Navy troop trans-
port). Upon disembarking, they proceeded to air-
dromes between Calais, France, and Dunkirk, France,
for operations as the Day Wing, Northern Bombing
Group. With the arrival, the squadrons were redesig-
nated 7, 8, and 9 respectively.

soon as students on board were graduated; and that
six advanced training squadrons be organized there to
begin training patrol plane and night bomber pilots as
soon as practicable.

24 May The first consignment of American-built fly-
ing boats, six HS-1s aboard Houston (AK 1) and two
aboard Lake Placid (a Navy cargo ship), arrived at
Pauillac, France.

13 June The first American-built aircraft to be
assembled in France, an HS-1, made its first flight at
Pauillac, France, piloted by Lieutenant Charles P.
Mason, USN, with Commander James B. Patton,
USN, and Lieutenant William B. Jameson, USNRF, as
passengers.

19 June NAS Pensacola, Fla., began taking upper
atmospheric weather soundings to provide information
on wind velocity and direction, needed for navigation-
al training flights. Recording instruments were carried
aloft by a kite balloon, a technique developed by the
station meteorological officer, Lieutenant W. F. Reed.

30 June The first Navy pilots of the Night Wing,
Northern Bombing Group, to take special training with
British units, marked the completion of their course by
participating as observers in a night bombing raid by
Royal Air Force (RAF) Squadron 214.

1 July An act of Congress repealed all laws relating
to the National Naval Volunteers (NNV) and autho-
rized the president to transfer as a class all its mem-
bers, in their confirmed ranks
and ratings, to the Naval
Reserve, the Naval Reserve
Flying Corps or the Marine
Corps Reserve.

7 July The Naval Aircraft
Factory completed its first
order for 50 H-16 flying boats.

20 July The RAF Station,
Killingholme, England, from
which U.S. Navy pilots had
been flying patrols since
February 1918, was turned
over to American forces and
established as a Naval Air
Station, Lieutenant Comman-
der Kenneth Whiting in com-
mand.
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5 August A flying boat piloted by Ensign Ashton W.
Hawkins with Lieutenant (jg) George F. Lawrence as
second pilot, took off from NAS Killingholme,
England, in rain and poor visibility at 10:30 p.m. to
patrol a course intercepting a reported Zeppelin raid.
The patrol was made in good weather above the
clouds without sighting the enemy and came down
through heavy weather at South Shields, England, at
5:30 a.m. almost out of fuel. It was the first American
night combat patrol out of Killingholme and may have
been the first of the war by a U.S. Naval Aviator.

11 August Ensign James B. Taylor made the initial
flight in the Loening M-2 Kitten landplane at Mineola,
Long Island, N.Y. This aircraft, which was intended for
use aboard ship, was not successful; but is of special
interest because it was the first monoplane developed
under Navy contract; was one of the smallest aircraft
ever built for the Navy with an empty weight of less
than 300 pounds, and, although equipped with a
British ABC motor for flight, was designed for use with
a two-cylinder Lawrance 30-horsepower air-cooled
engine which was the predecessor of the large
American air-cooled radial engines.

15 August Independent offensive operations of the
Northern Bombing Group began as Ensign Leslie R.
Taber of Air Squadron 1, piloted a Caproni bomber in
a night raid on the submarine repair docks at Ostend,
Germany. Ensign Charles Fahy was second pilot and
D. C. Hale rear gunner on the flight.

19 August NAS Halifax, Nova Scotia, the first of two
air stations established in Canada, was placed in oper-
ating status to conduct patrols over the northern
approaches to the Atlantic coast, Lieutenant Richard E.
Byrd commanding.

19 August In trial runs observed by Naval
Constructors Holden C. Richardson and Charles N.
Liqued, the Kirkham 18-T experimental triplane fight-
er, built by the Curtiss Company, achieved speeds of
161, 162, and 158 miles per hour, over a measured
course.

21 August A flight of bombers and fighters from
NAS Porto Corsini, Italy, was intercepted by a superior
force of Austro-Hungarian planes over the Austro-
Hungarian naval base at Pola on the Adriatic Sea.
During the ensuing fight, one American plane was
forced down 3 miles from the harbor entrance. Ensign
Charles H. Hammann, whose fighter plane was also
damaged, evaded his pursuers and landed alongside

the downed pilot; took him on board and flew back to
base. For his extraordinary heroism in effecting the
rescue under hazardous conditions, Ensign Hammann
was later awarded the Medal of Honor.

1 September In a reorganization of aviation forces
abroad, the Commander, U.S. Naval Aviation Forces,
Foreign Service, was assigned to the Staff of the
Commander, U.S. Naval Forces Operating in European
Waters, as the Aide for Aviation, and unit commands
were set up for France, England, Ireland, Italy, and the
Northern Bombing Group to control and direct the
operations of stations and units in their respective areas.

3 September The first naval air operations from
bases in Ireland began from NAS Lough Foyle with
patrols over the North Channel entrance to the Irish
Sea.

23 September The flywheel catapult, a forerunner
of those installed aboard the Lexington and Saratoga,
was used successfully to launch a flying bomb at
Copiague, Long Island, N.Y. Development of this cata-
pult by the Sperry Company had been undertaken in
connection with the Bureau of Ordnance flying bomb
project.

23 September The Aircraft Radio School at
Pensacola, Fla., began a course of instruction for
Aircraft Radio Electricians which included code work,
semaphore and blinker study, gunnery, and laboratory
work. This school was transferred subsequently to
Harvard University.

24 September Lieutenant (jg) David S. Ingalls,
while on a test flight in a Sopwith Camel, sighted an
enemy two-seat Rumpler over Nieuport. In company
with another Camel he attacked and scored his fifth
aerial victory in 6 weeks to become the Navy’s first
ace. For this and other meritorious acts while serving
as a fighter pilot with Royal Air Force Squadron 213,
he was awarded the Distinguished Flying Cross by the
British Government and the Distinguished Service
Medal by the president of the United States.

25 September Chief Machinist’s Mate Francis E.
Ormsbee went to the rescue of two men in a plane
which had crashed in Pensacola Bay, Fla. He pulled out
the gunner and held him above water until help arrived,
then made repeated dives into the wreckage in an
unsuccessful attempt to rescue the pilot. For his hero-
ism, Chief Ormsbee was awarded the Medal of Honor.

1 October Some of the earliest recorded food-drop-
ping missions were flown by Marine Corps pilots
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30,693 men in Navy units, and 282 officers and 2,180
men in Marine Corps units, with 2,107 aircraft, 15 diri-
gibles, and 215 kite and free balloons on hand. Of
these numbers 18,000 officers and men and 570 aircraft
had been sent abroad.

17 November NAS Hampton Roads, Va., reported
that an H-16 flying boat, equipped with a radio direc-
tion finder using the British six-stage amplifier,
received signals from the Arlington, Va., radio station at
a distance of 150 miles.

22 November Lieutenant Victor Vernon and Mr. S. T.
Williams dropped a 400-pound dummy torpedo from
an F-5L at the Naval Aircraft Factory in the initial test of
a torpedo launching gear upon which development
had begun the preceding July.

23 November Use of titles “Navigation Officer” and
“Aerographic Officer” in naval air station organization
was authorized by the Chief of Naval Operations to
identify officers trained to perform the special duties
involved.

27 November The NC-1 took off from Rockaway
Beach, N.Y., with 51 persons aboard, establishing a
new world record for persons carried in flight.

2 December Efforts to develop aircraft to operate from
ships were renewed by the Office of the Chief of Naval
Operations request that the Bureau of Construction and
Repair provide aircraft of the simplest form, lightly load-
ed, and with the slowest flying speed possible.

12 December In a test to determine the feasibility of
carrying fighter aircraft on dirigibles, the C-1 lifted an
Army JN-4 in a wide spiral climb to 2,500 feet over
Fort Tilden, N.Y., and at that height released it for a
free flight back to base. The airship was piloted by
Lieutenant George Crompton, Dirigible Officer at NAS
Rockaway, N.Y., and the plane by Lieutenant A. W.
Redfield, USA, commanding the 52d Aero Squadron
based at Mineola, N.Y.

26 December Ensign Thomas E. Maytham, piloting a
B-type airship, completed a flight from Key West, Fla.,
to Tampa, Fla., Cape Sable, Fla., Palm Beach, Fla., and
return that covered approximately 690 miles. This bet-
tered his earlier endurance mark of 32 hours with a
continuous flight of 40 hours 26 minutes. Although rec-
ognized only as an American record, this time sur-
passed by more than 25 hours the existing world mark.

30 December Lieutenant Thomas C. Rodman, pilot-
ing an H-16 flying boat at Pensacola, Fla., scored the

Captain Francis P. Mulcahy, Captain Robert S. Lytle,
and Lieutenant Frank Nelms. On this day and the next,
they made repeated low level runs in the face of
enemy fire and delivered 2,600 pounds of food and
badly needed supplies to a French regiment surround-
ed by German troops near Stadenburg.

4 October The first of the NC flying boats, the NC-1,
made its initial flight at NAS Rockaway, N.Y., with
Commander Holden C. Richardson, CC, and
Lieutenant David H. McCulloch pilots.

14 October The first raid-in-force by the Northern
Bombing Group in World War I was made by eight
planes of Marine Day Squadron 9, which dropped 17
bombs totaling 2,218 pounds on the German held rail-
road junction at Thielt, Belgium. For extraordinary
heroism on this and on an earlier raid in engaging
enemy aircraft at great odds, 2nd Lieutenant Ralph
Talbot, and his observer, Gunnery Sergeant Robert G.
Robinson, were later awarded the Medal of Honor.

15 October The Bureau of Steam Engineering
reported that five Hart and Eustiss reversible pitch pro-
pellers were under construction for use on twin-
engine dirigibles. In addition, two Hart and Eustiss
variable pitch propeller hubs for the F-5L were being
ordered.

17 October A pilotless N-9 training plane, converted
to an automatic flying machine, was launched success-
fully at Copiague, Long Island, N.Y., and flew a pre-
scribed course, although the distance gear failed to
land the airplane at a preset range of 14,500 yards.
The plane was last seen over the Bay Shore Air Station
at an altitude of 4,000 feet, flying eastward.

22 October The twin-engine dirigible C-1, com-
manded by Major Bernard L. Smith, USMC, and with
crew consisting of Lieutenant Ralph A. D. Preston,
USNRF, Lieutenant (jg) Donald T. Hood, USNRF,
Ensign Warner L. Hamlen, USNRF, Ensign Marcus H.
Estorly, USNRF, and two civilian mechanics, M.
Roulette and James Royal, was delivered at NAS
Rockaway, N.Y., having flown that day from Akron,
Ohio, via Washington, D.C. The Aero Club of America
later awarded Smith and Hamlen its Medal of Merit for
this flight.

11 November An armistice was signed ending the
hostilities of World War I. In the 19 months of the
United States’ participation, the strength of Naval
Aviation had grown to a force of 6,716 officers and
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Navy’s first win in the Curtiss Marine Trophy Race, an
annual competition set up by Glenn H. Curtiss in 1915
to encourage seaplane development. The contest was
on the basis of miles traveled in 10 hours of flight,
with extra mileage credit for passenger load. In win-
ning, Rodman carried 11 passengers 670 statute miles
and received credit for 970 miles.

1919
23 January Ensign Fitzwilliam W. Dalrymple and
Chief Machinist’s Mate Frederick H. Harris took off at
NAS Miami, Fla., in a single-engine pusher flying boat,
HS-2L, and with benefit of special gas tanks, remained
airborne for 9 hours 21 minutes.

3 February Captain George W. Steele, Jr., assumed
command of Fleet Air Detachment, Atlantic Fleet, on
board his flagship, Shawmut (CM 4), in the Boston
Navy Yard, Mass. Established for the purpose of test-
ing the capabilities of aviation to operate with fleet
forces, the new command marked the beginning of a
permanent provision for aviation in fleet organization.
Although all elements of the detachment were not
immediately assembled, its composition was: Shawmut
(CM 4) flagship and tender, a seaplane squadron of six
H-16 flying boats under Lieutenant Commander Bruce
G. Leighton, an airplane division of three landplanes
under Lieutenant Commander Edward O. McDonnell
on Texas (BB 35) and a kite-balloon division of six
balloons on various ships and the Shawmut (CM 4),
under Lieutenant (jg) John G. Paul.

9 February The submission of aerological data,
obtained at various naval air stations, to the U.S.
Weather Bureau for use in coordinated study of
weather conditions, commenced with the report sub-
mitted by NAS Pensacola, Fla.

17 February The Fleet Air Detachment which had
completed assembly at Guantanamo Bay, Cuba, on the
15th, began operations with the fleet by participating
in long range spotting practice. On this day and in
subsequent exercises, the detachment gave a practical
demonstration of the capabilities of aircraft and of the
advantages to be derived from the coordinated
employment of air and surface units.

7 March In a test at NAS Hampton Roads, Va.,
Lieutenant (jg) Frank M. Johnson launched an N-9
landplane from a sea sled making approximately 50
knots. The sea sled was a powerful motor boat
designed to launch an aircraft at a point within range

of the target and had been developed experimentally
at the recommendation of and under the guidance of
Commander Henry C. Mustin as a means of attacking
German submarine pens. The sea sled was manufac-
tured by Murray and Tregurtha of South Boston, Mass.

9 March Lieutenant Commander Edward O.
McDonnell, piloting a Sopwith Camel, made the first
flight from a turret platform on a U.S. Navy battleship as
he successfully took off from the No. 2 turret of Texas
(BB 35), lying at anchor at Guantanamo Bay, Cuba.

12 March The feasibility of using voice radio and
telephone relay for air to ground communications was
demonstrated as Lieutenant Harry Sadenwater, in an
airborne flying boat, carried on a conversation with
the Secretary of the Navy who was seated at his desk
in the Navy Department some 65 miles away.

13 March The Chief of Naval Operations issued a
preliminary program for postwar naval airplane devel-
opment. Specialized types desired were fighters, torpe-
do carriers and bombers for fleet use; single-engine,
twin-engine and long distance patrol and bomber
planes for station use; and a combination land and
seaplane for Marine Corps use.

21 March A gyrocompass developed by the Sperry
Gyroscope Company for the Navy was tested in an air-
craft. Although this particular instrument was not
found acceptable, this is the first recorded instance of
tests of this device which was later to prove an invalu-
able navigational instrument for long-range flight.

7 April The Seaplane Squadron and Shawmut (CM
4) of Fleet Air Detachment left Guantanamo Bay,
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off from Trepassey Bay, Newfoundland, for the long
overwater flight to the Azores.

16 May Ensign Herbert C. Rodd, radioman on the
NC-4, intercepted a radio message from the steamship
George Washington 1,325 miles distant. A radio mes-
sage from one of the NCs was also intercepted by the
radio station, Bar Harbor, Maine, when the plane was
1,400 miles away.

17 May After more than 15 hours in the air, the NC
flying boats neared the Azores. At 1323 GMT, the NC-4
landed at Horta, Azores. The other NC boats were not
so fortunate; both had lost their bearings in thick fog
and landed at sea to determine their positions. But in
landing they sustained damage and were unable to
resume flight. The NC-3 drifted backwards toward the
Azores and arrived at Ponta Delgada, Azores, at 6:30
p.m. on 19 May. The NC-1 sustained additional dam-
age in the heavy seas and was taken under tow by the
Greek steamer Ionia, but the tow lines soon parted.
Gridley (DD 92) then attempted to tow the NC-1 but
the aircraft pulled adrift again and broke up and sank.
Her entire crew was taken on board Ionia and arrived
at Horta, Azores at 12:30 p.m. on 18 May.

27 May At 8:01 p.m. the NC-4 landed in the harbor
at Lisbon, Portugal, completing the first crossing of the
Atlantic Ocean by air. The only one of three NC boats
to reach the Azores by air, the NC-4 arrived the after-
noon of the 17th, and after a layover of 10 days, cov-
ered the last leg of the crossing to Lisbon. Lieutenant
Commander Albert C. Read was in command and
Lieutenant Elmer F. Stone, USCG, Lieutenant James L.
Breese, Lieutenant (jg) Walter K. Hinton, Ensign
Herbert C. Rodd and Chief Machinist’s Mate Eugene S.

Cuba, for the United States after almost seven weeks
of participation in fleet exercises, during which time
the squadron had operated entirely afloat and had no
support from shore bases.

8 April Captain Thomas T. Craven was detached
from the Bureau of Navigation for duty in the Office
of the Chief of Naval Operations where, in the follow-
ing month, he relieved Captain Noble E. Irwin as
Director of Naval Aviation.

10 April The roll-up of naval air stations in Europe,
which had begun on 31 December 1918 with the dis-
establishment of Porto Corsini, Italy, was completed as
the Assembly and Repair Base at Eastleigh, England,
was demobilized.

26 April An F-5L flying boat, equipped with two 400-
hp Liberty engines and piloted by Lieutenant H. D.
Grow out of Hampton Roads, Va., completed a flight
of 20 hours and 19 minutes in which it covered 1,250
nautical miles. Although the flight was not made under
FAI supervision and was prior to the date on which
seaplanes were recognized as a separate class for
record purposes, this time was better than any recog-
nized seaplane duration record until May 1925.

28 April Lieutenant Commander Richard E. Byrd,
who developed and tested navigational equipment for
the forthcoming transatlantic flight, requested the
Naval Observatory to supply bubble levels which he
adapted for attachment to navigational sextants, there-
by providing an artificial horizon which made it possi-
ble to use these instruments for astronomical observa-
tions from aircraft.

8 May Seaplane Division One, comprised of three
NC flying boats, took off from NAS Rockaway, N.Y.
at 10:00 a.m. for Halifax, Nova Scotia, on the first leg
of a projected transatlantic flight. Commanding the
Division, and the NC-3, was Commander John H.
Towers. The NC-4 was commanded by Lieutenant
Commander Albert C. Read. The NC-1 was com-
manded by Lieutenant Commander Patrick N. L.
Bellinger.

14–15 May The airship C-5, Lieutenant Commander
Emory W. Coil commanding, made a record flight
from Montauk Point, Long Island, N.Y., to St. Johns,
Newfoundland, covering the 1,050 nautical miles in 25
hours and 50 minutes.

16 May Around 6 p.m., three NC flying boats took
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Rhoads made up the crew. The NC-4 flight terminated
at Plymouth, England, on 31 May.

12 June A contract was issued for the construction
of a revolving platform at Hampton Roads, Va., for use
in experimental development of techniques and
equipment for landing aircraft aboard ship.

21 June The Bureau of Construction and Repair
reported a modification to the aircraft color scheme
whereby stretched fabric surfaces were to be finished
with aluminum enamel. Thus, wing and tail surfaces
and in some instances the fuselage surfaces were to
be aluminum-colored while the specified color for
other exterior surfaces continued to be naval gray
enamel.

23 June The General Board submitted the last of a
series of reports to the Secretary of the Navy on a poli-
cy for developing a naval air service. On the conclu-
sion that aviation had become an essential arm of the
fleet, the board urged adoption of a broad program for
peacetime development that would establish a naval
air service “capable of accompanying and operating
with the fleet in all waters of the globe.” Approved
with some modification by the Secretary on 24 July,
this program provided the direction for a number of
actions taken in the following months.

25 June NAS Anacostia, D.C., reported experiments
in which aircraft carried aloft instruments to measure
temperature and humidity of the upper atmosphere.

1 July The Secretary of the Navy authorized installa-
tion of launching platforms on two main turrets in
each of the eight battleships.

2 July The Officer-in-Charge of the Navy
Detachment under instruction in landplanes at the
Army Air Service School, Langley Field, Va., reported
that the 27 Naval Aviators on board had completed the
preliminary flight phase in JN-4s and were rapidly
nearing the end of the formation flight syllabus in DH
aircraft. This training was in preparation for the opera-
tion of landplanes from battleship turrets.

11 July The Naval Appropriations Act for fiscal year
1920 made several important provisions for the future
of Naval Aviation. Among others it provided for con-
version of Jupiter (AC 3) into an aircraft carrier, later
named Langley; for conversion of two merchant ships
into seaplane tenders, only one of which, later named
Wright (AZ 1), was completed, and for construction of
one rigid dirigible later designated ZR-1 and named
Shenandoah and purchase of another from abroad
later designated ZR-2 (R-38). In a more restrictive
sense, the act limited to six the heavier-than-air sta-
tions that could be maintained along the coasts of
continental United States.
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1 August To merge aviation with other naval activi-
ties, the Aviation Division of the Office of the Chief of
Naval Operations was abolished and its functions reas-
signed to other divisions and to the Bureau of
Navigation. The Director of Naval Aviation retained his
title as head of the Aviation Section of the Planning
Division. In the reorganization, the Aircraft Test Board
was transferred to the Board of Inspection and Survey.

9 August Construction of the rigid airship ZR-1, the
future Shenandoah and the Navy’s first rigid airship,
was authorized by the Secretary of the Navy. This air-
ship was constructed at the Naval Aircraft Factory and
assembled at Lakehurst, N.J.

19 August The Secretary of the Navy ordered use of
the pre-war white star national insignia on all naval
aircraft in place of the concentric circle design adopt-
ed for the war. By this order, the red, white and blue
vertical bands on the rudder reverted to their prewar
position, blue being forward.

23 August A general order directed that during dirigi-
ble flights parachutes be carried for each person on
board. The following November, this directive was
amplified to apply also to flights in kite balloons and
added the further requirement that life preservers be car-
ried in all lighter-than-air craft during flights over water.

22 October The Secretary of War approved the
Navy’s request that 18 Naval Aviators and 10 mechan-
ics be given landplane training at the Air Service

Training School at Carlstrom Field, Arcadia, Fla., and
two days later approved a similar program at March
Field, Riverside, Calif. This training, an extension of
the program already conducted under the Army at
Langley Field, Va., had been requested by the
Secretary of the Navy as necessary to the successful
operation of scouting aircraft from battleship turrets.

1 November The Aerological School at NAS
Pensacola, Fla., opened with a class of one Marine
Corps and four Navy officers.

18 November The Secretary of the Navy informed
the Secretary of War that, in response to his request,
arrangements had been made for six Army men to
attend the enlisted men’s course in meteorology at
Pensacola, Fla., and suggested they report about 1
December when classes were scheduled to start.

21 November Engineering plans for the conversion
of Jupiter (AC 3) to an aircraft carrier, originally com-
pleted 5 July were modified, and a summary specifica-
tion was issued by the Bureau of Construction and
Repair. In addition to an unobstructed “flying-on and
flying-off deck,” stowage space for aircraft and facili-
ties for repair of aircraft, the new plans provided for
catapults to be fitted on both forward and aft ends of
the flying-off deck.

5 December The Secretary of the Navy approved
the basic agreement covering procurement of the R-38
(ZR-2) rigid airship from the British Air Ministry.
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tions and lack of command responsibility. The aircraft
industry was discontented with small peacetime orders
and government procurement policies and govern-
ment competition. Most of this controversy was typical
of a new technology developing at a rapid pace, but
not all of the questions would be answered before the
decade’s end.

1920
8 January The policy of the Army and Navy relating
to aircraft was published for the information and guid-
ance of the services. It defined the functions of Army,
Navy and Marine aircraft as a guide to procurement,
training and expansion of operating facilities; it set
forth the conditions under which air operations would
be coordinated in coast defense; it enunciated the
means by which duplication of effort would be avoid-
ed; and it provided for the free exchange of technical
information. An outgrowth of discussion in the previ-
ous year, this statement was one of many in a long
line of interservice agreements on function and mis-
sion which spanned the years to and beyond the more
familiar Key West and Newport agreements reached
by the Joint Chiefs of Staff in 1948.

19 January Commandant, NAS Pensacola, Fla.,
reported that in the future no student would be desig-
nated a Naval Aviator or given a certificate of qualifi-
cation as a Navy Air Pilot unless he could send and
receive 20 words a minute on radio telegraph.

20 January The development and purchase of 200-hp
radial air-cooled engines from the Lawrance Aero Engine
Corporation was initiated with an allocation of $100,000
to the Bureau of Steam Engineering for this purpose.

17 March To overcome an acute shortage of pilots,
a change in the flight training program was approved
which separated the heavier-than-air (seaplane) and
the lighter-than-air (dirigible) courses; and reduced the
overall training period from nine to six months for the
duration of the shortage.

The twenties stand out in the history of Naval
Aviation as a decade of growth. The air arm steadily
increased in size and strength while improving its
administrative and operational position within the
Navy. The period began under the leadership of a
director without authority to direct. It ended with a
flourishing Bureau of Aeronautics. In the early 1920s a
small air detachment in each ocean fleet proved them-
selves effective under conditions at sea. At the end,
three carriers were in full operation, patrol squadrons
were performing scouting functions, and aircraft were
regularly assigned to battleships and cruisers. Together
these elements played important roles in the annual
fleet war games.

Impressive technical progress also characterized the
period. With slim funds, the radial air-cooled engine
was developed into an efficient and reliable source of
propulsion. Better instruments came into use, and an
accurate bomb-sight was developed. Aircraft equipped
with oleo struts and folding wings enhanced the oper-
ating capability of carriers. Each year, aircraft flew
faster, higher and longer. Of the many world records
placed on the books, U.S. Naval aircraft set their share.

Tactics were developed. Dive bombing was estab-
lished almost before anyone knew enough about it to
call it by name. Marine Corps expeditionary troops
learned through experience the value of air support.
The techniques of torpedo attack, scouting, spotting
for gunfire and operating from advanced bases, were
investigated and learned. The skills of naval pilots
turned the airplane to new uses in polar exploration
and photographic survey. It was evident everywhere
that the Navy was solving its basic and unique prob-
lem of taking aviation to the sea.

But the period was also one of controversy that
went beyond the Navy. Newspapers reported angry
statements by the proponents of air power and viru-
lent retorts from its opponents. There were charges of
duplication, inefficiency, prejudice and jealousy. There
was discussion over the role of air power and such
issues as the role of the services in coastal defense.
Even the further need for a Navy was questioned.
Naval Aviators were unhappy with their career limita-
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27 March A successful test of the Sperry gyrostabi-
lized automatic pilot system in an F-5L was completed
at Hampton Roads, Va.

2 April NAS Hampton Roads, Va., reported that suc-
cessful night weather soundings had been made since
January, using candlelighted free balloons to measure
the force and direction of the wind.

1 May Developmental and experimental work in
metal construction for aircraft was disclosed in a
Bureau of Construction and Repair report. Twelve
German Fokker D-VII planes, which used welded
steel extensively, were to be obtained from the Army
and two sets of metal wings for the HS-3 flying boat
were being procured from Charles Ward Hall.

18 June A reversible pitch propeller designed by
Seth Hart and manufactured by the Engineering
Division, Army Air Service, was installed on the C-10
airship at Rockaway Beach. That same month a Hart
reversible pitch propeller was ordered for the VE-7.

22 June The Bureau of Navigation announced plans
to select four officers for a two-year postgraduate
course in aeronautical engineering at the Naval
Academy and M.I.T., and asked for volunteers for the
fall semester. Part of the requirement was that
appointees take flight instruction and qualify as Naval
Aviatiors after completing their studies.

28 June Six F-5Ls of the Atlantic Fleet Airboat
Squadron, commanded by Lieutenant Commander
Bruce G. Leighton, returned to Philadelphia, Pa., com-
pleting a seven-month cruise through the West Indies
on which the squadron logged 12,731 nautical miles,
including 4,000 flown on maneuvers with the fleet.

6 July In a test of the radio compass as an aid to
navigation, an F-5L left Hampton Roads, Va., and flew
directly to Ohio (BB 12), 94 miles at sea in a position
unknown to the pilot. Without landing, the plane
made the return trip to Hampton Roads, Va., this time
navigating by signals from Norfolk, Va.

12 July A general order provided for the organiza-
tion of the naval forces afloat into the Atlantic, Pacific
and Asiatic Fleets; and for the formation of type forces
within each designated Battleship, Cruiser, Destroyer,
Submarine, Mine, Air and Train. Under this order, the
Air Detachments in each fleet became Air Forces.

17 July The Secretary prescribed standard nomen-
clature for types and classes of naval vessels, including

aircraft, in which lighter-than-air craft were identified
by the type “Z” and heavier-than-air craft by “V”. Class
letters assigned within the Z type were R, N and K for
rigid dirigibles, non-rigid dirigibles and kite balloons
respectively, while F, O, S, P, T and G were estab-
lished for fighter, observation, scouting, patrol, torpe-
do and bombing and Fleet planes as classes within the
V type.

17 September The site of the naval aviation activi-
ties on Ford Island was officially designated NAS Pearl
Harbor, T.H.

4 November The third of a series of tests to deter-
mine the effectiveness of aerial bombs against ships
was completed, using the old battleship Indiana
(Battleship No. 1) as a target. The tests which began
on 14 October were conducted at Tangier Sound in
the Chesapeake Bay under carefully controlled condi-
tions to determine both the accuracy with which
bombs could be dropped on stationary targets and the
damage caused by near-misses and direct hits.

1921
20 January The Secretary of the Navy approved a
recommendation that development of radio-controlled
aircraft be undertaken by the Bureau of Ordnance and
the Bureau of Engineering.

20 January A Naval Aircraft Factory design of a
turntable catapult, powered by compressed air, was
approved by the Bureau of Construction and Repair
for fabrication at the Philadelphia Navy Yard, Pa.
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21 July The bombing tests—The German battleship
Ostfriesland was sunk by heavy bombs dropped by
Army bombers in the last of a series of tests to deter-
mine the effectiveness of air weapons against combat-
ant ships, and the means by which ship design and
construction might counter their destructive capability.
The tests, in which the Army participated at the invita-
tion of the Navy, were carried out off the Virginia
Capes beginning 21 June. On that day, the German
submarine U-117 was sunk by 12 bombs dropped
from Navy F-5Ls at 1,100 feet. On the 29th, Navy air-
craft located the radio-controlled U.S. battleship ex-
Iowa (Battleship No. 4) in 1 hour and 57 minutes after
being alerted of her approach somewhere within a
25,000 square mile area and attacked with dummy
bombs. On 13 July, Army bombers sank the German
destroyer G-102, and on the 18th the German light

7 March Captain William A. Moffett relieved Captain
Thomas T. Craven as Director of Naval Aviation.

15 March The Metallurgical Laboratory at the Naval
Aircraft Factory, Philadelphia, Pa., reported that a
high-strength, chromium-vanadium steel alloy had
proven satisfactory both in extensive laboratory tests
and in the actual manufacture of aircraft fittings. These
findings marked an important advance in the develop-
ment of metal as a high-strength aircraft structural
material.

16 June Two CR-1 Curtiss racers were ordered, the
first of the series with which Navy and Army fliers
captured many world speed records.

1 July The following basic ratings were established
in the Aviation Branch: Aviation Machinist’s Mate,
Aviation Metalsmith, Aviation Carpenter’s Mate,
Aviation Rigger and Photographer. Although prior to
this time certain general service ratings had been iden-
tified parenthetically as pertaining to aviation, qualifi-
cations for them required meeting the standards of the
general rating in addition to those required for the avi-
ation specialty. The ratings established on this date
were the first concerned specifically with aviation and
based solely on aviation requirements.

12 July An Act of Congress created a Bureau of
Aeronautics, charged with matters pertaining to naval
aeronautics as prescribed by the Secretary of the Navy.
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cruiser Frankfurt went down under the combined
effect of 74 bombs delivered by Army and Navy air-
craft. Tests against the Ostfriesland began on 20 July
when Army, Navy and Marine Corps planes dropped
52 bombs, and they ended the next day when the
Army delivered eleven 1,000- and 2,000-pounders. The
Navy had originally planned the tests to provide
detailed technical and tactical data on the effectiveness
of aerial bombing against ships and the value of com-
partmentation in enabling ships to survive bomb dam-
age; the Army participated for the purpose of portray-
ing the superiority of air power over sea power. The
divergence in purposes and resulting differences in
operational plans were not reconciled and, in conse-
quence, the Navy’s purposes were not realized. The
significance of the tests was hotly debated, and
became a bone of contention between a generation of
Army and Navy air officers. The one firm conclusion
that could be drawn was that aircraft, in unopposed
attack, could sink capital ships.



1 August A World War I high-altitude bombsight,
mounted on a gyroscopically stabilized base, was tested
by the Torpedo Squadron, Atlantic Fleet at Yorktown,
Va., marking the successful completion of the first
phase of Carl L. Norden’s development of an effective
high-altitude bombsight for the Bureau of Ordnance.

9 August Rear Admiral Bradley A. Fiske, USN (Ret.),
proposed as a landing surface for aircraft carriers, “a
nice soft cushion” so mounted “that it would take up
the forward motion of the airplane and not check its
forward velocity at once.”

10 August A General Order established the Bureau of
Aeronautics, and defined its duties under the Secretary of
the Navy as comprising “all that relates to designing,
building, fitting out, and repairing Naval and Marine
Corps aircraft;” gave it authority to recommend to the
Bureau of Navigation and the Commandant of the Marine
Corps on all matters pertaining to aeronautic training and
the assignment of officer and enlisted personnel to avia-
tion; described the scope of its relationships with other
bureaus having cognizance of aeronautical materials and
equipment; and also directed that special provision be
made in its organization to furnish information “covering
all aeronautic planning, operations and administration
that may be called for by the Chief of Naval Operations.”

11 August Practical development of carrier arresting
gear was initiated at Hampton Roads as Lieutenant
Alfred M. Pride taxied an Aeromarine onto the dummy
deck, and engaged arresting wires. These tests result-
ed in the development of arresting gear for Langley,
consisting essentially of both athwartship wires
attached to weights, and fore and aft wires.

24 August During its fourth trial flight, the R-38
(ZR-2) rigid airship purchased by the Navy from the
Royal Air Force, broke into two parts and fell into the
Humber River at Hull, England. It carried to their
deaths 28 British nationals and 16 Americans, includ-
ing Air Commodore E. M. Maitland and Commander
Louis H. Maxfield, the latter the prospective American
commanding officer.

1 September The Bureau of Aeronautics began func-
tioning as an organizational unit of the Navy Department,
under its Chief, Rear Admiral William A. Moffett.

26 October A compressed air, turntable catapult, in
its first successful test, launched an N-9 seaplane pilot-
ed by Commander Holden C. Richardson from a pier
at the Philadelphia Navy Yard, Pa.

3 November A Curtiss-Navy racer, powered by a
400-hp Curtiss engine, on loan to the builder and
piloted by Bert Acosta, won the Pulitzer Race at
Omaha with a world record speed of 176.7 mph.

1 December The first flight of an airship inflated
with helium gas was made at Norfolk, Va. The airship,
the C-7, was piloted by Lieutenant Commander Ralph
F. Wood.

16 December Wright, a seaplane tender and balloon
carrier, was commissioned the AZ 1 at New York,
N.Y., with Captain Alfred W. Johnson in command.

20 December To meet requirements expressed by
several Pacific Fleet commands, the commanding offi-
cer of NAS San Diego, Calif., was authorized to estab-
lish a school for training Naval Aviators in the use of
landplanes.
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25 March Research Laboratory as had been provid-
ed for in a public law passed in August 1916.
Following the construction of necessary buildings at
Bellevue, D.C., the Aircraft Radio Laboratory from NAS
Anacostia, D.C., the Naval Radio Research Laboratory
from the Bureau of Standards and the Sound Research
Section of the Engineering Experiment Station were
consolidated at the new organization prior to its estab-
lishment in July 1923. In view of the research orienta-
tion of this facility, it was generally called the Naval
Research Laboratory, and its name was officially
changed to that by the Naval Appropriations Act of
1926.

27 March To comply with a provision of the law
establishing the Bureau of Aeronautics that its chief
and at least 70 percent of its officers be either pilots or
observers, the Bureau of Aeronautics defined the func-
tions and qualifications of Naval Aviation Observers,
and recommended a course of study for their training.
Upon its approval by the Bureau of Navigation, Rear
Admiral William A. Moffett reported for training, and
on 17 June 1922 qualified as the first Naval Aviation
Observer.

29 March A change in the aircraft designation sys-
tem was promulgated which added the identity of the
manufacturer to the model designation. Symbols con-
sisted of a combination of letters and numbers in
which the first letter identified the manufacturer and
the second, the class (or mission) of the aircraft. Thus
MO was a Martin observation plane. Numbers appear-
ing between letters indicated the series of designs
within the class built by the same manufacturer (the 1
being omitted) and numbers following a dash after the
class letter indicated modifications of the basic model.
Thus, the second modification of the MO became MO-
2, while the second-design observation plane built by
Martin became M2O.

1922
16 January Parachutes issued for heavier-than-air
use—The Bureau of Aeronautics directed that Army-
type seat pack parachutes be shipped to Marine Corps
aviation units in Haiti, the Dominican Republic, Guam
and Quantico, Va.

6 February The Washington Treaty, limiting naval
armament, was signed in Washington, D.C., by repre-
sentatives of the British Empire, France, Italy, Japan
and the United States. The treaty established a tonnage
ratio of 5-5-3 for capital ships of Great Britain, the
United States and Japan respectively, and a lesser fig-
ure for France and Italy. The same ratio for aircraft
carrier tonnage set overall limits at 135,000-135,000-
81,000 tons. The treaty also limited any new carrier to
27,000 tons with a provision that, if total carrier ton-
nage were not exceeded thereby, nations could build
two carriers of not more than 33,000 tons each or
obtain them by converting existing or partially con-
structed ships which would otherwise be scrapped by
this treaty.

7 February The completion of a 50-hour test run of
the Lawrance J-1, 200-hp, radial aircooled engine by
the Aeronautical Engine Laboratory, Washington Navy
Yard, D.C., foreshadowed the successful use of radial
engines in naval aircraft.

2 March Experimental investigation and develop-
ment of catapults using gunpowder was initiated,
eventually producing a new type catapult for use in
launching aircraft from capital ships.

20 March Langley, converted from the collier Jupiter
(AC 3) as the first carrier of the U.S. Navy, was com-
missioned at Norfolk, Va., under command of her
Executive Officer, Commander Kenneth Whiting.
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1 April Descriptive specifications of arresting gear of
the type later installed in Lexington and Saratoga were
sent to various design engineers, including Carl L.
Norden and Warren Noble. “The arresting gear will
consist of two or more transverse wires stretched
across the fore and aft wires . . . [and which] lead
around sheaves placed outboard to hydraulic brakes.
The plane after engaging the transverse wire is guided
down the deck by the fore and aft wires and is
brought to rest by the action of the transverse wire
working with the hydraulic brakes.”

22 April The Secretary of the Navy approved a rec-
ommendation of the general board that one spotting
plane be assigned to each fleet battleship and cruiser,
and that the feasibility of operating more aircraft from
these ships be tested.

24 April In efforts to increase the service life of air-
craft engines beyond the 50 hours then required, the
Bureau of Aeronautics issued a contract to the Packard
Motor Car Company for the 300-hour test of a Packard
1A-1551 dirigible engine. Such endurance testing,
whereby the weaker components of an engine were
identified in runs to destruction, and then redesigned
for longer life, came to be an important step both in
increasing the operating life of engines and in the
development of new high performance engines.

25 April The first all-metal airplane designed for the
Navy made its first flight. The ST-1 twin-engine torpedo
plane, built by Stout Engineering Laboratory, was test-
flown by Eddie Stinson. Although this aircraft possessed
inadequate longitudinal stability, its completion marked
a step forward in the development of all-metal aircraft.

24 May Routine operation of catapults aboard ship
commenced with the successful launching of a VE-7
piloted by Lieutenant Andrew C. McFall, with
Lieutenant DeWitt C. Ramsey as passenger, from
Maryland (BB 46) off Yorktown, Va. A compressed air
catapult was used. As catapults were installed on other
battleships and then on cruisers, the Navy acquired
the capability of operating aircraft from existing capital
ships. Techniques were thus developed for supporting
conventional surface forces, particularly in spotting for
ships guns, and experimentation was conducted with
aerial tactics that would later be further developed by
carrier aviation. Perhaps more important, the capabili-
ties and limitations of aircraft were demonstrated to
officers and men throughout the Navy.

31 May In the National Elimination Balloon Race at
Milwaukee, Wisc., the Navy was represented by two
balloons: one manned by Lieutenant Commander
Joseph P. Norfleet and Chief Rigger James F. Shade,
and the other by Lieutenant William F. Reed and Chief
Rigger K. Mullenix. Norfleet’s balloon was filled with
helium, the first use of the gas in a free balloon. Reed
finished third in the race with a distance of 441 miles
and was the only Navy qualifier for the International
Balloon Race to be held at Geneva, Switzerland, later
in the year.

17 June The practice of numbering aircraft
squadrons to conform to the number of the ship
squadron they served, was changed to a system of
numbering all squadrons serially by class in the order
in which they were initially authorized. The use of
letter abbreviations to indicate mission was also
adopted.

17 June In anticipation of a reorganization that
would merge the Atlantic and Pacific Fleets into a U.S.
Fleet, the fleet aviation commands, whose titles had
previously been changed from Air Forces to Air
Squadrons, were retitled Aircraft Squadrons of the
Scouting and Battle Fleets. These commands would
replace the Atlantic and Pacific Fleets, respectively.

26 June The rigid airship Los Angeles (ZR-3) was
ordered from the Zeppelin Airship Company,
Friedrichshafen, Germany. This zeppelin, part of
World War I reparations, was obtained as a non-mili-
tary aircraft under the terms approved by the
Conference of Ambassadors on 16 December 1921.

1 July Eight medical officers, the first to report for
flight training, began their instruction at NAS
Pensacola, Fla. Four had previously completed the
flight surgeon’s course at the Army Technical School
of Aviation Medicine.

1 July Congress authorized conversion of the unfin-
ished battle cruisers Lexington and Saratoga to aircraft
carriers, as permitted under the terms of the
Washington Treaty.

1 July Navy men began training in the care and
packing of parachutes when 10 Chief Petty Officers
reported for two months instruction at the Army
School at Chanute Field, Rantoul, Ill.

3 July Class XVI, the first class of student Naval
Aviators to be trained in landplanes, began training at
Pensacola, Fla.
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27 September Commanding officer, NAS Anacostia,
D.C., proposed that radio could be used to detect the
passage of a ship at night or during heavy fog. The
means proposed, the “Beat method of detection,” resulted
from the unexpected nature of a radio signal observed by
Commander A. Hoyt Taylor and Mr. L. C. Young of the
Aircraft Radio Laboratory, NAS Anacostia, when a passing
river steamer interrupted experimental high frequency
radio transmissions between Anacostia and a receiver
across the river at Hains Point, D.C. The observation and
analysis of the phenomenon was a basic step in the chain
of events that led to the U.S. Navy’s invention of radar.

8 October The Curtiss Marine Trophy Race for sea-
planes, held at Detroit, Mich., as an event of the
National Air Races, was won by Lieutenant Aldophus
W. Gorton, flying a TR-1 powered by a Lawrance, J-1
engine. He averaged 112.6 mph over the 160 mile
course. Second place went to Lieutenant Harold A.
Elliott in a Vought VE-7H.

14 October Lieutenants Harold J. Brow and Alford J.
Williams, flying CR-2 and CR-1 Curtiss Racers with
Curtiss D-12 engines, finished third and fourth in the
Pulitzer Trophy Race at Detroit, Mich., making speeds
of 193 and 187 mph, respectively.

17 July The Chief of Naval Operations forwarded a
list of Bureau and Division representatives to the
Bureau of Navigation with the request that they be
ordered to meet as a board for the purpose of drawing
up tactical doctrine governing the employment of
spotting aircraft in fleet fire control.

27 September The first mass torpedo practice
against a live target was conducted off the Virginia
Capes by 18 PT aircraft of Torpedo and Bombing
Plane Squadron One. The squadron attacked the des-
ignated target, Arkansas (BB 33), which was one of a
formation of three battleships that were maneuvering
while running at full speed. The attack lasted over a
25 minute period during which the aircraft
approached the ships from port and starboard and
released 17 Mk VII Model 1 “A” torpedoes at distances
of 500 to 1,000 yards and obtained eight hits on the
designated target. Subsequent analysis emphasized
artificialities which prevented the practice from
demonstrating combat capability of either the surface
or air units but the outstanding fact demonstrated was
that torpedoes could be successfully launched from
aircraft, and be made to run straight.
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26 October Lieutenant Commander Godfrey deC.
Chevalier, flying an Aeromarine, made the first landing
aboard the carrier Langley while underway off Cape
Henry.

14 November Lieutenant Commander Godfrey deC.
Chevalier, Naval Aviator No. 7, died in the Naval
Hospital, Portsmouth, of injuries received in a plane
crash two days before at Lochaven, near Norfolk, Va.

18 November Commander Kenneth Whiting, pilot-
ing a PT seaplane, made the first catapult launching
from the carrier Langley, while she was at anchor in
the York River.

29 November Lieutenants Ben H. Wyatt and George
T. Owen, piloting DH-4Bs, arrived at San Diego, Calif.,
and completed a round trip transcontinental flight that
began from the same place on 14 October. The planes
made the trip in short hops, flying a southern route
through Tucson, Ariz., New Orleans, La., and
Pensacola, Fla., on the outward leg; and from
Washington, D.C., through Dayton, Ohio, Omaha,
Nebr., Salt Lake City, Utah, and San Francisco, Calif.,
on the homeward leg; completing the 7,000-mile trip
in about 90 hours of flight. Layovers caused by
mechanical difficulties, bad gasoline, weather and lack
of navigating equipment accounted for most of the
elapsed time. 
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21 February Tests of aircraft handling were made
aboard Langley with Aeromarines operating in groups
of three. Results showed that it required two minutes
to prepare the deck after each landing; and in the best
time for the day three planes were landed in seven
minutes.

21 February In recognition of the fact that the
newer aircraft engines offered advantages of longer
life and lower cost, the Bureau of Aeronautics issued
guidelines that severely restricted the repair and reuse
of engines over two years old. Through this means,
the Navy was able to expend promptly its residual
stocks of World War I engines and equip most new
aircraft with newer engines. More importantly, freed of
the millstone of stocks of obsolescent engines, the
Navy could aggressively sponsor the development of
improved aircraft engines to meet its various require-
ments.

7 March Navy participation in aviation fuel research
and development was indicated in the Aeronautical
Engine Laboratory report on systematic tests, conduct-
ed by the Bureau of Standards, on mixtures of alcohol-
gasoline and benzol-gasoline. Industrial and govern-
mental research with fuels, of which this was a part,
eventually resulted in the development of tetraethyl-
lead as an additive for aviation fuels and of iso-octane
as a standard for antiknock characteristics.

10 March The aircraft model designation system
was modified by reversing the order of letters in the

1923
6 February Transfer of the Aeronautical Engine
Laboratory from the Washington Navy Yard, D.C., to
the Naval Aircraft Factory was authorized by the
Secretary of the Navy, thereby clearly establishing the
Naval Aircraft Factory as the center of the Navy’s aero-
nautical development and experimental work.

12 February The Bureau of Navigation informed the
Commandant at Pensacola, Fla., that two year’s service
in an operating unit subsequent to graduation from
flight training was no longer a requirement for desig-
nation as a Naval Aviator.

18–22 February Aviation was employed in a U.S.
Fleet Problem for the first time as Problem I was
worked out to test the defenses of the Panama Canal
against air attack. Blue Fleet and Army coastal and air
units defending the Canal, were assisted by the opera-
tions of 18 patrol planes of Scouting Plane Squadron 1
based on the tenders Wright (AZ 1), Sandpiper (AM
51) and Teal (AM 23). The lack of carriers and planes
for the attacking Black Fleet was made up by desig-
nating two battleships as simulated carriers. On the
approach one of these, Oklahoma (BB 37), launched a
seaplane by catapult to scout ahead of the force (21
Feb.), and early the next morning a single plane repre-
senting an air group took off from Naranyas Cays,
flew in undetected and, without either air opposition
or antiaircraft fire, theoretically destroyed Gatun
Spillway with 10 miniature bombs.
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combination, placing the class letter first and manufac-
turer’s letter last. Thus, the designation FB indicated a
fighter built by Boeing. Although this modification
applied only to new aircraft and did not change desig-
nations already assigned, the system so established
remained in use until 1962.

15 March The training of nucleus crews for the rigid
airships Shenandoah (ZR-1) and Los Angeles (ZR-3),
which had been underway since 1 July 1922 at NAS
Hampton Roads, Va., opened at a new location when
ground school work started at NAS Lakehurst, N.J.,
under Captain Anton Heinan, lighter-than-air expert,
formerly of the German Navy.

15 April The Naval Research Laboratory reported
that equipment for radio control of aircraft had been
demonstrated in an F-5L, and was found satisfactory up
to a range of 10 miles. It also stated that radio control
of an airplane during landing and takeoff was feasible.

17 April Lieutenant Rutledge Irvine, flying a Douglas
DT equipped with a Liberty engine, established a
world altitude record for Class C airplanes with a use-
ful load of 1,000 kilograms, reaching 11,609 feet over
McCook Field, Dayton, Ohio.

26 May The Chief of the Bureau of Aeronautics
agreed with the Chief of the Air Service that it would
be advantageous to both the aviation industry and the
military services to work under identical aeronautic
specifications whenever possible and further stated
that he considered it desirable for the Army and Navy
to work together toward that end immediately. When
Lieutenant Ralph S. Barnaby was ordered to McCook
Field as the bureau’s representative at an interservice
conference on standardization in December, a series
of annual meetings was initiated that continued until
1937, when the Aeronautical Board assigned a full-
time staff to carry on the work.

6 June Planes and pilots of Aircraft Squadrons,
Battle Fleet, established seven world records for Class
C seaplanes at San Diego, Calif., as follows: 

Lieutenant (jg) Mainrad A. Schur, in a DT-2 torpedo
plane, set the speed record for 500 kilometers at 72 mph. 

Lieutenant Henry T. Stanley, in an F-5L patrol plane,
set distance and duration records with a payload of
250 kilograms at 574.75 miles and 10 hours, 23 min-
utes, 58 seconds.

Lieutenant Herman E. Halland, in an F-5L patrol
plane, set distance and duration records with a 500-
kilogram payload at 466 miles and 7 hours, 35 min-
utes, 54 seconds.
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28 September U.S. Navy aircraft won first and sec-
ond place in the international seaplane race for the
Schneider Cup at Cowes, England, and in winning
established a new world record for seaplanes with a
speed of 169.89 miles per hour for 200 kilometers.
Lieutenant David Rittenhouse, the new record holder,
marked up 177.38 miles per hour for the race and
Lieutenant Rutledge Irvine placed second with 173.46
mph. Both were flying CR-3s equipped with Curtiss D-
12 engines.

Lieutenant Robert L. Fuller, in a DT-2 torpedo plane, set
distance and duration marks with a 1,000-kilogram pay-
load at 205.2 miles and 2 hours, 45 minutes, 9 seconds.

7 June Pilots at San Diego, Calif., continued their
assault on the record books with eight new world
marks for Class C seaplanes as follows:

Lieutenant Earl B. Brix, in a DT-2, set an altitude
record of 10,850 feet for planes carrying a 250-kilo-
gram useful load.

Lieutenant Robert L. Fuller, in an F-5L, set an alti-
tude record of 8,438 feet for planes carrying a 500-
kilogram load.

Ensign Edward E. Dolecek, in an F-5L, set an alti-
tude record of 7,979 feet for planes with a 1,000-kilo-
gram load.

Lieutenant Cecil F. Harper, in a DT-2, set the altitude
record of 13,898 feet for planes with no useful load.

Lieutenant Henry T. Stanley, in an F-5L, with a
1,500-kilogram load, set the duration mark at 2 hours,
18 minutes, and an altitude record of 5,682 feet.

Lieutenant Herman E. Halland, in an F-5L with a
2,000-kilogram load, set a duration record of 51 min-
utes and an altitude record of 4,885 feet.

12 June Lieutenant (jg) Mainrad A. Schur, flying a
DT-2 Douglas torpedo plane powered with a Liberty
engine, set three world records at San Diego, Calif.,
for Class C seaplanes with a duration mark of 11
hours, 16 minutes, 59 seconds, a distance mark of
792.25 miles, and a speed of 70.49 mph for 1,000 kilo-
meters.

13 June At San Diego, Calif., Lieutenant Ralph A.
Ofstie, in a TS seaplane equipped with a Lawrance J-1
engine, set world speed records for Class C seaplanes
for 100 and 200 kilometers with speeds of 121.95 and
121.14 mph, respectively.

21 July The Bureau of Aeronautics established a
policy of assigning experimental airplanes to fleet
squadrons for operational evaluation before adopting
them as service types.

13 August Constructive action towards building an
effective aviation branch of the Naval Reserve Force
was marked by the establishment of Naval Aviation
Reserve Units at Fort Hamilton, N.Y., and Squantum,
Mass.

4 September Shenandoah (ZR-1) made its first
flight at NAS Lakehurst, N.J., Captain Frank R. McCrary
commanding.
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6 October Navy planes swept the Pulitzer Trophy
Race at St. Louis, Mo., taking the first four places all at
faster speeds than the winning time of the previous year.
Both first and second place bettered the world’s speed
mark, with the winner Lieutenant Alford J. Williams in
an R2C, setting the new records for 100 and 200 kilome-
ters at 243.812 and 243.673 mph, respectively.

2 November Lieutenant Harold J. Brow, flying an
R2C-1 equipped with a Curtiss D-12 engine, estab-
lished a world speed record at Mitchel Field, Long
Island, N.Y., averaging 259.47 mph in four flights over
the 3-kilometer course.

Al Williams’ R2C won the 1923 Pulitzer Race 458279



4 November Lieutenant Alford J. Williams, flying an
R2C-1 equipped with a Curtiss D-12 engine, raised the
world speed record to 266.59 mph at Mitchel Field,
Long Island, N.Y., bettering the record set by
Lieutenant Harold J. Brow only two days before.

5 November A series of tests, designed to show the
feasibility of stowing a seaplane aboard the submarine
S-l and launching it, were completed at the Hampton
Roads Naval Base, Va. A crew from Langley, super-
vised by Lieutenant Commander Virgil C. Griffin, had
cooperated with the S-l’s Commanding Officer,
Lieutenant Powel M. Rhea, in carrying out the tests
which involved removing a disassembled Martin MS-1
from a tank on the submarine, assembling it, and
launching it by submerging the submarine.

6 November Lieutenant Alford J. Williams, in an
R2C-1, climbed to 5,000 feet in 1 minute, bettering the
best previously reported climb of 2,000 feet in the
same time.

16 November The Bureau of Aeronautics directed
that all aircraft attached to vessels of the fleet be over-
hauled once every six months.

3 December The establishment of a special service
squadron, for the purpose of developing long-distance
scouting planes, was approved by the Chief of Naval
Operations. The squadron, designated VS Squadron 3,
was initially based at NAS Anacostia, D.C., and com-
manded by Lieutenant Commander Charles P. Mason.

7 December The Bureau of Aeronautics established a
new designation system for catapults whereby a type let-
ter, “A” for compressed air, “P” for powder, and “F” for
flywheel, indicated the energy source while major design
modifications were indicated by Mark numbers. Under
this system, the compressed air, turntable catapult
demonstrated at the Naval Aircraft Factory and installed
aboard Maryland (BB 46) was designated type “A” Mark
I, and Langley’s catapult was designated type “A”, Mark
III. This designation system was subsequently extended,
with some modification, to include other energy sources,
notably the type letter “H” for hydraulic catapults.

1924
3 January VT Squadron 20, commanded by
Lieutenant Commander George D. Murray, sailed from
San Diego, Calif., on board Vega (AK 17) for transfer
to the Philippine Islands to operate from Ajax (AG 15)
as the first air unit of the Asiatic Fleet.

4 February The Bureau of Aeronautics directed that
the practice of striping or camouflaging aircraft be dis-
continued and that by 1 July all aircraft should be
painted in accordance with the prescribed naval gray
except stretched fabric on wing and tail and some
fuselage surfaces which were to be aluminum. The
one exception permitted was that all squadrons of a
station, force, or fleet could uniformly paint the upper
wing chrome yellow or other color to increase visibili-
ty in case of forced landing.

26 February VS Squadron 3 was authorized to fly
one division of CS seaplanes from Anacostia, D.C., to
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planes at Anacostia, D.C.; one for distance with
963.123 miles; one for duration for 13 hours, 23 min-
utes, 15 seconds; and three for speeds of 73.41 mph
for 500 kilometers, 74.27 mph for 1,000 kilometers,
and 74.17 mph for 1,500 kilometers.

24 June A technical order was issued which pre-
scribed the external color of naval aircraft. Overall
color was to be aluminum enamel with clear varnish
on wooden spars and struts. Naval yellow enamel was
to be used on the top surfaces of upper wings of
training planes and yellow or other high visibility
color could similarly be applied to all aircraft of any
station, force or fleet.

11–12 July Lieutenants Frank W. Wead and John
D. Price, flying a CS-2 equipped with a Wright
Tornado engine, broke world records for Class C sea-
planes at Ana-costia, D.C., with new marks for distance
of 994.19 miles and for duration of 14 hours, 53 min-
utes, 44 seconds.

23 July The Bureau of Aeronautics announced that
it was assuming cognizance of pigeon boxes for use in
aircraft.

8 August Shenandoah (ZR-1) secured to the moor-
ing mast on Patoka (AO 9) while underway in
Narragansett Bay, remained moored to the ship during
her passage to anchor off Jamestown, R.I., and cast off
next day, almost 24 hours later. This was the first use
of the mooring mast erected aboard ship to facilitate
airship operations with the fleet.

Miami, Fla, and Key West, Fla., and return, for the pur-
pose of conducting service tests under actual operat-
ing conditions.

8 March The race for the Curtiss Marine Trophy at
Miami was won by Lieutenant L. V. Grant in a Vought
VE-7, at an average speed of 116.1 mph.

21 March The Bureau of Aeronautics directed that ser-
vice parachutes be used by all personnel on all flights.

21 April The Bureau of Aeronautics requested the
Bureau of Steam Engineering to investigate develop-
ment of a single-wave radio sending and receiving set,
suitable for installation in fighting planes, with a 20-
mile sending radius, and powered by a small battery
or engine driven generator.

2 May A DT plane, carrying a dummy torpedo, was
launched by catapult from Langley, at anchor in
Pensacola Bay, Fla. The plane was piloted by
Lieutenant W. M. Dillion and also carried Lieutenant
Stanton H. Wooster as gunnery officer.

19 June The Bureau of Ordnance issued a contract
to the Ford Instrument Company for development of
an antiaircraft director for shipboard fire control.

22–23 June Lieutenants Frank W. Wead and John D.
Price, in a Curtiss CS-2 equipped with one Wright T-3
Tornado engine, set five world records for Class C sea-
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11 August Observation planes from the light cruiser
Raleigh (CL 7) took off from the water near the Arctic
Circle on the first of several reconnaissance flights
over the Greenland coast from Angmagsalik to Cape
Farewell to locate suitable emergency landing areas
for the Army flyers, then crossing the Atlantic, via
Iceland, on the last leg of their round-the-world flight.

15 August In the first use of rigid airships with the
fleet, Shenandoah (ZR-1) departed Lakehurst, N.J., to
take part in a Scouting Fleet problem 300 miles at sea.
She discovered the “enemy” fleet but heavy rains
forced her early retirement to base where she arrived
17 August after 40 hours in the air.

1 September A parachute school opened at NAS
Lakehurst, N.J., to train enlisted men in the care, oper-
ation, maintenance and testing of parachutes—the first
school of its kind in the Navy.

15 September An N-9 seaplane, equipped with
radio control and without a human pilot aboard, was
flown on a 40-minute flight at the Naval Proving
Grounds, Dahlgren, Va. Although the aircraft sank
from damage sustained while landing, this test demon-
strated the practicability of radio control of aircraft.

18 September The repair ship Medusa (AR 1) was com-
missioned and a section of VO-2, consisting of two officers
and 20 men, was organized and assigned as a ship-plane
repair detail to support the operations of VO-1.

10 October A CS-2 seaplane, piloted by Lieutenants
Andrew Crinkley and Rossmore D. Lyon, landed at
Quantico, Va., after a continuous flight from NAS
Anacostia, D.C., of 20 hours, 28 minutes, and 1,460
miles logged. Although the flight exceeded world
records for endurance and distance, it was not official-
ly timed and therefore not an official record.

15 October The rigid airship ZR-3 was delivered at
NAS Lakehurst, N.J., completing a 5,000-mile flight
from Friedrichshafen, Germany, in 81 hours under the
command of Dr. Hugo Eckener, and with prospective
commanding officer, Captain George W. Steele aboard.

16 October Emergency use of parachute—Following
a mid-air collision over Coronado, Calif., Gunner
William M. Coles, USN, of VF Squadron 1, made a suc-
cessful emergency parachute jump from his JN.

25 October When all foreign entrants withdrew
from the Schneider Cup Race to be held at Bayshore

Park, Md., the United States agreed to cancel the race
rather than win by a flyaway. Instead, the Navy staged
a series of record attempts in which the scheduled
contestants and other naval aircraft put 17 world
records in the book for Class C seaplanes as follows:
Lieutenant George T. Cuddihy, in a CR-3 powered
with a Curtiss D-12 engine, broke a maximum world
speed record of almost two years standing with
188.078 mph.

Lieutenant Ralph A. Ofstie, in a CR-3 with a Curtiss
D-12 engine, broke world speed records for 100, 200
and 500 kilometers with marks of 178.25 mph for the
100 and 200 and 161.14 for the 500.

Lieutenant George R. Henderson, in a PN-7 flying
boat equipped with two Wright T-2 engines, set four
records for speed over 100 and 200 kilometers with
loads of 250 and 500 kilograms, all at 78.507 mph; and
four records with a useful load of 1,000 kilograms with
a speed of 78.507 mph for 100 and 200 kilometers, a
distance record of 248.55 miles and a duration record
of 5 hours, 28 minutes, 43 seconds.

Lieutenant Osborne B. Hardison, also in a PN-7, set
world records for speed over 100 kilometers, and for
distance with a useful load of 1,500 kilograms at 68.4
mph and 62.137 miles, and three more with a useful
load of 2,000 kilograms in speed for 100 kilometers
at68.4 mph, distance 62.137 miles, and duration 1
hour, 49 minutes, 11.9 seconds.

25 October The rigid airship Shenandoah (ZR-1),
commanded by Lieutenant Commander Zachary
Lansdowne, landed at NAS Lakehurst, N.J., complet-
ing a round-trip transcontinental cruise that began
on 7 October and covered 9,317 miles in 258 hours
of flight. The trip included stops at Fort Worth,
Tex., San Diego, Calif., and a stay of 11 days on the
west coast, including a flight to Camp Lewis at
Tacoma, Wash.

11 November Lieutenant Dixie Kiefer piloted a
plane in a successful night catapult launch from
California (BB 44) at anchor in San Diego, Calif., har-
bor. The launch at 9:46 p.m. was aided only by
searchlights trained about 1,000 yards ahead.

14 November Qualifications for Flight Surgeons
were agreed upon by the Chiefs of the Bureau of
Aeronautics and the Bureau of Medicine and Surgery,
which required medical officers to complete the three-
month course at the U.S. Army School of Aviation
Medicine and three months of satisfactory service with
a Naval Aviation unit before designation. The require-
ment that a medical officer so qualified also make
flights in aircraft was limited to emergencies and the
desire of the officer.
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tice on Langley off San Diego, Calif. This was also the
beginning of the Langley operations as a unit of
Aircraft Squadrons, Battle Fleet.

4 February Commanding officers were made
responsible for determining when aircraft attached to
vessels of the fleet required overhaul, and an earlier
order of 1923 was canceled which had required com-
plete overhaul of such aircraft every six months.

2–11 March Fleet Problem V, the first to incorporate
aircraft carrier operations, was conducted off the coast
of Lower California. Although the air activity of
Langley was limited to scouting in advance of the
Black Fleet movement to Guadalupe Island, the per-
formance was convincing enough for the Commander
in Chief, Admiral Robert E. Coontz, to recommend that
completion of Lexington and Saratoga be speeded up
as much as possible. The Admiral also recommended
that steps be taken to insure development of planes of
greater durability, dependability and radius, and that
catapult and recovery gear be further improved. He
also reported that experience now permitted catapult-
ing of planes from battleships and cruisers as routine.

11 March Routine aerological sounding flights—
NAS Anacostia, D.C., reported arrangements were
being made for daily weather flights to an altitude of
10,000 feet to obtain weather data and to test upper-
air sounding equipment. These flights commenced in
mid-April, and the following February the schedule
was extended to include Saturday, Sunday and holi-
day flights, with the altitude being increased to
15,000 feet.

13 March Rear Admiral William A. Moffett was
appointed for a second tour of duty as Chief of the
Bureau of Aeronautics.

2 April The feasibility of using flush-deck catapults
to launch landplanes was demonstrated by catapulting
a DT-2 landplane, piloted by Lieutenant Commander
Charles P. Mason, with Lieutenant Braxton Rhodes as
passenger, from the Langley, moored to its dock in
San Diego, Calif.

8 April Lieutenant John D. Price, piloting a VF-1
plane, made a night landing on Langley, at sea off San
Diego, Calif., and was followed on board by
Lieutenants Delbert L. Conley, Aldolphus W. Gorton
and Rossmore D. Lyon. Except for an accidental land-
ing on the night of 5 February when Lieutenant
Harold J. Brow stalled while practicing night
approaches, these were the first night landings made
on board a U.S. carrier.

17 November Langley reported for duty with the
Battle Fleet, thereby ending over two years in experi-
mental status and becoming the first operational air-
craft carrier in the U.S. Navy. On 1 December she
also became the flagship of Aircraft Squadrons, Battle
Fleet.

25 November Mrs. Calvin Coolidge christened the
ZR-3 as Los Angeles (ZR-3) at NAS Anacostia, D.C. As a
part of the ceremony it was commissioned a ship of
the Fleet, with Captain George W. Steele commanding.

13 December The NM-1, an all-metal airplane, was
flown at the Naval Aircraft Factory. This aircraft was
designed and built for the purpose of developing
metal construction for naval airplanes and was intend-
ed for Marine Corps expeditionary use.

14 December A powder catapult was successfully
demonstrated in the launching of a Martin MO-1
observation plane from the forward turret of the bat-
tleship Mississippi (BB 41) at Bremerton, Wash. The
aircraft was piloted by Lieutenant L. C. Hayden with
Lieutenant William M. Fellers as passenger. Following
this demonstration, the powder catapult was widely
used on battleships and cruisers.

1925
17 January A special board, headed by the Chief
of Naval Operations, Admiral Edward W. Eberle, sub-
mitted its report to the Secretary of the Navy.
Appointed on 23 September 1924 to consider recent
developments in aviation and to recommend a policy
for the development of the Navy in its various
branches, the board devoted most of its discussion to
the importance of the battleship, but in its recom-
mendations gave prominence to aviation. For this
branch, it recommended that carriers be built up to
treaty limits, that Lexington and Saratoga be complet-
ed expeditiously, that a new 23,000-ton carrier be
laid down, and that a progressive aircraft building
program be established to insure a complete comple-
ment of modern planes for the fleet. In regard to per-
sonnel, the board recommended expansion of avia-
tion offerings at the Naval Academy, assignment of
all qualified academy graduates to aviator or observer
training after two years of sea duty, and the establish-
ment of a definite policy governing assignment of
officers to aviation.

22 January VF Squadron 2, the first trained to oper-
ate as a squadron from a carrier, began landing prac-
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8 April Almost two years after the special aviation uni-
form had been abolished, new uniforms of forestry
green for winter and khaki for summer were authorized
for Naval Aviators, Observers, and other officers on duty
involving flying. Although there were minor modifica-
tions to the original design in later years, this uniform, in
khaki, was adopted for the entire Navy in 1941.

1–2 May Lieutenants Clarence H. Schildhauer and
James R. Kyle, on a test flight over Philadelphia, Pa.,
of the PN-9 manufactured at the Naval Aircraft Factory,
broke the world endurance record for Class C sea-
planes, remaining in the air for 28 hours, 35 minutes,
27 seconds. The plane, a metalhulled flying boat
equipped with two Packard engines, was used by
Commander John Rodgers later in the year on his
record flight toward Hawaii.

5 May The Secretary of the Navy approved reorgani-
zation of certain departments at the Naval Academy as
required to make aviation an integral part of the cur-
riculum; the establishment of a program, beginning
with the Class of 1926, to give three months of special
ground and flight instruction to all midshipmen; and
additional instruction as necessary to qualify each
graduate as an aviator or observer during the first two
years after graduation.

29 May The standard color of naval aircraft was
modified: hulls and floats of seaplanes were to be
painted navy gray; wings, fuselages, landing gear, etc.,
aluminum color; and the top surface of upper wings,
stabilizers and elevators, orange-yellow.

17 June The Naval Air Detail, under Lieutenant
Commander Richard E. Byrd of the MacMillan
Expedition, sailed from Boston with three Loening
amphibians aboard Peary (DD 340). Bowdoin (a civil-
ian research ship) joined Peary (DD 340) off Wiscasset,
Maine, and after a 3,000-mile voyage, the expedition
reached Etah in North Greenland on 1 August to begin
an aerial exploration of the area that covered 30,000
square miles before the end of the month.

1 July When a law, enacted 28 February, became
effective, the Naval Aviation Reserve began to orga-
nize into 10 squadrons of four divisions each.
Authorized squadron complements for each of three
scouting and three bombing squadrons were estab-
lished at 40 officers and 130 men, and for each of four
fighting squadrons at 18 officers and 20 men.

1 September Commander John Rodgers, Lieutenant
Byron J. Connell and a crew of three in a PN-9,
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the basis of views expressed in extended hearings by
prominent civilian and military leaders, the board
made recommendations in regard to the aviation
industry and military aviation that were of far reaching
importance and influenced a number of legislative
actions taken in the following months. Its recommen-
dations against a separate air force and in favor of rep-
resentation for aviation on operational commands and
high level administrative offices, and its recognition of
the need for a policy of long-range procurement and
standard replacement schedules were among those of
special interest to the Navy.

14 December The Lampert Committee, set up on 24
March 1924 by the House of Representatives as the
Select Committee of Inquiry into the Operations of the
United States Air Services, filed its report. It favored
establishment of a Department of National Defense
and an adequate representation of aviation in the high
military councils. It showed particular concern over
the state of the aircraft industry and recommended
that the government cease competing with the indus-
try in the production of aircraft, engines and acces-
sories; that the requirement of competitive bidding be
abolished in favor of other restrictions promoting the
best interests of the Government; that the War and
Navy Departments each spend $10 million annually
for new flying equipment; and that a five-year con-
struction and procurement program be carried out.

18 December Competitive trials of Consolidated,
Curtiss and Huff Daland aircraft, designed as land, sea
gunnery and training planes were completed at NAS
Anacostia, D.C. These trials led to the procurement of
the Consolidated NY series of training planes which
continued in use into the 1930s.

1926

21 April  The Secretary of the Navy directed that
beginning with the Class of 1926, all graduates of the
Naval Academy be given a course of 25 hours of flight
instruction during their first year of sea duty and that,
for the purpose of providing this instruction, flight
schools be established at the naval air stations at
Hampton Roads, Va., and San Diego, Calif.

9 May Lieutenant Commander Richard E. Byrd and
Aviation Pilot Floyd Bennett, flying a trimotor Fokker
named the Josephine Ford, made the first flight over
the North Pole, reaching it at 9:03 GCT. After circling
the Pole, they returned to base at Kings Bay,
Spitzbergen, Norway completing the round trip in 15
and one half hours.

attempting a flight from San Francisco, Calif., to
Honolulu, T.H. (Territory of Hawaii)  were forced
down by lack of fuel shortly after 4:00 in the after-
noon. Lost at sea for 10 days in spite of extensive air
and sea search, Commander Rodgers and his crew
rigged sail from the wing fabric and set course for
Kaui Island. After covering about 450 miles by sail,
they were sighted on 10 September by the submarine
R-4, 10 miles from their goal. The 1,841.12 statute
miles, flown from 31 August to their forced landing
was accepted by the F.A.I. as a new world airline dis-
tance record for Class C seaplanes that remained
unbeaten for almost five years.

3 September The rigid dirigible Shenandoah (ZR-1)
was torn apart in a severe line squall before daylight
over Byesville, Ohio. The control car and after section
of the hull fell directly to the ground, while the for-
ward section with seven men aboard free-ballooned
for an hour before they landed safely 12 miles from
the scene of the crash. In all there were 29 survivors,
but 14 were killed including Lieutenant Commander
Zachary Lansdowne, the commanding officer.

29 September The Chief of Naval Operations
directed that all heavier-than-air Naval Aviators, not
already qualified to pilot landplanes, be given training
in landplane operation.

3 October In view of the need for an accumulation
of upper air data for improved weather forecasting,
the Bureau of Aeronautics requested that aircraft
squadron flagships take upper air soundings twice a
day when at sea.

5 October VJ-1B, first of the Utility Squadrons, was
formed at San Diego, Calif., from personnel of VS-2B and
assigned to Aircraft Squadrons, Battle Fleet. Lieutenant
John F. Moloney was the first commanding officer.

26 October The two Navy entries in the Schneider
Cup Race at Bay Shore Park, Md., flown by Lieutenants
George Cuddihy and Ralph A. Ofstie, were forced out
of the race on the last lap with engine trouble.

27 October Oleo shock-absorbing landing gear for
aircraft was reported in use on NB-1, FB-1, UO-1, SC-2
and new bombing planes being constructed by the
Naval Aircraft Factory, Douglas and Boeing.

30 November The President’s Aircraft Board, better
known as the Morrow Board, after its senior member,
submitted its report to President Calvin Coolidge. On
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14 May The Curtiss Marine Trophy Race, held off
Hains Point, D.C., over the Potomac, was won by
Lieutenant Thomas P. Jeter in a Curtiss F6C-1 Hawk
with a speed of 130.94 mph.

6 June The last elements of the Alaskan Aerial Survey
Expedition departed Seattle, Wash., for Alaska. The
expedition, under command of Lieutenant Ben H.
Wyatt, was composed of the tender Gannet (AM 41),
the barge YF 88 housing a photo lab, and three Loening
amphibians. The work of the expedition, which extend-
ed through the summer and into September, was per-
formed in cooperation with the Department of the
Interior for early aerial mapping of Alaska.

16 June The Bureau of Aeronautics reported that
the emergency barricade on Langley had successfully
prevented landing aircraft from crashing into planes
parked on the flight deck.

24 June An Act of Congress, implementing the rec-
ommendations of the Morrow Board pertaining to the
Navy, provided that command of aviation stations,
schools and tactical flight units be assigned to Naval
Aviators; that command of aircraft carriers and tenders
be assigned to either Naval Aviators or Naval Aviation
Observers; that the office of an Assistant Secretary of
the Navy be created to foster naval aeronautics; and
that a five year aircraft program be set up under which

the number on hand would be increased to reach
1,000 useful planes.

1 July Provisions of a law enacted 24 June became
effective, establishing a requirement that the number
of enlisted pilots be not less than 30 percent of the
total number of pilots on active duty in the Navy.

2 July The Distinguished Flying Cross was autho-
rized by Congress as an award for acts of heroism or
extraordinary achievement in aerial flight by any mem-
ber of the armed services including the National
Guard and the Reserves. The award was retroactive to
6 April 1917.

10 July Edward P. Warner took the oath of office as
the first Assistant Secretary of the Navy for Aeronautics.
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from San Pedro. Coming down in almost vertical dives
from 12,000 feet at the exact time of which the fleet
had been forewarned, the squadron achieved com-
plete surprise and so impressed fleet and ship com-
manders with the effectiveness of their spectacular
approach that there was unanimous agreement that
such an attack would succeed over any defense. This
was the first fleet demonstration of dive-bombing and
although the tactic had been worked out by the
demonstrating squadron in an independently initiated
project, the obvious nature of the solution to the prob-
lem of effective bomb delivery was evident in that the
same tactic was similarly and simultaneously being
developed by VF Squadron 5 on the east coast.

13 November Lieutenant Christian F. Schilt, USMC,
flying an R3C-2, took second in the Schneider Cup
Race at Hampton Roads, Va., with an average speed of
231.363 mph. This was the last Navy participation in
international racing competition.

19 November Maryland (BB 46) conducted experi-
mental firing with the Mark XIX antiaircraft fire control
system which had been developed by the Ford
Instrument Company and which incorporated a stabi-
lized line of sight to aid in tracking approaching air-
craft.

13 December Rear Admiral Joseph M. Reeves, com-
manding Aircraft Squadrons, Battle Fleet, reported on
the results of the first dive bombing exercise (“light
bombing,” as it was then called) to be conducted in
the formal fleet gunnery competition. One Marine and
two Navy fighter squadrons and three Navy observa-
tion squadrons participated. The Marine and Navy
fighters made 45 degree dives from 2,500 feet and at

28 July The submarine S-1, commanded by Lieutenant
C. B. Momsen, surfaced and launched a Cox-Klemin XS-
2 seaplane, flown by Lieutenant D. C. Allen. It also
recovered the aircraft and submerged completing the
first cycle of operations in a series of tests investigating
the feasibility of basing aircraft on submarines.
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9 August In a day of tests to determine the speed
with which aircraft could be operated at sea, pilots of
VF Squadron 1 completed 127 landings aboard
Langley. As a result of the experience gained, the
same squadron later landed 12 planes in 21 minutes
under the emergency conditions created when the
ship ran into a heavy mist.

18 August A contract was let to the Aircraft
Development Corporation, Detroit, Mich., for a metal-
clad airship designated ZMC-2. The descriptive term
“metal-clad” resulted from the fact that the ZMC-2’s
lightly framed hull was covered with gas-tight stressed-
aluminum skin. It was also to be pressure-rigid in that
the shape of the hull was to be maintained by positive
internal gas pressure.

27 August Commander John Rodgers, Naval Aviator
No. 2, on a flight from NAS Anacostia, D.C., crashed in
the Delaware River near the Naval Aircraft Factory
dock and received injuries from which he died on the
same day.

22 October In a display of tactics developed by VF
Squadron 2, Lieutenant Commander Frank D. Wagner
led the F6C-2 Curtiss fighters in a simulated attack on
the heavy ships of the Pacific Fleet as they sortied FB-5 fitted for longitudinal arresting wires 458533



an altitude of 400 feet, dropped 25 pound fragmentation
bombs; observation squadrons similarly attacked from
1,000 feet. Pilots of VF-2, commanded by Lieutenant
Commander Frank D. Wagner and flying F6Cs and FB-
5s, scored 19 hits with 45 bombs on a target 100 feet by
45 feet. The uses visualized for this tactic included dis-
abling or demolishing flight decks, destroying enemy
aircraft in flight, attacking exposed personnel on ship or
shore and attacking light surface craft and submarines.

1927
1 January A flight test section was established as a
separate department at NAS Anacostia, D.C., with
Lieutenant George R. Henderson in charge.

1 January To test the feasibility of using enlisted
pilots in fleet squadrons, VF Squadron 2, manned with
four Naval Aviators and 10 Aviation Pilots, was estab-
lished at San Diego, Calif., Lieutenant Commander
James M. Shoemaker commanding.

18 January Lieutenant Commander John R. Poppen,
MC, reported for duty in charge of the Aviation Section
of the Naval Medical School, Washington, D.C., mark-
ing the beginning of a three month period during
which the entire resources of the school were devoted
to intensive instruction in aviation medicine. The insti-
tution of this program also marked the beginning of

Flight Surgeon training in the Navy and the discontinu-
ance of an interservice agreement in effect since 1922,
by which Navy Medical Officers were trained in this
specialty at the Army School for Flight Surgeons.

9 March The first passenger transport, the JR-1 tri-
motor, was purchased from the Ford Motor Company
following a demonstration at NAS Anacostia, D.C.

14 April Lieutenant George R. Henderson, flying a
Vought O2U Corsair equipped with a Pratt & Whitney
Wasp engine, broke the world altitude record for Class
C seaplanes with a useful load of 500 kilograms,
reaching 22,178 feet over Washington, D.C.

23 April Lieutenant Steven W. Callaway, flying a
Vought O2U Corsair at Hampton Roads, Va., set a new
100-kilometer world speed record for Class C seaplanes
with a 500 kilogram useful load, at 147.263 mph.

30 April Lieutenant James D. Barner, flying a Vought
O2U Corsair at Hampton Roads, Va., broke the 500-
kilometer world speed record for Class C seaplanes
carrying a useful load of 500 kilograms with a speed
of 136.023 mph.

5 May Lieutenant Carleton C. Champion took off
from Hampton Roads, Va., in a Wright Apache,
equipped with a Pratt & Whitney Wasp engine and
NACA supercharger, and climbed to an altitude of
33,455 feet, breaking the existing world record for
Class C seaplanes by better than 3,000 feet.
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17 July Major Ross E. Rowell, USMC, led a flight of
five DHs in a strafing and dive bombing attack
against bandit forces surrounding a garrison of U.S.
Marines at Ocotal, Nicaragua. Although instances of
diving attacks had occurred during World War I and
Marine Corps pilots had used the same technique in
Haiti in 1919, this attack was made according to doc-
trine developed in training and is generally consid-
ered as the first organized dive bombing attack in
combat.

25 July Three weeks after breaking the seaplane
altitude record, Lieutenant Carleton C. Champion took
off from Anacostia, D.C., in a Wright Apache rigged as
a landplane and reached 38,419 feet, establishing a
new world record that stood for 2 years.

15–16 August Lieutenants Byron J. Connell and
Herbert C. Rodd, flying out of San Diego in a PN-10
patrol plane equipped with two Packard engines,
broke three world records for Class C seaplanes; dis-
tance with a 500-kilogram load, and duration with a
500-kilogram load, with marks of 1,569.0 miles and 20
hours 45 minutes 40 seconds in the air.

18 August Lieutenants Byron J. Connell and Herbert
C. Rodd took off from San Diego, Calif., in a PN-10
flying boat with a useful load of 7,726 pounds, and
climbed to 2,000 meters to break the world record for
the greatest payload carried to that altitude by a Class
C seaplane.

16 November Saratoga, first carrier and fifth ship
of the Navy to bear the name, was placed in com-
mission at Camden, N.J., Captain Harry E. Yarnell
commanding.

14 December Lexington, first carrier and fourth ship
of the Navy to carry the name, was commissioned at
Quincy, Mass., Captain Albert W. Marshall commanding.

1928
5 January The first takeoff and landing on
Lexington was made by Lieutenant Alfred M. Pride in a
UO-1 as the ship moved from the Fore River Plant to
the Boston Navy Yard in Massachussetts.

6 January Lieutenant Christian F. Schilt, USMC, fly-
ing an O2U-1, made the first of 10 flights in which he
landed in a street of the village of Quilahi, Nicaragua,
and evacuated 18 wounded officers and men while
under hostile fire. For this feat, which he accom-
plished in three successive days, Schilt was awarded
the Medal of Honor.

21 May Lieutenant Rutledge Irvine, in a Vought O2U
Corsair equipped with a Pratt & Whitney Wasp engine,
established a world record for Class C Seaplanes for
1,000 kilometers at Hampton Roads, Va., with a speed
of 130.932 mph.

23 May A major advance in the transition from
wooden to metal aircraft structures resulted from the
Naval Aircraft Factory’s report that the corrosion of
aluminum by salt water—hitherto a serious obstacle
to the use of aluminum alloys on naval aircraft—
could be decreased by the application of anodic
coatings.

27 May Dive bombing came under official study as
the Chief of Naval Operations ordered the Commander
in Chief, Battle Fleet, to conduct tests to evaluate its
effectiveness against moving targets. Carried out by VF
Squadron 5S in late summer and early fall, the results
of these tests generated wide discussion of the need
for special aircraft and units, which led directly to the
development of equipment and adoption of the tactic
as a standard method of attack.

1 July A new system of squadron designation
became effective providing, in addition to the standard
class designation letters and identification number, a
suffix letter to indicate the fleet, force, or unit to which
the squadron was assigned. Under this system VF-1B
was Fighting Squadron 1 of Battle Force.

1 July The practice of sending Naval Reserve avia-
tion officers to one year of training duty with the fleet
after graduation from Pensacola, Fla., began with the
assignment of the first group of 50 newly commis-
sioned ensigns.

4 July Lieutenant Carleton C. Champion, flying a
Wright Apache powered with a Pratt & Whitney
engine, reached 37,995 feet over Anacostia, D.C.,
thereby breaking his own world altitude record for
Class C seaplanes, established 2 months earlier. This
height exceeded any previously reached by heavier-
than-air aircraft.

8 July Lieutenant Byron J. Connell and Naval
Aviaton Pilot S. R. Pope, flying a PN-10 equipped with
two Packard engines, set new world duration and dis-
tance records for Class C seaplanes with a useful load
of 2,000 kilograms, and a new world duration record
with a 1,000 kilogram load, on the same flight out of
San Diego, logging 11 hours 7 minutes 18 seconds in
the air and a distance of 947.705 miles.
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1 February Joint Army-Navy nomenclature for air-
craft engines became effective whereby standard type
names were assigned to engines based upon the cubic
inches of piston displacement—to the nearest ten.
Under this scheme, the Vee type Curtiss D-12 engine
received the standard type name Curtiss V-1150 and
the air-cooled radial J-5 Whirlwind became the first
Wright R-790.

27 February Commander Theodore C. Ellyson, the
first Naval Aviator, and Lieutenant Commander Hugo
Schmidt and Lieutenant Rogers Ransehounsen, crashed
to their deaths in a Loening amphibian in Chesapeake
Bay while on a night flight from Norfolk, Va., to
Annapolis, Md.

28 February An order was issued limiting the
application of standard type names for aircraft
engines to air-cooled engines of recent design. For
example, the standard type name, Curtiss V-1150,
was abolished and this engine was reassigned its ear-
lier D-12 designation. On the other hand, the desig-
nation Wright R-790 was retained with provisions for
use of R-790-A to indicate a major modification while
earlier models of this engine kept the old designa-
tions, J-2, J-3 and J-4.

28 February The contract for the XPY-1 flying boat
was issued to the Consolidated Aircraft Corporation.
This aircraft, which was designed for alternate installa-
tion of two or three engines, was the first large mono-
plane flying boat procured by the Navy, and was the
initial configuration which evolved into the PBY
Catalina.

11 January The first takeoff and landing on Sara-
toga was made by her Air Officer, Commander Marc
A. Mitscher in a UO-1.

27 January Los Angeles (ZR-3) made a successful
landing on Saratoga at sea off Newport, R.I., and
remained on board long enough to transfer passengers
and take on fuel, water and supplies.

UNITED STATES NAVAL AVIATION 1910–1995 69

1928—Continued

Schilt gets medal of honor USMC 521201

UO-1 makes landing on Saratoga, CV 3 424479



3–5 May Lieutenants Arthur Gavin and Zeus Soucek,
in a PN-12 equipped with two Wright Cyclone engines,
set the world duration record for Class C seaplanes in a
flight of 36 hours 1 minute over Philadelphia, Pa.

11 May An Act of Congress provided that duty per-
formed by officers assigned to airships which required
them to make regular and frequent aerial flights, could
be certified by the Secretary as service equivalent to
sea duty.

19 May Major Charles A. Lutz, USMC, won the Curtiss
Marine Trophy Race at Anacostia, D.C., in an F6C-3,
making a speed of 157.6 mph over the 100-mile course.

25–26 May Lieutenants Zeus Soucek and Lisle
Maxson, in a PN-12 powered by two Wright engines,
set world marks for Class C seaplanes with a 1,000-
kilogram useful load: speed over 2,000 kilometers at
80.288 mph; distance at 1,243.20 miles; and duration at
17 hours 55 minutes 13.6 seconds.

12 June Lexington anchored in Lahaina Roads,
Hawaii, at the end of a speed run from San Pedro,
Calif., to Honolulu, Hawaii, that broke all existing
records for the distance with an elapsed time of 72
hours and 34 minutes.

26 June Lieutenant Arthur Gavin, piloting a PN-12
powered with two Pratt & Whitney Hornet engines,
set a world altitude record of 15,426 feet at
Philadelphia, Pa., for Class C seaplanes with a payload
of 2,000 kilograms.

27 June Lieutenant Arthur Gavin, in a PN-12 equipped
with two 525-hp Pratt & Whitney engines, made a
world record altitude flight of 19,593 feet at Philadel-
phia for Class C seaplanes with a useful load of l,000
kilograms.

30 June A contract was issued to the Martin
Company for development of the XT5M-1 “diving
bomber,” which, in a later production version, became
the BM-1. This aircraft and the Naval Aircraft Factory’s
similar XT2N-1 were the first dive bombers designed
to deliver a 1,000-pound bomb.

11–12 July A PN-12, powered with two Pratt &
Whitney engines and piloted by Lieutenant Aldolphus
W. Gorton and Chief Boatswain Earl E. Reber, in a flight
out of Philadelphia, Pa., set five world records for Class
C seaplanes as follows: distance and speed for 2,000
kilometers with both 1,000- and 2,000-kilogram loads at
1,336 miles and 81.043 mph; and a duration mark of 16
hours, 39 minutes with a 2,000-kilogram load.
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1 March The Secretary directed that 33 officers of
the Construction Corps and one officer of the line des-
ignated for Engineering Duty Only (EDO), with such
additional Naval Constructors and EDO officers as the
exigencies of the Navy permitted and the needs of the
Bureau of Aeronautics required, be assigned to duty in
the Aeronautical Organization.

1 March In an effort to increase the proportion of
officers completing the flight training course at
Pensacola, Fla., and thereby reducing per capita train-
ing expense, the indoctrination courses at Hampton
Roads, Va., and San Diego, Calif., were changed to
elimination courses that would emphasize flight famil-
iarization to determine aptitude and be open only to
those meeting the physical requirements for aviators.

13 March Rear Admiral William A. Moffett was
appointed for a third consecutive tour as Chief of the
Bureau of Aeronautics.

9 April The feasibility of abandoning fore-and-aft
wire arresting gear was confirmed in operations
aboard Langley. These, and similar operations aboard
Saratoga later that month, culminated a year of experi-
mental development on the landing platform at
Hampton Roads, Va., and led to the Secretary’s autho-
rizing, in September, the physical removal from the
carriers of the fore-and-aft wires and associated equip-
ment.

4–6 May In winning the National Elimination Bal-
loon Race with a flight from Pitt Stadium, Pittsburgh,
Pa., to Savage Harbor, Prince Edward Island, Canada,
Lieutenant Thomas G. W. Settle and Ensign Wilfred
Bushnell won the Litchfield Trophy, qualified for the
International Race to be held later in the year, and
established world distance records for balloons in
three categories from 1,601 to 4,000 cubic meters
capacity with a flight of 952 miles.

8 May The Bureau of Aeronautics announced the
policy of providing all carrier airplanes with brakes
and wheel type tail skids, following successful opera-
tions of a T4M so equipped in tests carried out aboard
Langley in conjunction with the elimination of the
fore-and-aft wire arresting gear.

8 May Lieutenant Apollo Soucek, flying a Wright
Apache equipped with a 425-hp Pratt & Whitney Wasp
engine, set a new world record for Class C landplanes,
reaching 39,140 feet over NAS Anacostia, D.C.

10 May The Distinguished Flying Cross was awarded
to Lieutenant Alford J. Williams by the Secretary of the

25 July The removal of bow and stern catapults on
Langley was authorized since neither had been operat-
ed in three years.

6 October Contracts for the 6,500,000 cubic foot
rigid airships ZRS-4 and ZRS-5, subsequently chris-
tened Akron (ZRS-4) and Macon (ZRS-5), were let to
the Goodyear Zeppelin Corporation, Akron, Ohio.

14 December Fourteen fighting-plane radio tele-
phone sets, operating on a frequency of 3,000 to 4,000
kilocycles and featuring an engine-driven generator,
were shipped to VB-2B Squadron aboard the Saratoga
for service tests. This equipment had been designed at
NAS Anacostia, D.C., and manufactured at the
Washington Navy Yard, D.C., in order to provide early
evaluation of radio equipment in single-seat aircraft.

1929
16 January Experience in night flying became a
requirement for all heavier-than-air Naval Aviators and
Naval Aviation Pilots of the Navy and Marine Corps.
The Chief of Naval Operations ordered that prior to 1
July 1930, each qualified aviator pilot an aircraft on 10
hours of night flying involving at least 20 landings,
and that student aviators meet the same requirement
during the first year of their first duty assignment.

21 January The Naval Proving Ground recommend-
ed that three prototypes of the production version of
the Mark XI Norden bombsight be accepted and
reported that on the first trial two of the three sights
had placed a bomb within 25 feet of the target.

23–27 January The carriers Lexington and Saratoga
appeared in fleet exercises for the first time, attached to
opposing forces in Fleet Problem IX. The most notable
event of the Problem was the employment of Saratoga
by the attacking Black Fleet to achieve its primary
objective, the theoretical destruction of the Panama
Canal. This carrier was detached from the main force
and with an escorting cruiser, sent on a wide southward
sweep before turning north to approach within striking
distance of the canal. On the morning of the 26th,
while it was still dark, she launched a strike group of 69
aircraft which arrived over the target undetected shortly
after dawn and completed the theoretical destruction of
the Miraflores and Pedro Miguel Locks without opposi-
tion. This demonstration made a profound impression
on naval tacticians and in the 1930 maneuvers, a tactical
unit, built around the aircraft carrier, appeared in force
organization for the first time.
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Navy for extraordinary achievement in aerial flight
during March 1928 in which he studied the action of
aircraft in violent maneuvers and inverted flight, and
developed and applied principles of operation which
contributed directly to safety in flight and the develop-
ment of more accurate methods of testing the perfor-
mance capabilities of aircraft.

25 May The race for the Curtiss Marine Trophy, held
at NAS Anacostia, D.C., was won by Lieutenant
William G. Tomlinson in an XF7C-1 with a speed of
162.52 mph.

4 June Lieutenant Apollo Soucek, in a Wright
Apache equipped with a Pratt & Whitney Wasp
engine, set the new world altitude mark for Class C
seaplanes at 38,560 feet.

11 June General standards for shielding aircraft
engine ignition, essential to long range radio recep-
tion, were established at a conference held at the
Bureau of Standards. Navy representatives included
Lieutenant Commander Allen I. Price from the Bureau
of Aeronautics and C. B. Mirick and L. A. Hyland from
the Naval Research Laboratory. Basic techniques for
shielding airborne radio from ignition interference had
been developed by a naval radio group at the Bureau
of Standards at the close of World War I and had per-

mitted some rather remarkable radio reception.
Although some use of ignition shielding had been
made throughout the 1920s, the results generally indif-
ferent in that adequate shielding had brought with it
undue cost in terms of aircraft maintenance or degra-
dation of aircraft performance. At the June 1929 con-
ference, spokesmen for aircraft, engine and radio
fields and for magneto, sparkplug and cable specialties
considered each other’s problems sympathetically in
order to develop practical shielding standards. Within
the next year or so ignition shielding was generally
applied to naval aircraft and a requirement for ignition
shielding was included in the 1932 edition of the
“General Specification for the Design and Construction
of Airplanes for the United States Navy.”

9 August The ZMC-2, a metal clad 200,000-cubic
foot airship built by Aircraft Development Corporation,
made its first flight at Grosse Ile (Detroit) Airport, Mich.
This airship, subsequently delivered to NAS Lakehurst,
N.J., was utilized several years for training purposes.

20 August Lieutenant Aldolphus W. Gorton, flying a
specially equipped UO-1, made several successful
hook-ons to the trapeze of Los Angeles (ZR-3) over
NAS Lakehurst, N.J. Earlier attempts by the same pilot
on 3 July were foiled when the hook failed to operate
after making contact with the trapeze.
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Sound was at 10:29 p.m. on the 28th, New York time,
and the Pole was reached at 8:55 a.m. on the 29th.
The round trip, including a fuel stop on the return
flight, required almost 19 hours.

27 December Based upon scores obtained with the
new Norden gyrostabilized MARK XI bombsight dur-
ing fleet exercises, the Bureau of Ordnance reported
that the sight gave about 40 percent more hits than
earlier bombsights. 

29 November The first flight over the South Pole

was made in a Ford trimotor named the Floyd

Bennett. The flight was commanded by Commander

Richard E. Byrd who also did the navigating. Bernt

Balchen was pilot, Harold June was co-pilot and radio

operator and Captain Ashley McKinley, USA, photog-

rapher. Takeoff from Little America on McMurdo
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with a respectable seagoing air arm. Naval Aviation
acquired broader respect and, as it achieved promi-
nence in both fleet organization and operations,
became a truly integrated arm of naval power.

Only in the field of lighter-than-air were there seri-
ous setbacks. Crashes of the Akron (ZRS-4) and the
Macon (ZRS-5) sounded the death knell of the Navy’s
rigid airship program; and in spite of favorable reports
from investigating committees, continued successes in
Germany, and repeated recommendations as to its
value in specialized operations; the rigid airship was
finished. By association, the non-rigid airship almost
followed it into oblivion.

As the decade drew to its close, the ominous rum-
blings of limited wars, that had echoed across both
oceans throughout the period, grew louder. Naval
expansion was authorized; the pilot training program
was stepped up. Ships that would make history in World
War II were designed and laid down. Aircraft that would
operate from their decks, in the bold advance across the
Pacific, were on the drawing boards; and some were
getting their feel of the air. As the rumblings burst forth
into the full force of a European war and the United
States declared its neutrality; the Navy, strongly bol-
stered by aviation, patrolled the Atlantic seaboard in
operations that were strangely similar to those which the
same units would later perform under conditions of war.

1930

16 January Lexington completed a 30-day period in
which she furnished electricity to the city of Tacoma,
Wash., during an emergency arising from a failure of
the city’s power supply. The electricity supplied by the
carrier totaled 4,251,160 kilowatt-hours.

29 January Hydraulic arresting gear, a type which
eventually proved capable of great refinement to
absorb the energy of heavy aircraft landing at high
speeds, was reported to be under development at NAS
Hampton Roads, Va.

The Thirties began quietly with an international
treaty extending previous agreements to reduce naval
armament, but as the years passed they quietly dissi-
pated as the nations of the world moved inexorably
toward war.

In the United States, the period began with disturb-
ing indications of a dark economic depression that
soon became harsh reality. Forced by this circum-
stance to effect rigid economies, the expansion of
Naval Aviation was slowed, the aircraft inventory was
barely sufficient to equip operating units, research and
development programs suffered, and operations were
curtailed drastically. But as the nation began its pro-
gram to recover prosperity through the initiation of
public works, money was made available for more
naval aircraft, for new ships and for modernizing naval
air stations. The upward swing began.

In spite of the hardships, there were surprising gains
in aviation technology. Engineers and aircraft manu-
facturers produced more dependable products, aircraft
equipment and components were refined and
improved, and aircraft performance rose sharply.
Better radios of reduced size, more accurate bomb-
sights, supercharged power plants, controllable-pitch
propellers, efficient retractable landing gear and fold-
ing wings; all contributed to the improvement of air-
craft performance and made airplanes better instru-
ments of war. Hydraulic arresting gear and catapults
were installed aboard aircraft carriers. Better methods
of recovering battleship and cruiser observation planes
were developed. The feasibility of instrument flight
was demonstrated ashore and at sea. Radio controlled
planes of dependable performance were put to practi-
cal use as targets for AA gunners. Engineers and
designers learned more about the value of streamlin-
ing and clean design.

In operations, there was a change as whole
squadrons began to turn in the record performances
previously accomplished by individual pilots. Tactical
innovations of the 1920s became fleet doctrine. Three
new aircraft carriers joined the fleet, raising the opera-
tional total high enough to equip peacetime forces
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31 January Lieutenant Ralph S. Barnaby made a
successful air-to-ground glider flight, dropping from
the rigid dirigible Los Angeles (ZR-3) at an altitude of
3,000 feet over Lakehurst, N.J.

7 February Action to develop a means of recovering
seaplanes by ships underway was initiated by a
request from the Bureau of Aeronautics that the Naval
Aircraft Factory study the problem and work up
designs for a system adaptable in recovering seaplanes
of the O2U-3 type.

14 February The first monoplane designed for carri-
er operations, a Boeing Model 205 fighter later pur-
chased by the Navy and designated XF5B-1, was deliv-
ered to NAS Anacostia, D.C., for test. The Board of
Inspection and Survey in its report commented
adversely on the XF5B-1’s landing, takeoff and high
altitude characteristics, but recommended further
development to obtain a rational comparison of mono-
plane and biplane types.

15 February The design of retractable landing gear,
particularly attractive for use in fighting planes
because of its promise to improve performance and
thereby enhance military value, had progressed to the
point that the Naval Aircraft Factory was authorized to
construct working models as a means of establishing
the practicability of various retracting mechanisms.

21 March The Martin XT5M-1, first dive bomber
designed to deliver a l,000-pound bomb, met strength
and performance requirements in diving tests.

21 April The Bureau of Navigation issued a circular
letter directing that no more enlisted applicants be rec-
ommended for pilot training. When men already in the
system or under instruction completed their course in
early 1932, this order caused a temporary lull in enlist-
ed pilot training.

22 April A naval treaty was signed at London,
England, by the signatories of the Washington Naval
Treaty which carried forward the general limitations of
that earlier agreement and provided for further reduc-
tions of naval armament. Under the terms applicable to
Naval Aviation, the definition of an aircraft carrier was
broadened to include ships of any tonnage designed
primarily for aircraft operations; and it was agreed that
installation of a landing-on or flying-off platform on a
warship designed and used primarily for other purpos-
es would not make that ship an aircraft carrier; and fur-
ther, that no capital ship in existence on 1 April 1930
would be fitted with such a platform or deck.

31 May The last Curtiss Marine Trophy Race, an
annual event for service seaplanes, was won by
Captain Arthur H. Page, USMC, in an F6C-3 Curtiss
fighter with a speed of 164.08 mph. The race was
staged over the Potomac off NAS Anacostia, D.C.

78 UNITED STATES NAVAL AVIATION 1910–1995

1930—Continued

First experimental monoplane fighter, XF5B-1 460387



28 November The Chief of Naval Operations,
Admiral William V. Pratt issued a new naval air policy,
effective 1 April 1931, which essentially reorganized
aviation and established it as an integral part of the
fleet to operate with it under the direct command of
the Commander-in-Chief U.S. Fleet (CINCUS). The pol-
icy stressed the importance of fleet mobility and the
need for offensive action in protecting against invasion
from overseas, assigned the development of the offen-
sive power of the fleet and advanced base forces as
the primary task of Naval Aviation, and relegated par-
ticipation in coast defense to the status of a secondary
task. To complete the change, the policy also directed
that air stations in strategic naval operating areas
henceforth be assigned to, and operate under the
Fleet; and only such other stations as necessary for
training, test, aircraft repairs and similar support func-
tions would be maintained under shore command.

2 December The seaplane tender Aroostook (CM 3),
one utility and two patrol squadrons of the Battle Fleet
reported for duty to Commander Base Force, thereby pro-
viding that command with its first aviation organization.

1931

8 January Further development of dive-bombing
equipment and tactics was insured as tests completed
at the Naval Proving Grounds, Dahlgren, Va., showed
that displacing gear eliminated the recently encoun-
tered danger of a bomb colliding with its releasing air-
plane.

9 January An agreement was announced between the
Chief of Naval Operations, Admiral William V. Pratt and
the Army Chief of Staff, General Douglas MacArthur,
governing the operations of their respective air forces,
which climaxed a long standing interservice controversy
over the division of responsibilities for coast defense.
Under the terms, the functions of the two air forces
were closely associated with those of their parent ser-
vices; the naval air force was defined as an element of
the fleet to move with it and to carry out its primary
mission; and the Army Air Corps as a land-based air arm
to be employed as an essential arm of the Army in per-
forming its general mission, including defense of the
coast at home and at possessions overseas.

22 January The Navy ordered its first rotary winged
aircraft, the XOP-1 autogiro, from Pitcairn Aircraft,
Incorporated.

25 February A new pilot training syllabus was
issued which added a course in Advanced Seaplane

4 June On the first anniversary of his seaplane alti-
tude record, Lieutenant Apollo Soucek took off from
Anacostia in a Wright Apache landplane equipped
with a Pratt & Whitney 450-hp engine; and, flying to a
new height of 43,166 feet, regained the world altitude
record he had held briefly in 1929.

21 July Captain Arthur H. Page, USMC, piloted an
O2U from a sealed hooded cockpit on an instrument
flight of about 1,000 miles from Omaha, Nebr., to NAS
Anacostia, D.C., via Chicago, Ill., and Cleveland, Ohio;
the longest blind flight to date. Lieutenant Vernon M.
Guymon, USMC, acted as safety pilot and took over
the controls only for the landings after Captain Page
had brought the plane over the fields at 200 feet.
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1 September In the race for the Thompson Trophy
in Chicago, Ill., Captain Arthur H. Page, USMC, flying
an XF6C-6, was the only military entry. Page gained
and increased an early lead but on the 17th of 20 laps
crashed to his death, a victim of carbon monoxide
poisoning.

5 November The Director of Naval Research
Laboratory reported that Mr. Leo C. Young and Mr. L.
A. Hyland, while conducting experiments in the direc-
tional effects of radio, had detected an airplane flying
overhead. This led to the formal establishment of a
project at the Naval Research Laboratory for
“Detection of Enemy Vessels and Aircraft by Radio.”



Training and returned the courses in Bombing and
Torpedo, and Observation and Gunnery, dropped in
November 1929, thereby expanding the regular flight
course to 258.75 hours and, for those also taking
Advanced Combat, to 282.75 hours. The ground
school course was also expanded in some areas and
with the inclusion of a short course in photography,
totaled 386.5 hours.

2 March A propeller development program, which
led to the adoption of variable pitch propellers, was
initiated with the award of a contract to Hamilton
Standard Propeller Company for two such propellers
suitable for use on fighting planes.

3 March A recommendation that two officers from
the postgraduate aeronautical engineering group be
selected for study at the California Institute of
Technology (CalTech) was approved. As a result, the
policy of assigning postgraduate students to civilian
institutions was broadened to permit greater special-
ization, and for the next three school years students
were assigned in two groups: one to MIT where
emphasis was on aircraft engines, the other to CalTech
for study of aircraft structures.

31 March When a disastrous earthquake shook
Nicaragua and destroyed most of the city of Managua,
Lexington was ordered from Guantanamo Bay, Cuba,
to assist other Navy and Marine units in relief opera-
tions. Early the next afternoon, she inaugurated carrier
aircraft relief operations in the U.S. Navy, by launching
five planes carrying medical personnel, supplies and
provisions to the stricken city.

1 April A reorganization of the U.S. Fleet into Battle,
Scouting, Submarine and Base Forces provided for the

appointment of type commanders for each type of
ship and for aircraft, and designated the aviation type
commands in the Battle, Scouting and Base Forces as
Commander Aircraft (name of Force).

2 April A contract for the XFF-1 two-seat fighter, the
first naval aircraft to incorporate retractable landing
gear for the purpose of improving aerodynamic clean-
ness and thereby increasing performance, was issued
to Grumman.

9 April A contract was issued to the Glenn L. Martin
Company for 12 BM-1 dive bombers. This aircraft,
which was a further development of the XT5M-1, was
the first dive bomber capable of attacking with a
heavy (1,000 pound) bomb to be procured in suffi-
cient quantity to equip a squadron.
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23 September Lieutenant Alfred M. Pride piloted the
Navy’s first rotary wing aircraft, an XOP-1 autogiro, in
landings and takeoffs aboard Langley while underway.

26 September The keel for Ranger, first ship of the
U.S. Navy to be designed and constructed as a carrier,
was laid at the Newport News Shipbuilding and
Drydock Company, Newport News, Va.

30 September The Bureau of Aeronautics reported
that studies were being conducted on catapulting
landplanes on wheels. This, the preliminary step in the
development of flush deck catapults for launching
landplanes from carriers, visualized the installation of

1 June New specifications for aircraft markings were
issued which directed use of 20-inch-wide colored
bands around the fuselage of section leader planes,
assigning royal red, white, true blue, black, willow
green and lemon yellow for sections 1 through 6
respectively. The same order permitted use of distin-
guishing colors on the empennage whenever two or
more squadrons of the same class operated together.

1 July The Naval Air Stations at Coco Solo, C.Z. and
Pearl Harbor, T.H., were redesignated Fleet Air Bases
to conform with their transfer to the U.S. Fleet and
their function of providing mobile air units for fleet
operations.

19–20 July A Navy balloon, piloted by Lieutenant
Thomas G. W. Settle and Lieutenant (jg) Wilfred
Bushnell, won the Litchfield Trophy and the National
Elimination Balloon Race at Akron, Ohio, with a dis-
tance of 195 miles to Marilla, N.Y., thereby qualifying
for the International Race.

10 September Rear Admiral William A. Moffett
directed that the bureau’s program for test and evalua-
tion of variable-pitch propellers be expedited and
noted that in recent tests at NAS Anacostia, D.C, a vari-
able-pitch propeller on a Curtiss F6C-4 had provided a
20 percent reduction in takeoff run and a slight
increase in high speed.

UNITED STATES NAVAL AVIATION 1910–1995 81

1931—Continued

XOP-1 Autogiro landing aboard Langley 215836

The 14,500-ton Ranger, CV-4, was the first American ship designated as an aircraft carrier from the keel up 428440



powder catapults on hangar decks. The development was
expanded to include the use of compressed air, and by
the end of 1932 the Naval Aircraft Factory had successful-
ly launched an O2U-3 landplane with this latter gear.

7 October In a bombing demonstration conducted
from an altitude of 5,000 feet against the anchored tar-
get ship Pittsburgh (Armored Cruiser No. 4), 50 per-
cent hits were obtained with the newly developed
Norden Mark XV bombsight as compared to slightly
over 20 percent hits with the earlier Mark XI model.

7 October Evaluation of the experimental K Class
airship, the K-1, was begun at NAS Lakehurst, N.J. It
featured an enclosed all-metal car and a 320,000 cubic-
foot envelope, which made it the largest non-rigid air-
ship designed especially for the Navy until that time.

27 October The rigid airship Akron (ZRS-4), having
made its first trial flight on 23 September 1931 at
Akron, Ohio, was commissioned at NAS Lakehurst,
N.J., with Lieutenant Commander Charles E. Rosendahl
as Commanding Officer.

2 November Marine Scouting Squadrons VS-14M
and -15M embarked on Saratoga and Lexington,
respectively, to operate as an integral part of Aircraft,
Battle Force. These squadrons, first of the Marine air
units assigned to carriers, were carrier-based until late
1934; and from then until 1941, other Marine
squadrons maintained some carrier proficiency
through periodic operations afloat.

3 November The rigid dirigible Akron (ZRS-4) made
a 10-hour flight out of Lakehurst, N.J., carrying aloft
207 persons, a new record for the largest number of
individuals carried into the air by a single craft.

9 December Langley completed nine days of opera-
tions off the New England coast in which the cold
weather operating capabilities of carrier deck gear and
carrier aircraft, and the effectiveness of protective
flight clothing were given a practical test.

1932
9 January The Secretary of the Navy informed the
Secretary of War of work being conducted at the Naval
Research Laboratory in detecting ships and aircraft by
radio and suggested that since one obvious applica-
tion of the method was in air warning systems for
large areas, the Army might be interested in undertak-
ing further work.

24 March The Army Air Corps, in response to
enthusiastic reports from its observers who had wit-
nessed the performance of the Mk XV Norden bomb-
sight in trials against Pittsburgh (Armored Cruiser No.
4) the previous October, requested the Navy to pro-
vide it with 25 Mk XV sights. This was the Army’s first
commitment for the Navy-developed sight that was to
become essential to high altitude precision bombing in
World War II.

2 April Torpedo Squadron 5A (ex-VT-20) sailed from
the Philippines aboard Jason (AC 12). When VS-8A, the
only squadron remaining in the area, was disestablished
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near Vilna and established a new world distance
record of 963.123 miles for balloons in three cate-
gories of volume.

10 November A contract for 125 sets of GF radios
was issued to the Aviation Radio Corporation. This
was the first production order for radio equipment
suitable for installation in single-seat fighters.

22 November Following tests of the OP-1 autogiro
in Nicaragua, Major Francis P. Mulcahy, USMC, report-
ed that the autogiro’s chief value in expeditionary duty
was in inspecting small fields recommended by
ground troops as landing areas, evacuating medical
“sitting” cases, and ferrying important personnel.

1933

4 January A new plan for postgraduate work was
approved which combined the existing programs for
specialists and for the General Line, and extended the
aeronautical engineering program to three years.
Under the new plan, all officers selected for postgrad-
uate work began with one year in the School of the
Line. Those demonstrating ability and interest in
advanced technical specialties were given a second
year in that area of study and, in the third year, were
sent to a civilian institution for work, in most instances
leading to a Master of Science degree.

25 January The Bureau of Navigation announced
that the assignment of naval officers to flight training
at Pensacola, Fla., would be resumed in May or June,
or almost a year since the last group had been
assigned.

16 February The president presented to Colonel
Nathan D. Ely, USA (Ret), the Distinguished Flying
Cross, awarded posthumously to Colonel Ely’s son,
Eugene B. Ely, for extraordinary achievement as a pio-
neer aviator and for significant contribution as a civil-
ian to the development of aviation in the Navy when
in 1910 and 1911 he demonstrated the feasibility of
operating aircraft from ships.

1 April Fleet Aviation was reorganized and assigned
to two principal commands each exercising type func-
tions within his Force, and one of whom, Commander
Aircraft, Battle Force, served as type commander for
all fleet aircraft. Carriers, with their aircraft, were
assigned to Battle Force and all tender-based air and
Fleet Air Bases at Pearl Harbor, T.H., and Coco Solo,
C.Z., were assigned to Base Force. The command
Aircraft Scouting Force was abolished.

the following June, aviation in the Asiatic Fleet was
reduced to the observation aircraft on board cruisers.

2 May The Bureau of Aeronautics directed that
hydraulic cylinder type arresting gear be installed on
Langley to replace weight type gear used earlier. This
decision resulted from operational experience of
Langley with two sets of hydraulic gear installed in
June and September 1931.

18 May With enough qualified students on hand to
fill several classes at Pensacola, Fla., the practice insti-
tuted in 1930 of waiving the requirement of two years
of sea duty before assignment to elimination flight
training was discontinued. In effect, this marked the
beginning of almost a year in which no new prospec-
tive aviators were enrolled.

1 June The resignation of the Assistant Secretary of
the Navy for Aeronautics David S. Ingalls was accept-
ed by the president and it was announced that, as an
economy measure, the appointment of a successor
was not contemplated. The office remained vacant
until 1941.

30 June Los Angeles (ZR-3) was decommissioned for
economy reasons at NAS Lakehurst, N.J., after eight
years of service and over 5,000 hours in the air.

1 July The requirement of an earlier law that 30 per-
cent of the Navy’s pilots be enlisted men, was reduced
to 20 percent as an amending act became effective.
The restrictive nature of the requirement was modified
by an additional provision that it was applicable
except when, in the opinion of the Secretary of the
Navy, it was impracticable to obtain the required num-
ber of enlisted pilots.

28 July Research into the physiological effects of
high acceleration and deceleration, encountered in
dive bombing and other violent maneuvers, was initi-
ated through a Bureau of Aeronautics allocation of
funds to the Bureau of Medicine and Surgery for this
purpose. The pioneer research, pointing to the need
for anti-G or anti-blackout equipment, was performed
at Harvard University School of Public Health by
Lieutenant Commander John R. Poppen, MC, under
the direction of Dr. C. K. Drinker.

25–27 September The International Balloon Race,
held at Basel, Switzerland, was won by Lieutenant
Thomas G. W. Settle and Lieutenant Wilfred Bushnell
in a flight which ended on the Polish-Latvian border
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4 April The rigid airship Akron (ZRS-4) crashed in a
severe storm off Barnegat Light, N.J. Among the 73
fatalities were Rear Admiral William A. Moffett, Chief,
Bureau of Aeronautics, and Commander Frank C.
McCord, Commanding Officer of Akron (ZRS-4).

18 April Lieutenant George A. Ott piloting an O2U
seaplane, with Lieutenant (jg) Bruce A. Van Voorhis as
passenger, made the first operational test of a device,
later called the Plane Trap, installed on the stern of
Maryland (BB 46). Proposed by Lieutenant Lisle J.
Maxson, the device was a V-shaped float attached to
the stern of the ship by a system of struts which per-
mitted it to ride at an even depth in the water. In
operation, the seaplane taxied toward the float push-
ing a knobbed probe on the nose of its pontoon into
the V-float which engaged the probe and held the sea-
plane in position for hoisting aboard. The device was
an immediate success and proposals were made to
install the same gear on five additional battleships.

29 April The Bureau of Aeronautics recommended
resumption of postgraduate instruction in aerology
which had been suspended in 1929. By the end of the
year, arrangements were completed for a two-year
course at the Postgraduate School and a third year at a
civilian university.

6 June Two Franklin gliders were received at NAS
Pensacola, Fla., for use in a test to determine whether
inclusion of glider training in the student flight syl-
labus would replace or simplify elimination flight
training and thereby reduce dual instruction time.
Instructor training in the new craft began immediately
under the direction of Lieutenant Ralph S. Barnaby,
and glider training, as an experimental feature of the
training program, continued into 1936.

13 June A contract for the development of special
radio equipment for making blind landings aboard
carriers was issued to the Washington Institute of
Technology.

16 June Under the terms of the National Industrial
Recovery Act, the president allotted $238 million to the
Navy for the construction of new ships, including two
aircraft carriers. In less than two months, contracts
were awarded for carriers Nos. 5 and 6, eventually
commissioned as Yorktown and Enterprise.

22 June A new underway recovery device, pro-
posed by Lieutenant George A. Ott, senior aviator on
Maryland (BB 46), was tested at sea off Point Firmin,

Calif. The device resembled a cargo net fitted with a
wood spreader at its forward edge and canvas under-
neath which, when towed by the ship, rode the sur-
face forward and was slightly submerged aft so that
the seaplane could taxi on it and catch the net with a
hook on the bottom of its pontoon. Recovery over the
stern was successful on the first attempt. An alongside
recovery, necessary for ships with cranes amidships,
was tried next. With the net trailing from a boom, the
seaplane again caught the net but then swung into the
ship and crumpled its wing. In spite of the partial fail-
ure, the possibilities of the plane net were apparent
and later adjustments corrected the initial deficiencies.

23 June Macon (ZRS-5), having made its first flight
on 21 April, was commissioned at Akron, Ohio, with
Commander Alger H. Dressel as commanding officer.
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8 August Commander, Aircraft Battle Force, request-
ed authority to use variable-pitch propellers during
forthcoming exercises on six Boeing F4B-4s of VF-3,
based aboard Langley, and on one F4B-4 of VF-1,
based aboard Saratoga. This request, which stemmed
from successful trials conducted by VF-3 aboard the
Langley, marked the initial service acceptance of the
variable-pitch propeller.

9 August Commander Battle Force, commenting on
tests of the plane net made by Maryland (BB 46),
pointed out that construction of the net and pontoon
hook were well within the capacity of ships company
and directed that all battleships under his command
experiment with, and attempt to develop, techniques
for underway recovery.

2–4 September The Navy balloon of Lieutenant
Commander Thomas G. W. Settle and Lieutenant
Charles H. Kendall took second place in the Gordon
Bennett International Balloon Race at Chicago with a



requalification course for Naval Aviators and Naval
Aviation Pilots, who had been on nonflying duty, was
directed toward the same end.

24 October Development of anti-blackout equip-
ment was initiated with an authorization to the Naval
Aircraft Factory to develop and manufacture a special
abdominal belt in accord with specifications prepared
by Lieutenant Commander John R. Poppen, MC, for
use by pilots in dive bombing and other violent
maneuvers.

28 October A contract was issued to Consolidated
for the XP3Y-1 flying boat, marking the initiation of
Navy sponsored development of the PBY Catalina
series of flying boats.

17 November The sum of $7,500,000 was allotted to
the Navy from funds provided under the National
Industrial Recovery Act of 16 June 1933, for the pro-
curement of new aircraft and equipment, thereby per-
mitting the Bureau of Aeronautics to maintain its
1,000-plane program, to equip operating aircraft with
modern navigation instruments and radios, and to
make other improvements in naval aircraft and their
accessories which were not possible under the annual
appropriation.

distance of 776 miles, and their 51 hours in the air set
new world records for duration in three categories of
volume.

7–8 September Six Consolidated P2Y-1 flying boats
of Patrol Squadron 5F, under the command of
Lieutenant Commander Herman E. Halland, flew non-
stop from Norfolk, Va., to Coco Solo, C.Z., making a
record distance formation flight of 2,059 miles in 25
hours 19 minutes.

12 October The rigid airship Macon (ZRS-5) depart-
ed NAS Lakehurst, N.J., bound for her new home on
the west coast at NAS Sunnyvale, Calif. Following the
Atlantic coast down to Macon, Ga., and then westward
over the southern route to the west coast, the airship
arrived at Sunnyvale in the afternoon of the 15th, com-
pleting the 2,500 mile nonstop flight in approximately
70 hours.

17 October In an effort to prevent a shortage of
pilots as a result of the curtailment in training, addi-
tional instruction was authorized for specially recom-
mended student Naval Aviators, who had failed to
qualify on their first attempt or whose training had
been interrupted. In the next month, authorization of a
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20 November Lieutenant Commander Thomas G.
W. Settle and Major Chester L. Fordney, USMC, flying a
600,000 cubic foot free balloon, set a world’s altitude
record of 61,237 feet in a flight into the stratosphere
with departure from Akron, Ohio, and landing near
Bridgeton, N.J.

20 December To effect the organization of the avia-
tion element of the newly formed Fleet Marine Force,
Aircraft Squadrons East Coast Expeditionary Forces
was redesignated Aircraft One, Fleet Marine Force, and
Aircraft Squadrons West Coast Expeditionary Forces
became Aircraft Two, Fleet Marine Force.

1934
10–11 January Six Consolidated P2Y-1s of Patrol
Squadron 10F, Lieutenant Commander Knefler
McGinnis commanding, made a nonstop formation
flight from San Francisco, Calif., to Pearl Harbor, T.H.,
in 24 hours 35 minutes, thereby bettering the best pre-
vious time for the crossing, exceeding the best dis-
tance of previous mass flights, and breaking a nine-
day-old world record for distance in a straight line for
Class C seaplanes with a new mark of 2,399 miles.

the bearing. As compared to the beat in a continuous
radio wave, a technique which had been under devel-
opment at the Naval Research Laboratory for nearly
four years, the pulse technique promised to be of
much greater utility because it would provide range
and bearing as well as detection and because the
entire apparatus could be installed aboard a single
ship. The feasibility of the pulse technique was based
upon new developments of the radio industry includ-
ing the cathode ray tube, high power transmitting
tubes and special receiving tubes.

27 March An act of Congress, approved by the pres-
ident and popularly known as the Vinson-Trammell
Act, established the composition of the Navy at the
limit prescribed by the Washington and London Naval
Treaties. The act authorized construction of a number
of ships, including one aircraft carrier of about 15,000
tons, and in other matters relating to aviation autho-
rized the president to procure naval aircraft for ships
and naval purposes in numbers commensurate with a
treaty Navy. It also provided that not less than 10 per-
cent of the authorized aircraft and engines be manu-
factured in government plants. Under the authoriza-
tion, Wasp was laid down in 1936.

28 April The equipment and techniques of along-
side recovery by plane net had developed to the point
that Commander, Cruisers Battle Force, issued a direc-
tive describing the method that would be used by all
ships of his command. The success of the method was
such that the only plane trap in use, that on Maryland
(BB 46) was removed in June and underway recovery
of seaplanes by battleships and cruisers soon became
routine.

1 May Lieutenant Frank Akers made a hooded land-
ing in an OJ-2 at College Park, Md., in the first
demonstration of the blind landing system intended
for carrier use and under development by the
Washington Institute of Technology. In subsequent
flights, Lieutenant Akers took off from Anacostia,
D.C., under a hood and landed at College Park, Md.,
without assistance.

22 May The NS-1, a single-engine biplane trainer,
was ordered from Stearman Aircraft Company,
Wichita, Kans.

4 June Ranger was commissioned at Norfolk, Va.,
Captain Arthur L. Bristol commanding.

21 June First landings and takeoffs were made
aboard Ranger by the ship’s aviators led by Lieutenant
Commander Arthur C. Davis. After completing normal
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14 March Dr. A. Hoyt Taylor, head of the Radio
Division of the Naval Research Laboratory, authorized
a project for development of pulse radar (as it was
later called) to detect ships and aircraft. The basic con-
cept, which had been proposed by Leo C. Young,
involved special sending, receiving and display equip-
ment all mounted in close proximity. This equipment
would send out pulses of radio energy of a few
microseconds in duration separated by time intervals
that were tens to thousands of times longer than the
duration of a pulse. Reception of an echo would indi-
cate a target; time of travel to the target and back, the
distance; and directional sending or receiving antenna,



craft on this first flight without landing gear, it became
standard operating procedure to fly Macon (ZRS 5)
planes from the trapeze in this configuration.

1 August Lieutenant (jg) Charles H. Kendall and
Lieutenant (jg) Howard T. Orville, in a 206.4-mile flight
from Birmingham, Ala., to Commerce, Ga., won the
National Elimination Balloon Race and qualified for
the international race.

1 November The Naval Aircraft Factory was autho-
rized to manufacture and test a flush-deck hydraulic
catapult, Type H Mark I. This catapult was designed to
launch landplanes from aircraft carriers and was the
Navy’s initial development of a hydraulic catapult, a
type which was to prove capable of extensive refine-
ment and which eventually was to be accepted as a
primary means of launching landplanes from carriers.

operations, the ship went full speed astern and aircraft
landed using the bow arresting gear.

30 June A contract was issued to Douglas for the
XTBD-1 torpedo bomber. This aircraft was the proto-
type for the TBD Devastator which remained in opera-
tional use through June 1942.
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18 July Fourteen Naval Academy graduates, Class
1933, reported at Pensacola, Fla., for special training
toward qualification as Naval Aviators. Their designa-
tion in January 1935 climaxed a series of events over
the somewhat devious route of an honorable dis-
charge upon graduation in 1933; because of lack of
vacancies in the Navy, enrollment and training as
Flying Cadets in the Army Air Corps; acceptance of the
Navy offer of a commission in either the Navy or
Marine Corps; and finally, completion of the special
course at Pensacola.

19 July Lieutenant Harold B. Miller and Lieutenant (jg)
Frederick N. Kivette, flying F9C-2s without their wheel
landing gear, dropped from the trapeze of Macon (ZRS-
5) to scout for Houston (CA 30) returning from a cruise
in the Pacific with President Franklin D. Roosevelt on
board. Because of the improved performance of the air-

F9C-1 being hoisted into hangar of Akron 441980

Curtiss F9C-2s with airship hoop-on gear 441982



15 November Plans to install hydraulic flush deck
catapults aboard carriers were formalized in a Bureau
of Aeronautics request that space be reserved on
Yorktown and Enterprise for two bow catapults on the
flight deck and one athwartships on the hangar deck.

18 November A contract was issued to the
Northrop Corporation for the XBT-1, a two-seat Scout
and l,000-pound dive bomber. This aircraft was the
initial prototype in the sequence that led to the SBD
Dauntless series of dive bombers introduced to the
fleet in 1938 and used throughout World War II.

14 December Reinflation of the rigid airship Los
Angeles (ZR-3) was completed, and she became air-
borne in the hangar at NAS Lakehurst, N.J., after near-
ly three years of decommissioned status. Although not
flown again, she continued in use as a test and exper-
imental ship for another five years and, after having
served that purpose, was stricken from the inventory
on 29 October 1939. Dismantling was completed in 7
weeks.

15 December The Secretary of the Navy approved
acceptance of the XO3C-1, a single-engine biplane
observation seaplane; subsequently converted to the
XSOC-1. Aircraft of this type were operated from bat-
tleships and cruisers from late 1935 through World
War II.

21 December Flight test of the NS-1, Stearman
biplane trainer, was completed at NAS Anacostia, D.C.

1935
5 January The Bureau of Navigation stated that
Lieutenant Commander John R. Poppen, MC, would
be ordered to the Naval Dispensary, Philadelphia Navy
Yard, with additional duty at the Naval Aircraft
Factory, to observe pilots, conduct their annual physi-
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15 April Passage of the Aviation Cadet Act created
the grade of Aviation Cadet in the Naval and Marine
Corps Reserves. The act set up a new program for
pilot training in which otherwise qualified college
graduates between the ages of 18 and 28 would be
eligible for one year of flight instruction, benefits of
pay, uniform gratuities and insurance; and would,
after serving three additional years on active duty, be
commissioned as Ensigns or Second Lieutenants, be
paid a bonus of $1,500, and be returned to inactive
duty as members of the Reserves.

1 May A new pilot training syllabus was issued
requiring completion of about 300 hours of flight
instruction and 465 hours of ground school in a total
time of one year. The new course made no differentia-
tion between student Naval Aviators and Student
Aviation Pilots, but specified an additional 90 hours of
indoctrination courses for members of the Reserve.

5 June The designation of specially qualified offi-
cers for the performance of aeronautical engineering
duty only (AEDO) was authorized by an act of
Congress. The appointment of a board in September
to select the first officers for this AEDO designation
and the subsequent approval of its report by the
Secretary brought about the assignment of 11 officers
of the line and 33 from the Construction Corps to this
new specialist category.

20 July The first class of Aviation Cadets to report
for flight training convened at NAS Pensacola, Fla.
First of the group to become a Naval Aviator was
Elliott M. West who was designated on 12 June 1936
and assigned number 4,854.

cal examinations and work on hygienic and physiolog-
ical aspects of research and development projects.
This was the first assignment of a Flight Surgeon to the
Naval Aircraft Factory other than as part of a specific
project.

14 January Squadrons assigned to Ranger made the
first of a series of cross-country flights from Norfolk,
Va., to Hartford, Conn., and Buffalo, N.Y., to test the
functioning of carrier aircraft, special equipment, and
flight clothing under the exacting conditions to be
encountered in cold weather. When the tests were com-
pleted on 2 February, the lessons learned were used in
preparing for tests aboard Ranger the next winter.

22 January The Federal Aviation Commission,
appointed by the president as provided in the Air Mail
Act of 12 June 1934, submitted its report which in
essence set forth a broad policy covering all phases of
aviation and the relation of the government thereto. A
major share of its recommendations referred to com-
mercial and civil aviation and in general stressed the
needs for a strong air transport, for expanding airport
facilities, for improving provisions for aviation in gov-
ernment organization, and for supporting the welfare
of the aviation industry, particularly through the estab-
lishment of more realistic procurement practices and
policy. For military aviation, the commission recom-
mended: continued study of air organization toward
more effective employment of aviation and closer
interservice relationships, expansion of experimental
and development work and its close coordination
through the NACA, expansion of the Reserve organiza-
tions and larger appropriations to support them, and a
modification of personnel policies to permit assign-
ment of officers with special engineering ability and
industrial experience to continuous duty related to
their specialty.

9 February The XN3N-1, prototype of the Yellow
Peril primary trainer, was ordered from the Naval
Aircraft Factory.

12 February After encountering a severe gust of
wind which caused a structural failure, the rigid air-
ship Macon (ZRS-5) crashed off Point Sur, Calif., with
two fatalities.

12 March The Navy issued a contract to Pitcairn
Autogiro Company to remove the fixed wings from
the XOP-1, thereby converting it to the XOP-2 which
thus became the Navy’s first heavier-than-air aircraft
without fixed wings.
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30 July The first blind landing aboard a carrier was
made by Lieutenant Frank Akers, who took off from
NAS San Diego, Calif., in an OJ-2 with hooded cock-
pit, located Langley underway in an unknown posi-
tion, and landed aboard catching the number four
arresting wire. Lieutenant Akers subsequently received
a Distinguished Flying Cross for this flight.

26 September The president approved a joint
Army-Navy proposal for the transfer of air station
properties, climaxing several years of study and dis-
cussion of the joint use of aviation facilities in certain
areas. By this approval and a subsequent Executive
Order, the Army agreed to turn over to the Navy:
Rockwell Field on North Island, Calif., Luke Field on
Ford Island, T.H., and Bolling Field at Anacostia, D.C.,
while the Navy agreed to turn over to the Army the
Naval Air Station at Sunnyvale, Calif. In this exchange,
it was understood that the Army would construct new
fields at Bolling adjoining its previous location, and
Hickam Field on Oahu, T.H.

5 October The first G Class airship, the G-1, was
delivered to NAS Lakehurst. This airship, formerly the
Defender of Goodyear’s commercial fleet, was used by
the Navy for training purposes.

14–15 October Lieutenant Commander Knefler
McGinnis, Lieutenant (jg) James K. Averill, NAP
Thomas P. Wilkinson, and crew of three flew an
XP3Y-1 Consolidated patrol plane, powered with two
825-hp Pratt & Whitney engines, from Cristobal
Harbor, Canal Zone, to Alameda, Calif., in 34 hours 45
minutes and established new world records for Class C
seaplanes of 3,281.383 miles airline distance and
3,443.255 miles brokenline distance.
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Naval Air Station Anacostia (foreground), old Bolling Field (back-
ground) prior to acquisition by Navy 1061655

XP3Y-1 commanded by K. McGinnis set 3443-mile record on flight
from Panama to Alameda, October 1935 1053771

15 November The Chief, Bureau of Aeronautics,
approved recommendations from a fighter design
competition and thereby initiated development of the
Grumman XF4F-1 biplane and the Brewster XF2A-1
monoplane. The developmental sequence thus set in
motion, although it included many subsequent
changes and modifications, provided prototypes of the

Navy’s first-line fighters in
use when the United States
entered World War II.

1936
20 January The Bureau of
Engineering, acting in
response to a request from
the Bureau of Aeronautics,
initiated naval support to the
Bureau of Standards for the
development of radio mete-
orographs. These instru-
ments, later renamed
radiosondes, were to be
attached to small free bal-First production monoplane fighter, Brewster F2A 16054



installation of larger engines in both, which promised
a top speed of 300 mph.

21 July Lieutenant Commander Delmer S. Fahrney
received orders to report to the Chief of the Bureau of
Aeronautics and the Director of the Naval Research
Laboratory for duty in connection with an experimen-
tal project. This marked the initial step in implementa-
tion of a recommendation made by the Chief of Naval
Operations the preceding May that radio controlled
aircraft be obtained for use as aerial targets. Fahrney,
in his subsequent report, not only proposed a proce-
dure for developing radio controlled target planes but
also recognized the feasibility of using such aircraft as
guided missiles.

23 July A contract was awarded to Consolidated for
the XPB2Y-1 four-engined flying boat. This aircraft
had been selected for development as a result of a
design competition held late the previous year, and in
later configurations, it became the Navy’s only four-
engined flying boat to be used as a patrol plane dur-
ing World War II.

7 August A change in the flight syllabus was
approved which placed more emphasis on instrument
flying. The new course, which was inserted between
the service seaplane and fighter courses, was given by
a new instrument flying unit formed at Pensacola, Fla.,
for the purpose, and included six hours in Link train-
ers, nine hours of modified acrobatics in NS aircraft,
and two hours radio range flying under the hood.

19 August Lieutenant Boynton L. Braun, pilot and
ACOM W. B. Marvelle completed test bombing against
the submarine R-8 off the Virginia Capes. Flying a
T4M-1 at an altitude of 2,500 feet, they dropped
twelve 100-pound bombs in a 2-day period and
obtained four near-misses with a cumulative effect
which caused the submarine to sink.

15 September Langley, first aircraft carrier of the U.S.
Navy, was detached from Battle Force and assigned to
Commander, Aircraft Base Force, for duty as a seaplane
tender. After a brief period of operation, she went into
the yard for conversion, from which she emerged early
in 1937 with the forward part of her flight deck removed.

1937
27 February Expansion of the Working Committee
of the Aeronautical Board and the extension of its
functions to include work in aeronautical standardiza-
tion, were approved by the Secretaries of the War and
Navy Departments. By this decision, interservice

loons and sent aloft to measure pressure, temperature
and humidity of the upper atmosphere, and to trans-
mit this information to ground stations for use in
weather forecasting and flight planning.

22 January Ranger, with 23 aircraft on board,
arrived in Cook Inlet, Alaska, and began three weeks
of operational tests to study the effects of cold weath-
er on operating efficiency and to determine material
and other improvements necessary for increasing carri-
er capabilities under extreme weather conditions.

18 March The flight test of the XN3N-1, prototype
of the Yellow Peril, a primary trainer biplane, was
completed at NAS Pensacola, Fla.

1 April The Marine Corps Aviation Section, which
had been set up independently under the
Commandant in the previous year, was established as
a Division. With the change, the Officer-in-Charge was
given the title Director of Aviation and as such contin-
ued to serve in the dual capacity of advisor to the
Commandant on aviation and head of the Marine
Corps organization in the Bureau of Aeronautics,
under an arrangement which had been in effect since
the establishment of that Bureau.

28 April R. C. Guthrie and Robert M. Page, at the
Naval Research Laboratory, began testing a laboratory
model of a pulsed radio wave detection device (pulse
radar). As tests proceeded, aircraft were detected at
distances up to 25 miles.

6 May Construction of the facility, which was later
named the David W. Taylor Model Basin, was autho-
rized by legislation, providing buildings and appli-
ances for use by the Bureau of Construction and
Repair in investigating and determining shapes and
forms to be adopted for U.S. vessels, including aircraft.

11 June In an effort to adapt commercial airplane
maintenance techniques to naval use, the Bureau of
Aeronautics authorized Commander, Aircraft Base
Force, to provide patrol squadrons with an extra air-
craft for use as a rotating spare to replace squadron
planes that were undergoing maintenance inspection.

10 July The Chief, Bureau of Aeronautics, approved
a program of improvements to the F4F and F2A fight-
ers being developed by Grumman and Brewster. Most
important were the conversion of the Grumman
design from a biplane to the monoplane XF4F-2 proto-
type for the F4F Wildcat of World War II, and the
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efforts in standardization changed from a part-time
program of annual conferences to one employing a
joint staff of officers and civilians on a full-time basis.

15 March The Bureau of Aeronautics assigned dis-
tinguishing colors to each aircraft carrier for use as tail
markings by all squadrons on board, thereby changing
the existing practice of assigning colors to squadrons
and eliminating the confusion resulting when
squadrons transferred from one carrier to another.

21–22 June Patrol Squadron 3, with 12 PBY-1
Catalinas under the command of Lieutenant Robert W.
Morse, flew nonstop from San Diego, Calif., to Coco
Solo in the Canal Zone, completing the 3,292-mile
flight in 27 hours and 58 minutes.

30 May A contract was issued to the Martin
Company for the XPBM-1 two-engined flying boat
patrol plane. The aircraft was the initial prototype in
the PBM Mariner series of flying boats used during
and after World War II.

1 July The system of designating squadrons was
revised to provide for numbering each carrier
squadron according to the hull number of its carrier,
each battleship and cruiser squadron the same as the
number of its ship division, each Marine Corps
squadron according to its Aircraft Group, and patrol
squadrons serially without regard to assignment. The
change also abolished the use of suffix letters to indi-
cate organizational assignment, except for Naval
District and Reserve squadrons, and interposed the M
for Marine Corps squadrons between the V prefix and
mission letters.

2 July The Navy agreed to accept transfer of Army
airships and lighter-than-air equipment. Included in
the transfer were the airships TC-13 and TC-14, used
for antisubmarine patrol in the early stages of World
War II.

15 July The Ship Experimental Unit was placed in
operating status at the Naval Aircraft Factory and made
responsible for development and testing of equipment
and techniques for carrier landings. This unit consisted
of officers and men which were transferred from NAS
Norfolk, Va., where this function had been performed
since 1921.

6 August A contract was issued to Goodyear for
two new non-rigid airships, the L-1 for training pur-
poses, and the K-2 for coastal patrol.

9 August The contractor’s demonstration flights of
the XOZ-1 rotary-winged aircraft, which included a
water takeoff, were completed at the Naval Aircraft
Factory. Pennsylvania Aircraft Corporation had modi-
fied this aircraft from an N2Y-1 trainer into an experi-
mental gyroplane by installing a new engine and a
rotary wing with cyclic control.

9 September The XPBS-1, a four-engined mono-
plane flying boat built by Sikorsky Aircraft, made its
first flight. This aircraft, constructed as a long-range
patrol plane, was later used as a transport.

30 September Yorktown was commissioned at
Norfolk, Va., with Captain Earnest D. McWhorter in
command.

1 October Patrol aviation with its tenders was trans-
ferred from Base Force and assigned to the reestab-
lished type command, Aircraft Scouting Force. With
the change, five Patrol Wings, numbered 1 through 5,
were established as separate administrative commands
over their assigned squadrons.

17 December The XPTBH-2, a twin-float seaplane
designed by Hall Aluminum Aircraft Company, Inc. for
patrol and torpedo attack, was accepted by the Navy.
This was the last twinfloat torpedo plane developed
for the Navy.

23 December A successful unmanned radio-con-
trolled flight was made with a JH-1 drone, at the
Coast Guard Air Station, Cape May, N.J. Takeoff and
landing were made using a landbased radio set; for
flight maneuvers, control was shifted to an airborne
TG-2.

1938
21 April The delivery of the XF2A-1 to the Langley
Memorial Aeronautical Laboratory of the National
Advisory Committee for Aeronautics marked the initia-
tion of full-scale wind tunnel tests to determine means
of decreasing aerodynamic drag and thereby increas-
ing high speed. These tests, conducted at the recom-
mendation of Commander Walter S. Diehl, indicated
that the speed of the XF2A-1 could be increased 31
mph over the 277 mph already achieved, and led to
the utilization of this technique in other high-perfor-
mance aircraft, by both the Army and the Navy. The
data thus obtained was also directly applicable to the
design of new aircraft.

12 May Enterprise was commissioned at Newport
News, Va., Captain Newton H. White commanding.
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23 August A contract was issued to Martin for the
XPB2M-1 four-engine flying boat. Initially intended as
a patrol plane, this craft was later converted to the
PB2M-1R Mars transport and served as a prototype for
the JRM series of flying boats.

24 August In the first American use of a drone tar-
get aircraft in anti-aircraft exercises, Ranger fired upon
a radio-controlled JH-1 making a simulated horizontal
bombing attack on the fleet. This not only heralded a
new departure in anti-aircraft practice, but also indicat-
ed that radio-controlled aircraft could be used as a
training device in the fleet.

14 September A radio-controlled N2C-2 target
drone engaged in a simulated dive-bombing attack
against the battleship Utah (BB 31) in test firing of
antiaircraft battery. The proponents of guided missile
development view this as the first demonstration of
the air to surface missile.

15 October A new specification prescribing color
for naval aircraft was issued. Trainers were to be fin-
ished in orange-yellow overall with aluminum colored
floats or landing gear. The color of service aircraft
remained essentially as prescribed in 1925, aluminum
overall with orange-yellow on wing and tail surfaces
that were visible from above.

2 November A revision of the pilot training syllabus
was approved instituting minor adjustments in the
flight program and changes of greater significance in
the ground program. A special course was added for
flight surgeons, celestial navigation was added for

17 May The Naval Expansion Act, among its provi-
sions for Naval Aviation, authorized an increase in
total tonnage of underage naval vessels amounting to
40,000 tons for aircraft carriers, and also authorized
the president to increase the number of naval aircraft
to “not less than” 3,000. Carriers built as a result of this
authorization were Hornet and Essex, laid down in
1939 and 1941, respectively.

1 June The routine use of radiosondes (or radio
meteorographs, as they were then called) to obtain
data on weather conditions in the upper atmosphere
was initiated at NAS Anacostia, D.C. By the close of
the year, California (BB 44) and Lexington were also
outfitted to use radiosondes.

8 June After over two years of evaluation by fleet
squadrons and various shore-based naval air activities,
the antiblackout or abdominal belt, intended for use
by pilots in dive bombing and other violent maneu-
vers, was returned to a developmental status with a
finding by the Commander, Aircraft Battle Force, that
the advantages of this belt were not sufficient to offset
its disadvantages.

8 June By policy established by the Secretary of the
Navy, the provisions for maintenance of aircraft
aboard carriers and aircraft tenders were limited to
those required for upkeep and minor repairs.

1 July New command billets titled Commander,
Carrier Air Group, were authorized, and carrier
squadrons were organized into groups each desig-
nated by the name of the carrier to which it was
assigned.
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enlisted students, and gameboard problems were
introduced as a practical approach to instruction in
scouting and search.

1 December The Hepburn Board, appointed by the
Secretary of the Navy in accordance with the act of 17
May, reported on its survey of the aviation shore
establishment. Recognizing the demands that would
have to be met if the approach of war should precipi-
tate a great expansion, the Board recommended for
aviation the enlargement of 11 existing stations and
the erection of 16 new ones, including Oahu
(Kaneohe), Midway, Wake, Guam, and five other
Pacific Islands.

16 December The K-2 airship was delivered to NAS
Lakehurst, N.J., for trials. This was the prototype for
the World War II K Class patrol airships, of which 135
were procured.

Navy, was the prototype for the PBY-5A which was
widely used in World War II.

15 May A contract was issued to Curtiss-Wright for
the XSB2C-1 dive bomber, thereby completing action
on a 1938 design competition. The preceding month,
Brewster had received a contract for the XSB2A-1. As
part of the mobilization in ensuing years, large pro-
duction orders were issued for both aircraft, but seri-
ous managerial and developmental problems were
encountered which eventually contributed to discard-
ing the SB2A and prolonged preoperational develop-
ment of SB2C. Despite this, the SB2C Helldiver would
become the principal operational carrier dive bomber.

27 May Lieutenant Colonel Alfred A. Cunningham,
first U.S. Marine Corps aviator, died at his home in
Sarasota, Fla. He reported for flight training at
Annapolis, Md., on 22 May 1912, a day now celebrat-
ed as the birthday of Marine Corps aviation; and in a
relatively short aviation career, served with distinction
in many capacities. During World War I, he organized
and commanded the first Marine aviation unit, was
among those proposing operations later assigned to
the Northern Bombing Group and was commanding
officer of its Day Wing. In the postwar period, he
served as the first administrative head of Marine Corps
aviation and then commanded the First Air Squadron
in Santo Domingo. 

13 June Saratoga and the tanker Kanawha (AO 1)
completed a 2-day underway refueling test off the
coast of southern California, thereby demonstrating
the feasibility of refueling carriers at sea, a technique
which was to prove vitally important to operations in
areas where bases were not available.

13 June The Aviation Cadet Act of 1935 was revised
to provide for the immediate commissioning as
ensigns or second lieutenants of all cadets on active
service and the future commissioning of others upon
completion of flight training. The law also extended
the service limitation to seven years after completion
of training of which the first four would be required,
and provided for promotion to the next higher grade
on the basis of examination after three years of ser-
vice. A reduction in the bonus payment upon release
to inactive duty was made with the provision that avi-
ation cadets already serving in the fleet be given the
option of remaining on the old pay scale with the
$1,500 bonus or of accepting commissioned pay and
the new $500 discharge payment.

1 July A standard system of numbering patrol
squadrons in reference to wings was adopted by which
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1939
27 March Following the successful experimental
refueling of patrol planes by the submarine Nautilus
(SS 168), the Commander-in-Chief U.S. Fleet (CIN-
CUS), directed that Submarine Division Four and
Patrol Wing Two conduct refueling tests at frequent
intervals and carry out an Advanced Base problem
each quarter to develop to the utmost the possibilities
for refueling patrol planes under various conditions.

7 April An amphibian version of the PBY flying boat
was ordered from Consolidated. This aircraft, the first
successful amphibian patrol plane procured by the



24 August The Acting Secretary approved the
detailing of a medical officer to the Bureau of
Aeronautics for the purpose of establishing an Aviation
Medical Research Unit.

30 August Lieutenant Commander Thurston B. Clark,
flying a twin-engined XJO-3 equipped with tricycle
landing gear, made 11 landings aboard and take-offs
from Lexington off Coronado Roads, thereby demon-
strating the basic adaptability of twin-engined aircraft
and of tricycle landing gear to carrier operations.

5 September The president proclaimed the neutrali-
ty of the United States in the European War and direct-
ed that the Navy organize a Neutrality Patrol. In com-
plying therewith, the Chief of Naval Operations
ordered the Commander, Atlantic Squadron to estab-
lish combined air and ship reconnaissance of the sea
approaches to the United States and West Indies for
the purpose of reporting and tracking any belligerent
air, surface, or underwater units in the area.

8 September The president proclaimed the exis-
tence of a limited national emergency and directed
measures for strengthening national defenses within
the limits of peacetime authorizations.

the first digit of a squadron designation number
became the same as the wing to which it was attached.

1 July By Executive Order, the Aeronautical Board,
the Joint Board (later Joint Chiefs of Staff), the Joint
Economy Board and the Munitions Board all previ-
ously functioning by an understanding between the
Secretary of War and the Secretary of the Navy,
began functioning under the direction and supervi-
sion of the president as Commander-in-Chief of the
Army and Navy.

13 July A Fleet Air Tactical Unit was authorized by
the Chief of Naval Operations to provide research and
advisory activities relating to operational use of new
aircraft.

4 August Yorktown and Enterprise made successful
launchings of SBC-3 and O3U-3 aircraft from flight
deck and hangar deck catapults in the first practical
demonstration of launching aircraft from carriers by
means of a hydraulic flush-deck catapult and in the
first demonstrations of catapulting aircraft from the
hangar deck.
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11 September In the first redeployment of patrol
squadrons on the Neutrality Patrol, VP-33, equipped
with Catalinas, transferred from the Canal Zone to
Guantanamo Bay, Cuba, for operations over the
Caribbean. Two days later, the Catalinas of VP-51
arrived at San Juan, P.R., from Norfolk, Va., to patrol
the southern approaches to the Caribbean through the
Lesser Antilles.

21 September VP-21, with 14 PBY aircraft, took off
from Pearl Harbor, T.H., for the Philippines via
Midway, Wake and Guam, and with its arrival became
the first patrol unit in the Asiatic Fleet since 1932. This
squadron and another which arrived later the next
year, were the nucleus of Patrol Wing 10, formed in
the Philippines in December 1940.

1 October To achieve an immediate expansion of
pilot training, the syllabus was revised to set up a pro-
gram of concentrated instruction which reduced the
length of the training period from 12 to 6 months. The
new program provided a primary course in landplanes
and a basic phase in service landplanes and instru-
ment flying for all students, and restricted each student
in the advanced program to specialization in either
patrol and utility aircraft, observation planes, or carrier
aircraft. Ground school was similarly concentrated and
shortened from 33 to 18 weeks.

14 October The Naval Aircraft Factory was autho-
rized to develop radio control equipment for use in
remote controlled flight-testing of aircraft so that dives,
pullouts, and other maneuvers could be performed
near the aircraft’s designed strength without risking
the life of a test pilot.

1 December Ensign A. L. Terwilliger was designated
a Master Horizontal Bomber, the first Naval Aviator in
a fleet squadron to so qualify.

8 December To effect a higher degree of coordina-
tion in research, the Secretary of the Navy directed that
the Bureaus of Aeronautics and Ordnance acting sepa-
rately, and the Bureaus of Engineering and Construction
and Repair, acting as one unit, designate an officer to
head a section in the respective Bureaus devoted to sci-
ence and technology and also to act as a liaison officer
with the Naval Research Laboratory and as a member of
the Navy Department Council for Research. By the
same order, the duties performed in the Office of the
Chief of the Naval Operations concerned with research
and invention were transferred to the Office of the
Secretary and placed under the administration of the
Director, Naval Research Laboratory.

20 December A contract was issued to Consolidated
for 200 PBY type aircraft to support an increase in
patrol plane squadrons growing out of Neutrality
Patrol requirements. This was the largest single order
for naval aircraft since the end of World War I.
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SB2U-1 ready for take-off from Saratoga 105378

Lexington, Yorktown,
Ranger and Enterprise
1061652
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Camera man in SU-1 shoots
oblique photograph 458706

Curtiss SBC-4 Marine Corps Scout dive
bomber 16455

Vought SBU-1 Scout dive
bomber 1061653
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Curtiss XF11-C was later redesignated XBF2C-1 46266

The Douglas RD-2 amphibian in executive colors 5206
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Marine Corps field, Quantico, 1931; the base for aircraft squadrons, east coast expeditionary force 1053789



awesome destructive power of the atom was released
upon Hiroshima and Nagasaki.

For the first time in history, naval engagements were
fought entirely in the air without opposing surface
forces sighting each other. New words and phrases
entered the aviator’s lexicon; words like air support,
hunter-killer, JATO, CIC, CAP, bogie, scramble and
splash. Radar pierced the night and gave new eyes to
the fleet; advances in technology, particularly in elec-
tronics, improved the defense and added power to the
offense. The scientist contributed directly to the war
effort in both the development of specialized equip-
ment and in the application of scientific principles to
operational tactics. Logistics took on new importance.
Refueling and replenishment at sea were developed to
a high art and increased the mobility and staying
power of fleet forces.

In the course of the war, Navy and Marine pilots
destroyed over 15,000 enemy aircraft in the air and on

Thirty years after the Navy had acquired its first air-
plane, and only 19 years after it had acquired its first
aircraft carrier, Naval Aviation faced the supreme test
of war. When it was called upon to carry the fight to
the enemy, it not only carried out its tasks, but forged
ahead to become the very backbone of fleet striking
power.

If it had not already been shown in combat before
the United States entered the war, all doubts as to the
potency of naval air power were removed by the infa-
mous, yet skillfully executed attack on Pearl Harbor,
when Japanese carrier aircraft in one swift stroke elim-
inated a major portion of the Navy’s heavy surface
power. That our own forces had the kernel of a simi-
lar potential was demonstrated on a much smaller
scale as carrier forces struck the first retaliatory blows.

The geographic position of the United States put it
squarely between two wars that had little in common.
Air operations on the Atlantic side, except for partici-
pation in three amphibious operations, were essential-
ly a blockade and a campaign to protect ships deliver-
ing raw materials to our factories and war munitions
and reinforcements to our Allies. In the Pacific, it was
a matter of stopping an enemy advance which, in a
few short months, had spread over all the western and
parts of the south and central Pacific, and then carry-
ing out the bitterly contested task of driving him
homeward across the broad expanse of an island-dot-
ted sea.

The country was hardly ready for either campaign.
The Navy and Marine Corps air arms could muster
only 7 large and 1 small aircraft carriers, 5 patrol
wings and 2 Marine aircraft wings, 5,900 pilots and
21,678 enlisted men, 5,233 aircraft of all types includ-
ing trainers, and a few advanced air bases. But aided
by its distance from the enemy and fortunate in its
industrial power, the United States built the ships,
planes and equipment. Its military forces trained the
land, sea and air forces that ultimately beat down the
enemy, drove them from strategically located bases,
cut off their raw materials, and placed the allied forces
in position to launch final air and amphibious offen-
sives. These offensives were made unnecessary as the
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the ground, sank 174 Japanese warships, including 13
submarines, totaling 746,000 tons, sank 447 Japanese
merchant ships totaling 1,600,000 tons and, in the
Atlantic, destroyed 63 German U-boats. (In combina-
tion with other agents, Navy and Marine air helped
sink another 157,000 tons of war and 200,000 tons of
merchant ships and another six Japanese and 20
German submarines.) It was a creditable record, but
the Navy’s air arm did not play an entirely indepen-
dent role. It operated as it had developed, as an inte-
gral part of naval forces, contributing its full share to
the power of the fleet and to the achievement of its
mission in controlling the sea.

Many have said that World War II witnessed the full
development of aviation, but generalities are often
misleading. Many of the opinions expressed before the
war on the effect of air power on naval operations
were shown up as misconceived, if not false, theories.
The bombing tests of the 1920s proved to some that
navies were obsolete and that no ship could again
operate within the range of land-based air, but carrier
task force operations in the war gave little credence to
such conclusions. Advocates of independent air power
questioned both the possibility and the usefulness of
close air support for troops, but such support was
proven not only possible but indispensable. Those
who questioned the importance of the airplane to
navies were equally off the mark. The disappointment
of naval officers who visualized decisive fleet engage-
ments in the tradition of Trafalgar and Jutland was no
doubt as great as that of the air power theorists who
had seen their predictions go awry. By test of war it
had become exceedingly clear that neither an Army
nor a Navy could either survive or achieve an objec-
tive in war without first achieving air superiority. It
had also become clear that neither could exert as
much force by itself as it could with the aid of air
striking power. Aviation had indeed come of age.

1940
4 January Project Baker was established in Patrol
Wing 1 for the purpose of conducting experiments
with blind landing equipment.

15 February Commander-in-Chief, U.S. Fleet (COM-
INCH), noting that reports on air operations in the
European War stressed the need of reducing aircraft
vulnerability, recommended that naval aircraft be
equipped with leak-proof or self-sealing fuel tanks and
with armor for pilots and observers. Although the
Bureaus of Aeronautics and Ordnance had been inves-
tigating these forms of protection for two years, this
formal statement of need gave added impetus and
accelerated procurement and installation of both
armor and self-sealing fuel tanks.

24 February The Bureau of Aeronautics issued a
contract for television equipment, including camera,
transmitter, and receiver, that was capable of airborne
operation. Such equipment promised to be useful both
in transmitting instrument readings obtained from
radio-controlled structural flight tests, and in providing
target and guidance information necessary should
radio-controlled aircraft be converted to offensive
weapons.

27 February Development of the “Flying Flapjack,”
a fighter aircraft with an almost circular wing, was
initiated with notice of a contract award to Vought-
Sikorsky Aircraft for the design of the V-173—a full-
scale flying model (as distinguished from a military
prototype). This design, based upon the research of
a former NACA engineer, Charles H. Zimmerman,
was attractive because it promised to combine a high
speed of near 500 mph with a very low takeoff
speed.

29 February The Bureau of Aeronautics initiated
action that led to a contract with Professor H. O. Croft
at the University of Iowa, to investigate the possibili-
ties of a turbojet propulsion unit for aircraft.

19 March To assist in the identification of U.S. air-
craft on the Neutrality Patrol, Fleet activities were
authorized to apply additional National Star Insignia
on the sides of the fuselage or hull of aircraft so
employed.

22 March Development of guided missiles was initi-
ated at the Naval Aircraft Factory with the establish-
ment of a project for adapting radio controls to a tor-
pedo-carrying TG-2 airplane.

23 April Commander Donald Royce was designated
to represent the Navy on an Army Air Corps
Evaluation Board for rotary-wing aircraft. This board
was established incidental to legislation directing the
War Department to undertake governmental develop-
ment of rotary-wing aircraft.

25 April Wasp was commissioned at Boston, Mass.,
Captain John W. Reeves, Jr., commanding.

20 May The Commanding Officer of the destroyer
Noa (DD 343) reported on successful operations con-
ducted off the Delaware Capes in which an XSOC-1,
piloted by Lieutenant George L. Heap, was hoisted
over the side for takeoff and was recovered by the
ship while underway. As an epilogue to preliminary
operations conducted at anchor on 15 May, Lieutenant
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and subsequent meetings with other scientists, this
group defined its mission as “to obtain the most effec-
tive military application of microwaves in minimum
time.” In carrying out this mission, Division 14 devel-
oped airborne radar used in the Navy for aircraft inter-
ception, airborne early warning and other more spe-
cialized applications.

19 July Authorization for a further expansion of the
Navy provided an increase of 200,000 tons in the air-
craft carrier limits set the previous month, and a new
aircraft ceiling of 15,000 useful planes. The act also
allowed further increases in aircraft strength on presi-
dential approval.

5 August The Chief Of Naval Operations estab-
lished general ground rules for exchange of scientific
and technical information with a British mission, gen-
erally known as the Tizard Mission after its senior
member Sir Henry Tizard. In general, free exchange of
information was expected on matters concerning avia-
tion, including the field later called radar. The degree
of exchange actually achieved surpassed expectations
so that the coming of the Tizard Mission served as a
benchmark in the interchange of scientific and techni-
cal information regarding World War II weaponry.

12 August The Bureau of Ordnance requested
informally that the National Defense Research
Committee sponsor development, on a priority basis,
of proximity fuzes with particular emphasis on anti-air-
craft use. Such fuzes had been under consideration for
some time and the decision to undertake development
followed receipt from the Tizard Mission of reports of
British progress.

17 August Section T (so called for its Chairman, Dr.
Merle A. Tuve) of Division A, National Defense
Research Committee, was established to examine the
feasibility of various approaches to developing a prox-
imity fuze. Eight days later, a contract was issued to
the Department of Terrestrial Magnetism, Carnegie
Institution of Washington, for the research that culmi-
nated in the radio VT fuze for anti-aircraft guns and
both radio and photoelectric VT fuzes for bombs and
rockets.

29 August The exchange with the British Tizard
Mission of scientific and technical information con-
cerning radar began at a conference attended by Sir
Henry Tizard, two of his associates, and representa-
tives of the U.S. Army and Navy including Lieutenant
John A. Moreno of the Bureau of Aeronautics. The ini-
tial conference dealt primarily with the British tech-
niques for detecting German bombers but touched

Heap made an emergency flight transferring a stricken
seaman from Noa in Harbor of Refuge, Del., to the
Naval Hospital, Philadelphia, Pa.

27 May The Secretary of the Navy directed that six
destroyers of the DD 445-class be equipped with cata-
pult, plane, and plane handling equipment. DDs 476-
481, Pringle, Stanly, Hutchins, Stevens, Halford, and
Leutze, were selected subsequently. Shortcomings in
the plane hoisting gear led to removal of the aviation
equipment from the first three ships prior to their join-
ing the fleet in early 1943. In October 1943, after limit-
ed aircraft operations by Stevens and Halford, aviation
equipment was ordered removed from them and plans
for its installation on Leutze were canceled.

14 June The Naval Expansion Act included autho-
rization for an increase in aircraft carrier tonnage of
79,500 tons over the limits set 17 May 1938, and a
revision of authorized aircraft strength to 4,500 useful
airplanes.

15 June Congress revised its previous action and set
the aircraft ceiling at 10,000 useful airplanes, including
850 for the Naval Reserve, and not more than 48 use-
ful airships.

25 June The Aeronautical Engineering Duty Only
(AEDO) designation was abolished and all men
appointed to that special duty were designated for
Engineering Duty Only (EDO).

25 June The Chief of Naval Operations promulgated
plans for an expanded flight training program calling
for the assignment of 150 students per month begin-
ning 1 July, and a regular increase to an entry rate of
300 per month within a year.

27 June The president established a National
Defense Research Committee to correlate and support
scientific research on the mechanisms and devices of
war. Among its members were officers of the War and
Navy Departments appointed by the respective
Secretaries. Although research on the problems of
flight was specifically excluded from its functions, this
organization made substantial contributions in various
fields of importance to Naval Aviation, including air-
borne radar.

14 July The initial meeting of what became the
National Defense Research Committee’s Division 14, or
Radar Division, was attended by Alfred L. Loomis,
Ralph Bowen, E. L. Bowles and Hugh H. Willis. In this
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upon means of identifying friendly aircraft. In follow-
on meetings, British developments of shipboard and
airborne radar were also discussed. A British disclo-
sure growing out of this exchange of particular impor-
tance for airborne radar application was the cavity
magnetron, a tube capable of generating high power
radio waves of a few centimeters in length.

2 September In exchange for 50 four-stack destroy-
ers, Great Britain, by formal agreement ceded to the
United States for a period of 99 years, sites for naval
and air bases in the Bahamas, Jamaica, St. Lucia,
Trinidad, Antigua, and British Guiana, and extended
similar rights freely and without consideration for
bases in Bermuda and Newfoundland. Acquisition of
these sites advanced our sea frontiers several hundred
miles and provided bases from which naval ships and
aircraft could cover strategically important sea
approaches to our coast and to the Panama Canal.

3 October The Chief of Naval Operations requested
the Naval Attaché in London to obtain samples of a
variety of British radio echo equipment (radar), includ-
ing aircraft installations for interception (AI), surface
vessel detection (ASV) and aircraft identification (IFF).

5 October The Secretary of the Navy placed all divi-
sions and aviation squadrons of the Organized Reserve
on short notice for call to active duty and granted
authority to call Fleet Reservists as necessary. On the
24th, the Bureau of Navigation announced plans for
mobilizing the aviation squadrons, which called for
one third to be ordered to active duty by 7 November
and all by 1 January 1941.

9 October The Secretary of the Navy approved a
recommendation by the General Board, that 24 of the
authorized submarines be equipped to carry aviation
gasoline for delivery to seaplanes on the water. This
was in addition to Nautilus (SS 168) which had
demonstrated her ability to refuel patrol planes and
had conducted a successful test dive to 300 feet with
aviation gasoline aboard; and to Narwhal (SC 1) and
Argonaut (SF 7) which were being altered to carry
19,000 gallons of aviation gasoline each.

11 October The Technical Aide to the Secretary of
the Navy, Rear Admiral Harold G. Bowen, proposed a
program for development of radio ranging equipment
(radar) which formed the basis for the Navy’s pre-war
development program. In addition to identification
equipment and ship-based radar, this program includ-
ed an airborne radar for surface search.

23 October Within the Atlantic Squadron, an admin-
istrative command was set up for carrier aviation enti-
tled, “Aircraft, Atlantic Squadron.”

24 October An administrative command for patrol
aviation in the Atlantic Squadron was set up under the
title, “Patrol Wings, Atlantic Squadron.”

28 October The Chief of Naval Operations reported
that aircraft with some form of armor and fuel protec-
tion were just beginning to go into service use, and
that within a year all fleet aircraft, except those
assigned Patrol Wing 2, would have such protection.

1 November A reorganization of the fleet changed
the administrative organization of aviation by dividing
the forces between two oceans. This was the begin-
ning of the independent development of forces
according to strategic requirements. In the Atlantic,
aviation was transferred from Scouting Force to Patrol
Force, which was formed in place of the Atlantic
Squadron as a fleet command parallel to Scouting
Force, and set up under Commander, Aircraft Patrol
Force and Commander, Patrol Wings Patrol Force. In
the Pacific, Patrol Wings remained attached to
Scouting Force under the combined command
Commander, Patrol Wings U.S. Fleet and Commander,
Aircraft Scouting Force.

11 November The first general meeting of the
Radiation Laboratory was held at the Massachusetts
Institute of Technology (MIT). The Radiation
Laboratory, as principal scientific and developmental
agency of Division 14 of NDRC, was to become instru-
mental in many aspects of airborne radar develop-
ment.

15 November The seaplane tender Curtiss, first of
two ships of her class, was commissioned at
Philadelphia, Pa., Commander Samuel P. Ginder
commanding.

15 November Naval air operations began from
Bermuda. First to operate were the planes of Patrol
Squadron 54 based on George E. Badger (DD 196).

16 November The Bureau of Aeronautics estab-
lished a catapult procurement program for Essex class
carriers. One flight deck catapult and one athwartships
hangar deck catapult were to be installed on each of
11 carriers.

18 November The Chief of Naval Operations autho-
rized use of the abbreviation, “RADAR,” in unclassified
correspondence and conversation and directed that
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1941, as the first of 38 escort carriers transferred to the
United Kingdom during the war.

17 March The Chief of the Bureau of Aeronautics
approved a proposal for establishing a special NACA
committee to review promptly the status of jet propul-
sion and recommend plans for its application to flight
and assisted takeoff.

28 March The Commanding Officer of Yorktown
after five months operational experience with the
CXAM radar, reported that aircraft had been tracked
at a distance of 100 miles and recommended that
friendly aircraft be equipped with electronic identifi-
cation devices and carriers be equipped with sepa-
rate and complete facilities for tracking and plotting
all radar targets.

19 April Development of a Guided Glider Bomb
(Glomb) was initiated at the Naval Aircraft Factory.
The Glomb was designed to be towed long distances
by a powered aircraft, released in the vicinity of the
target, and guided by radio control in its attack. It was
equipped with a television camera to transmit a view
of the target to the control plane.

20 April The first successful test of electronic com-
ponents of a radio-proximity fuze was made at a farm
in Vienna, Va., as a radio oscillator, or sonde, which
had been fired from a 37-mm pack howitzer, made
radio transmissions during its flight. The demonstra-
tion, that radio tubes and batteries could be construct-
ed sufficiently rugged to withstand firing from a gun,
led Section T of the National Defense Research
Committee to concentrate upon the radio-proximity
fuze for anti-aircraft guns.

26 April The Naval Aircraft Factory project officer
reported that an unmanned O3U-6 airplane under
radio control had been successfully flight-tested
beyond the safe bounds of piloted flight and that the
information thus obtained had been of great value in
overcoming flutter encountered at various speeds and
accelerations.

28 April Pocomoke, first of two seaplane tenders of
her class, was commissioned at Portsmouth, Va.,
Commander John D. Price commanding.

30 April In an initial step towards establishing a
glider development program, the Naval Aircraft
Factory was requested to undertake preliminary design
of a personnel and equipment transport glider. As
work progressed and requirements were further clari-
fied, development was initiated for 12- and 24-place

the phrase, Radio Detection and Ranging Equipment,
be used in lieu of terms such as Radio Ranging
Equipment, Radio Detection Equipment, Radio Echo
Equipment, or Pulse Radio Equipment.

30 December The Bureau of Aeronautics directed
that fleet aircraft be painted in non-specular colors.
Ship-based aircraft were to be light gray all over;
patrol planes were to be light gray except for surfaces
seen from above which were to be blue gray.

1941
1 February The Atlantic and Pacific Fleets were
established, completing the division begun the previ-
ous November and changing the titles of aviation
commands in the Atlantic Fleet to “Aircraft, Atlantic
Fleet” and “Patrol Wings, Atlantic Fleet.” No change
was made in the Pacific Fleet aviation organization at
this time.

10 February As an initial step in training patrol
plane pilots to make blind landings, using radio instru-
ment landing equipment which was being procured
for all patrol aircraft and their bases, a one-month
course of instruction began under Project Baker. This
was attended by one pilot from each of 13 squadrons;
by one radioman from each of five patrol wings; and
by two radiomen from each of five Naval Air Stations.

26 February An extensive modification of aircraft
markings added National Star Insignia to both sides of
the fuselage or hull and eliminated those on the upper
right and lower left wings; discontinued the use of col-
ored tail markings, fuselage bands and cowl markings;
made removal of vertical red, white and blue rudder
stripes mandatory; and changed the color of all mark-
ings, except the National Insignia, to those of least
contrast to the background.

1 March Support Force, Atlantic Fleet, was estab-
lished for operations on the convoy routes across
the North Atlantic. Its component patrol squadrons
were placed under a Patrol Wing established at the
same time.

11 March The president was empowered by an act
of Congress to provide goods and services to those
nations whose defense he deemed vital to the defense
of the United States, thus initiating a Lend-Lease pro-
gram under which large quantities of the munitions
and implements of war were delivered to our allies.
Archer (BAVG 1) was transferred on 17 November
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amphibian gliders to be constructed of wood or plastic
by firms not already engaged in building military air-
craft.

30 April Commanding Officer, NAS Lakehurst, N.J.,
directed that the metal-clad airship, ZMC-2, be sal-
vaged and the car complete with engines, instruments
and appurtenances be assigned to the Lighter-Than-Air
Ground School at Lakehurst. The ZMC-2, completed in
August 1929, had been flown over 2,250 hours.

2 May Fleet Air Photographic Unit, Pacific, was
established under Commander, Aircraft Battle Force,
preceding by one day the establishment of a similar
unit in the Atlantic Fleet under Commander, Patrol
Wings Atlantic.

3 May Project Roger was established at the Naval
Aircraft Factory to install and test airborne radar equip-
ment. Its principal assignment involved support of the
Radiation Laboratory at the Massachusetts Institute of
Technology and the Naval Research Laboratory in vari-
ous radar applications including search and blind
bombing and in radio control of aircraft.

8 May The establishment of Aviation Repair Units 1
and 2 was directed to provide a nucleus of aircraft
repair and maintenance personnel ready for overseas
deployment as advanced bases were established.

10 May The Naval Aircraft Factory reported that it
was negotiating with the Radio Corporation of
America for the development of a radio altimeter suit-
able for use in radio-controlled assault drones.

15 May The seaplane tender Albemarle arrived at
Argentia, Newfoundland, to establish a base for Patrol
Wing, Support Force operations and to prepare for the
imminent arrival of VP-52, the first squadron to fly
patrols over the North Atlantic convoy routes.

21 May The Bureau of Aeronautics requested the
Engineering Experiment Station, Annapolis, Md., to
undertake development of a liquid-fueled assisted
takeoff unit for use on patrol planes. This marked the
Navy’s entry into the field that later came to be called
jet assisted takeoff (JATO), and was the Navy’s first
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Launching a PBM Mariner, a dramatic demonstration of the utility
of newly developed jet-assisted takeoff (JATO) 415346

Long Island,
first escort
carrier of the
U.S. Navy,
was convert-
ed from the
cargo ship
Mormacmail
26567

development program, other than jet exhaust from
reciprocating engines, directed towards utilizing jet
reaction for aircraft propulsion.

27 May The president proclaimed that an unlimited
national emergency confronted the country, requiring
that its military, naval, air, and civilian defenses be put
on the basis of readiness to repel any and all acts or
threats of aggression directed toward any part of the
Western Hemisphere.

2 June Long Island, first escort carrier of the U.S.
Navy, was commissioned at Newport News, Va.,
Commander Donald B. Duncan commanding.
Originally designated AVG 1, Long Island was a flush-



7 July The First Marine Aircraft Wing, composed of a
Headquarters Squadron and Marine Air Group 1, was
organized at Quantico, Va., under command of
Lieutenant Colonel Louis E. Woods. It was the first of
its type in the Marine Corps and the first of five wings
organized during the war period.

8 July Patrol Wing 8 was established at Norfolk, Va.,
Commander John D. Price commanding.

12 July The Naval Research Laboratory was trans-
ferred from the Office of the Secretary of the Navy to
the cognizance of the Bureau of Ships, and a Naval
Research and Development Board was established in
the Office of the Secretary of the Navy composed of
representatives of the Chief of Naval Operations and
the Bureaus of Aeronautics, Ordnance, Ships, and
Yards and Docks, and led by a civilian scientist with
the title Coordinator of Research and Development.
Dr. Jerome C. Hunsaker served as coordinator until
December when he was relieved by Rear Admiral
Julius A. Furer.

17 July The organization for development of prox-
imity fuzes was realigned so that Section T could
devote its entire effort to radio-proximity fuzes for
anti-aircraft projectiles. Responsibility for photoelectric
and radio fuzes for bombs and rockets was transferred
to Section E of the National Defense Research
Committee at the National Bureau of Standards.

18 July Commander James V. Carney, Senior
Support Force Staff Officer, reported that British type
ASV radar has been installed in one PBY-5 each of VP-
71, VP-72, and VP-73 and two PBM-1s of VP-74. Initial
installation of identification equipment (IFF) was made
about the same time. In mid-September radar was
issued for five additional PBM-1s of VP-74 and one
PBY-5 of VP-71, and shortly thereafter for other air-
craft in Patrol Wing 7 squadrons. Thereby the Wing
became the first operational unit of the U.S. Navy to
be supplied with radar-equipped aircraft. Its squadrons
operated from Norfolk, Va., Quonset Point, R.I., and
advanced bases on Greenland, Newfoundland and
Iceland during the last months of the neutrality patrol.

18 July Aviation was given representation on the
highest of the Army and Navy boards as membership
of the Joint Board was revised to include the Deputy
Chief of Staff for Air and the Chief of the Bureau of
Aeronautics.

21 July The requirement that all students assigned to
the carrier-plane phase of flight training be given time
in each of the three basic aircraft types was abolished,

deck carrier converted in 67 working days from the
cargo ship Mormacmail.

4 June The Naval Aircraft Factory reported that
development of airborne television had progressed to
the point that signals transmitted by this means could
be used to alter the course of the transmitting plane.

11 June An Aircraft Armament Unit was formed at
NAS Norfolk, Va., with Lieutenant Commander William
V. Davis as Officer-in-Charge, to test and evaluate
armament installations of increasing complexity.

28 June To strengthen the provisions for utilizing
science in war, the president created the Office of
Scientific Research and Development and included in
its organization the National Defense Research
Committee and a newly established Committee on
Medical Research.

30 June Turboprop engine development was initiat-
ed as a joint Army-Navy project, with a Navy contract
to Northrop Aircraft for the design of an aircraft gas
turbine developing 2,500-hp at a weight of less than
3,215 pounds.

1 July The first landing, takeoff, and catapult launch-
ing from an escort carrier were made aboard Long
Island, by Lieutenant Commander William D.
Anderson, commanding officer of VS-201.

1 July The Test, Acceptance and Indoctrination Units
that had been established at San Diego, Calif., and
Norfolk, Va., in May to fit out new patrol aircraft and
to indoctrinate new crews in their use, were expanded
and set up as separate commands. The San Diego
Unit, which retained its original name, was placed
under Commander, Aircraft Scouting Force, and the
Norfolk unit became Operational Training Squadron
under Commander, Patrol Wings Atlantic.

1 July Patrol Wing, Support Force, was redesignated
and established as Patrol Wing 7, Captain Henry M.
Mullinix commanding.

3 July The Seaplane tender Barnegat, first of 26
ships of her class, was commissioned at Bremerton,
Wash., Commander Felix L. Baker commanding.

4 July Planes of Patrol Squadron 72, based on
Goldsborough (DD 188), flew protective patrols from
Reykjavik, Iceland, until the 17th, to cover the arrival
of Marine Corps garrison units from the United States.

UNITED STATES NAVAL AVIATION 1910–1995 107

1941—Continued



and the practice of assigning students to specialized
training in either fighters, scout bombers or torpedo
planes began.

25 July Thirty P-40s and three primary training
planes of the 33rd Pursuit Squadron, Army Air Forces,
were loaded aboard Wasp at Norfolk, Va., for transport
to Reykjavik, Iceland.

28 July To establish a continuing organization for
training flight crews, the Chief of Naval Operations
directed that action be taken as expeditiously as prac-
ticable to provide additional gunnery and tactical train-
ing in the pilot training program; to establish within
the Atlantic and Pacific Fleets at Norfolk, Va., and San
Diego, Calif.; Advanced Carrier Training groups to
indoctrinate newly designated Naval Aviators in the
operation of current model carrier aircraft; and to
assign a number of patrol squadrons in each fleet the
primary task of providing familiarization, indoctrina-
tion, advanced gunnery and tactical training for new
flight crews.

28 July The Operational Training Squadron of the
Atlantic Fleet, and the Test, Acceptance and
Indoctrination Unit of the Pacific Fleet were redesig-
nated Transition Training Squadron, Atlantic and
Pacific, respectively.

29 July The Secretary of the Navy approved the
installation of a Radar Plot aboard carriers as “the
brain of the organization” protecting the fleet from air
attack. The first installation was planned for the island
structure of Hornet.

1 August A Microwave (AI-10) radar developed by
the Radiation Laboratory and featuring a Plan Position
Indicator (PPI) was given its initial airborne test in the
XJO-3 at Boston Airport. During the test flights, which
continued through 16 October, Radiation Laboratory
scientists operated the radar and devised modifications
while naval personnel from Project Roger (usually
Chief Aviation Pilot C. L. Kullberg) piloted the aircraft.
During the tests, surface vessels were detected at
ranges up to 40 miles; radar-guided approaches
against simulated enemy aircraft were achieved at
ranges up to 3.5 miles. Operational radars which were
developed from this equipment were capable of
searching a circular area and included the ASG for K-
type airships and the AN/APS-2 for patrol planes.

1 August The Bureau of Aeronautics requested the
Naval Research Laboratory to develop radar guidance

equipment for assault drones, both to relay target
information to a control operator and to serve as auto-
matic homing equipment. This marked the initiation of
radar applications to guided missiles.

6 August Patrol Squadrons 73 and 74 initiated rou-
tine air patrols from Reykjavik, Iceland, over North
Atlantic convoy routes.

6 August In recognition of the radical change which
radar was causing in the method of using fighters to
protect the fleet, the Chief of Naval Operations issued
a “Tentative Doctrine for Fighter Direction from
Aircraft Carriers” and directed that carriers and other
ships equipped with radar immediately organize fight-
er direction centers.

7 August The Chief, Bureau of Aeronautics issued a
preliminary plan for installing radar in naval aircraft.
Long range search radar (British ASV or American
ASA) was to be installed in patrol planes. Short range
search radar (British Mk II ASV modified for Fleet Air
Arm or American ASB) was to be installed in one tor-
pedo plane in each section commencing with the TBF
while space needed for search radar was to be
reserved in new scout-dive-bombers and scout-obser-
vation planes. Interception equipment, when available,
would be installed in some F4Us and a British AI Mk
IV radar was being installed in an SBD with a view to
its use as an interim interceptor. The plan also includ-
ed installation of appropriate radio altimeters in patrol
and torpedo planes, and recognition equipment in all
service airplanes.

5 September Artemus L. Gates, Naval Aviator No.
65 and member of the First Yale Unit of World War I,
took the oath of office as Assistant Secretary of the
Navy for Aeronautics; the first to hold the office since
the resignation of David S. Ingalls in 1932.

9 September The Bureau of Aeronautics requested
the National Defense Research Committee and the
Naval Research Laboratory to develop an interceptor
radar suitable for installation in single engine, single
seat fighters such as the F4U.

1 October The Aviation Supply Office was estab-
lished at Philadelphia, Pa., under the joint cognizance
of the Bureau of Aeronautics and the Bureau of
Supplies and Accounts, to provide centralized control
over the procurement and distribution of all aeronauti-
cal materials regularly maintained in the general stock.

8 October Organizational provision for guided mis-
siles was made in the fleet by the establishment of
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planes by patrol squadrons during the war and,
although it was not yet apparent, was the first move
toward the eventual elimination of the flying boat
from patrol aviation.

1 November By Executive Order, the president
directed that, until further orders the Coast Guard
operate as a part of the Navy subject to the orders of
the Secretary of the Navy.

18 November Doctor L. A. DuBridge of the
Radiation Laboratory reported that the initial design of
a 3-cm aircraft intercept radar was completed.

26 November Kitty Hawk, first of two aircraft fer-
ries, was commissioned, Commander C. E. Rogers
commanding.

1 December Patrol Wing 9 began forming at
Quonset Point, R.I., with Lieutenant Commander
Thomas U. Sisson as prospective commanding officer.

7 December Japanese carrier aircraft launched a
devastating attack on ships at Pearl Harbor, Hawaii,
and on the military and air installations in the area.
The three aircraft carriers of the Pacific Fleet were not
present. Saratoga, just out of overhaul, was moored
at San Diego, Calif. Lexington was at sea about 425
miles southeast of Midway toward which she was

“Special Project Dog” in Utility Squadron 5, to test and
operate radio-controlled offensive weapons and to
train personnel in their use. VJ-5 was also directed to
develop a radio-controlled fighter plane—“aerial ram”
or “aerial torpedo”—to be flown into enemy bomber
formations and exploded.

13 October The Bureau of Aeronautics directed that
all fleet aircraft be painted non-specular light gray
except for surfaces seen above which were to be blue-
gray. In late December, this color scheme was extend-
ed to shore-based airplanes except trainers.

20 October Hornet was commissioned at Norfolk,
Va., Captain Marc A. Mitscher commanding.

21 October In tests with MAD gear (Magnetic
Airborne Detector), a PBY from NAS Quonset Point,
R.I., located the submarine S-48. The tests were carried
out in cooperation with the National Defense Research
Committee.

29 October Patrol Squadron 82 received the first of
a planned full complement of PBO-1s at NAS Norfolk,
Va. Assignment of these aircraft, actually destined for
the British and painted with British markings, was the
beginning of what became an extensive use of land
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headed to deliver a Marine Scout Bombing Squadron.
Enterprise was also at sea about 200 miles west of
Pearl Harbor, returning from Wake Island after deliv-
ering a Marine Fighter Squadron there. Her Scouting
Squadron 6, launched early in the morning to land at
Ewa Airfield, Hawaii, arrived during the attack and
engaged enemy aircraft.

9 December The Secretary of the Navy authorized
the Bureau of Ships to contract with the RCA
Manufacturing Company for a service test quantity of
25 sets of ASB airborne search radar. This radar had
been developed by the Naval Research Laboratory
(under the designation XAT) for installation in dive
bombers and torpedo planes.

10 December Aircraft from Enterprise attacked and
sank the Japanese submarine I-70 in waters north of
the Hawaiian Islands. This was one of the submarines

used to scout the Hawaiian area in connection with
the Pearl Harbor attack and was the first Japanese
combatant ship sunk by United States aircraft during
World War II.

10 December Antisubmarine patrols over the South
Atlantic were initiated by Patrol Squadron 52,
equipped with Catalinas operating from Natal, Brazil.

12 December The Naval Air Transport Service
(NATS) was established under the Chief of Naval
Operations to provide rapid air delivery of critical
equipment, spare parts, and specialist personnel to
naval activities and fleet forces all over the world.

14 December Patrol Wing 10 departed Cavite and,
with its two patrol squadrons and four seaplane ten-
ders, began withdrawal from the Philippines. Before
reaching Australia it operated from various bases along
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chits was the “Barter Kit.” It was issued during
the Cuban Missile Crisis and Vietnam and included
gold coins, watches, etc . . . . to barter for assistance
if downed.

25 December Two-plane detachments from
squadrons at Pearl Harbor and Kaneohe, Hawaii,
began patrols from Palmyra Island, a principal staging
base to the South Pacific.

1942
2 January The first organized lighter-than-air units
of World War II, Airship Patrol Group 1, Commander
George H. Mills commanding, and Airship Squadron
12, Lieutenant Commander Raymond F. Tyler com-
manding, were established at NAS Lakehurst, N.J.

5 January A change in regulations, covering display
of National Insignia on aircraft, returned the star to the
upper right and lower left wing surfaces and revised
rudder striping to 13 red and white horizontal stripes.

7 January Expansion of Naval Aviation to 27,500
useful planes was approved by the president.

11 January Saratoga, while operating at sea 500
miles southwest of Oahu, Hawaii, was hit by a subma-
rine torpedo and forced to retire for repairs.

11 January Patrol Squadron 22, with PBY-5
Catalinas, joined Patrol Wing 10 at Ambon, the first
aviation reinforcements from the Central Pacific to
reach southwest Pacific Forces opposing the Japanese
advance through the Netherlands East Indies.

14 January The formation of four Carrier Aircraft
Service Units (CASU) from four small Service Units,
previously established in the Hawaiian area, was
approved.

16 January To protect the advance of Task Force 8
for its strike against the Marshall and Gilbert Islands,
planes of Patrol Squadron 23 began daily searches of
the waters between their temporary base at Canton
Island and Suva in the Fijis. These were the first com-
bat patrols by aircraft in the South Pacific.

23 January The first naval aircraft to operate in the
Samoan Islands, OS2Us of VS-1-D14, arrived with
Marine Corps reinforcements from San Diego, Calif.

29 January Five-inch projectiles containing radio-
proximity fuzes were test fired at the Naval Proving
Ground, Dahlgren, Va., and 52 percent of the fuzes

the way, including Balikpapan, Soerabaja, and Ambon
in the Netherlands East Indies.

15 December Patrol Wing 8 transferred from
Norfolk, Va., to Alameda, Calif., for duty on the west
coast.

16 December The Secretary of the Navy approved
an expansion of the pilot training program from the
existing schedule of assigning 800 students per month
to one calling for 2,500 per month thereby leading to
a production of 20,000 pilots annually by mid-1943.

17 December The Naval Research Laboratory
reported that flight tests in a PBY of radar utilizing a
duplexing antenna switch had been conducted with
satisfactory results. The duplexing switch made it pos-
sible to use a single antenna for both transmission of
the radar pulse and reception of its echo; thereby, the
necessity for cumbersome “yagi” antenna no longer
existed, a factor which contributed substantially to the
reliability, and hence the effectiveness, of World War II
airborne radar.

17 December Seventeen SB2U-3 Vindicators of
VMSB-231, led by a PBY of Patrol Wing 1, arrived at
Midway Island from Oahu, Hawaii, completing the
longest mass flight by single-engine aircraft then on
record in 9 hours, 45 minutes. It was the same
squadron that was en route to Midway on 7 December
aboard Lexington when reports of the attack on Pearl
Harbor forced the carrier to turn back short of her
goal.

18 December Two-plane detachments from Patrol
Wings 1 and 2, based in Hawaii, began scouting
patrols from Johnston Island.

18 December Following an operational loss of an
American Volunteer Group (Flying Tigers) aircraft and
the ensuing confrontation between the pilot, Eriksen
Shilling, and a group of Chinese, “blood chits” were
developed. The Flying Tigers were a U.S. volunteer
group formed by Major General Claire L. Chennault
for operations in the China-Burma-India theater. The
first blood chits were printed on silk by Chinese
Intelligence and stitched on the back of the
American’s flight jackets. It showed the flag and
promised a reward for assisting the bearer. The mes-
sage was printed in several languages. Blood chits
were later used by the fast carrier groups in the Pacific
during World War II, in the Korean and Vietnam wars
and in Desert Storm. Another item similar to blood
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functioned satisfactorily by proximity to water at the
end of a 5-mile trajectory. This performance,
obtained with samples selected to simulate a produc-
tion lot, confirmed that the radio-proximity fuze
would greatly increase the effectiveness of anti-air-
craft batteries and led to immediate small scale pro-
duction of the fuze.

30 January The Secretary of the Navy authorized a
glider program for the Marine Corps consisting of
small and large types in sufficient numbers for the
training and transportation of two battalions of 900
men each.

1 February The Secretary of the Navy announced
that all prospective Naval Aviators would begin their
training with a three months’ course emphasizing
physical conditioning and conducted by Pre-Flight
Schools to be established at universities in different
parts of the country. The training began at the
Universities of North Carolina and Iowa in May, the
University of Georgia and St. Mary’s College, Calif., in
June, and at Del Monte, Calif., in January 1943.

1 February First U.S. Carrier Offensive—Task Forces
8 (Vice Admiral William F. Halsey) and 17 (Rear
Admiral Frank J. Fletcher), built around the carriers
Enterprise and Yorktown, bombed and bombarded
enemy installations on the islands of Wotje, Kwajalein,

Jaluit, Makin, and Mili in the Marshall and Gilbert
Islands.

12 February The Chief of Naval Operations promul-
gated an advanced base program using the code
names “Lion” and “Cub” to designate major and minor
bases, and in July added “Oaks” and “Acorns” for avia-
tion bases. This was the beginning of a concept of
functional components which developed as the war
progressed and which provided planners and com-
manders with a means of ordering standardized units
of personnel, equipment, and material to meet any
special need in any area, in much the same manner as
ordering from a mail-order catalogue.

16 February A Navy developed Air-Track blind land-
ing system was in daily use in Iceland for landing fly-
ing boats. Other blind-landing systems were in various
phases of development, and work on the Ground
Controlled Approach system had progressed to the
point that Navy personnel had made talk-down land-
ings at the East Boston (Commonwealth) Airport, Mass.

17 February Commander-in-Chief, U.S. Fleet autho-
rized removal of athwartships hangar deck catapults
from Wasp, Yorktown, Enterprise and Hornet.

21 February The seaplane tender Curtiss and
Patrol Squadron 14 arrived at Noumea, New
Caledonia, to begin operations from what became a
principal Navy base in the South Pacific during the
first year of the war.

23 February The Bureau of Aeronautics outlined a
comprehensive program which became the basis for
the wartime expansion of pilot training. In place of the
existing 7-months course, the new program required
eleven and one half months for pilots of single or
twin-engine aircraft and twelve and one half months
for four-engine pilots; and was divided into three
months at Induction Centers, three months in Primary,
three and one half months in Intermediate and two or
three months in Operational Training, depending on
type aircraft used.

24 February First Wake Island Raid—A striking
force, (Vice Admiral William F. Halsey) composed of
the carrier Enterprise with cruiser and destroyer
screen, attacked Wake Island.

26 February The Navy’s Coordinator of Research
and Development requested the National Defense
Research Committee to develop an expendable radio
sonobuoy for use by lighter-than-air craft in antisub-
marine warfare.
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the tip of New Guinea to hit Japanese shipping
engaged in landing troops and supplies at Lae and
Salamaua. One converted light cruiser, a large
minesweeper, and a cargo ship were sunk and other
ships damaged.

10 March A contract with the Office of Scientific
Research and Development became effective whereby
Johns Hopkins University agreed to operate a labora-
tory which became known as the Applied Physics
Laboratory. This was one of several important steps in
the transition of the radio-proximity fuze from devel-
opment to large scale production. Other steps taken
within the next 6 weeks included the organizational
transfer of Section T from the National Defense
Research Committee directly to the Office of Scientific
Research and Development and the relocation of most
of the Section T staff from the Carnegie Institution of
Washington to the Applied Physics Laboratory at Silver
Spring, Md.

26 March Unity of command over Navy and Army
air units operating over the sea to protect shipping
and conduct antisubmarine warfare was vested in the
Navy.

29 March The forward echelon of Marine Fighter
Squadron 212 arrived at Efate to construct an air strip
from which the squadron initiated operations in the
New Hebrides on 27 May.

6 April The administrative command Aircraft,
Atlantic Fleet, was redesignated Carriers, Atlantic Fleet.

7 April To provide aviation maintenance men with
special training required to support air operations at
advanced bases, Aircraft Repair Units 1 and 2 were
merged to form the Advanced Base Aviation Training
Unit (ABATU) at Norfolk, Va.

9 April A radio controlled TG-2 drone, directed by
control pilot Lieutenant Moulton B. Taylor of Project
Fox, made a torpedo attack on Aaron Ward (DD
483) steaming at 15 knots in Narragansett Bay.
Taylor utilized a view of the target obtained by a
television camera mounted in the drone, and direct-
ed the attack so that the torpedo was released about
300 feet directly astern of the target and passed
under it.

10 April A reorganization of the Pacific Fleet abol-
ished the Battle and Scouting Forces and set up new
type commands for ships and aviation. With the
change, titles of the aviation type commands became
Carriers, Pacific, and Patrol Wings, Pacific.

27 February The seaplane tender Langley, formerly
first carrier of the U.S. Navy, was sunk by enemy air
attack 74 miles from her destination while ferrying 32
AAF P-40s to Tjilatjap, Java.

1 March Carrier Replacement Air Group 9 was
established at NAS Norfolk, Va., under command of
Commander William D. Anderson. It was the first
numbered Air Group in the Navy and marked the end
of the practice of naming air groups for the carriers to
which they were assigned.

1 March Ensign William Tepuni, USNR, piloting a
Lockheed Hudson, PBO, of VP-82 based at Argentia,
Newfoundland, attacked and sank the U-656 south-
west of Newfoundland—the first German submarine
sunk by U.S. forces in World War II.

2 March Regularly scheduled operations by the
Naval Air Transport Service were inaugurated with an
R4D flight from Norfolk, Va., to Squantum, Mass.

4 March First Raid on Marcus—Enterprise, as part of
Task Force 16 (Vice Admiral William F. Halsey),
moved to within 1,000 miles of Japan to launch air
attacks on Marcus Island.

7 March Patrol Wing 10 completed withdrawal from
the Philippines and the Netherlands East Indies, and
established headquarters in Perth, Australia, for patrol
operations along the west coast of Australia.

7 March The practicability of using a radio sono-
buoy in aerial anti-submarine warfare was demonstrat-
ed in an exercise conducted off New London, Conn.,
by the K-5 blimp and the S-20 submarine. The buoy
could detect the sound of the submerged submarine’s
propellers at distances up to three miles, and radio
reception aboard the blimp was satisfactory up to five
miles.

8 March Inshore Patrol Squadron VS-2-D14, which
had arrived at Bora Bora, on 17 February, inaugurated
air operations from the Society Islands.

9 March VR-1, the first of 13 VR squadrons estab-
lished under the Naval Air Transport Service during
World War II, was established at Norfolk, Va.,
Commander Cyril K. Wildman commanding.

10 March A carrier air strike, launched from
Lexington and Yorktown in the Gulf of Papua, flew
over the 15,000-foot Owen Stanley Mountains on
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18 April Raid on Tokyo—From a position at sea 668
miles from Tokyo, the carrier Hornet launched 16 B-
25s of the 17th AAF Air Group led by Lieutenant
Colonel Jimmy H. Doolittle, USA, for the first attack on
the Japanese homeland. Hornet sortied from Alameda,
Calif., 2 April, made rendezvous with Enterprise and other
ships of Task Force 16 (Vice Admiral William F. Halsey)
north of the Hawaiian Islands, and proceeded across the
Pacific to the launching point without making port.

18 April A Night Fighter Development Unit was
established to be located at NAS Quonset Point, R.I.
This unit, originally named Project Argus was renamed
Project Affirm to avoid confusion with the electronic
element (Argus Unit) of an advanced base. Project
Affirm’s official purpose was development and test of
night fighter equipment for Navy and Marine Corps
aircraft; in addition it developed tactics and trained
officers and men for early night fighter squadrons and
as night fighter directors.

19 April Two tests of the feasibility of utilizing
drone aircraft as guided missiles were conducted in
Chesapeake Bay. In one, Utility Squadron VJ-5, utiliz-
ing visual direction, crash-dived a BG-1 drone into the
water beyond its target, the wreck of San Marcos and
a live bomb exploder in the drone failed to detonate.
The second and more successful test was conducted
by Project Fox from CAA intermediate field, Lively,
Va., using a BG-2 drone equipped with a television
camera to provide a view of the target. Flying in a
control plane 11 miles distant, Lieutenant Moulton B.
Taylor directed the drone’s crash-dive into a raft being
towed at a speed of eight knots.

20 April Wasp on special ferry duty out of Glasgow,
Scotland, entered the Mediterranean and launched 47
RAF Spitfires to Malta. When the operation was dupli-
cated on 9 May, it was the occasion for Winston
Churchill’s message, “Who says a Wasp cannot sting
twice?”

24 April A new specification for color of naval air-
craft went into effect. The color of service aircraft
remained non-specular light gray with non-specular
blue-gray on surfaces visible from above. Advanced
trainers were to be finished in glossy aircraft gray with
glossy orange yellow on wing and aileron surfaces vis-
ible from above while primary trainers were to be fin-
ished glossy orange-yellow with gray landing gear.

30 April The Air Operational Training Command was
established with headquarters at Jacksonville, Fla. Four
days later the Naval Air Stations at Jacksonville, Miami,
Fla., Key West, Fla, and Banana River, Fla., and their
satellite fields were assigned to the new command.

4–8 May Battle of Coral Sea—In the first naval
engagement in history fought without opposing ships
making contact, United States carrier forces stopped a
Japanese attempt to land at Port Moresby, Papua, New
Ginea, by turning back the covering carrier force. Task
Force 17 (Rear Admiral Frank J. Fletcher) with the car-
rier Yorktown, bombed Japanese transports engaged in
landing troops in Tulagi Harbor, damaging several and
sinking one destroyer (4 May); joined other Allied
naval units including Task Force 11 (Rear Admiral
Aubrey W. Fitch) with the carrier Lexington south of
the Louisiades (5 May); and after stationing an attack
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10 May VS-4-D14 (Inshore Patrol Squadron) arrived
in the Tonga Islands with the base construction and
garrison convoy and set up facilities to conduct anti-
submarine patrols from Nukualofa Harbor on
Tongatabu.

11 May The president ordered that an Air Medal be
established for award to any person who, while serv-
ing in any capacity in or with the Army, Navy, Marine
Corps, or Coast Guard after 8 September 1939, distin-
guishes or has distinguished himself by meritorious
achievement while participating in aerial flight.

15 May The design of the National Star Insignia was
revised by eliminating the red disc in the center of the
star, and use of horizontal red and white rudder strip-
ing was discontinued.

15 May The Chief of Naval Operations ordered that
an Assistant Chief of Naval Operations (Air) be estab-
lished to deal with aviation matters directly under the
Vice Chief of Naval Operations and that the Chief of
the Bureau of Aeronautics fill the new office as addi-
tional duty. In complying with a further provision of
the order that such readjustment of functions be made
as would serve the interest of the order, the Vice Chief
of Naval Operations subsequently concentrated the
aviation functions already being performed in his
office into a new Division of Aviation. The office was
abolished in mid-June 1942.

15 May A VR-2 flight from Alameda, Calif., to
Honolulu, Hawaii, the first transoceanic flight by NATS
aircraft, initiated air transport service in the Pacific.

20 May Rear Admiral John S. McCain reported for
duty as Commander, Aircraft, South Pacific, a new
command established to direct the operations of ten-
der and shore-based aviation in the South Pacific area.

26 May The feasibility of jet-assisted takeoff was
demonstrated in a successful flight test of a Brewster
F2A-3, piloted by Lieutenant (jg) C. Fink Fischer, at
NAS Anacostia, D.C., using five British antiaircraft solid
propellant rocket motors. The reduction in takeoff dis-
tance was 49 percent.

27 May The transfer of Patrol Wing 4 from Seattle,
Wash., to the North Pacific began with the arrival of
Commander, Kodiak, Alaska.

3–4 June In an attempt to divert forces from the
Midway area, a Japanese carrier force launched small
raids on Dutch Harbor, Aleutian Islands, hitting twice
on the third and once on the fourth and doing consid-

group in the probable track of the enemy transports,
moved northward in search of the enemy covering
force. Carrier aircraft located and sank the light carri-
er Shoho covering a convoy (7 May), while Japanese
aircraft hit the separately operating attack group and
sank one destroyer and one fleet tanker. The next
day the Japanese covering force was located and
taken under air attack, which damaged the carrier
Shokaku. Almost simultaneously enemy carrier air-
craft attacked Task Force 17, scoring hits which dam-
aged Yorktown and set off uncontrollable fires on
Lexington, as a result of which she was abandoned
and was sunk (8 May). Although the score favored
the Japanese, they retired from action and their occu-
pation of Port Moresby by sea was deferred and
finally abandoned.

10 May The possibility of increasing the range of
small aircraft, by operating them as towed gliders, was
demonstrated at the Naval Aircraft Factory when
Lieutenant Commanders William H. McClure and
Robert W. Denbo hooked their F4Fs to tow lines
streamed behind a twin-engined BD (Army A-20), cut
their engines and were towed for an hour at 180 knots
at 7,000 feet.

10 May Ranger, on a transatlantic ferry trip, reached
a position off the African Gold Coast and launched 60
P-40 Warhawks of the Army Air Force to Accra, from
which point they were flown in a series of hops to
Karachi, India, for operations with the 10th AAF. This
was the first of four ferry trips made by Ranger to
deliver AAF fighters across the Atlantic, the subsequent
launches being accomplished on 19 July 1942, 19
January 1943, and 24 February 1943.
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erable damage to installations
ashore. PBYs located the car-
riers on the fourth but attacks
by 11th AAF bombers were
unsuccessful.

3–6 June The Battle of
Midway—A strong Japanese
thrust in the Central Pacific to
occupy Midway Island, was
led by a four-carrier Mobile
Force, supported by heavy
units of the Main Body (First
Fleet) and covered by a diver-
sionary carrier raid on Dutch
Harbor in the Aleutians. This
attack was met by a greatly
outnumbered United States
carrier force composed of
Task Force 17 (Rear Admiral
Frank J. Fletcher) with
Yorktown, and Task Force 16
(Rear Admiral R. A. Spruance)
with Hornet and Enterprise,
and by Navy, Marine Corps,
and Army air units based on
Midway. Planes from Midway
located and attacked ships of
the Japanese Occupation
Force 600 miles to the west (3
June), and of the Mobile
Force (4 June) as it sent its
aircraft against defensive
installations on Midway.
Concentrating on the destruc-
tion of Midway air forces and
diverted by their torpedo,
horizontal, and dive bombing
attacks, the Japanese carriers
were caught unprepared for
the carrier air attack which began at 0930 with the
heroic but unsuccessful effort of Torpedo Squadron 8,
and were hit in full force at 1030 when dive bombers
hit and sank the carriers Akagi, Kaga, and Soryu. A
Japanese counter attack at noon and another 2 hours
later, damaged Yorktown with bombs and torpedoes so
severely that she was abandoned. In the late afternoon,
U.S. carrier air hit the Mobile Force again, sinking
Hiryu, the fourth and last of the Japanese carriers in
action. With control of the air irretrievably lost, the
Japanese retired under the attack of Midway-based air-
craft (5 June) and of carrier air (6 June) in which the
heavy cruiser Mikuma was sunk and the Mogami

severely damaged. Japanese losses totaled two heavy
and two light carriers, one heavy cruiser, 258 aircraft,
and a large percentage of their experienced carrier
pilots. United States losses were 40 shore-based and 92
carrier aircraft, the destroyer Hammann (DD 412) and
the carrier Yorktown, which sank 6 and 7 June respec-
tively, the result of a single submarine attack. The deci-
sive defeat administered to the Japanese put an end to
their successful offensive and effectively turned the
tide of the Pacific War.
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17 June The development of Pelican, an antisubma-
rine guided missile, was undertaken by the National
Defense Research Committee with Bureau of
Ordnance sponsorship. This device consisted of a
glide bomb which could automatically home on a
radar beam reflected from the target.

17 June Following the abolition of the newly creat-
ed office of the Assistant Chief of Naval Operations
(Air), the earlier order establishing an aviation organi-
zation in the Office of the Chief of Naval Operations
was revised to the extent that the Director of the
Aviation Division became responsible directly to the
Vice Chief of Naval Operations.

17 June A contract was awarded to Goodyear for
the design and construction of a prototype model M
scouting and patrol airship with 50 percent greater
range and volume (625,000 cu. ft.) than the K Class.
Four model M airships were procured and placed in
service during World War II.

25 June Preliminary investigation of early warning
radar had proceeded to the point that the Coordinator
for Research and Development requested develop-
ment be initiated of airborne early warning radar
including automatic airborne relay and associated
shipboard processing and display equipment. Interest
in early warning radar had arisen when Admiral Ernest
J. King remarked to Dr. Vannevar Bush, head of the
Office of Scientific Research and Development, that
Navy ships need to see over the hill, i.e. beyond the
line of sight.

26 June Scheduled Naval Air Transport Service oper-
ations between the west coast and Alaska were initiat-
ed by VR-2.

27 June The Naval Aircraft Factory (NAF) was
directed to participate in the development of high
altitude pressure suits with particular emphasis upon
testing existing types and obtaining information so
that they could be tailored and fitted for use in
flight. The Navy thus joined the Army which had
sponsored earlier work on pressure suits. The NAF
expanded its endeavors in the field of high altitude
equipment which then included design of a pressure
cabin airplane and construction of an altitude test
chamber.

29 June Following an inspection of Igor I. Sikorsky’s
VS-300 helicopter on 26 June, Lieutenant Commander
Frank A. Erickson, USCG, recommended that heli-
copters be obtained for antisubmarine convoy duty
and life-saving.

4 June The TBF Grumman Avenger flown by pilots
of a shore-based element of Torpedo Squadron 8,
began its combat career with attacks on the Japanese
Fleet during the Battle of Midway.

10 June Patrol planes of Patrol Wing 4 discovered
the presence of the enemy on Kiska and Attu, Aleutian
Islands—the first news of Japanese landings that had
taken place on the 7th.

10 June A formal organization, Project Sail, was
established at NAS Quonset Point, R.I., for airborne
testing and associated work on Magnetic Airborne
Detectors (MAD gear). This device was being devel-
oped to detect submarines by the change that they
induced in the earth’s magnetic field. Principal
developmental efforts were being carried out by the
Naval Ordnance Laboratory and the National De-
fense Research Committee. In view of the promising
results of early trials made with airships and an
Army B-18, 200 sets of MAD gear were then being
procured.

11–13 June PBY Catalinas, operating from the sea-
plane tender Gillis in Nazan Bay, Atka Island, hit ships
and enemy positions on Kiska, Aleutian Islands, in an
intense 48-hour attack which exhausted the gasoline
and bomb supply aboard Gillis, but was not successful
in driving the Japanese from the island.

13 June Long Range Navigation Equipment
(LORAN), was given its first airborne test. The receiver
was mounted in the K-2 airship and, in a flight from
NAS Lakehurst, N.J., accurately determined position
when the airship was over various identifiable objects.
The test culminated with the first LORAN homing from
a distance 50 to 75 miles offshore during which the
LORAN operator, Dr. J. A. Pierce, gave instructions to
the airship’s commanding officer which brought them
over the shoreline near Lakehurst on a course that
caused the commanding officer to remark, “We
weren’t [just] headed for the hangar. We were headed
for the middle of the hangar.” The success of these
tests led to immediate action to obtain operational
LORAN equipment.

15 June Copahee, Captain John G. Farrell command-
ing, was commissioned at Puget Sound Navy Yard,
first of 10 escort carriers of the Bogue Class converted
from Maritime Commission hulls.

16 June Congress authorized an increase in the air-
ship strength of the Navy to 200 lighter-than-air craft.
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3 July In the first successful firing of an American
rocket from a plane in flight, Lieutenant Commander
James H. Hean, Gunnery Officer of Transition Training
Squadron, Pacific Fleet, fired a retro-rocket from a
PBY-5A in flight at Goldstone Lake, Calif. The rocket,
designed to be fired aft with a velocity equal to the
forward velocity of the airplane, and thus to fall verti-

included antishipping search, bombing of enemy posi-
tions, and cover for surface force bombardments.

24 July The Bureau of Aeronautics issued a Planning
Directive calling for procurement of four Sikorsky heli-
copters for study and development by Navy and Coast
Guard aviation forces.

1 August A J4F Widgeon, piloted by Ensign Henry
C. White of Coast Guard Squadron 212, based at
Houma, La., scored the first Coast Guard kill of an
enemy submarine with the sinking of the German U-
166 off the passes of the Mississippi.

7 August Marine Aircraft Wings, Pacific was orga-
nized at San Diego, Calif., under command of Major
General Ross E. Rowell for the administrative control
and logistic support of Marine Corps aviation units
assigned to the Pacific Fleet. In September 1944, this
command was renamed Aircraft, Fleet Marine Force,
Pacific.

7 August 1942–9 February 1943 Capture of
Guadalcanal—Air support for the U.S. Marines’ first
amphibious landing of World War II was provided by
three carriers of Air Support Force (Rear Admiral Leigh
Noyes), and by Navy, Marine, and Army units of
Aircraft, South Pacific (Rear Admiral John S. McCain)
operating from bases on New Caledonia and in the
New Hebrides. Carrier forces withdrew from direct
support (9 Aug) but remained in the area to give over-
all support to the campaign during which they partici-
pated in several of the naval engagements fought over
the island. Saratoga sank the Japanese light carrier
Ryujo in the Battle of the Eastern Solomons (23–25
Aug); Enterprise was hit by carrier-based bombers (24
Aug) and forced to retire; Saratoga was damaged by a
submarine torpedo (31 Aug) and forced to retire; and
Wasp was sunk by a submarine (15 Sep) while escort-
ing a troop convoy to Guadalcanal. Hornet, in Task
Group 17 (Rear Admiral George D. Murray), hit targets
in the Buin-Tonolei-Faisi area (5 Oct); attacked
beached Japanese transports and supply dumps on
Guadalcanal; destroyed a concentration of seaplanes
at Rekata Bay (16 Oct); and, with Enterprise, fought in
the Battle of Santa Cruz (26–27 Oct) in which she was
sunk by air attack. In final carrier actions of the cam-
paign, Enterprise took part in the last stages of the
Naval Battle for Guadalcanal (12–15 Nov), assisting in
sinking 89,000 tons of war and cargo ships, and in the
Battle of Rennel Island (29–30 Jan) in which two
escort carriers also participated. Ashore, air forces in
great variety provided direct support. Navy patrol
squadrons flew search, rescue, and offensive missions
from sheltered coves and harbors. Marine Fighter
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cally, was designed at the California Institute of
Technology. Following successful tests, the retro-rock-
et became a weapon complementary to the magnetic
airborne detector with Patrol Squadron 63 receiving
the first service installation in February 1943.

7 July An agreement was reached between the Army
and Navy, which provided that the Army would deliv-
er to the Navy a specified number of B-24 Liberators,
B-25 Mitchells, and B-34 Venturas to meet the Navy’s
requirement for long range landplanes. Also, the Navy
would relinquish its production cognizance of the
Boeing Renton plant to the Army for expanded B-29
production and limit its orders for PBYs to avoid inter-
ference with B-24 production.

12 July Patrol Wings were reorganized to increase
the mobility and flexibility of patrol aviation.
Headquarters Squadrons were authorized for each
wing to furnish administrative and maintenance ser-
vices to attached squadrons. Geographic areas of
responsibility were assigned to each wing, and perma-
nent assignment of squadrons was abolished in favor
of assignment as the situation required.

19 July The seaplane tender Casco established an
advanced base in Nazan Bay, Atka, Aleutian Islands, to
support seaplane operations against Kiska, which
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Squadron 223 and Scout Bombing Squadron 232,
delivered by the escort carrier Long Island, initiated
operations from Henderson Field on Guadalcanal (20
Aug) and were joined within a week by AAF fighter
elements and dive bombers from Enterprise, and by
other elements as the campaign progressed. Until the
island was secure (9 Feb), these forces flew intercep-
tor patrols, offensive missions against shipping, and
close air support for the Marines and for Army troops
relieving them (13 Oct). Marine air units carrying the
major air support burden accounted for 427 enemy
aircraft during the campaign.

10 August The headquarters of Patrol Wing 3 shift-
ed within the Canal Zone from NAS Coco Solo to
Albrook Field for closer coordination with the Army
Air Force Command in the defense of the Panama
Canal.

12 August Cleveland (CL 55), operating in the
Chesapeake Bay, demonstrated effectiveness of the
radio-proximity fuze against aircraft by destroying
three radio-controlled drones with four proximity
bursts fired from her five inch guns. This successful
demonstration led to mass production of the fuze.

12 August Wolverine (IX 64) was commissioned at
Buffalo, N.Y, Commander George R. Fairlamb com-
manding. This ship and Sable (IX 81), commissioned
the following May, were Great Lakes excursion ships
converted for aviation training and as such they oper-
ated for the remainder of the war on the inland waters
of Lake Michigan. They provided flight decks upon
which hundreds of Student Naval Aviators qualified for
carrier landings and many flight deck crews received
their first practical experience in handling aircraft
aboard ship.

13 August Commander-in-Chief, U.S. Fleet directed
that an Aircraft Experimental and Developmental
Squadron be established about 30 September 1942 at
NAS Anacostia, D.C. This squadron, which replaced
the Fleet Air Tactical Unit, was to conduct experiments
with new aircraft and equipment in order to determine
their practical application and tactical employment.

15 August Patrol Wing 11 was established at
Norfolk, Va., Commander Stanley J. Michael com-
manding. Five days later the Wing moved to San Juan,
P.R., for operations under the Caribbean Sea Frontier.

20 August The designation of escort carriers was
changed from AVG to ACV.

24 August Santee, Captain William D. Sample com-
manding, was placed in commission at the Norfolk
Navy Yard, Va.; the first of four escort carriers of the
Sangamon Class converted from Cimarron Class fleet
oilers.

30 August The occupation of Adak, Alaska, by
Army forces and the establishment of an advanced
seaplane base there by the tender Teal, put North
Pacific forces within 250 miles of occupied Kiska and
in a position to maintain a close watch over enemy
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shipping lanes to that island and to Attu, Aleutian
Islands. The tender Casco, conducting support opera-
tions from Nazan Bay, was damaged by a submarine
torpedo and temporarily beached.

1 September U.S. Naval Air Forces, Pacific, Rear
Admiral Aubrey W. Fitch commanding, was estab-
lished for the administrative control of all air and air
service units under the Commander-in-Chief, Pacific
(CINCPAC), replacing the offices of Commander,
Carriers Pacific, and Commander, Patrol Wings Pacific.
The subordinate commands Fleet Air West Coast, Fleet
Air Seattle, and Fleet Air Alameda were established at
the same time.

6 September The first Naval Air Transport Service
flight to Argentia, Newfoundland, marked the begin-
ning of air transport expansion along the eastern
seaboard that during the month extended briefly to
Iceland and reached southward to the Canal Zone and
Rio de Janeiro, Brazil.

7 September Air Transport Squadron 2, based at
Alameda, Calif., established a detachment at Pearl
Harbor, Hawaii, and began a survey flight to the South
Pacific as a preliminary to establishing routes between
San Francisco, Calif., and Brisbane, Australia.



was authorized to construct two 19A axial flow turbojet
powerplants. Thereby, fabrication was initiated of the
first jet engine of wholly American design.

28 October Procurement of the expendable radio
sonobuoy for use in antisubmarine warfare was initiat-
ed as the Commander-in-Chief, U.S. Fleet directed the
Bureau of Ships to procure 1,000 sonobuoys and 100
associated receivers.

31 October Air Transport Squadrons Pacific was
established over the NATS squadrons based in the
Pacific and those on the west coast flying the main-
land to Hawaii routes.

1 November Patrol Wings were redesignated Fleet
Air Wings, and to permit the organization of patrol
aviation on the task force principle, the practice of
assigning a standard number of squadrons to each
Wing was changed to provide for the assignment of
any and all types of aircraft required by the Wing to
perform its mission in its particular area.

1 November Airship Patrol Group 1 at NAS Lake-
hurst, N.J., was redesignated Fleet Airship Group 1.

2 November NAS Patuxent River, Md., was estab-
lished to serve as a facility for testing experimental air-
planes, equipment and material, and as a NATS base.

2 November Fleet Air Wing 6, Captain Douglas P.
Johnson commanding was established at NAS Seattle,
Wash.

8–11 November Invasion of North Africa—Carrier
aircraft from Ranger and escort carriers Sangamon,
Suwannee, and Santee of Task Group 34.2 (Rear
Admiral Ernest D. McWhorter) of the Western Naval
Task Force, covered the landings of Army troops near
Casablanca, Morocco, (8 Nov) and supported their
operation ashore until opposing French forces capitu-
lated (11 Nov). The escort carrier Chenango accompa-
nied assault forces to the area and launched her load
of 78 AAF P-40s (10–11 Nov) for operations from the
field at Port Lyautey, Morocco.

13 November Patrol Squadron 73 arrived at Port
Lyautey, Morocco, from Iceland via Bally Kelly,
Ireland, and Lyncham, England. Supported by the sea-
plane tender Barnegat, the squadron began antisub-
marine operations from French Morocco over the
western Mediterranean, the Strait of Gibraltar, and its
approaches. Patrol Squadron 92 also arrived at Port
Lyautey on the same day via Cuba, Brazil, Ascension
Island, and West Africa.

16 September Patrol Wing 12 was established at
Key West, Fla., Captain William G. Tomlinson com-
manding, for operations under the Gulf Sea Frontier.

19 September Commander, Patrol Wing 1 departed
Kaneohe, Hawaii, for the South Pacific to direct the
operations of patrol squadrons already in the area.
Headquarters were first established at Noumea, New
Caledonia, and subsequently at Espiritu Santo,
Guadalcanal, and Munda.

1 October Airship Patrol Group 3, Captain Scott E.
Peck commanding, was established at Moffett Field,
Calif., to serve as the administrative command for air-
ship squadrons operating on the west coast.

1 October Three functional training commands
were established for Air Technical Training, Air
Primary Training, and Air Intermediate Training, with
headquarters initially at Chicago, Ill., Kansas City, Mo.,
and Pensacola, Fla., respectively.

12 October Naval Air Centers Hampton Roads, Va.,
San Diego, Calif., Seattle, Wash., and Hawaiian Islands,
and Naval Air Training Centers Pensacola, Fla., and
Corpus Christi, Tex., were established to consolidate
under single commands the complex of Naval Aviation
facilities that had become operational in the vicinity of
certain large air stations.

15 October Patrol Wing 14, Captain William M.
McDade commanding, was established at San Diego,
Calif., for operations under the Western Sea Frontier
and for duties concerned with equipping, forming,
and establishing patrol squadrons.

17 October Inshore Patrol Squadrons (VS), engaged
in coastal antisubmarine reconnaissance and convoy
duty under the Sea Frontiers, were transferred to
Patrol Wings for administrative control.

19 October The initial installation and deployment of
the ASB-3 airborne search radar was reported. This
radar, developed by the Naval Research Laboratory for
carrier based aircraft, had been installed in five TBF-1s
by NAS New York, N.Y., and five SBD-3s by NAS San
Pedro, Calif. One aircraft of each type was assigned to
Air Group Eleven (Saratoga) and the others shipped to
Pearl Harbor, Hawaii. Remaining sets on the initial con-
tract for 25 were to be used for spare parts and training.

22 October Westinghouse Electric and Manufacturing
Company, by amendment to a design study contract,
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16 November Naval Aviation’s first night fighter
squadron, VMF(N)-531, was established at MCAS
Cherry Point, N.C., with Lieutenant Colonel Frank H.
Schwable in command. After initial training with SNJs
and SB2A-4s, the squadron was assigned twin-
engined PV-1 aircraft equipped with British Mark IV
type radar.

23 November The VS-173, a full-scale model of a
fighter aircraft with an almost circular wing, made its
first flight at the Vought-Sikorsky plant, Stratford,
Conn. A military version of this aircraft, the XF5U-1,
was constructed later but never flown.

1 December Fleet Air Wing 15, Captain George A.
Seitz commanding, was established at Norfolk, Va., for
operations under the Moroccan Sea Frontier.

1 December Fleet Airship Wing 30, Captain George
H. Mills commanding, was established at NAS
Lakehurst, N.J., to administer Atlantic Fleet Airship
Groups and their component squadrons.

1 December Airship Patrol Group 3 at NAS Moffett
Field, Calif., was redesignated Fleet Airship Wing 31.

26 December The Chief of Naval Operations
approved the merger of the Service Force Aviation
Repair Unit and Advanced Cruiser Aircraft Training
Unit, established in October 1941 and June 1942
respectively, to form a Scout Observation Service Unit
(SOSU) with a mission to maintain battleship and
cruiser aircraft and to indoctrinate pilots in their spe-
cialized operations. This SOSU, the first of three estab-
lished during World War II was established 1 January
1943.

27 December Santee, first of 11 escort carriers
assigned to Hunter-Killer duty, sortied Norfolk with Air
Group 29 on board for free-roving antisubmarine and
anti-raider operations in the South Atlantic.

31 December After pointing out that the need for
airborne radar was so apparent and urgent that
peacetime methods of procurement and fleet intro-
duction could not be followed, the Chief of the
Bureau of Aeronautics requested the Naval Research
Laboratory to continue to provide personnel capable
of assisting fleet units in the operation and mainte-
nance of radar equipment until a special group of
trained personnel could be assembled for that pur-
pose. This special group developed within a few
months into the Airborne Coordination Group which

provided trained civilian electronics specialists to
fleet units throughout the war and into the postwar
period.

31 December Essex, Captain Donald B. Duncan
commanding, was placed in operating status at
Norfolk, Va.; the first of 17 ships of her class commis-
sioned during World War II.

1943
1 January Naval Reserve Aviation Bases (NRAB)
engaged in Primary Flight Training in all parts of the
country were redesignated Naval Air Stations (NAS)
without change of mission. This was the end of the
NRABs except for Anacostia, D.C., which was abol-
ished on 7 July 1943, and Squantum, Mass., which
became an NAS on 1 September 1943.

1 January Air Force, Atlantic Fleet, was established,
Rear Admiral Alva D. Bernhard commanding, to pro-
vide administrative, material, and logistic services for
Atlantic Fleet aviation in place of the former separate
commands Fleet Air Wings, Atlantic, and Carriers,
Atlantic, which were abolished. By the same order
Fleet Air, Quonset, was established as a subordinate
command.

1 January Ground Controlled Approach equipment
(GCA) was called into emergency use for the first time
when a snowstorm closed down the field at NAS
Quonset Point, R.I., a half hour before a flight of PBYs
was due to arrive. The GCA crew located the incom-
ing aircraft on their search radar, and using the control
tower as a relay station, “talked” one of them into
position for a contact landing. This recovery was made
only 9 days after the first successful experimental
demonstration of GCA.

5 January The first combat use of a proximity fuzed
projectile occurred when Helena (CL 50) off the south
coast of Guadalcanal, destroyed an attacking Japanese
dive bomber with the second salvo from her 5-inch
guns.

7 January A change in the pilot training program
was implemented by the opening of Flight Preparatory
Schools in 20 colleges and universities in all parts of
the country. Under the new program, students began
their training at these schools with three months of
academic work fundamental to ground school sub-
jects, then proceeded to War Training Service courses
conducted by the Civil Aeronautics Administration at
universities for two months training in ground subjects
and elementary flight under civilian instructors; then to
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1 February Bombing Squadron, VB-127, was estab-
lished at NAS Deland, Fla., with Lieutenant
Commander William K. Gentner in command. The
squadron was equipped with PV-1 Venturas and,
although not the first land plane patrol squadron in
the Navy, was the first to have the VB designation.

1 February A new specification prescribing color
and marking of naval aircraft became effective. A
basic camouflage color scheme was provided for use
on fleet aircraft which consisted of semigloss sea blue
on surfaces viewed from above and non-specular
insignia white on surfaces viewed from below. The
terminology “basic non-camouflage” and “maximum
visibility” were introduced for the color schemes
described in April 1942, and used on intermediate
and primary trainers.

1 February Regulations governing display of
National Insignia on aircraft were again revised by the
order to remove those on the upper right and lower
left wing surfaces.

11 February A contract was issued to the Ryan
Aeronautical Corporation for the XFR-1 fighter. This
aircraft incorporated a conventional reciprocating
engine for use in normal operations and the turbojet
for use as a booster during takeoffs and maximum
performance flights. Development and production
were handled on a crash basis to equip escort carrier
squadrons at the earliest possible date. However,
numerous bugs were encountered which prevented
the FR-1’s assignment to combat.

11 February The Vought F4U Corsair was flown on
a combat mission for the first time when 12 planes of
VMF-124 based on Guadalcanal escorted a PB2Y
Dumbo to Vella Lavella to pick up downed pilots. The
flight was uneventful. Its first combat action came two
days later when pilots from the same squadron ran
into air opposition while escorting PB4Ys of VP-51 on
a daylight strike against enemy shipping in the Kahili
area of Bougainville.

13 February The Naval Air Transport Service was
reorganized and the establishment of Wings was
directed for the Atlantic and west coast squadrons.

15 February Commander-in-Chief, U.S. Fleet
assigned responsibility for sea-going development of
helicopters and their operation in convoys to the Coast
Guard and directed that tests be carried out to deter-
mine if helicopters operating from merchant ships
would be of value in combating submarines.

the Pre-Flight Schools for three months of physical
conditioning; and finally to Navy flight training begin-
ning at one of the Primary Training Bases.

7 January Development of the first naval aircraft to
be equipped with a turbojet engine was initiated with
the issuance of a Letter of Intent to McDonnell Aircraft
Corporation for engineering, development, and tooling
for two VF airplanes. Two Westinghouse 19-B turbojet
engines were later specified and the aircraft was desig-
nated XFD-1. It became the prototype for the FH-1
Phantom jet fighter.

10 January Fleet Air Wing 15 headquarters was
transferred from Norfolk, Va., to Port Lyautey, French
Morocco, to direct patrol plane operations in the
Mediterranean and Gibraltar Strait area.

12 January The Chief of Naval Air Operational
Training directed that aircraft operating from stations
under his command be marked for identification pur-
poses with letters and numerals in three groups sepa-
rated by a dash. The first group provided a letter iden-
tification of the station, the second a letter identifying
the unit type and the third the number of the aircraft
in the unit. The order also provided that when more
than one unit was on board a station, a number be
added to the station letter. Thus J2-F-22 identified the
aircraft as from Jacksonville, Fla., OTU #2 Fighter
Training Unit, plane number 22.

14 January Independence, Captain George R.
Fairlamb, Jr., commanding, was placed in commission
at Philadelphia, Pa.; the first of nine light carriers of
her class constructed on Cleveland Class cruiser hulls.

15 January Captain Spencer “Seth” H. Warner, Head
of the Flight Statistics Desk of the Bureau of
Aeronautics, introduced Grampaw Pettibone, in the
BuAer News Letter. Pettibone, a cartoon character
drawn by Lieutenant Robert Osborn, was produced as
a safety feature in the hope of cutting down on pilot-
error accidents. Gramps went on to become famous
through the postwar decades as Osborn, after leaving
the Navy, continued to contribute his character to
Naval Aviation News magazine.

17 January Following tests conducted at NAS San
Diego, Calif., by six experienced pilots flying F4U-1s,
the commanding officer of VF-12, Commander Joseph
C. Clifton, reported that anti-blackout suits raised their
tolerance to accelerations encountered in gunnery run
and other maneuvers by three to four Gs.
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16 February Fleet Air Wing 16, Captain R. D. Lyon
commanding, was established at Norfolk. Va.

17 February Lighter-than-air operations over the
Caribbean were initiated from Edinburgh Field,
Trinidad, by the K-17 of Airship Patrol Squadron 51.

19 February A Letter of Intent was issued to Vega
Airplane Company for two XP2V-1 patrol planes,
thereby initiating development of the P2V Neptune
series of land-based patrol aircraft.

21 February–1 November Advance up the
Solomons Chain—In a series of amphibious opera-
tions, directly and indirectly supported by Marine
Corps, Navy and Army units of Aircraft, South
Pacific, and Aircraft, Solomons, Central Pacific Forces
moved from Guadalcanal up the Solomon Islands
towards the Japanese naval base at Rabaul. Begin-

ning with the unopposed landing in the Russells (21
Feb), these forces leapfrogged through the islands
establishing bases and airfields as they went.
Moving into Segi of the New Georgia Group (21
Jun), through Rendova, Onaivisi ,  Wickham
Anchorage, Kiriwini and Woodlark (30 Jun), Viru (2
Jul), Zanana (2 Jul), Rice Anchorage (5 Jul), Vella
Lavella (15 Aug), Arundel (27 Aug), and Treasury
Islands (27 Oct), they reached Bougainville where
landings on Cape Torokina were additionally sup-
ported by carrier air strikes (1, 2 Nov) on the Buka-
Bonis airfields.

24 February The Naval Photographic Science
Laboratory was established at NAS Anacostia, D.C.,
under the direction of the Bureau of Aeronautics to
provide photographic services to the Navy and to
develop equipment and techniques suitable for
fleet use.
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1 March Air Transport Squadrons, West Coast, was
established at NAAS Oakland, Calif., with control over
all NATS squadrons west of the Mississippi except
those on the mainland to Honolulu, Hawaii, run.

1 March A revision of the squadron designation
system changed Inshore Patrol Squadrons to
Scouting Squadrons (VS), Escort Fighting Squadrons
(VGF) to Fighting Squadrons (VF), Escort Scouting
Squadrons (VGS) to Composite Squadrons (VC) and
Patrol Squadrons (VP) operating land type aircraft to
Bombing Squadrons (VB). This revision also redesig-
nated carrier Scouting Squadrons (VS) as VB and VC
and as a result the types of squadrons on Essex Class
carriers was reduced to three. In spite of this
change, the aircraft complement of their Air Groups
remained at its previous level of 21 VF, 36 VSB and
18 VTB.

1 March Fleet Airship Group 2, Captain Walter E.
Zimmerman commanding, was established at NAS
Richmond, Fla., and placed in charge of lighter-than-
air operations in the Gulf Sea Frontier.

4 March Changes to the characteristics of Essex Class
carriers were authorized by the Secretary of the Navy,
including installation of a Combat Information Center
(CIC) and Fighter Director Station, additional anti-air-
craft batteries, and a second flight deck catapult in lieu
of one athwartships on the hangar deck.

5 March Bogue, with VC-9 on board, joined Task
Group 24.4 at Argentia, Newfoundland, and began the
escort of convoys to mid-ocean and return. Although
Santee had previously operated on hunter-killer duty,
Bogue was the center of the first of the hunter-killer
groups assigned to convoy escort.

15 March Fleet Air Wing 4 headquarters moved
westward on the Aleutian chain from Kodiak to Adak,
Alaska.

20 March Forty-two Navy and Marine Corps
Avengers, on a night flight from Henderson Field,
mined Kahili Harbor, Bougainville. A coordinated
attack on Kahili airfield by AAF heavy bombers con-
tributed to the success of this, the first aerial mining
mission in the South Pacific.

23 March The Training Task Force Command was
established with headquarters at NAS Clinton, Okla., to
form, outfit and train special units for the operational
employment of assault drone aircraft.
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29 March Tests of forward firing rockets projectiles
from naval aircraft were completed at the Naval Proving
Ground, Dahlgren, Va., using an SB2A-4 aircraft.

29 March Air Transport Squadrons, Atlantic, was com-
missioned at Norfolk, Va., to supervise and direct opera-
tions of NATS squadrons based on the Atlantic seaboard.

1 April Aircraft Antisubmarine Development
Detachment, Commander Aurelius B. Vosseller in com-
mand, was established at NAS Quonset Point, R.I.,
under Air Force, Atlantic Fleet, to develop tactical train-
ing programs and techniques that would make full use
of newly developed countermeasures equipment.

1 April The first Navy night fighter squadron, VF(N)-
75, was established at Quonset Point, R.I., Commander
William J. Widhelm, commanding.

4 April The Naval Aircraft Factory reported that, in
tests of an automatic flying device for use on towed
gliders, the LNT-1 had been towed automatically with-
out assistance from the safety pilot.

14 April Fleet Air Wing 16 transferred from Norfolk,
Va., to Natal, Brazil, to direct patrol plane antisubma-
rine operations under the Fourth Fleet in the South
Atlantic.



21 April Captain Frederick M. Trapnell made a flight
in the Bell XP-59A jet Airacomet at Muroc, Calif.—the
first jet flight by a U.S. Naval Aviator.

3 May Air Transport Squadron 1 (VR-1), based at
Norfolk, Va., extended the area of its operations with a
flight to Prestwick, Scotland, via Reykjavik, Iceland.
This was the first R5D operation in the Naval Air
Transport Service.

4 May The first regular patrols began from
Amchitka, Aleutian Islands, extending the search cov-
erage by Fleet Air Wing 4 beyond Attu toward the
Kurile Islands.

4 May To expedite the evaluation of the helicopter
in antisubmarine operations, the Commander-in-Chief,
U.S. Fleet directed that a “joint board” be formed with
representatives of the Commander-in-Chief, U.S. Fleet;
the Bureau of Aeronautics; the Coast Guard; the
British Admiralty and the Royal Air Forces. The result-
ing Combined Board for the Evaluation of the Ship-
Based Helicopter in Antisubmarine Warfare was later
expanded to include representatives of the Army Air
Forces, the War Shipping Administration and the
National Advisory Committee for Aeronautics.

7 May Navy representatives witnessed landing trials
of the XR-4 helicopter aboard the merchant tanker
Bunker Hill in a demonstration sponsored by the
Maritime Commission and conducted in Long Island
Sound. The pilot, Colonel R. F. Gregory, AAF, made
about 15 flights, and in some of these flights he land-
ed on the water before returning to the platform on
the deck of the ship.

11–30 May Occupation of Attu—Air support for the
landing of Army troops (11 May) and for their operations
ashore was provided by Navy and Marine units on the
escort carrier Nassau (11–20 May), and by the Navy and
Army units of North Pacific Force (11–20 May). This was
the first use of CVE based aircraft in air support in the
Pacific and the debut of a Support Air Commander afloat.
His team consisted of three officers and a radioman and
his post was a card table aboard Pennsylvania (BB 38).
Colonel W. O. Eareckson, USA, an experienced Aleutian
pilot, was in command of the unit.

15 May The Naval Airship Training Command was
established at Lakehurst, N.J., to administer and direct
lighter-than-air training programs at the Naval Air Centers,
Lakehurst and Moffett Field, Calif., and to direct the
Experimental and Flight Test Department at Lakehurst.

18 May The program for the use of gliders as trans-
ports for Marine Corps combat troops was canceled,
thereby returning the Navy’s glider development to an
experimental basis.

22 May Grumman Avengers of VC-9, based on
Bogue, attacked and sank the German submarine U-
569 in the middle north Atlantic scoring the first sink-
ing of the war by escort carriers on hunter-killer patrol.

24 May Special Project Unit Cast was organized at
NAS Squantum, Mass., to provide, under Bureau of
Aeronautics direction, the services required to flight
test the electronics equipment being developed at the
Radiation and Radio Research Laboratories.

7 June The establishment of NAF Attu, within 1
week of its capture from the Japanese, brought Fleet
Air Wing 4 bases to the tip of the Aleutian chain, near-
ly 1,000 miles from the Alaskan mainland and 750
miles from Japanese territory in the Kuriles.

7 June Commander-in-Chief, U.S. Fleet established a
project for airborne test, by Commander, Fleet Air, West
Coast, of high velocity, “forward shooting” rockets.
These rockets, which had nearly double the velocity of
those tested earlier at Dahlgren, Va., had been devel-
oped by a rocket section, led by Dr. C. C. Lauritsen, at
the California Institute of Technology under National
Defense Research Committee auspices and with Navy
support. This test project, which was established in
part on the basis of reports of effectiveness in service
of a similar British rocket, completed its first airborne
firing from a TBF of a British rocket on 14 July and of
the CalTech round on 20 August. The results of these
tests were so favorable that operational squadrons in
both the Atlantic and Pacific Fleets were equipped with
forward firing rockets before the end of the year.

10 June Lieutenant Commander Frank A. Erickson,
USCG, proposed that helicopters be developed for
antisubmarine warfare, “not as a killer craft but as the
eyes and ears of the convoy escorts.” To this end he
recommended that helicopters be equipped with radar
and dunking sonar.

15 June President Franklin D. Roosevelt approved a
ceiling of 31,447 useful planes for the Navy.

28 June A change in the design of the National Star
Insignia added white rectangles on the left and right
sides of the blue circular field to form a horizontal bar,
and a red border stripe around the entire design. The
following September, Insignia Blue was substituted for
the red.
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enough to force her return to base, and after surviving
two other attacks on the way, was finally sunk by
British bombers in the Bay of Biscay.

19 July The Naval Aircraft Factory was authorized to
develop the Gorgon, an aerial ram or air-to-air missile
powered by a turbojet engine and equipped with
radio controls and a homing device. The Gorgon was
later expanded into a broad program embracing turbo-
jet, ramjet, pulsejet, and rocket power; straight wing,
swept wing, and canard (tail first) air frames; and visu-
al, television, heat-homing, and three types of radar
guidance for use as air-to-air, air-to-surface and sur-
face-to-surface guided missiles and as target drones.

22 July Since there had been no operational need
for arresting gear and related equipment for landing
over the bow of aircraft carriers, the Vice Chief of
Naval Operations approved its removal.

23 July Patrol Squadron 63, the first U.S. Navy
squadron to operate from Great Britain in World War
II, arrived at Pembroke Dock, England, to assist in the
antisubmarine patrol over the Bay of Biscay.

2 August Fleet Airship Wings 4 and 5, Captain
Walter E. Zimmerman and Commander John D. Reppy
commanding, were established at Maceio, Brazil, and
Edinburgh Field, Trinidad, for antisubmarine and con-
voy patrols in the South Atlantic and southern
approaches to the Caribbean.

4 August The Chief of Naval Air Intermediate
Training directed that Aviation Safety Boards be estab-
lished at each training center under his command.

5 August COMINCH directed the use of Fleet Air
Wing commanders in subordinate commands of Sea
Frontiers and suggested their assignment as Deputy
Chiefs of Staff for Air.

15 August The arrival of Aircraft Experimental and
Development Squadron (later Tactical Test) from NAS
Anacostia, D.C., to NAS Patuxent River, Md., complet-
ed the transfer of aircraft test activities.

15 August The landing of U.S. Army and Canadian
troops on Kiska, Aleutian Islands, by a Naval Task
Force made the first use in the Pacific of Air Liaison
Parties (ALP) with forces ashore. Although the enemy
had deserted the island, the landing provided opportu-
nity to prove that the principle of the ALP was sound
and that rapid and reliable voice communications
between front line commanders and the Support Air
Control Unit afloat were possible.

29 June NAS Patuxent River, Md., began functioning
as an aircraft test organization with the arrival of the
Flight Test unit from NAS Anacostia, D.C.

29 June Elements of VP-101 arrived at Brisbane
from Perth, Austrailia, thereby extending the patrol
coverage of Fleet Air Wing 10 to the east coast of
Australia and marking the beginning of a northward
advance of patrol operations toward the Papuan
Peninsula of New Guinea.

5 July The first turbojet engine developed for the
Navy, the Westinghouse l9A, completed its 100-hour
endurance test.

8 July Casablanca, first of her class and first escort
carrier designed and built as such, was placed in com-
mission at Astoria, Oreg., Captain Steven W. Callaway
commanding.

14 July The Secretary of the Navy issued a General
Order forming the Naval Air Material Center, consisting
of the separate commands of the Naval Aircraft
Factory, the Naval Aircraft Modification Unit, the Naval
Air Experimental Station and the Naval Auxiliary Air
Station. This action, effective 20 July, consolidated in
distinct activities the production, modification, experi-
mental, and air station facilities of the former Naval
Aircraft Factory organization.

15 July New designations for carriers were established
which limited the previous broadly applied CV symbol
to Saratoga, Enterprise and carriers of Essex Class, and
added CVB (Aircraft Carriers, Large) for the 45,000 ton
class being built and CVL (Aircraft Carriers, Small) for
the 10,000 ton class built on light cruiser hulls. The same
directive reclassified escort carriers as combatant ships
and changed their symbol from ACV to CVE.

15 July The airship organization of the U.S. Fleet
was modified. Fleet Airship Wings 30 and 31 were
redesignated Fleet Airships, Atlantic, and Pacific
respectively. Airship Patrol Groups became Airship
Wings. Airship Patrol Squadrons became Blimp
Squadrons, and the addition of two more wings and
the establishment of Blimp Headquarters Squadrons in
each wing was authorized.

18 July The airship K-74, while on night patrol off
the Florida coast, attacked a surfaced U-boat and in
the gun duel which followed was hit and brought
down—the only airship lost to enemy action in World
War II. The German submarine, U-134, was damaged
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18 August To give Naval Aviation authority com-
mensurate with its World War II responsibility, the
Secretary of the Navy established the Office of the
Deputy Chief of Naval Operations (Air), charging it
with responsibility for “the preparation, readiness and
logistic support of the naval aeronautic operating
forces.” By other orders issued the same day, five divi-
sions were transferred from the Bureau of Aeronautics
to form the nucleus of the new office and Vice
Admiral John S. McCain took command as the first
DCNO (Air).

21 August Headquarters, Fleet Air Wing 7 was
established at Plymouth, England, to direct patrol
plane operations against submarines in the Bay of
Biscay, the English Channel and the southwest
approaches to England.

29 August The formation of combat units for the
employment of assault drone aircraft began within the
Training Task Force Command as the first of three
Special Task Air Groups was established. The compo-
nent squadrons, designated VK, began establishing on
23 October.
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VAdm. John S. McCain, USN 236837



30 August Second Strike on Marcus—Task Force 15

(Rear Admiral Charles A. Pownall), built around Essex,

the new Yorktown and Independence launched nine

strike groups in a day-long attack on Japanese installa-

tions on Marcus Island, the first strikes by Essex and

Independence Class carriers, and the first combat use

of the Grumman F6F Hellcat.
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1 September Two light carriers of Task Group 11.2
(Rear Admiral Arthur W. Radford) and Navy patrol
bombers from Canton Island furnished day and night
air cover for naval units landing occupation forces on
Baker Island, east of the Gilberts.

15 September Fleet Air Wing 17, Commodore
Thomas S. Combs commanding, was established at

Grumman F6F
Hellcat laden
with rockets
and droppable
fuel tank tak-
ing off from
Hancock
259064



Brisbane, Australia, for operations in the Southwest
Pacific area.

15 September French Patrol Squadron 1 (VFP-1),
manned by “Fighting French” naval personnel trained
under U.S. Navy control, was established at NAS
Norfolk, Va.

18 September A three-carrier task force (Rear
Admiral Charles A. Pownall), attacked Tarawa, Makin,
and Abemama Atolls in the Gilbert Islands.

18 September Training was assigned as a primary
mission to Fleet Air Wing 5 at Norfolk, Va., and Fleet
Air Wing 9 assumed responsibility for all patrol plane
operations in the Eastern Sea Frontier.

27 September The beginning of airship operations
in the South Atlantic was marked by the arrival of the
K-84, of Blimp Squadron 41, at Fortaleza, Brazil.

30 September An advance detachment of Bombing
Squadron 107, equipped with PB4Y Liberators, arrived

at Ascension Island to join AAF units on antisubmarine
barriers and sweeps across the narrows of the South
Atlantic.

1 October Air Force, Atlantic Fleet, was reorganized
and Fleet Air, Norfolk, and Fleet Airships, Atlantic,
were established as additional subordinate commands.

1 October The authorized complement of fighters
in Essex Class carrier air groups was raised, increas-
ing the total aircraft normally on board to 36 VF, 36
VB and 18 VT. The authorized complement for CVL
groups was established at the same time as 12 VF, 9
VB and 9 VT and revised in November 1943 to 24
VF and 9 VT and remained at that level through
the war.

4 October In conjunction with her duties in protect-
ing North Atlantic convoy routes to Russia, Ranger
launched two strikes against German shipping in
Norway—one in and around Bodo Harbor; the other
along the coast from Alter Fjord to Kunna Head.

5 October Coast Guard Patrol Squadron 6 was
established at Argentia, Newfoundland, Commander
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31 October Lieutenant Hugh D. O’Neil of VF(N)-75,
operating from Munda, New Georgia, destroyed a
Betty during a night attack off Vella Lavella, the first
kill by a radar-equipped night fighter of the Pacific
Fleet. Major Thomas E. Hicks and Technical Sergeant
Gleason from VMF(N)-531 provided ground-based
fighter direction.

1 November A detachment of Bombing Squadron
145, equipped with Venturas, began operations from
Fernando Noronha Island, extending the area of Fleet
Air Wing 16 antisubmarine patrols over the South
Atlantic toward Ascension Island.

1 November First Rabaul Strike—A two-carrier task
force (Rear Admiral Frederick C. Sherman) delivered
an air attack on the naval base at Rabaul damaging
several warships of the Japanese Second Fleet.

8 November The Chief of Naval Operations directed
that Aviation Safety Boards, similar to those in the
Intermediate Training Command, be established in the
Primary and Operational Training Commands.

8 November The Naval Ordnance Test Station,
Inyokern, California, was established for research,
development and testing weapons and to provide pri-
mary training in their use. It initially supported the
California Institute of Technology which, through the
Office of Scientific Research and Development, was
undertaking the development and testing of rockets,
propellants and launchers.

11 November Second Rabaul Strike—Three heavy
and two light carriers organized in two carrier task
forces (Rear Admirals Frederick C. Sherman and Alfred
E. Montgomery), hit Japanese naval shipping at Rabaul
sinking one destroyer and damaging ships, including
two cruisers. In this attack SB2C Curtiss Helldivers
were used in combat for the first time.

13–19 November Army and Navy aircraft of Task
Force 57 (Rear Admiral John H. Hoover), based on
islands of the Ellice, Phoenix, and Samoan Groups
and on Baker Island, conducted long-range night
bombing attacks on Japanese bases in the Gilbert and
Marshall Islands as a preliminary to the invasion of
the Gilberts.

18–26 November Occupation of the Gilbert
Islands—Six heavy and five light carriers of Task Force
50 (Rear Admiral Charles A. Pownall) opened the cam-
paign to capture the Gilberts with a two-day air attack
on airfields and defensive installations in the islands
(18–19 Nov), covered the landings of Marines and

D. B. MacDiarmid, USCG, commanding, to take over
the rescue duties being performed by naval aircraft in
Greenland and Labrador.

5–6 October Second Wake Raid—Task Force 14
(Rear Admiral Alfred E. Montgomery), composed of
six new carriers, seven cruisers, and 24 destroyers,
making it the largest carrier task force yet assembled,
bombed and bombarded Japanese installations on
Wake Island. In the course of the two-day strike, ship
handling techniques for a multicarrier force, devised
by Rear Admiral Frederick C. Sherman’s staff on the
basis of experience in the South Pacific, were tested
under combat conditions. Lessons learned from oper-
ating the carriers as a single group of six, as two
groups of three, and as three groups of two, provided
the basis for many tactics which later characterized
carrier task force operations.

6 October The Naval Airship Training Command at
Lakehurst, N.J., was redesignated the Naval Airship
Training and Experimental Command.

12 October The Bureau of Ordnance established a
production program for 3,000 Pelican guided missiles
at a delivery rate of 300 a month.

16 October The Navy accepted its first helicopter, a
Sikorsky YR-4B (HNS-1), at Bridgeport, Connecticut,
following a 60 minute acceptance test flight by
Lieutenant Commander Frank A. Erickson, USCG.
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Army troops on Tarawa and Makin Atolls (20 Nov)
and on Abemama (21 Nov), and supported their oper-
ations ashore (21–24 Nov). Eight escort carriers, oper-
ating with the Attack Forces, covered the approach of
assault shipping (10–18 Nov), flew antisubmarine and
combat air patrols in the area, and close support mis-
sions on call (19–24 Nov). After the islands were
secure (24 Nov), one carrier group remained in the
area for another week as a protective measure. The
first unit of the garrison air force, VF-1, took off from
escort carriers Barnes and Nassau (25 Nov) and land-
ed on Tarawa airstrip. One escort carrier, Liscome Bay
was lost (24 Nov) to submarine attack, and the light
carrier Independence was damaged (20 Nov) by air

attack. The first attempts at night interception from
carriers were made during the campaign by a team of
two Hellcats and one radar-equipped Avenger operat-
ing from Enterprise and led by the Air Group
Commander, Lieutenant Commander Edward H.
(Butch) O’Hare. In operation the fighters flew wing on
the Avenger and after being vectored to the vicinity of
the enemy aircraft by the ship’s fighter director relied
on the Avenger’s radar to get within visual range. On
the first occasion (24 Nov) no intercepts were made
but on the second (26 Nov) the enemy was engaged
in the first aerial battle of its type which so disrupted
the attack that the flight was credited with saving the
task group from damage.
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by Aircraft Delivery Units in ferrying new aircraft from
contractor plants and modification centers to embarka-
tion points for ultimate delivery to the fleet.

4 December At the close of the Gilberts Campaign,
two groups of Task Force 50 (Rear Admiral Charles A.
Pownall), composed of four heavy and two light carri-
ers and screening ships, bombed airfields and ship-
ping at Wotje and Kwajalein Atolls in the Marshall
Islands.

8 December A striking force of two carriers, six bat-
tleships, and 12 destroyers bombed and bombarded
enemy installations on Nauru, to the west of the
Gilberts.

15 December Observation Fighter Squadron 1
(VOF-1), first of three of its type brought into exis-
tence during World War II, was established at Atlantic
City, N.J., with Lieutenant Commander William F.
Bringle in command.

17 December Commander, Aircraft, Solomons,
joined in the air campaign to reduce the Japanese
Naval Base at Rabaul with a fighter sweep of Navy,
Marine Corps, and New Zealand planes led by Marine
ace Major Gregory Boyington. Intensive follow-up
attacks through February 1944 assisted in the establish-

27 November The first of the Martin Mars flying
boats was delivered to VR-8 at NAS Patuxent River, Md.

30 November On her first operational assignment,
the Martin Mars, in the hands of Lieutenant Com-
mander W. E. Coney and crew of 16, took off from
Patuxent River, Md., carrying 13,000 pounds of cargo
that was delivered at Natal, Brazil, in a nonstop
flight of 4,375 miles and of 28 hours 25 minutes
duration.

30 November A department of Aviation Medicine
and Physiological Research was authorized at the
Naval Air Material Center, to study physiological fac-
tors particularly as related to design of high speed and
high altitude aircraft.

1 December Aircraft, Central Pacific, Rear Admiral
John H. Hoover commanding, was established
under Commander, Central Pacific, for operational
control of defense forces and shore-based air forces
in the area.

1 December The Naval Air Ferry Command was
established as a Wing of the Naval Air Transport
Service. It assumed the functions previously performed
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ment of encircling allied bases. Rabaul remained
under air attack until the war’s end, the last strike
being delivered by Marine Corps PBJs on 9 August
1945.

18 December On the basis of his belief that tests
indicated the practicability of ship-based helicopters,
the Chief of Naval Operations separated the pilot train-
ing from test and development functions in the heli-
copter program. He directed that, effective 1 January
1944, a helicopter pilot training program be conducted
by the U.S. Coast Guard at Floyd Bennett Field, N.Y.,
under the direction of the Deputy Chief of Naval
Operations (Air).

20 December The Naval Air Training Command was
established at Pensacola, Fla., to coordinate and direct,
under the Chief of Naval Operations, all Naval
Aviation training in the activities of the Primary,
Intermediate, and Operational Training Commands.

20 December Two Catalinas of Patrol Squadron 43,
at Attu, flew the first Navy photo reconnaissance and
bombing mission over the Kuriles.

20 December Commander Frank A. Erickson,
USCG, reported that Coast Guard Air Station, Floyd
Bennett Field, N.Y., had experimented with a heli-
copter used as an airborne ambulance. An HNS-1 heli-
copter made flights carrying, in addition to its normal
crew of a pilot and a mechanic, a weight of 200
pounds in a stretcher suspended approximately 4 feet
beneath the float landing gear. In further demonstra-
tions early the following year, the stretcher was
attached to the side of the fuselage and landings were
made at the steps of the dispensary.

25 December Aircraft from a two-carrier task group
(Rear Admiral Frederick C. Sherman) attacked ship-
ping at Kavieng, New Ireland, as a covering operation
for landings by the Marines in the Borgen Bay area of
New Britain on the following day.

31 December Fleet Air Wing 17 departed Australia
and set up headquarters at Samarai on the tip of the
Papuan Peninsula of New Guinea.

1944
3 January Helicopter Mercy Mission—Commander
Frank A. Erickson, USCG, flying an HNS-1 helicopter,
made an emergency delivery of 40 units of blood plas-
ma from lower Manhattan Island, N.Y., to Sandy Hook,

N.J., where the plasma was administered to survivors
of an explosion on the destroyer Turner (DD 648). In
this, the first helicopter lifesaving operation,
Commander Erickson took off from Floyd Bennett
Field, N.Y., flew to Battery Park on Manhattan Island
to pick up the plasma and then to Sandy Hook. The
flight was made through snow squalls and sleet which
grounded all other types of aircraft.

11 January The first U.S. attack with forward-firing
rockets was made against a German U-boat by two
TBF-1Cs of Composite Squadron 58 from the escort
carrier Block Island.

16 January Lieutenant (jg) S. R. Graham, USCG,
while en route from New York, N.Y., to Liverpool,
England, in the British freighter Daghestan made a 30
minute flight in an R-4B (HNS-1) from the ship’s 60 by
80-foot flight deck. Weather during the mid-winter
crossing of the North Atlantic permitted only two addi-
tional flights and, as a result, the sponsoring
Combined Board for Evaluation of the Ship-based
Helicopter in antisubmarine warfare concluded that
the helicopter’s capability should be developed in
coastal waters until models with improved perfor-
mance became available.

18 January Catalinas of VP-63, based at Port
Lyautey, Morocco, began barrier patrols of the Strait of
Gibraltar and its approaches with Magnetic Airborne
Detection (MAD) gear and effectively closed the strait
to enemy U-boats during daylight hours until the end
of the war.

29 January–22 February Occupation of the Marshall
Islands—Six heavy and six light carriers, in four
groups of Task Force 58 (Rear Admiral Marc A.
Mitscher), opened the campaign to capture the
Marshalls (29 Jan) with heavy air attacks on Maloelap,
Kwajalein, and Wotje. On the first day the defending
enemy air forces were eliminated and complete con-
trol of the air was maintained by carrier aircraft during
the entire operation. Eight escort carriers, attached to
the Attack Forces of the Joint Expeditionary Force,
arrived in the area early the morning of D-day. Aircraft
from the carriers flew cover and antisubmarine patrols
for attack shipping and assisted two fast carrier
groups, providing air support for landings on
Kwajalein and Majuro Atolls (31 Jan), Roi and Namur
(1 Feb), and for operations ashore. The AGC com-
mand ship, used for the first time during this cam-
paign, provided greatly improved physical facilities for
the Support Air Commander. Here, the Support Air
Commander first assumed control of Target Combat
Air Patrol, previously vested in carrier units, and a
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supported by aircraft from one fast carrier group and
one escort carrier group. Covering operations were
provided by the First Strike on Truk (17–18 Feb), car-
ried out by the Truk Striking Force (Vice Admiral R.
A. Spruance), built around three fast carrier groups.
In a two-day attack, the carriers launched 1,250 com-
bat sorties against this key naval base and exploded
the myth of its impregnability with 400 tons of
bombs and torpedoes, sinking 37 war and merchant
ships aggregating 200,000 tons and doing heavy dam-
age to base installations. In this action the first night
bombing attack in the history of U.S. carrier aviation
was carried out by VT-10 from Enterprise with 12
radar equipped TBF-1Cs. The attack, delivered at low
level, scored several direct hits on ships in the har-
bor. In a brief enemy air attack on the same night,
Intrepid was hit by an aerial torpedo. For the cam-
paign, night fighter detachments of VF(N)-76 and
VF(N)-101 (assigned F6F-3s and F4U-2s equipped
with AIA radar) were assigned to five carriers and,
while not widely used, were on occasion vectored
against enemy night raiders.

30 January To effect the neutralization of Wake
Island during the Marshalls operation, two squadrons
of Coronados from Midway Island made the first of
four night bombing attacks. Repetitions of the 2,000-
mile round trip mission were completed on 4, 8, and 9
February.

2 February The last of the World War II ceilings for
Navy aircraft, calling for an increase to 37,735 useful
planes, was approved by the president.

Force Fighter Director on his staff coordinated fighter
direction. Two fast carrier groups to the west kept
Eniwetok Atoll neutralized until the initial objectives
were achieved. Their early achievement permitted
the second phase of the campaign, Seizure of
Eniwetok, earlier than the planned date of 10 May.
The landings (17 Feb) and the ground action were
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3 February Flight Safety Bulletin No. 1 was issued
jointly by the Deputy Chief of Naval Operations (Air)
and the Chief of the Bureau of Aeronautics, announcing
their intention to issue consecutively numbered bul-
letins concerning the safe operation of naval aircraft.

4 February In a test of refueling operations with
Altamaha off San Diego, Calif., the K-29 of Blimp
Squadron 31 made the first carrier landing by a non-
rigid airship.

4 February The first photo reconnaissance of Truk
was made by two PB4Ys of VMD-254 on a 12-hour
night flight from the Solomon Islands. Cloud cover
prevented complete coverage but the information
acquired was useful in planning the carrier strike
which hit later in the month.

15 February A new command, Forward Area,
Central Pacific (Rear Admiral John H. Hoover), was
established to control the operations of shorebased air
forces and naval forces assigned to the Ellice, Gilbert,
and Marshall Islands.

20 February On completion of the strike on Truk, a
small unit composed of Enterprise, one cruiser, and

six destroyers (Rear Admiral John W. Reeves) separat-
ed from the main force and launched two air strikes
on Jaluit.

23 February Two carrier groups of Task Force 58
(Rear Admiral Marc A. Mitscher), after successfully
fending off a series of determined enemy air attacks
during the night, hit targets on Saipan, Tinian, Rota,
and Guam for the dual purpose of reducing enemy air
strength in the Marianas and to gather photo intelli-
gence for the impending invasion. The combined
efforts of pilots and antiaircraft gunners accounted for
67 enemy aircraft shot down and 101 destroyed on the
ground.

24 February The first detection of a submerged
enemy submarine by the use of MAD gear was made
by Catalinas of VP-63, on a MAD barrier patrol of the
approaches to the Strait of Gibraltar. They attacked the
U-761 with retrorockets, and with the assistance of two
ships and aircraft from two other squadrons, sank it.

4 March A reduction in flight training was visualized
as the total outputs for 1944, 1945, and 1946 were
fixed at 20,500, 15,000 and 10,000 pilots respectively.
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157 enemy aircraft destroyed, 28 ships of 108,000 tons
sunk, and denial of the harbor to the enemy for an
estimated 6 weeks.

15 April Air-Sea Rescue Squadrons (VH) were
formed in the Pacific Fleet to provide rescue and
emergency services as necessary in the forward areas.
Prior to this time the rescue function was performed
as an additional duty by regularly operating patrol
squadrons.

16 April Carrier Transport Squadron, Pacific, was
established for administrative and operational control
over escort carriers assigned to deliver aircraft, spare
parts, and aviation personnel in direct support of
Pacific Fleet Operations.

18 April In preparation for the campaign to occupy
the Marianas, photo-equipped Liberators of VD-3
obtained complete coverage of Saipan, Tinian, and
Aguijan Islands. For the 13-hour flight from Eniwetok
and return, B-24s of the AAF flew escort for the photo
planes and bombed the islands in a diversionary
action. This was the first mission by shore-based air-
craft over the Marianas.

19 April Saratoga, operating with the British Eastern
Fleet, participated in the carrier strike on enemy instal-
lations at Sabang in the Netherlands East Indies.

21–24 April Landings at Hollandia—Task Force 58
(Vice Admiral Marc A. Mitscher) supported the land-
ings of Southwest Pacific Forces in the Hollandia-
Aitape section of the north New Guinea coast. The
force of five heavy and seven light carriers orga-
nized in three groups, launched preliminary strikes
on airfields around Hollandia and at Wakde and
Sawar (21 April), covered the landings (22 April) at
Aitape, Tanahmerah Bay, and Humboldt Bay, and
supported troop movements ashore (23–24 April).
Eight escort carriers of Task Force 78 (Rear Admiral
Ralph E. Davison) flew cover and antisubmarine
patrols over ships of the Attack Group during the
approach and provided support for the amphibious
assault at Aitape. Carrier aircraft accounted for the
destruction of 30 enemy aircraft in the air and 103
on the ground.

23 April VR-3 operated the first regularly scheduled
NATS transcontinental hospital flight between
Washington, D.C., and March Field, Calif.

26 April Headquarters of Fleet Air Wing 4 was
established on Attu, western most island of the
Aleutians.

6 March A new specification for color of naval air-
craft went into effect. The basic camouflage scheme,
used with fleet aircraft, was modified slightly to pro-
vide for use of non-specular sea blue on upper fuse-
lage surfaces; airfoil surfaces visible from above
remained semigloss sea blue and other surfaces visible
from below, semigloss insignia white. A new basic
non-camouflage color scheme, all aluminum, was
specified for general use on aircraft not in the combat
theater. The maximum visibility color scheme used on
primary trainers became glossy orange yellow overall.

15 March The twin-engined North American
Mitchell, PBJ, was taken into combat for the first time
in its naval career in an attack on Rabaul by pilots of
Marine Bombing Squadron 413.

18 March Task Group 50.10 (Rear Admiral Willis A.
Lee), composed of Lexington, two battleships, and a
destroyer screen, bombed and bombarded bypassed
Mili in the Marshalls.

20 March Two escort carriers provided cover and
airspot for the battleship and destroyer bombardment
of Kavieng and nearby airfields in a covering action
for the occupation of Emirau.

22 March A new specification for color of fighter
aircraft went into effect. It directed that fighters be
painted glossy sea blue on all exposed surfaces.

26 March Corsairs of VMF-113 from Engebi flew the
first fighter escort for AAF B-25s on the 360 mile
bombing mission against Ponape, and were so effec-
tive in destroying enemy interceptors that later mis-
sions over the island were unmolested.

27 March Saratoga (Captain John H. Cassady) and
three destroyers, assigned to temporary duty with the
Royal Navy, joined the British Eastern Fleet in the Indian
Ocean approximately 1,000 miles south of Ceylon.

30 March–1 April Strikes on the Western
Carolines—In an operation designed to eliminate
opposition to the landings at Hollandia and to gather
photo intelligence for future campaigns, a strong Fifth
Fleet force, built around Task Force 58 (Vice Admiral
Marc A. Mitscher) with 11 carriers, launched a series of
attacks on Palau, Yap, Ulithi, and Woleai, and shipping
in the area. Aerial mining of Palau Harbor by Torpedo
Squadrons 2, 8, and 16, was the first such mission by
carrier aircraft and the first large scale daylight mining
operation of the Pacific war. The attacks accounted for
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29 April–1 May Second Carrier Strike on Truk—
Task Force 58 (Vice Admiral Marc A. Mitscher), return-
ing to Majuro from the Hollandia operation, launched
a 2-day attack on enemy installations and supply
dumps at Truk. In addition to damage ashore, three
small ships were sunk and 145 enemy aircraft
destroyed. Task Group 58.1 (Rear Admiral Joseph J.
Clark), detached from the main force on the second
day, flew protective cover for a cruiser bombardment
of Satawan, and on 1 May supported bombardment of
Ponape with air cover and bombing and strafing
attacks.

1 May The command Aircraft, Central Pacific, was
dissolved and its functions assumed by Commander,
Marshalls Sub-Area.

4 May A board headed by Rear Admiral Arthur W.
Radford and known by his name, submitted a report
that had a direct effect on aviation planning during the
latter part of the war and, with modifications to fit the
needs of peacetime, extended its influence long after
the war. The Integrated Aeronautic Program for
Maintenance, Material and Supply, which evolved
from its recommendations, was essentially a plan
involving the assignment of new planes to combat
units; return of aircraft to the United States for recon-
ditioning and reassignment after specified combat
tours; the retirement of second tour aircraft before
maintenance became costly; and the support of the
aeronautical organization through the use of factors
and allowances for pools, pipelines, and recondition-
ing kept realistic by frequent appraisal.

8 May The seaplane tender Kenneth Whiting, first of
four ships of the class, was commissioned at Tacoma,
Wash., Commander Raymond R. Lyons in command.

8 May Commander, Naval Forces, Northwest African
Waters, approved the assignment of nine Naval
Aviators from Cruiser Scouting Squadron 8 (VCS-8) to
the 111th Tactical Reconnaissance Squadron (TRS) of
the 12th Army Air Force for flight training and combat
operations in North American P-51C Mustangs.
Previous combat experience with Curtiss SOC Seagulls
and Vought OS2U Kingfishers being used in air spot-
ting and reconnaissance missions proved both types
were vulnerable to enemy fighters and antiaircraft fire.
The higher performance of fighters such as the P-51
was expected to result in a reduction of casualties on
these missions. A total of 11 Naval Aviators participat-
ed in combat operations from the cockpits of P-51s
while assigned to the 111th TRS in support of the cam-

paign in Italy and the invasion of southern France. On
2 September 1944 all Naval Aviators assigned to the
111th returned to their ships, ending a four month
long association between the 111th TRS and VCS-8.

13 May To distinguish between fixed and rotary
wing heavier-than-air craft, the helicopter class desig-
nation VH plus a mission letter (i.e. VHO for observa-
tion and VHN for training) was abolished and heli-
copters were established as a separate type designated
H. The previous mission letters thus became classes
designated O, N, and R for observation, training and
transport respectively.

13 May To meet the needs of the fleet for aviation
personnel trained in the use of electronics counter-
measures equipment, the Chief of Naval Operations
directed that on 1 June, or as soon thereafter as prac-
ticable, the Chief of Naval Air Technical Training
establish a school to be known as Special Projects
School for Air, located initially at NAAS San Clemente
Island, Calif.

15 May The first of 16 special transatlantic flights
was made by NATS aircraft to the United Kingdom to
deliver 165,000 pounds of minesweeping gear essen-
tial to the safety of assault shipping during the
Normandy invasion. The delivery was successfully
completed 23 May.

17 May The Bureau of Aeronautics authorized
CGAS Floyd Bennett Field, N.Y., to collaborate with
the Sperry Gyroscope Company in making an auto-
matic pilot installation in a HNS-1 helicopter.
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31 May Commander, Training Task Force was directed
to establish on 1 June, within his command at NAS
Traverse City, Mich., a detachment to be known as
Special Weapons Test and Tactical Evaluation Unit to
conduct such tests of special weapons and other air-
borne equipment as were assigned.

1 June Airships of ZP-14, assigned to antisubmarine
operations around Gibraltar, completed the first crossing
of the Atlantic by non-rigid airships. The flight began 29
May from South Weymouth, Mass., and ended at Port
Lyautey, French Morocco, covering a distance of 3,145
nautical miles in 58 hours. Including time for stop overs at
Argentia, Newfoundland, and the Azores, the airships moved
their area of operations across the Atlantic in 80 hours.

1 June Air Transport Squadron 9 (VR-9) was formed
at Patuxent River, Md., and VR-12 at Honolulu, Hawaii,
to function as headquarters and maintenance squadrons
for their respective commands, NATS Atlantic and
NATS Pacific.

17 May Saratoga participated in the carrier air strike
of the British Eastern Fleet on the Japanese base at
Soerabaja, Java.

19–20 May Third Raid on Marcus—Planes from a
three-carrier task force (Rear Admiral Alfred E.
Montgomery) hit Marcus with a predawn fighter
sweep and strafed and bombed the island for two
consecutive days.

23 May Third Wake Raid—Carrier Task Group 58.6
(Rear Admiral Alfred E. Montgomery) shifted from
Marcus to hit Wake with five composite bombing,
strafing and rocket strikes.

29 May The only U.S. carrier lost in the Atlantic,
Block Island, was torpedoed and sunk by a German
U-boat while engaged in hunter-killer operations in
the Azores area.
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4 June Off Cape Blanco, Africa, a hunter-killer
group (Captain Daniel V. Gallery), composed of the
escort carrier Guadalcanal, with VC-8 aboard, and
five destroyer escorts, carried out a determined attack
on the German submarine U-505, forcing it to surface.
Boats from the destroyer escort Pillsbury (DD 133)
and the carrier reached the submarine before scuttling
charges could accomplish their purpose and the U.S.
Navy found itself with a prize of war.

5 June The Deputy Chief of Naval Operations (Air)
reported that Aviation Safety Boards, established in
one large command, had in one-quarter of operation
reduced the fatal accident rate by 47 percent. He
directed the establishment of similar boards in other
commands outside of advanced combat areas and the
appointment of a flight safety officer in each
squadron.

6 June Allied Invasion of Normandy—Seventeen
Naval Aviators taken from aviation units on battleships
and cruisers were assigned to bombardment duty as
part of VCS-7. They operated with units of the British
Fleet Air Arm and Royal Air Force, flying gunfire spot-
ting missions in RAF Spitfires over the Normandy
beaches from D-Day until 26 June.

11 June–10 August Occupation of the Marianas—
Task Force 58 (Vice Admiral Marc A. Mitscher), built
around seven heavy and eight light carriers, opened
the campaign to occupy the Marianas Islands with a

late afternoon fighter sweep (11 Jun) that destroyed
one-third of the defending air force. In bombing and
strafing attacks on shore installations and on shipping
in the immediate area on succeeding days, this force
prepared the way for the amphibious assault of Saipan
(15 Jun), supported operations ashore with daily
offensive missions, kept the area isolated with attacks
on airfields and shipping in the Bonin and Volcano
Islands to the north (15–16, 24 Jun, 3–4 Jul, 4–5 Aug),
and successfully defended the operation against an
attack by major fleet forces in the Battle of the
Philippine Sea (19–20 Jun). On the first day (19 Jun)
TF 58 repelled a day-long air attack from carriers and
shore bases, destroying 402 enemy planes, and the
next day (20 Jun) launched an air attack late in the
afternoon on the retreating Japanese Fleet, sinking the
carrier Hiyo and two fleet oilers.

Air cover for assault and close air support for opera-
tions ashore was provided by aircraft from an initial
force of 11 escort carriers attached to Attack Forces. A
Navy seaplane squadron VP-16, moved into the area
(16 Jun) and began operations from the open sea.
Garrison aircraft were ferried in by escort carriers to
operate from captured airfields. First to arrive were
Marine observation planes of VMO-4 (17 Jun), AAF P-
47’s (22 Jun), and Marine Corps Night Fighter
Squadron 532 (12 Jul). After organized resistance
ended on Saipan (9 Jul), troops landed on Guam (21
Jul) and on Tinian (24 Jul).

As the campaign neared successful completion,
three groups of Task Force 58 left the area temporarily
for strikes on the Western Carolines (25–28 Jul). Palau,
Yap, Ulithi and other islands were taken under attack
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6 July A Special Air Unit was formed under Com-
mander, Air Force, Atlantic Fleet (COMAIRLANT), with
Commander James A. Smith, Officer-in-Charge, for
transfer without delay to Commander, Fleet Air Wing 7
in Europe. This unit was to attack German V-1 and V-2
launching sites with PB4Y-1s converted to assault
drones.

6 July The Bureau of Aeronautics authorized
Douglas to proceed with the design and manufacture
of 15 XBT2D airplanes. The single-seat divebomber
and torpedoplane thus initiated, was designed jointly
by BuAer and Douglas engineers. Through subsequent
development and model redesignation, these aircraft
became the prototypes for the AD Skyraider series of
attack planes.

14 July To achieve economy of effort and unity of
purpose by coordinating all safety functions through a
central organization, a Flight Safety Council was estab-
lished by the joint action of the Deputy Chief of Naval
Operations (Air) and the Chief of the Bureau of
Aeronautics, to plan, coordinate, and execute flight
safety programs.

14 July PB4Y Liberators of VB-109, based at Saipan,
made the first strike on Iwo Jima by shore-based planes.

27 July Fleet Air Wing 17 headquarters moved to
Manus in the Admiralty Islands.

29 July In the first successful test of the Pelican
guided missile, conducted 44 miles offshore from NAS
New York, N.Y., two of the four launched against the
target ship James Longstreet were hits.

29 July A detachment of Liberators of Bombing
Squadron 114 from Port Lyautey, Morocco, was estab-
lished under British command at Lajes Airfield in the
Azores Islands for antisubmarine operations.

31 July The Accelerated Field Service Test Unit at
Patuxent River, Md., was redesignated Service Test and
established as a separate department.

5 August The Fast Carrier Task Force was reorga-
nized into First and Second Fast Carrier Task Forces,
Pacific, commanded respectively by Vice Admiral Marc
A. Mitscher and Vice Admiral John S. McCain.

7 August Carrier Division 11 was established at
Pearl Harbor, Hawaii, Rear Admiral Matthias B.
Gardner commanding. This division, composed of car-
riers Saratoga and Ranger, was the first in the U.S.
Navy specifically established for night operations.

while photographic planes obtained intelligence of
enemy defenses. This done, the groups steamed north
for the fourth side of the campaign on the Bonins and
Volcanoes. By the time Guam was secure (10 Aug),
carrier aircraft had accounted for 110,000 tons of
enemy shipping sunk and 1,223 aircraft destroyed. In
this campaign, groups of the fast carrier force retired
in turn to advanced fleet bases for brief periods of rest
and replenishment, thus initiating a practice that
became standard operating procedure during all future
extended periods of action.

12 June In the first deployment of a guided missile
unit into a combat theater, elements of Special Task
Air Group 1 arrived in the Russell Islands in the South
Pacific.

24 June The Chief of Naval Operations promulgated
plans which provided for a drastic reduction in the
pilot training program. This required the transfer of
some students already in Pre-Flight, and prior stages
of training and the retention of enough to maintain a
course in Pre-Flight schools expanded to 25 weeks.
The program of “deselection” and voluntary withdraw-
al of surplus students was instituted by the Chief of
Naval Air Training early in the next month. The result-
ing reductions were directly responsible for the dis-
continuance of the War Training Service Program in
August, closing the Flight Preparatory Schools in
September and the release of training stations which
began in September.

26 June Seaplane tender Currituck, first of four
ships of her class, was commissioned at Philadelphia,
Pa., Captain William A. Evans commanding.

29 June The Parachute Experimental Division was
established at Lakehurst, N.J., for research, develop-
ment, and testing of parachutes and survival gear.

29 June Carrier Air Groups were standardized for all
commands under the following designations: CVBG,
large carrier air group; CVG, medium carrier air group;
CVLG, light carrier air group; CVEG, escort carrier air
group (Sangamon class); and VC, escort carrier air
group (Long Island, Charger, Bogue, and Casablanca
class).

30 June The Naval Aircraft Modification Unit of the
Naval Air Material Center, Philadelphia, Pa., was relo-
cated at Johnsville, Pa., where facilities for intensified
efforts in guided missile development and quantity
modification of service airplanes were available.
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10 August Naval Air Bases commands were estab-
lished within each Naval District, the Training
Command, and for Marine Corps Bases, and were
charged with the military direction and administrative
coordination of matters affecting the development and
operational readiness of aviation facilities in their
respective areas.

10 August The operating aircraft complement of
Carrier Air Groups was revised to 54 VF, 24 VB and 18
VT with the provision that four night fighters and two
photo planes be included among the 54 VF.

11 August An electric powered rescue hoist was
installed on an HNS-1 helicopter at CGAS Floyd Bennett
Field, N.Y. During the ensuing four day test period, in
which flights were conducted over Jamaica Bay, the
feasibility of rescuing personnel from the water and of
transferring personnel and equipment to and from
underway boats was demonstrated. Six weeks later, a
hydraulic hoist, which overcame basic disadvantages of
the electric hoist, was installed and successfully tested,
leading to its adoption for service use.

11 August Dr. M. F. Bates of the Sperry Gyroscope
Company submitted a brief report of the trial installa-
tion and flight test of a helicopter automatic pilot
(cyclic pitch control) in an HNS-1 at CGAS Floyd
Bennett Field, N.Y.

15–29 August Landings in Southern France—Two
United States and seven British escort carriers of the
Naval Attack Force (Rear Admiral T. H. Troubridge,
RN) supplied defensive fighter cover over the shipping
area, spotted for naval gunfire, flew close support mis-
sions, made destructive attacks on enemy concentra-
tions and lines of communication and otherwise assist-
ed Allied troops landing between Toulon and Cannes,
France, and advancing up the Rhone Valley.

20–23 August The nonrigid airship K-111, under
command of Lieutenant Commander Frederick N. Klein,
operating in conjunction with the Escort Carrier
Makassar Strait off San Diego, Calif., demonstrated the
feasibility of refueling and replenishing airships from
aircraft carriers. In this operation of 72.5 hours duration,
the airship’s crew was relieved every 12 hours and its
engines were operated continuously. In one evolution,
the airship remained on deck for 32 minutes.

24 August The first night carrier air group,
CVLG(N)-43, was established at Charlestown, R.I. Its
component squadrons VF(N)-43 and VT(N)-43, the lat-

ter the first of the night torpedo squadrons, were
established the same day.

24 August Fleet Air Wing 10 moved forward from
Perth, Australia, to Los Negros in the Admiralty
Islands, to support the advance of Southwest Pacific
Forces on the Philippines.

31 August–30 September Occupation of Palau
and Morotai—Simultaneous landings by Central and
Southwest Pacific Forces were preceded by wide-
flung operations of four carrier groups of Task Force
38 (Vice Admiral Marc A. Mitscher), which committed
only part of its strength in direct support and operat-
ed principally in covering action. TG 38.4 (Rear
Admiral Ralph E. Davison) opened the campaign with
attacks on the Bonin and Volcano Islands (31 Aug-2
Sep). The entire Fast Carrier Force hit the Palau area
(6–8 Sep), leaving TG 38.4 to maintain the neutraliza-
tion of Palau, and moved against the Philippines with
fighter sweeps over Mindanao airfields (9–10 Sep)
and strikes in the Visayas (12–14 Sep). Here TG 38.1
(Vice Admiral John S. McCain) separated to hit
Mindanao (14 Sep) and to support landing on Morotai
by Southwest Pacific Forces (15 Sep). The landings
were preceded by bombing and strafing attacks and
were supported (15–16 Sep) by TG 38.1 aircraft and
additionally by six escort carriers of TG 77.1 (Rear
Admiral Thomas L. Sprague). Landings on Peleliu by
Central Pacific Forces (15 Sep) were preceded by pre-
liminary carrier air attacks (12–14 Sep) from TG 38.4
and from four CVEs of Carrier Unit One (Rear Admiral
William D. Sample). Continued support was given by
the same fast carrier group (15–18 Sep) and until the
end of the month by a total of 10 escort carriers oper-
ating in TG 32.7 (Rear Admiral Ralph A. Ofstie).
Carrier air support was also provided for landings on
Agaur (17 Sep), Ulithi (23 Sep), and the shore-to-
shore movement from Peleliu to Ngesebus (28 Sep)
support for the latter including strikes by Marine
Corps land-based units from Peleliu, the first of
which, VMF(N)-541, had arrived 24 September.
Following the action at Morotai, TG 38.1 rejoined the
main body of Fast Carriers which then launched
strikes on airfields and shipping around Manila (21–22
Sep) and hit airfields, military installations, and ship-
ping in the central Philippines (24 Sep) before retir-
ing. In this month of action, carrier planes destroyed
893 enemy aircraft and sank 67 war and merchant
ships totalling 224,000 tons.

Enemy weakness in the central Philippines, uncov-
ered by carrier air action, changed plans for reentry
into the Philippines, shifting the assault point from
southern Mindanao to Leyte and advancing the assault
date from mid-November to 20 October.
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6 September A contract was awarded to McDonnell
Aircraft Corporation for development of the Gargoyle,
or LBD-1, a radio controlled low-wing gliding bomb
fitted with a rocket booster and designed for launch-
ing from carrier-based dive-bombers and torpedo
planes against enemy ships.

6 September As the scope of the aviation safety
program was enlarged, a Flight Safety Section was
established in the Office of the Deputy Chief of Naval
Operations (Air), and was assigned the direction and
supervision of the aviation safety program.

9 September Fleet Air Wing 17 moved forward to
the Schouten Islands to direct patrol plane operations
supporting the occupation of Morotai by Southwest
Pacific Forces.

11 September Commander, Fleet Air Wing 1, based
on Hamlin, transferred from Espiritu Santo in the
South Pacific to Guam to direct the operations of
patrol squadrons in the Central Pacific.

18 September The Pelican guided missile produc-
tion program was terminated and the project returned
to a developmental status. Despite reasonable success
during the preceding six weeks, this decision was
made because of tactical, logistic and technical prob-
lems involved in its use.

1 September Project Bumblebee (as it was later
known) came into being as the Bureau of Ordnance
reported that a group of scientists from Section T of
the Office of Scientific Research and Development
were investigating the practicability of developing a
jet-propelled, guided, anti-aircraft weapon. Upon com-
pletion of the preliminary investigation, a develop-
mental program was approved in December by the
Chief of Naval Operations. In order to concentrate
upon the guided missile phase of the anti-aircraft
problem, the OSRD and Applied Physics Laboratory of
Johns Hopkins University, completed withdrawal, also
in December, from the proximity fuze program which
thus came completely under the Bureau of Ordnance.

3 September Lieutenant Ralph Spaulding of Special
Air Unit, Fleet Air Wing 7, flew a torpex-laden drone
Liberator from an airfield at Feresfield, England, set
radio control and parachuted to ground. Ensign James
M. Simpson, controlling the Liberator’s flight from a PV,
sought to hit submarine pens on Helgoland Island; how-
ever, he lost view of the plane in a rain shower during
the final alignment and relying only upon the drone’s
television picture of the terrain hit the barracks and
industrial area of an airfield on nearby Dune Island.

3 September Fourth Wake Raid—A strike group of
one carrier, with cruisers and destroyers, hit enemy
positions on Wake.
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27 September Guided missiles were used in the
Pacific, as Special Task Air Group 1, from its base on
Stirling in the Treasury Islands, began a combat
demonstration of the TDR assault drone. The drones
had been delivered to the Russell Islands by surface
shipping and flown 45 miles to bases in the Northern
Solomons where they were stripped for pilotless flight
and armed with bombs of up to 2,000 pounds. For
combat against heavily defended targets, a control
operator in an accompanying TBM guided the drone
by radio and directed the final assault by means of a
picture received from a television camera mounted in
the drone. In the initial attack, against antiaircraft
emplacements in a beached merchant ship defending
Kahili airstrip on South Bougainville, two out of four
TDRs struck the target ship.

1 October Patrol Squadrons (VP) and multi-engine
bombing squadrons (VB) were renamed and redesig-
nated patrol bombing squadrons (VPB).

7 October A new Bureau of Aeronautics color spec-
ification went into effect which provided seven differ-
ent color schemes for aircraft depending upon design
and use. The most basic change was the use of glossy
sea blue all over on carrier based aircraft and on sea-
plane transports, trainers and utility aircraft. The basic
non-specular camouflage color scheme, semigloss blue
above and nonspecular white below, was to be
applied to patrol and patrol bombing types and to
helicopters. For antisubmarine warfare, two special
camouflage schemes—gray on top and sides and
white on bottom, or white all over—were prescribed
with the selection dependent upon prevailing weather
conditions (this had been used by COMNAVAIRLANT
since 19 July 1943). All aluminum was to be used on
landplane transports and trainers and landplane and
amphibian utility aircraft. Orange-yellow was to be
used upon target-towing aircraft and primary trainers.
Another new scheme, glossy red, was specified for tar-
get drones.

7 October Provision was made for the optional use
by tactical commanders of special identification mark-
ings on combat aircraft, such markings preferably to
be applied with temporary paint.

10 October–30 November Occupation of Leyte—
The opening blow of the campaign was struck (10
Oct) by Task Force 38 (Vice Admiral Marc A. Mitscher)
against airfields on Okinawa and the Ryukyus. This
force, built around 17 carriers hit airfields on northern
Luzon (11 and 14 Oct), on Formosa (12–14 Oct), and

in the Manila area (15 Oct), destroying 438 enemy air-
craft in the air and 366 on the ground in 5 strike days.
These and other strikes concentrated on reinforcement
staging areas and effectively cleared the air for the
landing (20 Oct) of Southwest Pacific Army troops on
Leyte. Fast carrier support of the ground campaign
was supplemented (18–23 Oct) by the action of 18
CVEs organized in three elements under TG 77.4 (Rear
Admiral Thomas L. Sprague).

A major disruptive effort by the Japanese Fleet was
opposed by the Fast Carrier Force of the Third Fleet
(Vice Admiral William F. Halsey) and by surface and
air elements of the Seventh Fleet (Vice Admiral
Thomas C. Kinkaid) in three related actions of The
Battle for Leyte Gulf (23–26 Oct). As the Japanese
Fleet, in three elements identified as Southern, Central,
and Northern Forces, converged on Leyte Gulf from as
many directions, Fast Carrier Force aircraft (24 Oct) hit
the Southern Force in the Sulu Sea, attacked the
Central Force in the Sibuyan Sea, sinking the 63,000
ton battleship Musashi and a destroyer, and was itself
under air attack resulting in the loss of Princeton.
Seventh Fleet surface elements turned back the
Southern Force in a brief intensive action before day-
light in the Battle of Surigao Strait (25 Oct), sinking
two battleships and three destroyers. The Japanese
Central Force made a night passage through San
Bernardino Strait and at daylight took under fire six
escort carriers and screen of TG 77.4, and was
opposed by a combined air and ship action in the
Battle Off Samar (25 Oct), in which Gambier Bay, two
destroyers, and one destroyer escort were sunk by
enemy gunfire and three Japanese heavy cruisers were
sunk by carrier air. At the same time the Fast Carrier
Force met the Northern Force in the Battle Off Cape
Engano, sinking the heavy carrier Zuikaku and light
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against air and submarine attack (19–28 Nov) and
another group performed the same services (14–23
Nov) for convoys from Ulithi. The Fast Carrier Force
also continued support for 2 days attacking airfields on
Luzon and in the Visayas (27–28 Oct), shipping near
Cebu (28 Oct), and Luzon airfields and shipping in
Manila Bay (29 Oct). In supporting operations during
October, carrier aircraft destroyed 1,046 enemy aircraft.

Requirements for continued carrier air support for
the campaign caused cancellation of a planned Fast

carriers Chiyoda, Zuiho, and Chitose, the latter with
the assistance of cruiser gunfire. Off Leyte, Kamikaze
pilots, in the first planned suicide attacks of the war,
hit the escort carriers, sinking St. Lo and damaging
Sangamon, Suwannee (AO 33), Santee, White Plains,
Kalinin Bay, and Kitkun Bay. As remnants of the
Japanese Fleet limped homeward through the Central
Philippines, (26–27 Oct) carrier aircraft sank a light
cruiser and four destroyers, to bring Japanese battle
losses to 26 major combatant ships totaling over
300,000 tons.

Direct air support in the Leyte-Samar area was
assumed by Allied Air based at Tacloban (27 Oct) and
2 days later the escort carriers retired. Later one group
operated at sea to protect convoys from the Admiralties
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Carrier Strike on Tokyo, and Task Force 38 (now
under Vice Admiral John S. McCain) sortied from Ulithi
to hit Luzon and Mindoro airfields and strike shipping
in Manila Bay (5–6 Nov), sinking a heavy cruiser and
other ships; hit a reinforcement convoy of four trans-
ports and five destroyers in Ormoc Bay (11 Nov) sink-
ing all but one destroyer; shifted to Luzon and the
Manila area (13–14 Nov) and sank a light cruiser, four
destroyers, and 20 merchant and auxiliary ships; hit
the same areas again (19 and 25 Nov), sinking another
heavy cruiser and several auxiliaries; and wound up
the month’s operations with an aerial score of 770
enemy aircraft destroyed. During these actions, the
force was under several Kamikaze attacks which dam-
aged the carriers Intrepid (29 Oct), Franklin and
Belleau Wood (30 Oct), Lexington (5 Nov), Essex,
Intrepid, and Cabot (25 Nov)—two seriously enough
to require Navy Yard repairs.

14 October The Amphibious Forces Training
Command, Pacific, was directed to form mobile Air
Support Training Units to train Carrier Air Groups and
Marine Corps squadrons in the technique of close air
support operations.

17 October Commander, Fleet Air Wing 10, on
Currituck, arrived in Philippine waters and directed

patrol plane operations in support of the occupation
of Leyte.

19 October Commander, Fleet Air Wing 17 moved
to Morotai, N.E.I., to support Southwest Pacific opera-
tions against the Philippines.

21 October A new command, Marine Carrier Air
Groups, was established under Aircraft, Fleet Marine
Force, Pacific to direct the formation and training of
Marine Corps squadrons destined to operate from air
support escort carriers. Current plans called for the
formation of six Marine Carrier Air Groups, each com-
posed of a fighter and a torpedo squadron, four of
them to be assigned to escort carriers and two to func-
tion as replacement and training groups.

25 October In recognition of the difference in func-
tions performed, Carrier Aircraft Service Units and Patrol
Aircraft Service Units, operating at advanced bases, were
redesignated Combat Aircraft Service Units (Forward),
short title CASU(F), while those in the continental United
States and Hawaii retained the original title.

26 October The last attack in a month long demon-
stration of the TDR assault drone was made by Special
Task Air Group, thereby concluding the first use of the
guided missile in the Pacific. During the demonstration
a total of 46 drones were expended, of which 29
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tronics apparatus including search, navigation, identifi-
cation, and ordnance radar.

7 December Chourre was commissioned as the first
aviation repair ship of the U.S. Navy, Captain Andrew
H. Bergeson commanding.

11 December The steady decline in U-boat activity
in the Caribbean during the year permitted a reduction
of blimp operations over the southern approaches, and
Fleet Airship Wing 5 at Trinidad was disestablished.

12 December Three Evacuation Squadrons (VE) were
established in the Pacific from Air Sea Rescue Squadron
elements already providing evacuation services.

13 December Escort Carrier Force, Pacific (Rear
Admiral Calvin T. Durgin), was established for admin-
istrative control over all escort carriers operating in the
Pacific, excepting those assigned to training and trans-
port duty.

14–16 December Support of the Landings on
Mindoro—Six escort carriers of Task Unit 77.12.1 (Rear
Admiral Felix B. Stump) and Marine Corps shore-
based air flew cover for the passage of transport and
assault shipping through the Visayas (12–14 Dec). The
escort carriers provided direct support for landings by
Army troops (15 Dec) and in the assault area (16–17
Dec). On the night of D-day Navy seaplanes joined
with operations from Mangarin Bay. The covering sup-
port of Task Force 38 (Vice Admiral John S. McCain),
with seven heavy and six light carriers, began with
fighter sweeps over Luzon airfields (14 Dec) and
continued with successive combat air patrols relieved
on station, which spread an aerial blanket over
Luzon (14–16 Dec) and effectively pinned down all
enemy aircraft on the island and accounted for a
major share of the 341 enemy aircraft destroyed in
the brief campaign.

18 December Third Fleet units, refueling east of the
Philippines, were overtaken by an unusually severe
typhoon which formed nearby. Three destroyers cap-
sized in the high seas and several ships were dam-
aged, including four light carriers of Task Force 38 and
four escort carriers of the replenishment group.

28 December Marine Corps Fighter Squadrons 124
and 213, the first to operate from fast carriers in com-
bat, reported for their first tour of carrier duty aboard
Essex in Ulithi.

30 December The specification on aircraft color was
amended to provide that patrol and patrol bombing

reached the target areas: two attacked a lighthouse on
Cape St. George, New Ireland, making one hit which
demolished the structure; nine attacked anti-aircraft
emplacements on beached ships achieving six direct
hits and two near misses; and 18 attacked other targets
in the Shortlands and Rabaul areas making 11 hits.

6 November Recognition of the future importance
of turbojet and turboprop powerplants led the Bureau
of Aeronautics to request the Naval Air Material Center
to study requirements for a laboratory to develop and
test gas-turbine powerplants. This initiated action
which led to the establishment of the Naval Air
Turbine Test Station, Trenton, N.J.

17 November The Bureau of Aeronautics reported
that technical studies were underway to determine the
feasibility of launching an adaptation of the JB-2, a
U.S. Army version of the German V-l Buzz Bomb,
from escort carriers for attacks on enemy surface ves-
sels and shore targets. Modifications visualized includ-
ed installation of radio controls and a radar beacon. As
subsequently developed, this became the Loon.

23 November Training Task Force Command was
dissolved and its facilities, personnel and equipment
reallocated.

27 November Commencement Bay, first of her class
built from the last U.S. escort carrier design, was com-
missioned at Tacoma, Wash., Captain Roscoe L.
Bowman commanding.

29 November The changing character of the war
was reflected in a revision of the aircraft comple-
ment of Essex Class Carrier Air Groups to 73 VF, 15
VB and 15 VT. The fighter complement was to be
filled by two squadrons of 36 planes each plus one
for the Air Group Commander and to include four
VF(N), two VF(P) and two VF(E). The change to the
new figures was gradual, beginning with the assign-
ment of Marine fighter squadrons in December and
continued with the establishment of VBF squadrons
the following month.

30 November Fleet Air Wing 10 headquarters
became shore based on Jinamoc Island in the
Philippines.

1 December Electronics Tactical Training Unit was
established at NAS Willow Grove, Pa., to train person-
nel of the Airborne Coordinating Group as instructors
in the operation of all newer types of airborne elec-
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landplanes received a color scheme that was in gener-
al similar to that prescribed for carrier based airplanes.
Specifically, the patrol and patrol bombers were to be
painted semigloss sea blue on top and bottom sur-
faces of wings and on all horizontal tail surfaces; other
tail surfaces and the fuselage were to be non-specular
sea blue.

1945
1 January Carrier Training Squadron, Pacific, com-
posed of two carrier divisions, was established in the
Pacific Fleet to provide operational control over carri-
ers employed in training Carrier Air Groups out of
Pearl Harbor and San Diego.

2 January Eighteen Fighter Bomber Squadrons
(VBF) were established within existing Carrier Air
Groups to adjust their composition to the needs of
changed combat requirements in the Pacific.

2 January Headquarters, Fleet Air Wing 17, based
on Tangier, directed patrol plane support of the
Lingayen Gulf operations from San Pedro Bay.

3–22 January Invasion of Luzon—Southwest Pacific
Force operations against Luzon were directly support-
ed by Seventh Fleet escort carriers in Task Group 77.4
(Rear Admiral Calvin T. Durgin) and indirectly by the
fast carriers in Task Force 38 (Vice Admiral John S.
McCain) of Third Fleet and Central Pacific Forces. Task
Group 77.4, with 17 escort carriers, covered the
approach of the Luzon Attack Force against serious
enemy air opposition from Kamikaze pilots which
sank Ommaney Bay (4 Jan), and damaged several
ships including escort carriers Manila Bay and Savo
Island (5 Jan). It conducted preliminary strikes in the
assault area (7–9 Jan), covered the landings in
Lingayen Gulf (9 Jan), and supported the inland
advance of troops ashore (9–17 Jan). Among the ships
damaged by Kamikaze pilots opposing the landings
were the escort carriers Kadashan Bay and Kitkun
Bay (8 Jan), and Salamaua (13 Jan). Task Force 38,
with seven heavy and four light carriers in three
groups and one heavy and one light carrier in a night
group, and accompanied by a Replenishment Group
with one hunter-killer and seven escort carriers, con-
centrated on the destruction of enemy air power and
air installations in surrounding areas. In spite of almost
continuous bad weather which hampered flight opera-
tions during the entire month, this force launched
offensive strikes on Formosa and the Ryukyus (3–4
Jan), a two day attack on Luzon (6–7 Jan) and on

fields in the Formosa-Pescadores-Ryukyus area (9 Jan),
destroying over 100 enemy aircraft and sinking 40,000
tons of merchant and small combatant ships in one
week of preliminary action. During the night (9–10
Jan) Task Force 38 made a high-speed run through
Luzon Strait followed by the Replenishment Group
which passed through Balintang Channel, for
Operations in the South China Sea (9–20 Jan). Strikes
(12 Jan), over 420 miles of the Indo-China coast,
reached south to Saigon and caught ships in the harbor
and in coastal convoys with devastating results, sinking
12 tankers, 20 passenger and cargo vessels and numer-
ous small combatant ships, totaling 149,000 tons.
Moving northward to evade a typhoon, the force hit
targets at Hong Kong, the China Coast, and Formosa
(15 Jan) and next day concentrated on the Hong Kong
area damaging enemy shore installations and sinking
another 62,000 tons of shipping. As inclement weather
persisted, the force left the South China Sea with an
after dark run through Balintang Channel (20 Jan) and
hit Formosa, the Pescadores, and Okinawa against
enemy air opposition which damaged Ticonderoga and
Langley (20 Jan) and repeated the attack in the
Ryukyus the next day to finish off three weeks of
action with an aerial score of over 600 enemy aircraft
destroyed and 325,000 tons of enemy shipping sunk.

11 January The Bureau of Ordnance assigned the
first task on Project Bumblebee to the Applied Physics
Laboratory, thus formally establishing the program for
development of a ram-jet powered, guided, antiaircraft
weapon from which the Talos, Terrier, and Tartar mis-
siles eventually emerged.

29–31 January Six escort carriers of Task Group
77.4 (Rear Admiral William D. Sample) provided air
cover and support for landings by Army troops at San
Antonio near Subic Bay (29 Jan), on Grande Island in
the same area (30 Jan) and at Nasugbu, south of the
entrance to Manila Bay (31 Jan).

6 February The Chief of Naval Operations directed
that, following a period of training at NAS Kaneohe
Bay, Hawaii, VPB Squadrons 109, 123, and 124 of
Fleet Air Wing 2 be equipped to employ the SWOD
Mark 9 (Bat) glide bomb in combat.

15 February The West Coast Wing of the Naval Air
Transport Service was disestablished and its squadrons
reassigned to the Pacific and Atlantic Wings.

16 February–16 March Capture of Iwo Jima—The
Marine Corps assault of 19 February was preceded and
supported by two separate carrier elements of the
Central Pacific Force. The first of these was Task Force
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26 February Headquarters, Fleet Air Wing 17 was
established ashore at Clark Field on Luzon.

3 March The Naval Air Transport Service was reor-
ganized and established as a Fleet Command with
headquarters at NAAS Oakland, Calif., to operate
under the immediate direction of COMINCH and CNO.

3 March The Naval Air Technical Training
Command was incorporated into the Naval Air
Training Command.

7 March Commanding Officer, CGAS Floyd Bennett
Field, N.Y., reported that a dunking sonar suspended
from an XHOS-1 helicopter had been tested success-
fully.

7 March The tandem rotor XHRP-X transport heli-
copter, built under Navy contract by P-V Engineering
Forum made its first flight at the contractor’s plant at
Sharon Hill, Pa., with Frank N. Piasecki as pilot and
George N. Towson as copilot.

8 March A rocket powered Gorgon air-to-air missile
was launched from a PBY-5A and achieved an estimat-
ed speed of 550 mph in its first powered test flight,
conducted off Cape May, N.J., under the direction of
Lieutenant Commander Moulton B. Taylor.

17 March Responsibility for evacuating wounded
personnel was assigned to the Naval Air Transport
Service.

18 March–21 June The Okinawa Campaign—The
last and, for naval forces, the most violent of the major
amphibious campaigns of World War II was supported
by three separately operating carrier forces, by tender-
based patrol squadrons, by Marine and Army air units
based in the immediate area and by Army and Navy
air units based in other areas. On 28 May a change in
overall command from the Fifth Fleet (Admiral R. A.
Spruance) to the Third Fleet (Admiral William F.
Halsey) took place, which changed all task number
designations from the 50s to the 30s. (In this account,
first designations are used throughout.)

The fast carriers of Task Force 58 (Vice Admiral
Marc A. Mitscher) began the attack. With an original
strength of 10 heavy and six light carriers, this force
launched neutralization strikes on Kyushu, Japan
(18–22 Mar), destroying 482 enemy aircraft by air
attack and another 46 by ship’s gunfire, and began
pre-assault strikes on Okinawa (23 Mar). During these
preliminaries, Kamikaze pilots, employing convention-
al aircraft, bombs, and Baka flying bombs (first
observed on 21 Mar) retaliated with attacks which seri-

58 under Vice Admiral Marc A. Mitscher, the second
was Task Group 52.2 under Rear Admiral Calvin T.
Durgin. On 16–17 February Mitscher moved against
Japan with nine heavy and five light carriers in four
groups, and two heavy carriers in a night group.
Carrier aircraft hit Japanese air bases in the Tokyo
plains. From 19 to 23 February, his forces supported
Marine Corps landings and operations on Iwo Jima
and flew neutralization strikes against the Bonins. On
25 February, he returned for a second strike on Tokyo.
On 1 March he struck at Okinawa and the Ryukyus
and then retired to Ulithi, leaving in his wake 648
enemy aircraft destroyed and 30,000 tons of merchant
shipping sunk.

Task Group 52.2 began the campaign with nine
escort carriers; it was later augmented by two more
escort carriers and one night CV. On 16–18 February,
Admiral Durgin carried out air strikes on Iwo Jima’s
shore defenses to reduce their resistance to the
impending Marine Corps landing. From 19 February to
11 March he flew missions in direct support of Marine
Corps ground operations and neutralized airstrips in
the Bonins.

In counter attacks, the Japanese were not entirely
unsuccessful. On 21 February a Kamikaze raid upon
Task Group 52 sank the escort carrier Bismarck Sea,
seriously damaged Saratoga, and did minor damage to
Lunga Point. But new air defense elements in the U.S.
Fleet were functional and noteworthy; they included the
altitude-determining radar on LSTs and a Night Fighter
Director in the Air Support Commander’s organization.

Other U.S. operations deserve mention. Task Group
50.5, under Commodore Dixwell Ketcham, was based
in the Marianas. The Group’s shore-based aircraft con-
ducted shipping reconnaissance and air-sea rescue
between Japan and Iwo Jima. They also flew offensive
screens for carrier raids and expeditionary forces.
Similar operations were carried out by patrol planes of
Fleet Air Wing 1 from tenders anchored in the lee of
Iwo Jima (28 Feb–8 Mar). Marine Corps Observation
Squadrons 4 and 5, which arrived on CVEs and on
LSTs equipped with Brodie gear, began operations
from Iwo Jima airfields on 27 February. Army fighters
were flown in from Saipan on 6 March, and Marine
Corps Torpedo Squadron 242 arrived on 8 March; they
flew day and night combat air patrols and provided all
air support upon the departure of the last CVEs on 11
March. Iwo Jima was secured on 16 March.

19 February Commander, Fleet Air Wing 1 went to
sea aboard Hamlin to direct patrol squadrons in sup-
port of the Iwo Jima campaign and remained in the
area until the island was secure.
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ously damaged the carrier Franklin and scored hits on
four others. For the next three months the fast carrier
force operated continuously in a 60-mile-square area
northeast of Okinawa and within 350 miles of Japan,
from which position it neutralized Amami Gunto air-
fields, furnished close air support for ground opera-
tions, intercepted enemy air raids, and on occasion
moved northward to hit airfields on Kyushu.

Task Group 52.1 (Rear Admiral C. T. Durgin), origi-
nally 18 escort carriers strong, conducted pre-assault
strikes and supported the occupation of Kerama Retto
(25–26 Mar), joined in the pre-assault strikes on
Okinawa (27–29 Mar) and, from a fairly restricted
operating area southeast of the island, supported the
landings and flew daily close support for operations
ashore until the island was secure (21 Jun). The arrival
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sortie by the Japanese Navy and was beaten decisively
by carrier aircraft in the Battle of the East China Sea (7
Apr). Only four Japanese destroyers survived the
encounter.

Carrier air support was on a larger and more exten-
sive scale than any previous amphibious campaign.
Fast and escort carrier planes flew over 40,000 action
sorties, destroyed 2,516 enemy aircraft, and blasted
enemy positions with 8,500 tons of bombs and 50,000
rockets. Marine Corps squadrons ashore destroyed
another 506 Japanese aircraft and expended 1,800 tons
of bombs and 15,865 rockets on close air support mis-
sions. Task Force 58’s time on the line (18 Mar–10 Jun)
was surpassed by the escort carriers (24 Mar–21 Jun),
but of several records for continuous operations in an
active combat area that were marked up by the carri-
ers during the campaign, the most outstanding was
logged by Essex, with 79 consecutive days.

21 March The development of a rocket-powered
surface-to-air guided missile, was initiated as the
Bureau of Aeronautics awarded a contract for 100
experimental Larks to the Ranger Engine Division of
Fairchild.

26 March Commander, Fleet Air Wing 1, based on
Hamlin, arrived at Kerama Retto to direct the opera-
tions of patrol squadrons assigned to support the
assault and capture of Okinawa.

14 April Commander, Fleet Air Wing 10, arrived at
Puerto Princessa, Palawan, to direct patrol plane oper-
ations against the shipping in the South China Sea and
along the Indo-China coast.

23 April PB4Ys of Patrol Bombing Squadron 109
launched two Bat glide bombs against the enemy
shipping in Balikpapan Harbor, Borneo, in the first

in May of two CVEs with Marine Carrier Air Groups on
board marked the combat debut in Marine Air Support
carriers.

Task Force 57 (Vice Admiral H. B. Rawlings, RN), a
British task force built around four carriers equipped
with armored flight decks, operated south of Okinawa
(26 Mar–20 Apr and 3–25 May), from which position it
neutralized airfields on Sakishima Gunto and Formosa,
and intercepted air raids headed for the assault area.
Subject to frequent suicide attacks, all four carriers
took hits in the course of their action, but all remained
operational.

Patrol squadrons of Fleet Air Wing 1, based on sea-
plane tenders at Kerama Retto, conducted long-range
antishipping search over the East China Sea to protect
assault forces from enemy surface force interference,
flew antisubmarine patrols in the immediate area, and
provided air-sea rescue services for carrier operations
from D minus 1 day to the end of the campaign.

Army and Marine Corps troops landed on the west-
ern shores (1 Apr) against light opposition, established
a firm beachhead, and captured Yontan airfield the
same day. Supporting shore-based air moved in
behind the landings led by the OY-1 spotting planes
(3 Apr). As ground opposition stiffened, Marine Corps
elements of the Tactical Air Force began local air
defense patrols (7 Apr) and shortly started their close
air support mission. A Navy landplane patrol squadron
joined forces ashore (22 Apr) and extended the range
of seaplane search operations, and an Army fighter
squadron began operations from Ie Shima (13 May).

Strong Japanese air opposition developed (6 Apr) in
the first of a series of mass suicide attacks involving
some 400 aircraft. In seven mass raids, interspersed
with smaller scattered ones, during the critical period
(6 Apr–28 May), the Japanese expended some 1,500
aircraft, principally against naval forces supporting the
campaign. In the three month’s struggle against the
humanly guided missiles of the Kamikaze force, the
U.S. Navy took the heaviest punishment in its history.
Although Task Force 58 lost no carriers during the
campaign, one light and eight heavy carriers were hit:
Enterprise, Intrepid, Yorktown (18 Mar), Franklin,
Wasp (19 Mar), San Jacinto (6 Apr), Hancock (7 Apr)
Enterprise, Essex, (11 Apr) Intrepid (16 Apr) Bunker
Hill (11 May), and Enterprise (14 May). Three escort
carriers of Task Force 52, Wake Island (3 Apr),
Sangamon (4 May), and Natoma Bay (6 Jun), were
also damaged.

Opposition from Japanese naval surface forces was
brief and ineffective. A task force made up of Yamato,
the world’s largest battleship, one light cruiser, and
eight destroyers, took part in what was to be the last
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combat employment of the only automatic homing
bomb to be used in World War II.

1 May CVBG-74, the first large Carrier Air Group in
the U.S. Navy, was established at NAAF Otis Field,
Mass., for duty on Midway.

2 May First Helicopter Rescue—Lieutenant August
Kleisch, USCG, flying a HNS-1 helicopter rescued 11
Canadian airmen that were marooned in northern
Labrador about 125 miles from Goose Bay.

4 May Fleet Air Wing 18, Rear Admiral Marshall R.
Greer commanding, was established at Guam to take
over the operational responsibilities in the Marianas
area, previously held by Fleet Air Wing 1.

8 May V-E Day—The president proclaimed the end
of the war in Europe.

9 May U-249, the first German submarine to surren-
der after the cessation of hostilities in Europe, raised
the black surrender flag to a PB4Y of Fleet Air Wing 7
near the Scilly Islands off Lands End, England.

10 May In a crash program to counter the Japanese
Baka (suicide) bomb, the Naval Aircraft Modification
Unit was authorized to develop Little Joe, a ship-to-air
guided missile powered with a standard JATO unit.

19 May The Office of Research and Inventions was
established in the Office of the Secretary of the Navy to
coordinate, and from time to time to disseminate to all
bureaus full information with respect to all naval
research, experimental, test and developmental activities
and to supervise and administer all Navy Department
action relating to patents, inventions, trademarks, copy-
rights, royalty payments, and similar matters. By this
order, the Naval Research Laboratory and the Special
Devices Division of the Bureau of Aeronautics were
transferred to the newly established office.

5 June Cognizant commands and offices were
informed of plans, permitted by the cessation of hostil-
ities in Europe, for the future employment of Atlantic
patrol aviation which called for the disestablishing of
four Wings and 23 Patrol, five Inshore Patrol, and
seven Composite Squadrons, and for the redeploy-
ment of seven Patrol Squadrons to the Pacific.

10 June After the close of hostilities in Europe, Fleet
Air Wing 15 departed from Port Lyautey, Morocco, for
Norfolk, Va.

13 June A ramjet engine produced power in super-
sonic flight in a test conducted by the Applied Physics
Laboratory at Island Beach, N.J. The ramjet unit was
launched by a booster of four 5-inch high velocity air-
craft rockets and achieved a range of 11,000 yards,
nearly double that of similarly launched, cold units.

15 June Fleet Airship Wing 2 at Richmond, Fla., was
disestablished.

15 June Experimental Squadrons XVF-200 and XVJ-
25 were established at Brunswick, Maine, to provide,
under the direct operational control of COMINCH,
flight facilities for evaluating and testing tactics, proce-
dure, and equipment for use in special defense tasks
particularly those concerned with defense against the
Kamikaze.

16 June Naval Air Test Center, Patuxent River, Md.,
was established to be responsible for aviation test
functions formerly assigned to NAS Patuxent River.

20 June Fifth Wake Raid—Three carriers of Task
Group 12.4 (Rear Admiral Ralph E. Jennings) launched
five strikes against enemy positions on Wake Island.

27 June Fleet Air Wing 16 was disestablished at
Recife, Brazil.

30 June–3 July Landings at Balikpapan—Marine
Corps and Navy squadrons, aboard three escort carri-
ers of Task Group 78.4 (Rear Admiral William D.
Sample), provided close air support, local combat air
patrol, and strikes on military installations, in support
of landings by Australian troops (1 Jul) at Balikpapan,
Borneo.

10 July–15 August Carrier operations against
Japan—Task Force 38 (Vice Admiral John S. McCain),
initially composed of 14 carriers and augmented by
one other later in the period, operated against the
Japanese homeland in a series of air strikes on air-
fields, war and merchant shipping, naval bases and
military installations from Kyushu in the south to
Hokkaido in the north. The force was a part of Third
Fleet under Admiral William F. Halsey, who was in
overall command. Operations were supported by a
replenishment group and an antisubmarine group,
both with escort carriers in their complement, and
were supplemented (after 16 Jul) by operations of
British Carrier Task Force 37 (Vice Admiral H. B.
Rawlings, RN) composed of four carriers and a screen.
The attack began with heavy air strikes on airfields in
the Tokyo plains area (10 Jul), shifted to airfields and
shipping in the northern Honshu-Hokkaido area (14-
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Admiral Halsey sent a message to his forces announc-
ing the end of hostilities and ordering the cessation of
offensive air operations, the first carrier strike of the
day had already hit Tokyo and the second was
approaching the coastline as it was recalled.

In this final carrier action of World War II, carrier
aircraft destroyed 1,223 enemy aircraft of which over
1,000 were on the ground, and sank 23 war and 48
merchant ships totaling 285,000 tons.

13 July Captain Ralph S. Barnaby, commanding the
Johnsville Naval Aircraft Modification Unit, reported

15 Jul), and returned to Tokyo targets (17 Jul) and
naval shipping at Yokosuka (18 Jul). The attack hit
Inland Sea shipping in the Kure area and airfields on
northern Kyushu (24 Jul), swept up the Sea to the
Osaka area and to Nagoya (25 Jul), and then repeated
the sweep (25, 28 and 30 Jul). After moving southward
(1 Aug) to evade a typhoon, the force moved north-
ward to clear the Hiroshima area for the atomic bomb
drop and hit the Honshu-Hokkaido area (9–10 Aug),
and Tokyo (13 Aug). On 15 August at 0635, when
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that the LBD-1, or Gargoyle, air-to-surface missile, in a
series of 14 test flights including two at service weight,
had made five satisfactory runs, thereby demonstrating
that it was potentially capable of carrying out its mission.

14 July Fleet Air Wing 12 was disestablished at Key
West, Fla.

14 July Commander, Fleet Air Wing 7, embarked on
Albemarle at Avonmouth, England, for transfer of
headquarters to the United States at Norfolk, Va.

14 July Commander, Fleet Air Wing 1, aboard
Norton Sound set up his command base in Chimu
Wan, Okinawa, and directed patrol plane operations
over the East China Sea, the Yellow Sea, and the
coastal waters of Japan from that location until the end
of the war.

15 July Fleet Airship Wing 4 at Recife, Brazil, was
disestablished.

18 July Sixth Wake Raid—Wasp returned to action
after battle repairs and overhaul at Puget Sound,
Wash., launched air strikes against targets on Wake.

19 July Fleet Air Wing 9 was disestablished at NAS
New York, N.Y.

20 July Little Joe, a rocket-propelled surface-to-air
missile, made two successful flights at Applied Physics
Laboratory (Johns Hopkins University) test station at
Island Beach, N.J.

20 July Fleet Airborne Electronics Training Units
(FAETU) were established in the Atlantic and Pacific
Fleets to train airborne early warning crews in the the-
ory, operation and maintenance of their equipment.

24 July Marine Corps pilots, operating from the
escort carrier Vella Gulf, attacked Japanese positions
on Pagan Island in the Marianas, and two days later
hit Rota in the same island group.

28 July Fleet Air Wing 15 was disestablished at
Norfolk, Va.

1 August Seventh Wake Raid—Task Group 12.3,
composed of one carrier, one battleship and destroyer
screen, bombed and bombarded Wake.

4 August Fleet Air Wing 7 was disestablished at
Norfolk, Va.

6 August Eighth Wake Raid—Intrepid, while en
route from Pearl Harbor, Hawaii, to join forces off
Japan, bombed buildings and gun positions on Wake
Island.

6 August Escort carriers from TG 95.3 (Rear Admiral
Calvin T. Durgin), covering a cruiser force operating in
the East China Sea, launched strikes on shipping in the
harbor at Tinghai, China.

9 August Naval Aviator Commander Frederick L.
Ashworth, USN, participated in the delivery of the sec-
ond atomic bomb. The weapon was released by a B-
29 over Nagasaki, Japan. Ashworth had supervised
and coordinated the field tests of the atomic bomb.

14 August Japan accepted the terms of uncondition-
al surrender and on the same day, which was the 15th
in the Western Pacific, hostilities ceased.

21 August The Asiatic Wing, Naval Air Transport
Service, was established at NAS Oakland, Calif.,
Captain Carl F. Luethi in command, to operate and
maintain air transport support of establishments and
units in the Western Pacific and Asiatic theaters. Early
in September, Wing headquarters was established on
Samar in the Philippines, and on 15 November trans-
ferred to NAB Agana, Guam.

2 September The formal surrender of Japan, on
board Missouri (BB 63) in Tokyo Bay, marked V-J Day
and the end of World War II.

10 September Midway, first of the 45,000 ton class
aircraft carriers, was placed in commission at Newport
News, Va., with Captain Joseph F. Bolger in command.

3 October As the initial attempt to establish an earth
satellite program, the Bureau of Aeronautics estab-
lished a committee to evaluate the feasibility of space
rocketry.

10 October The Office of Chief of Naval Operations
was reorganized and four new Deputy Chiefs were set
up for Personnel, Administration, Operations and
Logistics on the same level as the existing Deputy
Chief of Naval Operations (Air). The reorganization,
which was by direction of the Secretary of the Navy
and in accord with Executive Order, abolished
Commander-in-Chief, U.S. Fleet, and transferred com-
mand of the operating forces to the Chief of Naval
Operations.

17 October A type designation letter K for pilotless
aircraft was added to the basic designation system,
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Training ceased to exist and the facilities of the former
Naval Air Primary Training Command were incorporated
into Basic Training or absorbed by the Reserve Program.

5 November Ensign Jake C. West, with VF-41
embarked on Wake Island for carrier qualifications
with the FR-1, lost power on the forward radial
engine of his FR-1 shortly after take-off, forcing him
to start his aft jet engine. He returned to the ship and
made a successful landing, the first jet landing aboard
a carrier.

29 November The Special Weapons Test and
Tactical Evaluation Unit was redesignated Pilotless
Aircraft Unit and in the next month was transferred to
MCAS Mojave, Calif., and directed to operate detach-
ments at NAF Point Mugu, Calif., as necessary.

1 December Fleet Air Wing 6 was disestablished at
NAS Whidbey Island, Wash.

28 December The president directed that the Coast
Guard be transferred from the Navy and returned to
the jurisdiction of the Treasury Department.

replacing the previous Class designation VK. Classes
A, G and S within the type were assigned for pilotless
aircraft intended for attack against aircraft, ground tar-
gets, and ships respectively.

29 October The Committee to Evaluate the
Feasibility of Space Rocketry recommended that
detailed studies be made to determine the feasibility of
an Earth Satellite Vehicle. This led the Bureau of
Aeronautics to issue contracts to one university and
three companies for theoretical study, and preliminary
design of a launch vehicle and for determining by
actual test the specific impulse of high energy fuels
including liquid hydrogen-oxygen.

1 November The Naval Air Training Command was
reorganized with headquarters at NAS Pensacola, Fla.,
and the following subordinate commands: Naval Air
Advanced Training, Naval Air Basic Training, Naval Air
Technical Training, and a newly formed Naval Air
Reserve Training. By this change the titles Naval Air
Operational Training and Naval Air Intermediate
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areas from design through operational deployment.
In all of these, the degree of difficulty was increased
by the need to complete the transition without even
a temporary loss of combat effectiveness.

It was a period in which changes occurred at an
ever accelerating rate and came to be accepted as nor-
mal. Technological and scientific advances built rapid-
ly upon each other, and, almost before they could be
turned to an advantage, new and greater advances
had been made. It was a period of constant readjust-
ment in plans, continual adaptation in force organiza-
tion, and repeated revision of tactical doctrine. There
was no time to sit back for deliberate study of the
lessons of war and the careful examination of the vari-
ous possibilities to determine the most favorable
course of action. There existed an urgency that was
not lessened by the realization of the truly destructive
power that was now available to mankind.

In other respects, however, the period was a repeti-
tion of the twenties. There was the same clamor for a
separate air force and for a merger of the services, but
this time both were successfully accomplished in the
unification of three services into a single department
of defense. The study of aviation and national air policy
by a president’s commission and a congressional com-
mittee was reminiscent of the Morrow Board and
Lampert Committee of 1925. There was new agree-
ment among the services on their respective missions
and functions. There was also dispute. As the services
sought larger shares of a decreasing budget, old
charges of duplication were raised; navies were again
declared obsolete. This time the whipping boy was
not the battleship, but the aircraft carrier. They were
said to be too expensive and too vulnerable. Their
capability to perform so-called strategic missions was
supposedly a duplication of effort, and if they were
not used in that fashion their use was too limited to
warrant their existence. Carrier supporters retaliated
with criticism of the newest long-range bomber—the
B-36—which was equally vulnerable, expensive, and
entirely unable to live up to its billing. The Secretary
of Defense canceled the carrier already under con-
struction, designed to carry Navy long-range attack

The years following the greatest war in history were
highlighted by the problems of demobilization, organi-
zational readjustment and an uneasy international situ-
ation not in itself related to the outcome of the war.

Demobilization was rapid. Ships were retired to a
mothball fleet; aircraft were placed in storage. Shore
stations at home and abroad were deactivated. Within
a year after the end of hostilities the on-board figures
for the men of Naval Aviation fell to a mere one-quar-
ter of the World War II peak. Only a skeleton of the
wartime force remained to carry new operational
demands that arose before the forces required for
peace could be organized.

The unsettled international situation raised new, yet
old, problems for the Navy. Within months fleet ele-
ments assigned to areas for the purpose of supporting
occupation forces were given the additional and famil-
iar task of supporting the nation’s policy in areas on
opposite sides of the world. A task force built around
one or two carriers cruised the Mediterranean and as
the years passed became a fixture in that sea. A similar
force in the western Pacific provided the same tangi-
ble symbol of American might and determination to
support the free peoples of the world.

Organizational readjustment took place at several
levels. At the top there were problems of adjusting to
a new departmental organization formed by what
was really only compromise agreement. At the
bureau and office level there were problems of
reducing staffs and of realigning the functional ele-
ments of technical and administrative units to meet
new requirements. In the fleet there were problems
of transition, partly in size but particularly in
weapons and tactics developed either as a result of
combat experience or of technological advances. The
introduction of jet aircraft posed special problems for
carrier operations, proving once again that after the
machine was developed navies had the additional
problem of finding the means of taking it to sea.
Superimposed were new concepts based upon guid-
ed missiles which had been introduced during World
War II, but which were still in embryonic develop-
ment and which required additional efforts in all
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planes, and the Secretary of the Navy resigned in
protest. The argument raged and the whole affair
seemed out of hand as it reached the fantastic situa-
tion in which one service was publicly deciding for
another not only how its mission should be carried
out but what was needed to do it. But the whole affair
came to a halt after Congressional hearings gave the
Navy a chance to be heard and when war in Korea
provided more immediate problems and a greater
national appreciation of the necessity for adequate
military forces in an era when survival of the free
world was at stake.

1946
2 January FAW-17 was disestablished in Japan.

26 January The Naval Aviation Ordnance Test
Station was established at NAAS Chincoteague, Va.,
under the cognizance of the Bureau of Ordnance and
under the air station for administration and logistic
support. The establishing order also provided for the
transfer from Johnsville of all Bureau of Ordnance
guided missile test facilities and staff to operate at the
new location with a mission to perform tests and mod-
ifications as necessary to develop aviation ordnance
and guided missiles.

1 February A major reorganization of the Bureau of
Aeronautics aligned the technical divisions into two
groups according to function, one titled Research
Development and Engineering, and the other Material
and Services. An additional Assistant Chief was estab-
lished over each group and the former Assistant Chief,
whose staff divisions were also strengthened by the
reorganization, was given the title of Deputy and
Assistant Chief.

1 March Operation Frostbite—Midway with ele-
ments of Air Group 74 on board, and accompanied by
three destroyers, left Norfolk, Va., under command of
Rear Admiral John H. Cassady to conduct cold weath-
er tests in Davis Strait. In the period 7–22 March, these
units operated as a carrier task force off the coast of
Labrador and above the Arctic Circle, conducting flight
operations with World War II type aircraft and the
newer F8F Bearcat, the combination prop and jet FR-1
Fireball, and the HNS-1 helicopter.

2 March The Chief of Naval Operations established
an aircraft storage program whereby up to 6,000 air-
craft of types in operation were to be stored against
future needs and an additional 360 F6F-5s for future
conversion to drones.

5 March The Secretary of the Navy approved the
conversion of two submarine hulls into guided-missile
launching vessels. Cusk (SS 348) and Carbonero (SS
337) were later selected for this conversion.

7 March The Chief of Naval Operations directed that
Ground Controlled Approach equipment (GCA) be
adopted as the standard blind landing system for the
Navy.

11 March A modification of the class designation of
naval aircraft eliminated the VB and VT used for
bomber and torpedo aircraft and set up VA to identify
aircraft with a primary mission of attacking surface tar-
gets. This change was responsible for the subsequent
redesignation of most BT2D and BTM aircraft as AD
and AM.

12 March In a reorientation and consolidation of
Navy guided-missile developments, the Chief of Naval
Operations directed that Glomb, Gorgon II-C, and
Little Joe be discontinued; that Gargoyle, Gorgon II-A,
Gorgon III-A, and Dove be limited to test and
research vehicles; that the Loon be continued as a
launching test vehicle and a possible interim weapon;
that the Bat be completed; and that Kingfisher,
Bumblebee, and Lark be continued as high priority
missile developments.

15 March The Chief, Bureau of Aeronautics formally
proposed to the Commanding General, Army Air
Forces that a joint Army-Navy project be established
for development of an earth satellite.

25 March The XHJD-1, the first twin engine heli-
copter, made a hovering flight. Designed for the Navy
by the McDonnell Aircraft Corporation, this helicopter
was intended for experimental use in a flight develop-
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ment program and for tactical use in utility and air-sea
rescue operations.

3 April A contract was issued to Douglas for the
design and construction of the XF3D-1 night fighter.

15 May The designation of patrol squadrons reverted
to its prewar status with the change from VPB to VP.

21 May The Chief of Naval Operations outlined a
program for the operational introduction of the Bat
(SWOD Mk 9) which called for its assignment to VP-

104 of the Atlantic Fleet and VP-115 of the Pacific
Fleet and directed transfer to VP-104 of all PB4Y-2s
already modified to operate the Bat missile.

22 May The initial operational tests of an XCF
dunking sonar carried by in HO2S helicopter were
completed off Key West, Fla. During a three-month
period in which the tests were conducted, Lieutenant
Stewart R. Graham, USCG, and Ensign William H.
Coffee, USCG, piloted the helicopter and Lieutenant
Commander Roy Rather, Dr. J. J. Coop, and Mr. C. V.
Scott operated the sonar which provided good sonic
and supersonic listening ranges and a high degree of
bearing accuracy against both conventional and
snorkel type submarines.

29 May The Aeronautical Board acted upon the
Bureau of Aeronautics proposal for a joint Army-
Navy earth satellite project by approving the estab-
lishment of an Earth Satellite Subcommittee to coor-
dinate projects already underway.

6 June The Joint Research and Development Board
was created by charter of the Secretaries of War and
Navy for the purpose of coordinating all research and
development activities of joint interest to the two
departments. Its several committees embraced aero-
nautics, atomic energy, electronics, geographical
exploration, geophysical sciences and guided missiles.

24 June A contract was issued to North American
Aviation, Inc., for the design and construction of three
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the 25th after 19 years of active service, and
Independence, which was so heavily damaged and
contaminated that she was no longer fit for use.
Although these tests had broad national impact, to the
Navy and to Naval Aviation they not only made clear
the importance of nuclear weapons in control of the
sea but they also provided much detailed data on the
effects of nuclear blasts and a sound technical basis for
intensification of efforts to develop tactics and equip-
ment whereby the damage of such attacks against a
naval task force could be held to a minimum.

1 July The Naval Air Reserve Program was formally
activated under the Naval Air Training Command, with
21 Reserve activities already in operation.

1 July VX-3 was established at NAS New York, N.Y.,
to study and evaluate the adaptability of helicopters to
naval purposes.

3 July FAW-8 was disestablished at NAS Alameda.

11 July To establish clear-cut relationships for air-
craft maintenance, the Chief of Naval Operations
directed the disestablishment of all CASUs and other
maintenance units and their replacement by Fleet
Aircraft Service Squadrons (FASRON) by 1 January.
The new FASRONs were to be of three kinds accord-
ing to aircraft types serviced, and were designed to
promote higher standards and greater uniformity and
efficiency in aircraft maintenance.

21 July In the first U.S. test of the adaptability of jet
aircraft to shipboard operation, an XFD-1 Phantom
piloted by Lieutenant Commander James Davidson,

XAJ-1 aircraft, thereby beginning active development
of a long-range carrier-based bomber capable of deliv-
ering nuclear weapons.

25 June A contract was issued to Chance Vought for
the development and construction of three XF7U-1 air-
craft. This was a tailless, high performance fighter,
equipped with tricycle landing gear, powered with
twin turbojet engines, and designed for carrier opera-
tion.

26 June The Aeronautical Board agreed unanimous-
ly that the knot and the nautical mile be adopted by
the Army Air Forces and Navy as standard aeronautical
units of speed and distance, and directed that use of
the terms be specified in all future procurement of air
speed indicators, charts, related equipment, and future
issues of applicable handbooks and technical orders.

1 July Operation Cross Roads—Tests to determine
effects of atomic bombs on naval targets were con-
ducted at Bikini Atoll in the Pacific. In the first test, a
Nagasaki-type bomb, dropped from a B-29 at 30,000
feet on ships anchored in the lagoon, sank five of
them outright and did heavy damage to nine others. A
shallow underwater burst on the 25th raised the total
number sunk directly or indirectly to 32 of the 83
ships of all types used in the tests. Among them were
the aircraft carriers Saratoga, sunk in shallow water on
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made successful landings and takeoffs (deck-launched
without catapults) on board Franklin D. Roosevelt.

1 August An act of Congress established the Office
of Naval Research in the Navy Department to plan,
foster and encourage scientific research. The new
office came into being on 21 August 1946 by redesig-
nation of the Office of Research and Inventions which
had been established by Secretarial order in May 1945.

13 August Congress approved the Hale Plan, also
known as the “Flying Midshipmen” or Aviation
Midshipmen Program. It was part of the program
issued by Vice Admiral James L. Holloway when he
was Chief of Naval Personnel. The program was
designed to provide the Navy with qualified pilots in
the post-World War II period following the loss of a
large segment of experienced Naval Aviators returning
to civilian life. For those who joined the program, it

offered to pay for two years of college and training as
a naval aviator in exchange for a service obligation.
Personnel completing their flight training and desig-
nated a Naval Aviator were not automatically commis-
sioned at the same time. They remained as aviation
midshipman and were ordered to the fleet, serving as
pilots but not as a commissioned officer. After a peri-
od of service in the fleet these “flying midshipmen”
usually received their commission. The “Flying Mid-
shipmen” program was replaced by the Naval Aviation
Cadet program in early 1950. Of the 3,000 Aviation
Midshipmen, approximately 1,800 were designated
Naval Aviators. Many Aviation Midshipmen were recalled
to active during the Korea War.

14 August The Chief of Naval Operations standard-
ized missile terminology within the Navy to the extent
that he directed the term “Guided Missiles” be used for
all types developed by the Navy. Past practice was
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continued, however, in that authorization was given to
continue as model designations, and in the description
of missile classes, the Bureau of Ordnance term
“Special Weapons Ordnance Device (SWOD)” and the
Bureau of Aeronautics term “Pilotless Aircraft (P/A).”

15 August An Instrument Flight Standardization
Board was established at NAS Anacostia, D.C., under
the operational control of the Deputy Chief of Naval
Operations (Air), for the purpose of determining the
means by which the instrument flight proficiency of
pilots could be improved.

1 September A reorganization of the Office of the
Deputy Chief of Naval Operations (Air) placed its divi-
sions into four groups titled Plans, Personnel,
Readiness, and Air Logistics. An Air Planning Group
was also set up on the DCNO (Air) staff to facilitate
planning on the top policy level and to coordinate and
direct the work of all divisions toward the same goals.

29 September–1 October The Truculent Turtle, a
Lockheed P2V Neptune (bureau number 89082),
manned by Commanders Thomas D. Davies, Eugent P.
Rankin, Walter S. Reid and Lieutenant Commander Roy
H. Tabeling, flew from Perth, Australia to Columbus,
Ohio, in 55 hours 17 minutes, and broke the world’s
record for distance without refueling with a flight of
11,235.6 miles.
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1 October Naval Air Missile Test Center, Point
Mugu, Calif., was established to conduct tests and
evaluation of guided missiles and components,
Captain Albert N. Perkins, commanding.

2 October A recommendation was made by the
Bureau of Aeronautics that the designation XF9F-2 be
adopted in lieu of XF9F-1, thereby reflecting a deci-
sion to abandon development of the XF9F-1 four-
engine night fighter in favor of a single engine day
fighter. Involved in this decision was the substitution
of a Rolls Royce Nene engine for Westinghouse 24Cs,
an action that led to American production of the Nene.

30 October Under a project conducted by NAMC
Philadelphia, Pa., Lieutenant (jg) Adolph J. Furtek
made a successful ejection from a JD-1, flying at about
250 knots at 6,000 feet over Lakehurst, N.J. It was the
Navy’s first live test of an ejection seat.

3 November The airship XM-1 landed at Naval Air
Facility, Glynco, Ga., completing a flight of 170.3
hours, a world record for duration in self-sufficient
flight for any type aircraft. The flight, with Lieutenant
Harold R. Walton in command, left Lakehurst, N.J., on
27 October, followed the Atlantic coast to Savannah,
Ga., then seaward to the Bahamas, to Florida, to Cuba,
over the Gulf of Mexico and back toward NAF Glynco.

7 November A letter identification system for mark-
ing all Navy and Marine aircraft, including those of the
training command and the Naval Air Reserve, was
adopted. Letters were assigned to all carriers and to
wings, groups and squadrons not assigned to carrier
operations. In addition, a wide orange stripe around
the fuselage, forward of the empennage, was ordered
placed on all aircraft of the Naval Reserve. By a
change issued the following month (12 Dec), the
assignment of letters to carriers was discontinued and
the letters were assigned instead to Carrier Air Groups
and to Marine squadrons operating on CVEs.

8 November The Office of the Deputy Chief of
Naval Operations (Special Weapons) was disestab-
lished and its functions relating to guided missiles
were reassigned to a new Assistant Chief of Naval
Operations (Guided Missiles) and a Guided Missiles
Division, both established under DCNO (Air).

11 November Lieutenant Colonel Marion E. Carl,
USMC, flying a jet propelled P-80A made two catapult
launches, four free take-offs and five arrested landings
aboard Franklin D. Roosevelt. His first catapult launches

were on 1 November. These operations were part of
an extensive investigation of the carrier suitability of jet
aircraft which had begun on 29 June 1945 with the
delivery of a P-80A to NAS Patuxent River, Md.

15 November To correct the results of demobiliza-
tion which had left squadron numbers all out of
sequence and a system of no apparent order, sweep-
ing changes were made in air unit designation. Carrier
Air Groups of four types were designated according to
their assigned ship, as CVBG for Battle Carrier, CVG
for Attack Carrier, CVLG for Light Carrier and CVEG
for Escort Carrier. Carrier squadrons were limited to
Fighter and Attack, thus abolishing the VBF, VB and
VT designations, and were assigned suffix letters to
indicate their carrier type assignment. Patrol squadrons
were redesignated to show in addition to the VP, an
abbreviation of their aircraft class, as VP-MS-1 for
Patrol Squadron 1 operating medium seaplanes.
Observation squadron numbers again followed the
parent ship division but suffix letters B or C were
added to differentiate between battleship and cruiser
units. The VJ for utility became VU, VPP replaced the
VD for photographic squadrons, and VPM replaced
VPW for meteorological squadrons. Reserve units were
changed to the same system but were assigned con-
secutive numbers of a higher series. Marine Corps
units were not affected by the change.

20 November At Cleveland, Ohio, an F8F Grumman
Bearcat with Lieutenant Commander Merl W. Davenport
as pilot, took off in a distance of 115 feet from a stand-
ing start and climbed to 10,000 feet in 94 seconds.

25 November The report of a board, headed by
Rear Admiral Thomas S. Combs and established to
consider the steps required to adapt the Integrated
Aeronautic Maintenance, Material and Supply Program
to postwar conditions, was approved. Recommenda-
tions were largely concerned with measures to
improve program administration such as providing for
exact planning, rigid adherence to schedules and
complements, the receipt of complete information
from the field, and its proper evaluation. Many
touched on areas so critical that action was taken
before final approval.

6 December Captain Victor D. Herbster, Naval
Aviator No. 4, died at the Naval Hospital, St. Albans,
N.Y. He served continuously in aviation from 8
November 1911, when he reported for flight training
at Annapolis, Md., to his retirement on 1 July 1936.
Upon his return to active service in August 1940, he
again served in aviation until his final retirement on 29
March 1946.
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to active duty in World War II, during which he again
served with distinction until his retirement in
December 1946.

12 February The Loon guided missile was launched
from Cusk (SS 348) off Point Mugu in the first firing of
a guided missile from a submarine.

1 March The development of titanium alloys for
aeronautical applications was initiated by a Bureau of
Aeronautics contract with P. R. Mallory & Co. for study
of methods of producing titanium metal and alloys
and of determining their essential properties.

4 March Operation Highjump—Air operations in the
Antarctic ended. From 24 December 1946, six PBMs,
based on seaplane tenders, operated in the open seas
around the continent of Antarctica, and from 9
February, six R4Ds operated ashore from the airstrip at
Little America. Together these aircraft logged 650
hours on photographic mapping flights covering
1,500,000 square miles of the interior, and 5,500 miles
of coastline, or the equivalent of about half the area of
the United States and its entire coastline—Atlantic,
Pacific, and Gulf coasts combined.

30 April A standard system of designating guided
missiles and assigning them popular names was
adopted for use by the Army and Navy. The basic des-
ignation adopted was a two-letter combination of the
three letters A (Air), S (Surface), U (Underwater), in
which the first letter indicated the origin of the missile
and the second letter its objective; followed by the let-
ter M for missile. Thus a surface-to-air missile was des-
ignated SAM. This basic designation was followed by a
model number; odd for Army and even for Navy. For
popular names, it was agreed that ASMs would be
named for birds of prey, AAMs for other winged crea-
tures, SAMs for mythological terms, and SSMs for
astronomical terms or bodies.

20 May The Secretary of the Navy directed that
within the period 1 June–1 August 1947, the U.S. Navy
Pre-Flight at NAS Ottumwa, Iowa, be relocated and
redesigned U.S. Naval School, Pre-Flight, NAS
Pensacola.

4 June The Chief of Naval Operations approved
new aircraft carrier characteristics to be incorporated
in an improvement program titled “Project 27A”, by
which Essex Class carriers were modified to meet the
new operating requirements resulting from develop-
ments in aircraft and weapons. The principal changes
involved in the program were directed toward a capa-
bility for operating aircraft of up to 40,000 pounds,

31 December Special Unit Project Cast was disestab-
lished and its personnel, material and functions trans-
ferred to the Air Support Division, National Research
Laboratory (NRL), which had been established 1
September at NATC Patuxent River, Md., to provide the
NRL with flight test services as necessary to its elec-
tronics equipment research and development program.

1947
2 January Unit identification letters, assigned in
November, were ordered displayed on both sides of
the vertical fin and rudder and on the upper right and
lower left surfaces near the wing tips. This placement
required relocation of several standard markings on
aircraft.

2 January A new specification for aircraft color was
issued providing for the use of glossy sea blue on all
shipboard and water based aircraft and all helicopters;
aluminum was retained for landplane transports, utility
planes and advanced training planes; and glossy
orange yellow was similarly retained for primary train-
ers. Special color schemes included land camouflage
(olive drab above and light gray below) for Marine
observation planes; glossy insignia red for target
drones; target towing aircraft were to have glossy
orange-yellow wings, and glossy sea blue fuselage
with glossy insignia-red wing bands and rudder.

14 January A horizontal red stripe, centered on the
white horizontal bar, was added to the National Star
Insignia.

29 January From a position 660 miles off the
Antarctic Continent, Philippine Sea launched to Little
America the first of six R4D transport aircraft which
she had ferried from Norfolk, Va., as a part of
Operation Highjump. The first plane off, which was
also the first carrier takeoff for an R4D, was piloted by
Commander William M. Hawkes and carried Rear
Admiral Richard E. Byrd as a passenger.

2 February Colonel Bernard L. Smith, second
Marine and sixth naval aviator, died from injuries
received when his car was hit by a train at Coral
Gables, Fla. From 18 September 1912, when he report-
ed for flight training at Annapolis, Md. until his resig-
nation on 20 January 1920, he served with Marine and
Navy aviation elements in a variety of duties including
intelligence assignments overseas. For six years
1931–37, he was a member of the Naval Reserve, then
transferred to the Marine Corps Reserve and returned
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and included installation of two H-8 catapults,
strengthening the flight deck and clearing it of guns,
increasing elevator capacity and adding special provi-
sions for jet aircraft such as blast deflectors, increased
fuel capacity and jet fuel mixers. Oriskany, first of
nine carriers modernized under this project, began
conversion at the New York Naval Shipyard on 1
October 1947.

7 June FAW-10 was disestablished at NAB Sangley
Point, Philippines.

17 June The Navy awarded a contract to Douglas
for design study and engineering data for a delta
winged fighter. On the basis of the technical informa-
tion thus obtained, the Navy subsequently initiated
development of the XF4D-1.

26 June Development of low drag bombs was initi-
ated as the Bureau of Aeronautics authorized Douglas
Aircraft (El Segundo) to undertake design of a bomb
release system with smooth flight characteristics at
subsonic speeds. This development was undertaken to
overcome the aircraft buffeting which was induced by
conventional bombs when carried externally at three-
quarters the speed of sound. The basic goal was
development of an external store shape which could
house conventional bombs, machine guns, rockets,
etc. and be adapted to use as an external fuel tank.

30 June FAW-18 was disestablished at NAS Agana,
Guam, in the Marianas.

9 July A Gorgon IV (PTV-2), powered by a subsonic
ram-jet engine, was air-launched from a P-61C and
made a 28-second free flight at the Naval Air Missile
Test Center, Point Mugu, Calif.

24 July The adaptation of the helicopter to amphibi-
ous warfare was initiated when the Chief of Naval
Operations established a requirement for a type capa-
ble of transporting assault troops from an escort carrier
and setting them down ashore along with their neces-
sary combat equipment and supplies.

26 July The National Security Act of 1947 became
law providing the most basic reorganization of defense
activities since the creation of the Navy Department in
1798. The law established the National Security
Council, the Central Intelligence Agency, the National
Security Resources Board, the National Military
Establishment and the Office of Secretary of Defense.
Within the National Military Establishment it estab-

lished a third service, the U.S. Air Force, the Joint
Chiefs of Staff, the Research and Development Board
and the Munitions Board. It also defined the United
States Navy as “including such aviation as may be
organic therein.”

7 August An Act of Congress restored the Aeronautical
Engineering Duty Only (AEDO) designation abolished
in 1940, by authorizing the assignment of qualified offi-
cers of the line, including those designated EDO.

13 August Naval Air Development Station,
Johnsville, Pa., was established replacing the Naval
Aircraft Modification Unit. Its mission was develop-
ment of aircraft electronics, guided missiles and avia-
tion armament.

20 August Commander Turner F. Caldwell, piloting
the Douglas Skystreak D-558-1, broke the world’s
speed record flying at 640.663 mph over the three-
kilometer course at Muroc, Calif.

25 August Major Marion E. Carl, USMC, flying the
Douglas Skystreak D-558-1, set a new world’s speed
record of 650.796 mph over the three-kilometer course
at Muroc, Calif.

25 August Tests of the Douglas low drag bomb
shape were begun at the Southern California
Cooperative Wind Tunnel at Pasadena, Calif.
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dealing with research and development coordination,
planning and direction. At its first meeting, 19
December, the credentials of all members were
accepted by the Board, one of two Navy members
being the Deputy Chief of Naval Operations (Air).

1 November The U.S. Naval Parachute Unit moved
from NAS Lakehurst, N.J., to NAS El Centro, Calif. Its
mission was research, development and testing of
parachutes, parachute recovery systems and ejectable
seat capsules.

28 November Norton Sound was assigned to the
Operational Development Force for use as an experi-
mental rocket-firing ship. Necessary alterations were
performed at the Philadelphia Naval Shipyard, Pa.,
beginning the following March.

6 September A V-2 rocket was successfully
launched from the flight deck of Midway in the first
firing of a large bombardment rocket from a ship at
sea. While the missile behaved abnormally after take-
off, the feasibility of the operation was demonstrated
and considerable experience was gained.

17 September James V. Forrestal, Secretary of the
Navy, took the oath of office as first Secretary of
Defense. The following day the National Security Act
of 1947 became effective and the Departments of the
Army, Navy and Air Force were constituted as integral
parts of the National Military Establishment.

30 September The Research and Development
Board was formally set up in the National Military
Establishment as Dr. Vannevar Bush took office as
Chairman. This board, which superseded the Joint
Research and Development Board, functioned in areas
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1 December HMX-1 was established at MCAS
Quantico, Va., Colonel Edward C. Dyer commanding. Its
mission was to develop techniques and tactics for the
various uses of helicopters in amphibious operations.

19 December A New Development Board was
established to review the programs of the various
bureaus and offices and to recommend the priorities
of development projects to the Chief of Naval
Operations. This Board was replaced in May 1948 by a
Research and Development Review Board consisting
of the Chief of Naval Research and officers in the
Office of the Chief of Naval Operations responsible for
development.

19 December The Research and Development
Board directed its Committee on Guided Missiles to
coordinate the Earth Satellite Vehicle Project, thereby
taking this function over from the Aeronautical Board.

30 December The President’s Air Policy
Commission, Thomas K. Finletter, Chairman, submitted
its report based on extensive hearings covering a peri-
od of over three months. The report, “Survival in the
Air Age,” was a broad review of the international situ-
ation in terms of the proven effectiveness of air power
and its added potential for destruction with the advent
of the atomic bomb. The report stressed the need to
maintain military forces large enough to make aggres-
sion dangerous and particularly emphasized the
urgency of building up strong military aviation with its
supporting industry and civil air transport, and of
encouraging a progressive research and development

program to maintain the existing margin of superiority
held by the United States.

1948
1 January The headquarters of the Naval Air Basic
Training Command was transferred from Corpus
Christi, Tex., to NAS Pensacola, Fla.,and Naval Air
Training Bases, Corpus Christi was disestablished. At
the same time, the Naval Air Advanced Training
Subordinate Command was established at NAS Corpus
Christi.

1 March The Congressional Committee on National
Aviation Policy, headed by Senator Owen Brewster,
submitted its report which, although differing in some
respects with the earlier report submitted by the
President’s Air Policy Commission, was a general reit-
eration of its conclusions in regard to the effect of air
power on the national security and the need for a
national policy that would build a strong military air
force supported by a healthy aircraft industry and civil
aviation.

4 March A Test Pilot Training Division was estab-
lished at the Naval Air Test Center, Patuxent River,
Md., to instruct experienced fleet pilots in aeronautical
engineering and techniques of flight testing. Ten years
later this Division became the U.S. Naval Test Pilot
School.

10 March The carrier suitability of the FJ-1 Fury jet
fighter was tested on board Boxer off San Diego, with
a number of landings and takeoffs by Commander
Evan P. Aurand and Lieutenant Commander Robert M.
Elder of VF-5A.
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8 May The Michelson Laboratory of the U.S. Naval
Ordnance Test Station, China Lake was dedicated. The
opening of this laboratory was a major step in the
transition of the station from a rocket test range to a
research and development activity specially equipped
to study the various aspects of rocketry and guided
missiles.

18 May A contract was issued to Goodyear Aircraft
Corporation for design of an ASW airship with an
envelope volume of 825,000 cubic feet, approximately
double that of the K class airship of World War II.
Through subsequent contractual action which was ini-
tiated in September, one ZPN airship was ordered.

25 May Two Support Wings were established and
placed under Commander, Fleet Logistic Support
Wings, to provide, subsequent to the merger of Navy
and Air Force air transport commands, such air logistic
support services over routes of sole Navy interest as
would be required for internal administration and the
fulfillment of the Navy’s mission.

1 June The Naval Air Transport Service and the Air
Transport Service of the Air Force Air Transport
Command, were consolidated to form the Military Air
Transport Service (MATS) as a unified element of the
National Military Establishment under the command
and direction of the U. S. Air Force.

4 June To establish and maintain close relationships
between the operating forces and planning agencies,
arrangements were made for an Air Board to meet
quarterly, with DCNO (Air), the Chief of BuAer,
ComAirLant and ComAirPac as principal members.

4 June The Airborne Coordinating Group was
renamed U.S. Naval Aviation Electronics Service Unit
(NAESU).

11 June The Chief of Naval Operations issued stan-
dards for training aviators as helicopter pilots and pro-
vided that helicopter pilots previously trained by the
Coast Guard or VX-3 would retain their qualification.

18 June The Chief, Bureau of Aeronautics autho-
rized the Naval Air Missile Test Center to train, on a
noninterfering basis, the Air Force’s First Experimental
Guided Missile Group in the operation of the Lark
guided missile.

22 June Flight training was opened to men between
the ages of 18 and 25, with at least two years of col-
lege, under a plan that was in essence a reactivation
of the Aviation Cadet program. Candidates were

29 March The Technical Evaluation Group of the
Research and Development Board noted that an earth
satellite was feasible but recommended that none be
constructed until utility could be clearly established.

30 March The establishment of a Naval Air Reserve
Advisory Council was approved by the Secretary of the
Navy. The purpose of the Council, which was com-
posed of 50 aviation Reserve officers appointed from
civil life, was to make available to the Navy the experi-
ence and continuing advice of reservists who had held
key positions while on active duty during the war.

1 April HU-1, the first of its type in the U.S. Navy,
was established at NAS Lakehurst, N.J., Commander
Maurice A. Peters commanding.

21 April The Secretary of Defense issued a memo-
randum for the Secretaries within his Department,
attaching a paper defining the functions of the armed
forces and the Joint Chiefs of Staff. Based on the poli-
cy embodied in the National Security Act, this was the
first functions paper drawn up by the services after
their reorganization and was commonly referred to as
the Key West agreement.

27 April In the first carrier launchings of planes of
this size and weight, two P2V-2 Neptunes, piloted by
Commander Thomas D. Davies and Lieutenant
Commander John P. Wheatley, made JATO takeoffs
from Coral Sea, off Norfolk, Va.

1 May Changes in aircraft marking specifications
made it mandatory for carrier squadrons to use distin-
guishing colors on propeller spinners and across the top
of the vertical fin and rudder. The colors insignia red,
insignia white, light blue, light yellow, light green, and
black outlined in white, were assigned to squadrons one
through six respectively of each carrier air group. The
changes also required that arresting hooks be painted in
alternate four-inch bands of black and white.

5 May The submarine Cusk (SS 348) launched a
Loon missile off the Naval Air Missile Test Center,
Point Mugu, Calif., guided it over a 46-mile course and
splashed it within 100 yards of its target, Begg Rock.

5 May VF-17A, equipped with 16 FH-1 Phantoms,
became the first carrier qualified jet squadron in the
U.S. Navy. In three days of operations aboard Saipan
(CVL 48), all squadron pilots plus Commander, Air
Group 17 were qualified with a minimum of eight
takeoffs and landings each. 
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required to serve on active duty for four years after
which they would be returned to inactive duty as
members of the Reserve, but a limited number were to
be given the opportunity to remain on active duty
with possibilities for transferring to the regular Navy.
First of the new Aviation Cadets under this program
reported for training in the latter part of August.

29 June Development of TACAN (tactical air naviga-
tion system) was initiated by a Bureau of Ships con-
tract to the Federal Telecommunications Laboratory for
development of a surface beacon and airborne receiv-
er that were capable of determining the direction of
the aircraft from the surface station. Stringent accuracy
requirements were based upon needs growing out of
World War II carrier operational experience. A year
later, following tests of the initial model, contracts
were issued to the same company for development of
equipment that would also measure distance.

1 July The Naval Air Transport Service, which had
remained in being after the establishment of MATS to
assist in the transfer of Navy units to the new organi-

zation, was disestablished after 61⁄2 years of distin-
guished service.

1 July The importance of rockets in the future of
Naval Aviation was emphasized by the establishment
of the U.S. Naval Aeronautical Rocket Laboratory, Lake
Denmark, N.J. It provided a rocket testing facility on
the east coast, similar in function to the Air Force
Rocket Test Facility at Muroc, Calif.

3 July Ordnance aspects of the low drag bomb
development were initiated as the Chief of Naval
Operations requested the Bureau of Ordnance to
develop a 250-pound bomb on the lines of the
Douglas shape and a container to the same lines that
could carry a number of conventional 250-pound
bombs.

6 July VAW-1 and VAW-2, were established in the
Pacific and Atlantic Fleets with responsibilities for
organizing and training AEW teams for carrier opera-
tions. Although AEW aircraft had operated from carri-
ers at an earlier date and a land based squadron,
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29 July The president approved the construction, in a
private shipyard, of a flush-deck 65,000-ton aircraft carri-
er, subsequently named United States, for which funds
had been provided in the Naval Appropriation Act 1949.

1 August Because the National Security Act of 1947
had assigned most of its functions to other boards and
some duplication appeared to exist, the Aeronautical
Board was dissolved after over 30 years as an interser-
vice agency for cooperation in aviation.

17 August The Chief of Naval Operations informed
the Chief of the Bureau of Aeronautics of his intention
to assign antisubmarine warfare as a primary mission
to most of the patrol squadrons, and requested that
the Bureau institute a vigorous program to outfit patrol
planes in service with the necessary equipment.

28 August The Caroline Mars, a JRM-2 flying boat,
landed at Chicago with 42 persons on board and a
14,000-pound payload, after a record nonstop flight
from Honolulu, Hawaii, of 4,748 miles in 24 hours, 12
minutes.

1 September The system of group and squadron
designations, in effect since November 1946, was sim-

VPW-1, had been established on 1 April 1948 with a
secondary mission of AEW, those squadrons were the
first to be organized specifically for the AEW mission
and the first to provide the fleet with AEW services
from carriers.

20 July The Chief of Naval Operations directed that
the standard composition of Carrier Air Groups be
changed to three fighters and two attack squadrons,
thus adding one fighter squadron to each group. To
compensate for this increase, squadron aircraft com-
plements were slightly reduced.

22 July Assembly and Repair Departments (A&R) at
Navy and Marine Corps air stations were renamed
Overhaul and Repair Departments (O&R.)

23 July The Assistant Secretary of the Navy for Air
approved a plan to develop the Jacksonville area as a
Fleet Aviation Center. The plan included reactivation
of Cecil Field, Fla., and Mayport, Fla., to help support
the air groups assigned to the Center, and the reloca-
tion of the Naval Air Advanced Training Command
based at NAS Jacksonville.
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The Philippine Mars, a JRM Naval transport, makes jet-assisted take-off at Alameda en route to Honolulu 1053758



plified. Carrier Air Groups became CVG without
regard to their carrier assignment; carrier squadrons
VF and VA were assigned two or three digit numbers,
the first of which was the same as the parent air
group, and suffix letters were dropped. Patrol
squadrons reverted to the simple VP designation.
Special designations for transport squadrons, as VRF
and VRU, became VR. Some VC squadrons became
VAW to reflect their air warning mission, while others
became VFN or VAN to reflect all-weather capability.

5 September The JRM-2 Caroline Mars of VR-2, on
a 390-mile flight from Patuxent River, Md., to
Cleveland, Ohio, carried a 68,282-pound cargo, the
heaviest payload ever lifted in an aircraft.

1 October Modification of the seaplane tender
Norton Sound was completed at the Philadelphia
Naval Shipyard, and after a brief shakedown she was
placed in operation as the Navy’s first guided missile
experimental and test ship.

27 October Operation Vittles—VR-6 and -8 of the
Military Air Transport Service, were ordered to move
from their Pacific bases to Germany to take part in the
Berlin Airlift.

1 November The Naval Air Advanced Training
Command was transferred from NAS Jacksonville, Fla.,
to NAS Corpus Christi, Tex., in accordance with plans
to convert the Jacksonville area into a fleet aviation
center.

5 November To meet the requirements of landing
aircraft weighing up to 50,000 pounds at speeds as
high as 105 knots, a project was initiated at the Naval
Aircraft Factory for design of Mark 7 high energy
absorption arresting gear.

9 November Navy transport squadrons, transferred
from the Pacific to assist in Operation Vittles, began
flying cargo into Berlin.

17 December To meet the mounting requirements
for transatlantic airlift in support of Operation Vittles,
VR-3 was switched from flying the domestic routes to
the Westover, Mass., to Frankfurt, Germany, run.

1949
23 January Palau completed a 12-day test period off
the New England coast developing the capability of
carriers to conduct air operations under cold and

severe weather conditions. This marked the Navy’s
continued interest in cold weather tests, first demon-
strated on the Langley in the same area 18 years
before.

26 January Norton Sound, the nation’s first guided-
missile experimental test ship, launched its first mis-
sile, the Loon, off the Naval Air Missile Test Center,
Point Mugu, Calif.

174 UNITED STATES NAVAL AVIATION 1910–1995

1948—Continued

Norton Sound, converted from a seaplane tender to the Navy’s first
guided missile ship, fires a Loon 415146

27 January The Chief of Naval Operations autho-
rized conversion of all new-construction cruisers to
accommodate helicopters.

3 February The Lockheed R6O Constitution, com-
missioned the day before at NAS Alameda, Calif., inau-
gurated her transcontinental service, from Moffett Field,
Calif., to Washington, D.C., by establishing a new
record for personnel carried on a transcontinental
flight. With 78 passengers and 18 crewmen, the 92-ton
plane crossed the continent in 9 hours and 35 minutes.

25 February The Caroline Mars, a JRM-2 flying boat,
broke the world record for passenger lift by transport-
ing 202 men from NAS Alameda to San Diego, Calif.,
and broke it again the same day on the return flight
with a load of 218 men. These loads were in addition
to a four-man crew.

4 March The Caroline Mars, a JRM-2 flying boat of
Transport Squadron 2, set a new record for persons
carried aloft by transporting 263 passengers and a
crew of six on a Fleet Logistic Air Wings flight from
San Diego, Calif. to Alameda, Calif. The flight was of 2
hours 41 minutes duration and the passengers were
the officers and men of Air Group 15 on a routine
transfer of station.



9 August The first use in the United States of a
pilot-ejection seat for an emergency escape, was made
by Lieutenant Jack L. Fruin of VF-171 from an F2H-1
Banshee while making over 500 knots in the vicinity
of Walterboro, S.C.

7 March A P2V-3C, piloted by Captain John T.
Hayward of VC-5 was launched from Coral Sea off the
Virginia Capes with a 10,000-pound load of dummy
bombs, flew across the continent to drop its load on
the west coast and returned nonstop to land at NAS
Patuxent River, Md.

31 March The best monthly total of the Berlin Airlift
to date was made as U.S. aircraft delivered 154,475
tons of cargo to the city. In making its contribution to
the total, VR-8 set an all-time airlift record of 155 per-
cent efficiency for the month, and daily utilization of
12.2 hours per aircraft.

5 April The disestablishing of the last of the obser-
vation squadrons, VO-2, marked the end of one era
and the beginning of another as a plan to use heli-
copters in place of fixed-wing aircraft aboard battle-
ships and cruisers was put into effect, with the
changeover scheduled for completion by 30 June.

23 April Construction on United States was halted by
order of the Secretary of Defense Louis Johnson.

19 May The JRM-1 Marshall Mars broke the record
for number of people carried on a single flight when
301 passengers and a crew of seven were flown from
Alameda, Calif. to San Diego, Calif.

15 July Douglas pilots flying an XF3D-1 completed
an initial flight evaluation of the low drag external
store shape at Edwards AFB, Calif. Carrying two of
these shapes, the aircraft had a top speed of 51 knots
greater than when carrying two conventional 2,000-
pound bombs and 22 knots greater than with two 150-
gallon external fuel tanks.

31 July The participation of VR-6 and -8 in the
Berlin Airlift ended. During their eight months in
Germany, these squadrons flew a total of 45,990
hours, carried 129,989 tons of cargo into Berlin, and
established a record of payload efficiency and aircraft
utilization at the unparalleled figure of better than 10
hours per day per plane for the entire period.

1 August The Naval Air Development Center,
Johnsville, Pa., was established and the Naval Air
Development Station was disestablished. The mission
of the Center was development of aircraft electronics,
pilotless aircraft and aviation armament, and research
and development in the field of aviation medicine per-
taining to the human centrifuge. These functions were
performed by four laboratories appropriately named.
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10 August The National Security Act of 1947 was
amended providing for a limited increase in the
authority of the Secretary of Defense and replacing
the National Military Establishment with the
Department of Defense. It further provided that the
three military departments would continue to be sep-
arately administered and that Naval Aviation would
“be integrated with the naval service . . . within the
Department of the Navy.”

1 October In accordance with an interservice agree-
ment reached in July, an exchange program to indoc-
trinate selected Air Force and Navy pilots (including
the Marines) in the operational and training activities
of each other’s service, began with the exchange of 18
pilots from each service for the period of 1 year. The
agreement provided that all pilots be qualified in the
type of aircraft operated by the unit to which they
were assigned and that each would occupy a regular
pilot’s billet in his new assignment.



5 October In a demonstration of naval air capa-
bilities, a Neptune P2V-3, piloted by Commander
Frederick L. Ashworth, took off from the carrier
Midway at sea off Norfolk and flew to the Panama
Canal, then northward over Corpus Christi, Tex.,
and on to NAS San Diego, Calif., completing a
4,800-mile nonstop, nonrefueling flight in 25 hours
and 40 minutes.

30 October Lieutenant Guiseppe A. Rullo and M.
D. Kembro, CAP, flew a Sikorsky helicopter, HO3S,
from NAS Seattle, Wash., to NAS Alameda, Calif., in
10 hours and 50 minutes and unofficially bettered

the existing distance record for helicopters with a
flight of 755 miles.

1 December In a reorganization of air transport ser-
vices, the Atlantic and Pacific Fleet Logistic Support
Wings ceased to exist and all air transport units were
consolidated under a single command — the Fleet
Logistic Air Wing.

9 December A reorganization of the Naval Air
Reserve was completed in which 128 Fighter, 41
Attack, 25 Composite, 29 Patrol, 26 Transport, 57
Service, and 5 Blimp Squadrons were placed under
command of 27 Air Wings established at as many
Reserve Air Stations spread throughout the country.
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P2V Neptune JATO take-off from Midway 407668
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Firing Lark surface to air missile, at Pt. Mugu 400916 The Aerobee, high altitude sounding rocket 408012
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P5M-1 Marlins show new shape of boat hulls 1053754
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The XF5U-1, the first short
take-off fighter 1053786
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F7F Tigercat twin engine fighter by Grumman USMC 44731

Flight test of an early jet fighter, F6U-1, Pirate 419467

The AM-1 Mauler carries 9000 lb. payload 706902

Flight deck of Coral Sea portrays activity with jets, props, and
helicopters as F2H Banshees fly over 626130
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Three converted Essex-class carriers are moored at North Island in this 1955 view of a modern air station 1053798

Ships on a leash, Essex-class carriers and other element of the reserve Fleet mothballed at Puget Sound 428458



developed into a monotonous, although serious, rou-
tine. It was a battle described by Commander Task
Force 77 in January 1952 as “a day-to-day routine
where stamina replaces glamour and persistence is pit-
ted against oriental perseverance.”

Compared to World War II, Korea was a small war.
At no time were more than four large carriers in action
at the same time. Yet in the three years of war, Navy
and Marine aircraft flew 276,000 combat sorties,
dropped 177,000 tons of bombs and expended
272,000 rockets. This was within 7,000 sorties of their
World War II totals in all theaters and bettered the
bomb tonnage by 74,000 tons, and the number of
rockets by 60,000. In terms of national air effort, the
action sorties flown by Navy and Marine Corps aircraft
rose from less than 10 percent in World War II to bet-
ter than 30 percent in Korea.

There was another and perhaps greater difference
between the two wars. Support of forces in Korea
required major attention from the planners and of
units assigned to logistic supply, but action in Korea
was only a part of the total activity of the period.
Outside the combat area fleet forces continued their
training operations on the same scale as before, and
fleet units were continuously maintained on peaceful
missions in the eastern Atlantic and in the
Mediterranean. Research and development, although
accelerated, did not shift to emphasize projects having
direct application to the war effort but continued on
longer range programs directed toward progressively
modernizing fleet forces and their equipment with
more effective weapons. New facilities for test and
evaluation were opened. Advances in guided missiles
reached new highs indicating their early operational
status, and ships to employ them were being readied.
Firings of research missiles like Loon, Lark and Viking
from shore installations and from ships provided both
useful data and experience. Terrier, Talos, Sparrow,
Sidewinder, and Regulus passed successive stages of
development. Research in high-speed flight, assisted
by flights of specially designed aircraft, provided data
leading to new advances in aircraft performance. The
carrier modernization program continued and was

The outbreak of war in Korea caught U.S. military
services in the midst of a transition. The establishment
of the Department of Defense in 1947 and its reorgani-
zation in 1949 required readjustments within the ser-
vices to which none had become completely acclimat-
ed. Successive decreases in the military budget and
the prospect of more to come had reduced the size of
all services, and a reorganization of operating forces to
keep within prescribed limits was in process. New
weapons and equipment had not been completely
integrated, and tactical doctrine and new operating
techniques for their most effective employment were
still being developed. This was particularly apparent in
Naval Aviation, where the introduction of jet aircraft
had created a composite force in which like units
were equipped with either jet or propeller-driven air-
craft having wide differences in performance charac-
teristics, maintenance and support requirements, and
tactical application.

Combat requirements in Korea were quite different
from those of the island-hopping campaign of World
War II. Only the landings at Inchon, two and a half
months after the shooting began, followed the familiar
pattern. The UN’s intention to confine the battle area
to the peninsula resulted in a limitation of air opera-
tions in support of troops. This was a normal enough
mission for carrier air, but the need to sustain it for
extended periods over an extremely large landmass
made quite a difference. Carrier forces also flew deep
support missions; attacked enemy supply lines;
roamed over enemy territory looking for targets of
opportunity; bombed enemy bridges; interdicted high-
ways and railroads; attacked refineries, railroad yards
and hydroelectric plants; and escorted land-based
bombers on special missions. All were carried out
effectively, but were new experiences for units trained
to interdict enemy sea-lines of communication and
ward off attack by enemy naval forces.

The see-saw action on the ground as the battle line
shifted and as action flared up and quieted again
required great flexibility of force and demanded the
ability to carry out a variety of missions, but after the
first six months of the war, the overall air campaign
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revised to incorporate the steam catapult and the
angled deck, together representing the most significant
advance in aircraft carrier operating capability since
World War II.

In a period when Naval Aviation was called upon
to demonstrate its continuing usefulness in war and
its particular versatility in adapting to new combat
requirements, it also moved forward toward new
horizons.

1950
10 January Norton Sound departed Port Hueneme
on a 19-day cruise in Alaskan waters where it
launched two Aerobees, one Lark, and one Loon, and
tested an auxiliary propulsion system for the Lark
under severe conditions. In addition to its crew, the
ship carried 27 observers representing the Army, Navy,
and Air Force, including 8 scientists connected with
the Aerobee upper atmosphere research program.

13 January In the first successful automatic homing
flight of a surface-to-air guided missile, a Lark, CTV-N-
10, launched at the Naval Air Missile Test Center,
NAMTC Point Mugu, Calif., passed within lethal range
of its target, an F6F drone, making the simulated inter-
ception at a range of 17,300 yards and an altitude of
7,400 feet.

7 February In a demonstration of carrier long-range
attack capabilities, a P2V-3C Neptune, with
Commander Thomas Robinson in command, took off
from Franklin D. Roosevelt off Jacksonville, Fla., and
flew over Charleston, S.C., the Bahamas, the Panama
Canal, up the coast of Central America and over
Mexico to land next day at the Municipal Airport, San
Francisco, Calif. The flight, which covered 5,060 miles
in 25 hours, 59 minutes, was the longest ever made
from a carrier deck.

8 March Operation Portrex, the largest peacetime
maneuvers in history and the first to employ airborne
troops in an amphibious operation, was brought to a
climax with a combined amphibious and airborne
assault on Vieques Island. The Joint Armed Service
Exercise, which began 20 February and extended
through 14 March, was staged to evaluate joint service
doctrine for combined operations, to service test new
equipment under simulated combat conditions, and to
provide training for the defense forces of the
Caribbean Command.

10 March The Secretary of Defense announced that
the Bureau of Aeronautics, under a research program
begun in 1946, had developed a new lightweight tita-

nium alloy for use in jet aircraft engines. The alloy was
described as being as strong as high-strength steel and
only half as heavy, highly resistant to corrosion, and
so composed as to retain its basic properties at high
temperatures.

22 March The submarine Cusk (SS 348), from a
position off the Naval Air Missile Test Center, NAMTC
Point Mugu, Calif., launched a Loon guided missile
and, at the midway point of a 50-mile flight, surren-
dered control to the guidance station on San Nicolas
Island. This station completed the first successful
operation involving transfer of guidance by splashing
the missile 360 yards from the center of the target,
Begg Rock.

1 April The Naval Air Rocket Test Station, Lake
Denmark, N.J., was established, superseding the Naval
Aeronautical Rocket Laboratory, for the purposes of
testing and evaluating rocket engines, components
and propellants, and training service personnel in han-
dling, servicing and operating rocket engines.

8 April A PB4Y Privateer of VP-26, with 10 men on
board, was lost over the Baltic Sea after being attacked
by Soviet aircraft.

18 April The experimental model of the Consoli-
dated Vultee P5Y, a 60-ton seaplane, passed its initial
flight test at San Diego, Calif. The plane was
equipped with four Alison T-40 turboprop engines,
each rated at 5,500 hp and each turning 15-foot contra-
rotating propellers.

21 April The first carrier takeoff with the AJ-l heavy
attack plane was made from Coral Sea by Captain
John T. Hayward, commanding VC-5.

184 UNITED STATES NAVAL AVIATION 1910–1995

The AJ-1, carrier-based heavy attack plane 197506



USAF to bomb military targets in North Korea, the use
of Army ground troops in action to support ROK
forces, and had directed a naval blockade of the entire
Korean coast.

3 July Carrier aircraft went into action in Korea for
the first time. Valley Forge with Air Group 5, and HMS
Triumph operating in the Yellow Sea, launched strikes
on airfields, supply lines and transportation facilities in
and around Pyongyang, northwest of Seoul. This was
the first combat test for the Grumman F9F Panther and
the Douglas AD Skyraider. It was also the occasion for
the first Navy kills in aerial combat during the war and
the first shoot-down by a Navy jet, as F9F pilots of VF-
51 Lieutenant (jg) Leonard H. Plog and Ensign Elton
W. Brown, Jr. shot down two Yak-9s on the first strike
over Pyongyang.

8 July To obtain maximum effectiveness in the
employment of all air resources in the Far East
Command and to ensure coordination of air efforts,
Commander in Chief, Far East approved and adopted
as policy the agreement of Commander, Naval Forces,
Far East and Commanding General, Far East Air
Forces. Under it, the Navy controlled the operations of
its carrier aircraft whenever they were on missions
assigned to Commander, Naval Forces, Far East and of
its shore-based aircraft whenever they were on naval
missions. On all other missions, the operations of
naval aircraft, both carrier and shore-based, were
under the Air Force. For shore-based Marine air this
control was direct, but for naval aircraft the control
was of a coordination type. The selection of targets
and their priority by a General Headquarters Joint
Service Target Analysis Group ensured that the air
campaign was coordinated with the overall objectives.

12 July The command Naval Air, Japan was set up
in Tokyo to provide an interim staff to administer the
expanding aviation forces in the Far East, and on 9
August was formally established as Fleet Air, Japan,
with Rear Admiral George R. Henderson in command.

16 July Fleet Air Wing 1 headquarters moved from
Guam to Naha on Okinawa to direct patrol squadron
operations in the Formosa Strait.

18 July Valley Forge and HMS Triumph returned to
action with strikes on airfields, railroads and factories
at Hungham, Hamhung, Numpyong, and Wonsan, and
did particularly heavy damage to the oil refinery at
Wonsan, North Korea. For the remainder of the
month, this force struck deep behind enemy lines and
flew close support missions as required while shifting
entirely around the peninsula from the Sea of Japan to

21 April The heaviest aircraft ever launched from a
carrier, a P2V-3C, piloted by Lieutenant Commander
Robert C. Starkey of VC-6, took off from Coral Sea
with a gross weight of 74,668 pounds.

3 May The submarine Cusk (SS 348) launched a
Loon guided missile, and after submerging, tracked
and controlled the missile’s flight to a range of 105
miles.

11 May A Viking missile was successfully launched
from Norton Sound near Christmas Island, south of
Hawaii. It was the first Viking launched from a ship
and set a new altitude record for American-built sin-
gle-stage rockets of 106.4 statute miles.

15 May The Navy announced the completion of a
new test chamber at the Ordnance Aerophysics
Laboratory, Daingerfield, Tex., making it possible for
the first time to conduct tests of full-scale ramjet
engines up to 48 inches in diameter at simulated alti-
tudes up to 100,000 feet.

19 June The Caroline Mars (JRM-2) completed the
2,609-mile flight from Honolulu, T.H., to San Diego,
Calif., with 144 men aboard for the largest passenger
lift over the Pacific on record.

25 June The U.S. Government asked for an emergen-
cy meeting of the UN Security Council to consider the
invasion of the Republic of South Korea launched by
North Korean forces early in the morning of the 25th
(Korean time). The council, meeting later the same day,
adopted a resolution calling for the cessation of hostili-
ties and the withdrawal of North Korean forces above
the 38th parallel, and also calling on all members to
assist the UN in the execution of the resolution. 

27 June The president announced that he had
ordered sea and air forces in the Far East to give sup-
port and cover to Republic of Korea forces and had
ordered the Seventh Fleet to take steps to prevent an
invasion of Formosa.

27 June In a night meeting the UN Security Council
adopted a resolution calling upon all its members to
assist the Republic of Korea in repelling the armed
attack on its territory.

30 June President Truman announced that, in keep-
ing with the UN Security Council request for support
to the Republic of Korea (ROK) in repelling the
invaders and restoring peace, he had authorized the
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the Yellow Sea, in operations intended to relieve the
pressure on UN forces which were fighting a delaying
action while withdrawing toward Pusan.

20 July Fourteen squadrons of the Organized
Reserve were activated for duty with Naval Aviation
forces. Included were eight carrier-fighter and two car-
rier-attack squadrons, one antisubmarine squadron,
two patrol squadrons, and one Fleet Aircraft Service
squadron.

22 July Badoeng Strait arrived at Yokosuka, Japan,
with elements MAW-1 on board. Four days later, Sicily
arrived at the same port with a load of ammunition,
and on 1 August, Philippine Sea reported to
Commander, Seventh Fleet in Buckner Bay, Okinawa.
These were the first carrier reinforcements to arrive in
the Far East and the beginning of carrier deployment
to the combat area that, by the war’s end, totalled 11
attack, one light and five escort carriers sent into
action—some for two or three tours.

23 July Boxer arrived in Yokosuka, Japan, with a
load of 145 P-51 and 6 L-5 Air Force aircraft, 19 Navy
aircraft, 1,012 passengers, and 2,000 tons of additional
cargo, all urgently needed for operations in Korea. In
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5 August Valley Forge and Philippine Sea began
what was to become almost three years of continuous
fast carrier operation, with attacks on enemy lines of
communication in southwestern Korea and close sup-
port missions on the Pusan perimeter.

7 August ZP2K-1 (subsequently redesignated ZSG-
2), a K-class airship modernized and equipped with
inflight refueling equipment and attachments for pick-
ing up sea water as ballast, was delivered to the Navy.

7 August Flight of a helicopter under automatic
control was made at Mustin Field, Philadelphia, Pa.,
using an HO3S-1 helicopter equipped with a single
axis automatic pilot. Successful test of this instrument
confirmed the feasibility of a helicopter automatic pilot
which was being developed under the leadership of L.
S. Guarino at the Aeronautical Instrument Laboratory,
Naval Air Material Center.

24 August In a test conducted at the Naval
Ordnance Test Station, Inyokern, Calif., a Terrier sur-
face-to-air guided missile intercepted an F6F drone at
a range of more than 11 miles from the point of
launch.

31 August Pilots of VC-5 completed carrier qualifi-
cations on board Coral Sea in the AJ-1 Savage, mark-
ing the introduction of this long-range attack bomber
to carrier operations.

15 September Landings at Inchon—Under heavy
support by naval gunfire and aircraft, elements of the

making this delivery, Boxer broke all existing records
for a Pacific crossing, steaming from Alameda, Calif. to
Yokosuka in 8 days and 16 hours.

27 July To meet the requirements of supporting
combat forces in Korea, Fleet Logistic Air Wing, Pacific,
was established as a unit of the Pacific Fleet and inde-
pendent from the existing Fleet Logistic Air Wing.

3 August Elements of VMO-6, equipped with HO3S
helicopters and OY observation planes, began opera-
tions in Korea, supporting the First Provisional Marine
Brigade in the vicinity of Changwon. Among the ser-
vices rendered by the helicopters on their first day in a
combat area were the delivery of rations and water to
troops on a mountain and the evacuation of the more
severe heat casualties.

3 August VMF-214, operating from the escort carrier
Sicily in Tsushima Strait, began the combat operations
of the First Marine Aircraft Wing in Korea with a rock-
et and incendiary bomb attack on Chinju. Badoeng
Strait, with VMF-323 on board, joined the action three
days later and thus began a long service of close air
support by Marine squadrons from light and escort
carriers.

4 August FAW-6 was established at Tokyo, Japan,
under Acting Commander Captain John C. Alderman,
and assigned operational control over all United States
and British patrol squadrons in the Japan-Korea area.
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First Marine Division landed on Wolmi Island at 0630
and, after landing craft were regrouped and the tide
was again favorable, followed up with a successful
assault of the mainland at Inchon.

Beginning 12 September carrier support was pro-
vided by two carriers in preliminary strikes in the
objective area and on highways leading into Seoul,
and was augmented by two escort carriers the day
before the landing and by the arrival of Boxer on D-
day. The HMS Triumph, operating with the Blockade
and Covering Force, provided air defense for the
assault forces enroute. As the troops advanced inland,
carrier support continued until 3 October with close
air support missions and strikes against enemy lines
of communications.

18 September Fleet Logistic Air Wing was replaced
by Fleet Logistic Air Wing, Atlantic/Continental, and
assigned status parallel to that of the previously estab-
lished Fleet Logistic Air Wing, Pacific.

19 September Two days after the capture of Kimpo
Airfield by troops working inland from Inchon, the
first elements of MAW-1 arrived from Japan, and early
the next morning began air operations from Kimpo
with strikes supporting troops advancing on Seoul.

23 September An HO3S-1 helicopter, equipped
with an automatic pilot developed by the Aeronautical
Instruments Laboratory, was successfully flown with
three axis automatic control at Mustin Field,
Philadelphia, Pa.

2 October The Bureau of Aeronautics authorized
the establishment of Project Arowa (Applied Research:
Operational Weather Analysis) at Norfolk, Va., for the
purpose of developing basic meteorological research
data into practical weather forecasting techniques.

10 October The carrier force moved into action off
the east coast of Korea with strikes and sweeps from
Wonsan to Chongjin in preparation for amphibious
landings at Wonsan. When a heavy concentration of
mines in the harbor delayed the scheduled landings,
the carrier attack shifted northward and inland to assist
the advance of UN forces which, by the time the land-
ings were made on the 26th, had swept past the
intended objective area and were advancing toward
the Yalu River.

28 October The Chief of Naval Operations directed
that each station, air group, wing, and squadron estab-
lish a permanent Instrument Flight Board to check the

instrument flying proficiency of Naval Aviators and
Naval Aviation pilots and to supervise and coordinate
the instrument training of all pilots attached. It was
further directed that, with certain exceptions, all
Group I Naval Aviators maintain a valid instrument rat-
ing after 18 months from date.

29 October The fast carrier force retired to Sasebo,
Japan, as the advance of UN forces toward the Yalu
River rapidly reduced the area which could be
attacked and there was no further need for its services.

31 October The National Advisory Committee for
Aeronautics (NACA) issued a report on tests at the
Langley Aeronautical Laboratory in which a wind tun-
nel was used to determine the characteristics of a fully
submerged, high-speed submarine. The interrelation-
ships of basic naval sciences dealing with aeronautics
and naval architecture were thus reemphasized.

6 November As enemy opposition stiffened, the fast
carrier forces returned to action, attacking targets in
their assigned area east of the 127th meridian. Two
days later, the force was given a primary mission of
cutting off Chinese Communist reinforcements from
Manchuria by destroying the international bridges
across the Yalu River.

9 November The initial strikes against bridges cross-
ing the Yalu River at Sinuiju were opposed by enemy
MiG-15s. In this, the first encounter of Navy jets with
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landed on board Sicily off Hungnam without a break
in its close air support operations.

17 December The light carrier Bataan, with VMF-
212 embarked, joined forces in the Sea of Japan pro-
tecting the evacuation of troops from Hungnam and
other ports. Bataan was pressed into service after
delivering replacement aircraft to Japan and her
squadron was one of those which evacuated from
Yonpo early in the month.

18 December VP-892, the first all-Reserve squadron
to operate in the Korean war zone, began operations
from Iwakuni, Japan.

19 December President Truman proclaimed a
national emergency.

1951
16 January As a step in the implementation of a
program providing for early service evaluation of the
Terrier and Sparrow 1 air-defense missiles, together
with the development of production engineering infor-
mation and the establishment of production facilities,
an advance order was placed with the Sperry
Gyroscope Company for 1,000 Sparrow 1 air-to-air
missiles.

29 January Task Force 77 began a series of air
attacks against rail and highway bridges along the east
coast of northern Korea. With the additional assign-

MiGs, the commanding officer of VF-111, Lieutenant
Commander William T. Amen, in an F9F Panther,
scored one kill and became the first Navy pilot in his-
tory to shoot down a jet aircraft.

10 November The Naval Guided Missile Training
Unit No. 21, under training to operate Terrier missiles,
was relocated from the Naval Ordnance Test Station
Inyokern, China Lake, Calif. to Norton Sound, and
redesignated a fleet activity under Commander, Air
Force, Pacific Fleet.

29 November Emergency conditions on the front
lines, created by the deep penetration of a communist
offensive, required a shift of emphasis in fast carrier
operations from bridge strikes to close air support. As
the situation worsened, support operations of carrier
forces were intensified through December to cover the
withdrawal of troops toward east coast ports and their
evacuation by ships, and continued into January as the
Communist advance rolled past the 38th parallel and
was slowly brought to a halt.

6 December Five days after arriving from Korea,
Valley Forge sailed from San Diego under emergency
orders to return to action in Korea.

7 December As the southward advance of commu-
nist forces required the evacuation of airfields in
northern Korea, VMF-214 took off from Yonpo and
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ment of bombing highways and lines of communica-
tion in northeast Korea, its responsibilities for interdic-
tion would occupy a major share of its attention until
the end of the war.

1 February The first of two heavy attack wings,
HATWING-1, was established at Norfolk, Va., Captain
Robert Goldthwaite commanding. Its first squadron,
VC-5, reported for duty the next day.

5 February Six AJ-1 and three P2V-3C aircraft of VC-
5 departed Norfolk for Port Lyautey, French Morocco,
via Bermuda and the Azores. Completion of the flight
on the 8th by all but one AJ, which was grounded at
Lajes, Azores, by lack of spare parts, was the first
transatlantic flight by carrier-type aircraft.

8 February Marine fighter squadrons returned to
Korea after a period in Japan, and began support
operations from the airfield at Pusan, South Korea.

6 March A Talos missile, powered by a ramjet
engine, was launched by the Naval Ordnance Test
Station, and operated two minutes in the longest full-
scale ramjet flight yet achieved.

29 March CVG-101, composed of Reserve
squadrons called to active duty from Dallas, Tex.;
Glenview, Ill.; Memphis, Tenn.; and Olathe, Kans.,
flew its first combat missions from Boxer—the first car-
rier strikes by Reserve units against North Korean
forces.

29 March A Regulus XSSM-N-8 test vehicle, operat-
ing under airborne command, took off from the lake
bed at Edwards AFB, Muroc, Calif., circled the field,
and landed successfully.

31 March A program for development of a pro-
peller-driven vertical takeoff fighter was initiated with
issuance of a contract to Convair for the XFY-1. A
somewhat similar aircraft, the XFO-1 (later redesignat-
ed XFV-1), was ordered from Lockheed three weeks
later as an alternate solution to the design problems.

2 April Two F9F-2B Panthers of VF-191, each loaded
with four 250- and two 100-pound general-purpose
bombs, were catapulted from Princeton for an attack
on a railroad bridge near Songjin, North Korea. This
was the first Navy use of a jet fighter as a bomber.
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8–15 April When reports
indicated the possibility of an
amphibious at tempt on
Formosa from the China
coast, Task Force 77 left the
Korean area temporarily to
make a show of strength in
the Formosa Strait. From 11
to 14 April the force steamed
off the China coast and flew
aerial parades outside the
internat ional l imit  of f  the
mainland.

1 May In the first and only
use of aerial torpedoes in
Korean combat, 8 Skyraiders
and 12 Corsairs from Princeton
made an attack on the
Hwachon Dam. Destruction
and damage to the flood gates
released the waters of the
reservoir into the Pukhan River
and prevented Communist
forces from making an easy
crossing.

1 June MAW-1 inaugurated
the policy of basing one
squadron immediately in the
rear of the First Marine
Division to provide ground
alert aircraft which were on
call through the Joint
Operations Center for close air
support missions.
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12 June Two PB4Y-2s of VP-772 were transferred
from NAS Atsugi, Japan, to Pusan, South Korea, to fly
flare dropping missions for Marine Corps night attack
aircraft. The success of the operation, which was con-
ducted as an experiment, was such that the practice of
assigning specially equipped patrol aircraft for this
purpose was continued.

17 June Postwar research on high-speed, jet-pro-
pelled seaplanes had progressed to the point that a
contract was issued to Convair for development of a
delta-winged, hydroski-equipped research seaplane
with fighter characteristics. Through subsequent
redesign, the aircraft became the XF2Y-1.

18 June The ZPN-1 airship made its first flight.

1 July The Naval Air Turbine Test Station was estab-
lished at Trenton, N.J. Its mission was test and evalua-
tion of turbojet, turboprop, ramjet, pulsejet engines
and accessories and components.

10 July The UN military representatives, headed by
Vice Admiral C. Turner Joy, arrived at Kaesong, Korea,
for armistice discussions with Communist leaders.
Thus began many trying months in which negotiations
were alternately suspended and reopened while hos-
tilities continued unabated.

7 August The McDonnell XF3H-1 Demon, an exper-
imental model of a Navy shipboard jet fighter, com-
pleted its first flight at St. Louis, Mo.

7 August A Viking high-altitude sounding rocket,
developed by the Naval Research Laboratory and
launched at the White Sands Proving Grounds, N.M.,
achieved an altitude of 135.3 miles.

7 August The Navy’s sonic research plane, the D-
558-2 Skyrocket, piloted by Douglas test pilot William
B. Bridgeman, set an unofficial world speed record of
1,238 mph over Muroc, Calif.

8 August The Secretary of the Navy established the
classification AVM for Auxiliaries, Guided Missiles
Ships, and changed the designation of Norton Sound
from AV 11 to AVM 1.

15 August The Douglas Skyrocket D-558-2, the
Navy’s sonic research plane, piloted by William B.
Bridgeman, reached 79,494 feet over Muroc, Calif., the
highest altitude achieved by man to that date.

23 August Essex, veteran of World War II and first
of the postwar converted carriers to go into action,
joined Task Force 77 off the east coast of Korea and
launched her planes in combat. On this strike, F2H-2
Banshees flown by pilots of VF-172 went into action
for the first time.

25 August F2H Banshees and F9F Panthers from
Essex, operating with Task Force 77 in the Sea of
Japan, provided fighter escort for Air Force B-29s on a
high altitude bombing mission against the marshalling
yards at Rashin on the extreme northeast border of
Korea.

2 September HMR-161, equipped with HRS-1s,
arrived Pusan, South Korea, aboard Sitkoh Bay and
flew ashore prepared to perform transport, assault,

192 UNITED STATES NAVAL AVIATION 1910–1995

1951—Continued

Arming F9Fs 20mm guns 1030116



11 December ATG-1, operating from Valley Forge,
flew its first combat mission, attacking coastal rail lines
and bridges in northeast Korea. This was the first of
the ATGs formed after experience in Korea had
demonstrated that five squadrons then in Carrier Air
Groups could not be operated effectively in combat
from Essex class carriers. Temporary withdrawal of one
squadron from each group scheduled for deployment
provided the units from which ATGs were formed.
These temporary groups, which were not formally
established and existed from 1951 to early 1959. As
many as eight were in existence by 1955.

12 December The Kaman K-225 helicopter,
equipped with a Boeing YB-502 turbine engine, made
its first flight at Windsor Locks, Conn. This Navy-spon-
sored development was the first demonstration of the
adaptability of gas-turbine engines to helicopters.

19 December A test of emergency assembly capabil-
ities with nuclear weapons was conducted aboard
Philippine Sea at San Diego, Calif., marking the initial
and successful introduction of special weapons in the
Pacific fleet.

1952
4 January The new classifications CAG and CLG
were established for heavy and light cruiser guided
missile ships and Boston (CA 69) and Canberra (CA 70)
were changed to (CAG 1) and (CAG 2), respectively.

1 February The Chief of Naval Operations ap-
proved a modification of the Project 27A carrier con-
version program which provided an increase in the
capacity of deck operating equipment. Changes
included use of more powerful arresting gear, higher
performance catapults and a replacement of the num-
ber three centerline elevator with a deck-edge type of
greater capacity. Conversion of three Essex class carri-

and supply missions for the First Marine Division. On
13 September it began its support of the First Marine
Division with Operation Windmill I. In this initial com-
bat test of transport helicopter capabilities, the
squadron lifted one day’s supplies for the First Marine
Battalion on a seven-mile carry from its base to the
forward area.

7 September In its first shipboard launching, a Terrier
surface-to-air missile was fired from Norton Sound and
simulated an interception of an F6F target drone.

15 September The Department of Defense Joint
Parachute Test Facility, consisting of Navy and Air
Force parachute units, was established under the man-
agement control of the Bureau of Aeronautics at NAAS
El Centro, Calif.

21 September As activity on the front quieted down
and the lines remained fairly stable, the Fast Carrier
Task Force was relieved of its close air support duties
and ordered to concentrate its attack on railroad tracks
as a part of the interdiction program.

3 October HS-1, first of its kind in the Navy, was
established under the command of Commander
Joseph T. Watson, Jr. at NAS Key West, Fla.

6 November A Neptune patrol bomber of VP-6
failed to return from a weather reconnaissance mission
over international waters off Siberia after Soviet planes
fired upon it.

1 December The U.S. Naval Aviation Safety Activity
was established at Norfolk, Va., under the Chief of
Naval Operations to promote the aviation safety pro-
gram and to direct specific effort toward maintaining
the highest practicable level of aviation safety through-
out the Navy. In April 1955, this activity was redesig-
nated the Naval Aviation Safety Center.
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ers incorporating these modifications was completed
in 1954 under Project 27C (Axial Deck).

1 April Guided Missiles Service Unit No. 211 was
formed at the Naval Mine Depot, Yorktown, Va. This,
the first of six scheduled Terrier units, was made up of
personnel who had been trained by Guided Missiles
Training Unit No. 2 at the Consolidated Vultee Aircraft
Corporation, San Diego, Calif.

28 April The Navy announced that the British-devel-
oped steam catapult would be adopted for use on U.S.
aircraft carriers, with the first installation on Hancock.
This decision followed tests conducted during the first
three months of the year at the Naval Shipyard,
Philadelphia, Pa.; the Naval Operating Base, Norfolk,
Va.; and at sea, during which U.S. naval aircraft were
launched by this device from HMS Perseus.

8 May The Fleet Air Gunnery Unit was established as
an integral part of the operating forces of the Pacific
Fleet under Commander Air Force, Pacific Fleet. Its mis-
sion was to provide air gunnery training on an individu-
al and tactical unit basis for units of the Pacific Fleet.

16 May Two Terrier missiles were fired separately at
F6F-5K target drones and each destroyed its target,
thereby culminating the Terrier developmental pro-
gram and permitting emphasis to be shifted to produc-
tion of the first tactical model.

26 May The Navy’s first, and for many years the
world’s largest, wind tunnel was disestablished at the
Naval Gun Factory, Washington, D.C. Completed in
1914, the 8-by-8-foot wooden tunnel served the Navy
for over 30 years as an aerodynamic laboratory for
research in aircraft design.

26–29 May The feasibility of the angled-deck con-
cept was demonstrated in tests conducted on a simu-
lated angled deck aboard Midway by Naval Air Test
Center pilots and Atlantic Fleet pilots, using both jet
and prop aircraft.

17 June The Aviation Medical Acceleration Labo-
ratory was dedicated at the Naval Air Development
Center. This laboratory, which featured a human cen-
trifuge with a 110-foot arm capable of producing
accelerations of up to 40 Gs, was designed and con-
structed as a research tool for investigating pilot reac-
tions to accelerations encountered in high-speed flight
at various temperatures and altitudes and later also
proved useful in the astronaut training program.

20 June A contract was issued for the construction
of a 7-foot-by-10-foot slotted throat transonic wind
tunnel at the David Taylor Model Basin.

23–24 June Combined elements of Air Force, Navy
and Marine Corps virtually destroyed the electric
power potential of North Korea with attacks on prime
military targets which had been bypassed through
almost two years of war. On the 23d, the main effort
was directed against the hydroelectric plant at Suiho,
40 miles up the Yalu River from Antung, Manchuria.
The attacks continued the next day with more atten-
tion being given to the plants at Chosen, Fusen and
Kyosen. This two-day attack, which involved over
1,200 sorties, was the largest single air effort since the
close of World War II and the first to employ planes
from all the U.S. services fighting in Korea.

1 July To provide the fleet with officers and enlisted
personnel trained in the operation, maintenance and
control of surface, and submarine-launched guided
missiles, the Naval Guided Missile School was estab-
lished at the Fleet Air Defense Training Center, Dam
Neck, Virginia Beach, Va. The Naval Air Guided
Missile School (advanced) was also established at the
Naval Air Technical Training Center, NAS Jacksonville,
Fla., to provide aviation personnel trained in the main-
tenance of air-launched guided missiles.

11–12 July In one of the major coordinated air
efforts of the war, Navy, Marine, Air Force, Australian,
and British air elements launched a round-the-clock
attack on the railroad yards and industrial facilities at
Pyongyang.

14 July The keel of Forrestal, the first of the
59,900-ton aircraft carriers, was laid at the Newport
News Shipbuilding and Drydock Company, Newport
News, Va.

1 August The Naval Air Special Weapons Facility
was established at Kirtland AFB, Albuquerque, N.Mex.,
thereby providing for naval participation in various
programs involved in the application of nuclear
weapons to aircraft.

28 August In the first of six attacks on North
Korean targets, Guided Missile Unit 90, based aboard
Boxer, launched an explosive-laden F6F-5K drone
under control of two ADs against a railroad bridge at
Hungnam.

29 August The new UN philosophy of mass air
attack was again demonstrated in the record-breaking
around-the-clock raid on Pyongyang. The entire car-
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1 October Aircraft carriers designated CV and CVB
were reclassified as Attack Carriers and assigned the
designation CVA.

3 November A Regulus Assault Missile (RAM) was
launched from Norton Sound off the Naval Air Missile Test
Center (NAMTC) and landed on San Nicolas Island in the
first shipboard demonstration of the RAM missile system.

12 November The final configuration of the ZP3K
(later ZSG-3) nonrigid airship was flown and accepted
at NAS Lakehurst. The airship was a modernized anti-
submarine configuration of the K model and was
designed especially for carrier-based operation. Thirty
K-class airships were so configured.

18 November The feasibility of using a helicopter
as an aerial minesweeper was demonstrated in the first
of a series of tests conducted by VX-1 pilots flying an
HRP-1 helicopter off Panama City, Fla.

16 December Princeton, operating in the Sea Test
Range of the Naval Air Missile Test Center (NAMTC),
catapulted F2H-2P control planes and then launched a
Regulus assault missile. The pilots of the control
planes guided the missile to a target point on San
Nicolas Island, where they transferred control to other
pilots who successfully landed the missile.

1953
12 January In the initiation of test operations
aboard the Navy’s first angled deck carrier, Antietam,

rier air force of Task Force 77 teamed up with 5th AF,
MAW-1, Republic of Korea Air Force and British air
elements to spread destruction on the supply concen-
trations in and about the city.

1 September Mississippi (EAG 1), having been out-
fitted with Terrier surface-to-air missiles at the
Norfolk Naval Shipyard, reported to Commander
Operational Development Force to participate in the
missile’s evaluation.

3 September The Naval Ordnance Test Station,
Inyokern, Calif., fired the first fully configured
Sidewinder air-to-air missile, thereby initiating an
extensive period of developmental testing.

8 September Deputy Chief of Naval Operations
(Air) became responsible for all phases of basic and
technical training of personnel for air launched mis-
siles. However, the training program was to be
administered through the Commander Naval Air
Technical Training Command. The Bureau of Per-
sonnel had formerly been responsible for all individ-
ual training.

15 September VX-4 was established as a unit of Air
Force, Pacific Fleet, at the Naval Air Missile Test Center
(NAMTC) to conduct operational evaluation tests of
air-launched missiles. The squadron’s initial test
assignment was to assist with tests of Sparrow I.
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Captain Samuel G. Mitchell, the ship’s commanding
officer, landed aboard in an SNJ. During the next four
days, six aircraft models made landings, touch-and-go
landings, night landings, and takeoffs in winds of
varying force and direction.

18 January A P2V of VP-22, conducting patrol of
Formosa Strait, was shot down off Swatow, China, by
Communist Chinese antiaircraft fire. Rescue operations
were hampered by shore battery gunfire and high
seas, the latter causing the Coast Guard rescue plane
to crash on takeoff. Total losses from the incident
were 11 men, 7 of them from the P2V crew.

9–10 February A maximum effort strike against sup-
ply concentrations and transport targets from Wonsan
through Songjin to Chongjin was launched by the car-
riers of Task Force 77.

13 February The first full guidance flight of a
Sparrow III missile was conducted at the Naval Air
Missile Test Center.

1 March Aircraft from Task Force 77 heavily dam-
aged the hydroelectric plant at Chosen and four days
later repeated the attack, cutting the penstocks and
destroying sections of the main power plant.

6 March Tunny (SSG 284), outfitted at the Mare Island
Naval Shipyard, San Fransico Bay, Calif., to launch
Regulus surface-to-air missiles, was commissioned.

19 March Task Force 77 launched a heavy strike
against the city of Chongjin, North Korea, completely
ravaging the industrial section of the city.

20 March The ZP2N-1 (later ZPG-2) airship made its
first flight at Akron, Ohio. The airship was the produc-
tion model of the nonrigid N class but with an envelope
of 975,000 cubic feet. It was originally designed for mid-
ocean antisubmarine warfare and convoy-escort opera-
tions and contained provisions for inflight refueling,
reprovisioning and servicing. A total of 17 of these air-
ships were procured in ASW and AEW configurations.
The AEW configured airships were designated ZPG-2W.

9 April The XF2Y-1 Sea Dart, an experimental delta-
wing jet seaplane equipped with hydroskis, made its
first flight at San Diego, Calif.

3 May Commanding General, Far East Air Forces
listed 30 major North Korean airfields to be main-
tained unserviceable in order to limit Communist air

action and to prevent augmentation of their air arm
preceding the date of a possible armistice.
Responsibility for six of these fields was assigned to
Task Force 77 and the naval air campaign featured
periodic attacks upon them until the end of the war.

21 May An AD-4 Skyraider took off from NAS
Dallas, Tex., with a bomb load of 10,500 pounds.
Combined with the weight of its guns, ammunition,
fuel and pilot, its total useful load of 14,491 pounds
was 3,143 pounds more than the weight of the aircraft.

7–19 June The major effort of carrier air was directed on
a round-the-clock basis against the Communist front line
and supporting positions to counter an apparent effort by
the enemy to gain ground prior to a possible armistice.

23 June Lieutenant Commander George H. Whisler,
Jr., while attached to VR-31, completed the first
transcontinental round-trip solo flight between sunrise
and sunset. Lieutenant Commander Whisler departed
NAS Norfolk, Va., at 0518 in an F9F-6 Cougar (BuNo
127432) and landed at NAS North Island, Calif., at
0905 local time, after stops at NAS Memphis, Tenn.,
and Webb AFB, Texas. After 50 minutes on the ground
Lieutenant Commander Whisler departed NAS North
Island, Calif., in an F3D-2 Skyknight (BuNo 127076)
headed for NAS Norfolk, Va. He refueled at NAS Dallas
and arrived at NAS Norfolk, Va., at 1921, local time.

25 June Task Force 77 deployed four F4U-5N
Corsairs to Kimpo to operate under the 5th AF for an
indefinite period. The purpose was to intercept night
attacks being made on the field by aircraft flying too
slowly to be intercepted by jets.

30 June The Research and Development Board and
three other activities of the Department of Defense
were abolished as the president’s Reorganization Plan
No. 6 became effective. The functions of these activi-
ties were assigned to the Secretary of Defense, six
new Assistant Secretaries of Defense were created, and
the chairman of the Joint Chiefs of Staff was given
managerial control of the Joint Chiefs.

8 July The designation Antisubmarine Support Air-
craft Carrier (CVS) was established for attack carriers
assigned to antisubmarine warfare, and five CVAs
assigned the new mission were redesignated effective
one month from date.

10 July The Naval Air Development Unit was estab-
lished at South Weymouth, Mass., to participate in
development and testing of equipment designed for
antisubmarine warfare and air defense.
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12 August In the first successful shipboard launching of
a fully guided Terrier, the missile was fired from Mississippi
(EAG 1), and hit its target, an approaching F6F drone.

20 August Lieutenant Colonel Marion E. Carl,
USMC, piloted the D-558-2 Skyrocket to a new altitude
record of 83,235 feet over Edwards AFB, Calif.

11 July Major John F. Bolt, USMC, downed his fifth
and sixth MiGs while operating with the Fifth Air
Force in Korea, becoming the first Naval Aviator to
attain five victories in jet aerial combat.
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15 July Tunny (SSG 284) launched a Regulus missile
off Naval Air Missile Test Center (NAMTC). This, the
first submarine launching of a Regulus, was completed
with a simulated attack after which the missile was
successfully recovered on San Nicolas Island.

25 July Pilots of Task Force 77 flew 538 offensive
and 62 defensive sorties—their record for one day of
operations in the Korean War.

27 July On the final day of the Korean War, Task Force
77 expended its major effort on transportation facilities,
with airfields a secondary target. The attacks destroyed or
damaged 23 railroad cars, 11 railroad bridges, 1 railroad
tunnel, 9 highway bridges, and numerous buildings.

27 July United Nations and Communist representa-
tives signed an armistice at Panmunjom, bringing hos-
tilities to a halt in Korea.

D-558-2, high speed research aircraft in which LtCol. Marion E. Carl
made flights at 1,143 mph and 83,235 feet 651837



2 September Project 110, a conversion plan for
Midway-class carriers, was promulgated. Basic
changes were the same as those for the angled-deck
version of Project 27C but with the addition of a modi-
fied C-11 steam catapult in the angled-deck area.

11 September In its first successful interception, a
Sidewinder air-to-air missile, test fired at the Naval
Ordnance Test Station, Inyokern, Calif., sent an F6F
drone down in flames.

1 October Hornet completed conversion at the New
York Naval Shipyard; the last of nine Essex class carri-
ers modernized under Project 27A.

3 October A new official world speed record of
752.943 mph over a 3-kilometer course was set by
the F4D Skyray at Muroc, Calif. Piloted by Lieutenant
Commander James F. Verdin, this was the first carrier
aircraft to establish this record in its normal combat
configuration.

16 October A Douglas F4D-1 carrier fighter, flown
by test pilot R. O. Rahn, broke the 100-kilometer
closed course speed record at 728.114 mph.

19 November The Chief of Naval Operations en-
dorsed the common utilization of the Fleet Air Gun-

nery Unit by the Pacific and Atlantic Fleets and the
Marine Corps “as a step towards increased emphasis
and standardization in the combat employment of air-
craft armament.”

3 December The Steam Catapult Facility, NAMC,
Philadelphia, Pa., was established by Hon. James H.
Smith, Assistant Secretary of the Navy for Air, with the
launching of F9F and AD aircraft.

3 December The first successful test of super circu-
lation (boundary layer control) on a high-speed air-
plane, an F9F-4 Panther, took place at the Grumman
Aircraft Corporation field at Bethpage, Long Island,
N.Y. John Attinello, a BuAer engineer, was credited
with developing this practical application of the aero-
dynamic principle.

19 December The Navy and Bureau of Standards
announced that under a joint project with the code
name “Tinkertoy” methods had been developed for
the automatic manufacture of electronics equipment
and that a sonobuoy assembled by this method was in
production. Tinkertoy was a technique for utilizing
automatic machinery to attach basic electronic compo-
nents to ceramic wafers and to build the wafers up
into modules which could be readily assembled into
complete units. Its importance at the time was viewed
as breaking an electronics production bottleneck. In a
broader view it was a step towards the development
of microelectronics and solid state circuitry.
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F9F Panther jets dump reserve fuel before landing on Princeton upon return from air strike over Korea 429191

XF7U-1 Cutlass, Vought’s tailless twin-jet fighter, taking off from Midway during carrier evaluation 432148

Two Petrels, air-to-surface guided mis-
siles, suspended beneath the wings of a
P2V Neptune patrol plane 687387

The P5M-2 Martin Marlin fea-
tures a “T” tail 1053791
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carrier utilizing the advantages of this newfound
source of power.

Accompanying the intensive application of techno-
logical advances were extensive reorganizations within
the Navy Department by which greater emphasis was
placed on research. New provisions were made for
utilizing developments in space, and closely related
activities in technical fields were brought together by
the merger of two bureaus. Similar adjustments in the
fleet provided a more uniform organization for carrier
aviation, set up special task groups for the progressive
improvement of antisubmarine tactics, provided com-
pletely equipped mobile amphibious squadrons ready
to operate in the new tactics of vertical assault, and re-
vised the Reserve program to provide units trained
and equipped to perform specific tasks immediately
upon mobilization.

All these advances in technology and all the im-
provements in weapons and equipment created a new
Navy which paradoxically continued to play its tradi-
tional role in controlling the sea. Defense of the nation
and of its commerce, deterrence of aggression, and
readiness in time of war to destroy any active enemy
power remained the Navy’s basic tasks.

Events of the latter part of the 1950s were largely
dominated by the space program. As a new age
loomed upon the horizon, questions were raised and
investigations made regarding the state of the nation’s
scientific attainment, the quality of its educational pro-
gram, and the relative position of its progress in mis-
silery. Successful orbits by Explorer I and Vanguard
provided the first of a number of convincing answers.
Within months, the orbit of man-made satellites be-
came almost commonplace and the fantasy of man in
space began to take on realistic form as tests demon-
strated the feasibility of retrieving objects from orbit
and an astronaut training program was launched.

1954

1 January The Naval Air Weapons Systems School
was established at Jacksonville, Fla., to train cadres in

In spite of the truce in Korea, peace in the world re-
mained on unsteady footing. Within months, the wors-
ening situation in the Far East, a series of crises in the
Middle East, and a general deterioration in interna-
tional relations gave new importance to the traditional
practice of deploying naval forces to trouble spots of
the world. As tension grew, hostility became open;
and as international maneuverings led to incidents and
demands which threatened world peace, naval forces
were called upon to represent the nation in critical
areas. On different occasions these forces evacuated
refugees, patrolled troubled waters, provided support
to menaced nations, and presented a physical symbol
of freedom as a bulwark between the aggressor and
the oppressed.

The period was also marked by technological and
scientific advances of such magnitude that the Navy
and Naval Aviation passed through a change greater
than any in their previous history. The effective ex-
ploitation of these advances enhanced the speed, fire-
power, versatility, and mobility of naval, sea and air
forces. Guns were being replaced by guided missiles,
capability to deliver nuclear weapons was increased,
aircraft speeds jumped from sub- to supersonic, the
adaptation of nuclear power to aircraft was under in-
vestigation, and an increased knowledge of space gave
evidence of its future effect on surface operations.

Guided missiles of several types were perfected and
placed into operation. Air-to-air missiles became stan-
dard equipment on interceptors; a ground-support
type was deployed by fleet squadrons. Air defense
missiles were on board operating ships. Air-to-surface
missiles were assigned to the Naval Air Reserve, and
an interceptor missile was introduced into flight train-
ing. The fleet ballistic missile, Polaris, was deployed
on nuclear- powered submarines.

A new class of carriers was built and the basic car-
rier modernization program was completed. Carrier
forces, strengthened by these additions and improve-
ments, operated a whole new family of aircraft with
high performance capabilities. The successful applica-
tion of nuclear power to ships of several types
reached a new height by the construction of a new
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maintenance of air-launched guided missiles, aircraft
armament control systems, missile external control
equipment, and bomb directors.

1 April The first transcontinental flights in less than
four hours were made by three pilots of VF-21 in F9F
Cougars in a 2,438-mile flight from San Diego, Calif.,
to Floyd Bennett Field, N.Y., with aerial refueling over
Hutchinson, Kans. Lieutenant Commander Francis X.
Brady made the crossing in 3 hours 45 minutes 30 sec-
onds, Lieutenant (jg) John C. Barrow took 3 hours 46
minutes and 49 seconds, and Lieutenant W. Rich made
it in 3 hours 48 minutes even. Official timers were not
present.

19 April Model designations for airships were modi-
fied to conform with designations for heavier-than-air
aircraft. Basically, the envelope designation letters “K”
and “N” were replaced by manufacturer’s letters, stan-
dard suffix numbers and letters were uniformly ap-
plied and the patrol class of airships was divided into
patrol and antisubmarine classes. Thus the ZPN be-
came the ZPG-1 and the ZP2K became the ZSG-2.

25 May A ZPG-2 airship, commanded by
Commander Marion H. Eppes, landed at NAS Key
West, Fla., after a record breaking flight of 200.1 hours
or more than eight days in the air. The flight, which
began at NAS Lakehurst, N.J., ranged over the Atlantic
as far north as Nova Scotia, out to Bermuda and
Nassau and southward over the Caribbean and Gulf of
Mexico. For his achievement on this flight,
Commander Eppes was awarded the Distinguished
Flying Cross and later the 1955 Harmon International
Trophy for Aeronauts.

27 May The Chief of Naval Operations approved
Project 125 of the carrier improvement program which
in general provided for installing an angled deck, en-
closing the bow to improve seaworthiness, and mak-
ing other changes to further modernize the carriers
that had completed the earlier Project 27A.

1 June Commander Henry J. Jackson, in an S2F-1,
was catapulted from Hancock in the initial operational
test of the C-11 steam catapult. As tests continued
throughout the month, a total of 254 launchings were
made with the S2F, AD-5, F2H-3, F2H-4, FJ-2, F7U-3
and F3D-2.

15 June To coordinate and guide the extensive
aeronautical research, development, and material ac-
tivities in the Fourth Naval District, including the
Philadelphia, Pa., Johnsville, Pa., Trenton, N.J., and

Lakehurst, N.J., areas, the Naval Air Development and
Material Center was established at Johnsville, Pa., Rear
Admiral Selden B. Spangler, Commander.

22 July The XZS2G-1 (formerly XZP5K-1) made its
first flight at Goodyear Aircraft Corporation, Akron,
Ohio. This airship, designed as a replacement for the
K Class airship, was fitted with inverted “Y” control
surfaces.

26 July Two AD Skyraiders of Air Group 5 from
Philippine Sea were attacked by two LA-7 type air-
craft while searching for survivors of a Cathay Pacific
airliner shot down three days before off Hainan
Island. The AD pilots returned fire and splashed both
attackers.

4 September A P2V of VP-19, on routine reconnais-
sance over international waters, was attacked by two
MiG aircraft and forced to ditch off the Siberian coast.
Nine of the crew escaped and were later rescued, but
one went down with the plane.

31 October Ensign Duane L. Varner of VF-34 com-
pleted a 1,900-mile nonstop, nonrefueling, transcon-
tinental flight from Los Alamitos, Calif., to Cecil
Field, Fla., in 3 hours and 58 minutes in an F2H-2
Banshee.
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2 November The XFY-1 delta wing experimental
fighter, piloted by J. F. Coleman, made a successful
flight at NAS Moffett Field, Calif., consisting of vertical
takeoff, transition to horizontal flight and return to
vertical position for landing. The first free vertical
takeoff had been made on 1 August. For his contribu-
tion to the art of flying in testing the XFY-1, Coleman
was later awarded the Harmon International Trophy
for 1955.

1955
17 January VX-6 was established at NAS Patuxent
River, Md., for operations with Task Force 43 in
Operation Deep Freeze. This squadron provided ser-
vices for parties based ashore on Antarctica and made
courier flights between that continent and New
Zealand.

21 January The Flying Platform, a one-man heli-
copter of radical design, made its first flight at the
Hiller plant in Palo Alto, Calif. Although the flight oc-
curred during ground tests and was therefore acciden-
tal, it was successful in all respects.

27 January A North American FJ-3 Fury, piloted by
Lieutenant Commander William J. Manby, Jr., of VF-33,
set a new unofficial climb mark by reaching 10,000
feet from a standing start in 73.2 seconds at NAS
Oceana, Va.
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1 February Task Force 43, Captain George J.
Dufek commanding, was activated to plan Antarctic
operations scheduled to begin in the fall under the
code name Operation Deep Freeze. The mission of
the force on its first expedition was to build facilities
and airstrips and deliver supplies in support of U.S.
participation in the International Geophysical Year
1957-58.

1 February VP-23 left Tarragona, Spain, for NAS
Port Lyautey, Morocco, after six days of intensive train-
ing at the Spanish Military Air Base at Reus. This was
the first operation of U.S. forces from bases in Spain.

6 February After steaming from the Atlantic to the
Pacific around the Cape of Good Hope, Midway re-
ported to Commander Task Force 77 for operations in
the China Seas. This marked the first operation of
ships of her class in the western Pacific.

12 February The evacuation of 24,000 military and
civilian personnel of the Republic of China from the
Tachen Islands, off the China coast, was completed
without incident under cover of surface ships and car-
rier air of the Seventh Fleet.

13 February An F3H-1N Demon, piloted by
McDonnell test pilot C. V. Braun, set the unofficial
record for climb to 10,000 feet at 71 seconds.

16 February The Bureau of Aeronautics issued in-
structions describing new color schemes that would be
used on all new Navy and Marine Corps aircraft begin-
ning 1 July 1955 and applied on all currently operating
aircraft within the next two years. The familiar sea blue
was changed to light gull gray on top and glossy white
below for carrier aircraft, all-over seaplane gray for
water based aircraft and all-over light gull gray for heli-
copters. Bare aluminum was retained for utility types
and land plane transports, the latter having in addition
a solar heat reflecting white top. Orange-yellow re-
mained the color for primary trainers, but the advanced
trainer scheme was changed to international orange
and insignia white. Other changes were olive drab
above and glossy white below for land observation
types and a combination of orange-yellow, engine gray
and insignia red for target drones and target tow air-
craft.

23 February An F4D Skyray, piloted by Douglas test
pilot R. O. Rahn, reached 10,000 feet in 56 seconds,
the fourth unofficial climb record set by Navy carrier
fighters in less than a month.

24 February The Chief of Naval Operations directed
that the term “angled” be used in lieu of “canted,”
“slanted,” and “flamed,” which had been used vari-
ously in describing the deck of aircraft carriers in
which the landing runway was offset from the line of
the keel.

24 February The first R3Y-1 Tradewind, a high-
speed seaplane transport equipped with four Allison
turboprop engines, was delivered to NATC Patuxent
River, Md., for service suitability evaluation and trials.
Intended for the long-range over-water transportation
of military cargo, this plane was also suitable for use
as a personnel or troop transport and for the air evac-
uation of wounded.

22 March A Navy R6D of VR-3, assigned to MATS,
crashed and exploded at 0203 on Pali Kea Peak, 15
miles northwest of Honolulu, Hawaii, killing all on
board. The 57 passengers and 9 crew members lost in
this tragedy made it the worst heavier-than-air crash in
naval aviation history.

25 March The Chance Vought XF8U-1, a jet carrier
fighter, exceeded the speed of sound on its first flight,
made at Edwards AFB.

4 April The Jet Transitional Training Unit was estab-
lished at NAS Olathe, Kans., to provide student train-
ing for aviators transferring from shore to sea duty in
the rank of commander and below. In addition to pro-
viding refresher training for these “desk pilots,” the
unit was responsible for training pilots making the
transition from prop to jet type aircraft.

30 April Admiral John H. Towers, Naval Aviator No.
3, died. His long and distinguished career had begun
on 26 June 1911, when he reported for flight instruc-
tion at the Curtiss Flying School, Hammondsport, N.Y.,
and extended through many important aviation and
fleet commands including Chief of the Bureau of
Aeronautics, Commander, Air Force Pacific,
Commander, Second Carrier Task Force and
Commander in Chief, Pacific Fleet. Upon his retire-
ment from active duty on 1 December 1947, he was
serving as Chairman of the General Board.

2 May The Navy announced the Aviation Officer
Candidate Program, open to college graduates be-
tween the ages of 19 and 26. The new program paral-
leled the Aviation Cadet Program insofar as flight train-
ing was concerned, but in recognition of the higher
scholastic attainment of its candidates, offered a com-
mission as Ensign, USNR, upon completion of the four
month preflight course.
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5 May VP-1, with 12 P2V-5 Neptunes, returning
from duty in the Far East by way of Asia, Europe, and
North Africa, arrived at NAS Whidbey Island, Wash.
Although a tour of duty separated the Pacific Ocean
leg from the rest of the flight, this was the first round-
the-world flight by a Navy squadron.

12 May The classification of naval vessels was re-
vised to provide the designation CVHE for Escort
Helicopter Aircraft Carrier and CVU for Utility Aircraft
Carrier. The carriers were redesignated one month later.

1 June VQ-1, the first squadron of its type in the
U.S. Navy, was established at NAS Iwakuni, Japan,
with Lieutenant Commander Eugene R. Hall in com-
mand. First aircraft assigned were P4M-1Q Mercators.

22 June A P2V-5 Neptune of VP-9, while on patrol
in the Aleutian area, was attacked by two MiG-15s,
which set fire to the starboard engine and forced the
Neptune to crash on St. Lawrence Island, near
Gambell. There were no fatalities.

1 July NAAS Mayport, Fla., was established, com-
pleting the program begun in 1948 of converting the
Jacksonville, Fla., area into a Fleet Aviation Center.
Mayport provided docking facilities for carriers along-
side the airstrip, thus permitting the rapid loading or
unloading of special equipment and personnel and the
easy movement of carrier air units ashore or afloat.

1 July Thetis Bay, in the process of conversion to its
new mission, was reclassified as an assault Helicopter
Aircraft Carrier and redesignated CVHA 1.

14 July The Martin P6M Seamaster, a swept-wing
seaplane powered with four J-71 jet engines and in-

corporating a new hull design, made its first flight.
Designed for minelaying and reconnaissance tasks,
and adaptable to other missions, this plane initially
demonstrated great promise for the offensive potential
of the operating forces.

22 August As VX-3 began operational evaluation of
the mirror landing system installed on Bennington,
Commanding Officer Commander Robert G. Dose, fly-
ing an FJ-3 Fury, made the first landing with the de-
vice. Two days later Lieutenant Commander Harding
C. MacKnight made the first night landing in an F9F-8
Cougar. The squadron’s favorable report formed the
basis for a decision to procure the mirror landing sys-
tem for installation on aircraft carriers and at certain
shore stations.

12 September The Navy announced that all fighters
in production would be fitted with gear for inflight re-
fueling, thus establishing the technique as a standard
operational procedure.

16 September Guided Missile Group ONE
(GMGRU-1) was established at San Diego, Calif., to
provide trained detachments to operate the Regulus
assault missile from aircraft carriers and to support the
employment of the Regulus on cruisers and sub-
marines of the Pacific Fleet. Ten days later, GMGRU-2
was established at Chincoteague, Va., to provide the
same services in the Atlantic Fleet.

27 September Navy responsibilities in connection
with plans to launch an earth satellite during the
International Geophysical Year (1957–1958), which in-
cluded technical management of the Department of
Defense portion of the program, were assigned to the
Chief of Naval Research.

1 October Forrestal, the first of four ships of her
class, was placed in commission at the Norfolk Naval
Shipyard, Portsmouth, Va., Captain Roy L. Johnson in
command.

10 October Saipan with HTU-1 aboard, left
Tampico, Mexico, after a week of disaster relief opera-
tions for the inhabitants of the area. During these oper-
ations, the helicopters rescued 5,439 persons marooned
on rooftops, trees and other retreats, and delivered
183,017 pounds of food and medical supplies, thus
earning the commendation of the Task Group
Commander and the best wishes of a thankful people.

11 October The Navy announced achievement of
the initial step toward an eventual goal of monitoring
surface weather in uninhabited portions of the world

208 UNITED STATES NAVAL AVIATION 1910–1995

1955—Continued

The XP6M-1 Seamaster, new water-based aircraft 1053800



1 November Boston (CAG
1), Terrier missile ship and
the world’s first guided-mis-
sile cruiser, was placed in
commission at the Philadel-
phia, Pa., Naval Shipyard,
Captain Charles B. Martell
commanding.

8 November The Secretary
of Defense established a
National Ballistic Missile
Program, involving joint
Army-Navy development of
an intermediate range ballistic
missile, for both shipboard
and land-based operations.
This resulted in Navy support
for the Army’s liquid-propel-
lant missile, Jupiter, being de-
veloped at the Redstone
Arsenal, Ala., in order to
adapt it for use as a fleet bal-
listic missile.

9 November The Chief of
Naval Operations informed
the Chief of the Bureau of
Ships of his intention to equip
each angled-deck carrier with
mirror landing systems and
requested that equipment for
12 installations be procured
during the fiscal years 1956
and 1957.

14 November The flagship of Rear Admiral George
J. Dufek, Commander, Task Force 43, sailed from
Norfolk, Va., for New Zealand to rendezvous with the
ships of the task force for the southward voyage to
Antarctica. Operating under the code name
Operation Deep Freeze, the mission of this force was
to establish bases on Antarctica for geophysical stud-
ies during the coming year.

1 December An element of Fleet All Weather
Training Unit, Pacific (FAWTUPAC), was assigned to
the Continental Air Defense Command to operate as
a fighter-interceptor group under U.S. Air Force con-
trol. When FAWTUPAC was disestablished on 2 May
1958, this element was given squadron status and
designated VF(AW)-3.

4 December On one flight of a project set up to
evaluate the all-weather capabilities of airships,

and thereby providing improved weather forecasting
for use in both flight and surface operations.
Automatic meteorological stations, developed by the
Office of Naval Research and the Bureau of
Aeronautics, were set adrift in the hurricane lanes
north of Puerto Rico and provided continuous weather
data on tropical storm Janet. Subsequent progress in-
cluded a moored automatic weather station, one of
which in September 1960 provided the first alert on
tropical storm Ethel; unit stations on Antarctica, ini-
tially in 1956 but more successfully in 1960; and nu-
clear energy power as a source for data collection and
transmission beginning in 1964.

15 October Lieutenant Gordon Gray, piloting a
Douglas A4D-1 Skyhawk, broke the Class C world
speed record for 500 kilometers with a speed of
695.163 mph at Muroc, Calif.
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Lieutenant Commander Charles A. Mills operated a
ZPG airship in the vicinity of South Weymouth, Mass.,
in an ice-accreting experiment unparalleled in lighter-
than-air history. In spite of heavy airship icing, pro-
peller icing, severe vibration and flying ice particles,
Mills piloted his airship, directed the collection of data,
returned to the field under instrument conditions, and
made a ground-controlled approach landing in a man-
ner that retained a maximum amount of ice on the
ship for analysis on the ground. For his achievement
on this and other flights during the evaluation,
Lieutenant Commander Mills was awarded the 1956
Harmon International Trophy for Aeronauts.

20 December Two P2V Neptunes and two R5D
Skymasters of VX-6 forged the first air link with the
continent of Antarctica with a flight from Christchurch,
New Zealand, to McMurdo Sound.

1956
3 January ZW-1, Commander John L. Mack com-
manding, was established at NAS Lakehurst, N.J.—the
first lighter-than-air unit of its type.

10 January Airborne Early Warning Wing, Pacific,
Captain Edward C. Renfro commanding, was estab-
lished at NAS Barbers Point, Hawaii, to supervise and
direct units flying defensive patrols protecting the con-
tinental United States and Hawaii against surprise at-
tack.

7 March Fleet assignment of the F3H-2N Demon,
all-weather fighter, began with the delivery of six F3H-
2Ns to VF-14 at NAS Cecil Field.

12 March VA-83, equipped with F7U-3M Cutlass air-
craft and Sparrow I missiles, departed Norfolk, Va.,
aboard Intrepid for duty in the Mediterranean in the
first overseas deployment of a naval missile squadron.

12 March The Assistant Secretary of Defense for
Research and Development established a titanium
alloy sheet rolling program and designated the
Bureau of Aeronautics as coordinator. Thereby an or-
ganized effort of the armed services and the titanium
industry was established to improve titanium alloys
with particular emphasis upon strength, uniformity
and fabricating characteristics for use in aircraft and
missiles.

20 March The Ballistic Missile Committee, Office of
the Secretary of Defense, approved a Navy program
for development of solid-propellant motors for use in
ship-based ballistic missiles.

31 March Five A3D-1 aircraft were ferried from NAS
Patuxent River, Md., to VAH-1 at NAS Jacksonville,
Fla., completing the first delivery of Skywarriors to a
fleet unit.

3 April The Navy announced that the Petrel, an air-
to-surface guided missile designed for use by patrol
aircraft against shipping, was in operational use from
the P2V-6Ms of VP-24.

23 April Cognizance of Project Vanguard (an earth
satellite launching program) within OPNAV was as-
signed to the Guided Missiles Division of DCNO (Air).
The division was responsible for advising the Chief of
Naval Operations on general aspects of the program,
and supporting and assisting the Office of Naval
Research in the resolution of problems, other than fis-
cal, arising within the Navy Department and at missile
test activities of other services.

25 April The Chief of Naval Operations announced
that mirror landing systems would be installed in the
near future at all principal Naval Air Stations for im-
provement of air traffic control and reduction of land-
ing accidents.

26 April The Naval Aircraft Factory at Philadelphia,
Pa., was renamed the Naval Air Engineering Facility
(Ships Installations) and its mission revised to include
research, engineering, design, development, and lim-
ited manufacturing of devices and equipment for
launching and recovering aircraft and guided missiles.
Redesignation ceremonies on 1 June marked the pass-
ing of a name prominent in Naval Aviation since
World War I.
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development and production of aviation ordnance in-
cluding the Norden bombsight. Its redesignation com-
pleted an internal Navy realignment whereby the
Bureau of Ordnance had received complete responsi-
bility for solid propellant rocket motors and the
Bureau of Aeronautics had received complete respon-
sibility for aviation fire control equipment.

27–28 June The first annual Fleet Air Gunnery Meet
was held at NAAS El Centro, Calif. Six teams, selected
from Navy and Marine Corps shore-based fighter units
and composed of the squadron commander and three
pilots, competed with two firings each at 15,000 and
25,000 feet. Top team honors and the Earle Trophy
went to VF-112 of AirPac, and individual honors to
Lieutenant (jg) H. N. Wellman of VF-43 of AirLant.

7 July VW-12 and Maintenance Squadron 2 were es-
tablished at NAS Barbers Point, Hawaii, for patrol duty
along the Pacific Distant Early Warning Line of the
Continental Air Defense System.

12 July The Chief, Bureau of Aeronautics, approved
a reorganization of the Office of Assistant Chief for
Research and Development, whereby various technical
divisions with closely related functions were re-
grouped under appropriately titled officers. Thereby a

29 May The ship designation system was modified
to provide for use of the suffix “N” to identify vessels
propelled by nuclear energy.

25 June U.S. Naval Ordnance Plant, Indianapolis,
Ind., a facility devoted to research, development, pro-
duction, and repair of aviation fire control equipment
was redesignated U.S. Naval Avionics Facility. This fa-
cility had been established early in World War II for
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reorganization of the entire bureau, which had been
initiated a year earlier, was completed. This included
the establishment of an Assistant Chief for Plans and
Programs with a concomitant strengthening of plan-
ning functions and a division of the Material and
Services group into two groups titled “Procurement”
and “Maintenance and Support,” each under an
Assistant Chief.

14 July In the initial overseas deployment of a
Sidewinder missile unit, VA-46, equipped with F9F-8s,
departed from Norfolk, Va., on Randolph for opera-
tions with the Sixth Fleet in the Mediterranean.
Deployment of the Sidewinder was extended to the
western Pacific the following month as VF-211,
equipped with FJ-3s, departed the west coast on Bon
Homme Richard for operations with the Seventh Fleet.

20 July Thetis Bay (CVHA 1), the first helicopter as-
sault carrier, was commissioned at San Francisco,
Calif., Captain Thomas W. South II, commanding.
Formerly CVE 90, Thetis Bay was converted to operate
helicopters and to accommodate 1,000 Marine combat
troops to be flown ashore in the vertical development
tactics of amphibious assault.

31 July An A3D Skywarrior, flown by Lieutenant
Commanders P. Harwood and Alton R. Henson, and
Lieutenant Roy R. Miears, demonstrated the perfor-
mance capabilities of new carrier jet attack aircraft
with a 3,200-mile nonstop, nonrefueling flight from
Honolulu, Hawaii to Albuquerque, N. Mex., in 5 hours
and 40 minutes, with an average speed of 570 mph.

15 August The Avionics Division was established in
the Research and Development Group of the Bureau
of Aeronautics with Captain William E. Sweeney as
Director. Formed by a merger of the Electronics and
Armament Divisions and the Navigation Branch of the
Airborne Equipment Division, its establishment was
both the direct result of a rapid expansion of electron-
ics techniques in aviation armament and air naviga-
tion, and a recognition of the need for closely coordi-
nated effort for their most effective application.

21 August An F8U-1 Crusader, piloted by
Commander Robert W. Windsor, Jr., captured the
Thompson Trophy with a new national speed record
of 1,015.428 mph over the 15-kilometer course at
Naval Ordnance Test Station, China Lake, Calif. This
production model carrier fighter, equipped during its
record performance with full armament of 20mm can-
non and dummy ammunition, was the first opera-
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Furies of VF-24 took off from Shangri-La at sea off the
Pacific coast of Mexico and flew nonstop, 1,198 miles
to Oklahoma City, Okla., without refueling. The win-
ner was Lieutenant (jg) D. K. Grosshuesch, with a time
of 2 hours 13 minutes 38.6 seconds for an average
speed of 537.848 mph.

2 September On the second day of the National Air
Show, Lieutenant (jg) R. Carson flying an F3H-2N
Demon of VF-124 captured the McDonnell Trophy
with a nonstop, nonrefueling flight from Shangri-La
off San Francisco, Calif., to Oklahoma City, Okla., cov-
ering the 1,436 miles in 2 hours 32 minutes 13.45 sec-
onds for an average speed of 566.007 mph.

3 September Two A3D Skywarriors, piloted by
Captain John T. Blackburn, commanding Heavy
Attack Wing 1 (HATWING-1), and Commander
Charles T. Frohne, were launched from Shangri-La
off the Oregon coast, flew across a finish line at the
National Air Show, Oklahoma City, Okla., and con-
tinued on to Jacksonville, Fla., without refueling. In
completing the 1,543.3-mile leg from the Shangri-La
to Oklahoma City in 2 hours 32 minutes 39.7 sec-
onds for an average speed of 606.557 mph, Captain
Blackburn was awarded the Douglas Trophy. With
this flight a 3-day demonstration of carrier mobility
was completed, in which Shangri-La had launched
aircraft to the same destination from widely sepa-
rated points while moving from Mexico to Oregon.

21 September An F11F-1 Tiger, piloted by
Grumman test pilot Tom Attridge, shot itself down
while conducting test firings off eastern Long Island,
N.Y., by running into 20mm projectiles it had fired
only seconds before.

tionally equipped jet plane in history to fly faster than
1,000 mph.

22 August Lieutenant Commander Virgil Solomon
set down the Marianas Mars (JRM) on waters off NAS
Alameda, Calif., after a flight from Honolulu, Hawaii,
and completed the last scheduled passenger run for
Mars aircraft.

22 August A P4M Mercator, while on night patrol
out of Iwakuni, Japan, reported that it was under at-
tack by aircraft over international waters, 32 miles off
the China coast, and was not heard from again. Carrier
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and land-based air and surface ships, searching for the
plane, found wreckage, empty life rafts, and the bod-
ies of two crew members.

30 August The Air Coordinating Committee ap-
proved a common military-civil short range air naviga-
tion system called VORTAC. This system consisted of a
combination of the Navy developed TACAN (Tactical
Air Navigation System) with the Civil Aeronautic
Authority’s VOR (Very High Frequency Omnirange di-
rection finder). The Air Coordinating Committee action
resulted in the installation of ground beacons on the
civil airways that served both civilian and military air-
craft, each using their own specialized equipment.

1 September In the race for the North American
Trophy, an event of the National Air Show, four FJ-3 Test model of Grumman F11F-1, supersonic fighter 1011277



2 October Enterprise was ordered stricken from the
Navy list and put up for sale as scrap. Launched just
20 years before and commissioned 12 May 1938, she
was in more action during World War II than any
other carrier, was a pioneer in night combat opera-
tions, and was recipient of both the Presidential Unit
Citation and the Navy Unit Commendation.
Decommissioned in the demobilization period follow-
ing the war, she was laid up with the Reserve Fleet at
Bayonne, N.J., and never returned to active service.

5 October Three Cougar jets, piloted by
Commanders Gerald A. Robinson and Donald Mitchie,
and Ensign Ronald K. Hess of VF-144, made a round
trip transcontinental flight from Miramar, Calif., to
Long Island, N.Y., with fueling stops each way at
Olathe, Kans., in an elapsed time of 10 hours 49 min-
utes 11 seconds. Although better than the existing
record of 11 hours 18 minutes 27 seconds, the flight
was not officially observed and therefore not officially
recognized.

11 October An R6D-1 of Air Transport Squadron 6
on a scheduled MATS flight from Lakenheath, England,
to Lajes in the Azores, disappeared over the Atlantic
with 50 passengers and 9 crewmembers on board.
Extensive search by ships and aircraft for the next 14
days found debris from the plane, but no survivors.

16 October Five students received Naval Observer
Wings; the first graduates of the Navigator-Bombardier
School at NAS Corpus Christi, Tex., which began 26
May.

29 October The Suez crisis erupted into open war-
fare and all major fleet units were sent to sea under
conditions of maximum readiness. The Sixth Fleet, in
the Mediterranean, was ordered to evacuate U.S. citi-
zens from the area. Aircraft provided cover and heavy
combatant ships stood by while ships and destroyers
of the amphibious group and units of Air Force trans-
port squadrons went into Alexandria, Egypt, Haifa, Tel
Aviv, Israel, Amman, Jordan, and Damascus, Syria, and
evacuated some 2,200 persons by 3 November.
Operations by Sixth Fleet, in the area for several
weeks, included the logistic support of the first UN
International Forces which arrived in the area in
November.

31 October Seven Navy men landed in an R4D
Skytrain on the ice at the South Pole—the first to stand
at the spot since Captain Robert F. Scott of the Royal
Navy reached it in January 1912. The seven men were:

Rear Admiral George J. Dufek, Commander, Task
Force 43 and Commander, Naval Support Forces,
Antarctica; Captain Douglas L. L. Cordiner, C.O., VX-6;
Captain William. M. Hawkes, co-pilot; Lieutenant
Commander Conrad S. Shinn, pilot; Lieutenant John
Swadener, navigator; J. P. Strider, AD2, crew chief; and
William Cumbie, AT2, radioman. The party remained
at the pole for 49 minutes setting up navigational aids
to assist the future delivery of materials and equip-
ment for constructing a scientific observation station at
the spot.

2 November The Navy announced award of a con-
tract to Westinghouse Electric to design and furnish
reactor components for a nuclear-powered aircraft
carrier.

8 November A Navy Stratolab balloon, manned by
Lieutenant Commanders Malcolm D. Ross and M. Lee
Lewis, bettered the existing world altitude record by
soaring to 76,000 feet over the Black Hills of South
Dakota on a flight designed to gather meteorological,
cosmic ray, and other scientific data necessary to im-
proved safety at high altitudes. For this record ascent,
the men were awarded the 1957 Harmon International
Trophy for Aeronauts.

9 November A Sikorsky HR2S helicopter, piloted
by Major Roy L. Anderson, USMC, at Windsor Locks,
Conn., began a 3-day assault on world records, setting
three new marks as follows: 9 November, carried a
payload of 11,050 pounds to an altitude over 12,000
feet; 10 November, carried 13,250 pounds to over
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marine-launched weapon system and to terminate its
participation in the liquid-propellant Jupiter program.

8 December A Martin Viking rocket was successfully
fired at Cape Canaveral, Fla., in a test of launching
equipment, tracking, and telemetry instruments intended
for the Vanguard earth satellite.

7,000 feet; and 11 November, set a speed record of
162.7 mph over a three-kilometer course.

29 November The ZSG-4, first airship fitted with a
dacron envelope, made its first flight at NAS
Lakehurst, N.J.

3 December Compass Island (EAG 153), the first
ship converted to support the Fleet Ballistic Missile
Program, was commissioned at the New York Naval
Shipyard. On the same day the first Terrier missile de-
stroyer, Gyatt (DD 712) was commissioned at Boston,
Mass.

7 December The Secretary of Defense directed that
air transport operations be placed under a Single
Manager Service, and designated the Military Air
Transport Service of the U.S. Air Force as its operating
agency. This directive, which was implemented on 1
July 1957, required that the Navy transfer to this
agency all of the transport aircraft it was operating
under MATS and all four-engine land transports of the
Fleet Logistic Air Wings except for 30 which could be
retained for fleet service and administrative airlift.

8 December The Secretary of Defense authorized
the Navy to proceed with the development of the
solid-propellant Polaris Fleet Ballistic Missile as a sub-
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17 December The WF-2 Tracer, a carrier early warn-
ing plane adapted from the TF-1 design, made its first
flight at the Grumman plant, Peconic River, Long
Island, N.Y.

1957
1 January The Naval Air Experimental Station,
Philadelphia, Pa., one of the four subcommands
grouped together to form the Naval Air Material Center
(NAMC) in 1943, was disestablished and consolidated
with the NAMC.

3 January The last operational Catalina, a PBY-6A of
NARTU Atlanta, was ordered retired from service.

10 January The Naval Air Mine Defense
Development Unit, established under an officer in
charge on 31 August 1956, was established as a full
command at Panama City, Fla., to develop and evalu-
ate aviation systems, materials, and techniques for
mine countermeasures.

14–24 January In an evaluation of their all-weather
capability, ZPG airships of ZW-1, operating in relays
from South Weymouth, Mass., maintained continuous
radar patrol over the North Atlantic 200 miles off the
New England coast through some of the worst storms
experienced in the area in years.

18 January TF-1Qs, first naval aircraft equipped for
electronics jamming, were first received by VA(AW)-35
at San Diego, Calif.

1 February Lieutenant Commander Frank H. Austin,
Jr., MC, completed the Test Pilot Training Program at
NATC Patuxent River, Md., and became the first Navy
Flight Surgeon to qualify as a test pilot.

4 February The Chief of Naval Operations set forth
a new policy for billet assignment which provided that
aviators and nonaviators would be assigned alternately
as either the senior or next senior officer of each im-
portant policy generating and administrative billet and
that assignment to all billets of commander level and
above would be filled by aviators and nonaviators in
the ratio of their respective numbers on board.

9 February The Robertson Committee, chaired by
the Deputy Secretary of Defense Reuben B. Robertson,
Jr., and formed to study means of shortening the time
required to develop aircraft, issued its final report. The
committee concluded that through streamlining man-
agement and administrative processes and thereby
eliminating wasted motion, the development of
weapon systems could be accomplished in signifi-
cantly less time than had been required since World
War II. To this end, the services were taking specific
action to correct a number of problems. Among the
steps taken by the Navy were establishing program
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miles and remaining airborne 264 hours 12 minutes with-
out refueling. For his accomplishment in commanding
the airship on this flight, Commander Hunt was awarded
the 1958 Harmon International Trophy for Aeronauts.

21 March An A3D-1 Skywarrior, piloted by
Commander Dale W. Cox, Jr., broke two transconti-
nental speed records; one for the round trip from Los
Angeles, Calif., to New York, N.Y., in 9 hours 31 min-
utes 35.4 seconds; and the other for the east to west
flight in 5 hours 12 minutes 39.24 seconds.

25 March The first F8U-1 Crusader was delivered to
a fleet unit, VF-32, in the record time of two years
after the first flight of the experimental model.

5 April In the Second Annual Naval Air Weapons
Meet, VMF-314 won the Earle Trophy for first place in
air gunnery, and VA-26 took the Kane Trophy for best
in the air-to-ground competition. Best individual score
of the meet was made by Commander Alexander
Vraciu, Commanding Officer of VF-51 and Navy Ace in
World War II.

12 April Scheduled production of the Sparrow I air-
to-air missile was completed by the Sperry Farragut
Company, Bristol, Tenn., with delivery of the last mis-
sile on order.

13 April Aviation officer distribution functions, per-
formed by the Office of Deputy Chief of Naval

managers for each weapon program within the Bureau
of Aeronautics and a Long Range Objectives Group in
the Office of the Chief of Naval Operations.

21 February In recognition of the increasing impor-
tance of weather information to naval operations, the
Naval Aerology Branch, OP-533, was given status as
the Naval Weather Service Division, OP-58.

7 March A turbo-catapult, powered by the exhaust
of six jet engines and designed primarily for use by
Marine Corps expeditionary forces, launched its first
aircraft at Georgetown, Del. The airplane, an AD-4NA,
weighing 16,400 pounds and piloted by Joseph
Barkley, all-American engineering test pilot, was
launched at a speed of 90 knots in a run of 210 feet.

15 March A ZPG-2 airship, commanded by
Commander Jack R. Hunt, landed at NAS Key West, Fla.,
after a flight that began 4 March at South Weymouth,
Mass., and circled over the Atlantic Ocean toward
Portugal, the African coast and back for a new world
record in distance and endurance, covering 9,448 statute
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Operations (Air) since its formation in 1943 and by the
Bureau of Aeronautics prior to that time, were trans-
ferred to the Bureau of Naval Personnel.

21 April Antietam reported for duty to the Chief of
Naval Air Training at Pensacola, Fla., providing that
command with its first angled deck carrier for use in
flight training.

25 April The Sixth Fleet sailed to the eastern
Mediterranean, remaining for a week in a show of
strength supporting the President’s warning against the
Communist threat to the independence of Jordan.

30 April The Naval Aviation Medical Center at
Pensacola, Fla., was established, combining under a
single command the clinical, training, and research
functions of the Naval School of Aviation Medicine
and the Pensacola Naval Hospital.

1 May A two-part rocket, made up from the first
stage of a Viking and a prototype of a third stage, was
launched from Cape Canaveral, Fla., in the second

successful test of the Vanguard earth satellite launch-
ing vehicle.

6 May ZPG-2W, an early-warning airship with a
large radar antenna mounted within the envelope,
made its first flight at Akron, Ohio.

17 May Badoeng Strait, the last escort carrier in
service with the fleet, was decommissioned at
Bremerton, Wash.

23 May A drone HTK-1 helicopter, carrying a safety
pilot, operated from the fantail of Mitscher (DL 2) in
the vicinity of Narragansett Bay, Mass. These tests and
others, conducted in February off Key West, Fla., in
which a piloted HUL-1 carried Mk 43 torpedoes in
flights to and from Mitscher, demonstrated the feasibil-
ity of assigning torpedo carrying drone helicopters to
destroyers and led to the development of the Drone
Anti-Submarine Helicopter (DASH) which was later
embodied in the QH-50C.

27 May The first T2V-1 Sea Star jet trainer was deliv-
ered to the Naval Air Advanced Training Command at
Corpus Christi, Tex.

28 May In a reorganization of the Naval Air Reserve
program, the Chief of Naval Operations directed that
the 73 Auxiliary Air Units located throughout the
country be disestablished during the next six months.

6 June Two F8U Crusaders and two A3D
Skywarriors flew nonstop from Bon Homme Richard
off the California coast to Saratoga off the east coast
of Florida. This, the first carrier-to-carrier transconti-
nental flight, was completed by the F8Us in 3 hours 28
minutes and by the A3Ds in 4 hours 1 minute.

27 June Lieutenant Commander Malcolm D. Ross,
USN, and Charles B. Moore of the Arthur D. Little Co.,
successfully completed a Stratolab balloon flight to in-
vestigate the interior of a thunderstorm, ascending
from the top of Mount Withington near Socorro, N.
Mex., into the towering cumulus cloud above the
mountain. The flight was the first of a series conducted
during the summer under the sponsorship of the Office
of Naval Research and the Bureau of Aeronautics.

30 June A program to gather daily weather data
over the Pacific, North America, and the Atlantic by
the use of transosonde balloons was inaugurated with
the release of the first balloon from NAS Iwakuni,
Japan. Set to float at 30,000 feet, the balloons carried
instruments which reported pressure and temperature
every two hours. The duration of each flight was
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joint Army-Navy contract, the new helicopter was de-
signed on the basis of principles developed experi-
mentally under Navy contract using a modified HTK.

30 July Air Force, Pacific Fleet, and Air Force,
Atlantic Fleet, were retitled to become Naval Air Force,
Pacific Fleet, and Naval Air Force, Atlantic Fleet.

12 August An F3D Skynight, with Lieutenant
Commander Don Walker aboard, was landed on
Antietam, at sea off Pensacola, Fla., by the Automatic
Carrier Landing System. This landing began the first
shipboard test of the system designed to bring planes
aboard in all weather conditions without help from the
pilot. In the period 12–20 August more than 50 fully
automatic landings were completed.

27 August The Navy announced that all Naval
Aviator candidates, except Aviation Cadets, entering
flight training after 1 January 1958 would be obligated
to serve 31⁄2 years on active duty after completing the
course instead of the 2 years previously required.

28 August The ground level ejection seat, designed
and developed by the Martin-Baker Aircraft Co., Ltd.,
of England, and under evaluation by Grumman
Aircraft for the Navy, was demonstrated at NAS
Patuxent River, Md. A successful ejection was made by
Lieutenant Sydney Hughes, RAF, from an F9F-8T flying
just above the ground at 120 mph.

3 September The XKDT-1, a solid-propellant
rocket-powered target drone, made its first flight in a
launch from an F3H Demon over NAMTC Point
Mugu, Calif.

28 September Alameda County, converted from
LST 32, was redesignated an Advance Aviation Base
ship, AVB 1. The first of her class, the new ship was
designed to provide fuel, spare parts, technicians and
facilities necessary to establish and operate an airstrip
for patrol and carrier aircraft in locations where there
were no base facilities.

30 September Saipan, last of the light carriers, was
decommissioned.

1 October The Naval Air Test Facility (Ship
Installations) was established at NAS Lakehurst, N.J.,
with Commander Richard M. Tunnell, commanding, to
evaluate aircraft launching and recovery systems and
to support their development.

11 October An A3D Skywarrior of VAH-4 bettered
the mainland to Hawaii time with a control-tower to

planned for from five to eight days with the termina-
tion point somewhere in the Atlantic, short of the
European coast.

15 July After the establishment of the Single
Manager for Airlift Service, the Fleet Logistic Air Wings
were abolished and transport squadrons not assigned
to the Single Manager Service were redesignated Fleet
Tactical Support Squadrons (VR) and reassigned to op-
erate directly under the control of Fleet commanders.

16 July An F8U-1P Crusader (bureau number
144608), piloted by Major John H. Glenn, Jr., USMC,
broke the transcontinental speed record with a cross-
ing from Los Alamitos, Calif., to Floyd Bennett Field,
N.Y. in 3 hours 22 minutes 50.05 seconds for an aver-
age speed of 723.517 mph. This was the first upper at-
mosphere supersonic flight from the West Coast to the
East Coast.
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16 July Two A3D Skywarriors, on a routine flight to
join VAH-2 at NAS Barbers Point, Hawaii, made the
Pacific flight from NAS Moffett Field, Calif., to
Honolulu, Hawaii, in the record time of 4 hours 45
minutes.

30 July The first pilotless helicopter flight was made
at Bloomfield, Conn. Built by Kaman Aircraft, under



control-tower flight from San Francisco, Calif., to
Honolulu, Hawaii, in 4 hours 29 minutes 55 seconds.

15 October The Talos Defense Unit, a land-based
version of the Talos shipboard missile system and de-
signed to launch Talos missiles automatically, was ac-
cepted from the Radio Corporation of America by Rear
Admiral Frederick S. Withington, Chief of the Bureau
of Ordnance. It was turned over to Lieutenant General
E. L. Cummings, Chief of Army Ordnance, for evalua-
tion at the White Sands Proving Ground and possible
use at Army anti-aircraft installations.

16 October Lake Champlain, with HMR-262 em-
barked, arrived at Valencia, Spain, to give aid to thou-
sands made homeless by a flood.

13 November The l,000-mile Regulus II bombardment
missile was fired at Edwards AFB, Calif., in its first launch
with rocket boosters. After a 48-minute flight, the 11-ton
missile was returned to the field by control aircraft.

21 November Project Arowa was terminated and its
personnel and records were transferred to the Navy
Weather Research Facility, Norfolk, Va., which had
been established the preceding month.

22 November The first Reserve Squadron to fire
guided missiles as a part of its regular training, VP-834
from NAS Floyd Bennett Field, N.Y., completed two
weeks training at NAS Chincoteague, Va., in which it
fired Petrel air-to-surface missiles under the supervi-
sion of Guided Missile Unit 11.

9 December Cognizance of research and develop-
ment programs for space vehicles was transferred from
DCNO (Air) to ACNO (Research and Development)
and responsibilities for what was formerly Project
Vanguard were broadened to include all space vehicle
programs prosecuted by the Office of Naval Research
in the extension of, or following, Vanguard.

1958
9 January Pacific Fleet air units began delivery of
emergency supplies to inhabitants of several islands in
the Marshalls, severely damaged by typhoon Ophelia.

9 January Princeton, with Navy and Marine Corps air-
craft embarked, and two destroyers from the Seventh
Fleet and Duxbury Bay from the Middle East Force,
ended seven days of relief operations for flood victims
in Ceylon.

3 February The Chief, Bureau of Aeronautics, ap-
pointed a Weapons System Team to accelerate devel-
opment and fleet introduction of the A2F (A-6) air-
craft. This team was under the chairmanship of the
program manager and staffed with representatives
from Production, Maintenance and Contracts
Divisions and the Research and Development Group.
The latter representative, the R&D Project Officer (or
class desk officer), was also chairman of an R&D
Project Team which included representatives of
Avionics, Airborne Equipment and Power Plant
Divisions. This action and the assignment of systems
management responsibilities to the airframe contrac-
tor marked important steps in the implementation of
the management concepts recommended by the
Robertson Committee.

4 February The keel of the world’s first nuclear pow-
ered aircraft carrier, Enterprise, was laid at Newport
News, Va.

13 February A selected Reserve was set up within
the overall Reserve Organization to provide fully
trained and equipped forces and units for direct and
immediate deployment to specific active duty assign-
ment upon the commencement of hostilities. The en-
tire Naval Air Reserve was incorporated into the new
organization.

14 February Operational evaluation of the air-to-air
Sparrow III began as VX-4 fired the first missile.

1 March An early warning WV-2E prototype, with a
rotodome radar antenna mounted on the fuselage, was
accepted from Lockheed and assigned to the Naval Air
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11 April Rear Admiral John S. Thach issued the first
Operation Order to Task Group Alfa, formed in the
Atlantic Fleet to accelerate the development of anti-
submarine tactics and to improve fleet readiness in an-
tisubmarine warfare. Admiral Thach is also remem-
bered for the “Thach Weave,” an aircraft tactic which
he pioneered in World War II.

18 April In the Third Annual Naval Air Weapons Meet at
El Centro, Calif., in which 15 specially selected squadrons
participated, top honors in their class went to: VF-111 in
air-to-air (day), VF-213 in air-to-air (all-weather), VA-126 in
air-to-ground, and VAH-5 in heavy attack.

18 April Lieutenant Commander George C. Watkins,
piloting an F11F-1F Tiger at Edwards AFB, Calif.,
broke the world altitude record for the second time in
three days, this time setting the mark at 76,939 feet.

21 April To clarify command relationships and to
permit the closer integration of Navy units into the

Development Unit at NAS South Weymouth, Mass., for
preliminary evaluation.

7 March Grayback (SSG 574), the first submarine
built from keel up with guided-missile capability, was
commissioned at Mare Island, Calif.

10 March The Chief of Naval Operations approved a
reorganization of carrier aviation that would create uni-
form air groups, provide a more permanent group as-
signment to ships, and permit a reduction of assigned
units and aircraft without also reducing combat readi-
ness. The new organization also provided for a perma-
nent replacement Air Group to be established on each
coast and made responsible for the indoctrination of
key maintenance personnel, the tactical training of avi-
ators, and conducting special programs required for
the introduction of new models of combat aircraft.

17 March A 31⁄4 pound earth satellite was placed in
orbit by a Vanguard rocket fired from Cape Canaveral,
Fla., in a test of the system designed for launching
earth satellites for the International Geophysical Year.
The highly successful scientific satellite, designed and
developed under supervision of the Office of Naval
Research, proved that the earth is slightly pear-shaped.
Its solar-powered batteries continued to transmit for
over 6 years and at last reports the satellite was ex-
pected to remain in orbit for as long as 2,000 years.

19 March VX-4 launched the first Bullpup missile,
beginning its operational evaluation.

23 March In the first practical test of the Fleet
Ballistic Missile underwater launching apparatus, a
dummy Polaris missile was sent into the air off San
Clemente Island, Calif.

2 April An important step in the development of the
Drone Anti-Submarine Helicopter for operation from
destroyers was taken as an existing Bureau of
Aeronautics contract with Gyrodyne for the RON-1 ro-
tocycle (one man helicopter) was amended to provide
for the development, installation and flight test of re-
mote control equipment.

8 April Airborne firing tests of HIPEG (High
Performance External Gun) in F3H-2N aircraft com-
menced at Naval Aviation Ordnance Test Station,
Chincoteague, Va. This twin-barreled, high-speed
20mm aircraft machine gun was developed for a pod
installation on aircraft, thereby making it interchange-
able with other aviation ordnance.
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Single Manager Airlift Service, the Chief of Naval
Operations directed that Navy squadrons be organized
in Naval Air Transport Wings, one for the Pacific and
another for the Atlantic.

4 May Practical test of an all-jet program in basic
training began as 14 students reported to ATU-206 at
Forrest Sherman Field, Pensacola, Fla., for instruction
in the T2V Sea Star.

10 May Naval Missile Facility Point Arguello, Calif.,
was established as an activity of the National Pacific
Missile Range.

11 May Lieutenant Commander Jack Neiman com-
pleted a 44-hour simulated high altitude flight in the
pressure chamber at NAS Norfolk under conditions ex-
isting between 80,000 and 100,000 feet.

17 May Four F3H Demons and four F8U Crusaders
completed nonstop trans-Atlantic crossings in
Operation Pipeline, a practical test of the speed with
which carrier aircraft could be delivered from the East
Coast to the Sixth Fleet, in the Mediterranean.

22–23 May Major Edward N. LeFaivre, USMC, pi-
loted an F4D-1 at NAMTC Point Mugu, Calif., to five
world records in speed of climb to 3,000, 6,000, 9,000,
12,000, and 15,000 meters with marks of 44.392,
66.095, 90.025, 111.224, and 156.233 seconds.

26 May The HSS-1N helicopter, capable of day and
night antisubmarine warfare under instrument flight
conditions, was publicly flown at NAS Corpus Christi,
Tex., by Sikorsky test pilot Jack Stultz.

27 May The twin jet F4H all-weather interceptor
made its first flight at St. Louis, Mo., with R. C. Little,
Chief Test Pilot for McDonnell Aircraft at the controls.

28 May Galveston (CLG 3), the first Talos missile
cruiser, was placed in commission.

16 June The Pacific Missile Range, Point Mugu,
Calif., was established under Navy management to
provide range support to the Department of Defense
and other government agencies in guided missiles,
satellite and space vehicle research, development,
evaluation, and training. This was the third National
Missile Range to be established and the first from
which a satellite could be safely fired into polar orbit.

20 June The Advanced Research Projects Agency
(ARPA) requested the Naval Research Laboratory to
modify its “Minitrack” system, which had been devel-
oped under Project Vanguard to produce a capability
for detecting, identifying and predicting the orbits of
nonradiating objects in space. Out of this request a
Navy Space Surveillance System (SPASUR) was devel-
oped which began producing useful data in June 1959
and on 2 February 1960 established the existence of
an unknown object in orbit and later identified it as
the re-entry vehicle of Discoverer V which had been
assumed lost.

26 June A TF-1 of VR-21 at San Diego, Calif., deliv-
ered a J-34 engine to Yorktown 300 miles at sea, in the
first delivery of an aircraft engine by carrier-on-board
delivery (COD).

1 July The Pacific extension of the Continental Air
Defense Dewline went into full operation.

1 July Submarine Squadron 14, the first Fleet
Ballistic Missile Submarine Squadron, was established
under the Atlantic Fleet Submarine Force with Captain
Norvell G. Ward, commanding.

1 July The first joint CAA-Navy Radar Air Traffic
Control Center (RATCC) went into operation at NAS
Miramar, Calif.
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23 August An act of Congress created the Federal
Aviation Agency and assigned it broad responsibilities
involving operation of airways; the regulation of air
traffic including military; and the establishment of air-
ports and missile and rocket sites. The Act also pro-
vided for military participation in performance of the
Agency’s functions, for military deviations from air
traffic regulations in an emergency, and for appeal to
the President of disagreements concerning the location
of military airports.

15 July While aircraft from Essex and Saratoga flew
cover from long range, and ships of the Sixth Fleet
stood by, amphibious units landed 1,800 Marines on
the beach near Beirut to support the Lebanese govern-
ment and to protect American lives. In the days fol-
lowing, land, sea, and air reinforcements were sent to
the area and order was maintained without untoward
incident.

23–31 July The feasibility of creating or destroying
cloud formations by release of carbon black into the
atmosphere was established in tests conducted off the
Florida coast by VW-4, commanded by Commander
Nicholas Brango, under the overall direction of Dr.
Florence W. van Straten of the Naval Weather Service
Division, Op-58.

29 July Commander Malcolm D. Ross and
Lieutenant Commander M. Lee Lewis made a balloon
ascension to 82,000 feet, carrying a record load of
5,500 pounds and remaining in the air 341⁄2 hours. The
primary purpose of the flight was to test and evaluate
the sealed cabin system designed to carry an exter-
nally mounted telescope for the observation of the at-
mosphere of Mars and was thus an operational and lo-
gistic rehearsal for coming events.

6 August The Department of Defense Reorgani-za-
tion Act of 1958 was approved. Effective six months
from this date, the new law provided a more direct
civilian control over military operations through the
offices of the Secretary of Defense, the Joint Chiefs of
Staff and the respective service secretaries; provided
for the establishment of unified or specified combat-
ant commands, to direct the operations of units as-
signed from the respective services, responsible for
the accomplishment of their military mission directly
to the President and the Secretary of Defense; and re-
vised the secretarial structure of the Department by
reducing the number of Assistant Secretaries of
Defense from nine to seven, limiting the number
within each service department to three, specifying
that one of them be an Assistant Secretary for
Financial Management, and revoked the statutory pro-
vision for an Assistant Secretary of the Navy for Air.
The law also maintained the separate organization of
each service under its own Secretary and defined the
Navy Department as including Naval Aviation and the
U.S. Marine Corps.

19 August In its first successful flight a Tartar sur-
face-to-air missile, fired at the Naval Ordnance Test
Station, China Lake, intercepted an F6F drone.
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24 August After Chinese Communists began heavy
shelling of the Kinmen Islands and there were re-
newed indications of naval activity in Taiwan Straits,
units of the Seventh Fleet moved to the Taiwan area to
support the Republic of China in a firm stand against
aggression. As tension remained high and warlike ac-
tion continued, ship reinforcements, including aircraft
carriers, were sent to the area. By October the tension
lessened and the situation became somewhat stabi-
lized.

25 August Commander Forrest S. Petersen made his
first flight in the X-15. Peterson was the Navy’s re-
search pilot in the NASA X-15 program. Between this
date and 30 January 1962, he made five X-15 flights
and logged about forty minutes. The X-15 program
was a NASA effort to research the problems associated
with controlled, manned aircraft flown at extreme alti-
tude (as much as 250,000 feet) at Mach + speed (as
much as 4,093 mph). Petersen’s notable area of spe-
cialty in the program was exploration of the angle of
attack envelope to obtain information on aerodynamic
heating and stability and control.



28 August As the situation in Lebanon was some-
what eased, Essex and four destroyers left the Sixth
Fleet and transited the Suez Canal en route to join the
Seventh Fleet forces off Taiwan, where tension was
still high.

29 August The Lockheed Electra, selected in April
as the plane most closely meeting requirements for
long range antisubmarine warfare, made its first flight
in the external configuration of the P3V-1.

1 September An Antisubmarine Warfare Laboratory
was established at the Naval Air Development Center,
Johnsville, Pa.

5 September A Coordinator, Missile Ranges, was es-
tablished on the staff of the Deputy Chief of Naval
Operations (Air) to serve as his principal advisor on
missile range matters, to determine operating require-
ments, and to coordinate the establishment of policies
relating to missile range use.

6 September Norton Sound, operating midway be-
tween the southern extremities of South America and
Africa, fired its third and final atomic tipped rocket to
an altitude of about 300 miles. This series of test fir-
ings, called Project Argus, had included shots on 27
and 30 August; it was conducted for the Advanced
Research Projects Agency. The nuclear explosions pro-
duced a visible aurora and a radiation belt around the
earth which extended 4,000 miles into space and
lasted for several weeks, and provided highly signifi-
cant scientific and military data.

8 September Lieutenant Richard H. Tabor, MC,
wearing a Goodrich lightweight full-pressure suit,
completed a 72-hour simulated flight in the pressure
chamber at NAS Norfolk, in which he was subjected to
altitude conditions as high as 139,000 feet.

15 September Lieutenant William P. Lawrence be-
came the first Naval Aviator to fly at twice the speed
of sound in a fleet-type aircraft, F8U-3 Crusader.
Lawrence, the project officer, was on an evaluation
flight at Edwards Air Force Base, Calif.

16 September In its first launch at sea, the Regulus II
was fired from the submarine Grayback (SSG 574), off the
California coast, and, under radio command, flown inland
in a simulated bombardment to Edwards AFB, Calif.

28 September In a preliminary test of equipment to
be used in IGY solar eclipse studies, an ASP rocket,

accelerated by a Nike missile booster, was fired from
Point Defiance (LSD 31) near Puka Puka Island to
800,000 feet, the highest altitude ever reached by a
ship-launched rocket.

30 September The final annual report of the
National Advisory Committee for Aeronautics was is-
sued by its Chairman, General James H. Doolittle. The
forwarding letters pointed out that at the close of busi-
ness that day, the NACA would cease to exist and that
all facilities and employees would be absorbed by the
National Aeronautics and Space Administration to be
established the following day. Final Navy members
were Vice Admiral William V. Davis, Jr., and Rear
Admiral Wellington T. Hines.

30 September Operation Deep Freeze IV began as
Rear Admiral George J. Dufek, Commander Naval
Support Force, Antarctica, and four of his staff arrived
at McMurdo Sound aboard an R5D of VX-6.

1 October Project Vanguard was transferred from the
Navy to the National Aeronautics and Space Admin-is-
tration. The following 17 February, NASA successfully
launched the first full scale Vanguard earth satellite.

8 October FJ-4Bs of VMA-212 and -214 landed at
NAS Atsugi, Japan, after a trans-Pacific flight from
MCAS Kaneohe, Hawaii, with layovers at Midway and
Guam. Designated Operation Cannonball, the flight in
two sections of 12 aircraft, refueled from Air Force KB-
50 tankers in the vicinity of Wake Island and from
Navy AJs near Iwo Jima.

10 October The terms “aerology” and “aerological
officer” became obsolete as use of “meteorology” and
“meteorological officer” in their place was directed by
the Secretary of the Navy.

2 October To provide a highly mobile unit capable
of employing Marine Corps helicopter squadrons and
combat troops in the fast-landing concept of vertical
envelopment, the Commander in Chief, Atlantic Fleet
announced the formation of a new amphibious
squadron composed of Boxer, and four LSDs
equipped with helicopter platforms.

10 November The first permanent Marine Aviation
Detachment afloat was activated on board Boxer to pro-
vide supply, maintenance, and flight deck control func-
tions necessary to support the operations of Marine he-
licopter squadrons and combat troops assigned.

5 December Observation Island (EAG 154)
equipped with launching, fire control, navigational,

224 UNITED STATES NAVAL AVIATION 1910–1995

1958—Continued



24 January Major John P. Flynn and Captain Clifford
D. Warfield of MAW-2, made a nonstop, nonrefueling
flight in A4D Skyhawks from El Toro, Calif., to Cherry
Point, N.C., covering 2,082 miles in 4 hours 25 minutes.

27 January The Naval Air Development and
Material Command, Johnsville, Pa., was redesignated
Naval Air Research and Development Activities
Command, and its scope was expanded to include
aeronautical research and development activities in the
Third Naval District.

5 February In accordance with the provisions of the
Defense Reorganization Act of 1958, the Office of
Assistant Secretary of the Navy for Air was abolished.
Functions of the office were assumed by the Secretary
of the Navy pending an appointment to fill the newly
created Office of Assistant Secretary for Research and
Development.

16–19 February Units of the Naval Air Reserve par-
ticipated for the first time in a full-scale fleet exercise.
Fifty-five crews from selected Naval Air Reserve units
and 36 P2V and S2F aircraft took part in an antisubma-
rine defense exercise on the West Coast with elements
of the Pacific Fleet and the Canadian Navy.

24 February The operational deployment of the Talos
missile was marked by its first firing at sea by Galveston
(CL 93) in the vicinity of Roosevelt Roads, P.R.

10 March The Chief of Naval Operations approved
transfer of LTA training from the Naval Air Training
Command to Commander Naval Air Force, Atlantic
and the cessation of the requirement that all LTA stu-
dents also have HTA training.

11 March The HSS-2 amphibian all-weather antisub-
marine warfare helicopter made its first flight piloted
by Sikorsky test pilot R. S. Decker.

13 March Aviation Cadet E. R. Clark soloed in a TT-1
Pinto, the first student in Naval Aviation history to solo
a jet without previous experience in propeller aircraft.

9 April Four Naval Aviators, Lieutenant Colonel John
H. Glenn, USMC, Lieutenant Commander Walter M.
Schirra, Lieutenant Commander Alan B. Shepard, Jr., and
Lieutenant Malcolm Scott Carpenter, USN, were among
the seven men selected as prospective astronauts under
Project Mercury—a basic program in the development of
space exploration and manned orbital flight.

15–22 April Elements of the Naval Air Reserve took
part in Exercise Slamex, conducted by Commander,

and other devices called for in the Fleet Ballistic
Missile testing program, was commissioned at the
Norfolk Naval Shipyard, Va.

5 December A sounding rocket, Hugo, fired from a
Navy Terrier-type missile launcher at NASA’s pilotless
Aircraft Research Station at Wallops Island, Va. to a height
of 86 miles, obtained the first extremely high altitude pho-
tographs of a frontal cloud formation. Project Hugo was
conducted by the Office of Naval Research with assistance
from Bureau of Aeronautics, NASA and the U.S. Weather
Bureau and utilized a rocket camera package designed
and constructed by New Mexico State University.

8 December The first firing of a Sparrow III air-to-
air missile by a squadron deployed outside of the con-
tinental limits was conducted by VF-64, based aboard
Midway and equipped with F3Hs. Eleven days later,
VF-193, aboard Bon Homme Richard, conducted a
similar exercise. Both squadrons were deployed with
the Seventh Fleet in the western Pacific.

12 December The Secretary of the Navy directed ter-
mination of the Regulus II bombardment missile program
as a measure necessary to achieve an overall balance in
missile weapons systems within available resources.

16 December The Intermediate Range Ballistic
Missile (IRBM) portion of the Pacific Missile Range, at
Point Mugu, Calif., was inaugurated with the success-
ful firing of a Thor from Vandenburg AFB, Calif.

19 December The Naval Air Missile Test Center,
Point Mugu, Calif., was redesignated U.S. Naval Missile
Center, Point Mugu, and placed under the military
command of Commander, Pacific Missile Range.

28 December Nine ships of an antisubmarine
group, including Yorktown, were diverted from opera-
tions at sea to aid the people of Koniya, Japan, made
homeless by a fire which swept through the town and
destroyed most of its dwellings. Within 24 hours of the
disaster, the group delivered food, medicines, clothing,
blankets, and tents to the needy. Men from the group
assisted on the scene until Japanese relief agencies
could cope with the situation.

1959
21 January Tests at Indianhead, Md., of a new type
movable nozzle for the Polaris, demonstrated a suc-
cessful major advance in the directional control of bal-
listic missiles.
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Antisubmarine Defense Force, Atlantic—their second
participation in a fullscale fleet exercise since the orga-
nization of the Selected Reserve. Operating from Naval
Air Stations at Brunswick, Maine; Quonset Point, and
Lakehurst, N.J., with P2V and S2F aircraft, 78 crews
from 12 Reserve stations conducted round-the-clock
flight operations for seven days, logged 2,800 acci-
dent-free flight hours, maintained an aircraft availabil-
ity of better than 85 percent and reported 75 subma-
rine contacts.

25 April Bullpup was first deployed overseas when
VA-212, equipped with FJ-4B Furies, sailed from
Alameda, Calif. on board Lexington to join the Seventh
Fleet in the western Pacific. The following August, VA-
34, equipped with A4Ds sailed from the East Coast
aboard Saratoga to join the Sixth Fleet, thus extending
Bullpup deployment to the Mediterranean.

26 April HU-2 pilots of the ice breaker Edisto (AG
89) homeward bound from the Antarctic, completed
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8 June The bombardment missile Regulus I, fired by
the submarine Barbero (SS 317) 100 miles off the
Florida coast, delivered a package of Post Office mail
ashore at Mayport, Fla., after a 22-minute flight.

16 June A P4M Mercator, on a routine flight over in-
ternational waters off Korea, was fired upon by two
MiGs. The attack wounded one crewman and so dam-
aged the plane that it made an emergency landing at
Miho, Japan, with both starboard engines and some of
the flight controls inoperative.

19 June A ZPG-3W, first of four airships designed
for use in air warning patrol and largest nonrigid ever
built, was delivered to NAS Lakehurst, N.J.

11 July The Marine Aviation Cadet program was re-
instituted after a lapse of 18 years as a class of 12
MarCads began their preflight training course at NAS
Pensacola, Fla.

13 July The Chief of Naval Operations approved the
policy recommendations of the Connolly Board that
enunciated organizational responsibilities in the Office
of the Chief of Naval Operations. Essentials of the pol-
icy were that the Navy would use space to accomplish
naval objectives, that it would participate fully in
space technology and that astronautics would have
high priority in overall research and development.

14 July A two-stage Nike-Asp solid-propellant rocket
fired from Naval Missile Facility, Point Arguello, Calif.,
was the first of 12 designed to record radiation 150
miles up and also the first ballistic missile fired from
the new facility.

15 July The Aviation Safety Division of DCNO (Air)
was changed to a staff office, headed by a coordinator,
to act as principal advisor to DCNO (Air) in all matters
of air safety and to coordinate the planning and imple-
mentation of aviation safety programs throughout the
Navy.

22 July Within DCNO (Air), the Office of the
Coordinator, Missile Ranges was disestablished and its
functions assigned to a simultaneously established
Astronautics Division, charged with assisting DCNO
(Air) in performing his overall responsibility for direct-
ing the Navy astronautic program, including the for-
mulation of plans, policies, and the determination of
requirements.

28 July The Naval Research Laboratory issued its ini-
tial report indicating the feasibility of adapting Omega
navigation to aircraft use. This report, prepared by A.

10 days of rescue operations in the Montevideo area
of Uruguay during which they carried 277 flood vic-
tims to safety.

28 April The office of the Assistant Chief of Naval
Operations (Research and Development) was disestab-
lished and replaced by a new Deputy Chief of Naval
Operations (Development), with authority and respon-
sibility to execute the research, development, test, and
evaluation responsibilities of the Chief of Naval
Operations. Vice Admiral John T. Hayward, who was
head of the disestablished office, became the new
Deputy for Development.

5 May The Guided Missiles Division was transferred
in its entirety from DCNO (Air) to the newly estab-
lished office of DCNO (Development), and its Director
was designated Assistant Chief of Naval Operations
(Development).

7 May The classification of 36 escort carriers, desig-
nated CVE, CVU, and CVHE, was changed to AKV, Cargo
Ship and Aircraft Ferry. The change was accompanied by
a change of hull numbers and marked the end of the es-
cort carrier as a combatant ship of the U.S. Navy.

15 May The classification of four support carriers
(CVS) and seven light carriers (CVL) was changed to
Auxiliary Aircraft Transport (AVT). This change removed
the CVL designation from the Navy Vessels Register.

15 May To centralize and strengthen the research
and development program, more direct channels for
technical control and program guidance over the
Operational Development Force were established in
the Office of the Chief of Naval Operations. The mis-
sion of the force was revised and broadened to in-
clude test and evaluation and, reflected the changes,
its title was changed to “Operational Test and
Evaluation Force.”

26 May A concept of aircraft maintenance, which
provided for the assignment of responsibility directly
to the unit having custody of the aircraft and for a
gradual elimination of FASRONS, was approved for
implementation.

27 May As a reflection of the ever-broadening scope
of a unit which owed its beginning to the needs of
Naval Aviation, the Naval Weather Service Division,
with its functions and personnel, was transferred from
DCNO (Air) to DCNO (Fleet Operations and
Readiness.)

UNITED STATES NAVAL AVIATION 1910–1995 227

1959—Continued



F. Thornhill of the Radio Division, was a theoretical
analysis of the problems involved in designing an air-
borne receiver. It also described Omega navigation as
a phase comparison radio navigation technique utiliz-
ing very low frequency radio waves of such range that
six appropriately located shore based transmitters
would provide world wide coverage.

30 July The Navy announced that Advanced
Training Command units and Reserve squadrons
would receive Sidewinder air-to-air missiles. The fol-
lowing week the program was implemented when the
Advanced Training Unit 203, at NAAS Kingsville, Tex.,
began training operations carrying Sidewinders on
their F11F jets.

flood-stricken Taiwan during which it airlifted 1,600,540
pounds of cargo and 833 passengers on 898 missions.

25 August During suitability trials on board
Independence an A3D piloted by Lieutenant
Commander Ed Decker took off at a gross weight of
84,000 pounds—the heaviest aircraft ever to take off
from a carrier.

27 August The ballistic missile Polaris was fired for
the first time from a ship at sea by Observation Island,
off Cape Canaveral, Fla.

1 September The Bureau of Naval Weapons was
formed. The first Chief of the new bureau, Rear
Admiral Paul D. Stroop, took the oath of office on 10
September.
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3 August The first flight test of the antisubmarine
missile Subroc was successfully completed by a
launch from a shore installation at NOTS China Lake,
Calif.

18 August An act of Congress established the
Bureau of Naval Weapons and provided that the
Bureaus of Aeronautics and Ordnance would be abol-
ished upon transfer of all their functions.

20 August Marine Helicopter Squadron 261, operating
from Thetis Bay, completed a week of relief operations in

9 September Navy air and surface units located and
recovered an Atlas boosted Mercury capsule in an area
700 miles short of the predicted point of impact in the
Atlantic Ocean.

18 September The Air Warfare Division of DCNO
(Air) was disestablished and its functions pertaining to
aviation combat readiness were transferred to DCNO
(Fleet Operations and Readiness). A new branch was
established in the Aviation Plans Division to perform
planning requirement functions previously assigned to
the disestablished division.



USMC, and his instructor Lieutenant Commander
Rieman A. MacDonell, inaugurated use of the T2J
Buckeye in basic training.

30 November The Airship Training Group at NAS
Glynco, Ga., was disestablished ending lighter-than-air
training in the U.S. Navy.

1 December The Bureaus of Aeronautics and Ordnance
were abolished as the Chief of the Bureau of Naval
Weapons Rear Admiral Paul D. Stroop relieved their Chiefs,
Rear Admirals Robert E. Dixon and Miles H. Hubbard,
and the Bureau of Naval Weapons absorbed their functions.

25 September The last class of LTA students also
qualified in HTA, completed training at NAS Glynco,
Ga. The last man to receive the dual designation was
Ensign John B. Hall.

30 September Airship flights by the Reserves of
Naval Air Reserve Training Unit, Lakehurst, N.J.,
marked the end of the airship training program con-
ducted for 12 years under the Chief of Naval Air
Reserve Training.

1 October An R5D Skymaster, piloted by Lieutenant
Commander John A. Henning of VX-6, arrived at NAF
McMurdo Sound, Antartica, after a flight from
Christchurch, New Zealand. The arrival of Rear
Admiral David M. Tyree, Commander, Naval Support
Force Antarctica, on this first flight of the season
marked the operational implementation of Operation
Deep Freeze 60.

1 October Fleet Air San Diego was established with
Rear Admiral Dale Harris in command.

6 October Kearsarge left Nagoya, Japan, after relief
operations in the wake of a typhoon. Some 6,000 per-
sons were evacuated, 200,000 pounds of supplies and
medicines were delivered and over 17,000 typhoid
and antibiotic shots were administered to prevent the
spread of disease.

2 November A student training flight at NAS
Pensacola, Fla., by 2nd Lieutenant David K. Mosher,
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jet light attack; VA-85 the prop light attack; and VAH-4
the heavy attack. Top individual scorer was 1st
Lieutenant G. A. Davis, USMC, of VMF-232 competing
in the Day Fighter shoot.

6 December Commander Lawrence E. Flint, Jr., USN,
piloting a McDonnell F4H-1 Phantom II powered by
two GE J-79 engines bettered the existing world altitude
record by reaching 98,560 feet over Edwards AFB, Calif.

7 December Dewey (DLG 14), the first of a new
class of guided missile destroyer leaders designed to
employ the air defense missile Terrier III, was commis-
sioned at the Boston Naval Shipyard, Mass.

30 December The first Fleet Ballistic Missile subma-
rine George Washington (SSBN 598) was placed in
commission at Groton, Conn., Commander George B.
Osborn commanding. The first of nine nuclear pow-
ered ballistic missile submarines authorized by
Congress, she was launched on 9 June 1959.

4 December Crack teams from selected fleet
squadrons completed four days of competitive gun-
nery, bombing, and missile firing at MCAAS Yuma,
Ariz., in the championship round of the annual
weapons meet. VF(AW)-3 took the all weather fighter
title in the F4D Class and VF-41 won it in F3H Class.
VMF-232 won the day fighter competition; VA-56 the
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series of high-level studies directed toward clarifying
lines of authority and responsibility. The bureau sys-
tem was abolished, and material support was central-
ized under a strengthened Material Command placed
under direct control of the Chief of Naval Operations.
New impetus was given to the project manager con-
cept and other changes radiated outward to the oper-
ating forces and the shore establishment.

In other respects, the Navy’s traditional role in con-
trolling the sea remained unchanged. Revival of the
old technique of naval blockade during the Cuban
missile crisis found a modern Navy fully capable of
performing it. Operating forces were near at hand to
give aid to the stricken when hurricanes, typhoons,
and earthquakes struck in widely distant points. The
round-the-world cruise of a nuclear-powered task
force and operations in the Indian Ocean carried the
flag into many foreign ports. Crises in Africa, the
Middle East, over Berlin and the threat of war in
Caribbean nations, found naval forces ready to evacu-
ate American nationals and by their presence to reaf-
firm the Navy’s role in keeping the peace. In Southeast
Asia, the nation responded to aggressive actions with
retaliatory air strikes. As retaliation developed into war
and the nation’s commitment increased, the burden of
the Navy’s air war was carried by aircraft of the
Seventh Fleet. The requirement for sustained naval
action and support of operations ashore posed major
problems for logistic planners and force commanders
alike, as the action became progressively heavier
despite repeated attempts to halt the fighting and to
settle differences at the conference table.

1960
1 January Electronics Countermeasures Squadrons
were redesignated Fleet Air Reconnaissance Squadrons,
without change of their VQ letter designation.

15 January The Naval Weather Service Division was
transferred from the Office of DCNO (Operations &
Readiness) to the staff of the Vice Chief of Naval
Operations, and an Office of the U.S. Naval Weather

The year 1961 marked the golden anniversary of
Naval Aviation. It was a year filled with many nostalgic
memories of past glories and also a year in which
Naval Aviation attained new stature as an effective
fighting force. One nuclear-powered and two conven-
tionally powered attack carriers joined the operating
forces, perhaps the greatest array of carrier-air might
added during peacetime to any fleet in a single year.
Before the decade was out, two more attack carriers
had been commissioned and another was taking form
on the ways. Four new amphibious assault ships, and
others built to exploit the unique capabilities of heli-
copters in vertical assault and replenishment, joined
the fleet. New high-performance aircraft went into
operation. Vertical and short-takeoff-and-landing air-
craft were developed; one went into service. New
types of missiles appeared and such old standbys as
Sparrows and Sidewinders were given new capabili-
ties. On the other side of the ledger, the blimp and the
flying boat, long-familiar figures in Naval Aviation,
became victims of the relentless march of technology.

Efforts to conquer space began in earnest as
manned orbital flight became a reality and a series of
successes culminated in the first manned lunar land-
ing. More than half the nation’s astronauts had Navy
backgrounds—Naval Aviators made the first American
suborbital and orbital flights. Navy flight surgeons
joined in the study of physiological effects of space
flight. A Navy space surveillance system helped forge
the necessary links for a continuous watch on space.
Satellites developed by Navy scientists expanded our
knowledge of space, and a Navy satellite navigation
system gave to all nations an accurate means of travel-
ing the earth’s oceans. Carriers or amphibious assault
ships, were at sea in both oceans during all orbiting
periods to cover an emergency landing, and were
always on station to recover the astronauts and their
spacecraft upon their return to earth.

Support of the space program was responsible for a
number of organizational adjustments within the Navy
Department as well as for formation of a Recovery
Force command in the fleet. Broader and more basic
changes in departmental structure resulted from a
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Service was set up as a field activity under the man-
agement control of the Chief of Naval Operations. The
responsibilities of the new office included manage-
ment control of the integrated Fleet Weather Central
system and technical direction of meteorological mat-
ters within the shore establishment and the operating
forces.

26 January The first of two giant unmanned bal-
loons was launched from Valley Forge, at sea south of
the Virgin Islands. Almost as high as a 50-story build-
ing and with a cubic capacity greater than that of the
rigid airship Akron, the balloons carried 2,500 pounds,
including 800 pounds of emulsion sheets to record
cosmic-ray activity. The first balloon achieved an alti-
tude of 116,000 feet and remained aloft 8 hours, while
the second reached 113,000 feet and made a flight of

261⁄2 hours. The balloons were tracked by early warn-
ing aircraft from the carrier and shore bases, and the
instruments were recovered by a destroyer. The pro-
ject was under the joint sponsorship of the National
Science Foundation (NSF) and the Office of Naval
Research (NRL).

25 February A Navy R6D transport, carrying mem-
bers of the Navy Band and a team of antisubmarine
specialists, collided with a Brazilian airliner over Sugar
Loaf Mountain, Rio de Janeiro. The accident took the
lives of all 26 persons on board the airliner and all but
3 of the 38 Navy men on board the R6D.

29 February The Department of Defense announced
that two new developments in airborne mine counter-
measures had been successfully demonstrated to Navy
and Defense officials by the Navy Mine Defense
Laboratory and the Navy Air Mine Defense
Development Unit at Panama City, Fla. The first was
air-portable minesweeping gear that enabled a heli-
copter to become a self-sufficient aerial minesweeper;
the second was equipment for transferring the
minesweeping-gear towline from a surface minesweep-
er to a helicopter, from one helicopter to another, or
from a helicopter to a surface minesweeper.

29 February Navy and Marine Corps personnel from
Port Lyautey were flown to the Agadir area of
Morocco to aid inhabitants of the city razed by a
severe earthquake. Before rescue and relief operations
were over, a Navy-wide effort brought food and cloth-
ing to the stricken people from Reserve and other
units as far away as Seattle, Wash.

1 March A ZPG-3W airship of ZW-1 returned to NAS
Lakehurst, N.J., from an Air Defense Command barrier
patrol over the North Atlantic after having been on sta-
tion for 49.3 hours and 58 hours in the air. This new
record for continuous patrol more than doubled the best
time logged by its predecessor, the smaller ZPG-2W.

18 March On the first firing test of Project Hydra,
conducted at Naval Missile Center, Point Mugu, a 150-
pound rocket was successfully ignited underwater and
launched into the air. The test demonstrated the feasi-
bility of launching rockets while floating upright in the
water and gave promise of eliminating the cost of
launching pad construction and allowing greater free-
dom in the choice of launching sites.

25 March In the first launch of a guided missile
from a nuclear powered submarine, Halibut (SSGN
587), fired a Regulus I during training exercises off
Oahu, Hawaii.
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an uninstrumented satellite, mounted pickaback, was
successfully separated and placed in its own orbit.
Thereby, the feasibility of launching multiple satellites
with a single vehicle was demonstrated.

19 April The Secretary of the Navy established the
Naval Space Surveillance Facility, Dahlgren, Va.

1 May Seventeen Basic Training Groups of the
Naval Air Training Command were redesignated train-
ing squadrons (VT) and established as separate units,
each under a commanding officer.

3 June Test launchings of Bullpup air-to-surface mis-
siles from a Marine Corps HUS-1 helicopter were suc-
cessfully completed at Naval Air Test Center, Patuxent
River, Md.

10 June Seven helicopters of HS-4 from Yorktown
rescued 53 merchant seamen from the British freighter
Shun Lee which was breaking up on Pratas Reef, 500
miles northwest of Manila, Philippines. Under storm
conditions in the wake of Typhoon Mary, the heli-
copter took 25 men from the wreck and 28 more from
Pratas Island inside the reef.

21 June Norfolk (DL 1), from a position off Key
West, Fla., fired an antisubmarine rocket missile
(ASROC) in a public demonstration, marking the com-
pletion of a two-month technical evaluation. This mis-
sile featured a rocket-powered airframe carrying a
homing torpedo, or alternatively, a depth charge.

22 June The navigation satellite Transit 2A was
placed into orbit by a Thor-Able-Star rocket launched
from Cape Canaveral, Fla. A Naval Research Laboratory
Sol Rad I (Solar radiation) satellite, mounted pickaback,
was also placed in orbit. In addition to further develop-
ing the Doppler navigation techniques, Transit 2A con-
firmed the practicability of using satellites for precise
geodetic survey, provided critical measurements of the
effect of the ionosphere on electromagnetic waves, and
provided measurements of high frequency cosmic
noise requested by the Canadian Government. The 2A
had an operating life of 21⁄2 years.

1 July The first Carrier On-board Delivery squadron,
VRC-40 was established at NAS Norfolk, Commander
John H. Crawford commanding.

1 July In a successful demonstration of the operating
capabilities of a drone helicopter designed for use in
antisubmarine warfare from destroyers, an experimen-
tal DSN-1 made an at-sea landing aboard Mitscher (DL
2), off the coast of Long Island, N.Y. Although the

26 March Elements of MAW-1 participating in
Exercise Blue Star established an operational jet
airstrip on the south shore of Taiwan within 72 hours
of the amphibious landing. The 3,400-foot strip was
surfaced with expeditionary airfield matting, equipped
with MOREST arresting gear, portable TACAN equip-
ment, portable mirror landing system, lower control
system, and supported by a portable fuel tank farm.
A4D aircraft operated from the strip with the assis-
tance of JATO, and F4Ds and F8Us used afterburners
for takeoff.

1 April CVSG-53 and -59, each composed of one HS
and two VS squadrons, were established at NAS North
Island, Calif. This marked the beginning of a reorgani-
zation of antisubmarine aviation which called for the
formation of nine CVSGs and for the assignment of an
additional replacement CVSG and a patrol squadron in
each fleet to perform functions paralleling those being
carried out by the previously established replacement
carrier air groups.

13 April The navigation satellite Transit 1B was
placed into orbit by a Thor-Able-Star rocket launched
from Cape Canaveral, Fla. Designed by the Applied
Physics Laboratory, the satellite emitted a radio signal
at a precise frequency. Surface receiving stations used
a measurement of the signal’s doppler shift to deter-
mine their position with high accuracy. Among other
experiments performed in connection with this launch,
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drone was manned by a safety pilot, the helicopter was
flown by remote control from shore and maneuvered
around the ship and into position for a landing before
the pilot took command and made the final let down.

1 July To support the operations of the Pacific
Missile Range, Calif., a Pacific Missile Range Facility
was established at Eniwetok, Marshall Islands.

9 July Wasp sailed from Guantanamo Bay for the
coast of Africa to support UN attempts to quiet disor-
ders in the newly independent states of the Congo. By
the time of her departure in early August, the carrier
had supplied a quarter of a million gallons of gasoline
in support of the UN airlift.

18 July The Navy terminated the Corvus air-to-sur-
face missile program in order to permit increased
emphasis upon other weapons systems offering a
wider scope of employment.

20 July A Polaris ballistic missile was launched for
the first time from George Washington (SSBN 598)
while submerged at sea off Cape Canaveral, Fla. The
missile broke clear of the water, ignited in the air and
streaked more than 1,000 miles toward its target down
the Atlantic Missile Range.

21 July The Navy announced that a contract for the
development of the Missileer aircraft for launching the
Eagle long-range air-to-air guided missile was being
issued to the Douglas Aircraft Corporation.

1 August The Naval Air Rocket Test Station, Lake
Denmark, N.J., was disestablished and the land was
turned over to the Army for incorporation in Picattinny
Arsenal. Navy liquid rocket development projects were
transferred to other activities, primarily the Naval
Ordnance Test Station, China Lake, Calif.; the Naval
Propellant Plant, Indian Head, Md.; and the Naval
Weapons Laboratory, Dahlgren, Va.

2 August A Naval Research Laboratory Aerobee
rocket, instrumented to study the ultraviolet spectrum
of the sun, was launched at the White Sands Missile
Range, N. Mex., and soared over 90 miles into the
atmosphere. As the rocket returned to earth, its nose
cone separated from the main section and was
parachuted to the ground.

11 August In the first recovery of an object after it
had been in orbit, a Navy HRS-3 helicopter operating
from Haiti Victory (T-AK-238) off the Pacific Missile

Range, Calif., recovered the instrumented capsule dis-
charged by Discoverer XIII on its 17th pass around the
earth. The capsule was located about 330 miles north-
west of Honolulu, Hawaii, by Air Force planes which
directed the ship toward the spot. Recovery was made
less than three hours after the capsule hit the water.

2 September Captain Holden C. Richardson, Naval
Aviator No. 13, died at Bethesda, Md. A man of many
attainments, Captain Richardson was the Navy’s first
engineering test pilot, helped develop the Navy’s first
catapults, was one of the designers of the NC boats
supervised their construction and piloted one of them
on the transatlantic attempt, was a pioneer designer of
flying boat hulls, and one of the original members of
NACA.

5 September An F4H-1 Phantom II, piloted by
Lieutenant Colonel Thomas H. Miller, USMC, set a new
world record of 500 kilometers over the triangular
course at Edwards AFB, Calif., with a speed of
1,216.78 mph.

19 September The NASA Nuclear Emulsion
Recovery Vehicle (NERV) was launched from the
Naval Missile Facility, Point Arguello, Calif., by an
Argo D-8 rocket. The instrumented capsule reached an
altitude of 1,260 miles and landed 1,300 miles down
range where it was recovered by Navy ships.

25 September An F4H-1 Phantom II, piloted by
Commander John F. Davis, averaged 1,390.21 mph for
100 kilometers over a closed circuit course, bettering
the existing world record for the distance by more
than 200 mph.

20 October The Department of Defense announced
establishment, under Navy management, of an Army-
Navy-Air Force program to develop the prototype of
an operational vertical takeoff and landing aircraft for
the purpose of testing its suitability for air transport
service.

10 November The Secretary of Defense directed
that the Navy Space Surveillance System and the Air
Force Space Track System, each performing similar
services over different sections of the surveillance net-
work, be placed under the control of the North
American Air Defense Command (NORAD) for military
functions.

15 November The Polaris Fleet Ballistic Missile
Weapon System became operational as George
Washington (SSBN 598) departed Charleston, S.C.,
with a load of 16 A-1 tactical missiles.
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1961
31 January A Marine Corps helicopter of HMR(L)-
262 made an at sea recovery of a Mercury capsule,
bearing the chimpanzee Ham, after it had completed a
15-minute flight reaching 155 miles high and 420 miles
down range. The capsule was launched by a Redstone
rocket from Cape Canaveral, Fla., in a preliminary test
for manned space flight.

1 February The Space Surveillance System, with
headquarters at the Naval Weapons Laboratory,
Dahlgren, Va., was established, Captain David G.
Woosley commanding. By this action, the system which
had been functioning as an experimental research proj-
ect since 1959, became an operational command.

21 February The navigation satellite Transit 3B, car-
rying Lofti (low frequency transionospheric satellite)
pickaback, was put into orbit by a Thor-Able-Star rock-
et, fired from Cape Canaveral, Fla. Improper burning of
the second stage and its failure to separate from the
payload prevented achievement of the planned orbital

path. Despite this, during the Transit’s 39 days in
orbit, prototype navigational messages containing
ephemerides and time signals were inputted into
its memory and reported back thereby providing
the first complete demonstration of all features
of the navigation satellite system.

6 March The Secretary of Defense estab-
lished Defense policies and responsibilities for
development of satellites, antisatellites, space
probes and supporting systems. Each Military
Department was authorized “to conduct prelimi-

nary research to develop new ways of using
space technology to perform its assigned function.”

Although research, development, test and engineer-
ing of Department of Defense space development pro-

grams and projects were to be the responsibility of the
Air Force, provisions were made for granting exceptions
thereby leaving the door ajar to the possibility of the
Navy developing a unique space capability.

10 April C-130BL Hercules of VX-6, piloted by
Commander Loyd E. Newcomer and carrying a double
crew of 16 and a special crew of five, landed at
Christchurch, New Zealand, completing the emergency
evacuation from Byrd Station, Antarctica, of Leonid
Kuperov, a Soviet exchange scientist who was suffer-
ing from an acute abdominal condition. The round trip
flight out of Christchurch was the first to pierce the
winter isolation of the Antarctic Continent.

21 April The Office of the Pacific Missile Range
Representative, Kaneohe, Hawaii, was redesignated

17 November At the request of the threatened
countries, President Eisenhower ordered a naval patrol
of Central American waters to intercept and prevent
any Communist-led invasion of Guatemala and
Nicaragua from the sea. The patrol was carried out by
a carrier and destroyer force which remained in the
area until recalled on 7 December.

13 December An A3J Vigilante piloted by
Commander Leroy A. Heath, with Lieutenant Henry L.
Monroe as bombardier-navigator, climbed to 91,450.8
feet over Edwards AFB, Calif., while carrying a pay-
load of 1,000 kilograms. This performance established
a new world altitude record with payload and sur-
passed the existing record by over four miles.
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19 December Fire broke out on the hangar deck of
Constellation in the last stages of construction at the
New York Naval Shipyard. Fifty civilian workers died
in the blaze.

22 December Helicopters of HS-3 and HU-2 from
Valley Forge rescued 27 men from the oiler SS Pine
Ridge as she was breaking up in heavy seas 100 miles
off Cape Hatteras, N.C.



and established as the Pacific Missile Range Facility,
Hawaiian Area, to serve as the mid-Pacific headquar-
ters for missile and satellite tracking stations located in
the Hawaiian and Central Pacific areas.

29 April Kitty Hawk, the first of a new class of
attack carriers equipped with Terrier anti-air missiles,
was commissioned at Philadelphia, Pa., Naval
Shipyard, Captain William F. Bringle commanding.

4 May A world record balloon altitude of 113,739.9
feet was reached in a two-place open gondola
Stratolab flight by Commander Malcolm D. Ross and
Lieutenant Commander Victor A. Prather (MC).
Launched from Antietam off the mouth of the

Mississippi, the balloon, which was the largest ever
employed on manned flight, reached its maximum alti-
tude 2 hours and 36 minutes after takeoff 136 miles
south of Mobile, Ala. This achievement was marred by
the death of Lieutenant Commander Prather, who fell
from the sling of the recovery helicopter and died on
board the carrier about an hour after being pulled
from the water.

5 May Commander Alan B. Shepard, Jr., USN,
became the first American to go into space as he com-
pleted a flight reaching 116 miles high and 302 miles
down range from Cape Canaveral, Fla. His space cap-
sule, Freedom 7, was launched by a Redstone rocket
and recovered at sea by an HUS-1 helicopter of
HMR(L)-262 which transported it and Commander
Shepard to Lake Champlain.
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1 June Ships of the Second Fleet, including Intrepid,
Shangri-La, and Randolph, were ordered to stand by
off southern Hispaniola when a general uprising
seemed about to follow the assassination of President
Trujillo of the Dominican Republic.

21 June The Secretary of the Navy approved plans
for terminating the lighter-than-air program that would
disestablish all operational units by November, put
eight of the 10 remaining airships in storage and deac-
tivate the Overhaul and Repair shop at Lakehurst, N.J.

29 June The navigation satellite Transit 4A was put
into a nearly circular orbit at about 500 miles by a
Thor-Able-Star rocket fired from Cape Canaveral.
Although Greb and Injun satellites riding pickaback
did not separate from each other, both operated satis-
factorily. Transit 4A was the first space vehicle to be
equipped with a nuclear powered generator.

10 July The first NATOPS (Naval Air Training and
Operating Procedures Standardization) Manual was
promulgated with the distribution of the HSS-1 manu-
al. This manual prescribed standard operating proce-

17 May An HSS-2 helicopter flown by Commander
Patrick L. Sullivan and Lieutenant Beverly W.
Witherspoon, set a new world class speed record of
192.9 mph for 3 kilometers at Bradley Field, Windsor
Locks, Conn.

24 May Three F4H Phantom II fighters competing
for the Bendix Trophy bettered the existing record for
transcontinental flight from Los Angeles to New York.
The winning team of Lieutenant Richard F. Gordon,
pilot, and Lieutenant (jg) Bobbie R. Young, RIO, aver-
aged 870 mph on the 2,421.4 mile flight and set a new
record of 2 hours, 47 minutes.

24 May Commander Patrick L. Sullivan and
Lieutenant Beverly W. Witherspoon, flying an HSS-2
helicopter set another new world class speed record
with a mark of 174.9 mph over a 100-kilometer course
between Milford and Westbrook, Conn.
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dures and flight instructions which were peculiar to
the HSS-1 and complemented the more technical
information contained in the HSS-1 Flight Manual (or
handbook). As the NATOPS system developed,
NATOPS Flight Manuals were issued which consolidat-
ed flight and operating instructions with the handbook
information, the first being that for the F9F-8T dated
15 December 1963. Further publications included the
NATOPS Manual, which contained generalized instruc-
tions covering air operations, and other manuals deal-
ing with such subjects as carrier operations, air refuel-
ing, instrument flight, and landing signal officer
procedures.

18 July The first of a series of 10 unguided rocket
launches was made at Naval Missile Center, Point
Mugu, Calif., to develop an economical research rock-
et using a standard booster. Called Sparro-air, the
rocket was designed and built at Point Mugu by com-
bining two Sparrow air-to-air missile rocket motors. It
was launched from an F4D Skyray to an altitude of 64
miles.

21 July Captain Virgil I. Grissom, USAF, the second
American man-in-space, completed a 15 minute, 118
mile high flight 303 miles down the Atlantic Missile
Range. Premature blowoff of the hatch cover caused
flooding of the capsule and made its recovery impossi-
ble, but Grissom was picked up from the water by a
second helicopter and delivered safely to Randolph.

3 August The Director of Defense Research and
Engineering approved revisions to the tri-Service
Vertical Take-Off and Landing (VTOL) program where-
by administrative responsibility for a tilting wing air-
craft (later developed as the XC-142) was transferred
from the Navy to the Air Force but with the three ser-
vices continuing to share the cost equally.

26 August Iwo Jima was commissioned at
Bremerton, Wash., Captain T. D. Harris commanding.
First of the amphibious assault ships to be designed
and built as such, the new ship was 602 feet overall,
of 17,000 tons standard displacement, and equipped to
operate a helicopter squadron and an embarked
detachment of Marine combat troops in the “vertical
envelopment” concept of amphibious assault.

28 August The Naval Ordnance Test Station, China
Lake, Calif., reported on tests of Snakeye I mechanical
retardation devices which were being developed to
permit low altitude bombing with the MK 80 family of
low drag bombs. Four designs of retarders (two made

by Douglas and two by NOTS) had been tested in
flight, on the station’s rocket powered test sled, or in
the wind tunnel. One of Douglas’ designs had shown
sufficient promise that a contract had been issued for
a number of experimental and prototype units.

28 August Lieutenant Hunt Hardisty, pilot, and
Lieutenant Earl H. DeEsch, RIO, flew an F4H Phantom
II over the 3-kilometer course at Holloman AFB, N.
Mex., and averaged 902.769 mph for a new low alti-
tude world speed record.

11 September Task Force 135, commanded by Rear
Admiral F. J. Brush, composed of Shangri-La and
Antietam, two destroyers, an attack transport and two
fleet tugs, was ordered to the Galveston-Freeport area
of Texas for disaster relief operations in the wake of
Hurricane Carla.

1 October In response to the call of the president as
a result of renewed tension over the divided city of
Berlin, units of the Naval Reserve, including five patrol
and 13 carrier antisubmarine squadrons of the Naval
Air Reserve, reported for active duty.

16 October The Astronautics Operations Division,
Op-54, with mission, functions and personnel, was
transferred from the Office of DCNO (Air) to Op-76 of
the Office of DCNO (Development).

23 October The Polaris A-2 was fired from under-
water for the first time as Ethan Allen (SSBN 608) fired
it 1,500 miles down the Atlantic Missile Range.

31 October Fleet Airship Wing One and ZP-1 and ZP-
3, the last operating units of the LTA branch of Naval
Aviation, were disestablished at NAS Lakehurst, N.J.

6 November Antietam left British Honduras for
Pensacola after 4 days of relief operations following
hurricane Hattie. Helicopters, from VT-8 and HMR(L)-
264, carried over 57 tons of food, water and medical
supplies and transported medical and other relief per-
sonnel to the people in Belize, Stann Creek and other
points hit by the hurricane.

22 November Lieutenant Colonel Robert B.
Robinson, USMC, flying an F4H-1 Phantom II, set a
world speed record, averaging 1606.3 mph in two runs
over the 15 to 25-kilometer course at Edwards AFB,
Calif.

25 November The nuclear-powered Enterprise was
commissioned at Newport News, Va., Captain Vincent
P. DePoix commanding.
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1 December An HSS-2 helicopter, flown by Captain
Bruce K. Lloyd and Commander Don J. Roulstone, laid
claim to three new world speed records over a course
along Long Island Sound between Milford and
Westbrook, Conn., with performances of 182.8 mph,
179.5 mph, and 175.3 mph for 100, 500, and 1,000
kilometers, respectively.

5 December Commander George W. Ellis piloted
an F4H Phantom II on another world record, surpass-
ing the existing record for altitude sustained in hori-
zontal flight with a height of 66,443.8 feet over
Edwards AFB, Calif.

6 December In a joint Navy-Air Force ceremony,
new wings were pinned on America’s first astronauts,
Commander Alan B. Shepard, Jr., USN, and Captain
Virgil I. Grissom, USAF. The new designs displayed a
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24 January Two Navy F4H Phantom II fighters, des-
ignated F-110A by the Air Force, arrived at Langley
AFB, Va., for use in orientation courses preliminary to
the assignment of Phantom’s to units of the Air Force
Tactical Air Command.

26 January To overcome deficiencies disclosed
during operation of ships equipped with surface-to-
air missiles, the Chief of the Bureau of Naval
Weapons designated an Assistant Chief for Surface
Missile Systems who was to head a special task force
and direct all aspects of surface missiles within the
Bureau and to act with the Chief of Naval Personnel
and the Bureau of Ships on matters involving these
Bureaus.

5 February An HSS-2 Sea King became the first heli-
copter to exceed 200 mph in an officially sanctioned
trial. Piloted by Lieutenant R. W. Crafton, USN, and
Captain Louis K. Keck, USMC, over a course along the
Connecticut shore from Milford to New Haven, the
antisubmarine helicopter broke the world record for
15 to 25 kilometers with a speed of 210.65 mph.

shooting star superimposed on the traditional aviator
wings of the respective services.

8 December The landing field at NAS Anacostia,
Washington, D.C., was closed at 0500 hours, all
approach procedures were terminated and air traffic
facilities ceased operation. Thus, ended the career of a
station unique for the variety of its operations and
services, and in terms of continuous operations, the
fourth oldest in the U.S. Navy.

14 December Installation of the Pilot Landing Aid
Television system (PLAT) was completed on Coral
Sea, the first carrier to have the system installed for
operational use. Designed to provide a video tape
of every landing, the system was useful for instruc-
tional purposes and in the analysis of landing acci-
dents making it a valuable tool in the promotion of
safety. By early 1963, all attack carriers had been
equipped with PLAT and plans were underway for
its installation in antisubmarine carriers and at shore
stations.

30 December An HSS-2 helicopter flown by
Commander Patrick L. Sullivan and Captain David A.
Spurlock, USMC, at Windsor Locks, Conn., bettered its
old three-kilometer world record at 199.01 mph.

1962

1 January Three new Fleet Air Commands were
established under Commander, Naval Air Force
Atlantic, one with headquarters at Keflavik, Iceland,
one at Bermuda and the other in the Azores.

17 January First air operations were conducted by
Enterprise as Commander George Talley made an
arrested landing and catapult launch in an F8U
Crusader. Although three TF Traders of VR-40 had
taken off from her deck on 30 October 1961 to trans-
port VIPs to the mainland after observing sea trials,
Commander Talley’s flights marked the start of
Enterprise fleet operations.

23 January The last of 18 F8U-2N Crusaders
VMF(AW)-451, arrived at Atsugi, Japan, from MCAS El
Toro, Calif., completing the first transpacific flight by a
Marine Corps jet fighter squadron. Stops were made at
Kaneohe, Hawaii, Wake Island, and Guam and air
refueling was provided by GV-1 tankers. The flight
was led by Lieutenant Colonel Charles E. Crew, com-
manding officer of the squadron.
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8 February A detachment of VP-11 at NAS Argentia,
New Foundland, began ice reconnaissance flights over
the Gulf of St. Lawrence to aid in evaluating satellite
readings of ice formations transmitted by Tiros 4
which was put into orbit the same day.

20 February Lieutenant Colonel John H. Glenn,
USMC, in Mercury spacecraft Friendship 7, was
launched from Cape Canaveral, Fla., by an Atlas rock-
et. His three turns about the earth were the first U.S.
manned orbital flights. He was recovered some 166
miles east of Grand Turk Island in the Bahamas by
Noa (DD 841) and then delivered by helicopter to
Randolph.
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3 March The F4H-1 continued its assault on time-to-
climb records at NAS Brunswick, Maine, as Lieutenant
Commander Del W. Nordberg piloted the Phantom II
to an altitude of 15,000 meters in 114.54 seconds.

31 March Lieutenant Commander F. Taylor Brown
piloted the F4H-1 Phantom II at NAS Point Mugu,
Calif., to a new world time-to-climb record for 20,000
meters with a time of 178.5 seconds.

3 April Lieutenant Commander John W. Young pilot-
ed the F4H-1 to its seventh world time-to-climb record
by reaching 25,000 meters in 230.44 seconds at NAS
Point Mugu, Calif.

21 February The F4H-1 Phantom II established new
world records for climb to 3,000 and 6,000 meters with
times of 34.52 and 48.78 seconds. Lieutenant
Commander John W. Young and Commander David
M. Longton piloted the plane on its respective record
flights at NAS Brunswick, Maine.

1 March New world climb records to 9,000 and
12,000 meters were established at NAS Brunswick,
Maine, when an F4H-1 piloted by Lieutenant
Colonel William C. McGraw, USMC, reached those
altitudes from a standing start in 61.62 and 77.15
seconds, respectively.
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12 April The F4H-1 made a clean sweep of world
time-to-climb records as Lieutenant Commander Del
W. Nordberg piloted a Phantom II at Point Mugu,
Calif., on a climb to 30,000 meters in 371.43 seconds.
Speed attained was better than 3 miles per minute,
straight up.

30 April The Naval Air Research and Development
Activities Command was disestablished and responsi-
bility for overall management and coordination of the
aeronautical research and development activities in the
Third and Fourth Naval Districts was returned to the
Bureau of Naval Weapons.

10 May A Sparrow III fired from an F4H-1 scored a
direct hit in a head-on attack on a Regulus II missile
while both were at supersonic speed. The intercep-
tion, made in the test range of the Naval Air Missile
Center at Point Mugu, Calif., was the first successful
head-on attack made by an air-launched weapon on a
surface launched guided missile.

22 May The Navy’s first space satellite command,
the Navy Astronautics Group, was established at the
Pacific Missile Range Headquarters, Point Mugu, Calif.,
under command of Commander James C. Quillen, Jr.
In addition to its other duties, the new command was
given responsibility for operating the Transit
Navigational System being developed by the Navy for
the Department of Defense.

24 May Lieutenant Commander M. Scott
Carpenter in Aurora 7 was launched into orbit from
Cape Canaveral, Fla., on the second U.S. manned
orbital flight. Upon completing three orbits he
returned to earth, landing in the Atlantic 200 miles
beyond the planned impact area. He was located
by a Navy P2V, assisted by para-rescue men,
dropped from an Air Force RC-54 and, after almost
three hours in the water, picked up by an HSS heli-
copter from Intrepid and returned safely to the car-
rier. His capsule was retrieved by John R. Pierce
(DD 753).

29 May Vice Admiral Patrick N. L. Bellinger, USN
(Ret.), died in Clifton Forge, Va. His long and distin-
guished career as Naval Aviator No. 8 began on 26
November 1912 when he reported for flight training at
Annapolis, Md., and ended with his retirement 1
October 1947 while serving on the General Board. As
one of the pioneers in Naval Aviation, he conducted
many experiments, scored a number of “firsts” and
made several record flights.

1 June The final report on the titanium alloy sheet
rolling program was issued by the Materials Advisory
Board of the National Research Council, thereby termi-
nating this program as a formally organized effort.
Achievements of the program during the six years
included acquiring metallurgical and engineering data
for a number of titanium alloys and familiarizing the
aerospace industry with their properties and methods
of fabrication. High strength, heat-treated sheet alloys
developed under this program were soon utilized in a
number of aircraft including the A-7, later models of
the F-4, the Air Force SR-71 and in deep submergence
vehicles used in oceanographic research. The success
of this effort also led to the establishment of a similar
refractory metal sheet rolling program to develop met-
als for use at extremely high temperatures.
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26 June The 1,500-mile-range Polaris A-2 missile
became operational as Ethan Allan (SSBN 608) depart-
ed Charleston, S.C. carrying 16 of the A-2 missiles.

29 June A Polaris missile was fired 1,400 miles
down range from Cape Canaveral, Fla., carrying the
new bullet-nose shape to be used in the A-3 advanced
Polaris. The first flight model of the A-3 was success-
fully fired from the same base on 7 August 1962.

1 July The commands Fleet Air Patuxent and Naval
Air Bases, Potomac River Naval Command were estab-
lished and assigned as additional duty to Commander
Naval Air Test Center, Patuxent River, Md.

1 August Squadrons of the Naval Air Reserve that
had been called up in October 1961, were released to
inactive duty, reducing the strength of the naval air
operating forces by 18 squadrons and 3,995 officers
and men.



tions of its basic mission by prefix letters. Thus the
YF8U-1P became the YRF-8A symbolizing a prototype
(Y) of the photoreconnaissance (R) modification of the
F-8A aircraft.

3 October Sigma 7, piloted by Commander Walter
M. Schirra, USN, was launched into orbit by a
Mercury-Atlas rocket from Cape Canaveral, Fla., and
after nearly six orbits and a flight of over 160,000
miles, landed in the Pacific, 275 miles northeast of
Midway Island. Helicopters dropped UDT men near
the capsule and it and Commander Schirra were hoist-
ed aboard Kearsarge.

31 August The passing of an era was marked at
NAS Lakehurst, N.J., by the last flight of a Navy air-
ship. The flight also marked the end of a year’s service
by the two airships kept in operation after the discon-
tinuance of the lighter-than-air program for use as air-
borne aerodynamics and research laboratories in the
development of VTOL/STOL aircraft and ASW search
systems. Pilots on the last flight were Commanders
Walter D. Ashe and Robert Shannon and the passen-
gers included lighter-than-air stalwarts Vice Admiral
Charles E. Rosendahl, USN (Ret.), and Captain Fred N.
Klein, USN (Ret.). Many lighter-than-air men from
many parts of the country were on hand to observe
and to lend a hand in docking the airship after its last
flight. This ended a 45-year LTA saga that began with
the DN-1, the Navy’s first airship.

12 September A Grumman Albatross, UF-2G, piloted
by Lieutenant Commander Donald E. Moore, climbed
to 29,460 feet over Floyd Bennett Field, N.Y., and set a
new world altitude record for amphibians carrying a
1,000 kilogram load. On the same day, Lieutenant
Commander Fred A. W. Franke, Jr., piloted the
Albatross to a new record for amphibians with a 2,000
kilogram load with a climb to 27,380 feet.

15 September Lieutenant Commander Richard A.
Hoffman, piloting a Grumman Albatross, UF-2G, set a
new world 5,000 kilometer speed record for amphib-
ians carrying a 1,000 kilogram load with a speed of
151.4 mph on a course from Floyd Bennett Field to
Plattsburgh, N.Y., to Dupree, S. Dak., and return to
Floyd Bennett Field, N.Y.

17 September Nine pilots selected to join the
nation’s astronauts were introduced to the public at
Houston, Tex. The three Navy men on the new team
were: Lieutenant Commander James A. Lovell, Jr.,
Lieutenant Commander John W. Young, and
Lieutenant Charles Conrad, Jr.

18 September A joint Army-Navy-Air Force regula-
tion was issued establishing a uniform system of des-
ignating military aircraft similar to that previously in
use by the Air Force. By it, all existing aircraft were
redesignated using a letter, dash, number, and letter to
indicate in that order, the basic mission or type of air-
craft, its place in the series of that type, and its place
in the series of changes in its basic design. Under the
system, the Crusader, formerly designated F8U-2,
became the F-8C indicating the third change (C) in the
eighth (8) of the fighter (F) series. Provision was also
made for indicating status of the aircraft and modifica-
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8 October To strengthen the air defense of the
southeastern United States, VF-41, equipped with F-4B
Phantoms, was transferred from NAS Oceana, Va., to
NAS Key West, Fla., for duty with the U.S. Air Force in
the North American Air Defense Command (NORAD).

16 October The Chief of Naval Operations directed
that a few helicopters be converted to aerial
minesweepers for use in a mine countermeasures
development and training program and eventual
assignment to fleet squadrons. The RH-46A (HRB-1)
was initially designated for this conversion but the RH-
3A (HSS-2) was later substituted.

17 October VMA-225 completed a two-way crossing
of the Atlantic between MCAS Cherry Point, N.C., and NS
Rota, Spain. Lieutenant Colonel Edwin A. Harper, USMC,
led the flight of 16 A-4C Skyhawks (A4D) which left
Cherry Point on the 8th, flew to Bermuda and directly to
Rota. After a brief layover, the flight returned to Cherry
Point by way of Lajes in the Azores and Bermuda.
Refueling on both east and west flights was provided by
10 Marine KC-130F Hercules tankers of VMGR-252.

19 October As operational units began moving to
patrol stations in Florida to counter the threat posed
by missiles and bombers in Cuba, all aircraft and
squadrons not required for air defense, reconnaissance
and antisubmarine patrol were relocated to prevent
overcrowding.

23 October VFP-62, which had been flying photo
reconnaissance over the missile sites in Cuba since the
15th, flew the first low-level photo mission over
Cuban territory. For its outstanding accomplishment
during this crisis, in the period 15 October–26
November 1962, this squadron was awarded the Navy
Unit Commendation which was presented personally
by the president on 26 November 1962.

24 October As the president imposed a blockade of
Cuba which he had announced in his TV broadcast
two days earlier, ships of the blockading force were in
position at sea, Enterprise, Independence, Essex and
Randolph, and shore-based aircraft were in the air,
patrolling their assigned sectors. On the same day the
service tours of all officers and enlisted men were
extended indefinitely.

31 October The geodetic satellite Anna, developed
for the Department of Defense under Bureau of Naval
Weapons management, was placed into orbit from
Cape Canaveral, Fla. The Anna satellite contained

three independent sets of instrumentation to validate
geodetic measurements taken by several organizations
participating in the Anna worldwide geodetic research
and mapping program.

5 November Two Marine Corps helicopter
squadrons began, as additional duty, a transition train-
ing program in which some 500 Marine aviators quali-
fied in fixed-wing aircraft would be trained to operate
helicopters. The need for the special program arose
from the increased proportion of helicopters in the
Marine Corps, coupled with an overall shortage of
pilots and the inability of the Naval Air Training
Command to absorb the additional training load with-
in the time schedule allotted.

20 November As agreement was reached over the
removal of missiles and bombers from Cuba, the naval
blockade was discontinued and the ships at sea
resumed their normal operations. Next day, the exten-
sions of service ordered in October were cancelled.

30 November The Bureau of Naval Weapons
issued a contract to the Bell Aerosystems Co., for con-
struction and flight test of two VTOL research aircraft
with dual tandem-ducted propellers. Thereby the tri-
service VTOL program was expanded to include a tilt-
ing duct craft to be developed under Navy administra-
tion in addition to the tilting wing XC-142 and the
tilting engine X-19A both of which were administered
by the Air Force.

1 December Two new commands, Fleet Air
Caribbean and Naval Air Bases, Tenth Naval District,
were established and assigned as additional duty to
Commander, Caribbean Sea Frontier.

14 December The Naval Air Material Center at NAS
Lakehurst, N.J., was renamed Naval Air Engineering
Center.

18 December Transit 5A, a prototype of the Navy’s
operational navigation satellite, was launched into a
polar orbit by a four-stage Blue Scout rocket fired at
the Naval Missile Facility, Point Arguello, Calif. The
satellite’s radio failed after 20 hours in orbit and pre-
vented its utilization for navigation purposes. However,
certain secondary experiments were successful.

19 December An E-2A piloted by Lieutenant
Commander Lee M. Ramsey was catapulted off
Enterprise in the first shipboard test of nose-tow gear
designed to replace the catapult bridle and reduce
launching intervals. Minutes later the second nose-tow
launch was made by an A-6A.
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1963
7–13 January Helicopters from NAS Port Lyautey,
Morocco, NS Rota, Spain and Springfield (CLG 7) flew
rescue and relief missions in the flooded areas of Beth
and Sebou Rivers in Morocco. Over 45,000 pounds of
food, medicines and emergency supplies were flown in
and some 320 marooned persons were lifted to safety.

29 January A Walleye television glide bomb,
released from a YA-4B, made a direct impact on its tar-
get at the Naval Ordnance Test Station, China Lake,
Calif., in the first demonstration of its automatic hom-
ing feature.

9 February The Secretary of the Navy approved
with minor modification the recommendations of his
Advisory Committee on the Review of the
Management of the Department of the Navy, common-
ly known as the Dillon Board for its chairman John H.
Dillon. With this approval, he set into motion a series
of changes in lines of authority and responsibility that
would be implemented during the year, most of which
were outlined in a General Order issued on 1 July
1963.

22 February An LC-130F Hercules of VX-6 made the
longest flight in Antarctic history covering territory
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never before seen by man. The plane which was pilot-
ed by Commander William H. Everett and carried Rear
Admiral James R. Reedy among its passengers, made
the 3,470 mile flight from McMurdo Station, south
beyond the South Pole to the Shackleton Mountain
Range and then southeastward to the pole of inacces-
sibility and returned to McMurdo in 10 hours and 40
minutes.

25 February The transmitter in the Navy-developed
Solar Radiation I satellite was restarted after 22 months
of silence. Launched 22 June 1960 with Transit 2A in
the first of the pickaback firings, the 42-pound satellite
provided detailed data on solar storms for eight
months and was turned off on signal from earth on 18
April 1961 when magnetic drag reduced the satellite’s
spin to a level too low for useful scanning of the sun.

8 March The Department of Defense and National
Aeronautics and Space Administration (NASA)
announced an agreement establishing working arrange-
ments concerning the nonmilitary applications of the
Transit navigation satellite system. Under it NASA
assumed responsibility for determining the suitability of
Transit equipment for nonmilitary purposes, while the
Navy retained its responsibility for overall technical
direction and for research and development as neces-
sary to meet and support military requirements.

1 April To bring their title in line with their func-
tions, Replacement Air Groups (RAG) were redesignat-
ed Combat Readiness Air Groups (CRAG).

8 May The Air Force announced that two squadrons
of A-1E Skyraiders would be added to the 1st Air
Commando Group at Hurlburt AFB, Fla. This decision
followed field tests of two Skyraiders loaned by the
Navy in mid-1962 and led to a further decision,
announced by the Secretary of the Air Force in May
1964, that 75 Skyraiders would be sent to Vietnam as
replacements for B-26 and T-28 aircraft employed
there by the 1st Air Commando Wing.

16 May Kearsage recovered Major L. Gordon
Cooper, USAF, and his Faith 7 capsule, 80 miles south-
east of Midway, after his 22-orbit flight.

13 June Lieutenant Commanders Randall K. Billings
and Robert S. Chew, Jr., of NATC Patuxent River, Md.,
piloting an F-4A Phantom II and an F-8D Crusader air-
craft, made the first fully automatic carrier landings
with production equipment on board Midway off the
California coast. The landings, made “hands off” with

both flight controls and throttles operated automatical-
ly by signals from the ship, highlighted almost 10
years of research and development and followed by
almost 6 years the first such carrier landing made with
test equipment.

20 June The last student training flight in the P-5
Marlin by VT-31 at NAS Corpus Christi, Tex., marked
the end of the seaplane in the flight training program.
The pilot and instructor was Lieutenant Phillip H.
Flood; the student was Ensign Arnold J. Hupp.

29 June FAW-10 was established at NAS Moffett
Field, Calif., Captain John B. Honan commanding.

1 July General Order No. 5 set forth new policies
and principles governing the organization and admin-
istration of the Navy and directed their progressive
implementation. It redefined the principal parts of the
Navy, adding a Naval Military Support Establishment
as a fourth part under a Chief of Naval Material,
responsible directly to the Secretary of the Navy and
with command responsibilities over the four material
bureaus and major project managers and an overall
task of providing material support to the operating
forces of the Fleet and the Marine Corps.

1 August VMF (AW) squadrons equipped with F-4B
aircraft were redesignated VMFA squadrons.

2 August Shortly after midnight, an F-3B Demon
piloted by Lieutenant Roger Bellnap, launched the first
of a series of five planned space probes designed to
measure the ultraviolet radiation of the stars. The
probe, a two-stage solid-propellant Sparroair, was
launched from a nearly vertical altitude at 30,000 feet
over the Pacific Missile Range and reached a peak alti-
tude of 66 miles.

23–24 August In a joint Weather Bureau-Navy project
titled Stormfury, a Navy A-3B Skywarrior piloted by
Commander John F. Barlow of VAH-11 seeded
Hurricane Beulah with silver iodide particles in an
experiment to determine whether the energy patterns of
large storms could be changed. Although the second
day seedings appeared to have some effect, results were
considered too indefinite to draw firm conclusions.

6 September Five SH-3A helicopters of HS-9 based
at NAS Quonset Point, R.I., rescued 28 workmen from
two Texas Towers oilwell platforms shaken by gales
and heavy seas off Cape Cod, Mass.

18 September To provide the continuing action
necessary for effective management of the inactive air-
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6 December Transit 5BN-2 was launched into polar
orbit by a Thor-Able-Star rocket from Vandenberg
AFB, Calif. This, the first navigation satellite to become
operational, provided data for use by surface and sub-
marine forces.

20 December Carrier Air Groups (CVG), were
redesignated Carrier Air Wings (CVW).

21 December Saratoga began receiving weather
pictures from the Tiros 8 weather satellite while
moored at Mayport, Fla. This was the start of an oper-
ational investigation of shipborne readout equipment
in which Saratoga continued to receive test readings
from Tiros, in port and at sea, through May 1964 and
from the experimental weather satellite Nimbus in
September 1964.

1964
1 January Fleet Air Wings, Pacific was established
with Rear Admiral David J. Welsh in command.

1 January The last three seaplane tenders under
Commander, Naval Air, Atlantic (COMNAVAIRLANT),
Duxbury Bay, Greenwich Bay and Valcour, were
transferred to Cruiser-Destroyer Force Atlantic.
Although the employment of these ships as seaplane
tenders had been secondary to their use as flagships
for Commander, Middle East Force, for several years,
this transfer was the final step in the phaseout of
patrol seaplanes in the Atlantic Fleet.

15 January The commands Fleet Air Southwest
Pacific and Fleet Air Japan were disestablished.

15 January Carrier Divisions 15, 17, and 19 were
designated Antisubmarine Warfare Groups 1, 3, and 5
respectively and transferred from Commander, Naval
Air, Pacific (COMNAVAIRPAC) to Commander,
Antisubmarine Warfare Force, Pacific (COMASWFOR-
PAC) for administrative control. Mission of the new
groups was to develop antisubmarine carrier group
tactics, doctrine and operating procedures including
coordination with patrol aircraft operations.

17 February An Office of Antisubmarine Warfare
Programs was established under the Chief of Naval
Operations to exercise centralized supervision and
coordination of all antisubmarine warfare planning,
programming and appraising.

28 February A helicopter piloted by Commander
Dale W. Fisher of HU-1 made the first landing on the
deck of the combat store ship Mars (AFS 1) during her

craft inventory, an informal Review Board was estab-
lished with representation from CNO, the Bureau of
Naval Weapons, the Aviation Supply Office, and the
storage facility at Litchfield Park, Arizona, to review
the inventory at least every six months for the purpose
of recommending the retention or disposal of specific
models.

18 October The selection of 14 men for a new
astronautic team was announced by NASA. Among
those chosen were five naval aviators: Lieutenant
Commander Richard F. Gordon, Jr., Lieutenant
Commander Roger B. Chaffee, Lieutenant Alan L.
Bean, Lieutenant Eugene A. Cernan, and Captain
Clifton C. Williams, USMC.

25 October Navy ships and aircraft began departing
from Port-au-Prince after nearly two weeks of relief
operations in Haiti, laid waste by Hurricane Flora.
Four Navy ships, including the carrier Lake
Champlain and the amphibious assault ship Thetis
Bay, aided by Navy and Marine Corps cargo aircraft
from east coast stations, delivered nearly 375 tons of
food, clothing and medical supplies donated by relief
agencies, and provided other assistance to the strick-
en populace.

26 October The long range A-3 Polaris missile was
launched for the first time from Andrew Jackson (SSBN
619), a submerged submarine, cruising about 30 miles
off Cape Canaveral, Fla.

8 November During 8, 21 and 22 November,
Lieutenant James H. Flatley III, and his crew members,
Lieutenant Commander Smokey Stovall and ADJ1 Ed
Brennan, made 21 full-stop landings and takeoffs in a
C-130F Hercules on board Forrestal. From this test the
Navy concluded that the C-130 could carry 25,000
pounds of cargo and personnel 2,500 miles and land
on a carrier. However, the C-130 was considered too
risky for use in routine COD operations.

30 November The Secretary of Defense approved
use of funds effective 1 July 1964, for the purpose of
placing Naval Aviation Observers in the same pay sta-
tus as pilots.

2 December The Chief of Naval Material reported to
the Secretary of the Navy for duty as his assistant for
Naval Material Support and assumed supervision and
command of the four material bureaus—Naval
Weapons, Ships, Supplies and Accounts, and Yards
and Docks.
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shakedown cruise off San Diego. Although the con-
cept of vertical replenishment at sea had been dis-
cussed and tested as early as 1959 and helicopter plat-
forms had been installed on certain logistics ships
since then, commissioning of Mars provided the first
real opportunity to incorporate the helicopter into the
fleet logistic support system.

9 March A ceremony was held at the David Taylor
Model Basin Aerodynamics Laboratory commemorating
the 50th anniversary of its establishment. Originally set
up at the Washington Navy Yard, the Laboratory was
moved to its present location at Carderock, Md., in
1944. Captain Walter S. Diehl, USN (Ret.), an aerody-
namics authority of world repute, attended the ceremo-
ny and received a citation for his outstanding contribu-
tions to the work of the Laboratory.

13 March Instructions were issued to redesignate all
Heavy Attack Squadrons, VAH, upon assignment of
RA-5C aircraft, as Reconnaissance Attack Squadrons,
RVAH.

23 March Two Marine helicopter crews of VMO-1
rescued 11 sick, injured and wounded members of a
road engineering party that had survived attacks by
hostile Indians in the dense jungle of the Amazon
basin near Iquitos, Peru. Their helicopters were trans-
ferred ashore in the Canal Zone from Guadalcanal
and were airlifted to Iquitos by a U.S. Air Force C-130.

28 March Within five hours after a devastating
earthquake struck in Alaska, the seaplane tender

Salisbury Sound was underway from NAS Whidbey
Island, Wash., to render assistance and P-3A Orions
and C-54 Skymasters, moving up from Moffett Field,
Calif., were en route with emergency supplies. For 14
days the ship provided power and heat to the severely
damaged Naval Station at Kodiak while its crew served
in many capacities to help people on shore.

1 April The last of 15 astronauts completed a heli-
copter flight familiarization program at Ellyson Field, as
a phase of their training for lunar landings. The training
was designed to simulate the operation of the Lunar
Excursion Module of Project Apollo. Instituted by the
Navy at the request of NASA, the program was sched-
uled in a series of two-week courses for two students
and had been in progress since 12 November 1963.

4 April Commanded by Rear Admiral Robert B.
Moore, the Concord Squadron composed of Bon
Homme Richard, Shelton (DD 790), Blue (DD 744),
Frank Knox (DD 742), and fleet oiler Hassayampa
(AO 145) of Seventh Fleet, entered the Indian Ocean
from the Pacific and began a six-week cruise which
carried it near Iran, the Arabian peninsula, down the
African Coast and into many ports along the way for
goodwill visits.

23 April The Chief of Naval Operations broadened
the opportunities for Naval Aviators to qualify as heli-
copter pilots by extending responsibilities for transi-
tion training to commands outside the Flight Training
Command. 

1 May A P-3A Orion, commanded by Captain Paul
L. Ruehrmund of VX-1, returned to NAS Key West,
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or seriously damaged 25 boats and destroyed a major
part of their petroleum stores and storage facilities.

15 August The president announced existence of a
program to develop a counterinsurgency (COIN) air-
plane designed to perform a variety of missions in
peace and war. The Navy Department, as the designat-
ed Department of Defense development agency,
selected North American Aviation Co., as the contrac-
tor for construction of the prototype, later assigned for
designation OV-1OA and the name Bronco.

29 August Boxer and two LSDs arrived off the coast
of Hispaniola to give medical aid and helicopter evacu-
ation services to people in areas of Haiti and the
Dominican Republic badly damaged by Hurricane Cleo.

28 September The Polaris A-3, Fleet Ballistic Missile,
became operational as Daniel Webster (SSBN 626)
departed Charleston, S.C., with a full load of the new
missiles.

30 September Three ski-equipped LC-130 Hercules
aircraft of VX-6 took off from Melbourne, Australia;
Christchurch, New Zealand and Puntan Arenas, Chile,
respectively, and made flights to Antarctica, landing on
Williams Field at McMurdo Sound. The flight from
Melbourne, the first in history from Australia to
Antarctica, passed over the South Pole to drop a 50-
pound sack of mail to the wintering-over party, then
landed at Byrd Station before proceeding to McMurdo
Sound. The arrival of Rear Admiral James R. Reedy,
Commander Naval Support Forces, Antarctica, on this
flight, on 1 October, marked the official opening of
Operation Deep Freeze ’65.

1 October Franklin (AVT 8), formerly CVS, CVA and
CV 13, was stricken from the Navy Register—first of
the World War II Essex Class carriers to be labeled
unfit for further service.

3 October Operation Sea Orbit ended as Enterprise
and Long Beach (CGN 9) arrived at Norfolk and
Bainbridge (CGN 7) reached Charleston, S.C. This task
force, the world’s first composed entirely of nuclear
powered ships, left Gibraltar on 31 July, sailed down
the Atlantic and around Africa, across the Indian and
Pacific Oceans, and around Cape Horn, completing a
65 day and 30,216 nautical mile round-the-world
cruise without taking on either fuel or provisions.

17 November Helicopters of HMM-162 from
Princeton, began delivery of 1,300 tons of food and
clothing to people in the inland areas of South
Vietnam flooded by heavy rains following a typhoon.

Fla., completing an 18-day, 26,550 nautical mile flight
which, in several stages, carried it around the world.
On the over-water leg of the flight, the plane dropped
explosive sound signals to assist Naval Ordnance
Laboratory scientists studying the acoustical properties
of the sea as a medium for sound transmission over
long distances.

7 May The Chief of Naval Operations informed the
Chief of Naval Personnel of an agreement by which
the U.S. Air Force and U.S. Coast Guard would train
Navy pilots in the techniques of operating HU-16 sea-
planes in Search and Rescue and requested its imple-
mentation.

24 June PHC Clara B. Johnson of VU-7 was desig-
nated an aerial photographer and became the first
WAVE with the right to wear the wings of an aircrew-
man.

26 June An LC-130F Hercules, commanded by
Lieutenant Robert V. Mayer of VX-6, completed a
round-trip flight from Christchurch, New Zealand, to
Antarctica in an emergency evacuation of Petty Officer
B. L. McMullen, critically injured in a fall. Two planes,
with teams of medical specialists on board, flew from
NAS Quonset Point, R.I., to Christchurch where one
plane stood by while the other undertook the haz-
ardous flight.

29 June A new specification for the color of naval
aircraft was issued which changed the color scheme
for patrol aircraft assigned to antisubmarine work to
gull gray with white upper fuselage.

1 July The Pacific Missile Range facilities at Point
Arguello, Calif., and on Kwajalein Atoll were trans-
ferred from Navy to Air Force and Army command,
respectively.

2 August North Vietnam motor torpedo boats that
attacked Maddox (DD 731) patrolling international
waters in the Gulf of Tonkin, were damaged and driv-
en off by ships gunfire and rocket and strafing attacks
by aircraft from Ticonderoga.

5 August On orders from the president to take
offensive action toward preserving our right to operate
in international waters, aircraft from Seventh Fleet car-
riers Constellation and Ticonderoga attacked motor
torpedo boats and their supporting facilities at five
locations along the North Vietnam coast. In 64 attack
sorties against the concentrations, these aircraft sank
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26 November Nine helicopters of HU-2 and four
from NAS Lakehurst, N.J., assisted the Coast Guard in
the rescue of 17 men from the Norwegian tanker Stolt
Dagali cut in two by collision with the Israeli liner
Shalom off the New Jersey coast.

17 December Commander Theodore G. Ellyson,
Naval Aviator No. 1, was enshrined in the National
Aviation Hall of Fame at Dayton, Ohio—first naval
officer to be so honored.

1965
1 January In accordance with the provision of
General Orders prescribing the organization and
administration of the Navy, all Naval Air Bases
Commands were disestablished.

12 January The Department of Defense announced
that the Transit all-weather navigation satellite system
had been in operational use since July 1964. This sys-
tem, when completely developed, would consist of
four satellites in polar orbit and would provide a ship
at the equator with a navigational fix once an hour.

19 January Lake Champlain recovered an
unmanned Project Gemini space capsule launched
from Cape Kennedy, Fla., in a suborbital flight 1,879
miles down the Atlantic Missile Range and within 23
miles of the carrier.

7 February In retaliation for a damaging Viet Cong
attack on installations around Pleiku, a fighter-bomber
strike, launched from the carriers Ranger, Coral Sea, and
Hancock, blasted the military barracks and staging areas
near Dong Hoi in the southern sector of North Vietnam.

8 February The title and designation of Naval
Aviation Observers, 135X, were changed to Naval
Flight Officers, 132X, to be effective 1 May.

6 March A Sikorsky SH-3A helicopter, piloted by
Commander James R. Williford, took off from Hornet
berthed at North Island, Calif., and 15 hours and 51
minutes later landed on Franklin D. Roosevelt at sea
off Mayport, Fla. The flight surpassed the existing dis-
tance record for helicopters by more than 700 miles.

8 March With surface and air units of Seventh Fleet
standing by, 3,500 Marines, including a helicopter
squadron and supporting units, landed without oppo-
sition at Da Nang, an air base near the northern bor-
der of South Vietnam.

12 March Four enlisted men completed 24 days of
living in a rotating room in a test conducted at
Pensacola, Fla., by the Naval School of Aviation
Medicine to determine the spinning rate men can
endure without discomfort and to check out proce-
dures for conditioning men for space flight.

23 March Astronauts Virgil Grissom and John Young
landed their Gemini 3 spacecraft east of Bermuda roughly
50 miles from the intended splash point. The craft was
spotted by Coast Guard helicopter about 20 minutes after
the landing and within an hour the two astronauts were
picked up by helicopter and delivered to Intrepid.

26 March Seventh Fleet air units began their partic-
ipation in Operation Rolling Thunder, a systematic
bombing of military targets throughout North
Vietnam waged by land and ship based air, as pilots
from the carriers Coral Sea and Hancock launched
strikes on island and coastal radar stations in the
vicinity of Vinh Son.

15 April Carrier pilots of Seventh Fleet joined the
battle in South Vietnam with a strike against Viet Cong
positions near Black Virgin Mountain. Their attack was
so successful that future in-country missions were
assigned to Seventh Fleet, and to carry them out, one
carrier was normally operated at what was called Dixie
Station off the coast of South Vietnam. Dixie operations
continued from 20 May 1965 to 4 August 1966 when
land-based air was well enough established to handle
most of the required air attacks in that area.

19 April Six Navy and two Marine Corps aviators
emerged from two sealed chambers at the Aerospace
Crew Equipment Laboratory, Philadelphia, Pa., after a
34-day test to learn the physical effect of prolonged
stays in confined quarters and a low-pressure pure
oxygen atmosphere.

27 April As revolt in the Dominican Republic threat-
ened the safety of American nationals, Boxer sent her
Marines ashore while embarked helicopter pilots of
HMM-264 began an airlift in which over 1,000 men,
women and children were evacuated to ships of the
naval task force standing by.

10 May Seaspar, a surface-to-air version of the
Sparrow III air-to-air missile, was fired in the Pacific
Missile Range test area from Tioga County (LST 1158)
on its first shipboard test.

12 May Some 1,400 men of the 3rd Battalion, 3rd
Marines landed at Chu Lai, South Vietnam, from Iwo
Jima and an APA and LSD.
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miles off target after a four-day flight. Minutes later
Navy frogmen dropped from a helicopter to attach the
flotation collar and in less than an hour after landing
the astronauts were aboard Wasp which had kept
position for possible landings in each orbit since
blastoff on 4 June.

17 June While escorting a strike on the barracks at
Gen Phu, North Vietnam, Commander Louis C. Page
and Lieutenant Jack E. D. Batson, flying F-4B
Phantoms of VF-21 and Midway, intercepted four MiG-
17s and each shot down one, scoring the first U.S. vic-
tories over MiGs in Vietnam.

17 June Independence with CVW-7 on board,
arrived at Subic Bay for duty with Seventh Fleet. Her
arrival, from the Atlantic Fleet around the tip of Africa,
added a fifth attack carrier to naval forces operating
off Vietnam.

18 May Members of the Naval Air Reserve began a
volunteer airlift supporting operations in Vietnam. On
weekend and other training flights from their home
stations to the west coast, Hawaii, and Southeast Asia,
these pilots and crews, flying C-54 and C-118 aircraft
of the Air Reserve, carried key personnel and urgently
needed cargo to the combat zone, logging over 19,000
flight hours in the first 18 months of the operation.

1 June The new Marine Corps expeditionary airfield
at Chu Lai, South Vietnam, 52 miles south of the major
base at DaNang, became operational as the first air-
craft arrived and the first combat missions took off
from the strip.

7 June The Gemini 4 spacecraft of J. A. McDivitt and
E. H. White splashed down in the Atlantic about 40
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23 June In an unusual mission for ships of her type,
the seaplane tender Currituck carried out a shore
bombardment of Viet Cong positions in the Mekong
Delta area of South Vietnam.

30 June Seven years after its establishment, the
Pacific extension of Dewline ceased to operate and
Barrier Force, Pacific and Airborne Early Warning
Barrier Squadron, Pacific went out of existence.

1 July FAW-8 was established at NAS Moffett Field,
Calif., Captain David C. Kendrick commanding.

1 July The Navy’s first Oceanographic Air Survey
Unit (OASU) was established at NAS Patuxent River,
Md., Commander Harold R. Hutchinson commanding.
Tasks assigned included aerial ice reconnaissance in
the North Atlantic and Polar areas and aerial opera-
tions concerned with worldwide magnetic collection
and observation, known as Project Magnet.

1 July Helicopter Utility Squadrons (HU) were
redesignated Helicopter Combat Support Squadrons
(HC) and Utility Squadrons (VU) were redesignated
Fleet Composite Squadrons (VC) as more representa-
tive of their functions and composition.

14 July Yorktown left San Diego for Subic Bay on a
turnaround trip to deliver urgently needed materials to
forces operating in and around South Vietnam.

13 August To achieve the increase in personnel nec-
essary to carry out missions created by the requirements
of a deteriorating international situation, a temporary
policy was established which deferred the separation of
officers and enlisted men from active service.

26 August The barrier air patrol over the North
Atlantic ended as an EC-121J Warning Star of VW-11
landed at Keflavik, Iceland. The landing also signaled
a change in which a new and advanced radar system
took over from the aircraft and men of Naval Aviation
who for the past 10 years had maintained constant
vigil over the northern approaches to the American
continent.

29 August Gemini 5 splashed down into the
Atlantic 90 miles off target after a record breaking
eight-day space flight, and 45 minutes later Navy frog-
men helped astronauts Gordon Cooper and Charles
Conrad out of their space capsule and aboard a heli-
copter for flight to the prime recovery ship Lake
Champlain.

31 August President Johnson approved a policy
on the promotion and decoration of astronauts by
which each military astronaut would receive, upon
the completion of his first space flight, a one grade
promotion up to and including colonel in the Air
Force and Marine Corps and captain in the Navy,
and Gemini astronauts completing a successful space
flight would receive the NASA Medal for Exceptional
Service (or cluster).

1 September In accord with the provision of an act
of Congress, the Secretary of the Navy authorized
additional pay to flight deck personnel for duty per-
formed in the hazardous environment of flight opera-
tions on the decks of attack and antisubmarine carri-
ers.

11 September Lead elements of the First Cavalry
Division, U.S. Army, with their helicopter and light
observation aircraft, went ashore at Qui Nhon, South
Vietnam, from Boxer in which they had been trans-
ported from Mayport, Fla., by way of the Suez Canal.

24 September As the accelerated frequency of
manned space flights placed increasing demands
upon Navy recovery capabilities, a flag officer was
designated CNO Representative and Navy Deputy to
the DOD Manager for Manned Space Flight Support
Operations and given additional duty as Commander,
Manned Space Recovery Force, Atlantic. His assigned
mission was to coordinate and consolidate opera-
tional requirements with all commands providing
Navy resources in support of manned space flights.

14 October The A-1, 1,200 nautical mile range,
Polaris missile was retired from duty with the return of
Abraham Lincoln (SSBN 602) to the United States for
overhaul and refitting with the 2,500 nautical mile
range Polaris A-3.

15 October To expand Pacific airlift capabilities, VR-
22 was moved from its base at NAS Norfolk to the
west coast at NAS Moffett Field, Calif.

2 December The nuclear powered Enterprise, carry-
ing the largest air wing (CVW-9) deployed to the
western Pacific to that time, joined the action off
Vietnam with strikes on Viet Cong installations near
Bien Hoa.

16 December Wasp recovered Captain Walter M.
Schirra and Major Thomas P. Stafford, USAF, in their
Gemini 6A spacecraft one hour after their landing in
the western Atlantic about 300 miles north of Puerto
Rico. The astronauts had completed a one-day flight
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ties which necessitated an emergency landing in the
Pacific 500 miles east of Okinawa.

17 March The X-22A VTOL research aircraft made
its first flight at Buffalo, N.Y.

during which they made rendezvous with Gemini 7
and kept station with it for three and one-half orbits.

18 December Helicopters of HS-11 recovered
Lieutenant Colonel Frank Borman, USAF, and
Commander James A. Lovell, in the western Atlantic
about 250 miles north of Grand Turk Island and deliv-
ered them to Wasp. During their 14-day flight in
Gemini 7, the astronauts carried out many experi-
ments in space, including station keeping with Gemini
6A, and established a new duration record for manned
space flight.

20 December The Secretary of the Navy established
a Director of Naval Laboratories on the staff of the
Assistant Secretary for Research and Development and
directed that he also serve as Director of Laboratory
Programs in the Office of Naval Material.
Subsequently, administrative responsibility for labora-
tories was transferred to this dual office while test and
evaluation facilities, such as Naval Air Test Center,
Naval Missile Center, and Naval Air Engineering Center
were placed under the command of the Naval Air
Systems Command.

1966
20 January A contract for production of the Walleye
television homing glide bomb was issued to the Martin
Marietta Corporation.

26 February The first unmanned spacecraft of the
Apollo series, fired into suborbital flight by a Saturn
1B rocket from Cape Kennedy, Fla., was recovered in
the southeast Atlantic 200 miles east of Ascension
Island by a helicopter from Boxer.

1 March The Naval Air Transport Wing, Atlantic was
disestablished.

2 March Constellation began receiving weather data
from the operational weather satellite Essa 2. Her
equipment was the second experimental shipboard
installation of receivers capable of presenting a picture
of major weather patterns taken from space and its
evaluation was a continuation of that begun on board
Saratoga with the satellites Tiros 8 and Nimbus in late
1963 and 1964.

16 March Leonard F. Mason (DD 852) recovered
astronauts Neil A. Armstrong and David R. Scott in
Gemini 8, who after completing the first space dock-
ing with another satellite, experienced control difficul-
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31 March Flight test of a Helicopter Capsule
Escape System, involving recovery of personnel by
separation of the inhabited section of the fuselage
from the helicopter proper, demonstrated the feasi-
bility of its use during inflight emergencies. The test
was conducted at NAF El Centro, Calif., with an H-
25 helicopter.

4 April NASA announced selection of 19 men for the
Astronaut Team, among whom were 11 who had qual-
ified as Naval Aviators including John S. Bull, Ronald
E. Evans, Thomas K. Mattingly, Bruce McCandless II,
Edgar D. Mitchell and Paul J. Weitz on active duty in
the Navy and Gerald P. Carr and Jack R. Lousma on
active duty in the Marine Corps. Don L. Lind (USNR),
and Vance D. Brand and Fred W. Haise, Jr. (former
Marine pilots), were selected as civilians.

5 April The Secretary of Defense approved a joint
request from the Secretaries of the Navy and Air Force
that Navy air transport units be withdrawn from the
Military Airlift Command. The withdrawal was accom-
plished by disestablishing Navy units during the first
half of 1967.

10 April Two Navy enlisted men, and a Medical
Officer and a civilian electronics technician acting as
observers, began spinning at 4 rpm in the Coriolis
Acceleration Platform of the Naval Aerospace Medical
Institute at NAS Pensacola, Fla. It was the beginning of
a 4-day test to determine the ability of humans to
adapt to a new form of rotation such as may be used
in space stations to produce artificial gravity.



18 April In a reorganization of Naval Air Basic
Training Command schools at NAS Pensacola, Fla., the
Naval Pre-Flight School was redesignated Naval
Aviation Schools Command and six existing schools
became departments of the new command. The six
schools were: Aviation Officer Candidate, Flight
Preparation, Survival Training, Instructor Training,
Indoctrination for Naval Academy and NROTC
Midshipman, and Aviation Officer Indoctrination.

1 May A reorganization of the Navy Department
became effective which placed material, medical, and
personnel supporting organizations under command
of the Chief of Naval Operations, abolished the Naval
Material Support Establishment and its component
bureaus and in their place set up the Naval Material
Command, composed of six functional, or systems,
commands titled: Air, Ships, Electronics, Ordnance,
Supply, and Facilities Engineering.

11 May The Commanding Officer of MAG-12 pilot-
ed an A-4 Skyhawk on a catapult launch from the
Marine Expeditionary Airfield at Chu Lai, Vietnam. It
was the first combat use of the new land based cata-
pult capable of launching fully loaded tactical aircraft
from runways less than 3,000 feet long.

15 May Intrepid, operating as an attack carrier
although still classified as an antisubmarine carrier
(CVS), joined Seventh Fleet carriers in action off
Vietnam. On the first day, her air wing (CVW-10),
composed entirely of attack squadrons, flew 97 com-
bat sorties against Viet Cong troop concentrations and
supply storage areas around Saigon.

18 May The XC-142A tri-service V/STOL transport
made its first carrier takeoffs and landings during tests
conducted aboard Bennington at sea off San Diego.
The tests, including 44 short and six vertical takeoffs,
were made with wind over the deck varying from zero
to 32 knots. Lieutenant Roger L. Rich, Jr., along with
other Navy, Marine, and Army pilots took turns at the
controls.

6 June Wasp recovered Gemini 9 astronauts Thomas
P. Stafford and Eugene A. Cernan 345 miles east of
Cape Kennedy after their 72-hour space flight on
which they made successful rendezvous with another
satellite and Cernan spent well over an hour outside
the spacecraft. The astronauts elected to remain in
their space craft during the recovery and were hoisted
aboard the carrier.

7 June A C-130 Hercules, piloted by Commander
Marion Morris of VX-6, returned to Christchurch, New
Zealand, after a flight to McMurdo Station, Antarctica,
to evacuate Robert L. Mayfield, UT-2, who had been
critically injured in a fall. It was the third emergency
air evacuation from Antarctica during the winter night.

16 June An attack by A-4 Skyhawks and F-8
Crusaders from Hancock in an area 24 miles west of
Thanh Hoa, was the first carrier strike on petroleum
facilities since 1964 and the beginning of what became
a systematic effort to destroy the petroleum storage
system of North Vietnam.

1 July Three North Vietnam torpedo boats came out
to attack Coontz (DLG 9) and Rogers (DD 876) operat-
ing about 40 miles off shore on search and rescue mis-
sions. Aircraft from Constellation and Hancock made
short work of the attackers, sinking all three with
bombs, rockets, and 20mm cannon fire. After the
attack, Coontz pulled 19 survivors from the water.

19 July The Chief of Naval Operations established
the LHA program to bring into being a new concept of
an amphibious assault ship. Plans developed through
preliminary study envisioned a large multipurpose
ship with a flight deck for helicopters, a wet boat well
for landing craft, a troop carrying capacity of an LPH
and a cargo capacity nearly that of an AKA.

21 July A helicopter assigned to HS-3 from
Guadalcanal recovered astronauts John W. Young and
Michael Collins after their landing in the Atlantic 460
miles east of Cape Kennedy, Fla. The astronauts had
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spent over 70 hours in space, had docked with an
Agena satellite and Collins had made a space stand
and a space walk.

25 August Hornet recovered the second unmanned
space craft of the Apollo series after its suborbital
flight about 500 miles southeast of Wake Island.

3 September Naval Air Test Center pilots completed
a 2 day shipboard suitability trial of the RH-3A heli-
copter minesweeper aboard Ozark (MCS 2) on the
open sea. This trial completed the Center’s evaluation
of the helicopter for the minesweeper role. The fol-
lowing year the ship and a helicopter detachment
from newly established HC-6 were utilized in a mine
countermeasures development and training program
in the Atlantic Fleet and a detachment from HC-7 was
prepared for training and operation on Catskill (MCS
1) in the Pacific.

8 September An A-3A Skywarrior, equipped with a
Phoenix missile and its control system, located,
locked on at long range and launched the missile
scoring an intercept on a jet target drone. The event
occurred over the Navy Pacific Missile Range near
San Nicolas Island. Although the Phoenix had been
launched successfully before, this was the first full
scale test employing all functions of the missile con-
trol system.

15 September A helicopter assigned to HS-3 from
Guam recovered Gemini 11 astronauts Charles Conrad
and Richard Gordon at sea 700 miles off Cape
Kennedy, Fla. The recovery marked the end of a
three-day mission in space in which the astronauts
completed several dockings with an Agena satellite,
established a new altitude record of over 850 miles
and Gordon made a walk in space.

16 September Helicopters from Oriskany rescued
the entire crew of 44 men from the British merchant
ship August Moon as she was breaking up in heavy
seas on Pratas Reef 175 miles southeast of Hong Kong.

26 October Fire broke out on the hangar deck of
Oriskany while operating in the South China Sea off
Vietnam, resulting in the loss of 44 officers and men.
Heroic efforts by the crew against great odds prevent-
ed greater loss of life and damage to the ship.

8 November The Chief of Naval Operations
approved a reorganization of the Naval Air Reserve
involving the disestablishment of all Air Wing Staffs
and establishing in place of each an administrative
unit titled Naval Air Reserve Staff and a training unit
titled Naval Air Reserve Division (Fleet Air).

15 November Wasp made the last recovery of the
Gemini program, picking up astronauts James A.
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attack on Kep Airfield, 37 miles northeast of Hanoi.
The attack was delivered by A-6 Intruders and A-4
Skyhawks from Kitty Hawk and was followed-up by
another A-6 attack the same night. While providing
cover for the bombers during the first attack,
Lieutenant Commander Charles E. Southwick and
Lieutenant Hugh Wisely, flying F-4B Phantom IIs of
VF-114, each were credited with a probable MiG-17
kill in aerial combat.

15 May The Chief of Naval Operations directed that a
new department titled Aircraft Intermediate Maintenance
(AIMD) be established in all operating carriers except
the one operating with the Naval Air Training
Command. The function of the new department was to
assume responsibility for maintenance afloat formerly
held by Air Wing and Air Group commanders.

19 May Two A-7A Corsair II aircraft, piloted by
Commander Charles Fritz and Captain Alex Gillespie,
USMC, made a trans-Atlantic crossing from NAS
Patuxent River, Md., to Evreux, France, establishing
an unofficial record for long distance, nonrefueled
flight by light attack jet aircraft. Distance flown was
3,327 nautical miles; time of flight was seven hours
and one minute.

24 May The seaplane tender Currituck returned to
North Island, Calif., after completing a 10-month tour
in the western Pacific and the last combat tour for
ships of her type.

Lovell, Jr., and Edwin A. Aldrin, Jr., and their space-
craft 600 miles southeast of Cape Kennedy. The astro-
nauts were lifted from their spacecraft to the ship by
an SH-3A helicopter of HS-11.

1967
26 February The first application of aerial mining in
Vietnam occurred when seven A-6As, led by
Commander Arthur H. Barie of VA-35’s Black Panthers,
planted minefields in the mouths of the Song Ca and
Song Giang rivers. This operation was aimed at stop-
ping coastal barges from moving supplies into imme-
diate areas.

1 April The status of Overhaul and Repair
Departments at six Navy and one Marine Corps air sta-
tion was changed to that of separate commands, each
titled Naval Air Rework Facility.

12 April A wing insignia for Aviation Experimental
Psychologists and Aviation Physiologists was
approved. The new design was similar to Flight
Surgeons Wings except for use of the gold oak leaf of
the Medical Service Corps in place of the leaf with
acorn of the Medical Corps.

24 April Seventh Fleet carrier aircraft launched their
first strikes on MiG bases in North Vietnam with an
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8 June Aircraft launched from America to aid Liberty
(AGTR 5) as she was under attack by Israeli aircraft
and motor torpedo boats, were called back before
reaching their destination when a message of regret
and apology was received from Tel Aviv. Commander,
Sixth Fleet, then sent medical teams on board destroy-
ers to the scene to aid in caring for the wounded.

18 June The first scheduled winter flight to
Antarctica was successfully completed when a Navy
LC-130F of VX-6 flying from Christchurch, New
Zealand, landed at Williams Field, seven miles from
McMurdo Station. Although earlier winter flights had
been made to Antarctica as a result of medical emer-
gencies, this was the first planned flight.

30 June Naval Air Transport Wing, Pacific, was dis-
established at NAS Moffett Field, Calif.

1 July DODGE satellite was placed into orbit by a
Titan III-C fired from Cape Kennedy, Fla. DODGE (an
acronym for Department of Defense Gravity
Experiment) was developed by the Applied Physics
Laboratory under management of the Naval Air Systems
Command to provide a three-axis passive stabilization
system that could be used on satellites orbiting the
earth at synchronous altitudes. In addition to demon-
strating the basic feasibility of this form of stabilization,
Dodge carried color television cameras and on 25 July
made the first full-disc color photograph of the earth.

1 July The title of the Office of the Naval Weather
Service was changed to Naval Weather Service
Command and its mission modified to ensure fulfill-
ment of Navy meteorological requirements and the
Department of Defense requirements for oceanograph-
ic analyses; and to provide technical guidance in
meteorological matters. On the same date, the Naval
Weather Service Division, Op-09B7, was disestablished
and its functions assigned to the new command.

1 July Naval Air Propulsion Test Center, with head-
quarters at Trenton, N.J., was established by merger of
the Naval Air Turbine Test Station, Trenton, N.J., and
the Aeronautical Engine Laboratory of NAEC
Philadelphia, Pa.

19 July Air Transport Squadron Three, last Navy
component of the Military Airlift Command, was dises-
tablished at McGuire AFB, N.J., ending an interservice
partnership that began in 1948 when Navy and Air
Force transport squadrons combined to form the
Military Air Transport Service.

29 July Fire broke out on the flight deck of Forrestal
as aircraft were being readied for launch over
Vietnam. Flames engulfed the fantail and spread
below decks touching off bombs and ammunition.
Heroic effort brought the fires under control, but dam-
age to aircraft and the ship was severe and the final
casualty count was 132 dead, two missing and pre-
sumed dead, and 62 injured.

29 July The vice president announced that the Navy
Navigation Satellite System, Transit, would be released
for use by merchant ships and for commercial manu-
facture of shipboard receivers.

15 August The Aircraft Carrier Safety Review Panel
held its first meeting. Headed by Admiral James S.
Russell, USN (Ret.), the panel was appointed to exam-
ine actual and potential sources of fire and explosions
in aircraft carriers with the object of minimizing their
occurrence and damage and to propose further
improvement in the equipment and techniques used
to fight fires and control damage by explosion.

10 October Rear Admiral Albert Cushing Read, USN
(Ret.), Naval Aviator No. 24, died in Miami, Fla. Well
known commander of the NC-4 on the first flight
across the Atlantic in 1919, Admiral Read made many
contributions during his Naval Aviation career which
began in July 1915 and carried through to his retire-
ment in September 1946.

31 October Currituck, last seaplane tender in ser-
vice, was decommissioned at Mare Island, Calif., and
transferred to the Reserve Fleet.

6 November An SP-5B Marlin of VP-40 at NAS
North Island, Calif., made the last operational flight by
seaplanes of the U.S. Navy. With Commanders Joseph
P. Smolinski and George A. Surovik as pilot and copi-
lot and 15 passengers including Rear Admiral Constant
A. Karaberis on board, the flight ended seaplane
patrol operations in the Navy. For more than fifty
years, seaplanes had been a mainstay in the Navy’s
enduring effort to adequately integrate aeronautics
with the fleet.

9 November Bennington recovered the unmanned
Apollo 4 spacecraft about 600 miles northwest of
Hawaii and after its 81⁄2-hour orbital flight.

1968
19 January A C-130 Hercules of VR-24 and heli-
copters from NAF Sigonella, Italy, delivered food,
clothing and medicine to the west coast of Sicily to aid

264 UNITED STATES NAVAL AVIATION 1910–1995

1967—Continued



some 40,000 persons made homeless by an earth-
quake in the region of Montevago.

23 January When word was received of the capture
of Pueblo (AGER 2) by a North Korean patrol boat, a
Task Group, composed of Enterprise and screen, was
ordered to reverse course in the East China Sea and to
run northward to the Sea of Japan where it operated
in the vicinity of South Korea for almost a month.

27 January At the call of the president in the emer-
gency created by the seizure of Pueblo (AGER 2), six
carrier squadrons of the Naval Air Reserve reported for
active duty.

28 March The Secretary of the Navy approved
establishment of a new restricted line officer category
(152x) called the Aeronautical Maintenance Duty
Officer (AMDO).

31 March President Johnson announced that as an
indication of American willingness to make conces-
sions opening the way to peace talks with the North
Vietnamese, the bombing of targets north of the 20th
parallel would stop on the following day.

4 April The Apollo 6 unmanned spacecraft was
recovered after its orbital flight by Okinawa about 380
miles north of Hawaii.

3 May The Aviation and Submarine Safety Centers
were combined to form the Naval Safety Center. At the
same time the Office of the Assistant Chief of Naval
Operations (Safety) was established.

22 June The keel for Nimitz was laid at Newport
News, Va.

1 July To insure a more rapid and efficient transition
to combat status in the event of mobilization, the
Naval Air Reserve was reorganized into wings and
squadrons known collectively as the Naval Air Reserve
Force, and effective 1 August, Commander Naval Air
Reserve Training assumed additional duty as
Commander, Naval Air Reserve Force.

6 July VMO-2 stationed at Da Nang, South Vietnam,
received the first OV-10A Broncos to arrive in South
Vietnam. The aircraft, specifically developed for coun-
terinsurgency warfare, was immediately employed for
forward air control, visual reconnaissance and heli-
copter escort.

24 August A change in uniform regulations provid-
ed a new breast insignia for Navy and Marine Corps
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personnel qualified as Flight Officers. The new wings
replaced the old Naval Aviation Observers wings effec-
tive 31 December.

16 September The Department of Defense
announced that six naval air reserve squadrons called
to active duty immediately after the seizure of Pueblo
(AGER 2) would be returned to inactive status within
the next six weeks.

22 October Helicopters of HS-5 from Essex located
and recovered astronauts Walter M. Schirra, Donn F.
Eisele, and R. Walter Cunningham about 285 miles
south of Bermuda and delivered them safely to the
ship. It was the end of an 11-day mission in space and
the first manned flight of the Apollo program.

1 November In response to orders from the president,
all bombing of North Vietnam was halted at 2100 Saigon
time. The last Navy mission over the restricted area was
flown earlier in the day by Commander Kenneth E.
Enney in an A-7 Corsair II from Constellation.

6 November The lighter-than-air hangar at NAS
Lakehurst, N.J., was designated a National Historic
Landmark by the National Park Service of the
Department of the Interior.

27 December Helicopters of HS-4 hovered over
Apollo 8 after it ended its historic flight around the
moon with a predawn splashdown in the Pacific with-
in three miles of Yorktown. At first light, astronauts
Frank Borman, James A. Lovell, and William A. Anders
were picked up by helicopters and carried to the ship.
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27 January Commander, Naval Air Systems
Command directed that the Naval Aviation Integrated
Logistic Support Task Force be phased out. This Task
Force, generally known as NAILS, had made an in
depth study of aviation logistics with particular
emphasis on spares and repair parts support manage-
ment. Among other things, it recommended that a
NAILS Center be established.

1969
3 January VAL-4, the first Navy squadron of its type,
was established at NAS North Island, Calif., to operate
the OV-10A Bronco. When VAL-4 deployed to Vietnam
in March, it became an important part of the brown-
water Navy, operating from two airfields in the
Mekong Delta to provide direct support for U.S. and
Vietnamese Navy Riverine operations.

14 January A fire aboard Enterprise resulting from
detonation of a MK-32 Zuni rocket warhead overheat-
ed by exhaust from an aircraft starting unit, took 27
lives, injured 344 and destroyed 15 aircraft. Repairs to
the ship were completed at Pearl Harbor, Hawaii, in
early March.
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3 February The Naval Air Systems Command issued
a contract to Grumman for development of the F-14A
fighter and manufacture of six experimental aircraft.
The F-14, intended as a high performance replacement
for the F-4 and abortive F-111B, will feature a variable-
sweep wing and carry the Phoenix missile.

13 February Randolph was decommissioned, and
placed in the Reserve Fleet. This was followed on 30
June by the decommissioning of Essex, which was
placed in reserve, and on 1 December by the decom-
missioning of Boxer which was sold for scrap.

13 March Apollo 9 Astronauts James A. McDivitt,
USAF, David R. Scott, USAF, and Russell L. Schweickart
were recovered by a helicopter from HS-3 off
Guadalcanal after completing a 10-day orbit of the earth.

14 April North Korean aircraft shot down an
unarmed EC-121 propeller-driven Constellation which
was on a routine reconnaissance patrol over the Sea of
Japan from its base at Atsugi, Japan. The entire 31-
man crew was killed. U.S. response was to activate
Task Force 71 to protect such flights over those inter-
national waters in the future. Initially, the TF consisted
of the carriers Enterprise, Ticonderoga, Ranger, and
Hornet with cruiser and destroyer screens.

26 May Apollo 10 Astronauts Thomas P. Stafford,
USAF, John W. Young, USN, and Eugene A. Cernan,
USN, were recovered by HS-4 off Princeton after mak-
ing an 8-day orbit of the earth.

26 May A new, major development in carrier fire
prevention occurred when Franklin D. Roosevelt put to
sea from Norfolk Naval Shipyard, Va., after an ll-month
overhaul which included installation of a deck edge,
spray system using the new seawater compatible, fire-
fighting chemical, Light Water.

1 June On a flight from Stephenville, Newfoundland,
to Mildenhall, England, Lieutenant Colonel R. Lewis,
USMC, and Major C. L. Phillips, USMC, piloted an OV-
10 Bronco to a world record of 2,539.78 miles for point
to point distance for light turbo-prop aircraft.

24 June The first operational “hands off” arrested
landing using the AN/SPN-42, Automatic Carrier
Landing System, on a carrier was performed by
Lieutenant Dean Smith and Lieutenant (jg) James
Sherlock of VF-103 when their Phantom II landed
aboard Saratoga. AN/SPN-42 was an outgrowth of
SPN-10 which was first tested in 1957 but was found
not to meet all fleet requirements.

30 June Personnel on duty in the naval aeronautical
organization at the end of the fiscal year, in round
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8 September As part of Project Birdseye, the Arctic
ice-survey mission initiated in March 1962 to gather
ice-flow information for the Naval Oceanographic
Office, VXN-8 provided ice surveillance for SS
Manhattan during the ship’s historic voyage from the
East Coast of the United States to Alaska through the
ice-packed Northwest Passage.

30 September CVSG-57 was disestablished followed
by the disestablishment of CVW-10 on 28 November
and CVSG-52 on 15 December.

22 October The Naval Air Systems Command and
the United Kingdom executed a Memorandum of
Agreement whereby the Hawker-Siddely Harrier, a
vertical take-off and landing aircraft, could be pur-
chased. A subsequent Letter of Offer covered pro-
curement of 12 aircraft with initial delivery in
January 1971. The Harrier, U.S. designation AV-8A,
was being procured for operational use by the
Marine Corps as a result of interest generated in
September 1968 when Marine Aviators Colonel

numbers, included a grand total of 177,000 with
28,500 officers of whom 15,200 were HTA pilots.
Enlisted men numbered 147,700 of whom 27 were
pilots. Respective figures for Marine Aviation were:
72,500; 9,600; 5,600; 62,800, and 5.

14 July The first A-7E Corsair II assigned to an
operational squadron was delivered to VA-122, the
A-7 West Coast training squadron at NAS Lemoore,
Calif. The A-7E version of the Vought Corsair II
incorporates heads-up-display (HUD) and Project
Map Display (PMDS) whereby vital information from
flight and navigation instruments are projected into
the pilots normal field of vision, thereby permitting
him to concentrate on his mission without looking
down at instruments. Service use of this equipment
culminated a development effort of more than 15
years duration.

24 July Apollo 11 Astronauts Neil A. Armstrong, ex-
USN, Edwin E. Aldrin, Jr., USAF, and Michael Collins,
USAF, were recovered by HS-4 off Hornet after the
first moon landing during which Armstrong and Aldrin
walked on the moon, 20–21 July. The first person to
set foot on the moon was a naval aviator, Neil
Armstrong.

1 August The Naval Air Systems Command issued a
contract to Lockheed Aircraft Corporation for develop-
ment of the S-3A, a carrier based antisubmarine war-
fare plane designed for all weather operation and
equipped with modern detection and data processing
equipment. It was scheduled to replace the S-2
Tracker in the seventies.

17 August Hurricane Camille swept into the Gulf
Coast near Gulfport, Miss., leaving many people
homeless and causing heavy property damage. Naval
Aviation performed emergency assistance and HT-8
received a letter from the president praising it for ser-
vices rendered during the disaster.

31 August Two LC-130s of VXE-6 arrived at
McMurdo Sound, Antarctica, six weeks in advance of
the opening of Operation Deep Freeze 70. Among the
passengers were Rear Admiral David F. Welch,
Commander Naval Support Force, Antarctica, and
seven scientists.

1 September The Naval Aviation Integrated Logistic
Support Center, Patuxent River, Md., was established
to provide intensified logistics management for Naval
Aviation.
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Thomas H. Miller, Jr. and Lieutenant Colonel
Clarence M. Baker flew the aircraft in England. The
Harrier was a further development of the Kestrel,
which in early phases received developmental sup-
port from the United States and West Germany as
well as the United Kingdom.

24 November The Apollo 12 Astronauts, an all-
Naval Aviator crew of Richard F. Gordon, Jr., Charles
Conrad, Jr., and Alan L. Bean, were recovered by HS-4
off Hornet after circling the moon, and in a lunar mod-
ule, landing there with Conrad and Bean on 19
November for 311⁄2 hours.
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Marine Harrier demonstrates its hover capabilities

Three of the
first four men
on the moon
have flown for
the Navy
NASA-
AS12497278
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CH-46A for vertical assault HN69966

A C-2 Greyhound makes carrier on board delivery to Kitty Hawk
during operation off Vietnam 1143450

UH-1B on Mekong Delta patrol 1143447

QH-50D drone helicopter on ASW mission 1143449

CH-46A during vertical replenishment NH 69969
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SP-2H, on patrol inspects a Vietnamese junk 1115829

H-2 stands plane guard during flight operations K31638
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Marine CH-53A,
Sea Stallion, lifts
large Truck NH
69965

Shrike antiradar missiles HN69964 Mounting Gun-pod on A-4 4710124

Light water in washdown system, used for fighting fire
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Assembling A-7 turbofan TF-30 engine NH69963

Reloading M-60 machine gun on UH-1B helicopter K58290 Echo II test at Lakehurst 1143455
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Task Force 77
units in the
Tonkin Gulf,
Oriskany (cen-
ter), as seen
from signal
bridge of
Constellation
1143453

Human centrifuge used in study of space flight 1036457
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Nuclear-
powered
Enterprise,
Long Beach,
and
Bainbridge
preparing for
1964 round
the world
cruise
1103800

Naval air interdicts Vietcong sup-
ply route by destroying high-

way bridge with bombing
NH 69956

Helos deliver guns and ammo to troops USMC 184967
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Advanced aviation base ship, Tallahatchie County, decommissioned in 1970
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Iroquois come in
for refueling
from LC-130
Hercules during
deepfreeze
K87381

Guam aids peru earthquake victims K84668



experienced personnel. Much of the 1970s can hardly
be called bountiful for Naval Aviation. As the surplus of
equipment left over from Vietnam eroded through con-
stant use, money for replenishment was not abundant.
The high inflation rate that beset the world’s industrial
nations plagued defense budgets and drove downward
the purchasing power of military salaries. Nevertheless,
Naval Aviation continued to make headway in the
areas of research and development.

Early in the 1970s, the Navy introduced the F-14
Tomcat, and the Marine Corps accepted the AV-8
V/STOL Harrier. At the end of the decade, a new fight-
er/attack aircraft, the F/A-18 Hornet, was undergoing
flight trials. The submarine threat was confronted by
the addition to the fleet of the light airborne multipur-
pose system (LAMPS) which combined shipboard elec-
tronics with the SH-2D helicopter. As 1980 drew to a
close, the latest LAMPS version was under test in a
new Navy airframe, the SH-60B Seahawk. Also at
decade’s end, the Navy’s latest heavy-lift helicopter,
the CH-53E, was ready for acceptance by a Marine
Corps squadron. Airframes were not the only items
which saw advance. The fields of electronics, missiles,
and crew systems also benefited from improvements.
Finally it should be mentioned that during the 1970s
two nuclear supercarriers, Nimitz and Dwight D.
Eisenhower were commissioned; a third, Carl Vinson,
was launched.

As Naval Aviation began its eighth decade, there
was no serious reason to doubt that its superior record
of achievement would endure. Aircraft, integrated with
the fleet, would continue to provide the United States
with the strongest naval power on earth.

1970
15 January Bennington, Valley Forge and
Tallahatchie County were decommissioned. As a part
of the continuing ship reduction program, this was fol-
lowed by the decommissioning of Princeton on 13
February, Hornet on 26 June and Yorktown on 27
June. Earmarked in 1970 for decommissioning in 1971
were Bon Homme Richard and Shangri-La.

Naval Aviation began its seventh decade with the
United States heavily embroiled in the Vietnam War
and 1980 ended with carriers Dwight D. Eisenhower
and Ranger deployed in the Indian Ocean. The coun-
try had no sooner ended its long military involvement
in Vietnam than it faced a growing crisis in the Middle
East, a crisis that reached hostile proportions late in
1979 when Iranian hoodlums captured the United
States Embassy in their capital city, Tehran.

Throughout the 1970s, the American public became
increasingly aware of the country’s critical dependence
upon oil from foreign sources. During this time, an
acute consciousness of the United States’ position as a
two-ocean nation reemphasized the reliance upon the
U.S. Navy to keep sea lanes open and commerce mov-
ing unhampered.

For nearly ten years, the burden of the Navy’s air
action fell upon the carriers and aircraft of the Seventh
Fleet. To meet this responsibility, naval air relied on
established weapons and material and introduced new
ones. The Walleye, a television-guided glide bomb
designed to home automatically on target, was tested
successfully in combat. Helicopters flexed their muscle
in a combat role and served also as aerial tanks and
flying freight trains. Land-based patrol aircraft, in
Operation Market Time, scoured the coastline of South
Vietnam to search out enemy infiltrating vessels and
locate surface forces for interception. In 1972,
Operations Linebacker I and II waged heavy interdic-
tion and bombing campaigns against North Vietnam.
Aircraft of the Seventh Fleet performed the most
extensive aerial mining operation in history, blockad-
ing the enemy’s main avenues of supply. An uneasy
truce finally resulted in the United States disengaging
itself from Vietnam in 1973. Two years later, Naval
Aviation was called upon to assist in the evacuation of
refugees fleeing the North Vietnamese takeover of
South Vietnam. In 1979, naval air power helped rescue
thousands of Indochinese who took to the high seas
in poor vessels to escape mounting tyranny in their
homelands.

Against the unrelenting need for vigilance was pitted
a declining material inventory and difficulty in retaining
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31 January Midway was recommissioned following
a four-year conversion-modernization at the San
Francisco Bay Naval Shipyard, Calif. Other ship devel-
opments that followed were the commissioning of
Inchon on 20 June, completing Ticonderoga’s conver-
sion from CVA to CVS in May, and laying the keel of
Dwight D. Eisenhower on 15 August.

10 February As part of the U.S. withdrawal from
Vietnam, two Marine squadrons, VMFA-542 and
VMA-223, returned to Marine Corps Air Station El
Toro, Calif. The same month, VMA-211 and MAG-12
were reassigned to Japan. In September, VMFA-122,
VMFA-314 and VMA(AW)-242, as well as two avia-
tion support units, H&MS-13 and MABS-13, returned
to the U.S. On 13 October, the last Marines left Chu
Lai, a base from which they had been operating
since 1965.

16 March The crash of an EC-121 reconnaissance
plane took the lives of 23 Navy passengers at Da Nang
Air Base, South Vietnam.

28 March The first North Vietnamese MiG kill since
the 1 November 1968 bombing halt occurred when
Lieutenant Jerome E. Beaulier and Lieutenant (jg)
Stephen J. Barkley in an F-4 Phantom II of VF-142 off
Constellation shot down a MiG-21 while escorting an
unarmed Navy reconnaissance plane on a mission
near Thanh Hoa, North Vietnam.

1 April CVWR-20 and CVWR-30 were established
followed by CVSGR-70 and CVSGR-80 on 1 May. This
was a continuation of a program initiated in July 1968
to give Naval Air Reserve an improved combat readi-
ness. The reorganization placed all carrier-type
squadrons in two reserve carrier air wings and two
carrier ASW groups. Twelve VP and three VR
squadrons joined the carrier squadrons under the con-
trol of Commander Naval Air Reserve Force.

10 April The A-4M Skyhawk made its first flight at the
McDonnell Douglas plant at Palmdale, Calif. This air-
craft was equipped with a high power engine (nearly
50 percent more thrust than that of the Skyhawk from
1954) and brake parachute; these features made it par-
ticularly adaptable for operations from short airfields
in forward areas.

17 April Apollo 13 astronauts James A. Lovell, Jr.,
USN; John L. Swigert, Jr., ex-USAF; and Fred W. Haise,
Jr., ex-USMCR, were recovered by HS-4 off Iwo Jima
after their abortive moon flight.

2 May A VC-8 helicopter rescued twenty-six persons
from a Dutch Antillean Airlines DC-9 ditched in the
Caribbean. The helicopter was piloted by Lieutenant
Commander James E. Rylee and Lieutenant (jg)
Donald Hartman; crewmen were ADC William Brazzell
and AD Calvin Lindley.

9 May Approximately 30 U.S. Navy craft, helicopters
and OV-10 Bronco aircraft participated with the com-
bined South Vietnamese/U.S. Riverine Force in opera-
tions into the Mekong River Corridor to neutralize
sanctuary bases in that area. This followed the initial
series of strikes by combined U.S.-RVN ground forces
against enemy sanctuaries in Cambodia during the first
week of May.

31 May Following Peru’s earthquake which took
50,000 lives, injured 100,000 and made 800,000 home-
less, Guam and HMM-365 provided victims with over
200 tons of relief supplies and transported over 1,000
evacuees and medical patients on 800 mercy flights.
Before Guam left the Peruvian coast on 21 June, her
crewmen spent two days in Lima at the invitation of a
grateful Peruvian government.

1 June CVW-4 and -12 were disestablished, followed
by the disestablishment of CVSG-51 on 30 June.

9 June Sikorsky pilot James R. Wright and copilot
Colonel Henry Hart, USMC, flying a Marine Corps CH-
53D, established a New York, N.Y., to Washington,
D.C., record for helicopters of 156.43 mph with an
elapsed time of 1 hour, 18 minutes and 41.4 seconds
from downtown to downtown. The following day they
established a New York, N.Y., to Boston, Mass., record
for helicopters of 162.72 mph with a city to city time
of 1 hour, 9 minutes, 23.9 seconds.

30 June As a result of reductions in force levels,
personnel on duty in the naval aeronautical organiza-
tion at the end of the fiscal year, in round numbers,
included a grand total of 162,600 with 25,900 officers
of whom 14,500 were pilots. Enlisted men numbered
135,900 of whom 22 were pilots. Respective figures for
Marine Aviation were: 72,000 total; 9,900 officers of
whom 5,700 were pilots; 62,000 enlisted men and 4
enlisted pilots.

1 July Naval Air Systems Command Liaison Office,
Dayton, Ohio, was disestablished. This marked the end
of an office that had its beginning in October 1920,
when the Navy detailed an aviation officer to McCook
Field to observe and report on experimental work.
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Initial rescue operations began when MAG-16 evacuat-
ed some 900 people the first day during floods termed
the worst since 1964.

21 November Navy planes dropped flares along the
coast of North Vietnam to divert attention from an
Army-Air Force search and rescue team that searched
a vacated prisoner-of-war compound at Son Tay, 20
miles west of Hanoi.

21–22 November In response to attacks on
unarmed U.S. reconnaissance aircraft, 200 U.S. aircraft
conducted protective reaction air strikes against North
Vietnamese missile and antiaircraft sites south of the
19th parallel. The strike forces included Marine Corps
and Navy aircraft from Hancock, Ranger, and
Oriskany.

24 November The Senate Preparedness Investigat-
ing Subcommittee completed a three-day “Investi-
gation into Electronic Battlefield Program,” which
dealt with the development and use of sensor
surveillance to locate hostile forces in South Vietnam
and thus take the night away from the enemy. As
representatives of the Services and OSD explained to
the committee, the program had its beginnings in
1966 when the Navy sought to adapt the air-dropped
radio sonobuoy to ground use by replacing the
hydrophone with a microphone. In the initial phase,
the project was called ALARS (for Air Launched
Acoustical Reconnaissance) which was a part of the
TRIM (Trail Road Interdiction Mission) Project. In
August 1966 a scientific study group proposed a
broader air-supported barrier system, and in
September, the Secretary of Defense established the
Defense Communications Planning Group to imple-
ment the concept and later expanded the mission to
cover a variety of tactical applications with a variety
of sensors. Although the air-supported sensor respon-
sibility was eventually assigned to the Air Force
(under the code name Igloo White), the initial com-
bat mission was carried out from November 1967 to
June 1968 by a newly established Navy squadron,
VO-67, equipped with 12 OP-2E aircraft.

24 November A T-2C modified by North American
Rockwell to a super-critical wing configuration was
test flown by North American test pilot Edward A.
Gillespie at Columbus, Ohio. The supercritical wing,
based upon theoretical development by Dr. Richard
Whitcomb of NASA, promised to delay the onset of
transonic shock separation, buffeting, and other unde-
sirable aerodynamic phenomena and thus give greater
flexibility to aircraft intended for operation in the sonic
speed regimen.

17 July The P-3C began deployed operations as VP-
49 took over patrol responsibilities at Keflavik,
Iceland. This ASW aircraft, which was described in an
unveiling ceremony 14 months earlier as “two or three
times as effective as anything we now have,” featured
the latest antisubmarine warfare equipment including
directional sonobuoys, a high capacity computer and
related displays.

8 September The Department of Defense modified
its basic space policy (established in March 1961) by
providing that functional responsibilities of the ser-
vices would be considered in assigning programs for
development and acquisition of space systems. In
addition, the Director of Defense, Research and
Engineering would assure that specific space programs
administered by one service would be broad enough
to meet the related needs of other services.

25 September A Condor television-guided air-to-
surface missile was launched by an A-6A at a standoff
distance from its target. The aircraft was 56 miles from
the target when the missile made a direct impact. The
test was conducted at the Naval Weapons Center,
China Lake, Calif.

25 September As a result of the Jordanian crisis
caused by Palestinian commando attempts to unseat
the monarchy in Amman, John F. Kennedy joined
Saratoga and Independence in the Mediterranean, fol-
lowed by seven other U.S. Navy ships, including
Guam on 27 September. This strengthened the Sixth
Fleet to some 55 ships which served as a standby
force in case U.S. military protection was needed for
the evacuation of Americans and as a counterbalance
to the Soviet Union’s Mediterranean fleet.

25 October Sailors and Marines completed four
days of assistance and relief to thousands of Filipinos
left homeless, hungry and injured by Typhoon Joan
which had struck southern Luzon and Catanduanes
Island in the Republic of the Philippines, leaving 600
dead and 80,000 without shelter. Over 300 tons of rice,
flour, blankets and fuel were air-lifted by HMM-164,
while galleymen aboard Okinawa worked round-the-
clock baking over 5,000 loaves of bread, and inland,
medics groped by flashlight to aid the injured.

29 October Following the ravages of Typhoon Kate
and flood waters that inundated some 140 square
miles of Vietnam south of Da Nang, the helicopter
forces of 1st Marine Aircraft Wing performed rescue
and relief operations for over 9,000 South Vietnamese.
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25 November The Chief of Naval Material estab-
lished a Navy Space Project Office with responsibility
for the integration and coordination of space activities
within the purview of the Naval Material Command
and with responsibility for management of designated
space projects.

21 December The F-14A aircraft, piloted by
Grumman test pilots Robert Smyth and William Miller,
made its first flight at Grumman’s Calverton, Long
Island, N.Y., plant.

1971

1 January Task Force 77, the Attack Carrier Striking
Force Seventh Fleet, continued operations off Vietnam
on Yankee Station, the “on line” area in the Gulf of
Tonkin, with missions consisting of interdiction of the
Ho Chi Minh Trail in Laos, air support for allied
ground forces in South Vietnam (SVN), photographic
reconnaissance, combat air patrols and electronic war-
fare. On station at the beginning of the year were
Hancock and Ranger.

6 January The Marine Corps/Navy’s first AV-8
Harrier was accepted by Major General Homer S. Hill,
USMC, at Dunsfold, England. The Harrier was the first
vertical take-off and landing (V/STOL) fixed-wing air-
craft ever accepted for use as a combat aircraft by U.S.
armed forces.

19 January Enterprise completed sea trials with her
newly designed nuclear reactor cores which contained
enough energy to power her for the next ten years.

22 January The Navy’s most advanced antisubma-
rine warfare aircraft, the land-based P-3C Orion, estab-
lished a world record in the heavyweight turboprop
class for long distance flight. The production model
aircraft, piloted by Commander Donald H. Lilienthal
with a crew of eight, set the record with a flight of
6,857 statute miles over the official great circle route
from NAS Atsugi, Japan, to NAS Patuxent River, Md.
The flight, which topped the Soviet Union’s IL-18 tur-
boprop record of 4,761 miles set in 1967, lasted 15
hours, 21 minutes. In order to avoid Russia’s
Kamchatka Peninsula, the Lilienthal flight actually cov-
ered 7,010 miles.

26 January The AV-8A Harrier arrived at the Naval
Air Test Center, Patuxent River, Md. for commence-
ment of Board of Inspection and Survey trials.
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Southeast Asia.

27 January A P-3C at the Naval Air Test Center,
Patuxent River, Md. with Commander Donald H.
Lilenthal as Plane Commander established a world
speed record for its class of 501.44 mph over the 15 to
25 km course.

27 January NAVAIR expedited procurement of the
TCW-33P VWS (Ventilated Wet Suit) to permit its
issuance to VS and VP squadrons during the winter of
1971–1972. The evaluation of 3,100 ventilated wet
suits had begun in 1969 and enthusiastic acceptance
by flight crews led to the decision that the suits should



be procured for early issue rather than
phased in as stocks of the Mk 5 anti-
exposure suit were depleted.

29 January The Navy’s newest carri-
er-based electronic warfare aircraft, the
sophisticated EA-6B Prowler, entered
service with VAQ-129 at NAS Whidbey
Island, Wash. The Prowler, a derivative
of the two-place A-6 Intruder, was
lengthened to accommodate a four-
place cockpit and replaced the A-3
Skywarrior. VAQ-129 (redesignated
from VAH-10 in 1970) became the
replacement training squadron when it
commenced instructing aircrew and
ground support replacement personnel
for all the Navy’s Prowler squadrons.

31 January Alternating on Yankee
Station, Hancock, Ranger and Kitty
Hawk flew a total of 3,214 sorties dur-
ing the month, of which 3,128 deliv-
ered ordnance in Laos. A-6 and A-7
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AV-8A Harrier (VTOL) comes in for a recovery on board Guadalcanal K-89288

A-6 Intruder releasing ordnance during bombing mission over Vietnam NAH-003854



aircraft were particularly effective in attacking truck
traffic, the enemy having put a seasonally high num-
ber of trucks on the road, averaging close to 1,000 per
day.

4 February A P-3C, at the Naval Air Test Center,
Patuxent River, Md., with Commander Donald H.
Lilienthal as Plane Commander, set a world record for
its class of 45,018.2 feet altitude in horizontal flight.

5 February The Navy announced the first successful
test-firing of a Condor air-to-surface missile armed
with a live warhead. The missile, which was fired from
an A-6 Intruder jet aircraft and guided by television,
scored a direct hit on a target ship, which was out of
sight from the launching aircraft.

8 February Commander Donald H. Lilienthal and
crew in their P-3C completed the assault on world
records for unlimited weight turboprop planes, estab-
lishing an altitude record of 46,214.5 feet, and time-to-
climb records of 3,000 meters in 2 minutes 51.7 sec-
onds; 6,000 meters in 5 minutes 46.3 seconds; 9,000
meters in 10 minutes 26.1 seconds; and 12,000 meters
in 19 minutes 42.2 seconds.

17 February The Weapons Systems Explosive Safety
Review Board approved service use of the pyrotechnic
seeding device, WMU-1/B. This unit, consisting of a
silver iodide (catalyst) generator, became the first
weather modification unit released for production and
general use by the Navy. Later that year this device
was used over the island of Okinawa to enhance rain-
fall and thus replenish the island’s water reserves.

24 February The Navy disclosed that an electronic
eavesdropper, developed at the Naval Air
Development Center, Warminster, Pa., had been used
in Southeast Asia since June 1967. Called the
Acoubuoy, it was dropped along trails and broadcast-
ed passing sounds to aircraft up to 20 miles away.

28 February In Vietnam during the month, two car-
riers remained on station throughout the period as
strike sorties rose to an average of 122 per day
because of a 40 percent increase in enemy truck
movements from the previous month, averaging more
than 1,400 a day. A program was extended to A-7 air-
craft night all-weather seeding missions heretofore
flown exclusively by the A-6. The computer release of
flares over targeted road segments was followed by
visual delivery of seeds which allowed the enemy
minimal chances of spotting the emplaced mine fields.

9 March Construction began on the joint U.S./U.K.
naval air and radio communications station located on
the Indian Ocean atoll of Diego Garcia. Later in the
month, Naval Mobile Construction Battalion 40, sup-
ported by U.S. surface vessels, commenced the major
construction effort.

10 March On Yankee Station, Ranger and Kitty
Hawk set a record of 233 strike sorties for one day
and went on during the ensuing six-day period to
mark up a strike effectiveness record that exceeded
record performances by TF-77 during the previous
three-year period.

16 March The first SH-2D LAMPS (Light Airborne
Multi-Purpose System) helicopter test flight took place
at Kaman’s Bloomfield, Conn., facility. This flight fol-
lowed testing aboard Sims (DE 1059) to determine
deck strength for helicopter operations. It was
announced later in the month that 115 H-2 helicopters
would be committed to the LAMPS program. The
LAMPS system was configured to extend the range of
ASW and ASMD on destroyers, frigates, and destroyer
escorts as an airborne extension of the ships’ own
detection systems.

29 March The first active AIM-9G missile was
launched from an NUH-2H helicopter by the Weapons
System Test Division of NATC.

31 March In Vietnam, strike sorties launched by the
carriers serving on Yankee Station during the month
totaled 4,535 of which 4,479 were sorties delivering
ordnance. These figures were up by 1,074 and 1,065,
respectively, from the previous month. Over 680
Acoubuoy seed and interdiction package missions
were flown during the month with unknown results.
Approximately 75 percent of the interdiction packages,
however, obtained one or more road cuts while
implanting Acoubuoy seeds.

1 April HM-12, the Navy’s first helicopter squadron
devoted exclusively to mine countermeasures, was
established at NAS Norfolk, Va. The mission of HM-12
was to remove or eliminate enemy mines from
sealanes and amphibious operating areas. To accom-
plish this task HM-12 helicopters towed specially
designed mechanical magnetic and acoustic
minesweeping equipment which would activate the
enemy mines, thereby eliminating them as a threat to
future operations in the area. HM-12 employed CH-
53A Sea Stallions until they received the Sikorsky RH-
53D built specifically for mine countermeasures.
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18 May In Vietnam, Midway, after relieving
Hancock on 10 May, commenced single carrier opera-
tions on Yankee Station until the end of the month.
This had not been in effect since January, when Kitty
Hawk served a two-week “on station” tour alone.
During the one-carrier operations, Ranger and Kitty
Hawk were away for upkeep periods in Japan.

21 May Technical evaluation of a new fire control
system with a helmet-mounted sight was begun at the
Naval Air Test Center, Patuxent River, Md.

28 May The Secretary of Defense announced mea-
sures to strengthen the Sixth Fleet. He said that fleet
readiness was to be improved by the almost continu-
ous presence of a helicopter carrier, and by a substan-
tial increase in the hours flown by maritime air patrols
and the ship-operating days of sea patrols. This fol-
lowed an earlier announcement by the Pentagon on
24 May that the Sixth Fleet would be strengthened in
response to the growing Soviet naval power.

31 May As in previous months in Vietnam, strike
emphasis was placed on the interdiction of Laotian
entry and throughout corridors to SVN. Southern
Laotian routes leading to Cambodia also received
increased emphasis during the month. Although
weather cancellations remained at a comparatively low
level, conservation of strike sorties was still accom-
plished by limiting carrier sorties to 60–70 per day,
resulting in a total of 2,645 sorties that delivered ord-
nance. Two protective reaction strikes were carried
out in NVN during the month. NVN surface-to-air mis-
sile (SAM) coverage south of 20° N continued at a
high level. The increased SAM threat required addi-
tional aircraft in support of strike and reconnaissance
flights.

28 June A proposal by the Naval Training Command
Board to consolidate all naval training was approved.
The board had convened under the direction of the
CNO on 8 February. Training had been under review
since World War II by official study groups and
boards, the first being the Hopwood Board in 1955
which recommended that training be divorced from
the Bureau of Naval Personnel. Major recommenda-
tions of the Naval Training Command Board estab-
lished a single training command, Chief of Naval
Training, with headquarters at Pensacola, Fla. Chief of
Naval Technical Training was established at Memphis,
Tenn. Education and programs which had been under
the Chief of Naval Personnel were placed under the
new command of Director of Naval Education and
Training. Three former air training staffs were consoli-
dated into a single staff with eight training wings to be

5 April Modernization of the Naval Air Reserve con-
tinued when the first A-7 Corsair IIs were received by
VA-303 at NAS Alameda, Calif. The first reserve
squadron to operate the modern jet, VA-303 received
its full complement of 12 aircraft by the end of June.
Less than four months later, VA-303 made the initial
reserve A-7 squadron deployment, marking the first
extended deployment of a reserve squadron on other
than annual active duty training.

16 April The A-4M Skyhawk entered squadron ser-
vice with VMA-324 and VMA-331 at MCAS Beaufort,
S.C. The most advanced in the A-4 series, the aircraft
featured a new self-contained starter, carried twice as
much 20mm ammunition, and had 20 percent more
thrust (11,200 pounds). The new model Skyhawk, the
seventh major version, was developed specifically for
the Marine Corps and was capable of delivering all air-
to-ground weapons in the naval inventory.

16 April VMA-513 at MCAS Beaufort, S.C., took
delivery of three AV-8A Harrier aircraft, thereby
becoming the first operational high performance
V/STOL squadron in the United States.

30 April In Vietnam during the month, three carriers
assigned to TF-77—Ranger, Kitty Hawk, and
Hancock—provided a constant two carrier posture on
Yankee Station. Hours of employment remained
unchanged with one carrier on daylight hours and one
on the noon to midnight schedule. Strike emphasis was
placed on the interdiction of major Laotian entry corri-
dors to South Vietnam (SVN). Strike sorties delivering
ordnance totalled 3,648. Fifteen strike sorties were
flown into North Vietnam (NVN) during the month.

1 May A board to study and make recommendations
on Aeronautical Engineering Duty personnel policies,
which had been appointed the preceding 14
December with Rear Admiral Daniel K. Weitzenfeld as
senior member, submitted its report. The board report-
ed that the AED community was at full strength and
had an excellent base of aspirants from which to
select new applicants. A number of recommendations
were made to further the careers of Aeronautical
Engineering Duty Officers (AEDO) and their use by
the Navy. The more significant recommendations
included achieving “a limited joining with the AMD
(152) group in recognition of a common purpose in
support of Naval Aviation,” and identifying billets
which could be filled by either Aeronautical
Engineering Duty or Aeronautical Maintenance Duty
Officers.
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located at major pilot training bases. Public announce-
ment of the new single training command was made
on 21 July and became effective on 1 August.

29 June Light gull gray, Federal Standard Color No.
36440, applied to carrier aircraft was replaced with
glossy light gull gray Federal Standard Color No.
16440. This change was directed by MIL-C-18263F (AS)
of this date.

30 June During June in Vietnam, the realignment of
carriers continued as Midway departed Yankee Station
on 5 June, relieved by Kitty Hawk, and Oriskany com-
menced strike operations on 16 June. A total of 14
two-carrier days and 16 single-carrier days during the
month resulted in a monthly strike sortie count of
2,431. The Navy’s strike sortie count for Fiscal Year
1971 thus came to 32,230 sorties, 172 under the annual
ceiling. June strike operations were under the influ-
ence of the southwest monsoons with attendant
clouds and rain.

7 July The last active duty A-1 Skyraider, an NA-1E,
was retired. The aircraft, which had been assigned to
the Naval Air Test Center, Patuxent River, Md., and
was used in many test programs there, including slow
speed and ordnance release, was turned over to the
Confederate Air Force, Harlingen, Texas for museum
display.

13 July Deputy Secretary of Defense David Packard
issued a new directive defining policy for acquisition
of major defense systems. Basically, Mr. Packard
sought to return authority to the military departments,
subject to approval by the Secretary of Defense, at key
points in the development acquisition process. Among
the various points of the policy were increased
emphasis upon the project manager (called program
manager in the DOD directive), reiteration of the
importance of maintaining a strong technology base,
and the definition of the entire development-acquisi-
tion process as three distinct phases: (1) program initi-
ation, (2) full-scale development, and (3)
production/deployment. The new directive empha-
sized the importance of making accurate cost predic-
tions and realistic schedule forecasts and of relating
the military benefits anticipated from a new technolo-
gy to the cost of the technology. To reduce the magni-
tude of risk, prototyping was to be part of the
advanced development effort; operational suitability of
a system was to be tested and evaluated before it was
committed to large scale production—thus the popular
description of the policy as “fly before buy.”

24 July CVSGR-80 began ASW operations from
Ticonderoga. It was the first time in naval history
that the Naval Air Reserve had demonstrated the
capability for immediate employment of fleet-size
wings and groups, fully manned, properly equipped,
and operationally ready to perform all phases of carrier
operations.

26 July The Apollo 15 spacecraft was launched from
the Kennedy Space Center for a lunar mission. On 30
July the lunar module Falcon commanded by Colonel
David R. Scott, USAF, with Lieutenant Colonel James
B. Irwin, USAF, a Naval Academy graduate, class of
1951, separated from the command ship, Endeavor,
with Major Alfred M. Worden, USAF, and landed on
the moon in the Hadley-Apennine area. The crew
accumulated 66 hours, 55 minutes on the moon’s sur-
face before they departed on 2 August. Five days later,
Okinawa, primary recovery ship for Task Force 130,
accomplished the recovery of the Apollo 15 crew after
splashdown in the Pacific. The mission was the first of
three moon flights geared directly to scientific investi-
gation and achieved far more than all the previous
lunar missions combined.

28 July HC-7 was awarded the Presidential Unit
Citation, the second Navy helicopter squadron to
receive the citation for duty in Vietnam. The other
helo squadron to win the award was HA(L)-3.
Operating from ships at sea on Yankee Station, HC-7
SAR detachments were credited with rescuing 76 U.S.
aviators from Vietnam waters. During the early stages
of the conflict, the squadron had made several over-
land rescues in NVN under intense enemy fire.

30 July In Vietnam, with Oriskany, Midway and
Enterprise serving intermittently on station, a total of
22 two-carrier days and nine single-carrier days result-
ed in a strike sortie count of 2,001. Strike operations
during the month of July were disrupted when the car-
riers on station evaded three different typhoons—
Harriet, Kim and Jean. A slight increase in SVN strike
sorties occurred during the month. These were mainly
visual strikes against enemy troop positions and in
support of U.S. helicopter operations.

30 July The Navy accepted the first operational
BQM-34E Firebee II aerial jet target. The Firebee II
had been developed by Ryan Aeronautical Company
under contract to the Naval Air Systems Command and
was designed to maneuver at greater speeds and alti-
tudes than the standard Firebee target previously in
use. Jet-powered, the remote-controlled target system
was rated at Mach 1.5, offering subsonic and super-
sonic mission capabilities.
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29 October HS-15, the first sea control ship
squadron, was established at NAS Lakehurst, N.J. The
squadron was devised tactically to protect convoys
and vessels not operating with or within the protective
range of carriers. Tests along these lines were con-
ducted subsequently aboard Guam utilizing the SH-3H
Sea King helicopters of HS-15 and Marine Corps AV-8A
Harriers of VMA-513. Tests included V/STOL and helo
compatibility, antisnooper and antisurface tactics, bow
and cross axial landings, night operations and ship-
board control of airborne intercepts.

31 October On Yankee Station during the month,
single carrier operations were conducted except for
the last day. Midway completed her final line period
10 October, with Enterprise taking over the next day
for the remainder of the month. Oriskany joined the
last day, and together the three carriers recorded a
total of 1,024 ordnance-delivering strike sorties, 30 of
them in SVN, the remainder in Laos. The air warfare
posture in NVN was altered 20 October through the
deployment of six MiG aircraft south of 20° N—two
each at Vinh, Quan Lang and Bai Thuong.

8 November The jet-powered S-3A, the Navy’s
newest antisubmarine warfare aircraft, made its official
roll-out at Lockheed’s Burbank California facility.
Christened the Viking, the aircraft was designed to
replace the aging S-2 Tracker.

17 November The Office of the Assistant Secretary
of Defense reported that the Navy had been designat-
ed the lead service in making aircraft ready for use in
Project Grass Catcher—the interception of drug smug-
glers. During January and February 1972, four OV-10s
were loaned to the Bureau of Customs.

30 November Preliminary evaluation of the F-14A
was conducted at Grumman’s Calverton, N.Y., facility
by a team from NATC Patuxent River, Md. The Tomcat
was designed for all fighter missions, including air-to-
air combat and fleet defense.

30 November Alternating on Yankee Station,
Oriskany, Constellation and Enterprise provided 22
two-carrier days on the line, delivering 1,766 ord-
nance-bearing strike sorties, twelve and nine of them
into NVN and SVN, respectively. Two reconnaissance
missions were flown during the month, with the air-
field at Vinh the mission assignment. Escort aircraft on
both missions expended ordnance in a protective
reaction role against firing antiaircraft artillery sites
near the field. Other protective reaction strikes were
executed.

3 August Pilots of VMA-142, -131 and -133 began
qualification landings in A-4Ls aboard Independence.
During a three-day period, four active duty and 20
reserve pilots operated aboard the carrier. This was
the first time that Marine Air Reserve squadrons quali-
fied in carrier duty.

26 August VAW-124 flew the carrier-based early warn-
ing E-2B nonstop across the Atlantic. The Hawkeye left
NAS Norfolk, Va., flew over Newfoundland, Canada, and
Lajes, Azores, to reach America which was deployed to
the Sixth Fleet in the Mediterranean.

31 August During the month, dual carrier opera-
tions were conducted only during the first week; and,
as of the 16th, Enterprise filled in the remainder of the
month alone on station. Thus, a total of 8 two-carrier
days and 23 single-carrier days represented a near
reversal of July’s carrier mix, producing a strike sortie
count for the month of 1,915.

30 September Single carrier operations on Yankee
Station were conducted throughout the month, except
for one two-carrier day. The schedule had Enterprise
flying the first four days, Oriskany the middle of the
month and Midway completing the last four days. The
single carrier posture, combined with the low intend-
ed sortie rate, produced 1,243 strike sorties during the
month. Oriskany flyers participated in a joint
USAF/USN protective reaction strike in southern NVN
on 21 September.

5 October HC-4 at NAS Lakehurst, N.J., accepted its
first SH-2D LAMPS helicopter, making it the first fleet
operating unit to use the new LAMPS configured
Seasprite. One week later at NAS Imperial Beach,
Calif. HC-5 became the first West Coast-based heli-
copter squadron to receive the new Seasprite.

8 October About one hundred officers and men of
the Mobile Mine Countermeasure Command and four
CH-53 Sea Stallion helicopters were airlifted from
Norfolk, Va., and Charleston, S.C., to the Sixth Fleet at
Souda Bay, Crete, by C-5s of the 437th Military Airlift
Wing in a demonstration of the world-wide quick
reaction mine countermeasures capability. A detach-
ment of four CH-53As from HM-12 recorded the first
overseas deployment of the new helicopter. The
detachment began sweeping operations upon arrival
at Souda Bay. From 2 to 7 November the squadron
participated in the first integration of airborne
minesweeping operations into an amphibious assault
exercise, conducted from Coronado (LPD 11).
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2 December NAF Cam Ranh Bay, South Vietnam,
was disestablished and patrol squadron detachments
which had routinely rotated at NAF Cam Ranh Bay
were deployed to NAS Cubi Point, R.P. At Cam Ranh
Bay the patrol squadrons were part of the Vietnam
Air Patrol Unit under the operational control of
Commander, Fleet Air Wing 8 or 10. Operational
tasking could also come from Commander, Task
Force 77, on Yankee Station or Commander, Seventh
Fleet. The patrol squadrons worked closely with
Commander, Vietnam Coastal Surveillance Force.
Their missions were to provide air patrol coverage
for SVN along her coast line to detect any infiltration
of NVN trawlers taking men and supplies into SVN.
These missions were known as Market Time patrols.
Patrol squadrons also provided aerial reconnaissance
and ASW patrols for naval forces operating from
Yankee Station and other areas of the Gulf of Tonkin
and the South China Sea.

2 December Commander George W. White, at the
Naval Air Test Center, Patuxent River, Md., became the
first Navy test pilot to fly the F-14A Tomcat. By the
end of 1971, nine of the aircraft were assigned to vari-
ous flight test programs. Purchase plans had called for
an eventual total of 313 aircraft—301 for operations
and 12 for research and development.

8 December Amphibious Group Alpha, formed
around Tripoli, was directed to move from Okinawa to
the vicinity of Singapore in anticipation of a possible
Indian Ocean deployment. This followed indications
by the head of the UN relief mission in Dacca, East
Pakistan/Bangladesh that as a result of the Indo-
Pakistani war, which began on 3 December, evacua-
tion of foreign civilians by means of carrier-based heli-
copters might be required.

8 December Commander-in-Chief, U.S. Pacific Fleet
(CINCPACFLT) confirmed a requirement previously
enunciated by Commander, Naval Air Force Pacific
Fleet, for a system of video coverage of the entire
launch and recovery sequence of carrier operations.

10 December Enterprise and other units from
Yankee Station formed Task Force 74 and departed
Vietnamese waters for the Indian Ocean. On 12
December the Royal Air Force evacuated Western
nationals from East Pakistan/Bangladesh, thereby elim-
inating the requirement for an American evacuation
operation. Task Force 74 entered the Indian Ocean on
15 December, as a show of force in connection with
the Indo-Pakistani war.

12 December VX-4 reported on an extensive series
of evaluations of the helmet mounted sight, the Visual
Target Acquisition System, in the F-4 that had com-
menced in 1969. While the report cited a number of
shortcomings, it concluded that the helmet sight was
superior to operational equipment used by fighter
pilots in air-to-air combat.

15 December VMA(AW)-224, part of CVW-15 on
board Coral Sea, arrived on Yankee Station. VMA(AW)-
224 was the first Marine Corps squadron to fly combat
missions into NVN from a carrier operating on Yankee
Station.

31 December During 1971 HAL-3, the Seawolves,
the only light attack helicopter squadron in the Navy,
flew 34,746 hours in squadron aircraft in support of
their mission to provide quick reaction armed heli-
copter close air support for all naval forces and South
Vietnamese forces operating in the southern part of
SVN. During their flights in 1971, HAL-3 expended
16,939,268 rounds of 7.62mm ammunition; 96,696
2.75-inch rockets; 32,313 40mm grenade rounds; and
2,414,096 rounds of .50 cal. machine gun ammunition
in carrying out their assigned missions. HAL-3 lost six
aircraft during 1971.

31 December Constellation and Enterprise operated
on Yankee Station together during the month until 10
December, when the latter was unexpectedly directed
to transit to the Indian Ocean where she operated as
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18 January Guam began the first in a series of tests
to analyze the sea control ship concept (SCS). SCS was
a concept in which a shipboard platform would have
a smaller complement of aircraft than the large carriers
(CVA) and would maintain control of sea lines/lanes in
low threat areas of the world. A SCS ship would be
designed to carry the V/STOL aircraft as well as heli-
copters, in order to provide protection of underway
replenishment groups, mercantile convoys, amphibi-
ous assault forces and task groups with no aircraft car-
rier in company.

19 January Lieutenants Randall H. Cunningham and
William P. Driscoll in an F-4 of VF-96 off Constellation
shot down a MiG-21, the first enemy aircraft downed
since 28 March 1970, when Lieutenants Jerome E.
Beaulier and Steven J. Barkley in an F-4 of VF-142 off
Constellation downed a MiG-21. The 19 January action
occurred during a protective reaction strike in
response to earlier antiaircraft artillery and surface-to-
air missile firings from the area which had menaced an
RA-5C reconnaissance plane and its escorts. This
accounted for the Navy’s 33rd MiG shot down in the
Vietnam war since the first shoot down on 17 June
1965, downed by Commanders Louis C. Page and
John J. Smith in an F-4 of VF-21 off Midway.

21 January The S-3A Viking, the Navy’s newest
ASW aircraft, conducted its maiden test flight from
Lockheed’s Palmdale, Calif., facility. The S-3A met the
Navy’s requirements for a 400 knot plus aircraft with a
2,000 mile sub hunting range to replace the aging S-2
Tracker. The S-3A, while about the same size as
the S-2 ,  had twice the speed and range of the
Tracker. It had been equipped with the latest sensor
and weapon systems and could cover nearly three
times the area of the S-2 Tracker.

31 January With only light ground action, limited
troop contacts and the withdrawal of U.S. ground
troops continuing during the month, the level of air
operations also remained low, a situation which con-
tinued generally throughout the first three months of
the year. During January, a total of only eight Navy
tactical air attack sorties were flown in South Vietnam
(SVN). In North Vietnam (NVN), there was very little
attack effort except for some protective reaction
strikes. Coral Sea, Constellation and Enterprise served
intermittently on Yankee Station during the month.

11 February As a result of the shift from conven-
tional to jet aircraft, the Navy announced that the
Aviation Machinist’s Mate Class B school on reciprocat-
ing engines, located at the Naval Air Technical
Training Command, NAS Memphis, Tenn., was closing.

flagship for the newly formed TF-74 for the possible
evacuation of U.S. citizens from East Pakistan in con-
nection with the Indo-Pakistani war. Constellation’s
tour was extended to the end of the month due to
the new contingency operations. Coral Sea came on
the line 15 December. A total of 2,462 ordnance
delivery strike sorties were flown during the month.
The number of surface-to-air missile firing incidents
increased and the bold excursions by MiG aircraft
into Laos prompted both the USAF and USN to devel-
op new tactics, combining efforts, to suppress the
MiG threat. A major protective reaction strike effort
by both USAF and USN commenced 26 December
and terminated 30 December. In this period, TF-77
flew 423 strike sorties employing all-weather A-6A
systems backed up by A-7Es as pathfinders, with
Dong Hoi, Quang Khe and Vinh the major targets
assigned to the Navy. During the month, the Laser
Guided Bomb (LGB) was introduced by squadrons
aboard Constellation. Initially, 16 trial LGB drops
were road cuts, with subsequent targets antiaircraft
artillery sites. In the coming year, LGBs were to be
used effectively against heretofore seemingly inde-
structible targets in NVN, such as heavy steel bridge
structures built into solid rock.

1972

1 January The area of responsibility assigned to
Commander-in-Chief, Pacific (CINCPAC), was shifted
westward to include the Indian Ocean and the Persian
Gulf. U.S. naval communications, refueling and logisti-
cal airstrip facilities continued under construction on
the island of Diego Garcia to assist in covering the
new area of responsibility for the U.S. Navy.

6 January Training Air Wing Five was established at
Whiting Field, Fla. The new wing was composed of
Naval Air Stations Whiting and Ellyson Fields; VT-2,
VT-3 and VT-6; and HT-8. This was the first training
wing established under the reorganization of the Naval
Air Training Command. The wing was established to
coordinate and supervise training activities that previ-
ously had been the responsibility of each station and
squadron.

18 January Enterprise joined Constellation on
Yankee Station following her tour in the Indian Ocean
in December 1971, where she had shown force and
the flag in connection with the Indo-Pakistani war and
the buildup of Soviet naval forces off the Indian sub-
continent.
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29 March The BQM-34E, supersonic Firebee II, was
utilized by the Atlantic Fleet Weapons Range for the
first time in missile defense exercises with Wainwright
(DLG 28). The target was launched from a DP-2E at an
altitude of 20,000 feet and accelerated to Mach 1.52
while testing the ship’s ability to withstand penetration
of high altitude, high speed enemy craft.

29 March Due to the fleet requirements for qualified
aircrew personnel, the Naval Air Technical Training
Unit’s Photographer’s Mate Class “A” School initiated
flight training again as part of the course. The flight
training requirements for the Photographer’s Mate
Class “A” School had been dropped 16 years earlier.

30 March Naval Air attack sorties in SVN had
dropped from 733 in February to 113 during March.
On 23 March the U.S. canceled further peace negotia-
tions in Paris, France, because of a lack of progress in
the talks. This was followed by the North Vietnamese
invasion of SVN. This “Easter or Spring Offensive” was
the result of the long buildup and infiltration of NVN
forces during previous months and presaged some of
the most intense fighting of the entire war. The NVN
invasion prompted increased air operations by the car-
riers in support of South Vietnamese and U.S. forces.
The carriers on Yankee Station when NVN invaded on
30 March were Hancock and Coral Sea. During the
month four carriers had rotated on Yankee Station;
they were Constellation, Kitty Hawk, Coral Sea and
Hancock.

1 April VAL-4, the last Navy combat force in
Vietnam, was withdrawn. VAL-4 flew the OV-10
Bronco and its mission had been to provide quick
reaction and close support for river patrol boats and
the mobile riverine forces in South Vietnam.

5 April Operation Freedom Train involved Navy tac-
tical air sorties against military and logistic targets in
the southern part of NVN that were involved in the
invasion of SVN. The operating area in NVN was limit-
ed initially to between 17° and 19°N. However, special
strikes were authorized against targets above the l9th
parallel on various occasions. The magnitude of the
North Vietnamese offensive indicated that an extended
logistics network and increased resupply routes would
be required to sustain ground operations by NVN in
their invasion of SVN. Most target and geographical
restrictions that were placed in effect since October
1968 concerning the bombing in NVN were lifted
gradually and the list of authorized targets expanded.
Strikes in NVN were against vehicles, lines of commu-
nication (roads, waterways, bridges, railroad bridges
and railroad tracks), supply targets, air defense targets

11 February The Navy announced that the develop-
ment and installation of mufflers on engine test cells at
the Naval Air Rework Facility, Alameda, Calif., had
eliminated 85 percent of the audible noise in testing
jet engines for the A-3.

29 February During the month, naval air attack sor-
ties in SVN had risen to 733 compared to 8 during
January. The increase was due to the preemptive
operations by allied forces in preparation for an
expected large-scale enemy offensive during Tet
which did not materialize. Constellation, Coral Sea and
Hancock served overlapping tours on Yankee Station,
assuring two to three carriers on station at a time dur-
ing most of the month.

10 March There were limited attack strikes into
NVN; however, protective reaction strikes increased
significantly. During the period 5 January through 10
March there were 90 protective reaction strikes by
USN and USAF aircraft against surface-to-air missile
and antiaircraft artillery installations, compared to 108
such raids during the entire year of 1971.

16 March HAL-3, the only armed UH-1 Navy heli-
copter squadron to serve in Vietnam, was disestab-
lished. HAL-3 and VAL-4 were the only Navy air units
to be homeported in-country. HAL-3 provided valu-
able gunship support for Navy and Army riverine
operations in the Mekong Delta from 1967 to their dis-
establishment. During this time HAL-3 pioneered vari-
ous tactics in support of patrol boats and shore instal-
lations. They operated from various bases in the
Mekong Delta and from specially-equipped Patrol
Craft Tenders (AGP) (former LSTs).

23 March VMA-513 completed the Harrier DOD sor-
tie rate validation and demonstrated the capability of
the AV-8A to respond rapidly and repeatedly to
requests for close air support while operating from
austere forward bases. During the ten-day test, the
squadron flew 376 sorties with a complement of six
aircraft.

24 March A QF-4B target aircraft that the Naval Air
Development Center, Warminster, Pa., had converted
from a combat configuration into a maneuvering tar-
get, was delivered to the Naval Missile Center for test-
ing. The QF-4B would fulfill the requirement for a full-
size, high-altitude, supersonic, maneuvering aerial
target capable of flying at altitudes in excess of 50,000
feet and at airspeeds exceeding twice the speed of
sound.
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and industrial/power targets. Aircraft involved in
Freedom Train operations were from Hancock, Coral
Sea, Kitty Hawk and Constellation. By the end of
April, operations were permitted in NVN throughout
the region below 20° 25’N and many special strikes
above the 20th parallel had also been authorized.

6 April Heavy air raids were conducted against
NVN, the first since October 1968 when a halt was
called on heavy raids. Since the bombing halt in
October 1968, the U.S. air effort had been concentrat-
ed on interdicting men and supplies moving along the
routes into SVN. Except for protective reaction strikes
and a five-day operation at the end of 1971, called
Proud Deep, very few heavy attack missions had been
flown into NVN. The U.S. heavy reactionary raids were
prompted by a massive invasion of SVN by six North
Vietnamese divisions, that by 6 April involved 12 of
North Vietnam’s 13 divisions. The objectives of these
heavy raids were: (1) destruction of all NVN aggres-
sion-supporting resources, (2) harassment and disrup-
tion of enemy military operations, and (3) reduction
and impediment of movements of men and materials
through southern NVN.

6 April Elements of two Phantom II Marine
squadrons, VMFA-115 and VMFA-232, flew into Da
Nang from Iwakuni, Japan, as part of the reinforcing
effort in support of SVN troops, particularly around
Quangtri. VMFA-212 arrived from Kaneohe, Hawaii, on
14 April. Targets for Marine sorties were enemy tanks,
trucks and troops, giving SVN forces a chance to
regroup and reestablish a line of defense north and
west of Hue.

6 April The Navy’s new air superiority fighter, the F-
14 Tomcat, arrived at Naval Air Test Center, Patuxent
River, Md. The swing-wing, twin-engine Grumman air-
craft arrived for a series of catapult launches, automat-
ic carrier landing system checks, airspeed system cali-
brations and weight and balance checks to determine
its suitability for naval operations.

7 April During the week ending 7 April, the Navy
flew 680 sorties in SVN to counter the NVN troop con-
centrations and their equipment flow, and to support
the SVN forces with close air support, direct air sup-
port and interdiction missions. This was more than
five times the number of sorties the Navy flew for the
entire month of March.

11 April The Harpoon anti-ship missile underwent
its first drop test at the Naval Missile Center, Point

Mugu, Calif. The missile, developed by McDonnell
Douglas Corporation, was dropped from 20,000 feet by
a P-3 Orion operated by the Missile Center. The
Harpoon was designed to be launched from aircraft or
ships from a stand-off range against enemy ship targets.

12 April The new P-3C Acoustic Sensor Operator
Trainer (Device 14B44) was made available for train-
ing aircrew personnel at Fleet Aviation Specialized
Operational Training Group, Pacific Detachment. It
was designed to train aircrewmen in the operation of
sensor stations on the P-3C Orion aircraft. The simula-
tor could duplicate the real world conditions of under-
water acoustical data and also simulate the detection,
classification and localization procedures of the AQA-7
Jezebel system on board the P-3C Orion.

14 April The Navy averaged 191 sorties per day in
SVN, a 97 percent increase over the previous week.
Sorties concentrated west and north of Quangtri City
with interdiction and direct air support flown in the
area. Carriers on Yankee Station were Constellation,
Hancock, Coral Sea, and Kitty Hawk.

16 April Apollo 16 was launched successfully from
Kennedy Space Center, Fla., for a lunar highlands
investigation. The astronaut team was composed of
Captain John W. Young, Lieutenant Colonel Charles M.
Duke, USAF, and Lieutenant Commander Thomas K.
Mattingly. Astronauts Young and Mattingly, the Navy
members of the Apollo 16 crew, landed on the moon
four days later to conduct scientific research.

16 April Aircraft from Coral Sea, Kitty Hawk and
Constellation flew 57 sorties in the Haiphong area in
support of U.S. Air Force B-52 strikes on the Haiphong
petroleum products storage area. This operation was
known as Freedom Porch.

25–30 April An example of Naval Air action against
enemy positions inside central and south SVN during
NVN’s spring offensive occurred the last six days of
April as Hancock’s VA-55, -164 and -211 struck enemy
held territory around Kontum and Pleiku and
Constellation’s VA-146, -147 and -165, hit areas around
the besieged city of Anloc in support of SVN troops,
some only 40 miles outside the capital of Saigon.
Targets attacked included artillery fire bases, enemy
tanks, bunkers, troop positions, ammunition caches
and gun emplacements.

27 April HC-1, aboard Ticonderoga, recovered
Apollo 16 after it splashed down in the south Pacific.
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sorties were flown in southern NVN between the capi-
tal and the DMZ, while 99 were directed against the
enemy in SVN.

9 May Operation Pocket Money, the mining cam-
paign against principal NVN ports, was launched.
Early that morning, an EC-121 aircraft took off from
Da Nang airfield to provide support for the mining
operation. A short time later, Kitty Hawk launched 17
ordnance-delivering sorties against the Nam Dinh rail-
road siding as a diversionary air tactic. Poor weather,
however, forced the planes to divert to secondary tar-
gets at Thanh and Phu Qui which were struck at
090840H and 090845H, Vietnam time, respectively.
Coral Sea launched three A-6A and six A-7E aircraft
loaded with mines and one EKA-3B in support of the
mining operation directed against the outer approach-
es to Haiphong Harbor. The mining aircraft departed
the vicinity of Coral Sea at 090840H in order to exe-
cute the mining at precisely 090900H to coincide with
the President’s public announcement in Washington
that mines had been seeded. The A-6 flight led by the
CAG, Commander Roger E. Sheets, was composed of
Marine Corps aircraft from VMA-224 and headed for
the inner channel. The A-7Es, led by Commander
Leonard E. Giuliani and made up of aircraft from VA-
94 and VA-22, were designated to mine the outer seg-
ment of the channel. Each aircraft carried four MK 52-
2 mines. Captain William R. Carr, USMC, the
bombardier/navigator in the lead plane, established
the critical attack azimuth and timed the mine releases.
The first mine was dropped at 090859H and the last of
the field of 36 mines at 090901H. Twelve mines were
placed in the inner segment and the remaining 24 in
the outer segment. All MK 52-2 mines were set with
72-hour arming delays, thus permitting merchant ships
time for departure or a change in destination consis-
tent with the President’s public warning. It was the
beginning of a mining campaign that planted over
11,000 MK 36 type destructor and 108 special MK 52-2
mines over the next eight months. It is considered to
have played a significant role in bringing about an
eventual peace arrangement, particularly since it so
hampered the enemy’s ability to continue receiving
war supplies.

10 May Operation Linebacker I, the heavy strike of
targets in most of NVN, evolved and lasted until
restrictions on operations above 20°N were imposed
22 October. The operation was an outgrowth of
Freedom Train and the President’s mining declaration
which also stated that the U.S. would make a maxi-
mum effort to interdict the flow of supplies in NVN.
On this first day of Linebacker I, the Navy shifted its
attacks from targets in southern NVN to the coastal

28 April The AIM-54A Phoenix missile was launched
from an F-14 for the first time. The aircraft was flying
from Point Mugu, Calif.

30 April Operations by Navy and Marine Corps air-
craft in Vietnam had expanded significantly through-
out April, with a total of 4,833 Navy sorties in SVN and
1,250 sorties in NVN. The Marine Corps flew 537 sor-
ties in SVN. The dramatic increase in Navy sorties was
supported by directing all four carriers operating in
the western Pacific to the support of operations in
Vietnam. Coral Sea and Hancock were on Yankee
Station when the North Vietnamese spring offensive
began. Kitty Hawk was ordered to Yankee Station on 1
April and arrived on 3 April. Constellation was ordered
to Yankee Station on 2 April and arrived on the line 7
April. Between 8 and 30 April the Navy effort grew
gradually from 240 sorties a day to a peak of over 300,
resulting in a monthly average of 270 sorties per day.

1 May While flying weather was good for the first
seven days of May, the Navy averaged 97 attack sor-
ties daily into NVN while flying an average of 168 a
day into SVN. The Navy’s efforts at this time were still
concentrated in support of SVN forces attempting to
stem the NVN offensive, then a month old. SVN troops
were retreating toward Hue. Quangtri City had fallen 1
May and an attack against Hue appeared imminent.
The city of Anloc remained surrounded by the NVN.
The first week of May also witnessed NVN’s newly
deployed combat support surface-to-air missiles, the
SA-7 Grail infrared-seeker missile.

4 May The Navy’s first night carrier landing trainer
was unveiled at NAS Lemoore, Calif. This trainer per-
mitted pilots to simulate night landings of the A-7E on
carrier decks.

5 May VP-9 aircraft departed NAS Moffett Field,
Calif., for NAS Cubi Point, R.P., to augment the VP
units tasked with ocean surveillance air patrols in rela-
tionship to the mining of NVN harbors and the corre-
sponding movement of Communist bloc ships.

6 May In the second most active dog-fight day of
the war, Navy flyers shot down two MiG-17s and two
MiG-21s. Scoring the kills were flyers from VF-111 and
VF-51 aboard Coral Sea and two planes from VF-114
off Kitty Hawk.

8 May For the first time in more than three weeks,
U.S. forces attacked targets in the vicinity of Hanoi,
with Navy pilots flying 50 attack sorties. Another 96
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region embracing Haiphong north to the Chinese bor-
der. In all, 173 attack sorties were flown in this region
this day, although another 62 were directed into SVN
in continuing support of allied forces there. 

It was the most intensified air-to-air combat day of
the entire war. Navy flyers shot down eight MiGs. An
F-4 Phantom II, from VF-96 on board Constellation,
while engaged in aerial combat over Haiphong shot
down three MiGs for the first triple downing of enemy
MiGs by one plane during the war. Lieutenant Randall
H. Cunningham was the pilot and Lieutenant (jg)
William P. Driscoll was the RIO of the F-4. These three
MiG downings, coupled with their 19 January and 8
May downing of two MiGs, made them the first MiG
aces of the Vietnam War. Three other kills were scored
by planes of VF-96 and one by VF-92 off Constellation
and one by VF-51 off Coral Sea.

During the five and one-half month period of
Linebacker I, the Navy contributed more than 60 per-
cent of the total sorties in NVN, with 60 percent of this
effort in the “panhandle”, the area between Hanoi and
the DMZ. Tactical air operations were most intense

during the July-September quarter with 12,865 naval
sorties flown. Most attack sorties in NVN fell into two
classes—armed reconnaissance and strike. The former
was directed usually against targets of opportunity
within three main areas—near Hanoi, Haiphong and
the Chinese border. Strike operations were preplanned
and usually directed at fixed targets. Most types of
fixed targets, not associated with armed reconnais-
sance, required approval by the Commander-in-Chief,
Pacific, or by the Joint Chiefs of Staff, prior to attack.
Principal Navy aircraft were the A-7 and A-6, which
accounted for roughly 60 and 15 percent of the Navy’s
attack sorties, respectively. About 25 percent of the
Navy’s effort was at night. Carriers participating in the
initial May-June operations from Yankee Station were
Constellation, Coral Sea, Hancock, Kitty Hawk,
Midway and Saratoga.

10 May Commander, Naval Air Systems Command,
promulgated a plan for management of advanced pro-
totype development and demonstration of a thrust-
augmented wing Attack Plane-Fighter Vertical/Short
Takeoff and Landing aircraft. A prototype develop-
ment manager was to be established under the Deputy
Commander for Plans and Programs and was to be
assisted by a small cadre of management and technical
personnel located in the Assistant Commander for
Research and Technology’s organization and at the
contractor’s facility.

11 May Naval aircraft flying from Coral Sea, Midway,
Kitty Hawk and Constellation laid additional mine fields
in the remaining ports of significance in NVN—Thanh
Hoa, Dong Hoi, Vinh, Hon Gai, Quang Khe and Cam
Pha as well as the Haiphong approaches. This early
mining was not confined solely to the seven principal
ports. Other locations were also seeded early in the
campaign, including the Cua Sot, Cap Mui Ron, and
the river mouths, Cua Day and Cua Lac Giang, south of
Don Son and the Haiphong port complex.

12 May The 72-hour delay arming time on the initial
mines laid at Haiphong was up at 120900H Vietnam
time. Nine ships at Haiphong had taken advantage of
the grace period to depart the port. Twenty-seven
ships remained. Both Soviet and Soviet-bloc ships
headed for Haiphong at the time had diverted to dif-
ferent destinations, thus avoiding a direct confronta-
tion with the mine fields.

13 May CH-53 and CH-46 helicopters of HMM-164
aboard Okinawa airlifted 1,000 South Vietnamese
Marines from SVN’s 369th Marine Corps Brigade from
a landing zone near Hue to an area 24 miles north-
west of the city behind NVN lines.
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responded to calls from counterattacking SVN forces
attempting to gain ground in adjacent areas.

18 May The scope of the air war in Vietnam
changed when the Uong Bi electric power plant near
Haiphong was struck. This marked the beginning of
strikes on a class of targets formerly avoided, includ-
ing power plants, shipyards and the Haiphong cement
plant. Over 60 of the Navy’s more than 200 sorties into
NVN that day were in the Haiphong region, the first
since 10 May.

25 May The Secretary of the Navy signed the
Incidents at Sea Agreement between the U.S. and

14 May During the first two weeks of May, and the
fourth day of Linebacker I, 992 military targets in NVN
had been attacked by Navy pilots. Storage areas
accounted for 17 percent, roads and trucks 15 per-
cent, railroads 13 percent and bridges other than rail
for 11 percent of the targets hit. The number of tar-
gets attacked would be increased by nearly 50 per-
cent by the end of the month as Linebacker gained
momentum.

17 May Two A-4 Marine squadrons, VMA-311 and
-211, arrived from Japan at the recently reactivated
base at Bien Hoa, SVN. These units concentrated air
strikes against enemy troops surrounding An Loc and
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USSR. Since 1945 Naval Aviation history recorded 15
serious incidents of firing on U.S. Navy planes by
Communist bloc aircraft. The agreement was designed
to help prevent unintentional accidents between the
two navies and help reduce tension on or over the
high seas.

31 May During the month, the Navy had flown 3,949
attack sorties against NVN as compared to 1,250 during
April; continuing attack sorties into SVN numbered
3,290 for May compared to 4,833 in April. While naval
sorties in SVN had dropped by over 500 from the pre-
vious month of April, USMC air attack sorties in sup-
port of allied forces in SVN increased from 543 in April
to 1,502 during May. Targets in NVN hit by naval
planes increased to 2,416 in May from 719 during
April, with railroads accounting for 16 percent, roads
and trucks 14, storage areas 13 and bridges 10 percent
of the targets hit. Enemy MiGs shot down over NVN by
naval flyers during May totaled 16, including 11 MiG-
17s, two MiG-19s and three MiG-21s, while the Navy
lost six planes, including two F-4s and two A-7s to SA-
2 surface-to-air missiles, and one F-8 and one RA-5 to
unknown causes, probably surface-to-air missiles. With
Saratoga joining the other five carriers on Yankee
Station during the month, carrier strength totaled six,
the greatest number since the war began. Meanwhile,
by the end of the month, the term “quasi-stalemate”
best described the war situation in SVN. The SVN army
was still regrouping and holding on, and the forward
thrust of the NVN seemed to be halted.

20 June VMA(AW)-533 with A-6A Intruders arrived
at the remote jungle base of Nam Phong, known as
the “Rose Garden,” in the east central plains of
Thailand in juxtaposition to the NVN attacks in the
SVN highlands. Roads, aircraft parking and storage
areas had been hacked out of the jungle by a joint
USN/USMC engineering team in preparing this
advance base. Between 23 May and 18 June the fol-
lowing Marine Corps units had arrived in preparation
for operations against the invading NVN forces: Task
Force Delta; VMGR-152, Det D with KC-130 Hercules;
H&MS-36, Det D with CH-46 Sea Knights; VMFA-115
with F-4B Phantom IIs and VMFA-232 with F-4J
Phantom IIs.

21 June VF-31 aircraft from Saratoga shot down a
MiG-21. This was the third MiG downing by Navy
pilots during June. On 11 June VF-51 aircraft from
Coral Sea shot down two MiG-17s in the Nam Dinh
area of NVN.

21 June The Chief of Naval Material directed that
the Commander, Naval Electronic Systems Command
(ELEX) take on the responsibility and authority for
final decisions involving development, acquisition and
support for equipment and capabilities providing plat-
form-to-platform command, control and communica-
tions (C3) involving satellites, air, surface and sub-sur-
face elements. The directive involved a proposal to
rename the ELEX to reflect this assignment and pro-
hibited large scale lateral movements between the sys-
tems commands. Despite these qualifications, a dis-
pute arose as to whether ELEX should undertake
detailed management of most electronic material pro-
gram or apply control through broad gauged deci-
sions. The decision has resulted in the transfer of
Project Management Offices for Space (PM-16) and
Reconnaissances, Electronic Warfare and Special
Operations (or REWSON—PM-7) from the Chief of
Naval Material to the Commander, ELEX (as PME-107)
and in the redesignation of the Naval Air Systems
Command’s Electronic Warfare Project Management
Office as REWSON followed by the physical merging
of the two REWSON project management offices with
a double hatting of the incumbents.

23 June HS-2, -15, -74 and -75 came to the aid of
flood stricken residents in the Wilkes-Barre, Scranton
and Pottstown areas of Pennsylvania. Besides the
extensive rescue and evacuation work conducted by
these squadrons they were also involved in transport-
ing medical supplies and personnel, equipment, food
and clothing to the flood victims.

29 June NAVAIR announced the formation of a
“Buddy-Up” Program whereby reserve officers
attached to Naval Air Systems Command Reserve Units
would establish a working relationship with various
Naval Air Systems Command activities. This was envi-
sioned as developing into a means whereby the
reserve officers would identify and undertake to per-
form meaningful project work for the activities.

30 June Navy tactical air attack sorties in SVN dur-
ing June were 2,021. This was a considerable decrease
in comparison to the April and May figures. The
decrease reflected the stalemate on the ground in SVN.
Navy attack sorties against Linebacker I targets in NVN
involved 3,844 sorties in June. Linebacker I attack sor-
ties against the road transport system, water transport
craft and storage targets increased from the pre-June
levels. The greatest number of Navy concentrated
strikes, which involved 10 or more attack aircraft strik-
ing a compact cluster of tactical targets, was flown
from April through June and comprised 40 percent of
the total Navy attack effort.
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NVN, relying primarily on the A-7 and A-6. About 45
percent of the Navy armed reconnaissance effort was
at night during June and July. The A-7 flew about as
many night sorties as it did day sorties. The A-6 flew
more night than day armed reconnaissance sorties
during the summer months. The total number of Navy
night sorties during June and July were 1,243 and
1,332 respectively. Three to four carriers were main-
tained on Yankee Station during the summer months.
The carriers involved were Constellation, Coral Sea,
Hancock, Kitty Hawk, Midway, Saratoga, Oriskany
and America.

31 July There was a dramatic change in NVN’s air
defense effort during the summer months. During the
earlier periods of April and May, the Navy air effort in
NVN involved intensive air-to-air combat and a large
number of surface-to-air missile (SAM) firings. In con-
trast, during June and July there was an increase in
Linebacker I Navy attack sorties, but there was a
decrease in the number of air-to-air combat incidents
and SAM firings. MiG kills decreased to three in June
by Navy aircraft and zero in July compared to 16 MiG
kills by Navy aircraft in May. After mid-June, almost all
North Vietnamese aircraft sighted or engaged were
MiG-21s. Navy/MiG encounters were primarily against
MiG-21s, representing a considerable change from
May, when 11 of 16 Navy kills were MiG-17s.

5 August New Orleans relieved Tripoli in Philippine
flood relief operations. HMM-165 transferred to New
Orleans to continue support due to their knowledge
of terrain and problems inherent in the flood relief
operations.

5 August A Naval Air Test Center pilot made the
first fully automated landing aboard Ranger in an F-4J
Phantom II. The test landing device linked the plane’s
controls with a computer aboard ship and enabled the
aircraft to land with the pilot’s hands off the controls.
The system was developed to make safer landings at
night and in low visibility conditions.

7 August An HC-7 Det 110 helicopter, aided by
planes from Saratoga and Midway, conducted a search
and rescue mission for a downed aviator in NVN. The
pilot of an A-7 aircraft from Saratoga had been
downed by a surface-to-air missile about 20 miles
inland, northwest of Vinh, on 6 August. The HC-7 heli-
copter flew inland over mountainous terrain to rescue
the pilot. The rescue helicopter used its search light to
assist in locating the downed pilot and, despite receiv-
ing heavy ground fire, was successful in retrieving the
pilot and returning to an LPD off the coast of NVN.
This was the deepest penetration of a rescue heli-

30 June The Naval Air Rework Facility and the
Naval Air Station at North Island, Calif., submitted to
the Naval Civil Engineering Laboratory an interim
report on pollution studies. A follow-on final report
was published in August with the title “Environmental
Collection Data Base.” It contained methodological
information on effective means of measuring the
extent of various types of environmental pollution,
related some pollutants to particular industrial or oper-
ational activity, and contained quantitative data on the
extent of pollution found to be present. Thus, it pro-
vided an important first step in devising plans to
lessen the environmental impact of pollution produced
by naval operational and industrial air activities.

1 July A reorganization of the Naval Air Training
system occurred when the Naval Air Advanced
Training Command was disestablished and the Chief
of Naval Air Training was relocated to Corpus Christi,
Tex. This action was part of the Navy’s effort to con-
solidate training under a concept called “single base
training.” When pilots completed their primary training
they were assigned to a specific program involving
training in either jets, props or helos. This training
would be completed at one specific training base
where the pilots would finish their instruction before
receiving their wings. The new structure/organization
came under the control of the Chief, Naval Air
Training Command.

1 July Tactical Electronic Warfare Wing 13 (TACEL-
WING-13) was disestablished at NAS Whidbey Island,
Wash. It had been established to introduce the complex
electronic warfare EA-6B Prowler into fleet service.

15 July A three-day test demonstration of the ability
of the UH-2C Seasprite to fire Sparrow III missiles
against surface targets was completed at the Pacific
Missile Range, Sea Test Range, Calif. The helicopter,
modified to carry a single missile mounted on a rail
launcher, fired four missiles during the course of the
demonstration.

22 July Tripoli arrived in Subic Bay, R.P., with HMM-
165 on board to provide relief support after record
rains caused disastrous flooding in the central Luzon
valley between Manila and Lingayen Gulf. Tens of
thousands of people were affected and additional ships
were tasked for Philippine flood relief operations.

31 July The Navy began night operations regularly
on 24 May and during June and July night sorties con-
stituted 30 percent of the total Navy attack effort in
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copter into NVN since 1968. HC-7 Det 110 continued
its rescue efforts and by the end of 1972 it had suc-
cessfully conducted 48 rescues during the year, 35 of
those under combat conditions.

17 August The Naval Material Command and the
Air Force Systems Command reached an agreement
relating to Navy and Air Force responsibilities for air-
craft engine production at the Pratt & Whitney Aircraft
Divisions, East Hartford, Conn., and West Palm Beach,
Fla. The Memorandum of Agreement provided that an
Air Force Deputy Plant Representative and staff be
assigned to the Naval Plant Representative Office
(NAVPRO) to represent the F-15 Program Director on
F-15 matters and to advise the NAVPRO on the in-
plant management of Air Force engine programs.

29 August John Konrad, Vought Aeronautics test
pilot, made the first flight in a two-place version of the
A-7E that the company had developed to demonstrate
to the Air Force and the Navy the advantages of such
a configuration for use as an advanced trainer or for
such tactical duties as electronics countermeasures.

31 August Although Marine Corps air efforts were
concentrated in SVN, the Marines contributed signifi-
cantly to U.S. efforts in NVN to prevent offloading and
transportation of supplies from Chinese merchant
ships at Hon La and Hon Nieu. HMA-369, with seven
AH-1J helicopters, using the Cobra weapons system,
operated from Denver (LPD 9) against water transport
traffic in late June, and from Cleveland (LPD 7) in
early August. HMA-369’s operations during August
were extended to include night surveillance and
attack. In addition HMA-369 helicopters served as
airspotters for naval gunfire and as airborne tactical
controllers for fixed-wing aircraft attacking lucrative
targets.

The Navy flew 4,819 sorties in August against NVN.
The downward trend of Navy attack sorties in SVN
continued during July and August. The stepped-up
campaign in the Mekong Delta accounted for a sharp
rise in Marine Corps air activity in SVN. The Marine
Corps air effort rose from 8 percent of the total air
effort in SVN during May to 43 percent during August.

11 September VMFA-333 flying off America
downed a MiG-21 near Phuc Yen airfield in North
Vietnam. This was the only MiG kill for the
Navy/Marine Corps during September and brought the
grand total of MiGs downed by Navy/Marine Corps
pilots to 55 since the war began.

30 September During September the number of
Navy tactical air attack sorties decreased from the level
flown in August. There were 3,934 Navy tactical air
attack sorties flown into NVN, down by about 800
from the August total. During July and August, more
than 45 percent of the Navy armed reconnaissance
sorties were at night. However, in September, only 31
percent of the armed reconnaissance sorties were
flown at night. In SVN the Navy flew 1,708 tactical air
attack sorties, a decrease from the level flown in
August. About half of the Navy’s tactical air sorties
were close and direct air support sorties in SVN.
Marine Corps activity stayed relatively high during
September because of stepped-up ground activity in
the Mekong Delta. Marine Corps tactical air sorties for
September were 1,296. Carriers operating on Yankee
Station during the month of September were Hancock,
Kitty Hawk, Midway, Saratoga, Oriskany and America.

1 October The first two F-14 Tomcat squadrons
were formed at NAS Miramar San Diego, Calif. The
new squadrons carried the designations VF-1 and VF-
2. These squadrons were established to receive the
Navy’s first new fighter plane in 14 years, the
McDonnell Douglas F-4 Phantom II was introduced in
1958. 

8 October The first F-14 Tomcat, the Navy’s new
sophisticated fighter, was delivered to VF-124. VF-124
was designated the F-14 training squadron for all F-14
fighter squadrons of the Pacific and Atlantic Fleet.

23 October The U.S. ended all tactical air sorties
into NVN above the 20th parallel and brought to a
close Linebacker I operations. This goodwill gesture of
terminating the bombing in NVN above the 20th paral-
lel was designed to help promote the peace negotia-
tions being held in Paris, France. During May through
October, the Navy flew a total of 23,652 tactical air
attack sorties into NVN. U.S. tactical air sorties during
Linebacker I operations helped stem the flow of sup-
plies into NVN, thereby limiting the operating capabili-
ties of North Vietnam’s invading army. Carriers
involved in Linebacker I operations were Enterprise,
Constellation, Coral Sea, Hancock, Kitty Hawk,
Midway, Saratoga, Oriskany and America.

31 October During October the total number of
Navy tactical air sorties into NVN was 2,661. Tactical
air sorties into SVN during October were 2,097 and
1,599 for the Navy and Marine Corps, respectively. Air
operations in SVN followed the general pattern of the
ground war. NVN increased their small-scale attacks
throughout SVN in an apparent effort to gain territory
before a possible cease-fire. Thus, the main objective
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18 December Linebacker II operations were initiat-
ed on 18 December when negotiations in the Paris
peace talks stalemated. The Linebacker II operations
ended on 29 December when the North Vietnamese
returned to the peace table. These operations involved
the resumed bombing of NVN above the 20th parallel
and was an intensified version of Linebacker I. The
reseeding of the mine fields was resumed and concen-
trated strikes were carried out against surface-to-air
missile and antiaircraft artillery sites, enemy army bar-
racks, petroleum storage areas, Haiphong naval and
shipyard areas, and railroad and truck stations. Navy
tactical air attack sorties under Linebacker II were cen-
tered in the coastal areas around Hanoi and Haiphong.
There were 505 Navy sorties in this area during
Linebacker II. Between 18 and 22 December the Navy
conducted 119 Linebacker II strikes in North Vietnam.
Bad weather was the main limiting factor on the num-
ber of tactical air strikes flown during Linebacker II.
The following carriers participated in Linebacker II
operations: Enterprise, Saratoga, Oriskany, America
and Ranger.

19 December HC-1 helicopters, aboard
Ticonderoga, recovered the crew of Apollo 17 after
splashdown. The Apollo 17 crew consisted of Naval

of Navy and Marine Corps tactical air sorties were
close and direct air sorties in support of allied ground
troops, with a view toward frustrating the enemy’s
desire to acquire territory before a cease-fire agree-
ment was signed.

22 November Groundbreaking ceremonies for the
new Naval Aviation Museum building were officiated
by Admiral Arthur W. Radford, USN (Ret). Admiral
Radford, former Chairman of the Joint Chiefs of Staff,
was the Chairman of the Naval Aviation Museum
Association, Inc., a non-profit organization of Naval
Aviation enthusiasts who labored since 1965 to finance
and create the first part of the new museum building.
All funds for the building of the first phase of the
museum were contributed by private individuals and
organizations. The museum was designed to be built
in three phases. The first phase consisted of 65,000 sq.
ft. of floor space with future expansion of 140,000 sq.
ft. The Naval Aviation Museum was established at NAS
Pensacola, Fla., in December 1962 by the authority of
the Secretary of the Navy. It had been housed in a
temporary building until enough money had been
accumulated to build the first phase of the new muse-
um building.

30 November The majority of the Navy’s tactical air
sorties in SVN during October and November can best
be described as close and direct air support attacks.
Targets attacked during these sorties accounted for
more than 75 percent of all known targets during
October and November. The percentage of Navy sor-
ties flown for interdiction purposes in SVN decreased
markedly during October and November compared to
the previous levels in the spring and summer months.

13 December An HC-1 Detachment Five SH-3G Sea
King helicopter, stationed aboard Oriskany, rescued a
VFP-63 pilot involved in operations in the Tonkin Gulf
while on Yankee Station. This was the fifteenth pilot
rescued by HC-1 detachments while they were operat-
ing aboard a carrier on Yankee Station during 1972.
During 1972 HC-1 rescued a total of 36 people, includ-
ing the 15 pilots.

17 December During the period 23 October through
17 December there was a U.S. bombing halt above the
20th parallel in NVN. No MiG kills or U.S. losses were
recorded during this period. Three to four carriers
were maintained on Yankee Station during the bomb-
ing halt. Carriers alternating on Yankee Station were:
Enterprise, Kitty Hawk, Midway, Saratoga, Oriskany,
America and Ranger.
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Aviators Captain Eugene A. Cernan and Commander
Ronald E. Evans and geologist Harrison H. Schmidt. This
recovery marked the end of NASA’s Apollo lunar pro-
gram. Naval Aviation squadrons and naval surface units
performed all the recovery operations for the 11 Apollo
missions. There were 33 astronauts involved in the
Apollo program, 22 of whom had Navy backgrounds.

23 December An example of attack squadron
action during the year is portrayed by the following
partial roundup of operations by VA-56 which ended
its seventh line period this date. Flying combat with
CVW-5 off Midway during portions of every month
since April, the squadron recorded a total of 180 days
on the line, engaged in 5,582.9 combat hours, flew
over 3,000 sorties, performed 2,090 and 781 day and
night carrier landings, respectively, and amassed a
total of 6,301 flight hours during its line periods. It
conducted strikes against such targets as the
Haiphong, Ninh Binh, Ha Tinh, Kien An, Tam Da and
Than Hoa bridge complexes, the Haiphong, Vinh,
Doung Nham and Nam Dinh petroleum areas, and
the Gia Lam railroad yards across the Red River from
Hanoi. Other actions included mining operations and
protective flights for four search and rescue (SAR)
missions, including one at night inside NVN, and one

for two Air Force officers downed off the coast.
During the line periods, four of the unit’s A-7Bs were
lost to antiaircraft artillery and surface-to-air missile
fire, with two pilots taken prisoner-of-war, one listed
as missing in action, and one retrieved.

25 December A Christmas day bombing/tactical air
attack recess went into effect during which none of
the U.S. air services flew sorties. Since the beginning
of the heavy raids against the Hanoi/Haiphong com-
plex on 18 December to persuade NVN to return to
the conference table and release the American POWs,
420 raids by B-52s had been conducted, with 18
December accounting for 122, the highest number.
Carrier strikes from TF-77 and tactical aircraft from
Thailand supplemented the raids, mainly to suppress
missile sites and confuse the NVN air defense systems.
Heavy attacks were resumed on 26 December, with
113 B-52 raids, the next highest sortie count. Targets,
as before, were powerhouses, railroads, missile assem-
bly points, command and control stations, fuel
reserves, airfields and railroad marshaling yards. By
the end of the 27th, intercepted enemy messages indi-
cated NVN was losing its missile potential as new mis-
siles could not be moved from assembly points to the
launchers.
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Hancock with CVW-21
Kitty Hawk with CVW-11
Oriskany with CVW-19
America with CVW-8
Enterprise with CVW-14
Midway with CVW-5
Saratoga with CVW-3
Constellation with CVW-9
Coral Sea with CVW-15
Ranger with CVW-2

Marine Corps squadrons operating off carriers on
Yankee Station during 1972 were VMA(AW)-224,
VMCJ-2 and VMFA-333. Marine Corps land-based
fixed-wing squadrons in Southeast Asia during 1972
were VMFA-115, VMFA-212, VMFA-232, VMA(AW)-533,
VMCJ-1, VMA-211, VMA-311, VMGR-151, H&MS-15,
and H&MS-12.

1973
1 January A major reorganization in naval reserve
affairs got under way as a result of the announcement
two days earlier by the Secretary of the Navy that the
Naval Surface and Air Reserve Commands would be
consolidated into Commander Naval Reserve Force
located in New Orleans, La.

8 January Representatives of the U.S. and Greek
navies signed an accord in Athens formally granting
the U.S. Sixth Fleet home port facilities in the Athens
vicinity. Under the arrangement, one of the Sixth
Fleet’s two carrier task forces in the Mediterranean Sea
would be stationed in the Athens area.

12 January VF-161, flying off Midway, shot down a
North Vietnamese MiG-17, the last enemy “kill” of the
war, making a total of 57 MiGs shot down by Navy
and Marine Corps pilots during the Vietnam conflict.

27 January The Vietnam cease-fire, announced four
days earlier, came into effect and Oriskany, America,
Enterprise and Ranger, on Yankee Station, cancelled
all combat sorties into North and South Vietnam.
During the U.S. involvement in the Vietnam conflict
(starting in 1961 and ending on 27 January 1973) the
Navy lost 526 fixed-wing aircraft and 13 helicopters to
hostile action. The Marine Corps lost 193 fixed-wing
aircraft and 270 helicopters to enemy action during the
same period. Operation Homecoming, the repatriation
of U.S. POWs between 27 January and 1 April, began
and NVN and the Viet Cong released 591 POWs. Of
the 591 POWs released during Operation
Homecoming, 145 were Navy personnel, all but one
of whom were Naval Aviation personnel.

28 December An F-4J Phantom II, from VF-142 on
board Enterprise, downed a MiG-21. This was the 24th
MiG downed by Navy/Marine Corps pilots during
1972. The total MiG downings by Navy/Marine Corps
pilots during the Vietnam war from the first in June
1965 through December 1972 were 56. Statistics for
Navy/Marine Corps downings of MiGs during 1972:

Constellation: VF-96, 8 MiGs
VF-92, 1 MiG

Coral Sea: VF-51, 4 MiGs
VF-111, 1 MiG

Midway: VF-161, 4 MiGs
Kitty Hawk: VF-114, 2 MiGs
Saratoga: VF-103, 1 MiG

VF-31, 1 MiG
America: VMFA-333, 1 MiG
Enterprise: VF-142, 1 MiG

29 December Heavy raids around Hanoi, which had
been resumed the day after the Christmas bombing
halt, were eased as NVN showed indications of return-
ing to the conference table. The over 700 sorties by B-
52s during the 11 heavy-bombing days were believed
accountable for the eventual resumption of negotiations
which led to the peace agreement and the release of
American POWs. On 28 and 29 December, during a
total of 160 raids, no B-52s were lost to NVN air defens-
es, indicating the virtual paralysis of the system. Only
two percent—15 B-52s were lost from over 700 raids
during the whole 11-day heavy bombing period.

30 December The U.S. called another bombing halt
in North Vietnam and the Navy ended all tactical air
sorties above the 20th parallel. The bombing halt was
called when North Vietnam returned to the negotiating
table to continue the Paris peace talks.

31 December During 1972 the Navy conducted 33.9
percent of all tactical air attack sorties flown in SVN.
There were 23,802 tactical air attack sorties flown and
160,763 general purpose bombs delivered by Navy
fixed-wing aircraft, with Marine Corps fixed-wing air-
craft delivering 111,859 general purpose bombs in SVN
during 1972. The Navy and Marine Corps each lost five
fixed-wing aircraft in SVN during 1972. In NVN the
Navy conducted more than 60 percent of the tactical air
attack sorties flown, for a total of 28,093. The Navy and
Marine Corps lost 49 aircraft in NVN during this period.
In 1972 the carriers spent a total of 1,403 on-line days at
Yankee Station, with an average on-line period of
slightly more than 25 days for each carrier. Carrier and
Carrier Air Wings on Yankee Station during 1972 were:

UNITED STATES NAVAL AVIATION 1910–1995 301

1972—Continued



27 January Task Force 78 was formed to conduct
minesweeping operations in North Vietnamese waters
under the code name Operation Endsweep. It consist-
ed of surface minesweeping elements and an Air
Mobile Mine Countermeasures Command. The latter
was made up of HM-12, HMH-463 and HMM-165,
organized into units Alpha through Delta, an airborne
mine countermeasures planning element, command
and control element, an aircraft element and a material
element.

28 January Aircraft from Enterprise and Ranger flew
81 combat sorties on the first day of the Vietnam
cease-fire against lines-of-communication targets in
Laos. The corridor for overflights was between Hue
and Da Nang in SVN. These combat support sorties
were flown in support of the Laotian government
which had requested this assistance and it had no rela-
tionship with the cease-fire in Vietnam.

1 February The U.S. Third Fleet was reactivated at
Pearl Harbor, Hawaii, with the merger of the First Fleet
and Antisubmarine Warfare Forces, Pacific Fleet. The
change was made to reduce fleet staffs and achieve
economies while retaining control of operational units,
including some 100 ships and 60,000 men serving a
50-million-square mile area from the West Coast to
beyond Midway Island.

3 February Task Force 78 flagship New Orleans,
with escort ships, began a six-day mine countermea-
sures exercise in Subic Bay, R.P., in preparation for
scheduled Endsweep operations in NVN.

5 February Commander, Task Force 78, and other
Navy mine demolition experts met with North
Vietnamese leaders in Haiphong to discuss Operation
Endsweep, the clearing of mines in NVN.

6 February Surface minesweepers of Task Force 78
began preliminary sweeping to prepare an anchorage
in deep water off the approaches to Haiphong Harbor.
Ships of the force included New Orleans and Inchon.
The ocean anchorage would be used by command
and supply ships of the U.S. Navy in on-scene support
of minesweeping of NVN harbors, coastal and inland
waterways. During the operation Task Force 78 ships
were joined by Tripoli.
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Former POW CDR William R. Stark is greeted by his family upon his
arrival at NAS Miramar, Calif.

Minesweeping TF-78 on Operation Endsweep off Haiphong Harbor.

6 February NAVAIR established a policy that new
avionics equipment generally be designed for auto-
matic troubleshooting with the general purpose
Versatile Avionics Shop Test (VAST) computerized
equipment. This policy significantly improved the
maintenance of avionics equipment through use of the
VAST system which was designed with the capability
to test the majority of avionics within the Naval
Aviation inventory.

11 February Aircraft from Constellation and
Oriskany operating on Yankee Station, the location of
which was changed to a position off the coast of the
northern part of South Vietnam, flew strikes against



29–31 March Forrestal led two other Sixth Fleet ships
into Tunisian waters where Sea King helicopters from
the carrier evacuated some 200 persons and airlifted
four tons of relief supplies to flood victims in Tunisia.

1 April Two new air wings were established as the
final phase of the reorganization of the AirLant com-
munity, completing the functional wing concept: Air
Antisubmarine Wing One with VS-22, -24, -27, -30, -31
and -32 and Helicopter Antisubmarine Wing One with
HS-1, -3, -5, -7 and -11.

13 April The Secretary of the Navy announced that
an agreement with the United Kingdom had been
signed providing for an eight-month joint study of an
advanced V/STOL Harrier involving participation by
Rolls-Royce, Hawker-Siddeley, Pratt & Whitney Aircraft
and McDonnell Douglas. The overall aim was to deter-
mine the feasibility of joint development of an
advanced concept V/STOL incorporating a Pegasus 15
engine and an advanced wing.

16 April The Cruise Missile Project Office was estab-
lished in the Naval Air Systems Command with
responsibility to develop both tactical and strategic
versions of the cruise missile.

30 April The last Marine NAP (enlisted Naval
Aviation Pilot) retired. He was Master Gunnery
Sergeant Patrick J. O’Neil, who enlisted during World
War II and completed over 30 years of active duty.

3–9 May Fighting broke out between Lebanese
army units and Palestinian guerrillas in Lebanon.
Martial law was declared. Among U.S. forces in the
Mediterranean, John F. Kennedy and Forrestal were
alerted for possible contingencies. A cease-fire agree-
ment between Lebanese and Palestinian negotiators
stabilized the situation.

8 May In a ceremony at the Douglas Aircraft Division,
Long Beach, Calif., the first McDonnell Douglas C-9B
Skytrain jet transports were accepted by the Navy and
delivered to Fleet Tactical Support Squadrons One and
Thirty. A commercial version of the DC-9, the C-9B had
a maximum 32,444 pound payload range of 1,150
statute miles with a ferry range of about 3,400 miles. It
accommodated 107 passengers five-abreast.

18 May A four-day trial of a prototype glide slope
indicator was completed aboard Truxtun (CGN 35).
The indicator, developed by the Naval Air Engineering
Center, consisted of a hydraulically stabilized Fresnel
lens. It was one of several steps taken to achieve an
all weather capability with LAMPS helicopters.

targets in southern Laos. Combat sorties from carriers
on Yankee Station against targets in Laos had contin-
ued since the cease-fire in Vietnam.

14 February The Pentagon announced a step-up of
U.S. air strikes in Laos to 380 daily, an increase of 100.
Aircraft from Oriskany and Enterprise flew about 160
of these sorties into Laos on this date.

25 February Planes from Ranger and Oriskany flew
combat support missions over Cambodia. The combat
support sorties were flown in support of the govern-
ment of Cambodia at its request.

27 February Airborne mine countermeasures began
off Haiphong during Operation Endsweep. This was a
“first” in mine warfare as airborne minesweeping had
never been done with “live” mines. A CH-53 Sea
Stallion from HM-12 made two sweeps in the Haiphong
shipping channel. All operations were abruptly halted
and minesweeping task force moved to sea as the
President called for “clarification . . . on a most urgent
basis” of Hanoi’s delay in releasing American POWs.

4 March The withdrawal of U.S. troops from
Vietnam resumed and the naval minesweeping force
returned to its position off Haiphong. Minesweeping
operations continued in and around Haiphong and the
harbor was reopened after being closed for ten
months because of the U.S. naval mining which began
in May 1972. In addition, America was ordered to
depart the Far East for the U.S. This was the initial
move in reducing the number of carriers serving in
Southeast Asia from six to three by mid-June 1973.

21 March VXN-8 returned to NAS Patuxent River, Md.,
from Project Magnet deployment to the Southern
Hemisphere under the direction of the U.S. Naval
Oceanographic Office. During the deployment, two
flights were made around the world within the Southern
Hemisphere, and an over-the-South-Pole flight by an RP-
3D on 4 March was a first for that type of aircraft.

29 March The remaining U.S. combat forces left
South Vietnam; and the United States Military
Assistance Command, Vietnam (MACV), was disband-
ed, officially ending U.S. military involvement in South
Vietnam. The last phase of Operation Homecoming
was concluded when the final group of 148 American
POWs was released by Hanoi. This brought the total
to 591 POWs released, 566 of whom were U.S. military
personnel with 144 being naval pilots and aircrewmen.
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25 May The first production RH-53D Sea Stallion,
specially configured for the airborne mine counter-
measures mission, arrived at the Naval Air Test Center,
Patuxent River, Md., for weapons systems trials. Navy
preliminary evaluation and the initial phase of the
Board of Inspection and Survey trials had begun at
Sikorsky Aircraft Division on 15 May.

25 May Skylab II, carrying a three-man, all-Navy crew
of Captain Charles Conrad, Jr., Commander Joseph P.
Kerwin, MC, and Commander Paul J. Weitz, ren-
dezvoused with the earth-orbiting Skylab I workshop.
Among the crew’s first tasks was repairing the Skylab I
meteoroid shield and solar array system which had
been damaged during launch. The crew boarded the
workshop, made repairs, conducted medical experi-
ments and studied solar astronomy and earth resources
for 28 days before returning to earth on 22 June.

7 June The Deputy Secretary of Defense directed the
Navy to produce preliminary plans for a $250-million
prototype development plan for a jet fighter aircraft
costing less than the F-14 Tomcat missile-armed fighter.

13 June The National Aeronautics Association pre-
sented the Robert J. Collier Trophy for 1972 jointly to
the Navy’s Task Force 77 and to the Seventh and
Eighth Air Forces for their “demonstrated expert and
precisely integrated use of advance aerospace technol-
ogy” in Operation Linebacker II, the 11-day air cam-
paign in December 1972 against North Vietnam that
“led to the return of the U.S. prisoners of war.”

22 June The all-Navy crew of Skylab II astronauts
was recovered after their 28-day mission in space by
HC-1 and flown aboard Ticonderoga.

30 June FAW-1 and -2 were redesignated Patrol Wings
1 and 2. This was the end of the use of the FAW (Fleet
Air Wing) designation and beginning of the Patrol Wing
designation which had been used prior to World War II.

27 July Operation Endsweep was closed officially
and Task Force 78 was disbanded. During the six
months of its existence, the airborne element had
made 3,554 sweeping runs totaling 1,134.7 sweeping
hours in 623 sorties. The surface elements had made
208 sweeping runs of 308.8 hours. The aviation mate-
rial casualties were three helicopters lost in opera-
tional accidents. Mine logistics carrier station opera-
tions in the Gulf of Tonkin were conducted by
Enterprise, Oriskany, Ranger, and Coral Sea at various
periods and their respective aircraft flew support sor-
ties for Operation Endsweep.

28 July Skylab III commanded by Captain Alan L.
Bean, USN, in company with civilian doctor Owen K.
Garriott and Major John R. Lousma, USMC, was
launched into space.

31 July HSL-33, the Navy’s first squadron dedicated
solely to providing LAMPS detachments for LAMPS-
configured ships of the Pacific Fleet, was established
at NAS Imperial Beach, California.

15 August After intensive bombing for more than six
months, the U.S. ended its combat involvement in
Cambodia, as voted by Congress on 30 June. Aircraft
from carriers Ranger and Oriskany had conducted com-
bat sorties in Cambodia during February. After March
1973, carriers on Yankee Station conducted carrier air
patrols; electronic intelligence patrols; surface, subsur-
face, and surveillance coordinator patrols; and training,
tanker, communications relay and reconnaissance sorties.

16 August The F-14’s quick-reaction dogfight capa-
bility was demonstrated at the Pacific Missile Range,
Point Mugu, Calif. when, from a distance of less than a
mile, the aircraft shot down a maneuvering QT-33 tar-
get drone with a Sparrow III missile.

29 August HM-12 received the first RH-53D Sea
Stallion helicopters. The RH-53Ds were configured
especially for minesweeping operations.

6 September A BQM-34E Firebee II target drone,
equipped with a graphite-epoxy composite wing, was
test flown successfully at the Point Mugu Sea Test
Range, Calif., reaching a speed of Mach 1.6 at 40,000
feet and a maximum acceleration of six Gs. The
graphite-epoxy composite would save 40 percent of the
weight of metal counterparts in various aeronautical
applications. The test wing was designed and fabricated
by the Naval Air Development Center, Warminster, Pa.

7 September The Navy announced that the Blue
Angels flight demonstration team planned to switch to
the slower, smaller and less expensive A-4F Skyhawks
rather than continue to use the F-4J Phantoms they
had been flying since 1969.

25 September The three astronauts of Skylab III
made a successful splashdown in the Pacific, ending a
record 59-day, 24-million-mile flight. They were recov-
ered by HC-1 and flown aboard New Orleans. During
Skylab III, Captain Alan L. Bean, USN, Commander of
Skylab III, set a new record for the most time in space,
eclipsing Navy Captain Charles Conrad’s record of 49
days, three hours, and 37 minutes.
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9 October The Pentagon announced that
Guadalcanal, an amphibious assault ship with U.S.
Marines aboard, was operating in the eastern
Mediterranean Sea as part of the Sixth Fleet. Other ele-
ments of the fleet were moving toward Crete, includ-
ing Independence and Franklin D. Roosevelt, on alert
as a result of the 1973 Yom Kippur war between Arab
and Israeli forces.

19–24 October Some 50 A-4 aircraft were flown
from the U.S. to supply Israel, staging through the
Azores and Franklin D. Roosevelt which was located
south of Sicily. When necessary, John F. Kennedy, off
Gibraltar and Independence, off Crete, also provided
assistance. On the 24th, Iwo Jima entered the
Mediterranean with reinforcing Marines.

27 October Due to the situation in the Middle East,
the U.S. government ordered a worldwide “precau-
tionary alert” of its military forces. Possible unilateral
intervention by the Soviet Union was feared. By 28
October, three U.S. aircraft carriers and two amphibi-
ous assault carriers were off Crete.

1 October The formal Board of Inspection and
Survey service acceptance trials of the S-3A began at
the Naval Air Test Center, Patuxent River, Md. The
tests were to utilize seven S-3A aircraft during a four-
month period, including weapons system checkouts,
carrier suitability, flying qualities and performance,
and propulsion and airframe evaluation.

5 October Midway, with CVW-5 embarked, put into
Yokosuka, Japan, marking the first home porting of a
complete carrier task group in a Japanese port as a
result of the accord arrived at on 31 August 1972
between the U.S. and Japan. In addition to the morale
factor of dependents housed at a foreign port, the
development had strategic significance because it facil-
itated continuous positioning of three carriers in the
Far East at a time when the economic situation
demanded the reduction of carriers in the fleet.

8–13 October Task Force 60.1 with Independence,
Task Force 60.2 with Franklin D. Roosevelt and Task
Force 61/62 with Guadalcanal were alerted for possi-
ble evacuation contingencies in the Middle East. John
F. Kennedy, in the Atlantic, was directed to a holding
area off Gibraltar.

UNITED STATES NAVAL AVIATION 1910–1995 305

1973—Continued

The S-3A Viking making its first catapult launch from Forrestal as part of its initial carrier suitability tests C121073



29 October The Defense Department announced
that a naval task force centering around Hancock had
been ordered to the Indian Ocean. This was prompted
by the Middle East war and the consequent Arab oil
embargo and was the first of four task groups
deployed into the Indian Ocean in 1974 to focus on
such areas as the entrance to the Persian Gulf and the
entrance to the Red Sea.

16 November Skylab IV, commanded by Lieutenant
Colonel Gerald P. Carr, USMC, and with a crew con-
sisting of Lieutenant Colonel William R. Pogue, USAF,

and Edward G. Gibson, civilian, was launched at the
Kennedy Space Center, Fla. The scheduled 56-day
“open-ended” space flight had among its aims study of
the Comet Kohoutek, earth resources and the sun.

21 November In the first test of its full arsenal of
Phoenix missiles, an F-14 operating over the Pacific
Missile Sea Test Range, Calif., fired six Phoenix mis-
siles and guided them simultaneously at six separate
targets 50 miles away, obtaining four direct hits.

1 December The Blue Angels became the Navy Flight
Demonstration Squadron (Blue Angels) and was desig-
nated a shore activity located at NAS Pensacola, Fla.
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5 February The Naval Aerospace Institute at
Pensacola, Fla., announced that the repatriated Navy
and Marine Corps prisoners-of-war from Vietnam were
scheduled to come to Pensacola for periodic checks of
their physical and mental status.

8 February Skylab IV astronauts Lieutenant Colonel
Gerald P. Carr, USMC, mission commander, Dr.
Edward Gibson, and Lieutenant Colonel William
Pogue, USAF, landed in the Pacific after a record-set-
ting 84 days in space. They were recovered by HC-1
which flew them aboard New Orleans. This event
marked the 32nd astronaut retrieval by Naval Aviators
since the space program began in 1961.

20 February The S-3A Viking ASW aircraft was
introduced officially in the Navy in ceremonies at NAS
North Island, Calif. VS-41 accepted the first aircraft.
The Viking, a highly advanced, carrier-qualified jet air-
craft, was designed to replace the older, propeller-
driven S-2 Tracker which had been the Navy’s primary
carrier-based submarine hunter for over twenty years.

7 December Tarawa, the first of a new class of
amphibious assault ships, was launched at Pascagoula,
Miss.

17 December Iwo Jima departed Tunisia after three
days of flood relief assistance by her helicopters which
conducted refugee rescue, equipment deliveries and
other flood associated missions.

20 December Two women physicians, Lieutenants
Jane O. McWilliams and Victoria M. Voge, graduated
from the Naval Flight Surgeon Training Program, to
become the first women naval flight surgeons.

20 December The Naval Air Engineering Center was
relocated officially from Philadelphia, Pa., to NAS
Lakehurst, N.J., and authority and responsibility for the
air station was reassigned to the Chief of Naval
Material to be exercised through NAVAIR.
Subsequently, on 8 January 1974, the Air Station was
placed under the Naval Air Engineering Center.
Thereby, the basic organization arrangements involved
in relocation of the Naval Air Engineering Center from
League Island, Philadelphia to NAS Lakehurst were
completed although the physical transfer would be
phased over much of 1974. The relocation was part of
the Shore Establishment Realignment announced by
the Secretary of Defense in March of 1973. Thus, an
affiliation between Naval Aviation and the League
Island site at Philadelphia, which began with the
establishment of the Naval Aircraft Factory in 1917,
was terminated except for a few residual aviation ori-
ented functions.

31 December Ellyson Field, NAS Pensacola, Fla.,
officially became the Naval Education and Training
Program Development Center to administer the Navy’s
enlisted advancement system, including the develop-
ment of advancement and special examinations as
well as administering and conducting various courses,
studies and training programs.

1974

18 January The Secretary officially named the
Navy’s fourth nuclear-powered carrier Carl Vinson.
The name was chosen in honor of Carl Vinson’s con-
tributions to the national defense during his fifty years
in the House of Representatives.

4 February VT-4 students aboard John F. Kennedy
conducted the final flights of the TF-9J Cougars.
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22 February Lieutenant (jg) Barbara Ann Allen
became the Navy’s first designated female aviator
when she received her Wings of Gold in a ceremony
at NAS Corpus Christi, Tex.

1 March Sikorsky’s triple-turbine helicopter, the
YCH-53E, the largest and most powerful helicopter in
the western world, made its first flight. The CH-53E
was a growth version of the CH-53 which had been in
Navy service since 1965.

1 March John F. Kennedy commenced a year-long
overhaul at Norfolk Naval Shipyard to be converted to
handle the new CV concept (an air wing capable of
performing strike and ASW operations) and to operate
the new F-14 Tomcat fighter as well as the S-3A Viking.

15 March Intrepid was decommissioned and placed
in the reserve fleet after thirty years of service to the

Navy. Since her commissioning on 16 August 1943,
Intrepid had seen duty as a CV, CVA and CVS. During
World War II her air groups shot down 266 enemy
planes, destroyed 298 more on the ground and dam-
aged 178 others.

18 March The first operational F-14 Tomcat fighter
aircraft made its maiden landings and takeoffs from
Enterprise. The operations were conducted by VF-1
and -2 of CVW-14.

22 March Rear Admiral Brian McCauley arrived in
Cairo, Egypt, with a small military planning staff to
help plan the clearing of the Suez Canal of unexplod-
ed ordnance. The United States, Egypt, France, and
the United Kingdom were involved in the project
known as Nimbus Star.

2 April The last C-54 Skymaster in the Navy’s flying
inventory was retired to storage. The twenty-nine-year-
old C-54Q saw its last service with the Naval Test Pilot
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22 July As a result of the conflict between Turkish
and Greek Cypriot forces on Cyprus, the U.S.
Ambassador to Cyprus, Roger Davies, requested the
evacuation of U.S. citizens. In a joint Navy/Marine
Corps effort, HMM-162 from the Sixth Fleet carrier
Inchon evacuated 466 people, 384 of them U.S. citi-
zens, in only five hours. Forrestal provided air cover
for the operation.

5 August The world’s largest unmanned balloon
was launched successfully from Fort Churchill in
Manitoba, Canada. The flight was sponsored by the
Office of Naval Research and NASA’s Office of Space
Science. The facilities of the Navy’s Skyhook program
were used for the launch. The entire flight train—bal-
loon, an 800-pound instrument package, and a
parachute—lifted to an altitude of 155,000 feet. As the
balloon rose to float altitude it assumed a fully inflated
form of 512 feet in diameter with a volume of 50.3
million cubic feet. The balloon traveled 500 miles west
and was tracked by Project Skyhook’s DC-3.

9 August The Navy announced the first acceptance
by VQ-4 of an EC-130 Hercules TACAMO aircraft.

10 August Sikorsky’s YCH-53E, Number 1, flew in a
hover at a gross weight of 71,700 pounds. It carried an
external load of 17.8 tons and hovered at a wheel
height of fifty feet. This was the heaviest gross weight
ever flown—and the heaviest payload ever lifted—by
a helicopter in the western world.

24 August Navy and Marine Corps helicopters com-
pleted six days of disaster flood relief work in central
Luzon, R.P. Aircraft from NAS Cubi Point, R.P., San Jose
(AFS 7), Tripoli and Clark AFB, R.P., provided airlift of
emergency food supplies.

School, NAS Patuxent River, Md. The Skymaster, BuNo
56501, had flown almost 15,000 hours with more than
2,500,000 nautical miles since its acceptance on 24
March 1945.

11 April At the Naval Missile Center, Point Mugu,
Calif., the P-3 Orion fired its first Harpoon missile. The
aircraft involved was a P-3A; the missile scored a
direct hit on a remote-controlled Septar target boat.

14 April The Navy donated the ASW carrier
Yorktown to Charleston, S.C., for the city’s National
Naval Museum. The “Fighting Lady” had spent 25
years with the Pacific Fleet before being transferred
to the Atlantic in 1969. She was decommissioned 27
June 1970.

22 April A twelve-plane detachment of RH-53D Sea
Stallions from HM-12 began minesweeping the Suez
Canal as part of Project Nimbus Star.

4 June NAVAIR established an Aircraft Survivabil-
ity/Vulnerability branch. This office was created in
response to the need for a thoroughly coordinated
Navy technical program addressing the need for better
aircraft survivability in combat.

5 July Two Marine Corps aviators, Major John H.
Pierson and his co-pilot, Major David R. Shore, flew an
OV-10A Bronco 4,480 kilometers from NAS Whidbey
Island, Wash., to Homestead AFB, Fla. This flight set a
new world record for distance in a straight line by a
Class C-1-F, Group II aircraft. The National Aeronautics
Association sanctioned the record.
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28 August The Chief of Naval Operations released a
formal VFAX operational requirement directing
NAVAIR to perform industrial solicitation and full-scale
development. The VFAX concept was by this time
under management by NAVAIR’s PMA-265. The aircraft
that finally emerged from the VFAX concept was the
McDonnell Douglas F/A-18 Hornet.

14 September The SEU-3/A Lightweight Ejection
Seat manufactured by the Stencel Aero Engineering
Company primarily for the AV-8A Harrier was
approved for service use.

17 September Enterprise sailed from San Francisco,
Calif., with VF-1 and -2 aboard. This event marked the
initial deployment of the Grumman F-14 Tomcat, the
Navy’s newest fighter.

17 September The prototype LAMPS MK-III H-2/SR
helicopter was delivered to the Kaman Aerospace
Corporation for flight certification tests. Prior to this
delivery, Naval Air Development Center, Warminster,
Pa., engineers completed extensive design modifica-
tions which were required to incorporate the LAMPS
MK-III developmental avionics package.

2 October The Joint Logistics Commanders signed
an agreement making Dupont’s HT-4 the standard fab-
ric for all flight suits.

19 November The Central Treaty Organization
Exercise Midlink 74 got underway as the largest naval
exercise ever held in the Arabian Sea. Participating
were forces from the United States, United Kingdom,
Iran, Pakistan, and Turkey. Constellation was part of
the eight-ship force from the United States.

2 December The Navy’s Advanced Low Volume
Ramjet (ALVRJ) successfully completed its first free
flight at the Pacific Missile Range at Point Mugu, Calif.
The ALVRJ was a unique propulsion system designed
for high performance missiles. It was developed for
NAVAIR by LTV.

1975
3 January The Association of Naval Aviation was
formally founded “to stimulate and extend apprecia-
tion of Naval Aviation . . . past, present and future.”
The non-profit organization became open to any offi-
cer, enlisted person or civilian who contributed to, or
was interested in, U.S. Naval Aviation.

17 January The first production model of Lockheed’s
updated P-3C Orion was delivered to VX-1, the Navy’s
antisubmarine warfare evaluation squadron at NAS
Patuxent River, Md. New avionics and software includ-
ed a versatile computer language, the Omega world-
wide navigation system, increased sound-processing
sensitivity, a tactical display scope, improved magnetic
tape transport, and a seven-fold increase in computer
memory capacity from 65,000 to 458,000 words.

21 January Saratoga, along with three other surface
vessels, was released from contingency response off
Cyprus. Saratoga had been maintaining a response
alert for possible assistance in the evacuation of
American citizens from the strife-torn island.

28 January The AIM-54 Phoenix missile was given
approval for service use.

9 February Enterprise responded to calls for disaster
relief from the island nation of Mauritius which was
struck on 6 February by Typhoon Cervaise. Arriving at
Port Louis on the 12th, carrier personnel spent more
than 10,000 man-hours rendering such assistance as
restoring water, power and telephone systems, clearing
roads and debris, and providing helicopter, medical,
food and potable water support to the stricken area.

15 February The Sikorsky YCH-53E transport heli-
copter completed Navy Preliminary Evaluation con-
ducted by the Naval Air Test Center, Patuxent River,
Md., and HMX-1.

2 March The F-14A Tomcat and the Phoenix Missile
system were given approval for service use.

17 March The S-3A Viking was given approval for
service use.

18 March NAVAIR established an Assistant
Commander for Test and Evaluation and assigned to
him the functions involving management of T & E and
its facilities. This important organizational development
had its direct origins in a decision by the Secretary of
Defense (SECDEF) made in mid-1960s which stressed
the need for adequate Test and Evaluation (T & E) data
to provide a basis for determining whether new equip-
ment was developed sufficiently to warrant procure-
ment for service use. In a much more historic sense,
the establishment of the Assistant Commander, Test
and Evaluation was part of Naval Aviation’s long-stand-
ing commitment to a consolidation of T & E. This com-
mitment resulted, as early as 1942, in the creation of
NAS Patuxent River, Md., as a facility for testing experi-
mental airplanes, equipment, and material.
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nationals. Upon completion of the evacuation, heli-
copters of HMH-463 from Hancock, retrieved the ele-
ments of the 31st Marine Amphibious Unit which had
established the perimeter from which the evacuees
had been rescued.

13 April The Naval Aviation Museum was dedicated
at Pensacola, Fla. All funds for construction of the
68,000-square-foot structure had been donated private-
ly. The building was presented to the Navy by the
Naval Aviation Museum Foundation, Inc. It replaced
the small temporary museum set up in 1962. Among
the 72 vintage aircraft at the museum, a feature attrac-
tion was the original NC-4, the first airplane to fly the
Atlantic Ocean. Plans, and an ongoing drive for pri-
vately donated funds, called for continued expansion
of the new museum through three more stages to
eventually reach 260,000 square feet of floor space.

19 April Midway, Coral Sea, Hancock, Enterprise
and Okinawa responded to possible evacuation con-
tingencies by deploying to waters off Vietnam as
North Vietnam overran two-thirds of South Vietnam
and pronounced the carriers’ presence a brazen chal-
lenge and a violation of the 1973 Paris Peace Accords.

23 March Hancock, en route from Subic Bay, R.P.,
as relief for Enterprise, on station in the South China
Sea, loaded HMH-463 at Pearl Harbor, Hawaii, for
transport to the southwest Pacific. The unit would sup-
port operations in case evacuations of American and
other nationals from areas of the Indochinese peninsu-
la became necessary. Meanwhile, North Vietnamese
forces continued their advance southward and were
poised to cut off the entire northern quarter of the
Republic of Vietnam some 300 miles north of Saigon.

1 April Eugene Taylor “Smokey” Rhoads, Chief
Aviation Pilot, USN, died at the Veterans Hospital, San
Diego, Calif. Rhoads was a member of the flight crew
that made the first trans-Atlantic flight in May 1919 in
the NC-4.

12 April Operation Eagle Pull was activated for
Cambodia. Twelve CH-53 Sea Stallions of HMH-462
evacuated 287 persons from Phnom Penh to Okinawa.
Among those evacuated were U.S. Ambassador John
Gunther Dean and Cambodian President Saukhm
Khoy, as well as newspapermen and other foreign
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Sailor from Durham (LKA 114)
cares for two Vietnamese children
separated from their mother dur-
ing the evacuation K-107619 

Sailors from Durham (LKA 114) lending a hand K-107587 



29 April In a period of three hours, Operation
Frequent Wind was carried out by U.S. Navy and
Marine Corps helicopters from the Seventh Fleet.
Frequent Wind involved the evacuation of American
citizens from the capital of South Vietnam under heavy
attack from the invading forces of North Vietnam. The
military situation around Saigon and its Tan Son Nhut
airport made evacuation by helicopter the only way
out. President Ford ordered the evacuation when Viet

Cong shelling forced the suspension of normal trans-
port aircraft use at Tan Son Nhut. With fighter cover
provided by carrier aircraft, the helicopters landed on
Saigon rooftops and at Tan Son Nhut to evacuate the
Americans. The airport became the main helicopter
landing zone; it was defended by Marines from the 9th
Amphibious Brigade flown in for that purpose. All but
a handful of the 900 Americans in Saigon were evacu-
ated. The last helicopter lifted off the roof of the
United States Embassy at 7:52 p.m. carrying Marine
security guards.
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Communists take over
in 1975.

Escaping South
Vietnamese pilot
and family land
aboard Midway,
plane is now at
Naval Aviation
Museum,
Pensacola, Fla. 



1 July All U.S. naval gunfire training activities at the
Puerto Rican island of Culebra were terminated
through a joint Washington-San Juan agreement, end-
ing a controversy that had dragged on for years. The
announcement indicated that air-to-ground weapons
training at Culebra Cays would continue for a limited
time only because of previously scheduled training
activities.

1 July The aircraft carrier designation CVA was
replaced with CV. This change was made to improve the
accuracy of designations in modern warfare. By remov-
ing the letter A, which stood for attack, the new desig-
nation CV could serve a multipurpose air, surface, and
ASW role, depending on the type of aircraft carried.

24 July HS-6 operating off New Orleans recovered
the Apollo spacecraft and astronauts Vance D. Brand
(former Navy pilot), Thomas P. Stafford (USAF) and
Donald K. Slayton (USAF). This splashdown marked
the end of the Apollo-Soyuz mission, the first joint
U.S.-Soviet space effort, and the end of the Apollo
Program. It was also the final planned at-sea recovery
in the U.S. space program.

28 July The U.S. Senate cleared the way for construc-
tion at Diego Garcia by voting to expand the U.S. sup-
port facility on the Indian Ocean island. It ended a long
dispute over construction at the installation, permitting
the Navy to begin an $18.1 million expansion to include
aircraft runway extension, petroleum-oillubricants stor-
age areas, a pier and additional power plant facilities.

29 July The Navy created the lighter-than-air project
office at the Naval Air Development Center, Warminster,
Pa. The purpose of this office was to enhance expertise
in lighter-than-air technology within the Navy.

1 August A KA-3B Skywarrior, attached to VAQ-208,
completed the longest nonstop flight ever made by a
carrier-based tactical jet aircraft. The flight originated
at the Naval Station, Rota, Spain, and ended at NAS
Alameda, Calif. It covered a distance of 6,100 miles
and lasted 13 hours.

2 August The Commandant of the Marine Corps
announced that the twelve Marine Corps fighter/attack
squadrons would remain an all F-4 Phantom force
until their replacement by F-18 aircraft beginning in
the early 1980s. The Marine Corps was scheduled orig-
inally to be equipped with four squadrons of the F-14
Tomcats, but instead these four would be used to tran-
sition four Navy fighter squadrons from F-4s to F-14s,
thus retaining the authorized 18- squadron Navy force
for overall air defense.

30 April VW-4, the Hurricane Hunters, was disestab-
lished. Established 15 November 1952 as VJ-2 and
redesignated VW-4 in 1953, it was the Navy’s last
squadron specifically detailed for hurricane reconnais-
sance. During its more than 30 years of service, VW-4
made major contributions to meteorological science,
oceanographic research, the National Weather Service,
and the Naval Weather Service Command.

2 May Midway off-loaded at Utapao, Thailand, over
40 USAF helicopters used in South Vietnam evacuation
operations. At the same time, carrier personnel assisted
in the recovery and on-loading from the Utapao Airport
of over 95 South Vietnamese Air Force craft, including
F-5 fighters and A-37 light bombers, which had been
flown into Utapao when South Vietnam fell to the
Communists. The aircraft were transported to Guam.

2 May Development of a new carrier-based fighter
by the McDonnell Douglas and the Northrop aircraft
corporations was announced by NAVAIR. To be
designed for speeds in excess of Mach 1.5, a combat
ceiling in excess of 45,000 feet and a radius of action
of more than 400 nautical miles, development was to
emphasize improved maneuvering performance, relia-
bility, and maintainability.

5 May The first training class for a new type of
physician, the Aviation Medical Officer (AMO), began
at the Naval Aerospace Medical Institute, Pensacola,
Fla. The program was initiated because of the acute
shortage of flight surgeons. The AMOs were not
scheduled to undergo flight training nor be assigned
duty involving flying; instead, they were to augment
the efforts of flight surgeons where aeromedical work-
loads were heavy, performing flight physicals and pro-
viding routine medical care.

12–14 May Coral Sea participated with other Navy,
Air Force and Marine forces in the recovery of the
American merchantship SS Mayaguez and her 39 crew-
men, illegally seized on 12 May in international waters
by a Cambodian gunboat controlled by the Communist
Khmer Rouge. Protective air strikes were flown from
the carrier against the Cambodian mainland naval and
air installations as USAF helicopters with 288 Marines
from Battalion Landing Teams 2 and 9 were launched
from Utapao, Thailand, to rescue the crew and secure
the merchantman. Eighteen Marines, airmen and Navy
corpsmen were lost in action. Alerted for response, but
not utilized before the release of the commandeered
ship and crew on the 14th, were Hancock, operating
as an LPH platform, and Okinawa.
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14 August The newly commissioned Nimitz com-
pleted refresher training at Guantanamo Bay, Cuba,
before beginning her cruise with a nuclear task force
to northern European waters. The world’s largest ship
at the time, Nimitz had an overall length of 1,092 feet,
an extreme breadth of 292 feet, a flight deck area of
four and a half acres, and displaced 95,000 tons with a
combat load. The Navy’s second nuclear carrier,
Nimitz was named in honor of the World War II hero
and former Chief of Naval Operations, Fleet Admiral
Chester W. Nimitz.

24 October The Navy reported that a new method
of conducting Shrike pilot training programs had been
developed. This method consisted of captive flight fir-
ings linked to a communications pod and was per-
formed at the Air Combat Maneuvering Range at
Yuma, Ariz. The new method could be adopted to all
versions of the A-4 Skyhawk, A-6 Intruder and A-7
Corsair aircraft.

27 October Inchon and five surface vessels served
as a contingency evacuation force, with John F.
Kennedy in support, as U.S. citizens were advised to
evacuate their dependents from Lebanon due to pro-

longed government instability and increased armed
skirmishing among political factions in the country.

1 November Effective this date, the Naval
Aerospace Recovery Facility at NAF El Centro, Calif.,
was disestablished and the mission statement of the
National Parachute Test Range, also at El Centro, was
modified to absorb its function. The Naval Air Facility
was assigned to the CNO for command and support.

25 November The first launch in the XJ521
Program took place at Point Mugu. The XJ521 was
an air-to-air medium range missile resulting from
modifications by the United Kingdom to the
American Sparrow AIM-7E-2. The missiles were
fired from an F-5 aircraft at QT-33 targets.

6 December H-46 Sea Knight helicopters from
NAS Whidbey Island, Wash., began search and res-
cue operations in the northwestern Washington
state areas flooded by heavy rains. Four days of this
humanitarian work saw a total of 113 people evacu-
ated after being stranded by the flood waters.

8 December The first production prototype of
Sikorsky’s three-engine, multimission CH-53E
transport helicopter made its first flight at the com-
pany’s Connecticut plant. The flight of about 30
minutes consisted of low-altitude hovering and
limited maneuvering.

1976
28 January The Navy awarded a contract for an ini-
tial funding of $16 million to the McDonnell Douglas
Corporation to begin full-scale development of the
new F-18 Air Combat Fighter.

11 February The first Terrain Contour Matching
(TERCOM) Guidance Test Vehicle was flown using a
modified Navy Firebee drone. TERCOM was then used
in the Tomahawk Cruise Missile.
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26 Septmber The Chief of Naval Operations
approved the popular name Tomahawk for the Navy’s
SLCM.

3 October VMGR-352 took delivery of the first KC-
130R Hercules refueler/transport.

22 October The Chief of Naval Operations and
Defense Systems Acquisition Review Council initiated
new policies on development and operational test
and evaluation functions along with weapon system
acquisition.



26 May A contract for a new Navy multi-engine air-
craft trainer to be designated T-44A was awarded to
Beech Aircraft. The aircraft would replace the TS-2A.

28 May Helicopter crews from HS-4 aboard Ranger;
detachments from HC-3 on Camden (AOE 2), Mars
(AFS 1) and White Plains (AFS 4); and helicopters
from NAS Cubi Point, R.P., assisted in the Philippine
disaster relief efforts in the flood ravaged areas of
Central Luzon. Over 1,900 people were evacuated;
more than 370,000 pounds of disaster relief supplies
and 9,340 gallons of fuel were provided by Navy and
Air Force helicopters.

29 May Tarawa was commissioned at Ingalls
Shipbuilding Division of Litton Industries in
Pascagoula, Miss. Tarawa was the first of five in a
class of amphibious assault ships to join the fleet.

5 June The Navy launched the first fully guided
Tomahawk cruise missile over the White Sands Missile
Range in New Mexico. The missile was airborne for 61

18 February The night attack weapons system, a
modified air-to-surface Maverick missile designed to
enhance the performance of night tactical and strike
aircraft, scored a direct hit on a moving M-48 tank dur-
ing a test conducted at the Naval Weapons Center,
China Lake, Calif.

2 March Two VS-22 Lockheed S-3A Viking aircraft
landed aboard Saratoga off the coast of Italy, com-
pleting the first Atlantic crossing by S-3A Vikings. The
S-3A Vikings departed NAS Cecil Field, Fla., and
made stops at NAS Bermuda, NAS Lajes, Azores, and
NS Rota, Spain, before landing on Saratoga. Their
flight across the Atlantic proved that rapid augmenta-
tion of S-3A Viking carrier antisubmarine assets was
possible from long distances.

20 May Bell Helicopter’s AH-1T made its first flight.
The following week the AH-1T flew to 120 knots and
did mild sideslips, climbs and descents.
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minutes after it was released from the wing of a
Pacific Missile Test Center, Patuxent River, Md., A-6
Intruder aircraft at an altitude of 11,500 feet. This was
the first in a series of flights intended to test the func-
tional operation of the test vehicle’s capability to per-
form navigation, guidance updates, and low-terrain
following maneuvers. It was also the first test flight
using a turbofan engine, previous tests had utilized the
turbojet engine.

6 June An A-6 Intruder successfully test fired the
tactical version of the Tomahawk cruise missile using
the TERCOM navigation system. The Tomahawk was
designed as a long-range weapons system with strate-
gic and tactical application which could be launched
from tactical and strategic aircraft, surface ships, sub-
marines and land platforms.

24 June The Navy accepted its first T-34C Mentor
aircraft. The new aircraft would replace the aging T-
34B and T-28B/C used in primary and basic flight
training. It would be the first training command air-
craft to have maintenance and supply support provid-
ed by civilian contractors.

24 June The Navy’s Air-Launched Low Volume
Ramjet (ALVRJ) set a new distance record traveling
over 100 nautical miles at sustained speeds of over
1,700 miles per hour. This was the fifth flight for the
ramjet at the Navy’s Pacific Missile Test Center at Point
Mugu, Calif.

30 June A new eight-inch laser-guided projectile,
developed jointly by the Navy and Marine Corps, was
fired successfully from the new major caliber light
weight gun mounted in Hull (DD 945).

30 June A Naval Aviation tradition came to an end
when brown shoes were stricken from the officers’
and chiefs’ uniforms. The tradition initially distin-
guished the Brown Shoe Navy of the aviators from the
black shoes of the surface officers.

1 July The Navy’s Sea-Air Operations Gallery, part of
the new National Air and Space Museum of the
Smithsonian Institution, was opened to the public. The
Sea-Air Operations Gallery presented a “you are there”
mock-up of an aircraft carrier’s hangar deck, bridge
and preflight operations room. Audio/visual presenta-
tions of take-offs and landings from a carrier were pre-
sented in the bridge areas. The hangar deck included
Navy aircraft past and present. Famous events in Naval
Aviation history were depicted throughout the gallery.

6 July Coral Sea was presented the Meritorious Unit
Commendation for her actions during the Mayaguez
crisis in May 1975. Coral Sea played a major role in
the return of SS Mayaguez after Cambodian gunboats
seized the merchant ship on the high seas off the
coast of Cambodia. Coral Sea provided air support to
the landing of Marines at Koh Tang Island as CVW-15
conducted strikes on specified military targets.

9 July The CH-46 Sea Knight helicopter’s effective-
ness and life were extended with the delivery of the
first two CH-46E prototypes. The major modifications
to the CH-46E helicopters were new T-58-GE-16
engines, an Omega-Doppler navigation system, new
crashworthy pilot and copilot seats, a combat crash-
worthy fuel system, a new rescue hoist and an infrared
suppressor for engine exhaust.

12 July Ranger and her escort ships of Task Force
77.7 entered the Indian Ocean and were assigned to
operate off the coast of Kenya in response to a threat
of military action in Kenya by Ugandan forces. A VP-
17 P-3 aircraft visiting Nairobi and a U.S. Middle East
Force ship visiting Mombassa further demonstrated
U.S. friendly ties and support for Kenya during her cri-
sis with Uganda.

12 July The Navy phased out the last C-117
(Douglas DC-3), perhaps the most famous transport
plane of all time. The last C-117 was flown from
Pensacola, Fla, to Davis Monthan Air Force Base, Ariz.,
the boneyard for obsolete military aircraft.

27 July America and other elements of Task Force
61, with Nimitz standing by, supported the evacuation
of 160 Americans and 148 other nationals from Beirut,
Lebanon. The amphibious transport ship Coronado
(LPD 11) removed the evacuees from Lebanon and
arrived in Athens on 29 July. During January through
July 1976 the contingency evacuation force for the
“Lebanon Civil War Crisis” involved, at different inter-
vals, the support of America, Nimitz, Iwo Jima,
Independence, Guadalcanal and Saratoga.

27 July The first phase of a program to develop the
AV-8B Harrier, a version of the current AV-8A with
improved payload and range, was approved by the
Department of Defense.

13 August An HU-16 Albatross, the Navy’s last
operational seaplane made its final water landing in
Pensacola Bay, Fla. After two-touch-and-go landings
the aircraft was flown to Sherman Field where it was
turned over to the Naval Aviation Museum in
Pensacola.
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29 September The Navy’s Ship-Deployable,
Tactical, Airborne Remotely-Piloted Vehicle (RPV)
(STAR) achieved the first automatically closed-loop
recovery of an RPV into a net-encapsulated arresting
assembly. The test occurred at the National Parachute
Test Range, El Centro, Calif.

30 September Oriskany, the last Essex-class attack
carrier, was decommissioned at San Francisco, Calif.,
and placed in the mothball fleet. Oriskany saw exten-
sive action in the Korean and Vietnam conflicts.

4 October The first overseas operational commit-
ment on a carrier for the AV-8A aircraft began when
VMA-231, equipped with the AV-8A Harrier, embarked
on Franklin D. Roosevelt and departed for the
Mediterranean Sea for a Sixth Fleet deployment.

5 November The latest model of the Sea Cobra heli-
copter, the AH-1T, was turned over to the Marine
Corps from Bell Helicopter Textron for further testing.
The new version offered an improved payload of 4,392
pounds over the previous payload of 2,739 pounds.

13 November The first at-sea firing tests of the SM-2
(extended range) guided missile from Wainwright (CG
28) were completed, using a modified Terrier fire con-
trol system to control the missile flight. Wainwright’s
test capped a highly successful five-year program with
observers reporting excellent accuracy.

20 August Ainsworth (FF 1090) became the first
ship to have installed a production version of the
Harpoon Command and Launch Missile System.

21 August A Navy task force headed by Midway
made a show of force off the coast of Korea in
response to an unprovoked attack on two U.S. Army
officers who were killed by North Korean guards on
18 August. Midway’s response was in support of a U.S.
demonstration of military concern vis-à-vis North
Korea.

29 August The Navy’s last S-2 Tracker aircraft, oper-
ating with VS-37, was withdrawn from active service.
Many of the pilots who flew the Tracker credit it with
being the Navy’s most versatile airplane of its era. The
S-2 entered service with VS-26 in February 1954 and
provided the Navy with 22 years of active service.

15 September Test flights began on the east coast
air combat maneuvering range (ACMR) under con-
struction off the coast of Cape Hatteras, N.C. This fol-
low-on system to the Navy ACMR at Yuma, Ariz.,
would provide air combat training for East Coast
squadrons.

17 September The new space shuttle program was
unveiled by NASA. Of the 28 astronauts in the space
program, 12 had either a Navy or Marine Corps avia-
tion background.
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1 December Naval Air Facility, China Lake, Calif.,
was disestablished after more than 30 years as a sepa-
rate command, and became part of the Naval
Weapons Center.

1 December NAAS Saufley Field, Fla., was dises-
tablished. The closing of the basic tactical and com-
bat flying base brought to an end one of the early
fields used in association with the training of Naval
Aviators at NAS Pensacola, Fla. The primary training
installation was opened for flight purposes in 1940
and named after Richard C. Saufley, Naval Aviator
#14, who was killed while on a record endurance
flight on 9 June 1916 after being in the air 8 hours
and 51 minutes. Saufley Field was used initially by
aviation students practicing landings and takeoffs
away from the normal fl ight pattern at NAS
Pensacola. Established as NAAS Saufley Field in 1943,
aviation students in basic training received instruc-
tional courses in ground training, formation flying,
and cross-country flying employing the SNJ Texan
and T-28 aircraft.

1977
6 January The first F404 development engine was
tested successfully at the General Electric plant in Lynn,
Mass., approximately a month ahead of schedule.

13 January NAS Jacksonville, Fla., announced that
two AV-8A Harrier aircraft had made a bow on
approach and landing aboard Franklin D. Roosevelt.
This may have been the first time in Naval Aviation
history that a fixed-wing aircraft made a bow-on,
downwind landing aboard a carrier at sea. This land-
ing, with jets facing aft, demonstrated that V/STOL air-
craft could be landed aboard a carrier without many of
the conditions necessary for fixed-wing, non-V/STOL
aircraft.

14 January For the first time, an all-nuclear-pow-
ered task group was operating in both deployed fleets.
The Seventh Fleet task group was composed of
Enterprise and her nuclear-powered escort ships, while
the Sixth Fleet task group had Nimitz with her nucle-
arpowered escort ships.

31 January The TA-7C, a two-seat Corsair II con-
verted from an earlier model and designated a combat
crew and instrument trainer, was delivered to the Navy
for use at NAS Cecil Field, Fla., and NAS Lemoore,
Calif. Replacement pilots for the light attack squadrons
flying A-7s would train in the TA-7Cs.

27 February Enterprise and her escort ships were
directed to operate off the east African coast in
response to public derogatory remarks against the U.S.
by the President of Uganda and his order that all
Americans in Uganda meet with him.

1 March The Naval Air Rework Facility and Naval
Air Station at Lakehurst, N.J., were disestablished and
the mission of the Naval Air Engineering Center was
modified to absorb their functions.

1 March The Navy’s new F/A-18 fighter/attack air-
craft was assigned the name Hornet, a name often
used for Navy ships-of-the-line. The plane, scheduled
for fleet delivery in the early 1980s, would replace the
F-4 Phantom II and the A-7 Corsair II.

24 March Initial service acceptance trials for the CH-
53E Super Stallion were completed at NATC. The
growth version of the CH-53E had three turbine
engines instead of two. The Super Stallion carried mis-
sion loads of 16 tons compared to nine tons for the
CH-53D. It had 7 rotor blades instead of 6 and could
accommodate 56 troops.

25 March NAVAIR announced that its Advanced
Concepts Division and the Naval Air Development
Center, Warminster, Pa., were testing a lighter-than-air
craft known as Aerocrane. This project represented the
first government-sponsored study of lighter-than-air
flight in several years.

5 April The Navy took delivery of the new T-44A
trainer at NAS Corpus Christi, Tex. The Beech aircraft
signaled a significant modernization trend in the
Navy’s flight program. The T-44A would eventually
replace the TS-2A Tracker, flown by training
squadrons since the early 1960s.

8 April The Navy’s first E-2C ARPS aircraft joined the
fleet at NAS Norfolk, Va., assigned to VAW-121. The
ARPS aircraft was designed to improve the radar capa-
bility in its mission of airborne early warning. VAW-121
was scheduled to receive three additional ARPS aircraft
that year, making it the first ARPS squadron.

12 April An operational requirement was established
for night vision capability in U.S. Marine Corps trans-
port helicopters.

21 April Franklin D. Roosevelt, the first carrier to
launch a jet plane, 21 July 1946, returned to the U.S.
from her last overseas deployment prior to her decom-
missioning on 1 October 1977.
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1 September The LAMPS MK III helicopter contrac-
tors were selected by the Navy. Sikorsky Aircraft
Division was selected to build the helicopter and
General Electric’s aircraft engine group was selected to
provide the engines. The LAMPS helicopter was
intended to carry a crew of three, fly 170 miles an
hour and operate at altitudes up to 10,000 feet.

30 September The Joint Cruise Missile Project Office
was established in the Naval Material Command with
the Navy and Air Force sharing responsibility for devel-
oping a cruise missile. The Cruise Missile Project Office
had been a project of the Naval Air Systems Command.

1 October The Naval Aviation Logistics Center
became fully operational at Patuxent River, Md. The
new center was responsible for the implementation,
coordination and management of Navy-wide depot-
level aviation maintenance programs.

31 October The Department of Defense directed a
significant relocation of the essential mission of the
National Parachute Test Range at El Centro, Calif. The
Range had been responsible for RDT&E for parachute
systems and for providing common airfield support to
aviation units. With this change, the RDT&E mission
was moved to the Naval Weapons Center at China
Lake, Calif. The airfield support mission remained at El
Centro with the existing Naval Air Facility there.

14 November The Chief of Naval Air Training for-
mally accepted the T-34C aircraft manufactured by
Beech Aircraft Corporation. The T-34C, a turboprop,
two-place trainer, was to replace the T-34B and T-28
training aircraft.

1978

2 February The Tomahawk cruise missile was
launched successfully from the submarine Barb (SS
220) and flew a fully guided land attack test flight that
terminated at Edwards AFB, Calif. This was the first
launch of the Tomahawk from a submarine.

9 February The first satellite of the new Navy Fleet
Satellite Communications System was launched. This
system satisfied the need for worldwide tactical com-
mand, control and communications for the entire fleet.

16 February Eleven of the 35 astronaut candidates
selected to participate in NASA’s space shuttle pro-
gram were Navy personnel. Eight of the Navy
selectees were in the pilot training program and the
other three were trained as mission specialists.

22 June The new OV-10D Bronco series, undergo-
ing test and evaluation at NATC’s Strike Aircraft Test
Directorate, Patuxent River, Md., was equipped with a
night vision sensor which allowed the two-man crew
to pinpoint targets in the dark. Called FLIR, for
Forward Looking Infrared Radar, the sensor could
detect the thermal radiation from all objects in its field
of view, including individual soldiers. While primarily
designed to provide a “night eyes” capability, FLIR
also offered various degrees of vision through camou-
flage, dust, smoke, haze and light fog. It was also to
be used for navigation; terrain avoidance and surveil-
lance; target detection, recognition and tracking; gun
laying; and as a landing aid.

13 July An F-4J Phantom II landed for the first time
using the microwave landing system (MLS) at the FAA
Test Facility at Atlantic City, N.J. A pilot from the Naval
Air Test Center, Patuxent River, Md., was at the con-
trols. The MLS was designed to reach out electronical-
ly, catch the target aircraft, and fly it to a safe landing
without the aircraft’s pilot touching the controls.

23 July Rear Admiral Alan B. Shepard, Jr., USN, was
inducted into the Aviation Hall of Fame. He was cited
for outstanding contributions to aviation as a Naval
Aviator, instructor and test pilot, and for his contribu-
tions to space technology. He was the first American
launched into space and the fifth to walk on the
moon.

11 August The first CH-46E Sea Knight with newly
developed fiberglass rotor blades was flown by Marine
Corps helicopter pilots. The helicopter was the first of
400 to be retrofitted with new rotor blades which were
less susceptible to corrosion and fatigue damage.

26 August The Navy unveiled its new XFV-12A ver-
tical/short takeoff and landing research aircraft at the
Rockwell International facility in Columbus, Ohio. The
XFV-12A, a single engine, single seat, thrust-augment-
ed wing prototype high-performance fighter aircraft,
was designed to operate from small ships.

29 August The first production model of the P-3C
Orion update II arrived at NATC for technical evalua-
tion. It incorporated the latest in avionics and
weapons systems, including a turret-mounted infrared
detection device to drop out of the nose to identify
targets day or night. The aircraft also had the Harpoon
air-to-surface missile system.
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27 February A contract for the CH-53E Super
Stallion helicopter was awarded to Sikorsky Aircraft to
begin full-scale production. The CH-53E provided the
Navy and Marine Corps with a heavy-lift helicopter,
able to lift twice as much as the earlier D model.

28 February The Department of Defense authorized
full-scale development of Sikorsky Aircraft’s SH-60B
LAMPS MK III helicopter. The aircraft was designed pri-
marily for antisubmarine and antiship missions and to
be deployed aboard frigates, destroyers and cruisers.

17 March NASA selected four two-man crews for
early orbital flights of the space shuttle. Captain John
W. Young, USN, was selected as commander and
Commander Robert L. Crippen, USN, as pilot for the
first scheduled orbital test. Colonel Joe H. Engle,
USAF, and Commander Richard H. Truly, USN, were
selected as the backup crew. Also included in the first
group of two-man crews was Lieutenant Colonel John
R. Lousma, USMC.

10 April The first TA-7C attack trainer arrived at
NATC Patuxent River, Md., for Board of Inspection and
Survey trials. The TA-7C was designed to provide a
position for both the instructor and the student in the
aircraft, thus providing a more efficient method of
instruction while reducing fuel consumption about
one-half. The new two-seater would also reduce the
number of aircraft required for transition training.

14 April The first of 12 C-2A Greyhounds rolled off
the SLEP line at NARF North Island, Calif. SLEP would
add between seven and ten years of service to the car-
rier-on-board-delivery aircraft. There was no other air-
craft in the Navy’s inventory which could carry as
many supplies and personnel to a carrier at sea.

9 June Rear Admiral William L. Harris, NWC
Commander, accepted the Daedalian Weapons
Systems Award in San Antonio, Tex., on behalf of the
Naval Weapons Center and the Naval Air Systems
Command. The Order of Daedalians, a national frater-
nity of military pilots, selected NWC and NAVAIR as
co-winners of the 1978 award in recognition of the
success of these two Navy commands in working
together as a team in the development and improve-
ment of a family of heat-seeking guided missiles
known as Sidewinder. The Daedalian Weapons System
Award and accompanying perpetual trophy was pre-
sented annually by the Order of Daedalians to the
individual, group or organization, military or civilian,
judged to have developed the most outstanding

weapon system. The recipient was selected from nom-
inations submitted by the Departments of the Army,
Navy, and Air Force on a rotating basis.

8 July The Naval Air Test and Evaluation Museum at
NAS Patuxent River, Md., opened its doors to the pub-
lic for the first time. Its premier exhibition depicted the
full scope of test and evaluation in Naval Aviation. The
displays were varied, showing the many different
types of aircraft which have passed through the
Patuxent River test facility over the years.

21 July The final flight of the service acceptance tri-
als for the AH-1T Cobra helicopter gunship was made
at Naval Air Test Center, Patuxent River, Md. The helo
carried an increase of more than 200 percent in its
armament payload and was designed to fly farther and
fight longer and harder over a target than previous
models of the Cobra.

22 July Captain Holden C. Richardson was induct-
ed into the National Aviation Hall of Fame at
Dayton, Ohio. Naval Aviator #13, Captain Richardson
was the first Naval Aviation engineering officer to be
so honored.

2–3 August The mock-up of the SH-60B ASW heli-
copter was put through shipboard compatibility trials
aboard Arthur W. Radford (DD 968). Earlier trials were
conducted July 25-26 aboard Oliver Hazard Perry
(FFG 7). The SH-60B was being developed by
Sikorsky Aircraft.

3 August NAVAIR reported a major advance in the
technology of escape systems. During the summer,
the Naval Weapons Center at China Lake, Calif., suc-
cessfully tested a vertical-seeking ejection seat.
While carrying a dummy crew member, the seat was
fired downward from a suspended test module. It
traveled downward less than 45 feet before reversing
direction and traveling upward; it then parachuted
safely to the ground. These tests demonstrated that
the vertical-seeking seat would make it possible to
safely eject upside down, within 50 feet of the sur-
face, thus greatly increasing the safety envelope of
ejection seats.

14 September A Navy technical evaluation was
completed on the CH-53E Super Stallion helicopter to
determine if performance had been altered by changes
made since the initial trials conducted by the Board of
Inspection and Survey. The Super Stallion successfully
completed the 60-hour test program.
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among the aircrews of 16 rotary wing aircraft in HMH-
463, although the operations took place under combat
conditions involving antiaircraft fire, machine gun and
small arms fire, and in part at night with few naviga-
tional aids.” Colonel Fix was the first U.S. Marine
Corps pilot to receive the Harmon Trophy. At the time
of the award, he was Project Manager for the H-1/H-3
Helicopters Project Office at the Naval Air Systems
Command.

25 January The Navy’s YAV-8B, the Harrier proto-
type built by McDonnell Douglas, arrived at the Naval
Air Test Center, Patuxent River, Md., to test its aerody-
namic improvements not found in the AV-8A.

28 January Constellation and her escort ships were
released from contingency operations in the South
China Sea. The contingency operations had been
issued in response to the internal crisis in Iran. The
crisis abated when the Shah of Iran departed for exile
on 16 January. Due to the uneasy situation in Iran all
U.S. government dependents and nonessential
American citizens were ordered to evacuate the coun-
try on 30 January.

9 February The Secretary of the Navy announced
that the helicopter portion of the Navy’s LAMPS MK III
was to be known officially as the Seahawk. Designated
SH-60B, the Sikorsky helicopter took its name from the
Curtiss SC-1 Seahawk which was a catapult launched,
noncarrier, float plane of late World War II.

15 September The test-bed P-3C Orion was deliv-
ered to the Naval Air Development Center,
Warminster, Pa., for the Update III program. The air-
craft featured an advanced signal processor developed
by IBM which provided a four-fold improvement in
isolating sounds of submerged targets from ocean
background noise. Lockheed California Company was
the prime contractor of the P-3C and had been
involved with its development over the past 17 years.

9 November The U.S. Marine Corps’ newest light
attack aircraft, the AV-8B, flew for the first time at
McDonnell Douglas Corporation in St. Louis, Mo. The
AV-8B Harrier had more than double the payload and
radius of its predecessor, the AV-8A.

18 November The Navy’s new strike fighter, the
F/A-18 Hornet, made its first flight at McDonnell
Douglas Corporation in St. Louis, Mo. The Hornet was
designed for a combat radius of more than 550 miles
and a ferry range of more than 2,000 miles.

18 December Commander, NAVAIR formally estab-
lished the undergraduate Jet Pilot Training System
Project. This project was designed to provide Naval
Aviation with an integrated training program consisting
of aircraft, simulators, academics, and training man-
agement. VTXTS was aimed at the intermediate and
advanced jet training levels.

27 December Constellation and her escort ships
were directed to the vicinity of Singapore in response
to the internal crisis in Iran and because of vital U.S.
interests in the Persian Gulf area. On 2 January 1979,
the president directed Constellation and her escort
ships to remain on station in the South China Sea and
not enter the Indian Ocean.

1979
16 January The first F/A-18 Hornet arrived at NATC
Patuxent River, Md., for evaluation trials. Testing dur-
ing the year included in-flight refueling, land-based
catapult launchings and arrested landings, speed tests
and at-sea carrier takeoffs and traps aboard America.

24 January Vice President Walter P. Mondale pre-
sented Lieutenant Colonel Herbert Fix with the
Harmon International Aviation Trophy. Colonel Fix
received the award for his role as Commanding
Officer of HMH-463 during the evacuations of Phnom
Penh and Saigon in 1975. The citation praised Colonel
Fix for carrying out his missions “without casualties

UNITED STATES NAVAL AVIATION 1910–1995 321

1978—Continued

The newest plane in the Navy inventory, the F/A-18 Hornet, is exam-
ined by naval officers.



14 February The Tomahawk missile was launched
from the nuclear powered attack submarine Guitarro
(SSN 665) off the California coast. This successful test
was part of a planned series of three submarine launch-
es and flight tests of the Tomahawk conducted between
February and June which demonstrated the missile’s
over-the-horizon capability to search for, locate, and
conduct simulated attacks on a target ship at sea.

27 February The Navy took delivery of the last A-4
Skyhawk from the McDonnell Douglas Corporation,
setting a record for the longest production run for any
U.S. military aircraft. Built as an attack bomber and as
a two-place trainer, the A-4 had been in continuous
production for 26 years. The final Skyhawk off the
production line was an A-4M attack bomber built for
operation by the Marine Corps. It was the 2,960th
Skyhawk manufactured by McDonnell Douglas and
was delivered to VMA-331.

7 March Constellation and her escort ships were
ordered to the Gulf of Aden in response to the conflict
between North and South Yemen. The Gulf of Aden and
the Persian Gulf were considered vital waterways for the
passage of petroleum products to the U.S. and her allies.

11 March A P-3B Orion from NATC Patuxent River,
Md., flew the first transoceanic flight guided by
NavStar, the space-based radio navigation system. The
six-hour flight was from NAS Barbers Point, Hawaii, to
NAS Moffett Field, Calif. The NavStar system com-
prised 24 satellites in earth orbit providing radio navi-
gational information.

20 March The last variant of the P-2 Neptune rolled
off the production line at ceremonies in Japan. This
was the longest production run of any aircraft type in
history, 34 years from the first model which was built
in 1945 in Burbank, California by the Lockheed
Corporation. The P-2 was the mainstay of the U.S.
Navy’s ASW patrol fleet during the 1950s and early
1960s until it was replaced by the P-3 Orion.

26 March The AV-8A Harrier was used at NATC
Patuxent River, Md., to test a new ski jump ramp
developed by the British to cut down the takeoff dis-
tance for the Harrier. The new ski jump ramp was
designed with a 12-degree angle of elevation and was
130 feet long. The total takeoff distance for a Harrier
using the new ramp was 230 feet compared with the
930-foot runway necessary for a Harrier to make a no-
catapult, flat-surface launch. NATC Patuxent River was
evaluating the ramp for possible use in the fleet.

16 April Midway relieved Constellation as the Indian
Ocean contingency carrier. Midway and her escort
ships continued a significant American naval presence
in the oil-producing region of the Arabian Sea and
Persian Gulf.

21 April The Navy’s Supersonic Tactical Missile test
vehicle made its first flight at the Pacific Missile Test
Center, Point Mugu, Calif. This advanced integral rock-
et/ramjet test vehicle was developed by Vought. It was
described as a major step toward development of a
new generation of high performance, air-to-surface
tactical standoff missiles.

23 April In a ceremony at NAS Norfolk, Va., Vice
Admiral Forrest S. Petersen transferred ownership of
the last Kawanishi H8K2 flying boat to the Japanese
Museum of Maritime Science. Code named Emily by
the allies during World War II, the big craft was
brought to the United States by the Navy late in 1945
to undergo tests at Patuxent River, Md. When the
tests were completed, the Emily was stored at
Norfolk and outlasted all its sister aircraft. In July
1979, the Museum of Maritime Science transported
the Emily to Tokyo.

30 April A RH-53D Sea Stallion from HM-12 set a
new nonstop, transcontinental flight record by flying
from Norfolk, Va., to San Diego, Calif. The helicopter
flew 2,077 nm in 18.5 hours, air refueling from an Air
National Guard HC-130 Hercules. The flight demon-
strated the long-range, quick-response capability of
the RH-53D helicopter and was commanded by
Lieutenant Rodney M. Davis.

22 May The first of two McDonnell Douglas AV-8C
Harriers arrived at NATC Patuxent River, Md., for ser-
vice acceptance trials. Improvements built into this air-
craft over the AV-8A included a new UHF radio, a chaff
and flare dispensing system, lift improvement devices,
a radar warning system and secure voice equipment.

30 May Midway and her escort ships were released
from contingency operations in the Arabian Sea and
departed for the Pacific.

12 June The Deputy Secretary of Defense approved
the mission element need statement for the VTXTS.
This system represented a major step toward meeting
the continuing requirement to provide undergraduate
pilot training for student Naval Aviators and transition
students of the U.S. Navy and Marine Corps.
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21 July Neil A. Armstrong, a Navy pilot during the
Korean War, was inducted into the Aviation Hall of
Fame in Dayton, Ohio. He served as an experimental
test pilot for the National Advisory Committee for
Aeronautics and flew a variety of high speed aircraft
including the X-15. Later, after being selected as an
Astronaut by NASA, he served as command pilot of
the Gemini 8 mission, during which he participated in
the first docking of a spacecraft. His most notable
achievement came as commander of the Apollo 11
Lunar Landing Mission when he became the first man
to step on the moon.

24 July The Bell XV-15 successfully converted in
flight from the helicopter mode to the fixed-wing
mode. The XV-15 flight test program was founded as a
joint U.S. Navy/NASA/Army research effort to evaluate
the tilt rotor concept.

27 July The Navy’s newest turbo-jet-powered aerial
target, the Northrop BQM-74C, successfully completed
its first flight over the Pacific Missile Test Center, Point
Mugu, Calif. The 33-minute flight also marked the first
airborne launch of the BQM-74C when the target was
launched from under the wing of an A-6 Intruder.
Following completion of the flight, the BQM-74C was
safely landed at sea, retrieved, and returned to Point
Mugu for inspection, refurbishment, and eventual
reuse. The BQM-74C was the only target in the world
using a Digital Avionics Processor which allowed it to
provide realistic low cost antiship cruise missile simu-
lation in training.

30 August The first prototype of the Navy’s SH-60B
Seahawk helicopter was unveiled at the Sikorsky

20 June Lieutenant Donna L. Spruill became the first
Navy woman pilot to carrier qualify in a fixed-wing
aircraft. Lieutenant Spruill piloted a C-1A Trader to an
arrested landing aboard Independence.

1 July With the disestablishment of U.S. Army
Executive Flight Detachment, HMX-1 became the sin-
gle source of helicopter support for the White House.

17 July Saipan was operating off the coast of
Nicaragua for possible evacuation of American diplo-
mats and others due to the turmoil surrounding the
fall of that government.

18 July VP-23, flying the P-3C Orion, fired the new
Harpoon missile. VP-23 was the first operational fleet
patrol squadron to receive, fire and make an opera-
tional deployment with the Harpoon missile. On August
17, a ceremony at NAS Brunswick, Maine, marked the
introduction of the Harpoon antiship missile into opera-
tional service as an air-launched weapon.

19 July The President announced he had instructed
the U.S. Seventh Fleet to aid the Vietnamese “boat
people” and assist them to safety. U.S. Naval Aviation
and surface units of the Seventh Fleet stepped up
patrolling, assistance and rescue efforts in support of
these Vietnamese refugees.
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Vietnamese refugee boarding White Plains (AFS 4) after being res-
cued from their 35 foot boat in the South China Sea NAH-002785

Aerial view, taken by a P-3B Orion from VP-22, of boat people
aboard their small craft displaying an “SOS” sign 1175289



Aircraft Division at Stratford, Conn. The SH-60B was
designed to operate from destroyers, frigates and
cruisers in performing its role in the LAMPS mission—
detecting, classifying, locating and destroying hostile
submarines and surface vessels over extended ranges.
Secondary missions for the helicopter included search
and rescue, medical evacuation and general fleet sup-
port. The SH-60B was officially dubbed the Seahawk
in February 1979.

30 August A U.S. Navy CH-53D Sea Stallion helicopter
of VR-24 lifted a 12-foot bronze statue of the Madonna
and Child to the top of Mt. Tiberius on Capri, Italy, to
replace one which had been destroyed by lightning. The
statue was too large to be transported overland.

15 September The first UC-12B for the Navy arrived
at NATC Patuxent River, Md., for preliminary evalua-
tion tests. The UC-12B is the military version of the
Beechcraft Super King Air 200 which was purchased
by the Navy to replace aging reciprocating engine air-
craft and supplement the Navy’s transport inventory.
The UC-12B was designed to carry 8 to 12 passengers.
It had a maximum cruise speed of 300 mph and a
range up to 1,760 miles. The aircraft could operate
from short, grass runways and fly at 31,000 feet. It had
advanced solid state avionics which could automatical-
ly navigate the plane through bad weather conditions.
The UC-12B had been designed for reliability, main-
tainability and low cost of operation, with a configura-
tion which lent itself to a variety of transport, training
and utility missions.

18 September The Circulation Control Rotor made
its first flight using the airframe and propulsion system
from an HH-2D helicopter. This CCR was initiated by
the Navy as an advanced rotor system with improved
performance, reduced maintenance requirements, and
reduced vibration levels from extant rotor systems.

28 September RVAH-7 was disestablished, closing
the history on the last RA-5C Vigilante squadron in the
Navy. The Vigilante had provided 15 years of tactical
support to the fleet as a photographic reconnaissance
plane and had served valiantly in Vietnam with inte-
grated intelligence sensors and photographic equip-
ment. Some of the RA-5C Vigilantes were planned for
use as drones.

1–8 October The AV-8C Harrier shipboard trials
were conducted aboard Saipan. Testing consisted of
33 flights involving short take-offs, vertical take-offs
and vertical landings by the AV-8C.

11 October Nassau and other amphibious ships
headed for Guantanamo Bay, Cuba, in a show of
force ordered by the President in response to maneu-
vers by a Russian combat brigade in Cuba. On 17
October, 1,800 Marines landed in Guantanamo Bay as
a demonstration of naval power in the wake of the
Soviet refusal to withdraw the Russian combat brigade
from Cuba.

14 October The A-6E TRAM aircraft was introduced
into the fleet, at NAS Oceana, Va. The A-6E TRAM pro-
vided the U.S. Navy with the finest all-weather attack
system in the world.

28 October Kitty Hawk and her escort ships were
directed to operate south of the Korean peninsula in
response to the assassination of South Korean
President Park Chung Hee on 26 October.

30 October The F/A-18 Hornet made its first land-
ing at sea aboard America for five days of sea trials.
A total of 32 catapult and arrested landings were
completed.

4 November One Naval Aviator and 14 Marines
were among the more than 60 Americans taken
hostage when the United States Embassy in Tehran,
Iran, was seized by a mob of Iranian revolutionaries.
Spokesmen for the mob demanded that the United
States return to Iran the deposed Shah who was in a
New York hospital at the time.

18 November Midway and her escort ships, which
had been operating in the Indian Ocean, arrived in the
northern part of the Arabian Sea in connection with
the continuing hostage crisis in Iran.

20 November The last RA-5C Vigilante in the Navy
departed NAS Key West, Fla., on her final flight. The
RA-5C was one of the Navy’s finest and only all-
weather carrier based reconnaissance aircraft. With
this final flight, the entire reconnaissance inventory of
156 Vigilante aircraft was phased out.

21 November Kitty Hawk and her escort ships were
directed to sail to the Indian Ocean to join Midway
and her escort ships which were operating in the
northern Arabian Sea. The two carrier forces provided
the U.S. with A-6 and A-7 attack aircraft and F-4 and
the modern F-14 fighter aircraft, which could respond
to a variety of situations if called upon during the
Iranian hostage crisis.
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31 December U.S. Navy surface and aviation forces
of the Seventh Fleet continued their patrols and rescue
assistance efforts connected with the Vietnamese boat
people following the President’s order in July. During
the last six months of 1979, Navy ships embarked over
800 Vietnamese refugees. Vietnamese refugees picked
up by merchant vessels with the aid of P-3 patrol air-
craft totaled over 1,000.

1980

1 January Midway and Kitty Hawk continued on
contingency operations in the Arabian Sea in response
to 53 Americans held hostage at the American
Embassy in Teheran, Iran, since 4 November 1979.

1 January VP-23 deployed from Keflavik, Iceland, to
Diego Garcia and made its first operational flight out
of the Indian Ocean base within ten days after receiv-
ing orders, thereby demonstrating its rapid deploy-
ment capability.

2 January A detachment of P-3B Orions of VP-10,
deployed at Rota, Spain, flew photoreconnaissance
missions to locate areas damaged in an earthquake
which struck the Azores the day before, killing some
50 persons and injuring another 500.

4 January Nimitz rendezvoused with her nuclear-
powered escort ships in the Mediterranean and head-
ed to the Indian Ocean via Africa’s Cape of Good
Hope to relieve Kitty Hawk which was on contingency
duty. This left Forrestal, the only carrier with the Sixth
Fleet, in the Med.

4 January The first TA-7C Corsair II assigned to the
Pacific Missile Test Center, Point Mugu, Calif., was test
flown.

7 January Reconnaissance Attack Wing One was
disestablished. The wing had consisted of nine fleet
squadrons, one training squadron and a support com-
mand which had provided tactical reconnaissance for
Navy carrier deployments. The phaseout coincided
with the final retirement from the fleet of all RA-5C
Vigilantes on 20 November 1979 and the disestablish-
ment of the last RVAH squadron on 28 September
1979.

22 January Nimitz and her escort ships joined
Midway and Kitty Hawk and their escort ships on sta-
tion in the Arabian Sea. The following day Kitty Hawk
departed for Subic Bay, R.P., having spent 64 days in
operations connected with the Iranian crisis.

3 December Kitty Hawk and her escort ships arrived
on station in the northern Arabian Sea for contingency
operations during the Iranian hostage crisis. This was
the first time since World War II that the U.S. Navy had
two carrier task forces in the Indian Ocean in
response to a crisis situation.

12 December The development program for the
LAMPS MK III SH-60B Seahawk helicopter reached a
major milestone when the aircraft completed its first
flight at the Sikorsky test facility in West Palm
Beach, Fla.

17 December The first two-seater F/A-18 Hornet
arrived at NATC Patuxent River, Md., for armament
and stores separation testing. During 1979 NATC had
conducted 416 flights in the F/A-18 for a total of 555
hours testing the new fighter/attack plane. On 12
December NATC completed a successful live firing of
a Sidewinder missile from the F/A-18.

21 December The Defense Department announced
a three-ship nuclear-powered carrier battle group from
the Sixth Fleet would deploy to the Indian Ocean to
relieve the Seventh Fleet carrier battle group led by
Kitty Hawk. The Sixth Fleet carrier battle group con-
sisted of the nuclear-powered Nimitz and her nuclear-
powered escort ships.

24 December A massive Soviet airlift of 5,000
Russian airborne troops and equipment into the
Afghanistan capital of Kabul was conducted. The U.S.
protested the large influx of Soviet troops which the
Soviet Union claimed were there at the request of the
Afghanistan government. On 27 December, a Soviet-
backed coup installed a new president in Afghanistan.
Two carrier task forces centering around Midway and
Kitty Hawk continued contingency operations in the
northern Arabian Sea.

31 December During 1979, Navy carrier forces
responded to five crisis situations around the world.
The following carriers responded for contingency
operations: Constellation responded to the crisis which
involved North and South Yemen; Saipan responded
during the Nicaraguan turmoil; Nassau was involved
in the response to Russian combat troops in Cuba;
Kitty Hawk responded to the alert in Korea; and
Midway and Kitty Hawk conducted contingency opera-
tions during the Iranian hostage crisis.
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5 February Coral Sea relieved Midway which had
been on contingency operations in the Arabian Sea
since the Iranian hostage crisis broke out in November
1979.

29 February VMO-1 began flying the new OV-10D
Bronco observation plane at New River, N.C. The D
version, manufactured by Rockwell International, had
the FLIR and laser rangefinder designator systems. The
new systems enabled the pilot to locate a target at
night or in bad weather and then pinpoint the exact
range and location with a laser beam. An automatic
video tracker computer system locked on to a moving
target with information provided by the infrared sys-
tem. The TV-like video display gave the pilot and
observer a computer-assisted sighting capability.
Conventional improvements included the upgraded T-
76 turboprop engine, larger fiberglass propellers and
an increased fuel capacity.

1 March It was reported that the CNO had proposed
to the Secretary of Defense a plan to reactivate the
Essex-class carrier Oriskany and several other major
moth-balled ships to help fulfill the Navy’s missions in
the Indian Ocean and other areas.

6 March Nassau began a month-long cruise to the
Caribbean to demonstrate U.S. capability to defend the
Panama Canal in accordance with the 1979 treaty with
Panama. Nassau had a 400-man Marine detachment,
CH-46 Sea Knight and CH-53 Sea Stallion helicopters
and AV-8A Harriers on board.

16 April Dwight D. Eisenhower and her nuclear-
powered escort ships departed East Coast ports en
route to the Indian Ocean to relieve Nimitz. This was
the second all nuclear-powered task force to head for
the Indian Ocean since the beginning of the Iranian
hostage crisis. Two days later, Constellation and her
escort ships departed Subic Bay, R.P., steaming to the
Indian Ocean to relieve Coral Sea.

24 April Eight RH-53D Sea Stallions operating from
Nimitz in the Arabian Sea took part in a joint task
force operation to rescue the American hostages in
Tehran, Iran. The mission was later aborted at a desert
refueling site. Subsequently, one of the helicopters
collided with a C-130 Hercules aircraft resulting in the
loss of eight lives. All other personnel were evacuated
on the remaining C-130s.

30 April Constellation and her task group relieved
Coral Sea and her escort ships. Coral Sea had been on
station for 89 days in connection with the Iranian crisis.

5 May Saipan and other Navy ships provided
humanitarian search and rescue support operations for
the vast sealift of Cuban refugees heading for the U.S.
through the Florida Straits. The Navy ships had been
diverted from the annual combined training exercise
Solid Shield to undertake the mission.

8 May Arriving in the Arabian Sea from the U.S. via
the Cape of Good Hope, Dwight D. Eisenhower conduct-
ed turnover with Nimitz, which had been involved in
Iranian contingency operations for 115 consecutive days.

26 May The President embarked on Nimitz off
Norfolk, Va., and thanked the men of Nimitz and her
escort ships for their sacrifice during an extended
nine-month deployment to the Mediterranean and the
Indian Ocean. Nimitz had spent 144 straight days at
sea in connection with the Iranian hostage crisis.

27 May Coral Sea was diverted to standby duty
south of the Cheju-Do Islands in the Sea of Japan in
response to conditions of civil unrest in the Republic
of Korea. She was relieved by Midway three days later.

31 May P-3 Orions from various patrol squadrons of
Patrol and Reconnaissance Force, Seventh Fleet, con-
tinued their search, begun the previous year, for
refugees in the South China Sea and Gulf of Thailand.
These aircraft had investigated more than 15,000 radar
contacts and dropped radio transmitters and/or
refugee survival packs to people in distress. To this
date, over 2,500 refugees had been rescued through
efforts by all elements of the Navy.

3 June The first AGM-65E laser Maverick missile was
fired at Eglin AFB, Fla., from a Marine Corps A-4M
Skyhawk. The missile was the laser-guided version of
the USAF’s air-to-ground Maverick with a heavier war-
head. It was being developed by Hughes Aircraft
Company for use by the Marine Corps in close-air sup-
port of combat troops.

15 June A loading demonstration of the F/A-18
Hornet was held at NATC Patuxent River, Md. The air-
craft showed off some of its weapons capabilities,
among them the 20mm Vulcan cannon, AIM-7F
advanced Sparrow, AIM-9L Sidewinder, flare dis-
pensers, rocket launchers, advanced fuel-air explo-
sives, and a Rockeye and other bombs. Hornet
weaponry also included Walleye, Maverick, Harpoon
and HARM missiles, and laser-guided bombs.
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17 August Midway relieved Constellation to begin
another Indian Ocean deployment and complement
the Dwight D. Eisenhower task group still on contin-
gency duty in the Arabian Sea.

22 September Dwight D. Eisenhower and Midway
continued contingency operations in the northern
Arabian Sea as war erupted between Iraq and Iran.

12 October Ships of the Amphibious Force, Sixth
Fleet, including Guadalcanal, began assisting the vic-
tims of a massive earthquake which devastated the
Algerian city of Al Asnam. The ships took up positions
20–25 miles offshore to render helicopter support in
the disaster relief efforts.

6 November Ranger and accompanying ships of
her task group relieved Midway in the northern
Arabian Sea. Midway thus completed her second
Indian Ocean deployment in connection with the
Iranian crisis, for a total of 157 days on the line.

11 November For the first time, the LAMPS SH-60B
Seahawk worked with the RAST system aboard a ship
underway. The guided-missile frigate McInerney (FFG
8) conducted the shipboard aspect of the exercise
which included mainly electronic communications and
not an actual landing. This test was conducted from
the Bath Ironworks and Yard at Bath, Maine.

13 November VFA-125, the Navy’s first F/A-18
Hornet squadron, was established at NAS Lemoore,
Calif. The new squadron would train Navy and Marine
Corps personnel to fly and maintain the new fighter-
attack aircraft.

22 November Aircraft carrier suitability tests of the
Tomahawk II medium range air-to-surface missile
were completed.

25 November RH-53D Sea Stallions from VR-24,
together with units of the U.S. Army and Air Force,
began disaster relief assistance to victims of the devas-
tating earthquake at Avellino, Italy, on 23 November
which killed over 3,000 persons and made many more
homeless. Commander, Fleet Air Mediterranean, head-
quartered at Naples, was director of U.S. military sup-
port efforts.

8 December Independence and her escort ships
relieved Dwight D. Eisenhower and her task force
which had been involved in Iranian contingency oper-
ations since 8 May. Dwight D. Eisenhower returned to
Norfolk, Va., on 22 December after a 251-day deploy-
ment, the longest underway deployment for a Navy

23 June The Navy granted approval for service use
for two advanced sonobuoys. The AN/SSQ-2
Directional Command Active Sonobuoy System and
the AN/SSQ-77 Vertical Line Array DIFAR represented
the first major improvements in the sonobuoy field
since the AN/SSQ-53 DIFAR was introduced in 1968.
These sonobuoys reinforced their article’s unique posi-
tion as the vital link between the search aircraft and
“enemy in liquid space.” They provided a three-to-five
fold improvement over existing active and passive air-
borne sensors.

8 July The Navy terminated its support operations at
Key West, Fla., for the Cuban refugees. Eleven Navy
ships as well as P-3 Orion patrol aircraft assisted the
unofficial freedom flotilla which involved civilian
boats crossing the Florida Straits to transfer Cuban
refugees to the U.S. Over 115,500 had arrived from
Mariel, Cuba, since the freedom flotilla began.

18 July Charles “Pete” Conrad, former Navy pilot
and NASA astronaut, became the twelfth former Naval
Aviator to be enshrined in the prestigious Aviation Hall
of Fame, Dayton, Ohio.

30 July An automatic parachute release system
developed by Vought Corporation was designed to
save the lives of pilots who ejected from their aircraft
under adverse conditions. The new system, developed
with U.S. Navy funding, was called SEAPAC. It had sea-
water activated switches which automatically released
the parachute harness when a pilot entered the water.

31 July A T-2C Buckeye was launched successfully
from a fixed-angle, three-degree ski jump at Naval Air
Test Center, Patuxent River, Md. This launch was the
first part of feasibility demonstrations to evaluate the
use of ramps for takeoffs by conventional, as opposed
to V/STOL, aircraft.

31 July A Limited Duty Officer aviator program for
second class, first class and chief petty officers, pay
grades E-5 through E-7, was established, with the first
35 enlisted personnel selected and scheduled to report
to NAS Pensacola, Fla., in April 1981. After completing
aviation officer indoctrination, primary flight and mar-
itime (prop) training, the new officers were assigned
to an initial three-year tour as primary flight instruc-
tors. Major objectives of the program were to improve
utilization and retention of aviators, provide further
upward mobility for enlisted personnel, improve the
flight instructor program and provide for replacement
of aviators in selected shipboard billets.
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ship since World War II. She had been underway for
152 continuous days.

31 December Carrier operations during 1980 in
connection with the Iranian crisis consisted of 10
tours by eight attack carriers (two with two tours
each) in the Indian Ocean/Arabian Sea. The carriers

accumulated a grand total of 723 days on station.
Those with over 100 contingency days on station
during the year included Dwight D. Eisenhower,
whose two tours totaled 199 days; Midway, with two
tours representing 118 days; Constellation, with 110
days; and Nimitz, with 108 days. Other carriers
involved in contingency operations in the Indian
Ocean were Coral Sea, Ranger, Independence and
Kitty Hawk.
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An E-2 Hawkeye in colorful 1976
bicentennial markings.

An F-4 Phantom II in colorful
1976 bicentennial markings.
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A TA-4J Skyhawk in colorful 1976 bicentennial markings.

An H-3 in colorful 1976 bicentennial markings.
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F-4J Phantom of VF-21 making a successful barricade arrested landing aboard Ranger.

Pilot ejecting
from aircraft
aboard
Shangri-La
NH-90350



Naval Aviation’s involvement in international
events—major highlights of the 1980s—began with
Iran and the continuing hostage crisis, 1979–1981.
Libyan operations in 1981, 1986 and 1989 demonstrat-
ed Naval Aviation’s air-to-air and strike capabilities. In
1983, a carrier and amphibious task force took part in
Operation Urgent Fury and the re-establishment of
democracy in the Caribbean island of Grenada.
Operations in and around Lebanon kept Naval
Aviation occupied during the mid-1980s. Responding
to hijacking and terrorism in the Mediterranean basin
was an ongoing requirement for most of the 1980s.
The other hot spot for Naval Aviation was the Persian
Gulf and the Iran-Iraq war. Naval Aviation was
involved in numerous periods of short-lived combat
operations in the Persian Gulf area. The escorting of
reflagged oil tankers and the monitoring of the Iran-
Iraq war kept Naval Aviation on the line from the mid-
1980s. As the decade ended, a new crisis appeared
when Iraq invaded Kuwait and the UN imposed an
economic blockade on Iraq to force its withdrawal
from Kuwait.

The activities of Naval Aviation were not limited to a
combat role. In 1982, the U.S. Navy began working
closely with U.S. Customs and the Coast Guard to curb
the influx of drugs into the country. Navy E-2C
Hawkeye aircraft became a permanent participant in
helping to detect drug smugglers. Other activities
included continued involvement in the manned space
program and assistance during natural disasters, both
at home and abroad.

The 1980s ended on a high note, featuring a contin-
ued détente between the U.S. and the Soviet Union.
During this decade, Naval Aviation continued to show
its diversity and multiple capabilities.

1981
1 January The names of the first group of selectees
for the new Naval Aviation Hall of Honor at the Naval
Aviation Museum in Pensacola, Fla., were made pub-
lic. The 12 men approved for enshrinement by the
Chief of Naval Operations on 10 July 1980 were:

The eighth decade of Naval Aviation was character-
ized by a buildup of its forces, the rise of world-wide
acts of terrorism and Naval Aviation’s involvement in
response to the various crises throughout the world.

The decade began with American Embassy person-
nel being held as hostages in Iran. As had been the
case since the Cold War began, carriers were on sta-
tion in response to the crisis. The latter part of the
1970s had seen an increase in the number of carrier
deployments to the Indian Ocean. In the 1980s that
trend was increased and strengthened. Undoubtedly,
this was the result of the ongoing and increasing prob-
lems in the Middle East, eastern Africa and the sub-
continent of Asia.

During the 1980s, Naval Aviation saw a resurgence
in its strength and capabilities. There was an increase
in its building programs and new technology
research. Many of Naval Aviation’s aircraft for the
1990s and the 21st century were introduced in the
1980s. They included the F/A-18 Hornet, the SH-60B
LAMPS MK III Seahawk and its derivatives, the MH-
53E and the AV-8B Harrier II. A new aircraft concept
was introduced with the rollout of the V-22 Osprey, a
fixed-wing, tilt-rotor aircraft capable of vertical take-
off and landing and horizontal flight (VTOL). Missile
development kept pace with the aircraft. New intro-
ductions into the operating inventory included the
HARM, Skipper, Hellfire and the cruise missile
(Tomahawk). The platforms for these missiles also
kept pace with developments. Additional nuclear-
powered aircraft carriers were commissioned and
more were authorized for construction. A new class of
multipurpose amphibious assault ship (LHD) was
commissioned with more scheduled for completion or
under construction.

The decade of the 1980s was special for Naval
Aviation. In 1986 it celebrated its 75th anniversary.
Throughout the year, many of the advances in the
development of Naval Aviation were lauded, as were
the men and women who contributed to its growth.
Naval Aviation’s continued involvement in internation-
al events was emphasized and its need to maintain its
readiness and capabilities was reaffirmed .
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Admiral John H. Towers; Eugene B. Ely; Lieutenant
Colonel Alfred A. Cunningham; Rear Admiral Richard
E. Byrd, Jr.; Commander Theodore G. Ellyson; Glenn
H. Curtiss; Vice Admiral Patrick N. L. Bellinger; Rear
Admiral William A. Moffett; Rear Admiral Albert C.
Read; Lieutenant Commander Godfrey deC. Chevalier;
Captain Holden C. Richardson; and Warrant Officer
Floyd Bennett.

6 January The LAMPS MK III ASW system went to
sea for the first time. Off the northeastern coast of
Florida, the SH-60B Seahawk landed aboard
McInerney (FFG 8) underway by using the new RAST
gear. RAST was designed to recover a helicopter in
seas with ship movements up to a 28 degree roll, 5
degrees of pitch and heaving of 15 feet per second.
The primary mission of the SH-60B was antisubmarine
warfare. It also provided surveillance and targeting
information on surface vessels, performed search and
rescue (SAR) operations and was used for vertical
replenishment and gunfire support.

10 January Aircraft from the naval stations at
Guantanamo Bay, Cuba, and Roosevelt Roads, P.R.,
responded to a request by the Jamaican government
for assistance in fighting a fuel oil storage tank fire in
the Montego Bay area. The aircraft flew in fire fighters,
equipment and light water.

15 January A Tomahawk cruise missile was
launched from the submerged submarine Guitarro
(SSN 665) off the California coast and impacted the
target at a range of more than 100 miles. The test was
repeated six days later with the same results. In anoth-
er test conducted on 20 March, the missile hit the tar-
get at a range of more than 200 miles. These tests suc-
cessfully demonstrated the Tomahawk’s capability to
search for, locate and attack a target at sea.

20 January Iran released 52 Americans who had
been held hostage since 4 November 1979, when the
American Embassy in Tehran was seized. Twelve
members of the hostage group were active duty Navy
and Marine Corps personnel. Commander Don A.
Sharer was the only member of the group from the
Naval Aviation community. A Naval Flight Officer, he
was a naval advisor at the time of the embassy
takeover and the senior member of the Navy and
Marine Corps hostages.

31 January The era of Enlisted Naval Aviators came
to a close when the last enlisted pilot, Master Chief
Robert K. Jones, retired after 38 years of naval service.
Enlisted pilots had performed their duties for over 61
years as Naval Aviators on combat missions, as trans-
port pilots and as instructors. The program for Enlisted
Naval Aviators officially ended in 1947.
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Master Chief Air
Controlman
Robert K. Jones
(right foreground)
conducts a pre-
flight check of a
US-2B Tracker.



12 April Space Shuttle Columbia was launched at
Cape Canaveral, Fla. The first reusable space vehicle
was manned by an all-Navy crew consisting of Naval
Aviators Captain John Young, USN (Ret), and Captain
Robert Crippen. Two days later, after 36 orbits
around the earth, the shuttle returned to earth and
touched down safely at Edwards Air Force Base,
Calif. The vehicle was then prepared for its next
flight into space. The space orbiter was designed to
carry satellite payloads into space and conduct
manned experiments.

13 April AV-8A Harriers were deployed as a Marine
Air Group aboard an LHA for the first time. Marine Air
Group 32, composed of VMA-231 and -542, began its
Sixth Fleet deployment aboard Nassau.

15 April Admiral John S. Thach, one of the Navy’s
early fighter tacticians, died. He was commanding offi-
cer of VF-3 when World War II began and was per-
haps best known for developing a two-plane fighter
tactic which proved to be effective against the highly
maneuverable Japanese Zero. This innovation became
known as the “Thach Weave” and was taught to Navy
and Army Air Force pilots alike.

4 May America transited the Suez Canal, the largest
warship ever to do so. She was the first U.S. carrier to

travel through the canal since
1 June 1967, when Intrepid
navigated the waterway.

19 May Astronauts Captain
John W. Young, USN (Ret),
and Captain Robert L.
Crippen, USN, were present-
ed medals by the President at
White House ceremonies for
their successful mission on
the first orbital flight of the
Space Shuttle Columbia .
Astronaut Young received the
congressional Space Medal of
Honor, the seventh person so
honored. Five of the seven
have been Navy or Marine
Corps Aviators.

20 May TACGRU One and
subordinate commands,
TACRONS 11 and 12, were
established. Their mission
was to perform all functions
relating to tactical control of
aircraft in support of amphibi-
ous operations.

19 February VFA-125 became the first squadron to
receive the new F/A-18 Hornet for fleet operations.
The Hornet was the Navy’s newest strike fighter and
had been undergoing extensive operational test and
evaluation at Patuxent River, Md., and by VX-4 at
Point Mugu, Calif. VFA-125’s mission was to train
maintenance personnel and pilots for future Hornet
squadrons.

16 March An A-6 Intruder from VA-115 on board
Midway sighted a downed civilian helicopter in the
South China Sea. Midway immediately dispatched HC-
1 Det 2 helicopters to the scene. All 17 people aboard
the downed helicopter were rescued and brought
aboard the carrier. The chartered civilian helicopter
was also plucked out of the water and lifted to
Midway’s flight deck.

23 March The F/A-18 Hornet began climatic testing
by the Air Force’s 3246th Test Wing at the McKinley
Climatic Laboratory, Eglin Air Force Base, Fla. The
tests were designed to evaluate the F/A-18 airframe’s
ability to withstand the wide range of temperatures
and climatic conditions which the aircraft would expe-
rience in its everyday operations.
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The F/A-18 Hornet during climatic testing at Eglin AFB, Fla.



26 May During night air operations on Nimitz, an
EA-6B Prowler from VMAQ-2 crash landed on the
flight deck and careened into parked aircraft on the
bow. Fourteen men lost their lives. The men of Nimitz
and CVW-8 prevented further loss of life and damage
to the carrier by prompt rescue, damage control and
fire prevention operations. On 30 June, Nimitz
returned to operations at sea after two days in port in
Norfolk to repair the damage incurred as a result of
the 26 May crash.

1 June Patrol Wing 10 was established in cere-
monies held at NAS Moffett Field, Calif. The opera-
tional patrol wing would act as the middle link
between the patrol squadrons and Commander, Patrol
Wings, Pacific. This was the third time that the Patrol
Wing 10 designation had been used. It was originally
established in December 1940, disestablished in June
1947, established in June 1963 and disestablished once
more in 1973. In early 1942, PBY squadrons of the
patrol wing fought courageous delaying actions
against the Japanese as Allied forces were driven
southward from the Philippines. Later in the war, the
legendary Black Cats operated under Patrol Wing 10.

6 June The Order of Daedalians presented their
Weapon System Award for Outstanding System
Achievement to NAVAIR. The specific system which
occasioned the award was NAVAIR’s A-6E TRAM project.

15 June The Blue Angels, the Navy’s Flight
Demonstration Squadron, celebrated their 35th
anniversary. Since its beginning, the squadron had
flown the F8F Bearcat, F6F Hellcat, F9F Panther, F9F-5
Cougar, F11F-1 Tiger, F-4J Phantom II, and the A-4
Skyhawk.

16 June The first fleet operational CH-53E Super
Stallion helicopter, built by Sikorsky Aircraft Division,
was delivered to Marine Air Group 26 for assignment
to HMH-464. The newly improved CH-53E, the west-
ern world’s largest helicopter, could transport cargo of
over 16 tons or ferry 55 fully equipped Marines. It was
also capable of delivering aircraft on board carriers.

29 June The Secretary of Defense approved full pro-
duction of the F/A-18 Hornet. The aircraft had met all
requirements for use as a Navy and Marine Corps
fighter and would replace the aging F-4 Phantom II.

1 July VS-0294 was established at NAS North
Island, Calif. The reserve unit’s mission would be to
train and qualify pilots, NFOs, aircrewmen and main-
tenance personnel to augment fleet carrier ASW
squadrons. The reserve squadron, with the exception
of maintenance personnel, would train on simulators
or trainers, which were realistic mock-ups of S-3A
aircraft, thereby reducing the high cost of utilizing
actual aircraft.
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Space Shuttle Columbia, with its all Navy crew, touches down at Edwards AFB, Calif., after its first flight.



an A-7E against Savage (DER 368). The test was con-
ducted from the Pacific Missile Test Center.

14 October The Naval Aviation Hall of Honor was
dedicated at the Naval Aviation Museum, Pensacola,
Fla. The first 12 selectees were enshrined during the
dedication.

28 October Walter Hinton, the last surviving partici-
pant in the historic NC-4 flight, died. The flight, made
in May 1919, was the world’s first trans-Atlantic flight.

31 October Newport News Shipbuilding, Newport
News, Va., laid the keel for CVN 71, and the name for
the new carrier was announced officially as Theodore
Roosevelt. Secretary of Defense Caspar Weinberger
delivered the address during a ceremony at Newport
News, Va.

5 November The McDonnell Douglas AV-8B Harrier
flew for the first time. The AV-8B, developed by
McDonnell Aircraft Company with British Aerospace
participation, was an advanced version of the AV-8A
already in service with the Marine Corps.

7 November VMAQ-4 was established at NAS
Whidbey Island, Wash. The squadron was the first
Marine Corps reserve squadron to fly the EA-6A
Intruder.

13 November The Secretary of the Navy announced
the forthcoming retirement of Admiral Hyman G.
Rickover, Director of the Division of Naval Reactors.
Admiral Rickover was known as the father of the
nuclear-powered submarine and was also responsible
for the development of nuclear-powered surface ships,
including aircraft carriers. Admiral Rickover’s contribu-
tions to Naval Aviation had been duly recognized on
21 July 1970, when he was awarded honorary Naval
Aviator wings.

14 November Astronauts Captain Richard H. Truly,
USN, and Colonel Joe H. Engle, USAF, brought Space
Shuttle Columbia back to earth after two days in
space. They were the first men to fly into space and
return in a previously used spacecraft. Columbia had
its maiden voyage in April 1981.

17 November The first firing of the Harpoon Block
1B missile occurred aboard Fletcher (DD 992). This
successful launch was a milestone in missile develop-
ment by NAVAIR. The air-launched version of the
Harpoon made its initial carrier deployment in
October 1981 with VA-65 aboard Constellation.

7 July A strike by the Professional Air Traffic
Controllers Organization led the President to assign
116 Navy and Marine Corps air traffic controllers to
civilian airport towers.

8 July A newly modified model 24 Lear jet arrived at
NAS Patuxent River, Md., to be used as part of the
Naval Test Pilot School’s fleet of flying teaching aids.
The Lear jet was equipped with a flight control system
which allowed changes in the aircraft’s flying qualities
to meet instructional needs. Test pilot students could
be exposed to handling characteristics ranging from a
transport to the F/A-18 in this aircraft.

9 July U.S. Naval Aviation officials and representa-
tives from the Federal German Navy Air Arm marked
the 25th anniversary of the program established in
1956 for the training of German naval pilots, flight offi-
cers and flight surgeons at U.S. Naval Aviation facilities.
The ceremonies were conducted at NAS Pensacola,
Fla., and included the Chief of Naval Air Training and
the Deputy Commander-in-Chief German Fleet.

23 July VMFA-312 received a camouflaged F-4S
Phantom II sporting a new paint scheme which was
being tested by NAVAIR. The new camouflage was a sci-
entifically designed, counter-shaded gray, tactical paint
scheme to help the plane to escape visual detection.

19 August Two F-14 Tomcats of VF-41 shot down
two Libyan Su-22 Sukhoi aircraft over international
waters. Flying off Nimitz, the Tomcats were on a
reconnaissance mission for a missile-firing exercise
being conducted by U.S. ships from two carrier battle
groups when they were fired on by the Libyan planes.
The VF-41 Tomcats, part of CVW-8, were piloted by
Commander Henry M. Kleeman and Lieutenant
Lawrence M. Muczynski with the respective RIOs
Lieutenants David J. Venlet and James Anderson.

28 September The first night flight of a convention-
al land attack Tomahawk cruise missile was conducted
over White Sands Missile Range, N.Mex. A Navy A-6
equipped with the Tomahawk cruise missile took off
from the Pacific Missile Test Center, Point Mugu, Calif.,
and flew to White Sands. The aircraft used the
Tomahawk’s terrain contour matching updates to
guide it to the range. Once inside the range, the mis-
sile was launched from the A-6 and flew a complex
night land attack mission.

5 October The AGM-88A HARM missile made its
first live warhead launch. The missile was fired from
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2 December Captain Cecil E. Harris, USN (Ret),
died. He was the Navy’s second highest scoring ace
during World War II and was credited with downing
24 enemy aircraft.

1982
8 January The F/A-18 Hornet made its first fully
automatic landing on a simulated carrier deck field at
Naval Air Test Center, Patuxent River, Md.

28 January The new Limited Duty Officer Aviator
Program, in which enlisted personnel could receive
flight training and be commissioned, was inaugurated
by Antisubmarine Warfare Aircrewman First Class
Michael A. Gray and Chief Yeoman Douglas L.
McGowan, Jr., when they completed their flight train-
ing and received their wings and commission. This
was the first time that noncommissioned officers com-
pleted flight training since the NAVCAD program
ended in 1968.

3 February John F. Kennedy transited the Suez Canal
from the Mediterranean Sea to the Red Sea, the largest
warship ever to pass through the Canal. She was en
route to the Indian Ocean for an extended deployment.

13 February VF-84, stationed aboard Nimitz, returned
to Norfolk from the Mediterranean, completing the first
operational deployment of the TARPS on the F-14 Tomcat.
TARPS was designed to be carried by the F-14 for low to
medium altitude photoreconnaissance missions.

5 March The Navy assumed command of the gov-
ernment plant representative office at McDonnell
Douglas Corporation’s St. Louis, Mo., facilities. The
Navy replaced the Air Force plant representative office
which had been responsible for contract administration
at the McDonnell Douglas plant for the past 11 years.

16 March The Vice President announced the U.S.
Navy would be actively working with U.S. Customs
officials and the U.S. Coast Guard to curb the influx of
drugs into the United States. The Navy’s E-2C
Hawkeye aircraft became a permanent participant in
helping detect drug smugglers.

18 April 40th anniversary of the Doolittle raid on
Tokyo. The event was celebrated on 14 April with a fly-
over of Washington, D.C., by four rebuilt B-25 aircraft.
General Doolittle, USAF (Ret), was on hand to greet the
pilots after the flyover. During the Tokyo raid in 1942,
B-25s had been launched from the carrier Hornet.

22 May Marine Corps Aviation celebrated its 70th
anniversary, marking the day when 1st Lieutenant
Alfred A. Cunningham, USMC, reported to the
Superintendent of the Naval Academy for “duty in
connection with aviation.”

2 June The AV-8B Harrier II made the first flight of
its Navy Preliminary Evaluation. This advanced version
of the AV-8 was designed to have twice the perfor-
mance of its predecessor.

7 June The Navy received an advanced version of
the Harpoon missile called the Block 1B Harpoon. The
new missile had an improved radar-guidance system
and was capable of flying at lower altitudes than the
initial Harpoons, which were delivered to the fleet
starting in 1977. The new capability reduced the risk
of detection by defense radar. The Harpoon was pro-
grammed to be the Navy’s basic antiship weapon for
the rest of this century.

25 June The history of the Navy’s C-121 (previous
designations include PO, WV, R7O and R7V) ended
after 33 years of service when the last Warning Star
(other popular names were Constellation, Super
Constellation and Super Connie) was retired from
active service with VAQ-33. The Constellation began
its naval career in August 1949 and served in a wide
variety of roles and missions during its active duty
with the Navy.

25 June The greatest concentration of U.S. Navy air
power in the Mediterranean Sea was the result of the
battle groups of Forrestal and Independence joining
forces with Dwight D. Eisenhower and John F.
Kennedy during the latter part of June. After steaming
together in the eastern Mediterranean Sea for several
days, Forrestal and Independence relieved Dwight D.
Eisenhower and John F. Kennedy, the latter sailing
home to Norfolk, Va., after a long deployment.

30 June The last active duty photographic squadron
(VFP-63) was disestablished. VFP-63’s disestablishment
also brought to a close the era of the F-8 Crusader
squadrons on active duty in the Navy. The only F-8
and photographic squadrons still left in existence were
reserve squadrons VFP-206 and VFP-306, NAF
Washington, D.C.

30 June Chief of Naval Operations Admiral Thomas
B. Hayward, the Navy’s number one aviator, retired.
Admiral Hayward, the 21st CNO, assumed the position
on 1 July 1978. He was a graduate of the Naval
Academy, Class of 1944, and was designated a Naval
Aviator on 26 July 1950.
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2 August The XV-15, Bell Helicopter’s experimental
vertical lift aircraft, piloted by Navy test pilot
Lieutenant Commander John Ball and Bell’s test pilot
Dorman Cannon, conducted its first at-sea shipboard
landings and takeoffs on Tripoli. A tilt-rotor aircraft,
the XV-15 had a conventional fixed wing, with engines
and rotors mounted on the wingtips, which were
capable of swiveling to provide either vertical or hori-
zontal flight.

5 August The Naval Air Test Center successfully
completed tests on the first aircraft tire made
entirely of guayule natural rubber. The Goodyear

tire was mounted on
the right main landing
gear of an F-4J
Phantom II and sub-
jected to a ser ies of
maximum gross weight
takeoffs and landings.
Maximum weight for
the tes t  a i rcraf t  was
56,000 pounds.

8 August The Chief
of Naval Operations
established the first
NAVPRO outside the
U.S. in Melbourne,
Australia. The new
NAVPRO’s duty would
be to administer U.S.
contracts with Australian
companies that were
involved in building the
F/A-18 for the Royal
Australian Air Force.

24 September Naval
Air Systems Command
awarded to McDonnell
Douglas, teamed with
British Aerospace and
Sperry, a pre-full-scale

development contract for the VTXTS. The VTXTS was
designed around the British Aerospace Hawk with
appropriate simulators, academics, a training manage-
ment system, and support equipment.

30 September Acting as executive agent for a tri-
service program, NAVAIR signed a $400,000 contract
with the Gila River Indian Community of Sacaton,
Ariz., to research, develop and establish a prototype
domestic guayule rubber industry in the United States.
If successful, this industry would reduce U.S. depen-

7 July In a change of command ceremony, Mr.
Walter Wagner became the Naval Air Systems
Command’s first civilian project manager. Mr. Wagner
relieved Captain John E. Hock, Jr., as project manager
for the E-2/C-2 airborne tactical data system.

13 July Lieutenant Commander Barbara Allen
Rainey, the first woman to be designated a Naval
Aviator, was killed in an aircraft accident during a
training flight. She was an instructor with VT-3 when
the accident occurred.
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Barbara Allen in the early days of her career.

30 July Ensign Jannine Weiss became the first enlist-
ed woman to receive her wings and commission
under the new Limited Duty Officer Aviator Program.

31 July The last Guided Missile Unit was disestab-
lished after 29 years of service. GMU-41 was estab-
lished on 11 May 1953, with a varied mission. It pro-
vided missile training and technical support to ships
and squadrons, and supported units involved in test
and evaluation of missiles and associated equipment
in the fleet environment.



dence on supplies of 100-percent imported natural
rubber. Potential military applications for guayule rub-
ber were aircraft tires, jet engine mounts, hydrophone
arrays, truck tires, tank treads, submarine acoustic tiles
and medical supplies.

1 October Master Chief Avionics Technician Billy C.
Sanders assumed the duties of Master Chief Petty
Officer of the Navy. He was the second person with
an aviation background to hold the position since it
was established on 1 March 1967. Master Chief
Thomas S. Crow, who preceded Sanders, was the first.

1 October Helicopter Tactical Wing One was estab-
lished at NAS Norfolk, Va. The new wing consisted of
HC-6, HC-16, HM-12, HM-14 and HM-16. It was
responsible for the administrative and operational
activities of these helicopter squadrons with regard to
training, material support and overall readiness.
Captain John W. Osberg was its first commander.

7 October ARAPAHO at-sea testing was completed
at the Norfolk International Terminal, Norfolk, Va.,
when the 18,000-ton container ship Export Leader—
configured with a portable modular aviation facility—
returned to port after having logged 178 day and 45
night helicopter landings. ARAPAHO was a research
and development project to demonstrate the feasibility
of equipping merchant ships with emergency aviation
support in wartime and of operating ASW helicopters
and other combatant aircraft from these vessels.

16 October Saratoga conducted her first sea trials
since entering the shipyard as the first carrier to under-
go SLEP. She was completing the final phase of the
modernization and overhaul program.

28 October The 30th anniversary of the first flight of
the A-3 Skywarrior, affectionately known as the Whale.
The aircraft had been in the fleet since 1956 and had
been used as a heavy bomber, radar trainer, electron-
ics reconnaissance platform, tanker, tanker-electronics
jammer, photoreconnaissance platform, dedicated
electronics jammer, airborne weapons test bed and
VIP transport.

11 November The first operational flight of the
Space Shuttle Columbia was launched with astronauts
Vance D. Brand, Robert F. Overmyer, William B. Lenoir
and Joe P. Allen aboard. Astronauts Brand and
Overmyer were former Navy and Marine Corps avia-
tors, respectively. Lenoir and Allen were civilians. This
was the first time four astronauts were aboard the shut-

tle for a flight. Previous test flights conducted by the
Space Shuttle Columbia carried only two astronauts.

15 December Naval Aviation News celebrated its
65th year of publication. The Navy’s oldest periodical
in continuous print and one of the oldest aviation
magazines in the country, the magazine originally
began as a weekly bulletin published by the Chief of
Naval Operations.

1983
7 January The first F/A-18 Hornets entered opera-
tional service (excluding operational training
squadrons) with the Black Knights of VMFA-314,
replacing the F-4 Phantom II. This transition marked
the beginning of the replacement of F-4 and A-7 air-
craft with the Hornet.

21 January HSL-41 was established with Comman-
der Michael B. O’Connor Jr., as the Seahawks’ first
commanding officer. The squadron would be flying
the new Sikorsky SH-60B Seahawk and, as the LAMPS
MK III fleet readiness squadron, would train pilots, air-
crew and maintenance personnel for SH-60B fleet
squadrons.

11 March The first fleet CH-53E Super Stallion was
delivered to the HM-12 Sea Dragons. The CH-53E
could transport heavier loads over longer distances
than previous helicopters used for logistics in the fleet.

338 UNITED STATES NAVAL AVIATION 1910–1995

1982—Continued

The new heavy lift CH-53E Super Stallion in flight.



10 June Lieutenant Colleen Nevius became the first
woman Naval Aviator to graduate from the U.S. Naval
Test Pilot School at Patuxent River, Md., and be desig-
nated a Navy Test Pilot.

Modifications included the addition of a third engine, a
larger main rotor system and changes to the tail rotor.
These changes would allow the CH-53E to carry three
times the payload of its predecessor, the RH-53D.

21 March Carrier aviation experienced another first
when an all-female flight crew from VRC-30 Truckin’
Traders conducted an operational mission in a C-1A
Trader that terminated in a carrier arrested landing
aboard Ranger. The aircraft was commanded by
Lieutenant Elizabeth M. Toedt and the crew included
Lieutenant (jg) Cheryl A. Martin, AD3 Gina Greterman
and ADAN Robin Banks.

25 March Fighter Attack Squadrons were redesignat-
ed Strike Fighter Squadrons. They would be flying the
F/A-18 Hornet. The VFA designation used for the
Fighter Attack Squadrons remained the same for the
Strike Fighter Squadrons.

1 April Naval Air Reserve Units (NARU) were redes-
ignated Naval Air Reserve (NAR): NAR Alameda, Calif.,
NAR Jacksonville, Fla., NAR Memphis, Tenn., NAR
Norfolk, Va., NAR Whidbey Island, Wash., NAR Point
Mugu, Calif., and NAR North Island, Calif.

7 April VF-201 and -202, Naval Reserve fighter
squadrons, participated in National Week ‘83 exercises.
This was the first time that tactical air reserve units
conducted joint operations with the Sixth Fleet. The
two squadrons with their F-4N Phantom IIs deployed
from NAS Dallas, Tex., to NAS Sigonella, Sicily, via
NAS Oceana, Va.; Gander, Newfoundland; Lajes,
Azores; and Rota, Spain.

1 May RVAW-110 and -120 were redesignated VAW-
110 and -120. Responsible for training personnel in
early warning services for future assignment to fleet
units, the VAW-110 Greyhawks were based at Norfolk,
Va., and the VAW-120 Firebirds at NAS Miramar, Calif.

2 May Lieutenant Leslie E. Provow, a Naval Aviator
assigned to VRC-40, the Codfish Airlines, became the
first woman to be designated a Landing Signal Officer.

6 May HC-4 was established, permanently based at
NAS Sigonella, Sicily, and flying the CH-53E Super
Stallion. Its mission was to provide vertical on-board
delivery (VOD) for the Sixth Fleet.

23 May The Navy’s EX-50 Advanced Lightweight
Torpedo made its first launch from a tactical aircraft,
the S-3A Viking, at NATC Patuxent River, Md.
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Lieutenant Colleen Nevius.

23 June The British-built airship, Skyship 500,
arrived at NATC Patuxent River, Md., for test and eval-
uation. The Navy and Coast Guard were interested in
the airship for possible maritime patrol, search and
rescue and geo-survey missions.

1 July A new alignment of NAVAIR headquarters was
implemented. The position of Deputy Commander
was established. It was headed by a civilian, Dr.
Angelo J. DiMascio. The realignment was designed to
provide a corporate management perspective enabling
NAVAIR to operate more efficiently.

6 July A Marine Corps CH-53E Super Stallion flew
coast to coast in a 15-hour flight from Patuxent River,
Md., to MCAS Tustin, Calif. It was refueled four times
by a Marine Corps KC-130 Hercules.

23 July The U.S. Navy’s only World War I ace, David
S. Ingalls, was enshrined in the National Aviation Hall
of Fame in Dayton, Ohio. Mr. Ingalls was honored for
his service in World War I, in World War II in the
Naval Air Transport Service and in his postwar role in
commercial aviation.



1 August A Marine Corps OV-10A Bronco landed
on Nassau flight deck. This was the first time a Bronco
had ever landed on an LHA. The recovery opened up
the possibility of a future role for the OV-10A in
amphibious operations.

25 August The Navy Department accepted the pro-
duction prototype of the P-3C Orion Update III. The
aircraft was flown to NATC Patuxent River, Md., for
test and evaluation by VX-1. It was expected to be
twice as effective in submarine detection as the
Update II because it would provide increased effec-
tiveness in the acoustic processing system.

29 August The first flight of the AV-8B Harrier II
production model was conducted at the McDonnell
Douglas plant in St. Louis, Mo.

30 August Lieutenant Commander Dale A. Gardner
was a crew member aboard the Space Shuttle
Challenger, becoming the first Naval Flight Officer
(NFO) in space.

1 September The MH-53E Super Stallion production
prototype made its first flight. The MH version of the
CH-53E heavy-lift helicopter was developed to meet
the Navy’s needs for airborne mine countermeasures
missions. The MH versions would also augment the
VOD requirements of the Navy.

20 September The first launch of the Navy’s AGM-
65F IR Maverick missile took place. It was launched
from an A-7E Corsair II and made a direct hit on a
destroyer target. The AGM-65F was the latest addition
to the Maverick family of air-to-ground missiles and
was designed to enhance the Navy’s antiship capabili-
ties.

26 September The first takeoffs of an F/A-18
Hornet from a ski-jump ramp were conducted at NAS
Patuxent River, Md. The tests were part of an evalua-
tion of conventional jet aircraft using an upward
curved ramp to shorten takeoff roll.

28 September The Seahawks of HSL-41 received
their first production SH-60B. HSL-41 was the Navy’s
first LAMPS MK III squadron.

1 October A reorganization of Commander, Naval
Reserve Force (formerly Chief of Naval Reserve)
included a change in which Commander, Naval Air
Reserve Force reported to Commander, Naval Reserve
Force instead of to the Chief of Naval Operations. The
restructuring was designed to improve command and
control of the Naval Reserve Force and enhance com-
bat readiness.

1 October The new Naval Space Command was
established, with former astronaut Captain Richard H.
Truly as its first commander. The new command con-
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An AV-8B Harrier II full-scale development model undergoing heavy
load tests prior to the first flight of the production model.



Coast squadron to fly the CH-53E. The squadron
would also continue to fly the SH-3G Sea Knight in its
current role.

12 January The first AV-8B Harrier was received at
MCAS Cherry Point, N.C., by VMAT-203. With over 25
percent of the structural weight composed of carbon
epoxy composite material, the AV-8B offered twice the
payload and radius of the AV-8A.

3 February Space Shuttle Challenger flew with a
crew of Naval Aviators. The spacecraft commander,
Vance D. Brand, was a Marine Corps aviator for five
years. The two Navy members were Captain Bruce
McCandless II and Commander Robert L. Gibson.

13 February The last instructional flight of the T-28
Trojan was flown by Ensign Michael Lee Gierhart of
VT-27, ending the aircraft’s 31-year career of training
Naval Aviators.

solidated the Navy’s present space-related activities
under one organization. Elements that were placed
under the new command included the Naval Space
Surveillance System, Naval Astronautics Group and
activities supporting the Fleet Satellite Communica-
tions System.

3 October Ensign Don E. Slone received his Wings
of Gold as a Naval Flight Officer, becoming the first
former enlisted man to complete the Enlisted
Commissioning Program and the Aviation Officers
Candidate School.

25 October Combat amphibious assault operations
on Grenada were supported by aircraft from CVW-6
aboard Independence. Surveillance operations were
provided by patrol squadrons and support operations
by several reserve VR units.

23 November A modified CH-46 lifted off Boeing
Vertol’s flight ramp at Philadelphia, Pa., for its first
flight. The modified CH-46 carried improvements that,
when incorporated in all the H-46s, would extend the
service life of the Navy/Marine Corps fleet of H-46 air-
craft through the 1990s.

4 December In a strike against Syrian positions in
Lebanon by CVW-6 and CVW-3 aircraft, two aircraft
(an A-7 Corsair II and an A-6 Intruder) were lost to
antiaircraft fire. This was the first loss of Navy fixed-
wing aircraft in combat since the end of the Vietnam
conflict in January 1973.

27 December The Secretary of the Navy announced
the assignment of the name Wasp to LHD 1. The LHD
1 was the first of a new class of amphibious assault
ships designed to accommodate new air-cushioned
landing craft, as well as conventional landing craft, the
AV-8 Harrier and all types of helicopters.

1984
4 January Lieutenant Robert O. Goodman, an NFO
from VA-85 deployed aboard John F. Kennedy ,
returned to the U.S. after being held as a POW for a
month in Syria. His A-6E had been shot down on 4
December 1983, while participating in a retaliatory
strike in Lebanon.

10 January HC-1 received its first two CH-53E heli-
copters. Capable of lifting over 16 tons, the Super
Stallion was the largest and most powerful helicopter
in the western world. HC-1 was the only Navy West
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Lieutenant Robert O. Goodman at a press conference following his
return from captivity in Syria.



12 March A Beech Aircraft AQM-37 variant target
was flown to Mach 4.2 (2,775 mph) at 102,000 feet
at the Navy’s Pacific Missile Test Center, Point
Mugu, Calif.

12 March ComPatWingsPac, Commodore Daniel J.
Wolkensdorfer presented the Air Force Commendation
Medal to VP-40 for the squadron’s participation in the
search for survivors of Korean Air Lines flight 007,
shot down by a Soviet SU-17 Flagon interceptor. VP-
40, during the midst of its deployment to northern
Japan, provided P-3 Orions which served as the pri-
mary search platform, while the USAF maintained
operational control of the effort.

14 March The last T-28 in the Training Command,
BuNo 137796, departed for Naval District Washington
to be displayed permanently at NS Anacostia, D.C.

20 March Lieutenant Catherine H. Osman was the
first female pilot to land a helicopter (HH-46A) aboard
the battleship Iowa (BB 61).

26 April The first EA-6B ICAP-2 Prowler, BuNo
161776, was delivered to the Navy. Fifteen EXCAP
models already with the fleet would be upgraded.

28 April The first MAU was established at NAS
Brunswick, Maine. Similar in composition to a reserve
VP squadron, the MAU’s purpose was to train Naval

Reserve personnel in the same type of aircraft being
operated by active duty patrol squadrons so that the
reserve flight crews could rapidly augment those
squadrons in an emergency. Squadron augment units,
predecessors of the MAUs, were scheduled to consoli-
date into the MAUs when they were established.

8 May The first aviation supply wings were present-
ed at the 73rd annual Aviation Ball by Vice Admiral
Robert F. Schoultz, Deputy Chief of Naval Operations
(Air Warfare), to: Vice Admiral Eugene A. Grinstead,
Jr., SC, USN; Rear Admiral Andrew A. Giordano, SC,
USN (Ret); and Commodore John H. Ruehlin, SC, USN,
Commanding Officer, Aviation Supply Office,
Philadelphia, Pa. Plans for the establishment of a
Naval Aviation Supply Officer Program and the autho-
rization of a breast insignia (wings) for qualifying
Supply Corps officers had been in progress since 1982.

2 July CVWR-20 concluded its first at-sea deploy-
ment since 1978 when it returned from a week aboard
Dwight D. Eisenhower. This also marked the first time
in four years that CVWR-20 operated as a complete air
wing and the first deployment of the A-7E Corsair II
with a reserve squadron, VA-203.

21 July World War II Marine Corps ace Joseph J.
Foss was among four individuals enshrined in the
National Aviation Hall of Fame to recognize their out-
standing contributions to aviation and their achieve-
ments in air and space technology.
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This T-28B displayed at NS Anacostia marked the end of the era for the Trojan in the Training Command when it was transferred from VT-27.



to tow a U.S. vessel which had lost power and drifted
into Cuban waters, a brief show of force by Nimitz
difused the incident. The carrier later resumed a
scheduled four-day port visit to St. Thomas, V.I.

8 December VA-105 Gunslingers returned from a
six-month deployment to MCAS Iwakuni, Japan, in the
Western Pacific. The squadron’s assignment to MAG-
12, 1st MAW marked the first time a Navy squadron
participated in the Marine Corps Unit Deployment
Program and the first time a Navy squadron came
under the operational control of the Marine Corps
since World War II.

28 December VXE-6 rescued the aircrew and pas-
sengers of a downed LC-130 Hercules near McMurdo
Station in the Antarctic. The successful rescue was
made by another LC-130 in unexplored terrain under
extreme environmental conditions within 16 hours of
the incident.

31 December The first T-47A for Naval Flight Officer
navigation training was delivered to the Naval Air
Training Command by Cessna Aircraft Corporation under
a five-year agreement with the Navy, which encom-
passed a total training concept. Cessna would provide
maintenance and support of the T-47A aircraft, which
would replace T-39Ds used in flight officer training.

1985
7 January The Navy selected the F-16N for its
aggressor aircraft program. The purchase of 14 of the
new aircraft from General Dynamics included support-
ing material and services. These aircraft would simu-
late Soviet tactical aircraft during the Navy’s air-to-air
combat training for fighter pilots.

24 January VA-83 became the first fleet operational
squadron to fire successfully an AGM-88 HARM. The
missile was launched from an A-7E Corsair II piloted
by Lieutenant Commander John Parker who was
assigned to a HARM detachment deployed to Naval
Weapons Center, China Lake, Calif.

30 January The AV-8B Harrier II became the U.S.
Marine Corps’ newest tactical aircraft when it began
operational service with combat squadron VMA-331 at
MCAS Cherry Point, N.C. The new AV-8B was
designed to provide close air support for Marine
ground troops.

17 February Independence, the third carrier to
undergo SLEP, arrived at the Philadelphia Naval
Shipyard, Pa., for a modernization and overhaul

25 July Commodore Oakley E. Osborn,
ComPatWingsPac, accepted the first Navy P-3C Orion
Update III from Lockheed during a ceremony held at
NAS Moffett Field, Calif. VP-31 would train personnel
in the operation of the updated P-3 beginning with
VP-40, the first fleet operational squadron scheduled
to receive the aircraft.

17 August HM-14, after receiving a Joint Chiefs of
Staff notice of tasking for rapid deployment to the
Gulf of Suez, commenced mine-hunting operations
that continued for 22 consecutive days in the troubled
area. Earlier, on 6 August, HM-14 had embarked
aboard Shreveport (LPD 12) with four RH-53Ds which
were later augmented by others from the squadron’s
detachment, as well as an RH-53D from HM-12.

13 September The newly configured S-3B Viking
made its first flight at Lockheed facilities in Palmdale,
Calif. The latest version of the Viking featured
improved avionics and weapons systems, including
the Harpoon missile.

22 September HM-14 conducted flight operations to
support logistics, medevacs and embassy personnel
evacuation after a terrorist bombing of the U.S.
Embassy Annex in Beirut, Lebanon.

26 September The XV-15 tilt-rotor aircraft demon-
strator completed two weeks of concept tests at NATC
Patuxent River, Md.

2 October The U.S. Navy signed a contract to initi-
ate full-scale development of the T-45TS Jet flight
training system by McDonnell Douglas. The system’s
aircraft, the T-45, would replace the T-2Cs and TA-4Js
used by the Chief of Naval Air Training in the interme-
diate and advanced phases of jet flight training.

12 October VF-301’s acceptance of its first F-14
Tomcat marked the introduction of the F-14 into the
Naval Air Reserve Force as part of the Navy’s total
force defense concept.

28 November Deliveries of the F/A-18 Hornet were
resumed four months after the McDonnell Douglas
Corporation announced it would bear costs of modifi-
cations to correct a fatigue-related problem in the tail
area of the aircraft.

30 November Nimitz, with CVW-8 embarked, sor-
tied in response to national tasking. After the Cuban
government denied the U.S. Coast Guard permission
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The F-16N used by the Navy’s adversary squadrons.



1 March The Undergraduate Naval Flight Officer
Training System Upgrade was introduced at NAS
Pensacola, Fla., when the first class of prospective
NFOs began training on the Cessna T-47A Citation. As
part of the new training system upgrade, T-47As
replaced the T-39D Saberliners that had been used to
train NFOs since 1965.

6 March The Naval Air Systems Command and
United Technologies’ Sikorsky Aircraft signed a con-
tract for full-scale development and production
options for a carrier-borne version of the SH-60B
Seahawk. Designated SH-60F, the variant would be
used to protect the inner perimeter of carrier battle
groups from enemy submarines.

29 March The Navy awarded a contract to the
McDonnell Douglas Corporation for development of
night attack capabilities for the F/A-18 Hornet aircraft.
About 750 F/A-18s would be outfitted with a naviga-
tional forward-looking infrared pod, a television-like
heads up display, night vision goggles for the pilot,
and other improvements.

designed to extend her service life by 15 years. Indy’s
flight deck systems would be improved to allow the
recovery of high-performance aircraft while the ship
traveled at lower speeds. Major changes also included
the overhaul of two NATO Seasparrow missile launch-
ers with two others to be installed along with three
Phalanx CIWS. Other improvements would result in
significant savings in fuel consumption for
Independence.

21 February The F/A-18 Hornet strike fighter and
the LAMPS, which used the SH-60B Seahawk ASW
helicopter, deployed overseas for the first time. Both
systems operated as part of Battle Group Delta head-
ed by Constellation in a routine deployment with the
Seventh Fleet to the Western Pacific and Indian
Ocean. The Hornets replaced the A-7E Corsair IIs
operated by two squadrons assigned to CVW-14, mak-
ing Constellation the Navy’s first carrier to have F/A-
18s assigned to her air wing. The SH-60B Seahawk
helicopter operated as the air subsystem of the LAMPS
MK III weapon system, deployed aboard Crommelin
(FFG 37).
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The new AV-8B Harrier II shows its versatility.



1 April VP-68 completed its move from NAS
Patuxent River, Md., to NAF Washington, D.C., located
at Andrews AFB. Relocation of the reserve antisubma-
rine warfare squadron, which operated the P-3B Orion,
was to make room for the JVX test program at NAS
Patuxent River, but also helped balance base loading at
NAF Washington. The V-22 Osprey, formerly the JVX, a
multiservice, tilt-rotor V/STOL aircraft, was scheduled
for testing at the Naval Air Test Center starting in 1988.

12 April VAQ-133 returned the last fleet EA-6B
EXCAP aircraft, BuNo 159585, to Grumman Aircraft
Corporation for ICAP II modification at the company’s
facilities on Long Island, N.Y. VAQ-133 began its tran-
sition to the ICAP II EA-6B in January 1985.

26 April David Sinton Ingalls, Naval Aviator No. 85
and the Navy’s only World War I flying ace, died at his
home in Chagrin Falls, Ohio, after a stroke. Ingalls was
a member of the First Yale Unit before he was ordered
to the Royal Flying Corps and later assigned to Royal
Air Force Squadron Number 213, located in Berguess,

France. He shot down four enemy planes and one
aerial balloon during the war and later served as
Assistant Secretary of the Navy for Aeronautics during
the Hoover administration.

30 May The keel was laid for Wasp during cere-
monies at Ingalls Shipbuilding in Pascagoula, Miss.
First of a new class of amphibious ships, the LHD was
designed to accommodate helicopters such as the CH-
53E Super Stallion and SH-60B Seahawk, as well as the
MV-22 Osprey tilt-rotor aircraft and the AV-8B Harrier II. 

14 June Nimitz was called to the coast of Lebanon
for contingency operations in support of United States
efforts to release American hostages held in Beirut.

19 June The Navy announced the selection of the
Goshawk as the popular name for the T-45A trainer,
which was a part of the T-45 training system (formerly
VTXTS) scheduled to replace the T-2C and TA-4J aircraft
operated by the Training Command. The name Goshawk
was previously applied by Curtiss to the F11C-2 fighters
which were manufactured for the Navy in 1933.
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After a launch from an F/A-18 Hornet, the AMRAAM streaks toward its target during testing at Pacific Missile Test Center, Point Mugu, Calif.



in the intercept were Navy E-2C Hawkeyes of VAW-
125, EA-6B Prowlers and an Air Force C-135.

13 October Coral Sea returned to the Mediterranean
Sea for her first Sixth Fleet deployment since 1957.
Commanded by Captain Robert H. Ferguson, with
CVW-13 embarked, it was also the first deployment of
the F/A-18 to the Mediterranean. The aircraft were
assigned to VFA-131 and -132.

15 October A Tomahawk antiship missile was
launched from Norton Sound at the Pacific Missile Test
Center’s Sea Test Range off the coast of California. The
test successfully demonstrated the missile’s vertical
launch system as well as its ability to search for, find
and strike a target at sea. The Tomahawk was capable
of carrying either a nuclear or conventional warhead.

19 October VFA-303, the first Naval Reserve
squadron to transition the F/A-18, received its first air-
craft during ceremonies at NAS Lemoore, Calif.
Delivery of the eight aircraft ended two years of
preparation at NAS Alameda, Calif., where the
squadron was home ported until its move to Lemoore
in 1983 for training in the Hornets. Later, on 31
October, Lieutenant Bram B. Arnold of VFA-303 land-
ed aboard Ranger, becoming the first Reserve pilot to
land an F/A-18 aboard an aircraft carrier.

28 October The first prototype model of the S-3B
Viking, an operational capability upgrade to the S-3A,
arrived at NATC Patuxent River, Md., for developmen-
tal test and evaluation. The “B” configuration, exten-
sively updated with state-of-the-art avionics and the
Harpoon missile control and launch system, was
developed to counter the threat of the new generation
of sophisticated Soviet submarines and to enhance the
aircraft’s multimission capability.

19 June The first new C-2A with more powerful
engines was delivered to NATC Patuxent River, Md.,
for three months of flight testing. Engines with more
horsepower than those of fleet C-2As were installed in
the aircraft, and the tests evaluated the effect of the
updated engines on aircraft performance and flying
qualities.

8 July VAW-120, traditionally an E-2C training
squadron, received its first upgraded C-2A Greyhounds
for training replacement personnel. Initial operational
capability of the aircraft was achieved on time follow-
ing the delivery of five aircraft in October to VR-24,
NAS Sigonella, Italy.

15–17 July The maintainability phase of the
AMRAAM was demonstrated successfully at the
Pacific Missile Test Center, Point Mugu, Calif. The
missile was being tested and evaluated for both the
Navy and Air Force by the Air Force Systems
Command, Joint Systems Program Office, Eglin AFB,
Fla. The demonstration, repeated several times a day
for three days, proved it possible to load four
AMRAAMs onto the wings of an F/A-18 Hornet in
less than 15 minutes. Loading time was critical to the
Navy in combat situations both ashore and on board
aircraft carriers. Unloading procedures, which were
not to exceed four minutes, were performed in an
average of two minutes.

29 August The Secretary of the Navy announced
the decision to home port Nimitz’s carrier battle group
at Everett, Wash., in the Puget Sound region, sched-
uled as the home port for up to 15 ships.

2 September Reserve squadron HSL-84 completed
its deployment of two detachments aboard reserve
frigates which marked the first time in Naval Reserve
history that a reserve LAMPS detachment was
embarked aboard a ship for an extended period of
time. While at sea for two weeks beginning 16 August,
Det 1 assigned to Grey (FF 1054) and Det 2 assigned
to Lang (FF 1060) operated as part of a five-ship all-
Reserve squadron.

10 October Four of seven Navy F-14s of VF-74 and
-103 launched from Saratoga intercepted an Egyptian
737 airliner in international waters and directed it to
Sigonella, Sicily. The airliner was carrying four Arab
terrorists who had earlier hijacked the Italian cruise
ship Achille Lauro on 7 October and murdered a U.S.
citizen. During the operation, the F-14s were refueled
by Navy KA-6D tankers. Other aircraft which assisted
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The new S-3B Viking during tests at Naval Air Test Center, Patuxent
River, Md.



31 October Cuts in deployment schedules were
ordered by CNO to eliminate excessive at-sea periods
for ships and aircraft squadrons. This was intended to
enhance efficient use of the expanded Navy; and, at
the same time, allow crews more time at home with
their families. During an interview, the CNO
announced major turnaround ratios of 2:1 or better,
assuring sailors that battle groups would spend a max-
imum of six months at sea.

9–17 November A detachment from VP-66 partici-
pated in Operation Hat Trick II operating out of NS
Roosevelt Roads, P.R. It was a coordinated operation
with the Coast Guard in the war against illegal drug
traffic. The operation involved general area surveil-
lance and location of suspect vessels.

13 December VC-10 was tasked to fly cover for a
U.S. warship exercising rights of navigation in interna-
tional waters off the southern coast of Cuba. VC-10’s
regular mission was to provide air service for U.S.
Atlantic Fleet ships and aircraft and air defense of
Guantanamo Bay, Cuba.

1986
8 January With its change of command, CVW-8
became the first air wing to incorporate the wing com-
mander/deputy commander concept (Super CAG),
which provided an improved focus on power projec-
tion and enhanced tactical development and strike
planning. Under this system, the wing commander, O-
6, was directly responsible to the assigned battle
group commander, both ashore and afloat, and addi-
tionally to the carrier commanding officer when
embarked. Captain Frederick L. Lewis relieved Captain
Daniel L. Rainey, Jr., as Commander, CVW-8, in a cere-
mony at NAS Oceana, Va. As part of the restructuring,
Carrier Air Wing 8 (CVW-8) was redesignated as a
“major sea command,” reporting to Commander,
Carrier Group 8 and additionally to commanding offi-
cer, Nimitz when embarked.

13 January The T-39 Sabreliner completed its final
flight for the U.S. Navy as a training aircraft when VT-
86, based at NAS Pensacola, Fla., retired its last T-39D.
BuNo 150983 was included among six of the eight
remaining Sabreliners which were sent to Davis
Monthan AFB, Ariz. Two others were scheduled for
use as VIP transports at other Navy and Marine Corps
air stations. The T-39 aircraft had completed 20 years
and 300,000 hours of service within the Naval Flight
Officer program.

15 January The Royal Maces of VA-27 officially
became the first recipients of the Grampaw Pettibone
Trophy during a ceremony at the Officer’s Club on
the Washington Navy Yard, D.C. Commander Joseph
P. Sciabarra, CO of the NAS Lemoore, Calif.-based
squadron, accepted the award from Secretary of the
Navy John F. Lehman. The trophy was commissioned
by Paul Warner, son of the originator of Grampaw
Pettibone, and would be awarded annually to the
individual or organization that contributed the most
toward aviation safety awareness through written
communications.

22 January Vice President George H. W. Bush was
the key participant at the official inaugural marking
the year-long observance of the 75th Anniversary of
Naval Aviation at the National Air and Space Museum,
Washington, D.C. Secretary of Defense Caspar
Weinberger and Secretary of the Navy John F. Lehman
also attended.

28 January Naval Aviator and astronaut Commander
Michael John Smith and six other astronauts were
killed in a massive explosion of the space shuttle
Challenger shortly after its launch from Kennedy
Space Center, Fla. The explosion was triggered by
escaping propellant combustion products, which cut
into the shuttle’s liquid-fuel booster. Commander
Smith was a graduate of the U.S. Naval Academy and
the only Navy member of the space shuttle crew.

20 February Rear Admiral Richard H. Truly was
appointed the Associate Administrator of Space Flight
within the National Aeronautics and Space
Administration. Truly was designated a Naval Aviator
in October 1960 and had served as Commander, Naval
Space Command since its establishment in 1983.

18 March The second F-21 Kfir squadron, and the
first assigned to the Marine Corps, was established as
VMFT-401 at MCAS Yuma, Ariz. Appropriately nick-
named Snipers, the squadron provided adversary train-
ing support to the Fleet Marine Force and other units.
VF-43, at NAS Oceana, Va., was the first Navy
squadron to receive the F-21s (Israeli-built fighter).

24–25 March  Libyan Operations—VP-56 provided
ASW patrol assets for “Freedom of Navigation” exercis-
es in the Gulf of Sidra for American carrier aircraft
operating in international waters. On 24 March Libyan
armed forces fired missiles at U.S. Navy forces operat-
ing in the Gulf of Sidra. Following the Libyan missile
firings, VAQ-137 co-authored a plan to destroy the
Libyan SA-5 missile radar site at Surt. The plan was
executed using the electronic capabilities of the
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Rockeye cluster bombs
used against Libyan
corvettes are transport-
ed across Coral Sea’s
flight deck by aviation
ordnancemen.

The end of an era arrives with the departure of VF-151’s F-4S Phantom IIs from Midway and a transpacific flight to NAS North Island, Calif. VF-
151 and VF-161 were the last fleet squadrons deployed with the F-4.

A Libyan Nanuchka II missile boat burns after being hit by a
Harpoon missile launched by a VA-85 A-6E Intruder.



deployed VAQ squadrons and the HARM missile capa-
bility of the VA squadrons. VA-81, with its A-7E Corsair
IIs, participated in the retaliatory strike against the Surt
SA-5 missile site by acting as the decoy group for VA-
83s A-7Es, which fired their HARMs against the site,
putting it out of action. On the same day, A-6A
Intruders from VA-34 attacked and damaged a Libyan
Combattante II G-class fast attack missile craft with a
Harpoon missile. This was the first operational use of
a Harpoon in combat. A follow-up attack by VA-85 air-
craft using Rockeye bombs resulted in the sinking of
the Combattante. More action followed—Intruders of
VA-85 attacked a Libyan Nanuchka II-class missile
corvette and dropped Rockeye cluster bombs on the
corvette. The damaged Nanuchka II was forced to
return to the port of Benghazi. On 25 March a second
Nanuchka II-class missile corvette was attacked by a
couple of VA-55 Intruders. However, their Rockeyes
missed the corvette. This attack was followed up by
Intruders from VA-85, firing a Harpoon which
destroyed the vessel.

25 March The final carrier launching of a Navy fleet
F-4S Phantom II was completed by pilot Lieutenant
Alan S. Colegrove and radar intercept officer
Lieutenant Greg Blankenship of VF-151. The aircraft
was launched from Midway during flight operations in
the East China Sea. The F-4 was scheduled for replace-
ment by the F/A-18 Hornet.

28 March VFA-106, the Atlantic Fleet F/A-18 readi-
ness squadron, graduated its first class of replacement
pilots. Nine of the 10 graduates were aviators assigned
to the VFA-137 Kestrals, which were established in
1985.

29 March Lieutenant Commander Donnie L.
Cochran, the first African American member of the
U.S. Navy’s precision flight demonstration squadron,
the Blue Angels, completed his initial performance
during the team’s air show held at Luke AFB, Ariz.
Lieutenant Commander Cochran was selected in
September 1985 for the number three position on the
flight team based at Pensacola, Fla.

14–15 April Operation El Dorado Canyon—F/A-18
Hornets from CVW-13 aboard Coral Sea and A-7E
Corsair IIs from America conducted air-to-surface
Shrike and HARM missile strikes against Libyan sur-
face-to-air missile sites at Benghazi and Tripoli, min-
utes before attacks by the Navy’s A-6Es from the two
carriers and the Air Force’s F-111s. Intruders from VA-
55 and -34 conducted a low-level bombing raid on ter-

rorist targets in Benghazi, Libya. Aircraft from VA-55
hit the Benina airfield and VA-34 struck the Benghazi
military compound. Navy E-2C Hawkeyes and EA-6B
Prowlers, along with Marine Corps Prowlers, provided
electronic countermeasures and command control
capabilities for aircraft involved in the strikes against
Libya. CVW-1’s F-14A Tomcats and CVW-13’s F/A-18
Hornets provided fighter support for the operations. 

28 April Enterprise transited the Suez Canal, becom-
ing the first nuclear-powered carrier to do so, as it
steamed toward the Mediterranean to relieve Coral
Sea. The transit began at 0300 and took approximately
12 hours to complete.

2 May The feasibility of blimps for active duty was
determined by a Navy board and later recommended
to the Secretary of the Navy for funding. Studies con-
cerning the usefulness of Navy airships were complet-
ed earlier in 1985.

2 May The Navy initiated a contract for the V-22 tilt-
rotor aircraft with the team of Bell Helicopter Textron,
Fort Worth, Tex., and Boeing-Vertol Company,
Philadelphia, Pa., as codevelopers of the joint-services
aircraft. 

5 May The Secretary of the Navy designated 1986 as
the Diamond Anniversary of Naval Aviation, during
which significant historical Naval Aviation achieve-
ments would be recognized in events throughout the
year.
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A VA-55 A-6E Intruder lands on Coral Sea. Intruders from VAs 55
and 34 struck terrorist targets in Benghazi, Libya.



ing was conducted using UH-1N, SH-3H, SH-60B, and
TH-57 aircraft. The training craft provided a platform
to shipboard-qualify student helicopter pilots before
they joined the fleet.

1 June MAWSPac, previously composed of person-
nel from VA-128, was officially designated as a sepa-
rate shore command. During an establishment ceremo-
ny on 16 June at NAS Whidbey Island, Wash.,
Commander Richard P. Dodd was designated as the
first commanding officer of the combat readiness train-
ing school, which was under the operational and
administrative control of Commander, Medium Attack
Tactical Electronic Warfare Wing, U.S. Pacific Fleet.

6 June The first Naval Aviation Cadet in 17 years
began active duty when Captain Bobby C. Farrar,
deputy commander of the Navy Recruiting Command,
swore in his son, Sean. The program, which allows
personnel to enter aviation officer candidate school
and eventually flight training without a college degree,
had been suspended in 1969.

28 June As a tribute to the 75th Anniversary of
Naval Aviation and Glenn H. Curtiss, a week of festivi-
ties began at Hammondsport, N.Y. Events included a
reenactment of the Navy’s first flight of the A-1 and a
permanently mounted scale model of the aircraft,
which was unveiled at dedication ceremonies on the
shore of Keuka Lake on 29 June.

1 July The Helistat, a flight demonstrator lighter-
than-air craft under development by Piasecki Aircraft
Company for use by the Forestry Service, crashed at
NAEC Lakehurst, N.J., during flight tests. The Helistat
was powered by the engines and rotor systems of four
SH-34J Seabat helicopters attached to a ZPG-2 airship
envelope.

1 July A formal airship development program was
approved for the U.S. Navy by Secretary of the Navy

5 May A reenactment flight of the original NC-4’s
transatlantic crossing took place as one of the 75th
Anniversary commemorative events. The flight was
made with two privately owned PBY Catalina flying
boats, one painted with the original NC-4 colors, as a
reenactment of the original NC-4’s trans-Atlantic cross-
ing that began on 8 May 1919. The flight originated
from NAS Pensacola, Fla., and commenced the original
route from NAS Rockaway Beach, N.Y., and ended in
Lisbon, Portugal. The flight was one of the events com-
memorating the 75th Anniversary of Naval Aviation.
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One of the PBY Catalinas that participated in the NC-4 reenactment flight.

13 May The first Shrike launch by a Navy EA-6A
was completed by VAQ-209 when Lieutenant
Commanders E. L. Brandt and M. J. Corcoran conduct-
ed a live firing of an AGM-45 Shrike missile at Naval
Weapons Center, China Lake, Calif. The launch
occurred during the reserve squadron’s annual two
weeks of active duty for training.

27 May The helicopter landing trainer IX-514 was
approved for use by student Naval Aviators after test-

The IX 514, a new training deck
for student helicopter pilots.



John F. Lehman. The naval airship program was initiat-
ed in 1985 to provide an airborne early warning capa-
bility for a non-carrier battle group with secondary
missions of air antisubmarine warfare and search and
rescue.

5 August VAQ-131 performed the first fleet launch
of a AGM-88A HARM missile from a fleet EA-6B at
Naval Weapons Center, China Lake, Calif. The missile
was fired from a Prowler flown by Lieutenant Robert
Smith, pilot; Lieutenant Commander Kenneth P. Parks,
ECMO 1; Lieutenant Michael J. Quinlan, ECMO 2; and
commanding officer Commander William F.
Headridge, ECMO 3.

18 August An AMRAAM launched at Pacific Missile
Test Center, Point Mugu, Calif., from a modified F/A-
18 Hornet intercepted its target flying at low altitude in
a high clutter environment when it shot down a QF-86
drone. The F/A-18 was flying 890 feet above sea level
over the Pacific at Mach .49 and the drone was flying
at Mach .68 at 625 feet above the water.

19 August Carl Vinson, with CVW-15 aboard, per-
formed fleet operations in the Bering Sea, making it
the first carrier since World War II to perform such
operations in that part of the world. The carrier
returned to NAS Alameda, Calif., on 5 February 1987.

19 August Tests of the CAI Mod 2, an optical land-
ing system for the AV-8B on LHA-class ships, were ini-
tiated aboard Belleau Wood (LHA 3) for day/night
operations. The tests were conducted through 29
August and again from 6-23 October.

1 September The Coral Sea concept, approved by
the Secretary of the Navy to provide Coral Sea and
Midway with two squadrons of eight A-6Es each, was
initiated with VA-65’s assignment to CVW-13 aboard
Coral Sea. VA-65 was previously assigned to CVW-7.

10 September When America returned from its
Mediterranean deployment, it marked the first battle
group to spend no more than six months overseas as
part of the Navy’s efforts to reduce deployments.
Having deployed to the Sixth Fleet on 10 March 1986,
the carrier was relieved by John F. Kennedy with
Carrier Air Wing 3 (CVW-3).

29 September The Navy’s F-14A Plus Super Tomcat
completed its maiden flight as it hit Mach 1.1 at 25,000
feet and a maximum altitude of 35,000 feet during
engine compatibility and flutter tests performed by

Grumman test pilot Joe Burke. The aircraft was pow-
ered by new F110-GE-400 turbofan engines with
approximately 35 percent more thrust than current F-
14A TF30s.

1 October VRF-31, the Navy’s last aircraft ferry
squadron, was disestablished at NAS Norfolk, Va. The
squadron was established originally as VRF-1 and
received its current designation in 1957. It became the
Navy’s only ferry squadron when VRF-32, on the West
Coast, was disestablished in 1972.

17–18 September VFP-206, the Navy’s last photore-
connaissance squadron, performed the last catapult
and carrier landing of the F-8 aboard America when
Lieutenant Commander Barry D. Gabler made the final
landing. 

20 September Naval Aviation personnel were
authorized by ALNAV message 202001Z Oct to wear
brown shoes and khaki socks with summer khaki
uniforms to become effective on 1 April 1987. All
officers with aviation designators, qualified flight sur-
geons, aviation physiologists and enlisted personnel
in pay grades E-7 and above were included in the
new regulation, which specified a low-quarter, brown
leather dress shoe with plain toe. The brown shoes
had been removed as part of the uniform on 1 July
1976 after being part of the Naval Aviator’s uniform
since 1913.

3 November VR-57 flew a C-9B aircraft into the port
city of Quingdao in the Peoples Republic of China,
becoming the first naval aircraft to do so since the port
was closed to the U.S. in 1949. The flight preceded by
two days the visit of three naval ships to the port. VR-
57, a reserve squadron based at NAS North Island,
Calif., was commanded by Commander A. W. Boyce.

31 December VC-8 launched three H-3 helicopters
on short notice to support rescue efforts at the Dupont
Plaza Hotel fire in San Juan, Puerto Rico. Called the
worst hotel disaster in U.S. history, 75 persons strand-
ed on the roof of the hotel were rescued in twilight
and darkness by the Redtails.

1987
5 January The first extended deployment for the AV-
8B Harrier II began when VMA-331 deployed aboard
Belleau Wood for a six-month western Pacific cruise.

6 January Reserve CVW-77 and -78 loaned E-2C
Hawkeyes to the U.S. Customs Service and the Coast
Guard to bolster their federal drug enforcement efforts.
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18 March VF-301 took part in an AIM-54A Phoenix
missile launch at the Pacific Missile Test Range, Point
Mugu, Calif. This was the first use of a Phoenix by a
Naval Air Reserve squadron.

19 March The SH-60F CV-Helo conducted its first
flight. It was ordered by the Navy in early 1985 as the
replacement for the SH-3H Sea King ASW helicopter uti-
lized for the inner-zone defense of carrier battle groups.

29 March VFP-206, the Navy’s last light photo-
graphic squadron, was disestablished at NAF
Washington, D.C. This was also the end of the F-8
Crusader era in Naval Aviation. Some VFP-206 RF-
8Gs were sent to the storage facility at Davis-
Monthan AFB, Ariz., while one was transferred to the
National Air and Space Museum. The last two Navy

12 January The airfield at MCAS Camp Pendleton,
Calif., was designated Munn Field in honor of
Lieutenant General John C. Munn. The general had
been Assistant Commandant of the Marine Corps and
the first Marine Aviator ever to command Camp
Pendleton.

19 February The Navy’s E-6A Hermes prototype
flew for the first time. Flight testing of the new aircraft
began on 1 June. The E-6A was a militarized version
of Boeing’s 707-320B and was scheduled to replace
the EC-130 TACAMO aircraft. These aircraft provided
an airborne communications link between the Navy’s
ballistic missile submarine force and national com-
mand authorities.
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The E-6A at Boeing Field in Seattle, Wash., during its flight test program.



RF-8Gs were assigned to the Naval Air Systems
Command for test support purposes. The F-14A
TARPS aircraft would take on the reserve require-
ments for photoreconnaissance.

30 March The Navy conducted the first flight of its
new BQM-126A target drone at Pacific Missile Test
Center, Point Mugu, Calif. It was designed as a lower
cost, state-of-the-art replacement for targets currently
used. It was capable of flying from sea level up to
40,000 feet.

31 March As part of a reorganization approved by
the Under Secretary of the Navy, NARFs were redesig-
nated Naval Aviation
Depots (NADEP); the
Naval Aviation Logistics
Center became the
Naval Aviation Depot
Operations Center; and
the Aircraft Intermediate
Maintenance Support
Office assumed the new
title Naval Aviation
Maintenance Office.
This reorganization cen-
tralized support for fleet
aviation maintenance.

1 April HM-12 was
the first fleet squadron
to receive the MH-53E
Sea Stallion. This new
airborne mine counter-
measures helicopter
provided a greater tow
tension capability, longer on-station time and a new
digital automatic flight control system.

6 April The first of 26 F-16N Fighting Falcon super-
sonic aggressor aircraft was received by the Navy.

25 April The Blue Angels, the Navy’s Flight
Demonstration Squadron, conducted its first air show
using their newly assigned aircraft, F/A-18 Hornets.

18 May Oscar 13, a Navy satellite designed to func-
tion as part of the Navy’s Transit Satellite Navigation
System, celebrated its 20th year of service. It was then
the oldest active U.S. satellite.

22 May Marine Corps Aviation celebrated its 75th
anniversary. On 22 May 1912, 1st Lieutenant Alfred A.

Cunningham, USMC, reported to the Naval Aviation
Camp at Annapolis, Md., for duty in connection with
aviation. Marine Corps Aviation has been an active
and important part of Naval Aviation ever since.

5 June The Navy Department awarded a contract to
Westinghouse-Airship Industries to build a prototype
airship for fleet operations as an airborne early warn-
ing and communications platform. The Navy terminat-
ed its lighter-than-air program in 1961 and ceased
operation of its last airship in 1962.

22 June The Navy’s newest transport aircraft, the C-
20D Gulfstream IV, was received by Fleet Logistics
Support Wing Detachment, NAF Washington, D.C.
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The C-20D Gulfstream.

26 June The night-attack version of the AV-8B
Harrier II conducted its maiden flight at McDonnell-
Douglas’ St. Louis, Mo., facility. This was followed by
operational test and evaluation of the aircraft later in
the summer. The upgrade to this aircraft would greatly
expand the operational envelope by utilizing state-of-
the-art navigation equipment and night-vision devices.

30 June The Navy received its first SH-60F Seahawk
(Carrier Inner Zone Helicopter). Operational test and
evaluation of the aircraft began in December. The SH-
60F would replace the SH-3H Sea King used by HS
squadrons.

30 June VX-5 conducted the first successful firing of
a HARM from an A-6E Intruder. This was the first in a
series of missile launches planned to test the SWIP



21 August COMNAVAIRPAC Vice Admiral James E.
Service retired and relinquished his Gray Eagle title to
Lieutenant General Frank E. Petersen, Commanding
General, Marine Corps Development and Education
Command, Quantico, Va. General Petersen was desig-
nated a Naval Aviator in October 1952, becoming the
first African American aviator in the Marine Corps. He
was the first African American to receive the Gray
Eagle award.

10 September VC-6 Det 1 deployed aboard Iowa
(BB 61) with the Pioneer RPV for a NATO and Indian
Ocean cruise. This marked the beginning of battle-
ship-operated RPVs providing independent reconnais-
sance and naval gunfire support capabilities.

configuration for the A-6E. The new configuration
would also allow the Intruder to be armed with
Harpoon and Maverick missiles. These weapons sys-
tems would provide increased availability of standoff
weapons for Navy carrier air wings.

6 July SH-60B and SH-2F helicopters, modified for
Special Middle East Force duties, were deployed. The
modifications included special mission defensive
equipment, such as the M-60 machine gun and special
countermeasure and infrared electronic devices.

10 July The Navy awarded a contract to Boeing to
upgrade a P-3 to the Update IV version, which would
include an updated avionics suite to address the prob-
lem of the newer, quieter submarines.

14 July VAQ-131 began the first Pacific Fleet deploy-
ment of the EA-6B with HARM aboard Ranger.

15 July Commander Naval Air Force, U.S. Pacific
Fleet initiated extensive modifications to LAMPS MK I
and MK III aircraft to increase survivability and surface
surveillance capability during Persian Gulf operations.

25 July Naval Aviator Admiral Thomas H. Moorer
was enshrined in the National Aviation Hall of Fame in
Dayton, Ohio.

27 July HM-14 was called upon for a rapid response
deployment to the Persian Gulf and departed 72 hours
later with its RH-53Ds to counter mines being laid by
Iranian forces. HM-14 assets were flown by USAF C-5
and C-141 aircraft to Diego Garcia where its heli-
copters were reassembled and placed aboard
Guadalcanal. The squadron conducted sweeping and
hunting operations in the Persian Gulf until relieved
by surface mine-sweeping units.

1 August Distribution began to Pacific Fleet aviation
units for laser eye protection devices to counter the
emerging laser threat.

1 August Commander, Naval Air Force, U.S. Atlantic
Fleet began support of an average of five to seven
LAMPS helicopter detachments operating on convoy
duty in the Persian Gulf.

10 August The first of four new P-3 Weapons
Systems Trainers (2F140) was received by the Navy at
NAS Moffett Field, Calif. The trainers provided state-of-
the-art capabilities for training personnel in ASW.
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The Navy’s Pioneer RPV (Remotely Piloted Vehicle).

19 September Wasp was christened. She was the
first of a new class of amphibious assault ships (LHD).
Her primary mission was to deploy and land elements
of a Marine air and ground task force during an
assault by employing helicopters, landing craft and
amphibious vehicles. The ship would operate the AV-
8B Harrier II, as well as various types of helicopters,
and the new air cushion landing craft (LCAC).

21 September The Navy received the first updated
version of the F/A-18 Hornet, the F/A-18C. Upgrades
included the advanced medium-range air-to-air missile,
and the infrared imaging Maverick missile. This ver-
sion provided for reliability, survivability and maintain-
ability of the fuel system and additional growth capa-
bilities in the areas of computer memory, speed and
interface channels for the mission computer. 

29 September Coral Sea departed for a
Mediterranean cruise operating under a new concept
called the “Coral Sea configuration.” To help stream-
line aircraft maintenance, the two attack squadrons on
board used a shared maintenance concept.



30 September The deployment of the first AV-8B
Harrier II to the Mediterranean Sea began as Nassau
left her home port of Norfolk Va., en route to the
Mediterranean. The AV-8Bs on board were assigned to
VMA-231.

8 October HML(A)-169 became the first Marine
Corps squadron to deploy operationally with the new
AH-1W Super Cobra. The unit deployed to the Persian
Gulf aboard Okinawa (LPH 3). The AH-1W was capa-
ble of simultaneously employing the Hellfire, TOW
and Sidewinder missiles. It also had a new heads-up
display and bigger engines to give the ground support
gunship greatly increased mission capabilities.

30 October The Navy established the designation C-
28A, which would be assigned to a Cessna 404 (Titian
Ambassador) 8- to 10-passenger, twin-engine plane. The
aircraft would be used to transport personnel and cargo.

16 November The Navy accepted the first production
F-14A (Plus) Tomcat. The aircraft was part of a two-step
program leading to the F-14D, an advanced air superi-
ority aircraft. Improvements in the F-14A (Plus) includ-
ed two new, more powerful engines and better reliabili-
ty, operability, maintainability and fuel consumption. 

5 December VP-62 became the first Reserve patrol
squadron to transition to the Navy’s most current mar-
itime patrol plane, the P-3C Orion Update III. The
Update III featured state-of-the-art computer integra-
tion equipment, an improved infrared detection sys-
tem, a Harpoon air-to-surface missile capability and
the ability to carry a variety of other weapons.

7 December The Naval Test Pilot School at NAS
Patuxent River, Md., received the first of three HH-65
Dolphin helicopters on loan from the Coast Guard.

10 December The X-31A designation was estab-
lished and was applied to the enhanced fighter
maneuverability (EFM) technology demonstrator air-
craft which was never intended for production. The
EFM was designed to provide dramatic improvements
in maneuver agility for fighter aircraft during close-in
aerial combat, as well as in transonic and supersonic
engagements and in-ground attack applications. 

15 December The YEZ-2A designation was estab-
lished and was assigned to the Navy’s operational
development model (ODM) airship. Potential use for
the YEZ-2A airship was as an organic asset of surface
action groups to serve as a fuel-efficient, long-
endurance airborne platform for area surveillance and
communications, command and control.
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The F-14A (PLUS)
at Grumman’s
Calverton, N.Y.,
flight test facility.



17 March Vanguard I, the world’s longest orbiting
man-made satellite, built by the Naval Research
Laboratory, marked its 30th anniversary in space. It was
the first satellite to use solar cells to power its instru-
mentation. Although the satellite’s radio transmitter was
no longer operative, it provided a wealth of information
on air density, temperature ranges and micrometeorite
impact during its six years of transmitting.

11 April The Navy’s first F-14A (Plus) to be assigned
to an operational squadron was accepted by VF-101 at
NAS Oceana, Va. The F-14A (Plus) had two General
Electric F-110 engines that each developed 7,000
pounds more thrust than the original Tomcat power
plants. This additional power greatly extended the
performance capabilities of the aircraft.

16 April The Navy’s new trainer, the T-45A
Goshawk, took its maiden flight at Douglas Aircraft
Company, Long Beach, Calif. The T-45 was scheduled
to become the Navy’s primary aircraft for training
Naval Aviators.

17 December The first fleet S-3A Viking, retrofitted
to an S-3B configuration, entered service with VS-27 at
NAS Cecil Field, Fla. This update provided major
weapon systems improvements, including a new
acoustic processor, new electronic support measures
system, target imaging radar, the Harpoon missile, and
an electronic countermeasures system. The modifica-
tions greatly increased the Viking’s multiple-mission
capability.

21 December Changes to the Office of Chief of
Naval Operations, required by the Goldwater-Nichols
DoD Reorganization Act of 1986, resulted in the
Deputy Chief of Naval Operations (Air Warfare) being
redesignated Assistant Chief of Naval Operations (Air
Warfare). This organization had been established origi-
nally on 18 August 1943 as Deputy Chief of Naval
Operations (Air) and modified on 15 July 1971 to
Deputy Chief of Naval Operations (Air Warfare).

21 December The Secretary of the Navy announced
he had approved the opening of aircrew assignments
to women for the Navy’s two shore-based fleet air
reconnaissance squadrons flying EP-3 Orions.

31 December For the first time in its history, the Naval
Air Reserve Force completed a full calendar year without
a major aircraft mishap. During 1987, the force consisted
of 52 operational squadrons and over 400 aircraft.

1988

11 January Colonel
Gregory “Pappy”
Boyington, top World
War II Marine Corps
ace, died at age 75.
He was CO of the
VMF-214 Black Sheep
during World War II
and was credited with
the destruction of 28
Japanese aircraft. On
3 January 1944, he
was shot down over
Rabaul, captured by
the Japanese and was
a POW for the next
20 months. Colonel
Boyington received
the Medal of Honor for his actions in combat while CO
of VMF-214 from 12 September 1943 to 3 January 1944.
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A close-up of Gregory “Pappy”
Boyington in World War II flight gear.

The T-45A Goshawk in flight.

18 April The Navy retaliated against Iran following
the 14 April incident in which Samuel B. Roberts (FFG
58) struck an Iranian mine in international waters. The
retaliation involved both surface and air units. CVW-11
squadrons from Enterprise were the major aviation
participants. VAW-117’s Nighthawks provided airborne
early warning tracking and analysis of targets as well
as air intercept control. The initial American strikes
centered around a surface group action against two
Iranian oil platforms that had been identified as sup-
port bases for Iranian attacks on merchant shipping.
Elements of CVW-11 provided air support for the sur-
face groups in the form of surface combat air patrols,
flying A-6E Intruders and A-7E Corsair IIs, and combat
air patrols with F-14 Tomcats.



The initial action began with coordinated strikes by
two separate surface groups. One group, consisting of
two destroyers and one amphibious ship, attacked the
Sassan platform while the other group, comprising a
guided missile cruiser and two frigates, attacked the
Sirri platform. Iranian response to the destruction of
the two oil platforms involved the dispatching of
numerous gunboats to prey on various targets in the
Persian Gulf. Following an attack by Iranian
Boghammar speedboats on an American-flagged sup-
ply ship and a Panamanian-flagged ship, A-6Es from
VA-95 were vectored in on the speedboats by an
American frigate. The aircraft dropped Rockeye cluster
bombs on the speedboats, sinking one and damaging
several others.

Action continued to escalate. Joshan, an Iranian
Combattante II Kaman-class fast attack craft, chal-
lenged Wainwright (CG 28) and her surface group.
The American ships responded to the challenge by
sinking Joshan. Fighting continued when the Iranian
frigate Sahand departed Bandar Abbas and chal-
lenged elements of an American surface group. She
was observed by two VA-95 A-6Es while they were
flying surface combat air patrol for Joseph Strauss
(DDG 16). 

Sahand launched missiles at the A-6Es, and the
Intruders replied with launches of two Harpoons and
four laser-guided Skipper bombs. This was followed
by a Harpoon firing from Joseph Strauss . The
weapons delivered against Sahand were successful.

Fires blazing on her decks eventually reached her
magazines resulting in the final explosions that led to
her sinking. The loss of Sahand, one of Iran’s most
modern ships, was not enough to stop the suicidal
sorties of the Iranian Navy. A sister ship, Sabalan,
departed her port for operations in the gulf. She fired
on several A-6Es from VA-95 with a surface-to-air
missile. One of the Intruders responded with a laser-
guided bomb that hit Sabalan and stopped her dead
in the water. The Iranian frigate was taken in tow by
an Iranian tug with the stern partially submerged. VA-
95’s aircraft, as ordered, did not continue the attack.
This action ended the retaliatory strikes against Iran
that began as a result of Iranian mining in interna-
tional waters.

6 May A prototype F/A-18D Hornet equipped as an
advanced night attack aircraft made its maiden flight at
McDonnell Douglas in St. Louis, Mo. The night attack
version was equipped with a new FLIR sensor called
TINS designed to help pilots navigate and assist in
locating, identifying and attacking ground targets at
night. The F/A-18D was a two-seat model and would
employ a pilot and Naval Flight Officer in tactical
missions.

16 May The production model of the Navy’s new E-
6A communications aircraft arrived at NATC Patuxent
River, Md., for extensive electromagnetic testing.
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The Iranian oil platforms targeted for a retaliation strike following the damaging of Samuel B. Roberts (FFG 58) by an Iranian mine in international waters.



17 August The maiden flight of the Navy’s new
Helicopter Combat Support aircraft, HH-60H, was con-
ducted at Sikorsky Aircraft, Stratford, Conn. The heli-
copter was a derivative of the SH-60F. The primary
mission of the new HH-60H would be strike rescue
with secondary tasks involving special warfare mis-
sions. The HH-60Hs were the first new aircraft pur-
chased for and operated exclusively by the Naval Air
Reserve.

30 September The Navy’s last operational recipro-
cating-engine aircraft, a C-1A Trader (BuNo 146048),
retired from active service and was transferred to the
Naval Aviation Museum, NAS Pensacola, Fla. The C-
1A had been based at the air station, providing carri-
er onboard delivery support for the Navy’s training
carrier Lexington.

1 October HCS-5 was established at NAS Point
Mugu, Calif., the first squadron of its kind. HCS-5 was
a Reserve squadron with a primary mission of combat
search and rescue (strike rescue) and special warfare
support. It would operate the HH-60H Seahawk.

3 October The aircraft designation A-12A was estab-
lished, designating a new carrier-based, attack aircraft
with a two-man crew. The A-12 aircraft program was
canceled in 1991.

14 October The Navy selected Lockheed
Aeronautical Systems Company to develop a replace-
ment for the P-3C Orion maritime patrol aircraft. The
new aircraft, designated LRAACA for long-range, air
antisubmarine warfare-capable aircraft, would have
new fuel-efficient, modern-technology turboprop
engines to increase its range and efficiency, an
increased payload capability and an improved avionics
suite. The program was canceled in 1990.

3 November The Navy’s first SLAM, AGM-84E,
rolled out at McDonnell Douglas’ facility in St. Charles,
a suburb of St. Louis, Mo. SLAM was a derivative of
the Harpoon antiship missile system. It was designed
for deployment from carrier-based aircraft and allowed
an aircraft to attack land targets and ships in port or at
sea from an extended range, in excess of 60 nautical
miles.

10 November Ensign Joy D. Warner became the
first woman to earn her Wings of Gold through the
newly reinstated NAVCAD program. She joined the
program in June 1987 and completed basic flight train-
ing with HT-8.

23 May The revolutionary tilt-rotor aircraft, the V-22
Osprey, made its debut during rollout ceremonies at
Bell Helicopter’s facility in Arlington, Tex. The V-22
combined the attributes of a helicopter and a turbo-
prop aircraft and was developed from the start to
serve the needs of all four armed services.

14 June The Sunday Punchers of VA-75 became the
first fleet A-6 squadron to launch a HARM. CO
Commander John T. Meister and operations officer
Lieutenant Commander Richard D. Jaskot scored a
direct hit on a target ship. The missile was fired from a
new A-6E SWIP aircraft. The modified aircraft was
upgraded to launch the latest air-to-surface missiles
including HARM, Harpoon and Maverick, as well as its
normal array of air-to-surface weapons.

14 June Reserve VP-62 fired its first AGM-84
Harpoon missile and scored a direct hit, signaling a
new chapter in Naval Aviation history. The missile was
launched from the Broadarrows’ new P-3C Orion
Update III aircraft during coordinated fleet operations
with other 2nd Fleet units. Based at NAS Jacksonville,
Fla., the squadron had been selected earlier as the first
Reserve patrol squadron to receive the P-3C as part of
the Navy’s horizontal integration program.

13 July Carrier Airborne Early Warning Weapons
School was established as a separate command on the
same principles as Top Gun and Strike University.
Emphasis would be on warfare training for E-2C
Hawkeye aircrews.

22 July Reserve VA-304 took delivery of a KA-6D,
marking the introduction of the Intruder to the Naval
Air Reserve. By September 1988 the squadron had
three KA-6Ds and two A-6Es.

2 August Constellation successfully fought a severe
fire in the main engineering space using the installed
HALON firefighting equipment; this was the first carri-
er use of the system in fighting a fire.

5 August Dwaine L. Lyon received his Wings of
Gold and was commissioned an ensign, becoming the
first NAVCAD to complete the jet strike training
pipeline since the NAVCAD program was reinstituted
in 1986. The program, which began in 1935, was an
important source of Naval Aviators until it was termi-
nated in 1965. Under the revived NAVCAD program,
aviation cadets with a minimum of two years of col-
lege or its equivalent would undergo flight training as
noncommissioned officers.
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29 November The Navy Department transferred an
F-4S Phantom II (BuNo 157307) to the Smithsonian’s
National Air and Space Museum, upon its arrival at
Dulles International Airport, Va. This F-4 saw action in
Vietnam and was a MiG killer. On 21 June 1972 the F-
4, piloted by Commander Samuel C. Flynn, Jr., with
Lieutenant William H. John as radar intercept officer,
shot down a MiG-21. The F-4 was assigned to VF-31
operating off Saratoga at the time. The museum
planned to display the F-4 in a future Vietnam war
exhibit.

31 December The Aviation Officer Continuation Pay
(AOCP) program was terminated and a new program
was instituted on 1 January 1989. Called Aviation
Continuation Pay (ACP), the new program applied
only to pilots and Naval Flight Officers below pay-
grade O-5. Determination of eligible communities and
payment rates was based on analysis of current year
group shortages, department head requirements and
other pertinent management factors. ACP payment
could reach up to $12,000 for each year of the con-
tract if the officer agreed to remain on active duty to
complete 14 years of continuous service.

31 December The year 1988 ended as the “safest in
aviation history” for the Navy/Marine Corps team,
according to Secretary of the Navy William L. Ball. 48
class “A” mishaps were recorded—down to 2.16
mishaps per 100,000 flight hours for 1988.

1989
4 January Two F-14A Tomcats flown by crews from
VF-32 of NAS Oceana, Va., downed two hostile Libyan
MiG-23 aircraft in the central Mediterranean north of
the Libyan port of Tobruk over international waters.
The squadron was deployed with CVW-3 aboard John
F. Kennedy, which had been participating in routine
training exercises off the northeastern tip of the Libyan
coast when the group was approached by the two
Flogger jets from the Al Bumbah air base. After repeat-
ed attempts for a peaceful intercept, the VF-32
Swordsmen fired their missiles, downing the MiGs.

20 January George H. W. Bush, former Naval
Aviator, was inaugurated as the 41st president of the
United States during an outdoor ceremony at the U.S.
Capitol. As a member of VT-51 during World War II,
Bush was shot down while operating a TBM Avenger
in the Pacific.

23 February The Navy’s Mid Infrared Advanced
Chemical Laser/Sea Lite Beam Director (an experimen-
tal high-energy laser system) destroyed a Vandal
supersonic missile in a test conducted at the White
Sands Missile Range, N.Mex. This was the first time a
high-energy laser system successfully engaged and
destroyed a Vandal missile, flying low and fast in a
cruise missile profile. The laser system was designed
to show that a laser could acquire, track, and focus
enough energy on a supersonic target to destroy it.

19 March The V-22 Osprey tilt-rotor aircraft made its
first flight at Bell Helicopter Textron’s Flight Research
Center, Arlington, Tex. The aircraft reached a maximum
speed of 20 knots and an altitude of 30 feet during a
15-minute flight in the helicopter mode, which initiated
phase one of flight tests. The V-22 was the first modern
weapons system designed from conception to meet the
requirements of all four U.S. armed services.

31 March VP-62 completed transition to the P-3C
Update III, the newest production Orion, marking the
first time in Reserve patrol history that a Reserve
squadron received the latest state-of-the-art aircraft.

3 April An A-6E modified with a new composite
wing made its first flight at Wichita, Kans.
Manufactured by Boeing from graphite/epoxy com-
posite materials, the new wing was stronger than the
original metal wing on the Intruder. Grumman Aircraft
Systems Division would install the wings on its newly
manufactured A-6s. The new wings would be installed
by Navy depots on the older A-6s.

16 April The VS-30 Diamondcutters became the first
fleet S-3 squadron to fire a Harpoon antiship missile.
The launch resulted in a direct hit on the target by a
detachment assigned to VS-30 as it participated in
exercise North Star ‘89 aboard America.

19 April While operating in the Caribbean, Coral
Sea responded to a call for assistance from Iowa (BB
61) due to an explosion in the battleship’s number
two gun turret in which 47 crew members were killed.
The explosive ordnance disposal team from Coral Sea
removed volatile powder charges from the ship’s 16-
inch guns and flooded powder magazines. Coral Sea
also dispatched a surgical team and medical supplies.
VC-8, using SH-3G helicopters, also performed mede-
vac and logistical support to Iowa.

15 May H. Lawrence Garrett III was sworn in as the
68th Secretary of the Navy, succeeded William L. Ball
III. Secretary Garrett was commissioned as a Naval
Aviation Cadet in 1964 and served as a Naval Flight
Officer with VP-50 in Vietnam.
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8 July HCS-5, NAS Point Mugu, Calif., accepted the
first Sikorsky HH-60H strike rescue and special warfare
operations helicopters. The HH-60H was the first aircraft
to be produced specifically for the Naval Air Reserve.

22 July Admiral Marc A. Mitscher, Naval Aviator #33,
was enshrined in the National Aviation Hall of Fame.
In 1919, Mitscher commanded the NC-1, one of the
three seaplanes that attempted the first airborne trans-
Atlantic crossing. Only NC-4 was successful. In 1928,
Mitscher made the first takeoff and landing on
Saratoga in a Vought UO-1. His distinguished service
during World War II included command of Hornet;
Patrol Wing 2; Fleet Air, Noumea; and units of the U.S.
Army Air Force, Navy and Marine Corps aviation
groups, and contingents of the Royal New Zealand Air
Force. Of particular significance was his command of
Task Force 58. Mitscher received many citations for his
wartime service.

1 August Coral Sea and America departed early
from separate port visits when they were diverted to
the eastern Mediterranean as a show of force in the
wake of the suspected hanging of Marine Corps
Lieutenant Colonel William R. Higgins by Middle East
terrorists, and threats to other hostages. Lieutenant
Colonel Higgins had been kidnapped in February 1988
while a member of the United Nations peacekeeping
forces in Lebanon. Midway, operating with Battle
Group Alfa, was originally scheduled to participate in
Pacific Exercise-89 but instead was repositioned to fill

22 June HS-10 accepted the Navy’s first SH-60F CV-
Helo inner zone antisubmarine warfare aircraft during
a ceremony at NAS North Island, Calif. In October, HS-
10 became the Navy’s only SH-60F fleet readiness
squadron when it transferred all SH-3 training to HC-1
and HS-1.

24 June The first development free-flight test of a
SLAM resulted in a direct hit against a simulated sur-
face-to-air missile communication site at San Nicholas
Island, Pacific Missile Test Center Range, Calif. The
carrier-based aircraft missile was launched from an A-
6E (SWIP) Intruder. During its flight it was controlled
from an F/A-18 Hornet using the Walleye data link for
man-in-the-loop control. SLAM was a derivative of the
Harpoon missile system, manufactured by McDonnell
Douglas.

1 July Rear Admiral Richard H. Truly, serving as the
Associate Administrator for Space Flight, Office of
Space Flight, National Aeronautics and Space
Administration, retired from the Navy and was con-
firmed by Congress as the administrator of NASA. A
Naval Aviator, Rear Admiral Truly was selected as an
astronaut in 1965 and was credited with bringing U.S.
backing into an active space program after the Space
Shuttle Challenger accident.

1 July The Naval Aviation Museum officially
changed its name to the National Museum of Naval
Aviation.
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the carrier commitment in the Indian Ocean. The carri-
er remained on station in the northern Arabian Sea
until mid-October, extending its deployment by one
month.

3 August Ranger rescued 39 Vietnamese refugees,
adrift for 10 days on a barge in heavy seas and mon-
soon rains in the South China Sea, about 80 miles
from NAS Cubi Point, R.P. SH-3s from HS-14 assisted.
An A-6 from VA-145 spotted the barge, which had
apparently broken loose from its mooring near a small
island off the coast of Vietnam with 10 men on board.
Twenty-nine other refugees from a sinking refugee
boat climbed aboard the barge when it drifted out to
sea. After examination by medical personnel, all were
flown to NAS Cubi Point for further processing.

3 August VQ-3 took delivery of two Boeing E-6A
Hermes at Seattle, Wash. The arrival of the new strate-
gic communications aircraft marked the entry of the
newest generation of TACAMO aircraft into the fleet.
The E-6A would eventually replace the Lockheed EC-
130Q Hercules in both VQ-3 and its Atlantic Fleet
counterpart, VQ-4.

25 August A NASA-designed Scout rocket launched
two Navy navigation satellites from Vandenberg AFB,
Calif. This marked the culmination of the planned
launch program for the TRANSIT system that began in
1962. The Navy relied on TRANSIT for precise position
information anywhere on the earth and in all weather
conditions. The two satellites were launched “piggy-
back” style using the SOOS (Stacked Oscars on Scout)
system.

7 September An NS-3A modified as the aerodynam-
ic prototype of the ES-3A made its first flight. Sixteen
ES-3As would eventually replace the EA-3B Skywarrior
in fleet air reconnaissance squadrons.

12 September The Coast Guard retired its last
Sikorsky HH-52A Sea Guard. The HH-52A served over
26 years as the Coast Guard’s primary short-range,
search and rescue helicopter. It was replaced by the
Aerospatiale HH-65A Dolphin.

14 September The first Sikorsky HH-60J Jayhawk
medium-range, search and rescue helicopter rolled out
in Stratford, Conn. It would replace the Sikorsky HH-
3F in Coast Guard service.

14 September The V-22 Osprey made its first flight
in full airplane mode. The part helicopter, part air-

plane tilt-rotor aircraft was airborne for about one
hour at Bell Helicopter Textron’s Arlington, Tex.,
facility.

14 September The Navy Aircrew Common Ejection
Seat successfully completed a 600-knot dual ejection
from an F-14D test sled at China Lake, Calif.

17–21 September Under the direction of
Commander, Fleet Air, Caribbean, a number of Navy
and Marine Corps squadrons—including HC-2 (Det
VI), VP-93, and VC-8—responded to the destruction
brought by Hurricane Hugo to the Caribbean by flying
in needed supplies to Puerto Rico and evacuating the
seriously injured to hospitals.

22 September VMFT-401 transferred its last F-21A
Kfir, marking the retirement of this Israeli-built fighter
from U.S. Naval Aviation. The F-21A served as an
aggressor aircraft.

30 September VAK-208 was disestablished as the
last Navy squadron dedicated solely to the mission of
aerial refueling. Assigned to Reserve Carrier Air Wing
20, the squadron provided aerial refueling and
pathfinder support since its establishment as VAQ-208
in July 1970. It was redesignated VAK-208 on 1
October 1979. Reserve carrier air wing aerial refueling
was assumed by VA-304 and -205, transitioning to the
A-6E and the KA-6D Intruders.

1 October HAL-4, a Naval Reserve squadron, was
officially redesignated HCS-4 with an added mission of
strike rescue. HAL-4 was the last Navy gunship
squadron.

17 October An earthquake in northern California
brought response from HM-15 Detachment 3 and HC-
1. Both conducted lifts of food, water, and relief mate-
rials to the heavily damaged areas. HC-11 Det 3 also
participated in the disaster relief. The amphibious
assault ship Peleliu provided food and shelter to
homeless earthquake victims.

29 October The developmental prototype of the
Advanced Capability version of the Grumman EA-6B
made its first flight.

1 November NAS Pensacola, Fla., became the last
Chief of Naval Air Training command to fully convert
to civilian contractors for maintenance on aircraft. In
the past, the work had been done by Navy person-
nel in maintenance ratings. Having the work per-
formed by a civilian company was considered more
cost-effective.
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17 April The Lockheed Aeronautical Systems
Company formally delivered the last P-3 Orion (BuNo
163925) to the U.S. Navy in a ceremony at Palmdale,
Calif. It was the 548th P-3 accepted by the Navy since
deliveries began in August 1962. 

18 May NAVAIR established the model designation
BQM-145A for the medium-range unmanned aerial
vehicle. The BQM-145A was a programmable recon-
naissance drone that could be launched from various
tactical aircraft and also from the ground. 

18 May The night attack F/A-18D Hornet was intro-
duced into service at the Marine Corps Air Station El
Toro, Calif. The F/A-18D was the first two-seat Hornet
designated to fly tactical as opposed to training mis-
sions. It would replace the A-6 Intruder as the Marine
Corps’ day/night attack aircraft. 

3 June Three days after President Bush ordered an
amphibious task force off the coast of Liberia, Saipan,
Ponce (LPD 15) and Sumter (LST 1181) began their
watch over the events in Liberia ready to assist any
additional evacuation of U.S. citizens, should they be
threatened by the rebel uprising there. 

24 June The wreckage of the Navy’s rigid airship,
Macon (ZRS-5), was located by the Navy submersible
Sea Cliff (DSV 4) off the coast of Point Sur, Calif.,
where it had crashed on 12 February 1935. At the
time, Macon was carrying four Curtiss F9C-2
Sparrowhawk biplane fighters. They were spotted near
the wreck of the Macon. 

26 June The first ship launch of the SLAM was con-
ducted from a Harpoon canister aboard the guided mis-
sile cruiser Lake Champlain (CG 57). The launch was
controlled from a LAMPS MK III helicopter, with video
images downlinked to the ship’s command information
center via the helicopter’s
Walleye data link pod.
The test was conducted at
Pacific Missile Test
Center’s sea test range. 

12 July Commander
Rosemary Bryant Mariner
relieved Commander
Charles Hughes Smith as
commanding officer of
VAQ-34. Commander
Mariner was the first
woman selected to com-
mand an operational
aviation squadron. 

3 November The designation VH-60N was
approved for the version of the H-60 helicopter to be
used as the worldwide executive transport. Personnel
from HMX-1 were responsible for flying the President
and his staff in this helicopter.

6–7 November VX-1 set a Naval Aviation record for
flying the longest nonstop, air-refueled flight in the E-
6A TACAMO aircraft. Two refuelings were made in
flight utilizing Air Force KC-10s from March AFB, Calif.

1–2 December Midway and Enterprise, originally
scheduled to conduct joint operations, were put on
alert status for Operation Classic Resolve in response
to a coup attempt in Manila, R.P. After the situation
subsided, Midway returned to her home port at
Yokosuka, Japan; and Enterprise continued her
deployment in the Indian Ocean.

2 Decermber VAQ-309 officially received the EA-6B
Prowler during ceremonies at NAS Whidbey Island,
Wash., becoming the first reserve squadron to operate
the modern electronic warfare aircraft.

1990
25 January A helicopter crew from Guadalcanal
rescued three fishermen after their boat went under
three miles off Cape Henry, Va. 

25 January HSL-45 Detachment 10; HSL-33
Detachment 3; and HSL-35 Detachment 1 responded
to a distress call from the Chinese merchant vessel
Hauzhu, reported to be sinking 40 miles off the north-
ern coast of the Philippines. Nineteen crew members
were recovered.

21 March The SH-2G helicopter was introduced at a
flyout ceremony at the Kaman Aerospace Corporation’s
production facility in Bloomfield, Connecticut. The SH-
2G was an upgraded version of the SH-2F helicopter,
which was part of the LAMPS MK I. Improvements
included a sonobuoy data processing system, changes
in the tactical navigation system, more powerful
engines, composite rotor blades, an infrared target
detection system and several countermeasures systems. 

27 March HS-2 became the first Navy squadron to
receive the SH-60F inner-zone combat aircraft for
operational deployment with the fleet at a ceremony
at NAS North Island, Calif. The SH-60F, made by
Sikorsky, was a derivative of the SH-60B Seahawk
LAMPS MK III helicopter. 
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16 July The largest earthquake to strike the
Philippines in 14 years rocked Manila and left many
northern areas of Luzon destroyed. Marine helicopters
assigned to Marine Corps Air Group Task Force 4-90
and HMM-164(C) hauled food, water and medical sup-
plies. CH-46E, CH-53D, and CH-53E helicopters were
used for transports, while searches for survivors were
conducted by UH-1N and AH-1W helicopters and OV-
10 observation planes. Navy SH-3G helicopters
assigned to VC-5 at NAS Cubi Point also flew resupply
and medical missions. VC-5 helicopters delivered
cement-cutting saws and trained operators in rescue
parties to help free victims trapped in the rubble. 

20 July The Navy terminated a contract with
Lockheed Aeronautical Systems for the P-7A for
default. The P-7A, formerly known as LRAACA (long-
range air anti-submarine warfare capable aircraft), was
the planned replacement for the P-3 maritime patrol
aircraft.

31 July HC-9, the Navy’s only combat search and
rescue helicopter unit, was disestablished. Its mission
passed to two Navy Reserve special operations
squadrons: HCS-5 at Point Mugu, Calif., and HCS-4 at
NAS Norfolk, Va. HC-9 had been established in
August 1975.

2 August The NAVSTAR navigation satellite was
boosted into orbit by a Delta rocket. This was the lat-
est in a series of spacecraft capable of pinpointing the
location of U.S. military units.

2 August Iraq invaded Kuwait. At the time, eight
U.S. Navy Middle East Force ships were in the
Persian Gulf. The carrier battle group of
Independence with CVW-14 aboard was in the Indian
Ocean, and Dwight D. Eisenhower with CVW-7 was
in the Mediterranean. Independence’s battle group
was directed to proceed to the northern Arabian Sea
in support of Operation Desert Shield, a UN sanc-
tioned economic blockade of Iraq.

5 August Independence’s battle group arrived on
station in the Gulf of Oman.

5 August 90–9 January 91 Operation Sharp Edge
was authorized by the State Department on 5 August
to evacuate noncombatants caught in the civil war in
Liberia. Saipan and other ships were stationed off the
Liberian coast. Marines from 22nd Marine
Expeditionary Unit were flown into the American
embassy compound in Monrovia, Liberia. The MEU’s

air combat element, HMM-261(C), was comprised of
CH-46Es from HMM-261, CH-53Ds from HMH-362,
UH-1Ns and AH-1Ts from HMLA-167, and AV-8Bs from
VMA-223. On 28 November a cease-fire was accepted
by the opposing Liberian factions and on 30
November the limited evacuation of noncombatants
from Monrovia terminated, with a total of 2,609 evacu-
ated, including 330 U.S. citizens. Operation Sharp
Edge concluded on 9 January 1991.

7 August Saratoga left the U.S. for a previously
scheduled deployment to the eastern Mediterranean,
with CVW-17 aboard.

7 August Dwight D. Eisenhower and her battle
group transited the Suez Canal and entered the Red
Sea on 8 August.

7 August The EP-3E Aries II, an electronic version
of the P-3C, arrived at NAS Patuxent River, Md., to
begin four months of extensive performance testing. 

15 August Leading a carrier battle group, John F.
Kennedy deployed from her home port, Norfolk, Va.,
with CVW-3 aboard. The battle group would be avail-
able for potential relief of the Dwight D. Eisenhower
battle group or additional tasking to be determined by
the situation in the Middle East.

16 August Consistent with UN Security Council
Resolution 661, a multinational maritime intercept
operation involving Naval Aviation forces began inter-
cepting ships going to or from Iraq and Kuwait.

22 August Saratoga transited the Suez Canal to take
up her station in the Red Sea, where she would relieve
Dwight D. Eisenhower who would then proceed home.

30 August John F. Kennedy’s battle group transited
the Strait of Gibraltar en route to the Mediterranean Sea.

3 September Dwight D. Eisenhower transited the
Strait of Gibraltar en route to home port.

6 September Amphibious assault ship Nassau tran-
sited the Suez Canal.

7 September Amphibious assault ships Iwo Jima
and Guam transited the Suez Canal.

14 September Nassau arrived in the Gulf of Oman.

14 September John F. Kennedy’s battle group tran-
sited the Suez Canal into the Red Sea.
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men aboard during “routine night training operations.”
No survivors were found.

28 October U.S. Marines from the amphibious trans-
port ship Ogden (LPD 5) boarded the Iraqi vessel
Amuriyah, bound for Iraq through the Gulf. The ves-
sel refused to halt despite summons from U.S. and
Australian ships. The allied ships fired shots across
Amuriyah’s bow and warplanes from Independence
buzzed low in warning passes. The Marine boarding
party found no banned cargo and the Iraqi craft was
allowed to proceed.

1 November Midway, with CVW-5 aboard, replaced
Independence in the northern Arabian Sea.

8 November President Bush announced a decision
to double the number of carrier battle groups
deployed in support of Operation Desert Shield.
Ranger with CVW-2, America with CVW-1, and
Theodore Roosevelt with CVW-8 were scheduled to be

16 September Iwo Jima and Guam arrived in the
Gulf of Oman.

1 October Independence transited the Strait of
Hormuz en route to the Persian Gulf.

3 October Independence conducted flight opera-
tions in the Persian Gulf. She was the first carrier to do
so since 1974, when Constellation operated there.

4 October Independence left the Gulf after spending
three days in its relatively confined and shallow
waters. A Pentagon spokesman said the aircraft carrier
had successfully completed its mission which was “to
demonstrate to our friends and allies in the region that
it is possible to put a carrier in the Gulf and carry out
operations.”

8 October The two U.S. Marine Corps UH-1N Huey
helicopters based on the amphibious assault ship
Okinawa in the Gulf of Oman disappeared with eight
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on station by 15 January 1991. The three were to join
Saratoga, John F. Kennedy, and Midway.

15 November U.S. and Saudi forces began Opera-
tion Imminent Thunder, an eight-day combined
amphibious landing exercise in northeastern Saudi
Arabia which involved about 1,000 U.S. Marines, 16
warships, and more than 1,100 aircraft. Close air sup-
port was provided by Marine aircraft as well as planes
from Midway, which had entered the Gulf from the
northern Arabian Sea for the exercise.

16 November The Navy’s newest fighter, the Grumman
F-14D Super Tomcat, was formally accepted for fleet 
service in a ceremony held at NAS Miramar, Calif. 

29 November The UN Security Council approved a
resolution authorizing the use of military force unless
Iraq vacated Kuwait by 15 January 1991.

8 December Ranger, with CVW-2 aboard, departed
San Diego, Calif., on an unscheduled deployment in
support of Operation Desert Shield.

20 December Independence returned to her San Diego,
Calif., home port from her Persian Gulf deployment.

21 December An Israeli-chartered liberty ferry
shuttling 102 crew members from the Israeli port of
Haifa back to Saratoga capsized and sank off the
coast of Israel. Israeli military and police officers
rushed out in boats and helicopters to pull sailors
from the water. Helicopters flew injured men to two
hospitals in Haifa. Twenty U.S. sailors died. In addi-
tion, a crew member was missing and presumed
drowned.

28 December America, with CVW-1 aboard, and
Theodore Roosevelt, with CVW-8, departed Norfolk,
Va., on deployment in support of Operation Desert
Shield.
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On 3 February 1984, Navy astronaut Captain Bruce McCandless
II became the first person to walk untethered in space.
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republics. On 25 December 1991, Mikhail Gorbachev
formally resigned as president of a Soviet Union that
no longer existed.

The collapse of the Soviet Union left the United
States as the world’s only superpower. The new world
order presented regional rather than global threats
and challenges. In response, the Navy developed a
new strategy promulgated in the white pater entitled
“. . . From the Sea.” The paper emphasized littoral
warfare—along the coastlines—and maneuver from
the sea.

The new global situation called for the downsizing
of the Navy’s personnel and material. With the Soviet
Union no longer a threat, the Clinton administration
supported a smaller defense budget. For Naval
Aviation it was the largest draw-down since World War
II. Many aviation squadrons and naval shore facilities
were disestablished, reorganized or consolidated. 

The break-up of the composite state of Yugoslavia
into its constituent republics presented the first major
challenge to the Navy’s “. . . From the Sea” strategy. In
a referendum in the spring of 1992, a majority of those
in the Republic of Bosnia-Herzegovina voted for inde-
pendence from the remains of Yugoslavia. The
Bosnian Serbs reacted by proclaiming that the
Republic of Bosnia-Herzegovina was a constituted part
of Yugoslavia, now only consisting of Serbia and
Montenegro. Fighting broke out between the Serbs,
Croats, and Slavic Moslems in Bosnia-Herzegovina and
the republic was divided along ethnic lines. 

Along the coastline of Bosnia-Herzegovina, aircraft
carriers kept watch over the situation from the Adriatic
Sea and provided support for Operation Provide
Promise—the United Nations relief effort—and
Operation Deny Flight, which monitored the air space
over Bosnia-Herzegovina to prevent the warring par-
ties from using it in warfare. 

On her last deployment (1994), Saratoga provided
support for Operations Deny Flight and Provide
Promise. Saratoga then returned to Mayport, Fla.,
where she was decommissioned in August 1994.

Dwight D. Eisenhower and America continued the
support of Operation Deny Flight from the Adriatic

The first half of the 1990s has been characterized
by changes in the world order, containment of local-
ized fighting and a revamped naval strategy. As 1991
began, the 15 January deadline for the UN-ordered
withdrawal of Iraqi troops from Kuwait neared; and
U.S. aircraft carriers advanced to locations near the
Persian Gulf. On 16 January, (the night of 17 January
in the Middle East), Tomahawk cruise missiles were
launched at pre-programmed targets by nine U.S.
Navy ships in the Mediterranean, Persian Gulf and
Red Sea; just in time to be shown on the evening
news. Later that same evening, President George H.
W. Bush addressed the nation and announced that
the liberation of Kuwait had begun and a massive ar-
mada of naval, air force and Allied aircraft struck tar-
gets in Iraq. 

The Gulf War was the first war the public could see
in real time. TV viewers around the world saw first
hand the awesome military might of the United States
as it liberated Kuwait. The Gulf War was short and on
27 February, President Bush declared that Kuwait had
been liberated. However, UN economic sanctions
against Iraq remained in effect. Naval Aviation was ac-
tively involved in patrolling Iraq during the remainder
of the first half of the decade. It was involved in sup-
porting UN-imposed sanctions against Iraq and limit-
ing Iraq’s threat to its minorities and neighbors.

In October 1994, after Iraqi troops again massed on
the Kuwaiti border, President Clinton dispatched
George Washington to the Red Sea, to protect Kuwait
from possible invasion. Iraq withdrew from the
Kuwaiti border and recognized the sovereignty of
Kuwait, but UN economic sanctions on Iraq remained
in place. In 1995, Constellation, Theodore Roosevelt
and Independence patrolled Iraq’s “no-fly zone” dur-
ing Operation Southern Watch. 

The Soviet Union had cooperated with the United
States during the Gulf War. It was the first U.S.-Soviet
coordinated effort since World War II. Soviet glasnost
(openness) and peristroika (re-structuring) were
bringing about changes and unrest in the Soviet
Union. In August 1991, an attempted coup triggered
the dissolution of the Soviet Union into its component
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Sea. On 30 August 1995, aircraft from Theodore
Roosevelt carried out the initial early morning strikes
that began Operation Deliberate Force, action against
Serb military targets in Bosnia.

The Dayton Accords, signed in Paris in December
1995, by the Bosnian Federation and the Bosnian
Serbs, brought a hope for peace in Bosnia-
Herzegovina. Operation Joint Endeavor enforced the
military aspects of this peace by providing a stable en-
vironment in which the civil aspects could proceed.
Operation Deny Flight, begun in 1993, then came to
an end. President Bill Clinton called up reserves to
participate in Operation Joint Endeavor.

The initial half of the 1990s marked a first for women
in the Navy. In April 1993, Secretary of Defense Les
Aspin dropped most of the restrictions that prohibited
women from engaging in aerial and naval combat. Later
in the year, Congress supported the secretary’s decision
to allow women in combat by repealing the Combat
Exclusion Law. In October 1994, Dwight D. Eisenhower
became the first aircraft carrier to deploy with women
permanently assigned on board. 

In the first half of the 1990s, Naval Aviation contin-
ued to adjust to changing world events, the develop-
ment of new technology and new strategies in order
to serve the Nation in peace and war.

1991

1 January HC-4 relocated its detachment from
Jeddah, Saudi Arabia, to Hurghada, Egypt, constructed
an airhead operating site within 48 hours, and began
transporting passengers, cargo, and mail to the Red
Sea battle groups during Operation Desert Shield.

2–5 January CH-53E helicopters from Guam helped
insert Marines into the U.S. Embassy compound in
Mogadishu, Somalia, during Operation Eastern Exit,
which rescued U.S. Ambassador James K. Bishop, the
Soviet ambassador, and other foreign nationals caught
in the Somali civil war.

6 January Saratoga transited the Suez Canal en route
to the Red Sea to participate in Operation Desert Shield.

7 January Secretary of Defense Richard Cheney can-
celed the A-12 Avenger carrier-based aircraft program.
The action was based on the inability of the contrac-
tors—General Dynamics and McDonnell Douglas—to
design, develop, fabricate, assemble, and test A-12 air-
craft within the contract schedule and to deliver an air-
craft that met contract requirements. This was the
largest weapons contract cancellation ever by the
Pentagon.

9 January America transited the Strait of Gibraltar
and arrived in the Mediterranean Sea, and then pre-
pared for participation in Operation Desert Shield.

12 January Congress voted 52 to 47 in the Senate
and 250 to 183 in the House on a joint resolution that
gave President George H. W. Bush the support he
sought for military action against Iraq.

12 January Ranger battle group arrived on station in
the northern Arabian Sea and participated in Operation
Desert Shield.

12 January Amphibious Group Three (with the Fifth
Marine Expeditionary Brigade embarked) arrived on
station in the Arabian Sea. Eighteen ships, including
Okinawa, Tarawa, Tripoli and New Orleans were to
join the 13-ship Amphibious Group Three, to com-
prise the largest amphibious task force since the
Korean War.

12 January Midway battle group reentered the
Persian Gulf and participated in Operation Desert
Shield.

14 January Theodore Roosevelt battle group passed
through the Suez Canal and assumed battle station in
the Red Sea.

15 January America battle group transited the Suez
Canal and arrived on station in the Red Sea.

15 January Ranger with CVW-2 on board, and her
battle group transited the Strait of Hormuz to station in
the Persian Gulf.

16 January Theodore Roosevelt transited the Bab el-
Mandeb Strait from the Red Sea to the Gulf of Aden.

16 January At 4:50 p.m. EST, a squadron of
fighter-bombers took off from an air base in central
Saudi Arabia. Targets in Iraq and Kuwait began being
hit before 7:00 p.m. EST. (It was the night of 17
January in the Middle East.) At the time, six Navy
battle groups, two battleships, and a 31-ship am-
phibious task force were operating in the Red Sea,
Persian Gulf, and Arabian Sea areas. The Navy had
more than 100 ships in the area and 75,000 Navy
personnel afloat and ashore, while more than 67,000
Marines ashore comprised a Marine Expeditionary
Force and nearly 18,000 Marines embarked aboard
naval vessels brought the Marine Corps presence to
nearly 85,000.
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Turner and William Costen of Ranger’s VA-155 were
first reported missing and later as announced as being
prisoners of war.

18 January A Marine Corps OV-10A observation air-
craft was shot down by Iraqi forces. Lieutenant Colonel
William R. Acree and Chief Warrant Officer 4 Guy
Hunter of VMO-2 were both captured.

18 January Nicholas’ HSL-44 (Det 8) SH-60Bs pro-
vided air targeting while a Kuwaiti patrol boat, two
Army helicopter gunships, and Nicholas (FFG 47) en-
gaged and neutralized Iraqi forces on nine oil plat-
forms in the Durrah oil field. The Iraqi forces were
manning antiaircraft artillery sites on the platforms.
This was the first combined helicopter, missile, and
surface ship gun engagement of the war and resulted
in the destruction of the positions and capture of the
first Iraqi prisoners of wars.

19 January Theodore Roosevelt and her battle group
transited the Strait of Hormuz and entered the Persian
Gulf.

19 January The first combat use of SLAM occurred
when launched from A-6 Intruders and A-7 Corsair IIs
based aboard John F. Kennedy and Saratoga.

20 January Iraqi television broadcast ran what it
claimed were interviews with three U.S. and four Allied
military airmen shot down in the war in the Persian
Gulf. The U.S. State Department called the Iraqi charge
d’affaires in Washington to protest that the broadcast
was contrary to the Third Geneva Convention govern-
ing treatment of prisoners of war and to demand that
any prisoners be given immediate access to representa-
tives of the International Committee of the Red Cross,
the internationally recognized overseer of the conven-
tion. The tapes were shown on U.S. television the fol-
lowing day.

20 January Department of Defense announced that
an Iraqi artillery battery was destroyed by a Navy A-6
and an Air Force A-10 aircraft.

21 January President George H. W. Bush signed an
executive order designating the Arabian Peninsula
areas, airspace, and adjacent waters as a combat zone.

21 January An F-14 was downed by a surface-to-air
missile over Iraq. Pilot Lieutenant Devon Jones and
Radar Intercept Officer Lieutenant Lawrence Slade of
Saratoga’s VF-103 were reported missing. Lieutenant
Jones was recovered the following day, but Slade was
captured as a prisoner of war.

16 January President George H. W. Bush addressed
the nation at 9:00 p.m. EST and announced that the
liberation of Kuwait from Iraq, Operation Desert
Storm, had begun.
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A P-3C over the Arabian desert during Operation Desert Storm. 

17 January Over 100 Tomahawk cruise missiles
were launched at preprogrammed targets by nine U.S.
Navy ships in the Mediterranean, Persian Gulf, and
Red Sea. This was the start of Operation Desert Storm
and the first combat launch of the Tomahawk missile.
The Navy launched 228 combat sorties from John F.
Kennedy, Saratoga, and America in the Red Sea;
Midway and Ranger in the Persian Gulf; and
Theordore Roosevelt en route to the Persian Gulf.

17 January An F/A-18C from Saratoga’s VFA-81 was
shot down by an Iraqi surface-to-air missile. Pilot
Lieutenant Commander Michael Speicher became the
first American casualty of the Persian Gulf War.

17 January At 7:15 p.m. EST (2: 15 a.m. local time),
an estimated eight Iraqi Scud missiles attacked the
Israeli cities of Haifa and Tel Aviv, causing property
damage. The Pentagon announced that stationary Scud
sites in Iraq had been destroyed and the mobile sites
were being sought out. The U.S. was also preparing to
send additional Patriot antimissile batteries to Israel.

17 January F/A-18Cs piloted by Lieutenant
Commander Mark Fox and Lieutenant Nick Mongillo
of VFA-81, assigned to Saratoga, each shot down a
MiG-21. They were the first-ever aerial victories for
the Hornet.

18 January Navy lost two additional aircraft, both A-
6s. The crewmen, Lieutenants Jeffrey Zaun and Robert
Wetzel of Saratoga’s VA-35 and Lieutenants Charles



21 January Theodore Roosevelt battle group arrived
on station in the Persian Gulf.

23 January Navy A-6s disabled an al-Qaddisiya-class
Iraqi tanker that had been collecting and reporting in-
telligence data. The A-6s also attacked and sank a
Winchester-class hovercraft (being refueled by the
tanker) and a Zhuk patrol boat.

24 January Navy A-6s attacked and destroyed an
Iraqi Spasilac minelayer. An A-6 sank an Iraqi Zhuk-
class patrol boat and another Iraqi minesweeper hit an
Iraqi mine while attempting to evade the A-6 fire. A-6s
and F/A-18s attacked the Umm Qasr Naval Base.

24 January The first Kuwaiti territory, the island of
Jazirat Qurah, was reclaimed.

28 January Navy A-6s attacked Iraqi ships at
Bubiyan Channel, at Umm Qasr Naval Base, and in
Kuwait harbor.

28 January Captain Michael Berryman of VMA-311
was captured by Iraqi forces after his AV-8B Harrier
was shot down.

30 January Navy A-6s attacked three Iraqi landing
craft in the vicinity of Shatt al-Arab Channel.

30 January All 18 F/A-18s aboard Saratoga delivered
100,000 pounds of MK-83 1,000-pound bombs on Iraqi
positions in Kuwait. This was the largest amount of
bomb tonnage carried in a single mission.

1 February VAW-123 coordinated aircraft on the first
of 11 Scud missile patrols flown from 1-7 February. On
3 February, America confirmed the destruction of two
Scud-related vehicles.

2 February A Navy A-6 with crew members
Lieutenant Commander Barry Cooke and Lieutenant
Patrick Kelly Connor, from Theodore Roosevelt’s VA-36,
were shot down by antiaircraft fire. The crewmen were
reported missing. This was Theodore Roosevelt’s first
combat loss of the war.

5 February A Navy F/A-18A crashed while returning
from a combat mission. The pilot, Lieutenant Robert
Dwyer of VFA-87 from Theodore Roosevelt, was killed.

6 February An F-14A from VF-1, off Ranger, piloted
by Lieutenant Stuart Broce, with Commander Ron
McElraft as Radar Intercept Officer, downed a MI-8 Hip
helicopter with an AIM-9M Sidewinder missile.

7 February A-6s attacked and heavily damaged two
Iraqi patrol boats in the northern Persian Gulf near al-
Faw Peninsula.

8 February A-6s attacked and neutralized an Iraqi
training frigate co-located with a TMC-45 class patrol
boat (Exocet capable craft) at Cor al-Zubayr.

9 February Captain Russell Sanborn, USMC, was
captured by Iraqi forces after his VMA-231 AV-8B was
shot down.

14 February America battle group transited the
Strait of Hormuz en route to operations in the Persian
Gulf.

15 February America became the first and only car-
rier to conduct strikes from both sides of the Arabian
Peninsula.

18 February An Iraqi mine blasted a 20-by-30 foot
hole in the forward section of the 18,000-ton helicopter
carrier Tripoli during mine clearance operations in the
northern Persian Gulf. After continuing her duty for
five days, Tripoli, the flagship of the minesweeping op-
eration, returned to a shipyard drydock in Bahrain for
a month of repairs.

20 February America’s VS-32 became the first S-3
squadron to engage, bomb, and destroy a hostile ves-
sel, an Iraqi gunboat.

20–24 February Using the AV-8B Harrier, the VMA-
331 Bumblebees flew 243 sorties along the Iraqi border
and throughout Kuwait.

23 February America, Midway, Theodore Roosevelt,
and Ranger were in the Persian Gulf. John F. Kennedy
and Saratoga were operating from the Red Sea.

23 February Aircraft from America destroyed a
Silkworm (antiship) missile battery after Iraq unsuc-
cessfully fired a missile at Missouri (BB 63).

23 February A VMA-542 AV-8B Harrier was shot
down by Iraqi forces. Captain James Wilbourn, USMC
was killed in action.

23 February The SAR team from NAS Lemoore,
Calif., saved a 19-year-old male who had been missing
for five days. He was found on a 6,000-foot elevation
in very rocky terrain at the southern edge of Sequoia
National Park. The SAR team was called in to assist the
Tulare County Sheriff’s Department.
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27 February Captain Reginald Underwood, USMC
was killed when his VMA-331 AV-8B was shot down
by Iraqi forces.

3 March CH-46 helicopters with loudspeakers
rounded up surrendering Iraqi troops on Faylaka
Island. The enemy prisoners of war were ferried by
helicopter to Ogden (LPD 5) for further transport to
Saudi prisoner of war facilities.

4 March Iraq released POWs including the Navy’s
Lieutenants Jeffrey Zaun, Robert Wetzel, and Lawrence
Slade. The prisoners of war were turned over to U.S.
officials by the International Committee of the Red
Cross near the Jordanian border station of Ruwayshid.

4 March America departed the Persian Gulf and re-
turned to the Red Sea after conducting 3,008 combat
sorties during the war.

6 March New Orleans, with a minecountermeasures
squadron on board and four mine-countermeasures
ships, led minesweeping activities.

6 March President George H. W. Bush reported to a
joint session of Congress, “Aggression is defeated. The
war is over.”

24 February Operation Desert Sabre, the ground of-
fensive against Iraq, began. General Norman
Schwarzkopf’s plan was based on the classic principles
of war: deception, concentration of force, and speed.

25 February Two Marine Corps aircraft were shot
down by Iraqi forces. Captain Scott Walsh was rescued
after his VMA-542 AV-8B was lost. Major Joseph Small
was captured and Captain David Spellacy was killed
when their OV-1OA was shot down.

26 February A-6Es from Ranger’s VA-155 bombed
Iraqi troops fleeing Kuwait City to Basra in “bumper to
bumper” convoys along two multi-lane highways.
Numerous tanks, armored vehicles, jeeps, cars, and
tractor-trailers were destroyed.

27 February At 9:00 p.m. EST, President George H.
W. Bush declared that Kuwait had been liberated and
that the Persian Gulf War over. At midnight EST, all
U.S. and coalition forces would suspend further offen-
sive combat operations.

27 February Forty Iraqi soldiers, thinking it was
manned, surrendered to battleship Wisconsin’s (BB
64) RPV when it flew over their position.
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8 March Lieutenant Kathy Owens became the last
pilot to land on the training carrier Lexington after the
Navy made a quick decision late in the day to decom-
mission the ship. She was the first woman pilot to get
that distinction on a carrier, which was the first to
have women crew members. Lieutenant Owens has
flown with VRC-40—a C-2 squadron based in Norfolk,
Va.—since January 1990. Lieutenant Paul Villagomez,
AMH1 Donnie E. Kicklighter, and AD2 Mark F.
Pemrick were also members of the flight crew.

11 March Saratoga and Midway battle groups de-
parted the Persian Gulf area for their respective home-
ports. Saratoga transited the Suez Canal en route to
Mayport, Fla.; Midway departed the Persian Gulf en
route to Yokosuka, Japan.

12 March John F. Kennedy transited the Suez Canal
en route to the Mediterranean.

13 March President George H. W. Bush established
the Southwest Asia Service Medal by executive order.
It would be awarded to U.S. military personnel who
served in the Persian Gulf area during the operations.

16–22 March America conducted a port visit to
Hurghada, Egypt, making the first port call of the de-
ployment after 78 consecutive days at sea. 

17 March Tripoli was awarded the Combat Action
Ribbon for being endangered by enemy mine attack
on 18 February.

28 March John F. Kennedy and Saratoga, leading
their battle groups, arrived at their home ports of

Norfolk, Va., and Mayport, Fla., respectively. They
were the first battle groups involved in the Persian
Gulf War to return to the U.S.

29 March Kitty Hawk, her flight deck modified to
accommodate F/A-18 Hornet aircraft, left the
Philadelphia Naval Shipyard, Pa., to conduct sea trials.
This was the first time the 80,000-ton carrier had
moved under her own power since arriving in
Philadelphia three and one-half years before undergo-
ing a SLEP overhaul.

1 April Theodore Roosevelt transited the Strait of Bab
el-Mandeb and began three weeks of Red Sea opera-
tions.

3 April America transited the Suez Canal and re-
turned to the Mediterranean.

6 April Iraq accepted United Nations terms for a for-
mal cease-fire in the Persian Gulf War.

8 April America transited the Strait of Gibraltar and
returned to the Atlantic.

8 April Having left from both NAS Sigonella, Sicily,
and Hurghada, Egypt, for Diyarbakir, Turkey, on April
6, HC-4 detachments flew Secretary of State James A.
Baker III and his party of 60 along the border be-
tween Turkey and civil war-torn Iraq to a remote
Kurdish refugee camp. A popular uprising in
Kurdistan had taken place in March against Saddam
Hussein, but the Iraqi forces quickly recaptured the
main towns and cities of Kurdistan. The Iranians had
allowed the Kurds to flee into their country, but the
Turks had not, and the Kurds were stranded in the
mountains in the cold.
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A flight of VA-72 A-7E Corsair IIs after
departing John F. Kennedy en route
home following their service in Desert
Storm. VA-72 and VA-46 were the 
last two A-7 squadrons operational 
deployed.



1 May The Navy redesignated all F-14A aircraft that
had undergone the A+/A(Plus) conversion as F-14B
aircraft.

7–8 May Two A-6E Intruders on a reconnaissance
mission over northern Iraq were attacked by Iraqi ar-
tillery units. These were the first confirmed incidents of
hostile fire since Allied forces began occupying a des-
ignated security zone for Kurdish refugees. The planes
were unscathed, continued their mission, and returned
safely to Theodore Roosevelt, positioned off the coast of
Turkey to support U.S. military operations in northern
Iraq.

12 May Eight ships of an amphibious assault group
headed by Tarawa arrived to begin a large-scale relief
effort in Bangladesh, which had been devastated by a
cyclone on 30 April. During Operation Sea Angel, CH-
53 Sea Stallions, CH-46 Sea Knights, UH-1N Iroquois
and AH-1T Sea Cobras carried food, medical supplies,
and rescued people who had been isolated by the
floods.

15 May The ES-3A Shadow made its first flight at the
Lockheed plant in Palmdale, Calif.

22 May The House Armed Services Committee
voted to allow women to fly combat missions in Air
Force, Navy, and Marine Corps aircraft. The measure
was included in an amendment to the 1992 defense
budget.

23 May Commander, Naval Forces, Middle East de-
clared the Kuwaiti port of Ash-Shuwaikh free of ord-
nance and Iraqi mines, making it the fifth and final in a
series of port-clearing missions by Allied forces.

30 May Forrestal, leading a battle group, departed
from its home port of Mayport, Fla., for a scheduled
deployment to the Mediterranean Sea to relieve the
Theodore Roosevelt battle group on station in the east-
ern Mediterranean in support of Operation Provide
Comfort.

3 June An LC-130 Hercules based at NAS Point
Mugu, Calif., landed at McMurdo Station, Antarctica, to
complete the first mid-winter medical evacuation of
critically ill personnel since 1966. Navy pilots and crew
from VXE-6 evacuated a member of New Zealand’s
Division of Science and Industrial Research.

6 June America was among the 10 U.S. Navy ships
whom, returning from the Persian Gulf, sailed into
New York Harbor as part of the city’s fourth annual
Fleet Week celebration.

9 April HC-4 returned to Incirlik, Turkey, to become
the primary and first heavy lift helicopter combat logis-
tics support asset for Operation Provide Comfort. The
squadron delivered massive amounts of relief aid to
Kurdish refugees and flew needy people to safe havens.

9 April UN Security Council approved Resolution 689
establishing a United Nations-Iraq-Kuwait Observer
Mission to monitor the permanent cease-fire.

11 April The Persian Gulf War came to its official
conclusion at 10:00 a.m. EDT as UN Security Council
Resolution No. 687, establishing a permanent cease-fire
in the Persian Gulf War, went into effect.

11 April After 28 years in production and 548 deliver-
ies, the final P-3 Orion was turned over to the Navy.
The ceremonies were held at Lockheed Aeronautical
Systems Company’s Palmdale, Calif., production facility.

15 April NAVAIR established the HH-1N designation
for many of the H-1 Huey helicopters. The redesigna-
tion was to be completed by 30 September.

17 April Midway returned from the Persian Gulf War
to her home port of Yokosuka, Japan.

17 April Secretary of Defense Richard Cheney signed an
order directing military commanders to begin implement-
ing the president’s plan, announced the previous day at a
press conference, which called for the establishment of
several encampments in northern Iraq. U.S., British,
French, and Turkish military personnel had been delivering
relief supplies to the refugees. The U.S. Sixth Fleet’s 24th
Marine Expeditionary Unit commenced operations 17
hours after arrival at the Humanitarian Service Support
Base at Silopi, Iraq. A forward humanitarian service sup-
port base was also established at Diyarbakir, Turkey.

18 April America returned from the Persian Gulf War
to Norfolk, Va.

20 April Theodore Roosevelt transited the Suez Canal
and began support of Operation Provide Comfort, the
Allied nations’ effort to aid Kurdish refugees who were
in danger of extermination in the aftermath of the
Persian Gulf War.

20 April Theodore Roosevelt joined the U.S. naval
forces, including Guadalcanal, positioned off Turkey
to support an estimated 7,000 American ground troops
participating in Operation Provide Comfort, the relief
effort for Kurdish refugees.
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10 June A traditional New York ticker tape Parade
of Heroes saluted all the men and women who served
during Operations Desert Shield and Desert Storm cul-
minated the city’s Fleet Week.

12–27 June After rumbling for three days, Mount
Pinatubo in the Philippines began erupting. Subic Bay
Naval Complex suffered major damage. Abraham
Lincoln with CVW-11 aboard; Midway and her battle
group; plus three ships from the Amphibious
Readiness Group Alpha, led by Peleliu, participated in
Operation Fiery Vigil to evacuate the disaster victims.
VFA-94, HSL-47, and VC-5 were among those who as-
sisted with the effort.

their Grumman Albatross seaplane, approximately 600
miles east of Oahu.

23 June Tripoli transited the Strait of Hormuz en route
to San Diego, Calif., her home port, completing a tour in
the Persian Gulf which began on 1 December 1990.

28 June Theodore Roosevelt battle group returned to
Norfolk, Va. She was the last carrier involved in the
Persian Gulf War to return to its home port.

8 July An E-2C Hawkeye from Norfolk, Va., based VAW-
122 aboard Forrestal was ordered to be shot down after
suffering an engine fire that could not be extinguished. All
five aircrewmen parachuted from the aircraft and were re-
covered within minutes by helicopters from Forrestal and
Yorktown (CG 48). The incident occurred during a routine
flight in support of Operation Provide Comfort.

10 July The President approved the list of military
base closures proposed by the Defense Base Closure
and Realignment Commission (BRAC). The list in-
cluded two naval air stations and one Marine Corps air
station: NAS Moffett Field, Calif.; NAS Chase Field,
Tex.; and MCAS Tustin, Calif.

13 July Nimitz battle group turned over operations
in the Persian Gulf to Abraham Lincoln battle group
and transited the Strait of Hormuz.

29 July Grumman delivered the last scheduled pro-
duction EA-6B Powler carrier-based electronic warfare
aircraft to the Navy during ceremonies held at its
Calverton, N.Y., plant.

30 July Kitty Hawk left her berth at the Philadelphia
Naval Ship Yard, Pa., after 40 months of repairs and
new equipment. She was the fourth carrier overhauled
at the shipyard under SLEP.

31 July The Senate voted overwhelmingly to over-
turn a 43-year-old law that barred women from flying
warplanes in combat. The new measure, an amend-
ment to the military budget bill for the 1992 fiscal year,
permitted, but did not require, the armed forces to
allow women to fly combat missions.

19 August The Naval Air Reserve celebrated its 75th
anniversary.

27 August A ceremony at NAS Jacksonville, Fla.,
marked the introduction of the SH-60F Seahawk into
operational service with the Atlantic Fleet. HS-3 was
the first East Coast squadron to trade its SH-3H Sea
Kings for the new helicopter.
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A VC-5 TA-4J Skyhawk departing NAS Cubi Point, P.I., during erup-
tions from Mt. Pinatubo.

18 June Tripoli turned over her duties as flagship
for Commander, U.S. Mine Countermeasures Group, to
Texas (CGN 39). The group had located and destroyed
nearly 1,200 mines in the Persian Gulf.

18–19 June VP-4, in combination with the Coast
Guard, carried out a SAR mission and saved two men
and one woman who had been forced to ditch from



20–23 October Naval Aviation units based in the San
Francisco Bay area at NAS Alameda, NAS Moffett Field,
and NS Treasure Island provided assistance to the fire-
fighting efforts during the fire in the Oakland-Berkeley,
Calif., area. HS-85 provided airlift support with SH-3s.
Reservists were put on alert.

8 November The decommissioning ceremony for
Lexington was held at NAS Pensacola, Fla. CNO
Admiral Frank B. Kelso II was the principle speaker.
Lexington had been commissioned in 1943 and in
World War II was famous as the “Blue Ghost” that the
Japanese could not sink. In 1962, she assumed duty as
the training carrier assigned to the Naval Air Training
Command in Pensacola, Fla. During her career she had
been assigned the following designations: CV 16, CVS
16, CVT 16 and AVT 16.

9 November Two HS-9 helicopter crews of CVW-17
assigned to Saratoga rescued three commercial fisher-
men from their sinking boat 50 miles off Mayport, Fla.
A Coast Guard helicopter saved a fourth. The fisher-
men were taken aboard Saratoga for medical care.

12 November A ceremony at NAS Corpus Christi,
Tex., marked the establishment in September of the
Naval Air Training Maintenance Support Activity.
Captain David Timmons was the first CO. The estab-
lishment of NATMSACT was the culmination of a trend
over 15 years toward maintaining training aircraft with
contract civilians in place of military personnel.

4 December U.S. Navy T-45A Goshawk made its first
aircraft carrier landing aboard John F. Kennedy.

1992
1 January Naval Air Warfare Center (NAWC) was es-
tablished under the Commander, Naval Air Systems
Command. The new activity’s first commander was
Rear Admiral George Strohsahl. NAWC was to have
two divisions: Aircraft (AD) and Weapons (WD).

2 January The Naval Air Warfare Center Aircraft
Division (NAWC AD) was established at NAS Patuxent
River, Md. Rear Admiral Strohsahl was its first comman-
der (acting). Rear Admiral (sel.) Barton Strong was
scheduled to arrive in February or March to assume
command of the division. Under the realignment, NAS
Patuxent River reported to Commander, NAWC AD.
NAWC AD was responsible for aircraft, engines, avion-
ics, and aircraft support. It absorbed activities of the
Naval Air Development Center, Warminster, Pa.; the
Naval Air Engineering Center, Lakehurst, N.J.; the Naval
Air Propulsion Center, Trenton, N.J.; the Naval Avionics

27 August The last U.S. Navy participants of the
Persian Gulf War arrived home, including New Orleans,
with HMM-268 embarked.

6 September The U.S. Navy made its first flight in
the X-31A aircraft at Patuxent River, Md. The X-31 was
the first international experimental aircraft develop-
ment program undertaken by the U.S. Rockwell
International was the U.S contractor and
Messerschmitt-Bolkow-Blohm was the German con-
tractor. The X-31 was a project of the Advanced
Research Projects Agency (ARPA).

7 September Following the banquet of the annual
Tailhook Association convention held at the Las
Vegas Nevada Hilton, a number of Navy and Marine
Corps aviators gathered at parties held throughout
the hotel. Accusations of sexual misconduct were al-
leged. The events surrounding the incidents during
the Tailhook Association convention promulgated an
intense campaign to increase awareness throughout
the Navy—specifically new programs and policies
that addressed sexual misconduct and sexual harras-
ment. 

27 September The Douglas A-3 Skywarrior retired
from active duty at ceremonies hosted by VAQ-33, NAS
Key West, Fla. Ed Heinemann, the designer of the A-3,
was on hand. The EA-3Bs of VQ-2 were the last opera-
tional “Whales” in the Navy and had served in the
Persian Gulf War.

27 September In a televised address, President
George H. W. Bush announced that the U.S. would
unilaterally reduce nuclear arms, including the with-
drawal of all tactical nuclear weapons from Navy ships.
Among many provisions, the order directed that all
Navy air-deliverable nuclear weapons be withdrawn
from all aircraft carriers and stored or destroyed as
would all such weapons associated with land-based
naval aircraft, such as patrol planes.

1 October Naval Weapons Center, China Lake, Calif.;
Naval Air Development Center, Warminster, Pa.; and
Naval Ordnance Missile Test Station, White Sands,
N.Mex.; were transferred into NAVAIR. The action was
in preparation for the consolidation of all naval air ac-
tivities under the Naval Air Warfare Center, which
would be an activity of NAVAIR.

18 October An F/A-18 successfully launched an im-
proved version of the SLAM at the White Sands Missile
Range, N.Mex.
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Center, Indianapolis, Ind.; and the Naval Air Test
Center, Patuxent River, Md. The operating site at
Warminster was eventually to be consolidated at
Patuxent River, Md.

2 January Flight Test and Engineering Group
(FTEG) was established under NAWC AD. The Naval
Air Test Center (NATC) Patuxent River, Md., was dises-
tablished the same day. The old NATC directorates be-
came directorates under FTEG. Captain Robert
Parkinson, former NATC deputy commander, became
the director of FTEG.

9 January The Department of Defense announced its
acceptance of an offer from the government of Saudi
Arabia to award its Kuwait Liberation Medal to mem-
bers of the U.S. armed forces who directly participated
in Operation Desert Storm. The award had been estab-

lished by King Fahd bin Abdul Aziz of Saudi Arabia to
honor the outstanding performance of coalition forces
in their historic liberation of Kuwait last year.

13 January In a memorandum, Secretary of the
Navy (SECNAV) directed the Navy and Marine Corps
to integrate VMFA and VMAQ squadrons into Navy
CVWs, in order to reduce the requirements for F-14s,
F/A-18s, and EA-6Bs. Historically, Marine tactical
squadrons had operated frequently as part of carrier
air wings, but rarely had this concept been institution-
alized in any permanent form.

18 January VMFA-112 at NAS Dallas, Tex., the last
operational squadron to fly the F-4 Phantom II, held a
retirement ceremony for its last F-4. The last opera-
tional flight was made by Colonel John Brennan of the
VMFA-112 on 10 January. The first flight of the Navy’s
Phantom II, the F4H-1, had taken place on 27 May
1958.
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6 February A ceremony at NAS Barbers Point,
Hawaii, marked the beginning of HSL-37’s transition
from the SH-2F Seasprite helicopter to the SH-60B.

11 February VA-34 Blue Blasters became the first fleet
A-6E squadron to fire a AGM-65E laser-guided Maverick
missile during an exercise in the Arabian Gulf.

14 February VMFA(AW)-225 formally accepted the
first fleet two-seat F/A-18D Hornet at MCAS El Toro,
Calif. This was the first aircraft capable of operating the
new ATARPS. 

24 February McDonnell Douglas and British
Aerospace reached an exclusive partnership agree-
ment, pending U.S. government approval to work to-
gether to develop and produce advanced short take-
off/vertical landing (ASTOVL) strike fighter aircraft.

4 March NAWC AD Patuxent River, Md., officially
stood up in ceremonies held at NAS Patuxent River.
Rear Admiral (Sel.) Barton Strong assumed command
of the division.

4 March VAW-113 at NAS North Island, Calif., be-
came the first fleet squadron to accept delivery of the
E-2C Group II aircraft, which was equipped with the
new APS-145 radar.

10 March The Department of Defense announced its
plan for the withdrawal from the Philippine Naval
Facility at Subic Bay. Major milestones in the plan in-
cluded: closure of DoD dependents schools in June;
transfer of the majority of dependents throughout the
summer months; relocation of Fleet Logistics & Support
Squadron 50 to Anderson AFB, Guam, in August; dises-
tablishment of the ship Repair Facility in September;
and formal final turnover of the facility to the
Philippine government in December.

21 March Independence with CVW-5 on board, de-
parted Subic Bay, the last carrier scheduled to call at
the base before its closure. 

31 March NASA announced that Lieutenant
Commander Wendy B. Lawrence had been chosen to
be among the space agencys’ new astronauts.
Lieutenant Commander Lawrence was the first Navy
woman line officer Naval Aviator astronaut.

1 April Fleet Electronic Warfare Support Group
(FEWSG) merged with the Fleet Deception Group,
Atlantic to form the Fleet Practical Readiness Group.
The new command, based at Naval Amphibious Base,
Little Creek, Va., assumed operational control of
FEWSG’s electronic aggressor squadrons VAQ-33, -34,
and -35.

19 January Naval Aviation History Office commemo-
rated its fiftieth anniversary by preparing for its move
to new quarters in the Washington Navy Yard.

21 January The Naval Air Warfare Center Weapons
Division (NAWC WD) was established during a cere-
mony at Point Mugu, Calif., Rear Admiral William E.
Newman was its first commander. NAWC WD head-
quarters was located at Point Mugu and China Lake,
with a facility at White Sands. NAWC WD was respon-
sible for aircraft weapons and weapons systems, sim-
ulators and targets. It absorbed the activities of the
Pacific Missile Test Center, Point Mugu, Calif; the
Naval Weapons Center, China Lake, Calif.; the Naval
Weapons Evaluation Facility, Albuquerque, N.Mex.;
and the Naval Ordnance Missile Test Station, White
Sands, N.Mex.

21 January The Naval Air Station, Point Mugu, Calif.
was disestablished, with Naval Air Weapons Station,
Point Mugu, taking its place the same day. This action
left NAVAIR with NAS Patuxent River, Md., as the com-
mand’s only remaining air station. At one time,
NAVAIR had NAS Lakehurst, N.J., and NAS Point
Mugu.

22 January Naval Air Weapons Station, China Lake,
Calif., was established at the site of the former Naval
Weapons Center.

23 January The first production U.S. Navy T-45A
Goshawk jet trainer rolled out at the McDonnell
Aircraft facility in St. Louis, Mo. The T-45 Training
System is the Navy’s first totally integrated training sys-
tem, combining computer-based academics, simulators,
trainer aircraft, and a training integration system and
contractor logistic support.

31 January The Navy took delivery of the last pro-
duction A-6 Intruder from Grumman, closing out over
31 years of Intruder production. The aircraft was to be
delivered to VA-145 at NAS Whidbey Island, Wash.

4 February Mr. Pete Williams, the Assistant Secretary
of Defense (Public Affairs), stated that the Navy’s goal
of active carriers was twelve.

5 February Forrestal, the Navy’s first super carrier
was redesignated a training carrier at her new home
port, NAS Pensacola, Fla. This brought the Navy’s total
of active carriers down to 14 active and one training
carrier. Forrestal was scheduled to replace Lexington as
the Navy’s training carrier.
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1 April By CNO direction, the remaining A-7 aircraft
in the active inventory were to be retired by 1 April.
The decision was partially reversed, however, in order
to retain 11 TA-7C and 3 EA-7L aircraft on strength
with NAWC as chase aircraft for various programs, in-
cluding the Tomahawk missile program. 

8 April McDonnell Douglas delivered the 6,000th
production missile of the Harpoon (AGM-84) program
to the Navy during a ceremony at the Company’s
manufacturing facility in St. Charles, Mo. The Harpoon
had been used successfully by Naval Aviation in com-
bat against Libyan and Iranian forces and, in its SLAM
version, against Iraqi forces.

13–25 March In response to a request from Italian
authorities to save the town of Zafferana from a lava
flow advancing from Mount Etna, two Marine CH-53E
Super Stallions from HMM(C)-226 aboard Inchon aug-
mented by a CH-53E from Sigonella-based HC-4
placed 8000-pound concrete blocks in the path of the
lava. As geologists had hoped, the concrete forced
open another lava vent further down the mountain
away from the town.

22 March U.S. and Australia began Coral Sea ‘92,
joint military exercises off the east coast of Australia,
coinciding with the 50th anniversary of the Battle of
the Coral Sea.

1 May The first class of flight instructors from VT-21,
assigned to train the next generation of Naval Aviators
in the new T-45A Goshawk, began their own training
in the T-45A.

1 May Strategic Communications Wing ONE was es-
tablished at Tinker AFB, Okla. Operationally, the wing
reported to U.S. StratCom and coordinated all
TACAMO Operations. The Navy’s two TACAMO
squadrons, VQ-3 and VQ-4, relocated to Tinker.
Administratively the wing would report to CINC-
PACFLT via COMNAVAIRPAC to organize, equip, main-
tain and train subordinate commands and liaison with
host Tinker AFB.

7 May The last TACAMO EC-130 began its final de-
ployment from NAS Patuxent River, Md., with VQ-4.
VQ-4 was undergoing a transition from the EC-130Q
aircraft to the new E-6A Mercury.
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24 July Saratoga became the first U.S. aircraft carrier
ever to conduct sustained flight operations in the
Adriatic Sea. She was sent there in response to the
strife in the former Yugoslavian republic of Bosnia-
Herzegovina. Deployed with the Saratoga was the am-
phibious ship Iwo Jima.

5 August The Pentagon announced that it would ask
contractors to develop a less expensive version of the
V-22 Osprey tilt-rotor aircraft. 

10 August The OPNAV Staff commenced the admin-
istrative conversion to N-codes. The reorganization
would provide closer liaison with the Army and Air
Force and optimize early cross-service technology and
requirements discussions. The ACNO (Air Warfare)
(OP-05) became N88, one echelon under N8 the
DCNO (Resources, Warfare Requirements &
Assessment.)

12 August Commander-in-Chief, U.S. Pacific Fleet,
announced the formation of six permanent battle
groups.

22–26 August Hurricane Andrew, the most expen-
sive natural disaster ever to strike the U.S., ravaged the
Bahamas, Florida and Louisiana, leveling Homestead
AFB, Fla. Naval Aviation units were called into action
to help relieve the suffering of hundreds of thousands
of Americans. Navy ships with supplies and repair ca-
pabilities steamed from East Coast ports for Florida.

23 August Independence entered the Persian Gulf
prepared to enforce an Allied ban on Iraqi flights over
south Iraq below the 32nd parallel. On 26 August
President George H. W. Bush announced that the
United States and its allies had informed Iraq that in 24
hours Allied aircraft would fly surveillance missions in
southern Iraq and were prepared to shoot down any
Iraqi aircraft flying south of the 32nd parallel. The ac-
tion was precipitated by Iraq’s failure to comply with
UN Resolution 688 which demanded that the Iraqi
Government stop the repression of its Shiite popula-
tion in southern Iraq.

27 August Operation Southern Watch—Persian Gulf
allies began to enforce the ban on Iraqi planes from
flying south of the 32nd parallel. Any Iraqi planes that
violated the ban would be shot down. Independence
and Saratoga, and the amphibious ship Iwo Jima par-
ticipated. Twenty Navy aircraft from CVW-5 aboard
Independence in the Persian Gulf were the first coali-
tion aircraft on station over Iraq as Operation Southern
Watch began. Southern Watch was the enforcement of
a ban on Iraqi warplanes and helicopters from flying

22 May VQ-5 at NAS Agana, Guam, took delivery of
its first ES-3A electronic reconnaissance aircraft, mark-
ing the operational service entry of this new electronic
reconnaissance version of the S-3 aircraft.

31 May Four aviators of the VS-21 Fighting Redtails
attached to Independence assisted a sea rescue of 19
crewmen from a sinking Panamanian cargo ship, lo-
cated 580 nautical miles off the coast of Diego Garcia
in the Indian Ocean.

27 June VT-21 became operational as the Navy’s first
training squadron to give instructions on the T-45A
Goshawk.

1 July Helicopter Sea Control Wing 3 was redesig-
nated Helicopter Antisubmarine Light Wing 1 absorb-
ing Helicopter Sea Control Wing 1 at the same time,
placing all Atlantic Fleet Helicopter Antisubmarine
Light squadrons (HSLs) under one wing.

10 July The last production Grumman F-14D Tomcat
was delivered to the Navy. The F-14D was powered by
two General Electric F-110-GE-400 augmented turbo-
fans with afterburners of 27,000 pounds per engine.
This model had improved avionics, ECCM, and en-
hanced radar. This marked the end of 22 years of pro-
duction of the F-14 Tomcat fighter.

20 July The fourth prototype of the V-22A Osprey
tilt-rotor aircraft crashed into the Potomac River on ap-
proach to MCAF Quantico, Va., killing three Marines
and four Boeing employees. The remaining three pro-
totypes were grounded pending the results of the
mishap investigation. The mishap was blamed on me-
chanical failure.

22 July In a press conference at the Pentagon,
Acting Secretary of the Navy Sean O’Keefe and CNO
Admiral Frank B. Kelso II announced a sweeping re-
organization of the OPNAV staff. The plan, devel-
oped by Admiral Kelso, aligns the OPNAV staff with
the Joint Staff. The reorganization was scheduled to
be in effect on 1 January 1993. The Assistant Chiefs
of Naval Operations (ACNO) for Submarine Warfare
(OP-02), Surface Warfare (OP-03), Air Warfare (OP-
05), and Naval Warfare (OP-07) would merge into
one staff under the DCNO for Resources, Warfare
Requirements and Assessment (code N8), a three-
star flag officer. The new designation assigned to
ACNO (Air Warfare (OP-05)) was Director, Air
Warfare (N88).
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south of the 32nd parallel and attacking Shiite Moslem
ethnic groups in the marshes of southern Iraq. Any
Iraqi aircraft caught airborne would be shot down.
Marine Corps AV-8B Harriers from Tarawa also sup-
ported the operation.

28 August Typhoon Omar devastated Guam. Joint
Task Force Marianas coordinated the relief efforts of all
the military services. Naval Aviation units involved in
relief efforts included NAS Agana, Guam, HC-5, VRC-
50, VQ-1, VR-59 and VQ-5.

4 September Two CH-53E and two AH-1W heli-
copters from Iwo Jima, stationed in the Adriatic in sup-
port of the UN relief efforts to the Bosnian capital of
Sarajevo, rushed to the scene of an Italian Air Force
G.222 transport downed by a SAM. The helicopters
drew fire from the ground, but were undamaged.

4 September Commander Linda V. Hutton assumed
command of VRC-40 becoming the first woman to
command an Atlantic Fleet aircraft squadron.

11 September Hurricane Iniki, the strongest storm
to hit the Hawaiian Islands in 90 years, devastated 75
to 80 percent of the island of Kauai. NAS Barbers Point
and its tenant commands provided volunteers and as-
sisted local residents. Belleau Wood sailed to Kauai
with troops and relief supplies. Pacific Missile Range
Facility, Barking Sands on Kauai was only slightly dam-
aged and served as a hub of relief flight operations.
Navy and Marine Corps aircraft flew in supplies and
personnel. VP-1 and HSL-37 also participated in the re-
lief effort.

14 September Forrestal arrived at Philadelphia
Naval Shipyard, Pa., from NAS Pensacola, Fla., to com-
mence a 14-month $157-million complex overhaul.
Forrestal would then be used as a training carrier. The
Navy, however, decided in early 1993 to mothball
Forrestal in Philadelphia and leave the Navy without a
dedicated training carrier.

16 September President George H. W. Bush dis-
patched the Tarawa Amphibious Ready Group to the
coast of Somalia as part of Operation Provide Relief, a
multinational effort to relieve the massive starvation in
the country. The Marine Harrier (AV-8B) aircraft and
helicopters from HMM-161(R) stood ready offshore to
protect relief teams and transport aircraft bringing in a
contingent of Pakistani peace-keeping troops to
Mogadishu, the capital city.

16 September Ranger arrived on station in the Persian
Gulf in support of Operation Southern Watch, enforcing
the no-fly zone over Iraq south of the 32nd parallel.

28 September Secretary of the Navy Sean O’Keefe,
CNO Admiral Frank B. Kelso II and Commandant of
the Marine Corps General Carl E. Mundy, Jr. signed a
new Navy/Marine Corps strategy, entitled “. . From
the Sea.” The new strategy was developed in re-
sponse to the shift in the threat from global to re-
gional. It emphasized littoral warfare and maneuver
from the sea.

30 September The four functional wings (Helicopter
Wings, Atlantic; Patrol Wings, Atlantic; Strike-Fighter
Wings, Atlantic; and Tactical Wings, Atlantic) of COM-
NAVAIRLANT were disestablished in a sweeping
change that eliminated an entire echelon of command
in the administrative structure of Naval Aviation on the
East Coast.

30 September The Naval Base at Subic Bay, the last
military base in Southeast Asia, was turned over for-
mally to the Philippine Government.

7 October John F. Kennedy, with CVW-3 on board,
and her battle group left for a six-month deployment
to the Mediterranean Sea to relieve Saratoga. The ten-
sions in the area involved the civil war in the former
Yugoslavia and conflicts with Iraq’s president Saddam
Hussein.

15 October HS-14 became the first U.S. squadron to
land aircraft (the SH-3H Sea King) on the deck of a
Russian warship, RNS Admiral Vinogradov, a Udaloy-
class destroyer. 

22 October The Department of Defense announced
the awarding of a contract to the Bell-Boeing Joint
Program Office for the modification and test of a V-22
derivative. The aircraft was in consonance with the
Secretary of Defense letters of 2 July 1992 to
Congressional leadership. It was a scaled-down version
of the V-22 tilt-rotor aircraft.

24 October The Atlantic Fleet reorganized into six
permanent battle groups. The forming of permanent
battle groups was a major change in fleet composition.
Previous Navy plans called for forming battle groups
for specific workups and deployments.

30 October NAS Cubi Point, Republic of the
Philippines, was disestablished ending almost a cen-
tury of American military presence in the Philippines.
The occasion was marked by a public ceremony.
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3 November The Presidential Commission on the
Assignment of Women in the Armed Forces recom-
mended against allowing military women to fly in
combat, but for allowing women to serve in some
combat ships.

7 November In support of Operation Provide
Promise, an ARG centered on Guam with HMM-261
(reinforced) embarked, relieved Iwo Jima ARG, with
HMM-365 (reinforced) aboard, in the Adriatic.

14 November The Rolling Airframe Missile (RAM)
System was installed on Peleliu. RAM is a lightweight,
quick reaction, high-firepower weapon system.

14 November Lexington, the Navy’s unsinkable
“Blue Ghost” of World War II was officially turned over
to the city of Corpus Christi, Tex., during a ceremony.
Lexington, a memorial/museum ship, was opened for
public tours.

7 December The Navy and McDonnell Douglas
Aerospace finalized the $3.715 billion development
contract for the advanced F/A-18E/F. The cost-plus in-
centive contract covers 7.5 years of engineering and
support activities, including the manufacturing and
testing of seven flight test aircraft and three ground test
airframes.

7 December Ranger and her task force, diverted
from the Persian Gulf, sailed off the coast of Somalia in
support of Operation Restore Hope, the UN-authorized
effort to relieve mass starvation amid factional fighting
in Somalia.

9 December Under the leadership of U.S. Armed
Forces, Operation Restore Hope began in the early
morning darkness. The preannounced landing of U.S.
Marines was witnessed by millions of U.S. primetime
television viewers. Initially HMM-164 (reinforced from
Tripoli) provided all of the Marine helicopter support
to ground forces in Somalia.

16 December Five air traffic controllers from Kitty
Hawk were sent aboard Leahy (CG 53) to establish
approach control services in and out of Mogadishu in
support of Operation Restore Hope. Approaching air-
craft were picked up from a VAW-114 E-2C Hawkeye,
which tracked flights and issued advisories from
about 200 miles out. Once the flights were within 50
miles, the Leahy team took over and led them to
within visual range of the airport, about 10 miles
away.

19 December Relieving Ranger off Somalia, aircraft
off Kitty Hawk assumed the missions of photo-recon-
naissance, armed reconnaissance, and show of force to
discourage opposition to Operation Restore Hope.

27 December Iraqi jets violated the “no-fly zone”
below the 32nd Parallel resulting in the loss of a MiG-
25 to an AIM-120 AAMRAM missile fired by a U.S. Air
Force F-16D. Kitty Hawk, diverted from relief efforts
off the coast of Somalia to the Persian Gulf, dispatched
F-14A and F/A-18A fighters in support of Operation
Southern Watch.

1993
1 January In a reorganization of the OPNAV Staff,
the position of ACNO (Air Warfare)/(OP-05), held by
Rear Admiral Riley D. Mixon, became Director, Air
Warfare (N88) reporting to the DCNO (Resources,
Warfare Requirements and Assessment)/(N8). N88 was
reduced from a three-star to a two-star billet.

13 January Squadrons from CVW-15, embarked on
Kitty Hawk in the Persian Gulf, launched 35 aircraft to
lead a coalition strike on Iraqi missile sites. Kitty Hawk
had been in the Indian Ocean in support of Operation
Restore Hope, but was ordered into the Persian Gulf
after an Iraqi MiG-25 violated the UN-imposed no-fly
zone in southern Iraq on 27 December 1992.

17 January Four U.S. Navy ships in the Persian Gulf
and Red Sea launched Tomahawk cruise missiles at the
Zaafaraniyah Nuclear Fabrication Facility located in the
Baghdad area. The facility made nuclear weapons
parts.

18 January John F. Kennedy battle group moved on
station in the eastern Mediterranean in response to
Iraqi violation of the UN imposed “no-fly zone”.

23 January An A-6E of VA-52 launched a laser-
guided bomb at an Iraqi anti-aircraft site after the crew
thought it was being fired on.

4 February Commander, Amphibious Squadron 43
embarked on Tripoli was relieved as Commander, Naval
Forces Somalia (COMNAVFOR SOMALIA) by DESRON
17 embarked on William H. Standley (CG 32). COM-
NAVFOR SOMALIA was charged with providing direct
support for Operation Restore Hope, the UN embargo
directed by Security Council Resolution 733. Tripoli am-
phibious task unit was the first U.S. military presence on
station near the Horn of Africa. It set the base of opera-
tions for Operation Restore Hope, the largest peacetime
humanitarian mission ever undertaken.
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23 March The ARG centered around Wasp arrived off
Somalia to support UN relief efforts in Operation
Restore Hope. Marine helicopters and Harriers from
HMM-263 embarked on Wasp flew sorties in support of
Marines in Somalia.

31 March Two VQ-2 EP-3E aircraft were on station
over the Adriatic providing crucial support to the de-
livery of humanitarian air drops over eastern Bosnia-
Herzegovina in Operation Provide Promise.

1 April Sea Strike Wing One was redesignated Sea
Control Wing LANT. The Air Antisubmarine Squadrons
were redesignated Sea Control Squadron; the short
designator “VS” was retained. The name change re-
flected the broader and all-encompassing VS mission,
particularly in light of the increased multi-mission ver-
satility of the S-3B aircraft.

8 April Tripoli amphibious task force arrived in Pearl
Harbor, Hawaii, after a five-month deployment in sup-
port of Operation Restore Hope—the UN effort to re-
lieve mass starvation in Somalia. During the support,
task force units recovered 30,000 pieces of ordnance
and disposed of more than 100,000 pounds of explo-
sives collected from caches throughout the Somali
countryside; launched more than 2000 aircraft sorties
from Tripoli and Juneau (LPD 10); delivered more
than 175,000 meals and 25,000 gallons of water. 

17 February The Aircraft Carrier Memorial, a 10-ft.
black obelisk honoring those who served aboard U.S
carriers, was dedicated at NAS North Island, San
Diego, Calif.

25 February John F. Kennedy battle group entered
the Adriatic in support of Operation Provide
Promise—the UN effort to supply Bosnia-Herzegovina
with food and supplies.

4 March Constellation departed Philadelphia Naval
Shipyard, Pa., the fifth and last carrier to complete
SLEP. 

17 March Saipan ARG sailed from the East Coast to
relieve Guam in the Adriatic in support of Operation
Provide Promise—the UN effort to supply Bosnia-
Herzegovina with food and supplies.

18 March Kitty Hawk battle group was relieved by
Nimitz battle group and headed for home, after having
operated in the Indian Ocean and Persian Gulf and
participated in Operations Restore Hope and Southern
Watch. 
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12 April NATO officials in conjunction with the UN
began the enforcement of a “no-fly zone” over Bosnia-
Herzegovina, known as Operation Deny Flight. NATO
had proposed the “no-fly zone” to the UN Security
Council, who passed Resolution 802. Twelve F/A-18
Hornet strike-fighter aircraft from CVW-8 embarked on
Theodore Roosevelt were transferred to NATO in sup-
port of the operation. Other aircraft and ships from
Theodore Roosevelt’s battle group provided support.
The Mediterranean ARG emarked on Saipan provided
SAR/TRAP duties. 

22 April A VAQ-209 Starwarriors’ EA-6B fired the first
successful over-the-horizon HARM Missile using target-
ing data from space delivered directly to the cockpit.

26 April VC-6 carried out the first launch of a Pioneer
UAV from an amphibious vessel, Denver (LPD 9). VC-6
Det 2, NAS Patuxent River, Md., made the launch.

28 April Secretary of Defense Les Aspin lifted the
ban on combat flights for women and opened up ad-
ditional ships to women. Secretary Aspin further stated
that he would forward a draft proposal to Congress,
which would remove the last legislative barrier to the
assignment of women to combat vessels. The CNO,
Admiral Frank B. Kelso II, concurred.

29 April Following the Secretary of Defence’s deci-
sion to expand combat roles for women, CNO Admiral
Frank B. Kelso II, opened six enlisted Naval Aviation
ratings to women: Aviation Antisubmarine Warfare
Operator (AW), Electronic Warfare Technician (EW),
Fire Controlman (FC), Gas Turbine Technician (GS),
Gas Turbine Technician-Electrical (GSE), and Gas
Turbine Technical-Mechanical (GSM).
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11 August America deployed from Norfolk, Va., to
relieve Theodore Roosevelt in Operation Deny Flight
missions over Bosnia-Herzegovina.

17 August A VAQ-209 Starwarriors’ EA-6B and VP-60
Cobras’ P-3 conducted the first successful over-the-hori-
zon HARM and Harpoon War-at-Sea strike using target-
ing data from space delivered directly to the cockpit.

1 September The Clinton Administration unveiled a
new plan for cutting the armed forces based on the
Bush Administration’s doctrine that the United States
should be prepared to fight two simultaneous major
regional conflicts and one low intensity conflict. The
plan called for 11 battle groups and one carrier to
serve as both a reserve and training carrier. The Bush
plan had called for 12 battle groups. 

3 September AMRAAM achieved initial operating ca-
pability for the Navy with CVW-11 aboard Abraham
Lincoln.

9 September NAS Jacksonville, Fla., VP-30 merged
with VP-31 based at Moffett Field, Calif., to form the
Navy’s largest aviation squadron. The consolidation
was the result of the military’s downsizing. It enabled
the Navy to train all P-3 aircraft crews in Jacksonville. 

11 September The Navy’s first “supercarrier”
Forrestal was decommissioned at Pier 6E at the
Philadelphia Naval Shipyard, Pa. Forrestal was the first
carrier designed and built to land jet powered aircraft.

1 October The NAVCAD program was disestab-
lished. The program was begun during World War II,
and initially called the V-5 and then the V-12 program.
It was disestablished in 1966, but later reinstated in
1986 to help train more pilots for the planned 600-ship
fleet.

1 October U.S. Atlantic Command (USACOM) be-
came responsible for joint training and deploying of all
continental U.S.-based forces. This merged the Army’s
Forces Command (FORSCOM), the Navy’s Atlantic
Fleet, the Air Force’s Air Combat Command (ACC) and
the Marine Forces Atlantic into a single combat com-
mand. The Atlantic Command would support all U.S.
involvement in UN peacekeeping operations and re-
spond to natural disasters within the United States. The
command would also plan for the land defense of the
United States.

1 October The Naval Training Systems Center, Orlando,
Fla., was redesignated the Naval Air Warfare Center,
Training Systems Division, with no change of mission.

5 May Commander, Helicopter Antisubmarine Light
Wing, U.S. Pacific Fleet (COMHSLWINGPAC) was es-
tablished in a ceremony at NAS North Island, Calif.;
Captain John R. Brown was the first commander of the
new type wing.

6 May Lieutenant Commander Kathryn P. Hire, a
Naval Reservist, was selected to be assigned to VP-62.
She was the Navy’s first woman to become eligible to
compete for assignments in aircraft engaged in combat
missions.

7 May Speaking to aviators at the seventh annual
Naval Aviation Symposium in Pensacola, Fla., Vice
Admiral Ronald J .  Zlatoper, Chief of Naval
Personnel, outlined the Navy’s plan to open new op-
portunities for women. The first squadron expected
to be assigned women was VAQ-130. CVW-3, em-
barked on Dwight D. Eisenhower and CVW-11 on
Abraham Lincoln were also scheduled to be as-
signed women.

17 May Chairman of the Joint Chiefs of Staff, General
Colin Powell, approved the Armed Forces Expeditionary
Medal for Operation Restore Hope veterans.

1 June Commander, Strike Fighter Wing, Pacific,
changed from a flag-level functional wing to a type
wing, as part of the ongoing reorganization of the
wings in the Pacific Fleet.

8 June Commander, Patrol Wing 2 (COMPATWING),
was disestablished after 56 years of service.

11 June Ground breaking took place at NAS
Patuxent River, Md., for the new Aircraft Technology
Laboratory. 

26 June U.S. Navy surface vessels launched a suc-
cessful strike on the Iraqi Intelligence Service head-
quarters building in Baghdad. The action was in re-
sponse to Iraq’s attempt on former President George
H. W. Bush’s life while on a visit to Kuwait in April.
Theodore Roosevelt and Arleigh Burke (DDG 51) were
dispatched to the Red Sea to reinforce the area. 

14 July Secretary of Defense Les Aspin approved an
order directing U.S. aircraft to deploy and join NATO’s
planned air support to the UN protection force in
Bosnia. In response to this order, Theodore Roosevelt
returned to the Mediterranean in support of Operation
Deny Flight—the enforcement of the “no-fly zone”
over Bosnia-Herzegovina.
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1 October The first phase of a new Joint Primary
Training Program began as five Air Force aviators re-
ported to NAS Whiting Field, Pensacola, Fla., while
flight instructors from the Navy, Marine Corps and
Coast Guard reported to Randolph AFB, Tex., for
training.

15 October Secretary of the Navy John H. Dalton
announced the consolidation of Aviation Officer
Candidate School (AOCS) and Officer Candidate
School (OCS) in Pensacola, Fla. The consolidated
school would be called Officer Candidate School and
would be located at the Naval Aviation Schools
Command in Pensacola. Both aviation and non-avia-
tion officer candidates would attend. The consolidation
would save about $1.9 million annually.

17 October New Orleans and Guadalcanal ARGs ar-
rived off the coast of Mogadishu, Somalia. The ARGs
joined the Abraham Lincoln which had arrived five
days earlier. Guadalcanal ARG had been operating in
the Adriatic Sea, off the coast of Bosnia-Herzegovina,
in support of Operations Provide Promise and Deny
Flight.

29 October America transited the Suez Canal head-
ing south to relieve Abraham Lincoln operating off
the coast of Somalia. Abraham Lincoln then could re-
turn to Alameda, Calif., ending a scheduled six-month
deployment.

16 November Aviation Antisubmarine Warfare
Operator rating (AW) was changed to Aviation Warfare
Systems Operator. The change reflected the broadened
scope of responsibilities. The existing rating badge and
abbreviation “AW” did not change.

24 November The X-31 International Test Program
announced its first two supersonic flights. Aircraft
Number 1 flew nine flights achieving Mach 1.08 at an
altitude of 37,500 feet. The enhanced fighter maneu-
verability demonstrator aircraft was being developed
by the Navy, the Defense Advanced Research Projects
Agency, and the German Ministry of Defense. 

30 November President William Clinton signed leg-
islation lifting the ban on women serving on combat
ships. 

1 December Secretary of the Navy John H. Dalton
announced the first assignment of women to combat
ships to begin by June 1994, pending notification of
Congress as required by the fiscal year 1994 Defense

Authorization Bill. Dwight D. Eisenhower and Abraham
Lincoln were both scheduled to be the first carriers to
embark women. John C. Stennis was scheduled to em-
bark women at the end of 1994.

9 December The V-22 Osprey returned to Patuxent
River, Md., from facilities in Wilmington, Del., to begin
full engineering manufacturing development testing at
the Naval Air Warfare Center Aircraft Division. The new
program would usher in a new Integrated Test Team
concept of test and evaluation for Naval Aviation.

16 December Independence returned to the Arabian
Gulf in support of Operation Southern Watch, which
ensured Iraqi compliance with the UN imposed “no-fly
zone” south of the 32nd parallel. 

1994
1 January The Navy began training aviators at NAS
Kingsville, Tex., using the new T-45 Training System,
which included the T-45 Goshawk jet trainer. The
Goshawk was to replace the aging T-2 Buckeye and
TA-4 Skyhawk.

18 January In a press briefing held at the
Pentagon, Chief of Naval Operations Admiral Frank
Kelso II emphasized that while the naval forces of the
future will have a smaller number of ships, aircraft
and Navy/Marine Corps personnel, the capability of
these smaller forces would be significant due to the
wise use of technologies and prudent cost-cutting
measures.

1 February Saratoga, with CVW-17 embarked, took
station in the Adriatic Sea. The carrier’s Joint Task
Group would participate in a variety of U.S., NATO
and UN missions throughout the Mediterranean, Black
and Red Seas. Saratoga and CVW-17 were to provide
combat air patrol and command control and surveil-
lance aircraft for Operations Deny Flight and Provide
Promise off the coast of Bosnia-Herzegovina.

18 February Ensign Alta DeRoo became the first fe-
male Naval Aviator to receive her wings in the E-2
Hawkeye community during a ceremony held in
Norfolk, Va. 

21 February Lieutenant Shannon Workman became
the first female combat pilot to pass successfully fleet
carrier qualifications. She was embarked on board
Dwight D. Eisenhower and assigned to VAQ-130 based
at NAS Whidbey Island, Wash. Lieutenant Workman
was slated to be one of four female aviators to deploy
aboard Dwight D. Eisenhower in October. 
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2 May Two F-14B Tomcats from VF-103 aboard
Saratoga delivered three GBU-16 (Paveway II) laser-
guided bombs to direct hits at Capo Frasca Target
Complex, Sardinia, Italy. This was the first time the F-
14 had accomplished this feat.

5 May The House Armed Services Committee ap-
proved $3.65 billion for the then-unnamed aircraft car-
rier CVN 76 and advance procurement for the large-
deck amphibious ship LHD 7 as part of its $263.3
billion defense budget for 1995. CVN 76 will become
the Navy’s twelfth aircraft carrier supported by the
Department of Defense’s Bottom-Up Review.

16–17 May Russian pilots tested nine F/A-18 Navy
fighter jets at Patuxent River, Md., while U.S. Navy
pilots sat in the back seat.

5–6 June George Washington hosted the nation’s
top leaders, including President William Clinton and
First Lady Hilary Rodham Clinton, on the occasion of
the 50th anniversary of D-Day. George Washington
was first off the coast of Portsmouth, England, and
then at sea off the invasion beaches of Omaha and
Utah and nearby Pointe du Hoc, where Americans
landed on D-Day.

28 June The Georgia-built P-3C Orion rolled out of
the assembly hangar at Lockheed Aeronautical Systems
Company in Marietta marking the “official” return to
production of the maritime patrol aircraft. The aircraft
were for the Republic of Korea. 

1 July A ceremony marked the closing of NAS
Moffett Field, Calif. The air station was commissioned
originally as NAS Sunnyvale in 1933. It was the home
port of the Navy’s dirigible Macon (ZRS-5). After
Macon went down in a storm off Point Sur in 1935, the
Navy transferred NAS Sunnyvale to the U.S. Army. The
station reverted to the Navy in 1942 and was redesig-
nated NAS Moffett Field, in honor of Rear Admiral W.
A. Moffett, who was killed in the crash of the dirigible
Akron (ZRS-4) in 1933.

1 July The schedule for the Joint Primary Aircraft
Training System (JPATS) flight evaluation at Wright-
Patterson AFB, Ohio, was established. Aircraft from
various manufacturers would be evaluated from 24 July
through 8 October. JPATS would replace the T-34C and
T-37B with a common training system, including air-
craft academics and simulators.

6 July Inchon Amphibious Ready Group (ARG) de-
parted Norfolk, Va., en route to the Caribbean waters
off the coast of Haiti. The four-ship ARG would aug-

3 March Peleliu ARG joined the Inchon ARG off the
coast of Somalia to support the withdrawal of U.S.
troops from Somalia.

3 March The last A-6E Intruder to receive a compos-
ite wing at Naval Aviation Depot, Norfolk, Va., marked
the end of the A-6 Composite Rewing Program. The
Navy had begun the program in 1990 to replace the
metal wings normally used on the aircraft as they
reached the end of their fatigue life.

7 March Sixty-three women received orders to
Dwight D. Eisenhower—the first combat ship to have
women permanently assigned.

17 March The X-31 Enhanced Fighter Maneuver-abil-
ity aircraft flew at Mach 1.2 using thrust vectoring
vanes instead of its tail surfaces for control. This flight
was a significant “first” in aviation history.

19 March A T-45 Goshawk, the first U.S. Navy train-
ing jet equipped with a digital cockpit (Cockpit-21),
was flown by an experimental test pilot in an inaugu-
ral flight from McDonnell Douglas facilities in St.
Louis, Mo.

24 March The last American military transport ship
to depart Somalia, Training Ship Empire State, left
Modgadishu while Peleliu AGR remained off the coast
in support of UN operations in Somalia.

31 March The popular name Peregrine was assigned
to the BQM-145A medium-range unmanned aerial
vehicle.

1 April The first operational flight of the Airborne
Multisensor Pod System took place at Naval Air
Warfare Center Weapons Division, Point Mugu, Calif.

28 April A Saratoga-based F/A-18 Hornet crashed in
the Adriatic Sea during takeoff from the carrier, killing
the pilot. The death was the first among the NATO al-
lies conducting air operations in support of Bosnia. 

29 April The U.S. Navy Penguin (AGM-119B) missile
MK-2 Mod 7 reached initial operational capability
(IOC) and was launched for the first time by a fleet
unit on 25 June when an SH-60B from Hewitt (DD
966) fired an operational missile. Penguin is a short-
range, inertially guided antiship missile system. HSL-51
Det 6 accomplished the firing at the Pacific Missile
Range Facility off the coast of Hawaii as part of RIM-
PAC 94 exercises.
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ment combined forces already in that region assigned
to enforce UN Security Council sanctions aimed at
restoring democracy to Haiti.

7 July The popular name White Hawk was estab-
lished for the VH-60N, whose primary mission was to
provide worldwide executive transport in support of
the president and his staff.

31 July Lieutenant Kara Hultgreen made her first
qualifying landing in an F-14A on board Constellation,
110 miles southwest of San Diego, Calif. She thus be-
came the first fully qualified female Tomcat pilot.
Lieutenant Hultgreen was assigned to VF-213 at NAS
Miramar, Calif. Lieutenant (jg) Carey Dunai, also in an
F-14, became the second woman to reach the mile-
stone with her qualifying trap moments later.

17 August Inchon ARG returned to its home port of
Norfolk, Va. It was relieved by the Wasp ARG off the coast
of Haiti in support of Operation Support Democracy.

31 August Five Navy MH-53 minesweeper heli-
copters arrived at MCAS Tustin, Calif., as the H-53 train-
ing of both Navy and Marine Corps personnel began to
consolidate. With the disestablishment of HM-12, the
Navy’s H-53 fleet readiness squadron, the Marines as-
sumed the training responsibility in HMT-302.

12–13 September A unique operation developed
due to the situation in Haiti. Dwight D. Eisenhower
and America deployed with a large contingent of
Army helicopters on board, but no air wings. The car-
riers headed for the Caribbean in support of President
William Clinton’s policy to restore democracy to Haiti.
Dwight D. Eisenhower also embarked Navy squadrons
HS-7, HCS-4 and HC-2. This was the first time that
carriers deployed operationally with a large contin-
gent of Army helicopters and no air wing on board.
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Former president
George Bush, also a
Naval Aviator dur-
ing World War II,
visited George
Washington in
August 1995 to
mark the 50th an-
niversary of V-J day.

America with a large contingent of army units aboard for deploy-
ment to Haiti.



1 October Commander, Patrol Wings, U.S. Atlantic
Fleet, was established in Norfolk, Va., with Rear
Admiral Michael D. Haskins as its first commander.

5 October The first aviator class to use the T-45
Training System (T45TS) received their wings and
graduated from VT-21 in a ceremony at NAS
Kingsville, Tex. The T-45 Goshawk, a modified version
of the British Aerospace Hawk, is the aircraft element
of the integrated T45TS, which includes simulators and
academic training.

7 October President William Clinton dispatched
George Washington, with CVW-7 embarked, and its
battle group to the Red Sea to protect Kuwait from
the Iraqi troops massing on its border. George
Washington arrived in the Red Sea 10 October.
Additionally, the Tripoli Amphibious Ready Group,
with 2,000 embarked Marines, moved to the northern
Persian Gulf.

27 September After completing the most extensive over-
haul in U.S. Navy history at Newport News Shipbuilding,
Va., the world’s first nuclear-powered aircraft carrier,
Enterprise, returned to her home port at Norfolk, Va.

30 September The aircraft model designation
TC-18F was established for two Boeing 707-382B
aircraft. The aircraft had been extensively modified
to include cockpit avionics and a universal air refu-
eling receptacle for dry contacts only. The Naval
Training Support Unit at Tinker AFB, Okla., was
using these aircraft to train pilots for the VQ-3 and
-4 TACAMO (take charge and move out) mission
aboard E-6A aircraft.

1 October NAS Fort Worth, Tex., was established as a
joint reserve force base. The air station would be home
for the Navy and Marine Corps squadrons formerly based
at NAS Dallas, Tex., which was closing, and NAS
Memphis, Tenn., which would no longer be an air station.
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Army helos leave the deck of Dwight D. Eisenhower.



20 October Dwight D. Eisenhower completed a
Mediterranean deployment. She initially had the most
advanced technology available in the fleet and be-
come the first aircraft carrier to have women perma-
nently assigned. 

25 October Lieutenant Kara S. Hultgreen, the first
woman to fully qualify as an F-14 Tomcat pilot, was
killed in a training accident while attempting to land
on board Abraham Lincoln. She was with VF-213.

28 October Ground was broken for a hangar that
would become the new home of VP-30 at NAS
Jacksonville, Fla. The fleet readiness squadron trained
Navy pilots, naval flight officers, airborne systems spe-
cialists and ground maintenance personnel in the op-
eration of the P-3 Orion patrol aircraft. VP-30 became
the sole Navy P-3 fleet readiness squadron in October
1993 upon the disestablishment of VP-31 on the West
Coast.

15 November Commander Donnie Cochran as-
sumed command of the Blue Angels, becoming the
first African-American skipper of the Navy’s flight
demonstration squadron. Commander Cochran had
commanded VF-11, NAS Miramar, Calif., and had
flown with the Blues from 1985 to 1988.

6 December The “Spirit of Naval Aviation” a monu-
ment dedicated to the thousands of Navy, Marine
Corps and Coast Guard aviation personnel who have
earned Wings of Gold, was unveiled at the
Smithsonian’s Air and Space Museum, Washington,
D.C. The monument would be displayed at the
National Museum of Naval Aviation, Pensacola, Fla.

8 December NASA announced the selection of five
Naval Aviators to be among its 19 new astronaut candi-
dates for the space shuttle pilot instruction program:
Lieutenant Commander Scott Altman, VF-31; Commander
Jeffery Ashby, VFA-94; Lieutenant Commander Joe
Edwards, Jr., Joint Staff; Commander Dominic Gorie,
VFA-106; and Lieutenant Susan Still, VF-101, the first
female Naval Aviator to be chosen for this program.
Naval reservist Lieutenant Commander Kathryn Hire
was also selected for training as a mission specialist.

20 December Robert C. Osborn died at his home in
Salisbury, Conn., at the age of 90. He had drawn the
cartoon “Grampaw Pettibone” in Naval Aviation News
for over 51 years. During World War II he was the cre-
ator of the “Dilbert the Pilot” and the “Spoiler the
Mechanic” posters, which were seen throughout the
Navy, and the “Sense” pamphlets.
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CO of the Blue Angels, Commander Donnie Cochran. Robert C. Osborn in his later years.



1995
17 January The T-45A Goshawk and its associated
training system elements completed a successful
Department of Defense Milestone III review. The ap-
proval meant that prime contractor McDonnell
Douglas would continue to produce 12 T-45As per
year for a total buy of 174 aircraft to be completed
through 2003.

2 February Secretary of the Navy John H. Dalton
announced that President William Clinton had ap-
proved his recommendation to name the Nimitz-class
aircraft carriers under construction: Harry S. Truman
and Ronald Reagan.

14 February A ceremony was held to break ground
for the new Naval Air Technical Training Center to be
built at historic Chevalier Field at NAS Pensacola, Fla.
The field was named for Lieutenant Commander
Godfrey de Courcelles Chevalier, an aviation pioneer
who made the first underway carrier landing aboard
Langley on 26 October 1922.
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The T-45A Goshawk training aircraft.

Harry S. Truman under construction.



17 February Ground breaking began at NAS
Patuxent River, Md., for a new facility to house the
Naval Air Systems Command Headquarters to be relo-
cated from Arlington, Va.

28 February–2 March Naval and Marine forces from
Belleau Wood conducted amphibious landings in
Mogadishu, Somalia, to establish a rear guard security
perimeter in support of Operation United Shield, which
ensured a safe and orderly withdrawal of the UN forces
in Somalia. Essex ARG also participated in this operation.

1 March Inchon was redesignated MCS 12 and
scheduled for a 13-month overhaul at Pascagoula,
Miss., and conversion into a mine countermeasures
support ship. Inchon had just completed a year operat-
ing off the coasts of Somalia, Bosnia and Haiti.

2 March Lieutenant
Commander Wendy
Lawrence became the
first female Naval Aviator
in space when she
launched as a crew mem-
ber and mission specialist
on the Space Shuttle
Endeavour. The mission
was commanded by
Commander Stephen
Oswald, USNR, a Naval
Aviator. Lieutenant
Commander Lawrence
was also the first female
Naval Academy graduate
astronaut. 

6 March The first F-
117A stealth fighter en-
gine was inducted into
depot-level repair at
Naval Aviation Depot,
Jacksonville, Fla.

14 March Naval Aviator
and astronaut Captain
Michael A. Baker, USN,
was assigned as the NASA manager of operational
activities at the Gagarin Cosmonaut Training Center
in Star City, Russia, near Moscow. The assignment
coincided with the launching of Naval Aviator
Captain Norman Thagard, USMC, and two cosmo-
nauts aboard a Soyuz rocket for a three-month stay
aboard Russia’s space station Mir.

10 April VA-196, NAS Whidbey Island, Wash., ac-
cepted the last rewinged A-6E Intruder (BuNo 159579).
Naval Aviation Depot, Alameda, Calif., had rewinged
23 A-6s since June 1989. 

3 May AW3(NAC) Carly Renee Harris became the
first aircrew-qualified woman Aviation Warfare Systems
Operator in the S-3 Viking community. She was as-
signed to VS-22, NAS Jacksonville, Fla.

20 May Theodore Roosevelt and CVW-8 transited the
Suez Canal from U.S. Central Command to the Adriatic
Sea to participate in Operation Deny Flight.

26 May Theodore Roosevelt, with CVW-8’s 36 F/A-18
and 14 F-14 aircraft embarked, arrived in the Adriatic
Sea to maintain a presence in response to the in-
creased ethnic tension in Bosnia-Herzegovina, cutting
short her participation in Exercise Trident Express in

the central Mediter-
ranean Sea.

1 June The Depart-
ment of Defense un-
veiled the low-observ-
able Tier III Minus
unmanned aerial vehicle
known as Dark Star in a
ceremony held at
Lockheed’s Skunk
Works in Palmdale,
Calif.

8 June CH-53 Sea
Stallions, AH-1W Sea
Cobras and AV-8B
Harriers from the 24th
Marine Expeditionary
Unit aboard Kearsarge
rescued Captain Scott
O’Grady, USAF, after he
was shot down while
flying over Bosnia on 2
June in support of
Operation Deny Flight.

27 June–7 July Naval Aviator and astronaut Cap-
tain Robert Gibson, USN, commanded the Space
Shuttle Atlantis on the first U.S. shuttle—Russian
space station docking mission, STS-71. The mission
was the first joint docking mission between the two
countries since the Apollo-Soyuz test project flight
in 1975.

394 UNITED STATES NAVAL AVIATION 1910–1995

1995—Continued

Lieutenant Commander Lawrence was the first Navy woman line officer
Naval Aviator astronaut.



1–3 September Traveling on board Carl Vinson,
President William Clinton and the First Lady attended
the 50th anniversary commemoration of the end of
World War II in Hawaii.

9–30 September America and embarked CVW-1
conducted strike and flight operations in the Adriatic
Sea in support of Operation Deliberate Force.

1 October VAW-77 “Night Wolf” was established at
NAS Atlanta, Ga., and would work in tandem with the
Coast Guard and other federal law enforcement agen-
cies to combine and coordinate operations of the na-
tion’s counternarcotics forces.

1 October The Naval Aviation Supply Office,
Philadelphia, Pa., was disestablished. The Naval
Inventory Control Point (NAVICP), Philadel-
phia/Mechanicsburg, Pa., was established in its place.
The new command took over both the functions of
ASO and the Ships Parts Control Center at
Mechanicsburg, which was also disestablished. NAV-
ICP Philadelphia would be commanded by a Deputy
for Aviation under Commander NAVICP,
Philadelphia/Mechanicsburg who would report to
Commander, Naval Supply Systems Command. The
Aviation Supply Office was established on 1 October
1941 to provide centralized control of all aeronautical
materials regularly maintained in general stock.

29 November The F/A-18E Super Hornet made its
first flight from St. Louis’ Lambert International
Airport, Mo. 

30 June The 36-year-old Independence became the
oldest ship in the Navy’s active fleet and the first car-
rier in history to hold that distinction. Captain David P.
Polatty III was presented the “Don’t Tread on Me”
Navy Jack in a formal ceremony on 1 July. The flag
was received from Mauna Kea (AE 22) following her
decommissioning ceremony.

14 July An F-14D Tomcat from NAWCAD Patuxent
River, Md., flew for the first time using a new Digital
Flight Control System designed to protect aviators
against unrecoverable “flat spins” and carrier landing
mishaps.

19 August The winter fly-in to McMurdo Station,
Antarctica, began with LC-130 Hercules aircraft of
VXE-6 delivering supplies and support personnel.
They would construct the ice runway in preparation
for the 1995–1996 season’s surge of scientists and sup-
port workers. This would be the 40th season for
Operation Deep Freeze.

30 August F/A-18 Hornets, F-14 Tomcats, S-3
Vikings and ES-3A Shadows under the guidance of EA-
6B Prowlers and E-2 Hawkeyes from Theodore
Roosevelt led the initial attacks on Bosnian Serb mili-
tary targets in Bosnia during Operation Deliberate
Force. The air strikes, approved by both NATO and
the UN, targeted air defense missile sites, radar sites
and communication facilities.
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The F/A-18E on
its maiden flight.



11 December America with embarked CVW-1 ar-
rived on station in the Adriatic Sea to begin Operation
Joint Endeavor. Wasp ARG joined America in the
Adriatic and began supporting Operation Joint
Endeavor on 18 December.

14 December The final Dayton Accords concerning
Bosnia-Herzegovina were signed in Paris, France, by
the Bosnian Federation and the Bosnian Serbs.
Operation Joint Endeavor under NATO leadership was

to oversee the military aspects of peace implementa-
tion, and Operation Deny Flight ended.

21 December The end of Operation Deny Flight
was commemorated at Dal Molin Airport, Vincenza,
Italy. Operation Deny Flight began in 1993 and pro-
vided air cover and close air support to UN Protection
Forces’ military operations, stopped the use of air
power as an instrument of war in Bosnia-
Herzegovina, and provided the firepower for air
strikes in Operation Deliberate Force that contributed
to the peace process. 
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John C. Stennis heads to sea.

Abraham Lincoln gets her island during construction.

An F-14 Tomcat from VF-143 flies over a destroyed Iraqi radar site.

An F-14 and A-6E conduct low level flight operations over Saudi Arabia.
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The decommissioned Saratoga under tow en route to Philadelphia, Pa.

An old maneuver in Naval Aviation, spelling out words on the flight deck.
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The eyes of the fleet, the E-2C Hawkeye.

The venerable A-6E Intruder firing a missile.
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The SH-60B Seahawk.

An EP-3E in flight.
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EA-6B Prowlers in flight.



In order of their establishment

Officer in Charge of Aviation
Director of Naval Aeronautics

Director of Naval Aviation

CAPT Washington I. Chambers 26 Sep 1910–17 Dec 1913
CAPT Mark L. Bristol 17 Dec 1913–4 Mar 1916
CAPT Noble E. Irwin 17 May 1917–May 1919
CAPT Thomas T. Craven May 1919–7 Mar 1921
CAPT William A. Moffett 7 Mar 1921–26 Jul 1921

The person in charge of aviation affairs for the Navy was initially designated as the officer to
whom all correspondence on aviation should be referred. This position was a special duty assignment
as officer in charge of aviation. The position was identified by the title Director of Naval Aeronautics on
23 November 1914. It was discontinued on 4 March 1916 and reinstituted as Director of Naval Aviation
on 7 March 1918. The title Director of Naval Aviation was replaced in July 1921 by the establishment
of the Bureau of Aeronautics.

Officer-in-Charge, Aviation, Headquarters Marine Corps
Director of Marine Corps Aviation

Deputy Chief of Staff (Air), Marine Corps
Director Chief of Staff for Aviation, Marine Corps

MAJ Alfred A. Cunningham 17 Nov 1919–12 Dec 1920
LCOL Thomas C. Turner 13 Dec 1920–2 Mar 1925
MAJ Edward H. Brainard 3 Mar 1925–9 May 1929
COL Thomas C. Turner 10 May 1929–28 Oct 1931
MAJ Roy S. Geiger 6 Nov 1931–29 May 1935
COL Ross E. Rowell 30 May 1935–10 Mar 1939
BGEN Ralph J. Mitchell 11 Mar 1939–29 Mar 1943
MGEN Roy S. Geiger 13 May 1943–15 Oct 1943
BGEN Louis E. Woods 15 Oct 1943–17 Jul 1944
MGEN Field Harris 18 Jul 1944–24 Feb 1948
MGEN William J. Wallace 24 Feb 1948–1 Sep 1950
BGEN Clayton C. Jerome 1 Sep 1950–1 Apr 1952
LGEN William O. Brice 1 Apr 1952–31 Jul 1955
LGEN Christian F. Schilt 1 Aug 1955–31 Mar 1957
LGEN Verne J. McCaul 1 Apr 1957–2 Dec 1957
MGEN Samuel S. Jack 14 Jan 1958–20 Feb 1958
MGEN John C. Munn 21 Feb 1958–14 Dec 1959
MGEN Arthur F. Binney 15 Dec 1959–10 Sep 1961
COL Keith B. McCutcheon 11 Sep 1961–17 Feb 1962
COL Marion E. Carl 18 Feb 1962–4 Jul 1962
BGEN Norman J. Anderson 5 Jul 1962–20 Oct 1963
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MGEN Louis B. Robertshaw 21 Oct 1963–15 Jun 1966
MGEN Keith B. McCutcheon 15 Jun 1966–18 Feb 1970
MGEN Homer S. Hill 19 Feb 1970–24 Aug 1972
MGEN Edward S. Fris 25 Aug 1972–27 Aug 1974
BGEN Philip D. Shutler 28 Aug 1974–Jan 1975
MGEN Victor A. Armstrong Jan 1975–21 Aug 1975
LGEN Thomas H. Miller, Jr. 22 Aug 1975–29 Jun 1979
LGEN William J. White 1 Jul 1979–30 Jun 1982
LGEN William H. Fitch 1 Jul 1982–31 Aug 1984
LGEN Keith A. Smith 1 Sep 1984–29 Apr 1988
LGEN Charles H. Pitman 30 Apr 1988–1 Aug 1990
LGEN Duane A. Wills 17 Aug 1990–30 Jun 1993
LGEN Richard D. Hearney 1 Jul 1993–14 Jul 1994
LGEN Harold W. Blot 15 Jul 1994–14 Jul 1994

On 1 April 1936 the title of the senior aviator attached to Headquarters, Marine Corps, changed from
Officer-in-Charge, Aviation, to Director of Aviation, and on 25 April 1962 became Deputy Chief of Staff
(Air). On 16 September 1972 the title changed to Deputy Chief of Staff for Aviation.

Chief of the Bureau of Aeronautics

RADM William A. Moffett 26 Jul 1921–4 Apr 1933
RADM Ernest J. King 3 May 1933–12 Jun 1936
RADM Arthur B. Cook 12 Jun 1936–1 Jun 1939
RADM John H. Towers 1 Jun 1939–6 Oct 1942
RADM John S. McCain 9 Oct 1942–7 Aug 1943
RADM Dewitt C. Ramsey 7 Aug 1943–1 Jun 1945
RADM Harold B. Sallada 1 Jun 1945–1 May 1947
RADM Alfred M. Pride 1 May 1947–1 May 1951
RADM Thomas S. Combs 1 May 1951–30 Jun 1953
RADM Apollo Soucek 30 Jun 1953–4 Mar 1955
RADM James S. Russell 4 Mar 1955–15 Jul 1957
RADM Robert E. Dixon 15 Jul 1957–1 Dec 1959

Established by act of Congress, 12 July 1921, and merged 1 December 1959 with the Bureau of
Ordnance to form the Bureau of Naval Weapons.

Assistant Secretary of the Navy for Aeronautics
Assistant Secretary of the Navy for Air

Edward P. Warner 10 Jul 1926–Mar 1929
David S. Ingalls 16 Mar 1929–1 Jun 1932
Artemus L. Gates 5 Sep 1941–1 Jul 1945
John L. Sullivan 1 Jul 1945–17 Jun 1946
John N. Brown 12 Nov 1946–8 Mar 1949
Dan A. Kimball 9 Mar 1949–25 May 1949
John F. Floberg 5 Dec 1949–23 Jul 1953
James H. Smith 23 Jul 1953–20 Jun 1956
Garrison R. Norton 28 Jun 1956–5 Feb 1959

Established by act of Congress 24 June 1926 with title Assistant Secretary of the Navy for
Aeronautics. Office vacant 1 June 1932 to 5 September 1941. On 11 September 1941 it was retitled
Assistant Secretary of the Navy for Air and abolished on 5 February 1959.
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U.S. Naval Air Forces, Pacific Fleet
Commander, Air Force, Pacific Fleet

Commander, Naval Air Force Pacific Fleet

RADM Aubrey W. Fitch 1 Sep 1942–15 Sep 1942
RADM Leigh Noyes 15 Sep 1942–14 Oct 1942
VADM John H. Towers 14 Oct 1942–28 Feb 1944
RADM Charles A. Pownall 28 Feb 1944–17 Aug 1944
RADM George D. Murray 17 Aug 1944–20 Jul 1945
RADM Alfred E. Montgomery 20 Jul 1945–31 Aug 1946
VADM John D. Price 31 Aug 1946–5 Jan 1948
VADM Harold B. Sallada 5 Jan 1948–1 Oct 1949
VADM Thomas L. Sprague 1 Oct 1949–1 Apr 1952
VADM Harold M. Martin 1 Apr 1952–1 Feb 1956
VADM Alfred M. Pride 1 Feb 1956–30 Sep 1959
RADM Murr E. Arnold 30 Sep 1959–12 Oct 1959
VADM Clarence E. Ekstrom 12 Oct 1959–30 Nov 1962
VADM Paul D. Stroop 30 Nov 1962–30 Oct 1965
VADM Thomas F. Connolly 30 Oct 1965–1 Nov 1966
VADM Allen M. Shinn 1 Nov 1966–31 Mar 1970
VADM William F. Bringle 31 Mar 1970–28 May 1971
VADM Thomas J. Walker III 28 May 1971–31 May 1973
VADM Robert B. Baldwin 31 May 1973–12 Jul 1976
VADM Robert P. Coogan 12 Jul 1976–31 Jan 1980
VADM Robert F. Schoultz 31 Jan 1980–4 Aug 1985
VADM Crawford A. Easterling 4 Aug 1982–16 Aug 1985
VADM James E. Service 16 Aug 1985–21 Aug 1987
VADM John H. Fetterman, Jr. 21 Aug 1987–14 Dec 1990
VADM Edwin R. Kohn, Jr. 14 Dec 1990–17 Jun 1993
RADM Steven R. Briggs 17 Jun 1993–26 Oct 1993
VADM Robert J. Spane 26 Oct 1993–24 Jan 1996
VADM Brent M. Bennitt 24 Jan 1996–14 Jul 1994

Established 1 September 1942 as an administrative command replacing the commands Carriers,
Pacific Fleet and Patrol Wings, Pacific Fleet. The title, U.S. Naval Air Forces, Pacific Fleet was changed
14 October 1942 to Air Force, Pacific Fleet and 30 July 1957 to Naval Air Force Pacific Fleet.

Commander, Air Force, Atlantic Fleet
Commander, Naval Air Force Atlantic Fleet

RADM Alva D. Bernhard 1 Jan 1943–8 Mar 1943
VADM Patrick N. L. Bellinger 20 Mar 1943–2 Feb 1946
VADM Gerald F. Bogan Feb 1946–Dec 1948
VADM Felix B. Stump Dec 1948–11 May 1951
VADM John J. Ballentine 11 May 1951–1 May 1954
VADM Frederick G. McMahon 1 May 1954–29 May 1956
VADM William L. Rees 29 May 1956–30 Sep 1960
VADM Frank O’Beirne 30 Sep 1960–30 Sep 1963
VADM Paul H. Ramsey 30 Sep 1963–31 Mar 1965
VADM Charles T. Booth 31 Mar 1965–28 Feb 1969
VADM Robert L. Townsend 1 Mar 1969–29 Feb 1972
VADM Fredrick H. Michaelis 29 Feb 1972–14 Feb 1975
VADM Howard E. Greer 14 Feb 1975–31 Mar 1978
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VADM George E. R. Kinnear 31 Mar 1978–31 Jul 1981
VADM Thomas J. Kilcline 31 Jul 1981–8 Dec 1983
VADM Robert F. Dunn 8 Dec 1983–23 Dec 1986
VADM Richard M. Dunleavy 23 Dec 1986–25 May 1989
VADM John K. Ready 25 May 1989–6 Aug 1991
VADM Anthony A. Less 6 Aug 1991–18 Mar 1994
VADM Richard C. Allen 18 Mar 1994–14 Jul 1994

Established 1 January 1943 as an administrative command replacing the commands Carriers, Atlantic
Fleet and Fleet Air Wing, Atlantic Fleet. The original title, Air Force, Atlantic Fleet, was changed 30 July
1957 to Naval Air Force Altantic Fleet.

Deputy Chief of Naval Opeations (Air)
Deputy Chief of Naval Opeations (Air Warfare)

Assistant Chief of Naval Operations (Air Warfare)
Director, Air Warfare

VADM John S. McCain 18 Aug 1943–1 Aug 1944
VADM Aubrey W. Fitch 1 Aug 1944–14 Aug 1945
VADM Marc A. Mitscher 14 Aug 1945–15 Jan 1946
VADM Arthur W. Radford 15 Jan 1946–22 Feb 1947
VADM Donald B. Duncan 6 Mar 1947–20 Jan 1948
VADM John D. Price 20 Jan 1948–6 May 1949
VADM Calvin T. Durgin 16 May 1949–25 Jan 1950
VADM John H. Cassady 25 Jan 1950–31 May 1952
VADM Matthias B. Gardner 31 May 1952–16 Mar 1953
VADM Ralph A. Ofstie 16 Mar 1953–3 Mar 1955
VADM Thomas S. Combs 11 Apr 1955–1 Aug 1956
VADM William V. Davis, Jr. 1 Aug 1956–22 May 1958
VADM Robert B. Pirie 26 May 1958–1 Nov 1962
VADM William A. Schoech 14 Nov 1962–1 Jul 1963
VADM John S. Thach 8 Jul 1963–25 Feb 1965
VADM Paul H. Ramsey 31 Mar 1965–1 Oct 1966
VADM Thomas F. Connolly 1 Nov 1966–31 Aug 1971
VADM Maurice F. Weisner 1 Sep 1971–4 Aug 1972
VADM William D. Houser 5 Aug 1972–30 Apr 1976
VADM Forrest S. Petersen 1 May 1976–5 Oct 1976
VADM Frederick C. Turner 6 Oct 1976–30 Jun 1979
VADM Wesley L. McDonald 1 Jul 1979–1 Sep 1982
VADM Robert F. Schoultz 2 Sep 1982–27 Jan 1985
VADM Edward H. Martin 25 Feb 1985–14 Jan 1987
VADM Robert F. Dunn 15 Jan 1987–25 May 1989
VADM Richard M. Dunleavy 25 May 1989–12 Jun 1992
RADM Riley D. Mixson 12 Jun 1992–22 Nov 1993
RADM Brent M. Bennitt 22 Nov 1993–15 Jan 1996
RADM Dennis V. McGinn 15 Jan 1996–14 Jul 1994

Established by the Secretary of the Navy, 18 August 1943, as Deputy Chief of Naval Operations (Air).
Changed to Deputy Chief of Naval Operations (Air Warfare) on 15 July 1971. On 1 October 1987 the
Chief of Naval Operations (OPNAV) was reorganized and Deputy Chief of Naval Operations (Air
Warfare) was redesignated Assistant Chief of Naval Operations (Air Warfare). On 10 August 1992 the
Assistant Chief of Naval Operations (Air Warfare) was changed to Director, Air Warfare Division.
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Chief of the Bureau of Naval Weapons

RADM Paul D. Stroop 10 Sep 1959–29 Oct 1962
RADM Kleber S. Masterson 27 Nov 1962–24 Mar 1964
RADM Allen M. Shinn 28 May 1964–1 May 1966

Established as the Bureau of Naval Weapons on 18 August 1959, merging the Bureaus of Ordnance
and Aeronautics. It was abolished on 1 May 1966 during the reorganization of the bureaus. The reorgani-
zation assigned elements of the Bureau of Naval Weapons to three new commands: Naval Air Systems
Command, Naval Ordnance Systems Command and Naval Electronic Systems Command.

Commander Naval Air Systems Command

RADM Allen M. Shinn 1 May 1966–1 Sep 1966
RADM Robert L. Townsend 1 Sep 1966–20 Feb 1969
RADM Thomas J. Walker III 20 Feb 1969–1 Apr 1971
RADM Thomas R. McClellan 1 Apr 1971–31 Aug 1973
VADM Kent L. Lee 31 Aug 1973–29 Aug 1976
VADM Forrest S. Petersen 29 Aug 1976–30 Apr 1980
VADM Ernest R. Seymour 30 Apr 1980–22 Jul 1983
VADM James B. Busey IV 22 Jul 1983–23 Aug 1985
VADM Joseph B. Wilkinson 23 Aug 1985–19 Sep 1989
VADM Richard C. Gentz 19 Sep 1989–22 Jan 1991
VADM William C. Bowes 22 Mar 1991–10 Mar 1995
VADM John A. Lockard 10 Mar 1995–14 Jul 1994

Established by a reorganization of the Navy Department effective 1 May 1966.
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Following the end of World War II many carriers were placed in the mothball fleet. This photo shows six Essex class carriers in mothballs at the
Naval Ship Yard, Puget Sound, USN-428458
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Lexington (CV 2) underway with a load of aircraft beginning their launch cycle.



The CVB and CVL designations were established within the original CV designation on 15 July 1943. CVA
replaced CV and CVB on 1 October 1952; CVL went out of use on 15 May 1959. CV and CVN replaced CVA and
CVAN on 30 June 1975 to designate the multimission character of aircraft carriers after the decommissioning of the
last CVS in 1974.

During the U.S. involvement in World War II (7 December 1941 to 2 September 1945) the Navy operated 110 car-
riers (includes those designated CV, CVE and CVL). It commissioned 102 carriers (includes those designated CV,
CVE and CVL) during the above mentioned time frame. The Navy also operated two training carriers during World
War II with the designation IX. They were Wolverine (IX 64) and Sable (IX 81).

Original Classes Langley Class: 1 ship (CV 1)
Lexington Class: 2 ships (CV 2 and 3)
Ranger Class: 1 ship (CV 4)
Yorktown Class: 2 ships (CV 5 and 6)
Wasp Class: 1 ship (CV 7)
Hornet Class: 1 ship (CV 8)

Essex Class 24 ships; CV 9 through 21, 31 through 35, 37 through 40, 45, and 47. 
(Long-Hull Essex Class Of these numbers, 14, 15, 19, 21, 32–34, 36–40, 45 and 47 are sometimes referred
or Ticonderoga Class) to as “Long-Hull” Essex class or Ticonderoga Class.

Independence Class 9 ships, CVL 22 through 30.
Midway Class 3 ships, CVB 41 through 43.
Saipan Class 2 ships, CVL 48 and 49.
Enterprise Class 1 ship, CVAN-65.
Forrestal Class 4 ships, CVA 59 through 62.
Kitty Hawk Class 4 ships, CVA 63, 64, 66 and 67.
Nimitz Class 9 ships, CVN 68 through 76.
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Aviation Ships
Attack Carriers (CV, CVA, CVB, CVL, CVAN, CVN)
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Core (CVE 11) underway during World War II with a couple of TBM Avengers on the forward flight deck.

Nimitz (CVN 68), one of the Navy’ current super carriers, underway with a full load of planes on her flight deck, DN-SC-84-00358.



Carrier Listing for CV, CVA, CVB, 
CVAN, CVN, and CVL

Date of New
Commission and Designation Date of Date

Hull Decommission or Change of Designation Conversion Conversion
No. Name or loss*** Designation Change Project* Completed Comments

1 Langley 20 Mar 1922 CV 1 Lost, enemy action.
27 Feb 1942 AV 3 21 Apr 1937

2 Lexington 14 Dec 1927 CV 2 Lost, enemy action.
8 May 1942

3 Saratoga 16 Nov 1927 CV 3 Expended, Operation
Crossroads, 26 Jul 1946.

4 Ranger 4 Jun 1934 CV 4 Sold for scrap 31 Jan 1947.
18 Oct 1946

.
5 Yorktown 30 Sep 1937 CV 5 Lost, enemy action.

7 Jun 1942

6 Enterprise 12 May 1938 CV 6 Sold, 1 Jul 1958.
17 Feb 1947 CVA 6 1 Oct 1952

CVS 6 8 Aug 1953

7 Wasp 25 Apr 1940 CV 7 Lost, enemy action.
15 Sep 1942

8 Hornet 20 Oct 1941 CV8 ` Lost, enemy action.
26 Oct 1942

9 Essex 31 Dec 1942 CV 9 27A Feb 1951 Stricken 1 Jun 1973.
30 Jun 1969 CVA 9 1 Oct 1952 125 Mar 1956

CVS 9 8 Mar 1960

10 Yorktown 15 Apr 1943 CV 10 27A Jan 1953 Stricken 1 Jun 1973.
27 Jun 1970 CVA 10 1 Oct 1952 125 Oct 1955 Floating museum,

CVS 10 1 Sep 1957 Charleston, S.C.,
13 Nov 1975.

11 Intrepid 16 Aug 1943 CV 11 27C Jun 1954 Floating Museum,
15 Mar 1974 CVA 11 1 Oct 1952 27C Apr 1957 New York City, N.Y.

CVS 11 31 Mar 1962

12 Hornet 29 Nov 1943 CV 12 27A Oct 1953 Stricken 1989.
26 May 1970 CVA 12 1 Oct 1952 125 Aug 1956

CVS 12 27 Jun 1958

13 Franklin 31 Jan 1944 CV 13 Stricken 10 Oct 1964.
17 Feb 1947 CVA 13 1 Oct 1952

CVS 13 8 Aug 1953

14 Ticonderoga 8 May 1944 CV 14 27C Dec 1954 Stricken 16 Nov 1973.
1 Sep 1973 CVA 14 1 Oct 1952 27C Mar 1957

CVS 14 21 Oct 1969

15 Randolph 9 Oct 1944 CV 15 27A Jul 1953 Stricken 1 Jun 1973.
13 Feb 1969 CVA 15 1 Oct 1952 125 Feb 1956

CVS 15 31 Mar 1959

16 Lexington 17 Feb 1943 CV 16 27C Sep 1955 Stricken 30 Nov 1991.
8 Nov 1991 CVA 16 1 Oct 1952

CVS 16 1 Oct 1962
CVT 16 1 Jan 1969
AVT 16 1 Jul 1978

17 Bunker Hill 25 May 1943 CV 17 Stricken 1 Nov 1966,
9 Jul 1947 CVA 17 1 Oct 1952 retained as moored

CVS 17 8 Aug 1953 electronic test ship
San Diego, Calif., until
Nov 1972. Scrapped 1973.
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Carrier Listing for CV, CVA, CVB, CVAN, CVN, and CVL—Continued

Date of New
Commission and Designation Date of Date

Hull Decommission or Change of Designation Conversion Conversion
No. Name or loss*** Designation Change Project* Completed Comments

18 Wasp 24 Nov 1943 CV 18 27A Sep 1951 Sold for scrap 21 May 1973.
1 Jul 1972 CVA 18 1 Oct 1952 125 Dec 1955

CVS 18 1 Nov 1956

19 Hancock 15 Apr 1944 CV 19 27C Mar 1954 Stricken 31 Jan 1976.
30 Jan 1976 CVA 19 1 Oct 1952 17C Nov 1956

CV 19 30 Jun 1975

20 Bennington 6 Aug 1944 CV 20 27A Nov 1952 Stricken 1989.
15 Jan 1970 CVA 20 1 Oct 1952 125 Apr 1955

CVS 20 30 Jun 1959

21 Boxer 16 Apr 1945 CV 21 Stricken 1 Dec 1969.
1 Dec `1969 CVA 21 1 Oct 1952

CVS 21 1 Feb 1956
LPH 4 30 Jan 1959

.
22 Independence 14 Jan 1943 CVL 22 Sunk in weapons test

28 Aug 1946 29 Jun 1951.

23 Princeton 25 Feb 1943 CVL 23 Lost, enemy action..
24 Oct 1944

24 Belleau Wood 31 Mar 1943 CVL 24 Transferred to France 1953–
13 Jan 1947 1960. Stricken 1 Oct 1960.

25 Cowpens 28 May 1943 CVL 25 ` Stricken 1 Nov 1959.
13 Jan 1947 AVT 1 15 May 1959

26 Monterey 17 Jun 1943 CVL 26 Stricken 1 Jun 1970.
16 Jan 1956 AVT 2 15 May 1959

27 Langley 31 Aug 1943 CVL 27 Transferred to France 1951–
11 Feb 1947 1963. Sold 19 Feb 1964.

28 Cabot 24 Jul 1943 CVL 28 Transferred to Spain on 
21 Jan 1955 AVT 3 15 May 1959 30 Aug 1967, returned to.

private U.S. organization
in 1989.

29 Bataan 17 Nov 1943 CVL 29 Stricken 1 Sep 1959.
9 Apr 1954 AVT 4 15 May 1959

30 San Jacinto 15 Dec 1943 CVL 30 Stricken 1 Jun 1970.
1 Mar 1947 AVT 5 15 May 1959

31 Bon Homme Richard 26 Nov 1944 CV 31 Stricken 1989.
2 Jul 1971 CVA 31 1 Oct 1952

32 Leyte 11 Apr 1946 CV 32 Stricken 1 Jun 1969.
15 May 1959 CVA 32 1 Oct 1952

CVS 32 8 Aug 1953
AVT 10 15 May 1959

33 Kearsarge 2 Mar 1946 CV 33 27A Mar 1952 Stricken 1 May 1973.
15 Jan 1970 CVA 33 1 Oct 1952 125 Jan 1957

CVS 33 1 Oct 1958

34 Oriskany 25 Sep 1950 CV 34 27A Oct 1950 Stricken 1989.
20 Sep 1979 CVA 34 1 Oct 1952 125 May 1959

CV 34 30 Jun 1975

36 Antietam 28 Jan 1945 CV 36 ** Stricken 1 May 1973.
8 May 1963 CVA 36 1 Oct 1952

CVS 36 1 Aug 1953
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Carrier Listing for CV, CVA, CVB, CVAN, CVN, and CVL—Continued

Date of New
Commission and Designation Date of Date

Hull Decommission or Change of Designation Conversion Conversion
No. Name or loss*** Designation Change Project* Completed Comments

37 Princeton 18 Nov 1945 CV37 Stricken 30 Jan 1970..
30 Jan 1970 CVA 37 1 Oct 1952

CVS 37 1 Jan 1954
LPH 5 2 Mar 1959

38 Shangri-La 15 Sep 1944 CV 38 27C Feb 1955 Stricken 15 Jul 1982.
30 Jul 1971 CVA 38 1 Oct 1952

CVS 38 30 Jun 1969

39 Lake Champlain 3 Jun 1945 CV 39 27A Sep 1952 Stricken 1 Dec 1969.
2 May 1966 CVA 39 1 Oct 1952

CVS 39 1 Aug 1957

40 Tarawa 8 Dec 1945 CV 40 27A Sep 1952 Stricken 1 Jun 1967.
13 May 1960 CVA 40 1 Oct 1952

CVS 40 10 Jan 1955
AVT 12 17 Apr 1961

41 Midway 10 Sep 1945 CVB 41 110 Nov 1957 In reserve.
11 Apr 1992 CVA 41 1 Oct 1952

CV 41 30 Jun 1975

42 Franklin D. Roosevelt 27 Oct 1945 CVB 42 110 Jun 1956 Stricken 30 Sep 1977.
1 Oct 1977 CVA 42 1 Oct 1952

CV 42 30 Jun 1975

43 Coral Sea 1 Oct 1947 CVB 43 110A Jan 1960 Sold for scrap
26 Apr 1990 CVA 43 1 Oct 1952 30 Mar 1993.

CV 43 30 Jun 1975

45 Valley Forge 3 Nov 1946 CV 45 ` Stricken 15 Jan 1970.
15 Jan 1970 CVA 45 1 Oct 1952

CVS 45 1 Jan 1954
LPH 8 1 Jul 1961

47 Philippine Sea 11 May 1946 CV 47 Stricken 1 Dec 1969.
28 Dec 1958 CVA 47 1 Oct 1952

CVS 47 15 Nov 1955
AVT 11 15 May 1959

48 Saipan 14 Jul 1946 CVL 48
14 Jan 1970 AVT 6 15 May 1959

AGMR 2 8 Apr 1965

49 Wright 9 Feb 1947 CVL 49 
22 May 1970 AVT 7 15 May 1959.

CC 2 11 May 1963

59 Forrestal 1 Oct 1955 CVA 59 Stricken 11 Sep 1993.
30 Sep 1993 CV 59 30 Jun 1975

AVT 59 4 Feb 1992

60 Saratoga 14 Apr 1956 CVA 60 Stricken 30 Sep 1994.
20 Aug 1994 CV 60 30 Jun 1972

61 Ranger 10 Aug 1957 CVA 61 Inactive in Reserve.
10 Jul 1993 CV 61 30 Jun 1972

62 Independence 10 Jan 1959 CVA 62 Active.
CV 62 28 Feb 1973

63 Kitty Hawk 29 Apr 1961 CVA 63 Active.
CV 63 29 Apr 1973

64 Constellation 27 Oct 1961 CVA 64 Active.
CV 64 30 Jun 1975
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*Carrier Listing for CV, CVA, CVB, CVAN, CVN, and CVL—Continued

Date of New
Commission and Designation Date of Date

Hull Decommission or Change of Designation Conversion Conversion
No. Name or loss*** Designation Change Project* Completed Comments

65 Enterprise 25 Nov 1961 CVAN 65 Active.
CVN 65 30 Jun 1975

66 America 23 Jan 1965 CVA 66 Inactive in Reserve.
30 Sep 1996 CV 66 30 Jun 1975

67 John F. Kennedy 7 Sep 1968 CVA 67 Active.
CV 67 29 Apr 1973

68 Nimitz 3 May 1975 CVAN 68 Active.
CVN 68 30 Jun 1975

.
69 Dwight D. Eisenhower 18 Oct 1977 CVN 69 Active.

70 Carl Vinson 13 Mar 1982 CVN 70 Active.

71 Theordore Roosevelt 25 Oct 1986 CVN 71 Active.

72 Abraham Lincoln 11 Nov 1989 CVN 72 ` Active.

73 George Washington 4 Jul 1992 CVN 73 Active.

74 John C. Stennis 9 Dec 1995 CVN 74 Active.

75 Harry S. Truman CVN 75 Keel laid 29 Nov 1993.

76 Ronald Reagan CVN 76

* Projects 27A and the first 27Cs are axial deck modernizations; all others are angled deck conversions. For more detail, see chronology entries for 4 Jun 1947, 1 Feb
1952, 2 Sep 1953 and 27 May 1954.

** Experimental angled deck installation completed Dec 1952.

*** There were a number of carriers that were decommissioned and then recommissioned for further service. Only the final decommissioning date is listed for these car-
riers. Several carriers were also placed out of commission during major rennovations or yard periods. In some cases the records regarding decommissioning dates were
not complete. Consequently, the decommissioning date was left blank if it was unknown.

Note 1: Construction of hull numbers omitted above were either terminated or cancelled. Numbers 35, 46, and 50–55 were scheduled for Essex class; 44, 56 and 57 for
Midway class. Number 58 was United States.

Note 2: The contracts originally let for CV 59 and 60 (Forrestal and Saratoga) did not include an angled deck in their designs. In 1953 the Navy redesigned the flight deck
plans for Forrestal and incorporated an angled landing deck. These changes were also made to the designs for Saratoga. The contract for Forrestal was awarded in 1951
and for Saratoga in 1952. The contract for Ranger and Independence (CV 61 and 62) were not awarded until 1954. Therefore, the original contract designs for Ranger
and Independence would have included an angled deck. Technically speaking, Ranger (CVA 61) was the first carrier designed and built as an angled deck carrier.
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Escort Carriers (AVG, ACV and CVE)

The original escort carrier designation AVG (Aircraft Escort Vessel) was first assigned on 31 March 1941. The clas-
sification was changed to ACV (Auxiliary Aircraft Carrier) on 20 August 1942 and to CVE (Escort Carrier) on 15 July
1943. The CVE designation went out of use when the remaining escort carriers were reclassified AKV (Aircraft Ferry)
on 7 May 1959.

Classes:

Long Island 1 ship, hull number 1
Charger 1 ship, hull number 30 (originally built for Royal Navy)
Bogue 11 ships, hull numbers 9, 11–13, 16, 18, 20, 21, 23, 25 and 31
Sangamon 4 ships, hull numbers 26–29
Casablanca 50 ships, hull numbers 55–104
Commencement Bay 19 ships, hull numbers 105–123

Hull numbers not listed above are accounted for as follows: 
2-5 not assigned;
6, 7, 8, 10, 14, 15, 17, 19, 22, 24, 32–54 transferred to the Royal Navy;
124–139 cancelled.

A Navy/Marine Corps HRP-1, also known as the flying banana, lands aboard Saipan, 1948, USN-706643.
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Carrier Listing for CVE Designations
Date of New
Commission and Designation Date of

Hull Decommission or Change of Designation
No. Name or loss* Designation Change Comments

1 Long Island 2 Jun 1941 Stricken 12 Apr 1946.
20 Mar 1946

9 Bogue 26 Sep 1942 CVHE 9 12 Jun 1955 Stricken 1 Mar 1959.
30 Nov 1946

11 Card 8 Nov 1942 CVHE 11 12 Jun 1955 Stricken 15 Sep 1970.
13 May 1946 CVU 11 1 Jul 1958
1 Jun 1959 AKV 40 7 May 1959

12 Copahee 15 Jun 1942 CVHE 12 12 Jun 1955 Stricken 1 Mar 1959.
5 Jul 1946

13 Core 10 Dec 1942 CVHE 13 12 Jun 1955 Stricken 15 Sep 1970.
4 Oct 1946 CVU 13 1 Jul 1958

AKV 41 7 May 1959

16 Nassau 20 Aug 1942 CVHE 16 12 Jun 1955 Stricken 1 Mar 1959.
28 Oct 1946

18 Altamaha 15 Sep 1942 CVHE 18 12 Jun 1955 Stricken 1 Mar 1959.
27 Sep 1946

20 Barnes 20 Feb 1943 CVHE 20 12 Jun 1955 Stricken 1 Mar 1959.
29 Aug 1946

21 Block Island 8 Mar 1943 Lost to enemy action.
29 May 1944

23 Breton 12 Apr 1943 CVHE 23 12 Jun 1955 Stricken 6 Aug 1971.
30 Aug 1946 CVU 23 1 Jul 1958

AKV 42 7 May 1959

25 Croatan 28 Apr 1943 CVHE 25 12 Jun 1955 Stricken 15 Sep 1970.
20 May 1946 CVU 25 1 Jul 1958

AKV 43 7 May 1959

26 Sangamon 25 Aug 1942 AO 28 23 Oct 1940 Stricken 1 Nov 1945. Sangamon was a fleet oiler 
24 Oct 1945 AVG 26 14 Feb 1942 (AO 28) before being converted to an escort carrier.

27 Suwannee 24 Sep 1942 AO 33 16 Jul 1941 Stricken 1 Mar 1959. Suwannee was a fleet oiler
8 Jan 1947 AVG 27 14 Feb 1942 (AO 33) before being converted to an escort carrier.

CVHE 27 12 Jun 1955

28 Chenango 19 Sep 1942 AO 31 20 Jun 1941 Stricken 1 Mar 1959. Chenango was a fleet oiler
14 Aug 1946 ACV 28 19 Sep 1942 (AO 31) before being converted to an escort carrier.

CVHE 28 12 Jun 1955

29 Santee 24 Aug 1942 AO 29 30 Oct 1940 Stricken 1 Mar 1959. Santee was a fleet oiler
21 Oct 1946 ACV 29 24 Aug 1942 (AO 29) before being converted to an escort carrier.

CVHE 29 12 Jun 1955

30 Charger 3 Mar 1942 Stricken 29 Mar 1946.
15 Mar 1946

31 Prince William 9 Apr 1943 CVHE 31 12 Jun 1955 Stricken 1 Mar 1959.
29 Aug 1946

55 Casablanca 8 Jul 1943 Sold 23 Apr 1947.
10 Jun 1946

56 Liscome Bay 7 Aug 1943 Lost to enemy action.
24 Nov 1943

57 Anzio (ex-Coral Sea) 27 Aug 1943 CVHE 57 12 Jun 1955 Stricken 1 Mar 1959.
5 Aug 1946
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Carrier Listing for CVE Designations—Continued

Date of New
Commission and Designation Date of

Hull Decommission or Change of Designation
No. Name or loss* Designation Change Comments

58 Corregidor 31 Aug 1943 CVU 58 12 Jun 1955 Stricken 1 Oct 1958.
4 Sep 1958

59 Mission Bay 13 Sep 1943 CVU 59 12 Jun 1955 Stricken 1 Sep 1958.
21 Feb 1947 

60 Guadalcanal 25 Sep 1943 CVU 60 12 Jun 1955 Stricken 27 May 1958.
15 Jul 1946

61 Manila Bay 5 Oct 1943 CVU 61 12 Jun 1955 Stricken 27 May 1958.
31 Jul 1946

62 Natoma Bay 14 Oct 1943 CVU 62 12 Jun 1955 Stricken 27 May 1958.
20 May 1946

63 St. Lo (ex-Midway) 23 Oct 1943 Commissioned on 23 Oct 1943 as Midway (CVE 63)
25 Oct 1944 and renamed St. Lo (CVE 63) on 10 Oct 1944.

Lost to enemy action on 25 Oct 1944.

64 Tripoli 31 Oct 1943 CVU 64 12 Jun 1955 Stricken 1 Feb 1959.
25 Nov 1958

65 Wake Island 7 Nov 1943 Stricken 17 Apr 1946.
5 Apr 1946

66 White Plains 15 Nov 1943 CVU 66 12 Jun 1955 Stricken 1 Jul 1958.
10 Jul 1946

67 Solomons 21 Nov 1943 Stricken 5 Jun 1946. Launched as USS Nassuk Bay (CVE 67)
15 May 1946 on 6 Oct 1943 and renamed Solomons (CVE 67)

in Nov 1943.

68 Kalinin Bay 27 Nov 1943 Stricken 5 Jun 1946.
15 May 1946

69 Kasaan Bay 4 Dec 1943 CVHE 69 12 Jun 1955 Stricken 1 Mar 1959.
6 Jul 1946

70 Fanshaw Bay 9 Dec 1943 CVHE 70 12 Jun 1955 Stricken 1 Mar 1959.
14 Aug 1946

71 Kitkun Bay 15 Dec 1943 Sold 18 Nov 1946.
19 Apr 1946

72 Tulagi 21 Dec 1943 Stricken 8 May 1946.
30 Apr 1946

73 Gambier Bay 28 Dec 1943 Lost to enemy action.
25 Oct 1944

74 Nehenta Bay 3 Jan 1944 CVU 74 12 Jun 1955 Stricken 1 Aug 1959.
15 May 1946 AKV 24 7 May 1959

75 Hoggatt Bay 11 Jan 1944 CVHE 75 12 Jun 1955 Stricken 1 Aug 1959.
20 Jul 1946 AKV 25 7 May 1959

76 Kadashan Bay 18 Jan 1944 CVU 76 12 Jun 1955 Stricken 1 Aug 1959.
14 Jun 1946 AKV 26 7 May 1959

77 Marcus Island 26 Jan 1944 CVHE 77 12 Jun 1955 Stricken 1 Aug 1959.
12 Dec 1946 AKV 27 7 May 1959

78 Savo Island 3 Feb 1944 CHVE 78 12 Jun 1955 Stricken 1 Sep 1959.
12 Dec 1946 AKV 28 7 May 1959

79 Ommaney Bay 11 Feb 1944 Lost to enemy action.
4 Jan 1945
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Carrier Listing for CVE Designations—Continued

Date of New
Commission and Designation Date of

Hull Decommission or Change of Designation
No. Name or loss* Designation Change Comments

80 Petrof Bay 18 Feb 1944 CVU 80 12 Jun 1955 Stricken 27 Jun 1958.
30 Jul 1946

81 Rudyerd Bay 25 Feb 1944 CVU 81 12 Jun 1955 Stricken 1 Aug 1959.
11 Jun 1946 AKV 29 7 May 1959

82 Saginaw Bay 2 Mar 1944 CVHE 82 12 Jun 1955 Stricken 1 Mar 1959.
19 Jun 1946

83 Sargent Bay 9 Mar 1944 CVU 83 12 Jun 1955 Stricken 27 Jun 1958.
23 Jul 1946

84 Shamrock Bay 15 Mar 1944 CVU 84 12 Jun 1955 Stricken 27 Jun 1958.
6 Jul 1946

85 Shipley Bay 21 Mar 1944 CVHE 85 12 Jun 1955 Stricken 1 Mar 1959.
28 Jun 1946

86 Sitkoh Bay 28 Mar 1944 CVU 86 12 Jun 1955 Stricken 1 Apr 1960.
27 Jul 1954 AKV 30 7 May 1959

87 Steamer Bay 4 Apr 1944 CVHE 87 12 Jun 1955 Stricken 1 Mar 1959.
8 Aug 1946

88 Cape Esperance 9 Apr 1944 CVU 88 12 Jun 1955 Stricken 1 Mar 1959.
15 Jan 1959

89 Takanis Bay 15 Apr 1944 CVU 89 12 Jun 1955 Stricken 1 Aug 1959.
1 May 1946 AKV 31 7 May 1959

90 Thetis Bay 21 Apr 1944 CVHA 1 1 Jul 1955 Stricken 1 Mar 1964.
1 Mar 1964 LPH 6 28 May 1959

91 Makassar Strait 27 Apr 1944 CVU 91 12 Jun 1955 Stricken 1 Sep 1958.
9 Aug 1946

92 Windham Bay 3 May 1944 CVU 92 12 Jun 1955 Stricken 1 Feb 1959.
Jan 1959

93 Makin Island 9 May 1944 Stricken 5 Jun 1946.
19 Apr 1946

94 Lunga Point 14 May 1944 CVU 94 12 Jun 1955 Stricken 1 Apr 1960.
24 Oct 1946 AKV 32 7 May 1959

95 Bismarck Sea 20 May 1944 Lost to enemy action.
21 Feb 1945

96 Salamaua 26 May 1944 Stricken 21 May 1946.
9 May 1946

97 Hollandia 1 Jun 1944 CVU 97 12 Jun 1955 Stricken 1 Apr 1960.
17 Jan 1947 AKV 33 7 May 1959

98 Kwajalein 7 Jun 1944 CVU 98 12 Jun 1955 Stricken 1 Apr 1960.
16 Aug 1946 AKV 34 7 May 1959

99 Admiralty Islands 13 Jun 1944 Stricken 8 May 1946.
24 Apr 1946

100 Bougainville 18 Jun 1944 CVU 100 12 Jun 1955 Stricken 1 Apr 1960.
3 Nov 1946 AKV 35 7 May 1959

101 Matanikau 24 Jun 1944 CVU 101 12 Jun 1955 Stricken 1 Apr 1960.
11 Oct 1946 AKV 36 7 May 1959

102 Attu 30 Jun 1944 Stricken 3 Jul 1946.
8 Jun 1946



UNITED STATES NAVAL AVIATION 1910–1995 431

Carrier Listing for CVE Designations—Continued

Date of New
Commission and Designation Date of

Hull Decommission or Change of Designation
No. Name or loss* Designation Change Comments

103 Roi 6 Jul 1944 Stricken 21 May 1946.
9 May 1946

104 Munda 8 Jul 1944 CVU 104 12 Jun 1955 Stricken 1 Sep 1958.
13 Sep 1946

105 Commencement Bay 27 Nov 1944 CVHE 105 12 Jun 1955 Stricken 1 Apr 1971.
30 Nov 1946 AKV 37 7 May 1959

106 Block Island 30 Dec 1944 LPH 1 22 Dec 1957 Stricken 1 Jul 1959.
27 Aug 1954 CVE 106 17 Feb 1959

AKV 38 7 May 1959

107 Gilbert Islands 5 Feb 1945 AKV 39 7 May 1959 Stricken 1 Jun 1961.
15 Jan 1955

108 Kula Gulf 12 May 1945 AKV 8 7 May 1959 Stricken 15 Sep 1970.
15 Dec 1955

109 Cape Gloucester 5 Mar 1945 CVHE 109 12 Jun 1955 Stricken 1 Apr 1971.
5 Nov 1946 AKV 9 7 May 1959

110 Salerno Bay 19 May 1945 AKV 10 7 May 1959 Stricken 1 Jun 1960.
16 Feb 1954

111 Vella Gulf 9 Apr 1945 CVHE 111 12 Jun 1955 Stricken 1 Jun 1960.
9 Aug 1946 AKV 11 7 May 1959

112 Siboney 14 May 1945 AKV 12 7 May 1959 Stricken 1 Jun 1970.
31 Jul 1956

113 Puget Sound 18 Jun 1945 CVHE 113 12 Jun 1955 Stricken 1 Jun 1960.
18 Oct 1946 AKV 13 7 May 1959

114 Rendova 22 Oct 1945 AKV 14 7 May 1959 Stricken 1 Apr 1971.
30 Jun 1955

115 Bairoko 16 Jul 1945 AKV 15 7 May 1959 Stricken 1 Apr 1960.
18 Feb 1955

116 Badoeng Strait 14 Nov 1945 AKV 16 7 May 1959 Stricken 1 Dec 1970.
17 May 1957

117 Saidor 4 Sep 1945 CVHE 117 12 Jun 1955 Stricken 1 Dec 1970.
12 Sep 1947 AKV 17 7 May 1959

118 Sicily 27 Feb 1946 AKV 18 7 May 1959 Stricken 1 Jul 1960.
4 Oct 1954

119 Point Cruz 16 Oct 1945 AKV 19 7 May 1959 Stricken 15 Sep 1970.
31 Aug 1956

120 Mindoro 4 Dec 1945 AKV 20 7 May 1959 Stricken 1 Dec 1959.
4 Aug 1955

121 Rabaul CVHE 121 12 Jun 1955 Stricken 1 Sep 1971. Inactivated after trials on
AKV 21 7 May 1959 30 Aug 1946, never commissioned.

122 Palau 15 Jan 1946 AKV 22 7 May 1959 Stricken 1 Apr 1960.
15 Jun 1954

123 Tinian CVHE 123 12 Jun 1955 Stricken 1 Jun 1970. The ship was accepted by
AKV 23 7 May 1959 the Navy on 30 Jul 1946, but never commissioned.

* There were a number of carriers that were decommissioned and then recommissioned for further service. Only the final decommissioning date is listed for these carri-
ers. Several carriers were also placed out of commission during major rennovations or yard periods. In some cases the records regarding decommissioning dates were not
complete. Consequently, the decommissioning date was left blank if it was unknown.
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World War II Training Carriers

During World War II the Navy’s requirements for pilots provided an increased demand on the training command
for carrier flight decks for carrier qualification training. To alleviate the need to take a front line carrier out of action
for carrier qualification training, the Navy acquired two vessels that had operated on the Great Lakes and converted
them to training carriers with the designation IX, miscellaneous auxiliary.

Date of
Commission

Hull and
Number Name Decommission Disposition and Status

64 Wolverine 12 Aug 1942 A side-wheel steamer built in 1913 and originally named Seeandbee.
7 Nov 1945 She was acquired by the Navy on 12 Mar 1942 and conversion to

a training carrier began on 6 May 1942. Stricken 28 Nov 1945.

81 Sable 8 May 1943 The ship was built in 1924 by the American Shipbulding Company
7 Nov 1945 and named Greater Buffalo. She was acquired by the Navy on 7 Aug

1942, named Sable on 19 Sep 1942 and converted to a training car-
rier. Stricken 28 Nov 1945.

Antisubmarine Support Aircraft Carriers (CVS)
Classification and designation for CVS (Antisubmarine Support Aircraft Carrier) established 8 August 1953.
Classes: All ships used in this role were Essex class carriers modified to serve in the ASW role. Enterprise (CV 6)

was designated CVS 6 but was never used as such. This listing is for quick reference, with the reclassification dates
and other data found in the Carrier Listing for CV, CVA, CVB, CVAN, CVN and CVL.

Hull Number Name Hull Number Name

6 Enterprise 20 Bennington
9 Essex 21 Boxer
10 Yorktown 32 Leyte
11 Intrepid 33 Kearsarge
12 Hornet 36 Antietam
13 Franklin 37 Princeton
14 Ticonderoga 38 Shangri-La
15 Randolph 39 Lake Champlain
16 Lexington 40 Tarawa
17 Bunker Hill 45 Valley Forge
18 Wasp 47 Philippine Sea
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Date of New
Commission Designation Date of

Hull and or Change of Designation
No. Name Decommission Designation Change Disposition and Status

1 Block Island 30 Dec 1944 CVE 106 Stricken 1 Jul 1959.
27 Aug 1954 LPH 1* 22 Dec 1957 

CVE 106 17 Feb 1959
AKV 38 7 May 1959

2 Iwo Jima 26 Aug 1961 Stricken 10 Jul 1993.
14 Jul 1993

3 Okinawa 14 Apr 1962 Stricken 17 Dec 1992.
17 Dec 1992

4 Boxer 16 Apr 1945 CV 21 16 Apr 1945 Stricken 1 Dec 1969.
1 Dec 1969 CVA 21 1 Oct 1952

CVS 21 1 Feb 1956
LPH 4** 30 Jan 1959

5 Princeton 18 Nov 1945 CV 37 18 Nov 1945 Stricken 30 Jan 1970.
30 Jan 1970 CVA 37 1 Oct 1952

CVS 37 1 Jan 1954
LPH 5*** 2 Mar 1959

6 Thetis Bay 21 Apr 1944 CVHA 1 1 Jul 1955 Stricken 1 Mar 1964.
1 Mar 1964 LPH 6**** 28 May 1959

7 Guadalcanal 20 Jul 1963 Stricken 31 Aug 1994.
31 Aug 1994

8 Valley Forge 3 Nov 1946 CV 45 3 Nov 1946 Stricken 15 Jan 1970.
15 Jan 1970 CVA 45 1 Oct 1952

CVS 45 1 Jan 1954
LPH 8***** 1 Jul 1961

9 Guam 16 Jan 1965 Active.

10 Tripoli 6 Aug 1966
8 Sep 1995

11 New Orleans 16 Nov 1968 Active.

12 Inchon 20 Jun 1970 MCS 12 1 Mar 1995 Active.

* Block Island was reclassified LPH 1 on 22 Dec 1957, but the conversion was cancelled and the LPH 1 designation was not 
reassigned. The ship never operated with the LPH 1 designation.

** Boxer operated with the designation LPH 4 from 30 Jan 1959 until her decommissioning on 1 December 1969.

*** Princeton operated with the designation LPH 5 from 2 Mar 1959 until her decommissioning on 30 Jan 1970.

**** Thesis Bay operated with the designation LPH 6 from 28 May 1959 until her decommissioning on 1 Mar 1964.

***** Valley Forge operated with the designation LPH 8 from 1 Jul 1961 until her decommission on 15 Jan 1970.

NOTE ON DECOMMISSIONING DATES: There were a number of ships that were decommissioned and then recommissioned for further service. Only the final decommis-
sioning date is listed for these ships. Many ships were also placed out of commission during major rennovations or yard periods.

Amphibious Assault Ships (LPH)
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Amphibious Assault Ships (LHA)
Class: Wasp 5 ships

Hull
Number Name Commissioned Disposition and Status

1 Tarawa 29 May 1976 Active.

2 Saipan 15 Oct 1977 Active.

3 Belleau Wood 23 Sep 1978 Active.

4 Nassau 28 Jul 1979 Active.

5 Peleliu 3 May 1980 Active.

Amphibious Assault Ships 
(Multi-Purpose) (LHD)

Class: Wasp 7 ships

Hull
Number Name Commissioned Disposition and Status

1 Wasp 29 Jul 1989 Active.

2 Essex 17 Oct 1992* Active.

3 Kearsarge 30 Jun 1993 Active.

4 Boxer 11 Feb 1995 Active.

5 Bataan Under construction.

6 Bonhomme Richard Under construction.

7 (name not assigned yet) Authorized.

* The ship was commissioned without ceremony on 24 Aug 1992 to permit it to go to sea to avoid a hurricane that was threatening Pascagoula, Miss. The official com-
missioning ceremony was held on 17 Oct 1992.

Seaplane Tenders (AV)
Classes:

Five single ships AV 1, 2, 3, 6 and 8.

Curtiss Class 2 ships, AV 4 and 5.
Currituck Class 4 ships, AV 7, 11-13.
Pocomoke Class 2 ships, AV 9 and 10.
Kenneth Whiting Class 4 ships, AV 14 to 17.

Date of New
Commission Designation Date of

Hull and or Change of Designation
Number Name Decommission Designation Change Disposition & Status

1 Wright* 16 Dec 1921 AZ 1 17 Jul 1920 Stricken 1 Jul 1946.
San Clemente* 21 Jun 1946 AV 1 1 Nov 1923

AG 79 1 Oct 1944
AG 79 1 Feb 1945

2 Jason 23 Jun 1913 AC 12 Stricken 19 May 1936.
30 Jun 1932 AV 2 21 Jan 1930

3 Langley** 7 Apr 1913 AC 3 7 Apr 1913 Lost to enemy action 27 Feb 1942.
CV 1 20 Mar 1922
AV 3 21 Apr 1937
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Seaplane Tenders (AV)—Continued

Date of New
Commission Designation Date of

Hull and or Change of Designation
Number Name Decommission Designation Change Disposition & Status

4 Curtiss 15 Nov 1940 Stricken 1 Jul 1963.
24 Sep 1957

5 Albemarle*** 20 Dec 1940 T-ARVH 1 11 Jan 1966 Stricken 31 Dec 1974.
21 Oct 1960

6 Patoka 13 Oct 1919 AO 9 13 Oct 1919 Stricken 31 Jul 1946.
1 Jul 1946 AV 6**** 11 Oct 1939

AO 9 19 Jun 1940
AG 125 15 Aug 1945

7 Currituck 26 Jun 1944 Stricken 1 Apr 1971.
31 Oct 1967

8 Tangier 8 Jul 1940 Decommissioned sometime between May 1946 and 
Jan 1947. Stricken 1 Jun 1961.

9 Pocomoke 18 Jul 1941 Stricken 1 Jun 1961.
10 Jul 1946

10 Chandeleur 19 Nov 1942 Placed in reserve 12 Feb 1947.
Stricken 1 Apr 1971.

11 Norton Sound 8 Jan 1945 AVM 1 8 Aug 1951
11 Dec 1986

12 Pine Island 26 Apr 1945 Stricken 1 Feb 1971.
16 Jun 1967

13 Salisbury Sound 26 Nov 1945 Stricken 1 Feb 1971.
31 Mar 1967

14 Kenneth Whiting 8 May 1944 Stricken 1 Jul 1961.
30 Sep 1958

15 Hamlin 26 Jun 1944 Stricken 1 Jul 1963.
15 Jan 1947

16 St. George 24 Jul 1944 Stricken 1 Jul 1963.
1 Aug 1946

17 Cumberland Sound 21 Aug 1944 Stricken 1 Jul 1961.
27 May 1947

* Wright was renamed San Clemente on 1 Feb 1945 to permit the use of the name Wright for a carrier under construction.

** Jupiter was commissioned as a collier on 7 Apr 1913 and decommissioned on 24 Mar 1920 for conversion to an aircraft carrier. She was renamed Langley on 21 Apr
1920 and recommissioned as Langley (CV 1) on 20 Mar 1922.

*** Albemarle was decommissioned on 21 Oct 1960 and stricken from the Naval Vessel Register on 1 Sep 1962 and placed in the custody of the Maritime Administration
James River Fleet. However, she was transferred back to the Navy on 7 Aug 1964 for conversion to a floating aeronautical maintenance facility for helicopters. On 27 March
1965 Albemarle was renamed Corpus Christi Bay and redesignated T-ARVH 1. On 11 Jan 1966 she was transferred to the Military Sealift Command (MSC). She was even-
tually taken out of service by MSC and stricken.

**** Patoka was authorized for conversion to AV on 25 Feb 1924 and operated as such, but was not reclassified an AV until 11 Oct 1939.

NOTE ON DECOMMISSIONING DATES: There were a number of ships that were decommissioned and then recommissioned for further service.Only the final decommis-
sioning date is listed for these ships. Many ships were also placed out of commission during major rennovations or yard periods. In some cases the records regarding
decommissioning dates were not complete. Consequently, the decommissioning date was left blank if it was unknown.
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Small Seaplane Tenders (AVP)
Classes:

Lapwing Class Converted minesweepers assigned to aviation duty in the 1920s; first given aviation designation 22 Jan 
1936; 9 ships, AVP 1 to 9.

Barnegat Class 32 ships, AVP 10 to 13, 21–26, 28–41 and 48–55.
Childs Class 7 ships, AVP 14 to 20.

Hull numbers omitted may be accounted for as follows: 27, 56, and 57 were commissioned as AGPs; 42–47 and 58–67 were can-
celled.

Date of New
Commission Designation Date of

Hull and or Change of Designation
Number Name Decommission Designation Change Disposition 

1 Lapwing 12 Jun 1918 AM 1 Transferred to Maritime Commission 19 Aug 1946.
29 Nov 1945 AVP 1 22 Jan 1936

2 Heron 30 Oct 1918 AM 10 Transferred to Force Logistics Command 25 Jul 1947.
12 Feb 1946 AVP 2 22 Jan 1936

3 Thrush 25 Apr 1919 AM 18 17 Jul 1920 Stricken 8 Jan 1946
13 Dec 1945 AVP 3 22 Jan 1936 Transferred to Maritime Commission 19 Aug 1946.

4 Avocet 17 Sep 1918 AM 19 Stricken 3 Jan 1946.
10 Dec 1945 AVP 4 22 Jan 1936

5 Teal 20 Aug 1918 AM 23 30 Apr 1931 Stricken 5 Dec 1945.
23 Nov 1945 AVP 5 22 Jan 1936 Transferred to Maritime Commission 19 Jan 1948.

6 Pelican 10 Oct 1918 AM 27 Stricken 19 Dec 1945.
30 Nov 1945 AVP 6 22 Jan 1936 Transferred to Maritime Commission 22 Nov 1946.

7 Swan 31 Jan 1919 AM 34 30 Apr 1931 Stricken 8 Jan 1946.
13 Dec 1945 AVP 7 22 Jan 1936 Transferred to Maritime Commission 12 Oct 1946.

8 Gannet 10 Jul 1919 AM 41 Lost to enemy action 7 Jun 1942.
AVP 8 22 Jan 1936

9 Sandpiper 9 Oct 1919 AM 51 Jul 1920 Stricken 17 Apr 1946.
10 Dec 1945 AVP 9 22 Jan 1936 Transferred to Maritime Commission 12 Oct 1946.

10 Barnegat 3 Jul 1941 Stricken 23 May 1958.
17 May 1946

11 Biscayne 3 Jul 1941 AGC 18 10 Oct 1944 Transferred to USCG 19 Jul 1946; returned to USN as target,
29 Jun 1946 9 Jul 1968.

12 Casco 27 Dec 1941 Transferred to USCG 19 Apr 1949.
10 Apr 1947

13 Mackinac 24 Jan 1942 Transferred to USCG 19 Apr 1949; returned 15 Apr 1968,
Jan 1947 expended as target.

14 Childs 22 Oct 1920 DD 241 Stricken 8 Jan 1946.
10 Dec 1945 AVP 14 1 Jul 1938

AVD 1 1 Oct 1940

15 Williamson 29 Oct 1920 DD 244 Stricken 19 Dec 1945.
8 Nov 1945 AVP 15 1 Jul 1938

AVD 2 2 Aug 1940
DD 244 1 Dec 1943

16 George E. Badger 28 Jul 1920 DD 196 Transferred to Treasury Dept. in 1930 and returned 1934.
3 Oct 1945 AVP 16 1 Oct 1939 Stricken 25 Oct 1945.

AVD 3 2 Aug 1940
APD 33 19 May 1944
DD 196 20 Jul 1945

17 Clemson 29 Dec 1919 DD 186 Stricken 24 Oct 1945.
12 Oct 1945 AVP 17 15 Nov 1939
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Seaplane Tenders (AVP)—Continued

Date of New
Commission Designation Date of

Hull and or Change of Designation
Number Name Decommission Designation Change Disposition & Status

AVD 4 6 Aug 1940
DD 186 1 Dec 1943
APD 31 7 Mar 1944
DD 186 17 Jul 1945

18 Goldsborough 26 Jan 1920 DD 188 Stricken 24 Oct 1945.
11 Oct 1945 AVP 18 15 Nov 1939

AVD 3 2 Aug 1940
DD 188 1 Dec 1943
APD 32 7 Mar 1944
DD 188 10 Jul 1945

19 Hulbert 27 Oct 1920 DD 342 Stricken 28 Nov 1945.
2 Nov 1945 AVP 6 2 Aug 1940

DD 342 1 Dec 1943

20 William B. Preston 23 Aug 1920 DD 344 Stricken 3 Jan 1946.
6 Dec 1945 AVP 20 18 Nov 1939

AVD 7 2 Aug 1940

21 Humboldt 7 Oct 1941 AG 121 30 Jul 1945 Transferred to USCG 24 Jan 1949.
19 Mar 1947 AVP 21 10 Sep 1945

22 Matagorda 16 Dec 1941 AG 122 30 Jul 1945 Transferred to USCG 7 Mar 1949; returned to USN in 1968 used 
20 Feb 1946 AVP 22 10 Sep 1945 as target in 1969.

23 Absecon 28 Jan 1943 Transferred to USCG 5 Jan 1949 and then to South 
19 Mar 1947 Vietnamese Navy on 15 Jul 1972.

24 Chincoteague 12 Apr 1943 Transferred to USCG 7 Mar 1949.
12 Dec 1946

25 Coos Bay 15 May 1943 Transferred to USCG 5 Jan 1949; returned 16 Aug 1967 
30 Apr 1946 expended as target.

26 Half Moon 15 Jun 1943 Transferred to USCG 14 Sep 1948.
4 Sep 1946

28 Oyster Bay 17 Nov 1943 AVP 28 The ship never operated as an AVP for the U.S. Navy.
26 Mar 1946 AGP 6 1 May 1943 Transferred to Italy 23 Oct 1957.

AVP 28 16 Mar 1949

29 Rockaway 6 Jan 1943 AG 123 30 Jul 1945 Transferred to USCG 24 Dec 1948.
21 Mar 1946 AVP 29 26 Oct 1945 Stricken Sep 1966.

30 San Pablo 15 Mar 1943 AGS 30 25 Aug 1949 Decommissioned as AVP 30 on 13 Jan 1947.
29 May 1969 Stricken 1 Jun 1969.

31 Unimak 31 Dec 1943 Transferred to USCG 14 Sep 1948.
26 Jul 1946

32 Yakutat 31 Mar 1944 Transferred to USCG 31 Aug 1948, returned to USN 1970.
29 Jul 1946 Transferred to Navy of South Vietnam on 10 Jan 1971 until 

` its fall in 1975, then transferred to Philippine government
on 5 Apr 1976.

33 Barataria 13 Aug 1944 Transferred to USCG 17 Sep 1948.
24 Jul 1946

34 Bering Strait 19 Jul 1944 Transferred to USCG 14 Sep 1948.
21 Jun 1946

35 Castle Rock 8 Oct 1944 Transferred to USCG 16 Sep 1948.
6 Aug 1946

36 Cook Inlet 5 Nov 1944 Transferred to USCG 20 Sep 1948.
31 Mar 1946 Transferred to South Vietnam as HQ-05, 21 Dec 1971.
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Seaplane Tenders (AVP)—Continued

Date of New
Commission Designation Date of

Hull and or Change of Designation
Number Name Decommission Designation Change Disposition & Status

37 Corson 3 Dec 1944 Stricken 1 Apr 1966.
9 Mar 1956

38 Duxbury Bay 31 Dec 1944 Stricken 1 May 1966.
29 Apr 1966

39 Gardiners Bay 11 Feb 1945 Transferred to Norway under Military Assistance Program.
1 Feb 1958 Stricken 1 Jul 1966.

40 Floyds Bay 25 Mar 1945 Stricken 1 Mar 1960.
26 Feb 1960

41 Greenwich Bay 20 May 1945 Stricken 1 Jul 1966.

48 Onslow 22 Dec 1943 Stricken 1 Jun 1960.
22 Apr 1960

49 Orca 23 Jan 1944 Transferred to Ethiopia 31 Jan 1962.
Mar 1960

50 Rehoboth 23 Feb 1944 AGS 50 2 Sep 1948 Decommissioned as AVP 50 on 30 Jun 1947.
15 Apr 1970 Stricken 15 Apr 1970.

51 San Carlos 21 Mar 1944 AGOR 1 15 Dec 1958 Transferred to MSTS 11 Jul 1958, renamed Josiah Willard 
30 Jun 1947 Gibbs on 15 Dec 1958. Transferred to Greece 15 Dec 1971.

52 Shelikof 17 Sep 1944 Stricken 1 May 1960.
30 Jun 1947

53 Suisun 13 Sep 1944 Stricken 1 Apr 1966.
5 Aug 1955

54 Timbalier 24 May 1946 Stricken 1 May 1960.
15 Nov 1954

55 Valcour 5 Jul 1946 AGF 1 15 Dec 1965 Stricken 15 Jan 1973.
15 Jan 1973

NOTE ON DECOMMISSIONING DATES: There were a number of ships that were decommissioned and then recommissioned for further service. Only the final decommis-
sioning date is listed for these ships. Many ships were also placed out of commission during major rennovations or yard periods. In some cases the records regarding
decommissioning dates were not complete. Consequently, the decommissioning date was left blank if it was unknown.

Destroyer Seaplane Tenders (AVD)
Class: Clemson Class DD 14 ships, ex flush deck 1190 ton DDs converted for seaplane tending duties from 1938 to 1940.

Date of New
Commission Designation Date of

Hull and or Change of Designation
Number Name Decommission Designation Change Disposition & Status

1 Childs 22 Oct 1920 DD 241 Stricken 8 Jan 1946.
10 Dec 1945 AVP 14 1 Jul 1938

AVD 1 1 Oct 1940

2 Williamson 29 Oct 1920 DD 244 Stricken 19 Dec 1945.
8 Nov 1945 AVP 15 1 Jul 1938

AVD 2 2 Aug 1940
DD 244 1 Dec 1943

3 George E. Badger 28 Jul 1920 DD 196 Transferred to Treasury Dept. in 1930 and returned 1934.
3 Oct 1945 AVP 16 1 Oct 1939 Stricken 25 Oct 1945.

AVD 3 2 Aug 1940
APD 33 19 May 1944
DD 196 20 Jul 1945



Destroyer Seaplane Tenders (AVD)—Continued

Date of New
Commission Designation Date of

Hull and or Change of Designation
Number Name Decommission Designation Change Disposition 

4 Clemson 29 Dec 1919 DD 186 Stricken 24 Oct 1945.
12 Oct 1945 AVP 17 15 Nov 1939

AVD 4 6 Aug 1940
DD 186 1 Dec 1943
APD 31 7 Mar 1944
DD 186 17 Jul 1945

5 Goldsborough 26 Jan 1920 DD 188 Stricken 24 Oct 1945.
11 Oct 1945 AVP 18 15 Nov 1939

AVD 3 2 Aug 1940
DD 188 1 Dec 1943
APD 32 7 Mar 1944
DD 188 10 Jul 1945

6 Hulbert 27 Oct 1920 DD 342 Stricken 28 Nov 1945.
2 Nov 1945 AVP 6 2 Aug 1940

DD 342 1 Dec 1943

7 William B. Preston 23 Aug 1920 DD 344 Stricken 3 Jan 1946.
6 Dec 1945 AVP 20 18 Nov 1939

AVD 7 2 Aug 1940

8 Belknap 28 Apr 1919 DD 251 Sold for scrap 30 Nov 1945.
4 Aug 1945 AVD 8 2 Aug 1940

DD 251 14 Nov 1943
APD 38 22 Jun 1944

9 Osmond Ingram 28 Jun 1919 DD 255 Stricken 21 Jan 1946.
8 Jan 1946 AVD 9 2 Aug 1940

DD 255 4 Nov 1943
APD 35 22 Jun 1944

10 Ballard 5 Jun 1919 DD 267 Stricken 3 Jan 1946.
5 Dec 1945 AVD 10 2 Aug 1940

11 Thornton 15 Jul 1919 DD 270 Stricken 13 Aug 1945.
2 May 1945 AVD 11 2 Aug 1940

12 Gillis 3 Sep 1919 DD 260 Stricken 1 Nov 1945.
15 Oct 1945 AVD 12 2 Aug 1940

13 Greene 9 May 1919 DD 266 Stricken 5 Dec 1945.
23 Nov 1945 AVD 13 6 Apr 1941

APD 36 1 Feb 1944

14 McFarland 30 Sep 1920 DD 237 Stricken 19 Dec 1945.
8 Nov 1945 AVD 14 2 Aug 1940

DD 237 1 Dec 1943

NOTE ON DECOMMISSIONING DATES: There were a number of ships that were decommissioned and then recommissioned for further service. Only the final decommis-
sioning date is listed for these ships. Many ships were also placed out of commission during major rennovations or yard periods. In some cases the records regarding
decommissioning dates were not complete. Consequently, the decommissioning date was left blank if it was unknown.
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Aviation Logistic Support Ships

Various types of ships fitted out to support operations, logistics and repair activities of Naval aircraft.

Aircraft Ferry (AKV)
Date of New
Commission Designation Date of

Hull and or Change of Designation
Number Name Decommission Designation Change Disposition & Status

1 Kitty Hawk 26 Nov 1941 AVP 1 Returned to owner, Seatrain Lines, 24 Jan 1946.
24 Jan 1946 AKV 1 15 Sep 1943

2 Hammondsport 11 Dec 1941 AVP 2 Returned to Maritime Commission 7 Mar 1946.
7 Mar 1946 AKV 2 15 Sep 1943

Note: Other ships classified AKV appear on Escort Carrier List.

Transport and Aircraft Ferry (APV)
4 Lafayette AP 53 24 Dec 1941 Caught fire and capsized during AP conversion from French liner

APV 4 15 Sep 1943 Normandie, never repaired or commissioned. Stricken 11 Oct
1945.

Aircraft Repair Ships (ARV)
1 Chourre 7 Dec 1944 ARV 1 Stricken 1 Sep 1962.

13 Sep 1955

2 Webster 17 Mar 1945 ARV 2 Stricken 1 Sep 1962.
28 Jun 1946

Aircraft Repair Ships (Aircraft) (ARVA)
5 Fabius 7 Jun 1945 ARVA 5 Stricken 1 Jun 1973.

4 Apr 1952

6 Megara 27 Jun 1945 ARVA 6 Place in commission status 19 Jun 1945 for ferry purposes.
16 Jan 1956 Stricken 1 Jun 1973.
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Aircraft Repair Ships (Engines) (ARVE)
Date of New
Commission Designation Date of

Hull and or Change of Designation
Number Name Decommission Designation Change Disposition & Status

3 Aventinus 30 May 1945 ARVE 3 Transferred to Chile in Aug 1963.
4 Apr 1952

4 Chloris 19 Jun 1945 ARVE 4 Scrapped 1 Jun 1973.
9 Dec 1955

Advanced Aviation Base Ships (AVB)
1 Alameda County 12 Jul 1943 LST 32 Stricken 30 Jun 1962.

25 Jun 1962 AVB 1 28 Sep 1957

2 Tallahatchie County 24 May 1949 LST 1154 Stricken 15 Jan 1970.
15 Jan 1970 AVB 2 3 Feb 1962

Aviation Supply Ships (AVS)
1 Supply 8 Feb 1944 IX 147 Stricken 25 Feb 1946.

4 Feb 1946 AVS 1 25 May 1945

2 Fortune 19 Feb 1944 IX 146 Returned to War Shipping Administration 18 Oct 1945.
18 Oct 1945 AVS 2 25 May 1945

3 Grumium 20 Oct 1943 AK 112 Returned to Maritime Commission 28 Dec 1945.
20 Dec 1945 IX 174 20 Jun 1944

AVS 3 25 May 1945

4 Alioth 25 Oct 1943 AK 109 Transferred to Maritime Commission 13 May 1947.
18 May 1946 IX 204 31 Dec 1944

AVS 4 25 May 1945

5 Gwinnett 10 Apr 1945 AG 92 Returned to Maritime Commission 11 Feb 1946.
11 Feb 1946 AVS 5 25 May 1945

6 Nicollet 27 Apr 1945 AG 93 Stricken 3 Jul 1946.
17 Jun 1946 AVS 6 25 May 1945

7 Pontotoc 22 Mar 1945 AG 94 Stricken and returned to owner 26 Apr 1946.
26 Apr 1946 AVS 7 25 May 1945

8 Jupiter 22 Aug 1942 AK 43 Stricken 1 Aug 1965.
AVS 8 31 Jul 1945

NOTE ON DECOMMISSIONING DATES: There were a number of ships that were decommissioned and then recommissioned for further service. Only the final decommis-
sioning date is listed for these ships. Many ships were also placed out of commission during major rennovations or yard periods. In some cases the records regarding
decommissioning dates were not complete. Consequently, the decommissioning date was left blank if it was unknown.
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Patrol Craft Tenders (AGP)
These ships were fitted to service PBRs and UH-1 helicopters and worked with the Navy’s riverine Task Force

in South Vietnam beginning in 1967.

Date of New
Commission Designation Date of

Hull and or Change of Designation
Number Name Decommission Designation Change Disposition & Status

786 Garrett County 28 Aug 1944 LST 786 Transferred to South Vietnam 23 Apr 1971.
AGP 786 25 Sep 1970

821 Harnett County 22 Nov 1944 LST 821 Transferred to South Vietnam 12 Oct 1970.
AGP 821 25 Sep 1970

838 Hunterdon County 4 Dec 1944 LST 838 Transferred to Malaysia 1 Jul 1971.
AGP 838 25 Sep 1970

846 Jennings County 9 Jan 1945 LST 846 Stricken 25 Sep 1970.
*

* Jennings County was never redesignated AGP although she served in that capacity in Vietnam.

NOTE ON DECOMMISSIONING DATES: There were a number of ships that were decommissioned and then recommissioned for further service. Only the final decommis-
sioning date is listed for these ships. Many ships were also placed out of commission during major rennovations or yard periods. In some cases the records regarding
decommissioning dates were not complete. Consequently, the decommissioning date was left blank if it was unknown. I
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The transport workhorse for carrier-onboard-delivery (COD), the C-2A Greyhound, lands aboard Kitty Hawk.



Ship Designations
AC Collier
AG Miscellaneous Auxiliary
AGC Amphibious Force Flagship
AGMR Major Communications Relay Ship
AGOR Oceanographic Research Ship 
AGP Patrol Craft Tender (Motor Torpedo Boat Tender, Old Design.)
AGS Surveying Ship
AKV Aircraft Ferry; later, Cargo Ship and Aircraft Ferry.
AM Mine Sweeper
AO Fleet Oiler
AP Transport
APV Transport and Aircraft Ferry
ARG Repair Ship, Engines
ARV Aircraft Repair Ship
ARVA Aircraft Repair Ship (Aircraft)
ARVE Aircraft Repair Ship (Engines)
ARVH Aircraft Repair Ship (Helicopter)
AV Seaplane Tender
AVB Advanced Aviation Base Ship
AVD Seaplane Tender (Destroyer)
AVM Guided Missiles Ship
AVP Seaplane Tender (Small)
AVS Aviation Supply Ship
AVT Auxiliary Aircraft Transport
AZ Lighter-than-air Tender
CV Aircraft Carrier
CVA Attack Aircraft Carrier
CVAN Nuclear-Powered Attack Aircraft Carrier
CVB Aircraft Carrier, Large (Old)
CVE Escort Aircraft Carrier
CVHA Assault Helicopter Aircraft Carrier until 1963—later LPH
CVHE Escort Helicopter Aircraft Carrier (Old)
CVL Small Aircraft Carrier
CVS Antisubmarine Warfare Support Aircraft Carrier
CVU Utility Aircraft Carrier
DD Destroyer
IX Miscellaneous auxiliary
LHA Amphibious Assault Ship (General Purpose)
LHD Amphibious Assault Ship (Multi-Purpose)
LPH Amphibious Assault Ship (Helicopter)
LPD Amphibious Assault Ship
LST Landing Ship, Tank
T-ARVH Associated with ARVH, indicates operated by military Sealift Command, formerly Military 

Sea Transportation Service.
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Aviation Ships in Active Status as of 1 July

YEAR CV CVS CVL CVE LHA/ AV AVD AVP AVM ARV AVS AKV AGP AVB CVT/
** LPH/ AVT

LHD
***

1922 1 — - — — 1 — 2 — — — — — — —
1923 1 — — — — 1 — 2 — — — — — — —
1924 1 — — — — 1 — 3 — — — — — — —
1925 1 — — — — 1 — 6 — — — — — — —
1926 1 — — — — 1 — 6 — — — — — — —
1927 3 — — — — 1 — 8 — — — — — — —
1928 3 — — — — 1 — 10 — — — — — — —
1929 3 — — — — 1 — 10 — — — — — — —
1930 3 — — — — 2 — 10 — — — — — — —
1931 3 — — — — 2 — 11 — — — — — — —
1932 3 — — — — 2 — 10 — — — — — — —
1933 3 — — — — 2 — 10 — — — — — — —
1934 4 — — — — 2 — 9 — — — — — — —
1935 4 — — — — 2 — 8 — — — — — — —
1936 4 — — — — 1 — 9 — — — — — — —
1937 3 — — — — 2 — 9 — — — — — — —
1938 5 — — — — 2 — 9 — — — — — — —
1939 5 — — — — 2 — 11 — — — — — — —
1940 6 — — — — 2 — 16 — — — — — — —
1941 6 — — 1 — 5 14 9 — — — — — — —
1942 5 — — 3 — 5 14 14 — — — 2 — — —
1943 7 — 5 17 — 6 14 20 — — — 2 — — —
1944 13 — 9 63 — 10 5 27 — — — 2 — — —
1945 20 — 8 70 — 11 5 36 — 6 7 2 — — —
1946 14 — 1 10 — 8 — 11 — 4 1 — — — —
1947 12 — 2 8 — 5 — 9 — 1 — — — — —
1948 11 — 2 7 — 5 — 7 — 1 — — — — —
1949 8 — 3 7 — 5 — 9 — — — — — — —
1950 7 — 4 4 — 3 — 7 — — — — — — —
1951 14 — 4 10 — 4 — 9 1 4 1 — — — —
1952 16 — 5 12 — 5 — 11 1 3 1 — — — —
1953 17 — 5 12 — 5 — 11 1 3 1 — — — —
1954 16 4 3 7 — 5 — 11 1 2 1 — — — —
1955 17 5 2 3 — 5 — 8 1 2 1 — — — —
1956 19 7 1 3 — 5 — 7 1 — 1 — — — —
1957 16 8 1 — 1 4 — 7 1 — 1 — — 1 —
1958 15 11 — — 1 4 — 6 1 — 1 — — 1 —
1959 14 10 — — 3 3 — 6 1 — 1 — — 1 —
1960 14 10 — — 3 3 — 3 1 — 1 — — 1 —
1961 15 10 — — 4 3 — 3 1 — 1 — — 1 —
1962 16 10 — — 6 3 — 3 1 — 1 — — 1 —
1963 15 10 — — 6 3 — 3 1 — 1 — — 1 —
1964 15 10 — — 6 3 — 3 1 — 1 — — 1 —
1965 15 10 — — 7 3 — 3 1 — 1 — — 1 —
1966 17 10 — — 8 4 — 4 1 — 1 — 4 1 —
1967 16 9 — — 8 4 — — 1 — 1 — 4 1 —
1968 15 9 — — 9 3 — — 1 — 1 — 4 1 —
1969 15 8 — — 8 3 — — 1 — — — 4 1 1
1970 15 4 — — 7 3 — — 1 — — — 4 1 1
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Aviation Ships in Active Status as of 1 July—Continued

YEAR CV CVS CVL CVE LHA/ AV AVD AVP AVM ARV AVS AKV AGP AVB CVT/
** LPH/ AVT

LHD
***

1971 14 4 — — 7 3 — — 1 — — — 2 — 1
1972 14 2 — — 7 — — — 1 — — — — — 1
1973 14 2 — — 7 — — — 1 — — — — — 1
1974 14 — — — 7 — — — 1 — — — — — 1
1975 15 — — — 7 — — — 1 — — — — — 1
1976 13 — — — 8 — — — 1 — — — — — 1
1977 13 — — — 9 — — — 1 — — — — — 1
1978 13 — — — 9 — — — 1 — — — — — 1
1979 13 — — — 11 — — — 1 — — — — — 1
1980 13 — — — 12 — — — 1 — — — — — 1
1981* 12 — — — 12 — — — 1 — — — — — 1
1982* 13 — — — 12 — — — 1 — — — — — 1
1983* 13 — — — 12 — — — 1 — — — — — 1
1984* 13 — — — 12 — — — 1 — — — — — 1
1985* 13 — — — 12 — — — 1 — — — — — 1
1986* 13 — — — 12 — — — 1 — — — — — 1
1987* 14 — — — 12 — — — — — — — — — 1
1988* 14 — — — 12 — — — — — — — — — 1
1989* 14 — — — 12 — — — — — — — — — 1
1990* 14 — — — 13 — — — — — — — — — 1
1991* 14 — — — 13 — — — — — — — — — 1
1992* 13 — — — 13 — — — — — — — — — 1
1993* 13 — — — 12 — — — — — — — — — 1
1994* 12 — — — 13 — — — — — — — — — —
1995* 12 — — — 13 — — — — — — — — — —
1996* 13 — — — 13 — — — — — — — — — —

Footnotes:
* During this reporting period, 1981–1996, the total carriers listed under CV does not include the carrier undergoing a major Service Life Extension Program.

** Includes all designations CV, CVA, CVB, CVAN and CVN, that have been used for the Fleet carriers; missions the same.

*** These LHA/LPH/LHDs are counted the same since mission is very similar.
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Bennington (CVS 20) underway in the 1960s with antisubmarine aircraft and helicopters on the flight deck.



Total HTA
1 July inventory Seaplanes1 Flying boats Landplanes LTA Airships

1911 12 1

1912 3 3

1913 6 4 2

1914 12 6 6

1915 15 9 6

1916 17 14 3

6 Apr 1917 54 45 6 3 1

11 Nov 1918 2,107 695 1,170 242 15

1 Pontoon Type, referred to as hydroaeoplanes through 1916.
2 The Curtis Triad which made its first flight in the hands of a naval officer on 1 July; the plane was formally accepted on 9 August.

Navy and Marine Corps Combined
Including those assigned to the Air Reserve and In

Storage 1920–1965

HTA TYPES1 LTA TYPES3

HTA Transport and Obser- Miscel- Heli-
1 July Inventory Combat Utility4 vation5 Training laneous6 copters2 Rigids Blimps

1920 1,205 16

1921 1,134 16

1922 1,234 780 484 10

1924 700 530 170 1 1

1925 860 491 134 188 47 2 1

1926 888 600 282 6 1 1

1927 886 599 284 3 1 1

1928 851 605 217 29 1 2

1929 1,038 664 7 205 162 1 2
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Aircraft on Hand—Continued

1920-1965

HTA TYPES1 LTA TYPES3

HTA Transport and Obser- Miscel- Heli-
1 July Inventory Combat Utility4 vation5 Training laneous6 copters2 Rigids Blimp

1930 1,081 734 12 303 32 1 3

1931 1,204 776 14 300 114 1 3

1932 1,234 909 17 246 62 2 4

1933 1,375 863 38 176 303 2 3

1934 1,347 950 43 157 197 2 2

1935 1,456 1,041 67 170 178 1 2

1936 1,655 1,100 90 166 319 1 4

1937 1,637 972 113 161 393 1 4

1938 2,050 1,284 125 268 373 1 5

1939 2,098 1,316 150 262 370 1 8

1940 1,741 1,194 152 363 32 6

1941 3,437 1,774 183 1,444 31 7

1942 7,058 3,191 461 3,378 28 16

1943 16,691 8,696 878 7,021 96 78

1944 34,071 22,116 1,939 9,652 364 6 146

1945 40,912 29,125 2,897 8,370 520 27 139

1946 24,232 14,637 2,864 2,725 1,006 37 93

1947 17,602 11,181 1,288 413 3,941 779 27 66

1948 15,147 9,889 1,295 299 3,109 545 51 56

1949 14,056 9,372 1,272 144 3,118 150 103 59

1950 14,036 9,422 1,193 126 3,092 203 113 58

1951 13,473 8,713 775 101 3,527 357 163 58

1952 13,787 8,742 971 136 3,567 371 376 59

1953 14,666 8,818 1,250 194 3,700 704 661 50

1954 15,485 8,829 1,276 237 3,762 1,381 724 47

1955 16,440 8,884 1,299 217 3,679 2,361 676 61

1956 15,704 7,961 1,239 233 3,519 2,752 754 51

1957 13,904 7,591 1,287 164 3,341 1,521 821 54

1958 12,531 7,408 1,307 160 3,008 648 933 42
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Aircraft on Hand—Continued

1920–1965

HTA TYPES1 LTA TYPES3

HTA Transport and Obser- Miscel- Heli-
1 July Inventory Combat Utility4 vation5 Training laneous6 copters2 Rigids Blimp

1959 12,030 7,030 1,355 150 3,027 468 977 37

1960 11,254 6,074 1,320 135 2,925 800 999 18

1961 11,635 6,305 1,285 129 2,769 1,147 1,032 14

1962 11,791 6,420 1,600 2,561 1,210 1,250 13

1963 11,164 6,265 1,639 2,290 970 1,274

1964 10,586 5,420 1,727 2,149 1,290 1,265

1965 10,101 5,127 1,681 20 2,305 968 1,285

1 As determined by model designation.
2 Total on hand; also counted in pertinent columns under HTA types.
3 Includes Los Angeles under Rigids while in non-flying status 1932-39, and the metal clad ZMC-2 under blimps, 1930-38.
4 Includes assault transport helicopters after 1961
5 Included under combat through 1946; thereafter VO and HO.
6 Has different meanings at different times, but generally includes experimental and obsolete aircraft, those awaiting disposition, on loan, and other categories officially
considered “nonprogram” aircraft.
Note: Data not available for fiscal year 1923.

Aircraft on Hand
1966–1995

Total Total
Aircraft Operating Transport/ Rotary

30 June Inventory† Inventory‡ Combat Utility Observation Training Miscellaneous Wing

1966 9,509 6,485 3,163 489 1,678 3,110 1,069

1967 9,399 6,591 3,160 543 14 1,679 2,884 1,119

1968 9,326 6,962 3,362 561 36 1,876 2,300 1,191

1969 9,192 6,984 2,964 614 111 2,180 2,110 1,213

1970 8,646 6,528 3,043 549 91 1,741 1,979 1,243

1971 7,974 6,059 2,793 353 80 1,465 2,007 1,276

1972 7,836 5,658 2,663 445 63 1,369 2,223 1,073

1973 7,444 5,590 2,697 416 78 1,286 1,909 1,058

1974 7,509 5,279 2,817 402 71 1,314 1,776 1,129

1975 7,526 4,915 2,747 377 52 1,204 2,012 1,134

1976 6,836 4,931 2,344 323 63 1,067 1,952 1,087
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Aircraft on Hand—Continued

1966–1995

Total Total
Aircraft Operating Transport/ Rotary

30 Sep Inventory† Inventory‡ Combat Utility Observation Training Miscellaneous Wing

1977 6,593 4,698 2,346 268 61 879 1,943 1,096

1978 6,359 4,512 2,219 249 53 907 1,895 1,036

1979 6,390 4,463 2,207 213 55 916 1,975 1,024

1980 6,300 4,436 2,164 219 74 884 1,913 1,046

1981 6,225 4,474 2,156 221 79 908 1,803 1,058

1982 6,130 4,534 2,223 199 79 908 1,645 1,076

1983 6,178 4,469 2,418 219 78 1,004 1,230 1,229

1984 6,230 4,437 2,348 214 80 1,028 1,339 1,221

1985 5,396 4,462 2,067 183 73 845 1,004 1,224

1986 5,389 4,474 2,112 137 81 849 993 1,217

1987 5,433 4,421 2,093 131 77 816 1,106 1,210

1988** 5,424 4,174 1,945 188 68 740 1,253 1,230

1989 5,972 4,572 2,588 217 72 931 774 1,390

1990 5,895 4,766 2,550 212 57 915 722 1,439

1991 4,629 4,578 2,146 204 36 866 1,377

1992 4,684 4,403 2,235 211 43 797 1,398

1993 4,704 4,134 2,276 220 36 772 1,400

1994*

1995*

†Figures include aircraft in the pipeline, inactive aircraft, non-program aircraft, and aircraft in storage. Figures drawn from NAVSO P-3523 generated by the Office of the
Navy Comptroller, Financial & Statistical Reports Branch.
‡Total operating inventory accounts for only operational aircraft in the reporting and physical custody of the operating unit to which assigned. Figures drawn from the
Naval Aviation Summary reports (OPNAV Notice C3100).
*Figures not available.
**Date for 1988 is 30 June.
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by a number to indicate the individual plane of that
type-manufacturer. Under this system: 

“A” was used for Curtiss hydroaeroplanes 
“B” for Wright hydroaeroplanes 
“C” for Curtiss flying boats
“D” for Burgess flying boats
“E” for Curtiss amphibian flying boats

This system had been established in 1911 by Captain
Washington I. Chambers, Director of Naval Aviation.
The following is a list of the types of aircraft and their
designations in existence from 1911–1914:

Aircraft Designation System 1911–1914

A-1 Curtiss hydroaeroplane (originally an amphib-
ian, and the Navy’s first airplane)

A-2 Curtiss landplane (rebuilt as a hydroaeroplane)
A-3 Curtiss hydroaeroplane
A-4 Curtiss hydroaeroplane
B-1 Wright landplane (converted to hydroaeroplane)
B-2 Wright type hydroaeroplane
B-3 Wright type hydroaeroplane
C-1 Curtiss flying boat
C-2 Curtiss flying boat
C-3 Curtiss flying boat
C-4 Curtiss flying boat
C-5 Curtiss flying boat
D-1 Burgess Co. and Curtiss flying boat
D-2 Burgess Co. and Curtiss flying boat
E-1 OWL (over water and land) (a Curtiss hydro-

aeroplane rebuilt as a short-hulled flying boat for fly-
ing over water or land and fitted with wheels for use
as an amphibian)

A new Aircraft Class Designation System was estab-
lished by Captain Mark L. Bristol, the second Director
of Naval Aviation. He assumed the Director’s position
from Captain Chambers in December 1913. The new
system was issued on 27 March 1914 as General Order
88, “Designation of Air Craft.” This system changed the
original designation of the aircraft to two letters and a

Aircraft model designation history is very complex.
In order to fully understand the designations, it is
important to know the factors that played a role in
developing the different missions that aircraft have been
called upon to perform. Technological changes affect-
ing aircraft capabilities have resulted in corresponding
changes in the operational capabilities and techniques
employed by the aircraft. Prior to World War I, the Navy
tried various schemes for designating aircraft. 

In the early period of naval aviation a system was
developed to designate an aircraft’s mission. Different
aircraft class designations evolved for the various types
of missions performed by naval aircraft. This became
known as the Aircraft Class Designation System.
Numerous changes have been made to this system
since the inception of naval aviation in 1911. 

While reading this section various references will be
made to the Aircraft Class Designation System,
Designation of Aircraft, Model Designation of Naval
Aircraft, Aircraft Designation System, and Model
Designation of Military Aircraft. All of these references
refer to the same system involved in designating air-
craft classes. This system is then used to develop the
specific designations assigned to each type of aircraft
operated by the Navy. The F3F-4, TBF-1, AD-3, PBY-
5A, A-4, A-6E, and F/A-18C are all examples of specif-
ic types of naval aircraft designations which were
developed from the Aircraft Class Designation System.

Aircraft Class Designation System

Early Period of Naval Aviation up to 1920

The uncertainties during the early period of naval
aviation were reflected by the problems encountered
in settling on a functional system for designating naval
aircraft. Prior to 1920 two different Aircraft Class
Designation Systems were used. From 1911 up to
1914, naval aircraft were identified by a single letter
indicating the general type and manufacturer, followed
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number, of which the first letter denoted class; the sec-
ond, type within a class; and the number the order in
which aircraft within the class were acquired. The four
classes set up on 27 March 1914 are as follows:

Aircraft Designation System, 1914–1920

Aircraft Classes
“A” for heavier-than-air craft. Within the “A” class:
L stood for land machines
H stood for hydroaeroplanes
B stood for flying boats
X stood for combination land and water machines

(amphibians)
C stood for convertibles (could be equipped as

either land or water machines)
“D” for airships or dirigibles
“B” for balloons
“K” for kites 

Under this new system the A-1 aircraft (the Navy’s first
airplane) was redesignated AH-1, with the “A” identify-
ing the plane as a heavier-than-air craft and the “H”
standing for hydroaeroplane. General Order No. 88
also provided a corresponding link between the old
aircraft designations and the new system: “The aero-
planes now in the service are hereby designated as
follows:

A-1 became the AH-1
A-2 became the AH-2
A-3 became the AH-3
B-1 became the AH-4
B-2 became the AH-5
B-3 became the AH-6
C-1 became the AB-1
C-2 became the AB-2
C-3 became the AB-3
C-4 became the AB-4
C-5 became the AB-5
D-1 became the AB-6
D-2 became the AB-7
E-1 became the AX-1”

Despite the phrase, “now in the service,” the A-1, B-
1 and B-2 and probably the D-1 had ceased to exist
before the order was issued.

The Early 1920s
In General Order 541, issued in 1920, two overall

types of aircraft were identified and assigned perma-
nent letters which have remained in effect since 1920.
Lighter-than-air types were identified by the letter Z
and heavier-than-air types were assigned the letter V.
Within these two categories, various class letters were
assigned to further differentiate the aircraft’s operation

or construction. Class letters assigned to the Z types
were R for rigid, N for nonrigid, and K for kite. By
combining the type and class designation, the different
airships in the Navy’s inventory could be categorized.
As an example:

ZR referred to rigid dirigibles (airships) 
ZN stood for nonrigid airships
ZK for kite balloons 

The class letters assigned to the heavier-than-air
vehicles covered a wider range and generally reflected
the mission responsibilities of the aircraft classes. Class
letters assigned to the V types were:

F for fighting
O for observation
S for scouting
P for patrol
T for torpedo
G for fleet (utility)

By combining the V designation for heavier-than-air
vehicles with the class letters, the following aircraft
class definitions were assigned in 1920: 

VF for fighting plane
VO for observation plane
VS for scouting plane
VP for patrol plane
VT for torpedo and bombing plane
VG for fleet plane (most likely a general utility

aircraft)

This class designation system for aircraft has contin-
ued to remain a functional system and is still used today.
There have been many additions, deletions, and major
changes to the system over the years but the concept
has remained intact. The current naval aircraft inventory
still lists VF, VS, VP, VG, VO, and VT aircraft classes.
Three of these, VF, VP, and VO, still have the same defi-
nitions they were assigned in 1920. The VS, VG, and VT
aircraft class designations now refer to antisubmarine
(VS), in-flight refueling (VG), and training aircraft (VT). 

The aircraft designation system established in July
1920 by General Order 541 was modified on 29
March 1922 by Bureau of Aeronautics Technical Note
213. It added the identity of the manufacturer to the
aircraft model designation. The aircraft class designa-
tions remained the same as those issued by General
Order 541 (G.O. 541); however, besides the six air-
craft classes listed in G.O. 541 (VF, VO, VS, VP, VT,
and VG), an additional two classes were added to the
aircraft class list. The two new aircraft classes were
VA for Training Aircraft and VM for Marine
Expeditionary Plane.
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than-air, the second letter identified the primary mis-
sion of the aircraft, using the same 10 letter designa-
tions listed in the above paragraph. The third letter
indicated the secondary mission of the aircraft class,
such as: 

F for fighting
O for observation
B for bombing
T for torpedo
S for scouting

By assigning these five secondary mission letters to
the primary aircraft letter designations, seven new
aircraft class designations were established: 

VBF for bombing-fighting
VOS for observation-scouting
VPB for patrol-bombing
VPT for patrol-torpedo
VSB for scouting-bombing
VSO for scout-observation
VTB for torpedo-bombing

On the eve of World War II, the Model Designation
of Airplanes for 1 July 1939 was very similar to what
had been identified in 1934. There were eleven prima-
ry aircraft class designations and six designations that
included a secondary mission letter in its class designa-
tion. The 1 July 1939 Model Designation of Airplanes
included the following Aircraft Class Designations:

Bombing (VB)
Fighting (VF)
Miscellaneous (VM)
Observation (VO)
Patrol (VP)
Scouting (VS)
Torpedo (VT)
Training (VN)
Transport (multi-engine) (VR)
Transport (single engine) (VG)
Utility (VJ)
Observation-Scouting (VOS)
Patrol-Bombing (VPB)
Scouting-Bombing (VSB)
Scouting-Observation (VSO)
Torpedo-Bombing (VTB)
Utility-Transport (VJR)

World War II
The designation changes for the aircraft classes and

squadron system during World War II and the immedi-
ate post war period are identified in the Model
Designation of Naval Aircraft, the Aviation Circular
Letters, and in the Navy Department Bulletins. 

The mid to late 1920s
Between 1922 and 1933, there were only a few

modifications to the Aircraft Class Designation
System. The Bureau of Aeronautics was established
in July 1921 and, thereafter, made changes to the
Aircraft Class Designation System. In response to a
Secretary of Navy letter dated 13 February 1923, the
Bureau of Aeronautics issued a Technical Note on 10
March 1923 that changed the VA designation for
training aircraft to VN, dropped the VG designation,
and added the VJ designation for Transport Plane.
This was followed by the addition, in 1925, of the
VX designation for experimental aircraft. The VX
designation was dropped from the Aircraft Class
Designation list in January 1927. In July 1928, the
VM designation was dropped and the VJ designation
was changed from Transportation Plane to General
Utility. Two new designations were also instituted,
VB for bombing and VH for ambulance. A new air-
craft class was added in July 1930 and assigned the
designation VR for transport aircraft. This VR desig-
nation has remained in effect for transport aircraft
since 1930. 

The 1930s
Similar changes took place in the Aircraft Class

Designation System during the early 1930s. By July
1933, there were ten aircraft class designations. This
list of aircraft classes did not vary much from those
identified in the previous ten years. The aircraft class
designations identified in July 1933 were as follows: 

VB for bombing
VF for fighting
VH for ambulance
VJ for general utility
VN for training
VO for observation
VP for patrol
VR for transport
VS for scouting
VT for torpedo.

A major change was instituted to the Aircraft
Designation System on 2 January 1934. Prior to 1934,
aircraft classes had been established according to the
primary mission the aircraft was to perform. The fact
that many aircraft were capable of performing more
than one mission was recognized in the revised sys-
tem by assigning an additional letter to the previous
two-letter aircraft class designation. In the new three-
letter aircraft class designation, the first letter identified
the type of vehicle, such as, V for heavier-than-air
(fixed wing) and Z for lighter-than-air. For heavier-
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By mid-1943, many new aircraft class designations
had been added to the Model Designation of Naval
Aircraft. The additions included: 

VA for ambulance
VBT for bombing-torpedo
VSN for scout-training
VL for gliders
VLN for training-gliders
VLR for transport-gliders
VH for helicopters
VHO for observation-helicopters
VD for drones
VTD for torpedo-drones and/or target-drones
ZN for nonrigid airships
ZNN for nonrigid-training and/or utility airships
ZNP for nonrigid patrol and/or scouting airships

As the war progressed, more changes were made to
the Model Designation of Naval Aircraft. In July 1944,
a major change was instituted for the Aircraft Class
Designation System. Naval aircraft were divided into
three main types identified by a letter:

V for fixed wing vehicles (airplanes, gliders and drones)
H for rotary wing vehicles (helicopters)
Z for lighter-than-air vehicles (airships)

The three main types were then each subdivided
into classes. The classes under the heavier-than-air
fixed-wing type (V) included:

VF fighters
VF(M) fighters (medium or 2 engine)
VSB scout bombers
VTB torpedo bombers
VO/VS observation scout
VPB(HL) patrol bombers (heavy or 4 engine land-

plane)
VPB(ML) patrol bombers (medium or 2 engine land-

plane)
VPB(HS) patrol bombers (heavy or 4 engine sea-

plane)
VPB(MS) patrol bombers (medium or 2 engine sea-

plane)
VR(HL) transport (heavy or 4 engine landplane)
VR(ML) transport (medium or 2 engine landplane)
VR(HS) transport (heavy or 4 engine seaplane)
VR(MS) transport (medium or 2 engine seaplane)
VJ(M) utility (medium or 2 engine)
VJ utility
VSN(M) training 
VSN training
VN training
VK drones
VKN drones (target training)

VL gliders
VLN gliders (training)
VLR gliders (transport)

The helicopter type (H) had the following classes:

HO helicopters (observation)
HN helicopters (training)
HR helicopters (transport)

The lighter-than-air type (Z) had the following classes:

ZN nonrigid airships
ZNN nonrigid airships (training)
ZNP nonrigid airships (patrol and escort)

This July 1944 change to the Model Designation of
Naval Aircraft was still in effect at the close of World
War II and only a couple of additions had been made,
they included:

VKC for assault drones
HJ for utility helicopters

Post World War II and the late 1940s
On 11 March 1946, a major revision was issued to

the Class Designation of Naval Aircraft. Aviation
Circular Letter Number 43–46 divided naval aircraft
into four types and assigned a letter designation. The
four types were: 

V for heavier-than-air (fixed wing)
K for pilotless aircraft
H for heavier-than-air (rotary wing)
Z for lighter-than-air 

Within the class designation for V type aircraft, the
primary mission and class designation were as follows:

Primary Mission Class Designation

Fighter (destroy enemy aircraft 
in the air) VF

Attack (destroy enemy surface 
or ground targets) VA

Patrol (search for enemy) VP
Observation (observe and 

direct ship and shore gunfire) VO
Transport purposes VR
Utility purposes VU
Training purposes VT
Gliders VG

Within the class designation for H type (rotary wing),
the primary mission and class designation were as
follows:

Air-sea rescue HH
Observation HO
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VO Observation Gunfire and artillery spotting
VR Transport Air logistic support
VU Utility Fleet utility support
VT Training Basic and fleet training
VG Glider

H type (heavier-than-air, rotary wing) Classes

HH Air-sea rescue
HO Observation
HT Training
HR Transport
HU Utility

K type (pilotless aircraft) Classes

KD Aerial target

M type (Guided Missiles) Classes

AAM Air-to-air
ASM Air-to-surface
AUM Air-to-underwater
SAM Surface-to-air
SSM Surface-to-surface
SUM Surface-to-underwater
UAM Underwater-to-air
USM Underwater-to-surface
TV Test vehicle

Z type (Lighter-than-air)

ZP Patrol and escort
ZH Search and rescue
ZT Training
ZU Utility

The 1950s, 1960s, 1970s and 1980s
During the early 1950s several changes were made

to the V (heavier-than-air fixed wing) type. The VG
glider class was dropped and the following classes
were added:

VS Search Submarine search and attack (carrier)
VW Warning Airborne early warning

In 1953 the nine classes of the V type were further
divided into sub-classes. The V type classes and sub-
classes were as follows:

VA Attack Surface and ground attack
VA (Int’d) Interdiction
VA (GS) Ground Support
VA (AW) All Weather and ASW
VA (W) Air Early Warning and ASW
VA (H) Heavy
VA (P) Photographic

VF Fighter Air defense and escort
VF (Int) Interceptor

Training HT
Transport HR
Utility HU

Within the class designation for K type (pilotless air-
craft), the primary mission and class designation were
as follows:

For attack on aircraft targets KA
For attack on ship targets KS
For attack on ground targets KG
For use as target aircraft KD
For utility purposes KU

Within the class designation for Z type (lighter-than-
air), the primary mission and class designation were
as follows:

Patrol and escort ZP
Air-sea rescue ZH
Training ZT
Utility ZU

This order provided that “no changes...be made in the
model designation of aircraft already produced or in
production, except that the mission letter of all BT
class aircraft shall be changed to A.” Thus, the SB2C
and TBF/TBM aircraft remained in use until they were
removed from the inventory, while the BT2D and BTM
aircraft were redesignated as AD and AM. These air-
craft were assigned to the new attack squadrons estab-
lished in the latter part of 1946.

In 1947 a modification was made to CNO’s Aviation
Circular Letter No. 43–46 of 11 March 1946 whereby a
fifth class designation was added to the naval aircraft
types. The new class designation was the M type for
Guided Missiles and the primary mission and class
designation were as follows:

Air-to-air AAM
Air-to-surface ASM
Air-to-underwater AUM
Surface-to-air SAM
Surface-to-surface SSM
Surface-to-underwater SUM
Underwater-to-air UAM
Underwater-to-surface USM
Test Vehicle TV

In 1949 the class designations were:

V type (heavier-than-air, fixed wing) Classes

VF Fighter Air defense and escort
VA Attack Surface and ground attack
VP Patrol ASW reconnaissance and attack
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VF (Day) Day, jet
VF (Day) (Prop) Day, reciprocating
VF (AW) All weather, jet
VF (AW) (Prop) All weather, reciprocating
VF (P) Photographic, jet
VF (P) (Prop) Photographic, reciprocating
VF (D) Drone control
VF (FT) Flight Test

VO Observation Gunfire andartillery spotting
VP Patrol ASW reconnaissance, mining and

weather
VP (L) Landplane
VP (S) Seaplane
VP (MIN) Mining
VP (WEA) Weather
VP (Q) Countermeasure

VR Transport Air logistic support
VR (H) Heavy landplane
VR (M) Medium landplane
VR (S) Heavy seaplane
VR (C) Carrier

VS Antisubmarine Submarine search and attack
VS Search and attack
VS (S) Attack
VS (W) Search

VT Training Basic, fleet and primary training
VT (Jet) Jet
VT (ME) Two-engine, reciprocating
VT (SE) One-engine, reciprocating
VT (E) Electronic
VT (Nav) Navigation

VU Utility Fleet utility support
VU (Gen) General
VU (SAR) Search and rescue
VU (Tow) Tow

VW Warning Airborne Early Warning
VW Air early warning

Between 1953 and 1960 there was only one change
in the V class and a few modifications in the sub-class-
es. The VG class, for in-flight refueling, tanker, was
added in 1958. In 1960 the type letter for the heavier-
than-air fixed wing class was still identified as “V”, how-
ever, it was omitted from the acronym for the class des-
ignation. The class designations for the heavier-than-air
fixed wing type and their basic mission were as follows:

A Attack
F Fighter
G In-flight refueling tanker
O Observation
P Patrol
R Transport
S Antisubmarine (for carrier based aircraft)
T Training
U Utility
W Airborne Early Warning

The H type classes for 1953 were as follows:

HO Observation
HR Transport
HS Anti-submarine
HT Trainer
HU Utility
HC Cargo

In 1955 a new H type class was added and designated
HW for Aircraft Early Warning. This class remained in
effect for only a short time and was removed by 1961.
The only other change for the H type during the 1950s
was the removal of the HC Cargo Class by 1961.

The Z type classes for 1953 were as follows:

ZP Patrol
ZT Trainer

There were several changes to the Z type classes in
the 1950s. In 1954 two new classes were added, ZS
Search and Anti-submarine and ZW Air Early Warning.
The other changes in 1954 included the dropping of the
ZT Trainer designation and modifying the ZP designa-
tion to patrol and anti-subamrine. In 1955 the ZS desig-
nation was dropped after being in effect for only a year.

The K type classes for 1953 were as follows:

KD Targets

This designation was modified in 1955 to K (suffix)
Target Drones. Sometime in the latter part of the 1950s
the K type designation was dropped and a new D
type was listed as Remotely Controlled Tactical
Airborne Vehicle. Within this type the class was identi-
fied as DS Anti-submarine.

The M type for 1953 was modified as follows:

M Tactical Weapon
RV Research Vehicle

A Bureau of Aeronautics Aviation Circular Letter
Number 25–51 of 14 July 1951 removed the guided
missile type from the naval aircraft types and listed
only four types of naval aircraft. The four types were: 

V Heavier-than-air (fixed wing)
H Heavier-than-air (rotary wing)
Z Lighter-than-air
K Target drones

The Bureau of Naval Weapons Instruction 13100.1A
“Model Designation of Naval Aircraft”, dated 17 May
1961, lists the type letter designations as follows:

V Heavier-than-air (fixed wing) (the V is omitted
from the aircraft designation)
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B Bomber Aircraft designed for bombing
enemy targets.

C Cargo/transport Aircraft designed for carrying
cargo and/or passengers.

E Special Electronic Aircraft possessing ECM capa-
bility or installation having
electronic devices to permit
employment as an early
warning radar station.

F Fighter Aircraft designed to intercept
and destroy other aircraft
and/or missiles.

H Helicopter A rotary-wing aircraft
designed with the capability
of flight in any plane; e.g.,
horizontal, vertical, or diago-
nal.

K Tanker Aircraft designed for in-flight
refueling of other aircraft.

O Observation Aircraft designed to observe
(through visual/other means)
and report tactical informa-
tion concerning composition
and disposition of enemy
forces, troops, and supplies
in an active combat area.

P Patrol Long range, al l  weather,
multi-engine aircraft operat-
ing from land and/or water
bases, designed for indepen-
dent accomplishment of the
following functions; antisub-
marine warfare, maritime
reconnaissance, and mining.

S Antisubmarine Aircraft designed to search
out, detect, identify, attack and
destroy enemy submarines.

T Trainer Aircraft designed for training
personnel in the operation of
aircraft and/or related equip-
ment, and having provisions
for instructor personnel.

U Utility Aircraft used for miscella-
neous missions such as carry-
ing cargo and/or passengers,
towing targets, etc. These air-
craft will include those hav-
ing a small payload.

H Heavier-than-air (rotary wing)
Z Lighter-than-air
D Remotely controlled tactical airborne vehicle
R Rotorcycle

The classes within each of these five aircraft type
designations were:

V type Heavier-than-air (fixed wing) Classes

VA Attack
VF Fighter
VG In-flight refueling tanker
VO Observation
VP Patrol
VR Transport
VS Anti-submarine
VT Training
VU Utility
VW Airborne Early Warning

H type Heavier-than-air (rotary wing) Classes

HO Observation
HR Transport
HS Anti-submarine
HT Training
HU Utility

Z type Lighter-than-air Classes

ZP Patrol
ZW Airborne Early Warning

D type Remotely Controlled Tactical Airborne 
Vehicle Classes

DS Anti-submarine

R type Rotorcycles Classes

RO Observation (equipment)

In 1962 a major changed occurred in the model des-
ignation for naval aircraft. The Department of Defense
consolidated the aircraft designation systems of the
Navy, Army, and Air Force. A new DOD (Department
of Defense) Directive was established that designated,
redesignated, and named military aircraft. Under the
new system the V for heavier-than-air fixed wing types
was dropped completely and a single letter was used
to identify the basic mission of the vehicle. The basic
mission and associated type symbols were as follows:

A Attack Aircraft designed to search
out, attack and destroy enemy
land or sea targets using con-
ventional or special weapons.
Also used for interdiction and
close air support missions.
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V VTOL and STOL Aircraft designed for vertical
take-off or landing with no
take-off or landing roll, or air-
craft capable of take-off and
landing in a minimum pre-
scribed distance.

X Research Aircraft designed for testing
configurations of a radical
nature. These aircraft are not
normally intended for use as
tactical aircraft.

Z Airship A self-propelled lighter-than-
air aircraft.

The only type symbol not in use by the Navy from the
above listing was the B for bomber aircraft. The O for
observation aircraft was in the naval inventory but was
used primarily by the Marine Corps.

Between 1962 and 1990 there were only two modifi-
cations to the listing of basic mission and aircraft type
symbols in DOD’s Model Designation of Military
Aircraft, Rockets and Guided Missiles. These changes
involved the addition of the letter “R” for
Reconnaissance and the deletion of the Z type for
Airships. The basic mission for the R type was an air-
craft designed to perform reconnaissance missions.

Even though a consolidated DOD directive was
issued on aircraft designations for the Navy, Air Force,
and Army in 1962, the Navy continued to publish a list-
ing of naval aircraft classes and sub-classes that dif-
fered slightly from the DOD directive. However, the
Navy did follow the new procedures for designating its
aircraft, as an example, the AD-5 Skyraider aircraft des-
ignation was changed to A-1E. The December 1962
issue of the Allowances and Location of Naval Aircraft
lists the following classes and sub-classes for fixed
wing aircraft (note the continued use of “V” as part of
the class designation and the failure to change the VG
class designation for air refueler to K, as listed by the
DOD instruction):

VF Fighter
VF FB Fighter-bomber
VF P Photo reconnaissance

VA Attack
VA L Light Attack
VA LP Light Attack (Prop)
VA M Medium Attack
VA H Heavy Attack
VA P Photo Reconnaissance (long range)
VA Q ECM Reconnaissance (long range)
VA QM Tactical ECM
VA QMP Tactical ECM (Prop)

VS ASW (Carrier based)

VP ASW Patrol
VP L ASW Patrol (shore based)
VP S ASW Patrol (sea based)

VW Airborne early warning
VW M AEW Medium (carrier based)
VW H AEW Heavy (shore based)

VR Transport
VR H Heavy transport
VR M Medium transport
VR C Carrier transport

VG Air refueler, heavy

VT Trainer
VT AJ Advanced jet trainer
VT BJ Basic jet trainer
VT SJ Special jet trainer
VT AP Advanced prop trainer
VT BP Basic Prop trainer
VT PP Primary prop trainer
VT SP Special Prop trainer

VK Drone
VK D Drone control

The only change to this listing occurred in 1965 with
the addition of the VO class for observation. Between
1965 and 1988 there was no change to the aircraft
class listing in the Allowances and Location of Naval
Aircraft. However, there were numerous changes in
the listing for the sub-classes. The final publication of
the Allowances and Location of Naval Aircraft was
March 1988.

On 2 May 1975, the Navy selected a derivative of
the YF-17 as the winner of the Navy’s VFAX competi-
tion for a new multimission fighter attack aircraft.
The VFAX aircraft was designed to replace two air-
craft in the Navy’s inventory, the F-4 Phantom II and
the A-7 Corsair II. This program was reinstituting an
old Navy policy, whereby, multimission requirements
for attack and fighter, be incorporated into a single
aircraft. Fighter and light attack missions had previ-
ously been assigned to various types of aircraft, par-
ticularly in the period prior to World War II and also
in the 1950s. The Navy was now reverting to an old
policy and designing a plane with a dual capacity as
a fighter and an attack aircraft to meet new multimis-
sion requirements.

The VFAX aircraft was initially assigned the F-18A
designation. A new model designation F/A (strike
fighter) was established and assigned to the aircraft in
the late 1970s. The Navy accepted its first F/A-18
Hornet on 16 January 1979. The F/A designation was
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VR M Transport
VR C Transport
VR LJ Transport

VG In-flight Refueling

VO Observation
VO L Observation

VU Utility
VU L Utility
VU S Utility

VT Training
VT AJ Training Jet
VT SJ Training Jet
VT PP Training Prop
VT SP Training Prop
VT SG Training Jet

H Rotary Wing
H F Rotary Wing
H A Rotary Wing
H G Rotary Wing
H S Rotary Wing
H H Rotary Wing
H M Rotary Wing
H L Rotary Wing
H T Rotary Wing
H R Rotary Wing

VK Drones
VK D Drones
VK K Drones Jet

identified as a sub-class and listed under the VF class
in the Navy’s Allowances and Location of Naval
Aircraft. Under the DOD model designation listing the
F/A-18 designation is listed under both the A and F
symbol designations as A-18 and F-18.

The 1990s

The following is a list of the Naval Aircraft Class and
Sub-classes used in the 1990s:

VF Fighter
VF FA Striker Fighter
VF FB Fighter
VF P Fighter

VA Attack
VA L Attack
VA M Attack
VA H Attack
VA P Attack
VA Q Attack
VA QM Attack

VS Sea Control (was Antisubmarine until 1993)

VP Patrol
VP L Patrol

VW Warning
VP M Warning
VP H Warning 

VR Transport
VR H Transport
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The Aircraft Designation Listings have been divided
into four separate listings to help clarify the different
designation systems used by the Navy. The four listings
are: 1911–1922 Designation Systems (there were
three separate systems during this period), 1922–1923
Designations, 1923–1962 Navy System and the DoD
Designation System, 1962 to Present. Column head-
ings within each of these four listings vary. However, if
the popular name (official name assigned by the Navy)
or common name (name usually assigned by the manu-
facturer) was known it is included in each of the listings.
The popular or common name may not always apply to
all the specific aircraft model designations. The primary
emphasis for the Aircraft Designation Listings is to pro-
vide a composite list of all the aircraft designations the
Navy has had in its inventory. It should also be noted,
some aircraft in these listings were not assigned bureau

numbers, especially in the case of experimental aircraft.
Others were one of a kind models, and some were
acquired through a means other than the usual ordering
via aircraft production contracts, these include foreign
aircraft acquired for evaluation. A separate listing, Naval
Aircraft Redesignated in 1962, has been added to
help clarify the redesignations that occurred in 1962.

1911–1922 Designation Systems
Within this time frame there were three separate des-

ignation systems. The three separate columns identify
those systems. Column three (Other Designation
Systems or Popular Name) covers the period 1917–1922.
During this period there was no standard designation
system. During World War I the Navy generally adopted
whatever designations were assigned by the developer
or manufacturer. 
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1911 1914 Other Designation Manufacturer
Designa- Designa- Systems, Popular or other Source
tion tion or Common Name
System System

A-1 AH-1 Triad Curtiss
A-2/E-1 AX-1 OWL(Over-Water-Land, Curtiss 

also called Bat Boat)
A-3 AH-3 Curtiss
A-4 AH-2 Curtiss 
B-1 AH-4 Wright 
B-2 AH-5 Wright 
B-3 AH-6 Wright 
C-1 AB-1 Curtiss
C-2 AB-2 Curtiss
C-3 AB-3 Curtiss
C-4 AB-4 Curtiss
C-5 AB-5 Curtiss
D-1 AB-6 Burgess & Curtis
D-2 AB-7 Burgess & Curtis
E-1 AX-1 OWL(Over-Water-Land, Curtiss (1913)

also called Bat Boat)
DN-1 (Navy’s first LTA Connecticut Aircraft

vehicle, D stood for Company
dirigible and N for
non-rigid)

AH-7 Burgess-Dunne 
AH-8 Curtiss
AH-9 Curtiss
AH-10 Burgess-Dunne
AH-11 Curtiss
AH-12 Curtiss
AH-13 Curtiss
AH-14 Curtiss
AH-15 Curtiss
AH-16 Curtiss

1911 1914 Other Designation Manufacturer
Designa- Designa- Systems, Popular or other Source
tion tion or Common Name
System System

AH-17 Curtiss
AH-18 Curtiss
AH-19 Martin S Martin 
AH-20 Thomas HS Thomas Brothers
AH-21 Thomas HS Thomas Brothers
AH-22 Martin
AH-23 Wright
AH-24 Sturtevant S Sturtevant
AH-25 Burgess
AH-26 Burgess
AH-27 Burgess
AH-28 Burgess
AH-29 Burgess
AH-30 Curtiss
AH-31 Burgess
AH-32 Curtiss
AH-33 Curtiss
AH-34 Curtiss
AH-35 Curtiss
AH-36 Curtiss
AH-37 Curtiss
AH-38 Curtiss
AH-39 Curtiss
AH-40 Curtiss
AH-41 Curtiss
AH-42 Curtiss
AH-43 Curtiss
AH-44 Curtiss
AH-45 Curtiss
AH-46 Curtiss
AH-47 Curtiss
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H-12,-12L Curtiss
H-16 Curtiss, NAF
H-4-H Standard
HA-1,-2 Curtiss
HB-2 Levy-Lepen
HD-1,-2 Hanriot
Heinkel Seaplane Casper Werke, Germany
HPS-1 Handley Page
HS-1,-1L Curtiss, Boeing,

Loughead, LWF,
Gallaudet, Standard

HS-2L Curtiss, Boeing, NAF,
Gallaudet, Standard,
Loughead, LWF

HS-3 Curtiss, NAF
HT-2 Burgess
JL-6 Junkers-Larsen
JN-4 Curtiss
JN-4B Curtiss 
JN-4H From Army
JN-4HG From Army
JN-6H From Army
JN-6HG-I From Army
K Boat Austrian Government
K-4 (variant of NO-1) J.V. Martin 
KF-1 (also known as J.V. Martin
KIV)
L-2 Curtiss
L-3 Longren
Le Pen Seaplane From Abroad
LePere From Army
LS-1 Loening Aeronautical 

Engineering Co.
M-3 Kitten Loening Aeronautical

Engineering Co.
M-8 Loening Aeronautical 

Engineering Co.
M-8-0 (M-80) Loening Aeronautical 

Engineering Co.
M-8-1 (M-81) NAF (Loening design)
M-8-1S (M-8-1S) Loening
M2O-1 Martin
M.5 Macchi 
M.8 Macchi 
M.16 Macchi 
MB-3 Thomas Morse
MB-7 Thomas Morse
MBT/MT Martin
MF Boat Curtiss and NAF
MO-1 Martin
MS-1 Martin

AH-48 Curtiss
AH-49 Curtiss
AH-50 Curtiss
AH-51 Curtiss
AH-52 Curtiss
AH-53 Curtiss
AH-54 Curtiss
AH-55 Curtiss
AH-56 Curtiss
AH-57 Curtiss
AH-58 Curtiss
AH-59 Curtiss
AH-60 Curtiss
AH-61 D-1 Gallaudet
AH-62 R-3 Curtiss
AH-63 Paul Schmitt, Paris
AH-64 Curtiss
AH-65 R-3 Curtiss

18-T Kirkham Fighter Curtiss
AR-1 Morane-Saulnier
Avorio Prassone Italian Government
C-1 Fokker, Netherlands
C-1F Boeing
Camel (F-l) Sopwith, from Army
Caproni Ca-44 Caproni, Italy
CR-1,-3 Curtiss
CS-1 Curtiss
CS-II Dornier
CT Curtiss
D-1 Gallaudet Aircraft Corp.
D-1 Dornier, Swiss Agent
D-4 Gallaudet Aircraft Corp.
D-7 or D.VII Fokker
DH-4 Dayton-Wright, from 

Army
DH-4B/4B-1 NAF and Army
DH-9A British Govt.
DN-1 Connecticut Aircraft Co.
Donne Denhaut French Govt.
DT-1,-2 Douglas, NAF,LWF
E-1 (M Defense) Standard, from Army 
EM-1,-2 G. Elias & Brothers
EO-1 G. Elias & Brothers
F Boat Curtiss, Alexandria 

(Briggs)
F-5/F-5L Curtiss, Canadian Aero-

planes Ltd., and NAF
F-6 NAF
FT-1 Fokker, Netherlands
Gastite Kite Goodrich
GS-1,-2 Gnome Speed Curtiss

Scout
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Designa- Designa- Systems, Popular or other Source
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MT/MBT Martin
Model 10 Alexandria Aircraft
Model 39-A & -B Aeromarine Plane & 

Motor Co.
Model 40F Aeromarine Plane & 

Motor Co.
Model 700 Aeromarine Plane & 

Motor Co.
N-1 NAF 
N-9, -9H Curtiss, Burgess 
N-10 (2 reworked N-9) Curtiss
NC-1, 2, 3 ,4 Curtiss
NC-5 to -10 NAF
Nieuport 28 From Army
Night Bomber Sperry
NO-1 NAF
NW-1, -2 Wright
O-SS British
Panther Parnall
Paul Schmitt Seaplane Paul Schmitt, Paris
PT-1,-2 NAF
R-3 Curtiss
R-6,-6L Curtiss
R-9 Curtiss
S-4B Thomas Morse
S-4C Thomas Morse Scout
S-5 Curtiss
S-5 (not the same air- Thomas Morse
craft as Curtiss S-5)
SA1 NAF
SA2 NAF
SC-1,-2 Martin
SE-5 From Army
SH-4 Thomas-Morse
Sopwith Baby Sopwith
Sopwith Camel Sopwith
Sopwith Pup Sopwith
Sopwith 1 1/2 Strutter Sopwith
SS-Z-23 British Admiralty
ST-1 Stout Metal Airplane 

Co.

Swift Blackburn Aeroplane 
Co.

Tellier Flying Boat French Government
TF Boat NAF
TG-1,-2,-3,-4,-5 NAF
TS-1 NAF and Curtiss
TS-2,-3 NAF
TR-2(TS-3 A6449 re- NAF
designated, one of a
kind)
TR-3,-3A NAF (Rebuilt TS-2)
TW-3 Wright
U-1 Caspar, Germany
U-2 Burgess
USXB-1 Dayton Wright, from 

Army
VE-7,-7F Lewis & Vought and 

NAF
VE-7G,-7GF NAF
VE-7H NAF
VE-7S,-7SF,-7SH NAF
VE-9,-9H Chance Vought
Zodiac-Vedette French Government
Viking IV Vickers
VNB-1 Boeing
WA Dayton-Wright
WP-1 Wright
WS Seaplane Dayton-Wright
XDH-60 Moth DeHavilland
XS-1 Cox-Klemin 
Exp. Seaplane NAS Pensacola
Glider Am. Motorless
Hydroaeroplane Pensacola and Curtiss
Richardson seaplane Washington Navy Yard
Seaplane Aeromarine
Seaplane DWF, Germany
Seaplane Farman
Seaplane Loening
Seaplane Standard
Seaplane Wright
Seaplane Wright-Martin
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1911 1914 Other Designation Manufacturer
Designa- Designa- Systems, Popular or other Source
tion tion or Common Name
System System

1911 1914 Other Designation Manufacturer
Designa- Designa- Systems, Popular or other Source
tion tion or Common Name
System System

1922–1923 Designations

Original Navy Other Designation, Manufacturer
Designation Popular or other Source

or Common Name

BR Bee Line 
HN-1,-2 Huff-Daland

Original Navy Other Designation, Manufacturer
Designation Popular or other Source

or Common Name

HO-1 Huff-Daland
NM NAF



thru -3
F3A-1 Corsair (F4U) Brewster
FB-1 Boeing
thru -5
F2B-1 Boeing
F3B-1 Boeing
F4B-1 Boeing
thru -4
XF5B-1 Boeing
XF6B-1 Boeing
XF7B-1 Boeing
XF8B-1 Boeing
F2C-1 (F2C-1 a paper Curtiss

designation for R2C-1,
never used as F2C-1)

F4C-1 Curtiss
F6C-1 Hawk Curtiss
thru -4
F6C-6 Hawk Curtiss
XF6C-5 Curtiss
thru -7
F7C-1 Seahawk Curtiss
XF8C-1 Falcon Curtiss
F8C-1, -3 Falcon (OC) Curtiss
F8C-4, -5 Helldiver (O2C) Curtiss
XF8C-2, -4 Helldiver Curtiss
XF8C-7, -8 Helldiver (O2C) Curtiss
XF9C-1, -2 Curtiss
F9C-2 Sparrowhawk Curtiss
XF11C-1 (XBFC-1) Curtiss
XF11C-2 Goshawk (XBFC-2) Curtiss
XF11C-3 (XBF2C-1) Curtiss
F11C-2 Goshawk (BFC-2) Curtiss
XF13C-1 Curtiss 
thru -3
XF14C-2 Curtiss
XF15C-1 Curtiss
XFD-1 Douglas
FD-1 Phantom (FH-1) McDonnell
XF2D-1 Banshee (F2H) McDonnell

F-10 F3D-1,-2 Sky Knight Douglas
F-6 F4D-1 Skyray Douglas

F5D-1 Skylancer Douglas
FF-1, -2 Grumman
F2F-1 Grumman
F3F-1 Grumman
thru -3
XF4F-3 Wildcat Grumman
thru -6, -8

AE-1 (L-4)(HE-1) Piper
A-1 AD-1 thru Skyraider (XBT2D-1) Douglas

-7
A2D-1 Skyshark Douglas

A-3 A3D-1, -2 Skywarrior Douglas
A-4 A4D-1, Skyhawk Douglas

-2, -5
AF-2, -3 Guardian (XTB3F-1) Grumman

A-6 A2F-1 Intruder Grumman
F-4 AH Phantom II McDonnell
A-2 AJ-1, -2 Savage North American
A-5 A3J-1 Vigilante North American

thru -3
AM-1 Mauler (XBTM-1) Martin
AU-1 Corsair (XF4U-6) Vought

B-314 Boeing
Bulldog IIA Bristol

BD-1,-2 Havoc (A-20) Douglas
BG-1 Great Lakes
XB2G-1 Great Lakes
BM-1,-2 (XT5M-1) Martin
BT-1 Northrop
XBT-2 (SBD-1) Northrop/Douglas
XBTC-2 Curtiss
XBY-1 Consolidated
XB2Y-1 Consolidated
XBFC-1 (XF11C-1) Curtiss
BFC-2 Goshawk (F11C-2) Curtiss
BF2C-1 (F11C-3) Curtiss
XBTC-1 Cancelled Curtiss
XBTC-2 Curtiss
XBT2C-1 Curtiss
BTD Destroyer Douglas

A-1 XBT2D-1 Skyraider (AD-1) Douglas
XBTK-1 (BK-1 original Kaiser-Fleetwings

designation—changed
before first aircraft
completed)

XBTM-1 Mauler (AM-1) Martin
CS-1, -2 Curtiss
SC-1, -2 (CS-1) Martin
D-558-1 Skystreak Douglas
D-558-2 Skyrocket Douglas
XDH-80 Puss Moth Dehavilland

QH-50D,
-50C DSN DASH Gyrodyne

F-5L NAF
XFA-1 General Aviation
F2A-1 Buffalo Brewster
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F4F-3,-3A, Wildcat (FM) Grumman
-4, -7
XF5F-1 Skyrocket Grumman
XF6F-3, Hellcat Grumman
-4, -6
F6F-3, -5 Hellcat Grumman
F7F-1 Tigercat Grumman
thru -4
F8F-1, -2 Bearcat Grumman
F9F-2 Panther Grumman
thru -5

F-9 F9F-6 Cougar Grumman
thru -8
XF10F-1 Jaguar Grumman

F-11 F11F-1 Tiger (F9F-9) Grumman
XFG-1/ Eberhart
XF2G-1
FG-1 Corsair (F4U) Goodyear
F2G-1, -2 (FG/F4U) Goodyear
XFH-1 Hall
FH-1 Phantom McDonnell

F-2 F2H-1 Banshee (F2D) McDonnell
thru -4

F-3 F3H-1, -2 Demon McDonnell
F-4 F4H-1 Phantom II McDonnell

FJ-1, -2 Fury North American
F-1 FJ-3, -4 Fury North American

XFJ-1, -2 Berliner-Joyce
XF2J-1 Berliner-Joyce
XF3J-1 Berliner Joyce
XFL-1 Airabonita Bell
F2L-1 Airacobra (XTDL-1) Bell
FM-1, -2 Wildcat General Motors
FO-1 (P-38) Lockheed
XFR-1 Fireball Ryan
FR-1 Fireball Ryan
XF2R-1 Ryan
XFT-2 Northrop
F2T-1 Black Widow (P-61) Northrop
FU-1 Vought
XF2U-1 Vought
XF3U-1 (SBU) Vought
XF4U-1, -3 Corsair Vought 
thru -5
F4U-1 thru Corsair (AU/FG/ Vought 
-5, -7 F3A/F2G)
XF5U-1 Vought
F6U-1 Pirate Vought
F7U-1 Cutlass Vought
thru -3

F-8 F8U-1, -2 Crusader Vought
F8U-3 Crusader III Vought
F2W-1 Wright
F3W-1 Apache Wright
XFY-1 Pogo Consolidated

F-7 F2Y Sea Dart (Never used Convair
in F-7 designation)

GB-1, -2 Traveler (JB) Beech
GH-1 Nightingale (NH) Howard
thru -3
GK-1 Forwarder (JK) Fairchild
GQ-1 Reliant Stinson

C-130 GV-1 Hercules (R8V) Lockheed
HE (L-4)(AE) Piper
XHL-1 Loeing
XHJH-1 McDonnell
XHJP-1 Piasecki
XHJS-1 Sikorsky
HNS-1 Hoverfly Sikorsky
XHOE-1 Hiller

H-43 HOK-1 Kaman
HOS-1 Sikorsky
HO2S-1 Sikorsky
HO3S-1 Sikorsky
XHO3S-3 Sikorsky

H-19 HO4S-3 (HRS) Sikorsky
HO5S-1 Sikorsky

H-46 HRB-1 Vertol
XHRH-1 Order cancelled McDonnell
HRP-1, -2 Rescuer (Flying Piasecki

Banana)
H-19 HRS-1 (HO4S) Sikorsky

thru -3
H-37 HR2S-1 Mojave Sikorsky

HSL-1 Model 61 Bell
H-34 HSS-1 Sea Bat Sikorsky
H-3 HSS-2 Sea King Sikorsky

HTE-1, -2 UH-12A Hiller
HTK-1 Kaman

H-13 HTL-1 Did not use Sioux Bell
thru -7

H-43 HUK-1 Did not use Huskie Kaman
H-2 HU2K-1 Seasprite Kaman
H-13 HUL-1 Did not use Sioux Bell

HUM-1 MC-4A McCulloch
H-25 HUP-1 Retriever Piasecki (Vertol)

thru -3
H-34 HUS-1 Seahorse Sikorsky
H-52 HU2S-1 Sikorsky

XJA-1 Super Universal Fokker
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Me-262S Messerschmitt
NB-1 Model 21 Boeing
thru -4
XN2B-1 Model 81 Boeing
N2C-1, -2 Fledgling Curtiss

L-4 NE-1, -2 Grasshopper Piper
NH-1 Nightingale (GH) Howard
NJ-1 North American
XNK-1 Keystone
XNL-1 Langley
N2M-1 Martin
N2N-1 NAF
N3N-1 Yellow Peril NAF
thru -3
NP-1 Spartan
XNQ-1 Fairchild
XNR-1 Maxon
NR-1 Recruit Ryan
NS-1 Stearman
N2S-1 Kaydet/Caydet Stearman/Boeing
thru -5
NT-1 New Standard
N2T-1 Tutor Timm
NY-1 (PT-1) Consolidated
thru -3
N2Y-1 Consolidated 

(Fleet Aircraft Inc.)
XN3Y-1 Consolidated
XN4Y-1 (PT-11) Consolidated
O2B-1 DH-4B metal fuselage Boeing
OC-1, -2 Falcon (F8C-1, -3) Curtiss
XOC-3 Curtiss
O2C-1,-2 Helldiver (F8C-5) Curtiss
XO3C-1 (SOC) Curtiss
OD-1 Douglas
XO2D-1 Douglas

O-1 OE-1, -2 Bird Dog Cessna
XOJ-1 Berliner-Joyce
OJ-2 Berliner-Joyce
XOK-1 Keystone
OL-1 Loening

Aeronautical 
thru -9 Engineering

Company
XO2L-1 Loening
O2N-1 None accepted (XOSN-1) NAF
OO Schreck FBA Viking
XOP-1, -2 Pitcairn
O2U-1 Vought
thru -4

JR-1 (RR) Ford
thru -3 
JA-1 Norseman Noorduyn
JB-1 Traveler (GB) Beech
JD-1 Invader Douglas
JE-1 Bellanca
JF-1 Duck Grumman
thru -3
J2F-1 Duck Grumman
thru -5
J2F-6 Duck Columbia
XJ3F-1 G-21 Grumman
J4F-1, -2 Widgeon Grumman
JH-1 Stearman-

Hammond
JK-1 Fairchild
J2K-1 Coast Guard only Fairchild
XJL-1 Colombia
JM-1, -2 Marauder Martin
JO-1, -2 Model 12A Lockheed
XJO-3 Lockheed
XJQ-1, -2 (XRQ/R2Q) Fairchild
J2Q-1 Coast Guard (R2Q) Fairchild
XJW-1 UBF Waco
JRB-1 Voyager/Expediter Beech
thru -4
JRC-1 Bobcat Cessna
JRF-1 Goose, G-21 Grumman
thru -6
XJR2F-1 Albatross (UF/UH-16) Grumman
JRM-1 Mars (XPB2M) Martin
thru -3
JRS-1 Sikorsky
JR2S-1 VS-44A Vought Sikorsky
XLBE-1 Glomb Pratt-Read (Gould)
LBP-1 Glomb Piper
LBT-1 None acquired (XLBE-1) Taylorcraft
LNE-1 Pratt-Read (Gould)
XLNP-1 Piper
XLNR-1 Aeronca
LNS-1 Cancelled Schweizer
XLNT-1 Taylorcraft
XLRA-1 Allied
XLR2A-1 Allied
XLRN-1 NAF
XLRQ-1 Bristol
LRW-1 Waco
XLR2W-1 Waco

M-130, PanAm owned Martin
Me-108B Messerschmitt
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O3U-1, -2 (O3U-2 redes. SU-1) Vought
-3, -4, -6 (O3U-4 redes. SU-2/3)
XO3U-5, -6 Vought
XO4U-1, -2 Vought
XO5U-1 Vought
OY-1 Sentinel (L-5) Stinson Convair (Stinson,

V-76 Vultee,
Consolidated)

XOZ-1 Penn Acft Syndicate
XOSE-1, -2 Edo
XOSN-1 NAF
OS2N-1 Kingfisher (OS2U) NAF
XOSS-1 Stearman
OS2U-1 Kingfisher Vought
thru -3

(P-59) Bell
(P-63)(L-39) Bell

PB-1 Flying Fortress (B-17) Boeing
P2B-1, -2 Super Fortress (B-29) Boeing
PD-1 (PN-12) Douglas
P2D-1 Douglas
XP3D-1 Douglas
UF-1 Albatross(XJR2F/UH-16) Grumman
PH-1 Hall
thru -3
XP2H-1 Hall
PJ-1, -2 FLB, Coast Guard North American
PK-1 (PN-12) Keystone
PM-1, -2 (PN-12) Martin
XP2M-1 Martin
P3M-1, -2 (XPY-1) Martin
P4M-1 Mercator Martin

P-5 P5M-1, -2 Marlin Martin
P-6 XP6M-1 Seamaster (never used Martin

in P-6 designation)
P-6 P6M-2 Seamaster (never used Martin

in P-6 designation)
PN-7 NAF
thru -12
P2N Never used in this NAF

designation (NC boats)
P3N NAF
XP4N-1,-2 NAF
PO-1 Constellation Lockheed
PO-2 Warning Star (WV) Lockheed
XPS-1, -2 (XRS-2)
PS-3 (RS-3) Sikorsky
XP2S Sikorsky
PV-1, -3 Ventura Lockheed
PV-2 Harpoon Lockheed

P-2 P2V-1 Neptune Lockheed
thru -7

P-3 P3V-1 Orion Lockheed
XPY-1 Admiral (P3M-1, -2) Consolidated
P2Y-1 Consolidated
thru -3
XP3Y-1 (PBY) Consolidated
XP4Y-1 Model 31 Consolidated

QP-4B P4Y-2 Privateer (PB4Y-2) Consolidated
XP5Y-1 (R3Y) Convair
XPBB-1 Boeing
PB2B-1, -2 Catalina Boeing
PBJ-1 Mitchell (B-25) North American
PBM-1 Mariner Martin
thru -3, -5
XPB2M Mars (JRM) Martin
PBN-1 Nomad NAF
PBO-1 Hudson Lockheed
XPBS-1 Sikorsky
PBY-1 Catalina Consolidated 
thru -6A
XPB2Y-1 Coronado Consolidated
PB2Y-2 Coronado Consolidated
thru -5
PB4Y-1 Liberator (B-24) Consolidated
PB4Y-2 Privateer Consolidated
XPTBH-2 Hall
R2C-1, -2 (F2C-1 paper Curtiss

designation for R2C-1,
never used)

R3C-1 Curtiss
thru -4
RA-1 (TA) Altantic
thru -4
RB-1 Connestoga Budd
RC-1 Kingbird Curtiss
R4C-1 Condor Curtiss

C-46 R5C-1 Commando (may not Curtiss
have been used under
C-46 designation)

RD-1 Dolphin Douglas
thru -4
R2D-1 DC-2 Douglas
R3D-1 DC-5 Douglas
thru -3

C-47 R4D-1 Skytrain Douglas
thru -7

C-117 R4D-8 Skytrain Douglas
C-54 R5D-1 Skymaster Douglas

thru -5
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XSBC-1 (XF12C-1) Curtiss
XSBC-2 Curtiss
thru -4
SBC-3,-4 Helldiver Curtiss
SB2C-1 Helldiver (SBF/SBW) Curtiss
thru -5
XSB2C-6 Curtiss
SBD-1 Dauntless Douglas
thru -6
XSB2D-1 Destroyer Douglas
SBF-1, Helldiver (SB2C/SBW) Canadian Fairchild
-3 and -4
SBN-1 (XSBA) NAF
SBU-1, -2 Chance Vought
SB2U-1 Vindicator Vought-Sikorsky,
thru -3 Chance Vought
XSB3U-1 Vought-Sikorsky
SBW-1, -3 Helldiver (SB2C/SBF) Canadian Car & 
thru -5 Foundry
SNJ-1 Texan North American
thru -7
XSN2J-1 North American
SNB-1, -2 Kansan Beech

C-45 SNB-5 Navigator Beech
SNC-1 Falcon Curtiss
SNV-1, -2 Valiant Vultee
SOC-1 Seagull Curtiss
thru -4
XSO2C-1 Curtiss
SO3C-1 Seamew Curtiss
thru -3
XSOE-1 Bellanca
SON-1 (SOC-3) NAF
XSO2U-1 Vought
TB-1 Boeing
T2D-1 Douglas
XT3D-1 Douglas
TG-1, -2 Great Lakes
T3M-1, -2 Martin
T4M-1 Martin
XT5M-1 (BM) Martin
XT6M-1 Martin
XTN-1 NAF
XT2N-1 NAF
TA-1 (RA) Atlantic
thru -3
XTE-1 Edo
TE-2 Edo

C-1 TF-1 Trader Grumman

C-118 R6D-1 Liftmaster, DC-6A Douglas
XRE-1 Skyrocket Bellanca
thru -3
RG-1 Romeo Fokker,

Italy
XRK-1 Envoy Kinner

C-3 RM-1 Model 4-0-4 (VC-3A) Martin
XRO-1 Altair Detroit/Lockheed 
XR2O-1 Electra Lockheed
XR3O-1 Electra Lockheed
R4O-1 Model 14 Lockheed
R5O-1 Lodestar Lockheed
thru -6
XR6O-1 Constitution Lockheed

C-121 R7O-1 Constellation Lockheed
R2Q-1 (J2Q) Coast Guard Fairchild
XR3Q-1 Reliant Stinson

C-119 R4Q-1, -2 Packet Fairchild
RR-4, -5 (JR) Ford
RS-1 thru (PS) Sikorsky
-3 & -5
RT Delta Northrop
R6V-1 Constitution Lockheed

C-121 R7V-1 Constellation Lockheed
R8V-1G Hercules Lockheed
RY-1 Consolidated
thru -3
XR2Y-1 Convair
R3Y-1, -2 Tradewind Convair

C-131 R4Y-1, -2 Convair Liner Convair
ROE-1 Hiller
RON-1 (HOG-1) Gyrodyne
SC-1, -2 Seahawk Curtiss
XS2C-1 Shrike Curtiss
XS3C-1 Curtiss
SDW-1 (DT) Dayton-Wright
XSE-2 Bellanca
SF-1 (FF-1) Grumman
XSG-1 Great Lakes
XSL-1 Loening
XS2L-1 Loening
XSS-2 Sikorsky
SU-1 Corsair (O3U) Vought
thru -4

S-2 S2F-1 Tracker Grumman
thru -3
XS2U-1W Cancelled (XWU-1) Vought
XSBA-1 (SBN) Brewster
SB2A-1 Buccaneer Brewster
thru -4
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XTF-1W Tracer (WF-2) Grumman
T-2 XT2J-1, -2 Buckeye North American
T-2 T2J-1 Buckeye North American
T-39 T3J-1 North American
T-33 TO-1, -2 Shooting Star (TV) Lockheed

TT-1 Pinto Temco
T-33 TV-1, -2 Shooting Star (TO) Lockheed
T-1 T2V-1 Sea Star Lockheed

TBD-1 Devastator Douglas
XTB2D-1 Douglas
TBF-1 Avenger (TBM) Grumman
XTBF-2, -3 Avenger (TBM) Grumman
XTB3F-1 Guardian (AF) Grumman
XTBG-1 Great Lakes
TBM-1 Avenger (TBF) General Motors
thru -4
XTBU-1 Seawolf (TBY) Vought
TBY-2 Seawolf (XTBU) Consolidated
TDC-1, -2 (PQ-8) drone Culver
TD2C-1 (PQ-14) drone Culver
XTD3C (PQ-15) drone Culver
XTD4C-1 (XUC) drone Culver
TDD (OQ-2A) drone Radioplane
TD2D Katydid, drone McDonnell
TD3D (OQ-16) drone Frankfort
TD4D (OQ-17) drone Radioplane

XTDL-1 (P-39Q) drone Bell
TDN-1 Drone NAF
TD2N Gorgon NAF
TD3N Gorgon NAF
TDR-1 Drone Interstate
XTD2R-1 Drone Interstate
XTD3R-1 Drone Interstate
TS-1 Curtiss
XUC (XTD4C) Culver

U-1 UC-1 Otter DeHavilland
U-16 UF-1, -2 Albatross (XJR2F) Grumman
U-11 UO-1 Aztec Piper

UO-1 (not the same as Vought
Piper UO-1)

E-1 WF-2 Tracer Grumman
E-2 W2F-1 Hawkeye Grumman

XWU-1 Cancelled (XS2U-1W) Vought
WV-1 Constellation Lockheed

EC-121 WV-2, -3 Warning Star Lockheed

Note:
1. The list does not include all X model designations.
2. Aircraft designations in parentheses are a cross reference to a similar

model or a redesignation of that aircraft. Parentheses are also used to identify
Army Air Corps/Air Force designations. Civilian model designations are not
placed in parentheses.

3. The designations T-28B/C, T-34B and C-130BL were used by the Navy
prior to the change to the DoD Designation System in 1962.
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Suffix letters came into a more general use during
the period of rapid expansion immediately prior to
U.S. entry into World War II. Unfortunately, the use of
suffix letters was not strictly defined and the same let-
ter was frequently used to denote several different
characteristics causing considerable confusion. By the
time the system was abandoned, it was necessary to
know the aircraft in question rather than relying on
the suffix letter to tell the specific characteristics being
identified.

The following lists provides all of the letter designa-
tions necessary to understand the system:

Table I
Type/Class Designation

Type/Class Meaning Period

A Attack 1946–1962
A Ambulance 1943–1946
B Bomber 1931–1946
BT Bomber Torpedo 1942–1946
D Target Drone 1946–1947
F Fighter 1922–1962
G Glider 1946–1962
G Transport, Single Engine 1939–1946
G In-Flight Refueling Tanker 1960–1962
H Hospital 1929–1942
H Air-Sea-Rescue 1946–1962
J Utility 1931–1946
J Transport 1928–1931
JR Utility Transport 1935–1946
K Drone 1945–1962
L Glider 1941–1945
M Marine Expeditionary 1922–1925
N Trainer 1922–1946

There have been several systems to designate
U.S. naval aircraft. However, the most common
system covered the period 1923 to 1962 and con-
sisted of four major elements:

Aircraft Type/Class
Manufacturer Type Sequence
Manufacturer
Modification

In the beginning there were just two classes: heav-
ier-than-air (fixed wing) identified by the letter V and
lighter-than-air identified by the letter Z. The letter H
for heavier-than-air (rotary wing) was added with the
introduction of the helicopter in the 1940s. Late in
1945 the letter K was added for pilotless aircraft, mak-
ing four distinct types. In March 1946 the Type/Class
designation was separated into two distinct headings
of Type and Class. The letter V was omitted in the
model designation, but H, K, and Z were used where
applicable. The letter X was added as a prefix desig-
nating an experimental model. 

In designating the first model of a class produced by
a given manufacturer, the first number (1) is omitted
in the Manufacturer Type Sequence position, but is
shown in the Modification Sequence position. Thus, in
the VJ class, the first utility aircraft produced by
Grumman Aircraft Corporation was the JF-1. When a
major modification was instituted for the JF-1 without
changing the character of the model, that modification
changed the designation to JF-2. The second modifica-
tion changed the designation to JF-3. The second utili-
ty aircraft built by Grumman was designated the J2F-1
and successive modifications to this aircraft became
J2F-2, J2F-3, etc. It must be remembered that the air-
craft Modification Sequence Number is always one
digit higher than the actual modification number. The
basic designation could be expanded to show addi-
tional characteristics, as demonstrated below:
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Aircraft Sequence Modification

Sequence

X F 4 F — 3 A

Type/Class Manufacturer Suffix
Letter

How to Read the 1923 to 1962 Aircraft Model
Designations for U.S. Naval Aircraft



Table I—Continued

Type/Class Designation

Type/Class Meaning Period

O Observation 1922–1962
OS Observation Scout 1935–1945
P Patrol 1922–1962
P Pursuit 1923 
PB Patrol Bomber 1935–1946
PT Patrol Torpedo 1922 
PT Patrol Torpedo Bomber 1937–1938
R Transport 1931–1962
R Racer 1923–1928
S Scout 1922–1946
SB Scout Bomber 1934–1946
SN Scout Trainer 1939–1946
SO Scout Observation 1934–1946
T Torpedo 1922–1935
T Transport 1927–1930
T Training 1946–1962
TB Torpedo Bomber 1936–1946
TD Target Drone 1942–1946
U Utility 1946–1962

Table II
Special Purpose Suffix

Suffix
Letter Meaning Example

A Target towing and photography JRF-1A
A Nonfolding wings and no carrier provisions SB2C-1A
A Armament on normally unarmed aircraft J2F-2A
A Arresting gear normally on noncarrier planes SOC-3A
A Amphibious version PBY-5A
A Land-based version of carrier aircraft F4F-3A
A Built for the Army Air Force SBD-3A
B Special armament version PB4Y-2B
B British lend lease version JRF-6B
C Carrier operating version of a noncarrier aircraft SNJ-2C
C British-American standardized version PBM-3C
C Equipped with two .50 cal. machine guns TBF-1C
C Cannon armament F4U-1C
D Drop tank configuration F4U-1D
D Special search radar TBM-3D
E Special electronic version SB2C-4E
F Converted for use as a flagship PB2Y-3F
G Air-sea-rescue version TBM-5G
H Hospital version SNB-2H
H Air-sea rescue version PB2Y-5H
J Target towing version TBM-3J
K Target drone version F6F-5K
L Search light version P2V-5L
M Weather reconnaissance version PB4Y-2M
N Night operating version (all weather) F6F-5N
P Photographic version SBD-2P

Table II—Continued

Special Purpose Suffix

Suffix
Letter Meaning Example

Q Countermeasure version TBM-3Q
R Transport version PBM-3R
S Antisubmarine version P5M-2S
T Training version R4D-5T
U Utility version PBM-3U
W Special search version PB-1W
Z Administrative version R4D-5Z

Table III
Manufacturer’s Designation

Letter Manufacturer Period

A Aeromarine Plane and Motor Co. 1922 
A Atlantic Aircraft Corp (American Fokker) 1927–1930
A Brewster Aeronautical 1935–1943
A General Aviation Corp (ex Atlantic) 1930–1932
A Noorduyn Aviation, Ltd. (Canada) 1946 
B Beech Aircraft Co. 1937–1962
B Boeing Aircraft Co. 1923–1962
B Budd Manufacturing Co. 1942–1944
C Cessna Aircraft Corp. 1943–1951
C Culver Aircraft Corp. unknown–1946
C Curtiss Aeroplane and Motor Co. 1922–1946
C Curtiss Wright Corp 1948–1962
C DeHaviland Aircraft of Canada 1955–1962
D Douglas Aircraft Co. 1922–1967
D McDonnell Aircraft Corp. 1942–1946
D Radioplane Co. 1943–1948
D Frankfort Sailplane Co. 1945–1946
DH DeHavilland Aircraft Co. Ltd. (England) 1927–1931
DW Dayton-Wright Airplane Co. 1923
E Bellanca Aircraft Corp. 1931–1937
E Cessna Aircraft Co. 1951–1962
E Edo Aircraft Corp. 1943–1962
E G. Elias & Brothers 1922–1924
E Gould Aeronautical Corp. 1942–1945
E Hiller Aircraft Corp. 1948–1962
E Piper Aircraft Corp. 1941–1945
E Pratt-Read 1942–1945
F Fairchild Aircraft, Ltd. (Canada) 1942–1945
F Columbia 1943–1944
F Grumman Aircraft Engineering Corp. 1931–1962
G Gallaudet Aircraft Corp. 1929–1935
G Globe Aircraft Corp 1946–1948
G Goodyear Aircraft Corp. 1942–1962
G Great Lakes Aircraft Corp. 1929–1935
H Hall Aluminum 1928–1945
H Howard Aircraft Co. 1941–1944
H Huff, Daland & Co 1922–1927
H McDonnell Aircraft Corp 1946–1962
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Table III—Continued
Manufacturer’s Designation

Letter Manufacturer Period

R Interstate Aircraft and Engineering Corp. 1942–1962
R Radioplanes Co. 1948–1962
R Ryan Aeronautical Co. 1948–1962
S Schweizer Aircraft Corp. 1941–0000
S Sikorsky Aviation Corp. 1928–1962
S Sperry Gyroscope Co. 1948–1962
S Stearman Aircraft Co. 1934–1945
T Taylorcraft Aviation Corp. 1942–1946
T Tempco Aircraft Corp. 1955–1962
T New Standard Aircraft Corp. 1930–1934
T The Northrop Corp. 1933–1937
T Northrop Aircraft Inc. 1944–1962
T Timm Aircraft Corp. 1941–1943
U Lewis & Vought, Chance Vought, 1922–1962

Vought Sikorsky
V Vultee Aircraft Inc. 1943–1945
V Lockheed Aircraft Corp. 1942–1962
W Canadian Car and Foundry Co., Ltd. 1942–1945
W Waco Aircraft Corp. 1934–1945
W Willys-Overland Co. 1948–1962
W Wright Aeronautical Corp. 1922–1926
X Cox-Klemin Aircraft Corp. 1922–1924
Y Consolidated Aircraft Corp. 1926–1954
Y Convair Division (General Dynamics Corp) 1954–1962
Z Pennsylvania Aircraft Syndicate 1933–1934

A basic company name has been used in some of the above enteries even
though the company may have undergone restructuring.

Table III—Continued

Manufacturer’s Designation

Letter Manufacturer Period

H Stearman-Hammond Aircraft Corp. 1937–1939
J Berliner/Joyce Aircraft Co. 1929–1935
J North American Aviation 1937–1962
K Fairchild Aircraft Corp. 1937–1942
K Kaman Aircraft Corp 1950–1962
K Kaiser Cargo Inc. Fleetwings Div. 1948–1962
K Keystone 1927–1930
K Kinner Airplane & Motor Corp. 1935–1936
L Bell Aircraft Corp. 1939–1962
L Columbia 1944–1946
L Grover Loening, Inc. 1923–1933
L Loening Aeronautical Engineering Corp. 1922–1932
M General Motors Corp. (Eastern Aircraft Div.) 1942–1945
M Glenn L. Martin Co. 1922–1962
N Gyrodyne Company of America 1955–1962
N Naval Aircraft Factory 1922–1948
N Naval Air Development Station 1948–1962
O Lockheed Aircraft Corp. 1931–1962
P Pitcairn Autogyro Co. 1931–1932
P Piasecki Helicopter Corp. 1946–1955
P Vertol Aircraft Corp. 1955–1962
P Spartin Aircraft Co. 1940–1941
Q Bristol Aeronautical Corp. 1941–1943
Q Fairchild Engine and Airplane Co. 1928–1962
Q Stinson Aircraft Corp. 1934–1936
R Aeronca Aircraft Corp. 1942–1946
R Ford Motor Co. 1927–1932
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In 1962 a standardized system for designation of U.S. aircraft went into effect. The following is a list of naval
aircraft that were redesignated in 1962:

Old New Popular 
Designation Designaton Name

Attack
A-1

AD-5 A-1E Skyraider
AD-5W EA-1E Skyraider
AD-5Q EA-1F Skyraider
AD-5N A-1G Skyraider
AD-6 A-1H Skyraider
AD-7 A-1J Skyraider

A-2
AJ-1 A-2A Savage

A-3
A3D-1 A-3A Skywarrior
A3D-1Q EA-3A Skywarrior
A3D-2 A-3B Skywarrior
A3D-2Q EA-3B Skywarrior
A3D-2P RA-3B Skywarrior
A3D-2T TA-3B Skywarrior

A-4
A4D-1 A-4A Skyhawk
A4D-2 A-4B Skyhawk
A4D-2N A-4C Skyhawk
A4D-5 A-4E Skyhawk

A-5
A3J-1 A-5A Vigilante
A3J-2 A-5B Vigilante
A3J-3 A-5C Vigilante

A-6
A2F-1 A-6A Intruder
A2F-1H EA-6A Intruder

Fighters
F-1

FJ-3 F-1C Fury
FJ-3D DF-1C Fury
FJ-3M MF-1C Fury
FJ-3D2 DF-1D Fury
FJ-4 F-1E Fury
FJ-4B AF-1E Fury

F-2
F2H-3 F-2C Banshee
F2H-4 F-2D Banshee
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Old New Popular 
Designation Designaton Name

F-3
F3H-2 F-3B Demon
F3H-2M MF-3B Demon
F3H-2N F-3C Demon

F-4
F4H-1F F-4A Phantom II
F4H-1 F-4B Phantom II
F4H-1P RF-4B Phantom II

F-6
F4D-1 F-6A Skyray

F-7
YF2Y-1 YF-7A Sea Dart

F-8
F8U-1 F-8A Crusader
F8U-1D DF-8A Crusader
F8U-1KD QF-8A Crusader
F8U-1P RF-8A Crusader
F8U-1T TF-8A Crusader
F8U-1E F-8B Crusader
F8U-2 F-8C Crusader
F8U-2N F-8D Crusader
F8U-2NE F-8E Crusader

F-9
F9F-5KD DF-9E Cougar
F9F-6 F-9F Cougar
F9F-6D DF-9F Cougar
F9F-6K QF-9F Cougar
F9F-6K2 QF-9G Cougar
F9F-7 F-9H Cougar
F9F-8 F-9J Cougar
F9F-8B AF-9J Cougar
F9F-8P RF-9J Cougar
F9F-8T TF-9J Cougar

F-10
F3D-1 F-10A Sky Knight
F3D-2 F-10B Sky Knight
F3D-2M MF-10B Sky Knight
F3D-2Q EF-10B Sky Knight
F3D-2T2 TF-10B Sky Knight

F-11
F11F-1 F-11A Tiger

F-111
TFX F-111B
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Old New Popular 
Designation Designaton Name

Patrol
P-2

P2V-4 P-2D Neptune
P2V-5F P-2E Neptune
P2V-5FD DP-2E Neptune
P2V-5FE EP-2E Neptune
P2V-5FS SP-2E Neptune
P2V-6 P-2F Neptune
P2V-6M MP-2F Neptune
P2V-6T TP-2F Neptune
P2V-6F P-2G Neptune
P2V-7 P-2H Neptune
P2V-7S SP-2H Neptune
P2V-7LP LP-2J Neptune

P-3
YP3V-1 YP-3A Orion
P3V-1 P-3A Orion

P-4

P4Y-2K QP-4B Privateer

P-5

P5M-1 P-5A Marlin
P5M-1S SP-5A Marlin
P5M-1T TP-5A Marlin
P5M-2 P-5B Marlin
P5M-2S SP-5B Marlin

Antisubmarine
S-2

S2F-1 S-2A Tracker
S2F-1T TS-2A Tracker
S2F-1S S-2B Tracker
S2F-2 S-2C Tracker
S2F-2P RS-2C Tracker
S2F-3 S-2D Tracker
S2F-3S S-2E Tracker

Airborne Early Warning
E-1

WF-2 E-1B Tracer

E-2
W2F-1 E-2A Hawkeye

Observation
O-1

OE-1 O-1B Bird Dog
OE-2 O-1C Bird Dog
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Designation Designaton Name

Helicopters
H-1

HU-1E UH-1E Iroquois

H-2
HU2K-1 UH-2A Seasprite
HU2K-1U UH-2B Seasprite

H-3
HSS-2 SH-3A Sea King
HSS-2Z VH-3A Sea King

H-13
HTL-4 TH-13L Sioux
HTL-6 TH-13M Sioux
HTL-7 TH-13N Sioux
HUL-1 UH-13P Sioux
HUL-1M UH-13R Sioux

H-19
HRS-3 CH-19E
HO4S-3 UH-19F

H-25
HUP-2 UH-25B Retriever
HUP-3 UH-25C Retriever

H-34
HSS-1L LH-34D Seahorse
HSS-1 SH-34G Seahorse
HUS-1 UH-34D Seahorse
HUS-1Z VH-34D Seahorse
HUS-1A UH-34E Seahorse
HSS-1F SH-34H Seahorse
HSS-1N SH-34J Seahorse

H-37
HR2S-1 CH-37C Mojave

H-43
HUK-1 UH-43C
HOK-1 OH-43D

H-46
HRB-1 CH-46A Sea Knight

H-50
DSN-1 QH-50A DASH
DSN-2 QH-50B DASH
DSN-3 QH-50C DASH
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Designation Designaton Name

Bombers

JD-1 UB-26J Invader
JD-1D DB-26J Invader

Utility
U-1

UC-1 U-1B Otter

U-6
L-20A U-6A Beaver

U-11
UO-1 U-11A Aztec

U-16
UF-1 HU-16C Albatross
UF-1L LU-16C Albatross
UF-1T TU-16C Albatross
UF-2 HU-16D Albatross

Cargo/Transport
C-1

TF-1 C-1A Trader
TF-1Q EC-1A

C-45
SNB-5P RC-45J
SNB-5 TC-45J

C-47
R4D-5 C-47H Skytrain
R4D-5Q EC-47H Skytrain
R4D-5L LC-47H Skytrain
R4D-5S SC-47H Skytrain
R4D-5R TC-47H Skytrain
R4D-5Z VC-47H Skytrain
R4D-6 C-47J Skytrain
R4D-6Q EC-47J Skytrain
R4D-6L LC-47J Skytrain
R4D-6S SC-47J Skytrain
R4D-6R TC-47J Skytrain
R4D-6Z VC-47J Skytrain
R4D-7 TC-47K Skytrain

C-54
R5D-1Z VC-54N Skymaster
R5D-2 C-54P Skymaster
R5D-2Z VC-54P Skymaster
R5D-3 C-54Q Skymaster
R5D-3Z VC-54Q Skymaster
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Designation Designaton Name

R5D-4R C-54R Skymaster
R5D-5 C-54S Skymaster
R5D-5Z VC-54S Skymaster
R5D-5R C-54T Skymaster

C-117
R4D-8 C-117D Skytrain
R4D-8L LC-117D Skytrain
R4D-8Z VC-117D Skytrain
R4D-8T TC-117D Skytrain

C-118
R6D-1 C-118B Liftmaster
R6D-1Z VC-118B Liftmaster

C-119
R4Q-2 C-119F Packet

C-121
R7V-1 C-121J Constellation
WV-2 EC-121K Warning Star
WV-3 WC-121N
WV-2E EC-121L Warning Star
WV-2Q EC-121M Warning Star

C-130
GV-1U C-130F Hercules
GV-1 KC-130F Hercules
C-130BL LC-130F Hercules

C-131
R4Y-1 C-131F Convair Liner
R4Y-2 C-131G Convair Liner

C-140
UV-1 C-140C Jet Star

Training
T-1

T2V-1 T-1A Sea Star

T-2
T2J-1 T-2A Buckeye
T2J-2 T-2B Buckeye

T-28
T-28A T-28A Trojan
T-28B T-28B Trojan
T-28BD DT-28B Trojan
T-28C T-28C Trojan
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T-33
TV-2 T-33B Shooting Star
TV-2D DT-33B Shooting Star
TV-2KD DT-33C Shooting Star

T-34
T-34B T-34B Mentor

T-39
T3J-1 T-39D Sabreliner

Airship

ZPG-2W EZ-1B Reliance
ZPG-2 SZ-1B
ZPG-3W EZ-1C
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DoD Designation System, 1962 to Present 

In the following list the primary emphasis is on new aircraft model designations accepted after the Navy adopted
the Department of Defense aircraft designation system in 1962. Aircraft that were in service and redesignated under
the DoD Designation System will only have the primary designation (basic mission) listed. As an example, the AD-6
and AD-7 were redesignated A-1H and A-1J respectively. However, only A-1, the primary designation, will be listed
instead of all the model variations. The modified mission designations will normally not be listed. Hence, designa-
tions such as RC-45J or TC-45J will not always be listed. However, the basic mission designation C-45 will be listed.
Only officially designated popular names are placed in this list. A more comprehensive list of pre-1962 aircraft des-
ignations will be found in the 1923–1962 Navy System list.

Post-1962 Original Popular Name Only, Manufacturer
DOD Navy other Designations or Source
Designation Designation and Miscellaneous

Before 1962 Data

A-1 AD Skyraider Douglas
A-2 AJ Savage North American
A-3 A3D Skywarrior Douglas
A-4 A4D Skyhawk Douglas
TA-4E/F/J Skyhawk Douglas
A-5 A3J Vigilante North American
RA-5C Vigilante North American
A-6A/B/C/E A2F Intruder Grumman
EA-6A A2F-1Q Intruder Grumman
KA-6D Intruder Grumman
EA-6B Prowler Grumman
A-7A/B/C/E Corsair II Vought
AV-8A/TAV-8A Harrier Hawker-Siddeley
AV-8B/TAV-8B Harrier II McDonnell Douglas
F/A-18A/B/C/D/E/F Hornet McDonnell Douglas
EB-47E Stratojet Boeing
C-1 TF-1 Trader Grumman
C-2A Greyhound Grumman
VC-3A RM Model 404 Martin
TC-4C Academe Grumman
UC-8A Buffalo, DHC-5 DeHavilland
C-9B Skytrain II, DC-9 McDonnell Douglas
UC-12B/F/M Huron Beech
C-20D/G Gulfstream Gulfstream Aerospace
EC-24A DC-8 McDonnell Douglas
UC-27A F-27F Fokker (Fairchild-built)
C-28A Model 404 Cessna
C-45H/J SNB-5 Navigator Beech
C-47 R4D Skytrain Douglas
C-54 R5D Skymaster Douglas
C-117 R4D-8 Skytrain Douglas
C-118B R6D Liftmaster Douglas
C-119 R4Q Packet Fairchild
C-121 R7V Constellation Lockheed
EC-121 WV Warning Star Lockheed
C-130 GV/R8V Hercules Lockheed
C-131H R4Y Samaritan Convair
NKC-135A Stratotanker Boeing
UC-880 Convair 880 Convair
E-1 WF Tracer Grumman
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Post-1962 Original Popular Name Only, Manufacturer
DOD Navy other Designations or Source
Designation Designation and Miscellaneous

Before 1962 Data

E-2A/B/C W2F Hawkeye Grumman
E-6 Hermes (redesignated Mercury) Boeing
E-6A Mercury Boeing
F-1 FJ Fury North American
F-2 F2H Banshee McDonnell
F-3 F3H Demon McDonnell
F-4A/B/C/J/N/S F4H Phantom II McDonnell
F-5E/F Tiger II Northrop
F-6 F4D Skyray Douglas
F-8 F8U Crusader Vought
F-9 F9F Cougar Grumman
F-10 F3D Sky Knight Douglas
F-11 F11F Tiger Grumman
F-14A/A+/B/D Tomcat Grumman
F-16N Fighting Falcon General Dynamics
TF-16 Fighting Falcon General Dynamics
YF-17 Northrop
F/A-18A/B/C/D/E/F Hornet McDonnell Douglas
F-21A Kfir Israel Aircraft
F-86H Sabre North American
QF-86F Sabre North American
F-111B Grumman/General Dynamics
AH-1G/S Cobra Bell
AH-1J/T/W Sea Cobra Bell
UH-1C/D/E/H/M/N HU-1 Iroquois Bell
TH-1E/F/L Iroquois Bell
H-2 HU2K Seasprite Kaman
H-3 HSS-2 Sea King Sikorsky
OH-6A/B Cayuse Hughes
H-13 HTL/HUL Sioux Bell
H-19 HRS-3 Chickasaw Sikorsky
H-l9 HO4S-3 Chickasaw Sikorsky
H-25 HUP Retriever Piasecki (Vertol)
H-34 HSS-1 Sea Bat Sikorsky
H-34 HUS Seahorse Sikorsky
H-37 HR2S Mojave Sikorsky
H-43 HOK Huskie Kaman
H-46 HRB Sea Knight Boeing Vertol
QH-50D,-50C DSN DASH Gyrodyne
H-51 L-186, tri-service evaluation Lockheed
H-52 HU2S Coast Guard helo Sikorsky
CH-53A/D Sea Stallion Sikorsky
CH-53E Super Stallion Sikorsky
MH-53E Sea Dragon Sikorsky
TH-57A/B/C Sea Ranger Bell
OH-58A Kiowa Bell
H-60 Sea Hawk Sikorsky
VH-60N White Hawk Sikorsky
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Post-1962 Original Popular Name Only, Manufacturer
DOD Navy other Designations or Source
Designation Designation and Miscellaneous

Before 1962 Data

H-65 Dolphin, Coast Guard Aerospatiale
O-1A/B/C/G OE L-19A Cessna
O-2A Cessna
P-2 P2V Neptune Lockheed
P-3A/B/C P3V Orion Lockheed
EP-3A/B Orion Lockheed
RP-3D Orion Lockheed
QP-4B PB4Y-2K Privateer Consolidated
P-5 P5M Marlin Martin
S-2 S2F Tracker Grumman
S-3A/B Viking Lockheed
ES-3A Shadow Lockheed
T-1 T2V Sea Star Lockheed
T-2A/B/C T2J Buckeye North American
T-28A/B/C T-28 Trojan North American
T-29B/C Flying Classroom Convair
T-33 TO/TV Shooting Star Lockheed
T-34B/C T-34 Mentor Beech
T-38A/B Talon Northrop
T-39 T3J Sabreliner North American
T-41B Mescalero Cessna
T-42A Cochise Beech
T-44A King Air 90 Beech
T-45A/B Goshawk McDonnell Douglas
T-47A Cessna Citation II Cessna
U-1 UC Otter DeHavilland
U-3A/B Model 310 Cessna
U-6A Beaver, L-20A DeHavilland
U-8D/F/G Seminole Beech 
U-9D Aero Commander Aero Design
U-11 UO Aztec Piper
U-16 JR2F/UF Albatross Grumman
U-21A Ute Beech
OV-1A/B/C Mohawk Grumman
XV-6A Kestrels Hawker-Siddeley
OV-10A/D Bronco North American
XFV-12A Prototype of a high Rockwell International

performance V/STOL fighter,
never operational.

AV-16A Joint proposal in 1973 for an McDonnell Douglas/
advanced version of the AV-8. Hawker-Siddeley

V-22 Osprey Bell/Boeing
X-22A Bell
X-25A Bensen
X-26A Schweizer
X-26B QT-2PC Lockheed/Schweizer
X-28A Pereira
X-31A Rockwell/DASA
YEZ-2A Operational development - Westinghouse Airships Inc.

model airship.
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How to Read the DoD Aircraft
Model Designations

The Navy system had worked well for forty years,
however, Congress decreed in 1962 that there should
only be one system to designate military aircraft in the
United States. The new system was based on the Air
Force system and the aircraft manufacturer was no
longer identified. While there were relatively few
changes to Air Force aircraft designations, the Navy
made a complete change. Aircraft models all started with
the numeral 1, except for those aircraft on hand which
were used by both services, in which case the existing
Air Force designation applied. Thus, the FJ-3 became the
F-1C, while the SNB-5P became the RC-45J. It must be
emphasized that the placement of the dash is critical to
distinguish aircraft under the new system from those
under the previous Navy system. For example, the F4B-
4 was a Boeing biplane fighter of the mid 30’s, while the
F-4B is an early version of the Phantom II.

The new system consisted of a Status Prefix Symbol
(letter), a Basic Mission Symbol (letter), a Design
Number (numeral), a Modified Mission Symbol (let-
ter), a Series letter, and a Type Symbol (letter). A
Design Number was assigned for each basic mission
or type. New design numbers were assigned when an
existing aircraft was redesigned to an extent that it no
longer reflected the original configuration or capabili-
ty. A Series Letter was assigned to each series change
of a specific basic design. To avoid confusion, the let-
ters “I” and “O” were not used as series letters. The
Series letter was always in consecutive order, starting
with “A”.

A typical designation was as follows:

Table V
Modified Mission Symbols

Letter Title

A Attack
C Cargo/Transport
D Director
E Special Electronic Installation
H Search/Rescue
K Tanker
L Cold Weather
M Missile Carrier
Q Drone
R Reconnaissance
S Antisubmarine
T Trainer
U Utility
V Staff
W Weather

Table VI
Basic Mission and Type Symbols

Letter Title

A Attack
B Bomber
C Cargo/Transport
E Special Electronic Installation
F Fighter
H Helicopter
K Tanker
O Observation
P Patrol
S Antisubmarine
T Trainer
U Utility
V VTOL and STOL
X Research
Z Airship
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Status Prefix Basic Mission/Type Series Letter

Y A F — 1 E

Modified Mission Design Number

This was the Y/FJ-4B under the Navy system and
the YAF-1E under the new DoD system.

Table IV
Status Prefix Symbols

Letter Title

G Permanently Grounded
J Special Test, Temporary
N Special Test, Permanent
X Experimental
Y Prototype
Z Planning



service procurement of aircraft, thus the North
American Trojan which was used as a trainer by the
Air Force retained the Air Force designation T-28
when procured for naval service. Designations of air-
craft already in service were not changed at that time.

On 18 September 1962, the Department of Defense
issued a uniform model designation system and direct-
ed its immediate adoption. The new system, adapted
from the Air Force model designation system, assigned
a basic mission letter followed by a number which
indicated the sequential relationship of aircraft
designed for the mission. Thus, the Navy AD was
redesignated A-l. To avoid compounding the confu-
sion, the new system, insofar as was possible, correlat-
ed the new designation of naval aircraft with the older
designation; thus, the F9F became the F-9 and the F8U
became the F-8. By the same token, the three in-ser-
vice patrol planes, the P2V, the P3V and P5M were
redesignated P-2, P-3 and P-5 even though the desig-
nation P-l was not assigned.

To summarize the foregoing, the Navy developed an
aircraft model designation system in the early 1920’s
and used it until 1962 when it was replaced by a
Department of Defense unified system. The official
assignment of names to naval aircraft did not begin
until 1941; interservice coordination began in 1943,
thus, the system for naming aircraft has changed little
since the practice became official over 50 years ago.

In compiling the listing for popular names, one of
the thorniest difficulties was the problem of distin-
guishing between what the official records said and
what has long been accepted as fact. For example,
few aviation historians believe that the SB2C-5 was
ever assigned the name Hellcat, yet it does appear in
the Bureau of Aeronautics’ Model Designation of
Naval Aircraft. Because this particular case is so
extraordinary, there seemed ample reason to consider
it an error; therefore, the SB2C-5 does not appear in
this listing as a Hellcat. Others were equally question-
able and were accordingly omitted. However, when
sufficient doubt was present, the designation and its
name were included here. As a result, some of the
information in this listing will raise the eyebrows of
those readers who are familiar with the popular names
of naval aircraft.

The official assignment of names to naval aircraft
began 1 October 1941 when a Navy Department press
release reported that the Secretary issued orders
assigning names “for popular use” to a number of in-
service and developmental aircraft. This decision was
first acknowledged in the April 1942 edition of the
Model Designation of Naval Aircraft (SH-3AF) pub-
lished by the Bureau of Aeronautics. A War
Department Press Release of 4 January 1943 distribut-
ed a consolidated list of names for Navy and Army
aircraft, thus beginning interservice coordination on
aircraft names. This latter press release pointed out
that the practice of naming aircraft had long been in
effect in England, “In order that the general public
may get a better idea of the character of military air-
craft and more easily identify the combat planes men-
tioned in press dispatches from the battlefields of the
world. . . .”

Prior to October 1941, manufacturers on occasion
chose to use names for an aircraft model or a series of
models; thus, the Curtiss Company used the name
Helldiver for aircraft which they built as naval dive
bombers from the late 1920’s. The October 1941 action
officially assigned the name Helldiver to the latest
member of the family, the SB2C. Vought choose to use
the name Corsair for a series of carrier-based aircraft
which included the 02U and the 03U/SU; in October
1941 the Navy officially assigned the name Corsair to
Vought’s new fighter, the F4U.

Although assignment of aircraft names was coordi-
nated by the Army and Navy from 1943, each service
had developed its own model designation system
independently. The result was that the U.S. military
forces used two separate model designation systems.
Moreover, when the Navy used an Army Air Forces
aircraft, it assigned a designation based upon its own
system; thus, the Army Air Force’s B-24 became the
PB4Y-l in Navy service while such trainers as the Army
Air Force’s AT-6 and PT-13/-17 were the Navy SNJ and
N2S.

On 19 August 1952, the Joint Aircraft Committee of
the Munitions Board took an initial step to eliminate
multiple designations by establishing the policy that
original model designations would generally be
retained by the second service in the event of cross-
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Redesignation to the Post 
Original Navy 1962 DOD Designation

Popular Designation, System or New Post 1962
Names pre-1962 Designation

Academe TC-4C

Aero Commander U-9

Albatross JR2F/UF U-16

Avenger TBF
TBM

Avenger II A-12 (never acquired)

Aztec UO U-11

Banshee F2H F-2

Bearcat F8F

Beaver U-6

Bird Dog (OE) O-1

Black Widow F2T

Bobcat JRC

Bronco OV-10

Buccaneer SB2A

Buckeye T2J T-2

Buffalo F2A

Buffalo UC-8A

Catalina PBY
PB2B
PBN

Redesignation to the Post 
Original Navy 1962 DOD Designation

Popular Designation, System or New Post 1962
Names pre-1962 Designation

Caydet (also Kaydet) N2S

Cayuse OH-6A/B

Chickasaw (HO4S-3) H-19
(HRS-3) H-19

Cobra AH-1

Cochise T-42A

Commando R5C

Connestoga RB

Constellation PO
(see Warning Star) WV-1

R70/R7V C-121

Constitution R60/R6V

Convair Liner R4Y C-131

Coronado PB2Y

Corsair F4U
FG
F3A
AU
F2G

Corsair II A-7

Cougar F9F-6,-7,-8 F-9

Crusader F8U F-8
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Within the Alphabetical Listing of Popular Names
the column headings are as follows:

Popular Names.—The popular names the Navy
assigned to its aircraft are listed alphabetically. Cross-
references are given when different names were
assigned to different models of the same basic aircraft.
In a few cases two different names were assigned to
identical aircraft models. These are cross-referenced
here. Also in rare instances entirely different aircraft
have the same name, if so, the name is listed twice.

Original Navy Designation, pre-1962.—The origi-
nal designation was the first designation under which
the Navy accepted the aircraft. Basic designations are
listed unless specific models were assigned different
names. The Navy never officially assigned a name to

the designation in parentheses. They are listed
because they were the original designations of the air-
craft to which the Navy later assigned a name under a
new designation.

Redesignation to the Post 1962 DOD
Designation.—In 1962 the Department of Defense
standardized its system of aircraft designations. Most
naval aircraft, however, retained the same popular
name. Basic designations are listed unless specific
models were assigned different names. They are
included because they are the redesignations of air-
craft to which the Navy had previously assigned a
name under its original designation. New aircraft
acquired after 1962 and the new post 1962 aircraft
designation are listed in this column.



Redesignation to the Post 
Original Navy 1962 DOD Designation

Popular Designation, System or New Post 1962
Names pre-1962 Designation

Havoc BD

Hawkeye W2F E-2

Hellcat F6F

Helldiver SB2C
SBC-3,-4
SBW
SBF

Hercules GV C-130

Hermes E-6 (changed to 
(see Mercury) Mercury)

Hornet F/A-18

Hoverfly HNS-1

Hudson PBO

Huron UC-12B

Huskie (HOK) H-43
(HUK)

Intruder A2F A-6

Invader JD B-26

Iroquois UH-1/TH-1

Jaguar F1OF

Kansan SNB-1

Kaydet N2S
(see Caydet)

Kfir F-21A

Kingfisher OS2U
OS2N

Kiowa OH-58A

Liberator PB4Y-1/P4Y-1

Liberator Express RY-1

Liftmaster R6D C-118

Lodestar R50

Marauder JM

Redesignation to the Post 
Original Navy 1962 DOD Designation

Popular Designation, System or New Post 1962
Names pre-1962 Designation

Crusader III F8U-3

Cutlass F7U

DASH (DSN) QH-50

Dauntless SBD

Demon F3H F-3

Destroyer (SB2D)
BTD

Devastator (XTB2D-1)
TBD

Dolphin H-65

Duck (JF) J2F

Excalibur JR2S

Expediter JRB-1 thru -4 C-45

Falcon SNC

Fighting Falcon F-16

Fireball FR

Flying Classroom T-29

Flying Fortress PB-1G, -1W

Forwarder GK

Fury FJ F-l

Goose JRF

Goshawk T-45

Grasshopper NE

Greyhound C-2

Guardian AF

Gulfstream C-20D

Harpoon PV-2

Harrier AV-8A

Harrier II AV-8B
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Redesignation to the Post 
Original Navy 1962 DOD Designation

Popular Designation, System or New Post 1962
Names pre-1962 Designation

Mariner PBM

Marlin P5M P-5

Mars PB2M
JRM

Mauler (BTM-1), AM

Mentor T-34 T-34

Mercator P4M

Mercury E-6A
(see Hermes)

Mescalero T-41B

Mitchell PBJ

Mohawk OV-1A/B/C

Mojave (HR2S) H-37

Navigator SNB-2C, -5 C-45

Neptune P2V P-2

Nightingale GH, NH

Norseman JA

Orion P3V P-3

Osprey V-22A

Otter UC U-1

Packet R4Q C-119

Panther F9F-2, -4, -5 DF-9

Phantom FD, FH

Phantom II F4H F-4

Pinto TT-1

Pirate F6U

Privateer PB4Y-2, P4Y-2 QP-4B

Prowler EA-6B

Puss Moth XDH-80

Redesignation to the Post 
Original Navy 1962 DOD Designation

Popular Designation, System or New Post 1962
Names pre-1962 Designation

Recruit NR

Reliance ZPG-2W EZ-1

Rescuer HRP

Retriever HUP H-25

Sabre (F-86) QF-86

Sabreliner (T3J) T-39

Samaritan C-131

Savage AJ A-2

Sea Bat (HSS-1) H-34

Sea Cobra AH-1J/T/W

Sea Dart F2Y F-7

Sea Dragon MH-53

Seafarer ZPG-2 SZ-1

Seagull (not official) SOC, SO3C

Seahawk SC

Sea Hawk SH-60B

Seahorse (HUS) H-34

Sea King (HSS-2) H-3

Sea Knight (HRB) H-46

Seamaster P6M

Seamew SO3C

Sea Ranger XPBB-1

Sea Ranger H-57

Seasprite HU2K H-2

Sea Stallion H-53 thru H-53D

Sea Star T2V T-1

Sea Wolf (also Seawolf) TBY

Seminole U-8
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Redesignation to the Post 
Original Navy 1962 DOD Designation

Popular Designation, System or New Post 1962
Names pre-1962 Designation

Texan SNJ

Tiger F11F F-11

Tiger II F-5

Tigercat F7F

Tomcat F-14

Tracer WF E-1

Tracker S2F S-2

Trader TF-1 C-1

Tradewind R3Y

Traveler GB

Trojan T-28 T-28

Tutor N2T

Ute U-21A

Valiant SNV

Ventura PV-1, -3

Vigilante A3J A-5

Viking S-3

Vindicator SB2U

Volunteer ZSG-1

Warning Star WV EC-121
(See Constellation)

White Hawk VH-60N

Widgeon J4F

Wildcat F4F
FM

Redesignation to the Post 
Original Navy 1962 DOD Designation

Popular Designation, System or New Post 1962
Names pre-1962 Designation

Sentinel OY

Shadow ES-3A

Shooting Star TV, TO T-33

Sioux (HTL), HUL H-13

Skyhawk A4D A-4

Sky Knight F3D F-10

Skylancer F5D

Skymaster R5D C-54

Skyraider (BT2D), AD A-1

Skyray F4D F-6

Skyrocket D-558-2

Skyshark A2D

Skytrain R4D-1, -5, -6, -7 C-47
R4D-8 C-117

Skytrain II C-9

Skystreak D-558-1

Skytrooper R4D-2,-3,-4

Skywarrior A3D A-3

Stratojet EB-47E

Stratotanker NKC-135A

Super Fortress P2B-1

Super Stallion CH-53E/RH-53/MH-53E

Talon T-38
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The Navy and Marine Corps early helicopter, the HNS-1, demonstrates its air-sea rescue capabilities by retrieving a pilot from his ditched SBD, CG-3649.



THE FOLLOWING TABLES contain key dates relat-
ing to development, procurement and service use of
combat types of airplanes obtained in quantities suffi-
cient to equip a squadron. “Combat type” excludes
trainers, transports, and utility types; however, models
originally obtained for such purposes and later reported
as being utilized for combat missions are included —
e.g., the VE-7 and VE-9. Noncombat configurations of
combat aircraft, such as TA-4E and PB2Y-3R, are also
included. The term “quantities sufficient to equip a
squadron” is somewhat elastic; through the 1920s (and
1930s for patrol planes) aircraft are included if as few as
nine were obtained. Other than that, the table is limited
to aircraft of which at least 18 were obtained.

The complete tabulation consists of five tables: attack
planes, fighter planes, patrol and early warning planes,
observation planes and World War I aircraft. Attack and
patrol planes each include a number of specific mis-
sions identified in the heading of the table. Aircraft did
not always lend themselves to the above divisions; for
example, a fighter-bomber can be either a fighter or an
attack plane. Arbitrary judgments, necessary to place
such aircraft in one table, are reflected in designations
and cross-references under alternate designations.

World War I aircraft were listed in a separate table
because of the lack of data on first flight, contract date,
etc., and in order to show shipments overseas.

Description of Column Headings
Designation—Basic designations and redesignations

are included and are arranged alphabetically. If aircraft
were procured from the Army/Air Force their designa-
tions are also listed.

First aircraft contract—This shows the date of the
first contractual commitment for delivery of an airplane.
If the first aircraft was ordered by amendment to a
design contract, the date of the amendment is used.
Letters of Intent and even telegraphic orders are treated
as contracts. If a contract date could not be established,
an estimate, shown as “(est)”, was made from available
data. The use of a year followed by a number (as
1922–2), shows that the contract was made in the quar-

ter (in this example, the second) of the calendar year.
For cross-service procurement, the date of the Navy’s
commitment to the Army or Air Force is shown. For
World War II Army Air Force bombers, the date of the
policy decision that the Navy would procure such air-
craft is shown.

First flight—Refers to first flight of first aircraft, gen-
erally an “X” model. Frequently the date of first flight
was estimated (shown as “(est)”) usually from date of
delivery for Navy flight tests. If documentation permit-
ted, specific dates are given; otherwise the month and
year are shown. No first flight date is given for aircraft
which were in operation with the Army or the Air
Force or commercially before they were delivered to
the Navy.

Number accepted, Manufacturer, and Models
accepted—These three columns are keyed to each
other and show model designations and gross accep-
tances for Navy, for other services and for allies—
whether lend lease, military assistance programs, or
(more recently) military sales in which the Navy
served as the agent of the procuring government—are
shown in parentheses and included in the overall
totals. For aircraft still in production, number accepted
is total as of 31 December 1995.

In general, the manufacturer can be readily identified
although the following may have become obscure: LWF
for Lowe, Willard, and Fowler; NAF for Naval Aircraft
Factory and B/J for Berliner/Joyce. No attempt was
made to indicate corporate history except in the use of
the family spelling “Loughead” as well as the better
known “Lockheed,” and in distinguishing between the
Northrop subsidiary of Douglas and the Douglas
Company. Thus Vought includes Lewis and Vought, the
independent Chance Vought Corporation, the Vought
and Vought-Sikorsky divisions of United Aircraft
Corporation, the later independent Vought company
and the present Vought Aeronautics Division of Ling-
Temco-Vought. McDonnell and Douglas are treated as
separate entities.

For aircraft redesignated while in production, both old
and new designations are shown (P3V-1/P-3A), indicat-
ing that aircraft were accepted under both designations.

APPENDIX 6

Combat Aircraft
Procured
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Squadron delivery and Last reported in squadron or
inventory—These give the date when the first combat
type unit received basic aircraft and similarly gives the
date of the last report that such a unit had the aircraft
in its custody. Thus these columns show the span of
aircraft service life in combat units of the U.S. Navy and
identify the first and last squadron to have custody of
the aircraft. The occasional assignment of a single
experimental aircraft to a combat unit is omitted; this
sometimes occurred a year or more in advance of actu-
ally equipping the first squadron. For purposes of this
table, combat units are defined as squadrons attached
to the Atlantic or Pacific Fleet, including replacement
training squadrons but excluding utility, transport, and
experimental and evaluation squadrons. Thus units of
the training commands and naval reserve are omitted as
generally are the pre-World War II District squadrons. If
squadron data is incomplete, the ships, or stations to
which the unit was attached are given. Particularly, for
late World War II and the early post-war years, the final
squadrons with a particular aircraft could not be identi-
fied beyond the fact that they were in the Atlantic or
Pacific Fleets.

A variety of sources were utilized in compiling the ser-
vice history. Correspondence, individual aircraft history
cards, and the monthly status report compiled by the
Bureau of Aeronautics, or Deputy Chief of Naval
Operations (Air). From 1926 until 1941 this report was
titled, “Monthly Report, Status of Naval Aircraft,” it then
became “Monthly Status of Naval Aircraft”; in 1948,
“Location of Naval Aircraft”; and in 1951, “Allowances
and Location of Naval Aircraft.” Initial assignment data is
believed to be exact. The data in “last reported,” is
approximate; it was drawn almost entirely from the
above reports, and there is uncertainty as to the cur-

rency of the data supporting any particular issue. In
addition, data within the report was, at times, a month
out of phase with the issue date.

Since the squadron organization did not come into
being until after World War I, the table for World War I
aircraft shows assignment to stations and final with-
drawal from inventory.

Description—This column shows the number of
wings and crew provision as a single entry, i.e., B/2
means biplane, two place. Variations in size of crew are
shown in parentheses; fighters were single place, unless
otherwise indicated. Other notes on equipment and
structure are included to indicate basic technological
advance. When mission data is shown it generally
reflects a change in military requirements.

The standard engine nomenclature is used: R for
radial aircooled (generally followed by a number indi-
cating displacement); J for jet; T for turboprop; O for
horizontally opposed; all others were in line or Vee-
type, generally liquid cooled. Standard power terminol-
ogy is used: horsepower for propeller drives and
pounds thrust for jet units. The practice on turboprops
has varied. Sometimes the horsepower absorbed by the
propeller and the residual thrust in pounds are both
given; at others, the two are combined in equivalent
shaft horsepower “eshp.” Identifying nomenclature for
engine manufacturers was adapted from standard prac-
tice as follows:

AL, Allison; ACM, Aircooled Motors; AIR, AiResearch;
AM, Aeromarine; BO, Boeing; CAM, Curtiss Aeroplane
& Motor Co.; CO, Continental; FR, Franklin; GE,
General Electric; LA, Lawrance; Lib, Liberty; LY,
Lycoming; PKD, Packard; P&W, Pratt & Whitney
Aircraft; RA, Ranger; WAC, Wright Aeronautical
Corporation; WE Westinghouse; WR, Warner.
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Attack Series
Includes Dive Bomber (VB), Torpedo Planes (VT), Torpedo Bombers (VTB), Scout Bomber (VSB), Carrier Scouts (VS), 

and Carrier ASW (VS)

Date Last
First Date Date Reported in

Aircraft Aircraft First Last Number Squadron Squadron or *
Designation Contract Flight Delivery Accepted Manufacturer Models Accepted Delivery Inventory Description

A-1 (Redesignation of AD)

A-2 (Redesignation of AJ)

A-3 9/29/49 10/22/52 1/61 282 Douglas XA3D-1; A3D-1, -2, -2P, -2Q, 3/31/56 3/91 M/3 (7 in -2Q; 8 in -2T). Swept
-2T; A-3B; KA-3B, EKA-3B, VAH-1 KA-3B wing; 2 P&W J57, 9,500 
RA-3B, EA-3B. to 10,500#.

A-4 9/13/52 6/22/54 2/27/79 2,876 Douglas XA4D-1; A4D-1, -2, -2N, -5; 9/27/56 3/94 M/1 (2 in TA versions).
(294) A-4A, -4C, -4E, -4F, -4G, -4H, VA-72 A-4M Modified deltawing; WAC J65,

-4K, -4KU, -4M, -4N; TA-4E, 7,700# or P&W J52, 7,500 to
-4F/J, -4H, -4J, -4K, -4KU; EA-4F 8500#.

A-5 8/29/56 8/31/58 11/5/70 156 North A3J-1; A-5A,-5B; RA-5C. 6/61 3/81 M/2. Supersonic;
American VAH-3 RA-5C 2 GE J79, 17,000#.

A-6 3/26/59 4/19/60 1/31/92 890 Grumman A2F-1; A-6A, -6E; EA-6A, -6B; 2/63 M/2. 2 P&W J52,
KA-6D; YA-6F. VA-42 8,500#.

A-7 3/19/64 9/27/65 10/86 1,491 Vought A-7A, -7B, -7D, -7C, -7E, -7H; EA-7L. 10/13/66 6/92 M/1. Developed from F-8; P&W 
(498) VA-147 A-7E TF-30 (non-afterburning).

F/A-18 1/22/76 11/78 1196 McDonnell F/A-18A, -18B, -18C, -18D. 1/7/83 M/1 (2); 2 F404GE-400, Mach
Douglas VMFA-314 1.8+; F/A-18D is a two seater.

AV-8 12/22/69 4/23/96 462** Hawker AV-8A, TAV-8A, AV-8B, -8C, 1/27/71 M/1 (2 in TA version).
Siddeley TAV-8B V/STOL Aircraft. One RR
McDonnell F402-RR-401, 21,500#.
Douglas

AD 7/6/44 3/18/45 3/57 3,180 Douglas XBT2D-1, -1W, -1P, -1Q, -1N; 12/6/46 12/31/71 M/1 (2 in -5; 2 to 4 in -Q,
(20) XAD-1W, -2; AD-1, -1Q, -2, VA-19A EA-1F -W, -N and -S). First

-2Q, -3, -3Q, -4B, -4N, -4Q, successful USN  aircraft 
-4W, -5, -5W, -5N, -6, -7; orginally designed as both dive
EA-1F. bomber and torpedo plane;

WAC R-3350, 2700 to 3,150 hp.

A3D (Redesigned A-3)

A4D (Redesigned A-4)

AF 2/19/45 12/46 4/53 389 Grumman XTB3F-1,-1S, -2S; AF-2W, 10/18/50 8/31/55 M/3. ASW attack (S) and search
-2S, -3S. VS-25 VS-37 (W); P&W R-2800, 2300 hp;

AF-2W also WE 19XB, 1,600 in XTB3F-1.
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Attack Series—Continued

A2F (Redesignated A-6)

AJ 6/24/46 7/3/48 6/54 143 North XAJ-1; AJ-1, -2, -2P 9/13/49 1/31/60 M/3. First heavy 
American . VC-5 VAP-62, attack; 2 P&W R-2800,

VCP-61, 2300 hp and J33,
AJ-2P 4,600#.

A3J (Redesignated A-5)

AM 1/14/44 8/26/44 10/49 152 Martin XBTM-1; AM-1, -1Q. 3/1/48 10/1/50 M/1 (2 in-1Q). P&W
VA-17A VC-4 R-4360, 3,310 hp.

AM-1Q

BF2C 12/16/32 5/11/33 10/34 28 Curtiss XF11C-3; BF2C-1. 11/34 2/29/36 B/1. WAC R-1820,
est VB-5B VB-5B 700 hp.

BF2C-1

AU (Designated for last U.S. Navy production verison of F4U)

BFC (Redesignation XF11C -1 & -2)

BG 6/13/32 6/33 est 11/35 61 Great Lakes XBG-1;BG-1 10/24/34 6/30/41 B/2 1000# dive bomber;
VT-1S VMS-6, BG-1 P&W R-1535, 700 hp.

BM 6/18/28 5/29 est 1/33 34 Martin XT5M-1; XBM-1; BM-1,-2. 10/24/32 9/30/38 B/2 First “heavy” 1000# dive
1 NAF VT-1S VCS-6,BM-2 bomber; P&W R-1690, 625 hp.

BT 10/20/38 54 Northrop XBT-1; BT-1; XBT-2. 4/38 1/43 PAC M/2. 1000# dive bomber; P&W 
VB-5 R-1535-94,825 hp.

BTD 6/30/41 4/8/43 10/45 30 Douglas XSB2D-1; BTD-1; XBTD-2 (Not assigned to M/1 (2 in SB2D). WAC R-3350,
. Fleet Squadrons) 2100 hp; also WE 19B Jet.

BT2D (Initial designation for AD)

BTM (Initial designation for AM)

CS 6/22 est 11/23 est 1/26 8 Curtiss CS-1, -2. SC-1, -2. 3/1/24 12/19/27 B/2, Conv’t 3-in-1—torpedo,
75 Martin . VS-3 VT-2, scout & bomber; steel tube 

SC-2 fuselage & tail; WAC T-2 
or T-3, 525 or 625 hp.

DT 1921 11/21 est 1924-2 41 Douglas DT-1, -2. 12/12/22 4/1/28 B/1 (2 in -2). Conv’t; 
6 NAF DT-2, -4. torpedo; welded steel tube
20 LWF DT-2. forward fuselage and
11 Dayton-Wright DT-2. horizontal tail; fuselage 

skin partially aluminum;
folding wings; Lib. 400 or 
450 hp; WAC T-3, 650 hp in -4.
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F/A-18 (See Fighter Series)

MBT (Original version of Martin Bomber, see MT)

MT 9/30/19 2/4/20 8/20 9 Martin MT; MBT. 8/20 6/2/28 B/3. Land, folding 
LANT and VO-8M, wing on some
PAC MT aircraft; 2 Lib. 400 hp.

PT 1921 7/21 est 7/22 33 NAF PT-1,-2 3/22 7/23 B/2. Lib. 400 hp.
VT-1 VT-1,

PT-2

S-2 6/30/50 12/4/52 12/67 1,120 Grumman XS2F; S2F-1, -2, -3, -2D; 2/54 3/84 M/4. ASW; 2 WAC
(63) S2F-3S/S-2E. VS-26 S-2E R-1820, 1,525 hp.

S-3 8/69 1/21/72 9/77 187 Lockheed S-3A, -3B. 2/20/74 M/4. ASW Aircraft.
VS-41 2 GE TF-34-GE-2, 9,000#.

SBA (Prototype for SBN)

SB2A 4/4/39 6/17/41 2/44 771(468) Brewster XSB2A-1; SB2A-1, -2, -3, -4. 1/31/43 11/30/43 M/2. Used for
VMF(N) VMF(N) training, WAC
-531 -532, R-2600, 1700 hp.

SB2A-4

SBC 6/30/32 6/14/34 4/41 258 Curtiss XSBC-3, -4; SBC-3, -4. 7/17/37 6/1/43 B/2. P&W R-1535,
VS-5 VMSB-151 825 hp in -3 ; WAC

SBC-4 R-1820, 1950 hp in -4.

SB2C 5/15/39 12/18/40 10/45 5,516(1) Curtiss XSB2C-2,-5,-6; SB2C-1, -1A, 12/15/42 6/1/49 M/2 (XSB2C-2, sea). WAC 
-1C, -3, -4, -4E, -5. VS-9 VA-54, R-2600, 1,700 to 1,900 hp;

834(26) CanCar SBW-1,-1B, -3, -4, -4E, -5. SB2C-5 P&W R-2800, 2,100 hp in -6.
300 Fairchild SBF-1, -3, -4E.

SBD 11/18/34 8/35 est 8/44  5321(338) Douglas SBD-1, -2, -3, -3A, -4, -4A, 4/11/38 9/30/45 M/2. “All metal,” stressed skin;
-5, -5A, -6. VB-5 PAC, WAC R-1820, 1,000 hp in SBD-1,

55 Northrop XBT-1, -2; BT-1. SBD-6 -2, -3; 1,200 hp in -5 & -6.

SB2D (Redesignated to BTD)

SBF (SB2C manufactured by Fairchild of Canada)

SBN 10/15/34 3/36 3/42 30 NAF SBN-1. 8/41 12/31/41 M/2. Used for training;
1 Brewster XSBA-1 VT-8 VT-8, WAC R-1820, 950 hp; 725

SBN-1 hp in XSBA-1.

SBW (SB2C manufactured by Canadian Car and Foundry(CanCar))

SBU 6/30/32 6/33 est 8/37 126 Vought XF3U-1; XSBU-1; SBU-1, -2. 11/20/35 4/30/41 B/2. P&W R-1535, 700
VS-3B VS-41 hp.

SBU-1

U
N

ITED
 STA

TES N
A

VA
L A

V
IA

TIO
N

 1910–1995
493



Attack Series—Continued

SB2U 10/11/34 1/4/36 7/41 170 Vought XSB2U-1,- 3; SBU-1,- 2, -3. 12/20/37 2/28/43 M/2. -3 Conv’t; 1st folding
VB-3 VB-9, winged dive bomber; P&W

SB2U-1 R-1535, 835 hp.

SC (CS manufactured by Martin in 1920s)

SC (Battleship and cruiser aircraft, World War II, see Observation series)

SF 6/9/31 8/19/32 12/34 35 Grumman XSF-1; SF-1; XSF-2. 3/30/34 1/31/36 B/2. Retractable landing gear;
VF-2B VS-3B, same basic airframe as

SF-1 FF; WAC R-1820, 700 hp.

S2F (Redesignated S-2)

SU (O3U converted to carrier scout, see Oberservation series)

TBD 6/30/34 4/15/35 11/39 130 Douglas XTBD-1; TBD-1 10/5/37 8/31/42 M/3. P&W R-1830, 850 hp.
VT-3 VT-4,

TBD-1

TBF 4/8/40 8/7/41 9/45 2,290(458) Grumman XTBF-1, -2, -3; TBF-1, -1B, -1C. 3/25/42 10/31/54 M/3. WAC R-2600, 1,700 hp; 
VT-8 VS-27, 1,800 hp in -3.

TBM-3E
7,546(526) Eastern XTBM-3, -4; TBM-1,-1C, -3, -3E.

TB3F (Prototype for AF)

TBM (TBF manufactured by Eastern Aircraft Division, General Motors Corp.)

TBU (Produced as TBY)

TBY 4/22/40 12/22/41 9/45 180 Consolidated TBY-2 4/45 3/31/45 M/3. P&W R-2800, 2,100 hp; 
VT-97 PAC, 1850 hp in XTBU-1.

1 Vought XTBU-1 TBY-2

T2D (Initial designation for P2D, see Patrol series)

TG (T4M as manufactured by Great Lakes Aircraft Corp.)

T3M 1925 7/26 est 1927 124 Martin T3M-1, -2. 9/7/26 7/30/32 B/3. Conv’t; WAC T-3,
VT-1 VP-3S, 575 hp; PKD 3A-2500,

T3M-2 770 hp in -2.

T4M 6/30/27 5/27 est 12/31 103 Martin XT4M-1; T4M-1. 8/9/28 3/31/38 B/3. Conv’t; generally carrier 
50 Great Lakes TG-1, -2. VT-2B VT-6,TG-2 based; P&W R-1690, 525 hp;

WAC  R-1820, 575 hp in -2.

T5M (Initial prototype for BM)

T2N (Similar to T5M, included with BM)

* Dates in this column through 1969 refer to squadrons. After 1969 these dates refer to the inventory.
** Includes 18 remanufactured from AV-8A to AV-8B.
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Fighter Series
Date Last
First Date Date Reported in

Aircraft Aircraft First Last Number Squadron Squadron or *
Designaion Contract Flight Delivery Accepted Manufacturer Models Accepted Delivery Inventory Description

F-1 (Redesignation of FJ-3 and -4)

F-2 (Redesignation of F2H-3 and -4)

F-3 (Redesignation of F3H-3)

F-4 10/18/54 5/27/58 12/29/71 4,261 McDonnell F4H-1; F-4A, -4B, -4C, -4D, 12/60 12/89 M/2. Mach 2 plus; all
(3,057) -4E, -4G,- 4J, -4K, -4M, -4N, VF-121 F-4S missile; 2 GE J79, 17,000#.

-4S; RF-4B, -4C;YF-4K, -4M.

F-5 44 Northtop F-5E, -5F 9/77 12/14/89 M/2. Mach 1.5; AIM-9,
NFWS M39 20mm gun, 2 GE

J85-GE-21, 5,000#
each.

F-6 (Redesignation of F4D)

F-8 6/29/53 3/25/55 1/65 1264(42) Vought XF8U-1; F8U-1, -1P, -2, -2N, -3 3/57 8/82 M. Variable incidence wing;
-2NE/F-8E; F-8E (FN); F-8J. VF-32, F-8J supersonic; P&W J57,

VC-3 15,000# to 18,000#.

F-9 (Redesignation of F9F-5 through 8)

F-10 (Redesignation of F3D)

F-11 (Redesignation of F11F)

F-14 2/3/69 12/21/70 7/10/92 679(78) Grumman F-14, -14B, -14A+, -14D. 1/14/73 M/2. Mach 2 plus. 2 P&W
TF-30-P-44, up to 20,000#.

F-16N 9/87 22 General F-16N 4/87 5/88 M/1. Mach 2 plus; 2 P&W 
Dynamics NFWS F110, 20,000#.

F/A-18 5/75 11/18/78 1098 McDonnell F/A-18A, -18B, -18C, -18D. 1/7/83 M/1. Mach 2 plus. 2 GE
VMFA-314 F404-GE-400, 16,000#;

F/A-18D a two seater.

F2A 6/22/36 12/37 4/42 503(340) Brewster XF2A-1; F2A-1, -2, -3. 12/8/39 9/30/42 M/1. Midwing, cantilever 
VF-3 VMF-112, monoplane; WAC R-1820,

F2A-2; 950 to 1,200 hp.
VMF-211,
F2A-3
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Fighter Series—Continued

F-21A 37 Israel F-21A 3/85 8/26/87 M1. Mach 2 plus. GE 
VF-43 J79-GE-J1E, 30mm cannon,

missle, bombs, rockets.

F3A (F4U Manufactured by Brewster)

FB 1925 11/25 est 1/27 43 Boeing FB-1, -2, -3, -5 12/25/25 6/30/30 B. Carrier, -2 & -5;
VF-2 VF-6M, conv’t, -3; radio, -5;

FB-5 CAM D-12, 410 hp in -1
and -2. PKD 1A-1500,
525 hp in -3 and -5.

F2B 1926 12/26 est 2/28 33 Boeing F2B-1 12/2/27 5/31/35 B. Conv’t; P&W R-1340,
VF-1B VN-5D8, 410 hp.

F2B-1

F3B 6/30/27 6/27 est 1/29 74 Boeing F3B-1 10/17/27 4/28/33 B. P&W R-1340, 410 hp.
VF-1B VF-2B,

F3B-1

F4B 11/28/28 6/28 est 1/33 188* Boeing F4B-1, -2, -3, -4. 8/8/29 10/10/42 B. P&W R-1340, 450 hp in
VB-1B VJ-5 -1; 500 hp in -2 to -4.

F4B-4

F6C 1925 7/25 est 6/27 75 Curtiss F6C-1, -3, -4 9/30/25 10/31/32 B. Conv’t carrier, -2 to 
VF-2 VF-10M -4; CAM D-12, 400 

F6C-4 hp in -1 to -3; P&W 
R-1340, 410 hp in -4.

F7C 6/30/27 6/27 est 1/29 18 Curtiss XF7C-1; F7C-1 12/28/28 3/31/33 B. P&W R-1340, 450 hp.
VF-5M VF-9M,

F7C-1

F8C (For F8C-1 -3 see OC in Observation series; F8C-3 became OC-2)

F8C-2 3/15/28 11/28 11/31 124 Curtiss XF8C-2, -4, -7 F8C-4, -5; 8/30 7/31/38 B/2. 500# dive bomber;
02C-1, -2. VF-1B VMJ-1 P&W R-1340B, 450 hp; 

02C-1 WAC R-1820, 575 hp in 
02C-2.

F9C 6/30/30 2/12/31 9/32 8 Curtiss XF9C-1, -2; F9C-2. 9/32 1/31/35 B. Skyhook; droppable
Akron Macon under-carriage; metal
Unit Unit, monocoque fuselage; 

F9C-2 WACR-975, 400 hp.

F11C 4/16/32 3/20/32 5/33 29 Curtiss XF11C-1, -2; F11C-2 3/22/33 5/31/38 B. WAC R-1820, 600 hp.
redesignated BFC-2. VF-1B VB-6,

BFC-2
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F12C (XF12C-1 monoplane successively modified to XS4C-1 and XSBC-1 and then crashed; it was replaced by XSBC-2 biplane which became XSBC-3)

FD (Original designation for FH)

F3D 4/3/46 3/23/48 10/53 268 Douglas XF3D-1; F3D-1, -2, -2M. 2/51 5/31/70 M/2. Jet night-fighter; 
VC-3 EF-10B 2 WE J34, 3,250#,

3400# in -2.

F4D 12/16/48 1/25/51 12/58 421 Douglas XF4D-1; F4D-1, F-6. 4/16/56 2/29/64 M. Modified delta wing;
VC-3 VMF-115, tailless; WE J40, 13,700#

F4D-1, in XF4D-1; P&W J57,
F-6 16,000#.

FG (F4U manufactured by Goodyear)

FF 4/2/31 12/21/31 11/33 28 Grumman XFF-1; FF-1, -2. 6/21/33 3/31/36 B/2. Metal monocoque
VF-5B VF-5B fuselage; retractable

FF-1 landing gear; 
WAC R-1820, 600 hp.

F2F 11/2/32 10/9/33 8/35 56 Grumman XF2F-1; F2F-1. 2/19/35 9/30/40 B. P&W R-1535, 650 hp.
VF-2B VF-2,

F2F-1

F3F 10/15/34 3/20/35 5/39 164 Grumman XF3F-1, -2, -3; F3F-1, -2, -3. 4/3/36 10/31/41 B. P&W R-1535, 700 hp in
VF-5B VMF-111, -1; WAC R-1820, 950 hp 

VMF-211, in -2 and -3.
F3F-2

F4F 7/28/36 9/2/37 5/45 1,978 Grumman XF4F-2, -3; -4, -5, -6, -8; 12/5/40 11/30/45 M. Folding wings on 
(431) F4F-3, -3A -4, -7; VF-4 PAC, F4F-4/FM-1. P&W 

. FM-2 R-1830, 1,050 to 1,200 
hp; WAC R-1820,1350 hp 

5,927 Eastern FM-1, -2 in -5 and -8/FM-1, -2.
(651)

F6F 6/30/41 6/26/42 11/45 12,275 Grumman XF6F-1/-3, -4, -6; F6F-3, -3E, 1/16/43 8/31/53 M. P&W R-2800, 2,000 hp 
(1,182) -3N, -5, -5N. VF-9 VC-4, to 2,325 hp.

F6F-5N

F7F 6/30/41 11/3/43 11/46 364 Grumman XF7F-1, -2; F7F-1, -1N, 1/44 3/31/54 M. (2-place in -2N, -3N).
-2N, -3, -3N, -4N. VMF-911, VJ-62, Tricycle landing gear;

VMF(N) F7F-3N/ 2 P&W R-2800, 2,400 hp;
-531 -4N 2,100 hp in -4.

F8F 11/27/43 8/31/44 5/49 1,263 Grumman XF8F-1, -1N, -2; F8F-1,-1B, 5/21/45 1/31/53 M. Medium altutide 
-1N,-2,-2N, -2P. VF-19 VF-921, interceptor; P&W

VF-859, R-2800, 2,750 hp;
F8F-2 2,500 hp in -2.

U
N

ITED
 STA

TES N
A

VA
L A

V
IA

TIO
N

 1910–1995
497



Fighter Series—Continued

F9F-2/-5 12/16/46 11/21/47 12/52 1,388 Grumman XF9F-2, -3; F9F-2,- 3, -4, 5/8/49 10/31/58 M. Straight wing; P&W J42,
-5, -5P. VF-51 VAH-7, 5,750# in -2; J48, 7,000#

F9F-5 in -5; AL J33, 5,400#
in -3; 6,500# in -4.

F9F-6/-8 3/2/51 9/20/51 12/59 1,985 Grumman F9F-6, -6P, -7, -8,- 8P, -8T. 11/52 2/29/60 M. (2 place in -8T). Swept
VF-32 VFP-62, wing; P&W J48, 7,250# in

F9F-8P -6,- 8; AL J33, 6,250#
in -7.

F11F 4/27/53 7/30/54 12/58 201 Grumman F9F-9; F11F-1, -1F. 3/8/57 4/30/61 M. Supersonic; WAC J65,
VA-156 VF-33, 10,500#; GE J79, 14,350# 

VF-111, in -1F.
F11F-1

FH 1/7/43 1/26/45 5/48 61 McDonnell XFD-1; FD-1/FH-1. 7/23/47 7/1/50 M. First USN all jet;
VF-17A VMF-122, tricycle landing gear; 

FH-1 2 WE J30, 1,560#.

F2H 3/2/45 1/11/47 8/53 894 McDonnell XF2H-1; F2H-1, -2, -2N, -2P, 3/49 9/30/59 M. Pressurized cabin;
-3, -4. VF-171 VAW-11, ejection seat; 2 WE J34,

F2H-3/-4 3,150#; 3,250# in -3 and -4.

F3H 9/30/49 8/7/51 11/59 519 McDonnell XF3H-1; F3H-1, -1N, -2, -2N, 3/7/56 8/31/64 M. Sparrow Missle; 1 in
-2M, F-3B, -3C; MF-3B. VF-14 VF-161, -2M, 3 in -2; WE J40,

F-3B 13,700 and 10,900# in -1
and -1N; AL J71, 14,400#.

F4H (Redesignated F-4)

FJ 1/1/45 9/11/46 4/48 33 North XFJ-1; FJ-1 11/18/57 10/1/49 M. Stright wing; power 
American VF-5A VF-51, boost control; GE TG-180

FJ-1 in XFJ-1; AL J35 
(TG-180), 4,000#
in FJ-1.

FJ-2/-4 2/10/51 12/27/51 5/58 1,115 North XFJ-2, -2B; FJ-2, -3, -3M, 1/54 9/30/62 M. Swept wing; GE J47,
American -4, -4B, F-1C, -1E. VMF-122 VA-216, 6,000# in -2; WAC J65,

F-1E 7,800#.

FFR 2/11/43 6/25/44 11/45 69 Ryan XFR-1, FR-1 3/45 6/30/47 M. Combination jet-
VF-66 VF-1E, propeller; tricycle

FR-1 gear; WAC R-1820, 1,400
hp; plus GE I-16, 1,610#.
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FU (Single seat fighter-trainer version of UO, 20 aircraft converted from UO-3, delivered January-July 1927)

F3U (Original XF3U-1 was replaced by XSBU-1 after original acceptance; it was later reaccepted under different
serial number.)

F4U 6/30/38 5/29/40 1/53 7,829 Vought XF4U-1, -3, -4, -5; F4U-1, -1C, 10/3/42 12/31/55 M. Inverted gull wing;
(1,067) -1D, -2, -4, -4B, -4C, -4P, VF-12 VC-4, 20mm cannon in -1C,

-5, -5N, -5NL, -5P, -7; AU-1. F4U-5N -4B, 4C, -5 and
subsequent; -2, night
fighter; P&W R-2800,
2,000 hp to 2,700 hp.

735(430) Brewster F3A-1 
4,006 Goodyear FG-1, -1D.
(989)

F6U 12/29/44 10/2/46 2/50 33 Vought XF6U-1; F6U-1 VX-3 3/52 M. Skin of dural-balsa
sandwich; aferburning,
WE J34, 4,100#.

F7U 6/25/46 9/48 12/55 305 Vought XF7U-1; F7U-1, -3, -3M, -3P 4/54 11/30/57 M. Sweptwing; tailless;
. VF-81 VA-66, 2 WE J34, 4,900# in -1;

F7U-3 J46, 5,800# in -3.

F8U (Redesignated F-8)

MB-3 1921 1/22 11 Th. Morse MB-3 Quantico Quantico B. WAC H, 300 hp. Land.
3/22 11/23

TS 1921 4/22 est 10/23 34 Curtiss TS-1 12/22 5/31/27 B. Conv’t; LA J-1, 200
9 NAF TS-1, -2, -3. Langley VF-1, hp in -1; AM U-8-D,

TS-1 210 hp in -2; WAC E-2,
180 hp in -3.

VE-7 1920 5/20 est 1924 60 Vought VE-7, -7SF, 7/20 5/1/28 B/2. (SF, single place).
69 NAF VE-7, -7G, -7GF, -7H, -7SF. GITMO VT-6D-14, Land; -7H, Sea; WAC

VE-7 E-2, 180 hp. See
Observation series.

* Dates in this column through 1969 refer to squadrons. After 1969, these dates refer to the inventory.
** Omits 23 F4B-4A obtained from Army 12/39 and 1 F4B-4 built from spares 6/34.
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Patrol and Early Warning Series
Date Last
First Date Date Reported in

Aircraft Aircraft First Last Number Squadron Squadron or *
Designaion Contract Flight Delivery Accepted Manufacturer Models Accepted Delivery Inventory Description

A-29 (See PBO)

B-24 (See PB4Y-1)

B-25 (See PBJ)

B-34 (See PV)

EC-121 (See WV)

E-1 6/15/56 12/17/56 12/61 88 Grumman WF-2 11/59 3/31/78 M/4. Carrier parasol
VAW-12 E-1B radome; 2 WAC R-1820,

1,525 hp.

E-2 3/12/59 10/21/60 4/1/94 215(14) Grumman W2F-1; E-2A, -2B, -2C. 1/64 M/5. Carrier; 2 position
VAW-11 parasol rotodome; 4

vertical tails; 2 AL T56,
4,050 eshp.

E-6 5/28/92 21 Boeing E-6A 13/4/90 M/18. 4 GE/SNECMA 
VQ-3 CFM-56, 24,000# each.

EC-130 25 Lockheed EC-130G, -130Q 3/3/84 See C-130 specifications.

P-2 2/19/43 5/17/45 9/62 1,036 Lockheed XP2V-1, -2; P2V-2, -3, 3/47 4/82 M/7-9. Land; 2 WAC R-3350,
(193) -3W, -4,- 5, -6, -6B, -7, -7U, VP-ML-2 SP-2H 3,090 to 3,700 hp; also

-7S; SP-2H. in -7, 2 WE J34, 3,400#.

P-3 2/2/59 11/30/90 610(36) Lockheed YP3V-1; P3V-1/P-3A, -3B, -3C, 8/22/62 M/12. Land; 4 AL T56,
-3F; YP-3C; RP-3A, -3D; WP-3D. VP-8 4,500 to 4,900 eshp.

P-4 (Redesignation of P4Y-2)

P-5 6/26/46 4/30/48 12/60 239(21) Martin XP5M-1; P5M-1, -2. 4/23/52 10/31/67 M/7. Boat; long hull;
VP-44 VP-40, faired step; 2 WAC

SP-5B R-3350, 3,250 hp.

PB2B (PBY-5 manufactured by Boeing of Canada, Vancouver, B.C.)

PBJ 7/7/42 6/45 706 North PBJ-1, -1C, -1D, -1G, -1H, -1J. 2/43 1/31/46 M/4-5. Land; 2 WAC R-2600,
American VMB-413 PAC, 1,700 hp.

PBJ-1J
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PBM 6/30/37 2/18/39 3/49 1,366 Martin XPBM-1 -2, -3, 3C, -3D, -3R, 9/1/40 7/31/56 M/7-9. Boat; (-5A,
-3S, -5, -5A; PBM-1, -3C, -3D, VP-55 VP-50 amphibian); WAC R-2600,
-3R, -3S, -5, -5A, -5E, -5G PBM-5S2 1,600 to 1,900 hp; 2 P&W 

R-2800, 2,100 hp in -5.

PBN (PBY manufactured by Naval Aircraft Factory; longer bow)

PBO 9/41 10/41 20 Lockheed PBO-1 10/29/41 10/31/42 M/5. 1st USN land type
VP-82 VP-82, patrol; 2 WAC R-1820,

PBO-1 1,000 hp.

PBY 10/28/33 3/35 9/45 2,387 Consolidated XP3Y-1; XPBY-5A; PBY-1, -2, 10/5/36 6/1/49 M/5-8. Boat (-5A & -6A,
(636) -3, -4, -5, -6A; OA-10, -5B, -6A. VP-11F VP-32, OA-10 & -10B, amphibian);

PBY-6A 2 P&W R-1830, 900 to 
1,200 hp.

290(270) Boeing PB2B-1, -2
155(137) NAF PBN-1
230(230) Vickers PBV-1A, OA-10B.

PB2Y 7/23/36 12/17/37 9/44 176(33) Consolidated XPB2Y-1, -3; PB2Y-2, -3, -3B. 12/31/40 11/30/45 M/9-10. Boat; 4 P&W 
PB2Y-3R VP-13 PAC, R-1830, 1,200 hp.

41 Rohr PB2Y-3/-5

PB4Y-1 7/7/42 1/45 977** Consolidated PB4Y-1, P4Y-1 10/42 5/31/56 M/6-11. Land; twin tail;
VP-51 VJ-62, 4 P&W R-1830, 1,200 hp.

P4Y-1P

PB4Y-2 5/3/43 10/43 10/45 739*** Consolidated PB4Y-2, P4Y-2 8/44 6/30/54 M/11. Land; single tail;
VB-200 VW-3, 4 P&W R-1830, 1,200 hp.

P4Y-2S

PD 12/29/27 5/29 est 6/30 25 Douglas PD-1 7/10/29 10/31/36 B/4. Boat; aluminum alloy
VP-7B VP-6F, with fabric covered wings; 

PD-1 2 WAC R-1750, 525 hp.

P2D 7/25 1/27/27 6/32 30 Douglas T2D-l; P2D-l 5/25/27 2/28/37 B/3. Twin float; duralumin
VT-2 VP-3F, and fabric; 2 WAC R-1820,

P2D-1 575 hp.

PH 12/29/27 11/29 est 7/32 10 Hall XPH-1; PH-1 6/24/32 5/19/37 B/5. Boat; lightweight
VP-8S VP-8F, metal structure with 

PH-1 fabric covered wings;
2 WAC R-1820, 575 hp.

PK 11/30/29 3/31 est 12/31 18 Keystone PK-1 9/23/31 7/30/38 B/5. Boat; twin tail;
VP-1B VP-1, 2 WAC R-1820, 575 hp.

PK-1
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Patrol Series—Continued

PM 5/31/29 7/30 est 10/31 est 55 Martin PM-1, -2 8/21/30 4/30/38 B/5. Boat; 2 WAC
VP-8S VP-16, R-1820, 575 hp.

PM-1

P3M 2/28/28 12/28 est 5/31 9 Martin P3M-1, XPY-1 4/29/31 5/31/38 M/4-5.(1st monoplane
1 Consolidated VP-10S VP-15, patrol); 2 or 3 P&W 

P3M-2 R-1340, 450 hp.

P4M 7/6/44 9/20/46 9/50 21 Martin XP4M-1; P4M-1 6/28/50 5/31/60 M/9. Land; 2 P&W R-4360,
VP-21 VQ-1, 3,250 hp and 2 AL J33,

P4M-1 4,600#.

P5M (Redesignated P-5)

PO-1W (Initial designation for WV, the Airborne Early Warning version of the Lockheed Constellation)

PV 7/7/42 12/45 2,162 Lockheed PV-1 -2, -2C, -2D, -3. 10/42 8/1/48 M/4. Land; 2 P&W 
VP-82 VP-ML-3, R-2800, 2,000 hp.

PV-2

P2V (Redesignated P-2)

P3V (Redesignated P-3)

PY (Prototype for P3M)

P2Y 5/26/31 3/26/32 5/35 47 Consolidated XP2Y-1, P2Y-1, -2, -3. 2/1/33 3/31/41 Sesquiplane/5. Enclosed
VP-10S VP-43, cabins (2 or 3 in XP2Y-1)

P2Y-3 WAC R-1820, 575 to 
700 hp.

P3Y (Initial designation of PBY)

P4Y (Redesignation of PB4Y-1 and -2)

PT (Torpedo plane manufactured by Naval Aircraft Factory, see Attack series)

WF (Redesignated E-1)

W2F (Redesignated E-2)

WV 9/28/48 9/58 152 Lockheed PO-1W; WV-2, -3 7/52 3/31/79 M/26-31. Land; vertical
EC-121K fin and belly radomes;

4 WAC R-3350, 2,500-
3,250 hp.

* Dates in this column through 1969 refer to squadrons. After 1969, these dates refer to inventory.
** Transport versions of PB4Y-1, 3 RY-1 and 5 RY-2, not included in totals.
*** Transport versions of PB4Y-2, 33 RY-3, of which three were for U.K., not included in totals.

502
U

N
ITED

 STA
TES N

A
VA

L A
V

IA
TIO

N
 1910–1995



Observation Series
Date Last
First Date Date Reported in

Aircraft Aircraft First Last Number Squadron Squadron or *
Designaion Contract Flight Delivery Accepted Manufacturer Models Accepted Delivery Inventory Description

M-8 1919 8/19 est 3/21 17 Loening M-8, M-80, M-81-S, 8/20** 7/21 1st USN production mono-
M-81. LANT PAC, plane; M-8 and M-80, land; 

36 NAF M-81 M-81, conv’t; M-80, 2-place
reconnaissance; M-81,
1-place fighter or 2-place; 
Hispano Suiza, 300 hp.

MO 1922 12/22 est 1/24 36 Martin MO-1 2/21/23 Prior to M/3. Conv’t; aluminum
VO-2 1/26 frame; CAM D-12, 300 hp.

02B 1924 3/25 est 1925 30 Boeing O2B-1 4/25 2/28/29 B/2. Land; DH-4B with 
Quantico VO-9M, steel tube fuselage; Lib.,

O2B-1 400 hp.

O-1 (Redesignation of OE)

OC 6/30/27 12/27 est 1928 27 Curtiss F8C-1, -3; OC-1, -2. 1/21/28 9/35 B/2. Land; Marine obs.
VO-7M VJ-7M, and attack; P&W R-1340,

OC-2 410 hp.

O2C (Redesignation for F8C-5, see Fighter Series)

OE 6/51 est 8/1/67 97(4) Cessna OE-1, -2; O-1G 11/51 3/31/70 M/2. Land; CO O-470,
VMO-1, O-1C, 265 hp.
VMO-6 O-1G

OJ 6/28/29 5/31 est 12/34 40 B/J XOJ-1; OJ-2 3/33 2/29/36 B/2. Conv’t; P&W R-985,
VS-6B VS-5B, 400 hp.

OJ-2

OL 1924 5/25 est 3/32 84 Loening OL-1, -2, -3, -6, -8. 2/26 7/38 B/2-3. Amph; PKD 1500,
Quantico NRAB 400 to 525 hp; Lib., 400 

Oakland hp in -2; P&W R-1340, 450
26 Keystone OL-9 hp in -8 and -9.

OS2N (OS2U manufactured at NAF)

OS2U 3/22/37 5/38 est 11/42 1,218 Vought XOS2U-1; OS2U-1, -2, -3. 8/16/40 5/31/46 M/2. Conv’t; P&W R-985,
(154) VO-4 PAC, 450 hp.
300 NAF OS2N-1 OS2U-3

02U 1926 11/26 est 2/30 291 Vought O2U-1, -2, -3, -4. 12/17/27 4/30/36 B/2. Conv’t; P&W R-1340,
VO-7M VB-2B, 450 hp.

O2U-2
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Observation Series—Continued

03U 1/18/30 6/30 est 7/35 330 Vought O3U-1, -2, -3, -6; XO4U-2; 7/15/30 3/42 B/2. Conv’t; amph. or 
X03U-6; SU-1, -2, -3, -4. VO-3B VJ-3 land; P&W R-1340, 450 hp.

OV-10 10/15/64 7/16/65 1977 356 North OV-10A, -10B, -10D. 2/23/68 4/94 M/2. Light Armed Reconnais-
(239) American HML-267 VMO-4, sance Aircraft (LARA) for

OV-10D Counter-insurgency (COIN) 
missions; 2 Air T76,
715 shp.

OY 11/1/43 8/45 306 Consolidated OY-1, -2 1/44 11/30/54 M/2. Land; LY O-435,
VMO-1, -2 VMO-1, 185 hp.
-3, -4 OY-2

SC (CS design, manufactured by Martin in 1920’s, see Attack Series)

SC 3/31/43 2/16/44 10/46 577 Curtiss XSC-1, -1A, -2; SC-1, -2. 10/12/44 10/1/49 M/1. Sea; WAC R-1820,
Alaska HU-2, 1,300 hp.
(CB 1) SC-1

SOC 6/19/33 4/34 est 8/39 259 Curtiss XO3C-1; XSOC-1, SOC-1, -2, -3. 11/12/35 11/30/46 B/2. Sea; P&W R-1340,
VS-5B LANT, 550 hp.

44 NAF SON-1 SOC-1

SO3C 5/9/38 10/6/39 1/44 794(250) Curtiss XSO3C-1; SO3C-1, -2, -2C, -3. 7/42 3/31/44 M/2. Conv’t; RA V-770,
VCS-12 VS-46, 520 hp.

SO3C-3

SON (SOC-3 manufactured by the Naval Aircraft Factory)

SU (O3U converted to carrier-based scout)

UO 1922 19/22 est 16/27 est 163(2) Vought UO-1, -4, FU-1 6/14/24 12/31/29 B/2. Conv’t; LA/WAC R-790
Tennessee VS-8A, (J-1 to J-5) 200 to 220
(BB 43) VO-6M, hp.

UO-1.

VE-7 (See Fighter Series. Of the 129 total, 70 were VE-7SF fighters; 39 were VE-7 and
VE-7H trainers; 20 were VE-7G observation planes)

VE-9 1922 6/22 est 7/23 21 Vought VE-9, VE-9H 6/22 10/30/30 B/2. Land; -9H, Sea; WAC
Nevada Navy E-3 180 hp.
(BB 36) Mission

Rio de
Jeneiro,
Brazil,
VE-9

* Dates in this column through 1969 refer to squadrons. After 1969 these dates refer to the inventory.
** Estimated date.
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World War I Aircraft
First Delivery Service History
Order (D) Delivery Withdrawal from Inventory
(fiscal or First Number Models Continental For Overseas Shipment

Designation year) Flight (F) Accepted Manufacturer Accepted* Date Destination Date Destination Date Location Model Description

DH-4 1918 5/24/18 (D) 333 Dayton- DH-4, 6/4/18 Miami 5/24/18 10/31/26 Dahlgren DH-4B-2 B/2. Land; 
Wright -4B bomber & fighter; 

British design; 
USN obtained from
U.S. Army; two syn.
Marlin guns, 2 flex.
Lewis guns;
Lib., 360 hp.

F-5 1918 7/15/18 (F) 30 Canadian F-5L 10/4/18 Hampton 10/12/18 Pauillac 1/31 Hampton F-5L B/4. Boat; ASW;
Aeroplanes Roads Roads British F-5 adapted

to American 
manufacture; 5 Lewis
guns, 4-230# bombs; 
2 Lib., 360 hp.

60 Curtiss F-5L
137 NAF F-5L

H-12 1917 3/17 (D) 20 Curtiss H-12 1/17/18 Hampton United 7/17/20 H-12 B/2 to 4. Boat;
Roads States training or ASW;

Only 2-160# (Mk IV)
bombs, Lewis gun,
radio; 2 CAM V2-3,
200 hp or 2 Lib.,
300 hp.

H-16 1918 2/1/18 (D) 124 Curtiss H-16 2/18 Hampton 3/18 England 5/30 NAF H-16 B/4. Boat; ASW; was
Roads 1st aircraft built

at NAF; radio; 5
Lewis guns, 4-230#
bombs; 2 Lib.,
360 hp.

150 NAF H-16 Pensacola

HS 1918 10/21/17 (F) 678 Curtiss HS-1, 1/14/18 Hampton 3/25/18 Pauillac 9/28 Hampton HS-2L B/3. Boat; pusher;
(with Lib. -2L, -3L Roads Roads ASW; some aircraft
engine). 250 LWF HS-2L delivered as HS-1,

80 Standard HS-2L and converted to 
60 Gallaudet HS-2L HS-2 with 25%

25 Boeing HS-2L greater wing area;
Lewis gun, 2-230#
(180# in HS-1)
bombs; Davis gun or
radio in some
machines; Lib.,
360 hp.
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World War I Aircraft—Continued

First Delivery Service History
Order (D) Delivery Withdrawal from Inventory
(fiscal or First Number Models Continental For Overseas Shipment

Designation year) Flight (F) Accepted Manufacturer Accepted* Date Destination Date Destination Date Location Model Description

2 Loughead HS-2L
NC 1918 10/4/18 (F) 4 Curtiss NC-1 5/2/19 Rockaway 5/20/24 NC-10 B/5. ASW; boat; 3

thru -4 Lib., 360 or 400 hp;
NC-TA (Trans-
Atlantic Type)
had 3 tractor and 1
pusher, Lib. 400 hp.

6 NAF NC-5
thru -10

R 1916 11/16 est. 200 Curtiss R-3, -5, 6/20/17 Pensacola 1/18 Azores 9/26 Pearl R-6L B/2. Twin Float;
(D) -6, -6L, Harbor Curtiss, 200 hp;

-9. trainer, but used
for ASW; R-9 fitted
for Lewis gun and
small bombs; R-6L
with Lib., 360 hp,

` used as torpedo
plane.

* Excludes aircraft erected from spares at the Naval Aircraft Factory and various air stations, even when Bureau Numbers were assigned.
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In basic organization and concept this table generally
follows the table on combat aircraft (Appendix 6); the
major difference is that these tables include only the
major/primary transport and training aircraft used by
the Navy since the beginning of World War II. Service

history data is somewhat broader because of aircraft
assignment to shore stations in some cases rather than
squadrons. The descriptive data is generally self-
explanatory. For explanation of engine nomenclature,
see discussion of combat aircraft.

APPENDIX 7

Transport and Training 
Aircraft

507

An early Navy transport, the RS-3.



Transport and Training Aircraft Data

Transport Aircraft
Date Last
First Date Date Base or Reported in

Aircraft Aircraft First Last Number Squadron Squadron or *
Designation Contract Flight Delivery Accepted Manufacturer Models Accepted Delivery Inventory Description

Boeing- (Acquired Feb 1942 from 5 Boeing Boeing 314 End of M. Flyingboat, four 
314 Pan AM) WW-II WAC R-2600, 1,600 hp each.

GV/C-130 6/30/59 6/13/61 3/11/95 146 Lockheed C-130F, C-130T, C-130G; LC-130F, VMGR-352 M/7 crew. In-flight refueling and
LC-130B; LC-130R; KC-130; EC-130Q, transport. Four AL T56-A-16,
EC-130E; DC-130A; HC-130R; 4,910 eshp each.

KC-130R, KC-130T.

JRB/C-45 6/12/40 10/27/40 10/10/44 209 Beech JRB-1, JRB-2, JRB-3, JRB-4. NAS 9/69 M/2 crew. Six passengers, two 
Anacostia P&W R-985, 450 hp each.

JRC 4/21/43 5/24/45 12/20/43 67 Cessna JRC-1 5/47 M/2 crew. Four or five 
passenger, two Jacobs 
R-775, 450 hp each.

JRF 4/24/39 11/29/39 12/18/45 256 Grumman XJ3F-1; JRF-1, JRF-3, JRF-4, VJ-1 12/58 M/2 or 3 crew. Four to seven 
JRF-5, JRF-6B. passengers, amphibian two 

P&W R-985, 450 hp each.

JRM 6/27/44 11/1/45 4/4/47 5 Martin JRM-1 VR-2 1/57 M. Flyingboat, four WAC
R-3350-8, 2,300 hp each.

J4F 6/10/42 2/28/44 131 Grumman J4F-1, J4F-2 NAS 8/48 M/2 crew. Three passenger 
New York amphibian, two RA L-440,

200 hp each.

RY 3/14/44 10/12/45 47 Convair RY-1, -2, -3 MarFair 3/49 M/3 crew. Forty-four
West passengers, four P&W

R-1830-94, 1,350 hp each.

R3Y 9/26/50 7/26/56 12/28/45 11 Convair XP5Y-1; R3Y-1, R3Y-2. VR-2 1/72 M. Nose loading door for 
vehicles, flyingboat, four AL 
XT40-A-4, 5,500 eshp each.

R4D/ 9/16/40 2/9/42 5/31/45 609 Douglas R4D-1 thru R4D-7. BAD-1 11/83 M/3 crew. Twenty seven 
C-47 (Marine passengers, two P&W

Corps) R-1830-92, 1,200 hp each.

R4D-8/ 100 Douglas R4D-8 NAS China M/3. Thirty passengers,
C-117 Norfolk, Lake, Two WAC R-1820-20, 1,475 

12/51 1982 hp each, converted from
earlier R4D versions.
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3,400 h  each.

R4Y/ 7/26/54 8/31/55 12/30/57 39 Convair R4Y-1; R4Y-1Z, C-131H. Hq Marine 3/88 M/4 crew. Forty four 
C-131 Corps passengers, two P&W

Flt. Sect. R-2800-52W, 2,500 hp each.

R5C 6/1/48 3/19/43 7/6/45 130 Curtiss R5C-1 VMJ-3 8/56 M/4 crew. Fifty troops, two
P&W R-2800-51, 2,000
hp each.

R5D/C-54 7/31/42 2/22/43 5/31/45 194 Douglas R5D-1, R5D-2, R5D-3, R5D-4. VR-1 7/73 M/4 crew. Thirty passengers,
four P&W R-2000-7, 1,350 
hp each.

R50 11/13/39 6/12/42 10/5/43 95 Lockheed XR50-1; R50-1 R50-2, R50-3, NAS 6/50 M/2 crew. Four to seven
R50-4, R50-5. R50-6 Jacksonville passengers, two WAC R-1820

-40, 1,200 hp each.

R6D/ 8/18/50 6/6/52 5/27/53 65 Douglas R6D-1, R6D-1Z. VR-3 10/83 M/4 crew. Four P&W R-2800-
C-118 52W, 2,500 hp each.

R70/ 9/26/50 5/28/54 55 Lockheed R7V-1, R7V-1P, R7V-2 VR-7 9/74 M. Accomodates 72 
R7V troops, four WAC 

R-3350-91, 3,250 hp each.

C-1 87 Grumman C-1A (TF-1) VR-22 4/85 M/2. Accomodates 9
passengers. Designed as
COD aircraft. Two 
WR-1820-82, 1,525 hp each.

C-2 2/6/90 39 Grumman C-2A VRC-50 M/3. Accomodates 39
passengers. Designed as
COD aircraft. Two AL
T56-A-8B, 4,050 shp each.

C-9 16 McDonnell C-9, C-9B (DC-9) VR-30 M. Accomodates 107
Douglas NAS passengers. P&W JT8-D-9,

Alameda 14,500#.

C-20 12/13/94 7 Gulfstream C-20 NAF M/5. Accomodates 14
Washington passengers, two RR Spay 

Mk 511-8, 11,400# each.

C-45 (See JRB)

C-47 (See JRB)

C-117 (See JRB)

C-118 (See JRB)

C-119 (See JRB)

C-130 (See JRB)
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C-131 (See JRB)

Training Aircraft

Date Last
First Date Date Reported in

Aircraft Aircraft First Last Number Squadron Squadron or *
Designaion Contract Flight Delivery Accepted Manufacturer Models Accepted Delivery Inventory Description

JN-4 5/10/17 4/11/23 216 Curtiss JN-4A, -4B, -4H, -6H, -4HG. Marine 4/27 B/2. Land; flight and gunnery
Advance trainer; 1 Wright-Hispano, 150 hp.
Base Force,
Philadelphia

N-9 11/16/15 10/28/18 531 Curtiss N-9H Miami 8/28 B/2. Water; single float;
primary trainer; CAM OXX
-6, 100 hp; -9H Hispano-
Suiza A, 150 hp.

NB 1/21/25 12/7/23 93 Boeing NB-1, -2, -3, -4 Langley 12/31 B/2. Land, conver’t; primary 
(CV 1) and gunnery trainer; 1 .30 

machine gun on scarf ring; Law
J-1, 200 hp; Wright-Hispano 
E-4, 180 hp.

NE 3/16/42 8/9/45 250 Piper NE-1, -2 NRAB 12/47 M/2. Land; primary 
Anacostia trainer; CO O-170, 65 hp.

NH 1/15/43 3/7/44 205 Howard NH-1 NAS 11/47 M/4. Instrument trainer;
Atlanta P&W R-985, 400 hp.

NJ 11/16/37 8/28/38 40 North NJ-1 NAS 8/44 M/2. Basic trainer; fixed
American Pensacola under carrage, P&W 

R-1340-6, 500 hp.

NR 8/4/41 10/8/41 100 Ryan NR-1 NAS 9/43 M/2. Primary trainer; all
Jacksonville metal; Kinner R-440-3, 125 hp.

NY 5/18/26 2/21/30 292 Conslidated NY-1, -2, -2A, -3. Pensacola 12/37 B/2. Land, conver’t; 
primary trainer; steel
tube fuselage, wooden
wings; WAC R-790-8, 220 hp.

NS 61 Stearman NS-1 11/44 B/2. Land; primary trainer
WAC R-790-8, 200 hp.

N2C 7/10/29 12/20/30 54 Curtiss N2C-1, -2 NRAB 5/38 B/2. Land; used mainly 
Squantum in reserve training; 1

WAC R-790-8, 200 hp;
R-760-94, 240 hp.

N2S 9/30/40 3/4/44 3700 Stearman N2S-1, -2, -3, -5. NAS 6/50 B/2. Land trainer; the  most
Anacostia prevelent trainer in WW-II; 
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CO R-670-4, 240 hp.

N2T 4/16/42 10/11/42 262 Timm N2T-1 NAS 8/44 M/2. Land, primary trainer, plastic
Pensacola bonded plywood construction;

CO R-670-4, 229 hp.

N3N 10/26/36 1/23/42 998 NAF N3N-1, -2, -3 NAS 10/59 B/2. Land, conver’t; primary 
Pensacola trainer; all fabric covered;

WAC R-760-2, 235 hp.

SNC 305 Curtiss SNC-1 10/44 M/2. Land; primary trainer; 
WAC R-974, 420 hp, all metal 
retractable landing gear.

SNJ 11/8/39 8/27/45 4024 North SNJ-1 thru -6 NAS 6/68 M/2. Land; basic trainer;
American . Pensacola first trainer with retrac-

table landing gear and 
covered cockpits; 1 P&W
R-1340, 550 hp.

SNV 8/5/41 2/28/44 2000 Vultee SNV-1, -2 NAS 4/46 M/2. Land; basic trainer;
Corpus retractable landing gear;
Christi P&W R-985, 450 hp.

T-28 1/28/54 10/29/57 1175 North T-28B, T-28C NATC 4/82 M/2. Land; the first of
American Patuxent the standardized trainers

River for USAF and Navy; WAC
R-1820-86, 1425 hp.

T-34 6/28/56 6/18/84 423 Beech T-34A, T-34B, T-34C. NAS 10/93 M/2. Land; primary trainer,
Pensacola CON O-470-13, 225 hp.

T-45 4/80 100 McDonnell M/2. Land; jet trainer; RR Mk 
Douglas 851 turbofan.

TO/TV 10/16/48 9/29/48 50 Lockheed TO-1/TV-1 Undeter- 10/57 M/1. Land; advanced jet
mined trainer; AL J33-A-20, 5,200#.

TO/TV/T-33 11/22/49 6/28/47 698 Lockheed TO-2/TV-2/T-33 Muroc 7/74 M/2. Land.

TT 7/14/58 14 Tempco TT-1 NAAS 10/60 M/2. Land; primary jet trainer; 
Saufley CON J69, 920#.
Field

T2J/T-2 2/25/59 12/18/74 519 North T2J-1; T-2A, T-2B, T-2C NATC 6/94 M/2. Land; all-purpose 
American . Patuxent jet trainer; 2 GE 085-GE-4,

River 2,950# each.

T2V/T-1 12/26/57 2/14/58 150 Lockheed T2V-1/T-1A NAS 7/72 M/2. Land; deck-landing,
Pensacola advanced jet trainer; 

AL J33-A-24, 6,100#.

* The dates in this column refer to either a squadron or the Navy’s aircraft inventory. If only a date is listed then it refers to the inventory.
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Marine CH-53A, Sea Stallion, lifts large Truck NH 69965

H-2 stands plane guard during flight operations K31638

HUS-1 Utility, observation
and rescue helicopter
105087



In basic organization and concept this table generally
follows the table on combat aircraft (Appendix 6); the
major difference is that these tables include practically
all helicopters with which the Navy has operated.
Because of the helicopter's capability for tethered flight
and low altitude free flight, first flight data was not
always available and was sometimes of uncertain mean-
ing. Because of this, first acceptance was used as being
somewhat analogous to first flight of a fixed wing air-

craft. Service history data is somewhat broader than for
fixed wing aircraft. To accommodate the broader scope
of models covered, assignment to experimental
squadrons (VX) is reported for models that were not
later assigned to operational units. Marine Helicopter
Experimental Squadron (HMX) is considered to be an
operational squadron. The descriptive data is generally
self-explanatory. For explanation of engine nomencla-
ture, see discussion of combat aircraft.

APPENDIX 8

Naval 
Helicopters
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A jeep is loaded aboard an
HR2S-1 (H-37) for trans-
portation ashore from the
carrier, USN-1046883.



Naval Helicopter Data
Date Last
First Date Date Reported in

Aircraft Aircraft First Final Number Squadron Squadron or *
Designation Contract Acceptance Acceptance Accepted Manufacturer Models Accepted Delivery Inventory Description

DSN (Redesignatcd QH-50, see H-50)

H-1 6/14/62 2/64 1299 Bell AH-1G, -1J, -1S, -1T; -1W; 3/64 Rotor 44’D & tail rotor; 
HH-1K; TH-1E, -1L; UH-1D, -1E, VMO-1 observation; one crew; 4 pass.,
-1L, -1N. LY T43, 1,150 hp.

H-2 (See HU2K for data)

H-3 (See HSS-2 for data)

H-12 (See HTE for data)

H-13 (See HTL for data)

H-19 (See HRS-3 and HO4S-3 for data)

H-23 (See HTE for data)

H-25 (See HUP-2 for data)

H-34 (See HUS and HSS-1 for data)

H-37 (See HR2S for data)

H-43 (See HUK and HOK for data)

H-46 9/29/61 5/62 01/31/77 677 Boeing HRB-1/CH-46A, -46D, -46F; 6/64 Tandem rotors, 50’D; assault
UH-46A, -46D. HMM-265 transport; 3  crew; 17 

passenger; 2 GE T58, 1,250 hp.

H-50 12/31/58 3/60 10/20/69 633 (1) Gyrodyne DSN-1, -3; QH-50C, -50D. 1/23/63 1/31/71 Coaxil rotors, 20’D; ASW drone;
Buck QH-50C/D BO T50, 300 hp in QH-50C.
(DD 761)

H-53 2/7/63 5/64 733 Sikorsky CH-53A, -53D, -53E; HH-53B, 11/2/66 Rotor 72’D and tail rotor;
-53C; RH-53D; MH-53E. HMH-463 assault transport; 38 passenger 

or 4 ton; 2 GE T64, 2,850 hp.

H-57 1968 10/10/68 140 Bell TH-57A, -57B, -57C. 11/10/68 Trainer; 5 place; rotor 33’4” D
HT-8 and tail rotor 5’5”; -57C

powered by 1 Allison 
250-C-20J gas  turbine,
317 shp.

H-60 2/78 3/31/80 1010 Sikorsky SH-60B, -60F; HH-60A, -60S, 9/28/83 LAMPS MK III, ASW. Rotor 53’ 7”
-60J, -60H; UH-60A; VH-60A. HSL-41 D and tail rotor. 3 crew. 2 GE-

401T700, 1,284 hp each.
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HJP (XHJP-1 was prototype for HUP-1)

HNS 2/20/43 10/43 12/44 68 Sikorsky HNS-1 11/43 12/31/47 Rotor 38’D plus tail rotor; 1st 
NAS New VX-3, USN helo. WR R-550, 200 hp.
York HNS-1

HOK 6/26/50 4/53 12/57 83 Kaman HOK-1 4/12/56 5/31/65 Side by side rotors, 47’D;
(H-43**) VMO-1 VMO-2, utility, 2 place; CO R-975, 525 hp.

OH-43D

HOS 3/20/43 9/44 1/46 3 Sikorsky XHOS-1 10/44 1/31/48 Rotor 38’D and tail rotor;
NAS New VX-3, utility, 2-place; FR 0-435,
York HOS-1 235 hp.

102 Nash-Kel HOS-1

HO2S 6/22/43 12/45 12/45 44 Sikorsky HO2S-1 2/46 5/31/46 Rotor 48’D and tail rotor; 
NAS New CGAS utility and rescue; 2 crew,
York Eliz. 2 passenger; P&W R-985,

City, 450 hp.
HO2S-1

HO3S 9/27/46 11/46 1/50 92 Sikorsky HO3S-1 12/47 11/30/54 Rotor 48’D and tail rotor;
VU-7 HU-1, utility, 4-place; P&W R-985,

HO4S-3 450 hp.

HO4S-3 4/28/50 8/50 1/58 129 Sikorsky HO4S-1, -2, -3, -3G. 12/27/50 12/31/60 Rotor 53’D and tail rotor; ASW,
(H-19**) HU-2 HU-4, observation and rescue; crew 2 

HO4S-3 or 3. P&W R-1340, 600 hp;
WAC R-1300, 800 hp in -3.

HO5S 6/30/50 2/52 2/53 79 Sikorsky HO5S-1 7/1/52 6/30/57 Rotor 33’D and tail rotor;
VMO-1 VMO-1, observation, liaison and

H05S-1 utility; 5 place; ACM O-425,
245 hp.

HRB (Initial designation for H-46)

HRP 2/1/44 6/47 12/50 82 Piasecki XHRP-1; HRP-1, -2. 4/48 2/28/53 Tandem rotors 41’D; 1st 
HU-2 HS-3, tandem conf; 2 crew, 8 pas-

HRP-1 senger, P&W R-1340, 600 hp.

HRS-3 8/2/50 3/51 11/57 271 Sikorsky HRS-1, -2, -3 4/7/51 2/28/69 Rotor 53’D and tail rotor;
(H-19**) HMR-161 HC-5, assault transport; 2 crew, 10

CH-19E passenger; P&W R-1340, 600 
to 800 hp.

HR2S 5/9/51 10/53 2/59 59 Sikorsky HR2S-1, -1W 3/20/57 3/31/66 Rotor 72’D and tail rotors;
(H-37**) HMR(M) HMH-462 assault transport; 2 crew, 20

-461 CH-37C passenger; 2 P&W R-2800,
2,100 hp.

HSL 6/28/50 10/53 10/56 51 Bell XHSL-1; HSL-1. 9/59 Tandem rotors, 51’6”D; ASW
search or attack; 2 or 3 crew; 
P&W R-2800, 1,900 hp.
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HSS-1 6/30/52 2/54 4/66 385 Sikorsky XHSS-1, HSS-1, SH-34J. 8/55 3/31/74 Rotor 56’D and tail rotor; ASW; 
(H-34**) HS-3 UH-34D 2 to 4 crew; WAC R-1820,

1,525 hp.

HSS-2 12/24/57 3/59 11/26/75 396 Sikorsky HSS-2/SH-3A, SH-3D, HSS-2Z/ 6/61 5/96 Rotor 59’D and tail rotor; all 
(H-3**) VH-3A; CH-3B, -3E. weather ASW; “sea-worthy 

hull”; 4 crew, 2 GE T58, 1,050 hp.

HTE 4/17/50 5/50 8/63 108 Hiller UH-12A; HTE-1, -2. 1/19/51 10/31/52 Rotor 35’D and tail rotor;
(H-12/ HTU-1 HTU-1, training and utility, 3 place;
H-23**) HTE-2 FR O-335, 200 hp in HTE-2.

HTK 9/5/50 11/51 10/53 29 Kaman HTK-1 1/28/53 11/31/55 Side by side rotors, 40’D; 
HU-2 HU-2, trainer and general utility,

HTK 3 place; LY O-435, 255 hp.

HTL 6/20/46 2/47 7/59 187 Bell HTL-1, -2, -3, -4, -5, -6, -7. 4/48 6/30/73 Rotor 35’D and tail rotor;
(H-13**) HU-2 UH-13P trainer and general utility; 2

or 3 place; ACM O-325,
178-200  hp, LY O-435, 240 hp
in -7.

HU (Redesignated H-1)

HUK 12/27/56 5/58 12/58 24 Kaman HUK-1 8/1/58 4/30/65 Side by side rotors, 50’D; cargo
(H-43**) HU-2 VMO-2, and rescue; 2 crew, 3 pas-

UH-43C senger; P&W R-1340, 600 hp.

HU2K 11/29/57 4/59 4/28/93 256 Kaman HU2K-1/UH-2A, -2B; SH-2F, -2B. 12/18/62 6/94 Rotor 44’D and tail rotor; 
(H-2**) HU-2 2 crew, 4 passenger; GE T58,

1,050 hp; tandem engines
prototyped in a -2B.

HUL 4/2/55 11/55 3/59 30 Bell HUL-1, -1G 1/7/57 6/30/73 Rotor 37’D and tail rotor;
(H-13**) HU-2 UH-13P transport and utility; 1 crew,

3 passenger, LY O-435, 240 hp.

HUP-2 2/8/46 1/49 6/54 476 Piasecki XHJP-1; HUP-1, -2, -2S; H-25A. 1/11/51 8/31/64 Tandem rotors, 35’D; ASW and 
(H-25**) HU-2 VU-1, utility; 3 crew, 4 passenger, CO 

HU-1, R-975, 550 hp.
UH-25B

HUS 10/15/54 1/57 12/30/68 549 Sikorsky HUS-1/UH-34D; HUS-1A, -1G, 2/5/57 3/31/74 Rotor 56’D and tail rotor; cargo
(H-34**) -1Z; CH-34A, -34C. HMR(L) UH-34D transport; 2 crew, 12 passenger 

-363 or 2 ton of cargo; WAC R-1820,
1,525 hp.

K-225 9/26/49 3/50 6/50 3 Kaman K-225 (K-5) 6/20/50 5/55 Side by side rotors 40’D; 
NAS LY O-435, 225 hp. K-5 was 
Patuxent first turbine powered helo; 
River BO-502 turbine, 175 hp.

R-4 (HNS-1 obtained from Army, YR-4 and YR-4B; Sikorsky model VS-316A)
R-5 (HO2S obtained from Army)
R-6 (HOS-1 obtained from Army, R-7A and B)
* Dates in this column through 1969 refer to squadrons. After 1969, these dates refer to inventory.
** This is the new designation assigned the helicopter in 1962.
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that began with 00. The double zeros were part of the
bureau number. These numbers obviously do not fit
into the regular six digit numbering system that began
with 100001. Documentation has not been found that
explains why the normal six digit numbering system
was not employed for these aircraft.

The other major exception to the normal sequential
assignment of bureau numbers in the six digit system
involves numbers beginning with 198003 and ranging
up to 999794. This group of six digit numbers is not
sequentially assigned. Almost all of the aircraft in this
group of numbers were acquired by the Navy from
the Army, Air Force, or other organizations, not direct-
ly from the manufacturer. There appears to be no logi-
cal sequence or reasoning for the assignment of these
six digit numbers. It is believed that some of the num-
bers may have been dervied by modifying the Air
Force aircraft numbering system. However, this is only
conjecture since there is no documentation to verify
this explanation.

Aside from the very sizable overlap stemming from
the numbering schemes, the same number was never
used on more than one aircraft. During the planning
and contracting processes, however, numbers were
often assigned to aircraft that were never obtained.
Sometimes, but by no means always, these cancelled
numbers were reassigned to other aircraft.

The basic sources used in compiling the following list
include a master “Serial List of Designating Numbers for
Naval Aircraft” prepared by the aircraft records office in
the Bureau of Aeronautices. It was typed on twelve 171⁄2
inch by 211⁄2 inch pages and numbered consecutively 0
through 11. It was probably put in that form in 1935
when the first significant handwritten emendations
appeared. Page 0 covered the pre-1916 schemes and
pages 1 through 11 began with A-51 and ran through
all four digit serials. For later aircraft, primarily those in
the six digit system, the bureau number listing was
compiled by using the “List of Serial Numbers Assigned
Navy Aircraft” developed by the Aviation Statistics
Office of DCNO (Air) and by reviewing the Aircraft
History Card microfilm collection.

The compilations have been cross-checked against
the compilation in William T. Larkins, U.S. Navy

Serial number and bureau number are synonymous
terms for the identifying number assigned to individu-
al naval aircraft. The earliest system was a letter–num-
ber combination which segregated the aircraft by man-
ufacturer (or designer) and general type. As this
scheme developed, the letter “A” was used with
Curtiss hydroaeroplanes, “B” for Wright type
hydroaeroplanes, “C” for Curtiss flying boats, “D” for
Burgess flying boats, and “E” for Curtiss amphibian fly-
ing boats. Sequential numbers beginning with one,
were assigned to each set of aircraft. That scheme was
replaced by AH numbers which were assigned aircraft
in service. A system of construction numbers was then
initiated to identify aircraft on order. The two coexist-
ed for some 15 months when the service numbers
were abandoned (See 27 Mar 1914, 10 Feb 1916, and
19 May 1917, chronology entries).

Construction numbers began with A-51 and, as seri-
al numbers or bureau numbers, ran through A-9206
after which the letter “A” was dropped although
sequential numbering continued through 9999. A sec-
ond series of four digit numbers began with 0001 and
ran through 7303. The last number in this series was
assigned in December 1940. Beginning in 1941 a
series of five digit numbers, beginning with 00001 was
adopted and numbers were assigned through 99999,
with 99991-100000 cancelled. A sixth digit numbering
system was then added beginning with 100001 and is
still in use. To summarize, the five major numbering
systems are as follows:

A-51 to A-9206
9207 to 9999 (the A prefix was dropped) 
0001 to 7303 
00001 to 100000 (99991-100000 were cancelled)
100001 to present (still in use but with many 

modifications)
There are several major exceptions to the assign-

ment of numbers in the six digit numbering system. In
the 1960s a block of six digit numbers, beginning with
00, were assigned to the DASH vehicle (Drone
Antisubmarine Helicopter). The original designation
for the unmanned helicopter was DSN. Production
models of the DSN were designated QH-50C and QH-
50D. All of these helos had six digit bureau numbers
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Aircraft 1921–41; a compilation made by William H.
Plant, Librarian, Naval Air Systems Command; and a
more comprehensive listing compiled by Jack Collins,
a historian and specialist in bureau numbers. Monthly
and quarterly reports on the status of aircraft produc-
tion, Aircraft History Cards, and the Aircraft Strike
Listing were used in reconciling discrepancies.

One problem is that interpretations do not show in
the final list. In addition, the compiler makes no claim
to infallibility in transcribing long lists of numbers and,
as a result, may have unwittingly introduced errors not
in the original compilations.

The Early Designation Systems are as followings:

The First System from 1911–1914

A-1 Curtiss hydroaeroplane (originally an amphibian)
A-2 Curtiss landplane, rebuilt as hydroaeroplane. It
was again rebuilt as a short-hulled flying boat various-
ly described as OWL for over-water-land or as a Bat
boat, and was fitted with wheels for use as an
amphibian. This was recorded in the aircraft log for
November 25, 1913: “title by order of Captain
Chambers [was] changed [to] E-1.”

A-3 Curtiss hydroaeroplane, received summer of 1912.
A-4 Curtiss (or Curtiss type) hydroaeroplane
B-1 Wright landplane, converted to hydroaeroplane
B-2 Wright type hydroaeroplane, built from spares,

October 1912
B-3 Wright type hydroaeroplane, built from spares,

October 1913
C-1 Curtiss flying boat
C-2 Curtiss flying boat
C-3 Curtiss flying boat
C-4 Curtiss flying boat
C-5 Curtiss flying boat
D-1 Burgess Co. & Curtis flying boat
D-2 Burgess Co. & Curtis flying boat
E-1 OWL or short hulled amphibious flying boat

(see A-2)

The Second Designation System, 1914–1916
AH designations

General Order No. 88 of 27 March 1914 listed the
corresponding designations between the above desig-
nations and the new system: “The aeroplanes now in
the service are hereby designated as follows:

New Designation Old Designation

AH-1 A-1
AH-2 A-2
AH-3 A-3
AH-4 B-1
AH-5 B-2
AH-6 B-3
AB-1 C-1
AB-2 C-2
AB-3 C-3
AB-4 C-4
AB-5 C-5
AB-6 D-1
AB-7 D-2
AX-1 E-1”

Despite the phrase, “now in the Service,” the A-1, B-
1, B-2 and probably the D-1 had ceased to exist
before the order was issued. Other records show AH-2
as redesignation for A-4.

The designation of follow-on aircraft was as follows:

AH-7 Burgess-Dunne hydroaeroplane
AH-8 Curtiss hydroaeroplane
AH-9 Curtiss hydroaeroplane
AH-10 Burgess-Dunne hydroaeroplane 
AH-11 Curtiss hydroaeroplanc 
AH-12 Curtiss hydroaeroplane 
AH-13 Curtiss hydroaeroplane 
AH-14 Curtiss hydroaeroplane 
AH-15 Curtiss hydroaeroplane 
AH-16 Curtiss hydroaeroplane 
AH-17 Curtiss hydroaeroplane
AH-18 Curtiss hydroaeroplane
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The following listings are the five major post 1916 aircraft numbering systems:

Bureau
Number Aircraft Type Manufacturer Notes

A-51 Seaplane Wright
A-52 Seaplane Paul Schmitt Paris
A-53 Seaplane DWF, German
A-54-56 Hydro-pusher Burgess Co.
A-57-58 Seaplane Thomas Bros. AH-20 and 21
A-59 Seaplane Gallaudet D-1 (AH-61)
A-60-65 Hydroaeroplane Curtiss
A-66-67 R-3 Curtiss AH-65 & AH-62
A-68-69 Seaplane Martin AH-19 and 22
A-70-75 Tractor Burgess AH-25 to 31

Seaplane
A-76-81 Seaplane Sturtevant A-76 was AH-24
A-82 Richardson Wash. Navy Yard Seaplane
A-83-84 Hydroaeroplane Pensacola Curtiss type from spares
A-85-90 Seaplane Curtiss
A-91 Seaplane Standard
A-92 Seaplane Standard Twin engine, cx
A-93 JN Twin Tractor Curtiss Seaplane
A-94-95 BC-2 and 3 Goodyear Kite Balloon
A-96-125 N-9 Curtiss
A-126-127 Seaplane Farman A-127 cx
A-128-133 Seaplane Sturtevant
A-134-136 SH-4 Thomas-Morse Seaplane
A-137-139 H-4-H Standard
A-140-141 Seaplane Thomas Bros. Twin tractor, cx
A-142-144 Seaplane Aeromarine
A-145-146 Flying Boat Curtiss Cx
A-147-148 Seaplane Pacific Aero. Boeing
A-149-150 Speed Scout Curtiss Seaplane
A-151 BC-4 Goodyear Kite Balloon
A-152 H-12 Curtiss Flying Boat
A-153-154 Seaplane, experimental NAS Pensacola A-154 cx
A-155-156 HT-2 Seaplane Burgess Speed Scout
A-157-159 JN-4B Curtiss
A-160-161 Kite Balloon Goodyear
A-162-197 R-6 Curtiss
A-198 JN, Twin Engine Curtiss
A-199-200 Speed Scout Burgess Cx
A-201-234 N-9 Curtiss
A-235-243 B Class Airship Goodyear
A-244-248 B Class Airship Goodrich
A-249-250 B Class Airship Connecticut A/c
A-251 Free Balloon Connecticut A/c
A-276-287 Kite Balloon Goodyear
A-288-290 Seaplane Wright-Martin
A-291-293 L-2, Triplane Curtiss
A-294-295 Unknown Unknown Cx
A-296-297 Seaplane General/Verville Cx
A-298-299 Unknown Unknown Cx
A-300-301 Seaplane Gallaudet Cx
A-302-341 R-6 Curtiss
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A-342-371 N-9 Curtiss
A-372-373 Kite Balloon Goodyear
A-374-379 HT-2 Burgess Speed Scout
A-380-385 U-2 Seaplane Burgess
A-386-387 F-Boat Curtiss
A-388-389 JN-4 Curtiss
A-390-393 F-Boat Curtiss
A-394 Sopwith British Seaplane
A-395-406 SH-4 Seaplane Thomas-Morse
A-407 Sopwith British Adm. Seaplane
A-408 F-Boat Curtiss
A-409-438 N-9 Burgess
A-439-441 Seaplane Aeromarine
A-442-444 Seaplane Loening Lawrance two

cylinder engine
A-445-449 GS-2 Gnome Curtiss Gnome Speed Scout
A-450-649 39 A and B Aeromarine Seaplanes
A-650-699 Type C Boeing Seaplane
A-700 Kite Balloon Goodyear
A-701 Kite Balloon Goodrich
A-702-726 Kite Balloon Goodyear
A-727-751 Kite Balloon Goodrich
A-752-756 F Boat L. S. Thompson
A-757-762 S-5 Thomas-Morse
A-763-764 Caquot M British Gov’t Kite Balloon
A-765-783 H-12 Curtiss
A-784-799 H-16 Curtiss
A-800-815 HS-1 Curtiss A-815 cx
A-816-817 Caquot P French Gov’t Kite Balloon
A-818-867 H-16 Curtiss
A-868 GS-1, Gnome Curtiss Speed Scout
A-869-872 Sopwith Baby British Gov’t Seaplane
A-873-891 R-9 Curtiss
A-892-893 R-6 Curtiss
A-894 R-9 Curtiss
A-895 R-6 Curtiss
A-896-909 R-9 Curtiss
A-910 R-6 Curtiss
A-911-918 R-9 Curtiss
A-919-920 R-6 Curtiss
A-921-924 R-9 Curtiss
A-925 R-6 Curtiss
A-926-955 R-9 Curtiss
A-956 R-6 Curtiss
A-957 R-9 Curtiss
A-958-959 R-6 Curtiss
A-960-962 R-9 Curtiss
A-963-966 R-6 Curtiss
A-967-969 R-9 Curtiss
A-970 R-6 Curtiss
A-971-975 R-9 Curtiss
A-976 R-6 Curtiss
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A-977-990 R-9 Curtiss
A-991 R-6 Curtiss
A-992-993 R-9 Curtiss
A-994 R-6 Curtiss
A-995-997 JN-4 Curtiss
A-998 Kite Balloon Goodrich
A-999-1028 N-9 Burgess
A-1029-1030 O-SS Dirigible British
A-1031-1048 H-16 Curtiss
A-1049-1098 H-16 NAF
A-1099-1398 HS-1, -1L, -2L LWF 50 cx
A-1399-1548 HS-1 and -2L Standard last 70 cx
A-1549-2207 HS-1, -1L, -2L Curtiss
A-2208-2214 Free Balloon Goodyear
A-2215-2216 Free Balloon Connecticut A/c
A-2217-2276 HS-2L Gallaudet
A-2277 Flying Boat Curtiss
A-2278 Dunkirk Fighter Curtiss
A-2279-2280 F Boat Wrigley
A-2281 F Boat Mitchell
A-2282-2283 Davis Gun NAF A-2279 to 2284 were

Carrier, N-1 originally Burgess school
seaplanes, probably U-2, cx

A-2284 Unknown Unknown Cx
A-2285-2290 N-9 Curtiss
A-2291-2294 NC-1 to NC-4 Curtiss
A-2295-2344 F Boat Curtiss
A-2345-2350 MF Boat Curtiss
A-2351-2650 N-9 Burgess
A-2651-2652 F Boat Alexandria A/c Briggs
A-2653-2654 D-4 Gallaudet Light bomber
A-2665-2929 Type R and M Goodyear Caquot Kite Balloons,

180 R and 10 M,
2845-2929 cx

A-2930-3204 Type R and M Goodrich Caquot Kite Balloons,
81 R and 10 M,
3021-3204 cx

A-3205-3234 JN-4H From Army
A-3235-3244 Gnome, Speed Scouts Thomas-Morse From Army
A-3245-3324 DH-4 Dayton-Wright From Army
A-3325-3326 Kirkham Fighter Curtiss
A-3327 F Boat Alexandria/Briggs
A-3328-3332 F Boat Am. Trans-Oceanic Co. Curtiss
A-3333-3382 F-5 Canadian Aeroplanes Ltd. 3363-3382 cx
A-3383 Balloon Goodrich Gastite Kite
A-3384-3458 DH-4 From Army Dayton-Wright
A-3459-3558 H-16 NAF
A-3559-4035 F-5 NAF 137 accepted;

343 cx: 3616-3658,
3684-3782, 3801-3858,
3881, 3883-3935,
3941-4008, 4014-4035.
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A-4036-4037 F-6 NAF
A-4039-4078 H-16 Curtiss
A-4079-4108 F Boat Curtiss
A-4109 E-1 Dirigible Goodyear
A-4110-4111 Dunkirk Fighter Curtiss (HA)
A-4112-4117 JN-4B Curtiss Exhibition Co.
A-4118 C Class Goodyear Dirigible
A-4119 C Class Goodrich Dirigible
A-4120 C Class Goodyear Dirigible
A-4121 C Class Goodrich Dirigible
A-4122-4123 C Class Goodyear Dirigible
A-4124-4125 C Class Goodrich Dirigible
A-4126-4127 C Class Goodyear Dirigible
A-4128-4217 JN-4HG From Army Hispano-Suiza engine
A-4218-4227 E-1 (M Defense) Standard From Army
A-4228-4229 HS-2 Loughead
A-4230 Tellier French Gov’t Flying Boat
A-4231-4255 HS-2L Boeing
A-4256-4280 Unknown Boeing Cx
A-4281-4340 F-5 Curtiss
A-4341-4342 N-1 NAF
A-4343 F Boat Carolina A/c Co. Experimental, rejected
A-4344-4346 Unknown Carolina A/c Co. Cx
A-4347 C-1F Boeing
A-4348 F-1 Dirigible Goodyear
A-4349-4402 F Boat Curtiss
A-4403-4449 MF Boat Curtiss
A-4450 D-1 Airship Goodyear
A-4451 D-2 Airship Goodrich
A-4452-4453 D-3 and D-4 Airship Goodyear
A-4454 D-5 Airship Goodrich
A-4455-4469 D Class Airship Goodrich 5 Cx

Goodyear 10 Cx
A-4470-4819 F-5L Curtiss Cx
A-4820-5019 N-9 Burgess Cx
A-5020-5021 R type, reduced Goodyear Caquot Kite Balloon
A-5022-5023 R type, reduced Goodrich Caquot Kite Balloon
A-5024 F Boat Alexandria
A-5025-5028 P type Goodyear Caquot Kite Balloon
A-5029 Kite Balloon Goodyear Experimental
A-5030-5039 N-1 NAF Cx
A-5040-5089 Model 40 F Boat Aeromarine
A-5090-5239 Unknown Aeromarine Cx
A-5240 M type British Adm. Caquot Kite Balloon
A-5241-5242 Avorio Prassone Italian Gov’t Kite Balloon
A-5243 Night Bomber Sperry
A-5244-5246 Unknown Sperry Cx
A-5247-5256 Model 10 F Boat Alexandria A/c
A-5257 B-20 Airship Goodyear
A-5258 F Boat Curtiss
A-5259-5458 F-5L NAF Cx
A-5459-5462 HS-3 Curtiss
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A-5463 Kite Balloon Goodyear
A-5464-5465 B-17 and B-18 Goodyear Airship cars rebuilt
A-5466 Airship Car Goodyear
A-5467 B-19 Airship Car Goodyear
A-5468 Airship Goodyear
A-5469 M-3 Cat Loening Seaplane
A-5470-5471 JN-6HG-I From Army
A-5472 Astra-Torres French Gov’t Airship
A-5473-5482 Kite Balloon British Gov’t
A-5483-5562 MF Boat NAF
A-5563 SS-Z-23 British Adm. Airship, former

O-SS A-1030
A-5564-5569 HS-2 NAS Miami from spares
A-5570-5571 SA-1 NAF for “Ship’s 

Airplanes”
A-5572-5573 SA-2 NAF
A-5574-5575 Macchi Italian Gov’t
A-5576-5579 TF Boat NAF Tandem engine fighting

patrol plane
A-5580 NS-1 British Gov’t North Sea Dirigible
A-5581-5586 JN-6HG-I From Army
A-5587 O-1 Dirigible Italian Gov’t
A-5588-5589 SE-5 From Army
A-5590-5591 HS-3 NAF
A-5592-5593 Vedette-Zodiac French Gov’t Dirigible
A-5594-5605 Free Balloon Connecticut A/c
A-5606 LS Seaplane Loening
A-5607-5608 LS Seaplane Loening Cx
A-5609-5611 LB Flying Boat Loening
A-5612-5614 AS Seaplane Aeromarine
A-5615-5619 HS-2 NAS Hampton Rds. from spares, one

cx, apparently 5619
A-5620-5629 Hanriot French Gov’t
A-5630 HS-2L LWF Formerly A-1171 rebuilt
A-5631 M-8 Airplane Loening
A-5632-5635 NC-5 to -8 NAF
A-5636 Seaplane Paul Schmitt Paris
A-5637-5646 M-80 Airplane Loening
A-5647-5649 Tellier From Abroad 5649 cx
A-5650-5651 Le Pen Seaplane From Abroad
A-5652-5653 Donne Denhaut From Abroad
A-5654 Caproni From Abroad
A-5655-5656 Pup From Abroad Sopwith
A-5657 Le Pen Seaplane From Abroad
A-5658-5659 Camel (F-1) From Abroad Sopwith
A-5660 1 1/2 Strutter From Abroad 1A2 Sopwith
A-5661-5680 VE-7 Lewis & Vought
A-5681-5700 VE-7G and -7GF NAF
A-5701-5710 M-81 NAF Loening design
A-5711-5712 MBT Martin
A-5713-5720 MT Martin
A-5721-5724 Camel (F-1) From Army Sopwith

UNITED STATES NAVAL AVIATION 1910–1995 523



Bureau
Number Aircraft Type Manufacturer Notes

A-5725-5728 1 1/2 Strutter From Army 1A2 Sopwith
A-5729-5730 Camel From Army Sopwith
A-5731-5733 Unknown Unknown Cx
A-5734-5750 1 1/2 Strutter From Army Sopwith
A-5751-5752 Panther G. Parnall & Son England
A-5753-5755 AP Type Connecticut A/c Kite Balloon
A-5756-5757 D-11 Seaplane Gallaudet Cx
A-5758-5760 D-9 Seaplane Gallaudet Cx
A-5761-5786 M-81 Airplane NAF
A-5787 HS-2L NAS Key West from spares
A-5788-5793 M-81-S Loening
A-5794-5805 Nieuport-28 From Army
A-5806-5807 K Type Boat Austrian Gov’t
A-5808 HS-2L NAS Anacostia from spares
A-5809-5814 DH-4B From Army
A-5815-5829 Caproni Caproni Cx
A-5830-5833 JN-6H From Army
A-5834-5839 DH-4B From Army
A-5840-5842 K-4 J.V. Martin Gallaudet, subcontractor
A-5843-5854 D-7 Fokker 5849-5854 cx
A-5855-5858 S-4C Scout Thomas Morse From Army
A-5860-5866 Free Balloon Goodyear
A-5867-5869 JL-6 Junkers-Larsen
A-5870-5884 DH-4B From Army
A-5885-5886 NC-9,-10 NAF
A-5887-5889 C-1 Fokker Netherlands
A-5890-5898 CT Seaplane Curtiss 5891-5898 cx
A-5899-5901 ST Airplane Stout rejected
A-5902-5904 ST Airplane Stout Cx
A-5905-5911 EM-2 Seaplane G. Elias & Bros.
A-5912-5941 VE-7SF Lewis & Vought
A-5942-5955 VE-7SF NAF
A-5956-5971 VE-7 NAF
A-5972 D-6 Airship Goodyear
A-5973 H-1 Airship Goodyear Towing Airship (T-1)
A-5974-5975 USXB-1 Dayton Wright From Army
A-5976-5981 Morane Saulnier Morane Saulnier
A-5982-6001 DH-4B From Army
A-6002-6004 Exp. Ship plane Curtiss Cx
A-6005-6007 Macchi M-16 S.A.N.M., Italy
A-6008-6010 Fokker FT Netherlands A/c Co.
A-6011-6020 VE-7SF NAF
A-6021-6030 VE-7SF Lewis & Vought
A-6031-6033 DT Seaplanes Davis Douglas
A-6034-6048 PT NAF
A-6049-6054 Seaplane Austrian Gov’t
A-6055 Dornier CS-2 Van Berkel
A-6056-6057 Swift Blackburn Aeroplane Co.
A-6058 Dornier D-1 Swiss Agent
A-6059 Giant Boat NAF Cx
A-6060-6070 MB-3 Thomas Morse From Army
A-6071 MB-7 Thomas Morse From Army

524 UNITED STATES NAVAL AVIATION 1910–1995



Bureau
Number Aircraft Type Manufacturer Notes

A-6072 SV Airplane Stout
A-6073 Viking IV Vickers Amphibian Boat
A-6074-6076 Free Balloon Connecticut A/c
A-6077-6079 Unassigned
A-6080-6081 CR Racer Curtiss
A-6082 WA Amphibian Dayton-Wright
A-6083 WS Seaplane Dayton-Wright
A-6084 WD Seaplane Dayton-Wright Cx
A-6085-6095 DT-2 Dayton-Wright Reassigned from

WA-WS-WD
A-6096-6102 WA-WS-WD Cx
A-6103-6110 F Type Goodyear Kite Balloon
A-6111-6112 J Class Airship Goodyear
A-6113-6192 DH-4B From Army
A-6193-6246 JN-4H From Army
A-6247 JN-4H Parris Island Marine Base from spares
A-6248-6270 TS Airplane Curtiss
A-6271-6288 JN-4H From Army
A-6289-6290 BS-1 Boat NAF Cx
A-6291-6292 BS-2 Boat NAF Cx
A-6293-6294 BS-3 Boat NAF Cx
A-6295-6299 BS NAF Cx
A-6300-6304 TS-1 NAF
A-6305-6315 TS-1 Curtiss
A-6316-6325 JN-4 NAF Cx
A-6326-6343 PT-2 NAF
A-6344-6346 TG-1 NAF
A-6347-6348 TG-2 NAF
A-6349-6351 HN-1 Huff Daland
A-6352-6401 DH-4 From Army
A-6402-6404 HPS-1 Handley Page Cx
A-6405-6422 DT-2 Davis Douglas
A-6423-6428 DT-2 NAF
A-6429-6430 BR-1 Bee Line A/c Co.
A-6431-6433 NO-1 NAF
A-6434-6435 Henkel seaplane submarine type Casper Werke Germany
A-6436-6444 VE-7H NAF
A-6445 Racing Balloon NAF
A-6446-6447 TS-2 NAF
A-6448-6449 TS-3 NAF
A-6450-6451 NM-1 NAF 6451 cx
A-6452-6454 M2O-1 Martin
A-6455-6460 MO-1 Martin
A-6461-6464 VE-9H Vought
A-6465-6481 VE-9 Vought
A-6482-6499 UO-1 Vought
A-6500-6505 CS-1 Curtiss
A-6506 HS-2L NAS Coco Solo from spares
A-6507-6513 HS-2L NAF from spares
A-6514 DH-4B NAF from spares
A-6515-6520 XS-1 Cox-Klemin
A-6521-6526 MS-1 Martin
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A-6527 Free Balloon NAF
A-6528-6542 N-9 NAS Pensacola from spares
A-6543-6544 NW-1,-2 Wright
A-6545 JN-4H Port-au-Prince from spares
A-6546-6551 UO-1 Vought
A-6552 Libelle Dornier Cx
A-6553-6556 HS-2L NAS San Diego from spares
A-6557-6559 F-5L NAS Hampton Rds. from spares
A-6560-6562 HO-1 Huff-Daland
A-6563-6582 DT-2 Douglas
A-6583-6602 DT-2 LWF
A-6603-6615 UO-1 Vought
A-6616-6617 PN-7 NAF
A-6618-6632 N-9 NAS Pensacola from spares
A-6633-6662 MO-1 Martin
A-6663-6688 NO-1 LWF 6684-6688 cx
A-6689-6690 F4C-1 Curtiss
A-6691-6692 R2C-1 Curtiss
A-6693-6695 N2N-1 NAF
A-6696 JL-6 Junkers Larson
A-6697 F-5L NAS San Diego from spares
A-6698-6700 Free Balloon Goodyear
A-6701-6703 HN-2 Huff Daland
A-6704-6705 VE-9W Vought Cx
A-6706-6729 UO-1 Vought
A-6730 TW-3 Wright
A-6731-6732 CS-2 Curtiss
A-6733-6742 N-9 NAS Pensacola from spares
A-6743-6744 F2W-1 Wright
A-6745-6747 L-3 Longren
A-6748 WP-1 Wright
A-6749-6798 NB-1 and NB-2 Boeing
A-6799 PN-8 NAF
A-6800 N2M-1 Martin
A-6801-6835 SC-1 Martin
A-6836-6857 NB-1 Boeing
A-6858-6877 UO-1 Vought
A-6878 PN-8 NAF
A-6879-6880 OL-1 Loening
A-6881 PB-1 Boeing
A-6882-6883 OB-1 Boeing Cx
A-6884-6897 FB-1, -2, -3 Boeing From Army
A-6898-6927 O2B-1 Boeing From Army
A-6928-6967 SC-2 Martin
A-6968-6976 F6C-1 Curtiss
A-6977 LePere From Army
A-6978-6979 R3C-1 Curtiss
A-6980-6983 OL-2 Loening
A-6984-7023 UO-1 Vought
A-7024-7026 TB-1 Boeing
A-7027 TN-1 NAF
A-7028-7029 PN-10 NAF
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A-7030 OL-2 Loening
A-7031-7050 UO-1 Vought
A-7051-7053 T2D-1 Douglas
A-7054 R3C-1 Curtiss
A-7055-7058 OL-3 Loening
A-7059-7064 OL-4 Loening
A-7065-7088 T3M-1 Martin
A-7089-7090 FB-3 Boeing
A-7091-7100 N-9 NAS Pensacola reconstructed
A-7101-7127 FB-5 Boeing
A-7128-7162 F6C-3 Curtiss
A-7163-7202 NY-1 Consolidated
A-7203-7204 OD-1 From Army
A-7205-7220 NY-1 Consolidated
A-7221-7222 O2U-1 Vought
A-7223 F3W-1 Wright
A-7224-7323 T3M-2 Martin
A-7324-7350 OL-6 Loening
A-7351-7360 NY-1 Consolidated
A-7361-7380 FU-1 Vought
A-7381 R Type From Army Kite Balloon
A-7382 J-3 Airship Goodyear TC Type, from Army
A-7383 PN-10 NAF
A-7384 PN-12 NAF
A-7385 F2B-1 Boeing
A-7386-7389 Free Balloon Goodyear
A-7390-7392 Kite Balloon Goodyear
A-7393-7423 F6C-4 Curtiss
A-7424-7455 F2B-1 Boeing
A-7456-7525 NY-2 Consolidated
A-7526 XJR-1 Ford
A-7527 PN-11 NAF
A-7528-7560 O2U-1 Vought
A-7561-7563 TA-1 Atlantic Fokker
A-7564 DH-60 Moth DeHavilland
A-7565 RO-1 Italian Gov’t Romeo Fokker
A-7566 XT4M-1 Martin
A-7567-7586 O2U-1 Vought
A-7587-7595 T2D-1 Douglas
A-7596-7649 T4M-1 Martin
A-7650-7652 XN2C-1 Curtiss
A-7653 XF7C-1 Curtiss
A-7654-7670 F7C-1 Curtiss
A-7671-7672 F8C-1 Curtiss
A-7673 XF8C-2 Curtiss
A-7674-7691 F3B-1 Boeing
A-7692 XF2U-1 Vought
A-7693-7707 NY-2 Consolidated
A-7708-7763 F3B-1 Boeing
A-7764-7795 NY-2 Consolidated
A-7796-7831 O2U-1 Vought
A-7832-7851 OL-8 Loening
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A-7852-7899 T4M-1 Martin
A-7900-7940 O2U-1 Vought
A-7941-7943 XNK-1 Keystone
A-7944 XFG-1 Eberhart
A-7945-7948 F8C-1 Curtiss
A-7949-7962 F8C-3 Curtiss
A-7963-7969 OC-2 Curtiss
A-7970-7977 NY-2 Consolidated
A-7978 XJQ-1 Fairchild
A-7979-8003 PD-1 Douglas
A-8004 XPH-1 Hall
A-8005 XPS-1 Sikorsky
A-8006 PN-11 NAF
A-8007-8008 TA-2 Atlantic
A-8009 XFH-1 Hall
A-8010 XN2B-1 Boeing
A-8011 XPY-1 Consolidated
A-8012 XJA-1 Atlantic Cx
A-8013-8017 NY-2 Consolidated
A-8018 TA-2 Atlantic
A-8019 XN2Y-1 Consolidated
A-8020-8050 N2C-1 Curtiss
A-8051 XT5M-1 Martin
A-8052 XT2N-1 NAF
A-8053-8068 NK-1 Keystone
A-8069-8088 OL-8 Loening
A-8089-8090 XPS-2 Sikorsky
A-8091-8127 O2U-2 Vought
A-8128-8156 F4B-1 Boeing
A-8157 TA-2 Atlantic Cx
A-8158-8172 NY-2 Consolidated
A-8173-8182 NY-1 Consolidated
A-8183-8192 NY-2 Consolidated
A-8193-8272 O2U-3 Vought
A-8273-8274 JR-2 Ford
A-8275-8276 XHL-1 Loening
A-8277-8281 Free Balloon Meadowcraft
A-8282 ZMC-2 Airship A/c Dev. Corp.
A-8283 XN3Y-1 Consolidated
A-8284-8287 PS-3 Sikorsky
A-8288 XFJ-1 Berliner-Joyce
A-8289-8313 PM-1 Martin
A-8314 XF8C-4 Curtiss
A-8315-8356 O2U-4 Vought
A-8357 XOK-1 Cx
A-8358 XP2M-1 Martin
A-8359 XOJ-1 Berliner-Joyce
A-8360-8400 NY-1 Consolidated
A-8401-8410 NY-2 Consolidated
A-8411 XT6M-1 Martin
A-8412-8420 P3M-1 Martin
A-8421-8447 F8C-4 Curtiss
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A-8448-8450 F8C-5 Curtiss
A-8451-8456 O2C-1 Curtiss
A-8457 JR-3 Ford
A-8458-8475 TG-1 Great Lakes
A-8476 Free Balloon Goodyear
A-8477-8481 PM-1 Martin
A-8482 XP4N-1 NAF
A-8483-8484 XP4N-2 NAF
A-8485 Bulldog Bristol
A-8486 XJQ-2 Fairchild
A-8487-8506 NY-3 Consolidated
A-8507-8524 PK-1 Keystone
A-8525 XO2L-1 Loening
A-8526-8545 N2C-2 Curtiss
A-8546 Glider Am. Motorless Av. Co.
A-8547-8582 O3U-1 Vought
A-8583-8588 NT-1 New Standard
A-8589-8597 O2C-1 Curtiss
A-8598-8599 JR-3 Ford
A-8600-8605 N2Y-1 Fleet A/c Corp.
A-8606 XO2L-1 Loening
A-8607 Bulldog Bristol
A-8608-8609 C-3 Goodyear Kite Balloon
A-8610-8612 Free Balloon Goodyear
A-8613-8639 F4B-2 Boeing
A-8640 XF5B-1 Boeing
A-8641 XO4U-1 Vought
A-8642 XP2S-1 Sikorsky
A-8643 XBN-1 NAF Cx
A-8644-8661 P2D-1 Douglas
A-8662-8686 PM-2 Martin
A-8687-8695 PH-1 Hall
A-8696 XSL-1 Loening
A-8697-8728 TG-2 Detroit/Great Lakes
A-8729 XP2H-1 Hall
A-8730 XT3D-1 Douglas
A-8731 XF9C-1 Curtiss
A-8732 XFA-1 Fokker
A-8733-8747 OL-9 Keystone
A-8748-8790 F8C-5/O2C-1 Curtiss Redesignated O2C-1
A-8791-8809 F4B-2 Boeing
A-8810-8839 O3U-1 Vought
A-8840 RR-4 Ford
A-8841 RA-4 Fokker Cx
A-8842-8844 RS-1 Sikorsky
A-8845 XF8C-7 Curtiss
A-8846 RC-1 Curtiss
A-8847-8849 O2C-2 Curtiss
A-8850 XOP-1 Pitcairn Autogiro
A-8851-8871 O3U-1 Vought
A-8872-8875 O3U-2/SU-1 Vought Redesignated SU-1
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A-8876 XRD-1 Douglas
A-8877 DH-80 DeHavilland called Puss Moth
A-8878 XFF-1 Grumman
A-8879-8890 BM-1 Martin
A-8891-8911 F4B-3 Boeing
A-8912-8920 F4B-4 Boeing
A-8921 XBY-1 Consolidated
A-8922-8923 RS-3 Sikorsky
A-8924-8927 Free Balloon Goodyear
A-8928-8937 O3U-2 Vought
A-8938 XRE-1 Bellanca
A-8939 XP2Y-1 Consolidated
A-8940 XSF-1 Grumman
A-8941-8970 O2C-1 Curtiss
A-8971 XS2L-1 Loening
A-8972 XSS-2 Sikorsky
A-8973 XF2J-1 Berliner-Joyce
A-8974 XSG-1 Great Lakes
A-8975 XF6B-1 Boeing
A-8976-8977 XOP-1 Pitcairn Autogiro
A-8978 XFN-1 NAF Cx
A-8979-8985 OL-9 Keystone
A-8986-9007 P2Y-1 Consolidated
A-9008 XP2Y-2 Consolidated
A-9009-9053 F4B-4 Boeing
A-9054 XRO-1 Detroit/Lockheed
A-9055 RS-3 Sikorsky
A-9056-9061 F9C-2 Curtiss
A-9062-9076 O3U-2/SU-1 Vought Redesignated SU-1
A-9077-9121 SU-2 Vought
A-9122-9141 SU-3 Vought
A-9142-9169 O3U-3 Vought
A-9170-9185 BM-2 Martin
A-9186 XSE-2 Bellanca Cx
A-9187-9204 OJ-2 Berliner-Joyce
A-9205-9206 RR-5 Ford

A-prefix dropped

9207 XRE-2 Bellanca
9208-9211 OL-9 Keystone
9212 XBM-1 Martin
9213 XF11C-2 Curtiss
9214-9217 BM-1 Martin
9218 XJF-1 Grumman
9219 XF11C-1 Curtiss
9220 XBG-1 Great Lakes
9221 XB2Y-1 Consolidated
9222 XF3U-1/XSBU-1 Vought
9223 XFD-1 Douglas
9224 XF3J-1 Berliner-Joyce
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9225 XSBC-3 Curtiss See Note 1
9226-9263 F4B-4 Boeing
9264 XF9C-2 Curtiss
9265-9268 F11C-2 Curtiss
9269 XF11C-3 Curtiss
9270-9282 F11C-2 Curtiss
9283-9329 O3U-3 Vought
9330 XO3U-6 Vought
9331-9340 F11C-2 Curtiss
9341 RE-3 Bellanca
9342 XF2F-1 Grumman
9343 XF13C-1 Curtiss
9344-9345 Kite Balloon Air Cruisers, Inc.
9346 XFL-1 Grover Loening Inc. Cx
9347-9349 RD-2 Douglas
9350-9376 FF-1 Grumman
9377 XS2C-1 Curtiss
9378 XF7B-1 Boeing
9379-9398 SU-4 Vought Cx
9399 XO5U-1 Vought
9400 XFT-2 Northrop
9401-9402 Glider Franklin
9403-9411 OJ-2 Berliner-Joyce
9412 XO2D-1 Douglas
9413 XO3C-1 Curtiss
9414-9433 SU-4 Vought
9434-9455 JF-1 Grumman
9456-9458 XN4Y-1 Consolidated From Army
9459 XP3Y-1 Consolidated
9460-9492 SF-1 Grumman
9493 XSF-2 Grumman
9494-9520 BG-1 Great Lakes
9521-9522 XJW-1 Waco
9523-9527 JF-1 Grumman
9528-9533 RD-3 Douglas
9534-9550 BG-1 Great Lakes
9551-9571 P2Y-3 Consolidated
9572-9583 OJ-2 Berliner-Joyce
9584-9585 R4C-1 Curtiss
9586-9612 BF2C-1 Curtiss
9613 XP3D-1 Douglas
9614-9617 PS-2 Franklin Glider
9618-9619 P2Y-3 Consolidated
9620-9622 R2D-1 Douglas
9623-9676 F2F-1 Grumman
9677-9717 NS-1 Stearman
9718 XR3Q-1 Stinson
9719 F4B-4 Quantico from spares
9720 XTBD-1 Douglas
9721 XPTBH-2 Hall
9722 XB2G-1 Great Lakes
9723 XTBG-1 Great Lakes
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9724 XSOK-1 Kreider-Reisner
9725 XSB2U-1 Vought
9726 XSBA-1 Brewster
9727 XF3F-1 Grumman
9728 XSOE-1 Bellanca
9729-9744 O3U-6 Vought
9745 XBT-1 Northrop
9746 XF3U-1 Vought See Note 2
9747-9749 XRK-3 Kinner
9750-9833 SBU-1 Vought
9834 XSB3U-1 Vought
9835-9839 JF-3 Grumman
9840-9855 BG-1 Great Lakes
9856-9990 SOC-1 Curtiss
9991 XN3N-1 NAF
9992 Free Balloon Air Cruisers
9993-9994 R2D-1 Douglas
9995 XPBS-1 Sikorsky
9996 XSBF-1 Grumman
9997 F2F-1 Grumman
9998 XR2K-1 Fairchild for NACA
9999 G-1 Airship Goodyear

The beginning of the second series of four digit numbers

0001-0016 O3U-6 Vought
0017-0101 N3N-1 NAF
0102-0161 PBY-1 Consolidated
0162-0190 J2F-1 Grumman
0191-0210 NS-1 Stearman
0211-0264 F3F-1 Grumman
0265 XN3N-2 NAF
0266 JF-2 Grumman From Coast Guard
0267 XR2O-1 Lockheed
0268-0381 TBD-1 Douglas
0382 PM-2 NAS Norfolk from spares
0383 XF4F-3 Grumman
0384 PM-2 FAB Coco Solo from spares

and hull of 8480
0385 XOSN-1 NAF
0386-0425 SOC-2 Curtiss
0426-0450 N3N-1 NAF Cx
0451 XF2A-1 Brewster
0452 XF3F-2 Grumman
0453 XPB2Y-1 Consolidated
0454-0503 PBY-2 Consolidated
0504-0506 JRS-1 Sikorsky
0507-0589 SBC-3 Curtiss 0582 modified to XSBC-4
0590-0626 BT-1 Northrop
0627 XBT-2 Northrop
0628-0643 BT-1 Northrop
0644-0723 N3N-1 NAF
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0724 ME-108b Bayerische Flugzeugwerke
0725 C-620 Le Simoun Caudron
0726-0778 SB2U-1 Vought
0779 XSB2U-3 Vought
0780-0794 J2F-2 Grumman
0795 JE-1 Bellanca
0796 XPBM-1 Martin
0797-0799 Free Balloons Air Cruisers
0800 JK-1 Fairchild
0801 JB-1 Beech
0802-0841 SBU-2 Vought
0842-0907 PBY-3 Consolidated
0908-0909 JH-1 Stearman-Hammond
0910-0949 NJ-1 North American From Army
0950 XSO2C-1 Curtiss
0951 XOS2U-1 Vought
0952-0966 N3N-1 NAF
0967-1047 F3F-2 Grumman
1048-1051 JO-2 Lockheed
1052 XOSS-1 Stearman
1053 JO-1 Lockheed
1054-1063 JRS-1 Sikorsky
1064-1146 SOC-3 Curtiss
1147-1190 SON-1 NAF
1191-1194 JRS-1 Sikorsky
1195-1209 J2F-2 Grumman
1210 L-1 Airship Goodyear
1211 K-2 Airship Goodyear
1212 S-2 S.A.I., Italy
1213-1244 PBY-4 Consolidated
1245 XPBY-5A Consolidated
1246 PBM-1 Martin
1247 XPBM-2 Martin
1248-1266 PBM-1 Martin
1267 XJO-3 Lockheed
1268-1325 SBC-4 Curtiss
1326-1383 SB2U-2 Vought
1384 XJ3F-1 Grumman
1385 XSO3C-1 Curtiss
1386-1396 F2A-1 Brewster
1397-1439 F2A-2 Brewster
1440 XSO2U-1 Vought
1441 XR4O-1 Lockheed
1442 XF5F-1 Grumman
1443 XF4U-1 Vought
1444-1470 F3F-3 Grumman
1471-1473 Free Balloon Goodyear
1474-1504 SBC-4 Curtiss
1505-1519 TBD-1 Douglas
1520 XPB2M-1R Martin
1521 XN5N-1 NAF
1522-1551 SBN-1 NAF
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1552-1567 SNJ-1 North American
1568-1587 J2F-3 Grumman
1588 XFL-1 Bell
1589-1595 GB-1 Beech From Army
1596-1631 SBD-1 Douglas
1632 XSB2A-1 Brewster
1633-1637 PB2Y-2 Consolidated
1638 XPB2Y-3 Consolidated
1639-1670 J2F-4 Grumman
1671-1673 JRF-1A Grumman
1674-1677 JRF-1 Grumman
1678-1679 JRF-1A Grumman
1680 JRF-1 Grumman
1681-1734 OS2U-1 Vought
1735-1755 SBD-1 Douglas
1756-1757 XNR-1 Maxson radio controlled
1758 XSB2C-1 Curtiss
1759-1808 N3N-3 NAF
1809-1843 SBC-4 Curtiss
1844-1845 F4F-3 Grumman
1846-1847 XF4F-5 Grumman
1848-1896 F4F-3 Grumman
1897 XF4F-4 Grumman
1898-1900 GB-1 Beech
1901-1903 R3D-1 Douglas 1901 cx
1904-1907 R3D-2 Douglas
1908-2007 N3N-3 NAF
2008-2043 SNJ-2 North American
2044-2100 SB2U-3 Vought
2101 XR5O-1 Lockheed
2102-2188 SBD-2 Douglas
2189-2288 OS2U-2 Vought
2289-2455 PBY-5 Consolidated
2456-2488 PBY-5A Consolidated
2489-2511 F4B-4A Boeing From Army
2512-2538 F4F-3 Grumman
2539-2540 XTBF-1 Grumman 2539 crashed prior to

acceptance
2541 JO-2 Lockheed
2542 XTBU-1 Vought
2543-2547 JRB-1 Beech
2548-2572 SNJ-2 North American
2573-3072 N3N-3 NAF
3073-3130 OS2U-2 Vought
3131-3143 R4D-1 Douglas From Army
3144 XPBB-1 Boeing
3145-3394 N2S-1 Stearman
3395-3519 N2S-3 Stearman
3520-3644 N2S-2 Stearman
3645-3845 NP-1 Spartan
3846-3855 JRF-4 Grumman
3856-3874 F4F-3 Grumman
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3875-3969 F4F-3A Grumman 3875-3904 cx
3970-4057 F4F-3 Grumman
4058-4098 F4F-4 Grumman
4099-4198 NR-1 Ryan From Army
4199-4248 SBC-4 Curtiss
4249-4250 R5O-1 Lockheed
4251 BD-1 Douglas From Army
4252-4351 N2S-3 Stearman
4352-4517 N3N-3 NAF
4518-4691 SBD-3 Douglas
4692-4706 R4D-1 Douglas From Army
4707-4708 R4D-2 Douglas From Army
4709-4710 JRB-1 Beech From Army
4711-4725 JRB-2 Beech From Army
4726-4729 JRB-1 Beech From Army
4730-4879 SO3C-1 Curtiss
4880-5029 SO3C-2 Curtiss
5030-5262 F4F-3 Grumman
5263-5283 F4F-7 Grumman
5284-5289 OS2U-3 Vought
5990-6289 OS2U-3 Vought Cx
6290-6439 SNC-1 Curtiss
6440-6454 JRF-5 Grumman
6455-6754 PBM-3 Martin See Note 3
6755-7024 SNJ-3 North American From Army
7025-7028 K Type Airship Goodyear
7029-7030 L Type Airship Goodyear
7031 XF4F-6 Grumman
7032-7034 GK-1 Fairchild
7035-7042 BD-2 Douglas
7043-7242 PB2Y-3,-3R Consolidated
7243-7302 PBY-5A Consolidated
7303 R5O-2 Lockheed
7304-9999 Unassigned

The beginning of the five digit series

00001-00004 SB2C-1 Curtiss
00005 XSB2C-2 Curtiss
00006-00200 SB2C-1 Curtiss
00201-00370 SB2C-1C Curtiss
00371-00372 JF-2 Grumman
00373-00392 TBF-1 Grumman
00393 XTBF-2 Grumman
00394-00658 TBF-1 Grumman
00659-00802 J2F-5 Grumman
00803-00882 SB2A-2 Brewster
00883-01004 SB2A-3 Brewster 00943-01004 Cx
01005 XSB2A-1 Brewster
01006-01007 R5O-3 Lockheed
01008-01215 SB2C-1C Curtiss 01209-01215 Cx
01209-01212 XFO-1 Lockheed P-38
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01213-01215 XF15C-1 Curtiss
01216-01515 OS2N-1 NAF
01516-01623 F2A-3 Brewster
01624-01646 GB-2 Beech
01647 JF-2 Grumman
01648-01649 R4D-1 Douglas
01650-01673 PBM-3C Martin
01674-01728 PBM-3S Martin
01729-01730 ZNP-K-7, -8 Goodyear K Class Airship
01731-01770 TBF-1 Grumman
01771-01976 SNJ-3 North American
01977-01990 R4D-1 Douglas
01991-02152 F4F-4 Grumman
02153-02156 F4U-1 Vought
02157 XF4U-3 Vought
02158-02736 F4U-1 Vought
02737-02746 PB2Y-3R Consolidated
02747-02790 OY-1 Consolidated 02789-02790 Cx
02789-02790 XP4M-1 Martin
02791-02946 PBN-1 NAF 02802 Cx
02947 R3O-2 Lockheed
02948-02977 PBY-5A Consolidated
02978 V-173 Vought
02979-02980 LNS-1 Schweizer
02981 XF6F-4 Grumman
02982 XF6F-3 Grumman
02983-03182 SNV-1 Vultee
03183 XF14C-2 Curtiss
03184 XF14C-1 Curtiss Cx
03185-03384 SBD-3 Douglas
03385-03544 F4F-4 Grumman
03545-03548 Free Balloon Lakehurst
03549-03550 XF7F-1 Grumman
03551-03552 XSB2D-1 Douglas
03553-03742 SNB-2 Beech 03563-03742 Cx
03563-03742 PBM-4E Martin Cx
03563-03712 PBV-1A Vickers Cx
03713-03742 JRF-5 Grumman Cx
03743-03744 XSB3C-1 Curtiss Cx
03745-03801 PBB-1 Boeing Cx
03802-03841 F4U-1 Vought
03842-03861 PBO-1 Lockheed
03862-04148 SB2C-2 Curtiss Cx
03862-04025 OY-1 Consolidated 04021-04025 Cx
04149-04198 SO3C-2 Curtiss
04199-04348 SO3C-3 Curtiss 04290-04348 Cx
04349-04358 JRF-5 Grumman
04359-04379 ZNPK Goodyear
04380-04389 LNS-1 Schweizer
04390-04395 GH-1 Howard
04396-04398 JR2S-1 Sikorsky Cx
04399-04420 PBY-5A Consolidated
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04421-04424 Free Balloon Lakehurst
04425-04514 PBY-5 Consolidated
04515-04774 F3A-1 Brewster
04775-04958 F6F-3 Grumman
04959-04961 BTD-1 Douglas
04962 XBTD-2 Douglas
04963 BTD-1 Douglas
04964 XBTD-2 Douglas
04965-04971 BTD-1 Douglas
04972-05045 PBY-5A Consolidated
05046-05050 R5O-4 Lockheed
05051-05072 R4D-1 Douglas
05073-05084 R4D-3 Douglas
05085-05234 SNC-1 Curtiss
05235-05434 N2S-3 Stearman Boeing
05435-05526 SNJ-3 North American
05527-05674 SNJ-4 North American
05673-05874 SNV-1 Vultee
05875-05876 N2T-1 Timm
05877-06491 TBF-1 Grumman
06492-06701 SBD-3 Douglas
06702-06991 SBD-4 Douglas
06992-06999 R4D-3 Douglas
07000-07003 R4D-4 Douglas
07004 JRF-1 Grumman
07005-08004 N2S-3 Stearman Boeing
08005 R3D-3 Douglas
08006-08028 GH-1 Howard
08029 GH-2 Howard
08030-08123 PBY-5A Consolidated
08124-08549 PBY-5 Consolidated
08550-08797 F3A-1 Brewster
08798-09047 F6F-3 Grumman
09048-09392 BTD-1 Douglas 09063-09392 Cx
09063 SNJ-4 North American
09064 P-51H North American From USAAF
09085-09095 XBT2D-1 Douglas XAD-1
09096 XBT2D-1P Douglas
09097 XBT2D-1 Douglas
09098-09099 XBT2D-1N Douglas
09100-09106 XBT2D-1 Douglas
09107 XBT2D-1W Douglas XAD-1W
09108 XAD-2 Douglas
09109 XBT2D-1Q Douglas
09110-09351 AD-1 Douglas
09352-09392 AD-1Q Douglas 09387-09392 Cx
09393-09692 OS2U-3 Vought
09693-09752 SBD-5A Douglas
09753-09764 Free Balloon Lakehurst
09765 GB-2 Beech Misc. acquisition
09766 GB-1 Beech Misc. acquisition
09767 JRF-4 Grumman Misc. acquisition
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09768 GB-1 Beech Misc. acquisition
09769-09770 GH-1 Howard Misc. acquisition
09771 JRB-2 Beech Misc. acquisition
09772 GB-1 Beech Misc. acquisition
09773-09774 GB-2 Beech Misc. acquisition
09775 GH-1 Howard Misc. acquisition
09776-09778 GB-1 Beech Misc. acquisition
09779 GH-1 Howard Misc. acquisition
09780 GB-1 Beech Misc. acquisition
09781 GH-1 Howard Misc. acquisition
09782 JRF-1 Grumman Misc. acquisition
09783 YKS-6 Waco Misc. acquisition
09784 YKS-7 Waco Misc. acquisition
09785 CH400 Bellanca Misc. acquisition
09786 Stinson Stinson Misc. acquisition
09787-09788 GK-1 Fairchild Misc. acquisition
09789 J4F-2 Grumman Misc. acquisition
09790-09797 GK-1 Fairchild Misc. acquisition
09798-09799 GQ-1 Stinson Misc. acquisition
09800 GB-1 Beech Misc. acquisition
09801-09802 ZNN-L Goodyear L Class Airships
09803 R2Y-1 Consolidated
09804 A-30 Martin From England
09805-09816 J4F-2 Grumman
09817-10316 SNJ-4 North American
10317-10806 SBD-4 Douglas
10807-11066 SBD-5 Douglas
11067-11646 F3A-1 Brewster 11294-11646 Cx
11294-11646 AT-19 Stinson Reverse Lend Lease
11647-11648 XLRA-1 Allied Aviation
11649-11650 XLRH-1 Snead Cx
11651-11654 XLRQ-1 Bristol 11653-11654 Cx
11655-12227 F4F-4 Grumman
12228-12229 XF4F-8 Grumman
12230-12329 F4F-3 Grumman
12330-12353 GB-2 Beech
12354-12389 SNB-2 Beech
12390-12392 JR2S-2 Sikorsky
12393-12404 R4D-1 Douglas
12405-12446 R4D-5 Douglas
12447-12453 R5O-4 Lockheed
12454-12491 R5O-5 Lockheed
12492-12991 SNV-1 Vultee
12992 XF2G-1 Goodyear
12993-13470 FG-1D Goodyear
13471-13472 XF2G-1 Goodyear
13473-14690 FG-1D Goodyear
14691-14695 XF2G-1 Goodyear
14696-14991 FG-1D Goodyear
14992-15951 FM-1 Eastern
15952-16791 FM-2 Eastern
16792-17091 TBM-1C Eastern
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17092-17248 R4D-5 Douglas
17249-17291 R4D-6 Douglas
17292-17391 TDN-1 NAF
17392-17455 F4U-1 Vought
17456-17515 F4U-1 Vought
17516 XF4U-3 Vought
17517-18191 F4U-1 Vought
18192-18307 SB2C-1C Curtiss
18308 XSB2C-5 Curtiss
18309-18598 SB2C-1C Curtiss
18599-18619 SB2C-3, -3E Curtiss
18620-18621 XSB2C-6 Curtiss
18622-19710 SB2C-3 Curtiss
19711-21191 SB2C-4, -4E Curtiss
21192-21231 SBW-1 C.C.& F.
21232 SBW-5 C.C.& F. Cx
21232 PBY-5A Consolidated
21233-21645 SBW-3 C.C.& F.
21646-21741 SBW-4E C.C.& F.
21742-22006 BT2D-1, -1Q Douglas Cx
22007-22856 SO3C-3, -4 Curtiss 22057-22856 Cx
22257-22295 AM-1 Martin
22296 AM-1Q Martin
22297-22345 AM-1 Martin
22346-22355 AM-1Q Martin
22356-22856 AM-1 Martin Cx
22453-22458 HTL-1 Bell There was no 22455
22857-23656 TBM-3, -3E Eastern
23657-23756 GB-2 Beech
23757-23856 SNB-2C Beech
23857-24140 TBF-1 Grumman
24141 XTBF-3 Grumman
24142-24340 TBF-1 Grumman
24341 XTBF-3 Grumman
24342-24520 TBF-1 Grumman
24521-25070 TBM-1 Eastern
25071-25174 TBM-1C Eastern
25175 XTBM-3 Eastern
25176-25520 TBM-1C Eastern
25521 XTBM-3 Eastern
25522-25699 TBM-1C Eastern
25700 XTBM-3 Eastern
25701-25720 TBM-1C Eastern
25721-26195 F6F-3,- 3N Grumman
26196-26425 NE-1 Piper
26426 LNS-1 Schweizer Cx
26427-27851 SNJ-4 North American
27852 XP4Y-1 Consolidated
27853-27856 XTDN-1 NAF
27857-27858 XTDR-1 Interstate
27859-27958 TDR-1 Interstate
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27959 R5O-3 Lockheed
27960-28058 N2S-4 Stearman
28059-28829 SBD-5 Douglas
28830 XSBD-6 Douglas
28831-29213 SBD-5 Douglas
29214-29375 SB2A-4 Brewster
29376-29550 NH-1 Howard
29551-29668 SNB-2C Beech 29665-29668 Cx
29665-29666 XTD3C-1 Culver
29667-29668 P-80A Lockheed From Army
29669-29698 NE-2 Piper 29689-29698 Cx
29689 P-80A Lockheed From Army
29690 P-80B Lockheed From Army
29691-29722 Unknown Unknown Cx
29723-29922 PV-1 Lockheed
29923-30146 N2S-4 Stearman Boeing
30147 R4D-1 Douglas
30148-30150 R5O-5 Lockheed
30151 J4F-2 Grumman
30152-30196 ZNP-K Goodyear K Class Airship, K-30

to K-74
30197-30296 AE-1 Piper HE-1
30297-30298 XF14C-3 Curtiss Cx
30299-31398 TBY-2 Consolidated 30368-30370 Cx

30481-31398 Cx
30368 XHJS-1 Sikorsky
30369 TBY-2 Consolidated
30370 XHJS-1 Sikorsky
30481-30542 AT-19 Stinson From UK
30543-31398 Unknown Unknown
31399 XBTC-1 Curtiss Cx
31400 XBTC-2 Curtiss Cx
31399-31400 XJL-1 Columbia
31401-31402 XBTC-2 Curtiss
31403-31502 LRA-1 Allied Cx
31503-31504 XLR2A-1 Allied
31505-31506 XLNE-1 Pratt, Read & Co.
31507-31585 LNE-1 Pratt, Read & Co.
31586-31635 LRH-1 Snead Cx
31636-31685 SBF-1 Fairchild
31686-31835 SBF-3 Fairchild
31836-31935 SBF-4E Fairchild
31936-32085 PB4Y-1 Consolidated
32086 XPB4Y-2 Consolidated
32087-32094 PB4Y-1 Consolidated
32095-32096 XPB4Y-2 Consolidated
32097-32335 PB4Y-1 Consolidated
32336-32385 GH-2 Howard
32386 XPB3Y-1 Consolidated Cx
32386 XTDC-2 Culver
32387-32636 N2T-1 Timm
32637-32786 J2F-6 Columbia Grumman design
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32787-32936 GH-2 Howard 32867-32936 Cx
32867-32936 GB-2 Beech 32916-32936 Cx, from UK
32937-32986 J4F-2 Grumman
32987-32991 SNC-1 Curtiss
32992-33066 GB-2 Beech
33067-33466 PV-1 Lockheed From Army
33467-33514 ZNP-K Goodyear Cx
33515-33614 TDR-1 Interstate 33532-33614 Cx
33532-33534 XF6U-1 Vought
33535-33614 J2F-6 Columbia Grumman design
33615-33714 AM-1, -1Q Martin Cx
33615-33621 R4D-4R Douglas
33622-33714 TDR-1 Interstate
33715-33814 LRQ-1 Bristol Cx
33815-33820 R4D-4 Douglas
33821-33870 AM-1, -1Q Martin Cx
33821-33870 TO-1 Lockheed TV-1/P-80C
33871-33920 TD3R-1 Interstate 33881-33920 Cx
33921 XTD3R-1 Interstate
33922 XTD2R-1 Interstate
33923-33924 XTD3R-1 Interstate
33925-33951 PV-3 Lockheed
33952-33957 J4F-2 Grumman
33958-33959 XF5U-1 Vought 33959 Cx
33960-34059 PBY-5A Consolidated
34060-34094 JRF-5 Grumman
34095-34096 XSC-1 Curtiss
34097-34101 N2S-4 Stearman Boeing
34102-34105 TBM-1C Eastern
34106 PB-1W Boeing From Army, B-17G
34107-34111 N2S-4 Stearman Boeing
34112-34113 JK-1 Fairchild
34114 PB-1W Boeing From Army, B-17G
34115-34134 LNE-1 Pratt, Read & Co.
34135-34584 SNV-1 Vultee
34585 J4F-2 Grumman Misc. acquisition
34586-34997 PV-1 Lockheed
34998-35047 PBJ-1C North American
35048-35096 PBJ-1D North American
35097 PBJ-1G North American
35098-35193 PBJ-1D North American
35194-35195 PBJ-1J North American
35196-35202 PBJ-1D North American
35203-35249 PBJ-1J North American
35250-35297 PBJ-1H North American
35298-35300 XSC-1 Curtiss
35301 SC-1 Curtiss
35302 XSC-1A Curtiss
35303-35797 SC-1 Curtiss
35798-35921 PBN-1 NAF Cx
35798-35920 PBJ-1J North American
35921 JRF-4 Grumman
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35922-35949 SBD-5 Douglas
35950 SBD-6 Douglas
35951-36421 SBD-5 Douglas
36422-36424 XLNR-1 Aeronca
36425-36427 XLNP-1 Piper
36428-36430 XLNT-1 Taylorcraft
36431-36432 XLRN-1 NAF Cx
36433-36932 SBD-5 Douglas
36933-36934 XTB2D-1 Douglas
36935-37034 J2F-6 Columbia Grumman design
37035-37064 PV-2C Lockheed
37065-37534 PV-2 Lockheed
37535-37623 PV-2D Lockheed 37551-37623 Cx
37551 HRP-1 Piasecki
37624-37634 PV-2D Lockheed
37635-37636 XTDR-1 Interstate Cx
37637-37638 AT-19 Stinson Cx
37639-37648 LRW-1 Waco
37649 VKS-7 Stinson
37650-37659 Unknown Unknown Cx
37660-37710 R4D-1 Douglas 37681-37710 Cx
37711-37770 J4F-2 Grumman
37771-37831 JRF-5 Grumman
37832-37851 Unknown Unknown Cx
37852-37853 RS-5 Sikorsky From Pan Am
37854-37855 RS-4 Sikorsky From Pan Am
37856-37967 N2S-4 Stearman Boeing
37968-37969 XHRP-1 Piasecki 37968 Cx
37970-37972 D-558-I Douglas
37973-37975 D-558-II Douglas
37976-37977 XHJP-1 Piasecki
37978-37987 N2S-4 Stearman Boeing
37988-38437 N2S-3 Stearman Boeing
38438-38732 N2S-5 Stearman 38611-38732 Cx Boeing
38733-38979 PB4Y-1 Consolidated
38980-39012 PBJ-1J North American
39013-39032 RY-2 Consolidated 39018-39032 Cx
39033-39055 HNS-1 Sikorsky 39053-39055 Cx, from

Army
39053-39055 XFJ-1 North American
39056 XNL-1 Langley Aviation
39057-39095 R4D-5 Douglas
39096-39098 R4D-6 Douglas
39099 R4D-7 Douglas
39100 R4D-6 Douglas
39101-39108 R4D-7 Douglas
39109 R4D-6 Douglas
39110-39136 R4D-5 Douglas 39112-39136 Cx
39112-39128 R5D-4 Douglas
39137-39181 R5D-1 Douglas
39182-39191 N2T-1 Timm
39192-39291 SNB-2 Beech
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39292-39491 RB-1 Budd 39309-39491 Cx
39318-39468 P2V-2 Lockheed 39369-39468 Cx
39469-39491 Unknown Unknown Most likely not used
39492-39611 R5C-1 Curtiss
39612-39646 R5O-6 Lockheed
39647-39712 FR-1 Ryan
39713-39714 XF2R-2 Ryan Cx
39715-39746 FR-1 Ryan Cx
39747-39748 JRF-5 Grumman
39749-39998 SNB-1 Beech
39999-43137 F6F-3, -3N, -3E Grumman
43138-43637 N2S-5 Stearman Boeing
43638-44037 SNJ-5 North American
44038-44187 SNV-2 Vultee
44188-44227 PB2B-1 Boeing Canada
44228-44312 PB2B-2R Boeing Canada 44295-44312 Cx
44313-44314 XBTK-1 Kaiser
44315 JRB-4 Beech
44316-44317 XOSE-1 Edo
44318 XHJD-1 McDonnell
44319 LRW-1 Waco From Army
44320-44354 LBT-1 Taylorcraft Cx
44355-44554 TDC-2 Culver
44555-44704 JRB-4 Beech 44685-44704 Cx
44705-44904 P4Y-1 Consolidated Cx
44905-44920 NH-1 Howard
44921-44922 GH-3 Howard
44923-44934 NH-1 Howard
44935-44937 GH-3 Howard
44938 NH-1 Howard
44939 GH-3 Howard
44940 NH-1 Howard
44941-45204 GH-3 Howard 45050-45204 Cx
45205-45274 PBM-3D Martin
45275-45276 XPBM-5 Martin
45277-45404 PBM-3D Martin
45405-45444 PBM-5 Martin
45445-45644 TBM-1C Eastern
45645 XTBM-3 Eastern
45646-46444 TBM-1C Eastern
46445 HNS-1 Sikorsky
46446-46448 XHOS-1 Sikorsky
46449 TDC-1 Culver
46450-46638 PBY-5A Consolidated
46639-46698 PBY-6A Consolidated
46699-46723 HNS-1 Sikorsky 46701-46723 Cx
46724 PBY-6A Consolidated
46725-46737 PB4Y-1 Consolidated
46738-46837 FM-1 Eastern
46838-47437 FM-2 Eastern
47438-47637 TBF-1 Grumman
47638-48123 TBF-1C Grumman
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48124 PBM-3D Martin
48125-48163 PBM-3S Martin
48164-48223 PBM-3D Martin
48224-48228 B-314 Boeing From Pan Am
48229 JRF-5 Grumman
48230-48231 M-130 Martin From Pan Am
48232-48234 XFR-1 Ryan
48235-48236 XFD-1 McDonnell
48237-48238 XP2V-1 Lockheed
48239-48242 ZNP-M Goodyear M Class Airship, M-1 to M-4
48243-48245 SOC-3A Curtiss
48246-48251 JRB-4 Beech
48252-48451 PBY-5A Consolidated
48452-48651 Unknown Unknown Cx
48452-48453 Free Balloon Lakehurst
48652-48939 PV-1 Lockheed
48940-49359 F3A-1 Brewster Cx
49360-49659 PV-1 Lockheed
49660-49762 F4U-1 Vought
49763 XF4U-4 Vought
49764-50300 F4U-1 Vought
50301 XF4U-4 Vought
50302-50359 F4U-1 Vought
50360-50659 F4U-1D Vought
50660-50689 JRF-5 Grumman Cx
50690-50739 R5C-1 Curtiss 50730-50739 Cx
50740-50839 R4D-6 Douglas
50840-50849 R5D-1 Douglas
50850-50868 R5D-2 Douglas
50869-50888 R5D-3 Douglas 50879-50888 Cx
50879-50888 XBT2C-1 Curtiss 50888 Cx
50889 R5D-2 Douglas Cx
50889-51022 J4F-2 Grumman Cx
51023-51094 SNB-1 Beech
51095-51199 SNB-2C Beech
51200-51293 SNB-2 Beech
51294-51349 SNB-2C Beech
51350-51676 SNJ-4 North American
51677-52049 SNJ-5 North American
52050-52549 SNV-2 Vultee
52550-53049 N2S-5 Stearman 52627-53049 Cx Boeing
52750-52761 F2T-1N Northrop P-61B from Army
53050-53949 TBM-3E Eastern
53950-54049 JRB-4 Beech Cx
54050-54599 SBD-5 Douglas
54600-55049 SBD-6 Douglas
55050-55649 FM-2 Eastern
55650-55771 N2S-4 Stearman Boeing
55772-55783 JRC-1 Cessna
55784-56483 F4U-1 Vought
56484-56683 NH-1 Howard Cx
56484-56663 R5D-3 Douglas 56550-56663 Cx
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56684-57083 FM-2 Eastern
57084-57656 F4U-1D Vought
57657-57659 F4U-1C Vought
57660-57776 F4U-1D Vought
57777-57791 F4U-1C Vought
57792-57965 F4U-1D Vought
57966-57983 F4U-1C Vought
57984-57986 XF8B-1 Boeing
57987-57999 Unknown Unknown Cx
57987 P-51 North American From Army
57988-57989 R5D-1 Douglas
57990-57991 JD-1 Douglas
57992-57994 JA-1 Noorduyn From Army
57995-57998 HO3S-1 Sikorsky
57999 JA-1 Noorduyn
58000-58999 F6F-5, -5N Grumman
59000-59348 PBM-5, -5E Martin
59349 XPBM-5A Martin
59350-59924 PB4Y-2 Consolidated 59554 Cx
59925 PB4Y-2B Consolidated
59926 PB4Y-2 Consolidated
59927 PB4Y-2S Consolidated
59928 PB4Y-2M Consolidated
59929-59937 PB4Y-2 Consolidated
59938 PB4Y-2M Consolidated
59939-59944 PB4Y-2 Consolidated
59945 PB4Y-2M Consolidated
59946-59948 PB4Y-2 Consolidated
59949 PB4Y-2M Consolidated
59950-59954 PB4Y-2 Consolidated
59955-59969 PB4Y-2M Consolidated
59970-60009 PB4Y-2 Consolidated
60010-60035 SBW-1B C.C.& F.
60036-60209 SBW-4E C.C.& F.
60210-60459 SBW-5 C.C.& F. 60210 Cx 

60296-60459 Cx
60460-60507 OY-1 Consolidated
60508-60581 Unknown Unknown Cx
60582-62314 N2S-5 Stearman 60582-61036 Cx 

61905-62314 Cx
62315-62914 Unknown Unknown Cx
62915-62929 F4U-4B Vought
62930 F4U-4P Vought
62931-62949 F4U-4B Vought
62950 F4U-4P Vought
62951-62969 F4U-4B Vought
62970 F4U-4P Vought
62971-62989 F4U-4B Vought
62990 F4U-4P Vought
62991-63009 F4U-4B Vought
63010 F4U-4P Vought
63011-63029 F4U-4B Vought
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63030 F4U-4P Vought
63031-63049 F4U-4B Vought
63050 F4U-4P Vought
63051-63069 F4U-4B Vought
63070 F4U-4P Vought
63071-63914 F4U-4B/P Vought 63072-63914 Cx
63915-63991 PB4Y-1 Consolidated 63960-63991 Cx
63960-63961 YP-59A Bell From Army
63992 PBY-5 Consolidated
63993-64441 PBY-6A Consolidated 64100, 64108-64441 Cx
64100 P-59B Bell From Army
64108-64109 P-59B Bell From Army
64442-64496 JRC-1 Cessna
64497-65396 TDR-1 Interstate 64569-65396 Cx
64569-64576 XOSE-1 Edo Cx
64577-64896 SB2C-5 Curtiss Cx
64943-64992 PBJ-1J North American
64993-65285 SB2C-4, -4E Curtiss
65286 XSB2C-5 Curtiss
65287-65396 SB2C-4 Curtiss Cx
65287-65396 PB4Y-1 Consolidated
65397-65732 SB2C-5 Curtiss Cx
65733-65889 Unknown Unknown Cx
65890-66244 F6F-3 Grumman
66245-66394 PB4Y-2 Consolidated 66325-66394 Cx
66325-66361 JRF-6B Grumman
66395-66594 JRB-4 Beech 66472-66594 Cx
66595-66794 JM-1 Martin
66795-67054 PB4Y-2 Consolidated Cx
67055-67254 FG-1D Goodyear 67100-67254 Cx
67255-67754 FG-4 Goodyear Cx
67100-67383 SNB-2 Beech 67130-67154 Cx
67755-67796 Unknown Unknown Cx
67797-67799 RY-1 Consolidated
67800-67806 XLNT-1 Taylorcraft
67807-67831 J4F-2 Grumman Cx
67832-68061 PBV-1A Vickers Canso A, PBY-5A type
68062-69538 TBM-3 Eastern
69539-69739 TD2C-1 Culver
69740-69989 F7F-3 Grumman Cx
69990-69991 LRW-1 Waco
69992-70187 F6F-5 Grumman
70188 XF6F-6 Grumman
70189-70912 F6F-5,- 5N, -5P Grumman
70913 XF6F-6 Grumman
70914-72991 F6F-5, -5N, -5P Grumman
72992-73116 PB2B-1 Boeing
73117-73498 TBM-1C Eastern
73499-75158 FM-2 Eastern
75159-75182 OY-1 Consolidated
75183-75207 JM-1 Martin
75208-75209 XOSE-2 Edo Cx
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75210-75213 XOSE-1 Edo
75214-75215 XOSE-2 Edo
75216-75217 XTE-1 Edo
75218-75588 SB2C-1A Curtiss
75589-75688 HOS-1 Sikorsky 75625-75688 Cx
75625-75628 OSE-2 Edo
75629-75632 TE-2 Edo
75689-75724 HO2S-1 Sikorsky 75691-75724 Cx
75725-75726 XNQ-1 Fairchild
75727-75728 HNS-1 Sikorsky
75729-75730 HOS-1 Sikorsky
75731-75738 HO2S-1 Sikorsky Cx
75739-76138 TD2C-1 Culver
76139-76148 FG-1 Goodyear
76149-76449 FG-1D Goodyear
76450 FG-3 Goodyear
76451-76739 FG-1 Goodyear
76740-76759 JRB-3 Beech
76760-76779 JRB-4 Beech
76780-76818 SB2C-1A Curtiss
76819-76823 JRM-1 Martin
76824 JRM-2 Martin
76825-76838 JRM-1 Martin Cx
76839-77138 PB4Y-2 Consolidated Cx
77137-77138 PB-1W Boeing From Army
77139-77224 JD-1 Douglas
77225-77244 PB-1W Boeing From Army
77245-77257 PB-1G Boeing From Army
77258 PB-1W Boeing From Army
77259-80258 F6F-5, -5N, -5P Grumman
80259-80260 F7F-1N Grumman
80261 XF7F-2N Grumman
80262-80293 F7F-1N Grumman
80294-80358 F7F-2N Grumman
80359-80547 F7F-3 Grumman
80548 F7F-4N Grumman
80549-80608 F7F-3N Grumman
80609-80620 F7F-4N Grumman
80621-80758 F7F Grumman Cx
80621-80622 JD-1 Douglas From UK
80759-80763 XF4U-4 Vought
80764-82177 F4U-4 Vought
82178-82189 F4U-1C Vought
82190-82259 F4U-1D Vought
82260-82289 F4U-1C Vought
82290-82369 F4U-1D Vought
82370-82394 F4U-1C Vought
82395-82434 F4U-1D Vought
82435-82459 F4U-1C Vought
82460-82539 F4U-1D Vought
82540-82582 F4U-1C Vought
82583-82632 F4U-1D Vought
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82633-82639 F4U-1C Vought
82640-82739 F4U-1D Vought
82740-82761 F4U-1C Vought
82762-82854 F4U-1D Vought 82853-82854 Cx
82853-82854 XJR2F-1 Grumman
82855-82857 XF2M-1 Goodyear Cx
82855-82857 PB-1G Boeing From Army
82858-83126 SB2C-4, -4E Curtiss
83127 XSB2C-5 Curtiss
83128-83751 SB2C-5 Curtiss
83752-83991 TD2C-1 Culver
83992-84054 Unknown Unknown Cx
83992-84027 PB-1W Boeing 83999-84027 Cx

From Army
84028-84029 P2B-1S Boeing B-29 from Army
84030-84031 P2B-2S Boeing B-29 from Army
84032 JRB-3 Beech
84055-84056 XTSF-1/XTB2F-1 Grumman Cx
84057-84589 PV-2D Lockheed 84065-84589 Cx
84590-84789 PBM-5 Martin
84790-84818 JRF-5 Grumman
84819-85093 SNJ-5 North American
85094-85095 XLR2W-1 Waco
85096-85135 JRB-4 Beech
85136-85160 PBM-5 Martin
85161-85162 XBTM-1 Martin
85163-85164 XR6O-1 Lockheed
85165-85264 LBP-1 Piper Cx
85265-85289 LBT-1 Taylorcraft
85290-85292 XLBE-1 Pratt, Read & Co.
85293-85389 LBE-1 Pratt, Read & Co. Cx
85390 XHRP-1 Piasecki Cx
85391-85458 GB-2 Beech Cx
85459-86296 TBM-3E Eastern 86293-86296 Cx
86293 JRB-4 Beech
86294 JRB-3 Beech
86295-86296 JRB-4 Beech
86297-87719 FM-2, -2P Eastern 86974-87719 Cx
87720-87762 JRF-5 Grumman 87752-87762 Cx
87752 JRB-3 Beech
87753 JRB-4 Beech
87754-87759 R5D-3 Douglas
87763-87787 LNT-1 Taylorcraft
87788-88453 FG-1D Goodyear
88454-88458 F2G-1 Goodyear
88459-88871 F2G-2 Goodyear 88464-88871 Cx
88872-89071 PBJ-1H North American
89072-89081 JD-1 Douglas
89082-89085 P2V-1 Lockheed
89086 XP2V-2 Lockheed
89087-89096 P2V-1 Lockheed
89097-89119 XTB2D-1 Douglas Cx
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89120-90019 SB2C-5 Curtiss 89466-90019 Cx
89466-89492 JRB-5 Beech
89493 JRB-1 Beech
89494 JRB-5 Beech
90020-90131 RY-3 Consolidated 90060-90131 Cx
90060-90061 XF2L-1 Bell P-63, Cx
90132-90384 R2Y-1 Consolidated Cx
90132-90271 PB4Y-1 Consolidated
90385-90395 R5D-2 Douglas
90396-90415 R5D-4 Douglas
90416-90436 Unknown Unknown Cx
90437-90459 F8F-1 Grumman
90460-90461 XF8F-1 Grumman
90462-90483 PB4Y-1 Consolidated
90484-90503 XBTK-1 Kaiser 90487-90503 Cx
90504-90506 XTB3F-1 Grumman
90507-90531 JM-2 Martin 90522-90531 Cx
90522-90523 JRB-2 Beech
90532-90581 JRB-4 Beech
90582-91106 SNJ-5 North American 91102-91106 Cx
91102-91103 F2L-1K Bell
91104 R4D-1 Douglas
91105 R5D-1 Douglas
91106 Mosquito DeHavilland From UK
91107-92006 TBM-3E Eastern 91753-92006 Cx
91962-91993 JM-2 Martin
91994-92006 R5D-3 Douglas 92004-92006 Cx
92007-93301 FG-1D Goodyear 92702-93301 Cx
93302-93651 SC-1 Curtiss 93368-93651 Cx
93652-94751 F6F-5 Grumman 94522-94751 Cx
94752-95048 F8F-1 Grumman
95049 XF8F-2 Grumman
95050-95329 F8F-1 Grumman
95330 XF8F-2 Grumman
95331-96751 F8F-1 Grumman 95499-96751 Cx
96752-97295 F4U-4 Vought
97296 XF4U-5 Vought
97297-97363 F4U-4 Vought
97364 XF4U-5 Vought
97365-97414 F4U-4 Vought
97415 XF4U-5 Vought
97416-97531 F4U-4 Vought
97532-97672 TBM-3 Eastern Cx
97673-97675 XTBM-4 Eastern
97676-98601 TBM-4 Eastern Cx
98602-98605 PBM-5E Martin
98606 PBM-5N Martin
98607-98615 PBM-5E Martin
98616 XP5M-1 Martin
98617-99073 PBM-5 Martin Cx
99074-99077 J4F-2 Grumman Misc. acquisition
99078 JRF-4/G-21A Grumman Misc. acquisition
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99079 GK-1 Fairchild Misc. acquisition
99080 PBY-4 Consolidated American Export
99081-99084 B-314 Boeing From Pan Am.
99085-99088 AT-19 Stinson From Pan Am.
99089 Waco Waco From Pan Am.
99090-99092 Electra Lockheed From Pan Am.
99093-99095 Lodestar Lockheed From Pan Am.
99096-99097 Speedster Rerwin From Pan Am.
99098 Pilgrim Pilgrim From Pan Am.
99099 DC-3A Douglas From Pan Am.
99100-99823 Unknown Unknown Cx
99824-99857 R4D-7 Douglas
99858-99860 XF2H-1 McDonnell
99861-99990 R4D-6 Douglas Cx
99991-100000 Unknown Unknown Cx

The beginning of the six digit series

000001 A-1 Navy & IAS Replica-Navy’s 1st a/c
001009-001023 DSN-3/QH-50C Gyrodyne DSN-3 redesig. QH-50C
001024-001027 QH-50C Gyrodyne
001029-001041 QH-50C Gyrodyne
001043-001049 QH-50C Gyrodyne
001051 QH-50C Gyrodyne
001053-001192 QH-50C Gyrodyne
001193-001196 QH-50D Gyrodyne
001197-001293 QH-50C Gyrodyne
001295-001307 QH-50C Gyrodyne
001309-001314 QH-50C Gyrodyne
001316-001327 QH-50C Gyrodyne
001329-001340 QH-50C Gyrodyne
001342-001347 QH-50C Gyrodyne
001349-001358 QH-50C Gyrodyne
001360-001362 QH-50C Gyrodyne
001365 QH-50C Gyrodyne
001367-001375 QH-50C Gyrodyne
001377-001381 QH-50C Gyrodyne
001382 QH-50D Gyrodyne
001383-001385 QH-50C Gyrodyne
001386-001493 QH-50D Gyrodyne
001495-001571 QH-50D Gyrodyne
001572 QH-50C Gyrodyne
001573-001613 QH-50D Gyrodyne
001615-001758 QH-50D Gyrodyne
002743-002744 X-25A Bensen

100001-102000 F8F-1 Grumman Cx
102001-102275 PV-2D Lockheed Cx
102276-102575 PBM-5 Martin Cx
102576-104575 TBM-4 Martin Cx
104576-105175 FR-2 Ryan Cx
105176-106875 F4U-4 Vought Cx
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106876-107875 FG-4 Goodyear Cx
107876-108225 SB2C-5 Curtiss Cx
108226-109272 F6F-5N Grumman Cx
109273-111148 F3M-1 Eastern Cx
111149-111348 PBY-6A Consolidated Cx
111349-111748 F6F-5 Grumman Cx
111749-111848 FD-1 McDonnell 111809-111848 Cx
111809-111828 HRP-1 Piasecki
111829-111833 HRP-2 Piasecki
111834-111848 HRP-1 Piasecki Cx
111849-111948 SC-1 Curtiss Cx
111949-112528 SNJ-6 North American 112360-112528 Cx
112529-114528 F8F-1 Grumman Cx
114529-115728 F4U-4 Vought Cx
115729-116728 FG-4 Vought Cx
116729-117728 F7F-3 Grumman Cx
117729-118928 TBM-4 Eastern Cx
118929-119528 TBY-3, -4 Consolidated Cx
119529-119778 SC-2 Curtiss 119539-119778 Cx
119779-119978 PBY-6A Consolidated Cx
119979-120338 TD2C-1 Culver
120339-120341 XFJ-1 North American Cx
120339-120340 XTD4C-1/XUC-1K Culver
120342-120441 FJ-1 North American 120372-120441 Cx
120442-120474 OY-1 Consolidated
120475-121414 PBY-6A Consolidated Cx
121415-121438 OY-1 Consolidated Cx
121439-121440 Unknown Unknown Cx
121441-121444 ME-262 Messerschmitt
121445-121446 AR-234 Arado
121447 DO-335 Dornier
121448 ME-262S Messerschmitt
121449-121450 XSN2J-1 North American
121451-121454 P4M-1 Martin
121455-121456 XP5Y-1 Consolidated
121457-121459 XF3D-1 Douglas
121460-121462 XAJ-1 North American
121463-121522 F8F-1 Grumman
121523-121792 F8F-2 Grumman
121793-121803 F4U-5 Vought
121804 F4U-5P Vought
121805-121815 F4U-5 Vought
121816 F4U-5N Vought
121817-121831 F4U-5 Vought
121832-121833 F4U-5N Vought
121834-121851 F4U-5 Vought
121852-121853 F4U-5N Vought
121854-121871 F4U-5 Vought
121872-121874 F4U-5N Vought
121875-121890 F4U-5 Vought
121891-121893 F4U-5N Vought
121894-121911 F4U-5 Vought
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121912-121915 F4U-5N Vought
121916-121931 F4U-5 Vought
121932-121935 F4U-5N Vought
121936 F4U-5P Vought
121937-121951 F4U-5 Vought
121952-121955 F4U-5N Vought
121956-121957 F4U-5P Vought
121958-121972 F4U-5 Vought
121973-121976 F4U-5N Vought
121977-121978 F4U-5P Vought
121979-121994 F4U-5 Vought
121995-121998 F4U-5N Vought
121999-122002 F4U-5P Vought
122003-122014 F4U-5 Vought
122015-122018 F4U-5N Vought
122019-122022 F4U-5P Vought
122023-122036 F4U-5 Vought
122037-122040 F4U-5N Vought
122041-122044 F4U-5 Vought
122045-122048 F4U-5P Vought
122049-122057 F4U-5 Vought
122058-122061 F4U-5N Vought
122062-122065 F4U-5P Vought
122066 F4U-5 Vought
122067-122086 PBM-5A Martin
122087-122152 F8F-1B Grumman
122153-122166 F4U-5 Vought
122167-122206 F4U-5P Vought
122207-122209 P4M-1 Martin
122210-122365 AD-2 Douglas
122366-122372 AD-2Q Douglas
122373 AD-2QU Douglas
122374-122387 AD-2Q Douglas
122388-122393 AM-1Q Martin
122394-122437 AM-1 Martin
122438-122467 P2V-2 Lockheed
122447-122451 F2L-1 Bell Cx
122452-122461 HTL-1 Bell Reassig. 22453-22458
122468-122471 PBM-5A Martin
122472-122474 XF7U-1 Vought
122475 XF9F-2 Grumman
122476 XF9F-3 Grumman
122477 XF9F-2 Grumman
122478-122507 F6U-1 Vought
122508-122529 HO3S-1 Sikorsky
122530-122559 F2H-1 McDonnell
122560-122589 F9F-2 Grumman
122590-122601 AJ-1 North American
122602-122613 PBM-5A Martin
122614-122708 F8F-2 Grumman
122709-122728 HO3S-1 Sikorsky
122729-122852 AD-3 Douglas
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122853 AD-4 Douglas
122854-122876 AD-3Q Douglas
122877-122905 AD-3W Douglas
122906-122907 AD-3E Douglas
122908-122909 AD-3N Douglas
122910-122911 AD-3S Douglas
122912-122922 AD-3N Douglas
122923-122951 P2V-3 Lockheed
122952-122963 HTL-2 Bell
122964-122987 P2V-3 Lockheed
122988-122989 XA2D-1 Douglas
122990-123015 F2H-1 McDonnell
123016-123083 F9F-3 Grumman
123084 XF9F-4 Grumman
123085 XF9F-5 Grumman
123086-123087 F9F-3 Grumman 123087 Cx
123088-123116 AF-2S Grumman Even BuNo’s
123089-123117 AF-2W Grumman Odd BuNo’s
123118-123143 HO3S-1 Sikorsky
123144-123203 F4U-5N, -5NL Vought
123204-123299 F2H-2 McDonnell
123300-123313 F2H-2N McDonnell
123314-123396 F2H-2 McDonnell 123383-123396 Cx
123397-123740 F9F-2 Grumman 123714-123740 Cx
123741-123770 F3D-1 Douglas 123769-123770 Cx
123771-124005 AD-4 Douglas
124006 XAD-5 Douglas
124007-124036 AD-4 Douglas Cx
124037-124075 AD-4Q Douglas
124076-124127 AD-4W Douglas
124128-124156 AD-4N Douglas
124157-124186 AJ-1 North American 124185-124186 Cx
124187-124209 AF-2W Grumman Odd BuNo’s
124188-124210 AF-2S Grumman Even BuNo’s
124211-124267 P2V-4 Lockheed
124268-124291 P2V-3W Lockheed
124292-124323 PF-1 Grumman Cx
124324-124333 R4Q-1 Fairchild 124332-124333 Cx
124334-124353 HO3S-1 Sikorsky
124354-124361 P2V-3W Lockheed 124360-124361 Cx
124362-124373 P4M-1 Martin
124374-124379 UF-1 Grumman
124380-124414 F6U-1 Vought Cx
124415-124434 F7U-1 Vought 124429-124434 Cx
124435-124436 XF10F-1 Grumman
124437-124438 PO-1W Lockheed
124439-124440 XA2J-1 North American
124441-124503 F4U-5N Vought
124504-124522 F4U-5NL Vought
124523 F4U-5N Vought
124524-124560 F4U-5NL Vought
124561-124569 HTL-3 Bell
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124570-124585 TO-2 Lockheed
124586-124587 XF4D-1 Douglas
124588-124594 HUP-1 Piasecki
124595-124664 F3D-2 Douglas
124665 XAU-1 Vought
124666-124709 F4U-5NL Vought
124710-124724 F4U-5N Vought
124725-124760 AD-4NL Douglas
124761-124777 AD-4W Douglas
124778-124848 AF-2S Grumman Even BuNo’s
124779-124849 AF-2W Grumman Odd BuNo’s
124850-124864 AJ-1 North American
124865-124909 P2V-4 Lockheed
124910-124914 P5M-1 Martin
124915-124929 HUP-1 Piasecki
124930-124939 TO-2 Lockheed
124940-125071 F2H-2 McDonnell
125072-125079 F2H-2P McDonnell
125080-125152 F9F-5 Grumman
125153-125225 F9F-4 Grumman
125226-125313 F9F-5 Grumman
125314-125321 F9F-5P Grumman
125322-125409 F7U-2 Vought Cx
125410-125411 F7U-3 Vought Cx
125412-125413 XA3D-1 Douglas
125414-125443 F9F-5 Grumman
125444-125445 XF3H-1 McDonnell
125446 K-225 Kaman
125447-125476 F9F-5 Grumman Cx
125477-125478 K-225 Kaman
125479-125488 A2D-1 Douglas 125485-125488 Cx
125489-125499 F9F-5 Grumman
125500-125505 F2H-2 McDonnell
125506-125515 HO4S-1 Sikorsky
125516-125527 HO5S-1 Sikorsky
125528-125531 HOK-1 Kaman
125532 UH-12/HTE-1 Hiller
125533-125648 F9F-5 Grumman
125649-125679 F2H-2 McDonnell
125680-125706 F2H-2P McDonnell
125707-125741 AD-4N Douglas
125742-125764 AD-4NA Douglas
125765-125782 AD-4W Douglas
125783-125882 F3D-2 Douglas
125883-125892 F3D-3 Douglas Cx
125893-126256 F9F-5 Grumman
126257-126264 F9F-6 Grumman
126265-126290 F9F-5P Grumman
126291-126350 F2H-3 McDonnell 16 to Canada
126351-126353 F2H-4 McDonnell
126354-126489 F2H-3 McDonnell 24 to Canada
126490-126511 P5M-1 Martin
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126512-126513 WV-2 Lockheed
126514-126573 P2V-6 Lockheed 126548-126573 Cx
126574-126582 R4Q-1 Fairchild
126583-126626 TV-2/TO-2 Lockheed
126627-126669 F9F-5 Grumman
126670-126672 XF9F-6 Grumman
126673-126695 F2H-2P McDonnell
126696-126705 HO5S-1 Sikorsky
126706-126715 HUP-1 Piasecki
126716-126719 ZP2N-1 Goodyear 126717-126719 Cx
126720-126737 AF-2S Grumman
126738-126755 AF-2W Grumman
126756-126821 AF-2S Grumman
126822-126835 AF-2W Grumman
126836-126875 AD-4W Douglas
126876-126902 AD-4N Douglas
126903-126925 AD-4NA Douglas
126926-126946 AD-4N Douglas
126947-126969 AD-4NA Douglas
126970-126987 AD-4N Douglas
126988-127010 AD-4NA Douglas
127011-127018 AD-4N Douglas
127019-127085 F3D-2 Douglas
127086-127215 F9F-2 Grumman
127216-127470 F9F-6 Grumman
127471-127472 F9F-5P Grumman
127473-127492 F9F-6P Grumman
127493-127546 F2H-3 McDonnell
127547-127693 F2H-4 McDonnell
127694-127695 F2H-3P McDonnell Cx
127696-127719 P5M-1 Martin
127720-127782 P2V-5 Lockheed
127783-127843 HRS-1 Sikorsky 127843 Cx
127844-127853 AD-4 Douglas
127854-127860 AD-4B Douglas
127861-127865 AD-4 Douglas
127866-127872 AD-4B Douglas
127873-127879 AD-4 Douglas
127880-127920 AD-4N Douglas
127921-127961 AD-4W Douglas
127962-128042 A2D-1 Douglas Cx
128043-128054 AJ-2P North American
128055-128294 F9F-6 Grumman
128295-128310 F9F-6P Grumman
128311-128322 F10F-1 Grumman 128312-128322 Cx
128323-128326 WV-2 Lockheed
128327-128422 P2V-5 Lockheed
128423-128432 R6D-1 Douglas
128433 R6D-1Z Douglas
128434-128444 R7V-1 Lockheed
128445-128449 R3Y-1 Consolidated
128450 R3Y-2 Consolidated
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128451-128478 F7U-3 Vought
128479-128600 HUP-2 Piasecki
128601-128620 HO5S-1 Sikorsky
128621-128636 HTL-4 Bell
128637-128652 HTE-1 Hiller
128653-128660 HTK-1 Kaman
128661-128722 TV-2/TO-2 Lockheed
128723-128744 R4Q-1 Fairchild
128745-128856 F2H-3 McDonnell Cx
128857-128886 F2H-2 McDonnell
128887-128916 HTL-4 Bell
128917-128936 AD-4 Douglas
128937-128943 AD-4B Douglas
128944-128970 AD-4 Douglas
128971-128978 AD-4B Douglas
128979-129016 AD-4 Douglas
129017-129049 HRS-2 Sikorsky
129050-129132 F2H-3, -3P McDonnell Cx
129133-129136 XHSL-1 Bell
129137-129138 XS2F-1 Grumman
129139-129153 YS2F-1 Grumman
129154-129168 HSL-1 Bell
129169-129184 HTE-1 Hiller
129185-129195 AJ-2P North American
129196-129242 AF-2S Grumman
129243-129257 AF-3S Grumman
129258-129299 AF-2W Grumman
129300-129317 HTK-1 Kaman
129318-129417 AU-1 Vought
129418-129544 FJ-2 North American Cx
129418-129522 HUP-2 Piasecki Numbers reused, then Cx
129545-129676 F7U-3 Vought
129677 F7U-3M Vought
129678-129697 F7U-3 Vought
129698-129744 F7U-3M Vought
129745-129756 F7U-3P Vought
129757-129791 HTE-2 Hiller
129792-129799 Unknown Unknown Cx
129800-129842 HOK-1 Kaman
129843-129941 HSL-1 Bell 129878-129941 Cx
129942-129977 HTL-5 Bell
129978-130100 HUP-2 Piasecki 130086-130100 Cx
130101-130137 HO5S-1 Sikorsky
130138-130205 HRS-2 Sikorsky
130206-130264 HRS-3 Sikorsky
130265-130351 P5M-1 Martin
130352 YA3D-1 Douglas
130353-130363 A3D-1 Douglas
130364-130388 AF-3S Grumman
130389-130404 AF-2W Grumman
130405-130421 AJ-2 North American
130422-130425 AJ-2P North American
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130426-130462 F3D-2 Douglas Cx
130463-130739 F3D-3 Douglas Cx
130740-130751 F4D-1 Douglas
130752-130919 F9F-7 Grumman
130920-131062 F9F-6 Grumman
131063-131251 F9F-8 Grumman
131252-131255 F9F-6P Grumman
131256-131378 F10F-1 Grumman Cx
131379-131386 F10F-1P Grumman Cx
131387-131389 WV-2 Lockheed
131390-131392 WV-2Q Lockheed
131393-131399 WV-2 Lockheed Cx
131400-131543 P2V-5 Lockheed
131544-131550 P2V-6 Lockheed
131551-131566 P2V-6M Lockheed
131567-131620 R6D-1/C-118B Douglas From Air Force
131621-131629 R7V-1 Lockheed
131630-131631 R7V-2 Lockheed
131632-131659 R7V-1 Lockheed
131660-131661 R7V-2 Lockheed
131662-131719 R4Q-2 Fairchild
131720-131724 R3Y-2 Consolidated
131725-131888 TV-2/TO-2 Lockheed 131878 From Air Force
131889-131918 UF-1, -1T Grumman
131919-131926 ZP4K-1 Goodyear
131927-132226 FJ-2 North American 132127-132226 Cx
132227-132391 AD-4B Douglas
132392-132476 AD-5 Douglas
132477 AD-5N Douglas
132478 AD-5 Douglas
132479 AD-5S Douglas
132480-132636 AD-5N Douglas
132637-132728 AD-5 Douglas 132687-132728 Cx
132729-132792 AD-5W Douglas 132731-132792 Cx
132793-133042 A2D-1 Douglas Cx
133043-133328 S2F-1 Grumman 133043-133044 Cx
133043-133044 WF-1 Grumman Numbers reused, then Cx
133329-133388 S2F-2 Grumman
133389-133488 F3H-1 McDonnell Cx
133489-133544 F3H-1N McDonnell
133545-133568 F3H-2N McDonnell
133569 F3H-2M McDonnell
133570-133622 F3H-2N McDonnell
133623-133638 F3H-2M McDonnell
133639 XZP4K Goodyear
133640-133651 P2V-5 Lockheed Australia
133652-133731 F4U-7 Vought France
133732-133735 XHR2S-1 Sikorsky
133736-133738 XHRH-1 McDonnell Cx
133739-133753 HO4S-3 Sikorsky UK
133754-133755 XFJ-2 North American
133756 XFJ-2B North American
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133757-133776 AD-5W Douglas
133777-133779 HO4S-3 Sikorsky Netherlands
133780-133781 XS2U-1W/XWU-1 Vought Cx
133782-133816 OE-1 Cessna L-19A, from Air Force
133817-133818 HUM-1 McCulloch MC-4
133819-133832 F4U-7 Vought France
133833-133843 AU-1 Vought
133844-133853 HO4S-3 Sikorsky Cx
133854-134004 AD-5 Douglas 133930-134004 Cx
134004 JRB-4 Beech
134005-134018 AD-4B Douglas Cx
134019-134034 ZSG-4 Goodyear 134025-134034 Cx
134035-134072 AJ-2 North American
134073-134075 AJ-2P North American
134076-134233 AD-5 Douglas Cx
134234-134244 F9F-8 Grumman
134245-134433 F9F-6 Grumman Cx
134434-134437 HUP-2 Piasecki
134438-134445 A2D-1 Douglas Cx
134446-134465 F9F-6P Grumman
134466-134637 AD-6 Douglas
134638-134663 P2V-6 Lockheed France
134664-134676 P2V-5 Lockheed 134664-134670 Cx 

Netherlands
134668-134670 XHSS-1 Sikorsky
134677-134691 HUP-2 Piasecki Cx
134692-134717 SNB-5 Beech Netherlands/France
134718-134723 P2V-5 Lockheed Netherlands
134724-134743 HTE-2 Hiller UK
134744-134973 F4D-1 Douglas
134974-135053 AD-5N Douglas
135054 AD-5Q Douglas
135055-135138 AD-5N Douglas Cx
135139-135222 AD-5W Douglas
135223-135406 AD-6 Douglas
135407-135444 A3D-1 Douglas
135445-135448 ZP2N-1 Goodyear
135449-135476 P5M-1 Martin 135449-135451 Cx
135477-135543 P5M-2 Martin
135544-135621 P2V-7 Lockheed 25 to Canada
135622-135717 HSL-1 Bell Cx
135718-135745 HUP-2 Piasecki Cx
135746-135761 WV-2 Lockheed
135762-135773 YF2Y-1 Consolidated 135766-135773 Cx
135774-136162 FJ-3 North American
136163-136392 F4D-1 Douglas Cx
136393-136747 S2F-1 Grumman
136748-136782 TF-1 Grumman
136783 TF-1Q Grumman
136784 TF-1 Grumman
136785 TF-1Q Grumman
136786 TF-1 Grumman
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136787-136788 TF-1Q Grumman
136789-136792 TF-1 Grumman
136793-136886 TV-2 Lockheed
136887-136911 OE-1 Cessna
136912-136963 F7U-3 Vought Cx
136964-136965 F7U-3P Vought Cx
136966-137032 F3H-2N McDonnell
137033-137095 F3H-2M McDonnell
137096-137131 F3H-1 McDonnell Cx
137132-137155 F3H-2P McDonnell Cx
137156-137215 F3H-1 McDonnell
137216-137245 F10F-1 Grumman Cx
137246-137485 SNJ-8 North American Cx
137486-137491 ZS2G-1 Goodyear
137492-137632 AD-6 Douglas
137633 Not assigned Not assigned
137634-137635 XF2Y-1 Consolidated 137635 Cx
137636-137637 T-28A North American
137638-137810 T-28B North American
137811 XZS2G-1 Goodyear
137812 XA4D-1 Douglas
137813-137831 A4D-1 Douglas
137832 ZPG-2W Goodyear
137833-137835 HTK-1 Kaman
137836-137845 HRS-3 Sikorsky
137846-137848 P5M-2 Martin
137849-137858 HSS-1 Sikorsky
137859-137886 F3H-1 McDonnell Cx
137887-137890 WV-2 Lockheed
137891-137898 WV-3 Lockheed
137899-137933 UF-1 Grumman
137934-138097 TV-2 Lockheed
138098-138102 HOK-1 Kaman
138103-138367 T-28B North American
138368-138417 A2U-1 Vought Cx
138418-138431 HR2S-1 Sikorsky 138425-138431 Cx
138432-138459 HO4S-3 Sikorsky Cx
138460-138493 HSS-1 Sikorsky
138494-138529 HO4S-3 Sikorsky
138530-138534 F2Y-1 Consolidated Cx
138535-138568 AD-5W Douglas Cx
138569-138576 HSL-1 Bell Cx
138577-138601 HO4S-3 Sikorsky
138602 HTK-1K Kaman
138603-138645 F11F-1 Grumman
138646-138647 F11F-1F Grumman
138648-138650 XFY-1 Consolidated
138651-138653 HOE-1 Hiller
138654-138656 XHCH-1 McDonnell Cx
138657-138658 XFV-1 Lockheed
138659 XR4D-8 Douglas
138660-138819 F3H-1 McDonnell Cx
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138820 R4D-8 Douglas
138821-138822 XP6M-1 Martin
138823-138898 F9F-8 Grumman
138899-138901 XF8U-1 Vought 138901 Cx
138902-138976 A3D-2 Douglas
138977-139016 TV-2 Lockheed
139017-139029 HSS-1 Sikorsky
139030-139207 F4D-1 Douglas
139208-139209 F5D-1 Douglas
139210-139278 FJ-3 North American
139279-139280 XFJ-4 North American
139281-139323 FJ-4 North American
139324-139423 FJ-3 North American Cx
139424-139530 FJ-4 North American
139531-139555 FJ-4B North American
139556-139605 AD-5W Douglas
139606-139821 AD-6 Douglas
139822-139867 A2U-1 Vought Cx
139868-139917 F7U-3M Vought
139918 ZPG-2W Goodyear
139919-139970 A4D-1 Douglas
139971-140001 HOK-1 Kaman
140002-140052 T-28B North American
140053-140077 T-28C North American
140078-140102 OE-2 Cessna
140103-140120 S2F-2 Grumman 140103 Cx
140121-140139 HSS-1 Sikorsky
140140-140150 P5M-2 Martin
140151-140160 P2V-7 Lockheed
140161-140310 A2U-1 Vought Cx
140311-140313 R7V-1 Lockheed
140314-140325 HR2S-1 Sikorsky
140326-140377 JD-1 Douglas From Air Force
140378 R4Y-1Z Consolidated
140379-140413 F11F-1P/F9F-9P Grumman Cx
140414-140429 HSL-1 Bell Cx
140430-140443 P2V-7 Lockheed
140444-140446 F8U-1 Vought
140447-140448 XF8U-2 Vought
140449-140666 T-28C North American
140667-140956 T-34B Beech
140957 KH-15 Kellett For ONR, test veh.
140958-140961 HRS-3 Sikorsky Spain
140962-140986 P2V-7 Lockheed 6 to Japan
140987-140992 SNB-5 Beech From Army
140993-141028 R4Y-1 Consolidated
141029 HRS-3 Sikorsky
141030-141229 F9F-8 Grumman
141230 HRS-3 Sikorsky
141231-141251 P2V-7 Lockheed 2 to Japan
141252-141260 P5M-2 Martin 141259-141260 Cx
141261-141288 UF-1 Grumman
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141289-141333 WV-2 Lockheed
141334-141335 ZPG-2W Goodyear
141336-141362 F8U-1 Vought
141363 F8U-1P Vought
141364-141443 FJ-3M North American
141444-141489 FJ-4B North American
141490-141558 TV-2 Lockheed
141559-141563 ZPG-2 Goodyear
141564-141570 ZS2G-1 Goodyear
141571-141602 HSS-1 Sikorsky
141603-141645 HR2S-1 Sikorsky 141618-141645 Cx
141646-141647 HR2S-1W Sikorsky
141648-141666 F9F-8 Grumman
141667 YF9F-8T Grumman
141668-141727 F9F-8P Grumman
141728-141980 F11F-1 Grumman 141885-141980 Cx
141981-142009 F11F-1P Grumman Cx
142010 XAD-7 Douglas
142011-142081 AD-7 Douglas
142082-142141 A4D-2 Douglas
142142-142235 A4D-1 Douglas
142236-142255 A3D-2 Douglas
142256 YA3D-2P Douglas
142257 A3D-2Q Douglas
142258 A3D-2W Douglas Cx
142259-142260 F4H-1 McDonnell
142261-142268 T2V-1 Lockheed
142269-142348 F-84 (drone) Republic From Air Force
142349-142357 F5D-1 Douglas 142351-142357 Cx
142358-142363 UF-1 Grumman 142363 Cx
142364-142372 HUL-1 Bell
142373-142396 HTL-6 Bell
142397-142399 T2V-1 Lockheed
142400-142407 A3D-2 Douglas
142408-142415 F8U-1 Vought
142416-142423 A4D-2 Douglas
142424-142427 UC-1 DeHavilland
142428 UF-1L Grumman
142429 UF-1G Grumman
142430-142436 HRS-3 Sikorsky Spain
142437-142532 F9F-8T Grumman
142533-142541 T2V-1 Lockheed
142542-142545 P2V-7 Lockheed
142546-142629 AD-7 Douglas Cx
142630-142665 A3D-2 Douglas
142666-142669 A3D-2P Douglas
142670-142673 A3D-2Q Douglas
142674-142953 A4D-2 Douglas
142954-143013 F9F-8T Grumman
143014-143049 TV-2 Lockheed
143050-143133 AD-7 Douglas Cx
143134-143147 HUL-1 Bell
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143148-143171 HTL-6 Bell
143172-143183 P2V-7 Lockheed
143184-143230 WV-2 Lockheed
143231 Not issued Not issued
143232-143366 F11F-1 Grumman Cx
143367-143387 F11F-1P Grumman Cx
143388-143392 F4H-1F McDonnell
143393-143400 F5D-1 Douglas Cx
143401-143402 XF12F-1 Grumman Cx
143403-143492 F3H-2 McDonnell
143493-143676 FJ-4B North American 143644-143676 Cx
143677-143821 F8U-1 Vought
143822-143827 P6M-1 Martin
143828-143863 HR2S-1 Sikorsky Cx
143864-143960 HSS-1 Sikorsky
143961-143983 HUS-1 Sikorsky
143984-144116 T-34B Beech
144117-144216 T2V-1 Lockheed
144217-144218 XT2J-1 North American
144219-144222 T2J-1 North American
144223-144236 TT-1 Temco
144237-144238 ZPG-2 Goodyear Cx
144239-144241 ZS2G-1 Goodyear
144242-144243 ZPG-3W Goodyear
144244-144258 HRS-3 Sikorsky
144259-144261 UC-1 DeHavilland
144262-144267 P2V-7 Lockheed Cx
144268-144270 HRS-3 Sikorsky Spain
144271-144376 F9F-8 Grumman
144377-144426 F9F-8P Grumman
144427-144606 F8U-1 Vought 144462-144606 Cx
144607-144625 F8U-1P Vought
144626-144629 A3D-2 Douglas
144630-144654 HUS-1 Sikorsky
144655-144662 HUS-1A Sikorsky
144663-144665 OE-1 Cessna 144665 Cx
144666-144668 HRS-3 Sikorsky Spain
144669-144674 UC-1 DeHavilland
144675-144692 P2V-7 Lockheed 8 to France and 6 to Japan
144693-144695 HTL-3 Bell
144696-144731 S2F-1 Grumman
144732-144734 P2V-7 Lockheed 144733-144734 Cx
144735-144824 T2V-1 Lockheed 144765-144824 Cx
144825-144847 A3D-2P Douglas
144848-144855 A3D-2Q Douglas
144856-144867 A3D-2T Douglas
144868-145061 A4D-2 Douglas
145062-145146 A4D-2N Douglas
145147-145156 A4D-3 Douglas Cx
145157-145158 YA3J-1 North American
145159-145201 F5D-1 Douglas Cx
145202-145306 F3H-2 McDonnell
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145307-145317 F4H-1F McDonnell
145318-145415 F8U-1 Vought
145416-145545 F8U-1E Vought
145546-145603 F8U-2 Vought
145604-145647 F8U-1P Vought
145648-145659 F8U-1T Vought Cx
145660-145669 HSS-1 Sikorsky
145670-145712 HSS-1N Sikorsky
145713-145836 HUS-1 Sikorsky 145813-145836 Cx
145837-145854 HTL-7 Bell
145855-145875 HR2S-1 Sikorsky
145876-145899 P6M-2 Martin 145880-145899 Cx
145900-145923 P2V-7 Lockheed
145924-145956 WV-2 Lockheed 145942-145956 Cx
145957-145961 WF-2 Grumman
145962-145963 R4Y-2 Consolidated
145964-145976 R4Y-2, -2T Consolidated Cx
145977-145990 R4Y-2S Consolidated Cx
145991-145995 R4Y-2Q Consolidated Cx
145996 T2J-1 North American
145997 XT2J-2 North American
145998-146015 T2J-1 North American
146016-146057 TF-1 Grumman
146058-146237 T2V-1 Lockheed Cx
146238-146293 T-28C North American
146294-146295 ZS2G-1 Goodyear
146296-146297 ZPG-3W Goodyear
146298-146302 HRS-3 Sikorsky
146303 WF-2 Grumman
146304-146327 HUK-1 Kaman
146328-146339 F3H-2 McDonnell
146340-146341 F8U-3 Vought
146342-146425 F9F-8T Grumman
146426-146430 UF-2 Grumman Germany
146431-146438 P2V-7 Lockheed Japan/France
146439 HRS-3 Sikorsky Spain
146440-146445 P5M-2 Martin France
146446-146447 A3D-2P Douglas
146448-146459 A3D-2Q Douglas
146460-146693 A4D-2N Douglas Cx
146694-146708 A3J-1 North American 146703-146708 Cx
146709-146816 F3H-2 McDonnell 146741-146816 Cx
146817-146821 F4H-1F McDonnell
146822-146905 F8U-1P Vought 146902-146905 Cx
146906-147034 F8U-2 Vought
147035-147077 F8U-2N Vought 147073-147077 Cx
147078-147084 F8U-1P Vought Cx
147085-147100 F8U-3 Vought 147088-147100 Cx
147101-147136 HR2S-1 Sikorsky Cx
147137-147146 HSS-2 Sikorsky
147147-147201 HUS-1 Sikorsky
147202-147205 HU2K-1 Kaman
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147206-147207 XP6Y-1 Consolidated Cx
147208-147262 WF-2 Grumman 147242-147262 Cx
147263-147265 W2F-1 Grumman
147266-147269 OF-1 Grumman Cx
147270-147429 F9F-8T Grumman
147430-147530 T2J-1 North American
147531-147538 S2F-3 Grumman 147538 Cx
147539-147542 P5M-2 Martin France
147543-147547 T-34B Beech For MAP
147548 E-18S Beech For MAP
147549-147561 S2F-1 Grumman
147562-147571 P2V-7 Lockheed France
147572-147573 GV-1 Lockheed
147574 UC-1 DeHavilland FG-126, UK
147575-147576 P5M-2 Martin
147577 S2F-1 Grumman
147578-147581 HUL-1 Bell
147582-147630 HUP-3 Vertol For MAP
147631-147635 HSS-1N Sikorsky
147636-147647 S2F-1 Grumman 147646-147647 Cx
147648-147668 A3D-2 Douglas
147669-147849 A4D-2N Douglas
147850-147863 A3J-1 North American
147864-147867 A2F-1 Grumman
147868-147895 S2F-3 Grumman
147896-147925 F8U-2N Vought
147926-147945 P5M-2 Martin 147938-147945 Cx
147946-147971 P2V-7 Lockheed
147972-147983 HU2K-1 Kaman
147984-148032 HSS-1N Sikorsky
148033-148052 HSS-2 Sikorsky
148053-148122 HUS-1 Sikorsky
148123-148146 WF-2 Grumman
148147-148149 W2F-1 Grumman
148150-148239 T2J-1 North American
148240-148245 UF-2 Grumman
148246-148249 GV-1 Lockheed
148250-148251 OE-1 Cessna L-19E, for MAP
148252-148275 F4H-1F McDonnell
148276 YP3V-1 Lockheed
148277 HUL-1 Bell 47G-2, for MAP
148278-148303 S2F-1 Grumman
148304-148317 A4D-2N Douglas
148318-148321 UV-1L/C-130BL Lockheed
148322-148323 L-20 DeHavilland Philippines
148324-148329 UF-2 Grumman Japan
148330-148336 P2V-7 Lockheed
148337-148362 P2V-7S Lockheed
148363-148434 F4H-1 McDonnell
148435-148614 A4D-2N Douglas 148613-148614 Cx
148615-148626 A2F-1 Grumman 148619-148626 Cx
148627-148710 F8U-2N Vought
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148711-148716 W2F-1 Grumman
148717-148752 S2F-3 Grumman
148753-148802 HUS-1 Sikorsky
148803-148805 HUS-1Z Sikorsky
148806-148822 HUS-1 Sikorsky
148823-148882 T2J-1 North American Cx
148883-148889 P3V-1 Lockheed
148890-148899 GV-1 Lockheed
148900-148923 WF-2 Grumman
148924-148933 A3J-1 North American
148934-148963 HSS-1N Sikorsky
148964-149012 HSS-2 Sikorsky
149013-149036 HU2K-1 Kaman
149037-149049 S2F-1 Grumman FMS
149050-149069 UO-1 Piper
149070-149081 P2V-7 Lockheed Australia
149082-149087 HSS-1N Sikorsky Italy
149088 HUP-3 Piasecki
149089-149130 P2V-7 Kawasaki/Lockheed Japan
149131-149133 HSS-1N Sikorsky Netherlands
149134-149227 F8U-2NE Vought
149228-149256 S2F-3 Grumman
149257-149275 S2F-3S Grumman
149276-149299 A3J-1 North American
149300-149305 A3J-2 North American
149306-143317 A3J-3P North American
149318-149402 HUS-1 Sikorsky
149403-149474 F4H-1 McDonnell
149475-149486 A2F-1 Grumman
149487-149646 A4D-2N Douglas
149647-149666 A4D-5 Douglas
149667-149678 P3V-1 Lockheed
149679-149738 HSS-2 Sikorsky
149739-149786 HU2K-1 Kaman
149787 GV-1U Lockheed
149788-149789 GV-1 Lockheed
149790 GV-1U Lockheed
149791-149792 GV-1 Lockheed
149793-149794 GV-1U Lockheed
149795-149796 GV-1 Lockheed
149797 GV-1U Lockheed
149798-149800 GV-1 Lockheed
149801 GV-1U Lockheed
149802-149804 GV-1 Lockheed
149805 GV-1U Lockheed
149806-149816 GV-1 Lockheed
149817-149819 W2F-1 Grumman
149820-149821 UV-1 Lockheed Cx
149822-149824 UF-1 Grumman FMS
149825-149835 P5M-2 Martin
149836-149837 UF-1 Grumman
149838-149839 HUL-1M Bell
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149840 HSS-1N Sikorsky Chile
149841-149842 HSS-1N Sikorsky Netherlands
149843-149844 S2F-1 Grumman
149845-149892 S2F-3 Grumman
149893-149934 HSS-2 Sikorsky
149935-149958 A2F-1 Grumman
149959-150138 A4D-5 Douglas
150139-150186 HU2K-1 Kaman
150187-150190 R4D-6 Douglas
150191-150192 L-20A DeHavilland
150193-150194 HO4S-3 Sikorsky
150195-150264 HUS-1 Sikorsky
150265-150278 HRB-1 Vertol
150279-150283 P2V-7S Lockheed
150284-150355 F8U-2NE Vought
150356-150405 T-28A North American
150406-150493 F4H-1 McDonnell
150494-150529 P3V-1 Lockheed
150530-150541 W2F-1 Grumman
150542-150551 T3J-1 North American
150552-150580 HUS-1 Sikorsky
150581-150600 A4D-2N Douglas
150601-150603 S2F-3 Grumman
150604-150609 P3V-1 Lockheed
150610-150617 HSS-2Z Sikorsky
150618-150620 HSS-2 Sikorsky
150621-150623 HU2K-1U Kaman
150624-150653 F4H-1 McDonnell
150654-150683 F8U-2NE Vought
150684-150690 GV-1 Lockheed
150691 HUS-1Z Sikorsky Indonesia
150692-150716 T-28A North American S. Vietnam
150717-150729 HUS-1 Sikorsky
150730-150732 HSS-1N Sikorsky Chile
150733-150807 CH-34 Sikorsky Germany
150808-150819 HSS-1N Sikorsky Germany
150820 HUS-1 Sikorsky Cx
150821-150822 HSS-1N Sikorsky
150823-150842 A3J-3P North American
150843-150932 F8U-2NE Vought
150933-150968 HRB-1 Vertol
150969-150992 T3J-1 North American
150993-151021 F4H-1 McDonnell
151022-151261 A4D-5 Douglas 151198-151261 Cx
151262-151263 XH-51A Lockheed
151264-151265 UF-2 Grumman SA-16B, Thailand
151266-151299 UH-1E Bell
151300-151335 HU2K-1U Kaman
151336-151347 T3J-1 North American 151344-151347 Cx
151348 L-20A DeHavilland
151349-151396 P3V-1 Lockheed
151397-151519 F4H-1 McDonnell
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151520-151521 X-22A Bell
151522-151557 HSS-2 Sikorsky
151558-151594 A2F-1 Grumman
151595-151612 A2F-1Q Grumman 151601-151612 Cx
151613-151614 CH-53A Sikorsky
151615-151634 RA-5C North American
151635-151637 SH-3A Sikorsky Cx
151638-151685 S-2E Grumman
151686-151701 CH-53A Sikorsky
151702-151725 E-2A Grumman
151726-151728 RA-5C North American
151729-151731 SH-34J Sikorsky Germany
151732-151775 F-8E(FN) Vought 151774-151775 Cx France
151776-151779 O-1C Cessna L-19E, S. Korea
151780-151827 A-6A Grumman
151828-151839 EA-6A Grumman Cx
151840-151887 UH-1E Bell
151888-151891 C-130G Lockheed
151892-151901 T-41A Grumman TC-4B, Cx
151902-151905 UH-46A Vertol
151906-151961 CH-46A Vertol
151962-151969 RA-5C North American Cx
151970-151974 F-111B Grumman
151975-151983 RF-4B McDonnell
151984-152100 A-4E Douglas
152101 A-4F Douglas
152102-152103 TA-4E Douglas
152104-152138 SH-3A Sikorsky
152139 YSH-3D Sikorsky
152140-152187 P-3A Lockheed
152188 SH-34G Sikorsky Germany
152189-152206 UH-2B Kaman
152207-152331 F-4B McDonnell
152332-152379 S-2E Grumman
152380-152381 SH-34J Sikorsky Germany
152382-152391 T-2B North American
152392-152415 CH-53A Sikorsky
152416-152439 UH-1E Bell
152440-152475 T-2B North American
152476-152489 E-2A Grumman
152490-152495 UH-46A Vertol
152496-152553 CH-46A Vertol
152554-152579 CH-46D Vertol
152580-152582 YA-7A Vought
152583-152646 A-6A Grumman
152647-152685 A-7A Vought
152686 UH-34D Sikorsky FMS
152687-152689 C-118B Douglas
152690-152713 SH-3D Sikorsky
152714-152717 F-111B Grumman
152718-152765 P-3B Lockheed
152766-152785 E-2A Grumman Cx
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152786-152797 C-2A Grumman
152798-152845 S-2E Grumman
152846-152878 TA-4F Douglas
152879-152885 YOV-1OA North American
152886-152890 P-3B Lockheed New Zealand
152891-152964 A-6A Grumman 152955-152964 Cx
152965-153070 F-4B McDonnell
153071-153088 F-4J McDonnell
153089-153115 RF-4B McDonnell
153116-153133 UH-34D Sikorsky
153134-153273 A-7A Vought
153274-153313 CH-53A Sikorsky
153314-153403 CH-46D Vertol
153404-153413 UH-46D Vertol
153414-153442 P-3B Lockheed
153443 YP-3C Lockheed
153444-153458 P-3B Lockheed
153459-153531 TA-4F Douglas
153532-153537 SH-3D Sikorsky Spain
153538-153555 T-2B North American
153556-153558 UH-34D Sikorsky
153559-153608 S-2E Grumman Australia,

153583-153594 Cx 
153609-153610 H-23G Hiller
153611-153616 P-2H Kawasaki/Lockheed Japan
153617-153622 SH-34J Sikorsky Italy
153623-153642 F-111B Grumman Cx
153643-153659 T-28B North American
153660-153690 TA-4F Douglas
153691-153694 C-118B Douglas
153695-153704 UH-34D Sikorsky FMS
153705-153739 CH-53A Sikorsky
153740-153767 UH-1E Bell
153768-153911 F-4J McDonnell
153912-153950 F-4B McDonnell 153916-153950 Cx
153951-154044 CH-46D Vertol
154045 UH-34D Sikorsky FMS
154046-154099 A-6B Grumman Cx
154100-154123 SH-3D Sikorsky
154124-154171 A-6A Grumman
154172-154286 A-4F Douglas 154218-154286 Cx
154287-154343 TA-4F Douglas
154344-154360 A-7A Vought
154361-154573 A-7B Vought 154557-154573 Cx
154574-154613 P-3B Lockheed 154606-154613 Cx
154614-154657 TA-4F Douglas
154658-154729 T-28C North American
154730-154749 TH-1E Bell
154750-154780 UH-1E Bell
154781-154788 F-4J McDonnell
154789-154844 CH-46D Vertol
154845-154862 CH-46F Vertol
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154863-154884 CH-53A Sikorsky
154885-154886 CH-53G Sikorsky
154887-154888 CH-53A Sikorsky
154889-154902 UH-34D Sikorsky FMS
154903-154910 A-4G Douglas Australia
154911-154912 TA-4G Douglas Australia
154913-154929 A-7A Vought Cx
154930-154942 EA-6B Grumman Cx
154943-154969 UH-1E Bell
154970-155069 A-4F Douglas
155070-155119 TA-4J Douglas
155120-155136 C-2A Grumman 155125-155136 Cx
155137-155190 A-6A Grumman Cx
155191-155238 T-2B North American 155191-155205 Cx
155239-155241 T-2C North American
155242-155289 A-4H Douglas Israel
155290 H-34G Sikorsky FMS
155291-155300 P-3B Lockheed Australia
155301-155336 CH-46F Vertol 155319-155336 Cx
155337-155367 UH-1E Bell
155368-155389 CH-53A Sikorsky Cx
155390-155503 OV-1OA North American
155504-155580 F-4J McDonnell
155581-155721 A-6A Grumman
155722-155730 TC-4C Grumman
155731-155916 F-4J McDonnell 155904-155916 Cx
155917 LC-13OR Lockheed
155918-156169 QT-33A Lockheed From Air Force
156170-156177 EC-130Q Lockheed
156178-156417 A-7B Vought Cx
156418-156477 CH-46F Vertol
156478-156482 EA-6B Grumman
156483-156506 SH-3D Sikorsky
156507-156546 P-3C Lockheed 156531-156546 Cx
156547-156591 Unknown Unknown Cx
156592-156598 UH-34D Sikorsky FMS
156599-156603 P-3B Lockheed Norway
156604-156607 EA-6B Grumman Cx
156608-156653 RA-5C North American
156654-156677 CH-53D Sikorsky
156678-156685 O-1G Cessna FMS
156686-156733 T-2C North American
156734-156800 A-7C Vought
156801-156890 A-7E Vought
156891-156950 TA-4J Douglas
156951-156970 CH-53D Sikorsky
156971-156978 F-111B Grumman Cx
156979-156993 EA-6A Grumman
156994-157029 A-6A Grumman
157030-157101 T-2C North American 157066-157101 Cx
157102-157126 OV-12A Fairchild-Hiller Cx
157127-157176 CH-53D Sikorsky
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157177-157203 HH-1K Bell
157204-157241 AH-1G Bell
157242-157309 F-4J McDonnell
157310-157341 P-3C Lockheed 157333-157341 Cx
157342-157351 RF-4B McDonnell
157352-157354 CT-39E North American
157355-157394 TH-57A Bell
157395-157428 A-4H Douglas Israel
157429-157434 TA-4H Douglas Israel
157435-157648 A-7E Vought 157595-157648 Cx
157649-157726 CH-46F Vertol
157727-157756 CH-53D Sikorsky
157757-157805 AH-1J Bell
157806-157850 TH-1L Bell
157851-157858 UH-1L Bell
157859-157903 TH-1L Bell Cx
157904-157913 A-4K Douglas New Zealand
157914-157917 TA-4K Douglas New Zealand
157918-157925 A-4H Douglas Israel
157926-157929 TA-4H Douglas Israel
157930-157931 CH-53D Sikorsky
157932-157933 X-26A Schweizer
157934 P-3C Lockheed Cx
157935-157976 UH-1E Bell Cx
157977-157979 EA-6B Grumman Cx
157980-157985 F-14A Grumman
157986 F-14B Grumman
157987-157991 F-14A Grumman
157992-157999 S-3A Lockheed
158000-158001 C-130 Lockheed Cx
158002-158028 A-7E Vought
158029-158040 EA-6B Grumman
158041-158052 A-6E Grumman
158053-158072 KA-6D Grumman Cx
158073-158147 TA-4J Douglas
158148-158196 A-4M Douglas
158197-158201 T-38A Northrop
158202-158203 VC-3A Martin
158204-158226 P-3C Lockheed
158227 RP-3D Lockheed
158228-158229 DC-130A Lockheed From Air Force
158230-158291 UH-1N Bell
158292-158309 OV-1OB North American Germany
158310-158333 T-2C North American
158334-158345 CH-46F Vertol
158346-158379 F-4J McDonnell
158380-158383 CT-39G North American
158384-158395 AV-8A Hawker-Siddeley
158396-158411 OV-10C North American Thailand
158412-158435 A-4M Douglas
158436-158437 F-86H North American
158438-158452 UH-1N Bell Cx
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158453-158527 TA-4J Douglas
158528-158539 A-6E Grumman
158540-158547 EA-6B Grumman
158548-158550 UH-1N Bell
158551-158554 VH-1N Bell
158555 UH-1N Bell
158556-158557 VH-1N Bell
158558-158562 UH-1N Bell
158563-158574 P-3C Lockheed
158575-158610 T-2C North American
158611 X-25A Bensen
158612-158637 F-14A Grumman
158638-158648 E-2C Grumman
158649-158651 EA-6B Grumman
158652-158681 A-7E Vought
158682-158693 RH-53D Sikorsky
158694-158711 AV-8A Hawker-Siddeley
158712-158723 TA-4J Douglas
158724-158725 SH-3D Sikorsky Spain
158726-158743 A-4N Douglas Israel
158744-158761 RH-53D Sikorsky
158762-158785 UH-1N Bell
158786 X-28A Osprey
158787-158798 A-6E Grumman
158799-158817 EA-6B Grumman
158818 X-26A Schweizer
158819-158842 A-7E Vought
158843-158844 CT-39G North American
158845-158846 E-2C Grumman
158847-158858 HH-3F Sikorsky USCG
158859-158873 S-3A Lockheed 158859-158860 Cx
158874-158875 SH-3D Sikorsky Spain
158876-158911 T-2C North American
158912-158947 P-3C Lockheed 158936-158947 Cx
158948-158977 AV-8A Hawker-Siddeley
158978-159025 F-14A Grumman
159026-159029 SH-3D Sikorsky
159030-159034 C-9B Douglas Cx
159035-159052 A-4N Douglas Israel
159053-159056 SH-3D Sikorsky
159057-159072 OV-1OE North American Venezuela
159073-159074 U-3A Cessna
159075-159098 A-4N Douglas Israel
159099-159104 TA-4J Douglas
159105-159112 E-2C Grumman
159113-159120 C-9B Douglas
159121-159122 YCH-53E Sikorsky
159123-159128 VH-53F Sikorsky Cx
159129-159133 LC-130R Lockheed 159132-159133 Cx
159134-159149 OV-10C North American Thailand
159150-159173 T-2C North American
159174-159185 A-6E Grumman

UNITED STATES NAVAL AVIATION 1910–1995 571



Bureau
Number Aircraft Type Manufacturer Notes

159186-159209 UH-1N Bell
159210-159229 AH-1J Bell
159230-159259 AV-8A Hawker-Siddeley
159260 X-26A Schweizer
159261-159308 A-7E Vought
159309-159317 A-6E Grumman
159318-159329 P-3C Lockheed
159330-159341 T-2D North American Venezuela
159342-159347 P-3F Lockheed Iran
159348 EC-130Q Lockheed
159349 Unassigned Unassigned
159350-159360 VH-3A Sikorsky
159361-159365 CT-39G North American
159366-159377 AV-8A Hawker-Siddeley
159378-159385 TAV-8A Hawker-Siddeley
159386-159420 S-3A Lockheed
159421-159468 F-14A Grumman
159469 EC-130Q Lockheed
159470-159493 A-4M Douglas
159494-159502 E-2C Grumman
159503-159514 P-3C Lockheed
159515-159545 A-4N Douglas Israel
159546-159556 TA-4J Douglas
159557-159562 AV-8A Hawker-Siddeley Spain
159563-159564 TAV-8A Hawker-Siddeley Spain
159565 UH-1N Bell
159566 Unassigned Unassigned
159567-159581 A-6E Grumman
159582-159587 EA-6B Grumman
159588-159637 F-14A Grumman
159638-159661 A-7E Vought
159662-159667 A-7H Vought Greece
159668-159679 A-7E Vought
159680-159703 UH-1N Bell
159704-159727 T-2C North American
159728-159772 S-3A Lockheed
159773 WP-3D Lockheed
159774-159777 UH-1N Bell
159778-159794 A-4M Douglas
159795-159798 TA-4J Douglas
159799-159824 A-4N Douglas Israel
159825-159874 F-14A Grumman
159875 WP-3D Lockheed
159876-159877 CH-53E Sikorsky
159878-159882 F-5E Northrop
159883-159894 P-3C Lockheed
159895-159906 A-6E Grumman
159907-159912 EA-6B Grumman
159913-159966 A-7H Vought Greece
159967-160006 A-7E Vought
160007-160012 E-2C Grumman
160013-160021 KC-130R Lockheed
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160022-160045 A-4M Douglas
160046-160052 C-9B Douglas 160052 Cx
160053-160058 CT-39G North American
160059-160098 T-2E North American Greece
160099-160104 RH-53D Sikorsky
160105-160119 AH-1J Bell
160120-160164 S-3A Lockheed
160165-160179 UH-1N Bell
160180-160209 A-4KU Douglas Kuwait
160210-160215 TA-4KU Douglas Kuwait
160216-160227 OV-1OF North American Indonesia
160228-160239 T-2D North American Morocco
160240 KC-130R Lockheed
160241-160264 A-4M Douglas
160265-160282 T-34C Beech
160283-160294 P-3C Lockheed
160295-160298 OV-1OF North American Indonesia
160299-160378 F-14A Grumman Iran
160379-160414 F-14A Grumman
160415-160420 E-2C Grumman
160421-160431 A-6E Grumman
160432-160437 EA-6B Grumman
160438-160461 UH-1N Bell
160462-160536 T-34C Beech
160537-160566 A-7E Vought
160567-160607 S-3A Lockheed
160608 EC-130Q Lockheed
160609 EA-6B Grumman
160610-160612 P-3C Lockheed
160613-160618 A-7E Vought
160619-160624 UH-1N Bell
160625-160628 KC-130R Lockheed
160629-160651 T-34C Beech
160652-160696 F-14A Grumman
160697-160703 E-2C Grumman
160704-160709 EA-6B Grumman
160710-160739 A-7E Vought
160740-160741 LC-130R Lockheed
160742-160748 AH-1T Bell
160749-160750 C-9K Douglas Kuwait
160751-160770 P-3C Lockheed 160751-160770 Australia
160771-160774 E-2C Grumman Israel
160775-160785 F/A-18A McDonnell Douglas
160786-160791 EA-6B Grumman
160792-160796 F-5E Northrop From Air Force
160797-160826 AH-1T Bell
160827-160838 UH-1N Bell
160839-160856 T-44A Beech
160857-160886 A-7E Vought 160881-160886 Cx
160887-160930 F-14A Grumman
160931-160963 T-34C Beech
160964-160966 F-5F Northrop

UNITED STATES NAVAL AVIATION 1910–1995 573



Bureau
Number Aircraft Type Manufacturer Notes

160967-160986 T-44A Beech
160987-160992 E-2C Grumman
160993-160998 A-6E Grumman
160999-161014 P-3C Lockheed
161015-161022 AH-1T Bell
161023-161056 T-34C Beech
161057-161079 T-44A Beech
161080-161081 XFV-12A Rockwell
161082-161093 A-6E Grumman
161094-161099 E-2C Grumman
161100-161114 A-6E Grumman 161112-161114 Cx
161115-161120 EA-6B Grumman
161121-161132 P-3C Lockheed
161133-161168 F-14A Grumman
161169-161173 YSH-60B Sikorsky
161174-161178 EAV-8A Hawker-Siddeley Spain
161179-161184 CH-53E Sikorsky
161185-161206 UC-12B Beech
161207-161212 SH-3D Sikorsky Spain
161213-161217 F/A-18A McDonnell Douglas
161218-161222 TA-7H Vought Greece
161223 EC-130Q Lockheed
161224-161229 E-2C Grumman
161230-161241 A-6E Grumman 161236-161241 Cx
161242-161247 EA-6B Grumman
161248-161251 F/A-18A McDonnell Douglas
161252-161265 CH-53E Sikorsky
161266 C-9B McDonnell Douglas
161267-161269 P-3C Lockheed Japan
161270-161305 F-14A Grumman 161300-161305 Cx
161306-161327 UC-12B Beech
161328 EC-130Q Lockheed Cx
161329-161340 P-3C Lockheed
161341-161346 E-2C Grumman
161347-161352 EA-6B Grumman
161353-161367 F/A-18A McDonnell Douglas
161368-161380 P-3C Lockheed 161368-161380 

Netherlands
161381-161395 CH-53E Sikorsky
161396-161399 AV-8B McDonnell Douglas
161400-161403 E-2C Grumman
161404-161415 P-3C Lockheed
161416-161445 F-14A Grumman
161446-161493 F/A-18A McDonnell Douglas Cx
161494-161496 EC-130Q Lockheed
161497-161518 UC-12B Beech
161519-161528 F/A-18A McDonnell Douglas 161526-162528 Cx
161529-161530 C-9 McDonnell Douglas DC-9
161531 EC-130Q Lockheed
161532-161545 CH-53E Sikorsky 161544-161545 Cx
161546 UC-8A DeHavilland DHC-5
161547-161552 E-2C Grumman
161553-161570 SH-60B Sikorsky
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161571 X-26A Schweizer
161572 UC-880 Convair
161573-161584 AV-8B McDonnell Douglas
161585-161596 P-3C Lockheed
161597-161626 F-14A Grumman
161627 U-8F Beech
161628 UC-27A Fairchild
161629-161640 F/A-18A McDonnell Douglas Cx
161641-161652 SH-2F Kaman
161653 YSH-2G Kaman
161654-161658 SH-2F Kaman
161659-161694 A-6E Grumman 161691-161694 Cx
161695-161701 TH-57B Bell
161702-161761 F/A-18A/B McDonnell Douglas
161762-161773 P-3C Lockheed 161768-161773 Cx
161774-161779 EA-6B Grumman
161780-161785 E-2C Grumman
161786-161789 E-2C Grumman Japan
161790-161849 T-34C Beech
161850-161864 F-14A Grumman
161865 F-14D Grumman
161866 F-14A Grumman
161867 F-14D Grumman
161868-161879 F-14A Grumman 161874-161879 Cx
161880-161885 EA-6B Grumman
161886-161897 A-6E Grumman Cx
161898-161915 SH-2F Kaman
161916-161923 HXM Cx
161924-161987 F/A-18A McDonnell Douglas
161988-162012 CH-53E Sikorsky
162013-162067 TH-57C Bell
162068-162091 AV-8B McDonnell Douglas 162089-162091 Cx
162092-162139 SH-60B Sikorsky
162140-162178 C-2A Grumman
162179-162182 A-6E Grumman
162183-162187 YA-6F Grumman
162188-162222 A-6E Grumman 162213-162222 Cx
162223-162246 EA-6B Grumman 162231-162246 Cx
162247-162306 T-34C Beech
162307 F-5E Northrop
162308-162311 KC-130T Lockheed
162312-162313 EC-130Q Lockheed
162314-162325 P-3C Lockheed 162319-162325 Cx
162326-162389 SH-60B Sikorsky 162350-162389 Cx
162390-162393 C-9B McDonnell Douglas DC-9
162394-162477 F/A-18A/B McDonnell Douglas
162478-162498 CH-53E Sikorsky
162499-162526 MH-53E Sikorsky
162527-162531 CH-53E Sikorsky Cx
162532-162575 AH-1W Bell
162576-162587 SH-2F Kaman
162588-162594 F-14A Grumman
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162595 F-14D Grumman
162596-162611 F-14A Grumman
162612-162613 YT-45A McDonnell Douglas
162614-162619 E-2C Grumman
162620-162649 T-34C Beech
162650-162655 SH-2F Kaman
162656-162665 P-3 For AFC TD Change Australia
162666-162686 TH-57C Bell
162687 CH-53E Sikorsky Cx
162688-162717 F-14A Grumman 162712-162717 Cx
162718-162720 CH-53E Sikorsky
162721-162746 AV-8B McDonnell Douglas
162747 TAV-8B McDonnell Douglas
162748-162752 AV-8B McDonnell Douglas Cx
162753-162754 C-9 McDonnell Douglas DC-9
162755 U-8F Beech Cx
162755-162769 T-47A Cessna Civilian registration numbers
162770-162781 P-3C Lockheed 162779-162781 Cx
162782-162784 E-6A Boeing
162785-162786 KC-130T Lockheed
162787-162790 T-45A McDonnell Douglas 162789-162790 Cx
162791-162792 E-2C Grumman Egypt
162793-162796 E-2C Grumman Singapore
162797-162802 E-2C Grumman
162803-162810 TH-57B Bell
162811-162823 TH-57C Bell
162824-162825 E-2C Grumman
162826-162909 F/A-18A/B McDonnell Douglas
162910-162933 F-14A+ Grumman 162928-162933 Cx
162934-162941 EA-6B Grumman 162940-162941 Cx
162942-162973 AV-8B McDonnell Douglas
162974-162997 SH-60B Sikorsky 162992-162997 Cx
162998-163009 P-3C Lockheed 163007-163009 Cx
163010-163021 EAV-8B McDonnell Douglas Spain
163022-163023 KC-130T Lockheed
163024-163029 E-2C Grumman
163030-163035 EA-6B Grumman
163036-163037 C-9B McDonnell Douglas DC-9
163038-163043 SH-60B Sikorsky
163044-163049 EA-6B Grumman
163050 EC-24A Douglas DC-8
163051-163089 CH-53E Sikorsky
163090-163091 XKB-2 Unknown Cx
163092-163175 F/A-18A/B McDonnell Douglas
163176-163207 AV-8B McDonnell Douglas
163208 C-9B McDonnell Douglas DC-9
163209-163214 SH-2F Kaman
163215-163232 F-14A+ Grumman 163226-163232 Cx
163233-163256 SH-60B Sikorsky
163257-163258 UH-60A Sikorsky
163259-163267 VH-60A Sikorsky
163268-163277 F-16N General Dynamics
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163278-163281 TF-16N General Dynamics
163282-163288 SH-60F Sikorsky
163289-163297 P-3C Lockheed 163296-163297 Cx
163298-163309 F-21A IAI Cx
163310-163311 KC-13OT Lockheed
163312-163347 TH-57B Bell
163348-163394 AV-8B McDonnell Douglas Cx
163395-163406 EA-6B Grumman
163407-163411 F-14A+ Grumman
163412-163418 F-14D Grumman
163419-163426 AV-8B McDonnell Douglas
163427-163510 F/A-18C/D McDonnell Douglas
163511-163513 C-9 McDonnell Douglas DC-9
163514-163519 AV-8B McDonnell Douglas
163520-163531 EA-6B Grumman
163532-163534 E-6A Boeing
163535-163540 E-2C Grumman
163541-163546 SH-2G Kaman
163547-163552 SH-2F Kaman Cx
163553-163564 UC-12F Beech
163565 E-2C Grumman
163566-163577 F-16N General Dynamics
163578-163590 P-3C Lockheed
163591-163592 KC-130T Lockheed
163593-163598 SH-60B Sikorsky
163599-163658 T-45A McDonnell Douglas
163659-163690 AV-8B McDonnell Douglas
163691-163692 C-20D Gulfstream
163693-163698 E-2C Grumman
163699-163782 F/A-18C/D McDonnell Douglas
163783-163800 HH-60H Sikorsky
163801-163835 HH-60J Sikorsky USCG 163833-163835 Cx
163836-163847 UC-12M Beech
163848-163851 E-2C Grumman
163852-163855 AV-8B McDonnell Douglas
163856-163861 TAV-8B McDonnell Douglas
163862-163883 AV-8B McDonnell Douglas
163884-163892 EA-6B Grumman
163893-163904 F-14D Grumman
163905-163910 SH-60B Sikorsky
163911-163916 YV-22A Bell
163917 C-28A Cessna
163918-163920 E-6A Boeing
163921-163954 AH-1W Bell Turkey
163955-163984 A-6F Grumman Cx
163985-164068 F/A-18C/D McDonnell Douglas
164069-164104 SH-60F Sikorsky
164105-164106 KC-130T Lockheed
164107-164112 E-2C Grumman
164113-164114 TAV-8B McDonnell Douglas
164115-164121 AV-8B McDonnell Douglas
164122 TAV-8B McDonnell Douglas
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164123-164154 AV-8B McDonnell Douglas
164155-164173 T-34C Beech
164174-164179 SH-60B Sikorsky
164180-164181 KC-130T Lockheed
164182-164193 EA-6B Grumman
164194-164195 KC-130T Lockheed Cx
164196-164339 F/A-18C/D McDonnell Douglas 164280-164339 Cx
164340-164351 F-14D Grumman
164352-164357 E-2C Grumman
164358-164367 CH-53E Sikorsky
164368-164375 MH-53E Sikorsky 164372-164375 Cx
164376-164385 A-6E Grumman
164386-164388 E-6A Boeing
164389-164400 V-22 Bell Cx
164401-164403 EA-6B Grumman
164404-164410 E-6A Boeing
164411-164422 F/A-18C/D McDonnell Douglas
164423-164440 SH-60F Sikorsky
164441-164442 KC-130T Lockheed
164443-164460 SH-60F Sikorsky
164461-164466 SH-60B Sikorsky
164467-164469 P-3C Lockheed Pakistan
164470-164482 CH-53E Sikorsky
164483-164518 E-2C Grumman 164504-164518 Cx
164519-164523 A-12 McDonnell Douglas Cx

& General Dynamics
164524-164525 U-6A DeHavilland L-20A, from USDA
164526-164535 A-12 McDonnell Douglas Cx

& General Dynamics
164536-164539 CH-53E Sikorsky
164540-164542 TAV-8B McDonnell Douglas
164543-164571 AV-8B McDonnell Douglas
164572-164578 AH-1W Bell
164579-164583 T-44B Beech
164584-164585 X-31A Grumman
164586-164596 AH-1W Bell
164597-164598 KC-130T Lockheed
164599-164604 F-14D Grumman Cx
164605-164608 C-9 McDonnell Douglas DC-9
164609-164620 SH-60F Sikorsky
164621-164626 E-2C Grumman
164627-164672 F/A-18C McDonnell Douglas
164673-164692 F/A-18D McDonnell Douglas
164693-164746 F/A-18C McDonnell Douglas
164747-164758 F/A-18D McDonnell Douglas
164759-164760 KC-130T Lockheed Cx
164761 C-28A Cessna
164762-164763 C-130T Lockheed
164764-164775 MH-53E Sikorsky
164776-164791 CH-53E Sikorsky
164792-164795 MH-53E Sikorsky
164796-164807 SH-60F Sikorsky
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164808-164819 SH-60B Sikorsky
164820-164830 HH-60J Sikorsky
164831-164846 HH-60H Sikorsky
164847-164858 SH-60B Sikorsky
164859-164860 CH-53E Sikorsky
164861-164864 MH-53E Sikorsky
164865-164912 F/A-18C/D McDonnell Douglas 164901-164912 Cx
164913-164938 AH-1W Bell Taiwan
164939-164944 V-22 Bell-Boeing
164945-164992 F/A-18C/D McDonnell Douglas 164981-164992 Cx
164993-164998 C-130T Lockheed
164999-165000 KC-130T Lockheed
165001-165006 AV-8B McDonnell Douglas
165007-165027 AV-8B McDonnell Douglas Italy
165028-165035 AV-8B McDonnell Douglas Spain
165036 TAV-8B McDonnell Douglas Spain
165037-165056 AH-1W Bell
165057-165092 T-45A McDonnell Douglas
165093-165094 C-20G Gulfstream
165095 SH-60B Sikorsky
165096 HH-60J Sikorsky USCG
165097 AH-1W Bell
165098-165105 P-3C Lockheed Korea
165106-165112 SH-60B Sikorsky
165113-165119 SH-60F Sikorsky
165120-165123 HH-60H Sikorsky
165124-165127 HH-60J Sikorsky USCG
165128-165134 SH-60B Sikorsky
154135-165141 SH-60F Sikorsky
165142-165145 HH-60H Sikorsky
165146-165150 HH-60J Sikorsky USCG
165151-165153 C-20G Gulfstream
165154-165157 SH-60F Sikorsky
165158-165161 C-130T Lockheed
165162-165163 KC-130T Lockheed
165164-165168 F/A-18E McDonnell Douglas
165169-165170 F/A-18F McDonnell Douglas
165171-165202 F/A-18C McDonnell Douglas
165203-165206 F/A-18D McDonnell Douglas
165207-165238 F/A-18C McDonnell Douglas
165239-165242 F/A-18D McDonnell Douglas
165243-165254 CH-53E Sikorsky
165255-165267 HH-60H Sikorsky
165268-165270 SH-60F Sikorsky
165271-165292 AH-1W Bell
165293-165304 E-2C Grumman
165305-165312 AV-8B McDonnell Douglas
165313-165314 C-130T Lockheed
165315-165316 KC-130T Lockheed
165317-165341 AH-1W Bell
165342-165343 TC-18F Boeing E-6A
165344-165347 CH-53E Sikorsky
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165348-165351 C-130T Lockheed
165352-165353 KC-130T Lockheed
165354-165357 AV-8B McDonnell Douglas Remanufactured
165358-165377 AH-1W Bell
165378-165379 C-130T Lockheed
165380-165391 AV-8B McDonnell Douglas Remanufactured
165392-165396 AH-1W Bell
165397-165398 AV-8B McDonnell Douglas Remanufactured
165399-165416 F/A-18C/D McDonnell Douglas

168034 UH-1N Bell
198003 QF-86F North American
201569-201570 YF-17 Northrop From Air Force
201970 UH-1B Bell From Army
210904 C-45H Beech
212515 UH-1B Bell From Army
212518 UH-1B Bell From Army
212522 UH-1B Bell From Army
212541-212543 UH-1B Bell From Army
212546 UH-1B Bell From Army
212549 UH-1B Bell From Army
212574-212575 CH-3B/SH-3H Sikorsky From Air Force
221252-221253 OH-58A Bell
302801 U-6A/L-20A DeHavilland
312908 UH-1B Bell From Army
312922-312923 UH-1B Bell From Army
312929-312931 UH-1B Bell From Army
312944 UH-1B Bell From Army
313119 OV-1A Grumman From Army
313128 OV-1A Grumman From Army
313134 OV-1A Grumman From Army
313988 UH-1B Bell From Army
349218 JC-47D Douglas From Army
364651 US-2E Grumman
413540 UH-1H Bell From Army
413584 UH-1D Bell From Army
413632 UH-1D Bell From Army
413646 UH-1D Bell From Army
413675 UH-1D Bell From Army
413691 UH-1H Bell From Army
413758 UH-1H Bell From Army
413765 UH-1D Bell From Army
413827 UH-1D Bell From Army
413869 UH-1D Bell From Army
413872 UH-1D Bell From Army
413901 UH-1H Bell
413903 UH-1B Bell From Army
413911 UH-1B Bell From Army
413919 UH-1B Bell From Army
413924 UH-1B Bell From Army
413939 UH-1B Bell From Army
413940 UH-1B Bell From Army
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413942 UH-1B Bell From Army
413943 UH-1B Bell From Army
413948-413949 UH-1B Bell From Army
413952 UH-1B Bell From Army
413956 UH-1B Bell From Army
413958 UH-1B Bell From Army
413969 UH-1B Bell From Army
413975 UH-1B Bell From Army
413980 UH-1B Bell From Army
413982 UH-1B Bell From Army
413985 UH-1B Bell From Army
413989-413990 UH-1B Bell From Army
414001 UH-1B Bell From Army
414003 UH-1B Bell From Army
414007 UH-1B Bell From Army
414013 UH-1B Bell From Army
414020 UH-1B Bell From Army
414022 UH-1B Bell From Army
414031 UH-1B Bell From Army
414033 UH-1B Bell From Army
414036 UH-1B Bell From Army
414040 UH-1B Bell From Army
414070 UH-1B Bell From Army
414076 UH-1B Bell From Army
414081 UH-1B Bell From Army
414083-414084 UH-1B Bell From Army
414087 UH-1B Bell From Army
414090-414091 UH-1B Bell From Army
414117 UH-1M Bell From Army
414145 UH-1C Bell From Army
414235 CH-3E Sikorsky From Army
414243 OV-1B Grumman From Army
414262 OV-1B Grumman From Army
459186 NUH-57A Bell
510052 UH-1H Bell From Army
510054 UH-1D Bell From Army
510072 UH-1D Bell From Army
510077 UH-1D Bell From Army
510085 UH-1D Bell From Army
510104 UH-1H Bell From Army
510129 UH-1H Bell From Army
510327 T-38A Northrop From Army
511230 O-1A Cessna From Army
511696 O-1A Cessna From Army
512686 T-42A Beech
512694 T-42A Beech
512776 UH-1D Bell From Army
512868 UH-1D Bell From Army
512873 UH-1H Bell From Army
512876 UH-1D Bell From Army
512887 UH-1D Bell From Army
513278 QF-86F North American
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513786 YAT-28E North American From Army
513788 YAT-28E North American From Army
513802 T-29B Convair From Army
514651 O-1A Cessna Not accepted
515117 T-29B Convair From Army
515124 T-29B Convair From Army
515129 T-29B Convair From Army
515145 T-29B Convair From Army
515165-515166 T-29B Convair From Army
517895 T-29B Convair From Army
517906 T-29B Convair From Army
517908 T-29B Convair From Army
521118-521119 T-29C Convair From Air Force
521160 T-29C Convair From Air Force
521162 T-29C Convair From Air Force
521167 T-29C Convair From Air Force
521175 T-29C Convair From Air Force
522090-522091 F-86H/QF-86H North American
522094 QF-86H North American
522097-522099 F-86H/QF-86H North American From Air Force
522116 QF-86H North American
522122 QF-86H North American
523732 F-86H North American
523744 F-86H North Amreican
524100 EB-47E Boeing
524120 EB-47E Boeing
524450 QF-86F North American
524647 QF-86F North American
525123 U-6A/L-20A DeHavelland
525732 QF-86H North American
525736 QF-86H North American
525744 QF-86H North American
525746 QF-86H North American
525747 F-86H North American From Air Force
526123 U-6A/L-20K DeHavelland
528176 U-3A Cessna
531279 F-86H North American
531294 QF-86H North American From Air Force
531314 QF-86H North American From Air Force
531322 F-86H North American From Air Force
531328 QF-86H/F-86H North American
531331 F-86H North American
531335 QF-86H North American
531351 QQF-86H North American
531373 F-86H North American From Air Force
531381 QF-86H North American
531383 QF-86H North American
531402 F-86H North American
531403 QF-86H North American
531406 F-86H North American
531408-531409 QF-86H North American
531413 QF-86H North American
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531514 QF-86H North American
531521 QF-86H North American
531527 F-86H North American
532104 NB-47E Boeing From Air Force
532104 YOV-1 Grumman Dup. no., from A.F.
533227-533228 C-118B Douglas
533257 C-118B Douglas
533279 C-118B Douglas
533291 C-118B Douglas
533461 T-29C Convair From Air Force
533477 T-29C Convair From Air Force
540172 U-6A/L-20A DeHavilland From Army
541720 U-6A/L-20A DeHavilland
542815 C-131H Convair From Air Force
542817 C-131H Convair From Air Force
550229 C-131H Convair From Air Force
552112 QF-86F North American
552792 QF-86F North American
553134 NKC-135A Boeing
553465 U-8G Beech From Army
553822-553823 QF-86F North American
553829 QF-86F North American
553838 QF-86F North American
553846 QF-86F North American From Air Force
553863-553865 QF-86F North American
553868 QF-86F North American
553875 QF-86F North American
553878 QF-86F North American
553881-553883 QF-86F North American
553895 QF-86F North American
553898 QF-86F North American
553900 QF-86F North American
553902-553903 QF-86F North American
553905-553906 QF-86F North American
553912-553913 QF-86F North American
553915 QF-86F North American
553919 QF-86F North American
553926 QF-86F North American
553932 QF-86F North American
553935-553936 QF-86F North American
553939 QF-86F North American From Air Force
553942 QF-86F North American
553945 QF-86F North American
553948 QF-86F North American
555017 QF-86F North American
555048 QF-86F North American
555052-555053 QF-86F North American
555057 QF-86F North American
555069 QF-86F North American
555072-555073 QF-86F North American
555078 QF-86F North American
555082 QF-86F North American
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555087 QF-86F North American
555091 QF-86F North American
555095 QF-86F North American
555097-555099 QF-86F North American
555101-555102 QF-86F North American
555105 QF-86F North American
555110 QF-86F North American
555111-555112 QF-86F North American From Air Force
555114 QF-86F North Amreican
555890 QF-86F North American
556412 QF-86F North American
559118 C-9B McDonnell Douglas
560514 DC-130A Lockheed
560527 DC-130A Lockheed
562782-562784 QF-86F North American
562786-562787 QF-86F North American
562795 QF-86F North American
562797 QF-86F North American
562801 QF-86F North American
562804 QF-86F North American
562807 QF-86F North American
562811 QF-86F North American
562813-562815 QF-86F North American
562818-562819 QF-86F North American
562823 QF-86F North American
562825-562827 QF-86F North American
562829-562831 QF-86F North American
562836-562838 QF-86F North American 562836 from Air Force
562840 QF-86F North American
562842 QF-86F North American
562845-562846 QF-86F North American
562848-562849 QF-86F North American
562852 QF-86F North American
562855 QF-86F North American
562858 QF-86F North American
562865 QF-86F North American
562874-562875 QF-86F North American
562884 QF-86F North American
562896 QF-86F North American
563596 NKC-135A Boeing
564039 U-8G Beech From Army
564044 U-8G Beech From Army
565103 QF-86F North American
566781 QF-86F North American
570461 DC-130A Lockheed
570496-570497 DC-130A Lockheed
570564 QT-33A Lockheed
570738 T-33 Lockheed Cx
570758 T-33 Lockheed Cx
573092 U-8G Beech From Army
575736 F-86H North American
575849 U-3A Cessna From Army
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575891 U-3A Cessna From Air Force
575916 U-3A Cessna
576085 U-8G Beech From Army
576089 U-8G Beech From Army
576183-576184 U-9D Aero Commander From Army
576346 QF-86F North American
576352 QF-86F North American From Army
576363 QF-86F North American
576384 QF-86F North American
576388 QF-86F North American
576404 QF-86F North American
576414 QF-86F North American
576420 QF-86F North American
576422 QF-86F North American
576424-576425 QF-86F North American
576435-576436 QF-86F North American
576438 QF-86F North American
576440 QF-86F North American
576442 QF-86F North American
576444-576445 QF-86F North American
576447 QF-86F North American
576449-576450 QF-86F North American
576459 QF-86F North American
576538 OV-1A Grumman From Army
576539 YOV-1A Grumman From Army
577380 QT-33A Lockheed From Air Force
577580 QT-33A Lockheed From Air Force
580659 T-33 Lockheed Cx
581194-581195 QT-38A Lockheed From Air Force
581339 U-8G Beech
581357 U-8G Beech From Army
581360 U-8G Beech From Army
581363 U-8G Beech From Army
582111 U-3A Cessna From Air Force
582123 U-3A Cessna From Air Force
582131 U-3A Cessna From Army
582176 U-3A Cessna From Air Force
583055 U-8G Beech From Army
583057 U-8G Beech From Army
583062 U-8G Beech From Army
583091 U-8D Beech From Army
586580 QT-33A Lockheed From Air Force
586750 QT-33A Lockheed From Air Force
591594-591597 QT-38A Lockheed
591598 QF-86F North American
591600 QT-38A Lockheed
591603-591604 T-38A Lockheed
592536-592538 U-8G Beech From Army
592625 OV-1B Grumman
592637 OV-1B Grumman
594971 NOH-13K Bell From Army
594990 U-8G Beech From Army
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600540 UH-1C Bell From Army
600546 UH-1M Bell From Army
600582 T-38A Lockheed From Air Force
600610 UH-1C Bell From Army
603560 UH-1B Bell From Army
603594 UH-1B Bell From Army
603741 OV-1A Grumman From Army
603747 OV-1C Grumman From Army
606047 U-3B Cessna From Army
606068 U-3B Cessna From Army
610541 CT-39A N.A. Rockwell
610654 CT-39A N.A. Rockwell From Air Force
610760 UH-1B Bell From Army
610851 T-38A Lockheed From Air Force
610855 T-38A Lockheed From Air Force
610882 T-38A Lockheed From Air Force
610889 T-38A Lockheed
610904 T-38B Lockheed
610913 T-38A Lockheed From Air Force
610918 T-38A Lockheed From Air Force
610929 T-38A Lockheed From Air Force
613291 CH-3E Sikorsky From Air Force
613296 CH-3E Sikorsky From Air Force
613552 OV-10A North American From Army
615017 UH-1M Bell From Army
615076-615077 UH-1M Bell From Army
615111 UH-1M Bell From Army
615200 UH-1M Bell From Army
615217 UH-1M Bell From Army
615236 UH-1M Bell From Army
616912 UH-1H Bell
621881-621882 UH-1B Bell From Army
621912 UH-1B Bell From Army
621918 UH-1B Bell From Army
621935-621936 UH-1B Bell From Army
621957 UH-1B Bell From Army
621970 UH-1B Bell From Army
621984-621985 UH-1B Bell From Army
622007 UH-1B Bell From Army
622025 UH-1B Bell From Army
622029 UH-1B Bell From Army
622031 UH-1B Bell From Army
622034 UH-1B Bell From Army
622038 UH-1B Bell From Army
622040 UH-1B Bell From Army
622043 UH-1B Bell From Army
622048 UH-1B Bell From Army
622057-622058 UH-1B Bell From Army
622060 UH-1B Bell From Army
622075 UH-1B Bell From Army
622590 UH-1B Bell From Army
622602 UH-1B Bell From Army
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624216 YOH-6A Hughes From Army
624567 UH-1B Bell From Army
624571-624572 UH-1B Bell From Army
624578-624579 UH-1B Bell From Army
624581-624584 UH-1B Bell From Army
624590 UH-1B Bell From Army
624594 UH-1B Bell From Army
624597 UH-1B Bell From Army
624602 UH-1B Bell From Army
624604 UH-1B Bell From Army
624897 UH-1B Bell From Army
625866 OV-1B Grumman From Air Force
625896 OV-1B Grumman
627469-627470 QF-86F North American From Air Force
627479 QF-86F North American
628712 UH-1B Bell From Army
628738 UH-1B Bell From Army
631034 UH-1B Bell From Army
638200 T-38A Lockheed
638501 UH-1B Bell From Army
638507 UH-1B Bell From Army
638521 UH-1B Bell From Army
638524 UH-1B Bell From Army
638540 UH-1B Bell From Army
638544-638545 UH-1B Bell From Army
638547 UH-1B Bell From Army
638553-638554 UH-1B Bell From Army
638561-638562 UH-1B Bell From Army
638568 UH-1B Bell From Army
638572 UH-1B Bell From Army
638587 UH-1B Bell From Army
638589 UN-1B Bell From Army
638602-638603 UH-1B Bell From Army
638607 UH-1B Bell From Army
638610 UH-1B Bell From Army
638614 UH-1B Bell From Army
638643 UH-1B Bell From Army
638646 UH-1B Bell From Army
638650 UH-1B Bell From Army
638664 UH-1B Bell From Army
638666 UH-1B Bell From Army
638672 UH-1B Bell From Army
638678-638680 UH-1B Bell From Army
638682-638683 UH-1B Bell From Army
638685 UH-1B Bell From Army
638687 UH-1B Bell From Army
638694 UH-1B Bell From Army
638711 UH-1B Bell From Army
638715 UH-1B Bell From Army
638727 UH-1B Bell From Army
638738 UH-1B Bell From Army
643816 UH-1D Bell From Army
650644 F-4D McDonnell Douglas From Army
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652000 HH-65A Aerospatiale
652500 HH-65A Aerospatiale
652707 T-42A Beech
652728 T-42A Beech
652800 HH-65A Aerospatiale
652967 OH-6B Hughes
653300 HH-65A Aerospatiale
654500 HH-65A Aerospatiale
655698 CH-3E Sikorsky
659423 UH-1M Bell From Army
659476 UH-1C Bell From Army
659548 UH-1M Bell From Army
659572 UH-1D Bell
659598 UH-1D Bell From Army
659609 UH-1H Bell
659613-659614 UH-1D Bell From Army
659621 UH-1D Bell From Army
659632 UH-1D Bell From Army
659644 UH-1D Bell From Army
659646 UH-1H Bell
659662 UH-1D Bell From Army
659671 UH-1D Bell From Army
659685 UH-1D Bell From Army
659715 UH-1D Bell From Army
659735-659736 UH-1D Bell From Army
659739-659740 UH-1D Bell From Army
659777 UH-1D Bell From Army
659820 UH-1D Bell From Army
659823 UH-1D Bell From Army
659834 UH-1D Bell From Army
659853 UH-1D Bell From Army
659856 UH-1D Bell From Army
659859 UH-1D Bell From Army
659902 UH-1H Bell From Army
659945 UH-1D Bell From Army
659947 UH-1D Bell From Army
659977 UH-1D Bell From Army
660000 U-21A Beech
661012 UH-1D Bell From Army
661250 TH-1F Bell From Air Force
661534 AH-1S Bell From Army
664307 T-42A Beech
666535 UH-1M Bell From Army
666599 UH-1M Bell From Army
666655 UH-1M Bell From Army
666691 UH-1M Bell
668004 U-21A Beech
674623 OV-10A North American
674626 OV-10A North American
674652 OV-10A North American
676427 OH-6A Hughes
676649 OH-6A Hughes
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678096 U-21A Beech
683796 OV-10A North American
683799 OV-10A North American
683809 OV-10A North American
687333 OH-6B Hughes
691643 AH-1S Bell From Army
696040-696041 OH-6B Hughes From Army
696044 OH-6B Hughes
696061 OH-6B Hughes From Army
701523 OH-58A Bell From Army
701553 OH-58A Bell From Army
710388 OH-58A Bell
710554 OH-58A Bell
710799 OH-58A Bell
712098 AH-1S Bell From Army
712103 AH-1S Bell From Army
714584 YA-7D LTV From Air Force
714704 CH-3E Sikorsky
714707 CH-3E Sikorsky
715106 T-41B Grumman From Army
715123 T-41B Grumman From Army
715132 T-41B Grumman From Army
715184 T-41B Grumman From Army
715218-715219 T-41B Grumman
715225 T-41B Grumman From Army
715345-715346 X-26B Schweizer Modified by Lockheed,

from Army
715850 AH-1G Bell From Army
721193 OH-58A Bell
721300 O-2A Cessna From Air Force
721310 O-2A Cessna
721318 O-2A Cessna From Air Force
721349 O-2A Cessna From Air Force
721365 O-2A Cessna From Air Force
721387 F-5E Northrop
721404 O-2A Cessna From Air Force
721414 O-2A Cessna From Air Force
722716 UH-60A Sikorsky
722725 UH-60A Sikorsky
722791-722792 AH-1S Bell From Army
727709 QF-86F North American
727711 QF-86F North American
730855 F-5E Northrop
730865 F-5E Northrop
730879 F-5E Northrop
730881 F-5E Northrop
730885 F-5E Northrop
731635 F-5E Northrop
741519 F-5E Northrop
741528-741531 F-5E Northrop
741536-741537 F-5E Northrop
741539-741541 F-5E Northrop
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741544-741545 F-5E Northrop
741547 F-5E Northrop
741554 F-5E Northrop
741556 F-5E Northrop
741558 F-5E Northrop
741563-741564 F-5E Northrop
741568 F-5E Northrop
741570 F-5E Northrop
741572 F-5E Northrop
741635 F-5E Northrop
760086 X-26A Schweizer
815037-815039 AH-1G Bell From Army
815045-815046 AH-1G Bell From Army
815072-815073 AH-1G Bell From Army
815074-815078 AH-1G Bell Not accepted
815079-815080 AH-1G Bell From Army
815081-815084 AH-1G Bell Not accepted
815085 AH-1G Bell From Army
815086-815103 AH-1G Bell Not accepted
815104-815105 AH-1G Bell From Army
815106-815111 AH-1G Bell Not accepted
815112-815113 AH-1G Bell From Army
815134 AH-1G Bell From Army
815140 AH-1G Bell From Army
815165 AH-1G Bell From Army
815170 AH-1G Bell From Army
815176 AH-1G Bell From Army
815190 AH-1G Bell From Army
815194 AH-1G Bell From Army
815198 AH-1G Bell From Army
815213 AH-1G Bell From Army
816695 OH-58A Bell From Army
816797 OH-58A Bell From Army
817023 AH-1G Bell From Army
817027 AH-1G Bell From Army
817041 AH-1G Bell From Army
817045 AH-1G Bell From Army
817049 AH-1G Bell From Army
817062 AH-1G Bell From Army
817066 AH-1G Bell From Army
817070 AH-1G Bell From Army
817082 AH-1G Bell From Army
817086 AH-1G Bell From Army
817090 AH-1G Bell From Army
817101 AH-1G Bell From Army
817105 AH-1G Bell From Army
817108 AH-1G Bell From Army
823507 UH-60A Sikorsky From Army
827806 QF-86F North American
827837 QF-86F North American From Air Force
827852 QF-86F North American
823507 UH-60A Sikorsky
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827806 QF-86F North American
827837 QF-86F North American
827852 QF-86F North American
840456 F-5F Northrop
891038 TH-57C Bell
999703 F-21A IAI From Israel
999705 F-21A IAI From Israel
999708-999710 F-21A IAI From Israel
999716 F-21A IAI From Israel
999724-999728 F-21A IAI From Israel
999731-999732 F-21A IAI From Israel
999734-999735 F-21A IAI From Israel
999739 F-21A IAI From Israel
999742 F-21A IAI From Israel
999747 F-21A IAI From Israel
999749-999750 F-21A IAI From Israel
999764 F-21A IAI From Israel
999786-999787 F-21A IAI From Israel
999791 F-21A IAI From Israel
999794 F-21A IAI From Israel

Note 1: Originally XF12C-1, was redesignated XS4C-1 and then XSBC-1. XSBC-1 crashed during contractor’s trials and was replaced by XSBC-2 which was converted to
XSBC-3.

Note 2: Serial 9222 was replaced by new air frame as XSBU-1, 9222. Old 9222 was acquired as 9746.

Note 3: Variously modified to PBM-3C, -3R and -3S; 6456 reported as XPBM-3 or PBM-3R; 6656 as PBM-3D modified from PBM-3C; and 6693 as experimental PBM-3S
although designated PBM-3C.
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The Bureau Number for this P-3 Orion is in big numbers,
154604, on the tail and small numbers on the rear of the
fuselage. The photo also shows the squadron’s insignia
and its tail code, YB.
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Photographs show the tail codes and insignia used by Patrol Squadron
P-3 Orion aircraft.



Navy Marine Corps
Officers Enlisted men Officers Enlisted men

1 July Pilots NFO Other Pilots Aviation Rates Pilots NFO Other Pilots Aviation Rates

1920 630 243 4,404
1921 370 108 3,494
1922 314 220 2,209
1923 326 241 1,612
1924 328 161 1,788
1925 382 137 1,711
1926 426 173 1,722
1927 472 177 108 1,984
1928 466 196 141 2,644
1929 520 207 173 2,894
1930 614 221 244 2,651 82 17 24 1,112
1931 737 427 330 2,806 98 15 33 999
1932 803 396 355 2,958 101 17 32 917
1933 826 450 337 11,949 103 15 30 913
1934 834 496 306 11,667 104 16 34 938
1935 867 559 280 12,129 110 15 28 985
1937 963 502 297 13,055 113 20 29 978
1938 1,059 580 447 19,463 171 23 46 1,082
1939 1,068 609 533 19,907 180 16 47 1,091
1940 2,203 145 349 5,924 304 17 45 1,677
1941 3,483 963 629 10,640 453 27 52 3,051
1942 9,059 5,716 732 27,286 1,284 345 85 12,583
1943 20,847 20,958 774 105,445 4,898 2,419 132 50,485
1944 37,367 26,596 475 183,886 10,416 4,406 41 91,246
1945 49,380 27,946 439 241,364 10,229 5,080 47 96,354
1946
1947 10,052 3,054 537 44,201
1948 10,232 2,475 629 56,767 1,955 213 352 11,629
1949 11,509 2,343 622 73,631 1,975 221 269 14,631
1950 9,481 1,906 920 63,505 1,922 214 255 12,017
1951 14,079 3,936 775 114,038 3,127 785 237 25,025
1952 15,774 4,633 715 129,412 4,169 1,472 210 38,359
1953 17,612 4,403 684 137,218 4,484 1,475 131 49,742
1954 16,722 4,078 631 125,102 3,848 1,647 123 39,748
1955 16,448 3,823 622 115,011 4,208 1,976 120 38,173
1956 17,193 4,209 264 135,600 4,399 1,778 109 36,232
1957 17,993 4,662 243 140,283 4,348 1,780 101 39,433
1958 18,236 4,683 210 134,212 4,225 1,697 102 37,027
1959 17,813 4,572 179 127,811 3,937 1,281 105 32,900
1960 17,090 4,977 124 121,985 3,958 1,329 96 30,326
1961 17,354 4,475 87 123,134 4,031 1,349 66 34,253
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APPENDIX 10

Aviation Personnel on
Active Duty



Navy Marine Corps
Officers Enlisted men Officers Enlisted men

1 July Pilots NFO Other Pilots Aviation Rates Pilots NFO Other Pilots Aviation Rates

1962 18,301 6,436 70 135,453 4,087 1,437 51 41,476
1963 17,613 6,567 59 132,538 4,131 1,594 27 41,834
1964 17,074 7,069 51 130,742 4,234 2,132 23 41,791
1965† 16,570 7,932 43 126,988 4,372 2,346 17 41,563
1966 16,469 8,649 37 133,359 4,541 2,963 13 36,232

30 June

1967 15,973 8,985 35 139,742 4,401 3,987 12 60,192
1968 15,767 9,633 30 141,713 4,440 3,887 9 63,361
1969 15,274 10,220 27 147,679 4,648 3,973 5 62,858
1970 14,594 8,433 22 135,945 4,892 4,241 4 62,032
1971 14,890 8,215 13 120,301 4,917 3,569 4 54,672
1972 14,245 7,978 5 114,136 4,787 2,124 3 53,605
1973 13,665 7,701 3 111,329 4,384 3,126 48,110
1974 13,236 7,690 1 108,203 4,042 2,927 32,527
1975* 13,056 7,643 1 105,619 3,921 2,671 32,454
1976‡ 12,560 4,128 2,302 1 101,058 3,712 2,744 30,338
1977** 11,608 3,970 2,343 1 102,445 3,644 2,679 30,499

30 Sep

1978 10,632 4,268 2,271 1 108,180 3,429 2,850 28,176
1979 9,707 4,327 2,123 1 107,669 3,219 2,856 29,369
1980 9,487 4,377 2,012 1 107,996 3,286 2,275 31,241
1981 9,828 4,666 1,954 109,915 34,002
1982 10,203 4,819 1,891 112,209 3,172 668 34,880
1983 10,483 5,160 2,223 114,722 3,427 640 36,808
1984 10,479 5,280 2,425 115,325 3,549 639 40,572
1985 10,559 5,566 2,685 114,866 3,666 652 41,609
1986 10,516 5,734 2,796 117,886 3,673 630 40,304
1987 10,748 5,966 2,749 122,563 3,654 605 38,531
1988 10,835 6,111 2,723 123,428 3,810 629 37,326
1989 11,022 6,241 2,641 123,651 3,712 631 36,937
1990 11,018 6,340 2,534 118,611 3,626 628 36,918
1991 10,491 6,109 2,487 114,056 3,526 635 38,400
1992 10,338 6,060 2,443 113,943 3,552 608 38,062
1993 9,162 5,222 1,116 72,182^ 3,589 581 35,698
1994 8,287 4,537 977 69,725^ 3,585 551 33,723
1995 7,751 4,079 939 63,309^ 3,570 500 28,784

*Navy figures are for 31 Mar 1975. USMC figures are for 30 Jun 1975.
**Navy figures are for 30 Jun 1977. USMC figures are for 30 Sep 1977.
†Naval Aviation Observers (NAO) redesignated Naval Flight Officers (NFO) by BuPers Instruction 1210.4C of 8 Feb 1965, effective 1 May 1965.
‡NFO designation separated from other non-pilots.
^Annual Report, Bureau of Naval Personnel Statistics (Report 15658), discontinued in mid FY 1993. Figures for enlisted personnel in aviation rates for FY 1993–95 provided
^directly from BuPers, PERS 221D.

Note—Does not include men in training. Aviation rates under Navy for years 1933–39 include general service ratings assigned to aviation duty. Enlisted pilots for
1920–26 are included under aviation rates. All Navy figures for World War II period, 1940–45, include Coast Guard. Figures not available for Marine Corps, 1920–29.
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ADMIRAL A. W. RADFORD FIELD

At NAS Cubi Point, Phillipines. Dedicated 21
December 1972, in honor of former Chairman of the
Joint Chiefs of Staff Admiral Arthur W. Radford (no
longer active).

ALVIN CALLENDER FIELD

At NAS New Orleans, La. Dedicated 26 Apr 1958, in
honor of Captain Alvin A. Callender, RFC, native of
New Orleans, killed in aerial combat during World
War I while flying with the Royal Flying Corps of
Canada (not a U.S. Naval Aviator).

ARCHIBALD FIELD

At Managua, Nicaragua. A Marine Corps field named
in late 1928 or early 1929 for Captain Robert J.
Archibald, USMC, who directed the location of airfield
sites in Nicaragua and was killed in line of duty in
November 1928 (no longer active).

ARMITAGE FIELD

At China Lake, Calif. Name apparently assigned
locally; dedicated 30 May 1945, in honor of Lieutenant
John M. Armitage, USNR, killed 21 August 1944, while
conducting air firing tests of a Tiny Tim rocket.

AULT FIELD

At NAS Whidbey Island, Wash. Named in honor of
Commodore William B. Ault, USN, who lost his life in
the Battle of Coral Sea. Designated by the Secretary of
the Navy on 25 February 1943.

BARIN FIELD

At Foley, Ala. Name assigned 2 July 1942, prior to
establishing as an NAAS, in honor of Lieutenant Louis
T. Barin, Naval Aviator No. 56, test pilot extraordinarie
and co-pilot of NC-1 on trans-Atlantic attempt, 1919.
The former NAAS now an ALF to NAS Saufley Field.

BAUER FIELD

On Vila, New Hebrides Islands. Named in June
1943, for Lieutenant Colonel Harold W. Bauer, USMC,
Commanding Officer of VMF-212; awarded Medal of
Honor posthumously for action in South Pacific, 28
September-3 October 1942 (no longer active).

BORDELON FIELD 

At NAS Hilo, Hawaii. Named for Sergeant William J.
Bordelon, USMC, killed in the invasion of Tarawa;
Medal of Honor (not an aviator; field no longer
active).

BOURNE FIELD 

At MCAS St. Thomas, V.I. Named in late 1930s for
Major Louis T. Bourne, USMC, first to fly nonstop from
the United States to Nicaragua (no longer active).

BREWER FIELD 

At NAS Agana, Guam, in honor of Commander
Charles W. Brewer, Jr. Dedicated 15 February 1973. 

BRISTOL FIELD 

At NAS Argentia, Newfoundland. Named, 1 June
1943 for Rear Admiral Arthur L. Bistol, who as
Commander Support Force, Atlantic, contributed much
toward planning and building the station (no longer
active).

BRONSON FIELD 

An NAAS at Pensacola, Fla. Name assigned 2 July
1942, prior to establishing of the station, in honor of
Lieutenant (Junior Grade) Clarence K. Bronson, Naval
Aviator No. 15, killed by premature explosion of bomb
during early bomb dropping tests, 8 November 1916
(no longer active).
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BROWN FIELD 

An NAAS at Chula Vista, Calif. Named in honor of
Commander Melville S. Brown, killed in an airplane
crash in 1936. Assigned 1 June 1943, to the field at
NAAS Otay Mesa and became the station name 11
June 1943 (no longer active).

BROWN FIELD 

At MCAF Quantico, Va. Name assigned in 1922 in
honor of Second Lieutenant Walter V. Brown, USMC,
killed at Quantico in an operational crash (no longer
active, present site of the Marine Corps Aviation
Museum).

BYRD FIELD 

A Marine Corps field at Puerto Pabezao, Nicaragua,
named in the late 1920s for Captain William C. Byrd,
USMC, killed in airplane crash (no longer active).

CABANISS FIELD 

At NAS Corpus Christi, Tex. Dedicated 9 July 1941,
in honor of Commander Robert W Cabaniss, Naval
Aviator No. 36, killed in a plane crash in 1927 (the for-
mer NAAS now an OLF to NAS Corpus Christi).

CARNEY FIELD 

On Guadalcanal. Named in the fall of 1942 for
Captain James V. Carney, killed early in World War II
(no longer active).

CECIL FIELD 

An NAS near Jacksonville, Fla. Station established 20
February 1943; named in honor of Commander Henry
B. Cecil, Naval Aviator No. 42, lost in the crash of the
rigid dirigible Akron (ZRS-4) 4 April 1933.

CHAMBERS FIELD 

At NAS Norfolk, Va. Named 1 June 1938, in honor of
Captain Washington I. Chambers, first officer-in-charge
of aviation and director of early efforts to find a place
for aviation in the fleet (not an aviator).

CHASE FIELD 

An NAS at Beeville, Tex. Named 27 April 1943, in
honor of Lieutenant Commander Nathan B. Chase,
Naval Aviator No. 37, killed in 1925 in an air collision
while exercising his squadron in fighter tactics (no
longer active).

CHEVALIER FIELD 

At NAS Pensacola, Fla. Name assigned 30 December
1936, to old Station Field, in honor of Lieutenant
Commander Godfrey deC. Chevalier, Naval Aviator
No. 7 (no longer active).

CORRY FIELD 

An NAAS at Pensacola, Fla. Name initially assigned
1 November 1922, to a temporary field and reassigned
to the new station 8 December 1934, in honor of
Lieutenant Commander William M. Corry, Naval
Aviator No. 23; Medal of Honor awarded posthumous-
ly (no longer active).

CUDDIHY FIELD 

An NAAS at Corpus Christi, Tex. Station established
3 September 1941; named in honor of Lieutenant
George T. Cuddihy, test pilot and speed record holder,
killed in a crash in 1929 (no longer active).

CUNNINGHAM FIELD 

At MCAF Cherry Point, N.C. Dedicated 4 September
1941, in honor of Lieutenant Colonel Alfred A.
Cunningham, USMC, Naval Aviator No. 5 and first
Marine Corps aviator.

DOWDELL FIELD 

A Marine Corps field at Apali, Nicaragua, named in
the late 1920s for Sergeant Frank E. Dowdell, USMC,
missing in action after a forced landing with
Lieutenant Earl A. Thomas on Sapotilla Ridge,
Nicaragua (not an aviator; field no longer active).

DYESS FIELD 

On Roi Island, Kwajalein Atoll. Named 16 April
1944, for Lieutenant Colonel Aquilla J. Dyess, USMCR,
killed leading the assault on Roi Namur; Medal of
Honor awarded posthumously (not an aviator; field no
longer active).

ELLYSON FIELD 

An NAS at Pensacola, Fla. Station established 20
January 1943; named in honor of Commander
Theodore G. Ellyson, first Naval Aviator (no longer
active).

FINUCANE FIELD

On Efate, New Hebrides. Named for Lieutenant
Arthur E. Finucane, USMC (no longer active).
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FLATLEY FIELD 

At NAS Olathe, Kans. Dedicated 20 May 1962, in
honor of Vice Admiral James H. Flatley, fighter pilot,
carrier commander, Director of Air Warfare Division
and former commanding officer of the station (no
longer active).

FLEMING FIELD 

An auxiliary field to NAS Minneapolis, Minn. Named
20 July 1943, in honor of Captain Richard E. Fleming,
USMC, killed leading an attack on an enemy cruiser in
the Battle of Midway; Medal of Honor awarded
posthumously (no longer active).

FLOYD BENNETT FIELD 

At NAS New York, N.Y. Originally assigned to New
York Municipal Airport, dedicated 23 May 1931, and
retained as station name upon its establishing 2 June
1941. For Floyd Bennett, Naval Aviation Pilot No. 9,
who with Rear Admiral Richard E. Byrd was first to fly
over the North Pole (no longer an active Navy field).

FORREST SHERMAN FIELD 

At NAS Pensacola, Fla., formerly Fort Barrancas
Airfield. Dedicated 2 November 1951, in honor of
Admiral Forrest P. Sherman, Chief of Naval Operations,
1949-1951.

FREDERICK C. SHERMAN FIELD 

At San Clemente Island, Calif. Dedicated 11 January
1961, in honor of Vice Admiral Frederick C. Sherman,
three-time winner of the Navy Cross and renowned
leader of carrier task groups during World War II (the
former NAAS now an NALF).

FREDERICK M. TRAPNELL FIELD 

At NAS Patuxent River, Md. Dedicated 1 April 1976
in honor of Vice Admiral Frederick M. Trapnell.

FRANKFORTER FIELD 

A Marine Corps field at Esteli, Nicaragua. Named in
late 1920’s for Private Rudolph A. Frankforter, USMC,
killed with Captain William C. Byrd, USMC, in airplane
crash (not an aviator; no longer active).

HALSEY FIELD 

At NAS North Island, Calif. Dedicated 20 August 1961,
in honor of Fleet Admiral William F. Halsey, Commander
Third Fleet in the advance across the Pacific during
World War II. Offically named Admiral Halsey Field.

HARING FIELD 

On Efate, New Hebrides. Named for Second
Lieutenant Richard Z. Haring, USMCR (no longer
active).

HARVEY FIELD 

At NAF Inyokern, Calif. Name assigned to field for-
merly known as Inyokern Airfield, 10 May 1944, in
honor of Lieutenant Commander Warren W. Harvey,
for his contributions to the development of aviation
ordnance and fighter tactics (no longer active).

HAWKINS FIELD 

On Betio Island, Tarawa. Named for Lieutenant
William D. Hawkins, USMCR, killed while landing his
platoon during assault on Tarawa; Medal of Honor
awarded posthumously (not an aviator; field no longer
active).

HENDERSON FIELD 

At NS Midway Island. Named 19 August 1942, in
honor of Major Loften R. Henderson, USMC, lost in
action during the Battle of Midway. Field on
Guadalcanal, also named in honor of Major
Henderson in August 1942 (no longer active).

HENSLEY FIELD 

At NAS Dallas, Tex. Named for Colonel William N.
Hensely Jr., USMC, prominent in the Reserve program
during the 1920’s (not an aviator) (no longer active).

ISLEY FIELD 

An NAS on Saipan, Marianas Island. Named 30 June
1944, prior to its designation as NAS, for Commander
Robert H. Isely, who lost his life leading his squadron
in an attack on the then enemy installation known as
Aslito Airfield. (Incorrect spelling of station name
became official through usage. Field no longer active.)

JOHN RODGERS FIELD 

At NAS Barbers Point, Hawaii. Dedicated on 10
September 1974 in honor of Commander John Rodgers
for his exploits in early Naval Aviation.

LEE FIELD 

At NAS Green Cove Springs, Fla. Named in
September 1940 in honor of Ensign Benjamin Lee,
who lost his life in a crash at Killingholme, England,
during World War I. Originally assigned as the station
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name, but reassigned to the landing field when station
name changed to Green Cove Springs, 8 August 1943
(no longer active).

MAXFIELD FIELD 

At NAS Lakehurst, N.J. Named 6 January 1944, in
honor of Commander Louis H. Maxfield, Naval Aviator
No. 17, who lost his life in the crash of the dirigible R-
38, 24 August 1921 (no longer active).

MAX KIEL AIRFIELD 

At Little America, Antarctica. Named in early 1956 in
honor of Max Kiel, who lost his life while bridging a
crevasse in Marie Byrd Land (not an aviator; no longer
active).

McCAIN FIELD 

At NAS Meridian, Miss. Dedicated with the establish-
ing of the station 14 July 1961, in honor of Admiral
John S. McCain, carrier task force commander, Chief of
BuAer and Deputy Chief Naval Operations (Air).

McCALLA FIELD 

At NAS Guantanamo, Cuba. Named for Captain
Bowman H. McCalla, skipper of Marblehead (C 11)
participating in the capture of Guantanamo Bay, and
commander of a base established there, during the
Spanish American war (not an aviator).

McCUTCHEON FIELD

At MCAS New River, N.C. Named in honor of
General Kieth B. McCutcheon, USMC, a pioneer in
Marine Corps helicopter assault tactics. Dedicated
1972.

MERRITT FIELD 

At MCAS Beaufort, S.C., in honor of Major General
Lewis G. Merritt, USMC. Dedicated on 19 September 1975.

MITCHELL FIELD 

At NAF Adak, Alaska. Named 2 February 1944, in
honor of Ensign Albert E. Mitchell, who lost his life in
the Aleutians earlier in the war. Offically named Albert
Mitchell Field.

MITSCHER FIELD 

At NAS Miramar, Calif. Named 14 June 1955, in
honor of Admiral Marc A. Mitscher, Naval Aviator No.

33, leader of Fast Carrier Task Forces in World War II
and Deputy Chief of Naval Operations (Air).

MOFFETT FIELD 

At NAS at Sunnyvale, Calif. Named in honor of
Rear Admiral William A. Moffett, Naval Aviation
Observer, first Chief of BuAer and leader of Naval
Aviation through the 1920’s who lost his life in the
crash of the rigid dirigible Akron (ZRS-4) 4 April
1933. Name first assigned 17 May 1933, to the land-
ing field at NAS Sunnyvale, Calif., and remained in
use after the station was transferred to the U.S.
Army in 1935 and after station was returned to the
Navy and established as an NAS, 16 April 1942;
became station name 20 April 1942 (no longer
active).

MORET FIELD 

On Zamboanga, Philippines. Named for Lieutenant
Colonel Paul Moret, USMC, killed in a crash in 1943
(no longer active).

MULLINNIX FIELD 

On Buota Island, Tarawa. Named in December 1943
in honor of Rear Admiral Henry M. Mullinnix, Carrier
Division Commander, lost in sinking of Liscome Bay,
during the Gilbert Islands campaign, 24 November
1943 (no longer active).

MUNN FIELD

At MCAS Camp Pendelton, Calif. The airfield was
designated Munn Field on 12 January 1987 in honor of
Lieutenant General John C. Munn, USMC. The general
had been Assistant Commandant of the Marine Corps
and the first Marine Aviator to command Camp
Pendleton.

MUSTIN FIEID 

An NAF at Philadelphia, Pa. Dedicated 17
September 1926, in honor of Captain Henry C. Mustin,
Naval Aviator No. 11 and early exponent of aviation as
the striking arm of the fleet (no longer active).

NIMITZ FIELD 

At NAS Alameda, Calif. Dedicated 26 January 1967,
in honor of Fleet Admiral Chester W. Nimitz,
Commander-in-Chief of the Pacific during World War
II and Chief of Naval Operations (not an aviator)(no
longer active).
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OFSTIE FIELD 

At NS Roosevelt Roads, P.R. Dedicated 21 May 1959,
in honor of Vice Admiral Ralph A. Ofstie, test pilot,
Fleet Commander and Deputy Chief of Naval
Operations (Air).

O’HARE FIELD 

On Abemama, Gilbert Islands. Named in December
1943 in honor of Lieutenant Commander Edward H.
O’Hare, Air Group commander, pioneer in night carri-
er operations and Medal of Honor winner, lost in
action during the Gilberts Campaign, 26 November
1943 (no longer active).

PAGE FIELD 

At MCAS Parris Island, S.C. Named 19 Sepember 1938,
prior to station establishing, in honor of Captain Arthur
H. Page, Jr., USMC, pioneer in instrument flying and rac-
ing pilot, who crashed to his death while leading in the
Thompson Trophy Race, 1930 (no longer active).

RAMEY FIELD 

At NAS Sanford, Fla. Dedicated 6 February 1959, in
honor of Lieutenant Commander Robert W. Ramey,
who lost his life by electing to guide his crippled
plane away from a residential area (no longer active).

REAM FIELD 

At NAS Imperial Beach, Calif. Named in 1943 for
Major William R. Ream, MC, USA, who was a medical
officer at Rockwell Field on North Island in the World
War I period. Initially the station name when the sta-
tion was retitled lmperial Beach, 1 January 1968 (not
an aviator)(no longer active).

REEVES FIELD

At NAS Lemoore, Calif. Dedicated 20 November
1961, in honor of Rear Admiral Joseph M. Reeves,
Naval Aviation Observer and farseeing pioneer in the
tactical employment of aircraft carriers. Officially,
Joseph Mason Reeves Field. Field at NAB San Pedro
(later NAS Terminal Island), Calif., also named in
honor of Admiral Reeves in the 1930’s (NAS Terminal
Island field no longer active).

RODD FIELD 

An NAAS at Corpus Christi, Tex. Station established-
ed 7 June 1941; named in honor of Lieutenant Herbert
C. Rodd, Radio Officer in NC-4 on the trans-Atlantic
flight 1919 (no longer active).

SAILER FIELD 

On Guadalcanal. Named for Major Joseph Sailer,
USMC, who lost his life leading his squadron in an
attack on enemy destroyers (no longer active).

SAUFLEY FIELD 

An NAS at Pensacola, Fla. Named prior to station
establishing 22 August 1940, in honor of Lieutenant(jg)
Richard C. Saufley, Naval Aviator No. 14, killed in a
crash while on a record endurance flight.

SHEA FIELD 

At NAS South Weymouth, Mass. In honor of
Lieutenant Commander John J. Shea, killed in action
while serving aboard Wasp in 1942. Name assigned
first to the field at NAS Squantum, Mass., 15 March
1946, and upon closing of that station in 1954 was
transferred to the field at South Weymouth (no longer
active).

SMARTT FIELD 

An outlying field to NAS St. Louis, Mo. Named in
June 1943 in honor of Ensign Joseph G. Smartt, who
lost his life 7 December 1941, while serving with VP-
11 at Kaneohe, Hawaii (no longer active).

SOUCEK FIELD 

At NAS Oceana, Va. Dedicated 4 June 1957, in
honor of Vice Admiral Apollo Soucek, world altitude
record holder, test pilot, task force commander and
Chief of BuAer. Officially named Apollo Soucek Field.

STICKELL FIELD 

On Eniwetok, Marshall Islands. Named early in 1944
in honor of Lieutenant John H. Stickell, Naval Aviator
and former RAF pilot, who died from wounds
received in action during a low-level attack on Jaluit in
the Marshalls (no longer active).

TAYLOR FIELD 

On Efate, New Hebrides. Named for Lieutenant
Lawrence C. Taylor, USMCR, killed while intercepting
an air attack on Guadalcanal (no longer active).

THOMAS FIELD 

A Marine Corps field at Ocotal, Nicaragua. Named in
the late 1920s for Lieutenant Earl A. Thomas, USMC,
missing in action after a forced landing on Sapotilla
Ridge, Nicaragua (no longer active).
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TITCOMB FIELD 

On Mindanao, Philippines. Named in February 1945
in honor of Captain John A. Titcomb, USMCR, killed
while directing a close air support mission in northern
Luzon (not an aviator; field no longer active).

TOWERS FIELD 

At NAS Jacksonville, Fla. Dedicated 14 October
1960, in honor of Admiral John H. Towers, Naval
Aviator No. 3, and an outstanding leader in Naval
Aviation from 1911 to his retirement in 1947. Officially
named John Towers Field.

TURNER FIELD 

At MCAF Quantico, Va. Named in honor of Colonel
Thomas C. Turner, USMC, Naval Aviator and Director
of Marine Aviation. Name was first assigned 1 July
1936, to the field at Marine Barracks, Quantico.

VAN VOORHIS FIELD 

At NAS Fallon, Nev. Dedicated 1 November 1959, in
honor of Commander Bruce A. Van Voorhis, who lost
his life on a low-level bombing attack on enemy posi-
tions during the Battle of the Solomon Islands; Medal
of Honor, awarded posthumously.

WALDRON FIELD 

At NAS Corpus Christi, Tex. Named 5 March 1943,
prior to establishing of station, in honor of Lieutenant
Commander John C. Waldron, killed in action leading

the attack of Torpedo Squadron 8 in the Battle of
Midway; 4 June 1942 (The former NAAS now an OLF
to NAS Corpus Christi).

WEBSTER FIELD 

A flight test field at Priest Point, Md., auxiliary to
NAS Patuxent River. Named 1 June 1943 for Captain
Walter W. Webster, one-time head of Naval Aircraft
Factory and long associated with test and develop-
ment work. 

WHITING FIELD 

An NAS at Milton, Fla. Named 1 June 1943, prior to
establishing of station, in honor of Captain Kenneth
Whiting; Naval Aviator No. 16, first to command Naval
Aviation units overseas in World War I, first acting
commander of the Navy’s first carrier and leader in the
development of carriers.

WIGLEY FIELD 

On Engebi Island, Eniwetok Atoll. Named in March
1944 for Lieutenant Colonel Roy C. Wigley, USAAF,
Army Air Force pilot killed in an attack on Jaluit,
Marshall Islands (no longer active).

WILLIAMS FIELD 

At McMurdo Sound, Antarctica. Named 16 February
1956, for Richard Williams, killed when his vehicle
broke through the bay ice (not an aviator)(no longer
active).
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Ship Named for Commissioning Date 

Abercrombie (DE 343) ENS William W. Abercrombie, USN 1 May 1944

Adams (DM 27—ex-DD 739)* LT Samuel Adams, USN 10 Oct 1944

Allen, Edward H. (DE 531) LT Edward H. Allen, USN   16 Dec 1943

Antrim (FFG 20) RADM Richard N. Antrim, USN 26 Sep 1981

Ault (DD 698) CDR  William B. Ault, USN 31 May 1944

Baker (DE 190) ENS John D. Baker, USNR   23 Dec 1943

Baker, Paul G. (DE 642) LT (jg) Paul G. Baker, USN 25 May 1944

Barnes, Doyle C. (DE 353) ENS Doyle C. Barnes, USN 13 Jul 1944

Bass, Brinkley (DD 887) LCDR Harry B. Bass, USN 1 Oct 1945

Bass, Horace A. (APD 124—ex-DE 691)* ENS Horace A. Bass, USNR 21 Dec 1944

Bassett (APD 73—ex-DE 672)* ENS Edgar R. Bassett, USNR 23 Feb 1945

Bauer (DE 1025) LCOL Harold W. Bauer, USMC 21 Nov 1957

Bebas (DE 10) ENS Gus G. Bebas, USNR 15 May 1943

Berry, Fred T. (DD 858) CDR Fred T. Berry, USN 12 May 1945

Billingsley (DD 293) ENS William D. Billingsley, USN  1 Mar 1920

Blakely (DE 1072) CAPT Johnston Blakely, USN

and Great Grandnephew

VADM Adam Blakely, USN (aviator) 18 Jul 1970

Blessman (APD 49—ex-DE 69)** LT Edward M. Blessman, USN 19 Sep 1943

Bowers (APD 40—ex-DE 367)** ENS Robert K. Bowers, USNR    27 Jan 1944

Brackett (DE 41) LT Bruce G. Brackett, USNR 18 Oct 1943

Brannon, Charles E. (DE 446) ENS Charles E. Brannon, USNR 1 Nov 1944

Bridget (DE 1024) CAPT Francis J. Bridget, USN 24 Oct 1957

Bristol, Arthur L. (APD 97—ex-DE 281)* VADM Arthur L. Bristol, USN 25 Jun 1945

Brock (APD 93—ex-DE 234)* ENS John W. Brock, USN 9 Feb 1945

Bronson, Clarence K. (DD 668) LT (jg) Clarence K. Bronson, USN 11 Jun 1943

Brough (DE 148) LT (jg) David A. Brough, USNR 18 Sep 1943

Brown, Jesse L. (DE 1089) ENS  Jesse L. Brown, USN 17 Feb 1973

Bull (APD 78—ex-DE 693)** LT (jg) Richard  Bull, USNR 12 Aug 1943

Bull, Richard S. (DE 402) LT Richard S. Bull, USN 26 Feb 1944

Butler, John C. (DE 339) ENS John C. Butler, USNR 31 Mar 1944

Byrd, Richard E. (DDG 23) RADM Richard E. Byrd, Jr., USN 7 Mar 1964

Camp (DE 251) ENS Jack H. Camp, USNR 16 Sep 1943

Campbell, Joseph E. (APD 49—ex-DE 70)** ENS Joseph E. Campbell, USNR 23 Sep 1943

Campbell, Kendall C. (DE 443) ENS Kendall C. Campbell, USNR 31 Jul 1944
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Carpenter (DDK 825—ex-DD 825)** LCDR Donald M. Carpenter, USN 15 Dec 1949

Chaffee (DE 230) ENS Davis E. Chaffee, USNR 9 May 1944

Chevalier (DD 451) LCDR Godfrey deC. Chevalier, USN 20 Jul 1942

(DD 805) 9 Jan 1945

Chourre (ARV 1—ex-ARG 14)# LCDR Emile Chourre, USN 7 Dec 1944

Clark (FFG 11) ADM Joseph J. Clark, USN 9 May 1980

Clark, Howard F. (DE 533) LT (jg) Howard F. Clark, USN 25 May 1944

Collett (DD 730) LCDR John A. Collett, USN 16 May 1944

Cook (DE 1083) LCDR Wilmer P. Cook, USN 18 Dec 1971

Coolbaugh (DE 217) LT (jg) Walter W. Coolbaugh, USNR 15 Oct 1943

Cooner (DE 172) ENS Bunyan R. Cooner, USNR 21 Aug 1943

Cooper (DD 695) LT Elmer G. Cooper, USN 27 Mar 1944

Corl, Harry L. (APD 108—ex-DE 598)** ENS Harry L. Corl, USN 5 Jun 1945

Corry (DD 334) LCDR William M. Corry, USN 25 May 1921

(DD 463) 18 Dec 1941

(DD 817) 27 Feb 1946

Craig, James E. (DE 201) LCDR James E. Craig, USN 1 Nov 1943

Crommelin (FFG 37) CDR Charles L. Crommelin, USN

LCDR Richard G. Crommelin, USN

VADM Henry Crommelin, USN 18 Jun 1983

Cross (DE 448) LT (jg) Frederick C. Cross, USNR 8 Jan 1945

Cunningham, Alfred A. (DD 752) LCOL Alfred A. Cunningham, USMC 23 Nov 1944

Davis, Frederick C. (DE 136) ENS Frederick C. Davis, USNR 14 Jul 1943

Deede (DE 263) LT (jg) Leroy C. Deede, USNR 29 Jul 1943

Dickson, Harlan R. (DD 708) LCDR Harlan R. Dickson, USN 17 Feb 1945

Dobler (DE 48—ex-BDE 48)*** LT Joseph J. Dobler, USNR 17 May 1943

Doherty (DE 14—ex-BDE 14)*** ENS John J. Doherty, USNR 6 Feb 1943

Donnell (DE 56) ENS Earl R. Donnell, USNR 26 Jun 1943

Doyle, Cecil J. (DE 368) 2nd LT Cecil J. Doyle, USMC 16 Oct 1944

Duffy (DE 27—ex-BDE 27)*** ENS Charles J. Duffy, USNR 5 Aug 1943

Dufilho (DE 423) LT Marion W. Dufilho, USN 21 Jul 1944

Duncan (FFG 10) ADM Donald B. Duncan, USN 15 May 1980

Edson (DD 946) MGEN Merritt A. Edson, USMC 7 Nov 1958

Eichenberger (DE 202) ENS Charles  E. Eichenberger, USNR 17 Nov 1943

Eldridge (DE 173) LCDR John Eldridge, Jr., USN 27 Aug 1943

Ellison, Harold J. (DD 864) ENS Harold J. Ellison, USNR 23 Jun 1945

Ellyson (DMS 19—ex-DD 454) ** CDR Theodore G. Ellyson, USN 28 Nov 1941

Elrod (FFG 55) MAJ Henry T. Elrod, USMC 18 May 1985

Estocin (FFG 15) CAPT Michael J. Estocin, USN 10 Jan 1981

Eversole (DE 404) LT (jg) John T. Eversole, USN 21 Mar 1944

(DD 789) 10 May 1946
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Fechteler (DE 157) LT Frank C. Fechteler, USN 1 Jul 1943

(DD 870) 2 Mar 1946

Fieberling (DE 640) LT Langdon K. Fieberling, USN 11 Apr 1944

Fitch, Aubrey (FFG 34) ADM Aubrey W. Fitch, USN 9 Oct 1982

Flatley (FFG 21) VADM James H. Flatley, Jr., USN 20 Jun 1981

Fleming (DE 32) CAPT Richard E. Fleming, USMC 18 Sep 1943

Fletcher (DD 445) ADM Frank J. Fletcher, USN 30 Jun 1942

(DD 992) 12 Jul 1980

Fogg (DE 57) LT (jg) Carleton T. Fogg, USN 7 Jul 1943

Forrestal (CVA 59)-(CV 59) James Vincent Forrestal 1 Oct 1955

Fox, Lee (APD 45—ex-DE 65)** ENS Lee Fox, Jr., USNR 30 Aug 1943

Gallery (FFG 26) RADM Daniel V. Gallery, USN

RADM Philip Daly Gallery, USN

RADM William G. Gallery, USN 5 Dec 1981

Geiger (AP 197) GEN Roy Stanley Geiger, USMC 13 Sep 1952

Gentry (DE 349) 2nd LT Wayne R. Gentry, USMC 14 Jun 1944

Gillette (DE 270) LT (jg) Douglas W. Gillette, USNR 8 Sep 1943

(DE 681) 27 Oct 1943

Gray, John P. (APD 74—ex-DE 673)* LT (jg) John P. Gray, USNR 15 Mar 1944

Greene, Eugene A. (DD 711) ENS Eugene A. Greene, USNR 8 Jun 1945

Griswold (DE 7) ENS Don T. Griswold, USNR 28 Apr 1943

Groves, Stephen W. (FFG 29) ENS Stephen W. Groves, USNR 17 Apr 1982

Hale, Roy O. (DE 336) LT (jg) Roy O. Hale, Jr., USN 3 Feb 1944

Halsey (DLG 23) FADM William F. Halsey, Jr., USN 20 Jul 1963

Hammann (DD 412) ENS Charles H. Hammann, USNR 11 Aug 1939 

(DE 131) 17 May 1943

Hancock, Lewis (DD 675) LCDR Lewis Hancock, Jr., USN 29 Sep 1943

Hanson (DD 832) 1st LT Robert M. Hanson, USMC 11 May 1945

Hart (DD 594) LT Patrick H. Hart, USN 4 Nov 1944

Harwood (DD 861) CDR Bruce L. Harwood, USN 28 Sep 1945

Hastings, Burden R. (DE 19—ex-BDE 19)*** LT Burden R. Hastings, USN    1 May 1943

Henderson (DD 785) MAJ Lofton R. Henderson, USMC 4 Aug 1945

Hissem (DE 400) ENS Joseph M. Hissem, USNR    13 Jan 1944

Hodges (DE 231) ENS Flourenoy G. Hodges, USNR 27 May 1944

Holder (DE 401) LT (jg) Randolph M. Holder, USNR 18 Jan 1944

(DD 819) 18 May 1946

Holt (DE 706) LT (jg) William M. Holt, USNR 9 Jun 1944

Hopping (APD 51—ex-DE 155)** LCDR Halsted L. Hopping, USN 21 May 1943

Hurst (DE 250) LT Edwin W. Hurst, USN 30 Aug 1943

Hutchins (DD 476) LT Carleton B. Hutchins, USN 17 Nov 1942

Irwin (DD 794) RADM Noble E. Irwin, USN 14 Feb 1944

Isbell, Arnold J. (DD 869) CAPT Arnold J. Isbell, USN 5 Jan 1946
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Jaccard (DE 355) ENS Richard A. Jaccard, USNR 26 Jul 1944

Johnson, Earl V. (DE 702) LT (jg) Earl V. Johnson, USN  18 Mar 1944

Keller, Robert F. (DE 419) ENS Robert F. Keller, USNR 17 Jun 1944

Kennedy, Jr., Joseph P. (DD 850) LT Joseph P. Kennedy, Jr., USNR 15 Dec 1945

Kenyon, Henry R. (DE 683) ENS Henry R. Kenyon, USNR   30 Nov 1943

King (DLG 10) FADM Ernest J. King, USN 17 Nov 1960

Kinzer (APD 91—ex-DE 232)* ENS Edward B. Kinzer, USNR 1 Nov 1944

Koelsch (DE 1049) LT (jg) John K. Koelsch, USN 10 Jun 1967

Knox, Leslie L.B. (DE 580) LT (jg) Leslie L. B.  Knox, USNR 22 Mar 1944

Lansdowne (DD 486) LCDR Zachary Lansdowne, USN 29 Apr 1942

Lewis (DE 535) ENS Victor A. Lewis, USNR 5 Sep 1944

Lindsey (DM 32—ex-DD 771) * LT Eugene E. Lindsey, USN 20 Aug 1944

Lough (DE 586) ENS John C. Lough, USNR 2 May 1944

Lovelace (DE 198) LCDR Donald A. Lovelace, USN 7 Nov 1943

Macleish (DD 220) LT Kenneth MacLeish, USNR 2 Aug 1920

Mason (DE 529) ENS Newton H. Mason, USNR 20 Mar 1944

Massey (DD 778) LCDR Lance E. Massey, USN 24 Nov 1944

McCain, John S. (DL 3—ex-DD 928)* ADM John S. McCain, USN 12 Oct 1953

(DDG 56) 2 Jul 1994

McClusky (FFG 41) RADM Clarence W. McClusky, Jr., USN 10 Dec 1983

McCord (DD 534) CDR Frank C. McCord, USN 19 Aug 1943

McDonnell, Edward O. (DE 1043) VADM Edward O. McDonnell, USNR 15 Feb 1965

McCormick (DD 223) LT (jg) Alexander A. McCormick, USNR 30 Aug 1920

Menges (DE 320) ENS Herbert H. Menges, USNR 26 Oct 1943

Mills (DE 383) ENS Lloyd J. Mills, USNR 2 Oct 1943

Mitchell (DE 43—ex-BDE 43)*** ENS Albert E. Mitchell, USNR 17 Nov 1943

Mitchell, Oliver (DE 417) 2nd LT Oliver Mitchell, USMCR 14 Jun 1944

Mitscher (DL 2—ex-DD 927)* ADM Marc A. Mitscher, USN  15 May 1953

(DDG 57) 10 Dec 1994

Moore, Ulvert M. (DE 442) ENS Ulvert M. Moore, USNR 18 Jul 1944

Mosley (DE 321) ENS Walter H. Mosley, USNR 30 Oct 1943

Mullinnix (DD 944) RADM Henry M. Mullinnix, USN 7 Mar 1958

Mustin (DD 413) CAPT Henry C. Mustin, USN 15 Sep 1939

Nawman, Melvin R. (DE 416) 2nd LT Melvin R. Nawman, USMCR 16 May 1944

O'Flaherty (DE 340) ENS Frank W. O'Flaherty, USNR 8 Apr 1944

O’Hare (DD 889) LCDR Edward H. O'Hare, USN 29 Nov 1945

Osberg (DE 538) ENS Carl A. Osberg, USNR 10 Dec 1945

Osmus (DE 701) ENS Wesley F. Osmus, USNR 23 Feb 1945

Owens, James C. (DD 776) LT James C. Owens, USN 17 Feb 1945
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Parks, Floyd B. (DD 884) MAJ Floyd B. Parks, USMC 31 Jul 1945

Peiffer (DD 588) ENS Carl D. Peiffer, USN 15 Jun 1944

Pennewill (DE 175) LCDR William E. Pennewill, USN 15 Sep 1943

Peterson, Dale W. (DE 337) ENS Dale W. Peterson, USN 17 Feb 1944

Potter, Stephen (DD 538) ENS Stehpen Potter, USN 21 Oct 1943

Powers, John J. (DE 528) LT John J. Powers, USN 29 Feb 1944

Raby (DE 698) RADM James J. Raby, USN 7 Dec 1943

Radford, Arthur W. (DD 968) ADM Arthur W. Radford, USN       16 Apr 1977

Ramsey (DEG 2) ADM Dewitt C. Ramsey, USN 3 Jun 1967

Raven, Julius A. (APD 110—ex-DE 600)* LT Julius A. Raven, USNR 28 Jun 1945

Reid, Beverly W. (APD 119—ex-DE 722)* ENS Beverly W. Reid, USN 25 Jun 1945

Rich (DE 695) LT (jg) Ralph M. Rich, USN 10 Oct 1943

(DD 820) 3 Jul 1946

Richey (DE 385) ENS Joseph L. Richey, USNR 30 Oct 1943

Riddle (DE 185) ENS Joseph Riddle, USNR 17 Nov 1943

Riley (DE 579) LT Paul J. Riley, USN 13 Mar 1944

Rinehart (DE 196) LT (jg) Clark F. Rinehart, USN 12 Feb 1944

Roark (DE 1053) LT William M. Roark, USN 22 Nov 1969

Roberts, John Q. (APD 94—ex-DE 235)* ENS John Q. Roberts, USNR 8 Mar 1945

Roche (DE 197) ENS David J. Roche, USNR 21 Feb 1944

Rodgers, John (DD 574) COMMODORE John Rodgers 9 Feb 1943

RADM John Rodgers

(DD 983) CDR John Rodgers (naval aviator) 14 Jul 1979

Rombach (DE 364) LT (jg) Severin L. Rombach, USNR 20 Sep 1944

Rowell, Richard M. (DE 403) ENS Richard M. Rowell, USNR 9 Mar 1944

Sample (DE 1048) RADM William D. Sample, USN 23 Mar 1968

Saufley (DD 465) LT (jg) Richard C. Saufley, USN 29 Aug 1942

Seaman (DD 791)## LCDR Allen L. Seaman, USNR

Seid (DE 256) ENS Daniel Seid, USNR 11 Jun 1943

Sellstrom (DER 255) ENS Edward R. Sellstrom, USNR 12 Oct 1943

Shea (DM 30—ex-DD 750)* CDR John J. Shea, USN 30 Sep 1944

Shelton (DE 407) ENS James A. Shelton, USNR 4 Apr 1944

(DD 790) 21 Jun 1946

Sherman, Forrest P. (DD 931) ADM Forrest P. Sherman, USN 9 Nov 1955

Smartt (DE 257) ENS Josesph G. Smartt, USNR 18 Jun 1943

Snyder (DE 745) ENS Russell Snyder, USNR 5 May 1944

Sprague, Clifton (FFG 16) VADM Clifton A.F. Sprague, USN 21 Mar 1981

Stickell (DD 888) LT John H. Stickell, USNR 31 Oct 1945

Strickland (DE 333) ENS Everett C. Strickland, USNR 10 Jan 1944

Stump (DD 978) ADM Felix B. Stump, USN 19 Aug 1978

Sturtevant (DD 240) ENS Albert D. Sturtevant, USNR 21 Sep 1920

Suesens, Richard W. (DE 342) LT (jg) Richard W. Suesens, USN 29 Apr 1944
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Tabberer (DE 418) LT (jg) Charles A. Tabberer, USNR 23 May 1944

Talbot, Ralph (DD 390) 2nd LT Ralph Talbot, USMC 14 Oct 1937

Taylor, Jesse Junior (FFG 50) CDR Jesse J. Taylor, USN 1 Dec 1984

Taylor, Lawrence C. (DE 415) 2nd LT Lawrence C. Taylor, USMC 13 May 1944

Thach (FFG 43) ADM John S. Thach, USN 17 Mar 1984

Thomas, Leland E. (DE 420) 2nd LT Leland E. Thomas, USMCR 19 Jun 1944

Thomas, Lloyd (DE 764) LT (jg) Lloyd Thomas, USN 21 Mar 1947

Thomason, John W. (DD 760) COL John W. Thomason, USMC 11 Oct 1945

Thornhill (DE 195) LT (jg) Leonard W. Thornhill 1 Feb 1944

Tills (DE 748) ENS Robert G. Tills, USN 8 Aug 1944

Towers (DDG 9) ADM John H. Towers, USN 6 Jun 1961

Trumpeter (DE 180) LT (jg) George N. Trumpeter, USNR 16 Oct 1943

Tweedy (DE 532) 2nd LT Albert W. Tweedy, Jr., USMC 12 Feb 1944

Turner, Richmond K. (DLG  20) ADM Richmond K. Turner, USN 13 Jun 1964

Underhill (DE 682) ENS Samuel  J. Underhill, USNR 15 Nov 1943

Vammen (DE 644) ENS Charles E. Vammen, Jr. USNR 27 Jul 1944

Vandivier (DER 540) LT (jg) Norman F. Vandivier, USNR 11 Oct 1955

Van Voorhis (DE 1028) LCDR Bruce A. Van Voorhis, USN 22 Apr 1957

Varian (DE 798) ENS Bertram S. Varian, Jr., USNR 29 Feb 1944

Waldron (DD 699) LCDR John C. Waldron, USN 7 Jun 1944

Ware, Charles R. (DD 865) LT Charles R. Ware, USN 21 Jul 1945

Weber (APD 75—ex-DE 675)** LT (jg) Frederick T. Weber, USNR 30 Jun 1943

Whiting, Kenneth (AV 14) CAPT Kenneth Whiting, USN 8 May 1944

Wileman (DE 22—ex-BDE 22)*** ENS William W. Wileman, USNR 11 Jun 1943

Wilhoite (DE 397) ENS Thomas M. Wilhoite, USNR 16 Dec 1943

Wilke, Jack W. (DE 800) ENS Jack W. Wilke, USNR 7 Mar 1944

Willis (DE 395) ENS Walter M. Willis, USNR 10 Dec 1943

Wiltsie (DD 716) CAPT Irving D. Wiltsie, USN 21 Jan 1946

Wingfield (DE 194) ENS John D. Wingfield, USNR 28 Jan 1944

Wiseman (DE 667) LT (jg) Osborne B. Wiseman, USN 4 Apr 1944

Woodson (DE 359) LT (jg) Jeff D. Woodson, USN 24 Aug 1944

*Redesignated before commissioning.
**Redesignated after commissioning.
***Launched under different names and renamed before being commissioned.
#Redesignated and renamed from ship already in service.
##Never commissioned.
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Name Rank/Service N.A. Number Occasion for Award

BAUER, Harold W.* LCOL, USMC 4189 Action in air combat, South Pacific area;
28 Sep—3 Oct 1942

BENNETT, Floyd CWO, USN NAP-9 Piloted plane on first flight over North Pole;
9 May 1926

BOYINGTON, Gregory MAJ, USMC 5160 Action in air combat, Central Solomons 
area; 12 Sep 1943—3 Jan 1944

BYRD, Richard E. LCDR, USN 608 Commanded plane on first flight over North 
Pole; 9 May 1926

CORRY, William M.* LCDR, USN 23 Attempted rescue of pilot from burning 
aircraft; 2 Oct 1920

DeBLANC, Jefferson J. CAPT, USMC 12504 Action as leader of a fighter mission in air 
combat off Kolombangara Island, South 
Pacific; 31 Jan 1943

ELROD, Henry T.* CAPT, USMC 4093 Action in air and ground combat in defense 
of Wake Island; 8–23 Dec 1941

ESTOCIN, Michael J.* LCDR, USN Action as leader of air attack against enemy 
targets in North Vietnam; 20 and 26 Apr 1967

FLEMING, Richard E.* CAPT, USMC 6889 Action as leader of dive bombing attack, 
Battle of Midway; 4–6 Jun 1942

FOSS, Joseph J. CAPT, USMC 7290 Action in air combat in defense of 
Guadalcanal; 9 Oct—19 Nov 1942

GALER, Robert E. MAJ, USMC 5197 Action in air combat, South Pacific area; 
Aug–Sep 1942

GORDON, Nathan G. LT, USN 11421 Rescue of 15 officers and men under fire in 
Kavieng Harbor; 15 Feb 1944

HALL, William E. LT (jg), USN 6072 Determined attacks on enemy carrier, Battle 
of Coral Sea; 7–8 May 1942
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HAMMANN, Charles H. ENS, USNRF 1494 Rescue of fellow pilot under fire during raid 
on Pula, Austria; 21 Aug 1918

HANSON, Robert M.* 1st LT, USMC 5218 Action in air combat at Bougainville; 1 Nov 
1943, and New Britain; 24 Jun 1944

HUDNER, Thomas J., Jr. LT (jg), USN Attempted rescue of squadron mate downed 
behind enemy lines in Korea; 4 Dec 1950

HUTCHINS, Carlton B. LT, USN 3435 Remained at controls of his aircraft after a 
mid-air collision to allow his crew to escape;
2 Feb 1938

KOELSCH, John K.* LT (jg), USN Attempted rescue by helicopter during 
heavy overcast and under fire, Korea;
3 Jul 1951

LASSEN, Clyde E. LT (jg), USN Night helicopter rescue under enemy fire of 
two downed aviators in North Vietnam;
19 Jun 1968

McCAMPBELL, David CDR, USN 5612 Action in air combat during Battle of 
Philippine Sea and Leyte Gulf;
June and Oct 1944

O’HARE, Edward H. LT, USN 6405 Action in air combat in defense of carrier off
Rabaul; 20 Feb 1942

PLESS, Stephen W. CAPT, USMC Helicopter rescue under enemy fire of four 
American soldiers beset by a large group of 
Viet Cong; 19 Aug 1967

POWERS, John J.* LT, USN 6880 Determined attacks on enemy ships during 
Battle of Coral Sea; 4–8 May 1942

SCHILT, Christian F. 1st LT, USMC 2741 Air evacuation of wounded under fire, 
Qualili, Nicaragua; 6–8 Jan 1928

SMITH, John L. MAJ, USMC 5978 Action in air combat in defense of 
Guadalcanal; 21 Aug—15 Sep 1942

SWETT, James E. 1st LT, USMC 11893 Action in air combat, Solomon Islands area; 
7 Apr 1943

TALBOT, Ralph 2nd LT, USMC 802 Action in air combat, Europe;
8 and 14 Oct 1918

VAN VOORHIS, Bruce* LCDR, USN 3859 Determined low level heavy bomber attack, 
Battle of the Solomon Islands; 6 Jul 1943

WALSH, Kenneth A. 1st LT, USMC Action in air combat at Vella Lavella;
15 and 30 Aug 1943

608 UNITED STATES NAVAL AVIATION 1910–1995

Medal of Honor Awards in Naval Aviation—Continued

Name Rank/Service N.A. Number Occasion for Award



To Naval Aviators for Action not Associated with Aviation

ANTRIM, Richard N. LT, USN 6750 Action on behalf of fellow prisoners while 
POW; April 1942

EDSON, Merritt A. COL, USMC 3026 Leading ground action in defense of the 
airfield at Guadalcanal; 13–14 Sep 1942

STOCKDALE, James B. CAPT, USN Action on behalf of fellow prisoners while 
POW; 4 Sep 1969

To Officers and Men later Designated Naval Aviator, NAP, and Naval Aviation Observer

COMMISKEY, Henry A. 2nd LT, USMC Leading ground attack on strong enemy 
position near Yongdungpo, Korea;
20 Sep 1950

McDONNELL, Edward ENS, USN 18 Establishing signal station ashore and 
maintaining communications while under 
fire at Veracruz; 21–22 Apr 1914

MOFFETT, William A. CDR, USN NAO-1 Action in command of a ship at Veracruz; 
21–22 Apr 1914

ORMSBEE, Francis, Jr. CMM(A), USN NAP-25 Rescuing enlisted men and attempted 
rescue of pilots downed in seaplane crash in 
Pensacola Bay; 25 Sep 1918

To Non-Aviators for Action Associated with Aviation

CLAUSEN, Raymond M. PFC, USMC Repeated rescues by helicopter of men 
trapped by enemy fire and minefield, South 
Vietnam; 30 Jan 1970

FINN, John W. Chief**, USN Action under fire during the attack NAS 
Kaneohe; 7 Dec 1941

GARY,  Donald A. LT (jg), USN Repeated rescues of trapped men on board 
Franklin (CV 13), severely damaged by
enemy attack; 19 Mar 1945

McGUNIGAL, Patrick Ship’s Fitter Rescue of a kite balloon pilot entangled 
1st Class, USN underwater in the balloon rigging,

Huntington (ACR 5); 17 Sep 1917

O’CALLAHAN, Joseph T. LCDR, USN (CHC) Inspiration, leadership, and repeated 
rescues on board Franklin (CV 13) 
damaged by air attack; 19 Mar 1945

RICKETTS, Milton E.* LT, USN Leading damage control party on board 
Yorktown (CV 5) damaged during 
Battle of Coral Sea; 8 May 1942

ROBINSON, Robert G. GSGT, USMC Action during air combat as gunner to LT 
Ralph Talbot, USMC; 8 and 14 Oct 1918
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To Aviators for participating in the Space Program

The Congressional Space Medal of Honor, first awarded to six former astronauts by President Jimmy Carter on
1 October 1978, was authorized by Congress on 29 September 1969 to recognize “any astronaut who in the perfor-
mance of his duties has distinguished himself by exceptionally meritorious efforts and contributions to the welfare
of the Nation and mankind.”

Name Rank/Service Occasion for Award

ARMSTRONG, Neil A. Participated in the Gemini 8 and Apollo 11 space 
flight missions. On Apollo 11, he became the first 
person to walk on the moon; 1 Oct 1978

CONRAD, Charles, Jr. CAPT, USN Participated in four space flight missions: 
Gemini 5, Gemini 11, Apollo 12, and Skylab 2. 
Commanded the crew of the first manned Skylab 
mission that conducted repairs on the orbital
workshop; 1 Oct 1978

GLENN, John H., Jr. COL, USMC One of the original Mercury Astronauts and the first 
American to orbit the Earth; 1 Oct 1978

LOVELL, James A., Jr. CAPT, USN Participated in four space flight missions: 
Gemini 7, Gemini 12, Apollo 8, and Apollo 13. 
Commanded the crew of Apollo 13; 26 July 1995

SHEPARD, Alan B., Jr. RADM, USN One of the original Mercury Astronauts and the first 
American into space. Commanded the Apollo 14 
mission; 1 Oct 1978

YOUNG, John W. CAPT, USN Participated in five space flight missions: 
Gemini 3, Gemini 10, Apollo 10, and Apollo 16,
and STS-1 (Space Shuttle Columbia) benefitting
human progress in space; 19 May 1981
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Enlisted men have served in Naval Aviation since
its inception. The first men reported for duty with
Lieutenant Theodore G. Ellyson and Lieutenant John
Rodgers when they began flight training in 1911. Their
numbers increased as the number of aviators and air-
craft on hand increased. Despite the specialties
involved in aviation it was a number of years before
these men were required to meet special qualifications
beyond those of their basic rating. Such special cours-
es as enlisted men received in the 1916–17 period
gave them a certificate to prove satisfactory comple-
tion and made them better qualified to carry out avia-
tion duty. However, it had no effect on their basic rat-
ings, the qualifications for which were still based on
the requirements of the regular naval service.

Greater emphasis on aviation requirements accom-
panied the expansion for World War I and with it the
basic requirements of the pre-war period were some-
what relaxed but not completely forgotten. One indi-
cation of change was a parenthetical addition to the
rating to indicate aviation duty, as for example,
Machinist’s Mate (Aviation) or MM (A). But it was not
until 1921 that aviation ratings received recognition as
a special branch and the first strictly aviation ratings
were established. Since then adjustments to the rating
structure have been frequent. These produced a num-
ber of changes and additions to the original basic rat-
ings as well as a great variety of subdivisions within
them, some representing a mere change in title, others
reflecting changing technology.

The following list covers only the basic ratings,
shown in alphabetical order.

AEROGRAPHER
Rating (Aerog) established effective 1 Jul 1924 by
CL 99–23 of Dec 1923; distinguishing mark
approved by CL 62–26 of 29 Oct 1926*; see
Aerographer’s Mate. 

AEROGRAPHER’S MATE
Aerographer rating (Aerog) redesignated
Aerographer’s Mate (AerM) by CL 113–42 of 8
Aug 1942, abbreviation changed to (AG) by CL
106–48 of 9 Jun 1948.

AIR CONTROLMAN
Rating (SP) established effective 2 Apr 1948 by CL

40–47 of 21 Feb 1947; abbreviation changed to (AC)
by CL 106–48 of 9 Jun 1948; see Air Traffic Controller

AIRCRAFT MAINTENANCEMAN
A Master Chief’s rating (AF) establishment
approved by SecNav, 5 Nov 1963.

AIRCREW SURVIVAL EQUIPMENTMAN
Parachute Rigger rating (PR) redesignated Aircrew
Survival Equipmentman effective 7 Dec 1965 by
BuPers Note 1440 of 2 Feb 1966, without change
of abbreviation.

AIRSHIP RIGGER 
Rating (AR) established by CL 205–43 of 12 Oct
1943; distinguishing mark approved by CL 58–44
of 29 Feb 1944*; abolished effective 2 Apr 1948 by
CL 246–47 of 15 Dec 1947.

AIR TRAFFIC CONTROLLER
Air Controlman rating (AC) redesignated Air
Traffic Controller by BuPers Note 1220 of 10
December 1977, without change in abbreviation.

AVIATION ANTISUBMARINE WARFARE TECHNICIAN 
Rating (AX) established effective 1 Dec 1962 by
BuPers Note 1440 of 29 Jun 1962; see Aviation
Electronics Technician

AVIATION ANTISUBMARINE WARFARE OPERATOR 
Rating (AW) established effective 1 Sep 1968 by
BuPers Note 1440 of 29 Feb 1968; see Aviation
Warfare Systems Operator

AVIATION BOATSWAIN’S MATE
Rating (ABM) established by CL 268–44 of 14 Sep
1944; distinguishing mark approved CL 363–44 of
30 Nov 1944*; abbreviation changed to (AB) by
CL 106–48 of 9 Jun 1948.

AVIATION BOMBSIGHT MECHANIC 
Rating (AOMB) established as a subrating of
Aviation Ordnanceman by CL 205–43 of 12 Oct
1943; see Aviation Bombsight and Fire Control
Mechanic.
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AVIATION BOMBSIGHT AND FIRE CONTROL
MECHANIC 

Aviation Bombsight Mechanic rating (AOMB) re-
named Aviation Bombsight and Fire Control
Mechanic by CL 355–44 of 27 Nov 1944, without
change in abbreviation; see Aviation Fire Controlman

AVIATION CARPENTER’S MATE 
Rating (ACM) established effective 1 Jul 1921 by
CL 9–21 of 24 Mar 1921; distinguishing mark
approved by CL 62–26 of 29 Oct 1926*; abolished
effective 30 Jun 1940 by CL 36–40 of 21 May
1940; see Aviation Metalsmith

AVIATION ELECTRICIAN’S MATE
Rating (AEM) established by CL 129–42 of 4 Sep
1942; abbreviation changed to (AE) by CL 106–48
of 9 Jun 1948.

AVIATION ELECTRONICSMAN 
Aviation Radioman rating (ARM) redesignated
Aviation Electronicsman effective 2 Apr 1948 by
CL 40–47 of 21 Feb 1947, without change in
abbreviation; abbreviation changed to (AL) by CL
106–48 of 9 Jun 1948; abolished by BuPers
Instruction 1440.10B of
18 Dec 1959.

AVIATION ELECTRONICS TECHNICIAN 
Aviation Electronics Technician’s Mate rating
(AETM) redesignated Aviation Electronics
Technician (AET) effective 2 Apr 1948 by CL
40–47 of 21 Feb 1947; abbreviation changed to
(AT) by CL 106–48 of 9 Jun 1948; Ratings AQ, AX,
and AV to be merged and redesignated (AT) by
NAVOP 075/89 of 27 Jun 1989; (AV) rating
removed so only ratings (AQ) and (AX) were
absorbed into already existing rate of (AT) by
amendments to NAVOP 075/89 of 23 Aug 1990,
effective 1 Jan 1991.

AVIATION ELECTRONICS TECHNICIAN’S MATE 
Aviation Radio Technician rating (ART) redesig-
nated Aviation Electronics Technician’s Mate
(AETM) by CL 325–45 of 31 Oct 1945; see
Aviation Electronics Technician.

AVIATION FIRE CONTROLMAN 
Aviation Bombsight and Fire Control Mechanic
(AOMB) redesignated Aviation Fire Controlman
(AFC) to become basic rate by CL 39–45 of 15 Feb
1945; abolished effective 2 Apr 1948 by CL 40–47
of 21 Feb 1947; see Aviation Fire Control
Technician.

AVIATION FIRE CONTROL TECHNICIAN
Rating (AQ) established in 1954 from subratings
of the former Aviation Fire Controlman and in a
sense a revival of that rating; see Aviation
Electronics Technician

AVIATION GUIDED MISSILEMAN
Rating (GF) establishment approved by SecNav
on 23 Jan 1953; abolished by BuPers Instruction
1440.25 of 10 Jun 1960.

AVIATION MACHINIST’S MATE 
Rating (AMM) established effective 1 July 1921 by
CL 9–21 of 24 Mar 1921; distinguishing mark
approved by CL 17–41 of 11 Feb 1941*; abbrevia-
tion changed to (AD) by CL 106–48 of 9 Jun 1948.

AVIATION MAINTENANCE ADMINISTRATIONMAN 
Rating (AZ) established effective 1 Jan 1964 by
BuPers Note 1440 of 22 Jan 1963.

AVIATION METALSMITH
Rating (AM) established effective 1 Jul 1921 by CL
921 of 24 Mar 1921; Aviation Carpenter’s Mate rat-
ing (ACM) abolished and redesignated Aviation
Metalsmith (AM) by CL 36–40 of 21 May 1940; see
Aviation Structural Mechanic.

AVIATION ORDNANCEMAN 
Rating (AOM) established by CL 14–26 of 2 Mar
1926; abbreviation changed to (AO) by CL 106–48
of 9 Jun 1948.

AVIATION PHOTOGRAPHER’S MATES 
See Photographer’s Mate.

AVIATION PILOT
Rating (AP) established by CL 18–24 of 13 Mar
1924, changed to Chief Aviation Pilot and
Aviation Pilot First Class by CL 66–27 of 21 Sep
1927, and abolished by a change from a rating to
a designation by CL 10–33 of 28 Mar 1933; distin-
guishing mark approved by CL 24–33 of 30 June
1933*; reestablished as a rating by CL 43–42 of 17
Mar 1942, and again abolished by a change to a
designation, effective 2 Apr 1948 by CL 40–47 of
21 Feb 1947.

AVIATION QUARTERMASTER
Rating (AR) established by BuNav Ltr N5H of 21
Mar 1917; see Aviation Rigger

AVIATION RADIOMAN
Rating (ARM) established by CL 5–42 of 13 Jan
1942; see Aviation Electronicsman.
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AVIATION RADIO TECHNICIAN 
Rating (ART) established by CL 169–42 of 11 Dec
1942; see Aviation Electronics Technician’s Mate.

AVIATION RIGGER 
Aviation Quartermaster rating (AR) redesignated
Aviation Rigger effective 1 Jul 1921 by CL 9–21 of
24 Mar 1921, without a change in abbreviation;
abolished effective 30 Jun 1927 by CL 13–26 of 25
Feb 1926.

AVIATION STOREKEEPER 
Rating (SKV) establishment approved by SecNav
on 28 Sep 1943; distinguishing mark approved by
CL 65–45 of 15 Mar 1945*; abbreviation changed
to (AK) by CL 106–48 of 9 Jun 1948.

AVIATION STRUCTURAL MECHANIC 
Aviation Metalsmith rating (AM) redesignated
Aviation Structural Mechanic effective 2 Apr 1948
by CL 40–47 of 21 Feb 1947, without change in
abbreviation.

AVIATION SUPPORT EQUIPMENT TECHNICIAN 
Rating (AS) established effective 1 Sep 1966 by
BuPers Note 1440 of 24 Feb 1966.

AVIATION WARFARE SYSTEMS OPERATOR 
Aviation Antisubmarine Warfare Operator rating
(AW) redesignated Aviation Warfare Systems
Operator by BuPers Note 1440 of 16 Nov 1993,
without change of abbreviation.

AVIONICS TECHNICIAN 
A Master Chief’s rating (AV) establishment
approved by SecNav, 5 Nov 1963; see Aviation
Electronics Technician.

PARACHUTE RIGGER
Rating (PR) established by CL 33–42 of 24 Feb
1942; see Aircrew Survival Equipmentman.

PHOTOGRAPHER 
Rating (P) established in the Aviation Branch
effective 1 Jul 1921 by CL 9–21 of 24 Mar 1921,
apparently later transferred to Special Branch, but
returned to the Aviation Branch by CL 14–26 of 2
Mar 1926; see Photographer’s Mate.

PHOTOGRAPHER’S MATE
Photographer’s rating (P) redesignated
Photographer’s Mate (PhoM) by CL 113–42 of 8 Aug
1942 and again removed from the Aviation Branch;
rating split into Photographer’s Mate and Aviation
Photographer’s Mate (both PhoM) effective 2 Apr
1948 by CL 40–47 of 21 Feb 1947; abbreviation
changed to (AF) by CL 106–48 of 9 Jun 1948; ratings
combined to become Photographer’s Mate (PH) of
the Aviation Group by CL 116–50 of 31 Jul 1950.

PHOTOGRAPHIC INTELLIGENCEMAN 
Rating (PT) established by BuPers Note 1223 of 2
Oct 1957. Merged with YN NEC 2005 to form
Intelligence Specialist (IS) (not an aviation rating)
by BuPers Note 1440 of 6 Dec 1974.

TRADEVMAN (Training Devices Repairman and
Instructor) 

Rating (TD) established by CL 106–48 of 9 Jun
1948; rate slated for disestablishment by BuPers
Note 1440 of 22 Jul 1982 beginning in Fiscal Year
(FY) 1984 with all conversions of personnel in
this rate to be completed by the end of FY 1988.

*Distinguishing marks are for non-rated qualified as striker in a
particular aviation rating (e.g. Aviation Machinist’s Mate). The mark
is worn mid-way between the wrist and elbow of the left sleeve.
Distinguishing marks were superseded by the introduction of group
rates used with striker marks by non-rated men in 1948.
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The F3H Demon being refueled in the foreground has double 00s on the nose of the aircraft. Aircraft with double 00s indicates they are assigned
to an Air Group Commander (CAG). The other F3H Demons in the formation are from one of the fighter squadrons assigned to the Carrier Air
Group. The refueling aircraft is an AJ tanker from VAH-15. NAH 000211



The term Air Group, modified by the name of a car-
rier, as Saratoga Air Group, came into use during the
early days of carrier aviation as a collective title for the
squadrons operating on board a particular carrier. It re-
mained a mere title until 1 July 1938, when authoriza-
tion for Air Group Commander billets became effective.
With this action, the squadrons on board acquired the
unity of a formal command and the carrier air group as
such first took form.

Numerical designation of air groups began in 1942,
the first being Carrier Air Group NINE (CVG-9), estab-
lished 1 March 1942. The carrier air group was some-
times referred to as CAG. However, the official desig-
nation was CVG. Existing air groups continued to be
known by their carrier names until they were re-
formed or disbanded, only two of the early groups es-
caping the latter fate.

On 29 June 1944, new letter designations were set up
to bring them in line with standardized complements of
different carrier types. The new designations, some of
which had been in use for over a year, showed carrier
type affiliation as follows: CVBG for large carrier air
group, CVG for medium carrier air group, CVLG for
light carrier air group, and CVEG for escort carrier air
group. The CVEG designation was assigned to carriers
of the Sangamon Class. The other CVE carrier classes
were assigned Composite Squadrons (VC) and listed as
air groups. They remained in that category throughout
the war period. The CVBG designation was for assign-
ment to the Midway Class carriers, sometimes referred
to as the large carriers. On 15 November 1946, to cor-
rect the results of demobilization which had left
squadron numbers all out of sequence and a system of
no apparent order, sweeping changes were made in air
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APPENDIX 15

Evolution of Carrier Air
Groups and Wings

unit designations. Carrier Air Groups of four types were
designated according to their assigned ship, as CVBG
for Battle Carrier, CVG for Attack Carrier, CVLG for Light
Carrier and CVEG for Escort Carrier. Two years later, on
1 September 1948, all carrier air groups became CVG
regardless of their carrier affiliation.

Carrier Air Groups were retitled Wings on 20
December 1963, and CVG became CVW. Replacement
Air Groups, which were set up in 1958, became
Combat Readiness Air Groups on 1 April 1963. Popu-
larly known by the short titles RAG and CRAG in the
respective periods, their designation throughout was
RCVG. When Groups became Wings, CRAG became
CRAW and RCVG became RCVW. 

Antisubmarine Carrier Air Groups, CVSG, were es-
tablished on 1 April 1960. They were slowly phased
out during the 1960s, and the last were disestablished
on 30 June 1973.

On 1 July 1968, the Naval Air Reserve was reorga-
nized into wings and squadrons similar to the active
fleet air organizations to ensure a more rapid and effi-
cient transition to combat status in the event of mobi-
lization. Two Reserve Carrier Air Wings were estab-
lished and all carrier-type squadrons in the reserves
were placed in these two wings. CVWR was the
acronym assigned for the Reserve Carrier Air Wings. A
similar organization was established for the Reserve
Antisubmarine Carrier Air Groups and assigned the
acronym CVSGR. The implementation of these two re-
serve wings and groups did not take place until 1970.

Tabulations below have two deviations from the
above: use of CVG instead of the original CAG for the
period to 20 June 1944, and use of the unofficial
CVAG in the period 1946–48 to identify the Attack
Carrier Air Groups.



Carrier Air Wings-CVW

CVW-1 Ranger Air Group Formed 1 Jul 1938
Reformed as CVG-4 3 Aug 1943
Became CVAG-1 15 Nov 1946
Became CVG-1 1 Sep 1948
Became CVW-1 20 Dec 1963

CVW-2 CVBG-74 Established 1 May 1945
Became CVBG-1 15 Nov 1946
Became CVG-2 1 Sep 1948
Became CVW-2 20 Dec 1963

CVW-3 Saratoga Air Group Formed 1 Jul 1938
Reformed as CVG-3 25 Sep 1943
Became CVAG-3 15 Nov 1946
Became CVG-3 1 Sep 1948
Became CVW-3 20 Dec 1963

CVW-4 CVG-4 Established 1 Sep 1950
Became RCVG-4 Apr 1958
Became RCVW-4 20 Dec 1963
Disestablished 1 Jul 1970

CVW-5 CVG-5 Established 15 Feb 1943
Became CVAG-5 15 Nov 1946
Became CVG-5 1 Sep 1948
Became CVW-5 20 Dec 1963

CVW-6 CVG-17 Established 1 Jan 1943
Became CVBG-17 22 Jan 1946
Became CVBG-5 15 Nov 1946
Became CVG-6 27 Jul 1948
Became CVW-6 20 Dec 1963
Disestablished 1 Apr 1992

CVW-7 CVG-18 Established 20 Jul 1943
Became CVAG-7 15 Nov 1946
Became CVG-7 1 Sep 1948
Became CVW-7 20 Dec 1963

CVW-8 CVG-8 Established 9 Apr 1951
Became CVW-8 20 Dec 1963

CVW-9 CVG-9 Established 26 Mar 1952
Became CVW-9 20 Dec 1963

CVW-10 A CVG-10 Established 1 May 1952
Became CVW-10 20 Dec 1963
Disestablished 20 Nov 1969

B Established 1 Nov 1986
Disestablished 1 Jun 1988
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CVW-11 CVG-11 Established 10 Oct 1942
Became CVAG-11 15 Nov 1946
Became CVG-11 1 Sep 1948
Became CVW-11 20 Dec 1963

CVW-12 CVG-102 Established for 
reserve squadrons 1 Aug 1950
called to active duty for Korea

Became CVG-12 4 Feb 1953
Became RCVG-12 Apr 1958
Became RCVW-12 20 Dec 1963
Disestablished 1 Jun 1970

CVW-13 Established 1 Mar 1984
Disestablished 1 Jan 1991

CVW-14 CVG-101 Established for 
reserve squadrons called 1 Aug 1950
to active duty for Korea

Became CVG-14 4 Feb 1953
Became CVW-14 20 Dec 1963

CVW-15 CVG-15 Established 5 Apr 1951
Became CVW-15 20 Dec 1963
Disestablished 31 Mar 1995

CVW-16 CVG-16 Established 1 Sep 1960
Became CVW-16 20 Dec 1963
Disestablished 30 Jun 1971

CVW-17 Established 1 Nov 1966

CVW-19 CVG-19 Established 15 Aug 1943
Became CVAG-19 15 Nov 1946
Became CVG-19 1 Sep 1948
Became CVW-19 20 Dec 1963
Disestablished 30 Jun 1977

CVW-21 CVG-21 Established 1 Jul 1955
Became CVW-21 20 Dec 1963
Disestablished 12 Dec 1975

Reserve Carrier Air Wings—CVWR

CVWR-20 Established 1 Apr 1970

CVWR-30 Established 1 Apr 1970
Disestablished 31 Dec 1994

Carrier Air Groups—CVG

CVG-1 A Established 1 May 1943
Disestablished 25 Oct 1945

B See CVW-1



CVG-2 A Established 1 Jun 1943
Disestablished 9 Nov 1945

B See CVW-2

CVG-3 See CVW-3

CVG-4 A CVBG-75 1 Jun 1945
Became CVBG-3 15 Nov 1946
Became CVG-4 1 Sep 1948
Disestablished 8 Jun 1950

B See CVW-1

C See CVW-4

CVG-5 See CVW-5

CVG-6 A Established 15 Mar 1943
Disestablished 29 Oct 1945

B See CVW-6

CVG-7 A Established 3 Jan 1944
Disestablished 8 Jul 1946

B See CVW-7

CVG-8 A Established 1 Jun 1943
Disestablished 23 Nov 1945

B Established 15 Sep 1948
Disestablished 29 Nov 1949

C See CVW-8

CVG-9 A Established 1 Mar 1942
Disestablished 15 Oct 1945

B CVG-20 15 Oct 1943
Became CVAG-9 15 Nov 1946
Became CVG-9 1 Sep 1948
Disestablished 1 Dec 1949

C See CVW-9

CVG-10 A Established 16 Apr 1942
Disestablished 16 Nov 1945

B See CVW-10

CVG-11 See CVW-11

CVG-12 A Established 9 Jan 1943
Disestablished 17 Sep 1945

B See CVW-12
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CVG-13 A Established 2 Nov 1942
Disestablished 20 Oct 1945

B CVG-81 Established 1 Mar 1944
Became CVAG-13 15 Nov 1946
Became CVG-13 1 Sep 1948
Disestablished 30 Nov 1949

C Established 21 Aug 1961
Disestablished 1 Oct 1962

CVG-14 A Established 1 Sep 1943
Disestablished 14 Jun 1946

B See CVW-14

CVG-15 A Established 1 Sep 1943
Disestablished 30 Oct 1945

B CVG-153 Established 26 Mar 1945
Became CVAG-15 15 Nov 1946
Became CVG-15 1 Sep 1948
Disestablished 1 Dec 1949

C See CVW-15

CVG-16 A Established 16 Nov 1943
Disestablished 6 Nov 1945

B See CVW-16

CVG-17 A CVG-82 Established 1 Apr 1944
Became CVAG-17 15 Nov 1946
Became CVG-17 1 Sep 1948
Disestablished 15 Sep 1958

B See CVW-6

CVG-18 See CVW-7

CVG-19 See CVW-19

CVG-20 See CVG-9

CVG-21 A Established 15 Sep 1948
Disestablished 15 Mar 1949

B CVG-98 Established 28 Aug 1944
Became CVAG-21 15 Nov 1946
Disestablished 5 Aug 1947

C See CVW-21

CVG-74 See CVW-2

CVG-75 See CVG-4



CVG-80 Established 1 Feb 1944
Disestablished 16 Sep 1946

CVG-81 See CVG-13

CVG-82 See CVG-17

CVG-83 Established 1 May 1944
Disestablished 24 Sep 1945

CVG-84 Established 1 May 1944
Disestablished 8 Oct 1945

CVG-85 Established 15 May 1944
Disestablished 27 Sep 1945

CVG-86 Established 15 Jun 1944
Disestablished 21 Nov 1945

CVG-87 Established 1 Jul 1944
Disestablished 2 Nov 1945

CVG-88 Established 18 Aug 1944
Disestablished 29 Oct 1945

CVG-89 Established 2 Oct 1944
Disestablished 7 Apr 1946

CVG-92 Established 2 Dec 1944
Disestablished 18 Dec 1945

CVG-93 Established 21 Dec 1944
Disestablished 30 Apr 1946

CVG-94 Established 15 Nov 1944
Disestablished 7 Nov 1945

CVG-95 Established 2 Jan 1945
Disestablished 31 Oct 1945

CVG-97 Established 1 Nov 1944
Disestablished 31 Mar 1946

CVG-98 See CVG-21

CVG-99 Established 15 Jul 1944
Disestablished 6 Sep 1945

CVG-100 Established 1 Apr 1944
Disestablished 20 Feb 1946

CVG-101 See CVW-14

CVG-102 See CVW-12
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CVG-150 Established 22 Jan 1945
Disestablished 2 Nov 1945

CVG-151 Established 12 Feb 1945
Disestablished 6 Oct 1945

CVG-152 Established 5 Mar 1945
Disestablished 21 Sep 1945

CVG-153 See CVG-15

Attack Carrier Air Groups—CVAG

CVAG 1 See CVW-1
CVAG 3 See CVW-3
CVAG 5 See CVW-5
CVAG 7 See CVW-7
CVAG 9 See CVG-9
CVAG 11 See CVW-11
CVAG 13 See CVW-13
CVAG 15 See CVG-15
CVAG 17 See CVG-17
CVAG 19 See CVW-19
CVAG 21 See CVG-21

Battle Carrier Air Groups—CVBG

CVBG 1 See CVW-2
CVBG 3 See CVG-4
CVBG 5 See CVW-6
CVBG 17 See CVW-6
CVBG 74 See CVW-2
CVBG 75 See CVG-4

Light Carrier Air Groups—CVLG

CVLG-1 CVLG-58 Established 15 Mar 1946
Redesignated CVLG-1 14 Nov 1946
Disestablished 20 Nov 1948

CVLG-21 Established 16 May 1943
Disestablished 5 Nov 1945

CVLG-22 Established 30 Sep 1942
Disestablished 19 Sep 1945

CVLG-23 Established 16 Nov 1942
Disestablished 19 Sep 1945

CVLG-24 See CVEG-24

CVLG-25 See CVEG-25

CVLG-27 Established 1 Mar 1943
Disestablished 26 Oct 1945



CVLG-28 CVEG-28 Established 6 May 1942
Became CVLG-28 20 Jan 1944
Disestablished 6 Nov 1945

CVLG-29 CVEG-29 Established 18 Jul 1942
Became CVLG-29 1 Mar 1944
Disestablished 10 Sep 1945

CVLG-30 Established 1 Apr 1943
Disestablished 12 Sep 1945

CVLG-31 Established 1 May 1943
Disestablished 28 Oct 1945

CVLG-32 Established 1 Jun 1943
Disestablished 13 Nov 1945

CVLG-34 Established 1 Apr 1945
Disestablished 5 Dec 1945

CVLG-38 See CVEG-38

CVLG-39 CVEG-39 Established 15 Mar 1945
Became CVLG-39 27 Jul 1945
Disestablished 10 Sep 1945

CVLG-40 See CVEG-40

CVLG-43 Established 1 Aug 1943
Disestablished 8 Nov 1943

CVLG-44 Established 1 Feb 1944
Disestablished 18 Sep 1945

CVLG-45 Established 1 Apr 1944
Disestablished 10 Sep 1945

CVLG-46 Established 15 Apr 1944
Disestablished 14 Sep 1945

CVLG-47 Established 15 May 1944
Disestablished 21 Sep 1945

CVLG-48 Established 15 Jun 1944
Disestablished 2 Jan 1945

CVLG-49 CVEG-49 Established 10 Aug 1944
Became CVLG-49 2 Jan 1945
Disestablished 27 Nov 1945

CVLG-50 See CVEG-50

CVLG-51 Established 22 Sep 1943
Disestablished 13 Nov 1945
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CVLG-52 Established 1 Sep 1943
Disestablished 8 Nov 1943

CVLG-58 See CVLG-1

Escort Carrier Air Groups-CVEG

CVEG-1 CVEG-41 Established 26 Mar 1945
Became CVEG-1 15 Nov 1946
Became VC-21 1 Sep 1948
Became VS-21 23 Apr 1950

CVEG-2 CVEG-42 Established 19 Jul 1945
Became CVEG-2 15 Nov 1946
Disestablished 1 Sep 1948

CVEG-3 Established 21 Apr 1947
Disestablished 1 Sep 1948

CVEG-24 CVLG-24 Established 31 Dec 1942
Became CVEG-24 15 Aug 1944
Disestablished 25 Sep 1945

CVEG-25 CVLG-25 Established 15 Feb 1943
Became CVEG-25 28 Aug 1944
Disestablished 20 Sep 1945

CVEG-26 Established 4 May 1942
Disestablished 13 Nov 1945

CVEG-28 See CVLG-28

CVEG-29 See CVLG-29

CVEG-33 Established 15 May 1944
Disestablished 19 Nov 1945

CVEG-35 Established 15 Jul 1943
Disestablished 19 Nov 1945

CVEG-36 Established 15 May 1944
Disestablished 28 Jan 1946

CVEG-37 Established 15 Jul 1943
Disestablished 20 Dec 1945

CVEG-38 CVLG-38 Established 16 Jun 1943
Became CVEG-38 15 Aug 1944
Disestablished 31 Jan 1946

CVEG-39 See CVLG-39

CVEG-40 CVLG-40 Established 15 Jun 1943
Became CVEG-40 15 Aug 1944
Disestablished 19 Nov 1945



CVEG-41 See CVEG-1

CVEG-42 See CVEG-2

CVEG-43 Established 9 Aug 1945
Disestablished 17 Jun 1946

CVEG-49 See CVLG-49

CVEG-50 CVLG-50 Established 10 Aug 1943
Became CVEG-50 1 Oct 1944
Disestablished 29 Oct 1945

CVEG-60 Established 15 Jul 1943
Disestablished 19 Nov 1945

CVEG-66 Established 1 Jan 1945
Disestablished 6 Jun 1945

Night Carrier Air Groups—CVG(N)

CVG(N)-52 CVLG(N)-52 Established 20 Oct 1944
Became CVG(N)-52 6 Jan 1945
Disestablished 15 Dec 1945

CVG(N)-53 Established 2 Jan 1945
Disestablished 11 Jun 1946

CVG(N)-55 Established 1 Mar 1945
Disestablished 11 Dec 1945

CVG(N)-90 Established 25 Aug 1944
Disestablished 21 Jun 1946

CVG(N)-91 Established 5 Oct 1944
Disestablished 21 Jun 1946

CVLG(N)

CVLG(N)-41 Established 28 Aug 1944
Disestablished 25 Feb 1945

CVLG(N)-42 Established 25 Aug 1944
Disestablished 2 Jan 1945

CVLG(N)-43 Established 24 Aug 1944
Disestablished 2 Jan 1945

CVLG(N)-52 See CVG(N)-52

CVEG(N)

CVEG(N)-63 Established 20 Jun 1945
Disestablished 11 Dec 1945
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Ship-Named Air Groups

ENTERPRISE AIR GROUP
Ship commissioned 12 May 1938
Ship squadrons established 1 Jun 1937
Air group organized 1 Jul 1938
Disbanded Sep 1942

HORNET AIR GROUP
Ship commissioned 20 Oct 1941
Air group established 6 Oct 1941
Disbanded after ship was sunk 26 Oct 1942

LANGLEY AIR GROUP
Ship commissioned 20 Mar 1922
Squadrons first assigned 1925
Air group had not formally organized 

when ship was reclassified AV 15 Sep 1936

LEXINGTON AIR GROUP
Ship commissioned 14 Dec 1927
Ships squadrons established 

individually
Air group organized 1 Jul 1938
Disbanded after ship was sunk 8 May 1942

RANGER AIR GROUP
Ship commissioned 4 Jun 1934
Ship squadrons established individually
Air group organized 1 Jul 1938
Reformed as CVG-4 3 Aug 1943
See: CVW-1

SARATOGA AIR GROUP
Ship commissioned 16 Nov 1927
Ship squadrons established 

individually
Air group organized 1 Jul 1938
Reformed as CVG-3 25 Sep 1943
See: CVW-3

WASP AIR GROUP
Ship commissioned 25 Apr 1940
Air group established 1 Jul 1939
Disbanded after ship was sunk 15 Sep 1942

YORKTOWN AIR GROUP
Ship commissioned 30 Sep 1937
Ship squadrons established 1 Apr 1937
Air group organized 1 Jul 1938
Disbanded after ship was sunk 7 Jun 1942

Antisubmarine Carrier Air Groups—CVSG

CVSG-50 Established as RCVSG 30 Jun 1960
Disestablished 17 Feb 1971



CVSG-51 Established as RCVSG 30 Jun 1960
Disestablished 30 Jun 1970

CVSG-52 Established 1 Jun 1960
Disestablished 15 Dec 1969

CVSG-53 Established 1 Apr 1960
Disestablished 1 Jun 1973

CVSG-54 Established 18 May 1960
Disestablished 1 Jul 1972

CVSG-55 Established 1 Sep 1960
Disestablished 27 Sep 1968

CVSG-56 Established 25 May 1960
Disestablished 30 Jun 1973

CVSG-57 Established 3 Jan 1961
Disestablished 30 Sep 1969

CVSG-58 Established 6 Jun 1960
Disestablished 31 May 1966

CVSG-59 Established 1 Apr 1960
Disestablished 30 Jun 1973

CVSG-60 Established 2 May 1960
Disestablished 1 Oct 1968

CVSG-62 Established 25 Sep 1961
Disestablished 1 Oct 1962

Reserve Antisubmarine Carrier Air
Groups—CVSGR

CVSGR-70 Established 1 Apr 1970
Disestablished 30 Jun 1976

CVSGR-80 Established 1 Apr 1970
Redesignated COMHELWINGRES 1 Jan 1976 

Composite Squadrons—VC

VC-1 A VS-201 Established 5 Apr 1941
Became VGS-1 1 Apr 1942
Became VC-1 1 Mar 1943
Disestablished 1 Apr 1944

B VOF-1 Established 15 Dec 1943
Became VOC-1 18 Dec 1944
Became VC-1 1 Aug 1945
Disestablished 17 Sep 1945
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VC-2 A See VC-25
B VOF-2 Established 1 Mar 1944

Became VOC-2 13 Dec 1944
Became VC-2 20 Aug 1945
Disestablished 13 Sep 1945

VC-3 Established 26 Aug 1943
Disestablished 28 Oct 1945

VC-4 Established 2 Sep 1943
Disestablished 16 Oct 1945

VC-5 Established 16 Sep 1943
Disestablished 1 Oct 1945

VC-6 VGS-25 Established 1 jan 1943
Became VC-25 1 Mar 1943
Became VC-6 1 Sep 1943
Disestablished 5 Oct 1945

VC-7 VGS-31 Established 24 Feb 1943
Became VC-31 1 Mar 1943
Became VC-7 1 Sep 1943
Disestablished 1 Oct 1945

VC-8 Established 9 Sep 1943
Disestablished 9 Oct 1945

VC-9 VGS-9 Established 6 Aug 1942
Became VC-9 1 Mar 1943
Disestablished 19 Sep 1945

VC-10 Established 23 Sep 1943
Disestablished 25 Oct 1945

VC-11 A VGS-11 Established 5 Aug 1942
Became VC-11 1 Mar 1943
Became VF-21 16 May 1943
Disestablished 5 Nov 1945

B Established 30 Sep 1943
Disestablished 10 Oct 1945

VC-12 A VGS-12 Established 28 May 1942
Became VC-12 1 Mar 1943
Became VT-21 16 May 1943
Disestablished 7 Aug 1945

B Established 6 Oct 1943
Disestablished 7 Jun 1945

VC-13 VGS-13 Established 5 Aug 1942
Became VC-13 1 Mar 1943
Disestablished 24 Sep 1945

VC-14 Established 12 Oct 1943
Disestablished 1 Oct 1945



VC-15 Established 18 Oct 1943
Disestablished 14 Jun 1945

VC-16 VGS-16 Established 8 Aug 1942
Became VC-16 1 Mar 1943
Became VF-33 15 Nov 1945
Disestablished 19 Nov 1945

VC-17 See VC-31 

VC-18 VGS-18 Established 15 Oct 1942
Became VC-18 1 Mar 1943
Became VF-36 15 Aug 1943
Became VF-18 5 Mar 1944
Became VF-7A 15 Nov 1946
Became VF-71 28 Jul 1948
Disestablished 31 Mar 1959

VC-19 VGS-23 Established 1 Jan 1943
Became VC-19 1 Mar 1943
Disestablished 14 Jun 1945

VC-20 A VGS-20 Established 6 Aug 1942
Became VC-20 1 Mar 1943
Disestablished 15 Jun 1943

B Established 24 Oct 1943
Disestablished 1 Oct 1945

VC-21 A VGS-21 Established 15 Oct 1942
Became VC-21 1 Mar 1943
Disestablished 16 Jun 1943

B Established 30 Oct 1943
Disestablished 15 Sep 1945

VC-22 VS-22 Established 16 Nov 1942
Became VC-22 1 Mar 1943
Became VT-22 15 Dec 1943
Disestablished 22 Aug 1945

VC-23 VS-23 Established 16 Nov 1942
Became VC-23 1 Mar 1943
Became VT-23 15 Nov 1943
Disestablished 19 Sep 1945

VC-24 VS-24 Established 31 Dec 1942
Became VC-24 1 Mar 1943
Became VB-98 15 Dec 1943
Disestablished 25 Jun 1944

VC-25 A VS-25 Established 15 Feb 1943
Became VC-2 1 Mar 1943
Became VC-25 15 Sep 1943
Became VT-25 15 Dec 1943
Disestablished 20 Sep 1945

B See VC-6
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VC-26 VGS-26 Established 5 May 1942
Became VC-26 1 Mar 1943
Became VT-26 15 Nov 1943
Disestablished 13 Nov 1945

VC-27 Established 5 Nov 1943
Disestablished 11 Sep 1945

VC-28 VGS-28 Established 4 May 1942
Became VC-28 1 Mar 1943
Became VT-28 20 Jan 1944
Disestablished 8 Aug 1945

VC-29 VGS-29 Established 20 Jul 1942
Became VC-29 1 Mar 1943
Became VT-29 15 Dec 1943
Disestablished 1 Aug 1945

VC-30 Established 1 Apr 1943
Became VT-30 15 Dec 1943
Disestablished 18 Aug 1945

VC-31 A See VC-7

B VC-17 Established 1 May 1943
Became VC-31 15 Sep 1943
Became VT-31 1 Nov 1943
Disestablished 20 Oct 1945

VC-32 Established 1 Jun 1943
Became VT-32 1 Nov 1943
Disestablished 20 Aug 1945

VC-33 VGS-33 Established 22 Jan 1943
Became VC-33 1 Mar 1943
Disestablished 16 Nov 1945

VC-34 VGS-34 Established 24 Feb 1943
Became VC-34 1 Mar 1943
Became VF-34 15 Aug 1943
Disestablished 8 Jul 1944

VC-35 VGS-35 Established 28 Jan 1943
Became VC-35 1 Mar 1943
Became VT-35 10 Mar 1944
Disestablished 19 Nov 1945

VC-36 VGS-36 Established 21 Feb 1943
Became VC-36 1 Mar 1943
Disestablished 30 Jul 1945

VC-37 VGS-37 Established 22 Jan 1943
Became VC-37 1 Mar 1943
Became VT-37 10 Mar 1944
Disestablished 20 Dec 1945



VC-38 Established 16 Jun 1943
Became VT-38 11 May 1944
Disestablished 31 Jan 1946

VC-39 Established 1 Apr 1943
Disestablished 15 Dec 1943

VC-40 Established 15 Jun 1943
Became VT-40 1 Jun 1944
Disestablished 19 Nov 1945

VC-41 Established 5 May 1943
Disestablished 16 Nov 1945

VC-42 Established 15 Apr 1943
Disestablished 5 Jul 1945

VC-43 Established 1 Aug 1943
Disestablished 8 Nov 1943

VC-50 Established 10 Aug 1943
Became VT-50 8 Nov 1943
Disestablished 29 Oct 1945

VC-51 Established 22 Sep 1943
Became VT-51 8 Nov 1943
Disestablished 7 Aug 1945

VC-52 Established 1 Sep 1943
Disestablished 8 Nov 1943

VC-55 VGS-55 Established 16 Jan 1943
Became VC-55 1 Mar 1943
Disestablished 21 Jun 1945

VC-58 VGS-58 Established 24 Feb 1943
Became VC-58 1 Mar 1943
Disestablished 8 Jun 1945

VC-60 VGS-60 Established 24 Feb 1943
Became VC-60 1 Mar 1943
Became VT-60 10 Mar 1944
Disestablished 19 Nov 1945

VC-63 Established 20 May 1943
Disestablished 23 Oct 1945

VC-64 Established 1 Jun 1943
Became VF-39 15 Aug 1943
Disestablished 15 Mar 1944

VC-65 Established 10 Jun 1943
Disestablished 8 Oct 1945
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VC-66 Established 21 Jun 1943
Disestablished 12 Oct 1945

VC-68 Established 1 Jul 1943
Disestablished 1 Oct 1945

VC-69 Established 1 Jul 1943
Disestablished 22 Jun 1945

VC-70 Established 5 Aug 1944
Disestablished 6 Oct 1945

VC-71 Established 20 Aug 1944
Disestablished 6 Oct 1945

VC-72 Established 1 Sep 1944
Disestablished 1 Oct 1945

VC-75 Established 11 Nov 1943
Disestablished 21 Sep 1945

VC-76 Established 17 Nov 1943
Disestablished 11 Sep 1945

VC-77 Established 23 Nov 1943
Disestablished 17 Sep 1945

VC-78 Established 29 Nov 1943
Disestablished 21 Sep 1945

VC-79 Established 6 Dec 1943
Disestablished 11 Sep 1945

VC-80 Established 16 Dec 1943
Disestablished 11 Sep 1945

VC-81 Established 22 Dec 1943
Disestablished 20 Sep 1945

VC-82 Established 28 Dec 1943
Disestablished 18 Sep 1945

VC-83 Established 3 Jan 1944
Disestablished 17 Sep 1945

VC-84 Established 6 Jan 1944
Disestablished 17 Sep 1945

VC-85 Established 12 Jan 1944
Disestablished 15 Sep 1945

VC-86 Established 18 Jan 1944
Disestablished 7 Jun 1945



VC-87 Established 24 Jan 1944
Disestablished 12 Jun 1945

VC-88 Established 29 Jan 1944
Disestablished 3 Jul 1945 

VC-89 Established 3 Jan 1944
Disestablished 1 Apr 1944

VC-90 Established 3 Feb 1944
Disestablished 19 Sep 1945

VC-91 Established 11 Feb 1944
Disestablished 22 Sep 1945

VC-92 Established 17 Feb 1944
Disestablished 18 Sep 1945
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VC-93 Established 23 Feb 1944
Disestablished 11 Aug 1945

VC-94 Established 29 Feb 1944
Disestablished 27 Jul 1945

VC-95 Established 1 Feb 1944
Disestablished 28 Jun 1945

VC-96 Established 1 Mar 1944
Disestablished 28 Jul 1945

VC-97 Established 8 Mar 1944
Disestablished 24 Jul 1945

VC-98 Established 15 Mar 1944
Disestablished 11 Oct 1945 

VC-99 Established 22 Mar 1944
Disestablished 30 Oct 1945



The system of squadron designations was estab-
lished to help define part of Naval Aviation’s organiza-
tional structure and help identify the operational and
administrative functions of aviation within the fleet.
Just as the designations for ships, such as DD, CA, BB,
etc., were used to define the duties of the specific
units and their alignment within the fleet organization,
so also were the squadron designations established to
formulate the responsibilities and alignment within
Naval Aviation and the fleet structure. 

During Naval Aviation’s early years, due to the limit-
ed capabilities of the aircraft there were big question
marks concerning Naval Aviation’s ability to succeed
as a functional component of the fleet and whether it
even would survive. In official publications and refer-
ences, such as the Daily Aviation News Bulletin of 1
October 1919, casual terms were used to describe or
identify various aircraft squadrons and units. The casu-
al terms were used because no specific fleet aviation
organizational structure for squadrons had been offi-
cially established. Prior to 1919, naval aircraft, exclud-
ing Marine Corps planes, were assigned primarily to
shore stations. Therefore, in order to integrate aviation
into the fleet, it was necessary to develop a fleet orga-
nization that included aviation units. 

On 17 July 1920, the Secretary of the Navy pre-
scribed a standard nomenclature for types and classes
of naval vessels, including aircraft, in which lighter-
than-air craft were identified by the type “Z” and heav-
ier-than-air craft by the letter “V”. Class letters assigned
within the Z type were R, N and K for rigid dirigibles,
non-rigid dirigibles and kite balloons respectively,
while F, O, S, P, T and G were established for fighter,
observation, scouting, patrol, torpedo and bombing,
and Fleet planes as classes within the V type. The use
of the “V” designation with fix-wing heavier-than-air
squadron designations has been a question of debate
since the 1920s. However, no conclusive evidence has
been found to identify why the letter “V” was chosen.
It is generally believed the “V” was in reference to the
French word volplane. As a verb, the word means to
glide or soar. As a noun, it described an aeronautical

UNITED STATES NAVAL AVIATION 1910–1995 625

625

APPENDIX 16

U.S. Navy and Marine Corps
Squadron Designations 

and Abbreviations

device sustained in the air by lifting surfaces (wings),
as opposed to the bag of gas that the airships (denot-
ed by “Z”) used. The same case may be made regard-
ing the use of “Z”. It is generally believed the “Z” was
used in deference to Count Ferdinand von Zeppelin,
the German general and developer of the airship in
1900. However, documentation has not been located
to verify this assumption.

In general terms, the Navy’s system for designating
naval aircraft squadrons has usually conformed to the
following loose classification structure: 

(1) Squadron designations were based on specific
letters used for indicating the missions for each partic-
ular type of squadron and its assigned aircraft. As an
example, a World War II squadron operating the F4U
Corsair aircraft would have been designated a fighting
squadron (VF). The letter F, for fighting or fighter, was
the key in identifying the type of squadron and was
also used in the aircraft’s designation. 

(2) Identification numbers were assigned to each
squadron, such as VF-1. The number 1 separates
Fighter Squadron 1 (VF-1) from Fighter Squadron 10
(VF-10).

There have been many variations to this basic sys-
tem throughout Naval Aviation’s history. Changes were
also made to the designation system when new plane
types were developed and new squadrons were
formed to carry out those new missions. There is no
logical sequence for the numerical designation
assigned the various squadrons throughout most of
Naval Aviation’s history. The Marine Corps did estab-
lish a logical sequence for their squadron designations,
however, there are variations to this system, too.

As Navy squadrons were established, disestablished,
or redesignated, many of the same letters and numbers
were reused and assigned at a later date for newly-
established or redesignated units, hence, the lineage of
a squadron cannot always be traced or linked by using
the same designation. As an example, VF-1 from World
War II has no direct relationship to VF-1 established in
the 1970s. The rich tradition and heritage of the various
squadrons in the Navy has not always been carried



over because of the break in continuity between units.
Once a squadron is disestablished that ends its history.
If a new squadron is established using the same desig-
nation of a previous squadron, it does not have any
direct relationship with that unit. The reuse of many of
the same letters and numerical designations adds con-
siderable confusion to the squadron designation system.
A new squadron may carry on the traditions of a previ-
ous squadron, just as a ship that has been assigned the
name used by a previous ship, carries on the traditions
of the past ships with the same name. However, a
squadron, just like a ship, cannot claim a heritage or
historical link to the old unit with the same designation.

Consistency has been the major ingredient lacking in
the Navy’s squadron designation system. As an example,
the use of “Plane” in squadron designations was not con-
sistent during the 1920s. Sometimes the full designation
would be written differently, depending on the
squadron’s assignment to the Battle Fleet, Scouting Fleet,
or Asiatic Fleet. A designation such as Scouting Squadron
and Scouting Plane Squadron, which used the same
abbreviation, VS, was listed in the Navy Directory as
Scouting Squadron under the Battle Fleet and Scouting
Plane Squadron under the Scouting Fleet. The use of
“Plane” in squadron designations was most likely
designed to identify the squadron as an aviation unit,
vice a destroyer squadron. This seems to be especially
true during the 1920s when aviation was first being inte-
grated into the fleet organization and operations. The
Navy Directory, Monthly Report, Status of Naval Aircraft,
and the Bureau of Aeronautics, Weekly Newsletter all list
squadron designations using “Plane.” The Chief of Naval
Operations’ “Naval Aeronautical Organization”, published
for each Fiscal Year, lists the squadron designations with-
out using “Plane” in the designation. It is obvious there is
no difference between the squadrons with or without the
use of “Plane” in the squadron designation. The acronym
remained the same, with or without the use of “Plane” in
the full squadron designation. In the 1930s the squadron
designations listed in all four sources identified above
usually refer to the squadron using its abbreviated desig-
nation, such as VF Squadron 1 (VF-1) instead of Fighting
Plane Squadron 1. In the 1940s the use of “Plane” in the
full squadron designation was dropped.

In the late 1940s and early 1950s the VC squadron
designation was used to identify a group of squadrons
with several different missions but all assigned the VC
designation. Missions for specific Composite Squadrons
(VC) included all-weather night, attack and defense; air
early warning; anti-submarine warfare; and photograph-
ic. The only identifying factor to separate the different
types of Composite Squadrons was the numerical desig-
nation. In the late 1940s the single digit numbers were
for the Composite Night or Attack and Defense units,
those numbers in the teens were for Composite Air
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Warning squadrons, numbers in the 20s and 30s were
for Composite Anti-Submarine units, and the numbers
in the 60s were for Composite Photographic squadrons. 

Besides the composite squadrons (VC), several patrol
squadrons (VP) had specific mission requirements that
were different from its normal patrol and reconnais-
sance duties. However, these squadrons still maintained
the normal VP designation. In the late 1940s there were
two VP squadrons with a primary mission of photo-
graphic and one with an air early warning mission. VP-
61 and VP-62 were the photographic squadrons and
VP-51 was the air early warning squadron. 

The special VC and VP designated units, were on
the cutting edge of technology, which eventually lead
to the development of specialized squadron designa-
tions in the 1950s and 1960s. Squadrons such as VAW
(Carrier Airborne Early Warning), VAQ (Tactical
Electronic Warfare), and VQ (Electronic Counter-mea-
sures or Air Reconnaissance) were the result of techni-
cal developments in the late 1940s and early 1950s.

The use of an abbreviated squadron designation with
different missions occurred in the early 1950s when the
VJ designation was used for both photographic
squadrons and weather squadrons. VJ-1 and 2 were
designated Weather Squadrons or Weather
Reconnaissance Squadrons. VJ-61 and 62 were desig-
nated Photographic Squadrons. The missions were
totally different for these two types of squadrons but
they used a common abbreviated squadron designation.

There are four factors that play a role in developing
or changing squadron designations. They have been
around since the introduction of aviation in the Navy
and will continue to be the primary factors effecting
squadron designations. The factors are:

1. the duties or mission of a squadron
2. technical advances in aircraft or equipment
3. changes in tactics or development of new tactics
4. changes in Naval Aviation or fleet organization

The following is a list of various squadron designa-
tions used by the Navy since the early 1920s. The list is
in alphabetical order rather than in the chronological
order of squadron development. The general time
frame for when the designation was in use is listed with
most of the squadron designations. Further elaboration
on the assignment of squadrons to other organizations
and their designations such as: a battle group, carrier air
wing, cruiser group, fleet air force, Scouting Fleet,
Asiatic Fleet, naval district, reserves, etc . . . , has not
been included in this list to prevent it from becoming to
confusing or extensive. The only exception to this is for
the reserves. Reserve squadron designations, beginning
in 1970, are included in this list. In 1970 the naval air
reserve was reorganized and the squadron structure and
arrangement was aligned to mirror the squadron desig-
nation system in existence for active fleet units.



U.S. NAVY SQUADRON DESIGNATIONS/ABBREVIATIONS
Acronym Full Squadron Designation General time-frame in use

BLIMPHEDRON LTA Headquarters Squadron 1943–1946
BLIMPRON LTA Squadron 1942–1961
BLPHEDRON Blimp Headquarters Squadron 1943–1946
BLPRON Blimp Squadron 1942–1961
FASRON Fleet Aircraft Service Squadron 1946–1960
HAL or HA(L) Helicopter Attack Squadron Light 1967–1972

1976–1988
HC Helicopter Combat Support Squadron 1965–present
HCS Helicopter Combat Support Special Squadron 1988–present
HCT Helicopter Combat Support Training Squadron 1974–1977
HM Helicopter Mine Countermeasures Squadron 1971–present
HS Helicopter Antisubmarine Squadron 1951–present
HSL Helicopter Antisubmarine Squadron  (Light) 1972–present
HT Helicopter Training Squadron 1960–present
HTU Helicopter Training Unit 1950–1957
HU Helicopter Utility Squadron 1948–1965
RVAH Reconnaissance Attack Squadron 1964–1979
RVAW Carrier Airborne Early Warning Training Squadron 1967–1983
STAGRON Special Air Task Force Squadron (VK) 1943–1944
TACRON Tactical Squadron or Tactical Air Control Squadron or Tactical Control Squadron 1946–present
VA Attack Squadron 1946–present
VA(AW) All-Weather Attack Squadron 1956–1959
VAH or VA(H) Heavy Attack Squadron 1955–1971
VA(HM) Attack Mining Squadron 1956–1959
VAK Tactical Aerial Refueling Squadron 1979–1989
VAL or VA(L) Light Attack Squadron 1969–1972
VAP or VA(P) Heavy Photographic Reconnaissance Squadron or Photographic

Reconnaissance Squadron (Heavy) or Heavy Photographic Squadron 1956–1971
VAQ Carrier Tactical Electronics Warfare Squadron or Tactical Electronics Warfare Squadron 1968–present
VAW Carrier Airborne Early Warning Squadron 1948

1956–present
VAW Carrier Tactical Electronics Warfare Squadron 1968
VB Bombing Squadron or Light Bombing Plane Squadron 1928–1946
VBF Bombing Fighting Squadron 1945–1946
VC Composite Squadron 1943–1945

1948–1956
VC Fleet Composite Squadron 1965–present
VCN Night Composite Squadron 1946–1948
VCP Photographic Composite Squadron 1959–1961
VCS Cruiser Scouting Squadron 1937–1945
VD Photographic Squadron 1943–1946
VE Evacuation Squadron 1944–1945
VF Combat Squadron 1922
VF Fighting Plane Squadron or Fighting

Squadron 1922–1948
VF Fighter Squadron 1948–present
VFA Fighter Attack Squadron 1980–1983
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U.S. NAVY SQUADRON DESIGNATIONS/ABBREVIATIONS—Continued

Acronym Full Squadron Designation General time-frame in use

VFA Strike Fighter Squadron 1983–present
VF(AW) All-Weather Fighter Squadron or Fighter (All-Weather) Squadron 1956–1963
VFC Fighter Squadron Composite 1988–present
VFN or VF(N) Night Fighting Squadron 1944–1946
VFP or VF(P) Light Photographic Reconnaissance Squadron or Photographic Reconnaissance Squadron

or Photographic Reconnaissance Squadron (Light) or Light Photographic Squadron 1956–1987
VGF Escort-Fighter Squadron 1942–1943
VGS Escort-Scouting Squadron 1942–1943
VH Rescue Squadron 1944–1946
VJ Utility Squadron or General Utility Squadron 1925–1946
VJ Weather Squadron or Weather Reconnaissance Squadron 1952–1953
VJ Photographic Squadron 1952–1956
VK Special Air Task Force Squadron (STAGRON) 1943–1944
VN Training Squadron 1927–1947
VO Spotting Squadron 1922
VO Observation Plane Squadron or

Observation Squadron 1923–1945
1947–1949
1967–1968

VOC Composite Spotting Squadron 1944–1945
VOF Observation Fighter Squadron 1942–1945
VOS Air Spotting Squadron or Observation 1944

Spotter Squadron
VP Seaplane Patrol Squadron 1922
VP Patrol Squadron 1924–1944

1946
1948–present

VP-AM Amphibian Patrol Squadron 1946–1948
VPB Patrol Bombing Squadron 1944–1946
VP-HL Heavy Patrol Squadron (landplane) 1946–1948
VP-HS Heavy Seaplane Patrol Squadron 1946–1948
VPM Meteorological Squadron 1946–1947
VP–ML Medium Patrol Squadron (landplane) 1946–1948
VP-MS Medium Patrol Squadron (seaplane) 1946–1948
VPP or VP(P) Photographic Squadron or Patrol Squadron (photographic) 1946–1948
VPU Patrol Squadron Special Unit 1982–present
VPW Weather Reconnaissance Squadron 1945–1948
VPW Air Early Warning Squadron 1948
VQ Electronic Countermeasures Squadron 1955–1960
VQ Fleet Air Reconnaissance Squadron 1961–present
VR Transport Squadron or Air Transport

Squadron or Fleet Logistic Air Squadron 1942–1958
VR Fleet Tactical Support Squadron 1958–1976
VR Fleet Logistics Support Squadron 1976–present
VRC or VR(C) Fleet Tactical Support Squadron 1960–1976
VRC Fleet Logistics Support Squadron 1976–present
VRE Air Transport Evacuation Squadron 1945
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U.S. NAVY SQUADRON DESIGNATIONS/ABBREVIATIONS—Continued

Acronym Full Squadron Designation General time-frame in use

VRF Transport Ferry and Service Squadron 1943–1946
VRF Air Ferry Transport Squadron or Air Ferry Squadron 1943–1948
VRF or VR(F) Aircraft Ferry Squadron 1957–1986
VRJ Utility Transport Squadron 1945–1946
VRS Air Ferry Service Squadron or Ferry Command Service Squadron 1943–1946
VRU Transport Utility Squadron 1946–1948
VS Scouting Plane Squadron or Scouting Squadron 1922–1946
VS Antisubmarine Squadron or Air Antisubmarine Squadron or Carrier Air 

Antisubmarine Squadron 1950–1993
VS Sea Control Squadron 1993–present
VSF Antisubmarine Fighter Squadron 1965–1973
VT Torpedo & Bombing Plane Squadron or

Torpedo & Bombing Squadron 1922–1930
VT Torpedo Plane Squadron 1921
VT Torpedo Squadron 1930–1946
VT Training Squadron 1960–present
VTN Night Torpedo Squadron 1944–1946
VU Utility Squadron 1946–1965
VW Air Early Warning Squadron or Airborne

Early Warning Squadron or Fleet 
Early Warning Squadron 1952–1971

VW Weather Reconnaissance Squadron or
Fleet Weather Reconnaissance Squadron 1967–1975

VX Experimental Squadron 1927–circa
1943

VX Experimental and Development
Squadron or Operational Development Squadron or Air Operational Development 

Squadron or Air Development Squadron 1946–1968
VX Air Test and Evaluation Squadron 1969–present
VXE Antarctic Development Squadron 1969–present
VXN Oceanographic Development Squadron 1969–1993
XVF Experimental Development Squadron 1945–1946
XVJ Experimental Utility Squadron 1945–1946
ZJ Blimp Utility Squadron 1944–1945
ZK Kite Balloon Squadron 1922–1924
ZKN Kite Balloon Training Squadron *
ZKO Kite Balloon Observation Squadron *
ZNN Non-rigid Airship Training Squadron *
ZNO Non-rigid Airship Observation Squadron *
ZNP Non-rigid Airship Patrol Squadron *
ZNS Non-rigid Airship Scouting Squadron *
ZP Airship Patrol Squadron 1942–1961
ZP Blimp Squadron 1942–1961
ZP Airship Patrol Squadron (All-Weather Antisubmarine) or Airship Squadron 

or LTA Patrol Squadron 1942–1961
ZRN Rigid Airship Training Squadron *
ZRP Rigid Airship Patrol Squadron *
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U.S. NAVY SQUADRON DESIGNATIONS/ABBREVIATIONS—Continued

Acronym Full Squadron Designation General time-frame in use

ZRS Rigid Airship Scouting Squadron *
ZS Airship Antisubmarine Squadron *
ZW Airship Early Warning Squadron 1956–1961
ZX Airship Operational Development  Squadron or Airship Development Squadron 1950–1957

* These squadron designations were developed, however, the Navy never established any squadrons using the designations.

MARINE CORPS SQUADRON DESIGNATIONS/ABBREVIATIONS
In 1924 the letter “M” was adopted to differentiate Marine Corps squadrons from Navy squadrons. The fol-

lowing is a list of Marine Corps squadron designations:

Acronym Full Squadron Designation General time-frame in use

AES Marine Aircraft Engineering Squadron 1941–circa 1980
AWS Marine Air Warning Squadron 1943–1954
H&HS Marine Headquarters & Headquarters Squadron 1971–present
HMA Marine Helicopter Attack 1971–1983
HMH Marine Heavy Helicopter Squadron 1962–present
HMHT Marine Heavy Helicopter Training Squadron 1968–1972
HML Marine Light Helicopter Squadron 1968–1986
HMLA Marine Light Attack Helicopter Squadron 1986–present
HMM Marine Medium Helicopter Squadron 1962–present
HMMT Marine Medium Helicopter Training Squadron 1966–1972
HMR Marine Helicopter Transport Squadron 1951–1956
HMR(C) Marine Helicopter Reconnaissance Squadron 1958–1960
HMR(L) Marine Helicopter Transport Squadron (light) 1956–1962
HMR(M) Marine Helicopter Transport Squadron (medium) 1957–1962
H&MS Marine Headquarters & Maintenance Squadron 1954–1988
HMT Marine Helicopter Training Squadron 1972–present
HMX Marine Helicopter Squadron 1947–present
MALS Marine Aviation Logistics Squadron 1988–present
MOTS Marine Operational Training Squadron 1943–1944
SOMS Station Operation and Maintenance Squadron (Marine) 1982–present
VMA Marine Attack Squadron 1951–present
VMA(AW) Marine All-Weather Attack Squadron 1965–present
VMAQ Marine Tactical Electronics Warfare Squadron 1975–present
VMAT Marine Attack Training Squadron 1951–1958
VMAT(AW) Marine All-Weather Attack Training Squadron 1968–1986
VMB Marine Bomber Squadron 1937–1946
VMBF Marine Fighter/Bomber Squadron 1944–1946
VMCJ Marine Composite Reconnaissance Squadron 1955–1975
VMD Marine Photographic Squadron 1942–1946
VMF Marine Fighter Squadron 1937–circa 1975
VMFA Marine Fighter Attack Squadron 1963–present
VMFAT Marine Fighter Attack Training Squadron 1968–present
VMF(AW) Marine All-Weather Fighter Squadron 1948–present
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MARINE CORPS SQUADRON DESIGNATIONS/ABBREVIATIONS—Continued

Acronym Full Squadron Designation General time-frame in use

VMF(N) Marine Night Fighter Squadron 1942–1958
VMFP Marine Tactical Reconnaissance Squadron 1975–1990
VMFT Marine Fighter Training Squadron 1951–present
VMFT(AW) Marine All-Weather Fighter Training Squadron 1955–1958
VMFT(N) Marine Night Fighter Training Squadron 1951–1958
VMGR Marine Aerial Refueler Transport Squadron 1962–present
VMGRT Marine Aerial Refueling Transport Training Squadron 1986–present
VMIT Marine Instrument Training Squadron 1951–1958
VMJ Marine Utility Squadron 1945–1952
VMJ Marine Photographic Squadron 1952–1955
VML Marine Glider Squadron 1942–1943
VMO Marine Observation Squadron 1941–1993
VMP Marine Photographic Squadron 1946–1949
VMR Marine Transport Squadron 1944–1962
VMS Marine Scouting Squadron 1937–1944
VMSB Marine Scout Bombing Squadron 1941–1946
VMT Marine Training Squadron 1947–present
VMTB Marine Torpedo Bomber Squadron 1943–1946
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Photograph shows the tail code and insignia used by Patrol
Squadron P-3 Orion aircraft.
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Photographs show the tail codes and insignia used by Patrol Squadron P-3 Orion aircraft.



Sailors have long studied the sky and have used
the movements of celestial bodies to guide them
across the trackless seas. Realizing the need to observe
the movements of the stars and planets, the U.S. Navy
established the Depot of Charts and Instruments on 6
December 1830. This is the Navy’s oldest scientific
institution. The Depot later became the U.S. Naval
Observatory. Today it continues to provide the astro-
nomical data necessary for navigation at sea, on land
as well as in space.

In 1923 the Naval Research Laboratory (NRL) began
operation. The idea for a U.S. Government-supported
research laboratory was suggested by the American
inventor Thomas Alva Edison during World War I.
Secretary of the Navy Josephus Daniels seized the
opportunity and invited Edison to become head of the
Naval Consulting Board. The Board made plans to cre-
ate a modern scientific research facility, which became
the Naval Research Laboratory. Robert Morris Page
who was at NRL from the late 1920s to the mid-1960s
invented the technology for pulse radar. During World
War II his invention assisted the Allies in detecting
enemy planes and ships. Without radar, today’s space
program would be impossible.

In 1911 the Navy bought its first aircraft—the A-1
Triad. Advances were made in aviation; and aircraft
were flying higher and higher. On 8 May 1929
Lieutenant Apollo Soucek set the world altitude record
for landplanes by flying a Wright Apache to the height
of 39,140 feet. On 4 June 1929, the same Lieutenant
Souceck set the altitude record for seaplanes, also in
an Apache, reaching the height of 38,560.

Altitude records were now approaching the 40,000-
foot range. At these heights, the thin air and decreased
pressure made it difficult for human beings to function
and survive. The airplane was a poor vehicle in which
to study the upper reaches of the atmosphere. The
balloon proved to be more suitable.

On 4 August 1933 Lieutenant Commander Thomas
“Tex” Settle ascended aloft in the sealed life-support
gondola of a balloon, but the attempt failed. A similar
attempt in a balloon by Soviet aeronauts the following
September, achieved the height of 62,230 feet. The
space race between the United States and the Soviet
Union had begun.
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On 20 November 1933, Lieutenant Commander
Thomas “Tex” Settle and Major Chester L. Fordney,
USMC, flying a 600,000 cubic-foot free balloon, set the
world’s altitude record of 61,237 feet. It was an official
world’s record, but 1,000 feet shy of the actual Soviet
achievement. 

In December 1941, the United States entered World
War II with no rocket weapons. Germany was putting
a great deal of its effort into the development of rock-
ets, basing much of its technology on the research of
the American scientist Robert H. Goddard.

At the end of the war, the U.S. rocket budget was
1.3 million. Research in the use of rockets in jet-assist-
ed take off (JATO) had been carried out by U.S. rocket
pioneer Robert Goddard, assisted by the Navy’s Robert
Truax. In May 1943 a JATO-equipped Catalina (PBY)
made its first successful flight. JATO could reduce the
takeoff run by 33 to 60 percent, or permit greater pay-
loads. The JATO program laid the groundwork for the
use of rocket power in Navy guided missiles. 

After World War II, U.S. interest in high altitude
research experiments resumed. The Office of Naval
Research (ONR) made plans for a manned balloon
flight into the upper atmosphere. Project Helios called
for the construction of plastic balloons with a gondola
equipped with scientific observation instruments. This
ambitious plan was replaced in 1947 by Project
Skyhook, which used polyethylene balloons to carry
instrument packages to extreme altitudes. Thousands
of these balloons were sent into the stratosphere for
basic research. 

In 1952 a new technique was developed in which
Deacon rockets were lifted above 70,000 feet by
Skyhook balloons and then fired into space. The
Skyhook experiments proved to be so successful that
in 1954 plans were made to entrust the lives of men to
the Skyhook balloons. 

Project Stratolab, a laboratory in the stratosphere,
began in 1955. On 8 November 1956, Stratolab I,
manned by Lieutenant Commanders Malcolm D. Ross
and Morton Lee Lewis reached a record altitude of
76,000 feet. It would not, however, be with the bal-
loon that man would reach space. It would be with
the rocket. 

Naval Research Laboratory scientists had been con-
ducting experiments on the Aerobee and Viking



sounding rockets during the early 1950s. An NRL study
in 1954 indicated the feasibility of successfully placing
a satellite in orbit, using a vehicle based on the Viking
as a first stage and the Aerobee as the second. 

In 1955 President Eisenhower announced that the
United States would launch “small, unmanned, earth-
circling satellites” as a part of the U.S. contributions to
the International Geophysical Year 1957–58. The Naval
Research Laboratory proposed that the Vanguard rock-
et, based on Viking technology, be used to launch the
satellite. The NRL proposal was accepted. Project
Vanguard was to have three missions: place at least
one satellite in orbit during 1957–58; accomplish a sci-
entific experiment in space; and track the flight to
demonstrate that the satellite had actually attained
orbit. 

Before Vanguard could launch a satellite into space,
however, the Soviets announced that they had put
Sputnik into orbit on 4 October 1957. Sputnik, the
Russian word for travelling companion, was the earth’s
first artificial satellite. The perception by the United
States that it was the leader in space technology was
shattered, and the capability of Soviet rockets to fire
weapons from space became apparent. 

On 31 January 1958 the Army’s Jupiter-C rocket, a
further development of the Redstone rocket, put the
first U.S. satellite, Explorer I into orbit. On 31 March
1958, a Vanguard rocket fired from Cape Canaveral,
Fla., put a second earth satellite into orbit. 

In response to the Soviet challenge in space, the
United States established the National Aeronautics and
Space Administration (NASA) in July 1958. Project
Mercury would put a man into space. On 15 May
1961, President John F. Kennedy went even further
and stated in an address to Congress that the United
States would commit itself to landing a man on the
moon by the end of the decade. This goal was named
Project Apollo.

NASA lobbed a chimpanzee into space on 31
January 1961. After this experiment proved successful,
it was then believed that it was possible to put a man
into a similar sub-orbital trip. Commander Alan B.
Shepard, Jr., USN, was chosen to be the first American
sent into space.

On 5 May 1961, Commander Shepard left earth’s
atmosphere in the Freedom 7 space capsule. It was a
ballistic “cannon shot” with an Army Redstone rocket.
The space capsule was recovered at sea by an HUS-1
helicopter from Marine Corps Squadron HMR(L)-262,
which transported the capsule and Commander
Shepard to the carrier Lake Champlain.

Subsequent Mercury missions put other men in
space. On 20 February 1962, Lieutenant Colonel John
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H. Glenn, Jr., USMC, and his spacecraft Friendship 7
made three orbits around the earth. Other men were
sent singly into space. Then, during 1965 and 1966,
Project Gemini sent up two men at a time. Many were
Naval Aviators. 

After having succeeded in putting men into space,
NASA concentrated on putting a man on the moon. In
December 1968 Lieutenant Commander James A.
Lovell, Jr., USN, was on the Apollo 8 flight that flew to
the moon and circled around it, viewing the side that
is never seen from earth. On 20 July 1969 Neil A.
Armstrong, a naval aviator, became the first man to
walk on the moon during the Apollo 11 flight.

The next U.S space goal was to explore space in
Skylab, a space laboratory in which the astronauts
could live a fairly normal life, work on scientific
experiments, eat, sleep, and have regular periods of
recreation. Three separate crews of Skylab astronauts
were launched into space in 1973. Two of the three
were all-Navy crews. 

Meanwhile the Apollo space trips continued. The
last Apollo mission was launched on 15 July 1975.
Vance D. Brand, a former Navy pilot, was the com-
mand module pilot. On this space trip, Apollo docked
with the Soviet Soyuz spacecraft. This was the first
meeting between American astronauts and Soviet cos-
monauts in space. The two crews then conducted sci-
entific experiments in space. Apollo splashed down in
the Pacific near Hawaii and was recovered by New
Orleans. This was the last splash-down recovery by a
Navy amphibious ship. The Space Shuttle would make
splash-down recoveries unnecessary.

The Space Shuttle was launched by a rocket, but
could land like an airplane, thus it could make multi-
ple trips into space. Columbia was the first Space
Shuttle and was launched on 12 April 1981 with an all
Navy-aviator crew. Space Shuttle Columbia was fol-
lowed by Space Shuttles Challenger, Discovery,
Atlantis, and Endeavour. Subsequent Space Shuttle
flights were able to take more and more astronauts on
a single flight into space and stay in space for longer
periods of time and continue to conduct scientific
experiments. Limited cooperation with the Russian
Republic, part of the former Soviet Union also contin-
ued. In 1995 Space Shuttle Atlantis transported two
Russian cosmonauts to the Russian space station Mir
where American astronaut Norman Thagard, a former
naval aviator, had been living for three months.
Atlantis docked with Mir and brought Norman
Thagard back to earth.

Naval Aviation continues to play an important role
in space. The following three sections provide statisti-
cal data on Naval Aviation’s contributions or involve-
ment in the manned space program.



Andrew M. Allen
Scott Altman
Neil A. Armstrong*
Jeffery Ashby
Michael A. Baker
Alan L. Bean
Charles F. Bolden, Jr.
Kenneth D. Bowersox
Vance D. Brand*
Daniel C. Brandenstein
James F. Buchli
John S. Bull
Daniel W. Bursch
Robert D. Cabana
Kenneth D. Cameron
Malcolm Scott Carpenter
Gerald P. Carr
Manley L. Carter, Jr.
Eugene A. Cernan
Roger B. Chaffee
Michael L. Coats
Kenneth Cockrell
Charles Conrad, Jr.
John O. Creighton
Robert L. Crippen
Frank L. Culbertson
R. Walter Cunningham*
Robert Curbeam
Joe F. Edwards
Ronald E. Evans
Dale A. Gardner
Jake E. Garn*
Robert L. Gibson
John H. Glenn, Jr.
Richard F. Gordon, Jr.
Dominic L. Gorie
S. David Griggs
Fred W. Haise, Jr.*
Frederick H. Hauck
Kathryn Hire
David C. Hilmers
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Brent W. Jett
Joseph P. Kerwin
Wendy B. Lawrence
David C. Leestma
Don L. Lind
Michael E. Lopez-Alegria
John M. Lounge*
John R. Lousma
James A. Lovell, Jr.
Jon A. McBride
Bruce McCandless II
Michael J. McCulley
Thomas K. Mattingly II
Edgar D. Mitchell
Franklin Story Musgrave*
Carlos Noriega
Bryan D. O’Connor
Stephen S. Oswald
Robert F. Overmyer
William F. Readdy
Kenneth S. Reightler, Jr.
Richard N. Richards
Kent V. Rominger
Walter M. Schirra, Jr.
Winston E. Scott
Elliot M. See
Alan B. Shepard, Jr.
Michael John Smith
Robert C. Springer
Susan L. Still
Frederick W. Stuckow
Norman E. Thagard
Stephen D. Thorne
Pierre J. Thuot
Richard H. Truly
James D. van Hoften
David M. Walker
Paul J. Weitz
James D. Wetherbee
Clifton C. Williams
Donald E. Williams
John W. Young

Naval Aviation Personnel Who Have Become Astronauts

(Names with an asterisk (*) are Naval Aviators or Naval Aviation personnel but were no longer on
active duty when involved in the space program)



Naval Aviation Personnel Who Have Made Trips Into Space and
the Number of Flights Made By Each as of 31 December 1995

(Names with an asterisk (*) are former Navy)
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One Flight

Malcolm Scott Carpenter
Gerald P. Carr
Manley L. Carter, Jr.
R. Walter Cunningham*
Ronald E. Evans
Jake E. Garn*
John H. Glenn, Jr. 
S. David Griggs
Fred W. Haise, Jr.*
Joseph P. Kerwin
Wendy B. Lawrence
Don L. Lind
Michael E. Lopez-Alegria
Jon A. McBride
Michael J. McCulley
Edgar D. Mitchell
Kent V. Rominger
Michael John Smith

Two Flights

Andrew M. Allen
Neil A. Armstrong*
Alan L. Bean
Daniel W. Bursch
Kenneth Cockrell
Frank L. Culbertson
Dale A. Gardner
Richard F. Gordon, Jr.
Bruce McCandless II
John R. Lousma
Bryan D. O’Connor
Robert F. Overmyer
William F. Readdy
Kenneth S. Reightler, Jr.
Alan B. Shepard, Jr.
Robert C. Springer
Richard H. Truly
James D. van Hoften

Paul J. Weitz
Donald E. Williams

Three Flights

Michael A. Baker
Kenneth D. Bowersox
Robert D. Cabana
Kenneth D. Cameron
Eugene A. Cernan
Michael L. Coats
John O. Creighton
Frederick H. Hauck
David C. Leestma
John M. Lounge*
Thomas K. Mattingly II
Stephen S. Oswald
Walter M. Schirra, Jr.
Pierre J. Thuot
James D. Wetherbee

Four Flights

Charles F. Bolden, Jr.
Vance D. Brand*
Daniel C. Brandenstein
James F. Buchli
Charles Conrad, Jr.
Robert L. Crippen
David C. Hilmers
James A. Lovell, Jr.
Richard N. Richards
David M. Walker

Five Flights

Robert L. Gibson
Franklin Story Musgrave*
Norman E. Thagard

Six Flights

John W. Young



List of U.S. Space Flights with Navy/Marine Corps
Pilots/Astronauts Aboard 

(As of 31 Dec 1995)
Order Date Designation Crew (see notes) Duration

1 5 May 61 Mercury Redstone 3 Alan B. Shepard, Jr. 15 min
(Freedom 7) (1st U.S. 22 sec
man into space,
sub-orbital)

3 20 Feb 62 Mercury Atlas 6 John H. Glenn, Jr., USMC 4 hrs 
(Friendship 7) 55 min
(1st American to 23 sec
orbit the earth)

4 24 May 62 Mercury Malcolm Scott Carpenter 4 hr 
Atlas 7 56 min
(Aurora 7) 5 sec

5 3 Oct 62 Mercury Walter M. Schirra, Jr. 9 hrs 
Atlas 8 13 min
(Sigma 7) 11 sec

7 23 Mar 65 Gemini 3 Virgil I. Grissom, USAF 4 hrs 
John W. Young 53 min

9 21–29 Aug 65 Gemini 5 Leroy G. Cooper, Jr., USAF 190 hrs
Charles Conrad, Jr. 56 min

1 sec

10 4–18 Dec 65 Gemini 7 Frank Borman, USAF 330 hrs 
James A. Lovell, Jr. 35 min

13 sec

11 15–16 Dec 65 Gemini 6 Walter M. Schirra, Jr. 25 hrs 
Thomas P. Stafford, USAF 51 min

24 sec

12 16 Mar 66 Gemini 8 Neil A. Armstrong* 10 hrs 
David R. Scott, USAF 42 min

6 sec

13 3–6 Jun 66 Gemini 9 Thomas P. Stafford, USAF 72 hrs 
Eugene A. Cernan 20 min

56 sec

14 18–21 Jul 66 Gemini 10 John W. Young 70 hrs
Michael Collins, USAF 46 min

45 sec

15 12–15 Sep 66 Gemini 11 Richard F. Gordon, Jr. 71 hrs 
Charles Conrad, Jr. 17 min

8 sec

16 11–15 Nov 66 Gemini 12 James A. Lovell, Jr. 94 hrs 
Edwin E. Aldrin, Jr., USAF 34 min

31 sec
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List of U.S. Space Flights with Navy/Marine Corps Pilots/Astronauts Aboard—Continued

Order Date Designation Crew (see notes) Duration

17 11–22 Oct 68 Apollo 7 Walter M. Schirra, Jr. 206 hrs 
Donn F. Eisele, USAF 9 min
R. Walter Cunningham*

18 21–27 Dec 68 Apollo 8 Frank Borman, USAF 147 hrs 
(1st flight James A. Lovell, Jr. 0 min
to the moon) William A. Anders, USAF 42 sec

20 18–26 May 69 Apollo 10 Thomas P. Stafford, USAF 192 hrs 
John W. Young 3 min
Eugene A. Cernan 23 sec

21 16–24 Jul 69 Apollo 11 Neil A. Armstrong* 195 hrs
(first moon walk) Michael Collins, USAF 18 min

Edwin E. Aldrin, Jr., USAF 35 sec

22 14–24 Nov 69 Apollo 12 Charles Conrad, Jr. 244 hrs 
(all Navy crew) Richard F. Gordon, Jr. 36 min

Alan L. Bean 25 sec

23 11–17 Apr 70 Apollo 13 James A. Lovell, Jr. 142 hrs 
John L. Swigert, Jr.(civ) 54 min
Fred W. Haise, Jr.* 41 sec

24 31 Jan–9 Feb 71 Apollo 14 Alan B. Shepard, Jr. 216 hrs 
Stuart A. Roosa, USAF 1 min
Edgar D. Mitchell 57 sec

26 16–27 Apr 72 Apollo 16 John W. Young 265 hrs 
Thomas K. Mattingly II 1 min
Charles M. Duke, Jr., USAF 5 sec

27 7–19 Dec 72 Apollo 17 Eugene A. Cernan 301 hrs
Ronald E. Evans 51 min
Harrison H. Schmitt (civ) 59 sec

28 25 May–22 Jun 73 Skylab 2 Charles Conrad, Jr. 672 hrs 
(1st U.S. manned Joseph P. Kerwin 49 min
orbiting space station; Paul J. Weitz 49 sec
all-Navy crew)

29 28 Jul–25 Sep 73 Skylab 3 Alan L. Bean 1427 hrs 
Owen K. Garriott** 9 min
John R. Lousma, USMC 4 sec

30 16 Nov 73–8 Feb 74 Skylab 4 Gerald P. Carr, USMC 2017 hrs
Edward G. Gibson (civ) 15 min
William R. Pogue, USAF 32 sec

31 15–24 Jul 75 Apollo-Soyuz Thomas P. Stafford, USAF 217 hrs
test project Vance D. Brand* 28 min

Donald K. Slayton, USAF 24 sec
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List of U.S. Space Flights with Navy/Marine Corps Pilots/Astronauts Aboard—Continued

Shuttle Flights Date Designation Crew (see notes)

STS-1 12–14 Apr 81 Space Shuttle Columbia John W. Young*
(1st mission into space, Robert L. Crippen
all-Navy crew)

STS-2 12–14 Nov 81 Space Shuttle Columbia Richard H. Truly
Joseph H. Engle, USAF

STS-3 22–30 Mar 82 Space Shuttle Columbia John R. Lousma, USMC
Charles G. Fullerton, USAF

STS-4 27 Jun–4 Jul 82 Space Shuttle Columbia Thomas K. Mattingly II
Henry W. Hartsfield, USAF

STS-5 11–16 Nov 82 Space Shuttle Columbia Vance D. Brand*
Robert F. Overmyer, USMC
William B. Lenoir (civ)
Joseph P. Allan (civ)

STS-6 4–9 Apr 83 Space Shuttle Challenger Paul J. Weitz*
Karol J. Bobko, USAF
Donald H. Peterson, USAF
Franklin Story Musgrave*

STS-7 18–24 Jun 83 Space Shuttle Challenger Robert L. Crippen
Frederick H. Hauck
John M. Fabian, USAF
Sally K. Ride (civ)
Norman E. Thagard*

STS-8 30 Aug–5 Sep 83 Space Shuttle Challenger Richard H. Truly 
Daniel C. Brandenstein
Dale A. Gardner
Guion S. Bluford, Jr.,USAF
William E. Thornton (civ)

STS-9 28 Nov–8 Dec 83 Space Shuttle Columbia John W. Young*
Brewster H. Shaw, Jr.,USAF
Owen K. Garriott**
Robert A. R. Parker (civ)
Ulf Merbold (civ)+

Byron K. Lichtenberg(civ)+

STS-41-B 3–11 Feb 84 Space Shuttle Challenger Vance D. Brand*
(1st untethered Bruce McCandless II
walk in space) Robert L. Gibson

Robert L. Steward, USA
Ronald E. McNair (civ)
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List of U.S. Space Flights with Navy/Marine Corps Pilots/Astronauts Aboard—Continued

Shuttle Flights Date Designation Crew (see notes)

STS-41-C 6–13 Apr 84 Space Shuttle Challenger Robert L. Crippen
Francis R. Scobee, USAF
George D. Nelson (civ)
Terry J. Hart, USAF
James D. van Hoften

STS-41-D 30 Aug–5 Sep 84 Space Shuttle Discovery Henry W. Hartsfield, USAF
Michael L. Coats
Judith A. Resnick (civ)
Steven A. Hawley (civ)
Richard M. Mullane, USAF
Charles D. Walker (civ)+

STS-41-G 5–13 Oct 84 Space Shuttle Challenger Robert L. Crippen
Jon A. McBride
Kathryn D. Sullivan (civ)
Sally K. Ride (civ)
David C. Leestma
Marc Garneau (civ)+

Paul D. Scully-Power(civ)+

STS-51-A 8–15 Nov 84 Space Shuttle Discovery Frederick H. Hauck
David M. Walker
Anna L. Fisher (civ)
Joseph P. Allen (civ)
Dale A. Gardner

STS-51-C 24–27 Jan 85 Space Shuttle Discovery Thomas K. Mattingly II 
Loren J. Shriver, USAF
Ellison S. Onizuka, USAF
James F. Buchli, USMC
Gary E. Payton, USAF+

STS-51-D 12–19 Apr 85 Space Shuttle Discovery Karol J. Bobko, USAF
Donald E. Williams
Margaret Rhea Seddon (civ)
Jeffrey A. Hoffman (civ)
S. David Griggs
Charles D. Walker (civ)+

Jake E. Garn*++

STS-51-B 29 Apr–6 May 85 Space Shuttle Challenger Robert F. Overmyer, USMC
Frederick D. Gregory, USAF
Don L. Lind
Norman E. Thagard*
William E. Thornton (civ)
Lodewijk van den Berg(civ)+

Taylor G. Wang (civ)+
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List of U.S. Space Flights with Navy/Marine Corps Pilots/Astronauts Aboard—Continued

Shuttle Flights Date Designation Crew (see notes)

STS-51-G 17–24 Jun 85 Space Shuttle Discovery Daniel C. Brandenstein 
John O. Creighton
Shannon W. Lucid (civ)
John M. Fabian, USAF
Steven R. Nagel, USAF
Patrick Baudry (civ)+

Sultan Salman al-Saud (civ)++

STS-52-F 29 Jul–6 Aug 85 Space Shuttle Challenger Anthony W. England (civ)
Roy D. Bridges, USAF
Franklin Story Musgrave*
Karl G. Henize (civ)
John David Bartoe (civ)
Loren W. Acton (civ) 
Charles G. Fullerton, USAF

STS-51-I 27 Aug–3 Sep 85 Space Shuttle Discovery John M. Lounge*
Richard O. Covey, USAF
William F. Fisher (civ)
Joseph H. Engle, USAF
James D. van Hoften

STS-51-J 3-7 Oct 85 Space Shuttle Atlantis Karol J. Bobko, USAF
Ronald J. Grabe, USAF
Robert L. Steward, USA
David C. Hilmers, USMC
William A. Pailes, USAF+

STS-61-A 30 Oct–6 Nov 85 Space Shuttle Challenger Henry W. Hartsfield, USAF
Steven R. Nagel, USAF
James F. Buchli, USMC
Bonnie J. Dunbar (civ)
Guion S. Bluford, Jr., USAF
Reinhard Furrer (civ)+

Ernst Messerschmid (civ)+

Wubbo Ockels (civ)+

STS-61-B 26 Nov–3 Dec 85 Space Shuttle Atlantis Brewster H. Shaw, Jr., USAF
Bryan D. O’Connor, USMC
Mary L. Cleave (civ)
Sherwood C. Spring, USA
Jerry L. Ross, USAF
Rodolfo Neri Vela (civ)+

Charles D. Walker (civ)+

STS-61-C 12–18 Jan 86 Space Shuttle Columbia Robert L. Gibson
Charles F. Bolden,Jr., USMC
Franklin R. Chang-Diaz(civ)
Steven A. Hawley(civ)
George D. Nelson (civ)
Robert Cenker (civ)+

Bill Nelson (civ)++
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List of U.S. Space Flights with Navy/Marine Corps Pilots/Astronauts Aboard—Continued

Shuttle Flights Date Designation Crew (see notes)

STS-51-L 28 Jan 86 Space Shuttle Challenger Francis R. Scobee, USAF
Michael John Smith
Judith A. Resnik (civ)
Ellison S. Onizuka, USAF
Ronald E. McNair (civ)
Gregory B. Jarvis (civ)+

S. Christa McAuliffe(civ)++

STS-26 29 Sep–3 Oct 88 Space Shuttle Discovery Frederick H. Hauck
Richard O. Covey, USAF
John M. Lounge*
George D. Nelson (civ)
David C. Hilmers, USMC 

STS-27 2–6 Dec 88 Space Shuttle Atlantis Robert L. Gibson
Guy S. Gardner, USAF
Richard M. Mullane, USAF
Jerry L. Ross, USAF
William M. Sheperd**

STS-29 13–18 Mar 89 Space Shuttle Discovery Michael L. Coats
John E. Blaha, USAF
James P. Bagian (civ)
James Buchli
Robert Springer

STS-30 4–8 May 89 Space Shuttle Atlantis David M. Walker
Ronald J. Grabe, USAF
Norman E. Thagard*
Mary L. Cleave (civ)
Mark C. Lee, USAF 

STS-28 8–13 Aug 89 Space Shuttle Columbia Brewster H. Shaw, USAF
Richard N. Richards
David C. Leestma 
James C. Adamson, USA
Mark N. Brown, USAF

STS-34 18–23 Oct 89 Space Shuttle Atlantis Donald E. Williams
Michael J. McCulley
Shannon W. Lucid (civ)
Ellen S. Baker (civ)
Franklin R. Chang-Diaz(civ)

STS-33 22–27 Nov 89 Space Shuttle Discovery Frederick D. Gregory, USAF
John E. Blaha, USAF
Franklin Story Musgrave*
Kathryn C. Thornton (civ)
Manley L. Carter, Jr.
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List of U.S. Space Flights with Navy/Marine Corps Pilots/Astronauts Aboard—Continued

Shuttle Flights Date Designation Crew (see notes)

STS-32 9–20 Jan 90 Space Shuttle Columbia Daniel C. Brandenstein
James D. Wetherbee
Marsha S. Ivins (civ)
Bonnie J. Dunbar (civ)
G. David Low (civ)

STS-36 28 Feb–4 Mar 90 Space Shuttle Atlantis John O. Creighton
John H. Casper, USAF
David C. Hilmers, USMC
Richard M. Mullane, USAF
Pierre J. Thuot 

STS-31 24–29 Apr 90 Space Shuttle Discovery Loren J. Shriver, USAF
Charles F. Bolden,Jr., USMC
Bruce McCandless II
Kathryn D. Sullivan
Steven A. Hawley (civ)

STS-41 6–10 Oct 90 Space Shuttle Discovery Richard N. Richards
Robert D. Cabana, USMC
William M. Sheperd**
Bruce E. Melnick, USCG 
Thomas D. Akers, USAF 

STS-38 15–20 Nov 90 Space Shuttle Atlantis Richard O. Covey, USAF
Frank L. Culbertson
Carl J. Meade, USAF
Robert C. Springer, USMC
Charles D. Gemar, USA

STS-35 2–6 Dec 90 Space Shuttle Columbia Vance D. Brand*
Guy S. Gardner, USAF
John M. Lounge*
Robert A. R. Parker (civ)
Jeffrey A. Hoffman (civ)
Ronald A. Parise (civ)+

Samuel T. Durrance (civ)+

STS-37 5–11 Apr 91 Space Shuttle Atlantis Jerry L. Ross, USAF
Steven R. Nagel, USAF
Kenneth D. Cameron, USMC
Jay Apt (civ)
Linda M. Goodwin (civ)

STS-39 28 Apr–6 May 91 Space Shuttle Discovery Richard J. Hieb (civ)
Guion S. Bluford, Jr., USAF
Michael L. Coats
Charles L. Veach, USAF
Donald R. McMonagle, USAF
L. Blaine Hammond,Jr., USAF
Gregory J. Harbaugh (civ)

UNITED STATES NAVAL AVIATION 1910–1995 643



List of U.S. Space Flights with Navy/Marine Corps Pilots/Astronauts Aboard—Continued

Shuttle Flights Date Designation Crew (see notes)

STS-40 5–14 Jun 91 Space Shuttle Columbia Francis A. Gaffney (civ)+

Millie Hughes-Fulford(civ)+

Tamara E. Jernigan (civ)
Sidney M. Gutierrez, USAF
James P. Bagian (civ)
Bryan D. O’Connor, USMC
Margaret Rhea Seddon (civ)

STS-43 2–11 Aug 91 Space Shuttle Atlantis John E. Blaha, USAF
Michael A. Baker
Shannon W. Lucid (civ)
James C. Adamson, USA
G. David Low (civ)

STS-48 12–18 Sep 91 Space Shuttle Discovery James F. Buchli, USMC
John O. Creighton
Charles D. Gemar, USA
Mark N. Brown, USAF
Kenneth S. Reightler, Jr.

STS-44 24 Nov–1 Dec 91 Space Shuttle Atlantis Frederick D. Gregory, USAF
Terence Hendricks, USAF
Franklin Story Musgrave*
Thomas Hennen, USA
Mario Runco, Jr.
James Voss, USA

STS-42 22–30 Jan 92 Space Shuttle Discovery Stephen S. Oswald
William F. Readdy
Roberta L. Bondar (civ)+

Ronald J. Grabe, USAF
David C. Hilmers, USMC
Ulf Merbold (civ)+
Norman E. Thagard*

STS-45 24 Mar–2 Apr 92 Space Shuttle Atlantis Dirk D. Frimount (civ)+

Kathryn D. Sullivan 
Michael Foale (civ)
Charles F. Bolden,Jr., USMC
David C. Leestma
Brian Duffy, USAF
Byron K. Lichtenberg (civ)+

STS-49 7–16 May 92 Space Shuttle Endeavour Kathryn C. Thornton (civ)
Thomas D. Akers, USAF
Kevin P. Chilton, USAF
Richard J. Hieb (civ)
Daniel C. Brandenstein
Bruce E. Melnick, USCG
Pierre J. Thuot
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List of U.S. Space Flights with Navy/Marine Corps Pilots/Astronauts Aboard—Continued

Shuttle Flights Date Designation Crew (see notes)

STS-50 25 Jun–9 Jul 92 Space Shuttle Columbia Richard N. Richards
Ellen S. Baker (civ)
Bonnie J. Dunbar (civ)+

Lawrence J. DeLucas (civ) 
Kenneth D. Bowersox
Eugene H. Trinh (civ)+

Carl J. Meade, USAF

STS-46 31 Jul–8 Aug 92 Space Shuttle Atlantis Franco Malerba (civ)+

Loren J. Shriver, USAF
Claude Nicollier (civ)
Jeffrey A. Hoffman (civ)
Andrew M. Allen, USMC
Marsha S. Ivins (civ)
Franklin R. Chang-Diaz(civ)

STS-47 12–20 Sep 92 Space Shuttle Endeavour Robert Gibson 
Curtis L. Brown, USAF
Mark C. Lee, USAF
Jan N. Davis (civ)
Mae C. Jemison (civ)
Jay Apt (civ)
Mamoru Mohri (civ)+

STS-52 22 Oct–1 Nov 92 Space Shuttle Columbia James D. Wetherbee
Michael A. Baker
Charles L. Veach, USAF
William M. Sheperd**
Tamara E. Jernigan (civ)
Steven MacLean (civ)+

STS-53 2–9 Dec 92 Space Shuttle Discovery David M. Walker
Robert D. Cabana, USMC
Guion S. Bluford,Jr., USAF+

James Voss, USA
Michael Clifford, USA

STS-54 13–19 Jan 93 Space Shuttle Endeavour John H. Casper,USAF
R. McMonagle, USAF
Gregory J. Harbaugh (civ)
Susan J. Helms, USAF 
Mario Runco, Jr.

STS-56 8–17 Apr 93 Space Shuttle Discovery Kenneth D. Cameron, USMC
Stephen S. Oswald
Kenneth Cockrell
Michael Foale (civ)
Ellen Ochoa (civ)
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List of U.S. Space Flights with Navy/Marine Corps Pilots/Astronauts Aboard—Continued

Shuttle Flights Date Designation Crew (see notes)

STS-51 12–22 Sep 93 Space Shuttle Discovery Frank L. Culbertson
William F. Readdy
Daniel W. Bursch
James Newman (civ)
Carl E. Waltz, USAF

STS-61 2–13 Dec 93 Space Shuttle Endeavour Richard O. Covey, USAF
Kenneth D. Bowersox
Thomas D. Akers, USAF
Jeffrey A. Hoffman (civ)
Franklin Story Musgrave*
Claude Nicollier (civ)
Kathryn C. Thornton (civ)

STS-60 3–11 Feb 94 Space Shuttle Discovery Charles F. Bolden, Jr., USMC
Kenneth S. Reightler, Jr.
Franklin R. Chang-Diaz(civ)
Jan N. Davis (civ)
Ronald M. Sega (civ)
Sergey K. Krikalev (Russian)

STS-62 4–18 Mar 94 Space Shuttle Columbia John H. Casper, USAF
Andrew M. Allen, USMC
Pierre J. Thuot
Charles D. Gemar, USAF
Marsha S. Ivins (civ)

STS-65 8–23 Jul 94 Space Shuttle Columbia Robert D. Cabana, USMC
James D. Halsell, Jr., USAF
Carl E. Waltz, USAF
Leroy Chiao (civ)
Richard J. Hieb (civ)
Donald A. Thomas (civ)
Chiaki Maito-Mukai (civ)+

STS-64 9–20 Sep 94 Space Shuttle Discovery Richard N. Richards
L. Blaine Hammond, Jr., USAF
Carl J. Meade, USAF
Mark C. Lee, USAF
Susan J. Helms, USAF
Jerry M. Linenger**

STS-68 30 Sep–11 Oct 94 Space Shuttle Endeavour Michael A. Baker
Terrence W. Willcutt, USMC
Thomas D. Jones (civ)
Steven L. Smith (civ)
Peter J. K. Wisoff (civ)
Daniel W. Bursch
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List of U.S. Space Flights with Navy/Marine Corps Pilots/Astronauts Aboard—Continued

Shuttle Flights Date Designation Crew (see notes)

STS-63 2–11 Feb 95 Space Shuttle Discovery James Weatherbee
Eileen Collins, USAF
Bernard A. Harris,Jr., USAF
Michael Foale (civ)
Vladimir Titov (Russian)
Janice Voss (civ)

STS-67 2–18 Mar 95 Space Shuttle Endeavour Stephen S. Oswald
William G. Gregory, USAF
Wendy B. Lawrence
John M. Grunsfield (civ)
Tamara E. Jernigan (civ)
Samuel T. Durrance (civ)+

Ronald A. Parise (civ)+

STS-71 27 Jun–7 Jul 95 Space Shuttle Atlantis Robert L. Gibson
Charles Precourt, USAF
Ellen S. Baker (civ)
Bonnie J. Dunbar (civ)+

Gregory J. Harbaugh (civ)
Anatoly Solovyev (Russian)
Nikolay Budarin (Russian)

STS-69 7–18 Sep 95 Space Shuttle Endeavour David M. Walker
Kenneth Cockrell
James Voss, USA
James H. Newman (civ)
Michael L. Gernhardt (civ)

STS-73 20 Oct–5 Nov 95 Space Shuttle Columbia Kenneth D. Bowersox
Kent V. Rominger
Kathryn C. Thornton (civ)
Catherine G. Coleman, USAF
Michael E. Lopez-Alegria
Fred Leslie (civ)+

Albert Sacco, Jr. (civ)

STS-74 12–20 Nov 95 Space Shuttle Atlantis Kenneth D. Cameron, USMC
James D. Halsell, USAF
Jerry L. Ross, USAF
William S. McArthur,Jr.,USA
Chris Hadfield (civ)

Notes: All personnel in this flight list are Navy or former Naval personnel unless otherwise indicated. The following marks used along side an individual’s name provides
more amplifying information on that person:
* Naval Aviators, retired or separated from Navy or Marine Corps, assigned to the crew as civilians on space flights.
+ Payload Specialist
++ Passenger
** Navy but not connected with Naval Aviation.
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STS-42 lifts off on 22 January 1992, from the Kennedy Space Center, NASA-KSC-92PC-189.



The official Honorary Naval Aviator Program was initiated in 1949 to honor individuals for certain extraordinary
contributions and/or outstanding performance for service to Naval Aviation. In recognition of their service, an
Honorary Naval Aviator designation is bestowed on the individual with the right to wear the “Wings of Gold”.

The program is managed by the Chief of Naval Operations, Director Air Warfare (previously designated Deputy
Chief of Naval Operations, Air Warfare and Assistant Chief of Naval Operations, Air Warfare). Final approval of the
nomination is made by the Chief of Naval Operations.

The honor designating an individual an Honorary Naval Aviator has not been bestowed lightly. The following
is a list of those individuals who have received the honor:

Number and Name Presented by Date Received Reason

1 CAPT Richard (Dick) Schram, Chief, Naval Air Reserve Oct 1949 “Flying Professor.” Outstanding
(Stunt Pilot) contribution to aviation since the early

1930s.

2 SGT Clifford Iknokinok James H. Smith, Jr. 21 Nov 1955 Rescued 11 Navy men, shot down by Soviet
(Alaskan National Guard) Asst. Secy. Navy MiGs over International waters, Bering

Strait, Alaska.

3 SGT Willis Walunga James H. Smith, Jr. 21 Nov 1955 Same as above.
(Alaskan National Guard) Asst. Secy. Navy

4 Dr. Herman J. Schaefer VADM Robert Goldwaite Jun 1960 As a scientist, made outstanding
(Flight Surgeon Wings) contributions to aerospace research

while at the Naval School of Aviation
Medicine.

5 Dr. Dietrich E. Beischer VADM Robert Goldwaite Jun 1960 Same as above.

6 Mr. F. Trubee Davison VADM Paul H. Ramsey Jul 1966 Organized the 1st Yale Unit in 1916.
(Asst. Secy. of War for Air) DCNO (Air) Served as Asst. Secy. of War for Air for

for 6 years, from late 1920s to 1930s.

7 Mr. Jackie Cooper VADM Bernard M. Stean 10 Jul 1970 Active in Navy’s PAO program, recruiting
(Navy Reserve Commander) Chief, Naval Air Training and promoting since World War II.

8 VADM Hyman C. Rickover VADM Thomas F. Connolly 21 Jul 1970 Vigorously supported Naval Aviation and
DCNO (Air Warfare) achieved great advancements in nuclear 

propulsion for aircraft carriers.

9A LTC Barry R. Butler, USAF VADM Bernard M. Strean 19 Aug 1970 Made significant contributions as 
Chief, Naval Air Training Advanced Training Officer, Naval Air

Training Command. He flew several
hundred hours in Navy aircraft and made
six landings aboard Lexington (CVT 16).
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Number and Name Presented by Date Received Reason

10 Mr. John Warner VADM William D. Houser 14 Oct 1972 Vigorously supported Naval Aviation.
(Secretary of the Navy) DCNO (Air Warfare) Presented at establishment of VF-l and

VF-2 (first F-14 squadrons) at NAS
Miramar.

11 Mr. Robert G. Smith VADM William D. Houser 8 May 1973 Artist, McDonnell Douglas Corp. National
DCNO (Air Warfare) recognition as an outstanding aviation

artist.

12 Mr. George Spangeberg VADM William D. Houser Sep 1975 Recognized for his many years of service
(NAVAIRSYSCOM) DCNO (Air Warfare) as a Navy aircraft designer.

13 Mr. Jay R. Beasley VADM E. C. Waller III 25 Jul 1977 Presented in recognition of 23 years of
Director of Weapons Sys. exceptionally dedicated and valuable
Eva. Grp. for VADM Houser service to Naval Aviation as production

test pilot with Lockheed & P-2/P-3
instructor.

14 Mr. Robert Osborne VADM Frederick C. Turner 21 Jan 1977 Presented for contributions to Naval
DCNO (Air Warfare) Aviation safety; created Dilbert,

Spoiler and Grampaw Pettibone
illustrations.

15 CAPT Virgil J. Lemmon VADM Wesley L. McDonald 23 Feb 1981 “Mr. Naval Aviation Maintenance.”
DCNO (Air Warfare) Awarded for 40 years of distinguished

service to Naval Aviation and the Naval
Aviation Maintenance establishment.

16 ADM Arleigh A. Burke VADM Wesley L. McDonald 13 Oct 1981 Outspoken supporter of Naval Aviation;
DCNO (Air Warfare) made decisions that shaped the Navy’s

air arm as it is known today.

17 GEN James H. Doolittle ADM Thomas B. Hayward 11 Dec 1981 In recognition of many years of support
CNO of military aviation.

18 Mr. Paul E. Garber VADM Edward H. Martin 26 Mar 1985 Made significant contributions to
DCNO (Air Warfare) Naval Aviation spanning the age of

manned powered flight. Including service
in World Wars I and II and impressive
contributions in maintaining the history
of Naval Aviation as the Ramsey Fellow
and Historian Emeritus of the National
Air and Space Museum.

19 Mr. Bob Hope VADM Edward H. Martin 8 May 1986 Presented in recognition of 45 years of
DCNO (Air Warfare) and selfless dedication to the well-being of
the Secretary of the those serving their nation in the Navy,
Navy, Mr. John Lehman Marine Corps, and Coast Guard and for

making remarkable contributions to the
morale of those in Naval Aviation.
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Number and Name Presented by Date Received Reason

20 Mr. Edward H. Heinemann VADM Edward H. Martin 18 Oct 1986 Contributed to major achievements
DCNO (Air Warfare) in the technical development of naval

aircraft and as one of aviation’s most
highly regarded aircraft designers. The
majority of the aircraft he designed
served in Naval Aviation and he has
become known as “Mr. Attack Aviation.” A
man whose professional life has been
dedicated largely to designing a superb
series of carrier-based aircraft.

21 CAPT Robert E. Mitchell, RADM E. D. Conner 25 Jun 1990 Recognized for 43 years of contributions
MC, USN Deputy, CNET in the field of aerospace medicine.

Conducted extensive research in the
Thousand Aviator Program; worked with
the Navy and Marine Corps Vietnam
Prisoners of War (Repatriated); wrote
and published numerous medical papers;
and his operational work as a Naval
Flight Surgeon has helped shape the
course of Naval Aviation.

22 Mr. Harold (Hal) Andrews VADM Richard M. Dunleavy 29 Apr 1991 Outstanding contributions to Naval 
ACNO (Air Warfare) Aviation as a civilian engineer with 30

years of service to the Navy; provided
technical advice and support for the
50th and 75th Naval Aviation anniversary
celebrations; volunteered support to
Naval Aviation News magazine as
Technical Advisor since the 1950s and
his vast knowledge of Naval Aviation
events, both technical and operational,
have contributed to the advancement of
Naval Aviation since his association
with it beginning in World War II.
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Bob Hope is made an Honorary Naval Aviator
during 75th Anniversary celebrations at NAS
Pensacola, Fla. Mrs. Dolores Hope is pinning on
his wings. Vice Admiral Edward H. Martin,
DCNO (Air Warfare), is on the left and Secretary
of the Navy John F. Lehman is on the right.
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The Naval Aviation Hall of Honor at the National Museum of Naval Aviation.

Squadron insignia, past and present, showing squadron designation in the lower scroll.



The Naval Aviation Hall of Honor was established
in 1980 to recognize those individuals who by their
actions or achievements made outstanding contribu-
tions to Naval Aviation. A bronze plaque of the indi-
vidual and their contributions is cast and placed in
Naval Aviation Hall of Honor located in the National
Museum of Naval Aviation at Pensacola, Fla. The first
group to be inducted was in 1981. After 1984,
enshrinement in the Naval Aviation Hall of Honor was
placed on a two year cycle with no more than a maxi-
mum of eight inductees. The selection committee,
consisting of seven to eleven members appointed by
the Chief of Naval Operations, Director Air Warfare, is
responsible for making the final nominatee recom-
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Naval Aviation Hall of Honor

mendations. Final approval is done by the Chief of
Naval Operations.

Personnel eligible for nomination to the Naval Aviation
Hall of Honor include civilian or uniformed individuals
no longer employed by the Federal Government or on
active duty. Criteria for nomination include:

—Sustained superior performance in or for Naval
Aviation.

—Superior contributions in the technical or tacti-
cal development of Naval Aviation.

—Unique and superior flight achievement in com-
bat or non-combat flight operations.

The following is a list of personnel enshrined in the
Naval Aviation Hall of Honor:

Enshrinee Year Enshrined

VADM Patrick N. L. Bellinger, USN 1981
CWO Floyd Bennett, USN 1981
RADM Richard E. Byrd, Jr., USN 1981
LCDR Godfrey deC. Chevalier, USN 1981
LCOL Alfred A. Cunningham, USMC 1981
Mr. Glenn H. Curtiss, Civilian 1981
CDR Theodore G. Ellyson, USN 1981
Mr. Eugene Ely, Civilian 1981
RADM William A. Moffett, USN 1981
RADM Albert C. Read, USN 1981
CAPT Holden C. Richardson, USN 1981
ADM John H. Towers, USN 1981

GEN Roy S. Geiger, USMC 1983
Mr. Glenn Martin, Civilian 1983
ADM Marc A. Mitscher, USN 1983
ADM Arthur W. Radford, USN 1983
VADM Charles E. Rosendahl, USN 1983
CDR Elmer F. Stone, USCG 1983

VADM James H. Flatley, Jr., USN 1984
Mr. Leroy R. Grumman, Civilian 1984
ADM John S. Thach, USN 1984
CAPT Kenneth Whiting, USN 1984

MGEN Marion E. Carl, USMC 1986
FADM William F. Halsey, USN 1986



Enshrinee Year Enshrined

Mr. Edward H. Heinemann, Civilian 1986
RADM David S. Ingalls, USNR 1986
CAPT Donald Bantram MacDiarmid, USCG (Ret) 1986
VADM Robert B. Pirie, USN (Ret) 1986
GSGT Robert G. Robinson, USMCR 1986
VADM Frederick M. Trapnell, USN (Ret) 1986

CAPT Washington I. Chambers, USN 1988
Dr. Jerome C. Hunsaker, Civilian 1988
CAPT David McCampbell, USN (Ret) 1988
GEN Keith B. McCutcheon, USMC (Ret) 1988
ADM Thomas H. Moorer, USN (Ret) 1988
ADM Alfred M. Pride, USN 1988

CAPT Frank A. Erickson, USCG 1990
CAPT Henry C. Mustin, USN 1990
ADM James S. Russell, USN (Ret) 1990
RADM Alan B. Shepard, Jr., USN (Ret) 1990
Mr. Igor I. Sikorsky, Civilian 1990
Mr. George A. Spangenberg, Civilian 1990

VADM Gerald F. Bogan, USN 1992
ADM Austin Kelvin Doyle, USN (Ret) 1992
LT Edward H. O’Hare, USN 1992
VADM William A. Schoech, USN (Ret) 1992
Mr. Lawrence Sperry, Civilian 1992

COL Gregory “Pappy” Boyington, USMC 1994
BGEN Joseph Jacob Foss, ANG (Ret) 1994
CAPT Ashton Graybiel, Medical Corp, USN (Ret) 1994
ADM Frederick H. Michaelis, USN 1994
VADM Apollo Soucek, USN (Ret) 1994

RADM Joseph C. Clifton, USN 1996
Mr. Charles H. Kaman, Civilian 1996
GEN Christian F. Schilt, USMC 1996
ADM Forrest P. Sherman, USN 1996
VADM James B. Stockdale, USN (Ret) 1996
ADM Maurice F. Weisner, USN (Ret) 1996
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artist to record the first transatlantic flight in May 1919,
which was originally planned to be made by four NC
aircraft. (Only one, the NC-4, completed the crossing—
arriving in Plymouth, England, on 31 May.) In a 28
September 1917 letter to Bailey, Banks, and Biddle
Company, he recommended simplifying the wings by
bolder chasing (engraving) and a reduction in the num-
ber of feathers, noting that “most naval ornaments are
too fine and not broad enough in character.” He also
recommended changes in the anchor and rope and the
introduction of a slight curve to conform to the shape
of the body. He summarized his remarks by saying, “My
idea has been to reduce all corners so that there will be
no points which might catch in the clothing.”

Several different designs were proposed and submit-
ted for approval. The sample pins passed through a
number of changes. Bronze, the first metal proposed,
was quickly rejected in favor of a gold and silver com-
bination. This, in turn, was changed to all silver and fi-
nally, in October 1917, all gold was selected. The size
changed from over three inches to the final of 23⁄4
inches. The “U.S.” was dropped from the design and
stars on the shield were proposed and rejected as vio-
lating the laws of heraldry.

By October 1917 the Bailey, Banks, and Biddle
Company took the lead over its competitors and on 24
October submitted its first sample pin. In early
November it submitted other samples and was ready
to make “prompt delivery of such number of devices
as you may desire.” It is believed these various sample
pins added to the confusion regarding the existence of
official Naval Aviator wings. On the final decision to
place an order, the record is obscure but it may have
been a BuNav letter to the Supply Officer at NAS
Pensacola, Fla., dated 21 November 1917, selecting
“the higher priced pin” ($1.15 each). The company
was not named, but it seems fairly certain that it was
Bailey, Banks and Biddle. Its letter to BuNav dated 19
December 1917 confirms a telegram stating: “balance
aviator insignia shipped tomorrow.” 

The first Wings, made by Bailey, Banks, and Biddle
of Philadelphia, Pa., were received by the Navy in

The origin of a distinctive device for Naval Aviators
is somewhat obscure, but the idea was undoubtedly
influenced by outside forces. It appears that the need
for a distinguishing mark was voiced by the aviators
themselves, particularly after Army aviators began
wearing “badges” in 1913. Other influence outside the
naval service also appears to have provided some of
the initial impetus. 

A review of the records indicates a lack of coordina-
tion within the Navy during the process to develop a
Naval Aviation device. The dated correspondence of
the Bureau of Navigation (BuNav) and the Chief of
Naval Operations (CNO) Aviation Section relating to
the “wings” does not coincide with the dated changes
to the Uniform Regulations. The change to the
Uniform Regulations that first identified the new
“wings” was issued before the CNO’s Aviation Section
and BuNav had agreed upon a final design. Several
separate evolutions occurred in 1917.

A 29 June 1917 letter from the G. F. Hemsley Co.,
stating that the sender “takes the liberty” of forwarding
a design for an aviation cap and collar ornament, may
well have started official action. The first official corre-
spondence on the subject appears to have been a
CNO letter to BuNav dated 19 July 1917. This letter,
which forwarded a suggestion from the G. F. Hemsley
Co. for aviator cap and collar ornaments, rejected the
ornaments but went on to say that since foreign coun-
tries and the U.S. Army had adopted an aviation de-
vice, Naval Aviators also should be given “some form
of mark or badge to indicate their qualification, in
order that they have standing with other aviation ser-
vices.” The letter, prepared in the Aviation Section of
CNO, enclosed a representative design for wings.
From that date, the subject was kept alive by the ex-
change of correspondence concerning the design and
production of the insignia by interested firms. 

Lieutenant Commander John H. Towers, assigned to
the aviation desk under CNO, requested the assistance
of Lieutenant Henry Reuterdahl in designing the Naval
Aviator wings. Reuterdahl played an important part in
the design development. He was later assigned as an
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December 1917 and issued early in the following year.
The fact that the first pins were delivered in this
month is also confirmed in a 26 December letter from
BuNav to NAS Pensacola reporting that the new pins
had been received and “will be sent out as soon as
they can be engraved to show the Aviator’s number,
his name and branch of service.” The Bureau asked
the jeweler not to sell the wings to individuals.

The requirement to engrave the aviator’s number
posed a problem concerning the precedence list of
trained naval aviators. This was solved by the prepara-
tion of an aviators’ precedence list, covering numbers
1 through 282, by the CNO Aviation Section. Thus, the
development of wings was responsible for the first
precedence list and, in addition, was a factor in the
later assignment of fractional numbers to many avia-
tors omitted from this first compilation. 

When forwarded to BuNav on 19 January 1918, dis-
tribution of the first wings could begin. After almost
eight years of Naval Aviation and nine months of war,
Naval Aviators had wings—a badge of qualification that
would set them apart. It seems likely that Commander
Towers, senior Naval Aviator in Washington at the time,
was an early—if not the earliest—recipient. The en-
graving of the individual’s name, Naval Aviator num-
ber, and branch of service was discontinued sometime
during World War I.

The official approval for Naval Aviator wings was
announced before a final design had been agreed
upon. On 7 September 1917, the Secretary of the Navy
approved Change 12 to the 1913 Uniform Regulations.
The pertinent portion read: “A Naval Aviator’s device,
a winged foul anchor with the letters ‘U.S.’, is hereby
adopted to be worn by qualified Naval Aviators. This
device will be issued by the Bureau of Navigation
(BuNav) to officers and men of the Navy and Marine
Corps who qualify as Naval Aviators, and will be worn
on the left breast.” 

However, before any such wings were issued, the
design was modified by Change 14, approved 12
October 1917 and issued in BuNav Circular Letter 40-
17 of 20 November 1917: “The device for Naval
Aviators will be a winged foul anchor, but the letters
‘U.S.’ given in Change in Uniform Regulations No. 12,
have been omitted.” Several other changes to the 1913
Uniform Regulations occurred regarding the Naval

Aviator wings before the design was finalized. Uniform
Regulations, Change Number 18 of 1 April 1918, states
“Naval Aviator’s Device-Device for naval aviators will
be a winged foul anchor, to be worn by qualified
naval aviators. This device will be issued . . . and worn
on the left breast.” Change number 20 (undated) has
the following pertinent information: “Chapter 10 and
changes 11, 12, 14, 16, and 18 of Uniform Regulations,
1913, are annulled and in lieu thereof this chapter is
substituted: NAVAL AVIATOR’S DEVICE-Device for
naval aviators will be a winged foul anchor, to be
worn by qualified naval aviators. This device will be
issued by the Bureau of Navigation to officers and
men of the Navy and Marine Corps who qualify as
naval aviators, and will be worn on the left breast.”
Another modification to the 1913 Uniform Regulation
was made by Change 29, dated 13 May 1920. In
Article 262, under “Naval Aviator’s Device” the title of
the paragraph was changed to read “Naval Aviation
Insignia” and the first sentence read: “Insignia to be
worn by qualified naval aviators and by warrant offi-
cers and enlisted men holding certificate of qualifica-
tion as naval aviation pilots, is a winged foul anchor.”

The 1922 Uniform Regulations, approved on 20
September 1922, described the Naval Aviator wing de-
sign in more detail: “A gold embroidered or bronze
gold-plated metal pin, winged, foul anchor surcharged
with a shield 1⁄2 inch in height, 23⁄4 inches from tip to tip
of wings; length of foul anchor 1 inch.” Except for a
reduction in the length of the foul anchor from 1 to 7⁄8
inch, made by Change 1 to the above Regulations, and
an elaboration of the description in 1951 which added
dimensions for the shield (7⁄16 inch high and at its
widest point) and for the width of the anchor (11⁄16 inch
at the flukes and 7⁄16 at the stock), the original design
has changed very little since 1922.

The design pictured below was published by the Air
Service Journal on 27 September 1917. A short article
in the Journal identified it as a Naval Aviator’s Device
of gold and silver metal as described by a Change in
Uniform Regulations No. 10. It is believed the article
may have been referring to Change 12 in the Uniform
Regulations which was issued on 7 September 1917.
This published design, most likely an artist rendition,
also failed to take into account the shield.
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This design, published in the Air Service Journal, was
never issued as the Naval Aviator wing insignia.



During World War II Naval Aviator wings began
showing a series of dots, or circles in the upper-part of
the design where the wings break. The original design
shows these as small feathers, not dots or circles. 

The photograph below is of the original design au-
thorized by Change 14 of the 1913 Uniform
Regulations, approved 12 October 1917, and quoted
in BuNav Circular Letter 40-17 of 20 November 1917.
This is the officially approved design made by Bailey,
Banks and Biddle and issued to Naval Aviators in
early 1918.
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This contemporary artist rendition was never issued as the Naval
Aviator wing insignia.

Original wings issued to Naval Aviators.

The following photographs trace the evolution of
the Naval Aviator wings during the 1920s, 1930s and
early 1940s:

This photograph shows the highly detailed design used during the
1920s and 1930s.

This photograph shows a curved shield design used in the 1930s and
1940s.

This photograph shows the wing design, in gold or a gold finish, that
has been the standard design since the 1950s.

On most of the Naval Aviator wings there is a small
dot or circle on one of the anchor flues. That design
is part of the normal structure of an anchor and is
called a becket. A becket is an eye with a line at-
tached used for securing the anchor to the side of the
ship to keep it from moving when the ship is under-
way.

This photograph shows the dots or circles in the upper-part of wing.

Aircrew (Air Crew)/Combat Aircrew 
Wing Insignia 

During World War II a new aviation breast insignia
was designed in response to numerous recommenda-
tions from the Fleet to recognize the job done by en-
listed aircrew personnel flying in combat. In a Navy
Department press release of 18 May 1943, the new Air
Crew Insignia was described as follows: “The Air Crew
insignia consists of silver wings with a center disk sur-
charged with fouled anchor. Below the disk is a scroll
with the legend ‘Air Crew,’ and above it is a bar on
which gold stars can be placed.”

The Bureau of Naval Personnel (BuPers) Circular
Letter Number 90-43 of 29 May 1943 announced the
approval of an Air Crew Insignia, recognizing the air-
fighting ability of flight crews. The insignia was in-
tended primarily for enlisted ratings in the flight crews
of naval aircraft. However, any commissioned or war-
rant officer, other than pilots or designated naval avia-
tion observers, who met the qualification require-

The following artist rendition is most likely the de-
sign referenced in Change 12 of Uniform Regulations,
1913, and issued on 7 September 1917.



ments, were eligible to wear the insignia. The initial
requirements for insignia were:

a. Having served, subsequent to 7 December 1941,
for a total of three months as a regularly assigned
member of the Air Crew of a combatant craft.

(1) “Combat aircraft” shall be considered as all
operating aircraft of the Fleet or Frontier
Forces, and excepts utility aircraft which are
neither designed nor fitted out for offensive
(or defensive) operations.

(2) The term “regularly assigned member of the
Air Crew” shall be interpreted literally, and
shall be substantiated by the battle station bill
of the unit, under such instructions that may
be approved and promulgated by the Bureau
of Naval Personnel.

b. Having suffered injuries or other physical impair-
ment, while engaged in combatant operations since 7
December 1941, as a regularly assigned member of a
combatant aircraft, which precludes the possibility of
fulfillment of the time requirements, stated in subpara-
graph (a) above, and is recommended by the
Commanding Officer of the Unit in which injury or
physical impairment was received.

c. Individual combat stars will be authorized by Unit
Commanders, in conformance with instructions issued
by Commander-in-Chief, United States Fleet, to those
members of Air Crews who:

(1) Engage enemy aircraft, singly or in formation.
(2) Engage armed enemy combatant vessels with

bombs, torpedoes, or machine guns.
(3) Engage in bombing offensive operations

against enemy fortified positions.
(4) A maximum of three combat stars shall be

awarded for display on the Air Crew Insignia;
combat actions reports in excess of three will
be credited only in the record of the individ-
ual concerned.

d. Personnel qualified by provisions of subpara-
graphs (a) and (b) above may wear the Air Crew
Insignia permanently.

The above set of requirements for qualification to
wear the Air Crew Insignia were modified several
times. BuPers Circular Letter Numbers 173-43 of 8
September 1943, 22-44 of 29 January 1944 and 174-44
of 16 June 1944 all make modifications to the qualifi-
cations but do not give a detailed description of the
insignia. 

BuPers Circular Letter Number 395-44, dated 30
December 1944, provided a comprehensive descrip-
tion of the Aircrew Insignia: “The Aircrew Insignia is a
silver-plated or silver-color, winged, metal, pin, with
gold-color circular shield with surcharged foul anchor,
superimposed on wing roots, with words “AIRCREW”
below circular shield; a silver-color bar over the circu-

lar shield with three threaded holes to receive three
gold-color combat stars when officially awarded. The
insignia will measure two inches from tip to tip of the
wings: circle on shield 5⁄160; total depth of the shield
from the top of the circle to the bottom of the shield
9⁄160. The Uniform Regulations of 2 May 1947 provided
the following description of the Aircrew wings: “A sil-
ver-plated or silver color, winged, metal pin, with gold
circular shield surcharged with foul anchor, superim-
posed on wing roots, with word ‘AIRCREW’ in raised
letters on a silver-color background below the circular
shield; above the shield there shall be a silver-color
scroll; the insignia to measure 20 from tip to tip of the
wings; circle on shield 5⁄160 in diameter; total height of
the shield and silver background beneath the shield
9⁄160. The scroll shall be 1⁄80 wide and 3⁄40 long and shall
be centered over the wings. Gold stars to a total of
three, as merited, shall be mounted on the scroll, nec-
essary holes being pierced to receive them. A silver
star may be worn in lieu of three gold stars.”
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This line drawing depicts an early Aircrew Insignia that was pub-
lished in the Naval Aviation News magazine in April 1943. It shows
the breast insignia without the stars.

In 1958 there was a major change in the Aircrew
Insignia. On 10 April 1958 Change 5 to the 1951
Uniform Regulations was issued. The name Aircrew or
Air Crew Insignia was redesignated Combat Aircrew
Insignia. Besides the redesignation, there were a few
minor changes to the breast insignia. The new descrip-
tion of the Combat Aircrew Insignia read: “A silver
color, metal pin; winged, with gold color circular
shield surcharged with a foul anchor, superimposed
on wing roots; with word ‘AIRCREW’ in raised letters
on a silver background below the shield. Above the
shield there shall be a silver color scroll. The insignia
shall measure 20 from tip to tip of wings; the circular
shield shall be 3⁄80 in diameter; height of anchor 1⁄40
with other dimensions proportionate; total height of
shield and silver background beneath 9⁄160; the scroll
shall be 3⁄40 long and 1⁄40 wide; centered over the
shield, each end to rest on top of wings. Gold stars of
a size to be inscribed in a circle 1⁄80 in diameter, to a
total of three, as merited, shall be mounted on the
scroll, necessary holes being pierced to receive them.



Insignia in 1958 and until 1965, the insignia could only
be worn by qualified personnel serving in an aircrew
position. If an individual was assigned to a shore billet
and not involved in aircrew duties, then they were not
authorized to wear the insignia. Under the new guid-
ance, a person who qualified to wear the Aircrew
Insignia could continue to wear the breast device at
anytime during their military service or unless the per-
son was disqualified for aircrew duty. 

Naval Aviation Experimental Psychologists
and Naval Aviation Physiologists Wings 
On 12 April 1967, the Under Secretary of the Navy

approved a change to the Navy Uniform Regulations
that authorized a new wing insignia for Aviation
Experimental Psychologists and Aviation Physiologists.
In February 1966, Aviation Experimental Psychologists
and Aviation Physiologists were designated as crew
members and ordered to duty involving flying. These
individuals were assigned to duties such as in-flight
analysis of human performance in fleet and training
operations covering a myriad of weapons systems and
tactics, providing extensive training for all aircrew
personnel in airborne protective equipment and
egress systems, and test and evaluation of new and
improved aircraft systems.

The gold wings of the Naval Aviation Experimental
Psychologists and Naval Aviation Physiologists are
similar to those worn by Flight Surgeons, except the
gold oak leaf does not have the acorn. The photo
below shows the wings of the Naval Aviation
Experimental Psychologists and Naval Aviation
Physiologists.

A silver star may be worn in lieu of three gold stars.”
Following the 1958 redesignation of the Air Crew in-
signia to Combat Aircrew Insignia, the Navy continued
to allow the wearing of the redesignated Combat
Aircrew Insignia for those Navy individuals who had
previously been authorized to wear the device.
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The Combat Aircrew Insignia as depicted in the post-1958 time frame.

With the establishment of a separate Aircrew Wing
insignia the Navy no longer awarded or issued the
Combat Aircrew Wing Insignia. The 1978 U.S. Navy
Uniform Regulations removed the Combat Aircrew
insignia from the authorized list of aviation breast in-
signia. However, the Marine Corps continued to use
the Combat Aircrew Insignia and awarded the wings
to personnel who met the qualification requirements.

A Bureau of Naval Personnel Memorandum, ap-
proved by Chief of Naval Operations on 7 November
1994, authorized Navy personnel, who flew as air-
crew with Marine Corps units in combat, to wear the
Combat Aircrew wings. However, the Combat
Aircrew wings are not authorized for Navy personnel
flying in combat aboard Navy aircraft. They are only
authorized to wear the Aircrew wings. The appropri-
ate change was made to the Navy Uniform
Regulations.

Aircrew Insignia Wings
Change 5 to the 1951 Uniform Regulations, dated

10 April 1958, redesignated the Aircrew Insignia to
Combat Aircrew Insignia and also established a new
Aircrew Insignia. The new Aircrew Insignia was pat-
terned along the basic lines of the Naval Aviation
Observer insignia. Description for the new Aircrew in-
signia was: “Shall be a gold color metal pin; winged,
with a circular center design and anchor upon which
the block letters AC are superimposed. Width be-
tween tips of wings shall be 23⁄40; circle diameter shall
be 3⁄40; height of anchor shall be 1⁄20 with other dimen-
sion proportionate.”

On 11 August 1965, BuPers Notice 1020 authorized
the wearing of the Aircrew Breast Insignia on a per-
manent basis. From the establishment of the Aircrew

The Aircrew Insignia approved in 1958.

Photograph of Naval Aviation Experimental Psychologists and
Physiologists Wings.



Naval Aviation Supply Wings 
Plans began in 1982 for the establishment of a Naval

Aviation Supply Officer Program and the authorization
for a breast insignia for qualifying Supply Corps offi-
cers. On 8 May 1984, during the 73rd annual Aviation
Ball, the first Naval Aviation Supply wings were pre-
sented by Vice Admiral Robert F. Schoultz, Deputy
Chief of Naval Operations (Air Warfare), to Vice
Admiral Eugene A. Grinstead, Jr., SC, USN; Rear
Admiral Andrew A. Giordano, SC, USN (Ret); and
Commodore John H. Ruehlin, SC, USN, Commanding
Officer, Aviation Supply Office, Philadelphia, Pa. 

Officers qualified to wear the Naval Aviation Supply
wings must complete a demanding qualification pro-
gram which required approximately 350 hours of
study and practical experience. They must also pass
an oral examination administered by supply and avia-
tion maintenance officers at their operating sites.

The Naval Aviation Supply wings consist of the tra-
ditional Naval Aviator wing style with an oak leaf clus-
ter in the center. The photograph below is a line
drawing depicting the wings.

Balloon Pilot Wing Insignia
The exact date the Balloon Pilot wing device was

approved is not clear. However, the description of the
wing first appeared in the 1922 Uniform Regulations
of 20 September 1922. In this Uniform Regulation the
following statement appears: “Enlisted men holding
certificates of qualification as balloon pilots shall wear
the same insignia as in paragraph (a) but with the
right wing removed.” Paragraph (a) was a description
of the Naval Aviator wings. There were no changes
between 1922 and 1947. In the 1947 Uniform
Regulations of 2 May 1947, the words “Enlisted men”
are replaced by “Persons” in the above statement. The
1978 U.S. Navy Uniform Regulations removed the
Balloon Pilot insignia from the authorized list of avia-
tion breast insignia.
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A line drawing of the Naval Aviation Supply Wings.

Enlisted Aviation Warfare 
Specialist Wings

In order to recognize enlisted personnel serving in
Naval Aviation who were not aircrew members, a new
program and set of wings was established. The
Operational Navy Instruction (OPNAVINST) 1412.5 of
19 March 1980 established the Enlisted Aviation
Warfare Qualification Program and the new wing in-
signia. The Enlisted Aviation Warfare Specialist wings
are issued to enlisted personnel who acquired the spe-
cific professional skills, knowledge, and military expe-
rience that resulted in unique qualification for service
in the aviation activities of the Navy.

The 1981 Uniform Regulations described the
Aviation Warfare wings as follows: “A silver embroi-
dered or silver color metal pin (for enlisted); winged,
with a central device consisting of a shield with an an-
chor superimposed thereon and a scroll at the bottom
of the insignia.”

Photograph of Naval Enlisted Aviation Warfare Specialist Wings.

This photograph shows the Balloon Pilot Wings used between  1922
and 1978.

Flight Nurse Wing Insignia
A BuPers Circular Letter Number 86-45 of 30 March

1945 announced the Secretary of the Navy had ap-
proved an insignia for naval flight nurses on 15 March
1945. The change to the 1941 Uniform Regulations
read as follows: “Aviation Insignia, Naval Flight
Nurses—Nurses who have been designated as Naval
Flight Nurses shall wear the following insignia: Gold-
plated metal pin, wings, with slightly convex oval crest
with appropriate embossed rounded edge and scroll.
The central device shall be surcharged with gold an-
chor, gold spread oak leaf and silver acorn, symbol of
the Nurse Corps insignia. The insignia shall measure 20
from tip to tip of the wings; oval crest 9⁄160 in vertical



symbol of Medical Corps insignia. The metal pin
shall be of dull finish. Dimensions: 23⁄4 inches be-
tween wing tips, central device 1 inch in vertical di-
mension to lower edge of fringe. Lateral width of
oval crest, 3⁄4 inch. Oak leaf 7⁄8 inch in length, 9⁄16 inch
in width, to be vertically mounted surcharged on
oval. Silver acorn 3⁄8 inch in length surmounted on
oak leaf.” A Navy Press Release issued a few days
earlier, on 27 July 1942, gave the following descrip-
tion: “It will consist of wings which are a modifica-
tion of the Perian Feroher with a central design con-
sisting of convex oval crest with appropriate scroll
and rounded edge. The central device is to be sur-
charged with the gold leaf and silver acorn that
serves as the Medical Corps symbol.”

dimension and 7⁄160 in width; oak leaf 13⁄320 in length, 7⁄320
in width, to be diagonally mounted surcharged on the
anchor; silver acorn 1⁄80 in length surmounted on oak
leaf.” The insignia described above was to be worn
until the designation “Flight Nurse” was revoked.

On 11 August 1952, the Secretary of the Navy ap-

UNITED STATES NAVAL AVIATION 1910–1995 661

This photograph shows the Flight Nurse Wings as approved in 1945.

proved a revision to the Flight Nurse Insignia. The
BuPers Change Memo 1-2 of 6 February 1953 de-
scribed the new Flight Nurse Insignia as: “The insignia
shall consist of a gold color metal pin of the same de-
sign as that prescribed for Flight Surgeons . . . except
that the acorn shall be omitted, and the width be-
tween wing tips shall be 20; oval width 15⁄320 vertical
and 5⁄160 horizontal axis; thickness at leaf center, 1⁄8.0

This line drawing depicts the Flight Nurse Wing Insignia that was ap-
proved in 1952.

Flight Surgeon Wing Insignia
On 18 May 1942, the Chief of Naval Personnel ap-

proved an insignia for Naval Flight Surgeons. A
BuPers Circular Letter Number 107-42 of 29 July
1942 announced changes to the 1941 Uniform
Regulations. These changes, as approved by the
Secretary of the Navy, included the establishment of
the new Flight Surgeon wings. The change to the
Uniform Regulations read as follows: “Officers of the
Medical Corps who have qualified as Naval Flight
Surgeons shall wear the following insignia on the
left breast: A gold plated metal pin, winged, with
slightly convex oval crest, with appropriate em-
bossed rounded edge and scroll. The central device
to be surcharged with gold oak leaf and silver acorn,

This line drawing depicts the Flight Surgeon Wings approved in 1942.

On 11 August 1952, the Secretary of the Navy ap-
proved a major revision to the Flight Surgeon wings.
The new design superimposed the Medical Corps de-
vice (gold oak leaf and silver acorn) on the style of
wings used for the Naval Aviator wing insignia.
BuPers Memo 1-2 of 6 February 1953 and the change
to the 1951 Uniform Regulations describes the new
design for Flight Surgeon wings as follows: “A gold
embroidered or gold color metal pin; winged; with an
oval center design upon which the Medical Corps de-
vice (a gold oak leaf and silver acorn) is superim-
posed. Width between tips of wings shall be 23⁄40; oval
with 5⁄80 vertical and 13⁄320 horizontal axis; thickness
with acorn 3⁄160; acorn and cup 7⁄320 long; acorn width
1⁄80; cup depth 11⁄160; cup width 11⁄640.”

This photograph shows the Flight Surgeon Wings that were approved
in 1952.



Naval Astronaut (Naval Flight Officer)
Wings

The 1984 Uniform Regulations, issued on 6 February
1984, authorized the wearing of the new Naval
Astronaut (Naval Flight Officer) wings. The regulations
described the wings as follows: “Naval Astronaut
(NFO) Insignia. A gold embroidered or solid gold
metal pin; winged and containing a shooting star with
an elliptical ring surrounding the trailing shafts; super-
imposed diagonally from bottom right to top left, on
the shield of the traditional Naval Flight Officer’s
Wings.”

A Naval Flight Officer or an active duty officer quali-
fied as a Naval Astronaut (Specialist), who is not a
Navy pilot or NFO, may wear the Naval Astronaut
(NFO) Wings if they are designated by the CNO or
Commandant of the Marine Corps after meeting the
following qualifications:

a. Currently on flying status as a Naval Flight Officer
or a payload specialist as a shuttle astronaut (but not
qualified as a Navy Pilot or NFO) in either the Navy,
Marine Corps, or their Reserve components.

b. Trained, qualified, and certified to fly as a mission
or payload specialist in powered vehicles designed for
flight above 50 miles from the earth’s surface.

c. Have completed a minimum of one flight as a mis-
sion or payload specialist aboard an extraterrestrial vehi-
cle in a flight above 50 miles from the earth’s surface.

Naval Pilot may wear the Naval Astronaut (Pilot)
wings upon designation by the CNO or Commandant
of the Marine Corps after meeting the following
qualifications:

a. Currently on flying status as a Naval Pilot in either
the Navy, Marine Corps, or their Reserve components.

b. Trained, qualified, and certified to fly a powered
vehicle designed for flight above 50 miles from the
earth’s surface.

c. Completed a minimum of one flight as a pilot or
mission specialist aboard an extraterrestrial vehicle in
a flight above 50 miles from the earth’s surface.
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The line drawing shows the Naval Astronaut (NFO) Wings.

Naval Astronaut (Pilot) Wings
The Navy’s first Naval Astronaut (Pilot) wings were

presented to Commander Alan B. Shepard, Jr., on 6
December 1961 by the Chief of Naval Operations
Admiral George W. Anderson. On 18 December 1962,
the Secretary of the Navy officially approved the
Uniform Board’s recommendation to include a de-
scription and photograph of the Naval Astronaut wing
insignia in the 1959 Uniform Regulations. The Naval
Astronaut (Pilot) wings are identical to the Navy Pilot
wings with the addition of a shooting star superim-
posed over the shield. The shooting star symbolized
the astronaut’s spatial environment.

The Naval Military Personnel Manual states the cri-
teria for designation as a Naval Astronaut (Pilot). A

The line drawing is the first Naval Aviation Observer Wing Insignia.
It was used by the Navy from 1922 to January 1927.

The photograph shows the Naval Astronaut (Pilot) Wings that were
first presented in 1961.

Naval Aviation Observer Wings
The Naval Aviation Observer (NAO) designation had

its origin in an act of Congress on 12 July 1921, which
created the Bureau of Aeronautics and provided that
its chief qualify within one year of his appointment as
an “aircraft pilot or observer.” The functions and quali-
fications for an observer were first defined on 27
March 1922; on 17 June of the same year, Rear
Admiral William A. Moffett became the first to qualify
for the designation as a Naval Aviation Observer.

The 1922 Uniform Regulations, approved 20
September, provided that officers designated as Naval
Aviation Observer wear the same insignia as that worn
by Naval Aviators, except with the right wing and
shield removed and an “O” superimposed on the foul
anchor.



an O circumscribing an erect, plain anchor, both in
silver; the O and the anchor to be in bold relief, the
center of the O being filled with gold. The insignia
shall measure 23⁄40 between wing tips; outer diameter
of O shall be 3⁄40; inner diameter of O shall be 9⁄160;
height of anchor shall be 1⁄20 with other dimensions
proportionate.” 

In the 1950s and 1960s, the Naval Aviation Observer
wings were worn by officers who were Radar
Intercept Operators (RIOs), Bombardier/Navigators
(BNs), and Airborne Electronic Countermeasures
Operators (AECMs). They were also worn by enlisted
personnel who were qualified Navigators, Airborne
Electronic Countermeasures Operators, Airborne Radio
Operators, VG Jet Aircraft Flight Engineers and quali-
fied Observers.

On 18 July 1968, the CNO approved a new qualifi-
cation breast insignia for Navy and Marine Corps per-
sonnel designated as Naval Flight Officers (NFOs).
BuPers Notice 1020 of 24 August 1968 issued the
change to the Uniform Regulations (NavPers 15665)
for the new Naval Flight Officer wings: “This new in-
signia will replace the Naval Aviation Observer in-
signia currently worn by Naval Flight Officers and will
be authorized for wear upon source availability. The
Naval Aviation Observer insignia will become obsolete
after 31 December 1968.” This ended the old Naval
Aviation Observer wings for a short period of time.
However, they were destined for continued use by
Naval Aviation.

Naval Aviation Observer and Flight
Meteorologist Wings

On 21 May 1969, the CNO approved the use of the
Naval Aviation Observer wings for wear by Flight
Meteorologists and for those officers formerly entitled
but not selected as Naval Flight Officers. This change
was incorporated into the 1959 Uniform Regulations
by Bureau of Personnel Notice 1020 of 16 June 1969. 

The 1969 Uniform Regulations, issued on 17
October 1969, did not mention the Flight
Meteorologist insignia. However, the 1975 Uniform
Regulations, which replaced the 1969 edition, listed

A 26 January 1927 change to the 1922 Uniform
Regulations (Change Number 3) modified the Naval
Aviation Observer design and changed it to the same
insignia worn by Naval Aviators except that it was to
be in silver. 
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Between January 1927 and October 1929 the design of Naval
Aviation Observer Wings was the same as Naval Aviator Wings ex-
cept the observer wings were silver, not gold like the Naval Aviator.

Bureau of Navigation Circular Letter 71-29 of 19
October 1929 (Change Number 7 to the 1922 Uniform
Regulations) directed another change to the Naval
Aviation Observer wings. This letter described the new
design as: “...an insignia the same as for naval aviators
as to gold wings, but that the central device shall be
an ‘O’ circumscribing an erect plain anchor, both in
silver. The ‘O’ and anchor to be in bold relief, the cen-
ter of the ‘O’ being filled in gold.” The 1941 Uniform
Regulations, of 31 May 1941, repeated the previous
description and added dimensions as follows:
“. . . outer diameter of ‘O’ shall be 3⁄4 inch, inner diame-
ter 9⁄16  inch. Height of anchor shall be 1⁄2 inch.” 

This photograph of Naval Aviation Observer Wings is the type that
has been used by the Navy between 1929 to 1968.

The Naval Aviation Observer wings made the same
transition that occurred to the Naval Aviator wings
during World War II. A change to the 1951 Uniform
Regulations, issued on 6 February 1953 as BuPers
Change Memorandum 1-2, directed the wing style
used by the Naval Aviator breast insignia be adopted
for the Naval Aviation Observer insignia. Hence, the
series of dots, or circles were incorporated into the
upper-part of the design where the wings break. 

The following is a detailed description of the Naval
Aviation Observer wings from the Uniform Regulations
of 6 April 1959: “A gold embroidered or gold color
metal pin, winged, with a central device consisting of

The Naval Aviation Observer Wings showing the dots in the upper-
part of the wing.



the Naval Aviation Observers and Flight Meteorologist
wings. The 1975 regulations states: “Naval Aviation
Observer and Flight Meteorologist Insignia. A gold em-
broidered or gold color metal pin; winged, with a cen-
tral device consisting of an O circumscribing an erect,
plan anchor, both in silver; the O and the anchor to be
in bold relief, the center of the O being filled with
gold. The embroidered device shall be on a back-
ground to match the color of the uniform on which
worn.”

Qualifications to wear the Naval Aviation Observer
wings, the second oldest wings in the Navy, are out-
lined in the Naval Military Personnel Manual. Although
not aeronautically designated, the following types of
officers are authorized to wear NAO wings upon initial
qualification: Flight Meteorology and Oceanography
Officer; Special Evaluator (officers and warrant officers
from the cryptologic community); Aviation Operations
Limited Duty Officer (632X); Aviation Operations
Technicain Warrant Officer (732X); and other officers
assigned by the Chief of Naval Personnel to duty in-
volving flying as technical observers and airborne
command post crew members.

The Marine Corps authorized the use of the old
Naval Aviation Observer wings for personnel complet-
ing the Naval Aviation Observer School at Marine
Corps Air Station New River. Qualified aerial observers
were to provide commanders with information of in-
telligence value not readily available from normal
ground sources regarding enemy forces; procure infor-
mation concerning terrain, and to supplement opera-
tional information of friendly forces; direct supporting
fires for ground forces to include artillery, naval gun-
fire, and close air support; to perform utility and liai-
son missions as directed from an observation aircraft
and to advise commanders of ground units on matters
pertaining to aerial observation. 

See the section on Naval Aviation Observer Wings
for a photograph of the device.

Naval Aviation Observer (Navigation)
Wings

BuPers Circular Letter 88-45 of 31 March 1945 an-
nounced the Secretary of the Navy had approved an
insignia for Naval Aviation Observers (Navigation) on
30 March 1945. It revised the 1941 Uniform
Regulations by adding the following: “Officers desig-
nated as Naval Aviation Observers (Navigation) by the
Chief of Naval Personnel shall wear the following in-
signia: A gold-embroidered or bronze gold-plated
metal pin, winged, with silver center device superim-
posed upon crossed gold-color foul anchors. The cen-
terpiece shall have superimposed upon it, in bold re-
lief and in gold color, one gold disc with eight

intercardinal points of the compass; superimposed
upon this gold disc will be a second disc, in bold re-
lief and in gold color, with four cardinal points and
four intercardinal points of the compass. The insignia
shall measure 23⁄40 from tip to tip of wings; silver cen-
ter device shall be approximately 15⁄320 in diameter;
crossed foul anchors shall be of a size to be inscribed
in a circle 3⁄40 in diameter; the inner gold disc shall be
approximately 1⁄80 in diameter, and the outer gold disc
shall be approximately 1⁄40 in diameter. Naval Aviators
and Naval Aviation Observers will not wear the Naval
Aviation Observer (Navigation) insignia.”

A Bureau of Naval Personnel letter dated 18 March
1947 abolished the Naval Aviation Observer
(Navigation) insignia and authorized all officers desig-
nated as Naval Aviation Observer (Navigation) to wear
the same insignia as that worn by Naval Aviation
Observers.
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The photo shows the Naval Aviation Observer (Navigation) Wing in-
signia used by the Navy for the period 1945–1947.

Naval Aviation Observers (Radar) 
Wings

The Secretary of the Navy approved the Naval
Aviation Observer (Radar) insignia on 29 August 1945.
BuPers Circular Letter Number 313-45 of 17 October
1945 announced the insignia and a subsequent change
was made to the 1941 Uniform Regulations. The letter
described the wings as follows: “Naval Aviation
Observers (Radar) shall wear a gold embroidered or
bronze gold-platted metal pin, winged, with silver cen-
ter device superimposed upon crossed gold-color foul
anchors. The center piece shall have superimposed
upon it, in bold relief and in gold color, a symbolic
radar manifestation. The insignia shall measure 23⁄40
from tip to tip of wings; silver center device shall be
approximately 15⁄320 in diameter; crossed foul anchors
shall be of a size to be inscribed in a circle 3⁄40 in diam-
eter. Naval Aviation Observers (Radar) shall not wear
any other aviation breast insignia.” 

A Bureau of Naval Personnel letter dated 18 March
1947 abolished the Naval Aviation Observers (Radar)
insignia, and authorized all officers designated as
Naval Aviation Observers (Radar) to wear the same in-
signia prescribed for Naval Aviation Observers.



Naval Aviation Observer (Aerology) 
BuPers Circular Letter Number 87-47 of 15 May 1947

established the designation Naval Aviation Observer
(Aerology). Besides establishing the qualifications nec-
essary to be designated a Naval Aviation Observer
(Aerology), the circular letter also stated the following:
“Officers designated naval aviation observers (aerol-
ogy) by the Chief of Naval Personnel will be autho-
rized to wear the insignia already established for naval
aviation observers . . . ” BuPers letter (Pers-329-MEB
A2-3) of 24 February 1948 issued Change 1 to the 1947
Uniform Regulations and states: “Naval Aviation
Observer Insignia. Officers who have been designated
as naval aviation observers, Naval Aviation Observers
(Aerology), Naval Aviation Observers (Navigation),
Naval Aviation Observers (Radar), or Naval Aviation
Observers (Tactical) by the Chief of Naval Personnel
shall wear the following insignia: A gold embroidered
or bronze gold-plated metal pin, winged, with a cen-
tral device consisting of an “O” circumscribing an
erect, plan anchor, both in silver; the “O” and the an-
chor to be in bold relief, the center of the “O” being
filled with gold. The insignia shall measure 23⁄40 be-
tween wing tips; the outer diameter of the “O” shall be
3⁄40, the inner diameter 9⁄160; height of anchor shall be
1⁄20. The embroidered device shall be on a background
to match the color of the uniform.” See the Naval
Aviation Observer Wing section for a photograph of
the Naval Aviation Observer Wing.

Naval Flight Officer Wings
On 8 February 1965, a change to Bureau of

Personnel Instruction 1210.4C authorized a new desi-
gantor and name, Naval Flight Officer (NFO). The new
designator was appropriate for “an unrestricted line of-
ficer, a member of the aeronautical organization . . .
who may fill any billet not requiring actual control
knoweldge of an aircraft.” Eight subspecialties were
available at the time: bombardier, controller, electronic
countermeasures evaluator, navigator, interceptor, pho-
tographer-navigator, tactical coordinator and recon-
naissance navigator. The new NFOs continued wear-
ing the Naval Aviation Observer wings.

On 18 July 1968, the CNO approved a new qualifi-
cation breast insignia for Navy and Marine Corps per-
sonnel designated as Naval Flight Officers (NFOs).
BuPers Notice 1020 of 24 August 1968 changed the
Uniform Regulations (NAVPers 15665). The notice
stated: “This new insignia will replace the Naval
Aviation Observer insignia currently worn by Naval
Flight Officers and will be authorized for wear upon
source availability. The Naval Aviation Observer in-
signia will become obsolete after 31 December 1968.”
In this change to the Uniform Regulations (NAVPERS

Naval Aviation Observers (Tactical) 
Wing

On 19 January 1946, the Secretary of the Navy ap-
proved the Naval Aviation Observers (Tactical) wings
for Navy and Marine Corps officers performing duty
as gunfire and artillery spotters and general liaison
operations. A BuPers Circular Letter Number 28-46 of
5 February 1946 changed the 1941 Uniform
Regulations to reflect that Naval Aviation Observers
(Tactical) would wear a device similar to the Naval
Aviation Observer (Navigation) insignia except “the
centerpiece shall have two crossed guns superim-
posed upon it, in bold relief and in gold color.” The
PuPers letter provided the following description:
“Naval Aviation Observers (Tactical) shall wear a
gold embroidered or bronze gold-plated metal pin,
winged, with silver center device superimposed
upon crossed gold-color foul anchors. The center
piece shall have two crossed guns superimposed
upon it, in bold relief and in gold color. The insignia
shall measure 23⁄40 from tip to tip of wings; silver
center device shall be approximately 15⁄320 in diame-
ter; crossed foul anchors shall be of a size to be in-
scribed in a circle 3⁄40 in diameter and the crossed
guns shall be of a size to be inscribed in a circle 13⁄320

in diameter.”
A Bureau of Naval Personnel letter dated 18 March

1947 abolished the Naval Aviation Observers
(Tactical) insignia and authorized all officers desig-
nated as Naval Aviation Observers (Tactical) to wear
the same insignia prescribed for Naval Aviation
Observers.

UNITED STATES NAVAL AVIATION 1910–1995 665

The photograph shows the Naval Aviation Observers (Radar) Wing
insignia used by the Navy for the period 1945–1947.

The photograph shows the Naval Aviation Observers (Tactical) Wing
insignia used by the Navy for the period 1946–1947.



15665) all references to Naval Aviation Observers were
changed to Naval Flight Officer. Article 0157.2d. of the
Uniform Regulations read: “Naval Flight Officer
Insignia. A gold embroidered or gold color metal pin;
winged, with a central device consisting of a shield su-
perimposed on a set of small, crossed, fouled anchors.
The embroidered device shall be on a background to
match the color of the uniform on which worn.”

The Naval Flight Officer wings were approved to

General qualifications for wearing the Navy and
Marine Corps Parachutist Wings were: 

(1) Have previously qualified for the Basic Para-
chutist insignia by completing formal parachutist train-
ing at an Armed Services installation.

(2) Have completed a minimum of five additional
parachute jumps, under competent orders, with a
Navy or Marine Corps organization whose mission in-
cludes parachute jumping.

Once a person qualified for the Navy and Marine
Corps Parachutist insignia it will be worn in lieu of the
Basic Parachutist insignia.

666 UNITED STATES NAVAL AVIATION 1910–1995

The photograph shows the Naval Flight Officer wings approved in 1968.

keep pace with the changes to the designators and
new titles for personnel that had been designated
Naval Aviation Observers. Flight officers are more
closely aligned with pilots as opposed to meteorolo-
gists and other scientists. Also, the flying officer/crew-
men were line officers who were allowed to compete
for and earn any command assignment for which they
qualify by demonstrated performance and ability, with
the exception of a billet that required actual control
knowledge of an aircraft. Hence, Naval Flight Officers
were line officers who could qualify for command of a
ship or carrier or commanding officer of a squadron
just like Naval Aviators.

Navy and Marine Corps Parachutist 
Wing Insignia

BuPers Notice 1020 of 12 July 1963 issued informa-
tion on a change to the 1959 Uniform Regulations
concerning the adoption of a new wing insignia for
Navy and Marine Corps Parachutists. This notice
stated: “The old parachutist insignia . . . shall be re-
named the ‘Basic Parachutist Insignia’ in conformance
with the Army and Air Force nomenclature. The sub-
ject insignia shall be referred to as the ‘Navy and
Marine Corps Parachutist Insignia’.” The description of
the insignia was as follows: “A gold embroidered
(Navy only) or gold-colored metal pin, same as that
provided for Naval Aviator’s insignia, except that a
gold-colored open parachute shall be centered on the
wings vice the shield and foul anchor; width of the
wings from tip to tip shall be 23⁄40; width of the
parachute 1⁄ 20 at the widest part; length of the
parachute from top to bottom 13⁄160.”

The photograph shows the Navy and Marine Corps Parachutist in-
signia approved in 1963.

Basic Parachutist Wing Insignia
The first mention of a parachutist designation and

qualification badge is found in a change to the 1941
Uniform Regulations issued by a BuNav Circular Letter
Number 51-42 of 31 March 1942. The circular letter
stated: “The following Parachute Regulations, having
been approved by the Secretary of the Navy on 6
February 1942, are published herewith for the infor-
mation of all concerned: 

1. (2) DESIGNATION: The designation (ratings) of
‘Parachutist’ and ‘Student Parachutist’ are hereby estab-
lished for officers, warrant officers, and enlisted men
of the Navy and Marine Corps of the United States,
which designations (ratings) shall be in addition to
such military or Naval ratings or ranks as are now or
may hereafter be authorized by law.

(5) RETENTION OF DESIGNATION AS PARA-
CHUTIST OR STUDENT PARACHUTIST: An officer,
warrant officer or enlisted man of the Navy . . . who
has attained a designation (rating) as a parachutist or
student parachutis . . . provided, that officers, warrant
officers, and enlisted men . . . who have been desig-
nated as parachutists pursuant to these regulations are
authorized to retain permanently and to wear such
qualification badge as parachutists as may be pre-
scribed by competent authority.”

However, the Secretary of the Navy did not autho-
rize the parachutist badge, even though the above
change to the 1941 Uniform Regulation references the
wearing of such a qualification badge. There is no de-



parachutist insignia . . . shall be renamed the ‘Basic
Parachutist Insignia’ in conformance with the Army
and Air Force nomenclature.”

scription of a parachutist insignia until January 1947. A
BuPers letter (Pers-329-MEB A2-3) of 17 January 1947
issued changes to the 1941 Uniform Regulations as ap-
proved by the Secretary of the Navy. This letter states:
“(j) A parachutist insignia, enclosure (B), has been au-
thorized for enlisted personnel who have been desig-
nated as parachutists in accordance with the Bureau of
Naval Personnel Manual. This insignia is the same as
the parachutist insignia authorized by the Marine
Corps and the Army. 2. The wearing of the parachutist
insignia, enclosure (B), by officers and warrant officers
who have been designated as parachutists in accor-
dance with the Bureau of Naval Personnel Manual has
also been authorized. Pending a revision of Chapters
II and III, U.S. Navy Uniform Regulations, 1941, offi-
cers and warrant officers who are eligible to wear the
parachutist insignia may do so under similar regula-
tions contained in Art. 8-8 of enclosure (A).” A 14
February 1947 letter from BuPers issued the new
Chapter II to the 1941 Uniform Regulations and in-
cluded the parachutist insignia.

The 1951 Uniform Regulations described the
Parachutist insignia as follows: “An open parachute, in
silver, flanked on each side by wings, curved upward;
the device to be 11⁄20 wide and 3⁄40 high.” A BuPers
Notice 1020 of 12 July 1963 issued information on a
change to the 1959 Uniform Regulations concerning
the adoption of a new wing insignia for Navy and
Marine Corps Parachutists. This notice stated: “The old
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Photograph of Basic Parachutist insignia.

Marine Aerial Navigator Wing
In June 1976, the Marine Corps approved the use of

the old World War II Naval Aviation Observer
(Navigation) wings for use by Marine Corps personnel
who qualified as Marine Aerial Navigators. See the sec-
tion on Naval Aviation Observer (Navigation) wings
for a description and photograph of the wings.

Marine Aerial Observer Wing
See the section on Naval Aviation Observer and

Flight Meteorologist Wings. These are the wings worn
by Marine Aerial Observers.
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A Bat missile on the wing
of a Navy Privateer, USN-
701606.

A Loon missile being launched from Carbonero (SS 337), USN-402800.



New and Old
Model Designation Manufacturer Popular Name Description

—— Bristol Siddeley Corp/LTV Jindivik Guided missile target drone
—— —— Glimps ASW pilotless plane, released from blimps,never used
AQM-34B/KDA-1 Ryan Firebee Subsonic target drone
AQM-34C/KDA-4 Ryan Firebee Subsonic target drone
AQM-37A/KD2B-1 Beech Challenger Air-launched supersonic target missile 
AQM-37C Beech Jayhawk Supersonic missile target
AQM-38B/RP-78 Northrop Ventura —— Army contract, missile target
AQM-127 LTV Corp. SLAT Supersonic low-altitude target
AQM-81B Teledyne Ryan Firebolt A Navy modified AQM-81A target missile
BQM-6C/KDU-1 Chance Vought —— BuAer managed, target drone version of Regulus I
BQM-34E/KDA series Ryan Firebee II Navy version of BQM-34A, supersonic target drone
BQM-34S Ryan Firebee II Upgraded BQM-34E with integrated target control
BQM-34T Ryan Firebee II BQM-34E modified with transponder set and autopilot
BQM-74C Northrop Chukar III Recoverable, remotely controlled, gunnery target
BQM-74E Northrop —— Subscale, subsonic aerial target drone
BQM-126A Beech —— Variable speed target missile
BQM-145A Teledyne Ryan Peregrine Reconnaissance drone 
BQM-147A RPV Industries —— Remotely/automatically piloted vehicle 
CQM-10A NAVAIR BOMARC Converted Air Force weapon system to missile target
DSN/QH-50C Gyrodyne DASH Remotely controlled ASW helicopter
F.B./N-9 —— Flying Bomb N-9 configured as a Flying Bomb
F.B. Sperry-Curtiss Flying Bomb
F.B. Witteman-Lewis Flying Bomb
KAQ Fairchild Engine & A/c Co. —— Pilotless aircraft
KAY Consolidated Vultee A/c Co. —— Ship-to-air pilotless aircraft
KDA-1(BQM-34 series) Ryan Firebee I Target aircraft
KDB (see MQM-39A) Beech ——
KDC-1 Curtiss-Wright Corp. —— Mid-wing monoplane target, not procured
KDD-1 (see KDH-1) McDonnell Katydid
KDG-1 Globe Snipe Mid-wing monoplane for gunnery practice
KDG-2 Globe Snipe Similar to KDG-1 except for 24 volt system
KDH-1/TD2D-1/KDD-1 McDonnell Katydid Remotely controlled aerial target
KDM-1 Martin Plover High wing air launched, development of PTV-N-2
KDR-1/TD4D-1 Radioplane Quail Similar to TD3D-1, Army model OQ-17
KDR-2 Radioplane Quail Similar to KDR-1 except structural changes
KDT-1 Temco —— Solid propellant rocket-powered drone
KDU-1 —— —— Target drone for guided missile evaluation firings
KD2C-1 Curtiss-Wright Corp. Skeet Pilotless aircraft target drone
KD2G-1 Globe Firefly Mid-wing, all metal, twin tail, monoplane target
KD2G-2 Globe Firefly Similar to KD2G-1
KD2N-1 NAMU —— High mid-wing monoplane, canard design
KD2R-1 Radioplane Quail Wooden wings, metal monocoque fuselage target drone
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KD2R-2 Radioplane Quail Similar to KD2R-1 except 28 volt radio & stabilized
KD2R-2E Radioplane Quail KD2R-2 modified system for test at NAMTC
KD2R-3 Radioplane Quail Similar XKD2R-4 except engine & C-2A stabilization
KD2U Chance Vought Corp. —— Conversion Regulus II to supersonic drones
KD3G-1 Globe Snipe Same as KDG-1 except for engine
KD3G-2 Globe Snipe Same as KD3G-1 with radio control receiver 28 volt
KD4G-1 Globe Quail High all metal wing gunnery trainer
KD4G-2 Globe Quail Similar to KD4G-1 except engine and higher speed
KD4R-1 Radioplane —— Rocket propelled target drone
KD5G-1 Globe —— High wing and twin tail aircraft target
KGN/KUN NAMU —— High wing monoplane, canard design target drone
KGW/KUW —— —— Pilotless aircraft
KSD/KUD —— —— Pilotless aircraft
KU2N-1/KA2N-1 NAMU —— High midwing monoplane, canard design, liquid rocket
KU3N-1/KA3N-1 NAMU —— High midwing monoplane, conventional, liquid rocket
KU3N-2/KA3N-2 NAMU —— Similar to KU3N-1
KUD-1/LBD-1/KSD-1/BQM-6C McDonnell Regulus I BuAer managed, target drone version of Regulus I
KUM Glenn Martin Company —— Pilotless aircraft for testing ram jet power plant
KUN-1/KGN-1 NAMU —— High wing monoplane, canard design target drone
LBE-1 Gould/Pratt-Read & Co. Glomb Expendable bomb-carrying guided assult glider
LBP Pratt-Read & Co. Glomb Was scheduled for development.
LBT-1 Taylorcraft Glomb Expendable bomb-carrying guided glider
LNS-1 Schweizer Glomb Glider test vehicle for Glomb
LNT-1 Naval Aircraft Factory Glomb Assault glider television controlled
LRN-1 Naval Aircraft Factory Glomb Large explosive carrying glider
LRW-1 —— Glomb Test vehicle for Glomb
MQM-8 Bendix Aerospace Vandal/Vandel ER Reconfigured Talos for simulating cruise missile
MQM-15A/KD2U-1 Chance Vought Regulus II BuAer program, conversion Regulus II to target drone
MQM-36A/KD2R-5 Northrop Ventura —— Small propeller driver target drone
MQM-39A/KDB-1 Beech ——
MQM-61A Beech ——
MQM-74C Northrop Chukar II Turbojet, remotely controlled drone, target training
RP-78 Northrop Ventura —— Army contract, missile target
RPV AAI Corp. Pioneer Remotely Piloted Vehicle with television camera
TD2C-1 Culver Turkey Target drone for aircraft and anti-gunnery training
TD2D-1/XTD2D-1 McDonnell —— Remotely controlled aerial target, RESO-JET powered
TD2N-2/TD3N-1 NAF/NAMU —— Target aircraft
TD2R Interstate —— Assault drone, program dropped
TD3C-1 Culver —— Target drone for aircraft and anti-aircraft training
TD3D-1 Frankfort Sailplane Co. —— Target drone, similar to TDD-3, Army model OQ-16
TD3N-1 NAF —— Target aircraft
TD3R-1 Interstate —— Torpedo carrying remote-controlled assault drone
TD4D-1 Radioplane —— Target drone, Army model OQ-17
TDC-2 Culver Air —— Target drone
TDD-1/2/3 Radioplane/Globe Denny Remotely controlled aerial target, gunnery practice
TDD-4 Radioplane/Globe Denny Same as TDD-3 except for engine
TDN Naval Aircraft Factory —— World War II assault drone
TDR Interstate —— World War II assault drone
XBDR-1 Interstate —— WW-II jet powered, television directed assault drone
XBQ-3 Fairchild Corp. —— Assault Drone, Army Air Corps controllable bomb
XKD3C-1 Curtiss —— Similar to KD2C-2 with engine change, no rudder
XKD6G-1 Globe —— Similar to KD2G-2, except for engine, new fuselage
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XKD6G-2 Globe —— Similar to KD6G-1, except for engine
XQM-40A/KD6G-2 Globe Corp.
XUC-1K Culver —— XUC-1 aircraft converted to target drone
YAQM-128A TBD —— Air launched, supersonic subscale aerial target
YBQM-126A TBD/Beechcraft —— Supersonic subscale target
ZBQM-90A TBD —— High altitude, supersonic aerial target

Note: The above list does not include aircraft modified for use as drones or towed targets.
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Aircraft Configured as Drones/Flying Bombs, 
Early Period to 1945

Aircraft Designation Comments

BG-1 Pre-WW-II aircraft configured as radio controlled drone
F4B Configured as a drone.
F4U Configured as a drone.
F6F Configured as a drone.
JH-1 Modified aircraft, Stearman Hammond
N-9 F.B. Experiments to make a flying bomb out of an N-9 training plane, 1917.
N2C 1937, first successful pilotless aircraft flight
NT Modified training plane, New Standard Aircraft Corp.
O2U Configured as a drone.
O3U Configured as a drone.
PB4Y Project Anvil, radio & television controlled PB4Y loaded with torpex, flown out of England against a German

target, one attack flown with limited success.
PBJ Configured as a drone.
SB2C Configured as a drone.
SBD Configured as a drone.
SBU Configured as a drone.
SF-1 Configured as a drone.
SNB Configured as a drone.
SNV Configured as a drone.
SO3C Matson Navigation Company converted the SO3C planes into target drones.
Sperry-Curtiss F.B. Flying Bomb developed from a Curtiss Company Speed Scout plane, WW-I.
TBM Configured as a drone.
TG-2 NAF converted a TG-2 plane into a radio controlled plane capable of carrying a torpedo and conducted

experiments by VU-3.
VE-7H 1924 experiment with radio controlled VE-7
Witteman-Lewis F.B. BuOrd contract with company to design a flying bomb more successful than Sperry-Curtiss F.B., airframe

similar to Speed Scout, tests conducted 1919-1921.



Air-to-Ground/Air-to-Surface Missiles
New and Old
Model Designation Manufacturer Popular Name Description

30.5 inch Rocket NOTS/NWC China Lake BOAR Bombardment Aircraft Rocket, a stand-off weapon
5 inch Rocket —— HVAR/Holy Moses Five inch aircraft rocket, developed during WW-II,

numerous Mks and Mods for this series.
2.75 inch Rocket NOTS/NWC China Lake Mighty Mouse/FFAR 2.75 inch folding-fin aircraft rocket, numerous Mks

and Mods for this series.
—— BuOrd/BuAer/Zenith/G.E. Pelican/Dryden Bomb Glide bomb, terminated late 1944
XSUM-N-2 Bureau of Standards Grebe/Kingfisher E Member of the Kingfisher missile projects
AGM-109C General Dynamics MRASM A medium range missile, never completed develop-

ment
AGM-109L General Dynamics Tomahawk Medium-range, air-launched, land/sea attack missile 
AGM-114B Rockwell Hellfire Missile for helicopters, with various capabilities
AGM-114E USAMICOM Hellfire AGM-114B modified with digital autopilot
AGM-119B NORSK/FORSVARSTEKNOLOG Penguin Mk-2 AGM-119A, with modified warhead, fuze, rocket motor
AGM-122 NWC China Lake/Motorola Sidearm Sidewinder anti-radiation missile, built from AIM-9C

and designed to attack radar directed air defense
system, variations of AGM-122 developed.

AGM-123A Naval Weapons Center Skipper Modified laser guided bomb, with Shrike rocket motor
AGM-12A/ASM-N-7 Martin/Maxson Bullpup Tactical air-to-surface short range radio controlled
AGM-12B/ASM-N-7A Martin/Maxson Bullpup Upgraded AGM-12A, radio-link command guidance
AGM-12C/ASM-N-7B Martin Bullpup Upgraded AGM-12B
AGM-136A Northrop Corp. Tacit Rainbow ARM Anti-radiation missile, long range, terminated.
AGM-45A/ASM-N-10 Texas Instruments/ Shrike Tactical missile used to destroy radar targets,

Sperry-Farragut developed by NOTS
AGM-45B Texas Instruments/ Shrike Upgraded AGM-45A

Sperry-Farragut
AGM-53A/ASM-N-11 North American/Rockwell/NWC Condor Long range, electro-optical guided missile, cancelled.
AGM-53B North American/Rockwell/NWC Condor Upgraded AGM-53A with EMI capability, not completed.
AGM-65E/F/G Hughes Maverick Navy version of AGM-65, TV-guided, laser guided or

IR guidance, tactical missile.
AGM-78A/B/C/D General Dynamics Standard ARM Tactical, anti-radiation missile, upgrades listed.
AGM-83A NWC Bulldog Used parts of AGM-12A, laser guided
AGM-84E SLAM McDonnell Douglas Harpoon/SLAM A standoff land attack missile variant of Harpoon
AGM-84A/C/D McDonnell Douglas Harpoon Air-to-surface missile designed to destroy ships,

upgrades listed.
AGM-86B —— ALCM Air launched cruise missile, see AGM-109L Tomahawk
AGM-87A Naval Wpns Ctr/G.E. FOCUS I/FOCUS II Sidewinder AIM-9B modified for air-to-surface use.
AGM-88A/B/C Naval Weapons Center/ HARM Anti-radiation missile used against surface radar,

Texas Instruments/Ford Aero upgrades listed.
AQM-41A/AUM-N-2 Fairchild Petrel/Kingfisher C Air-to-underwater/surface tactical guided missile
ASM-2/ASM-N-2 Nat’l Bureau of Standards Bat-0 Glider operational missile
ASM-N-2A Nat’l Bureau of Standards Bat-1 Similar to ASM-N-2
XASM-N-4/XASM-4 Eastman/BuOrd Dove Stand-off delivery missile, never operational
XASM-N-5 NADC Gorgon V Glide offensive missile
XASM-N-8/XASM-8/XM-17 Temco Aircraft Corp. Corvus Air to surface attack missile, never operational
XAUM-2 Bureau of Standards Petrel/Kingfisher C
XAUM-N-4/XAUM-4 Bureau of Standards Diver/Kingfisher D
XAUM-N-6/XAUM-6 Bureau of Standards Puffin/Kingfisher F
YAGM-114B Rockwell Hellfire Navy version of AGM-114A, anti-armor missile

Note: The above list does not include training missiles, i.e. ATMs, CATMs, or DATMs.
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Surface-to-Surface/Surface-to-Ship Missiles and 
Special Category Rockets

New and Old
Model Designation Manufacturer Popular Name Description

—— —— Albatross Ship-to-ship missile
—— Consolidated-Vultee Old Rippy Automatic FM homing, pulse-jet, ship-to-ship
—— BuAer/BuOrd/NBS/NAOTS Regal Experimental program, air launched Regulus
—— Aerojet-General Corp. Aerobee-Hi Similar to Aerobee, a vertical sounding rocket
—— Applied Physics Lab Triton Program cancelled in 1957
RGM-15A/SSM-N-9 Chance Vought/LTV Aerospace Regulus II Surface-to-surface missile developed by BuAer
RGM-6A/SSM-8/SSM-N-8 Chance Vought Regulus I BuAer managed program
RGM-6B/SSM-N-8A Chance Vought Regulus I BuAer managed program
RIM-7 BuWps/Raytheon Seaspar/Sea Sparrow Sparrow III used in a surface-to-surface or SAM mode
RTV-N-15 NADC Pollux Also known as Gorgon IIC, see CTV-N-2, test vehicle
RTV-N-8/RTV-8/XASR-1 BuOrd/Douglas Aircraft Co. Aerobee A liquid fueled rocket for upper atomosphere research
XSSM-N-6/XSSM-6/PA-VII Grumman Rigel Missile fired from surface ship against land targets
XSSM-N-9 Applied Physics Lab Lacrosse

Note: Surface-to-surface missiles designed primarily for ship-based operations, such as the Taurus, Talos, Tartar, Terrier, and Standard Missile have not been included in
the above list.
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Surface-to-Air and Special Launch Test Missiles or Rockets
New and Old
Model Designation Manufacturer Popular Name Description

—— —— Arrow Shell See Zeus (XSAM-N-8)
—— NAMU Gorgon IIIB Conventional airframe with turbo jet, eliminated.
—— NADS Gorgon IIB High mid-wing monoplane, canard design, turbo jet
CTV-8/RTV-6/XPM Navy/Applied Physics Lab Bumblebee Program led to development of Tartar, Terrier, Talos

and Typhon. The Typhon was cancelled.
CTV-N-10/KAY-1/XSAM-4 Consoliated Vultee Aircraft Lark Ship-to-air, variable incidence wings (test vehicle)
CTV-2/CTV-N-2/KGN-1/KUN-1 NADC Gorgon IIC Monoplane canard design, pulse jet, ship-to-shore 
CTV-4/CTV-N-4/KA2N-1 NADC Gorgon IIA Monoplane, canard design with rocket, also KU2N-1
CTV-N-6/KA3N-1/KU3N-1 NADC Gorgon IIIA High mid-wing monoplane, conventional design, rocket
CTV-N-9/KAQ-1/XSAM-2 Fairchild Lark Ship-to-air guided missile, used wing flaps
CTV-N-9a/b/c Fairchild Lark Ship-to-air quided missile, test vehicle
CTV-N-10 Convair Lark Test vehicle
KAN-1 NAMU Little Joe Ship-launched, use against aircraft suicidal attacks
KAN-2 NAMU Little Joe Similar to KAN-1, never operational.
KUD-1/RTV-2 (see RTV-N-2) —— Gargoyle
KUW-1 (see NTV-N-2) USAF procurement Loon Test vehicle
LTV-N-2/LTV-2/KGW-1 Willys-Overland/AAF Loon Similar to German V-1, Launching Test Vehicle
PTV-N-2/PTV-2/KUM-1 Martin Gorgon IV Vehicle for testing subsonic ram jet engine
RTV-N-2/LBD-1/KSD-1 McDonnell Gargoyle Low wing monoplane V-tail, aerial bomb
RTV-N-4/KA3N-2/KU3N-2 NADC Gorgon III-C Similar to CTV-6, dual rockets, conventional design
TD2N/KDN-1 NAMU Gorgon Monoplane, conventional design, turbo jet
TD3N-1/KD2N-1 NADS Gorgon Canard, resojet power plant, similar to Gorgon IIC
XSAM-6 (see XSAM-N-6) —— Bumblebee
XSAM-N-6 Navy/Applied Physics Lab Triton/Bumblebee II Program cancelled
XSAM-N-8 NOL Zeus



Air-to-Air Missiles
New and Old
Model Designation Manufacturer Popular Name Description

—— NELC/Hughes Aircraft Brazo/Pave ARM Anti-radiation missile
—— —— Lady Bug Short range, adaption of German X-4
AAM-N-3 Douglas Sparrow II Production version of YAAM-N-3
ADM-141A Brunswick Defense Corp. Air launched decoy to create a false radar image
ADM-141B Brunswick Defense Corp. Air launched decoy which despenses chaff 
AEM-54A Hughes Phoenix AIM-54A with telemetry evaluation kit
AEM-54B Hughes Phoenix AIM-54A, telemetry equipment, missile flight evals
AIM-120A Hughes AMRAAM Advanced medium-range, beyond visual range combat
AIM-54A/AAM-N-11/AIM-54C Hughes Phoenix Long-range, tactical, air-to-air missile,upgrades listed
AIM-7A/AAM-N-2/KAS-1 Sperry Sparrow I Short range beam-rider missile
AIM-7B/AAM-N-3 Douglas Sparrow II Cancelled.
AIM-7C/AAM-N-6 Raytheon Sparrow III Semi-active radar homing, CW seeker radar homing,

mid range
AIM-7D/E/F/M/AAM-N-6A/B Raytheon Sea Sparrow/Sparrow III Supersonic launch version, upgrades listed
XAIM-95A NWC China Lake Agile Short-range, for aerial combat, cancelled
AIM-9A/AAM-N-7 Philco Sidewinder I
AIM-9B/AAM-N-7 Philco/General Electric Sidewinder 1A IA Supersonic, homing weapon, passive infrared
AIM-9C/AAM-N-7 Motorola Sidewinder 1C-SARAH Semi-active radar guided
AIM-9D/AAM-N-7 Philco/Raytheon Sidewinder 1C-IRAH IR upgraded AIM-9B, infrared homing radar guiding
AIM-9G Raytheon Sidewinder Upgraded AIM-9D
AIM-9H Raytheon (GCG only) Sidewinder Upgraded AIM-9G with solid state guidance control
AIM-9J Philco Sidewinder Upgraded AIM-9E
AIM-9L/M/N/P/S Raytheon Sidewinder Upgrades listed
AIM-9R NWC Sidewinder Cancelled

Note: The above list does not include training versions or electronic monitoring designations, i.e. ATMs, CAEMs, and DATMs.

Experimental or Proto-type Air-to-Air Missiles
RAAM-N-2A Sperry Sparrow I Converted AAM-N-2 Sparrow I, R&D Test Missile
RAAM-N-2B Sperry Sparrow IA Converted AAM-N-2, R&D Test Missile
XAAM-N-10 Bendix Aviation Corp. Eagle/Missileer Long range air-to-air high performance missile
XAAM-N-4/RV-N-16 Martin Oriole Long range antiaircraft, active radar seeker
XAAM-N-5 MIT/BuOrd Meteor
XAIM-54C Hughes Phoenix Experimental AIM-54C with digital technology
YAAM-N-3 Douglas Sparrow II Preproduction version of XAAM-N-3
YAIM-120A Hughes Prototype AIM-120A
YAIM-54C Hughes Phoenix Prototype AIM-54C
YAIM-7F Raytheon Sparrow Improved version of AIM-7E
YAIM-7G Raytheon Sparrow Similar to YAIM-7F, with modifications
ZAIM-9K Raytheon Sidewinder Upgraded AIM-9H

Guided Weapons, Air-to-Ground 
2 inch FFAR NOTS Gimlet Air launched rocket development
5 inch FFAR NOTS China Lake Zuni 5 inch aircraft rocket, replaced the HVAR/Holy Moses
AGM-62A NWC/Martin Marietta Walleye I Mk 1 An electro-optical glide weapon, passive homing
—— NWC/Martin Marietta Walleye II Mk 5/Fat Albert Similar to Walleye I, with larger warhead
—— NWC/Martin Marietta Walleye I Mk 22 Similar to Walleye I, with RF data link 
—— NWC/Martin Marietta Walleye II Mk 13 Similar to Walleye II, with RF data link 
—— NWC Paveway II Laser guided bomb
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HOW TO READ MISSILE DESIGNATIONS

Missile Designations (Pre-1962)
Alphabetical Symbols Used in Missile Designations

Pilotless Aircraft/Target Drones (Type K) Test Vehicles (Type TV) Tactical Weapons—Guided Missiles (Type M)

KD CTV Control AAM Air-to-Air
LTV Launch ASM Air-to-Surface
PTV Propulsion AVM Air-to-Underwater
RTV Research SAM Surface-to-Air

SSM Surface-to-Surface

Test Vehicles

Prefix Letter Missile Design Number

X CT V — N — 4 c

Class Letter Service Modification

Tactical Weapon—Guided Missile

Prefix Letter Missile Design Number

X SA M — N — 2 b

Class Letter Service Modification

Pilotless Aircraft/Target Drone Designation

Prefix Letter Second Design

X KD 2 G — 2

Class Letter Designer Modification

Note: Prior to 1962, normal man carrying aircraft configured as a drone used the original aircraft designation with a K at the end of the designation; i.e. F6F-5K.
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Missile Designations (Post-1962)
Alphabetical Symbols Used in Missile Designations

Status Prefix Launch Environment Mission Vehicle Type

C Captive A Air C Transport B Booster
D Dummy B Multiple D Decoy M Guided Missile/Drone
J Special Test (Temporary) C Coffin E Electronic/Communications N Probe
M Maintenance F Individual G Surface Attack R Rocket
N Special Test (Permanent) G Runway I Aerial /Space Intercept S Satellite
X Experimental H Silo Stored L Launch Detection/Surveillance K Pilotless Aircraft
Y Prototype L Silo Launched M Scientific/Calibration V Drone
Z Planning M Mobile N Navigation
R Research P Soft Pad Q Drone

R Ship S Space Support
S Space T Training
U Underwater U Underwater Attack

W Weather

Status Prefix Mission Design Number

Y A I M — 7 F

Launch Environment Type Series Symbol

Note: After 1962, normal man carrying aircraft configured as a drone would use the original design preceded by the letter Q, i.e. QF-86D.
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Name Service Time Frame ****

Blackburn, John T. USN
** Blair, Foster J. USN

Blair, William K. USN
Blaydes, Richard B. USN
Blyth, Robert L. USN
Bolduc, Alfred G. USN
Bolt, John F., Jr. USMC
Bolt, John F., Jr. USMC Korea
Bonneau, William J. USN
Bordelon, Guy P. USN Korea
Borley, Clarence A. USN

* Boyington, Gregory USMC
Boyle, Gerald F. USN
Brassfield, Arthur J. USN
Braun, Richard L. USMC
Brewer, Charles W. USN
Bridges, Johnnie J. USNR
Bright, Mark K. USN
Brocato, Samuel J. USN
Brown, Carl A., Jr. USN
Brown, William P., Jr. USMC
Bruneau, Paul J. USN
Brunmier, Carland E. USN
Bryce, James A. USN
Buchanan, Robert L. USN
Buie, Paul D. USN
Burckhalter, William E. USN
Burley, Frankln N. USN
Burnett, Roy O., Jr. USN
Burriss, Howard M. USN

** Bushner, Frances X. USN
* Byrnes, Matthew S., Jr. USN

Cain, James B. USN
Carey, Henry A., Jr. USN

The Navy Department has never officially compiled
or issued a list of “Aces”. During World War II, the
period with the largest number of aerial shoot downs
for naval flyers, the Navy did not keep an overall
record of individual scores in aerial combat, hence,
there is no official list of confirmed shoot-downs.

The most comprehensive work done on Navy and
Marine Corps World War II Aces was written and pub-
lished by Mr. Frank Olynyk. His two books are USN
Credits for the Destruction of Enemy Aircraft in Air-to-

Name Service Time Frame ****

* Aldrich, Donald N. USMC
Alley, Stuart C., Jr. USMC
Amsden, Benjamin C. USN
Anderson, Alexander L. USN
Anderson, Robert H. USN

*** Andre, John W. USMC
Axtell, George C. USMC
Bailey, Oscar C. USN
Baird, Robert USMC

* Baker, Douglas USN
Baker, Robert M. USMC
Bakutis, Fred E. USN
Balch, Donald L. USMC
Baldwin, Frank B. USMC
Balsiger, Henry W. USN
Banks, John L. USN
Barackman, Bruce M. USN
Bardshar, Frederic A. USN
Bare, James D. USN
Barnard, Lloyd G. USN
Barnes, James M. USN
Bartol, John W. USN

** Bassett, Edgar R. USN
Bate, Oscar M., Jr. USMC
Batten, Hugh N. USN
Bauer, Harold W. USMC
Beatley, Redman C. USN
Beaudry, Paul H. N. USN
Beebe, Marshall U. USN
Berkheimer, Jack S. USN
Berree, Norman R. USN
Bertelson, Richard L. USN

** Billo, James D. USN
Bishop, Walter D. USN
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U.S. Navy and Marine Corps Aces

Air Combat World War II, Victory List No. 2, pub-
lished in 1982, and USMC Credits for the Destruction
of Enemy Aircraft in Air-to-Air Combat World War
II, published in 1981. In 1986 the Naval Aviation
News magazine published a list of U.S. Navy and
Marine Corps Aces that had been compiled by Mr.
Olynyk. The following list of Aces, as published by
the magazine in 1986, includes Mr. Olynyk’s World
War II list and also those from World War I, Korea,
and Vietnam:



Carl, Marion E. USMC
Carlson, Robert B. USN
Carlton, William A USMC
Carmichael, Daniel A., Jr. USN
Carr, George R. USN
Carroll, Charles H. USN
Case, William N. USMC
Caswell, Dean USMC
Chambers, Cyrus J. USN
Champion, Henry K. USN
Chandler, Creighton USMC
Check, Leonard J. USN
Chenoweth, Oscar I., Jr. USN
Clark, Lawrence A. USN
Clark, Robert A. USN
Clarke, Walter E. USN
Clements, Robert E. USN
Clements, Donald C. USN
Coats, Robert C. USN
Coleman, Thaddeus T., Jr, USN
Coleman, William M. USN
Collins, William M., Jr. USN
Conant, Arthur R. USMC
Conant, Edwin S. USN
Conger, Jack E. USMC
Conroy, Thomas J. USN
Copeland, William E. USN
Cordray, Paul USN
Cormier, Richard L. USN

** Cornell, Leland B. USN
Cowger, Richard D. USN
Cozzens, Melvin USN
Craig, Clement M. USN
Cronin, Donald F. USN
Crosby, John T. USN
Crowe, William E. USMC
Cunningham, Daniel G. USN
Cunningham, Randall H. USN Vietnam
Cupp, James N. USMC
Dahms, Kenneth J. USN
Davenport, Merl W. USN
Davidson, George H. USN
Davies, Clarence E. USN
Davis, Leonard K. USMC
Davis, Robert H. USN
Dean, William A., Jr. USN
Dear, John W., Jr. USN
De Blanc, Jefferson J. USMC
De Cew, Leslie USN

*** Delong, Philip C. USMC
Denman, Anthony J. USN
Denoff, Reuben H. USN
Devine, Richard O. USN

Dewing, Lawrence A. USN
Dibb, Robert A. M. USN
Dillard, Joseph V. USMC
Dillow, Eugene USMC
Dobbin, John F. USMC
Donahue, Archie G. USMC
Doner, Landis E. USN
Dorroh, Jefferson D. USMC
Doyle, Cecil J. USMC
Drake, Charles W. USMC
Driscoll, Daniel B. J. USN
Driscoll, William P. (NFO) USN Vietnam
Drury, Frank C. USMC
Drury, Paul E. USN
Duffy, James E. USN
Duncan, George C. USN
Duncan, Robert W. USN
Dungan, Fred L. USN
Dunn, Bernard USN
Durnford, Dewey F. USMC
Eastmond, Richard T. USN
Eberts, Byron A. USN

** Eccles, William G USN
Eckard, Bert USN
Eder, William E. USN
Edwards, William C., Jr. USN
Elliott, Ralph E., Jr. USN
Elwood, Hugh M. USMC
Enman, Anthony J. USN
Erickson, Lyle A. USN
Evenson, Eric A. USN
Everton, Loren D. USMC
Fair, John W. USN
Farmer, Charles D. USN
Farnsworth, Robert A., Jr. USN
Farrell, William USMC
Fash, Robert P. USN
Fecke, Alfred J. USN
Feightner, Edward L. USN
Ferko, Leo M. USN
Finn, Howard J. USMC
Fisher, Don H. USMC

** Flatley, James H., Jr. USN
Fleming, Francis M. USN
Fleming, Patrick D. USN
Flinn, Kenneth A. USN
Foltz, Frank E. USN
Foltz, Ralph E. USN
Fontana, Paul J. USMC
Ford, Kenneth M. USMC
Formanek, George, Jr. USN
Forrer, Samuel W. USN

* Foss, Joseph J. USMC
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Heinzen, Lloyd P. USN
Henderson, Paul M., Jr. USN
Henry, William E. USN
Hernan, Edwin J., Jr. USMC
Hibbard, Samuel B. USN
Hildbrandt, Carlos K. USN
Hill, Harry E. USN
Hills, Hollis H. USN
Hippe, Kenneth G. USN
Hoag, John B. USN
Hoel, Ronald W. USN
Hollowell, George L. USMC
Hood, William L., Jr. USMC
Houck, Herbert N. USN
Hudson, Howard R. USN
Huffman, Charles W., Jr. USN
Humphrey, Robert J. USN
Hundley, John C. USMC
Hurst, Robert USN
Ingalls, David S. USN WW-I
Ireland, Julius W. USMC
Jaques, Bruce D. USN
Jennings, Robert H., Jr. USN
Jensen, Hayden M. USN
Jensen, Alvin J. USMC
Johannsen, Delmar K. USN
Johnson, Byron M. USN
Johnson, Wallace R. USN
Johnston, John M. USN
Jones, Charles D. USMC
Jones, James M. USN
Kaelin, Joseph USN
Kane, William R. USN
Keith, Leroy W. J. USN
Kendrick, Charles USMC

* Kepford, Ira C. USN
Kerr, Leslie H., Jr. USN
Kidwell, Robert J. USN
Kincaid, Robert A. USN
Kingston, William J., Jr. USN
Kinsella, James J. USN
Kirk, George N. USN
Kirkpatrick, Floyd C. USMC
Kirkwood, Philip L. USN
Knight, William M. USN
Kostik, William J. USN
Kunz, Charles M. USMC
Laird, Dean S. USN
Laird, Wayne W. USMC
Lake, Kenneth B. USN

*** Lamb, William E. USN
Lamoreaux, William E. USN
Laney, Willis G. USN

Foster, Carl C. USN
Fowler, Richard E., Jr. USN
Franger, Marvin J. USN
Franks, John M. USN
Fraser, Robert B. USMC
Frazier, Kenneth D. USMC
Freeman, Doris C. USN
Freeman, William B. USMC
French, James B. USN
Frendberg, Alfred L. USN
Funk, Harold N. USN
Gabriel, Franklin T. USN
Galer, Robert E. USMC
Galt, Dwight B., Jr. USN
Galvin, John R. USN
Gayler, Noel A. M. USN
Gildea, John T. USN
Gile, Clement D. USN
Gillespie, Roy F. USN
Godson, Lindley W. USN
Gordon, Donald USN
Graham, Vernon E. USN
Gray, James S., Jr. USN
Gray, John F. USN
Gray, Lester E., Jr. USN
Gregory, Hayden A. USN
Griffin, Richard J. USN
Gustafson, Hadan I. USN
Gutt, Fred E. USMC
Haas, Walter A. USN
Haberman, Roger A. USMC
Hacking, Albert E., Jr, USMC
Hadden, Mayo A., Jr. USN
Hall, Sheldon O. USMC
Hamblin, Lewis R. USN
Hamilton, Henly B. USMC
Hamilton, Robert M. USN
Hanks, Eugene R. USN
Hansen, Herman, Jr. USMC

* Hanson, Robert M. USMC
Hardy, Willis E. USN
Hargreaves, Everett C. USN
Harman, Walter R. USN

* Harris, Cecil E. USN
Harris, Leroy E. USN
Harris, Thomas S. USN
Harris, William H., Jr. USN
Haverland, Charles H., Jr. USN
Hawkins, Arthur R. USN
Hayde, Frank R. USN
Hearrell, Frank C., Jr. USN
Heath, Horace W. USN
Hedrick, Roger R. USN
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Langdon, Ned W. USN
Leonard, William N. USN
Leppla, John A. USN
Lerch, Alfred USN
Lillie, Hugh D. USN
Lindsay, Elvin L. USN
Loesch, Gregory K. USMC
Long, Herbert H. USMC
Lundin, Walter A. USN
Lynch, Joseph P. USMC
Maas, John B. USMC
Mabarry, Lewin A. USN
Magee, Christopher L. USMC
Mahe, Thomas R., Jr. USMC
Mallory, Charles M. USN
Mankin, Lee P., Jr. USN
Mann, Thomas H., Jr. USMC
Manson, Armand G. USN
March, Harry A., Jr. USN
Marontate, William P. USMC
Martin, Albert E., Jr. USN
Masoner, William J., Jr. USN
Maxwell, William R. USN
May, Richard H. USN
May, Earl, Jr. USN
Mazzocco, Michele A. USN

* McCampbell, David USN
McCartney, Henry A. USMC
McClelland, Thomas G. USN
McClure, Edgar B. USN
McClurg, Robert W. USMC
McCormick, William A. USN
McCuddin, Leo B. USN
McCuskey, Elbert S. USN
McGinty, Selva E. USMC
McGowan, Edward C. USN
McGraw, Joseph D. USN
McKinley, Donald J. USN
McLachlin, William W. USN
McManus, John USMC
McPherson, Donald M. USN
McWhorter, Hamilton, III USN
Mehle, Roger W. USN
Menard, Louis A., Jr. USN
Mencin, Adolph USN

** Merritt, Robert S. USN
Michaelis, Frederick H. USN
Miller, Johnnie G. USN
Milton, Charles B. USN
Mims, Robert USN
Mitchell, Harris E. USN
Mitchell, Henry E., Jr. USN
Mollard, Norman W., Jr. USN

Mollenhauer, Arthur P. USN
Montarpert, John R. USN
Moranville, Horace B. USN
Morgan, John L., Jr. USMC
Morris, Bert D., Jr. USN
Moseley, William C. USN
Mulcahy, Douglas W. USN
Mullen, Paul A. USMC
Munsen, Arthur H. USN
Murray, Robert E. USN
Narr, Joseph L. USMC
Nelson, Robert J. USN
Nelson, Robert K. USN
Noble, Myrvin E. USN

* Nooy, Cornelius N. USN
Novak, Marvin R. USN
Null, Cleveland L. USN
O’Hare, Edward H. USN
O’Keefe, Jeremiah J. USMC
O’Mara, Paul, Jr. USN
Olander, Edwin L. USMC
Olsen, Austin L. USN
Orth, John USN
Ostrom, Charles H. USN
Outlaw, Edward C. USN
Overend, Edmund F. USMC
Overton, Edward W., Jr. USN
Owen, Donald C. USMC
Owen, Edward M. USN
Owens, Robert G., Jr. USMC
Parrish, Elbert W. USN
Paskoski, Joseph J. USN
Payne, Frederick R., Jr. USMC
Pearce, James L. USN
Percy, James G. USMC
Philips, David P., III USN
Phillips, Edward A. USN
Phillips, Hyde USMC
Picken, Harvey P. USN
Pierce, Francis E., Jr. USMC
Pigman, George W., Jr. USN
Pittman, Jack, Jr. USMC
Plant, Claude W., Jr. USN
Pond, Zenneth A. USMC
Pool, Tilman E. USN
Pope, Albert J. USN
Porter, Robert B. USMC
Poske, George H. USMC
Post, Nathan T., Jr. USMC
Pound, Ralston M., Jr. USN
Powell, Ernest A. USMC
Prater, Luther D., Jr. USN
Presley, Frank H. USMC
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Slack, Albert C. USN
Smith, Armistead B., Jr. USN
Smith, Carl E. USN
Smith, Clinton L. USN
Smith, Daniel F., Jr. USN

* Smith, John L. USMC
Smith, John M. USN
Smith, Kenneth D. USN
Smith, Nicholas J., III USN
Snider, William N. USMC
Sonner, Irl V., Jr. USN
Southerland, James J., III USN

* Spears, Harold L. USMC
Spitler, Clyde P. USN
Stanbook, Richard E. USN
Stanley, Gordon A. USN
Starkes, Carlton B. USN
Stebbins, Edgar E. USN
Stewart, James S. USN

* Stimpson, Charles R. USN
Stokes, John D. USN
Stone, Carl V. USN
Stout, Robert F. USMC
Strane, John R. USN
Strange, Johnnie C. USN
Streig, Frederick J. USN
Sturdevant, Harvey W. USN
Sutherland, John F. USN

* Swett, James E. USMC
Swinburne, Harry W., Jr. USN
Swope, James S. USN
Symmes, John C. C. USN
Synar, Stanley T. USMC
Taylor, Ray A., Jr. USN
Taylor, Will W. USN
Terrill, Francis A. USMC
Thach, John S. USN
Thelen, Robert H. USN
Thomas, Franklin C., Jr. USMC
Thomas, Robert F. USN

* Thomas, Wilbur J. USMC
Toaspern, Edward W. USN
Topliff, John W. USN
Torkelson, Ross E. USN
Townsend, Eugene P. USN
Tracey, Fredrick W. USN
Troup, Franklin W. USN
Trowbridge, Eugene A. USMC
Traux, Myron M. USN
Turner, Charles H. USN
Turner, Edward B. USN
Twelves, Wendell V. USN
Ude, Vernon R. USN

Prichard, Melvin M. USN
Quiel, Norwald R, USN

** Ramlo, Orvin H. USMC
Reber, James V., Jr. USN
Redmond, Eugene D. USN
Register, Francis R. USN
Rehm, Dan R., Jr. USN
Reidy, Thomas H. USN
Reinburg, Joseph H. USMC
Reiserer, Russell L. USN
Rennemo, Thomas J. USN
Reulet, Joseph E. USN
Revel, Glenn M. USN
Rhodes, Thomas W. USN
Rieger, Vincent A. USN
Rigg, James F. USN
Roach, Thomas D. USN
Robbins, Joe D. USN
Robinson, Leroy W. USN
Robinson, Ross F. USN
Rosen, Ralph J. USN
Ross, Robert P. USN
Rossi, Herman J., Jr. USN
Ruhsam, John W. USMC
Runyon, Donald E. USN
Rushing, Roy W. USN
Sapp, Donald H. USMC
Sargent, John J., Jr. USN
Savage, Jimmie E. USN
Scales, Harrell H. USN
Scarborough, Hartwell V., Jr. USMC
Schecter, Gordon E. USN
Schell, John L. USN
Scherer, Raymond F. USMC
Schiller, James E. USN
Schneider, Frank E. USN
Seckel, Albert, Jr. USN
See, Robert B. USMC
Segal, Harold E. USMC
Self, Larry R. USN
Shackford, Robert W. USN
Shands, Courtney USN
Shaw, Edward O. USMC
Sherrill, Hugh V. USN
Shields, Charles A. USN
Shirley, James A. USN
Shuman, Perry L. USMC
Sigler, Wallace E. USMC
Silber, Sam L. USN
Singer, Arthur, Jr. USN
Sipes, Lester H. USN
Sistrunk, Frank USN
Skon, Warren A. USN
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Umphfres, Donald E. USN
* Valencia, Eugene A. USN

Valentine, Herbert J. USMC
Van Der Linden, Peter J., Jr. USN
Van Dyke, Rudolph D., Jr. USN
Van Haren, Arthur, Jr. USN
Vedder, Milton N. USMC
Vejtasa, Stanley W. USN
Vineyard, Merriwell W. USN
Vita, Harold E. USN
Voris, Roy M. USN
Vorse, Albert O., Jr. USN

* Vraciu, Alexander USN
Wade, Robert USMC

* Walsh, Kenneth A. USMC
Ward, Lyttleton T. USN
Warner, Arthur T. USMC
Watson, Jack O. USN
Watts, Charles E. USN
Webb, Wilbur B. USN
Weissenberger, Gregory J. USMC
Wells, Albert P. USMC
Wesolowski, John M. USN
West, Robert G. USN

White, Henry S. USN
Williams, Bruce W. USN
Williams, Gerard M. H. USMC
Wilson, Robert C. USN
Winfield, Murray USN
Winston, Robert A. USN
Winters, Theodore H., Jr. USN
Wirth, John L. USN
Wolf, John T. USN
Wood, Walter A. USN
Wooley, Millard J. USN
Woolverton, Robert C. USN
Wordell, Malcolm T. USN
Wrenn, George L. USN
Yeremain, Harold USN
Yost, Donald K. USMC
Yunck, Michael R. USMC
Zaeske, Earling W. USN
Zink, John A. USN

* Aces with 15 kills or more.
** Unconfirmed as aces in World War II.
*** Ace status acquired from combined kills of World War II and Korea.
**** Timeframe is World War II unless indicated otherwise.
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During the last two years of the war, many of the
aircraft assigned to the carriers in the Pacific carried
symbols denoting the ship or air group to which they
were assigned. No directive specifying these markings
are known to exist, if there ever were any. From a
review of photos of the period, it appears that the
symbols were assigned to the CV designated aircraft
carriers. While the Escort Carriers, designated CVE,
had the symbol assigned to the squadrons that operat-
ed aboard the CVEs. Squadrons operating aboard the
CVs only had that specific symbol while assigned to
that particular carrier. While this was a step in the right
direction, the lack of a uniform system was soon
apparent when a large number of aircraft were trying
to rendezvous after takeoff, before landing or over tar-
get areas.

The United States Navy Air Force, Pacific Fleet,
issued a standard set of twenty-eight geometrical
designs for the CV and CVL class carriers which consti-
tuted Task Force 58. These designs were assigned to
the vessel and were applied to all aircraft of the
attached air group as long as it was aboard. They were
applied to both sides of the fin and rudder. While the
drawings in the directive only showed the design on
the top surface of the right wing, subsequent direc-
tives indicate that it was also to be applied on the
under surface of the left wing tip.

The Commander, Air Force, Pacific Fleet, on 11
February 1945, issued an instruction for the aircraft in
the Hawaiian Sea Frontier. All carrier and training type
aircraft were to be identified with a letter followed by
the individual aircraft number running from 1 to 99.
These markings were not for the purpose of security,
but rather to identify U.S. Navy aircraft after numerous
reports of violations of air discipline involving flying
too close to transport aircraft and ground installations.

Air Force, Pacific Fleet, on 2 June 1945, prescribed a
series of recognition symbols for CVEs. These mark-
ings were to be painted on both sides of the vertical
tail surfaces, as well as the upper right and lower left
wing tips. All CVEGs, MCVGs and VCs assigned to
ships of the Escort Carrier Force, Pacific, were to carry
these designs. Each Carrier Division was assigned a

The rapid and accurate identification of aircraft has
always been of prime importance within Naval
Aviation. The explosive expansion of Naval Aviation
during World War II compounded this problem. 

A three-part identification system had been in use in
the fleet from 1923 until World War II. Under this sys-
tem, the aircraft identification number 5-F-1, which was
placed on the fuselage of the plane, meant this was the
first airplane in Fighting Squadron 5. After July 1937,
the squadron number for carrier based squadrons was
the same as the hull number of the carrier. Thus
Yorktown (CV 5) would have had VB-5, VS-5 and VF-5
assigned as part of her complement of squadrons. This
system was modified by Commander Carriers, Pacific
Fleet, on 29 April 1942. To help conceal the identity of
carriers engaged in operations in enemy waters, the
squadron number was eliminated, leaving just the letter
designating the type of squadron and the aircraft num-
ber within the squadron. Thus, the marking on the
fuselage of the plane would have been F-1 to identify
it as the first plane in a fighting squadron without iden-
tifying the squadron’s number. This was further modi-
fied on 22 December 1943, by the deletion of the
squadron type letter. All identification as to a specific
unit was now removed which allowed aircraft to be
drawn from a pool as necessary without the require-
ment of painting identification information on them.

During World War II, with the increase in the num-
ber of fleet aircraft operating in the same area as train-
ing planes, the necessity grew even more acute to
quickly differentiate the large number of training
planes from the operational fleet aircraft. To alleviate
this problem, Naval Air Operational Training
Command, on 12 January 1943, directed that all air-
craft within the command be identified by an
alpha/numeric system consisting of three groups of
characters. The first letter(s) designated the base
assignment for the aircraft. The second letter identified
the aircraft mission, while the third group was the
number of the aircraft within the squadron. For an
example, V-T-29 would indicate the aircraft was from
Vero Beach, Fla., it was a torpedo plane, and the 29th
aircraft in that Vero Beach, Fla., training unit. 
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basic design. The position of the individual vessel
within the Division was indicated by a series of nar-
row stripes.

The system of geometrical symbols carried by Task
Force 58 aircraft was difficult to describe over the
radio and was not always readily identifiable in the air.
To eliminate this problem, Commander Task Force 38,
in July 1945, specified a system of 24-inch block capi-
tal letters to be used to identify the aircraft of the CVs
and CVBs. These letters were to be applied to both
sides of the fin and rudder as well as the top right and
lower left wing tips. In its original form some ships
used a single letter, while others were assigned double
letters. This was the beginning of the two-letter Visual
Identification System in use today.

Naval Air Stations in Hawaii were assigned letter
designations on 10 September 1945, by the
Commander, Air Force, Pacific Fleet. These letters
were to be followed by a number from 1 to 99 inclu-
sive. In the event all available numbers in the 1 to 99
series were used, and no additional letters were avail-
able, the use of numbers over 100 was authorized.

On 8 January 1946, Air Force, Pacific Fleet, issued
instructions for the application of markings on the fast
carrier aircraft. This directive also assigned new alpha-
betical designations for the CVs and CVBs and CVLs in
place of those specified by Commander Task Force 38.
This assignment of the same letter to a different carrier
than previously designated, may well have caused the
erroneous identification of some photographs as to
what ship the aircraft were actually assigned.

All of the previous directives or instructions were a
search for an easy system to rapidly identify aircraft.
Finally, on 7 November 1946, the Chief of Naval
Operations (CNO) established the Visual Identification
System for all Navy and Marine Corps aircraft. To be
effective, such a system had to be simple, readable
and possess enough different combinations to cover
the number of aircraft carriers and all types of
squadrons to which naval aviation might expand in
case of war. A system using letters satisfies these
requirements as long as distinctive characters are used.
The elimination of the ambiguous letters G, J, N, O, Q
and Y left ample combinations to cover such expan-
sion. Since each letter has a phonetic equivalent in
communication procedures, the problem of describing
geometric markings was replaced by the simple pro-
cess of enunciating the names of the letters of the
alphabet. Under this system each aircraft carrier had
either a single or double letter symbol, some of which
were a hold over from the previous system. On 12
December 1946, the Visual Identification System of
Naval Aircraft was modified by CNO. Under this
change the tail codes assigned to the carriers were
now reassigned to individual air groups. This permit-

ted greater flexibility since an air group was not per-
manently assigned to a specific carrier.

Under the CNO system, non-carrier based
squadrons, such as VP, VPP, VPW, VPM, VU, VRU, VX
and VCN squadrons also used a letter system. In these
squadrons the first of the two letters designated the
wing or class while the second letter designated the
squadron within the wing. Marine Corps carrier-based
squadrons used the letters assigned to the parent carri-
er. While shore-based Marine squadrons used the first
letter to designate the Wing or other command, and
the second letter identified the squadron within the
Wing or Command. The letters in all cases were
underscored to denote Marine. It was possible under
this system to have the same code letters assigned to a
Navy squadron and a Marine Corps squadron concur-
rently. This requirement to underscore the letters on
Marine Corps aircraft was rescinded on 4 August 1948.

The Training Command continued to use the letter
number designation system in which the first of one or
two letters designated the base or station, while the
second letter identified the squadron and/or class des-
ignation. The aircraft within the squadron were identi-
fied by a one, two or three digit number. The Chief,
Naval Air Training, controlled the assignment of the
letter symbols within the Training Command.

Naval Air Reserve aircraft were also identified by
two letters. The first letter denoted the Air Station to
which the aircraft was assigned, while the second let-
ter identified the type of squadron. From this it can be
seen that it was possible to have a fleet squadron and
a reserve squadron identified with the same two let-
ters. This was resolved by the use of the orange belly
band around the fuselage to denote a Reserve aircraft.
Reorganization of the Naval Air Reserve in 1970
arranged the reserve squadron system along the same
lines as the active fleet structure. The tail code assign-
ments for these squadrons was redone to following
the procedures used for the fleet squadrons.

Naval Air Advanced Training Command on 6
January 1947 issued a directive for identifying aircraft
within the command. This alpha/numeric system used
a letter to identify the Naval Air Station, followed by a
second letter designating the squadron at that activity
and then a three digit aircraft number. On 31 August
1950, the Chief Naval Air Basic Training issued a
direcitve that involved single letters to denote aircraft
assigned to the various bases. This was modified on
27 September 1950 to a two-letter system whereby the
first letter designated the base and the second letter
the squadron. These letters were followed by a three-
digit number to denote the individual aircraft within
the squadron. On 6 September 1956, Chief of Naval
Air Training established a new tail code identification
system for the training commands. This system included
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VR-48 JR
VR-52 JT
VR-53 WV
VR-54 CW
VR-55 RU
VR-56 JU
VR-57 RX
VR-58 JV
VR-59 RY
VR-61 RS
VR-62 JW

Helicopter Antisubmarine Light

HSL-37 TH
HSL-40 HK
HSL-41 TS
HSL-42 HN
HSL-43 TT
HSL-44 HP
HSL-45 TZ
HSL-46 HQ
HSL-47 TY
HSL-48 HR
HSL-49 TX
HSL-51 TA
HSL-84 NW
HSL-94 NW

Naval Air Systems Command

Test Pilot School TPS

MARTD’S/Marine Support

HQMC 5A
MCAS Beaufort 5B
MCAS Cherry Point 5C
MCAS El Toro 5T
MCAS Futenma 5F

two character alpha/numberic codes whereby the
number 2 designated Chief Naval Air Basic Training
Command aircraft, 3 designated Chief Naval Air
Advanced Training Command and 4 designated Chief
Naval Technical Training Command aircraft.

One major change to occur was the move from a
single letter to two letters to idenify an air group’s tail
code. The effective date for this change was most like-
ly the beginning of Fiscal Year 1958 (1 July 1957).
Specific documenation has not been discovered to ver-
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ify this date. However, the tail code (Visidual
Identification System) listing in the Naval Aeronautical
Organization for 1957 shows the changes for the air
group tail codes to two letters.

Even though numerous changes have been made
since 7 November 1946 to the Visual Identification
System, the basic tenet of the system has remained
intact. The following is a listing of Tail Codes (Visual
Identification System for Naval Aircraft) for Naval
Aviation as of the end of 1995:

Blue Angels BA

Carrier Air Wings (former designation Carrier Air Groups)

CVW-1 AB
CVW-2 NE
CVW-3 AC
CVW-5 NF
CVW-7 AG
CVW-8 AJ
CVW-9 NG
CVW-11 NH
CVW-14 NR
CVW-17 AA
RCVW-4* AD
RCVW-12** NJ
CVWR-20 AF

Carrier AEW

CAEWW-12 GE

ASW Air Groups

CVSG-50*** AR
CVSG-51**** RA
HELWINGRES NW

Fleet Composite

VC-6 JG
VC-8 GF

Fleet Logistic Support

VRC-30 RW
VRC-40 JK

Fleet Logistics Support Reserve

VR-46 JS

Command Tail Code Command Tail Code



MCAS Iwakuni 5G
MCAS New River 5D
MCAS YUMA 5Y

Naval Air Stations (NAS)

Alameda 7J
Brunswick 7F
Cecil Field 7U
Fallon 7H
Jacksonville 7E
Key West 7Q
Lemoore 7S
Memphis 7K
Norfolk 7C
North Island 7M
Oceana 7R
Patuxent River 7A
Point Mugu 7L
Whidbey Island 7G

Naval Air Warfare Center Weapons Division

China Lake 7P

Naval Air Warfarfe Center Naval Aircraft Division

Patuxent River SD

Navy Support

NAF Atsugi 8A
NAF El Centro 8N
NAVSTA Guam 8J
NAVSTA Guantanamo 8F
NAVSTA Mayport 8U
NAF Mildenhall 8G
NAF Misawa 8M
COMFLTACT Okinawa 8H
NAVSTA Roosevelt Roads 8E
NAVSTA Rota 8D
NAS Sigonella 8C
HQ CMEF (Bahrain) 8K

Helicopter Combat Support

HC-2 HU
HC-3 SA
HC-4 HC
HC-5 RB
HC-6 HW
HC-8 BR

HC-11 VR
HC-85 NW

Patrol

VP-1 YB
VP-4 YD
VP-5 LA
VP-8 LC
VP-9 PD
VP-10 LD
VP-11 LE
VP-16 LF
VP-26 LK
VP-30 LL
VP-40 QE
VP-45 LN
VP-46 RC
VP-47 RD
VPU-1 OB
VPU-2 SP

Patrol Reserve

VP-62 LT
VP-64 LU
VP-65 PG
VP-66 LV
VP-68 LW
VP-69 PJ
VP-91 PM
VP-92 LY
VP-94 PZ

Air Test and Evaluation

VX-1 JA
VX-9 XE

Antarctic Development

VXE-6 XD

Helicopter Mine Countermeasure Squadron

HM-14 BJ
HM-15 TB

Fleet Tactical Readiness Group

COMFEWSG GD
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VMFA-235 DB
VMFA-251 DW
VMFA-312 DR
VMFA-314 VW
VMFA-323 WS
VMFA-451 VM

Tactical Electronic Warfare

VMAQ-1 CB
VMAQ-2 CY
VMAQ-3 MD
VMAQ-4 RM

Aerial Refueler/Transport

VMGR-152 QD
VMGR-252 BH
VMGR-352 QB

Observation

VMO-1 ER
VMO-2 UU

Fleet Training

VMAT-203 KD
VMFAT-101 SH
VMFT-401 WB

Fleet Readiness

VMGRT-253 GR

Helicopter Heavy

HMH-361 YN
HMH-362 YL
HMH-363 YZ
HMH-366 HH
HMH-461 CJ
HMH-462 YF
HMH-463 YH
HMH-464 EN
HMH-465 YJ
HMH-466 YK

Helicopter Medium

HMM-161 YR
HMM-162 YS

Fleet Air Reconnaissance

VQ-1 PR
VQ-2 JQ
VQ-3 TC
VQ-4 HL
VQ-5 SS
VQ-6 ET

Fleet Marine and Marine Support Units
Headquarters

MWHS-1 SZ
MALS-10 SE
MALS-11 TM
MALS-12 WA
MALS-13 YU
MALS-14 CN
HAMS-16 WW
MALS-24 EW
MALS-26 EL
HQSQDN-17 CZ
MALS-31 EX
MALS-36 WK
HQSSDN-37 QF

Attack

VMA-211 CF
VMA-214 WE
VMA-223 WP
VMA-231 CG
VMA-331 VL
VMA-513 WF
VMA-542 CR

All-weather Attack

VMA(AW)-332 EA

All-weather Fighter Attack

VMFA(AW)-121 VK
VMFA(AW)-224 WK
VMFA(AW)-242 DT
VMFA(AW)-225 CE
VMFA(AW)-533 ED

Fighter Attack

VMFA-115 VE
VMFA-122 DC
VMFA-212 WD
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HMM-163 YP
HMM-164 YT
HMM-165 YW
HMM-166 YX
HMM-261 TV
HMM-262 ET
HMM-263 EG
HMM-264 EH
HMM-265 EP
HMM-266 ES
HMM-268 YQ
HMM-364 PF
HMM-365 YM

Helicopter Light

HMLA-167 TV
HMLA-169 SN
HMLA-267 UV
HMLA-269 HF
HMLA-367 VT
HMLA-369 SM

Helicopter Training

HMT-204 GX
HMT-301 SU
HMT-303 QT

Helicopter

HMX-1 MK

Unmanned Aerial Vehical Operations

1st UAV FZ
2d UAV FF
FAST FS
C Company FH
VC-6 Det FR
DUTCH FD

Chief of Naval Air Training

TRAWING ONE

Meridian A
VT-19 A

TRAWING TWO

Kingsville B

VT-21 B
VT-22 B
VT-23 B
JTTU B

TRAWING FOUR

Corpus Christi G
VT-27 G
VT-28 G
VT-31 G

TRAWING FIVE

Whiting Field E
VT-2 E
VT-3 E
VT-6 E
HT-8 E
HT-18 E

TRAWING SIX

Pensacola F
VT-4 F
VT-10 F
VT-86 F

Chief of Naval Technical Training

NATTC Lakehurst 4L
NAS Memphis 4M

Chief Naval Reserve 

Atlanta 7B
Dallas 7D
Selfridge 7Y
Glenview 7V
New Orleans 7X
South Weymouth 7Z
Washington, DC 7N
Willow Grove 7W

Naval Air Reserve

Jacksonville 6F
Alameda 6G
Memphis 6M
Norfolk 6S
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HMM-764 ML
HML-767 MM
VMA-131 QG
VMGR-234 QH
HML-771 QK
HML-776 QL
HMH-777 QM
VMA-124 QP
VMGR-452 NY

* Disestablished on 1 June 1970. RCVW-4 tail letters retained by the following
squadrons: VF-101 and VAW-120.
** Disestablished on 1 June 1970. RCVW-12 tail letters retained by the following
squadrons: VAQ-129 and VS-41.
*** Disestablished on 17 February 1971. CVSG-50 tail letters retained by the fol-
lowing squadrons: VS-30 and HS-1.
**** Disestablished on 30 June 1971. CVSG-51 tail letters retained by the fol-
lowing squadron: HS-10

Fourth Marine Aircraft Wing

HQ 4TH MAW EZ
H&MS-41 MY
VFMA-112 MA
VMA-142 MB
HMA-773 MP
HMM-774 MO
H&MS-49 QZ
HMH-769 MS
HMH-772 MT
VM0-4 MU
H&MS-42 MW
HMA-775 WR
VMA-134 MF
VMFA-321 MG
H&MS-46 QY
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like ship’s names, are reused again and again. If there
is a break in the active status of a unit designation as a
result of a disestablishment, then there is no connec-
tion between the units bearing the same designation.

Another common problem area involved squadron
insignia. The lineage or history of a squadron cannot
be traced using only its insignia, because the same
insignia may have been adopted and approved for
official use by more than one squadron during differ-
ent time frames. The insignia of a disestablished
squadron may be officially approved for use by anoth-
er squadron, but this does not confer upon the new
squadron the right to the previous unit’s history and
lineage. The following outline of the Jolly Roger
insignia is an example of the confusion that results if
one attempts to trace the lineage and history of a
squadron insignia without considering other factors.

VF-17 was established on 1 January 1943, and dur-
ing World War II it produced an outstanding record as
a fighter squadron. The Jolly Roger insignia for VF-17
was adopted during World War II. On 15 November
1946, all Navy squadrons were redesignated and VF-17
became VF-5B. Subsequently, it was redesignated VF-
61 on 28 April 1948, and then disestablished on 15
April 1959. Commander Hoppe was the Commanding
Officer of VF-61 when it was disestablished. The Jolly
Roger insignia had been used by VF-17/VF-5B/VF-61
from 1943 until 15 April 1959.

On 2 July 1955, VA-86 was established and on the
same day was redesignated VF-84. This squadron was
equipped with the FJ Fury and adopted the nickname
Vagabonds. An insignia consisting of a lightning bolt
striking the world in the area of Norfolk, Va., with a
sword behind the bolt, was approved on 27
September 1955. The squadron operated under this
name and insignia until it replaced the FJs with F8U
Crusaders in 1959. Commander Hoppe assumed com-
mand of VF-84 two days after the disestablishment of
VF-61, the Jolly Roger squadron. He initiated the
request to have VF-84 adopt the old Jolly Roger
insignia, which had been used by VF-61 and was no
longer active. This request was approved by CNO on
1 April 1960. There is no direct connection between

The lineage and history of U.S. Naval Aviation
squadrons has been a source of confusion since the
birth of Naval Aviation in 1911. Much of this confusion
arose from the terminology used by the Navy, the lack
of a consistent policy in selecting the alpha-numeric
designations for squadrons, constantly reusing the
same letter and numeric designations, and the many
establishments, redesignations and disestablishments
of aviation squadrons.

When dealing with a squadron’s lineage, the only
correct terms to use are establishment, disestablish-
ment and redesignation. The terms commissioning and
establishment have been used interchangeably for
years and that is incorrect. Only ships are commis-
sioned, decommissioned and receive commissioning
pennants. Squadrons have establishment and disestab-
lishment ceremonies.

A unit’s history and lineage begins when it is estab-
lished and ends at the time it is disestablished.
Determining a squadron’s “family tree” may seem cut
and dried, but that is not the case. A squadron may
undergo numerous redesignations during the period
between its establishment and disestablishment. A
newly established squadron bearing the same designa-
tion of a unit that had previously existed may carry on
the traditions of the old organization but it cannot
claim the history or lineage of the previous unit. The
same is true of U. S. Navy ships and, thus, the ratio-
nale for such a policy becomes apparent. For exam-
ple, Ranger (CV 61) is the seventh ship to bear the
name Ranger and may carry on the traditions of the
previous six ships. Ranger (CV 61) is obviously not
the same Continental Navy Ship Ranger commanded
by Captain John Paul Jones during the War of
Independence. The history of Ranger (CV 61) begins
with its commissioning date, not with the commission-
ing date of the first Ranger

The most recent squadron with the designation
Fighter Squadron One (VF-1) was established 1
October 1972 and disestablished 1 October 1993. It
was the seventh squadron in the Navy to be designat-
ed VF-1. This squadron is not the same VF-1 that used
the designation for the first time in 1922. Designations,
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the former Jolly Roger squadron (VF-17/VF-5B/VF-61)
and VF-84, which adopted the Jolly Roger insignia. To
further complicate a review of the records, there have
been other squadrons with the designation VF-84.
During World War II, a VF-84 was established on 1
May 1944, and disestablished 8 October 1945. Naval
Air Reserve squadron VF-921 was called to active duty
1 February 1951, and was redesignated VF-84 on 4
February 1954. This squadron then became VA-86 on 2
July 1955. This occurred on the same day, the current
Jolly Roger squadron was established as VA-86 and
immediately redesignated VF-84. Neither of these two
VF-84 squadrons had any connection with the original
Jolly Rogers. Thus, the present VF-84 operating with
the insignia and title of Jolly Roger can lay claim to the
traditions of VF-17, VF-5B and VF-61, if it wishes to do
so, but can only claim a history which commenced on
2 July 1955, and it is not a direct descendant of the
original Jolly Roger squadron.

A squadron’s history and lineage covers only the
period during which a unit is officially declared active
(established by CNO), has personnel assigned to it,
and is listed in the Naval Aeronautical Organization.
When a squadron is disestablished, its history and lin-
eage ends. If a squadron is redesignated while it is
active, the lineage and history of the unit is carried on
by the newly redesignated squadron. The following is
an example of what occurs when a squadron is redes-

ignated and its lineage and history remain unbroken.
The current VFA-25 was originally established as

Torpedo Squadron 17 (VT-17) on 1 January 1943. On
15 November 1946, VT-17 was redesignated VA-6B
and carried this designation until 27 April 1948, when
it was redesignated VA-65. On 1 July 1959, VA-65 was
redesignated VA-25 and the unit remained VA-25 until
it was redesignated VFA-25 on 1 July 1983. The history
and lineage of the present VFA-25 may be traced to 1
January 1943, because there was no break in active
duty status of the squadron, even though its designa-
tion changed four times.

The current VFA-106 provides an example of what
happens when a squadron is disestablished and then,
years later, the same number is used again. This
squadron was established at NAS Cecil Field on 27 April
1984. VFA-106 adopted the old insignia of VA-106 and
had it officially approved. The squadron may carry on
the traditions of the old VA-106, but it cannot trace its
lineage and history back to VA-106. The list of com-
manding officers for VA-106 is not part of the list of
commanding officers for VFA-106. The history of VA-106
came to an end on 7 November 1969, when it was dis-
established and its personnel were transferred to other
duty stations. At this time, VA-106 was removed from the
active list in the Naval Aeronautical Organization. 

The following is a list of the current Navy squadrons
as of 31 December 1995:
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Helicopter Combat Support Squadron

HC-2* HC-2 Established 1 Apr 1987

HC-3 HC-3 Established 1 Sep 1967

HC-4* HC-4 Established 6 May 1983

HC-5* HC-5 Established 3 Feb 1984

HC-6 HC-6 Established 1 Sep 1967

HC-8 HC-8 Established 3 Dec 1984

HC-11 HC-11 Established 1 Oct 1977

HC-85 HS-85 Established 1 Jul 1970
HS-85 Redesignated HC-85 1 Oct 1994

Helicopter Combat Support Special Squadron

HCS-4 HAL-4 Established 1 Jul 1976
HAL-4 Redesignated HCS-4 1 Oct 1989

HCS-5 HCS-5 Established 1 Oct 1988

Helicopter Mine Countermeasures Squadron
HM-14 HM-14 Established 12 May 1978

HM-15 HM-15 Established 2 Jan 1987

Helicopter Anti-Submarine Squadron
HS-1 HS-1 Established 3 Oct 1951

HS-2 HS-2 Established 7 Mar 1952

HS-3 HS-3 Established 18 Jun 1952

HS-4 HS-4 Established 30 Jun 1952

HS-5 HS-5 Established 3 Jan 1956

HS-6 HS-6 Established 1 Jun 1956

HS-7* HS-7 Established 15 Dec 1969

HS-8* HS-8 Established 1 Nov 1969

HS-10 HS-10 Established 1 Jul 1960

Squadron Changes in Squadron Date of Squadron Changes in Squadron Date of
Designation Designations Change Designation Designations Change



VA-7A Redesignated VA-74 27 Jul 1948
VA-74 Redesignated VA-75 15 Feb 1950

VA-115 VT-11 Established 10 Oct 1942
VT-11 Redesignated VA-12A 15 Nov 1946
VA-12A Redesignated VA-115 15 Jul 1948
VA-115 was in an inactive status
from Aug 1967 to 1 Jan 1970. It
was not disestablished during this
time frame and had a very limited 
number of personnel assigned to 
the squadron which was located at
NAS Lemoore during the inactive 
period.
VA-115 Reactivated 1 Jan 1970

VA-165 VA-165 Established 1 Sep 1960

VA-196 VF-153 Established 15 Jul 1948
VF-153 Redesignated VF-194 15 Jul 1950
VF-194 Redesignated VA-196 4 May 1955

Tactical Electronic Warfare Squadron

VAQ-129 VAH-10 Established 1 May 1961
VAH-10 Redesignated VAQ-129 1 Sep 1970

VAQ-130 VW-13 Established 1 Sep 1959
VW-13 Redesignated VAQ-130 1 Oct 1968

VAQ-131 VP-931 Reserve squadron
to active duty 2 Sep 1950

VP-931 Redesignated VP-57 4 Feb 1953
VP-57 Redesignated VAH-4 3 Jul 1956
VAH-4 Redesignated VAQ-131 1 Nov 1968

VAQ-132 VAH-2 Established 1 Nov 1955
VAH-2 Redesignated VAQ-132 1 Nov 1968

VAQ-134 VAQ-134 Established 17 Jun 1969

VAQ-135 VAQ-135 Established 15 May 1969

VAQ-136 VAQ-136 Established 6 Apr 1973

VAQ-138 VAQ-138 Established 27 Feb 1976

VAQ-139 VAQ-139 Established 1 Jul 1983

VAQ-140 VAQ-140 Established 1 Oct 1985

VAQ-141 VAQ-141 Established 1 Jul 1987

VAQ-209 VAQ-209 Established 1 Oct 1977

HS-11 HS-11 Established 27 Jun 1957

HS-14 HS-14 Established 10 Jul 1984

HS-15 HS-15 Established 29 Oct 1971

HS-75 HS-75 Established 1 Jun 1970

Helicopter Anti-Submarine Squadron Light

HSL-37 HSL-37 Established 3 Jul 1975

HSL-40 HSL-40 Established 4 Oct 1985

HSL-41 HSL-41 Established 21 Jan 1983

HSL-42 HSL-42 Established 5 Oct 1984

HSL-43 HSL-43 Established 5 Oct 1984

HSL-44 HSL-44 Established 21 Aug 1986

HSL-45 HSL-45 Established 3 Oct 1986

HSL-46 HSL-46 Established 7 Apr 1988

HSL-47 HSL-47 Established 25 Sep 1987

HSL-48 HSL-48 Established 7 Sep 1989

HSL-49 HSL-49 Established 23 Mar 1990

HSL-51 HSL-51 Established 1 Oct 1991

HSL-84 HS-84 Established 1 Jul 1970
HS-84 Redesignated HSL-84 1 Mar 1984

HSL-94 HSL-94 Established 1 Oct 1985

Helicopter Training Squadron

HT-8 HTU-1 Established 3 Dec 1950
HTU-1 Redesignated HTG-1 Mar 1957
HTG-1 Redesignated HT-8 1 Jul 1960

HT-18 HT-18 Established 1 Mar 1972

Attack Squadron

VA-34* VA-34 Established 1 Jan 1970

VA-75* VB-18 Established 20 Jul 1943
VB-18 Redesignated VA-7A 15 Nov 1946
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Carrier Airborne Early Warning Squadron

VAW-77 VAW-77 Established 1 Oct 1995

VAW-78 VAW-78 Established 1 Jul 1970

VAW-112 VAW-112 Established 20 Apr 1967

VAW-113 VAW-113 Established 20 Apr 1967

VAW-115 VAW-115 Established 20 Apr 1967

VAW-116 VAW-116 Established 20 Apr 1967

VAW-117 VAW-117 Established 1 Jul 1974

VAW-120 RVAW-120 Established 1 Jul 1967
RVAW-120 Redesignated VAW-120 1 May 1983

VAW-121 VAW-121 Established 1 Apr 1967

VAW-122 VAW-122 Established 1 Apr 1967

VAW-123 VAW-123 Established 1 Apr 1967

VAW-124 VAW-124 Established 1 Sep 1967

VAW-125 VAW-125 Established 1 Oct 1968

VAW-126 VAW-126 Established 1 Apr 1969

Composite Squadron

VC-6* VU-6 Established 1 Mar 1952
VU-6 Redesignated VC-6 1 Jul 1965

VC-8 GMSRON-2 Established 1 Jul 1958
(Guided Missile Service 
Squadron 2)

GMSRON-2 Redesignated VU-8 1 Jul 1960
VU-8 Redesignated VC-8 1 Jul 1965

Fighter Squadron

VF-2* VF-2 Established 14 Oct 1972

VF-11* VF-43 Established 1 Sep 1950
VF-43 Redesignated VF-11 16 Feb 1959
VF-11 adopted the insignia used
by the previous VF-11 which had
been disestablished on 15 Feb 
1959. The newly designated VF-11
(16 Feb 1959) carried on the 

insignia and traditions of the 
Red Ripper squadron dating back
to 1 Feb 1927, but not the 
lineage.

VF-14* Air Detachment, Pacific Fleet
Established Sep 1919

Became VT-5, an element of
AirDet, PacFlt 15 Jun 1920

VT-5 Redesignated VP-4-1 7 Sep 1921
VP-4-1 Redesignated VF-4 23 Sep 1921
VF-4 Redesignated VF-1 1 Jul 1922
VF-1 Redesignated VF-lB 1 Jul 1927
VF-lB Redesignated VB-2B 1 Jul 1934
VB-2B Redesignated VB-3 1 Jul 1937
VB-3 Redesignated VB-4 1 Jul 1939
VB-4 Redesignated VS-41 15 Mar 1941
VS-41 Redesignated VB-41 1 Mar 1943
VB-41 Redesignated VB-4 4 Aug 1943
VB-4 Redesignated VA-1A 15 Nov 1946
VA-1A Redesignated VA-14 2 Aug 1948
VA-14 Redesignated VF-14 15 Dec 1949

VF-21* VF-81 Established 2 Mar 1944
VF-81 Redesignated VF-13A 15 Nov 1946
VF-13A Redesignated VF-131 2 Aug 1948
VF-131 Redesignated VF-64 15 Feb 1950
VF-64 Redesignated VF-21 1 Jul 1959

VF-24* VF-211 Established Jun 1955
VF-211 Redesignated VF-24 9 Mar 1959

VF-31* VF-1B Established 1 Jul 1935
VF-1B Redesignated VF-6 1 Jul 1937
VF-6 Redesignated VF-3 15 Jul 1943
VF-3 Redesignated VF-3A 15 Nov 1946
VF-3A Redesignated VF-31 7 Aug 1948

VF-32* VBF-3 Established 1 Feb 1945
VBF-3 Redesignated VF-4A 15 Nov 1946
VF-4A Redesignated VF-32 7 Aug 1948

VF-41* VF-41 Established 1 Sep 1950

VF-45* VA-45 Established 15 Feb 1963
VA-45 Redesignated VF-45 7 Feb 1985

VF-101 VF-101 Established 1 May 1952

VF-102* VA-36 Established 1 Jul 1955
VA-36 Redesignated VF-102 1 Jul 1955

(It should be noted that on the
same day; 1 Jul 1955, the old
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VF-81 Redesignated VA-81 1 Jul 1959
VA-81 Redesignated VFA-81 4 Feb 1988

VFA-82 VA-82 Established 1 May 1967
VA-82 Redesignated VFA-82 15 Jul 1987

VFA-83 VF-916 Reserve squadron
called to active duty 1 Feb 1951
VF-916 Redesignated VF-83 4 Feb 1953
VF-83 Redesignated VA-83 1 Jul 1955
VA-83 Redesignated VFA-83 1 Mar 1988

VFA-86* VF-921 Reserve squadron
called to active duty 1 Feb 1951
VF-921 Redesignated VF-84 4 Feb 1953
VF-84 Redesignated VA-86 1 Jul 1955
VA-86 Redesignated VFA-86 15 Jul 1987

VFA-87 VA-87 Established 1 Feb 1968
VA-87 Redesignated VFA-87 1 May 1986

VFA-94* VF-94 Established 26 Mar 1952
VF-94 Redesignated VA-94 1 Aug 1958
VA-94 Redesignated VFA-94 24 Jan 1991

VFA-97 VA-97 Established 1 Jun 1967
VA-97 Redesignated VFA-97 24 Jan 1991

VFA-105* VA-105 Established 4 Mar 1968
VA-105 Redesignated VFA-105 17 Dec 1990

VFA-106 VFA-106 Established 27 Apr 1984

VFA-113 VF-113 Established 15 Jul 1948
VF-113 Redesignated VA-113 Mar 1956
VA-113 Redesignated VFA-113 25 Mar 1983

VFA-125 VFA-125 Established 13 Nov 1980

VFA-127 VA-127 Established 15 Jun 1962
VA-127 Redesignated VFA-127 1 Mar 1987

VFA-131 VFA-131 Established 3 Oct 1983

VFA 136 VFA-136 Established 1 Jul 1985

VFA-137 VFA-137 Established 1 Jul 1985

VFA-146 VA-146 Established 1 Feb 1956
VA-146 Redesignated VFA-146 21 Jul 1989

VFA-147 VA-147 Established 1 Feb 1967
VA-147 Redesignated VFA-147 20 Jul 1989

VFA-151 VF-23 Established 6 Aug 1948

VF-102 was redesignated VA-36.
This unit is separate from the 
VA-36 that was established on 
1 Jul 1955 and then immediately 
redesignated VF-102.)

VF-103* VF-103 Established 1 May 1952

VF-143* VF-871 Reserve squadron
called to active duty 20 Jul 1950

VF-871 Redesignated VF-123 4 Feb 1953
VF-123 Redesignated VF-53 12 Apr 1958
VF-53 Redesignated VF-143 20 Jun 1962

VF-154 VF-837 Reserve squadron
called to active duty 1 Feb 1951

VF-837 Redesignated VF-154 4 Feb 1953

VF-201 VF-201 Established 25 Jul 1970

VF-211* VB-74 Established 1 May 1945
VB-74 Redesignated VA-1B 15 Nov 1946
VA-1B Redesignated VA-24 1 Sep 1948
VA-24 Redesignated VF-24 1 Dec 1949
VF-24 Redesignated VF-211 9 Mar 1959

VF-213 VF-213 Established 22 Jun 1955

Strike-Fighter Squadron

VFA-15 VA-67 Established 1 Aug 1968
VA-67 Redesignated VA-15 2 Jun 1969
VA-15 Redesignated VFA-15 1 Oct 1968

VFA-22 VF-63 Established 28 Jul 1948
VF-63 Redesignated VA-63 Mar 1956
VA-63 Redesignated VA-22 1 Jul 1959
VA-22 Redesignated VFA-22 4 May 1990

VFA-25 VT-17 Established 1 Jan 1943
VT-17 Redesignated VA-6B 15 Nov 1946
VA-6B Redesignated VA-65 27 Jul 1948
VA-65 Redesignated VA-25 1 Jul 1959
VA-25 Redesignated VFA-25 1 Jul 1983

VFA-27 VA-27 Established 1 Sep 1967
VA-27 Redesignated VFA-27 24 Jan 1991

VFA-37 VA-37 Established 1 Jul 1967
VA-37 Redesignated VFA-37 28 Nov 1990

VFA-81 VA-66 Established 1 Jul 1955
VA-66 Redesignated VF-81

on same day 1 Jul 1955
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VF-23 Redesignated VF-151 23 Feb 1959
VF-151 Redesignated VFA-151 1 Jun 1986

VFA-192 VF-153 Established 26 Mar 1945
VF-153 Redesignated VF-15A 15 Nov 1946
VF-15A Redesignated VF-151 15 Jul 1948
VF-151 Redesignated VF-192 15 Feb 1950
VF-192 Redesignated VA-192 15 Mar 1956
VA-192 Redesignated VFA-192 10 Jan 1985

VFA-195 VT-19 Established 15 Aug 1943
VT-19 Redesignated VA-20A 15 Nov 1946
VA-20A Redesignated VA-195 24 Aug 1948
VA-195 Redesignated VFA-195 1 Apr 1985

VFA-203 VA-203 Established 1 Jul 1970
VA-203 Redesignated VFA-203 1 Oct 1989

VFA-204 VA-204 Established 1 Jul 1970
VA-204 Redesignated VFA-204 1 May 1991

Fighter Squadron Composite

VFC-12* VC-12 Established 1 Sep 1973
VC-12 Redesignated VFC-12 22 Apr 1988

VFC-13* VC-13 Established 1 Sep 1973
VC-13 Redesignated VFC-13 22 Apr 1988

Patrol Squadron

VP-1* VB-128 Established 15 Feb 1943
VB-128 Redesignated VPB-128 1 Oct 1944
VPB-128 Redesignated VP-128 15 May 1946
VP-128 Redesignated VP-ML-1 15 Nov 1946
VP-ML-1 Redesignated VP-1 1 Sep 1948

VP-4* VB-144 Established 1 Jul 1943
VB-144 Redesignated VPB-144 1 Oct 1944
VPB-144 Redesignated VP-144 15 May 1946
VP-144 Redesignated VP-ML-4 15 Nov 1946
VP-ML-4 Redesignated VP-4 1 Sep 1948

VP-5* VP-17F (VP-17) Established 2 Jan 1937
VP-17 Redesignated VP-42 1 Jul 1939
VP-42 Redesignated VB-135 15 Feb 1943
VB-135 Redesignated VPB-135 1 Oct 1944
VPB-135 Redesignated VP-135 15 May 1946
VP-135 Redesignated VP-ML-5 15 Nov 1946
VP-ML-5 Redesignated VP-5 1 Sep 1948

VP-8* VP-201 Established 1 Sep 1942
VP-201 Redesignated VPB-201 1 Oct 1944

VPB-201 Redesignated VP-201 15 May 1946
VP-201 Redesignated VP-MS-1 15 Nov 1946
VP-MS-1 Redesignated VP-ML-8 5 Jun 1947
VP-ML-8 Redesignated VP-8 1 Sep 1948

VP-9* VP-9 Established 15 Mar 1951

VP-10* VP-10 Established 19 Mar 1951

VP-11* VP-11 Established 15 May 1952

VP-16* VP-741 Reserve squadron
called to active duty 1 May 1951

VP-741 Redesignated VP-16 4 Feb 1953

VP-26* VB-114 Established 26 Aug 1943
VB-114 Redesignated VPB-114 1 Oct 1944
VPB-114 Redesignated VP-114 15 May 1946
VP-114 Redesignated VP-HL-6 15 Nov 1946
VP-HL-6 Redesignated VP-26 1 Sep 1948

VP-30 VP-30 Established 30 Jun 1960

VP 40* VP-40 Established 20 Jan 1951

VP-45* VP-205 Established 1 Nov 1942
VP-205 Redesignated VPB-205 1 Oct 1944
VPB-205 Redesignated VP-205 15 May 1946
VP-205 Redesignated VP-MS-5 15 Nov 1946
VP-MS-5 Redesignated VP-45 1 Sep 1948

VP-46 VP-5S Established 1 Sep 1931
VP-5S Redesignated VP-5F 1 Apr 1933
VP-5F Redesignated VP-5 1937
VP-5 Redesignated VP-33 1 Jul 1939
VP-33 Redesignated VP-32 1 Jul 1941
VP-32 Redesignated VPB-32 1 Oct 1944
VPB-32 Redesignated VP-32 15 May 1946
VP-32 Redesignated VP-MS-6 15 Nov 1946
VP-MS-6 Redesignated VP-46 1 Sep 1948

VP-47 VP-27 Established 1 Jun 1944
VP-27 Redesignated VPB-27 1 Oct 1944
VPB-27 Redesignated VP-27 15 May 1946
VP-27 Redesignated VP-MS-7 15 Nov 1946
VP-MS-7 Redesignated VP-47 1 Sep 1948

VP-62 VP-62 Established 1 Nov 1970

VP-64 VP-64 Established 1 Nov 1970

VP-65 VP-65 Established 16 Nov 1970
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VR-61 VR-61 Established 1 Oct 1982

VR-62 VR-62 Established 1 Jul 1985

Fleet Tactical Support Squadron

VRC-30 VR-30 Established 1 Oct 1966
VR-30 Redesignated VRC-30 1 Oct 1978

VRC-40 VRC-40 Established 1 Jul 1960

Air Anti-Submarine Squadron

VS-21* CVEG-41 Established 26 Mar 1945
CVEG-41 Redesignated CVEG-1 15 Nov 1946
CVEG-1 Redesignated VC-21 1 Sep 1948
VC-21 Redesignated VS-21 23 Apr 1950

VS-22* VS-22 Established 18 May 1960

VS-24* VS-24 Established 25 May 1960

VS-29 VS-29 Established 1 Apr 1960

VS-30* VS-801 Reserve squadron
called to active duty 9 Apr 1951

VS-801 Redesignated VS-30 4 Feb 1953

VS-31* VC-31 Established 28 Sep 1948
VC-31 Redesignated VS-31 20 Apr 1950

VS-32 VC-32 Established 31 May 1949
VC-32 Redesignated VS-32 20 Apr 1950

VS-35* VS-35 Established 4 Apr 1991

VS-38* VC-892 Reserve sqdn. Activated 20 Jul 1950
VC-892 Redesignated VS-892 4 Aug 1950
VS-892 Reserve squadron

called to active duty 4 Aug 1950
VS-892 Redesignated VS-38 4 Feb 1953

VS-41* VS-41 Established 30 Jun 1960

Training Squadron

VT-2 BTG-2 Redesignated VT-2 1 May 1960
(Basic Training Group-2)

VT-3 BTG-3 Redesignated VT-3 1 May 1960

VT-4 BTG-9 Redesignated VT-4 1 May 1960

VP-66 VP-66 Established 1 Nov 1970

VP-68 VP-68 Established 1 Nov 1970

VP-69 VP-69 Established 1 Nov 1970

VP-91* VP-91 Established 1 Nov 1970

VP-92* VP-92 Established 1 Nov 1970

VP-94* VP-94 Established 1 Nov 1970

Patrol Squadron Special Unit

VPU-1 VPU-1 Established 1 Jul 1982

VPU-2 VPU-2 Established 1 Jul 1982

Fleet Air Reconnaissance Squadron

VQ-1 VQ-1 Established 1 Jun 1955

VQ-2 VQ-2 Established 1 Sep 1955

VQ-3 VQ-3 Established 1 Jul 1968

VQ-4 VQ-4 Established 1 Jul 1968

VQ-5 VQ-5 Established 15 Apr 1991

VQ-6 VQ-6 Established 5 Aug 1991

Fleet Logistic Support Squadron

VR-46 VR-46 Established 1 Mar 1981

VR-48 VR-48 Established 1 Oct 1980

VR-52* VR-52 Established 24 Jun 1972

VR-53 VR-53 Established 1 Oct 1992

VR-54 VR-54 Established 1 Jun 1991

VR-55 VR-55 Established 1 Apr 1976

VR-56 VR-56 Established 1 Jul 1976

VR-57 VR-57 Established 1 Nov 1977

VR-58 VR-58 Established 1 Nov 1977

VR-59 VR-59 Established 1 Oct 1982
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VT-6 Multi-Engine Training Group,
Whiting Field
Redesignated VT-6 1 May 1960

VT-7 BTG-7 Activated 1 Jun 1958
BTG-7 Redesignated VT-7 1 Jul 1960

VT-10 BNAO School Redesignated VT-10 15 Jan 1968
Basic Naval Aviation Officers 
School was established within
the training department of NAS 
Pensacola in June 1960. BNAO 
School became a separate com-
mand under the Chief of Naval 
Air Training 15 Jan 1968.

VT-19 VT-19 Established 2 Aug 1971

VT-21 ATU-202 Redesignated VT-21 1 May 1960
(Advanced Training Unit-202)

VT-22 ATU-212 Redesignated VT-22 1 May 1960

VT-23 ATU-222 Established Nov 1958
ATU-222 Redesignated VT-23 1 May 1960

VT-27 ATU-402 Redesignated VT-27 1 Jul 1960

VT-28 ATU-611 Redesignated VT-28 1 May 1960

VT-31 ATU-601 Redesignated VT-31 1 May 1960

VT-86 VT-86 Established 5 Jun 1972

Air Test and Evaluation Squadron (VX)
Antartic Development Squadron (VXE)

VX-1 Established as Aircraft 
Antisubmarine Development
Detachment, Atlantic Fleet 1 Apr 1943
Aircraft Antisubmarine 
Development Detachment became 
part of a new unit called 
Antisubmarine Development Det,
Atlantic Fleet 17 Sep 1943
Antisubmarine Development Det,

Atlantic Fleet redesignated VX-1 15 Mar 1946

VXE-6 VX-6 Established 17 Jan 1955
VX-6 Redesignated VXE-6 1 Jan 1969

VX-9 VX-9 Established 30 Apr 1994
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CARRIER, CARRIER BASED SQUADRONS AND NON-CARRIER BASED SQUADRON
DEPLOYMENTS DURING THE KOREAN WAR

Carrier, Air Group and Carrier Based Squadron Deployments

Essex (CV 9) with CVG -5 (26 Jun 1951 -25 Mar 1952)

Squadron Aircraft Tail Code
VF-51 F9F-2 S
VF-172 F2H-2 R
VF-53 F4U-4/B S
VF-54 AD-2/4/L/Q S
VC-3 Det B F4U-5NL NP
VC-11 Det B AD-4W ND
VC-35 Det B AD-4NL NR
VC-61 Det B F9F-2P PP
HU-1 Det HO3S-1 UP

Essex (CVA 9) with ATG -2 (16 Jun 1952 -6 Feb 1953)

Squadron Aircraft Tail Code
VF-23 F9F-2 M
VF-821 F9F-2 A
VF-871 F4U-4 D
VA-55 AD-4 S
VC-3 Det I F4U-5N NP
VC-11 Det I AD-4W ND
VC-35 Det I AD-4N NR
VC-61 Det I F2H-2P PP
HU-1 Det HO3S-1 UP

Boxer (CV 21) with CVG -2 (24 Aug 1950 -11 Nov 1950)

Squadron Aircraft Tail Code
VF-23 F4U-4 M
VF-63 F4U-4 M
VF-64 F4U-4 M
VF-24 F4U-4 M
VA-65 AD-2 M
VC-3 Det F4U-5N NP
VC-11 Det A AD-3W ND
VC-33 Det AD-4N SS
VC-61 Det F4U-4P PP
HU-1 Det HO3S-1 UP

Boxer (CV 21) with CVG -101 (2 Mar 1951 -24 Oct 1951)

Squadron Aircraft Tail Code
VF-721 F9F-2B A



VF-791 F4U-4 A
VF-884 F4U-4 A
VA-702 AD-2/4Q A
VC-3 Det F F4U-5NL NP
VC-11 Det F AD-4W ND
VC-35 Det F AD-4N NR
VC-61 Det F F9F-2P PP
HU-1 Det HO3S-1 UP

Boxer (CVA 21) with CVG -2 (8 Feb 1952 -26 Sep 1952)

Squardon Aircraft Tail Code
VF-64 F4U-4 M
VF-63 F4U-4 M
VF-24 F9F-2 M
VA-65 AD-4 M
VC-3 Det A F4U-5N NP
VC-11 Det A AD-4W ND
VC-35 Det A AD-3N/4N/2Q NR
VC-61 Det A F9F-2P PP
HU-1 Det HO3S-1 UP
GMU-90 AD-2Q/F6F -5K V

Boxer (CVA 21) with ATG -1 (30 Mar 1953 -28 Nov 1953)

Squardon Aircraft Tail Code
VF-111* F9F-5 V
VF-52 F9F-2 S
VF-151 F9F-2 H
VF-44* F4U-4 F
VF-194 AD-4NA/Q B
VC-3 Det H F4U-5N NP
VC-11 Det H AD-4W ND
VC-35 Det H AD-4N NR
VC-61 F2H-2P PP
HU-1 Det HO3S-1 UP

*VF-111 crossdecked (transferred) from CVA 21 to CVA 39 on 30
June 1953 and returned to the U.S. in October 1953.  VF -44
corssdecked from CVA 39 to CVA 21 on 30 June 1953.

Bon Homme Richard (CV 31) with CVG -102 (10 May 1951 -17 Dec 1951)

Squardon Aircraft Tail Code
VF-781 F9F-2B D
VF-783 F4U-4 D
VF-874 F4U-4 D
VA-923 AD-3/4Q D
VC-3 Det G F4U-5NL NP
VC-11 Det G AD-4W ND



VC-35 Det G AD-4N NR
VC-61 Det G F9F-2P PP
HU-1 Det HO3S-1 UP

Bon Homme Richard (CVA 31) with CVG -7 (20 May 1952-8 Jan 1953)

Squardon Aircraft Tail Code
VF-71 F9F-2 L
VF-72 F9F-2 L
VF-74 F4U-4 L
VA-75 AD-4 L
VC-4 Det 41 F4U-5N NA
VC-33 Det 41 AD-4NL SS
VC-12 Det 41 AD-4W NE
VC-61 Det N F2H-2P/F9F -2P PP
HU-1 Det HO3S-1 UP

Leyte (CV 32) with CVG -3 (6 Sep 1950 -3 Feb 1951)

Squardon Aircraft Tail Code
VF-31 F9F-2 K
VF-32 F4U-4 K
VF-33 F4U-4 K
VA-35 AD-3 K
VC-4 Det 3 F4U-5N NA
VC-33 Det 3 AD-4N SS
VC-12 Det 3 AD-3W NE
VC-62 Det 3 F4U-5P PL
HU-2 Det 3 HO3S-1 UR

Kearsarge (CVA 33) with CVG -101* (11 Aug 1952 -17 Mar 1953)

Squardon Aircraft Tail Code
VF-11 F2H-2 T
VF-721* F9F-2 A
VF-884* F4U-4 A
VA-702* AD-4/L A
VC-3 Det F F4U-5N NP
VC-11 Det F AD-4W ND
VC-35 Det F AD-4N NR
VC-61 Det F F2H-2P PP
HU-1 Det 15 HO3-1 UP

*CVG-101 redesignated CVG -14 on 4 February 1953.
VF-721, VF -884 and VA -702 became VF -141, VF -144 and VA -145.

Oriskany (CVA 34) with CVG -102* (15 Sep 1952 -18 May 1953)

Squardon Aircraft Tail Code
VF-781 F9F-5 D



VF-783 F9F-5 D
VF-874 F4U-4 D
VA-923 AD-3 D
VC-3 Det G F4U-5N NP
VC-11 Det G AD-3W ND
VC-35 Det G AD-4N NR
VC-61 Det G F2H-2P PP
HU-1 Det HO3S-1 UP

*CVG-102 redesignated CVG -12 on 4 February 1953.
VF-781, VF -783,  VF-874 and VA -923 became VF -121, VF -122, VF -124
and VA -125.

Antietam (CV 36) with CVG -15 (8 Sep 1951 -2 May 1952)

Squardon Aircraft Tail Code
VF-713 F4U-4 H
VF-831 F9F-2B H
VF-837 F9F-2B H
VA-728 AD-4/L/Q H
VC-3 Det D F4U-5N NP
VC-11 Det D AD-4W ND
VC-35 Det D AD-4NL NR
VC-61 Det D F9F-2P PP
HU-1 Det HO3S-1 UP

Princeton (CV 37) with CVG -19 (9 Nov 1950 -29 May 1951*)

Squardon Aircraft Tail Code
VF-191 F9F-2 B1
VF-192 F4U-4 B
VF-193 F4U-4 B
VA-195 AD-4 B
VC-3 Det F F4U-5N NP
VC-11 Det AD-4W ND
VC-35 Det 3 AD-4N NR
VC-61 Det F9F-2P PP
HU-1 Det HO3S-1 UP

*Air Group transferred at Yokosuka, Japan, CV 37 remained in
WestPac.

Princeton (CV 37) with CVG -19X (31 May 1951 -29 Aug 1951)

Squardon Aircraft Tail Code
VF-23 F9F-2 B
VF-821 F4U-4 B
VF-871 F4U-4 B
VA-55 AD-4 B
VC-3 Det F4U-5N NP



VC-11 Det AD-4W ND
VC-35 Det 7 AD-4N NR
VC-61 Det F9F-2P PP
HU-1 Det HO3S-1 UP

Princeton (CVA 37) with CVG -19 (21 Mar 1952 -3 Nov 1952)

Squardon Aircraft Tail Code
VF-191 F9F-2 B
VF-192 F4U-4 B
VF-193 F4U-4 B
VA-195 AD-4 B
VC-3 Det E F4U-5N NP
VC-11 Det E AD-4W ND
VC-35 Det E AD-4NL NR
VC-61 Det E F9F-2P PP
HU-1 Det HO3S-1 UP

Princeton (CVA 37) with CVG -15 (24 Jan 1953 -21 Sep 1953)

Squardon Aircraft Tail Code
VF-152 F4U-4 H
VF-153 F9F-5 H
VF-154 F9F-5 H
VA-155 AD-4 H
VC-3 Det D F4U-5N NP
VC-11 Det D AD-4W ND
VC-35 Det D AD-4N NR
VC-61 Det D F9F-5P PP
HU-1 Det HO3S-1 UP

Lake Champlain (CVA 39) with CVG -4 (26 Apr 1953 -4 Dec 1953)

Squardon Aircraft Tail Code
VF-22 F2H-2 F
VF-62 F2H-2 F
VF-44 F4U-4 F (to 30 Jun)
VF-111 F9F-5 V (fr om 30 Jun)
VA-45 AD-4B F
VC-4 Det 44 F2H-2B/F3D -2 NA
VC-12 Det 44 AD-4W NE
VC-33 Det 44 AD-4N SS
VC-62 Det 44 F2H-2P PL
HU-2 Det HO3S-1 UR

Valley Forge (CV 45) with CVG -5 (1 May 1950 -1 Dec 1950)

Squardon Aircraft Tail Code
VF-51 F9F-3 S
VF-52 F9F-3 S



VF-53 F4U-4B S
VF-54 F4U-4B S
VA-55 AD-4/Q S
VC-3 Det C F4U-5N/AD -3N NP
VC-11 Det AD-3W ND
HedRon 1 Det F4U-5P AZ
HU-1 Det HO3S-1 UP

Valley Forge (CV 45) with CVG -2 (6 Dec 1950 -7 Apr 1951*)

Squardon Aircraft Tail Code
VF-64 F4U-4 M
VF-63 F4U-4 M
VF-24 F4U-4 M
VA-65 AD-2  M
VC-3 Det F4U-5N NP
VC-11 Det AD-4W ND
VC-35 Det 4 AD-4N NR
VC-61 Det F F4U-4P PP
HU-1 Det HO3S-1 UP

*CVG-2 crossdecked with CVG -11 from CV 47 on 28 March 1951 and CV
45 returned to San Diego, Calif., 7 April with CVG -11.

Valley Forge (CV 45) with ATG -1 (15 Oct 1951 -3 Jul 1952)

Squardon Aircraft Tail Code
VF-111 F9F-2/B V
VF-52 F9F-2/B S
VF-653 F4U-4/B H
VF-194 AD-2/3  B
VC-3 Det H F4U-5N/NL NP
VC-11 Det H(7) AD-4W/2Q ND
VC-35 Det H(10) AD-4NL NR
VC-61 Det H F9F-2P/F2H -2P PP
HU-1 Det 20 HO3S-1 UP

Valley Forge (CVA 45) with CVG -5 (20 Nov 1952 -25 Jun 1953)

Squardon Aircraft Tail Code
VF-51 F9F-5 S
VF-92 F4U-4 N
VF-53 F9F-5 S
VF-54 AD-4 S
VC-3 Det B F4U-5N NP
VC-11 Det B AD-4W ND
VC-35 Det B AD-4N NR
VC-61 Det B F9F-5P PP
HU-1 Det 6 HO3S-1 UP



Philippine Sea (CV 47) with CVG -11 (5 Jul 1950 -26 Mar 1951*)

Squardon Aircraft Tail Code
VF-111 F9F-2 V
VF-112 F9F-2 V
VF-113 F4U-4B V
VF-114 F4U-4B V
VA-115 AD-4/Q V
VC-3 Det 3 F4U-5N/AD -4N NP
VC-11 Det AD-4W ND
VC-61 Det 3 F4U-4P PP
HU-1 Det 3 HO3S-1 UP

*CVG-11 crossdecked with CVG -2 from CV 45; CV 47 returned to San
Diego, Calif., 26 March with CVG -2.

Philippine Sea (CV 47) with CVG -2 (28 Mar 1951 -9 Jun 1951)

Squardon Aircraft Tail Code
VF-64 F4U-4 M
VF-63 F4U-4 M
VF-24 F4U-4 M
VA-65 AD-2/Q M
VC-3 Det F4U-5N NP
VC-11 Det AD-4W ND
VC-35 Det 4 AD-4N NR
VC-61 Det F4U-4P PP
HU-1 Det HO3S-1 UP

Philippine Sea (CV 47) with CVG -11 (31 Dec 1951 -8 Aug 1952)

Squardon Aircraft Tail Code
VF-112 F9F-2 V
VF-113 F4U-4 V
VF-114 F4U-4 V
VA-115 AD-4 V
VC-3 Unit  C F4U-5NfNL NP
VC-11 Unit C AD-4W ND
VC-35 Unit C AD-4NL/Q/ -2Q NR
VC-61 Unit C F2H-2P/F9F -2P PP
HU-1 Unit HO3S-1 UP

Philippine Sea (CVA 47) with CVG-9 (15 Dec 1952 -14 Aug 1953)

Squardon Aircraft Tail Code
VF-91 F9F-2 N
VF-93 F9F-2 N
VF-94 F4U-4 N
VA-95 AD-4/NA/NL N
VC-3 Det M F4U-5N NP



VC-11 Det M AD-4W ND
VC-35 Det M AD-4N NR
VC-61 Det M F9F-5P PP
HU-1 Det HO3S-1 UP

Bataan (CVL 29) (16 Nov 1950-25 Jun 1951)

Squardon Aircraft Tail Code
VMF-212 F4U-4 LD (aboard

  11 Dec -5 Mar)
VMF-312 F4U-4 WR (abo ard

  5 Mar -6 Jun)
HU-1 Det 8 HO3S-1 UP

Bataan (CVL 29) (27 Jan 1952 -26 Aug 1952)

Squardon Aircraft Tail Code
VMA-312 F4U-4/B WR  (aboard 21 

  Apr -21 Jul)
VS-25 AF-2S/W SK
HU-1 Det HO3S-1 UP

Bataan (CVL 29) (28 Oct 1952 -26 May 1953)

Squardon Aircraft Tail Code
VMA-312 F4U-4/B WR (aboard 9
  Feb-8 May)
VS-871 TBM-3S/W SU
VS-21 AF-2S/W BS
HU-1 Det HO3S-1 UP

Rendova (CVE 114) (8 Ju1 1951 -22 Dec 1951)

Squardon Aircraft Tail Code
VMF-212 F4U-4 LD (aboard 22
   Sep-6 Dec)
VS-892 TBM-3S/W ST (aboa rd 16
   Jul -19 Sep,
   11-22 Dec)
HU-1 Det HO3S-1 UP

Bairoko (CVE 115) (14 Nov 1950-15 Aug 1951)

Squardon Aircraft Tail Code
VS-21 TBM-3S/W BS (aboard 3
   Dec -16 Feb)
VS-23 TBM-3E/S/W MI (aboard 17
   Feb -15 Aug)
HU-1 Det HO3S-1 UP



Bairoko (CVE 115) (1 Dec 1951 -9 Jun 1952)

Squardon Aircraft Tail Code
VS-25 AF-2S/W SK (aboard to
   21 Jan,  

  returned in
   May)
HU-1 Det HO3S-1 UP

Bairoko (CVE 115) (12 Jan 1953 -24 Aug 1953)

Squardon Aircraft Tail Code
VMA-312 F4U-4/B WR (aboard 9
   May-8 Jun)
VS-21 AF-2S/W BS (aboard 3
   Feb -8 May)
VS-23 TBM-3S/W MI (ashore at
   Agana, Guam,

  Feb -Apr)
HU-1 Det HO3S-1 UP

Badoeng Strait (CVE 116) (14 Jul 1950 -7 Feb 1951)

Squardon Aircraft Tail Code
VMF-323 F4U-4B WS
HU-1 Det HO3S-1 UP

Badoeng Strait (CVE 116) (15 Sep 1951 -1 Mar 1952)

Squardon Aircraft Tail Code
VMF-212 F4U-4 LD
VS-892 TBM-3S/W ST (aboard 5
   Oct -8 Dec)
HU-1 Det 18 HO3S-1 UP

Badoeng Strait (CVE 116) (19 Jul 1952 -27 Feb 1953)

Squadron Aircraft Tail Code
VMA-312 F4U-4/B WR (aboard 19
   Oct -9 Feb)
VS-931 AF-2S/W SV (aboard 10
   Aug -19 Oct)
HU-1 Det HO3S-1 UP

Sicily (CVE 118) (4 Jul 1950 -5 Feb 1951)

Squadron Aircraft Tail Code
VMF-214 F4U-4B WE (aboard 1
   Aug -13 Nov)
VS-21 TBM-3E/S BS (aboard to



   3 Dec)
HU-1 Det HO3S-1 UP

Sicily (CVE 118) (12 May 1951 -12 Oct 1951)

Squardon Aircraft Tail Code
VMF-323 F4U-4 WS (aboard c. 5

  Jun -20 Sep)
VS-892 TBM-3S/W ST (aboard to
   13 Jul)
HU-1 Det HO3S-1 UP

Sicily (CVE 118) (8 May 1952 -4 Dec 1952)

Squadron Aircraft Tail Code
VMAA312 F4U-4B WR (aboard 4
   Sep-19 Oct)
VS-931 AF-2S/W SV (aboard to 9
   Aug and 19
   Oct -4 Dec)
HU-1 Det HO3S-1 UP

Point Cruz (CVE 119) (11 Apr 1953 -18 Dec 1953)

Squardon Aircraft Tail Code
VMA-332 F4U-4B MR
VS-38 TBM-3S/W ST (put shore
   at Agana,
   Guam, 28
   Apr)
VS-23 TBM-3S/W MI (aboard 28
   Apr -Japan)
HS-2 HRS-2 HV
HU-1 Det HO3S-1 UP

Shore Based Marine Corps Squadrons Operating in Korea

Date
Date Departed

Squadron Departed Korean Tail
Designation U.S Area Code Aircraft Operated

VMC-1 15 May 1952 RM AD-4N, 4NL, AD -3N,
AD-2Q, AD-4Q,
AD-4W

VMJ-1 23 Mar 1952 MW F2H-2P, F9F -2P,
F7F-3P, F4U -5P



VMO-6 14 Jul 1950 WB OY-2, H03S -1, 
HTL-4, TBM -3E, 

OE-1, H05S -1

VMF-115 17 Feb 1952 AE F9F-2, F9F -4, 
F9F-5

VMA-121 2 Oct 1951 AK AD-2, AD -3, AD -4

HMR-161 16 Aug 1951 HR HRS-1, HRS -2, 
H05S-1

VMF/VMA -212 15 Sep 1950 LD F4U-4, F4U -5, 
F4U-5N, F4U -4B, 

AU-1

VMF-214 14 Jun 1950 15 Nov 1951 WE F4U-4B

VMA-251 9 Jun 1953 AL AD-3, AD -4, AD -4B

VMF-311 14 Nov 1950 WL F9F-2, F4U -4B, 
F9F-2B ,F9F -5

VMF/VMA -312 24 Aug 1950 16 Jun 1950 WR F4U-4, F4U -4B

VMF/VMA -323 14 Jul 1950 WS F4U-4B, AU -1

VMA-332 15 May 1953 MR F4U-4, F4U -4B

VMF(N) -513 14 Jul 1950 WF F4U-5N, F4U -5NL, 
F7F-3N, F3D -2

VMF(N) -542 27 Aug 1950 9 Mar 1951 WH F7F-3N

NOTE: Many of the Marine Corps Squadrons remained permanently
assigned in the Korean operating area during the Korean War.

Navy Patrol Squadrons Deployed to Korean Area

Date Date
Arrived Departed

Squadron in Korean Korean Tail
Designation Area Area Code Aircraft Operated

VP-1 7 Aug 1950 27 Jul 1953 CD P2V-3/5
VP-2 1 Sep 1951 1 Dec 1951 SB P2V-4



VP-6 28 Jun 1950 15 Jan 1952 BE P2V-3
VP-7 30 Jun 1953 Jan 1954 HE P2V-5
VP-9 29 Jun 1952 16 Nov 1952 CB P4Y-2/2S
VP-22 14 Nov 1950 30 May 1953 CE P2V-3/4/5
VP-28 14 Jul 1950 30 Nov 1952 CF P4Y-2/2S
VP-29 27 Sep 1952 5 Apr 1953 BF P2V-5/6
VP-40 1 Jun 1951 24 Feb 1953 CA PBM-5/5S
VP-42 21 Aug 1950 2 Jun 1952 SA PBM-5/5S2
VP-46 15 Jul 1950 15 Ma r 1952 BD PBM-5
VP-47 25 Jun 1950 1 Jun 1953 BA PBM-5
VP-48 29 May 1952 15 Mar 1953 SF PBM-5/5S2
VP-50 5 Jul 1953 27 Jul 1953 SE PBM-5
VP-57 29 Mar 1953 Oct 1953    BI P2V-5
VP-772 Jan 1951   Oct 1951   P4Y-2/2S
VP-731 29 May 1952 8 Dec 1952 PBM-5
VP-871 Det A Oct 1951 Mar 1952 CH P4Y-2/2S
VP-892 23 Nov 1950 1 Sep 1953 PBM-5

Note:  Tail codes not available for three Reserve Patrol
Squadrons, VP-772, VP-731 and VP-892.  PB4Y-2 aircraft
designations were changed to P4Y-2 in 1951.



APPENDIX 26

Carrier, Carrier Based Squadrons
and Non-Carrier Based Squadron

Deployments to Vietnam
Deployment for Carriers and Carrier Based Squadrons in the

Western Pacific (WestPac) and Vietnam (1964–1975)

VAH-4 Det E A-3B
VAW-11 Det E E-1B
VFP-63 Det E RF-8A
HU-1 D1 Unit E UH-2A

*VQ-1Det EA-3B
*VAP-61 Det RA-3B

Ticonderoga (CVA 14) with CVW-5 (14 Apr 1964—15 Dec 1964)

*VF-51 F-8E
VF-53 F-8E
VA-52 A-1J & A-1H
VA-55 A-4E
VA-56 A-4E
VFP-63 Det B RF-8A
VAW-11 Det B E-1B
HU-1 D1 Unit B UH-2A

*VAW-13 Det (most likely
used EA-1F)

*VQ-1 Det EA-3B
*VAP-61 Det RA-3B & KA-3B
*VAH-10 Det A-3B
*VMCJ-1 Det RF-8A
VAH-4 Det B A-3B

Constellation (CVA 64) with CVW-14 (5 May 1964—1 Feb 1965)

VF-142 F-4B
VF-143 F-4B
VA-144 A-4C
VA-145 A-1J & A-1H
VA-146 A-4C
VAH-10 A-3B
VFP-63 Det F RF-8A
VAW-11 Det F E-1B
HU-1 D1 Unit F UH-2A

*VAP-61 Det RA-3B
*VQ-1 Det EA-3B
*VF-51 F-8E
*VMCJ-1 Det RF-8A

See the Notes Section at the end of this listing for
clarification on specific entries and Tail Code List.

1964 WestPac/Vietnam Deployments

Kitty Hawk (CVA 63) with CVW-11 (17 Oct 1963—20 Jul 1964)

VA-112 A-4C
VA-113 A-4C
VA-115 A-1H
VF-114 F-4B
VF-111 F-8D
VAH-13 A-3B
VFP-63 Det C RF-8A
VAW-11 Det C E-1B
HU-1 D1 Unit C UH-2A

*VQ-1Det EA-3B
*VAP-61 Det RA-3B

**Oriskany (CVA 34) with CVW-16 (1 Aug 1963—10 Mar 1964)

VF-161 F-3B
VF-162 F-8A
VA-163 A-4B
VA-164 A-4B
VA-165 A-1H & A-1J
VAH-4 Det G A-3B
VFP-63 Det G RF-8A
VAW-11 Det G E-1B
HU-1 D1 Unit G UH-2A

*VQ-1 Det EA-3B

Bon Homme Richard (CVA 31) with CVW-19 (28 Jan 1964—
21 Nov 1964)

VF-191 F-8E
VF-194 F-8C
VA-192 A-4C
VA-195 A-4C
VA-196 A-1J & A-1H
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Ranger (CVA 61) with CVW-9 (5 Aug 1964—6 May 1965)

VF-92 F-4B
VF-96 F-4B
VA-93 A-4C
VA-95 A-1J & A-1H
VA-94 A-4C
RVAH-5 RA-5C
VFP-63 Det M RF-8A
VAW-11 Det M E-1B
VAH-2 Det M A-3B
HU-1 D1 Unit M UH-2A

*VAP-61 Det RA-3B
*VQ-1 Det EA-3B

Hancock (CVA 19) with CVW-21 (21 Oct 1964—29 May 1965)

VA-212 A-4E
VA-215 A-1J & A-1H
VA-216 A-4C
VF-24 F-8C
VF-211 F-8E
VAW-11 Det L E-1B
VFP-63 Det L RF-8A
VAH-4 Det L A-3B
HU-1 Det L UH-2A

*VAP-61 Det RA-3B
*VQ-1 Det EA-3B

Yorktown (CVS 10) with CVSG-55 (23 Oct 1964—16 May 1965)

VS-23 S-2E
VS-25 S-2E
HS-4 SH-3A
VAW-11 Det T EA-1E
VMA-223 Det T A-4C

Coral Sea (CVA 43) with CVW-15 (7 Dec 1964-1 Nov 1965)

VA-153 A-4C
VA-155 A-4E
VA-165 A-1H & A-1J
VAH-2 A-3B
VF-151 F-4B
VF-154 F-8D
VFP-63 Det D RF-8A
VAW-11 Det D E-1B
HU-1 D1 Unit D UH-2A

(redesignated HC-1
Det D on 1 Jul 1965)

*VAP 61 Det RA-3B
*VQ-1 Det EA-3B
*VAW-13 Det EA-1F
*VMCJ-1 Det RF-8A

Bennington (CVS 20) with CVSG-59 (20 Feb 1964—11 Aug 1964)

HS-8 SH-3A
VS-33 S-2E
VS-38 S-2E
VAW-11 Det Q EA-1E
VA-93 Det Q A-4B

Kearsarge (CVS 33) with CVSG-53 (19 Jun 1964—16 Dec 1964)

HS-6 SH-3A
VS-21 S-2F
VS-29 S-2F
VAW-11 Det R EA-1E
VA-153 Det R A-4B

1965 WestPac/Vietnam Deployments

Midway (CVA 41) with CVW-2 (6 Mar 1965—23 Nov 1965)

VF-111 F-8D
VA-22 A-4C
VA-23 A-4E
VA-25 A-1H & A-1J
VF-21 F-4B
VAH-8 A-3B
VFP-63 Det A RF-8A
VAW-11 Det A E-1B
HU-1 Det A UH-2A

(redesignated HC-1 Det A
on 1 Jul 1965)

*VAW-13 Det EA-1F
*VAP-61 Det RA-3B
*VQ-1 Det EA-3B

Oriskany (CVA 34) with CVW-16 (5 Apr 1965-16 Dec 1965)

VF-162 F-8E
VA-152 A-1J & A-1H
VA-163 A-4E
VA-164 A-4E
VMF(AW)-212 F-8D
VFP-63 Det G RF-8A
VAW-11 Det G E-1B
HU-1 Det G UH-2B & UH-2A

(redesignated HC-1 Det G
on 1 Jul 1965)

*VMCJ-1 Det (most likely 
used EF-10B)

*VAW-13 Det EA-1F
*VQ-1 Det EA-3B

706 UNITED STATES NAVAL AVIATION 1910–1995



Enterprise (CVAN 65) with CVW-9 (26 Oct 1965-21 Jun 1966)

VA-36 A-4C
VA-76 A-4C
VA-93 A-4C
VA-94 A-4C
VAH-4 Det M A-3B
RVAH-7 RA-5C
VAW-11 Det M E-1B
VF-92 F-4B
VF-96 F-4B
HC-1 Det M UH-2A & UH-2B

*VQ-1 Det EA-3B
*VAP-61 Det RA-3B

Hancock (CVA 19) with CVW-21 (10 Nov 1965—1 Aug 1966)

VA-212 A-4E
VA-215 A-1J & A-1H
VA-216 A-4C
VAW-11 Det L E-1B
VFP-63 Det 1 RF-8A
VF-211 F-8E
VF-24 F-8C
HC-1 D1 Unit L UH-2A & UH-2B

*VQ-1 Det EA-3B
*VAP-61 Det RA-3B

Kitty Hawk (CVA 63) with CVW-11 (19 Oct 1965—13 Jun 1966)

VA-85 A-6A
VA-113 A-4C
VA-115 A-1H & A-1J
VAH-4 Det C A-3B
VAW-11 Det C E-2A
VF-114 F-4B
VF-213 F-4B & F-4G
RVAH-13 RA-5C
HC-1 D1 Unit C UH-2B & UH-2A

*VAP-61 Det RA-3B
*VQ-1 Det EA-3B

Ranger (CVA 61) with CVW-14 (10 Dec 1965—25 Aug 1966)

VF-142 F-4B
VF-143 F-4B
VA-145 A-1H & A-1J
VA-146 A-4C
VA-55 A-4E
RVAH-9 RA-5C
VAH-2 Det F A-3B
VAW-11 Det F E-2A
HC-1 D1 Unit F UH-2A & UH-2B

*VQ-1 Det EA-3B
*VAP-61 Det RA-3B

Independence (CVA 62) with CVW-7 (10 May 1965—13 Dec 1965)

VF-41 F-4B
VF-84 F-4B
VA-72 A-4E
VA-75 A-6A
VA-86 A-4E
RVAH-1 RA-5C
VAW-12 Det 62 E-1B
HU-2 Det 62 UH-2A

(redesignated HC-1 Det 62
on 1 July 1965)

VAH-4 Det 62 A-3B
*VAW-13 Det EA-1F
*VQ-1 Det EA-3B
*VAP-61 Det RA-3B

Bon Homme Richard (CVA 31) with CVW-19 (21 Apr 1965—
13 Jan 1966)

VF-191 F-8E
VF-194 F-8E
VA-192 A-4C
VA-195 A-4C
VA-196 A-1H & A-1J
VFP-63 Det E RF-8A
VAW-11 Det E E-1B
HU-1 D1 Unit E UH-2A & UH-2B

(redesignated HC-1 D1
Unit E on 1 Jul 1965)

*VQ-1 Det EA-3B
*VAW-13 Det EA-1F

Hornet (CVS 12) with CVSG-57 (12 Aug 1965—23 Mar 1966)

HS-2 SH-3A
VS-35 S-2D
VS-37 S-2D
VAW-11 Det N E-1B
H&MS-15 Det N A-4C

Ticonderoga (CVA 14) with CVW-5 (28 Sep 1965—13 May 1966)

VF-51 F-8E
VF-53 F-8E
VA-52 A-1H & A-1J
VA-56 A-4E
VA-144 A-4C
VAH-4 Det B A-3B
VAW-11 Det B E-1B
VFP-63 Det B RF-8A
HC-1 D1 Unit B UH-2A & UH-2B

*VQ-1 Det EA-3B
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Bennington (CVS 20) with CVSG-59 (22 Mar 1965—7 Oct 1965)

VS-38 S-2E
VS-33 S-2E
HS-8 SH-3A
VAW-11 Det Q E-1B
VA-113 Det Q A-4B

1966 WestPac/Vietnam Deployments
(See note 1)

Yorktown (CVS 10) with CVSG-55 (6 Jan 1966—27 Jul 1966)

VS-23 S-2E
VS-25 S-2E
HS-4 SH-3A
VAW-11 Det T E-1B

Intrepid (CVS 11) with CVW-10 (4 Apr 1966-21 Nov 1966)

VA-95 A-4B
VA-165 A-1H
VA-15 A-4B
VA-176 A-1H
HC-2 Det 11 UH-2A & UH-2B

Constellation (CVA 64) with CVW-15 (12 May 1966—3 Dec 1966)

VF-151 F-4B
VF-161 F-4B
VA-153 A-4C
VA-155 A-4E
VA-65 A-6A
RVAH-6 RA-5C
VAH-8 A-3B
VAW-11 Det D E-2A
HC-1 D1 Unit D UH-2A & UH-2B

*VQ-1 Det EA-3B
*VAP-61 Det RA-3B
*VAW-13 Det EA-1F
*HS-6 Det SH-3A

Oriskany (CVA 34) with CVW-16 (26 May 1966—16 Nov 1966)

VF-111 F-8E
VF-162 F-8E
VA-163 A-4E
VA-164 A-4E
VA-152 A-1H
VAH-4 Det G A-3B
VAW-11 Det G E-1B
VFP-63 Det G RF-8G
HC-1 D1 Unit G UH-2A & UH-2B

*VAP-61 Det RA-3B

Franklin D. Roosevelt (CVA 42) with CVW-1 (21 Jun 1966—
21 Feb 1967)

VF-14 F-4B
VF-32 F-4B
VA-12 A-4E
VA-72 A-4E
VA-172 A-4C
VAH-10 Det 42 A-3B
VAW-12 Det 42 E-1B
VFP-62 Det 42 RF-8G
HC-2 Det 42 UH-2A & UH-2B

*VQ-1 Det 42 EA-3B
*VAW-13 Det 42 EA-1F

Coral Sea (CVA 43) with CVW-2 (29 Jul 1966—23 Feb 1967)

VF-21 F-4B
VF-154 F-4B
VA-22 A-4C
VA-23 A-4E
VA-25 A-1H
VAW-11 Det A E-2A
VAH-2 Det A A-3B
VFP-63 Det A RF-8G
HC-1 D1 Unit A UH-2A & UH-2B

*VQ-1 Det EA-3B
*VAP-61 Det RA-3B

Ticonderoga (CVA 14) with CVW-19 (15 Oct 1966—29 May 1967)

VF-191 F-8E
VF-194 F-8E
VA-192 A-4E
VA-195 A-4C
VA-52 A-1H & A-1J
VFP-63 Det E RF-8G
VAH-4 Det E A-3B
VAW-11 Det E E-1B
HC-1 D1 Unit E UH-2B & UH-2A

*VQ-1 Det EA-3B
*VAP-61 Det RA-3B

Kitty Hawk (CVA 63) with CVW-11 (5 Nov 1966—19 Jun 1967)

VF-213 F-4B
VF-114 F-4B
VA-112 A-4C
VA-144 A-4C
VA-85 A-6A
RVAH-13 RA-5C
VAW-114 (previously a E-2A

detachment of VAW-11)
VAH-4 Det C KA-3B
HC-1 D1 Unit C UH-2A & UH-2B

*VQ-1 Det EA-3B
*VAP-61 Det RA-3B
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Hornet (CVS 12) with CVSG-57 (27 Mar 1967—28 Oct 1967)

VS-35 S-2E
VS-37 S-2E
HS-2 SH-3A

°VAW-11 Det N E-1B

Constellation (CVA 64) with CVW-14 (29 Apr 1967—4 Dec 1967)

VF-142 F-4B
VF-143 F-4B
VA-55 A-4C
VA-146 A-4C
VA-196 A-6A
RVAH-12 RA-5C
VAW-113 E-2A
VAH-8 KA-3B
HC-1 D1 Unit F/64 UH-2A & UH-2B

*VAP-61 Det RA-3B
*VQ-1 Det EA-3B
*VAW-13 Det EA-1F
*VA-65 A-6A

Intrepid (CVS 11) with CVW-10 (11 May 1967—30 Dec 1967)

VSF-3 A-4B
VA-15 A-4C
VA-34 A-4C
VA-145 A-1H
VAW-33 Det 11 EA-1F
VAW-121 Det 11 E-1B
VFP-63 Det 11 RF-8G
VF-111 Det 11 F-8C
HC-2 Det 11 UH-2A & UH-2B

Forrestal (CVA 59) with CVW-17 (6 Jun 1967—15 Sep 1967)

VF-11 F-4B
VF-74 F-4B
VA-46 A-4E
VA-65 A-6A
VA-106 A-4E
RVAH-11 RA-5C
VAW-123 E-2A
VAH-10 Det 59 KA-3B
HC-2 Det 59 UH-2A

*VAP-61 Det RA-3B

Oriskany (CVA 34) with CVW-16 (16 Jun 1967—31 Jan 1968)

VF-111 F-8C
VF-162 F-8E
VA-152 A-1H & A-1J
VA-163 A-4E

Enterprise (CVAN 65) with CVW-9 (19 Nov 1966—6 Jul 1967)

VA-56 A-4C
VA-113 A-4C
VA-35 A-6A
VF-92 F-4B
VF-96 F-4B
VAH-2 Det M A-3B
RVAH-7 RA-5C
VAW-11 Det M E-2A
HC-1 Det M UH-2A

*VQ-1 Det EA-3B
*VAP-61 Det RA-3B

Kearsarge (CVS 33) with CVSG-53 (9 Jun 1966—20 Dec 1966)

HS-6 SH-3A
VS-29 S-2E
VS-21 S-2E
VAW-11 Det R E-1B

Bennington (CVS 20) with CVSG-59 (4 Nov 1966—23 May 1967)

VS-38 S-2E
VS-33 S-2E
HS-8 SH-3A

°VAW-11 Det Q E-1B

1967 WestPac/Vietnam Deployments
(See notes 2 and 3)

Hancock (CVA 19) with CVW-5 (5 Jan 1967—22 Jul 1967)

VF-51 F-8E
VF-53 F-8E
VA-93 A-4E
VA-94 A-4C
VA-115 A-1H
VAH-4 Det B A-3B
VFP-63 Det B RF-8G
HC-1 Det B UH-2A & UH-2B

°VAW-11 Det 31 E-1B

Bon Homme Richard (CVA 31) with CVW-21 (26 Jan 1967—
25 Aug 1967)

VF-211 F-8E
VF-24 F-8C
VA-212 A-4E
VA-76 A-4C
VA-215 A-1H
VAH-4 Det 31 A-3B

°VAW-11 Det L E-1B
VFP-63 Det 31 RF-8G
HC-1 D1 Unit L UH-2B & UH-2A

*VAW-13 Det 31 EA-1F
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VA-164 A-4E
VFP-63 Det G/34 RF-8G
VAH-4 Det G/34 KA-3B
VAW-111 Det G/34 E-1B

*VAW-13 Det EA-1F
HC-1 Det 34 UH-2A & UH-2B

*VAP-61 Det RA-3B

Coral Sea (CVA 43) with CVW-15 (26 Jul 1967—6 Apr 1968)

VF-151 F-4B
VF-161 F-4B
VA-153 A-4E
VA-155 A-4E
VA-25 A-1H & A-1J
VFP-63 Det 43 RF-8G
VAH-2 Det 43 KA-3B
VAW-116 E-2A
HC-1 Det 43 UH-2A

*VAW-13 Det EA-1F
*VAP-61 Det RA-3B

Ranger (CVA 61) with CVW-2 (4 Nov 1967—25 May 1968)

VF-154 F-4B
VF-21 F-4B
VA-22 A-4C
VA-165 A-6A
VA-147 A-7A
RVAH-6 RA-5C
VAW-115 E-2A
VAH-2 Det 61 KA-3B
HC-1 Det 61 UH-2A & UH-2C
VAW-13 Det 61 EKA-3B

*VAP-61 Det RA-3B

Kitty Hawk (CVA 63) with CVW-11 (18 Nov 1967—28 Jun 1968)

VF-213 F-4B
VF-114 F-4B
VA-75 A-6A & A-6B
VA-112 A-4C
VA-144 A-4E
RVAH-11 RA-5C
VAW-114 E-2A
VAH-4 Det 63 KA-3B
VAW-13 Det 63 EA-1F
HC-1 Det 63 UH-2C

Ticonderoga (CVA 14) with CVW-19 (28 Dec 1967—17 Aug 1968)

VF-191 F-8E
VF-194 F-8E
VA-23 A-4F
VA-192 A-4F

VA-195 A-4C
VAH-4 Det 14 KA-3B
VAW-111 Det 14 E-1B
VFP-63 Det 14 RF-8G
VAQ-33 Det 14 EA-1F
HC-1 Det 14 UH-2A & UH-2B

Kearsarge (CVS 33) with CVSG-53 (17 Aug 1967—6 Apr 1968)

HS-6 SH-3A
VS-29 S-2E
VS-21 S-2E
VAW-111 Det 33 E-1B

*HC-7 Det 110 SH-3A

Yorktown (CVS 10) with CVSG-55 (28 Dec 1967—5 Jul 1968)

VS-23 S-2E
VS-25 S-2E
HS-4 SH-3D
VAW-111 Det 10 E-1B

*HC-7 Det 111 SH-3A

1968 WestPac/Vietnam Deployments 
(See notes 4, 5 and 6)

Enterprise (CVAN 65) with CVW-9 (3 Jan 1968—18 Jul 1968)

VF-92 F-4B
VF-96 F-4B
VA-35 A-6A & A-6B
VA-56 A-4E
VA-113 A-4F
RVAH-1 RA-5C
VAW-112 E-2A
VAH-2 Det 65 KA-3B
HC-1 Det 65 UH-2C

+VAW-13 Det 65 EKA-3B
*HC-7 Det 111 SH-3A

Bon Homme Richard (CVA 31) with CVW-5 (27 Jan 1968—
10 Oct 1968)

VF-51 F-8H
VF-53 F-8E
VA-93 A-4F
VA-94 A-4E
VA-212 A-4F
VFP-63 Det 31 RF-8G

+VAW-13 Det 31 EKA-3B
VAW-111 Det 31 E-1B
HC-1 Det 31 UH-2C
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Coral Sea (CVA 43) with CVW-15 (7 Sep 1968—18 Apr 1969)

VF-151 F-4B
VF-161 F-4B
VA-52 A-6A
VA-153 A-4F
VA-216 A-4C
VAH-10 Det 43 KA-3B

+VAW-13 Det 43 EKA-3B
VAW-116 E-2A
VFP-63 Det 43 RF-8G
HC-1 Det 43 UH-2C

Hornet (CVS 12) with CVSG-57 (30 Sep 1968—13 May 1969)

VS-35 S-2E
VS-37 S-2E
HS-2 SH-3A
VAW-111 Det 12 E-1B

*HC-7 Det 110 SH-3A

Ranger (CVA 61) with CVW-2 (26 Oct 1968—17 May 1969)

VA-165 A-6A
VF-21 F-4J
VAW-115 E-2A
VA-147 A-7A
VA-155 A-4F
VF-154 F-4J
RVAH-9 RA-5C
VAH-10 Det 61 KA-3B
VAQ-130 Det 61 EKA-3B
HC-1 Det 61 UH-2C

*HS-2 SH-3A
*HC-7 Det 110 SH-3A

Kitty Hawk (CVA 63) with CVW-11 (30 Dec 1968—4 Sep 1969)

VF-114 F-4B
VF-213 F-4B
VA-37 A-7A
VA-65 A-6A & A-6B
VA-105 A-7A
RVAH-11 RA-5C
VAQ-131 KA-3B & EKA-3B
VAW-114 E-2A
HC-1 Det 63 UH-2C

*HC-7 Det 110 SH-3A

Bennington (CVS 20) with CVSG-59 (1 May 1968—9 Nov 1968)

VS-33 S-2E
VS-38 S-2E
HS-8 SH-3A
VAW-111 Det 20 E-1B

America (CVA 66) with CVW-6 (10 Apr 1968—16 Dec 1968)

VF-33 F-4J
VF-102 F-4J
VA-82 A-7A
VA-86 A-7A
VA-85 A-6A & A-6B
VAW-122 E-2A
RVAH-13 RA-5C
VAH-10 Det 66 KA-3B

+VAW-13 Det 66 EKA-3B
HC-2 Det 66 UH-2A & UH-2B

Constellation (CVA 64) with CVW-14 (29 May 1968—31 Jan 1969)

VF-142 F-4B
VF-143 F-4B
VA-27 A-7A
VA-97 A-7A
VA-196 A-6A & A-6B
RVAH-5 RA-5C
VAW-113 E-2A
VAH-2 Det 64 (in Sep 1968, KA-3B

when VAH-2 was disest.,
VAH-2 Det 64 became a
det. of VAH-10 and
operated as VAH-10 Det 64)

+VAW-13 Det 64 EKA-3B
HC-1 Det 64 UH-2C

Intrepid (CVS 11) with CVW-10 (4 Jun 1968—8 Feb 1969)

VA-36 A-4C
VA-66 A-4C
VA-106 A-4E
VF-111 Det 11 F-8C
VFP-63 Det 11 RF-8G
VAW-121 Det 11 E-1B
VAQ-33 Det 11 EA-1F
HC-2 Det 11 UH-2B & UH-2A

Hancock (CVA 19) with CVW-21 (18 Jul 1968—3 Mar 1969)

VA-55 A-4F
VA-163 A-4E
VA-164 A-4E
VF-24 F-8H
VF-211 F-8H
VFP-63 Det 19 RF-8G
VAW-111 Det 19 E-1B
HC-1 Det 19 UH-2C

+VAW-13 Det 19 EKA-3B
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1969 WestPac/Vietnam Deployments 
(See note 7)

Enterprise (CVAN 65) with CVW-9 (6 Jan 1969—2 Jul 1969)

VF-92 F-4J
VF-96 F-4J
VA-145 A-6A & A-6B
VA-146 A-7B
VA-215 A-7B
VAQ-132 EKA-3B & KA-3B
VAW-112 E-2A
RVAH-6 RA-5C
HC-1 Det 65 UH-2C

Ticonderoga (CVA 14) with CVW-16 (1 Feb 1969—18 Sep 1969)

VA-87 A-7B
VF-111 F-8H
VF-162 F-8J
VA-25 A-7B
VA-112 A-4C
VFP-63 Det 14 RF-8G
VAQ-130 Det 14 EKA-3B
VAW-111 Det 14 E-1B
HC-1 Det 14 UH-2C

*HC-7 Det 110 SH-3A

Bon Homme Richard (CVA 31) with CVW-5 (18 Mar 1969—
29 Oct 1969)

VF-51 F-8J
VF-53 F-8J
VA-22 A-4F
VA-94 A-4E
VA-144 A-4E
VFP-63 Det 31 RF-8G
VAQ-130 Det 31 EKA-3B
VAW-111 Det 31 E-1B
HC-1 Det 31 UH-2C

*HC-7 Det 110 SH-3A

Kearsarge (CVS 33) with CVSG-53 (29 Mar 1969—4 Sep 1969)

VS-21 S-2E
VS-29 S-2E
HS-6 SH-3A
VAW-111 Det 33 E-1B

*HC-7 Det 111 SH-3A
*HC-7 Det 110 SH-3A

Oriskany (CVA 34) with CVW-19 (14 Apr 1969—17 Nov 1969)

VF-191 F-8J
VF-194 F-8J
VA-23 A-4F

VA-192 A-4F
VA-195 A-4E
VAW-111 Det 34 E-1B
VFP-63 Det 34 RF-8G
VAQ-130 Det 34 EKA-3B
HC-1 Det 34 UH-2C

Hancock (CVA 19) with CVW-21 (2 Aug 1969—15 Apr 1970)

VF-24 F-8H
VF-211 F-8J
VA-55 A-4F
VA-164 A-4F
VA-212 A-4F
VAH-10 Det 19 KA-3B
VAW-111 Det 19 E-1B
VFP-63 Det 19 RF-8G
HC-1 Det 19 SH-3A

Constellation (CVA 64) with CVW-14 (11 Aug 1969—8 May 1970)

VF-142 F-4J
VF-143 F-4J
VA-27 A-7A
VA-85 A-6A & A-6B
VA-97 A-7A
RVAH-7 RA-5C
VAW-113 E-2A
VAQ-133 EKA-3B & KA-3B
HC-1 Det 5 SH-3A

*HC-7 Det 110 SH-3A

Coral Sea (CVA 43) with CVW-15 (23 Sep 1969—1 Jul 1970)

VF-151 F-4B
VF-161 F-4B
VA-82 A-7A
VA-86 A-7A
VA-35 A-6A
VAW-116 E-2A
VAQ-135 KA-3B & EKA-3B
VFP-63 Det 43 RF-8G
HC-1 Det 9 UH-2C

Ranger (CVA 61) with CVW-2 (14 Oct 1969—1 Jun 1970)

VF-21 F-4J
VF-154 F-4J
VA-56 A-7B
VA-93 A-7B
VA-196 A-6A
RVAH-5 RA-5C
VAQ-134 EKA-3B & KA-3B
VAW-115 E-2A
HC-1 Det 8 SH-3A
VC-3 Det 147SK Fire drones
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Hancock (CVA 19) with CVW-21 (22 Oct 1970—3 Jun 1971)

VF-24 F-8J
VF-211 F-8J
VA-55 A-4F
VA-164 A-4F
VAQ-129 Det 62 EKA-3B
VAW-111 Det 19 E-1B
VFP-63 Det 19 RF-8G
VA-212 A-4F
HC-1 Det 7 UH-2C

*HC-5 Det 103 UH-2C

Ranger (CVA 61) with CVW-2 (27 Oct 1970—17 Jun 1971)

VF-21 F-4J
VF-154 F-4J
VA-25 A-7E
VA-113 A-7E
VA-145 A-6A & A-6C
RVAH-1 RA-5C
VAQ-134 KA-3B & EKA-3B
VAW-111 Det 7 E-1B
HC-1 Det 1 SH-3G

*HC-7 Det 110 SH-3A

Kitty Hawk (CVA 63) with CVW-11 (6 Nov 1970—17 Jul 1971)

VF-114 F-4J
VF-213 F-4J
VA-192 A-7E
VA-195 A-7E
VA-52 A-6B
RVAH-6 RA-5C
VAQ-133 EKA-3B & KA-3B
VAW-114 E-2B
HC-1 Det 2 UH-2C

*HC-7 Det 110 SH-3A

1971 WestPac/Vietnam Deployments

Midway (CVA 41) with CVW-5 (16 Apr 1971—6 Nov 1971)

VF-151 F-4B
VF-161 F-4B
VA-56 A-7B
VA-93 A-7B
VA-115 A-6A & KA-6D
VAQ-130 Det 2 EKA-3B
VFP-63 Det 3 RF-8G
VAW-115 E-2B
HC-1 Det 8 SH-3G

*HC-7 Det 110 HH-3A

1970 WestPac/Vietnam Deployments

Shangri-la (CVS 38) with CVW-8 (5 Mar 1970—17 Dec 1970)

VA-12 A-4C
VA-152 A-4E
VA-172 A-4C
VF-111 F-8H
VF-162 F-8H

**VAH-10 Det 38 KA-3D
VFP-63 Det 38 RF-8G
VAW-121 Det 38 E-1B
HC-2 Det 38 UH-2C

Bon Homme Richard (CVA 31) with CVW-5 (2 Apr 1970—
12 Nov 1970)

VF-51 F-8J
VF-53 F-8J
VA-22 A-4F
VA-94 A-4E
VA-144 A-4F
VFP-63 Det 31 RF-8G
VAQ-130 Det 31 EKA-3B
VAW-111 Det 14 E-1B
HC-1 Det 3 UH-2C

America (CVA 66) with CVW-9 (10 Apr 1970—21 Dec 1970)

VF-92 F-4J
VF-96 F-4J
VA-146 A-7E
VA-147 A-7E
VA-165 A-6A,

A-6B &
A-6C

RVAH-12 RA-5C
VAW-124 E-2A
VAQ-132 EKA-3B & KA-3B
HC-2 Det 66 UH-2C

*HC-7 Det 110 SH-3A

Oriskany (CVA 34) with CVW-19 (14 May 1970—10 Dec 1970)

VF-191 F-8J
VF-194 F-8J
VA-153 A-7A
VA-155 A-7B
VAQ-130 Det 1 EKA-3B
VAW-111 Det 34 E-1B
VFP-63 Det 34 RF-8G
HC-1 Det 6 UH-2C
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Oriskany (CVA 34) with CVW-19 (14 May 1971—18 Dec 1971)

VF-191 F-8J
VF-194 F-8J
VA-153 A-7A
VA-155 A-7B
VA-215 A-7B
VAQ-130 Det 3 EKA-3B
VFP-63 Det 34 RF-8G
VAW-111 Det 1 E-1B
HC-1 Det 5 UH-2C

*HC-7 Det 110 SH-3A & SH-3G

Enterprise (CVAN 65) with CVW-14 (11 Jun 1971—12 Feb 1972)

VF-143 F-4J
VF-142 F-4J
VA-97 A-7E
VA-27 A-7E
VA-196 A-6A, A-6B &

KA-6D
RVAH-5 RA-5C
VAW-113 E-2B
VAQ-130 Det 4 EKA-3B
HC-1 Det 4 SH-3G

Constellation (CVA 64) with CVW-9 (1 Oct 1971—30 Jun 1972)

VF-92 F-4J
VF-96 F-4J
VA-146 A-7E
VA-147 A-7E
VA-165 A-6A & KA-6D
RVAH-11 RA-5C
VAQ-130 Det 1 EKA-3B
VAW-116 E-2B
HC-1 Det 3 SH-3G

Coral Sea (CVA 43) with CVW-15 (12 Nov 1971—17 Jul 1972)

VF-51 F-4B
VF-111 F-4B
VA-22 A-7E
VA-94 A-7E
VMA(AW)-224 A-6A & KA-6D
VFP-63 Det 5 RF-8G
VAW-111 Det 4 E-1B
VAQ-135 Det 3 EKA-3B
HC-1 Det 6 SH-3G

*HC-7 Det 110 HH-3A

Ticonderoga (CVS 14) with CVSG-59 (11 Mar 1971—6 Jul 1971) 

VS-33 S-2E
VS-37 S-2E
VS-38 S-2E
HS-4 SH-3D
HS-8 SH-3D
VAW-111 Det 3 E-1B

1972 WestPac/Vietnam Deployments

Hancock (CVA 19) with CVW-21 (7 Jan 1972—3 Oct 1972)

VA-55 A-4F
VA-164 A-4F/TA-4F
VA-212 A-4F
VF-24 F-8J
VF-211 F-8J
VFP-63 Det 1 RF-8G
VAQ-135 Det 5 EKA-3B
VAW-111 Det 2 E-1B
HC-1 Det 7 SH-3G

Kitty Hawk (CVA 63) with CVW-11 (17 Feb 1972—28 Nov 1972)

VA-195 A-7E
VA-192 A-7E
VA-52 A-6A, A-6B &

KA-6D
VF-114 F-4J
VF-213 F-4J
RVAH-7 RA-5C
VAW-114 E-2B
VAQ-135 Det 1 EKA-3B
HC-1 Det 1 SH-3G

*HC-7 Det HH-3A

Midway (CVA 41) with CVW-5 (10 Apr 1972—3 Mar 1973)

VF-151 F-4B
VF-161 F-4B
VA-56 A-7B
VA-93 A-7B
VA-115 A-6A & KA-6D
VAQ-130 Det 2 EKA-3B
VFP-63 Det 3 RF-8G
VAW-115 E-2B
HC-1 Det 2 SH-3G

*HC-7 Det 110 HH-3A
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VA-27 A-7E
VA-97 A-7E
VA-196 A-6E, A-6B &

KA-6D
VAW-113 E-2B
VAQ-131 EA-6B
RVAH-13 RA-5C
HS-2 Det 1 SH-3G

Ranger (CVA 61) with CVW-2 (16 Nov 1972—23 Jun 1973)

VF-21 F-4J
VF-154 F-4J
VA-25 A-7E
VA-113 A-7E
VA-145 A-6A, A-6B & KA-6D
RVAH-5 RA-5C
VAW-111 Det 1 E-1B
VAQ-130 Det 4 EKA-3B
HC-1 Det 1 SH-3G

*HC-7 Det 110 HH-3A
*VQ-1 Det EA-3B

1973 WestPac/Vietnam Deployments

Constellation (CVA 64) with CVW-9 (5 Jan 1973—11 Oct 1973) 

VF-92 F-4J
VF-96 F-4J
VA-146 A-7E
VA-147 A-7E
VA-165 A-6A & KA-6D
HS-6 Det 1 SH-3G
VAQ-134 EA-6B
VAW-116 E-2B
RVAH-12 RA-5C

*VQ-1 Det EA-3B

Hancock (CVA 19) with CVW-21 (8 May 1973—8 Jan 1974)

VF-24 F-8J
VF-211 F-8J
VA-55 A-4F
VA-164 A-4F & TA-4F
VA-212 A-4F
VFP-63 Det 1 RF-8G

***VAQ-135 Det 5 EKA-3B
VAW-111 Det 2 E-1B
HC-1 Det 3 SH-3G

*HC-7 Det 110 HH-3A

Saratoga (CV 60) with CVW-3 (11 Apr 1972—13 Feb 1973)

VF-31 F-4J
VF-103 F-4J
VA-75 A-6A, A-6B &

KA-6D
VA-37 A-7A
VA-105 A-7A
RVAH-1 RA-5C
VAW-123 E-2B
HS-7 SH-3D

*HC-7 Det 110 HH-3A
*VMCJ-2 Det EA-6A

Ticonderoga (CVS 14) with CVSG-53 (17 May 1972—29 Jul 1972)

VS-21 S-2E
VS-29 S-2E
VS-35 S-2E
VS-38 S-2E
VAW-111 Det 3 E-1B
HS-4 SH-3D
HS-8 SH-3D

America (CVA 66) with CVW-8 (5 Jun 1972—24 Mar 1973)

VF-74 F-4J
VA-35 A-6A, A-6C &

KA-6D
VA-82 A-7C
VA-86 A-7C
RVAH-6 RA-5C
VAW-124 E-2B
VMFA-333 F-4J
VAQ-132 EA-6B
HC-2 Det 66 SH-3G

*HC-7 Det 110 HH-3A

Oriskany (CVA 34) with CVW-19 (5 Jun 1972—30 Mar 1973)

VF-191 F-8J
VF-194 F-8J
VA-153 A-7A
VA-155 A-7B
VA-215 A-7B
VFP-63 Det 4 RF-8G
VAQ-130 Det 3 EKA-3B
VAW-111 Det 6 E-1B
HC-1 Det 5 SH-3G

Enterprise (CVAN 65) with CVW-14 (12 Sep 1972—12 Jun 1973)

VF-143 F-4J
VF-142 F-4J
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Coral Sea (CVA 43) with CVW-15 (9 Mar 1973—8 Nov 1973)

VF-51 F-4B
VF-111 F-4B
VA-22 A-7E
VA-94 A-7E
VA-95 A-6A, A-6B &

KA-6D
***VAQ-135 Det 3 EKA-3B

VAW-111 Det 4 E-1B
VFP-63 Det 5 RF-8G
HC-1 Det 6 SH-3G

*HC-7 Det 110 HH-3A

Midway (CVA 41) with CVW-5 (11 Sep 1973—31 Dec 1973)
(Midway permanently home ported in WESTPAC)

VF-151 F-4N
VF-161 F-4N
VA-56 A-7A
VA-93 A-7A
VA-115 A-6A, A-6B &

KA-6D
VFP-63 Det 3 RF-8G
VAW-115 E-2B
HC-1 Det 2 SH-3G
VMCJ-1 Det 101 EA-6A

Oriskany (CVA 34) with CVW-19 (18 Oct 1973—5 Jun 1974)

VF-191 F-8J
VF-194 F-8J
VA-153 A-7B
VA-155 A-7B
VA-215 A-7B
VFP-63 Det 4 RF-8G

****VAW-111 Det 6 E-1B
VAQ-130 Det 3 EKA-3B
HC-1 Det 1 SH-3G

Kitty Hawk (CV 63) with CVW-11 (23 Nov 1973—9 Jul 1974)

VF-114 F-4J
VF-213 F-4J
VA-192 A-7E
VA-195 A-7E
VA-52 A-6A & KA-6D
VAQ-136 EA-6B
RVAH-7 RA-5C
VAW-114 E-2B
VS-37 S-2G
VS-38 S-2G
HS-4 SH-3D

*VQ-1 Det 63 EA-3B

1974 WestPac/Vietnam Deployments

Midway (CVA 41) with CVW-5 (1 Jan-31 Dec 1974)
(Midway permanently home ported in WESTPAC)

VF-161 F-4N
VF-151 F-4N
VA-93 A-7A
VA-56 A-7A
VA-115 A-6A, A-6B &

KA-6D
VAW-115 E-2B
HC-1 Det 2 SH-3G
VMCJ-1 Det 101 EA-6A & RF-4B

*VQ-1 Det EA-3B

Ranger (CVA 61) with CVW-2 (7 May 1974—18 Oct 1974)

VA-25 A-7E
VA-113 A-7E
VA-145 A-6A & KA-6D
VF-21 F-4J
VF-154 F-4J
RVAH-13 RA-5C
VAW-112 E-2B
HC-1 Det 4 SH-3G

*VQ-1 Det 61 EA-3B

Constellation (CVA 64) with CVW-9 (21 Jun 1974—22 Dec
1974)

VF-92 F-4J
VF-96 F-4J
VA-146 A-7E
VA-147 A-7E
VA-165 A-6A & KA-6D
RVAH-5 RA-5C
VAW-116 E-2B
VAQ-131 EA-6B
HS-6 SH-3A

*VQ-1 Det 64 EA-3B

Enterprise (CVAN 65) with CVW-14 (17 Sep 1974—20 May
1975)

VF-1 F-14A
VF-2 F-14A
VA-27 A-7E
VA-97 A-7E
VA-196 A-6A & KA-6D
VAQ-137 EA-6B
HS-2 SH-3D
VAW-113 E-2B
RVAH-12 RA-5C

*VQ-1 Det 65 EA-3B
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Oriskany (CV 34) with CVW-19 (16 Sep 1975—3 Mar 1976)

VF-191 F-8J
VF-194 F-8J
VA-153 A-7B
VA-155 A-7B
VA-215 A-7B
VFP-63 Det 4 RF-8G
RVAW-110 Det 4 E-1B
HC-1 Det 4 SH-3G

Notes and explanations-specific entries:

* These squadron detachments were not aboard the carrier for the entire
deployment.

** This carrier returned from deploymnant prior to the beginning of combat
operations in Vietnam during 1964.

*** VAQ-135 Detachments 3 and 5 were transferred on 25 August 1973 to
VAQ-130. VAQ-135 Det 3 became VAQ-130 Det 2 and VAQ-135 Det 5 became
VAQ-130 Det 5.

**** VAW-111 Det 6 was transferred in March 1974 to RVAW-110 and
became RVAW-110 Det 6.

° On 20 April 1967 VAW-111 was established and VAW-11 detachments
became part of VAW-111. VAW-11 Det Q became VAW-111 Det 20.

°° This deployment involved an experiment with the composition of the carri-
er air wing in a multimission role. Several of the squadrons were shore-based in
the Philippines during different periods of this deployment.

°°° VAH-10 was redesignated VAQ-129 on 1 September 1970.
+ On 1 October 1968 VAQ-13 and its detachments were redesignated VAQ-

130.

Numbered Notes

1. VAW-13’s records for 1966 do not specify the carriers they operated
aboard. However, the records indicate VAW-13 Det 1 (located at Cubi Point, P.I.)
provided detachments in support of fleet strikes from the carriers on Yankee
Station.

2. VAW-13 did not submit a Command History Report for 1967, consequently,
it is not possible to verify all the squadron’s detachments operating aboard car-
riers on Yankee Station in 1967.

3. VQ-1’s Command History Report for 1967 did not identify the detachments
or carriers they operated from in support of combat operations against Vietnam.

4. VAP-61’s Command History Report for 1968 indicated continued support
of 7th Fleet carriers on Yankee Station. However, the squadron’s report does not
identify the detachments deployed aboard carriers in WESTPAC during 1968.

5. HC-7 was established on 1 September 1967. In 1968 an HC-7 detachment
was formed and given the mission of maintaining year-round combat configured
helicopters aboard carriers and other ships operating on Yankee Station for
combat search and rescue missions. The 1968 Command History Report for HC-
7 does not identify all the specific ships that detachment 110 operated aboard.

6. VQ-1 detachments continued to support carrier operations in Vietnam.
However, the 1968 Command History Report for VQ-1 does not mention any
detachments that were aboard carriers operating on Yankee Station.

7. VQ-1 and VAP-61 detachments provided support from DaNang Air Base,
Republic of South Vietnam, for Fleet carriers operating on Yankee Station in
1969.

8. On 30 June 1975, all carriers with the designation CVA or CVAN were
changed to CV or CVN to reflect the multimission capability of the carrier.

9. Tail codes for Carrier Air Wings (CVW) from 1964 to 1975 were as follows:
CVW-1 AB
CVW-2 NE
CVW-3 AC
CVW-5 NF
CVW-6 AE
CVW-7 AG
CVW-8 AJ
CVW-9 NG
CVW-10 AK
CVW-11 NH
CVW-14 NK
CVW-15 NL

Coral Sea (CVA 43) with CVW-15 (5 Dec 1974—2 Jul 1975)

VF-51 F-4N
VF-111 F-4N
VFP-63 Det 5 RF-8G
VA-22 A-7E
VA-94 A-7E
VA-95 A-6A & KA-6D
RVAW-110 Det 3 E-1B
HC-1 Det 2 SH-3G

1975 WestPac/Vietnam Deployments 
(See note 8)

Midway (CV 41) with CVW-5 (1 Jan-31 Dec 1975)
(Midway permanently home ported in WESTPAC)

VF-161 F-4N
VF-151 F-4N
VA-93 A-7A
VA-56 A-7A
VA-115 A-6A, A-6B &

KA-6D
VAW-115 E-2B
HC-1 Det 2 SH-3G

*VMFP-3 Det RF-4B
*VMAQ-2 Det EA-6B
*VMCJ-1 Det 101 EA-6A & RF-4B

Hancock (CV 19) with CVW-21 (18 Mar 1975—20 Oct 1975)

VA-55 A-4F
VA-164 A-4F & TA-4F
VA-212 A-4F
VF-24 F-8J
VF-211 F-8J
RVAW-110 Det 6 E-1B
HC-1 Det 1 SH-3G
VFP-63 Det 1 RF-8G

°°Kitty Hawk (CV 63) with CVW-11 (21 May 1975—15 Dec
1975)

VF-213 F-4J
VF-114 F-4J
VA-52 A-6E & KA-6D
VA-192 A-7E
VA-195 A-7E
VS-37 S-2G
VS-38 S-2G
VAQ-136 EA-6B
RVAH-6 RA-5C
HS-8 SH-3G
VAW-114 E-2B

*VQ-1 Det 63 EA-3
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CVW-16 AH
CVW-17 AA
CVW-19 NM
CVW-21 NP
RCVW-4 AD
RCVW-12 NJ
CVSG-50/RCVSG-50 AR
CVSG-51/RCVSG-51 RA
CVSG-52 AS
CVSG-53 NS
CVSG-54 AT
CVSG-55 NU
CVSG-56 AU
CVSG-57 NV
CVSG-58 AV
CVSG-59 NT
CVSG-60 AW

10. Tail codes for various squadrons not part of the normal air wing composi-
tion but deployed on carriers from 1964 to 1975 were as follows:

VAP-62 GB
VAP-61 SS
VFP-63 PP
VFP-62 GA
VAW-11/VAW-111 RR
VAW-12 GE
VAW-13 VR

VAW-33 GD
VAH-1/RVAH-1 GH
VAH-3/RVAH-3 GJ
VAH-4 ZB
VAH-5/RVAH-5 GK
RVAH-6 GS
VAH-7/RVAH-7 GL
VAH-9/RVAH-9 GM
VAH-11 GN
RVAH-12 GP
RVAH-13 GR
RVAH-14 GQ
VAH-21 SL
VR-30 RW
VRC-40 CD
VRC-50 RG
VQ-1 PR
VQ-2 JQ
VSF-1 NA
VAQ-130 VR
HM-12 DH

11. Some of the squadrons, such as VAQ, VAW and RVAH, lose their individu-
ally assigned tail codes in the late 1960s or early 1970s and are authorized to
use the tail codes of their permanently assigned Carrier Air Wing.

12. Tail codes for Marine Corps squadrons that deployed aboard carriers
were not included in the list.
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Deployments for Patrol Squadrons and other Non-
carrier Based Squadrons in Vietnam (1964–1972)

See the Notes Section at the end of this listing for any clarification on the entries and for the Tail Code List.

1964 Deployments

VP-48

Deployed to: NS Sangley Point
Aircraft: SP-5B
Date In: May 1964 Date Out: 22 Sep 1964

VAP-61

Deployed to: (see detachments)
Aircraft: RA-3B
Date In: 17 May 1964 Date Out: See Note 3 

Detachment Location: NAS Cubi Point
RTAB Don Muang
FASU Da Nang
RTNB U-Tapao

Detachment Date In: 17 May 1964 Date Out: 1 Jul 1971

VW-1

Deployed to: (see detachments)
Aircraft: EC-121K, C-121J and WC-121N
Date In: 1 Oct 1964 Date Out: See Note 3 

Detachment Location: NS Sangley Point
NSAD Chu Lai

Detachment Date In: 1 Oct 1964 Date Out: 1 Jul 1971

VQ-1

Deployed to: (see detachments)
Aircraft: EC-121M, C-121J, ERA-3B and EP-3B
Date In: 1 Oct 1964 Date Out: See Note 3

Detachment Location: RTAB Don Muang
NAS Cubi Point
NAF Da Nang

Detachment Date In: 1 Oct 1964 Date Out: 17 Feb 1973

VP-17

Deployed to: NAF Naha
Aircraft: SP-2H
Date In: 27 Apr 1964 Date Out: 30 Sep 1964

Detachment Location: None
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VP-28

Deployed to: MCAS Iwakuni
Aircraft: SP-2H
Date In: 16 May 1964 Date Out: 18 Oct 1964

Detachment Location: NS Sangley Point
Detachment Date In: 5 Aug 1964 Date Out: 30 Sep 1964

VP-42

Deployed to: MCAS Iwakuni
Aircraft: SP-2E
Date In: 11 Jul 1964 Date Out: 16 Nov 1964

Detachment Location: NS Sangley Point
Detachment Date In: 3 Sep 1964 Date Out: 18 Sep 1964
Detachment Location: NAF Tan Son Nhut
Detachment Date In: 18 Sep 1964 Date Out: 19 Sep 1964
Detachment Location: NAS Cubi Point
Detachment Date In: 6 Oct 1964 Date Out: 24 Oct 1964
Special Det Deployment: NAF Tan Son Nhut
Detachment Date In: Oct 1964 Date Out: late Feb 1965

VP-6

Deployed to: NAF Naha and MCAS Iwakuni
Aircraft: SP-2E
Date In: 12 Aug 1964 Date Out: 25 Jan 1965

Detachment Location: NAS Cubi Point
Detachment Date In: 1 Sep 1964 Date Out: 28 Sep 1964

VP-47
Deployed to: NS Sangley Point
Aircraft: SP-5B
Date In: 17 Aug 1964 Date Out: 28 Feb 1965

Detachment Location: AV-13
Detachment Date In: various Date Out: various

VP-1
Deployed to: MCAS Iwakuni
Aircraft: SP-2H
Date In: 7 Oct 1964 Date Out: 1 Apr 1965

Detachment Location: NAF Tan Son Nhut
`Da Nang

VP-9
Deployed to: NAF Naha
Aircraft: P-3A
Date In: 12 Nov 1964 Date Out: 8 Jul 1965

Detachment Location: None
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1965 Deployments

VQ-2

Deployed to: (see detachments)
Aircraft: EA-3B
Date In: 1 Dec 1965 Date Out: See Note 3

Detachment Location: NAS Cubi Point
FASU Da Nang

Detachment Date In: 1 Dec 1965 Date Out: 30 Sep 1969

VP-2

Deployed to: MCAS Iwakuni
Aircraft: SP-2H
Date In: 24 Jan 1965 Date Out: 16 Jul 1965

Detachment Location: NAF Tan Son Nhut
Detachment Date In: 15 Mar 1965 Date Out: 1 May 1965
Detachment Location: various places (Naha, Sangley Point,

Iwo Jima, Bangkok, Tainan, Da Nang)

VP-40

Deployed to: NS Sangley Point
Aircraft: SP-5B
Date In: 27 Feb 1965 Date Out: 3 Sep 1965

Detachment Location: AV-13
Detachment Date In: 14 May 1965 Date Out: 20 May 1965
Detachment Location: AV-7
Detachment Date In: 29 May 1965 Date Out: 3 Aug 1965

VP-4

Deployed to: MCAS Iwakuni
Aircraft: SP-2H
Date In: 26 Mar 1965 Date Out: 28 Sep 1965

Detachment Location: NAF Tan Son Nhut
Detachment Date In: 19 Apr 1965 Date Out: 19 Apr 1965
Detachment Location: NS Sangley Point
Detachment Date In: 26 Mar 1965 Date Out: 20 Apr 1965
Detachment Location: NAS Cubi Point
Detachment Date In: 20 Apr 1965 Date Out: 26 Apr 1965

VP-22

Deployed to: NS Sangley Point
Aircraft: P-3A
Date In: 23 Apr 1965 Date Out: 13 Dec 1965

Detachment Location: None
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VP-46

Deployed to: NAF Naha
Aircraft: P-3A
Date In: 7 Jun 1965 Date Out: 8 Jan 1966

Detachment Location: NS Sangley Point
Detachment Date In: 7 Jun 1965 Date Out: 8 Jan 1966

VP-17

Deployed to: MCAS Iwakuni
Aircraft: SP-2H
Date In: 9 Jul 1965 Date Out: 6 Feb 1966

Detachment Location: NAF Tan Son Nhut

VP-50

Deployed to: NS Sangley Point
Aircraft: SP-5B
Date In: 1 Sep 1965 Date Out: 14 Mar 1966

Detachment Location: NAF Camh Ranh Bay
Detachment Location: AV-12
Detachment Date In: various Date Out: various

VP-42

Deployed to: MCAS Iwakuni
Aircraft: SP-2H
Date In: 26 Sep 1965 Date Out: 5 Apr 1966

Detachment Location: NAF Tan Son Nhut
Detachment Date In: 8 Oct 1965 Date Out: 13 Feb 1966

VP-48

Deployed to: (see detachment)
Aircraft: SP-5B

Detachment Location: NS Sangley Point
Detachment Date In: Aug 1965 Date Out: 4 Sep 1966

VP-28

Deployed to: NS Sangley Point
Aircraft: P-3A
Date In: 2 Nov 1965 Date Out: 2 Jun 1966

Detachment Location: None
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1966 Deployments

VXN-8

Deployed to: (see detachment)
Aircraft: NC-121J

Detachment Location: NAF Tan Son Nhut
Detachment Date In: Oct 1965 Date Out: Dec 1965
Detachment Location: NAF Tan Son Nhut
Detachment Date In: 3 Jan 1966 Date Out: 1 Dec 1970

HC-1
Deployed to: (see detachment)
Aircraft: UH-1B

Detachment Location: Various places in Mekong Delta
Detachment Date In: 1 Jul 1966 Date Out: 1 Apr 1967

VRC-50
Deployed to: (see detachments)
Aircraft: C-1A, C-2A and CT-39E
Date In: 1 Oct 1966 Date Out: See Note 3

Detachment Location: NAS Cubi Point
Detachment Date In: See Note 3 Date Out: See Note 3
Detachment Location: Da Nang
Detachment Date In: 1 Feb 1970 Date Out 2 Jan 1971

15 Dec 1971 19 Feb 1973

VAP-62
Deployed to: (see detachments)
Aircraft: RA-3B
Date In: 31 Oct 1966 Date Out: See Note 3

Detachment Location: NAS Cubi Point
FASU Da Nang

Detachment Date In: 31 Oct 1966 Date Out: 1 Feb 1969

VP-47
Deployed to: NAF Naha
Aircraft: P-3B
Date In: 4 Jan 1966 Date Out: 30 Jun 1966

Detachment Location: NS Sangley Point (augmented occasionally)

VP-1
Deployed to: MCAS Iwakuni
Aircraft: SP-2H
Date In: 3 Feb 1966 Date Out: 1 Aug 1966

Detachment Location: NAF Tan Son Nhut
Detachment Date In: 13 Feb 1966 Date Out: 27 May 1966
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VP-40

Deployed to: NS Sangley Point
Aircraft: SP-5B
Date In: 15 Mar 1966 Date Out: 3 Sep 1966

Detachment Location: AV-13
Detachment Date In: 10 Mar 1966 Date Out: 26 Mar 1966
Detachment Date In: 3 Apr 1966 Date Out: 10 Apr 1966
Detachment Date In: 14 May 1966 Date Out: 3 Jun 1966
Detachment Date In: 10 Jul 1966 Date Out: 9 Aug 1966
Detachment Date In: 15 Jul 1966 Date Out: 21 Jul 1966

VP-2

Deployed to: MCAS Iwakuni
Aircraft: SP-2H
Date In: 1 Apr 1966 Date Out: 1 Oct 1966
Detachment Location: NAF Tan Son Nhut
Detachment Date In: 25 May 1966 Date Out: 30 Sep 1966

VP-8

Deployed to: NS Sangley Point
Aircraft: P-3A
Date In: 1 Jul 1966 Date Out: 2 Dec 1966

Detachment Location: None

VP-9

Deployed to: NAF Naha
Aircraft: P-3B
Date In: 25 Jul 1966 Date Out: 10 Jan 1967

Detachment Location: NAF Sangley Point
Detachment Date In: 25 Jun 1966 Date Out: 12 Dec 1966

VP-19

Deployed to: MCAS Iwakuni
Aircraft: P-3A
Date In: 1 Aug 1966 Date Out: 31 Jan 1967

Detachment Location: Unknown

VP-50

Deployed to: Cam Ranh Bay, AV-7
Aircraft: SP-5B
Date In: 19 Aug 1966 Date Out: 6 Feb 1967

Detachment Location: None
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VP-17

Deployed to: MCAS Iwakuni and NS Sangley Point
Aircraft: SP-2H
Date In: 1 Oct 1966 Date Out: 30 Mar 1967

Detachment Location: NAF Tan Son Nhut
Detachment Date In: 1 Oct 1966 Date Out: 30 Mar 1967

VP-16

Deployed to: NS Sangley Point
Aircraft: P-3A
Date In: 2 Dec 1966 Date Out: 2 Jun 1967

Detachment Location: NAF U-Tapao
Detachment Date In: 18 Jan 1967 Date Out: 18 Feb 1967

1967 Deployments

VO-67

Deployed to: RTAB Nakhon Phanom
Aircraft: OP-2E
Date In: 15 Nov 1967 Date Out: 1 Jul 1968
Detachment Location: None

HAL-3

Aircraft: UH-1B/1C/1L/1M and HH-1K
Deployed to: Vung Tau
Date In: 1 Apr 1967 Date Out: 1 May 1969
Deployed to: Binh Thuy
Date In: 2 May 1969 Date Out: 16 Mar 1972

Detachment Location: various

VR-1

Deployed to: (see detachment)
Aircraft: C-130F
Date In: 14 Jun 1967 Date Out: See Note 3

Detachment Location: NAS Cubi Point
Detachment Date In: 14 Jun 1967 Date Out: 23 Jun 1967

VP-46

Deployed to: NAF Naha
Aircraft: P-3B
Date In: 14 Jan 1967 Date Out: 30 Jun 1967

Detachment Location: NS Sangley Point
Detachment Date In: 5 Feb 1967 Date Out: 18 Feb 1967
Detachment Location: RTNB U-Tapao
Detachment Date In: 18 Feb 1967 Date Out: 30 Jun 1967
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VP-4

Deployed to: MCAS Iwakuni
Aircraft: P-3A
Date In: 31 Jan 1967 Date Out: 31 Jul 1967

Detachment Location: NS Sangley Point
Detachment Date In: See Note 3 Date Out: See Note 3
Detachment Location: NAF Naha
Detachment Date In: 15 Jul 1967 Date Out: 20 Jul 1967

VP-40

Deployed to: NS Sangley Point
Aircraft: SP-5B
Date In: 24 Feb 1967 Date Out: 10 May 1967

Detachment Location: AV-7
Detachment Date In: 1 Mar 1967 Date Out: 30 Apr 1967

VP-42

Deployed to: NS Sangley Point
Aircraft: SP-2H
Date In: 31 Mar 1967 Date Out: 30 Sep 1967

Detachment Location: NAF Cam Ranh Bay
Detachment Date In: 2 Apr 1967 Date Out: 18 May 1967
Detachment Location: NAF Tan Son Nhut
Detachment Date In: 31 Mar 1967 Date Out: 30 Sep 1967

VP-1

Deployed to: NS Sangley Point
Aircraft: SP-2H
Date In: 6 May 1967 Date Out: 12 Nov 1967

Detachment Location: NAF Cam Rahn Bay
Detachment Date In: 15 May 1967 Date Out: 12 Nov 1967

VP-5

Deployed to: NS Sangley Point
Aircraft: P-3A
Date In: 1 Jun 1967 Date Out: 3 Dec 1967

Detachment Location: None

VP-47

Deployed to: NAF Naha
Aircraft: P-3B
Date In: 1 Jul 1967 Date Out: 4 Jan 1968

Detachment Location: RTNB U-Tapao
Detachment Date In: 1 Jul 1967 Date Out: 4 Jan 1968
Detachment Location: NS Sangley Point (dates unknown)
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VP-48

Deployed to: MCAS Iwakuni
Aircraft: P-3A
Date In: 31 Jul 1967 Date Out: 31 Jan 1968

Detachment Location: NS Sangley Point
Detachment Date In: 28 Dec 1967 Date Out: 8 Jan 1968

VP-2

Deployed to: NS Sangley Point
Aircraft: SP-2H
Date In: 1 Oct 1967 Date Out: 1 Apr 1968

Detachment Location: NAF Tan Son Nhut
Detachment Date In: 1 Oct 1967 Date Out: Unknown
Detachment Location: NAF Cam Ranh Bay
Detachment Date In: 1 Feb 1968 Date Out: 30 Mar 1968

VP-17

Deployed to: NS Sangley Point
Aircraft: SP-2H
Date In: 9 Nov 1967 Date Out: 29 Apr 1968

Detachment Location: NAF Cam Ranh Bay
Detachment Date In: 9 Nov 1967 Date Out: 29 Apr 1968

VP-26

Deployed to: NS Sangley Point
Aircraft: P-3B
Date In: 27 Nov 1967 Date Out: 7 Jun 1968

Detachment Location: RTNB U-Tapao
Detachment Date In: 16 Dec 1967 Date Out: 2 Jun 1968

1968 Deployments

VAH-21

Deployed to: (see detachment)
Aircraft: AP-2H
Date In: 1 Sep 1968 Date Out: See Note 3

Detachment Location: NAF Cam Ranh Bay
Detachment Date In: 1 Sep 1968 Date Out: 16 Jul 1969

VP-6

Deployed to: NAF Naha
Aircraft: P-3A
Date In: 1 Jan 1968 Date Out: 1 Jul 1968

Detachment Location: NS Sangley Point
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Detachment Date In: 21 Jan 1968 Date Out: 24 Jan 1968
Detachment Location: NAF Cam Ranh Bay
Detachment Date In: 13 May 1968 Date Out: 7 Jun 1968

VP-19

Deployed to: MCAS Iwakuni
Aircraft: P-3B
Date In: 1 Feb 1968 Date Out: 31 Jul 1968

Detachment Location: NS Sangley Point
Detachment Date In: 1 Apr 1968 Date Out: 14 Apr 1968
Detachment Location: RTNB U-Tapao
Detachment Date In: 1 Apr 1968 Date Out: 14 Apr 1968
Detachment Location: NAF Cam Ranh Bay
Detachment Date In: 15 Jun 1968 Date Out: 15 Jul 1968

VP-42

Deployed to: NS Sangley Point
Aircraft: SP-2H
Date In: 10 Mar 1968 Date Out: 3 Sep 1968

Detachment Location: NAF Cam Ranh Bay (dates unknown)

VP-50

Deployed to: NS Sangley Point
Aircraft: P-3A
Date In: 1 May 1968 Date Out: 1 Nov 1968

Detachment Location: NAF Cam Ranh Bay
Detachment Date In: 1 May 1968 Date Out: 1 Nov 1968

VP-49

Deployed to: NS Sangley Point
Aircraft: P-3A
Date In: 1 Jun 1968 Date Out: 16 Dec 1968

Detachment Location: RTNB U-Tapao
Detachment Date In: 1 Jun 1968 Date Out: 16 Dec 1968

VP-22

Deployed to: NAF Naha
Aircraft: P-3A
Date In: 30 Jun 1968 Date Out: 11 Jan 1969

Detachment Location: NAF Cam Ranh Bay
Detachment Date In: 16 Jul 1968 Date Out: 15 Aug 1968
Detachment Date In: 20 Sep 1968 Date Out: 30 Sep 1968
Detachment Date In: 1 Oct 1968 Date Out: 15 Oct 1968
Detachment Date In: 15 Nov 1968 Date Out: 10 Dec 1968
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VP-4

Deployed to: MCAS Iwakuni
Aircraft: P-3A
Date In: 1 Aug 1968 Date Out: 29 Jan 1969

Detachment Location: NAF Cam Ranh Bay
Detachment Date In: 15 Aug 1968 Date Out: 15 Sep 1968
Detachment Date In: 15 Oct 1968 Date Out: 10 Nov 1968
Detachment Date In: 16 Dec 1968 Date Out: 10 Jan 1969

VP-1

Deployed to: NS Sangley Point
Aircraft: SP-2H
Date In: 15 Aug 1968 Date Out: 25 Feb 1969

Detachment Location: NAF Cam Ranh Bay
Detachment Date In: 15 Aug 1968 Date Out: 25 Feb 1969

VP-47
Deployed to: NS Sangley Point
Aircraft: P-3B
Date In: 1 Nov 1968 Date Out: 31 Mar 1969

Detachment Location: NAF Cam Ranh Bay
Detachment Date In: 1 Nov 1968 Date Out: 31 Mar 1969

VP-45
Deployed to: NS Sangley Point
Aircraft: P-3A
Date In: 16 Dec 1968 Date Out: 1 Jun 1969

Detachment Location: RTNB U-Tapao
Detachment Date In: 16 Dec 1968 Date Out: 30 May 1969
Detachment Location: NAF Cam Ranh Bay
Detachment Date In: 18 Apr 1969 Date Out: 28 Apr 1969

1969 Deployments
VAL-4

Deployed to: Binh Thuy and Vung Tau
Aircraft: OV-10A and YOV-10D
Date In: 9 Apr 1969 Date Out: 31 Mar 1972

Detachment Location: None

VC-5
Deployed to: (see detachment)
Aircraft: C-1A and US-2C
Date In: 2 Oct 1969 Date Out: See Note 3

Detachment Location: FASU Da Nang
Detachment Date In: 2 Oct 1969 Date Out: 31 Dec 1969
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VRC-30

Deployed to: (see detactment)
Aircraft: C-1A
Date In: 11 Oct 1969 Date Out: See Note 3

Detachment Location: FASU Da Nang
Detachment Date In: 11 Jan 1969 Date Out: 1 Feb 1973

VP-28
Deployed to: NAF Naha
Aircraft: P-3A
Date In: 15 Jan 1969 Date Out: 15 Jul 1969

Detachment Location: NAF Cam Ranh Bay
Detachment Date In: 17 Jan 1969 Date Out: 11 Feb 1969
Detachment Date In: 29 Apr 1969 Date Out: 15 May 1969
Detachment Date In: 13 Jun 1969 Date Out: 18 Jul 1969

VP-40
Deployed to: MCAS Iwakuni
Aircraft: P-3B
Date In: 1 Feb 1969 Date Out: 1 Aug 1969

Detachment Location: NAF Cam Ranh Bay (dates unknown)

VP-2
Deployed to: NS Sangley Point
Aircraft: SP-2H
Date In: 17 Feb 1969 Date Out: 17 Aug 1969

VP-9
Deployed to: NS Sangley Point
Aircraft: P-3B
Date In: 1 Apr 1969 Date Out: 1 Oct 1969

Detachment Location: NAF Cam Ranh Bay
Detachment Date In: 1 Apr 1969 Date Out: 1 Oct 1969

VP-6
Deployed to: NS Sangley Point
Aircraft: P-3A
Date In: 1 Jun 1969 Date Out: 15 Nov 1969

Detachment Location: RTNB U-Tapao
Detachment Date In: 27 May 1969 Date Out: 15 Nov 1969

VP-50
Deployed to: NAF Naha
Aircraft: P-3A
Date In: 15 Jul 1969 Date Out: 15 Jan 1970

Detachment Location: NAF Cam Ranh Bay
Detachment Date In: 1 Aug 1969 Date Out: 15 Jan 1970
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VP-17

Deployed to: MCAS Iwakuni
Aircraft: P-3A
Date In: 1 Aug 1969 Date Out: 1 Feb 1970

Detachment Location: NAF Cam Ranh Bay
Detachment Date In: 9 Aug 1969 Date Out: 11 Sep 1969
Detachment Date In: 3 Nov 1969 Date Out: 15 Nov 1969
Detachment Date In: 15 Dec 1969 Date Out: 22 Dec 1969

VP-46

Deployed to: NS Sangley Point
Aircraft: P-3B
Date In: 1 Oct 1969 Date Out: 31 Mar 1970

Detachment Location: NAF Cam Ranh Bay
Detachment Date In: 2 Oct 1969 Date Out: 31 Mar 1970

VP-22

Deployed to: NS Sangley Point
Aircraft: P-3A
Date In: 15 Nov 1969 Date Out: 1 May 1970

Detachment Location: RTNB U-Tapao
Detachment Date In: 30 Nov 1969 Date Out: 29 Apr 1970

1970 Deployments

HC-3

Deployed to: (see detachment)
Aircraft: CH-46D
Date In: 15 May 1970 Date Out: See Note 3

Detachment Location: NAF Tan Son Nhut
Detachment Date In: 15 May 1970 Date Out: 1 Dec 1970

VP-47

Deployed to: NAF Naha
Aircraft: P-3B
Date In: 16 Jan 1970 Date Out: 13 Jul 1970

Detachment Location: RTNB U-Tapao
Detachment Date In: 9 May 1970 Date Out: 13 Jul 1970
Detachment Location: NAF Cam Ranh Bay (dates unknown)

VP-1

Deployed to: MCAS Iwakuni
Aircraft: P-3B
Date In: 1 Feb 1970 Date Out: 31 Jul 1970
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Detachment Location: RTNB U-Tapao
Detachment Date In: 1 Feb 1970 Date Out: 15 Apr 1970
Detachment Location: NAF Tan Son Nhut
Detachment Date In: 1 May 1970 Date Out: 27 Jul 1970
Detachment Location: NAF Cam Ranh Bay (dates Unknown)

VP-48

Deployed to: NS Sangley Point
Aircraft: P-3B
Date In: 1 Apr 1970 Date Out: 30 Sep 1970

Detachment Location: NAF Cam Ranh Bay
Detachment Date In: 1 Apr 1970 Date Out: 30 Sep 1970

VP-40

Deployed to: NS Sangley Point
Aircraft: P-3B
Date In: 1 May 1970 Date Out: 30 Oct 1970

Detachment Location: RTNB U-Tapao
Detachment Date In: 29 Apr 1970 Date Out: 30 Oct 1970

VP-6

Deployed to: NAF Naha
Aircraft: P-3A
Date In: 14 Jul 1970 Date Out: 15 Jan 1971

Detachment Location: None

VP-19

Deployed to: MCAS Iwakuni
Aircraft: P-3B
Date In: 31 Jul 1970 Date Out: 30 Jan 1971

Detachment Location: NAF Cam Ranh Bay
Detachment Date In: 10 Oct 1970 Date Out: 24 Oct 1970
Detachment Location: NS Sangley Point (dates unknown)
Detachment Location: RTNB U-Tapao (dates unknown)

VP-50

Deployed to: NS Sangley Point
Aircraft: P-3A
Date In: 30 Sep 1970 Date Out: 31 Mar 1971

Detachment Location: NAF Cam Ranh Bay
Detachment Date In: 30 Sep 1970 Date Out: 31 Mar 1971
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VP-17

Deployed to: NS Sangley Point
Aircraft: P-3A
Date In: 29 Oct 1970 Date Out: 29 Apr 1971

Detachment Location: RTNB U-Tapao
Detachment Date In: 29 Oct 1970 Date Out: 29 Apr 1971

1971 Deployments

VP-22

Deployed to: NAF Naha
Aircraft: P-3A
Date In: 14 Jan 1971 Date Out: 14 Jul 1971

Detachment Location: NAF Cam Ranh Bay
Detachment Date In: 25 Jan 1971 Date Out: 2 Feb 1971
Detachment Location: RTNB U-Tapao
Detachment Date In: 27 Mar 1971 Date Out: 3 Apr 1971

VP-4

Deployed to: MCAS Iwakuni
Aircraft: P-3B
Date In: 1 Feb 1971 Date Out: 31 Jul 1971

Detachment Location: NAF Cam Ranh Bay (dates Unknown)

VP-1

Deployed to: NS Sangley Point (1 Apr-1 Jul 1971)
NAS Cubi Point (1 Jul-1 Oct 1971)

Aircraft: P-3B
Date In: 1 Apr 1971 Date Out: 1 Oct 1971

Detachment Location: NAF Cam Ranh Bay
Detachment Date In: 1 Apr 1971 Date Out: 1 Oct 1971

VP-48

Deployed to: NS Sangley Point (1 May-1 Jul 1971)
NAS Cubi Point (1 Jul-30 Sep 1971)

Aircraft: P-3B
Date In: 1 May 1971 Date Out: 30 Sep 1971

Detachment Location: RTNB U-Tapao
Detachment Date In: 1 May 1971 Date Out: 30 Sep 1971

VP-40

Deployed to: NAF Naha
Aircraft: P-3B
Date In: 14 Jul 1971 Date Out: 13 Jan 1972

Detachment Location: NAS Guam (dates unknown)
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VP-9

Deployed to: MCAS Iwakuni
Aircraft: P-3B
Date In: 29 Jul 1971 Date Out: 11 Feb 1972

Detachment Locations: unknown

VP-6

Deployed to: NAS Cubi Point
Aircraft: P-3A
Date In: 21 Sep 1971 Date Out: 12 Jan 1972

Detachment Location: NAF Cam Ranh Bay
Detachment Date In: 21 Sep 1971 Date Out: 2 Dec 1971
Detachment Location: NAS Cubi Point
Detachment Date In: 12 Jan 1972 Date Out: 10 May 1972

VP-19

Deployed to: NAS Cubi Point
Aircraft: P-3B
Date In: 1 Nov 1971 Date Out: 29 Apr 1972

Detachment Location: RTNB U-Tapao
Detachment Date In: 1 Nov 1971 Date Out: 29 Apr 1972

1972 Deployments
VP-17

Deployed to: NAF Naha
Aircraft: P-3A
Date In: 13 Jan 1972 Date Out: 1 Aug 1972

Detachment Location: NAS Cubi Point
Detachment Date In: 9 Apr 1972 Date Out: 23 Apr 1972

VP-46
Deployed to: MCAS Iwakuni
Aircraft: P-3B
Date In: 1 Feb 1972 Date Out: 14 Aug 1972

Detachment Location: NAS Cubi Point
Detachment Date In: 23 Feb 1972 Date Out: 1 Mar 1972
Deatchment Date In: 16 Mar 1972 Date Out: 1 Apr 1972

VP-4
Deployed to: NAS Cubi Point
Aircraft: P-3A
Date In: 26 Mar 1972 Date Out: 1 Nov 1972

Detachment Location: RTNB U-Tapao
Detachment Date In: 1 May 1972 Date Out: 1 Nov 1972
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VP-22

Deployed to: NAF Naha
Aircraft: P-3A
Date In: 21 Apr 1972 Date Out: 30 Nov 1972

Detachment Location: NAS Cubi Point
Detachment Date In: 29 Apr 1972 Date Out: 16 May 1972

VP-9

Deployed to: (see detachment)
Aircraft: P-3B
Date In: 5 May 1972 Date Out: 24 Jul 1972

Detachment Location: NAS Cubi Point
Detachment Date In: 5 May 1972 Date Out: 24 Jul 1972

VP-11

Deployed to: NAS Cubi Point
Aircraft: P-3B
Date In: 23 Jul 1972 Date Out: 10 Nov 1972

Detachment Location: RTNB U-Tapao (dates unknown)

VP-40

Deployed to: MCAS Iwakuni
Aircraft: P-3B
Date In: 1 Aug 1972 Date Out: 14 Jan 1973

Detachment Location: RTNB U-Tapao
Detachment Date In: 16 Nov 1972 Date Out: 20 Dec 1972

VP-1

Deployed to: NAS Cubi Point
Aircraft: P-3B
Date In: 1 Nov 1972 Date Out: 30 Apr 1973

Detachment Location: RTNB U-Tapao
Detachment Date In: 1 Nov 1972 Date Out: 30 Apr 1973

VP-6

Deployed to: NAF Naha
Aircraft: P-3A
Date In: 30 Nov 1972 Date Out: 28 May 1973

Detachment Location: RTNB U-Tapao
Detachment Date In: 20 Dec 1972 Date Out: 1 Feb 1973

UNITED STATES NAVAL AVIATION 1910–1995 735



Notes for VP and Non-Carrier Based Squadron Deployments to Vietnam (1964-1972) and Tail Codes:

1. Date In and Date Out are normally the dates the squadron arrived and departed from the air station or base it operated from during its deployment.

2. Squadron detachment numbers or letters are not listed. There were numerous changes and rotation of patrol squadron aircraft and crews from the squadron’s
main base of operation during its deployment. A squadron’s detachment was usually identified by using the name of the base the detachment was operating from. Some
of the squadrons that deployed to Vietnam did not have or use detachments.

3. In some cases specific dates for the squadron or its detachments were not known or could not be determined from official sources.

4. The following is a list of tail codes for the VP and other non-carrier based squadrons deploying to Vietnam:

HAL-3 (no assigned tailcode)
HC-1 UP
HC-3 SA
VAH-21 SL
VAL-4 UM
VAP-61 SS
VAP-62 GB
VC-5 UE
VO-67 MR
VP-1 YB
VP-2 YC
VP-4 YD
VP-5 LA
VP-6 PC
VP-8 LC
VP-9 PD
VP-11 LE
VP-16 LF
VP-17 ZE
VP-19 PE
VP-22 QA
VP-28 QC
VP-40 QE
VP-42 RB
VP-45 LN
VP-46 RC
VP-47 RD
VP-48 SF
VP-49 LP
VP-50 SG
VQ-1 PR
VQ-2 JQ
VR-1 JK
VRC-30 RW
VRC-50 RG
VW-1 TE
VXN-8 JB
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Non-Carrier Based Squadrons

Squadron Aircraft Tail Code

VP-10 P-3C LD
VP-16 P-3C LF
VP-23 P-3C LJ
HSL-34 Dets SH-2F HX
HSL-32 Dets SH-2F HV

HSL-32 Detachments provided support for the
Grenada operations between 30 October to 8
December, but were not involved in flying combat
missions.

VR-56 C-9B JU
VR-58 C-9B JV
VR-59 C-9B RY
VRC-40 C-1A JK

Transport squadrons were used to provide support
for units operating in Grenada, but were not involved
in flying combat missions. 

Operations by CVW-6 Aircraft

CVW-6 aircraft embarked on Independence flew
SAR (Search and Rescue), MEDEVAC (Medical
Evacuation), CAP (Combat Air Patrol), reconnaissance,
close air support and SSSC (Surface, Sub-surface
Search Coordination) missions.

Attack squadrons conducted daily surgical bombing
missions (close air support) to quell enemy resistance,
as well as reconnaissance missions. The following is a
list of their activities:

VA-15 flew 143 combat sorties during Operation
Urgent Fury. 

VA-176 flew 350 combat flight hours during
Operational Urgent Fury (the number of combat sor-
ties is not listed). 

VA-87 flew close air support combat missions during
Operation Urgent Fury. The specific number of combat
sorties was not identified.

The mission of Operation Urgent Fury, as stated by
Admiral Wesley L. McDonald, while testifying before
the Senate Committee on Armed Services on 3
November 1983, was to “protect and/or evacuate
American citizens, to provide stability for the area, and
at the invitation of the Organization of Eastern
Caribbean States, to help establish a government
which would be more democratic in nature than the
existing government which had taken over rather rig-
orously and had placed the country into complete iso-
lation for a period of four days.” Admiral McDonald
was Commander in Chief, U.S. Atlantic Command,
during the Grenada operations.

The following is a list of Naval Aviation forces (does
not include all Marine Corps aviation) participating in
the Grenada operations:

Carriers
Independence (CV 62) with CVW-6 (Tail Code AE)

Squadron Aircraft

VA-87 A-7E
VA-15 A-7E
VA-176 A-6E and KA-6D
VF-32 F-14A
VF-14 F-14A
VAW-122 E-2C
VAQ-131 EA-6B
VS-28 S-3A
HS-15 SH-3H

Guam (LPH 9) (Tail Code for HMM-261 was EM)

HMM-261 AH-1T and CH-53D

Saipan (LHA 2) (1-7 November 1983)

Saipan provided seaborn security, surveillance
operations, communications and medical support dur-
ing the operation. It did not have a deployed Marine
Corps squadron aboard.
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HS-15 flew Combat SAR missions under enemy fire
and were also used to drop leaflets over the central
portion of the island. The squadron flew 97 sorties dur-
ing Operation Urgent Fury. 

Fighter squadrons flew CAP (Combat Air Patrol),
reconnaissance and photographic missions over the
island using the TARPS (Tactical Air Reconnaissance
Pod System).  VF-32 aircraft participated in the TARPS
evolution.  Fighter squadron activities were as fol-
lows:  256 combat sorties flown by VF-32 in 1983
(includes sorties in Grenada and Lebanon, with no
break down on how many for each operation) and 82

combat sorties flown during Operation Urgent Fury
by VF-14.

VAQ-131 flew electronic surveillance missions in
support of Operation Urgent Fury, specific number of
combat sorties not identified.

VS-28: Combat sorties unknown.
VAW-122: Combat sorties unknown.
The Navy did not loose any aircraft or aviation per-

sonnel to combat action during Operation Urgent
Fury. However, several Marine Corps and Army heli-
copters were shot down by anitaircraft batteries and
personnel lost to combat action.
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VF-103 F-14A
VA-85 A-6E and KA-6D
VAQ-137 EA-6B
VAW-125 E-2C
VS-30 S-3A
HS-3 SH-3H
VQ-2 Det EA-3B

Guadalcanal (LPH 7) (Tail Code EG for HMM-263)

HMM-263 AH-1T, CH-53E and CH-46E

Note: Dets (Detachments) aboard the carriers did not use the same Tail Code
assigned to the air wing (CVW).

Non-Carrier Based Squadrons
Squadron Tail Code Aircraft

HSL-32 Dets HV SH-2F
HSL-34 Dets HX SH-2F
HSL-36 Dets HY SH-2F
HSL-42 Dets HN SH-60B
VP-23 LJ P-3C
VP-56 LQ P-3C
HC-4 HC CH-53E
HC-6 Det HW UH-46D and CH-46D
VR-22 JL C-130F
VAQ-138 Det * EA-6B
VR-24 JM C-2A
HC-8 Dets BR UH-46A and CH-46D
HS-1 Det AR SH-3
HC-9 Det NW HH-3A
VQ-2 JQ EP-3A

See the chronology section for March and April 1986 for a
more detailed account of these operations.

* VAQ-138 was under the control of Commander Medium Attack Tactical
Electronic Warfare Wing, U.S. Pacific Fleet and did not have a permanently
assigned tail code until it became part of CVW-8 in June 1986.

T he time frames for squadron involvement in
Operation Prairie Fire during March and Operation
Eldorado Canyon during April 1986 are not listed.
Some of the squadrons involved in the March opera-
tions were not present during the April operations,
and vice versa.

Carrier Based Squadrons

America (CV 66) with CVW-1 (Tail Code AB)

VA-34 A-6E and KA-6D
VA-46 A-7E
VA-72 A-7E
VF-33 F-14A
VF-102 F-14A
VS-32 S-3A
VAW-123 E-2C
HS-11 SH-3H
VMAQ-2 Det EA-6B
VQ-2 Det EA-3B

Coral Sea (CV 43) with CVW-13 (Tail Code AK)

VFA-131 F/A-18A
VFA-132 F/A-18A
VA-55 A-6E and KA-6D
VAW-127 E-2C
VAQ-135 EA-6B
VQ-2 Det EA-3B
VMFA-314 F/A-18A
VMFA-323 F/A-18A
HS-17 SH-3H

Saratoga (CV 60) with CVW-17 (Tail Code AA)

VA-81 A-7E
VA-83 A-7E
VF-74 F-14A
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GBU-10E/B Paveway II laser-guided bombs are prepared for war on the deck of John F. Kennedy the day before Desert Strom began.

Saratoga operating in the Red Sea during Desert Storm and the flight deck of
John F. Kennedy is in the foreground with F-14 Tomcats on deck.



Ranger (CV 61) with CVW-2 (Tail Code NE), 8 Dec 1990-8 Jun
1991

Squadron Aircraft

VF-1 F-14A
VF-2 F-14A
VA-155 A-6E
VA-145 A-6E
VAW-116 E-2C
VAQ-131 EA-6B
HS-14 SH-3H
VS-38 S-3A
VRC-30 Det C-2A

America (CV 66) with CVW-1 (Tail Code AB), 28 Dec 1990-18
Apr 1991

Squadron Aircraft

VF-102 F-14A
VF-33 F-14A
VFA-82 F/A-18C
VFA-86 F/A-18C
VA-85 A-6E, KA-6D
VAW-123 E-2C
HS-11 SH-3H
VAQ-137 EA-6B
VS-32 S-3B

Theodore Roosevelt (CVN 71) with CVW-8 (Tail Code AJ), 28 Dec
1990-28 Jun 1991

Squadron Aircraft

VF-41 F-14A
VF-84 F-14A
VFA-15 F/A-18A
VFA-87 F/A-18A
VA-65 A-6E
VA-36 A-6E
VAW-124 E-2C
HS-9 SH-3H
VAQ-141 EA-6B
VS-24 S-3B
VRC-40 Det C-2A

Carrier and Carrier Based Squadrons 

Saratoga (CV 60) with CVW-17 (Tail Code AA), 7 Aug 1990-28
Mar 1991

Squadron Aircraft

VF-74 F-14A+
VF-103 F-14A+
VFA-83 F/A-18C
VFA-81 F/A-18C
VA-35 A-6E, KA-6D
VAW-125 E-2C
VAQ-132 EA-6B
HS-3 SH-3H
VS-30 S-3B

John F. Kennedy (CV 67) with CVW-3 (Tail Code AC), 15 Aug
1990-28 Mar 1991

Squadron Aircraft

VF-14 F-14A
VF-32 F-14A
VA-46 A-7E
VA-72 A-7E
VA-75 A-6E, KA-6D
VAW-126 E-2C
HS-7 SH-3H
VAQ-130 EA-6B
VS-22 S-3B

Midway (CV 41) with CVW-5 (Tail Code NF), 2 Oct 1990-17 Apr
1991

Squadron Aircraft

VFA-195 F/A-18A
VFA-151 F/A-18A
VFA-192 F/A-18A
VA-185 A-6E, KA-6D
VA-115 A-6E, KA-6D
VAW-115 E-2C
VAQ-136 EA-6B
HS-12 SH-3H
VRC-50 Det C-2A
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Non-carrier Based Navy Squadrons that Participated in
Operation Desert Shield and Desert Storm

Squadron Tail Code Aircraft

HC-1 UP SH-3G, SH-3H, and CH-53E
HC-2 SA SH-3G and CH-53E
HC-4 HC CH-53E
HC-5 RB HH-46D
HC-6 HW CH-46D, HH-46D, and UH-46D
HC-8 BR CH-46D, HH-46D, and UH-46D
HC-11 VR CH-46D, HH-46D, and UH-46D
HCS-4* NW HH-60H
HCS-5* NW HH-60H
HM-14 BJ MH-53E
HM-15 TB MH-53E
HS-75* NW SH-3H
HSL-32 HV SH-2F
HSL-33 TF SH-2F
HSL-34 HX SH-2F
HSL-35 TG SH-2F
HSL-36 HY SH-2F
HSL-37 TH SH-2F
HSL-42 HN SH-60B
HSL-43 TT SH-60B
HSL-44 HP SH-60B
HSL-45 TZ SH-60B
HSL-46 HQ SH-60B
HSL-47 TY SH-60B
HSL-48 HR SH-60B
HSL-49 TX SH-60B
VC-6 JG Pioneer RPVs
VP-1 YB P-3C
VP-4 YD P-3C
VP-5 LA P-3C
VP-8 LC P-3C
VP-11 LE P-3C
VP-19 PE P-3C
VP-23 LJ P-3C
VP-40 QE P-3C
VP-45 LN P-3C
VP-46 RC P-3C
VP-91* PM P-3C
VP-MAU* LB P-3C
VPU-1 OB P-3
VPU-2 SP P-3
VQ-1 PR EP-3E, UP-3A, and P-3B
VQ-2 JQ EP-3E, EA-3B, and UP-3A
VQ-4 HL TC-130Q
VR-22 JL C-130F and KC-130F
VR-24 JM C-2A and CT-39G
VR-51* RV C-9B
VR-52* JT DC-9
VR-55* RU C-9B
VR-56* JU C-9B
VR-57* RX C-9B
VR-58* JV C-9B
VR-59* RY C-9B

VR-60* RT DC-9
VR-61* RS DC-9
VR-62* JW DC-9
VRC-30 RW C-2A
VRC-40 JK C-2A
VRC-50 RG C-2A, US-3A, and C-130F

* Naval Air Reserve unit.

Marine Corps Squadrons that Participated in
Operation Desert Shield and Desert Storm

Squadron Tail Code Aircraft

HMA-773* MP AH-1J
HMA-775* WR AH-1J
HMH-362 YL CH-53D
HMH-461 CJ CH-53E
HMH-462 YF CH-53E
HMH-465 YJ CH-53E
HMH-466 YK CH-53E
HMH-772 MT RH-53D

Det A*
HML-767* MM UH-1N
HMLA-169 TV UH-1N and AH-1W
HMLA-269 HF UH-1N, AH-1W, and AH-1T
HMLA-367 VT UH-1N and AH-1W
HMLA-369 SM UH-1N and AH-1W
HMM-161 YR CH-46E
HMM-164(C) YT CH-46E, CH-53E, UH-1N, and AH-1W
HMM-165 YW CH-46E
HMM-261 TV CH-46E
HMM-263 EG CH-46E
HMM-265 EP CH-46E
HMM-266 ES CH-46E
HMM-268(C) YQ CH-46E, CH-53E, UH-1N, and AH-1W
HMM-365 YM CH-46E
HMM-774* MQ CH-46E
VMA-231 CG AV-8B
VMA-311 WL AV-8B
VMA-331 VL AV-8B
VMA-513 WF AV-8B

Det B
VMA-542 CR AV-8B
VMA(AW)-224 WK A-6E
VMA(AW)-533 ED A-6E
VMFA-212 WD F/A-18C
VMFA-232 WT F/A-18C
VMFA-235 DB F/A-18C
VMFA-314 VW F/A-18A
VMFA-451 VM F/A-18A
VMFA(AW)-121 VK F/A-18D
VMGR-252 BH KC-130F and KC-130R
VMGR-352 QB KC-130R
VMGR-452* NY KC-130T
VMO-1 ER OV-10A and OV-10D+
VMO-2 UU OV-10A, OV-10D, and OV-10D+

* Marine Corps Reserve Unit
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The first flight in a turbojet aircraft in the United
States was made at Muroc, Calif., on 1 October 1942,
by Robert M. Stanley, chief test pilot of the Bell
Aircraft Corporation. The next day Colonel Lawrence
C. Craigie of the U.S. Army Air Forces, took up the
same plane for its first flight by a military pilot. The
first jet flight by a Naval Aviator was made in the same
plane at the same location on 21 April 1943 by
Captain Frederick M. Trapnell of Flight Test, NAS
Anacostia, D.C. In each instance, the plane was a Bell
XP-59A powered by two General Electric 1A turbojet
engines. It was the first jet aircraft built in the United
States and a prototype of the first jet aircraft acquired
by the United States Navy.

Before the end of the war, the Navy had acquired
three of the Bell Airacomets and in the first year after
the war acquired two more. All were obtained from
the Army Air Forces; all were assigned to NAS
Patuxent River, Md. They served two main purposes
by providing a means of testing the adaptability of jet
aircraft to naval requirements and a means of training
pilots to fly a new aircraft type. They were used for
these purposes through 1947.

Even before their acquisition, the Navy’s interest in
jet propulsion had been made evident. It not only
monitored the progress of jet programs in the Army
Air Forces and took part in certain joint studies, but
also initiated a study contract which led to the devel-
opment of the first Westinghouse jet engines. As early
as 1943, two carrier fighter designs employing jet
engines were initiated. The first with Ryan
Aeronautical Company had the immediate objective of
developing a fighter capable of operating from escort
carriers as a replacement for the FM Wildcat. It result-
ed in the XFR-1 Fireball which was powered by a
Wright Cyclone engine in the nose and a General
Electric I-16 in the after section of the fuselage. Its
development and production were handled on a crash
basis and the first model flew in June 1944. Within a
year it was assigned to a fleet squadron. Limited oper-
ations from escort carriers for short periods in the
immediate post-war period uncovered numerous bugs
and by July 1947 the decision to withdraw them from
service had been made and carried out. A similar con-
cept of composite power, carried out in the XF15C
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List of Early Naval Jet Pilots

was abandoned after experimental models had been
evaluated at Patuxent, Md.

The second contract of 1943 authorized the
McDonnell Aircraft Corporation to design a twin-jet
carrier fighter. To avoid disrupting wartime production
and to meet the not so urgent objective of using the
plane to explore the feasibility of jet operations on
carriers, progress was intentionally slow. Even so, the
airplane took to the air for the first time on 26 January
1945. It was the XFD-1 Phantom, powered by two
Westinghouse 19B jets. After another year and a half
of flight testing, a production FD-1 was taken on
board Franklin D. Roosevelt and on 21 July 1946 the
first jet operations from a U.S. carrier were conducted.
A year later, the Phantom became the first jet aircraft
assigned to a fleet squadron when two FDs were
delivered to VF-17A at NAS Quonset Point, R.I.

In the meantime, studies and contracts had been let
for other jet aircraft which were to become opera-
tional. One of these, made in January 1945 with North
American Aviation, produced the FJ-1 Fury equipped
with a single Allison/GE jet. Claimed by some to be
the hottest, straight-wing jet ever built, this airplane
made its first flight in September 1946 and, in
November of the next year, was delivered to VF-5A at
NAS San Diego, Calif. On 10 March 1948, the
squadron Commanding Officer and Executive Officer
took the Fury on board Boxer for carrier suitability
tests, conducting a number of takeoffs and landings.
Shortly after, VF-17A completed carrier qualifications
in the Phantom, by then redesignated FH, on board
Saipan. The Navy’s transition to jet aircraft had defi-
nitely begun.

By 1948, the number of Naval Aviators qualified to
fly jets had assumed fairly generous proportions.
Because it appeared desirable to have a list of the men
who pioneered the Navy’s effort in this field in the his-
torical record, a project to obtain their names was initi-
ated in October 1961 by Mr. Adrian O. Van Weyn,
head of the Naval Aviation History Office.

It soon became apparent that there was no ready-
made list and, further, that no official records had
been kept from which one could be compiled. Even
the flight logs from Patuxent, where the first jet aircraft
has been assigned, seemed to have disappeared. It
was then that a general appeal for help was made



through a letter in Naval Aviation News. It appeared in
the March 1962 issue.

Help came from many sources. Twenty men in all
answered this call giving not only the particulars of
their first flights but also the names of others who had
flown in the early period. One pilot sent a list of 73
men awarded Phantom Jockey Certificates by
McDonnell Aircraft Corporation commemorating their
flights in the Phantom jet. Perhaps the most unexpect-
ed, but no less useful, was a report from an officer
assigned to the Aviation Safety Center listing all men
involved in accidents in jet aircraft through 1948. From
these replies and from other sources, a list was made
up of another 80 men who had probably qualified in
the period 1943-48. Each was sent a letter asking for
the particulars of his qualification as well as for the
names of others who should be questioned. The pro-
ject developed quickly into a letter writing campaign
as almost every third answer added more names
which in turn spawned yet other possibilities.

When these leads had been exhausted, the project
seemed about complete and preparations were made
to put the list in order for publication. It was then that
the earlier search for the Patuxent Flight Logs pro-
duced results. They were found at the Federal Records
Center in Alexandria. With some interest but only a lit-
tle expectancy of finding any more than confirmation
of what was already known, a few were called over
for leisurely perusal. The first one dispelled all dreams
of the project being finished.

About two months and 31 logs later, another 200
names had been added to the probables list. But what
names! Almost without fail, the log entries identified the
pilot by last name only, giving no initials, no rank and
no indication of service affiliation. This should have
presented no difficulty with the more unusual names
but experience proved quickly that no names are
unusual. Reference to unit rosters and Navy Registers
helped some, and the Bureau of Personnel contributed
its share, but when all available sources had been used,
there were still about 100 names lacking identity.

Some of these were cleared up by a day spent at
NATC Patuxent, Md., and the follow-up assistance of
Rear Admiral Paul H. Ramsey’s staff. Some remain
only names, some of those identified could not be
found, many were not heard from. Several were no
longer living. Others were separated from their logs
by vacation or change of duty and could not give
exact information. Still others reported their logs as
lost or destroyed by fire and had no means of con-
firming their recollections. In spite of these difficul-
ties, the list was compiled and because publication
might resolve some still unanswered questions, it was
printed in the March 1963 issue of Naval Aviation
News as a tentative list.
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Tabulation of the replies revealed interesting ele-
ments of history. The early date at which many quali-
fied was perhaps most surprising, but under the cir-
cumstances should not have been surprising at all. All
aspects of early jet aircraft were highly classified.
During the war years, the interests of security dictated
that early jet engines be called superchargers. Even
the XP-59A designation for the first jet airplane had a
security angle. The original XP-59 was a conventional
experimental fighter, and it was thought that use of
the same designation with a suffix letter would hide
the true identity of the new model. Its early opera-
tions at Muroc were also conducted under the veil of
secrecy—if jet flight can be kept a secret. Admiral
Frederick M. Trapnell wrote: “When flown, this air-
craft was towed well out onto the lake bed, with
tarpaulins covering most of the fuselage and with a
fake wooden propeller on the nose. This, of course,
was removed prior to run-up.”

This airplane, relatively unknown even today as the
Navy’s first jet, was for obvious reason the one in
which most Navy pilots made their first jet flights. In
the period of its use through 1947, by which time 262
flights are listed, 196 were in the P-59. Because
Patuxent was the center of flight testing and the first
station to which jet aircraft were assigned, it topped all
other locations as the scene of first flights through
1948. A number of pilots received their first indoctrina-
tion from the Army Air Forces and made their first
flights at AAF bases in the southwest. Others attended
RAF schools at Hullavington and Cranfield, England,
and made their first flights there. When delivery of the
FD Phantoms and FJ Furies began in 1947, the loca-
tion of first flights extended to St. Louis, Mo., Quonset
Point, R.I., Cherry Point, N.C., and San Diego, Calif.

The first Navy pilot to qualify in jets was also the
first Navy pilot to fly seven post-war jets which he list-
ed as the XFJ, XF2H, XF9F, XF3D, XF6U, XF-86, and
the XF7U. Only five men with Flag rank qualified and,
prior to 1948, only three qualified while holding the
rank of Ensign. The majority qualified as Lieutenant
Commanders (Major for the Marines) and Lieutenants
(Captain for the Marines), with the former leading the
pack. The pilots of VF-5A and VF-17A, on board at the
time the squadrons were being equipped with jets, are
all members of this early group although some that
were not heard from do not appear on the list.

The replies included many interesting comments
supplementing the basic information. The somewhat
naive attitude of the historian was rudely jolted very
early in the project. Under the assumption that some
training was necessary to fly a radically different air-
plane, he provided a place on the questionnaire to
report the extent of training received. The answers,
when they were given at all, were unanimously in the



vein of one report which stated: “In contrast to present
practice, training consisted of looking at handbook,
cockpit checkout, then go.” Its elaboration by another
qualifier was: “Your request for information on train-
ing is amusing. Training was very informal, to put it
politely. It consisted of: ‘This is the low pressure fuel
cock; this is the high pressure fuel cock; it flies real
easy.’” Even in the later period when the first
squadrons were being equipped with jets, the training
does not appear to have been extensive. One pilot
reported, “VF-17A trained itself. Checkout consisted of
reading the handbook and watching a movie on com-
pressibility.”

One pilot told of winning third place in the 1948
Bendix Trophy Race from Long Beach, Calif., to
Cleveland, Ohio, in which he “landed at Cleveland
dead stick, out of fuel the last 50 miles.” Another
reported ferrying an FH-1 from Patuxent, Md., to
Pensacola, Fla., in 1948 with the comment: “I daresay
the only jet ever to use Station Field.” In similar vein,
one told of his work with another pilot on chase
flights out of Point Mugu, Calif., in which they, “oper-
ated P-80s off a 5,000-foot Marston mat with full
ammo and fuel, for two years without incident. The P-
80 was not supposed to be landed in this configura-
tion (we later found out).”

The men who qualified in Flag rank had some top-
pers. The first of these, Admiral Alfred M. Pride, gave
us the following account of events leading to his
qualification: “I had been ordered to relieve Sallada
as Chief and to report a month before the turnover
date of 1 May. That gave me considerable time to
look around. It then dawned on me that I would be
up to my neck in jet procurement and that I had bet-
ter find out a lit t le about them at first hand.
Furthermore, since no flag officer seemed to have
soloed the things, it seemed appropriate that the
Chief of the Bureau set the pace. So I went down
and asked for a McDonnell but the Patuxent boys
were not taking any chances with their new pet, I
guess, and were ‘so sorry, but it was out of commis-
sion.’ I looked around and saw the P-59 sitting there
and asked how about that one. They admitted it was
‘up’ and so I said that I would take it. It worked fair
enough except that one engine gave out after I got
out over the Bay and I had to yell for a clear runway
and come on home. Never did find out what the
trouble really was.”

Admiral Daniel V. Gallery reported: “Rear Admirals
Apollo Soucek, Edgar A. “Bat” Cruise and I checked
out in Phantoms and flew a section formation at the
opening of Idlewild and also at the Cleveland Air
Races. Called ourselves the Gray Angels.” To that
somewhat noncommittal statement, Admiral Edgar A.
Cruise provided a footnote quoted here in full. He
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wrote: “For your information Admirals Soucek and
Gallery flew with me, with Gallery leading, as the
Gray Angels in both the Idlewild, N.Y., dedication and
later at the National Air Races in Cleveland, Ohio, in
September 1948. In Idlewild on one flight I ran out of
fuel on one tank resulting in a flame-out. Inasmuch as
our formation was only at 2600 feet and directly over
the field, I elected to land dead stick on Idlewild. I
never made a more precise approach and landing in
my whole life.

At Cleveland the Gray Angels caused some conster-
nation by passing the reviewing stand simultaneously
with, but in the opposite direction from, a 90-plane
Air Group. The Air Group leader was flying low
(about 4-500 feet) which forced us down to 75–100
feet. Needless to say flying wing, I was somewhat
perturbed.”

Admiral Cruise, who was Head of the Air Warfare
Division in DCNO (Air) when he was making the
above flights, also reported that his forced landing at
Idlewild was directly involved in the subsequent
installation of a positive cross connection which
would prevent future flame-outs from the same
cause.

As might be expected, this list of early jet pilots
includes several men who later achieved other promi-
nence in flight. Turner Caldwell set a world speed
record in the D-558-I in August 1947, the first held by
the Navy since Al Williams’ record in 1923. Marion
Carl broke that record one week later in the same
plane and later soared to a new altitude record for
research aircraft in the D-558-II. Carl and Caldwell
were also the first of their respective services to fly
faster than sound in level flight. Larry Flint took the
Phantom II to a new world altitude record in 1959 and
F. Taylor Brown set a time to climb record to 20,000
meters in 1962, also in the Phantom II. Thomas H.
Miller set a new speed record for 500 kilometers in the
Phantom II in September 1960. The first U.S. Navy jet
operations on a carrier were flown by James J.
Davidson; Marion Carl flew tests of the P-80 on the
same ship later in the year. Najeeb Halaby, former
head of the FAA, was the first to fly a jet on continu-
ous flight across the United States from Muroc, Calif.,
to Patuxent, Md., which he did in a P-80A on 28 June
1945. On the other side of the ledger, the list also
includes the first pilot to bail out of a jet and the first
to crash-land a jet in the water, both of whom shall be
nameless.

In regard to the following list itself, words of expla-
nation and caution are necessary. In explanation of
the order, flights made on the same day are in the
order of time of day when known, and alphabetical
when not known. When only the month and year
could be given for date, the flight appears after all oth-



ers made during the month. Rank is that held at the
time of first flight, and all are Naval Aviators on active
duty at the time. Designations for the McDonnell
Phantom appear as FD initially and as FH after the
change made 21 August 1947.

The cautions are particularly important. First, qualifi-
cation as a jet pilot was defined loosely. For this pur-
pose, it was considered simply as the first flight on
which complete command of the aircraft was held.
Whether the first flight was also the last made in a jet
by a particular pilot or the beginning of a whole
career of jet flying, it was accepted as meeting the
requirement. Second, only flights in pure jet aircraft
were considered. The question of what to do about
the Ryan Fireball, FR-1 came up early in the project.
Several facts of its early existence give weight to its
importance in the Navy’s transition to jet aircraft. Yet
the fact, that it was equipped with a reciprocating
engine for use in normal operations and with a turbo-
jet engine for use as a booster during takeoff and
maximum performance flights, removes it from the jet
aircraft class. For this reason, justified or not, flights in
the FR were not included. 
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Thirdly, only those men with whom we could make
contact or about whom we could gain specific knowl-
edge appear in the list. Those found in log books or
otherwise reported as having flown jets in the early
period who could neither be identified, nor located,
had to be omitted. Those who died after their first jet
flight (indicated by *) could be included only if the
necessary information was available from another
source. Their flight dates are generally the earliest
found in Patuxent Flight Logs and may not be the
actual first flight. Others deceased, reported as having
flown in the period but for whom no specific informa-
tion was found, had to be omitted from the order of
precedence. They are: John E. Darden, Jr., Ralph
Fuoss, Bud B. Gear, John Magda, Alfred E. Nauman,
Jr., Albert D. Pollock, Jr., Horatio G. Sickel, Warren P.
Smith and Conrad J. Wigge.

For the above reasons, the list is the best that could
be updated and compiled. On the basis of evidence
available, it is concluded that the completeness and
accuracy of the list is best at the beginning and
decreases as the precedence numbers increase. 

The following is a list of the Early Jet Pilots in Order
of First Jet Flight:

No. Name Rank Date Plane Place

1 Trapnell, Frederick M. CAPT 21 Apr 43 XP-59A Muroc
2 Pearson, John B., Jr. CDR 27 May 43 XP-59 Muroc
3 Ramsey, Paul H. CDR 29 Ju1 43 XP-59A Muroc
4 Gayler, Noel A. M. LCDR 13 Jan 44 YP-59A Patuxent
5 Booth, Charles T. CDR 14 Jan 44 YP-59A Patuxent
6 Halaby, Najeeb E. LTJG 21 Jan 44 YP-59A Patuxent
7 Ferguson, John A. LT 14 Feb 44 YP-59A Patuxent
8 Drewelow, Robert W. LT 21 Apr 44 YP-59A Patuxent
9 Owen, Edward M. LCDR 15 May 44 YP-59A Patuxent
10 Brown, Ira W., Jr. LCDR 28 Jun 44 YP-59A Patuxent
11 Burroughs, Sherman E. CAPT 11 Jul 44 XP-59 Muroc
12 Hayward, John T. CDR 11 Jul 44 XP-59 Palmdale
13 Storrs, Aaron P. CAPT 17 Jul 44 YP-59A Patuxent
14 Canavan, Desmond E. LCOL 18 Jul 44 YP-59A Patuxent
15 Rozamus, Michael J. LCDR 20 Jul 44 YP-59A Patuxent
16 Davenport, M. W. LT 21 Jul 44 XP-59A Patuxent
17 Runyon, Donald E. LT 21 Ju1 44 YP-59A Patuxent
18 Gerberding, Jas. H.* LCDR 30 Aug 44 YP-59A Patuxent
19 Elder, Robert M. LT 28 Sep 44 XP-80 Dayton
20 Milner, Robert M. LCDR 24 Oct 44 YP-59A Patuxent
21 Soule, Ernest D. LT 24 Oct 44 YP-59A Patuxent
22 Kelly, William W. LT 30 Oct 44 YP-59A Patuxent
23 Flint, Lawrence E. LT 30 Oct 44 YP-59A Patuxent
24 Guerrieri, Mario A. LCDR 31 Oct 44 YP-59A Patuxent
25 Harrington, Daniel J. LCDR 01 Nov 44 YP-59A Patuxent
26 Davidson, James J. LT 02 Nov 44 YP-59A Patuxent
27 Christofferson, F. E. LT 02 Nov 44 YP-59A Patuxent
28 Caffey, Kenneth W. LCDR 07 Nov 44 YP-59A Patuxent
29 Miller, Kenneth W., Jr. LT 08 Nov 44 YP-59A Patuxent



No. Name Rank Date Plane Place

30 McNeely, Henry E. LCDR 08 Nov 44 YP-59A Patuxent
31 Wood, Charles R., Jr. LCDR 08 Nov 44 YP-59A Patuxent
32 Tuttle, Magruder H. CDR 08 Nov 44 YP-59A Patuxent
33 Palmer, Fitzhugh L., Jr. CDR 09 Nov 44 YP-59A Patuxent
34 Andrews, Clyde C. LT 09 Nov 44 YP-59A Patuxent
35 Gough, William V., Jr. LCDR 09 Nov 44 YP-59A Patuxent
36 Hollar, Frank E. MAJ 09 Nov 44 YP-59A Patuxent
37 Bauer, Louis H. CDR 11 Nov 44 YP-59A Patuxent
38 Sutherland, John F. LCDR 24 Nov 44 XP-80 Palmdale
39 Carl, Marion E. MAJ 14 Feb 45 YP-59A Patuxent
40 Wheatley, John P. LT 15 Feb 45 YP-59A Patuxent
41 Kenna, William E. CDR 15 Feb 45 YP-59A Patuxent
42 Connolly, Thomas F. CDR 24 Feb 45 YP-59A Patuxent
43 Neefus, James L. LCOL 10 Mar 45 YP-59A Patuxent
44 Sallenger, Asbury H. LT 14 Mar 45 YP-59A Patuxent
45 Cleland, Cook LT Mar 45 YP-59A Patuxent
46 Schickel, Norbert H. LT 25 Apr 45 YP-59A Patuxent
47 Brown, Robert M. LT 05 May 45 YP-59A Patuxent
48 Schrefer, John F. LCDR 09 May 45 YP-59A Patuxent
49 Ellenburg, George W. LCDR 23 May 45 YP-59A Patuxent
50 Bakutis, Fred E. CDR 11 Jun 45 YP-59A Patuxent
51 Schroeder, F. J. LCDR 12 Jun 45 YP-59A Patuxent
52 Larsen, Leif W.* LT 12 Jun 45 YP-59A Patuxent
53 McClelland, T. G.* LT 27 Jun 45 YP-59A Patuxent
54 Schiller, James E. LT 27 Jun 45 YP-59A Patuxent
55 Beveridge, Richard A. LCDR 18 Jul 45 YP-59A Patuxent
56 Thomas, John M. LT 19 Jul 45 YP-59A Patuxent
57 Hannegan, Edward A. CAPT 21 Jul 45 YP-59A Patuxent
58 Billett, Dudley S., Jr. LCDR 23 Jul 45 YP-59A Patuxent
59 Thawley, Charles B. LTJG 08 Aug 45 YP-59A Patuxent
60 May, Richard H. LT 20 Aug 45 YP-59A Patuxent
60 Houck, Herbert N. CDR 27 Oct 45 P-59B Patuxent
61 Rees, Joseph R. LT 27 Oct 45 P-59B Patuxent
62 Tavernetti, Thomas F. LCDR 29 Oct 45 P-59B Patuxent
63 Mooty, Alfred F. LT 30 Oct 45 P-59B Patuxent
64 Franks, John M. LT 30 Oct 45 P-59B Patuxent
65 Earnest, Albert K. LCDR 31 Oct 45 P-59B Patuxent
67 Standring, Frank E. LT Oct 45 Meteor England
68 MacGregor, Robert A. LCDR 03 Nov 45 P-59B Patuxent
69 Hackett, Hugh J. LT 29 Nov 45 P-59B Patuxent
70 Callan, Allie W., Jr. LT 02 Jan 46 P-59B Patuxent
71 Myers, Raymond F. LCDR 05 Jan 46 P-59B Patuxent
72 Friesz, Robert P.* LCDR 11 Jan 46 P-59B Patuxent
73 Leonard, William N. CDR 23 Jan 46 P-59B Patuxent
74 Martin, William I. CDR 28 Jan 46 P-59B Patuxent
75 Bolt, William H., Jr. LCDR 07 Feb 46 P-59B Patuxent
76 Morrison, Jack W. MAJ 08 Feb 46 P-59B Patuxent
77 Umphfres, Donald E.* LT 09 Feb 46 P-59B Patuxent
78 Holley, Edward B. LCDR 11 Feb 46 P-59B Patuxent
79 Quilter, Charles J. LCOL 13 Feb 46 P-59B Patuxent
80 Davis, Leslie D. LCDR 19 Feb 46 P-59B Patuxent
81 Jorgensen, John B. LCDR 19 Feb 46 P-59B Patuxent
82 Reedy, James R. CDR 20 Feb 46 P-59B Patuxent

UNITED STATES NAVAL AVIATION 1910–1995 747



No. Name Rank Date Plane Place

83 Sim, Vincent M.* LCDR 21 Feb 46 P-59B Patuxent
84 Sollenberger, Robert L. LCDR 21 Feb 46 P-59B Patuxent
85 Burnett, Robert G. LCDR 26 Feb 46 P-59B Patuxent
86 Somerville, Henry B. LCDR 27 Feb 46 P-59B Patuxent
87 Pugh, Paul E. LCDR 01 Mar 46 P-59B Patuxent
88 Smith, James W. LCDR 01 Mar 46 Meteor England
89 Fleming, Francis M. LT 09 Mar 46 P-59B Patuxent
90 Hey, Richard J. CAPT 20 Mar 46 P-59B Patuxent
91 Clarke, Robert A. LT 21 Mar 46 YP-59A Patuxent
92 Murray, Thomas O. CDR 22 Mar 46 YP-59A Patuxent
93 Hanks, E. Ralph LT 23 Mar 46 YP-59A Patuxent
94 Smith, Francis A. LT 26 Mar 46 YP-59A Patuxent
95 Jackson, Mercer L. LTJG 27 Mar 46 YP-59A Patuxent
96 Guillory, Troy T. LCDR 27 Mar 46 YP-59A Patuxent
97 Kunz, Melvin M. LT 27 Mar 46 P-59B Patuxent
98 Kanze, Robert F. LT 27 Mar 46 YP-59A Patuxent
99 Mehle, Roger W. LCDR 27 Mar 46 YP-59A Patuxent
100 Tracy, Lloyd W. LT 28 Mar 46 P-59B Patuxent
101 Rodenburg, Eugene E. LT 28 Mar 46 P-59B Patuxent
102 Thoms, Joseph I. LTJG 28 Mar 46 P-59B Patuxent
103 Weaver, Victor H. LT 01 Apr 46 P-59B Patuxent
104 McHenry, Robert E. LCDR 01 Apr 46 P-59B Patuxent
105 Hoerner, Helmuth E. LCDR 01 Apr 46 P-59B Patuxent
106 Alford, William L.* LT 02 Apr 46 P-59B Patuxent
107 Hine, Thomas L. LT 03 Apr 46 P-59B Patuxent
108 Cain, Mahlon E. LCDR 03 Apr 46 P-59B Patuxent
109 Deitchman, Richard P. LTJG 05 Apr 46 YP-59A Patuxent
110 Ness, Dwight O. LCDR 05 Apr 46 YP-59A Patuxent
111 Colvin, Louis E. LTJG 09 Apr 46 P-59B Patuxent
112 Westover, Roland W. LT 09 Apr 46 P-59B Patuxent
113 Daniel, Walter E. 1stLT 09 Apr 46 YP-59A Patuxent
114 Fitzgerald, Joseph W. LTJG 09 Apr 46 YP-59A Patuxent
115 Valencia, Eugene A. LT 19 Apr 46 P-59B Patuxent
116 Adair, Robert F. LT 23 Apr 46 P-59B Patuxent
117 Alley, C. John LCDR 23 Apr 46 P-59B Patuxent
118 David, Edmonds LCDR 23 Apr 46 P-59B Patuxent
119 Junk, Winfield H. LCDR 24 Apr 46 P-80A March Fld
120 Blackburn, John T. CDR 13 May 46 YP-59A Patuxent
121 Miller, Thomas H. CAPT 17 May 46 YP-59A Patuxent
122 Foley, Walter A. LTJG 17 May 46 YP-59A Patuxent
123 Candler, William R. LT 17 May 46 YP-59A Patuxent
124 Mechling, Wallace B. CAPT 21 May 46 P-59B Patuxent
125 Sanders, Roger M. 1stLT 21 May 46 P-59 Patuxent
126 Matthews, Herbert S. LTJG 22 May 46 YP-59A Patuxent
127 Johnson, D. H. CAPT 22 May 46 YP-59A Patuxent
128 Aurand, Evan P. CDR 07 Jun 46 P-59B Patuxent
129 Empey, Robert E. LT 12 Jun 46 P-59B Patuxent
130 Shryock, William A. LCDR 13 Jun 46 P-59B Patuxent
131 Giblin, Robert B. LT 20 Jun 46 Meteor England
132 Giese, Carl E. CAPT 28 Jun 46 P-59B Patuxent
133 Metsger, Alfred B. CDR 10 Jul 46 P-59B Patuxent
134 Griffin, Edwin C. LT 11 Jul 46 P-80A Inyokern
135 Hyland, John J. CDR 15 Aug 46 P-59B Patuxent
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136 Pearce, James L. LT 15 Aug 46 P-59B Patuxent
137 Cram, Jack E. LCOL 19 Aug 46 P-59B Patuxent
138 Ruefle, William J. LCDR Aug 46 YP-59 Patuxent
139 Rembert, John P., Jr. CAPT 04 Sep 46 P-59B Patuxent
140 Larson, Vernon H. LCDR 25 Sep 46 P-59B Patuxent
141 Vatcher, Walter W. 1stLT 26 Sep 46 YP-59A Patuxent
142 Rand, Herbert C. LCDR 27 Sep 46 P-59B Patuxent
143 Harris, Floyd L. LT 03 0ct 46 P-59B Patuxent
144 Byng, John W. CDR 07 Oct 46 P-59B Patuxent
145 Arnold, James T. LT 22 Oct 46 P-59B Patuxent
146 Deasy, Charles J. LTJG 22 Oct 46 YP-59A Patuxent
147 Puckett, Ronald G. LT 19 Nov 46 P-59B Patuxent
148 Lee, Earl C. LTJG 21 Nov 46 P-59B Patuxent
149 Chapman, Melvin L. LT 29 Jan 47 FD-1 St. Louis
150 Garton, Norman F. CAPT 29 Jan 47 FD-1 St. Louis
151 Kneeland, Kenneth P. LTJG 31 Jan 47 FD-1 St. Louis
152 Turner, Frank CAPT 06 Feb 47 P-59B Patuxent
153 Caldwell, Turner F. CDR 15 Feb 47 P-80 Muroc
154 Weems, George T.* LCDR 04 Mar 47 P-59B Patuxent
155 Mulvihill, Francis* LCDR 17 Mar 47 P-59B Patuxent
156 Pahl, Herschel A. LT 21 Mar 47 P-80A Chandler
157 Baumall, John F. LT 27 Mar 47 P-59B Patuxent
158 Nelson, Robert J. LT 29 Mar 47 P-59B Patuxent
159 Doerflinger, Carl CDR 31 Mar 47 P-59B Patuxent
160 Crocker, John A. LT 31 Mar 47 P-59B Patuxent
161 Provost, Thomas C.* LCDR 31 Mar 47 P-59B Patuxent
162 Danbury, William T. LCDR 01 Apr 47 FD-1 St. Louis
163 O’Connor, Harry N. LTJG 01 Apr 47 P-59B Patuxent
164 Thompson, Harley F. LCDR 03 Apr 47 P-59A Patuxent
165 Whillans, Jack E.* LT 04 Apr 47 P-59A Patuxent
166 Wood, Robert B. LCDR 07 Apr 47 P-59A Patuxent
167 Krantz, William F. LCDR 10 Apr 47 Vampire England
168 Reeves, Roy S. LCDR 10 Apr 47 P-59B Patuxent
169 McKinley, Charles E. LT lO Apr 47 P-59B Patuxent
170 Coats, Robert C. LCDR 15 Apr 47 P-59B Patuxent
171 Hamilton, Chas. B., Jr. LTJG 17 Apr 47 P-59B Patuxent
172 Pride, Alfred M. RADM 24 Apr 47 YP-59A Patuxent
173 Clifton, Joseph C. CAPT 01 May 47 P-59B Patuxent
174 Ballinger, Richard R. CAPT 01 May 47 P-59A Patuxent
175 Bott, Alan R. LTJG 08 May 47 P-59B Patuxent
176 Franger, Marvin J. LCDR 09 May 47 FD-1 Patuxent
177 McGinty, William G. LT 19 May 47 P-80 Williams AFB
178 Cousins, Ralph W. CDR 20 May 47 P-59B Patuxent
179 Simpler, Leroy C. CAPT 21 May 47 FD-1 St. Louis
180 Billo, James D. LCDR 04 Jun 47 P-59 Patuxent
181 Timmes, Francis X. LCDR 12 Jun 47 P-59B Patuxent
182 Neddo, Donald N. LCDR 13 Jun 47 P-59B Patuxent
183 Stapler, Charles R.* LCDR 16 Jun 47 YP-59A Patuxent
184 Bates, Richard S. LT 18 Jun 47 YP-59A Patuxent
185 Smith, Joseph G. LCDR 24 Jun 47 YP-59B Patuxent
186 Weatherup, Robert A. LCDR 25 Jun 47 P-59 Patuxent
187 Nester, Robert G. LCDR 30 Jun 47 YP-59A Patuxent
188 Dibble, Edgar J. LT 30 Jun 47 YP-59A Patuxent
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189 Minter, Chas. S., Jr. CDR 02 Jul 47 YP-59B Patuxent
190 Campbell, Robert K. LCDR 03 Jul 47 YP-59A Patuxent
191 Gates, Clark H. LCDR 09 Jul 47 P-59B Patuxent
192 Weymouth, Ralph LCDR 11 Jul 47 P-59B Patuxent
193 Collins, Francis L. LTJG 12 Jul 47 FD-1 St. Louis
194 Russell, Hawley CDR 15 Jul 47 FD-1 Patuxent
195 Brehm, William W. LCDR 17 Jul 47 FD-1 Patuxent
196 Miller, Charles G.* LT 17 Jul 47 P-59B Patuxent
197 Dace, Carl C. LTJG 17 Jul 47 P-59B Patuxent
198 Perry, Adrian H. CDR 18 Jul 47 FD-1 Patuxent
199 Phillips, Thomas A. CAPT 23 Jul 47 P-59 Patuxent
200 Clasen, William E. MAJ 25 Jul 47 P-59B Patuxent
201 Glover, John W. LTJG 26 Jul 47 FD-1 Patuxent
202 Greenslade, John F. CAPT 05 Aug 47 P-59B Patuxent
203 Raposa, William C. LTJG 06 Aug 47 FD-1 St. Louis
204 Mryo, Robert A. LCDR 07 Aug 47 FD-1 Patuxent
205 Bicknell, John R. LTJG 07 Aug 47 P-59B Patuxent
206 Payne, Paul E. LT 07 Aug 47 FD-1 Patuxent
207 Buxton, Elliott A.* LT 08 Aug 47 FD-1 Patuxent
208 Sullivan, John* LT 08 Aug 47 FD-1 Patuxent
209 Long, John O., Jr.* ENS 08 Aug 47 FD-1 Patuxent
210 Cauble, Lawrence M. LT 08 Aug 47 P-59B Patuxent
211 Biggers, William D.* LCDR 09 Aug 47 FD-1 Patuxent
212 Davis, William V. CAPT 10 Aug 47 P-59B Patuxent
213 Taylor, Donald C. LT 12 Aug 47 P-59B Patuxent
214 Genta, John L.* LCDR 12 Aug 47 P-59B Patuxent
215 McGowan, Edward C. LT 12 Aug 47 XFD-1 NAS Mustin
216 Jensen, Alvin J. CAPT 19 Aug 47 P-59B Patuxent
217 Heath, Thomas W. LCDR 23 Aug 47 FH-1 Patuxent
218 Ellis, Paul B. LCDR 23 Aug 47 FH-1 Patuxent
219 Kimak, Charles MAJ 26 Aug 47 P-59B Patuxent
220 Newell, James H. CDR 29 Aug 47 FH-1 Patuxent
221 Fox, Frank A. LT 10 Sep 47 FH-1 Quonset
222 Laird, Dean S. LT 10 Sep 47 FH-1 Quonset
223 Wiktorski, Peter A. CAPT 16 Sep 47 FH-1 Patuxent
224 Turner, Frederick G. LTJG 18 Sep 47 FH-1 Quonset
225 Roberts, Carson A. COL 01 Oct 47 P-59B Patuxent
226 McElroy, Richard S. LCDR 02 Oct 47 P-59B Patuxent
227 Werner, Ralph L. LCDR 10 Oct 47 P-59B Patuxent
228 James, George S., Jr. CDR 14 Oct 47 FH-1 St. Louis
229 Torry, John A., Jr. LCDR 14 Oct 47 P-59B Patuxent
230 Parker, Chester A. LT 16 Oct 47 FH-1 Quonset
231 Helms, Jonee L. 1stLT 16 Oct 47 P-80 Williams AFB
232 Blackmun, Arvid W. MAJ 23 Oct 47 P-59B Patuxent
233 Barnett, Marvin E. LCDR 04 Nov 47 FH-1 Quonset
234 Sedaker, Thomas S. LT 04 Nov 47 FH-1 Quonset
235 Sells, Warren H. ENS 04 Nov 47 FH-1 Quonset
236 Couch, Eugene ENS 07 Nov 47 FH-1 Quonset
237 Oelrich, Martin E. W. MAJ 12 Nov 47 FH-1 Cherry Point
238 Domina, Walter E. 1stLT 17 Nov 47 FH-1 Cherry Point
239 Panchision, Walter 1stLT 17 Nov 47 FH-1 Cherry Point
240 Connelly, Frederick G. 1stLT 18 Nov 47 FH-1 Cherry Point
241 Jeter, Manning T., Jr. 1stLT 18 Nov 47 FH-1 Cherry Point
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242 Conner, Andrew B. LCDR 19 Nov 47 P-59B Patuxent
243 Gordon, Donald LCDR 19 Nov 47 P-59B Patuxent
244 Lindley, Johnny D. CAPT 25 Nov 47 FH-1 Cherry Point
245 Green, Robert D. 1stLT 26 Nov 47 FH-1 Cherry Point
246 Iglehart, Louis T., Jr. 1stLT 26 Nov 47 FH-1 Cherry Point
247 Mars, William G., Jr. 1stLT 26 Nov 47 FH-1 Cherry Point
248 Seaman, Milford V. 1stLT 28 Nov 47 FH-1 Cherry Point
249 Blass, Lytton F. MSGT 05 Dec 47 FH-1 Cherry Point
250 Tate, Hugh J. LTJG 07 Dec 47 P-59B Patuxent
251 Schilt, C. Frank BGEN 09 Dec 47 FH-1 St. Louis
252 Kinser, Dick R. 1stLT 09 Dec 47 FH-1 Cherry Point
253 Ramsay, Thomas W.* LCDR 16 Dec 47 FH-1 Patuxent
254 Ives, Donald A. MSGT 18 Dec 47 FH-1 Cherry Point
255 Bortz, William H. 1stLT 19 Dec 47 FH-1 Cherry Point
256 Roark, Walter N., Jr. 1stLT 19 Dec 47 FH-1 Cherry Point
257 McDaniel, James 1stLT 23 Dec 47 FH-1 Cherry Point
258 Bosee, Roland A. CDR 29 Dec 47 FH-1 Patuxent
259 Kibbe, Richard L. CDR 29 Dec 47 FH-1 Patuxent
260 Rockwell, John H.* LCDR 29 Dec 47 FH-1 Patuxent
261 Speirs, Carl L. LCDR 30 Dec 47 FH-1 Patuxent
262 Morton, Wilbur Y. LCDR 31 Dec 47 FH-1 Patuxent
263 Armstrong, Alan J. MAJ 08 Jan 48 FH-1 Patuxent
264 Morton, Wilbur Y. MAJ 08 Jan 48 FH-1 Patuxent
265 Stefan, Karl H. LCDR 11 Jan 48 FH-1 Patuxent
266 Beatle, Ralph H. LT 15 Jan 48 P-59B Patuxent
267 Vail, Malcolm E. ENS 15 Jan 48 P-80A Williams AFB
268 Brown, Nelson E. 1stLt 15 Jan 48 FH-1
269 Jones, Charles D. CAPT 15 Jan 48 FH-1
270 Brown, F. Taylor ENS 16 Jan 48 P-80A Williams AFB
271 Hansen, Dale W. 1stLT 16 Jan 48 FH-1
272 Pierozzi, C. Nello ENS 18 Jan 48 P-80A Williams AFB
273 Davis, Donald C. LT 19 Jan 48 P-80A Williams AFB
274 Pickett, Phillip G. 1stLT 22 Jan 48 FH-1
275 Mooney, Thomas G. MSGT 26 Jan 48 FH-1
276 McLean, Carl T. CAPT 26 Jan 48 FH-1
277 Schoch, Edwin F.* LCDR 29 Jan 48 FJ-1 Patuxent
278 Firebaugh, Gordon E. LCDR 30 Jan 48 FH-1 Patuxent
279 Nifong, James M. LT 31 Jan 48 FH-1 Patuxent
280 Bayers, Edward H. LCDR 02 Feb 48 FH-1 Patuxent
281 Cotariu, Alan R. ENS 02 Feb 48 FH-1 Patuxent
282 Stetson, Thomas H. LCDR 02 Feb 48 FH-1 Patuxent
283 Folsom, Samuel B. CAPT 03 Feb 48 FH-1 Patuxent
284 Kelly, Vincent F. LT 04 Feb 48 FJ-1 San Diego
285 Thompson, Lewis E. LT 06 Feb 48 FJ-1 N. Island
286 Roach, Walter, Jr. LT 09 Feb 48 FH-1 Patuxent
287 Capriotti, Anthony LT 11 Feb 48 FJ-1 San Diego
288 Ritchie, James LT 11 Feb 48 FJ-1 San Diego
289 Davidson, Paul D. LTJG 12 Feb 48 FJ-1 N. Island
290 Smith, Robert R. MSGT 16 Feb 48 FH-1 Cherry Point
291 Wehmeyer, Wilbur J. CDR 17 Feb 48 FH-1 Patuxent
292 Stacy, James M. LT 19 Feb 48 FH-1
293 Nemoff, Alfred J. ENS 20 Feb 48 FJ-1 San Diego
294 Oeschlin, Robert E. ENS 24 Feb 48 FJ-1 San Diego
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295 Pettiet, Rudolph L. LCDR 24 Feb 48 FH-1 Patuxent
296 Coppola, Earnest J. LTJG 25 Feb 48 FH-1 Patuxent
297 Bell, William R.* LCDR 06 Mar 48 FH-1 Patuxent
298 Meyersburg, R. B. MAJ 10 Mar 48 Meteor 
299 Yunck, Michael R. MAJ 11 Mar 48 P-80 Williams AFB
300 Jackson, Dewey H. 1stLT 12 Mar 48 P-80A Williams AFB
301 Martin, Benjamin G. 1stLT 12 Mar 48 P-80A Williams AFB
302 Ellis, James W.* LT 13 Mar 48 FH-1 Patuxent
303 Poulson, George W. 1stLT 13 Mar 48 P-80A Williams AFB
304 Condon, John P. LCOL 16 Mar 48 P-80A Williams AFB
305 Galer, Robert COL 16 Mar 48 FH-1
306 Starkes, C. B. LCDR 22 Mar 48 FH-1
307 Pankurst, Paul L. CAPT 23 Mar 48 FH-1
308 Whitaker, James L. CAPT 30 Mar 48 FH-1
309 Gibson, Charles E. CDR 05 Apr 48 FH-1 Quonset
310 Durand, Paul H. LCDR 06 Apr 48 FH-1 Patuxent
311 Ruehlow, Standley E. CDR 07 Apr 48 FH-1
312 Severson, Martin A. LCOL 09 Apr 48 FH-1
313 Houser, William D. LCDR 15 Apr 48 FH-1 Patuxent
314 Spiess, Morris K. LTJG 16 Apr 48 FH-1 Patuxent
315 McNeil, Wilfred J.* LT 26 Apr 48 FH-1 Patuxent
316 Gray, James S., Jr. CDR 11 May 48 P-80B Okinawa
317 Dawson, Marion L. COL 12 May 48 FH-1
318 Manchester, B. B. III LCOL 26 May 48 FH-1
319 Roush, Martin B. CAPT 29 May 48 FH-1
320 Soucek, Apollo* RADM 01 Jun 48 FH-1 Patuxent
321 Millington, W. A. LCOL 03 Jun 48 FH-1
322 Gallery, Daniel V. RADM 09 Jun 48 FH-1 Patuxent
323 Peterson, Harry W. LT 18 Jun 48 FJ-1 San Diego
324 McManus, John 1stLT 23 Jun 48 FH-1
325 Cruise, Edgar A. RADM 02 Jul 48 FH-1 Patuxent
326 Pawka, E. J. CDR 02 Jul 48 TO-1 San Diego
327 Weissenberger, G. J. LCOL 07 Jul 48 FH-1
328 Johnson, Robert J. LCOL 07 Jul 48 FH-1
329 Beebe, Marshall U. CDR 12 Jul 48 FH-1 Patuxent
330 Harris, Thomas S. LT 15 Jul 48 FH-1 Quonset
331 Mueller, Richard C. LCDR 22 Jul 48 FH-1 Patuxent
332 Spears, Paul H. A. LT Jul 48 TO-1 Burbank
333 Billings, Thomas C. 1stLT 27 Jul 48 TO-1
334 Fiegener, Kenneth G. 1stLT 03 Aug 48 TO-1 El Toro
335 Rafferty, Edgar L. 1stLT 04 Aug 48 TO-1
336 Harrison, Patrick CAPT 04 Aug 48 TO-1
337 Case, William N. CAPT 04 Aug 48 TO-1
338 Perry, Jack E. 1stLT 04 Aug 48 TO-1
339 Smith, Stanley E. LTJG 05 Aug 48 FH-1 Quonset
340 Guss, William F. 1stLT 05 Aug 48 TO-1
341 Klingman, Robert R. 1stLT 05 Aug 48 TO-1
342 Abbott, Edwin W. II LTJG 05 Aug 48 FH-1
343 Gourley, Norman W. 1stLT 05 Aug 48 TO-1
344 Mitchell, Weldon R. 1stLT 06 Aug 48 TO-1
345 Jarrett, Clyde R. 1stLT 06 Aug 48 TO-1
346 Wolfe, Ted E., Jr. LCDR 09 Aug 48 FH-1 Atl City
347 Brown, John B. CAPT 09 Aug 48 FH-1
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348 Wilder, James H. ENS 09 Aug 48 FH-1
349 Ganschow, Edward F. CAPT 11 Aug 48 FH-1 Cherry Point
350 Parker, Elwin A. LCDR 12 Aug 48 FH-1 Patuxent
351 Moro, Albert J. LTJG 16 Aug 48 FH-1 Quonset
352 Furney, Maynard M. LCDR 17 Aug 48 FH-1 Patuxent
353 Prahar, T. F. LT 17 Aug 48 FH-1 Patuxent
354 Macomber, Brainard LCDR 18 Aug 48 FH-1 Patuxent
355 Widhelm, William J.* CDR 19 Aug 48 FH-1 Patuxent
356 Cloud, Guy M. 1stLT 30 Aug 48 TO-1
357 Carter, Frank B. ENS 17 Sep 48 FH-1 Quonset
358 Nye, Robert D. LCDR 17 Sep 48 FH-1 Quonset
359 Pugh, Edward L. COL 17 Sep 48 FH-1
360 Ingalls, Chas. E., Jr. CDR 22 Sep 48 FH-1 Patuxent
361 Everton, Loren D. MAJ 29 Sep 48 FH-1
362 Brtek, F. C. LTJG 06 Oct 48 FH-1 Quonset
363 Trammel, Thomas B. CAPT 14 Oct 48 TO-1 El Toro
364 Stuckey, Harry B. 1stLT 14 Oct 48 TO-1
365 Haley, Harold L. 1stLT 14 Oct 48 TO-1
366 Robinson, Robert B. 1stLT 14 Oct 48 TO-1
367 Austin, Marshall S. 1stLT 14 Oct 48 TO-1
368 Pottinger, William K. LCOL 14 Oct 48 TO-1
369 Grey, Jack R. 1stLT 14 Oct 48 TO-1
370 Read, Robert R. MAJ 14 Oct 48 TO-1 El Toro
371 Sharp, James II 1stLT 14 Oct 48 TO-1
372 Houser, Fred C. CAPT 14 Oct 48 TO-1
373 Connell, Herschell G. 1stLT 14 Oct 48 TO-1
374 Johnson, Danny W. 1stLT 14 Oct 48 TO-1
375 Schroeder, Charles 1stLT 14 Oct 48 TO-1
376 Rutledge, Rockwell M. 1stLT 14 Oct 48 TO-1
377 Frankovic, Boris J. 1stLT 14 Oct 48 TO-1
378 Hemstad, Robert S. 1stLT 14 Oct 48 TO-1
379 Davis, Leonard K. LCOL 14 Oct 48 FH-1
380 Bright, Cruger L. MAJ 15 Oct 48 FH-1
381 Jernigan, Curtis 1stLT 22 Oct 48 FH-1
382 McCullough, William F. LTJG 26 Oct 48 F-80
383 Stapp, Donald H. MAJ 26 Oct 48 TO-1 El Toro
384 Holloway, Harding H. 1stLT 28 Oct 48 FH-1
385 Russell, Allard G. LCDR 04 Nov 48 TO-1 San Diego
386 Conger, Jack E. MAJ 04 Nov 48 FH-1
387 Jackson, Billy LTJG 04 Nov 48 TO-1 San Diego
388 Plog, Leonard H. LTJG 04 Nov 48 TO-1 San Diego
389 Lizotte, Wesley E. LTJG 04 Nov 48 TO-1 San Diego
390 Freeman, Dewitt L. LTJG 04 Nov 48 TO-1 San Diego
391 Lloyd, Marshall O. LT 04 Nov 48 TO-1
392 Sears, Harry E. CDR 05 Nov 48 FH-1 Patuxent
393 Johnson, James 1stLT 14 Nov 48 FH-1
394 Jensen, Harvey 1stLT 15 Nov 48 TO-1 El Toro
395 King, George J. 1stLT 15 Nov 48 TO-1
397 Oster, Eugene M. 1stLT 15 Nov 48 TO-1
398 Meyer, Eugene W. 1stLT 15 Nov 48 TO-1
399 Turcotte, Edward 1stLT 15 Nov 48 TO-1
400 Toups, Thaddeus J. 1stLT 15 Nov 48 TO-1
401 Harper, Edwin A. CAPT 15 Nov 48 TO-1
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402 Hamilton, John 1stLT 15 Nov 48 TO-1
403 Thornbury, Donald S. CAPT 15 Nov 48 TO-1
404 Croyle, Fred K. 1stLT 16 Nov 48 TO-1
405 Keller, Harold F. 1stLT 19 Nov 48 TO-1
406 Logan, Thomas B. LT 01 Dec 48 TO-1 Patuxent
407 Wattenburger, Robert LTJG 06 Dec 48 TO-1 Patuxent
408 Adams, Allan M., Jr. LTJG 06 Dec 48 TO-1 Patuxent
409 Bunger, Samuel J. ENS 06 Dec 48 TO-1
410 Smith, Mercer R. 1stLT 10 Dec 48 FH-1 Cherry Point
411 Regan, Robert F. LT 13 Dec 48 FH-1 Quonset
412 Gilman, George L. 2ndLT 14 Dec 48 FH-1
413 Campbell, Donald L. LTJG 15 Dec 48 FH-1 Quonset
414 Davis, Judson C. LT 15 Dec 48 FH-1 Quonset
415 Quilty, Joseph F. MAJ 21 Dec 48 TO-1
416 Funk, Harold N. CDR 22 Dec 48 FH-1 Patuxent
417 Hill, John S. LCDR 23 Dec 48 FH-1 Patuxent
418 Penne, Harold B. MAJ 28 Dec 48 FH-1
419 Wenzell, R. M. LT 28 Dec 48 FH-1
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The Bureau of Aeronautics issued a Planning
Directive on 24 July 1942 calling for procurement of
four Sikorsky helicopters for study and development
by Navy and Coast Guard aviation forces. However,
this was not the Navy’s first interest in helicopters.
That interest may be traced back to 5 December 1917
when the policy regarding helicopter development
was established by the Secretaries of the Navy and
War Departments on the basis of recommendations
made by the Joint Technical Board on Aircraft. At that
time, it was stated there was a need for improvements
in powerplants and propellers if a successful heli-
copter was to be obtained. Actual support of develop-
ment efforts was to be limited to moral encourage-
ment until a vendor had demonstrated a helicopter of
military value.

The Navy’s first rotary wing vehicle was the XOP-1
autogiro ordered on 25 February 1931 from Pitcairn
Aircraft. This machine was not a true helicopter since it
had fixed wings and could not rise verticallly. On 12
March 1935, the Navy issued a contract to Pitcairn
Autogiro Company to remove the fixed wings from the
XOP-1, thereby converting it to the XOP-2 which thus
became the Navy’s first heavier-than-air aircraft without
wings. Tests were conducted with the XOP-1, including
landings on Langley in September 1931. However, con-
clusions from the tests, which compared the autogiros
with fixed wing aircraft, indicated the advantages were
not great enough to override the disadvantages of pay-
load, range, and the difficulties of flying. Personnel in-
volved in the testing of the XOP-1 included future
greats in Naval Aviation such as Alfred Pride, Ralph A.
Ofstie, Robert B. Pirie and Frederick M. Trapnell. Other
attempts between 1932 to 1937 were made to improve
rotary wing capabilities but they were not successful.
The Marine Corps used the OP-1 autogiro in Nicaragua
in 1932 with the comment that its chief value in expe-
ditionary duty was in inspecting small fields recom-
mended by ground troops as landing areas, evacuating
medical “sitting” cases, and ferrying of important per-
sonnel. In 1937 the Navy also experimented with the
XOZ-1, a modified N2Y-1 with a cyclic controlled rotor,
but the tests were not successful.

In the early 1940s, a class desk was established in
the Bureau of Aeronautics for the Navy’s helicopter
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program and staffed by a small group of individuals
who saw the potential for rotary wing development.
They included Captain Clayton C. Marcy, Commander
James W. Klopp and Commander Raymond Doll. The
impetus for more Navy involvement in helicopters
was spearheaded by the Coast Guard who were very
interested in its ASW and rescue capabilities. Their
vision for the use of the helicopter, whose develop-
ment responsibility had been assigned to the Army
Air Corps, resulted in a 15 February 1943 directive
from the Commander in Chief, U.S. Fleet that as-
signed responsibility for sea-going development of
helicopters and their operation in convoys to the
Coast Guard. Tests were to be carried out to deter-
mine if helicopters operating from merchant ships
would be of value in combating submarines. On 4
May 1943, to expedite the evaluation of the heli-
copter in antisubmarine operations, the Commander
in Chief, U.S. Fleet, directed that a “joint board” be
formed with representatives from the Commander in
Chief, U.S. Fleet; the Bureau of Aeronautics, the
Coast Guard, the British Admiralty and the Royal Air
forces. The resulting Combined Board for the
Evaluation of the Ship-Based Helicopter in
Antisubmarine Warfare was later expanded to include
representatives of the Army Air Forces (AAF), the
War Shipping Administration and the National Advi-
sory Committee for Aeronautics. A few days later, on
7 May 1943, Navy representatives witnessed landing
trials of the XR-4 helicopter aboard the merchant
tanker SS Bunker Hill in a demonstration sponsored
by the Maritime Commission and conducted in Long
Island Sound. The pilot, Colonel R. F. Gregory, AAF,
made about 15 flights, some of which he landed on
the water before returning to the platform on the
deck of the ship. On 10 June 1943, Lieutenant
Commander Frank A. Erickson, USCG, proposed that
helicopters be developed for antisubmarine warfare,
“not as a killer craft but as the eyes and ears of the
convoy escorts.” To this end he recommended that
helicopters be equipped with radar and dunking
sonar. With the foregoing proposals and develop-
ments, the Navy ordered and received its first heli-
copter on 16 October 1943. The helicopter was a
Sikorsky YR-4B, Navy designation HNS-1. It was ac-
cepted at Bridgeport, Conn., following a 60 minute



acceptance test flight by Lieutenant Commander
Erickson. Commander Charles T. Booth, USN, deliv-
ered this helicopter to NAS Patuxent River, Md., on
22 October 1943. As stated by a memo from
Commander Booth, he had arrived at Bridgeport “to
continue instructions and to deliver to NAS Patuxent
the first Navy helicopter. . . . Six hours additional flight
time was obtained by Commander Booth prior to his
return to NAS Patuxent, Md., on 22 October.” 

On the basis of his belief that tests indicated the
practicability of ship-based helicopter, the Chief of
Naval Operations, on 18 December 1943, separated
the pilot training from test and development func-
tions in the helicopter program. He directed that, ef-
fective 1 January 1944, a helicopter pilot training pro-
gram be conducted by the U.S. Coast Guard at Floyd
Bennett Field, N.Y., under the direction of the
Deputy Chief of Naval Operations (Air). This plan-
ning directive of 18 December 1943, also named
Rockaway, N.Y., as an outlying field for training and
stated that three Coast Guard and two Navy officers
had qualified as helicopter pilots to date. The direc-
tive also indicated “It has been determined that after
25 hours of dual and solo flight time, a fixed wing
pilot is qualified as a helicopter pilot.” Thus, during
World War II, the Coast Guard, at Floyd Bennett
Field, N.Y., was responsible for pilot and enlisted
mechanic training in helicopter aviation for the Navy.
Helicopter pilots trained by the Coast Guard unit also
included personnel from the Army Air Force, the
CAA, and NACA. 

Following the end of World War II, the Navy estab-
lished VX-3 on 1 July 1946 at NAS New York (Floyd
Bennett Field). This squadron took over the helicopter
pilot training duties that had been done by the Coast
Guard unit at Floyd Bennett Field, N.Y. VX-3 moved to
NAS Lakehurst, N.J., on 10 September 1946 and con-
tinued training helicopter pilots until they were dises-
tablished on 1 April 1948.

Helicopter Utility Squadron 2 (HU-2) was estab-
lished on 1 April 1948 and took over the responsibility
for training helicopter pilots. The squadron was lo-
cated at NAS Lakehurst, N.J. Many of the personnel
from VX-3 helped form HU-2 when it was established.
On 11 June 1948, the Chief of Naval Operations issued
standards for training aviators as helicopter pilots and
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provided that helicopter pilots previously trained by
the Coast Guard or VX-3 would retain their qualifica-
tion. However, not all personnel received their qualifi-
cation as a helicopter pilot from VX-3 or HU-2, even
though they had been assigned the mission of training
helicopter pilots. HU-2 would issue helicopter pilot
qualifications to an individual that may have received
training at NATC Patuxent River, Md., from HU-1, or
from Connally Air Force Base in Texas. 

HU-2 was not only responsible for training heli-
copter pilots but was also involved in providing heli-
copter detachments for utility services and search and
rescue missions. Due to an increased demand for
these services, as well as a need for more helicopter
pilots, the Chief of Naval Operations decided to trans-
fer the helicopter pilot training mission to the Naval
Air Training Command at Ellyson Field, Pensacola, Fla.
Helicopter Training Unit 1 (HTU-1) was established on
3 December 1950 at Pensacola, Fla. HU-2 shifted its
responsibility for training helicopter pilots to HTU-1 in
January 1951. HTU-1 was redesignated HTG-1 in
March 1957. The HTG-1 designation was changed to
HT-8 on 1 July 1960. HT-8 is still training helicopter
pilots in the Pensacola area. 

When a new program is established, especially one
that entails listing personnel who are designated or
qualified for a particular job code, the records for the
evolution of that new program can be very sketchy.
That is precisely what happened in the training pro-
gram for helicopter pilots. The early helicopter pilots
did not have a formal Navy training program to fol-
low or the correct procedures in place to record and
preserve their heliclpter pilot qualifications. In fact, in
1943 the first group to qualify were sent to East
Hartford, Conn., and trained by the Sikorsky Aircraft
Company. They included Lieutenant Commander
Frank Erickson, USCG; Lieutenant A. N. Fisher, USCG;
Lieutenant Stewart R. Graham, USCG; and Comman-
der Charles T. Booth, USN. None of these individuals
were placed on the list of early helicopter pilots. In
fact, the list, which appears to originate from VX-3
and HU-2 records, does not list any Coast Guard offi-
cers. The following list is the best that could be com-
piled from the available records on helicopter pilot
qualification and training. It does not include the
Coast Guard aviators.



Helicopter Date of
Pilot Qualification
Number Name Rank Service Designation

1 Knapp, William G. LT USNR 15 Apr 1944
2 Doll, Raymond E. CDR USN 26 Sep 1944
3 Wood, Charles R. CDR USNR 26 Sep 1944
4 Brown, Percy LT USNR 6 Feb 1945
5 Kembro, Marerie D. CAPT USN 9 Aug 1945
6 Long, Richard J. LT USN(T) 9 Aug 1945
7 Marcy, Clayton C. CAPT USN 10 Oct 1945
8 Runyon, Joseph W. CDR USN 31 Oct 1945
9 Houston, Charles E. CDR USN 18 Dec 1945
10 Hoover, George LT USN 27 Dec 1945
11 Lawrence, M. LT USNR 28 Dec 1945
12 Wilcox, Donald E. CAPT USN 3 Jun 1946
13 Kosciusko, Henry M. LCDR USN 17 Jul 1946
14 Kubicki, Edward LT USN 26 Jul 1946
15 Schaufler, William G. LTJG USN 26 Jul 1946
16 Delalio, Armand H. MAJ USMC 8 Aug 1946
17 Rullo, Guiseppe J. LT USN 28 Aug 1946
18 Reeves, George J. LT USN 28 Aug 1946
19 Lammi, James W. LT USN 27 Sep 1946
20 Junghans, Robert L. LCDR USN 1 Nov 1946
21 Sessums, Walter M. LCDR USN 5 Nov 1946
22 Tanner, Charles S. LCDR USN 9 Nov 1946
23 Fink, Christian LCDR USN 18 Dec 1946
24 Bott, Alan LT USN 18 Dec 1946
25 Tracy, Lloyd W. LT USN 23 Jun 1947
26 Glenzer, Hubert LTJG USN 14 Oct 1947
27 Anderson, Roy L. 1stLT USMC 20 Nov 1947
28 Strieby, Robert A. CAPT USMC 20 Nov 1947
29 Garber, C. O. CAPT USMC 20 Nov 1947
30 Riley, Russell R. MAJ USMC 20 Nov 1947
31 Peters, Maurice A. CDR USN 21 Nov 1947
32 Shawcross, William H. LT USN 24 Nov 1947
33 Bagshaw, James R. LTJG USN 24 Nov 1947
34 Montgomery, Marvin D. LTJG USN 24 Nov 1947
35 Morrison, Gene W. 1stLT USMC 1 Dec 1947
36 Carleton, R. D. LTJG USN 20 Dec 1947
37 Arnold, E. A. LCDR USN 21 Dec 1947
38 Moseley, R. H. ENS USN 22 Dec 1947
39 Higbee, J. CAPT USN 22 Dec 1947
40 Billett, Dudley S. LCDR USN 15 Jan 1948
41 Camp, R. W. ADC(NAP) USN 21 Feb 1948
42 McVicars, A. L. 1stLT USMC 11 Mar 1948
43 Meshier, C. W. LT USN 12 Mar 1948
44 Blatt, W. D. CAPT USMC 17 Mar 1948
45 Polen, R. A. 1stLT USMC 17 Mar 1948
46 Ward, C. E. 1stLT USMC 19 Mar 1948
47 Pope, E. J. 1stLT USMC 22 Mar 1948
48 Sebach, H. U. LCDR USN 31 Mar 1948
49 Fisher, A. G. MSGT USMC 1 Apr 1948
50 Schmucker, S. ENS USN 7 Apr 1948
51 Mathewson, F. F. LT USN 16 Apr 1948
52 Hanies, G. D. LT USN 16 Apr 1948

UNITED STATES NAVAL AVIATION 1910–1995 757



758 UNITED STATES NAVAL AVIATION 1910–1995

Helicopter Date of
Pilot Qualification
Number Name Rank Service Designation

53 Matthews, J. H. CAPT USN 20 Apr 1948
54 Mounts, L. J. MSGT USMC 26 Apr 1948
55 Fox, J. E. LT USN 29 Apr 1948
56 Leary, W. LTJG USN 29 Apr 1948
57 Grassi, J. ENS USN 29 Apr 1948
58 Longstaff, R. 1stLT USMC 12 May 1948
59 Hamilton, D. E. ADC(AP) USN 12 May 1948
60 Mitchell, G. D. ADC(NAP) USN 18 May 1948
61 Finn, L. A. ADC(NAP) USN 19 May 1948
62 Collins, V. W. LT USN 21 May 1948
63 Nebergall, M. 1stLT USMC 19 Jun 1948
64 Griffin, M. C. LTJG USN 7 Jul 1948
65 Brender, B. W. LTJG USN 8 Jul 1948
66 Hutto, C. H. AC1(NAP) USN 8 Jul 1948
67 Lynch, R. E. ENS USN 9 Jul 1948
68 Milner, F. D. LT USN 13 Jul 1948
69 Matthews, W. R. ENS USN 22 Jul 1948
70 Torry, J. A. H. LCDR USN 6 Aug 1948
71 Nickerson, R. L. MAJ USMC 6 Aug 1948
72 Dyer, E. C. COL USMC 6 Aug 1948
73 Ellis, W. Y.. LCDR USNR 6 Aug 1948
74 Leonard, W. R. LCDR USN 16 Aug 1948
75 Cunha, G. D. M. CDR USN 19 Aug 1948
76 Cox, W. J. ENS USN 24 Aug 1948
77 Fridley, D. C. ENS USN 24 Aug 1948
78 Dixon, W. C. LT USN 24 Aug 1948
79 Granger, R. P. ADC(NAP) USN 26 Aug 1948
80 Crofoot, A. E. LTJG USN 27 Aug 1948
81 Johnson, F. E. ENS USN 2 Sep 1948
82 Carey, J. F. LCOL USMC 2 Sep 1948
83 Kilcore, W. H. LCDR USN 3 Sep 1948
84 Miller, R. A. LTJG USN 8 Sep 1948
85 Wrenn, E. LTJG USN 13 Sep 1948
86 Wheat, N. L. ENS USN 14 Sep 1948
87 Garrison, R. G. ENS USN 24 Sep 1948
88 Wiskirchen, R. L. LT USN 24 Sep 1948
89 Cabell, J. B. LT USN 24 Sep 1948
90 Zoecklein, W. O. LCDR USN 19 Oct 1948
91 Connolly, T. F. CDR USN 15 Sep 1948
92 Sherby, S. S. CDR USN 15 Sep 1948
93 Hyland, J. J. CDR USN 15 Sep 1948
94 Rand, N. C. LCDR USN 15 Sep 1948
95 Davis, W. V., Jr. CAPT USN 15 Sep 1948
96 Timmins, (init. unk.) LCDR USNR 8 Oct 1948
97 Reilly, J. L. LTJG USN 20 Oct 1948
98 Denk, H. J, ENS USN 20 Oct 1948
99 Little, J. C. LT USN 9 Nov 1948
100 Nash, D. E. LTJG USN 9 Nov 1948
101 Blades, J. L. LTJG USN 12 Nov 1948
102 Gauthier, A. C. LT USNR 12 Nov 1948
103 McMullen, B. E. LTJG USN 12 Nov 1948
104 Peterson, M. C. ADC(NAP) USN 12 Nov 1948



Helicopter Date of
Pilot Qualification
Number Name Rank Service Designation

105 Rust, D. T. LTJG USN 19 Nov 1948
106 Hamilton, R. C. ENS USNR 23 Nov 1948
107 McCarthy, J. R. CAA 1 Dec 1948
108 Fisher, F. J. ENS USNR 24 Nov 1948
109 Johnson, C. R. LT USN 6 Dec 1948
110 Berree, N. R. LT USN 7 Dec 1948
111 Schmeltzer, L. B. LTJG USN 7 Dec 1948
112 Moore, B., Jr. CDR USN 10 Dec 1948
113 Lieske, J. M. ALC(NAP) USN 13 Dec 1948
114 Staples, C. CAA 14 Jan 1949
115 Olmsted, P. S. ENS USNR 20 Jan 1949
116 Miller, H. M. LTJG USNR 21 Jan 1949
117 Hilton, J. J., Jr. CDR USN 1 Feb 1949
118 Montgomery, W. G. LT USN 9 Feb 1949
119 Brown, H. F. LT USN 10 Feb 1949
120 Armstrong, J. G. LT USN 23 Feb 1949
121 Starr, M. R. ENS USN 24 Feb 1949
122 Reed, M. (n) LT USN 24 Feb 1949
123 Case, R. C. 1stLT USMC 9 Mar 1949
124 Blackwood, R. R. ENS USNR 11 Mar 1949
125 Cole, J. S. LT USN 14 Mar 1949
126 Mitchell, W. P. MAJ USMC 17 Mar 1949
127 Gill, R. J. LTJG USNR 15 Mar 1949
128 Pledger, W. G. LTJG USN 30 Mar 1949
129 Lueddeke, G. F. LTJG USN 5 Apr 1949
130 Marshall, A. R. LT USN 13 Apr 1949
131 Farwell, J. M. LTJG USN 13 Apr 1949
132 Tucci, F. A. LT USN 20 Apr 1949
133 Logan, I. C. LTJG USNR 21 Apr 1949
134 McClanan, F. H. LCDR USN 21 Apr 1949
135 Mayfield, A. (n) LTJG USN 21 Apr 1949
136 Raddatz, R. W. LT USN 29 Apr 1949
137 Braun, J. F. LTJG USN 29 Apr 1949
138 Wrigley, G. R. LTJG USN 29 Apr 1949
139 Kaylor, J. O. 1stLT USMC 29 Apr 1949
140 Sullivan, R. J. 1stLT USMC 4 May 1949
141 Bolt, G. W. LCDR USN 6 May 1949
142 Duffey, H. J. CAA 9 May 1949
143 Kelley, F. E., Jr. ENS USN 9 May 1949
144 Rohrich, W. H. LTJG USN 9 May 1949
145 Griffin, (init. unk.) CAA 15 Mar 1949
146 Titterud, S. V. CAPT USMC 11 May 1949
147 Lammi, W. S. LT USN 19 May 1949
148 Holmgren, A. F. ENS USN 15 Apr 1944
149 Crowe, G. T. AD1(AP) USN 19 May 1949
150 Taylor, C. B. ADC(AP) USN 20 May 1949
151 Mullen, J., Jr. LTJG USN 23 May 1949
152 Larkin, H. J. LT USN 26 May 1949
153 Close, R. A. LTJG USN 31 May 1949
154 Drinkwater, H. T. LTJG USN 31 May 1949
155 Williams, D. L. ENS USNR 31 May 1949
156 Mundy, E. M. LCDR USNR 10 Jun 1949
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Helicopter Date of
Pilot Qualification
Number Name Rank Service Designation

157 Pennington, B. D. LTJG USN 15 Jun 1949
158 Highsmith, F. L. ENS USNR 15 Jun 1949
159 Crowell, L. T. ENS USNR 15 Jun 1949
160 Buerckholtz, H. M. ENS USNR 15 Jun 1949
161 Banks, W. F. LTJG USN(T) 15 Jun 1949
162 Price, W. J. LTJG USNR 23 Jun 1949
163 Marchand, J. L. LCDR USNR 23 Jun 1949
164 Heibr, W. D. CAPT USMC 1 Jul 1949
165 Bancroft, A. R. 1stLT USMC 8 Jul 1949
166 Moran, F. P. 1stLT USMC 8 Jul 1949
167 Ford, A., (n) LT USN 28 Jun 1949
168 Deitrich, V. S. CDR USN 14 Jul 1949
169 Neuman, A. E. LT USNR 15 Jul 1949
170 Bromka, A. C. LTJG USNR 19 Jul 1949
171 Leedom, H. E. LCDR USN 20 Jul 1949
172 Seay, G. W. LTJG USN 20 Jul 1949
173 Chagnon, W. G. PRC(AP) USN 26 Jul 1949
174 Butler, W. C. LT USN 26 Jul 1949
175 Dally, F. E. CDR USN 4 Aug 1949
176 Clabaugh, C. L. LCDR USNR 4 Aug 1949
177 Farish, G. B. 1stLT USMC 8 Aug 1949
178 Armstrong, V. A. CAPT USMC 9 Aug 1949
179 Noble, E. V. CDR USN 25 Aug 1949
180 Horn, F. H. 1stLT USMC 7 Sep 1949
181 Vest, J. P. W. CAPT USN 16 Sep 1949
182 Tuffanelle, G. T. LTJG USN 17 Sep 1949
183 Marr, R. AO1(AP) USN 23 Sep 1949
184 Woolley, S. R. MSGT USMC 26 Sep 1949
185 Barnes, R. O. LTJG USN 27 Sep 1949
186 Anderson, W. A. AD1(AP) USN 27 Sep 1949
187 Dennison, G. E. LTJG USN 30 Sep 1949
188 Fisher, C. E. LTJG USN 5 Oct 1949
189 Treon, H. J. LT USN 6 Oct 1949
190 Foley, F. D. CDR USN 7 Oct 1949
191 Asbury, D. A. LT USN 14 Oct 1949
192 Percy, G. (n) MAJ USMC 17 Oct 1949
193 Rozier, W. R. CAPT USMC 17 Oct 1949
194 Cozine, M. E. ADC(AP) USN 20 Oct 1949
195 Holman, E. D. ADC(AP) USN 25 Oct 1949
196 Connant, E. S. LCDR USN 30 Sep 1949
197 Hudson, W. N. CDR USNR 2 Oct 1949
198 Moody, J. T. AO1(AP) USN 2 Nov 1949
199 Voss, C. M. LTJG USNRV 4 Nov 1949
200 Scott, E. A. LTJG USN(T) 4 Nov 1949
201 Stokes, W. E. ENS USN 8 Nov 1949
202 Russell, J. B. LT USN 9 Nov 1949
203 Milburn, K. F. AD1(AP) USN 19 Nov 1949
204 Romer, R. D. LTJG USN 14 Nov 1949
205 Collup, W. D. CAPT USMC 30 Nov 1949
206 Koelsch, J. H. LTJG USN 9 Dec 1949
207 Proper, W. F. LTJG USN 14 Oct 1949
208 Harrigan, D. W. CAPT USN 10 Dec 1949
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Helicopter Date of
Pilot Qualification
Number Name Rank Service Designation

209 Jenks, R. F. AMC(AP) USN 14 Oct 1949
210 Hamilton, C. B. LTJG USN 20 Jan 1950
211 Brown, S. H. LCDR USN 23 Nov 1949
212 Bayers, E. H. LCDR USN 23 Nov 1949
213 Bach, H. A. LCDR USN 23 Nov 1949
214 Kurtz, L. A. LT USN 23 Nov 1949
215 Brownfield, R. H. ADC(AP) USN 16 Jan 1950
216 Thorin, D. W. AMC(AP) USN 16 Jan 1950
217 Scroggs, F. W., Jr. TSGT USMC 8 Feb 1950
218 Mullkoff, E. (n) LT USNR 8 Feb 1950
219 Herring, G. W. LCOL USMC 10 Feb 1950
220 Davis, R. O. LTJG USN 17 Feb 1950
221 Swinburne, H. W. LT USN 20 Mar 1950
222 Sundberg, H. J. LT USN 20 Mar 1950
223 Young, R. E. LTJG USN 20 Mar 1950
224 Cardoza, H (n) AD1(AP) USN 9 Mar 1950
225 Marsh, E. D. AD1(AP) USN 9 Mar 1950
226 Harbour, C. C. LT USN 31 Mar 1950
227 Omara, P.(n) LTJG USN 31 Mar 1950
228 Huggins, J. C. LT USN 20 Apr 1950
229 Jones, C. C. LTJG USN 21 Apr 1950
230 Boegel, W. T. AOC(AP) USN 21 Apr 1950
231 Larson, C. S. LTJG USNR 24 Apr 1950
232 Kakol, J. F. ADC(AP) USN 25 Apr 1950
233 Smolen, F. E. LT USN 24 Apr 1950
234 Maghan, R. I. LT USN 28 Apr 1950
235 Richards, F. D. LT USN 4 May 1950
236 Felten, R. E. LT USN 4 May 1950
237 Jansen, T. E. LT USNR 4 May 1950
238 Bowen, J. B. CAPT USN 27 Apr 1950
239 Brock, M. A. LT USN 16 May 1950
240 Falabella, J. J. LT USNR 17 May 1950
241 Widmar, J. R. LT USNR 22 May 1950
242 Jensen, E. O. LT USNR 25 May 1950
243 Stearns, W. G. LT USN 2 Jun 1950
244 Hudson, F. W. ACCA(AP) USN 9 Jun 1950
245 McFarlane, H. CAPT USAF 9 Jun 1950
246 Erwin, W. L. LTJG USN 13 Jun 1950
247 Englehardt, L. J. 1stLT USMC 13 Jun 1950
248 Scott, J. L. 1stLT USMC 13 Jun 1950
249 Waring, E. S. CDR USN 27 Jun 1950
250 Albert, W. H. LTJG USNR 1 Jul 1950

Notes:
NAP and AP: Naval Aviation Pilot, an enlisted pilot.
CAA: Civil Aeroanutics Authority
init. unk.: Initials unknown
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Early Helo Pilot, Commander Henry M. Kosciusko, standing along side a VX-3 HOS-1.



The Gray Eagle Trophy made its first appearance in
1961 during the celebration of the Fiftieth Anniversary
of Naval Aviation. 

In 1959, while serving as Commander in Chief,
Allied Forces, Southern Europe, Admiral Charles R.
Brown, USN, wrote to the Deputy Chief of Naval
Operations (Air), Vice Admiral Robert B. Pirie, USN,
telling of certain discussions he had with Vice Admiral
George W. Anderson, then serving as Commander,
Sixth Fleet. “We suggest that it be determined from
official records who, at all times, is the senior aviator
in point of service in flying; that a baton or similar
token be awarded him, and that, with due ceremony,
this symbol be handed on down to the next man with
the passing years.”

Admiral Pirie took the matter from there. For a time
the title “Bull Naval Aviator” was a leading contender
for the choice of names for the senior aviator’s title.
Various cups, statuettes, plaques and medals were pro-
posed. Finally, a competition was conducted between
aircraft companies desiring to sponsor the award. The
Chance Vought Aircraft Company’s (later LTV
Corporation, Ling Temco Vought) design was selected
and the Gray Eagle Award was brought into reality.

On 5 January 1961, at Naval Aviation’s Fiftieth
Anniversary Ball, Sheraton Park Hotel, Washington,
D.C., Admiral Charles R. Brown received the Gray
Eagle Trophy from Admiral James S. Russell, then serv-
ing as Vice Chief of Naval Operations. 

While Admiral Brown was the first “active” aviator
to receive the Trophy, replicas of the award were pre-
sented to all previous holders of the distinction, or
their representative, during the ceremony. The recipi-
ents included Mrs. T. G. Ellyson, widow of Naval
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Aviator Number One, Commander Theodore G.
Ellyson. Commander Ellyson would have held the
Gray Eagle title from 1911 to 1928, if the award had
been in existence.

The Trophy, donated by Chance Vought Aircraft
(now Ling Temco Vought) depicts a silver eagle land-
ing into the arresting gear of the Navy’s first aircraft
carrier, Langley. The inscription reads: “The Venerable
Order of the Gray Eagle. The Most Ancient Naval
Aviator on Active Duty. In recognition of a clear eye, a
stout heart, a steady hand, and a daring defiance of
gravity and the law of averages.” Names of those who
have held the title, either actively or prior to the 1961
ceremony, are inscribed on the trophy’s plaque.

Eligibility for the Gray Eagle Award is determined
by the official active duty precedence list for Naval
Aviators, on continuous service, not recalled, who has
held that designation for the longest period of time.
The date of designation as a Naval Aviator is the gov-
erning factor for determining who will receive the
award from the list of active duty officers. In the event
that two or more aviators on active duty have been
designated on the same date, the senior one qualified
as the Gray Eagle. The award is passed down from the
previous holder of the award on his or her retirement,
or in case of death. A miniature replica is presented to
each incumbent as a personal memento. The Gray
Eagle Trophy may be kept in possession of and dis-
played by the command to which the Gray Eagle is
assigned. Otherwise, it may be placed in the custody
of the National Museum of Naval Aviation on a tempo-
rary basis until required for presentation to the succes-
sor. It should be noted that the ceremony date for the
presentation of the Gray Eagle Award and the retire-
ment date are not always the same.



List of Gray Eagle Award Recipients
Rank Upon Naval Date Dates as
Retirement Aviator Designated Gray

Name or Death Number Naval Aviator Eagle

Theodore G. Ellyson CDR 1 2 Jun 1911* 2 Jun 1911–27 Feb 1928

John H. Towers ADM 3 14 Sep 1911* 27 Feb 1928–1 Dec 1947

George D. Murray VADM 22 20 Sep 1915 1 Dec 1947–1 Aug 1951

DeWitt C. Ramsey ADM 45 31 May 1917 1 Dec 1947–1 May 1949

Henry T. Stanley CAPT 186 17 Dec 1917 1 May 1949–1 Sep 1950

William W. Townsley CAPT 320 13 Feb 1918 1 Aug 195l–1 Jul 1955

Alvin O. Preil CAPT 538 11 Mar 1918 1 Jul 1955–1 Jan 1959

Irving M. McQuiston RADM 905 12 Jun 1918 1 Jan 1959–1 Jul 1959

Alfred M. Pride VADM 1119 17 Sep 1918 1 Jul 1959–1 Oct 1959

Thomas S. Combs VADM 3064 21 Dec 1922 1 Oct 1959–1 Apr 1960

The above list of Naval Aviators were designated retroactively following the eastablishment of the award in 1961.

Rank Upon Naval Date Dates as
Retirement Aviator Designated Gray

Name or Death Number Naval Aviator Eagle

Charles R. Brown ADM 3159 15 Aug 1924 1 Apr 1960–2 Jan 1962

Frank Akers RADM 3228 11 Sep 1925 2 Jan 1962–1 Apr 1963

Wallace M. Beakley RADM 3312 24 Nov 1926 1 Apr 1963–31 Dec 1963

Robert Goldthwaite RADM 3364 20 May 1927 31 Dec 1963–1 Oct 1965

Richard C. Mangrum LGEN(MC) 4447 20 May 1929 1 Oct 1965–30 Jun 1967

Fitzhugh Lee VADM 3512 16 Sep 1929 30 Jun 1967–31 July 1967

Chalres D. Griffin ADM 3647 6 Jun 1930 31 Jul 1967–1 Feb 1968

Alexander S. Heyward, Jr. VADM 3867 23 Nov 1931 1 Feb 1968–1 Aug 1968

Robert J. Stroh RADM 3888 25 Jan 1932 1 Aug 1968–28 Nov 1969

George P. Koch RADM 4085 2 Jan 1935 28 Nov 1969–31 Jul 1971

Alfred R. Matter RADM 4164 30 Oct 1935 31 Jul 1971–29 Feb 1972

Francis D. Foley RADM 4178 1 Feb 1936 29 Feb 1972–29 Jun 1972

Thomas H. Moorer ADM 4255 12 Jun 1936 29 Jun 1972–30 Jun 1974
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Rank Upon Naval Date Dates as
Retirement Aviator Designated Gray

Name or Death Number Naval Aviator Eagle

Leroy V. Swanson RADM 5921 9 Dec 1938 30 Jun 1974–29 Aug 1975

Noel A. M. Gayler ADM 6879 14 Nov 1940 29 Aug 1975–31 Aug 1976

Martin D. Carmody RADM 10911 22 Jan 1942 31 Aug 1976–27 May 1977

George L. Cassel RADM 11262 3 Feb 1942 27 May 1977–31 Aug 1977

Henry Wildfang CWO4(MC) 12766 16 Apr 1942 31 Aug 1977–31 May 1978

Frank C. Lang MGEN(MC) 12 Mar 1943 31 May 1978–30 Jun 1978

Thomas H. Miller, Jr. LGEN(MC) 24 Apr 1943 30 Jun 1978–28 Jun 1979

Maurice F. Weisner ADM May 1943 28 Jun 1979–31 Oct 1979

Andrew W. O’Donnell LGEN(MC) 8 Jul 1944 31 Oct 1979–26 Jun 1981

Robert F. Schoultz VADM 26 Jun 1981–17 Feb 1987

Cecil J. Kempf VADM 25 Feb 1987–6 June 1987

James E. Service VADM 6 Jun 1987–21 Aug 1987

Frank E. Peterson, Jr. LGEN(MC) 21 Aug 1987–15 Jun 1988

Ronald J. Hays ADM 15 Jun 1988–15 Sep 1988

Robert F. Dunn VADM 15 Sep 1988–25 May 1989

Huntington Hardisty ADM 25 May 1989–1 Mar 1991

Jerome L. Johnson ADM 1 Mar 1991–26 Jul 1992

Edwin R. Kohn VADM Jun 1956 26 Jul 1992–1 Jul 1993

Jerry O. Tuttle VADM 1 Jul 1993–19 Nov 1993

Stanley R. Arthur ADM 19 Nov 1993–21 Mar 1995

David R. Morris RADM 21 Mar 1995–

*Dates qualified for Pilot Certificate under Aero Club of America; Navy Air Pilot numbers were first assigned in January 1915 and Naval Aviator numbers were assigned in
January 1918.
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Pilots involved in an encounter with four enemy MiGs while on a mission over North Vietnam in October 1966. Left to right: LCDR C. L. Cook,
LTJG W. T. Patton, LT P. F. Russell, LTJG J. W. Wiley and the commanding officer of VA-176, CDR A. R. Ashworth. LTJG Patton was credited with
the shoot down of a MiG-17 in his A-1H Skyraider.



APPENDIX 33

List of Navy and Marine Corps Shoot
Downs Since 1950

The following list of enemy aircraft shot down since 1950 covers only those shoot downs that are confirmed. There are a number of cases in which ade-
quate information or verification was not available or could not be substantiated for a shoot down. These shoot downs, usually identified as “probables”,
are not placed on this list. The Navy Department does not have a written policy regarding the requirements for the verification of a shoot down. It is gen-
erally accepted or believed that when an aerial engagement occurs, the pilot, NFO (RIO), or other witness must actually see the enemy aircraft crash,
explode or the pilot ejecting from the enemy aircraft. The Navy has used gun camera footage since World War II. However, during the 1980s the Navy
began using modern equipment more extensively, such as heads-up displays and gun camera footage, to document and verify shoot downs. 

AIRCRAFT SHOT DOWN DURING THE KOREAN WAR BY USN/USMC PILOTS

Enemy
Date Aircraft Squardon Aircraft Weapon Carrier Rank Service Pilot RIO/NFO

03 Jul 1950 YAK-9 VF-51 F9F-3 Guns CV 45 LTJG USN Leonard H. Plog
03 Jul 1950 YAK-9 VF-51 F9F-3 Guns CV 45 ENS USN Eldon W. Brown
04 Sep 1950 IL-4 VF-53 F4U-4B Guns CV 45 ENS USN Edward V. Laney, Jr.
09 Nov 1950 MiG-15 VF-111 F9F-2B Guns CV 47 LCDR USN William T. Amen
18 Nov 1950 MiG-15*** VF-52 F9F-3 Guns CV 45 LCDR USN William E. Lamb (shared with LT Parker)
18 Nov 1950 MiG-15*** VF-52 F9F-3 Guns CV 45 LT USN Robert E. Parker (shared with LCDR Lamb)
18 Nov 1950 MiG-15 VF-31 F9F-2 Guns CV 32 ENS USN Frederick C. Weber
22 Dec 1950 MiG-15 5th A.F. F-86 Guns * LCDR USN Paul E. Pugh
21 Apr 1951 YAK-9 VMF-312 F4U-4 Guns CVL 29 LT USMC Harold D. Daigh 
21 Apr 1951 2 YAKs VMF-312 F4U-4 Guns CVL 29 CAPT USMC Phillip C. DeLong
01 Jun 1951 MiG-15 5th A.F. F-86D Guns * LT USN Simpson Evans, Jr.
01 Jul 1951 PO-2 VMF(N)-513 F7F-3N Guns * CAPT USMC Edwin B. Long WO Robert C. Buckingham
12 Jul 1951 PO-2 VMF(N)-513 F4U-5NL Guns * CAPT USMC Donald L. Fenton
23 Sep 1951 PO-2 VMF(N)-513 F7F-3N Guns * MAJ USMC Eugene A. Van Gundy MSgt Thomas H. Ullom
23 Oct 1951 MiG 5th A.F. F-84E Guns * LT USN Walter Schirra
04 Nov 1951 MiG-15 5th A.F. F-86 Guns * MAJ USMC William F. Guss
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AIRCRAFT SHOT DOWN DURING THE KOREAN WAR BY USN/USMC PILOTS—Continued

Enemy
Date Aircraft Squardon Aircraft Weapon Carrier Rank Service Pilot RIO/NFO

05 Mar 1952 MiG-15 5th A.F. F-86 Guns * CAPT USMC Vincent J. Marzello

16 Mar 1952 MiG-15 5th A.F. F-86 Guns * LCOL USMC John S. Payne

07 Jun 1952 YAK-9 VMF(N)-513 F4U-5NL Guns * LT USMC John W. Andre

10 Sep 1952 MiG VMA-312 F4U-4B Guns CVE 118 CAPT USMC Jesse G. Folmar

15 Sep 1952 MiG-15 5th A.F. F-86 Guns * MAJ USMC Alexander J. Gillis

28 Sep 1952 2 MiG-15s 5th A.F. F-86 Guns * MAJ USMC Alexander J. Gillis

03 Nov 1952 YAK-15 VMF(N)-513 F3D-2 Guns * MAJ USMC William T. Stratton, Jr. MSgt Hans C. Hoglind

08 Nov 1952 MiG VMF(N)-513 F3D-2 Guns * CAPT USMC Oliver R. Davis WO Dramus F. Fessler

18 Nov 1952 MiG-15 VF-781 F9F-5 Guns CVA 34 LT USN Elmer Royce Williams 

18 Nov 1952 MiG-15 VF-781 F9F-5 Guns CVA 34 LTJG USN John D. Middleton 

10 Dec 1952 PO-2 VMF(N)-513 F3D-2 Guns * LT USMC Joseph A. Corvi MSgt Don R. George

12 Jan 1953 MiG VMF(N)-513 F3D-2 Guns * MAJ USMC Elswin P. Dunn MSgt Lawrence J. Fortin

20 Jan 1953 MiG-15 5th A.F. F-86 Guns * CAPT USMC Robert Wade

28 Jan 1953 MiG VMF(N)-513 F3D-2 Guns * CAPT USMC James R. Weaver MSgt Robert P. Becker

31 Jan 1953 MiG VMF(N)-513 F3D-2 Guns * LCOL USMC Robert F. Conley MSgt James N. Scott

07 Apr 1953 MiG-15 5th A.F. F-86 Guns * MAJ USMC Roy L. Reed

12 Apr 1953 MiG-15 5th A.F. F-86 Guns * MAJ USMC Roy L. Reed

16 May 1953 MiG-15 5th A.F. F-86F Guns * MAJ USMC John F. Bolt

17 May 1953 MiG-15*** 5th A.F. F-86 Guns * CAPT USMC Dewey F. Durnford (credit for half kill)

18 May 1953 MiG-15 5th A.F. F-86 Guns * CAPT USMC Harvey L. Jensen

16 Jun 1953 PO-2 VMC-1 AD-4 Guns * MAJ USMC George H. Linnemeier CWO Vernon S. Kramer

22 Jun 1953 MiG-15 5th A.F. F-86F Guns * MAJ USMC John F. Bolt

24 Jun 1953 MiG-15 5th A.F. F-86F Guns * MAJ USMC John F. Bolt

30 Jun 1953 MiG-15 5th A.F. F-86F Guns * MAJ USMC John F. Bolt

30 Jun 1953 2 YAK-18s VC-3DetD** F4U-5N Guns CV 37** LT USN Guy P. Bordelon, Jr.

05 Jul 1953 2 PO-2s VC-3DetD** F4U-5N Guns CV 37** LT USN Guy P. Bordelon, Jr.

11 Jul 1953 2 MiG-15s 5th A.F. F-86F Guns * MAJ USMC John F. Bolt

12 Jul 1953 MiG-15 5th A.F. F-86H Guns * MAJ USMC John H. Glenn

16 Jul 1953 PO-2 VC-3DetD** F4U-5N Guns CV 37** LT USN Guy P. Bordelon, Jr.

19 Jul 1953 MiG-15 5th A.F. F-86H Guns * MAJ USMC John H. Glenn
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20 Jul 1953 2 MiG-15s 5th A.F. F-86 Guns * MAJ USMC Thomas M. Sellers

22 Jul 1953 MiG-15 5th A.F. F-86H Guns * MAJ USMC John H. Glenn

* Shore based or exchange duty with the 5th Air Force in Korea.
** Temporary additional duty (TAD) from Princeton to U.S. 5th Air Force in Korea (Navy and Marine Corps pilots had exchange duty with the 5th Air Force).
*** The credit for the shoot down of this aircraft is shared with another pilot so the person is credited for only a half a shoot down.

AIRCRAFT SHOT DOWN DURING THE VIETNAM WAR BY USN/USMC PILOTS

Enemy
Date Aircraft Squardon Aircraft Weapon Carrier Rank Service Pilot RANK AND NAME OF RIO/NFO

17 Jun 1965 MiG-17 VF-21 F-4B AIM-7 CVA 41 USN CDR Louis Page LT John C. Smith, Jr.

17 Jun 1965 MiG-17 VF-21 F-4B AIM-7 CVA 41 USN LT Jack E. D. Batson, Jr. LCDR Robert B. Doremus

20 Jun 1965 MiG-17 VA-25 A-1H Guns CVA 41 USN LT Clinton B. Johnson*

20 Jun 1965 MiG-17 VA-25 A-1H Guns CVA 41 USN LTJG Charles W. Hartman III*

12 Jun 1966 MiG-17 VF-211 F-8E AIM-9D CVA 19 USN CDR Harold L. Marr

21 Jun 1966 MiG-17 VF-211 F-8E Guns CVA 19 USN LT Eugene J. Chancy

21 Jun 1966 MiG-17 VF-211 F-8E AIM-9D CVA 19 USN LTJG Phillip V. Vampatella

13 Jul 1966 MiG-17 VF-161 F-4B AIM-9D CVA 64 USN LT William M. McGuigan LTJG Robert M. Fowler

09 Oct 1966 MiG-21 VF-162 F-8E AIM-9 CVA 34 USN CDR Richard M. Bellinger

09 Oct 1966 MiG-17 VA-176 A-1H Guns CVS 11 USN LTJG William T. Patton

20 Dec 1966 An-2 VF-114 F-4B AIM-7E CVA 63 USN LT Hugh D. Wisely LTJG David L. Jordan

20 Dec 1966 An-2 VF-213 F-4B AIM-7E CVA 63 USN LT David A. McRae ENS David N. Nichols

24 Apr 1967 MiG-17 VF-114 F-4B AIM-9D CVA 63 USN LT Hugh D. Wisely LTJG Gareth L. Anderson

24 Apr 1967 MiG-17 VF-114 F-4B AIM-9B CVA 63 USN LCDR Charles E. Southwick ENS James W. Laing

01 May 1967 MiG-17 VF-211 F-8E AIM-9D CVA 31 USN LCDR Marshall O. Wright

01 May 1967 MiG-17 VA-76 A-4C Zuni CVA 31 USN LCDR Theodore R. Swartz

19 May 1967 MiG-17 VF-211 F-8E AIM-9D CVA 31 USN CDR Paul H. Speer

19 May 1967 MiG-17 VF-211 F-8E AIM-9D CVA 31 USN LTJG Joseph M. Shea

19 May 1967 MiG-17 VF-24 F-8C AIM-9D CVA 31 USN LCDR Bobby C. Lee

19 May 1967 MiG-17 VF-24 F-8C AIM-9D CVA 31 USN LT Phillip R. Wood

21 Jul 1967 MiG-17 VF-24 F-8C AIM-9D CVA 31 USN CDR Marion H. Isaacks

21 Jul 1967 MiG-17 VF-24 F-8C ** CVA 31 USN LCDR Robert L. Kirkwood

21 Jul 1967 MiG-17 VF-211 F-8E *** CVA 31 USN LCDR Ray G. Hubbard, Jr.

10 Aug 1967 MiG-21 VF-142 F-4B AIM-9 CVA 64 USN LTJG Guy H. Freeborn ENS Robert J. Elliot
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AIRCRAFT SHOT DOWN DURING THE VIETNAM WAR BY USN/USMC PILOTS—Continued

Enemy
Date Aircraft Squardon Aircraft Weapon Carrier Rank Service Pilot RANK AND NAME OF RIO/NFO

10 Aug 1967 MiG-21 VF-142 F-4B AIM-9 CVA 64 USN LCDR Robert C. Davis LCDR Gayle O. Elie
26 Oct 1967 MiG-21 VF-143 F-4B AIM-7 CVA 64 USN LTJG Robert P. Hickey, Jr. LTJG Jeremy G. Morris
30 Oct 1967 MiG-17 VF-142 F-4B AIM-7E CVA 64 USN LCDR Eugene P. Lund LTJG James R. Borst
14 Dec 1967 MiG-17 VF-162 F-8E AIM-9D CVA 34 USN LT Richard E. Wyman
17 Dec 1967 MiG-17 13 TFS F-4D AIM-4 432 TRW USAF 1LT John D. Ryan, Jr. CAPT Doyle D. Baker USMC
26 Jun 1968 MiG-21 VF-51 F-8H AIM-9 CVA 31 USN CDR Lowell R. Myers
09 Jul 1968 MiG-17 VF-191 F-8E ** CVA 14 USN LCDR John B. Nichols III
10 Jul 1968 MiG-21 VF-33 F-4J AIM-9 CVA 66 USN LT Roy Cash, Jr. LT Joseph E. Kain, Jr.
29 Jul 1968 MiG-17 VF-53 F-8E AIM-9 CVA 31 USN CDR Guy Cane
01 Aug 1968 MiG-21 VF-51 F-8H AIM-9 CVA 31 USN LT Norman K. McCoy
19 Sep 1968 MiG-21 VF-111 F-8C AIM-9 CVS 11 USN LT Anthony J. Nargi
28 Mar 1970 MiG-21 VF-142 F-4J AIM-9 CVA 64 USN LT Jereome E. Beaulier LT Steven J. Barkley
19 Jan 1972 MiG-21 VF-96 F-4J AIM-9 CVA 64 USN LT Randall H. Cunningham LTJG William P. Driscoll
06 Mar 1972 MiG-17 VF-111 F-4B AIM-9 CVA 43 USN LT Gary L. Weigand LTJG William Freckleton
06 May 1972 MiG-17 VF-51 F-4B AIM-9 CVA 43 USN LCDR Jerry B. Houston LT Kevin T. Moore
06 May 1972 MiG-21 VF-114 F-4J AIM-9 CVA 63 USN LT Rorbert G. Hughes LTJG Adolph J. Cruz
06 May 1972 MiG-21 VF-114 F-4J AIM-9 CVA 63 USN LCDR Kenneth W. Pettigrew LTJG Michael J. McCabe
08 May 1972 MiG-17 VF-96 F-4J AIM-9 CVA 64 USN LT Randall H. Cunningham LTJG William P. Driscoll
10 May 1972 MiG-21 VF-92 F-4J AIM-9 CVA 64 USN LT Curt Dose LCDR James McDevitt
10 May 1972 2 MiG-17s VF-96 F-4J AIM-9 CVA 64 USN LT Matthew J.Connelly III LT Thomas J. J. Blonski
10 May 1972 MiG-17 VF-51 F-4B AIM-9 CVA 43 USN LT Kenneth L. Cannon LT Roy A. Morris, Jr.
10 May 1972 3 MiG-17s VF-96 F-4J AIM-9 CVA 64 USN LT Randall H. Cunningham LTJG William P. Driscoll
10 May 1972 MiG-17 VF-96 F-4J AIM-9 CVA 64 USN LT Steven C. Shoemaker LTJG Keith V. Crenswhaw
18 May 1972 MiG-19 VF-161 F-4B AIM-9 CVA 41 USN LT Henry A. Bartholomay LT Oran R. Brown
18 May 1972 MiG-19 VF-161 F-4B AIM-9 CVA 41 USN LT Patrick E. Arwood LT James M. Bell
23 May 1972 2 MiG-17s VF-161 F-4B AIM-9 CVA 41 USN LCDR Ronald E. McKeown LT John C. Ensch
11 Jun 1972 MiG-17 VF-51 F-4B AIM-9 CVA 43 USN CDR Foster S. Teague LT Ralph M. Howell
11 Jun 1972 MiG-17 VF-51 F-4B AIM-9 CVA 43 USN LT Winston W. Copeland LT Donald R. Bouchoux
21 Jun 1972 MiG-21 VF-31 F-4J AIM-9 CVA 60 USN CDR Samuel C. Flynn, Jr. LT William H. John
10 Aug 1972 MiG-21 VF-103 F-4J AIM-7E CVA 60 USN LCDR Robert E. Tucker, Jr. LTJG Stanley B. Edens
12 Aug 1972 MiG-21 58 TFS F-4E AIM-7 432 TRW USMC CAPT Lawrence G. Richard LCDR Michael J.Ettel USN
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11 Sep 1972 MiG-21 VMFA-333 F-4J AIM-9 CVA 66 USMC MAJ Lee T. Lassiter CAPT John D. Cummings
28 Dec 1972 MiG-21 VF-142 F-4J AIM-9 CVAN 65 USN LTJG Scott H. Davis LTJG Goeffrey H. Ulrich
12 Jan 1973 MiG-17 VF-161 F-4B AIM-9 CVA 41 USN LT Victor T. Kovaleski LT James A. Wise

* These two pilots shared the credit for the shoot down of the MiG-17 and each were credited for only a half a shoot down.
** Shoot down involved use of missile (AIM-9) and guns.
*** Shoot down involved use of guns and Zuni rockets.

AIRCRAFT SHOT DOWN DURING THE LIBYAN INCIDENTS OF THE 1980s 

Enemy
Date Aircraft Squardon Aircraft Weapon Carrier Rank Service Pilot RANK AND NAME OF RIO/NFO

19 Aug 1981 Su-22 VF-41 F-14A AIM-9L CVN 68 USN CDR Hank Kleeman LT Dave Venlet
19 Aug 1981 Su-22 VF-41 F-14A AIM-9L CVN 68 USN LT Larry Muczynski LT Jim Anderson
04 Jan 1989 MiG-23 VF-32 F-14A AIM-7 CV 67 USN LT Herman C. Cook III LCDR Steven P. Collins
04 Jan 1989 MiG-23 VF-32 F-14A AIM-9 CV 67 USN CDR Joseph B. Connelly CDR Leo F. Enwright, Jr.

AIRCRAFT SHOT DOWN DURING THE PERSIAN GULF WAR

Enemy
Date Aircraft Squardon Aircraft Weapon Carrier Rank Service Pilot RANK AND NAME OF RIO/NFO

17 Jan 1991 MiG-21 VFA-81 F/A-18C AIM-9M CV 60 USN LCDR Mark Fox
17 Jan 1991 MiG-21 VFA-81 F/A-18C AIM-9M CV 60 USN LT Nick Mongillo
06 Feb 1991 Hi-8 VF-1 F-14A AIM-9M CV 61 USN LT Stuart Broce CDR Ron McElraft

AIRCRAFT CARRIER NAMES AND DESIGNATIONS

Intrepid (CVS 11) Leyte (CV 32) Valley Forge (CV 45) Constellation (CVA 64) Sicily (CVE 118)
Ticonderoga (CVA 14) Oriskany (CVA 34) Phillipine Sea (CV 47) Enterprise (CVAN 65)
Hancock (CVA 19) Princeton (CV 37) Saratoga (CVA 60) America (CVA 66)
Bataan (CVL 29) Midway (CVA 41) Ranger (CV 61) John F. Kennedy (CV 67)
Bon Homme Richard (CVA 31) Coral Sea (CVA 43) Kitty Hawk (CVA 63) Nimitz (CVN 68)

Acronyms:
TRW—Tactical Reconnaissance Wing
TFS—Tactical Fighter Squadron
NFO—Naval Flight Officer
RIO—Radar Intercept Officer
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A VQ-1 EC-121M aircraft similar to the one shot down by the Koreans on 15 April 1969.



APPENDIX 34

Cold War Incidents Involving
U.S. Navy Aircraft
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From 1945 to 1969, U.S. Navy aircraft were involved in a number of aerial incidents with forces of the Soviet
Union, People’s Republic of China, North Korea, and Czechoslovakia. These incidents resulted in the loss of eight
Navy aircraft and one Coast Guard aircraft, eighty-one Navy, Marine Corps, and Coast Guard aviators and crewman,
and several aircraft damaged and crewmen wounded and injured. The list below, compiled from official and unoffi-
cial sources, does not include aircraft lost in direct action in the Korean and Vietnam wars, nor aircraft shot down
by Chinese forces in the vicinity of Vietnam in connection with that war.

Date Aircraft Squadron Remarks

15 Nov 1945 PBM-5 While on a routine patrol mission, this aircraft was
attacked by a Soviet fighter 25 miles south of Dairen 
(Port Arthur), Manchuria while investigating six Soviet
transport ships and a beached seaplane in the Gulf of
Chihli in the Yellow Sea. No damage inflicted.

20 Feb 1946 PBM-5 VP-26 Based from Tsingtao, China, during a training flight
this aircraft made an unauthorized flight over Dairen
(Port Arthur), Manchuria. As a result, it was fired
upon by Soviet fighters firing warning bursts for
twenty minutes. No damage inflicted.

8 Apr 1950 PB4Y-2 VP-26, Based from Port Lyautey, French Morocco, while on a
Det A patrol mission launched from Wiesbaden, West Germany,

this aircraft (BuNo 59645) was lost when attacked by
Soviet aircraft over the Baltic Sea off the coast of
Lepija, Latvia. Wreckage was recovered, but
unconfirmed reports stated that the missing ten
crewmembers were taken prisoner.

6 Nov 1951 P2V-3W VP-6 While conducting a weather reconnaissance mission under
United Nations Command, this aircraft (BuNo 124284) was
shot down by Soviet aircraft over the Sea of Japan off
Vladisvostok, Siberia. Ten crewmembers reported as missing.

31 Jul 1952 PBM-5S2 VP-731 While conducting a patrol mission, this PBM-5S2 based
from Iwakuni, Japan, was attacked by two Chinese
MiG-15s over the Yellow Sea, resulting in two
crewmembers killed and two more seriously wounded. The
PBM suffered extensive damage, but was able to make it
safely to Paengyong-do, Korea.

20 Sep 1952 P4Y-2S VP-28 Aircraft attacked by two Chinese MiG-15s off the coast
of China, but able to return safely to Naha, Okinawa.
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Date Aircraft Squadron Remarks

20 Sep 1952 P4Y-2S VP-28 Aircraft attacked by two Chinese MiG-15s off the coast
of China, but able to return safely to Naha, Okinawa.

23 Nov 1952 P4Y-2S VP-28 Attacked without result by a Chinese MiG-15 off
Shanghai, China.

18 Jan 1953 P2V-5 VP-22 P2V-5 (BuNo 127744) was shot down by Chinese anti-
aircraft fire near Swatow, and ditched in the Formosa
Strait. Eleven of thirteen crewmen were rescued by a
Coast Guard PBM-5 under fire from shore batteries on
Nan Ao Tao island. Attempting to takeoff in eight-
twelve foot swells, the PBM crashed. Ten survivors out
of nineteen total (including five from the P2V) were
rescued by Halsey Powell (DD 686). During the
search effort a PBM-5 from VP-40 received fire from a
small-caliber machine gun, and Gregory (DD 802)
received fire from shore batteries.

19–28 Jun 1953 PBM-5S2 VP-46 Fired upon, in separate incidents, by surface ships in
P2V-5 (2) VP-1 the Formosa Strait. No damage inflicted.

8 Jul 1953 P2V-5 VP-1 Fired upon by Chinese antiaircraft artillery (AAA)
near Nantien, China. No damage inflicted.

21 Jul 1953 P2V-5 VP-1 Fired upon by Chinese antiaircraft artillery (AAA)
near Amoy Island in the Formosa Strait. No damage inflicted.

2 Oct 1953 PBM-5 Damaged during attack by two Chinese MiGs over the
Yellow Sea.

12 Mar 1954 AD-4 VA-145 Two ADs launched from Randolph (CVA 15), on a simulated
AD-4N VC-35, strike mission against a West German airfield, were

Det F attacked over or near the Czech border by a Czech 
MiG-15. The AD from VA-145 sustained damage to its tail.

26 Jul 1954 AD-4 VF-54 While searching for survivors from a Cathay Pacific
airliner shot down by Chinese fighters on 22 July, two
AD-4s launched from Philippine Sea (CVA 47) were
attacked by two Chinese LA-7 fighters. During the
engagement, the two LA-7s were downed by seven ADs and
one F4U-5N that came to assist. The ADs encountered
fire from a Chinese gunboat. No damage sustained in
either situation.

4 Sep 1954 P2V-5 VP-19 Operating from NAS Atsugi, Japan, this aircraft ditched
in the Sea of Japan, 40 miles off the coast of Siberia
after an attack by two Soviet MiG-15s. One crewmen was
lost, and the other nine were rescued by a USAF SA-16
amphibian.

Feb 1955 P2V Aircraft sustained slight wing damage after it was
fired on by Chinese antiaircraft artillery (AAA) while
over the Formosa Strait.



Date Aircraft Squadron Remarks

9 Feb 1955 AD-5W VC-11, While flying an antisubmarine (ASW) patrol mission
Det H from Wasp (CVA 18) covering the evacuation of Chinese

Nationalists from the Tachen Islands, this aircraft
ditched after sustaining damage from antiaircraft fire
when it overflew Chinese territory. The three-man crew
was rescued by Nationalist Chinese patrol boats.

22 Jun 1955 P2V-5 VP-9 While flying a patrol mission from Kodiak, Alaska, this
aircraft (BuNo 131515) crash-landed on St. Lawrence
Island in the Bering Sea after an engine was set afire
during an attack by two Soviet MiG-15s. Of the eleven
crewmen, four sustained injuries due to gunfire and six
were injured during the landing. (This was the only
incident in which the Soviet Union admitted any
responsibility.)

22 Aug 1956 P4M-1Q VQ-1 While on a patrol mission from Iwakuni, Japan, this
aircraft (BuNo 124362) disappeared at night after
reporting an attack by hostile aircraft 32 miles off
the coast of China (near Wenchow) and 180 miles north
of Formosa. There were no survivors of the 16-man
crew. Wreckage and one body were recovered by Dennis
J. Buckley (DDR 808).

12 Jun 1957 AD-6 VA-145 Four AD-6s launched from Hornet (CVA 12) overflew the
coast of China and encountered fire from Chinese anti-
aircraft artillery (AAA). One AD-6 sustained slight
damage.

16 Jun 1959 P4M-1Q VQ-1 While flying a patrol mission over the Sea of Japan,
this aircraft (BuNo 122209) was attacked 50 miles east
of the Korean DMZ by two North Korean MiGs. During
the attack, the aircraft sustained serious damage to
the starboard engines and the tailgunner was seriously
wounded. The P4M made it safely to Miho AFB, Japan.

15 Apr 1969 EC-121M VQ-1 While flying a patrol mission over the Sea of Japan,
this aircraft (BuNo 135749) was attacked 90 miles off
the coast of Korea by North Korean fighters. All 31
crewmen were lost during the attack. Two bodies and
some wreckage were recovered by search vessels.
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The Floyd Bennett Field Task Force 

Naval Air Ferry Command 1943-1945 

Squadrons VRF-1, VRS-1, VRF-2, VRF-3, VRF-4, under command of NATS, Naval Air 
Transport Service 

"A be-goggled, red-white-and-blue, streamlined stork, winging 
across a map of North America carrying a F6F 'baby' is the 
flashy new squadron insignia adopted by Ferry units at NAS, 
NY. The insignia has been officially approved by the Bureau of 
Aeronautics.  
 
Ferry Command personnel are showing the stork insignia on 
automobile windshields, luggage, and on airplanes permanently 
assigned to the field. In addition, a large number of full-color 
leather labels are being prepared in the Ferry Chart Room. They 

will be sewed on the jackets of officers and men."  

From "Skyscrapers" Vol. 1, No. 46, June 10, 1944; Weekly news magazine of 
US Naval Air Station New York. 

Click here to view "FERRY PILOT PROCEDURE - IN 

BRIEF" from 1944  

 

VRF-1 "Stork" Insignia 1943-45 . Photo of leather 
patch sewn on pilot's flight jackets.

Naval Air Ferry Command:  

By The Numbers  

Between December 1943 and November 1945, the 

Naval Air Ferry Command, headquartered at Floyd 

Bennett Field, ferried 75,000 aircraft. VRF-1, the 

largest of the command's four ferry squadrons, 

based at Floyd Bennett, ferried 46,000 aircraft, in 

450,000 flight hours, over 80,000,000 miles. 

Between the ADU and Ferry Command, 1941-

1945, nearly 100,000 Navy aircraft were deployed. 

NAVAL AIR TRANSPORT SERVICE  
NAVAL AIR FERRY COMMAND  

U.S. NAVAL AIR STATION  
FLOYD BENNETT FIELD  

Brooklyn 29, N.Y.  
 

February 1944  

To All Hands:  
 
We of the Naval Air Ferry Command, although not in 
direct contact with the enemy in the performance of 
our duties, have a vital and direct link with the fleet 
and those engaged in combat.  
 
By the safe delivery of virtually all the new 
production service type aircraft to the fleet 
commands, we insure an adequate flow of the aerial 
means for the accomplishment of the mission of the 
Navy - the destruction of the enemy.  
 
By furnishing pilots for training and assignment to 
duty with the fleet, we participate, ourselves, directly 
and indirectly, in actual combat. It is no coincidence 
that former pilots of the Ferry Command have flown 
in combat the very airplane they formerly ferried to 
the shoreline where it was delivered to the fleet.  
 
Enlisted personnel of this Command are receiving 
experience and training in the maintenance, repair, 
and as members of flight crews, of combat aircraft. 
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Click here for Lesson Plan: "Floyd Bennett Field: Naval 

Aviation's Home in Brooklyn"  

FERRY COMMAND  
DELIVERS THE AIRPLANES  

From "Naval Aviation News" July 1, 1944 

From a staff of 10 pilots who ferried planes in their 
spare time evenings back in 1941, the Naval Air 
Ferry Command has grown until it now has a 
thousand pilots who fly everything from fighter 
planes to big four-engine Liberators from coast to 
coast.  
 
The ferry squadrons can fly anything with wings, at a 
few hours' notice, to the four corners of the nation, 
Canada or overseas. Most of its operations are in 
continental U. S., but special ferrying jobs sometimes 
take its pilots to South America or ocean bases.  
 
To keep such a heavy flow of air traffic moving 
smoothly with a minimum of accidents requires 
constant pressure on safety and proper pilot 
procedures. NANews reproduces on these pages 
information on correct procedure, which is stressed 
with all ferry pilots. Much of the advice is applicable 
to all Navy pilots since it involves proper methods to 
use in any flying, cross-country or merely around an 
air base while training.  
 
Beginnings of the Naval Air Ferry Command, which 
is now under the Naval Air Transport Service, were 
modest. For example, the work at NAS New York 
was done back in 1941 by reserve pilots who 
instructed day times and ferried evenings and 
weekends. They drove their private cars to nearby 
Grumman plant, picked up s Wildcat fighters and 
ferried them back to the station. Fleet units picked up 
the planes there. Principal types flown then were 
Kingfishers, Brewster Buffalos, Wildcats and the 
Grumman Goose. Flying personnel of the Aircraft 
Delivery Units later became the Ferry Command on 
December 1, 1943.  
 
Part-time ferry piloting was expanded when half a 
dozen naval aviators were called in to help carry the 
load.  

FERRY PILOTS FLY OUT NEW PLANES AND 
BRING BACK THE BATTLE-WORN 

Because of the large number of Navy planes being 
turned out today, the huge ferry squadrons, largest in 
naval aviation, are kept busy most of the time flying 
new fighters and bombers to the west coast and 
bringing back battle worn fighters, SBD's and other 
types, or new planes built on the Pacific slope.  
 
This diversity of types requires that ferry pilots know 
how to fly many kinds of airplanes. Besides the F6F, 
F4U, TBF and SBD, the most common types flown, 
ferry squadrons also are called on to deliver such 

This better fits them for duty afloat and overseas with 
these very aircraft.  
 
The Ferry Command, and its accomplishments, 
brings us fair pride in the part we have played, and 
are continuing to play each day, in delivering, safely 
and expeditiously, the critical combat aircraft that the 
fleet needs to complete the utter destruction of our 
enemies in this war.  
 
JOHN W. KING  
Captain, USN  
Commanding Air Ferons  

The Naval Air Ferry Command was commissioned 

on the first of December 1943. While the 

predecessor Aircraft Delivery Unit was under local 

command of NAS New York and the Bureau of 

Aeronautics, the Ferry Command was an air wing 

of the Naval Air Transport Service, under the Chief 

of Naval Operations.  

 

The ferry command was a much larger and more 

complex operation than the ADU. Wartime aircraft 

production was reaching its peak, and the Navy 

needed an organization able to keep up with the 

scale and complexity of maximum aircraft 

production from plants across the country.  

 

NAS New York was the command headquarters (all 

squadrons), and base for squadrons VRF-1, VRS-1 

and VRF-4. The Ferry Command was housed in 

Floyd Bennett's Hangars 9 and 10, except VRF-4 

was in Hangar B. The National Park Service 

demolished Hangars 9 and 10 in the early 1990's. 

Hangar B is still standing and serves as home to 

the Historic Aircraft Restoration Project.  

VRF-1 

VRF-1 was the largest squadron in the history of 

the US Navy. The transfer of pilots from the ADU's 

Ferry Division to VRF-1 was believed to be the 

largest mass transfer of officers up to that time.  

 

VRF-1 Training Detachment - NAS Willow Grove. 

By December 1943, air traffic at NAS New York 

was so congested that the ferry command moved 

its training detachment to NAS Willow Grove 

VRF-1's Hangar 9 (now gone) and transport plane
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others as J4F, JRF, J2F, F3A, FM, TBM, SB2A, PV, 
SB2C, FG, R4D, GH, PBJ, JM, SBW, TDR, SNV, 
BTD, N2S, F4F, F7F, PBY and PB4Y But pilots 
naturally cannot be masters of all kinds of planes.  

PILOTS FLY MILLIONS OF MILES YEARLY 
KEEPING FLEET SUPPLIED 

Major transcontinental and coastal ferry routes are 
laid out with frequent airports designated as stops. At 
these places, ferry service units or auxiliary FSU's are 
located to keep the planes serviced and in flying trim. 
The tremendous scope of naval aviation today is best 
indicated by the fact that the Ferry Command's pilots 
in VRF-1 alone have flown 15,000,000 miles on 
actual ferry trips, not counting checkout flights or 
tests which pilots may take to familiarize themselves 
with the particular plane they may be ferrying. 
Training of some ferry pilots is done at NAS Willow 
Grove Pa., where they spend a month refreshing 
themselves on engines, ground work and plane 
checkouts, and generally getting themselves ready for 
the job of ferrying planes.  

SAFETY OF AIRPLANES AND PILOTS 
REQUIRES ADHERENCE TO RULES  

Pilots' lives are valuable and airplanes are expensive, 
so constant pressure is maintained by the Ferry 
Command on safety and observation of proper flying 
procedures. Younger, inexperienced pilots sometimes 
have a tendency to break formations, flat-hat and 
commit other breaches of aerial etiquette.  
 
To encourage safety-consciousness, VRF-1 maintains 
in its ready room at NAS New York a "Glory Board" 
listing names of pilots with outstanding records. A 
pilot who completes five transcontinental flights, or 
the equivalent 13,500 miles in coastal hops, without 
accident, has a gold pair of Navy wings after his 
name. Twenty-five flights entitle him to a "stork," 
insignia of the squadron. The board at present has 
194 members listed, with 124 boasting one or more 
"storks." Champion pilot of the squadron has 
completed 92 transcontinental trips, a total of 
276,000 miles, without accident.  
 
If a plane is slightly damaged during its delivery 
flight and can be repaired and continue the flight, the 
pilot will not get credit for the trip. If it sustained 
major damage, the pilot loses credit for that flight, 
plus one other to set him back. Delivery of 25 
airplanes without any damage wins a special merit 
award or a "medallion."  
 
The Ferry Command transports thousands of military 
personnel-Army, Navy or Marine alike-on leave or 
on orders.  
 
This carrying of passengers resulted in a unique 
experience for one ferry pilot flying a TBF on the 
west coast some time back. After taking aboard an 

Pennsylvania. Pilots received additional ground and 

flight training, and indoctrination into specific 

requirements of the ferry command.  

ACU and VRS-1 

On June 1, 1944 an Aircraft Commissioning Unit 

(ACU) was established at Floyd Bennett Field to 

direct flights of airplanes from factory airfields to 

Floyd Bennett Field, and perform technical checks 

and installation of equipment and armament.  

 

VRS-1 was a service squadron formed from the 

Engineering Division of the predecessor ADU. It 

was based at Floyd Bennett and included servicing 

and repair detachments at about 20 airfields 

around the country.  

VRF-4 

VRF-4 was commissioned November 15, 1944 and 

was dedicated to acceptance and ferrying of the 

Navy's seaplanes. Seaplane production had 

dramatically increased and flying these planes 

required more specialized skills.  

VRF-2 

VRF-2 was based at NAF Columbus, Ohio (Port 

Columbus airport). It deployed and ferried SB2C 

aircraft built by Curtiss-Wright Corporation. VRF2-

D was based at Hensley Field in Dallas, adjacent to 

a North American Aviation plant.  

VRF-3 

VRF-3 was based at NAS Terminal Island (San 

Pedro - in the Los Angeles harbor area), serving 

manufacturing plants in the area included Douglas 

Aircraft, and Lockheed in Burbank.  

For historic photos and a sketch written in spring 1944 of 
Floyd Bennett Field's conversion from municipal airport to 
naval air station, and formation of the Naval Air Ferry 

Command, click this link:  

 

Excerpts from "NAS Beam", 1944  
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enlisted man as passenger, he found his inter-
communication system did not work.  
 
He instructed the sailor to tie a rope around his leg 
and to bail out if he should jerk on it in case of 
emergency. Out over the desert the cockpit enclosure 
started to fly off and the pilot seized the rope to tie it 
down.  
 
When the pilot landed the TBF at the next station, 
there was no sailor aboard. Search was launched and 
he was found, none the worse for his parachute jump 
except for a cut on the head. He had bailed out in the 
South Pacific on past occasions and had not stopped 
to argue when the ferry pilot jerked the rope while 
lashing down the enclosure.  

FERRY SQUADRONS HAVE MANY MEN 
WITH LONG RECORDS IN AVIATION  

Who are the ferry pilots? Calling the roll on VRF-1, 
for instance, would reveal such widely divergent 
experience as skywriters, commercial airline pilots, 
barnstormers, plane salesmen, lawyers, CAA pilots, 
aviation cadets right out of Pensacola or Corpus 
Christi, aerial circus fliers test pilots and graduates of 
operational training. Many ferry pilots are former 
fighter or bomber pilots with the RAF or RCAF who 
returned to the services of the United States.  
 
The nucleus of Ferry Command is composed of men 
with long experience flying, some with as much as 20 
years. The commander of VRF-1, for instance, has 
over 8,000 flying hours. Some are nearly 50 years 
old, with the average age in the 30's. Frequently, 
when a rush job of ferrying arises, a few score of 
comparatively green pilots are borrowed to fly 
fighters to the west coast or do whatever needs to get 
the job done in a hurry. It is among this group-pilots 
whose eyes are on the Central Pacific where they are 
headed instead of on the instrument board of the 
plane they are flying-that many of the Ferry 
Command's accidents occur.  
 
The more experienced men are the lead pilots, with 
the younger men following them, but the older pilots 
still think they can hold their own in combat. 
Recently VRF-1 polled its men and more than 100 
volunteered to form a fighter squadron for active duty 
in the Pacific.  
 
The plan was not carried out in this manner when it 
was found impractical to keep them together as a 
fighting unit-the idea being to test whether the 
"graybeards" would be good fighter pilots because of 
their long experience with handling planes and 
meeting all conditions of aerology and the enemy, 
but 20 of them are being sent to operational training 
for this purpose.  
 
Although they have many hours in the air, pilots are 
not allowed to lose touch with aviation progress. 
Instrument work is given constantly in the air or in 

In between flights - VRF-1's Hangar 9, 1944

VRF-1's chart room, 1944
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Link trainers. All ferry flying, however, is contact.  
 
Three naval air stations are the main operating bases 
of the Ferry Command-NAS New York, home of 
VRF-1; NAS Columbus, where VRF-2 is based, and 
NAS San Pedro, where VRF-3 is located. VRS-1 is 
based at New York, [and VRF-4 at NAS New York].  

FLIGHT DISCIPLINE IS VITAL IF THE 
FERRYING JOB IS TO BE DONE  

In the early days of ferrying, flights consisted of five 
or six planes in formation, but today there usually are 
only three-a lead pilot with two follow pilots behind 
him in a loose v. To qualify as a lead pilot, an aviator 
has to have made at least six transcontinental trips.  
 
Pilots assigned to VHF'S are classified as senior ferry 
pilots, lead pilots, single pilots and follow pilots, 
according to their experience and their ability to 
deliver planes undamaged and on schedule. Each 
classification has its set of qualifications.  
 
For ferrying purposes, the United States is divided 
into an eastern and western zone, with the 
Mississippi River the boundary. Transcontinental 
ferry flights go by several alternate routes to Texas 
and west by the southern route. Ferry service units 
are located all along the routes, with auxiliary units at 
smaller airports, to keep the planes in operating 
order. FSU's are at Knoxville, Fort Worth, Little 
Rock, Lynchburg, El Paso, Tucson, Petersburg, Va., 
Red Bluff, Calif., and Spartanburg, S.C. AFSU's are 
at Tulsa, Midland, Tex.; Shreveport, and Madera, 
Calif. Routes also extend into Canada and north-
south on both coasts.  
 
Cross-country flights entail considerably more paper 
work than is encountered by short hops around a 
naval air station, at the start, during the flight and 
when it is completed.  
 
The pilot's pre-departure hours are filled with 
checking maps, radio frequencies, collecting gear and 
chutes, cross-country packets - with damage reports, 
bills of lading and supply and service forms, 
instructing passengers and finally checking?out on 
the plane to be ferried to learn its peculiarities, fuel 
system and consumption. Confidential gear and plane 
equipment have to be under guard at all times, either 
by the pilot himself or station police.  
 
Ferry flights usually start about 0900 and are 
supposed to be completed for the day by sunset. 
Strict adherence to flight rules and CAA airway 
regulations while flying cross-country are necessary 
to insure a minimum of accidents. One squadron 
found that men right out of flight training made the 
poorest ferry pilots, many fatal accidents resulting.  

FLAT-HATTING IS WORST SIN FOR PILOTS; 
ONE RISKS KILLING SELF  
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Constant attention to the little details of flying are 
necessary to keep down the accident total in ferry 
flights, just as it is with smaller operations. Before 
taking off, the tower must be checked for clearance. 
In the air, the flight plan filed with airways 
authorities must be adhered to and proper use of 
radio followed.  
 
Instrument flight is barred and flat-hatting is an 
unpardonable sin. One ferry pilot broke formation, 
buzzed his home in Texas and crashed his plane, 
killing himself. Steep climbs on take-off and racing 
between ferry stops are on the list of forbidden 
actions.  
 
Some ferry pilots have had to be warned about flying 
too close to transport aircraft, others because they 
taxied too fast or failed to S-turn to improve 
visibility. A third of all accidents on ferry occur 
during landings, many because of failure to go over 
the check-off list beforehand. Another 25 percent are 
as a result of forced landings, in which pilot error 
often is a contributing cause.  
 
When delayed by accidents or crashes, pilots are 
required to stand by their planes until some naval 
authority takes over. They are responsible for daily 
reports to headquarters on flight progress and for 
filling out the necessary reports due before take-off 
and upon arrival at destination.  
 
In case of crashes near Army air facilities where 
naval air operations are not near at hand, cooperation 
of that service may be utilized, although pilots are 
instructed not to abuse the privilege. Ferry squadrons 
and service squadrons have to be notified in case of 
accidents so that repair parts, modified orders and 
substitute pilots may be dispatched, if necessary. 
Fliers forced down have to close their flight plans 
and notify nearest ferry control liaison officers, then 
file damage reports.  
 
Routine to be performed on arrival at final 
destination includes filing of flight records and 
forms, having orders endorsed, logs on the plane, 
engine and propeller filled out, maps returned, unless 
future flights are to be made over the same route, and 
the final arrival report made out. The lead pilot must 
see that others in his flight observe regulations.  

www.floydbennett.org 
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By Hill Goodspeed

T
he citizen soldier holds a distinguished
place in the annals of military
history—called to arms when needed by

the nation, then returning to civilian life when
the job was done. The same can be said for those
donning Navy blue. One need only look at the
fact that the bulk of Naval Aviators during WW I
served as part of the Naval Reserve Flying Corps
and that 83 percent of those on active duty in the
fleet at the end of WW II were reservists. Yet, it
was during the Korean War that the reserves,
particularly those wearing wings of gold, had
their finest hour and made lasting history.

In April 1950, Rear Admiral Austin K. Doyle,
Chief of Naval Air Reserve Training, penned a
letter to Chief of Naval Operations Admiral
Forrest P. Sherman, writing, “There is no
question but that the Fleet is immeasurably
strengthened right now by having our trained
reservists behind it, but I feel that there are too
many senior officers who have not witnessed
their operations.” That would soon change when
North Korean tanks rumbled across the 38th
parallel into the Republic of Korea on 25 June
1950 during an attack that took the world by
surprise.

Naval Aviation, having been locked in a bitter
interservice debate over its viability in the

18 Naval Aviation News September–October 2001

MINUTEMEN OF NAVAL AVIATION:
THE NAVAL AIR RESERVE
IN KOREA

A formation of F4U-4 Corsairs of VF-884 flies over
Boxer (CV 21) as she steams in the waters off Korea.
These aircraft formed part of the first all-reserve
carrier air group to operate over the embattled
peninsula.

continued on p. 21







nuclear age and subject to reduced
defense expenditures under the
Truman administration, was only a
shell of the force that roamed the
Pacific with impunity during WW II.
Only 15 carriers of all classes
remained in commission, and on the
day of the North Korean assault,
Valley Forge (CV 45) was the sole
carrier operating in the western
Pacific. From a personnel standpoint,
the training command had turned out
only 688 pilots the previous year,
and though during 1950 this number
would nearly triple, the Navy looked
almost immediately to the Naval Air
Reserve to fill its depleted ranks.

In June 1950, the Naval Air
Reserve numbered some
1,700 aircraft, including
WW II types, a few first-
generation jets and an
assortment of utility
aircraft. Scattered at air
stations from Miami,
Fla., to Spokane, Wash.,
they were manned and
maintained by thousands of
reservists, most of whom
were veterans of WW II—a
talent pool that proved a
godsend to the Navy. For
example, at NAS Atlanta, Ga., all
but one of Fighter Squadron (VF)
671’s pilots were combat veterans,
including Robert Blyth who had
been an ace flying F6F Hellcats
from Princeton (CVL 23).
Commander Cook Cleland, skipper
of VF-653 based at NAS Akron,
Ohio, had flown an SBD Dauntless
in the famed return-after-dark
mission during the Battle of the
Philippine Sea in June 1944. 

Some men went to war
enthusiastically. Even before the first
activation calls went out, the Navy
and Marine Corps had more than
3,400 requests from reservists for
return to active duty. However, when
the sudden attack by the North
Koreans prompted a quick call to
arms, men fully ensconced in
civilian lives were taken by surprise

when required to return to active
military service. Naval Aviation
News reported a tale of one man
receiving the call in the middle of
his wife’s birthday party, and
another being flagged down on the
highway during his vacation! Two
reservists held jobs about which
every American boy dreamed,
playing baseball on summer
afternoons in Fenway Park, Mass.,
and Yankee Stadium, N.Y. Red Sox
slugger Ted Williams and Yankees

second baseman Jerry Coleman,
both Marine pilots during WW II,
ended up flying missions over
Korea, Williams in an F9F Panther
and Coleman in the cockpit of an
AU-1 Corsair. Between them, the
American Leaguers logged 99
combat missions. But not all were
happy with their new lot in life. For
example, the men of VF-884 based
at NAS Olathe, Kans., adopted an
insignia featuring an irritated-
looking jayhawk wielding a bat. The
squadron nickname “Bitter Birds”
was a humorous reference to their
feelings about being recalled.

Throughout the summer and fall
of 1950, as United Nations forces
pushed northward toward the Yalu

River following the successful
landings at Inchon, reserve
squadrons honed their skills for war.
The units logged traps on board the
carriers Wright (CVL 49) and Cabot
(CVL 28), participated in gunnery
and rocket training in the desert
around NAAS El Centro, Calif., and
sent ground support personnel
through technical training schools.
The transformation of the Naval Air
Reserve from peacetime to wartime
was readily apparent at NAS San
Diego, Calif. A sign across the top
of the hangar assigned to VF-871
following their recall read:

“WELCOME WEEKEND
WARRIORS,” though someone

had crossed through the word
“WEEKEND.” 

Patrol squadrons (VP)
were among the first from
the Naval Air Reserve to
deploy overseas. Recalled
to active duty on 20 July
1950, VP-892 reported to
NAS San Diego the
following month, and on

18 December logged its first
mission, the first by a

reserve squadron during the
Korean War. Eventually, seven

recalled patrol squadrons served
during the conflict, flying PBM-5
Mariners, PB4Y/P4Y-2 Privateers
and P2V-2/3 Neptunes. The crews
flew a variety of missions, including
long-range antisubmarine warfare
and reconnaissance flights in the Sea
of Japan and along the coasts of
China and North Korea. This could
get dangerous, as evidenced by the
experiences of a VP-731 crew
operating over the Yellow Sea off the
west coast of Korea. On 31 July
1952, two Chinese MiG-15 jets
attacked a squadron PBM-5S2,
killing two crewmen and wounding
two others. The plane’s pilot,
Lieutenant E. E. Bartlett, Jr.,
descended to low altitude, weaving
in an effort to avoid further attack,
and limped to Paengyong, South
Korea, where he made an emergency
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Opposite, the tips of five-inch high-velocity aircraft rockets frame an F9F Panther pilot of 
VF-837 as flight deck crewmen prepare his aircraft for launch from Antietam (CV 36). Note
his adorned flight helmet.



landing. Two squadrons, VPs 772 and 871, harkened
back to the days of the famous “Black Cat” patrol
squadrons by operating at night over Korea, dropping
flares to support night interdiction and close air support
missions by Marine Corps aircraft. 

While patrol aircraft were the first elements of the Naval
Air Reserve to see service in Korea, the weekend warriors
flying fighter and attack aircraft made a sizable contribution
as well. Of the 24 deployments by fleet carriers during the
Korean War, nearly one-third of them had at least one
reserve squadron operating from the flight deck. 

The first carrier-based squadrons deployed to Korean
waters in spring 1951, and by November of that year
Naval Aviation News reported that “in a typical month,
every third American plane that flew over Korea on a
combat mission was piloted by an activated Navy or
Marine air reservist.” In March 1951, Boxer (CV 21)
deployed with an all-reserve air group (except for
composite and helicopter detachments). Of the 153

officers in Carrier Air Group 101, 133 were reservists,
while 73 percent of the enlisted personnel were reserves.
During the deployment, which lasted until 24 October
1951, air group pilots logged 23,627.4 flight hours, 8,567
traps and 8,833 combat sorties. Thirty aircraft were lost,
including 18 to enemy fire. On the flight suits of most of
the pilots, “USNR” followed their names.

The pattern of missions for the recalled reservists, like
all Naval Aviators during the Korean War, involved
interdiction missions against supply routes, marshaling
yards, manufacturing centers and power complexes in
addition to supporting troops on the ground with close air
support. However, one reserve squadron engaged in an
unexpected departure from this routine on 18 November
1952, when four F9F-5 Panthers of VF-781 off Oriskany
(CVA 34) tangled with seven Soviet MiG-15s while the
ship operated about 100 miles from the Vladivostok
naval base. In a furious 15-minute dogfight, Pacemaker
pilots shot down two enemy jets.

continued on p. 24
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Opposite, Ltjgs. Joe P. Massey, left, and Paul M.
Boyer, pilots in VF-791 on board Boxer (CV 21),
don their flight gear prior to launching on a
mission over Korea. Above, aircraft of Carrier
Air Group 15 start their engines on the flight
deck of Antietam (CV 36) as the ship prepares
to launch aircraft. All of the fighter and attack
squadrons on board the carrier during her
September 1951–May 1952 cruise were recalled
from the Naval Air Reserve. Left, the air group
commander and his squadron skippers plot the
next day’s strikes on board Valley Forge (CV 45)
during the ship’s combat cruise to Korea. The
officer seated at right is VF-653 Commanding
Officer LCdr. Cook Cleland, a Navy Cross
recipient during WW II and recipient of the
Thompson Trophy as an air racing pilot in 1947
and 1949.



With the signing of an armistice on 27 July 1953,
the Korean War ended. It was to a great extent a
reservist’s war in both men and material, as civilians
returned to uniform to fly from carriers that were
themselves pulled from mothballs. Without both of
them, Naval Aviation would not have been as
effective a fighting force as it was in the skies over
the Korean peninsula. 

In 1953, when novelist James Michener’s classic
novel The Bridges at Toko-ri appeared on
bookshelves, Americans were introduced to the
central character, Harry Brubaker. Bitter about
fighting in a war thousands of miles from his
family, Brubaker dies at the hands of enemy
soldiers after being shot down over Korea. Upon
hearing the news of the pilot’s death, the character
of Admiral George Tarrant utters the immortal line,
“Where did we get such men?” It is fitting that
Brubaker, a 29-year-old lawyer from Denver, Colo.,
was a reservist like so many of the real-life heroes
who answered the call in Korea. 

Mr. Goodspeed is a historian in the National Museum of Naval
Aviation, Pensacola, Fla.

24 Naval Aviation News September–October 2001

Above, the VF-781 Pacemakers pose next to one of their
squadron F6F Hellcats at NAS Los Alamitos, Calif. The
squadron had 100 percent of its personnel volunteer for
service in Korea. Right, the island of Antietam (CVA 36)
serves as a backdrop for the launch of an F4U-4 Corsair
of VF-713. Antietam logged one combat cruise to Korea
and later became the Navy's first angled-deck carrier.
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RECORD OF DECISION
NAVAL AIR STATION JOINT RESERVE BASE

OPERABLE UNIT 1
SITE I – PRIVET ROAD COMPOUND SOIL

PART I – DECLARATION

I.. SITE NAME AND LOCATION

Naval Air Station Joint Reserve Base (NAS JRB)
Site 1 – Privet Road Compound
Horsham Township, Montgomery County
Pennsylvania
ID Number: PA4170000158

II. STATEMENT OF BASIS AND PURPOSE

This Record of Decision (ROD) presents the remedial action alternative selected for Operable Unit
1 (OU1), soils contaminated with polychlorinated biphenyl (PCB) compounds at Site 1, the Privet
Road Compound, at the Naval Air Station Joint Reserve Base (NAS JRB), located in Horsham
Township, Montgomery County, Pennsylvania.

This remedial action decision is made in accordance with the Comprehensive Environmental
Response, Compensation and Liability Act (CERCLA) of 19SO, as amended by the Superfund
Amendments and Reauthorization Act (SARA) of 3986, and the National Oil and Hazardous
Substances Pollution Contingency Plan (NCP). This decision document explains the factual and
legal basis for selecting the remedial action and is based on the Administrative Record for OU 1.
Reports and other information used in the remedy selection process are part of the Administrative
Record file for OU 1, which is available at the Horsham Township Library, 435 Babylon Road,
Horsham, Pennsylvania. The Information Repository had been housed at the Horsham Township
Municipal Building on Horsham Road prior to moving to the Horsham Township Public Library on
Babylon Road in 2004

The Commonwealth of Pennsylvania Department of Environmental Protection (PADEP) has
commented on the selected remedy and concurs. PADEP comments have been incorporated into this
ROD. A review of the public response to the OU 1 Proposed Plan is included in the Responsiveness
Summary (Part Ill) of this decision document.

III. DESCRIPTION OF THE SELECTED REMEDY

No further action is to be taken to address soil at the Privet Road Compound.
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IV. STATUTORY DETERMINATIONS

The selected remedy for Site 1 is protective of human health and the environment and is cost
effective. The Navy and USEPA believe that the selected remedy complies with all federal and state
applicable or relevant and appropriate requirements (ARARs). No further action is needed or
proposed for Site 1 soil.

Authorizing Signatures
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RECORD OF DECISION
Naval Air Station Joint Reserve Base (NAS JRB)

Site 1 – The Privet Road Compound
Willow Grove, Pennsylvania

PART II – DECISION SUMMARY

I. SITE NAME, LOCATION, AND DESCRIPTION

NAS JRB Willow Grove is located in Horsham Township, Montgomery County, in southeastern
Pennsylvania, approximately 20 miles north of the city of Philadelphia (Figure 1).NAS JRB Willow
Grove occupies approximately 1,000 acres of the 1,200 acres maintained by the Department of
Defense (DoD) at the Air Station. The Willow Grove Air Reserve Station (ARS) occupies
approximately 200 acres of land in the northeastern section of the Air Station and shares common
facilities with NAS JRB Willow Grove. The Air Station is comprised of flat to slightly rolling terrain
and is generally bounded by State Route 613 to the east, State Route 463 to the southwest, and Keith
Valley Road to the north, Figure 2 shows the location of Site 1 at NAS JRB Willow Grove.

The Privet Road Compound (Figure 3) is a fenced area that is approximately one half of an acre in
size located north of the Base 8owling Alley, adjacent to Privet Road, and the ARS and
Pennsylvania Air National Guard facilities.

II. SITE HISTORY AND ENFORCEMENT ACTIVITY

The compound was constructed to serve as a transfer station for wastes after closure of the Ninth
Street Landfill in 1967. The compound operated between 1967 and 1975 and was used as an open
disposal area where wastes were burned and buried, The compound was also used to store severa1
PCB-containing electrical transformers. Use of the site as a transfer station and for transformer
storage resulted in the contamination of soil.

Work undertaken pursuant to CERCLA at NAS JRB Willow Grove includes the Preliminary
Assessment (PA), also known as the Initial Assessment Study (IAS), (Naval Energy and
Environmental Support Activity (NEESA), 1986); Site Inspection (SI) (EA, 1990); the first- and
second-phase Remedial Investigation (RI) (Halliburton NUS, 1993; Brown & Root Environmental,
1998); and a soil removal action (FWENC, 1999). The PA identified 16 sites requiring further
investigation: seven at the Air Reserve Facility in 1984 and nine at the Naval Air Station in 1986
(NEESA, 1986). One additional site was added to the program in 1988 (EA Engineers and Science,
1990). SI work was performed on 12 of the 17 sites and Remedial Investigation/Feasibility Study
(RI/FS) activities have subsequently been completed or are underway at eight sites. Phase I RI
activities have been completed for four sites (Halliburton NUS, 1993). The Phase I RI report
characterized the physical and chemical nature of these four sites and identified data gaps requiring
further study. Recommendations for further investigation included in the Phase I RI report were
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incorporated into subsequent discussions among the Navy and regulatory agencies for additional
work and led to the Phase II activities that were reported in the Phase II Rf report (Brown & Root
Environmental, 1998).

The final Site 3 RI report (TtNUS, 2002) explains that leakage from PCB-containing transformers
stored at the Privet Road Site produced an area of surface and subsurface soils contaminated with
PCBs. PCBs, mainly Aroclor 1260, were detected in surface and subsurface soil samples at
concentrations up to 230,000 µp/kg (230 parts per million (ppm)), in excess of health-based levels.
Limited migration of PCBs had occurred, es evidenced by one detection in surface water sediment
receiving drainage from the site over the period of approximately 18 years since the stored
transformers were reported removed from the site. Also, concentrations of chlorinated compounds
were found in groundwater beneath Site 3 in excess of UCLs. Groundwater beneath the site (OU 3)
is being managed separately from soil issues.

Based on the Site 1 Soil Action Memorandum (EFANE, 1999), the Navy performed a removal
action in June 1999, which excavated approximately 1,200 tons of PCB-contaminated soils from the
area near the bowling alley located on the Privet Road Compound Area. Soil excavation was carried
out in three stages until post-excavation confirmation sampling and laboratory analysis demonstrated
successful cleanup to the residential level (one part per million (1 ppm) PCB). The contaminated soil
was transported off-site for proper disposal. Clearance sampling confirmed that the area had been
cleaned to 1 ppm (FWENC, 1999).

III. HIGHLIGHTS OF COMMUNITY PARTICIPATION

Based on the soil removal action performed, and the corresponding Site 1 soil closeout report
prepared in 199S (FWENC, 1999), the Navy prepared the Site 1 Soil Proposed Remedial Action
Plan (PRAP) for No Further Action (NFA) in September 2004 (TtNUS, 2004). On September 29,
2004, a newspaper notification inviting public comment on the Proposed Plan appeared in The
Intelligencer newspaper. The newspaper public notice identified the time and location of the public
meeting to learn about the Navy’s Proposed Plan and the preferred alterative. A public meeting was
held at NAS JRB Willow Grove on October 6, 2004 to present the Site 1 soil NFA PRAP. Copies
of the Site 3 Soil PRAP were distributed to interested RAB members, and it was also made available
for public review at the public meeting and in the Administrative Record (AR) file for NAS JRB
located at the Horsham Township Public Library. In accordance with CERCLA Sections 113(k) and
117(a), a public comment period for the PRAP was held from September 27, 2004, through October
27, 2004. More details about the community involvement in this ROD are described in the
Responsiveness Summary, which is Part III of this ROD.

IV. SCOPE AND ROLE OF SITE 1 SOIL (OU 1)

As with many Superfund sites, the issues at Site 1 are unique. ln this case, the problem of PCB
contamination in the shallow soil (OU 1) was not related to the chlorinated contaminants in
groundwater (OU 3). As a result, the Navy and EPA with agreement from PADEP organized the
response into two operable units:
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• Operable Unit 1: Contamination of on-site soil
• Operable Unit 3: Contamination of the groundwater

Site 1 soil (OU 1) is the subject of this ROD. The PCB soil removal action performed in 1999,
followed by the Site 1 soil NFA PRAP, that was accepted by the public and regulatory agencies ln
October 2004, are the basis for this Site 3 Soil NFA ROD. Based on the results of actions taken to
date, Site 1 soil does not require further remedial action. OU 3, contamination of groundwater
beneath Site 1, will be resolved in accordance with CERCLA and applicable federal and state
guidelines.

Other sites at NAS JRB Willow Grove identified as part of the Nationaf Priorities List (NPL) site
include:

• Site 2 – Antenna Field Landfill (OU 5 – Site 2 soil; OU 9 – Site 2 groundwater)
• Site 3 – Ninth Street Landfill (OU 6 – Site 3 soil; OU 10 – Site 3 groundwater)
• Site 5 – Fire Training Area (OU 2 – Site 5 groundwater; OU 4 – Site 5 soil)

Sites 2, 3, and 5 are in the RI/FS phase of the CERCLA process. At Site 5, a soii removal action (OU
4) is underway.

Two other sites at the Air Station have been assigned operable unit designations by EPA (OU 8 –
Navy Fuel Farm and OU 7 – Air Force Site 1 Ponding Basin). For OU 8, PADEP is the lead
regulatory agency because the contamination source is petroleum, which is excluded from CERCLA.
For OU 7, the Air Force is the lead agency.

V. SUMMARY OF SITE CHARACTERISTICS

A. Hydrology

Atthough a significant portion of the ground surface in the area is covered by impermeable paving
material, much of the precipitation during normal weather conditions is believed to infiltrate the soil,
due to the relatively gentle slope, intermittent vegetated areas, and the rutted and uneven nature of
the ground surface in the compound area. Storm drainage swales parallel the northeastern end
southeastern sides of the compound and intersect at the northern corner of the site. Runoff is
prevented from entering the site from the south by grading and a storm drainage channel located
along the southern side of Privet Road. Runoff from the compound that enters the drainage swales
discharges to the Air Reserve Station storm water detention basin. Water flow from the storm water
detention basin follows an unnamed tributary to Park Creek and enters the Little Neshaminy Creek
drainage basin.

B. Geology

The geologic interpretation of the Privet Road Compound is based on the subsurface data (boring
logs and geophysical logs obtained during previous site investigations (TtNUS, 2002). The local 
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geology beneath the site is generally consistent with the regional geology discussed in the Remedial
Investigation Report for Site 1 – The Privet Road Compound (TtNUS, 2002).

Soil and well borings taken during the RI consistently encountered a variably thick overburden
section underlain by weathered sandstone. The overburden consisted of sandy silt, silty sand, and
silty clay. The thickness of the overburden (or the depth to the top of the weathered bedrock) ranged
from approximately 4 feet in the vicinity east of Privet Road (near monitoring well 01MW04) to
about 9 feet in the northeastern corner of the compound (near monitoring well 01MW01).
Gravel-rich fill material was encountered within 2 feet of the surface at most locations within the
former compound but was not encountered beyond the limits of the suspected waste area.

The maximum depth of the monitoring well boreholes at Site 1 is 100 feet. The bedrock to this depth
typically consisted of alternating sequences of siltstone and fine- to medium-grained sandstone. Thin
beds of shale and claystone were inconsistently encountered within the compound and the northern
portion of the site area. In general, the bedrock lithology beneath Site 1 was more variable than that
seen at the other sites investigated during this multi-site remedial investigation. That is, thin and
vertically alternating sequences of sandstone, siltstone, and shale (or claystone) were typically
encountered, rather than thick vertical sequences generally consisting of only one dominant
lithology.

Driller's boring logs for Navy Supply Well No. 1 (396 feet deep) and Navy Supply Well No, 2 (351
feet deep) and the results of the borehole geophysical logging program (USGS, 2001) indicate that
the lithology below the depth of investigation of the monitoring well network also is consistent with
the regional geology and is generally similar to the lithology described from the shallower
monitoring well boreholes. Overall, the rock becomes somewhat coarser grained with increasing
subsurface depth, and the thickness of the individual lithologic units generally increases, especially
below a subsurface depth of about 200 feet.

C. Hydrogeology

The sandstones, shales, and conglomerates of the Triassic Basin are relatively good water-bearing
formations. They generally yield abundant supplies to wells (Halt, 1934), The groundwater ranges
from soft to hard, and the average hardness is greater than that of most other formations in
southeastern Pennsylvania.

The major source of groundwater in the vicinity of NAS JRB Willow Grove is the fractured bedrock
of the Stockton Formation (Earth Data Incorporated, 1985). These rocks form a multi-aquifer system
of relatively discrete water-bearing zones separated by less permeable zones. Transmissivity and
groundwater movement within water-bearing zones are greater parallel to bedding than across
bedding. Groundwater can generally be found between 5 and 25 feet below ground surface (bgs),

The groundwater in the area of the Privet Road Compound exists under both unconfined and
confined aquifer conditions. Under non-pumping conditions, the hydraulic head within the confined
aquifer is higher and the vertical gradient between the two aquifers is oriented upward. Under 
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pumping conditions, the hydraulic head of the confined aquifer within the vicinity of the compound
is eventually lowered to a level below the hydraulic head of the unconfined aquifer, which reverses
the hydraulic gradient and may induce groundwater flow into the confined aquifer, This reversal of
vertical hydraulic gradient does not occur downgradient (northwest) of the compound.

D. Nature and Extent of Contaminatian

Remedial investigation results of Site 1 soil samples, which were taken before the soil removal,
indicated concentrations of three metals, arsenic, iron, and manganese, at levels above background
concentrations and human health screening levels. The maximum concentrations detected of each
of the metals was 16.2 mg/kg, 27,300 mg/kg, and 643 mg/kg, respectively, PCBs, mainly as Arocior
1260, were encountered in surface and subsurfece soil at eoncentrations up to 230,000 µg/kg (230
ppm), which is above human health screening levels.

In June 1999, the Navy performed a remova1 action, which excavated approximately 1,200 tons of
PCB-contaminated soils from the area near the bowling aliey located on the Privet Road Compound
Area. Soil excavation was carried out in three stages until post-excavation confirmation sampling
and laboratory analysis demonstrated successful cleanup to the residential level of 3 ppm PCB. The
contaminated soil was transported off-site for proper disposal. Clearance sampling confirmed that
the area had been cleaned to 1 ppm of PCB (FWEHC, 1999).

VI. SUMMARY OF SITE RISKS

A. Baseline Human Health Risk Assessment

A screening-level human health risk evaluation was performed as part of the Phase II Remedial
Investigation undertaken in 1998 (Brown & Root Environmental, 1998). The risk evaluation for Site
1 Soil was undertaken before the 1999 removal action. Surface soil concentrations were compared
to residential Region 3 EPA risk-based concentrations (RBC) to be protective of all receptors
exposed to surface soil. Subsurface soil concentrations were compared to industrial RBCs since,
generally, only industrial receptors are expected to be exposed to subsurface soils during excavation
or construction activities. However, in this instance, comparison of subsurface chemical
concentrations to residential RBCs generates the same list of COPCs as the comparison to industrial
RBCs. Using the RBC screening approach, a chemical was eliminated from consideration as a
chemical of potential concern (COPC) at the site if the maximum detected concentration was less
than the RBC screening value, at a cancer risk level of 1 x 10-6 or less or a non-cancer Hazard
Quotient (HQ) of 0.1 or less, or if site concentrations were not significantly greater than background
(inorganics only). The screening-level human health risk evaluation indicated potential risks in
surface and subsurface soils above acceptable levels. A summary of the selected COPCs is presented
in Table 1.

The potential receptors included current occupational workers, current adolescent and adult
trespassers, future excavation workers, future recreational children, and future residents. The risk
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evaluation assumed that potential human receptors would be exposed to COPCs at Site 1 via
incidental ingestion, dermal contact, and inhalation of fugitive dusts from soil.

The quantitative risk assessment evaluated each potential receptor under a reasonable maximum
exposure (RME) and a less conservative central tendency exposure (CTE) scenario. RME
incorporates input parameters into the exposure scenarios that are protective of 90 to 95 percent of
the population, and CTE incorporates input parameters that are representative of an average or
median exposure scenario.

Excess lifetime cancer risks were determined for each receptor by multiplying a daily dose with the
chemical-specific cancer slope factor. Cancer slope factors have been developed by EPA from
epidemiological or animal studies to reflect a conservative "upper bound" of the risk posed by
potentially carcinogenic compounds. Pursuant to 40 CFR Section 300.430 (e)(2)(i)(A), EPA's
maximum acceptable carcinogen risk range for site-related exposure is lx 10-6 to 1 x 10-4.

Non-carcinogenic risks are presented in the form of an HQ and Hazard Index (HI), which are
determined by dividing the daily dose by the published reference doses (RfDs), RfDs have been
developed by EPA and represent a level to which an individual may be exposed that is not expected
to result in any deleterious effect. An HQ less than or equal to 1.0 indicates that a receptor's dose
of a single contaminant is less than the RfD and that adverse non-carcinogenic effects from that
chemical are unlikely. The HQs for each COPC that the receptor is assumed to be exposed to via a
specific pathway are summed to yield the HI for that pathway. A total HI is then calculated for each
receptor by summing the pathway-specific HIs.

The results of the risk assessment, which was undertaken before the 1999 removal action, showed
that the estimated RME carcinogenic risks for the current occupational worker (1.20 x 10-4) and
future resident (4.34 x 10-4) exceeded the EPA's acceptable risk range of 1 x 10-6 to 1 x 10-4. The
principle COPCs contributing to this cancer risk were arsenic, total PCBs, and benzo(a)pyrene in
surface soil.

Potential non-carcinogenic risks before the soil removal action under the current and future
scenarios were below an HI of 1.0, except for under the future residential child scenario, which
exceeded the acceptable level with an RME Hl of 2.28 and a CTE HI of 1.35. The principle COPC
contributing to the non-carcinogenic risk was iron in surface soil.

In June of 1999 the Navy performed a soil removal action for PCB-contaminated soil followed by
subsequent confirmatory sampling to ensure all soils containing PCBs in excess of one ppm had
been removed. The carcinogenic human health risk assessment was recalculated using the
confirmatory sampling results to demonstrate that human health risk was reduced (TtNUS, 2002).

Table 2 lists the estimated RME and CTE carcinogenic risks for current occupational workers,
current trespassers, future recreational children, future excavation workers, and future adult residents
after PCB-contaminated soils were removed. After accounting for the PCB-contaminated soil 
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removal, the revised calculated RME carcinogenic risks for the current occupational worker (2.79
x 10-5), current trespasser (SAS x 10-6), future recreafional child (1.03 x l0-6), and future excavation
worker (5,18 x 10-7) were all less than or within the carcinogenic risk range designated as acceptabie
under the NCP at 40 CFR 300.430(e)(2)(i)(A)(2). The revised catculated RME carcinogenic risk for
the future resident was 1.15 x 10-4, which slightly exceeds the upper bound of the risk range from
the NCP; however, the CTE carcinogenic risk for a future resident was 2.49 x 10-5, which is within
the acceptable risk range from the NCP. In addition, when the risk assessment analysis was updated
to determine the risk posed by the soil after removal of the PCBs, the reduction in other
contaminants driving the risk calculation, such as arsenic and benzo-a-pyrene, which had also been
removed with the PCB-contaminated soil, was not included in the calculations. Moreover, the site
of the removal was backfilled with clean fill. Thus, the realistic risk posed by the soil to the future
resident is less than the RME risk calculated.

The non-carcinogenic human health risk assessment was recalculated post-excavation using the
confirmatory sampling results (FWENC, 1999), However, for the non-carcinogenic risk estimate,
there was little difference in the total risk under each exposure scenario compared to before the soil
removal because iron was the principle COPC. Table 3 lists the estimated RME and CTE
non-carcinogenic risks for current occupational workers, current trespassers, future recreational
children, future excavation workers, and future adult residents before PCB-contaminated soils were
removed.

Potential future exposure to combined surface and subsurface soil by a child resident may result in
a potential noncarcinogenic hazard above USEPA’s target hazard index of 1, primarily due to
ingestion of iron. The CTE noncarcinogenic hazard is s1ightly above USEPA's target HI. Although
the potential RME hazards are associated with naturally occurring constituents, the concentrations
of iron detected in the Site 1 soil are greater than the concentrations of iron in the background
dataset (TtNUS, 2002). However, iron is an essential human nutrient, which complicates the
derivation of a reference dose (USEPA, 1999). The reference dose is the toxicity factor used, along
with the intake (amount of soil ingested and taken into the body through dermal contact), to calculate
the noncarcinogenic hazard index, The estimated RME intake of iron via incidental ingestion of Site
1 soil (6.3 mg/day or 1.11 mg/kg-day) is within the recommended dietary allowance (RDA) range
of iron for children ages 6 months to 10 years (10 mg/day or 0.36 to 1.51 mg/kg-day) (USEPA,
1999). As a comparison, children’s vitamins typically contain 18 mg of iron. Also the tolerable
upper-limit intake level (the maximum level of daily intake that is likely to pose no risk of adverse
effects) for iron is 40 mg/day (National Academy of Sciences, 2006), Therefore, the concentration
of iron in Site 1 soil is not unacceptable for ingestion by future child residents under conservative
exposure scenario assumptions.

B. Ecological Risk Assessment

A screening-level eco1ogical risk assessment (ERA) was performed to characterize the potential
risks from site-related contaminants to ecological receptors that inhabit the installation (TtNUS,
2002). All analytes detected in surface soil samples collected during the 1991 Phase I and 1997
Phase II sampling activities were assessed in this investigation. However, calcium, magnesium, 
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potassium, and sodium were excluded in the screening process since they are essential nutrients that
are toxic only at extremely high concentrations.

Initial screening levels for soil organisms consisted of primarily EPA Region 3 Biological Technical
Assistance Group (BTAG) screening levels, Oak Ridge National Laboratory surface soi1 screening
levels, and Dutch "B" levels that represent ecological toxicity endpoints.

Aluminum, arsenic, cadmium, chromium, iron, lead, manganese, mercury, thallium, vanadium, and
zinc were retained as inorganic COPCs in soil since their maximum concentrations exceeded
screening levels. Aroclor 1260, total PCBs, total PAHs, and pyrene were retained as organic COPCs
in soils since their maximum concentrations exceeded screening levels. In addition,
1,2,4-trichlorobenzene, 2-methylnaphthalene, and the VOCs acetone and chloroform were retained
as organic COPCs since no screening levels were available. Table 4 shows the results of the
selection of COPCs in surface soil.

In accordance with EPA and Navy policy, and in accordance with discussions with EPA Region 3
BTAG personnel, a portion of Step 3 of the eight-step ERA process (EPA, 3997) was included in
the assessment. Step 3a involves the consideration of factors such as background data (mainly for
inorganics), toxicological evaluation of COPCs, frequency of detection, and comparisons of COPCs
to alternate guidelines.

Almost ail of the COPCs were eliminated as chemicals of concern (COCs) in the risk management
phase of the assessment for one or more reasons, including low frequency of detection, maximum
concentrations comparable to or below background (primarily inorganics), or alternative guidelines
and spatial analysis of detection. PCBs were determined to be present at high enough concentrations
in soils, and with sufficiently high frequencies of detection, to pose potential risks to terrestrial
receptors. Therefore, PCBs were selected as the only COC in soil.

An exposure assumption inherent in the Hazard Quotients shown in Table 4 is that the Privet Road
Compound provides habitat that supports ecological receptors, and exposure to site-related
contaminants is possible at the site, However, the site lies within a heavily developed section of
NAS JRB Willow Grove. Most of the two-acre area where wastes were formerly handled is covered
by gravel, a bowling alley, or a parking lot. The remainder of the site consists of largely mowed turf
grass, with a small area of occasionally mowed weeds. Although a few ecological receptors utilize
the lawn and weedy portions of the site, the developed condition of the site and poor habitat largely
preclude the significant use of the site by ecological receptors.

A complete exposure pathway has three components: a source of contaminants that can be released
to the environment, a route of contaminant transport through an environmental medium, and an
exposure or contact point for an ecological receptor. The absence of terrestrial habitat (other than
small areas of turf grass and weedy areas) and the developed condition of the site and surrounding
vicinity largely preclude the use of the site by terrestrial receptors. Aquatic habitat is absent. Thus,
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these conditions prevent any substantial exposure to soil contaminants. For these reasons, a complete
exposure pathway does not exist at the site. Therefore, the potential for ecological impacts from
site-related contaminants is negligible. The current conditions at the site are expected to exist
throughout the foreseeable future.

Despite the low level of ecological risk posed by site soils, in June of 1999, the Navy performed a
soil removal action for PCB-contaminated soil. Subsequent confirmatory sampling was performed
to ensure all soils containing PCBs in excess of 1 ppm had been removed. Because there are few
receptors, there is only one COC (PCBs) and PCB-contaminated soils have been removed, potential
for ecological impacts from site-related contaminants is negligible. Therefore, no further action to
remediate site soils is necessary to ensure protection of the environment.

VII. DOCUMENTATION OF SIGNIFICANT CHANGES

No significant changes from the Proposed Plan appear in this ROD.
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RECORD OF DECISION
Naval Air Station Joint Reserve Base (NAS JRB)

Site 1 - The Privet Road Compound
Willow Grove, Pennsylvania

PART III - RESPONSIVENESS SUMMARY

The purpose of this Responsiveness Summary is to review public response to the Proposed Plan for
Site 1 soil. It also documents the consideration of comments during the decision-making process and
provides answers to any comments raised during the public comment period.

The Responsiveness Summary for Site 1 soil is divided into the following sections:

• Overview - This section briefly describes the remedial alternative recommended in the
Proposed Plan and any impacts on the Proposed Plan due to public comment.

• Background on Community Involvement - This section describes community relations
activities conducted with respect to the area of concern.

• Summary of Major Questions and Comments - This section summarizes verbal and
written comments received during the public meeting and the public comment period.

I. OVERVIEW

This Responsiveness Summary addresses public response to the No Further Action Proposed Plan.
The Proposed Plan and other supporting information are maintained for public review in the
Administrative Record file for Site 1, which is maintained at the Horsham Township Public Library,
435 Babylon Road, Horsham, Pennsylvania.

II. BACKGROUND ON COMMUNITY INVOLVEMENT

This section provides a brief history of community participation in the investigation and interim
remedial planning activities conducted for Site 1. Throughout the investigation period, USEPA and
PADEP reviewed work plans and reports and provided comments and recommendations, which
were incorporated into appropriate documents. A Technical Review Committee (TRC), consisting
of representatives from the Navy, USEPA, the PADEP, and other agencies and local groups
surrounding NAS JRB Willow Grove, was formed. The TRC later was transformed into the
Restoration Advisory Board (RAB) to include community members, as well as the original officials
from the TRC. The RAB has been holding periodic meetings to maintain open lines of
communication with the community and to inform all parties of current activities.
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On September 29, 2004, a newspaper notification inviting public comment on the Proposed Plan
appeared in The Intelligencer newspaper. The newspaper public notice identified the time and
location of the public meeting to learn about the Navy’s Proposed Plan and the preferred a1ternative.
At the public meeting, the Navy specified a public comment period as well as the address to which
written comments could be sent. Public comments were accepted from September 27, 2004 to
October 27, 2004. At the public meeting, the Navy explained that a copy of the Proposed Plan, along
with the entire Administrative Record (AR) file, was available for public review at the Navy’s
Information Repository. The Information Repository had been housed at the Horsham Township
Municipal Building on Horsham Road prior to moving to the Horsham Township Public Library on
Babylon Road in 2004.

The public meeting was held on October 6, 2004 at 6:00 PM at Building 1, NAS JRB Willow Grove,
Pennsylvania. At this meeting, representatives from the Navy, USEPA and PADEP were available
to answer questions concerning Site 1 Soil and the preferred alternative. The attendance list for the
October 6, 2004 public meeting is included in Appendix A.

III. SUMMARY OF MAJOR QUESTIONS AND COMMENTS

A. Written Comments

During the public comment period from September 27, 2004 to October 27, 2004, no written
comments were received from the public pertaining to Site 1, No new comments were received from
PADEP or USEPA.

B. Public Meeting Comments

Questions or comments concerning Site 1 Soil received from the public at the October 6, 2004
public meeting are presented with the government response in Appendix B.

IV. LIST OF REFERENCES

Brown & Root Environmental, 1998. Phase II Remedial Investigation Report for Sites for NAS JRB
Willow Grove (Volume I and Volume II).

EA Engineering and Science (EA) 1990, Final Site Inspection Studies at NAS Willow Grove
(Volume I and Volume II).

EA Engineering and Science, 1992. Extended Site Inspection Studies at NAS Willow Grove.

Earth Data Incorporated, 1986, Draft Hydrogeologist's Report, Potable Water Treatability Study,
Willow Grove Naval Air Station.
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APPENDIX A

LIST OF ATTENDEES
PUBLIC MEETING HELD ON OCTOBER 6, 2004



NAVAL AIR STATION JOINT RESERVE BASE WILLOW GROVE
PUBLIC MEETING TO PRESENT THE PROPOSED REMEDIATION

PLAN FOR SITE SOIL
OCTOBER 6, 2004

NAME ADDRESS PHONE NUMBER AFFILIATION

Ed Boyle EFANE, Lester, PA 610-595-0567 x175 Navy

Jeff Dale EFANE, Lester, PA 610-595-0567 x120 Navy

Jim Edmond NAS JRB Willow Grove 215-443-6939 Navy

Kevin Kilmartin TtNUS, King of Prussia, PA 630-491-9688 Tetra Tech

Marge D. Johnston CNRWA, Navy 236-399-6897 Navy

Russ Turner TtNUS, King of Prussia, PA 
turner@ttnus.com

610-491-9688 Tetra Tech

Hal Dusen Air Reserve Air Force

Charanitit Gill Air Reserve 215-443-1105 Air Force

Scott Shaw sshaw@aeotransinc.com 703-444-7000 Tt EMI

Mary E. “Liz”
Gemmill

26 Harding Avenue, Hatboro, PA
19040

XXXX Community

Mark Stephens USEPA 1650 Arch Street 
Philadelphia, PA

XXXX EPA

Yuiry Neboga PADEP 484-250-5782 PADEP

Rich Peffall Sterling Drive, Horsham, PA
19044

XXXX Community

Charles Gaffney Gibralter Road, Horsham, PA 215-957-XXXX Versar, Inc.

Christopher Snyder Gibralter Road, Horsham, PA 215-957-XXXX Versar, Inc.

Pnaty Fli 69 Bub Road, Fleetwood, PA 215-515-XXXX Community

April Flipse PADEP 484-250-5721 PADEP

Arnold Haggerty Country Line, Horsham 215-343-XXXX Community

Jack Dunleavy Fairway Road, 
Huntington Valley, PA

215-784-XXXX RAB Member

Captain Rick Cline NAS JRB Willow Grove 215-443-6051 NAS JRB WG XO

LTCDR. Jeff Killian NAS JRB Willow Grove 235-443-6221 NAS JRB WG PWO

Paul Ruppel The Intelligencer
145 Easton Road

215-957-8168 The Intelligencer
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APPENDIX B

RESPONSE TO QUESTIONS AND COMMENTS
PUBLIC MEETING HELD ON OCTOBER 6, 2004



RESPONSIVENESS SUMMARY
RECORD OF DECISION

Naval Air Station Joint Reserve Base (NAS JRB)
Site 1 - The Privet Road Compound Soil

Willow Grove, Pennsylvania
(October 6, 2004 Public Meeting)

Reply to Comments on the Site1 Proposed Plan

1. A RAB Member asked if the 30-day comment period began that night.

Response: Mr. Edmond replied that the comment period was from September 27 through
October 27, 2004. Mr. Turner mentioned that comments received in this public meeting or during
the public comment period would be incorporated into a Record of Decision (ROD) document for
signature by EPA and the Navy.

2. A RAB Member asked to clarify that the soil removal actually occurred in the past and that the
RAB presentation and PRAP document was providing public notice that the work was done and
that there was no more action needed.

Response: Mr. Boyle and Mr. Edmond agreed that was correct, the PRAP document is part of
the EPA-mandated process so that the Navy can obtain agreement from all parties that no further
action (NFA) is needed.

3. A RAB Member asked if there was testing done after the soil removal.

Response: Mr. Edmond explained that there was soil testing performed before the removal,
during the removal, and testing continued until permissible levels were reached before clean soil
was backfilled into the excavation site. Mr. Turner added that the removal action was followed by
a final closeout report prepared by the Navy that was accepted by the Navy, EPA and PADEP.
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Evaluation of Geophysical Logs, Phase II,
at Willow Grove Naval Air Station Joint Reserve Base,

Montgomery County, Pennsylvania

by Randall W. Conger

ABSTRACT

Between March and April 1998, the U.S. Navy contracted Tetra Tech NUS Inc., to drill two monitor
wells in the Stockton Formation at the Willow Grove Naval Air Station Joint Reserve Base, Horsham
Township, Montgomery County, Pa. The wells MG-1634 and MG-1635 were installed to monitor water
levels and sample contaminants in the shallow, intermediate, and deep water-producing zones of the
fractured bedrock. Chemical analyses of the samples will help determine the horizontal and vertical
distribution of any contaminated ground water migrating from known contaminant sources. Wells were
drilled near the Fire Training Area (Site 5). Depths of all boreholes range from 69 to 149 feet below land
surface.

The U.S. Geological Survey conducted borehole geophysical logging and video surveys to identify
water-producing zones in newly drilled monitor wells MG-1634 and MG-1635 and in wells MG-1675 and
MG-1676. The logging was conducted from March 5, 1998, to April 16, 1998. This work is a continuation of
the Phase I work.

Caliper logs and video surveys were used to locate fractures; inflections on fluid-temperature and
fluid-resistivity logs were used to locate possible water-producing fractures. Heatpulse-flowmeter
measurements were used to verify the locations of water-producing or water-receiving zones and to
measure rates of flow between water-bearing fractures. Single-point-resistance and natural-gamma logs
provided information on stratigraphy. After interpretation of geophysical logs, video surveys, and
driller’s notes, wells MG-1634 and MG-1635 were screened such that water-levels fluctuations could be
monitored and discrete water samples collected from one or more water-producing zones in each
borehole.

INTRODUCTION

The Willow Grove Naval Air Station Joint Reserve Base (NAS) is located in Montgomery County,
Pa., on the U.S. Geological Survey (USGS) Ambler 7.5-minute topographic quadrangle map (fig. 1). In
addition to its primary use as a reserve Naval Air Station, this 1,000-acre facility also supports U.S. Marine
and U.S. Army activities. The U.S. Air Force has property holdings within the NAS boundary and shares
common facilities with the NAS. Four major contaminated sites within the NAS (fig. 1) were identified as
part of a Preliminary Assessment program (Halliburton NUS Environmental Corporation, 1996). A
hydrogeological investigation is being conducted as part of the Navy's Installation Restoration Program to
address ground-water contamination at these (and other) sites at NAS. The U.S. Navy requested that
USGS provide technical assistance to their hydrological investigation. Specifically, the USGS was asked to
conduct borehole geophysical logging to identify water-producing zones that could be monitored by
properly completed wells.
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Figure 1. Location of four contaminated sites at the Willow Grove Naval Air Station Joint Reserve Base, Montgomery
County, Pa., and boreholes described in this report.
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This report evaluates borehole geophysical logs and video surveys collected by the USGS in four
boreholes at and adjacent to NAS from March 5, 1998, to April 16, 1998 (table 1 and fig. 1). One or more
water-producing zones in each well are identified on the basis of the geophysical logs and video surveys.
This work is a continuation of the Phase I work reported by Conger (1997). Caliper, natural-gamma,
single-point-resistance, fluid-resistivity, and fluid-temperature logs, heatpulse-flowmeter measurements,
and borehole video surveys were conducted in four boreholes. A cross-reference between USGS borehole-
identification numbers and Tetra Tech NUS Inc. (TTNUS), borehole-identification numbers and a list of
logs collected in each borehole are shown in table 1.

Location and Ph ysiograph y

The NAS is within the Gettysburg-Newark Lowlands Section of the Piedmont Physiographic
Province. The site and surrounding area are underlain by the Stockton Formation, which consists of
sedimentary rocks of Triassic age. The Stockton Formation is subdivided into three lithologic units known
as the lower arkose, middle arkose, and upper shale members (Rima and others, 1962). The middle arkose
member crops out at the site. At the NAS, this unit consists of fine- to medium-grained arkosic sandstone
interbedded with red siltstone and mudstone. Quartz and feldspar are the dominant minerals.

The Stockton Formation is about 6,000 ft thick at the Bucks-Montgomery County border; the middle
arkose member has a maximum thickness of 4,200 ft (Rima and others, 1962). Bedding in the Stockton
Formation at the NAS generally strikes NE-SW and dips an average of 12°NW (Rima and others, 1962).
Vertical fractures are common. Primary ground-water storage and movement within the Stockton
Formation is through secondary openings such as interconnected fractures, bedding planes, and joints
(Sloto and others, 1995). Deeper wells may penetrate several major water-producing zones with different
hydraulic properties that are under different hydraulic head. Thus, wells penetrating more than one
water-producing zone are multiaquifer wells (Sloto and others, 1995). The hydraulic head in a
multiaquifer well is a composite of the heads of the several water-producing zones it includes. In areas
where hydraulic head differs between water-producing zones, water in a well either flows up or down the
well bore in the direction of lower head (Sloto and others, 1995).

Ground water at the NAS originates from infiltration of precipitation and inflow of ground water
from upgradient areas. Ground-water levels fluctuate with seasonal variations in recharge and also are
influenced by pumping of nearby wells. Water in the upper part of the aquifer generally is under
unconfined (water-table) conditions; ground water in the deeper part of the aquifer may be confined or
partially confined. Local artesian conditions are common. Boreholes MG-1675 and MG-1676, located 3,126
and 5,228 ft, respectively, to the northwest from MG-1634 and MG-1635, were down dip, hydraulically
down gradient, lower in elevation, and showed upward borehole flow.

Table 1. Boreholes logged at Willow Grove Naval Air Station Joint Reserve Base,
Montgomery County, Pennsylvania

[B, borehole video; C, caliper log; G, natural-gamma log; R, single-point-resistance log;
F, fluid-resistivity log; T, fluid-temperature log; V, heatpulse-flowmeter measurement]

U.S. Geological
Survey borehole-

identification
number

Brown and Root
Environmental Inc.

Depth
logged
(feet)

Geophysical
logs collected

MG-1634 MW-11-S 69 B, C, G, R, F, T, V
MG-1635 MW-11-I 149 B, C, G, R, F, T, V
MG-1675 Matrix Development Artesian Borehole 73 B, C, G, R, F, T, V
MG-1676 MW-2 149 B, C, G, R, F, T, V
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Borehole Geoph ysical Logs

Geophysical logs provide information on location of fractures and water-producing and water-
receiving zones (caliper logs and video surveys) and intervals of vertical borehole flow (fluid-resistivity
and fluid-temperature logs), quantification of borehole flow (heatpulse-flowmeter measurements),
lithologic correlation (gamma and single-point-resistance logs), and well construction (caliper and single-
point-resistance logs).

Caliper logs record the average borehole diameter, which may be related to fractures, lithology, or
drilling methods. Caliper logs are used to identify fractures and possible water-producing openings and to
correct other geophysical logs for changes in borehole diameter. Correlation of caliper logs with fluid-
resistivity and fluid-temperature logs is used to identify fractures, water-producing zones, and water-
receiving zones and to measure water velocity.

The term fracture used in association with the caliper-log interpretations might identify a change in
borehole diameter that may not necessarily indicate a bedding-plane separation, lithologic contact, or
fluid-producing or fluid-receiving zones but may simply indicate an enlargement of the borehole.

The natural-gamma or gamma log measures the natural-gamma radiation (photons) emitted from
rocks penetrated by the borehole. The most common emitters of gamma radiation are uranium-238 and
thorium-232 and their daughter elements and potassium-40. These radioactive elements are concentrated
in clays by adsorption, precipitation, and ion exchange. Fine-grained sediments, such as shale or siltstone,
usually emit more gamma radiation than sandstone, limestone, or dolomite. Geophysical logging with a
gamma probe can be conducted in the fluid-filled, dry, cased, or uncased parts of a borehole. However,
casing does reduce the gamma response. The gamma log is used to correlate geologic units between wells
(Keys, 1990).

The single-point-resistance log records the electrical resistance of a formation between the probe in a
water-filled borehole below casing and an electrical ground at land surface. Generally, electrical resistance
increases with formation grain size and decreases with increasing borehole diameter, water-bearing
fractures, and increasing dissolved-solids concentration of borehole fluid. The single-point-resistance log
is used to correlate geology and lithology between wells and may help identify formation water-bearing
zones. (Keys, 1990).

Fluid resistivity is the inverse of fluid conductivity. The fluid-resistivity log measures the electrical
resistivity of the water column in the well. The fluid-resistivity probe measures the resistivity of borehole
water between electrodes in the probe. Fluid-resistivity logs reflect changes in the dissolved-solids
concentration of water in the borehole. Fluid-resistivity logs are used to identify water-producing and
water-receiving zones and to determine intervals of vertical borehole flow. Water-producing and water-
receiving zones usually are identified by distinct changes in resistivity. Intervals of vertical borehole flow
are usually identified by a low-resistivity gradient between a water-producing and a water-receiving zone.
Also, zones of salt water intrusion and some types of contaminant plumes can be identified.

Fluid-temperature logs provide a continuous record of the temperature of fluid in a borehole.
Temperature logs are used to identify water-producing and water-receiving zones and to determine zones
of vertical borehole flow. Intervals of vertical borehole flow are characterized by little or no temperature
gradient. (Williams and Conger, 1990).

The direction and rate of borehole-fluid movement was determined by the use of a heatpulse
flowmeter. The heatpulse flowmeter operates by heating a small sheet of water between two sensitive
thermistors (heat sensors). A measurement of direction and rate is computed when a peak temperature is
recorded by one of the thermistors. The range of flow measurement is about 0.01-1.5 gal/min in a 2- to
10-in. diameter borehole (Conger, 1996).
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Some heatpulse-flowmeter measurements may be influenced by (1) poor seal integrity between the
borehole and heatpulse flowmeter, and (2) contributions of water from storage within the borehole. If the
seal between the borehole and flowmeter is not complete, some water can bypass the flowmeter, resulting
in measurements of flow that are less than the actual rate. Although the heatpulse flowmeter is a calibrated
probe, the data are used primarily as a relative indicator to identify water-producing zones.

Video surveys were conducted by lowering a waterproof camera down the borehole and recording
the image on video tape. The depth indicated on the video survey may not correspond exactly to the
geophysical logs because of some minor slippage (plus or minus 1 ft) of the video cable.

EVALUATION OF BOREHOLE GEOPHYSICAL LOGS

The locations of boreholes logged are shown on figure 1. The reference measuring point for all
geophysical logs and video surveys is in feet below land surface. Depth of wells, casing lengths, and water
levels at the time of logging are given in table 2.

Table 2. Well depth, casing length, and depth to water for boreholes logged by the U.S. Geological Survey at
Willow Grove Naval Air Station Joint Reserve Base, Montgomery County, Pennsylvania

U.S. Geological
Survey borehole-

identification
number

Brown and Root
Environmental Inc.

Depth of
well below

land surface
(feet)

Length of
casing below
land surface

(feet)

Depth to
water below
land surface

(feet)

Date
water level
measured

MG-1634 MW-11-S 67 18.5 6.4 4/16/98
MG-1635 MW-11-I 149 18 5.75 4/16/98
MG-1675 Matrix Development Artesian Borehole 72 29 Above land

surface
(flowing)

3/5/98

MG-1676 MW-2 149 24 9.35 3/10/98
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MG-1634 (MW-11-S)

The caliper log shows the total depth of the borehole is 67 ft and it is cased with 6-in.-diameter
casing to 18.5 ft below land surface (bls) (fig. 2). The caliper log shows major fractures at 18.5-23, 30.5, 38,
48, and 50 ft bls plus numerous minor fractures. The static water level was 6.4 ft bls at the time of logging.
The fluid-resistivity log shows changes in slope at 20 and 30 ft bls that correlate to fractures shown on the
caliper log. The fluid-temperature log shows changes in slope at 19-23, 38, and 54 ft bls that correlate to
fractures zones shown on the caliper log. Under nonpumping conditions, the heatpulse flowmeter
measured downward flow at 29, 33, 41, and 53 ft bls and no flow at 62 ft bls (table 3). The video survey
shows the borehole water starts to become cloudy at 54 ft bls and very cloudy at 60 ft bls, which indicates
little or no borehole flow exists below these depths. The geophysical logs and the heatpulse-flowmeter
measurements indicate water enters the borehole through fractures at 18.5-23 ft bls and moves downward.
A minor quantity of the water exits the borehole through fractures at 42-51 ft bls; most water probably
exits the borehole at 56 ft bls, on the basis of the inflection noted on the fluid-temperature log. The driller’s
log shows the largest water-producing zone in the borehole was noted at 18.5-23 ft bls; additional water
was contributed from fractures at 43-47 ft bls. Yield increased from 35-40 gal/min at 30 ft bls to 70 gal/min
at 43-47 ft bls and then to 70-80 gal/min at 53 ft bls. The total yield at the bottom of the borehole was
80 gal/min. Screens were placed by TTNUS at 16-26 and 35-50 ft bls to include the water-producing
fractures at 18.5-23 and 45 ft bls.

Table 3. Summary of heatpulse-flowmeter measurements for
borehole MG-1634 (MW-11-S) at Willow Grove Naval Air Station
Joint Reserve Base, Montgomery County, Pennsylvania

[ft bls, feet below land surface; gal/min, gallons per minute]

Depth
(ft bls)

Flow rate under
nonpumping conditions

(gal/min)

Flow direction under
nonpumping conditions

29 1.4 Down
33 1.3 Down
41 1.3 Down
53 .8 Down
62 No flow Not determined
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Figure 2. Borehole-geophysical logs and direction of nonpumping flow within borehole MG-1634 (MW-11-S), Willow Grove Naval Air Station Joint Reserve Base.
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MG-1635 (MW-11-I)

The caliper log shows the total depth of the borehole is 149 ft and it is cased with 6-in.-diameter
casing to about 18 ft bls (fig. 3). The caliper log shows major fractures at 19, 24-26, 41, 49, 65-67, and
102 ft bls and numerous minor fractures throughout the open-hole interval. The static water level was
5.75 ft bls at the time of logging. The fluid-resistivity log shows a change in slope at 19 ft bls that correlates
to fractures on the caliper log. Also, the fluid-temperature log shows a change in slope at 24-28 ft bls that
correlates to fractures on the caliper log. Under nonpumping conditions, the heatpulse-flowmeter
measured downward borehole flow at 34, 58, 80, 106, 124, and 140 ft bls (table 4). The geophysical logs and
the heatpulse-flowmeter measurements indicate water enters the borehole through the fractures at 19-
28 ft bls, moves downward, and exits the borehole at 130 and 146 ft bls. The driller’s log shows that during
drilling the greatest water-producing zones are above 80 ft bls. Yield increased from 10-15 gal/min at
25 ft bls to 70-80 gal/min at 50 ft bls and then increased with depth to 80-110 gal/min at the bottom. The
total yield during drilling was 110 gal/min. A screen was placed by TTNUS at 138-148 ft bls to include the
fracture at 146 ft bls.

Table 4. Summary of heatpulse-flowmeter measurements for
borehole MG-1635 (MW-11-I) at Willow Grove Naval Air Station
Joint Reserve Base, Montgomery County, Pennsylvania

[ft bls, feet below land surface; gal/min, gallons per minute]

Depth
(ft bls)

Flow rate under
nonpumping conditions

(gal/min)

Flow direction under
nonpumping conditions

34 1.4 Down
58 1.4 Down
80 1.3 Down

106 1.4 Down
124 1.4 Down
140 1.2 Down
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Figure 3. Borehole-geophysical logs and direction of nonpumping flow within borehole MG-1635 (MW-11-I), Willow Grove Naval Air Station Joint Reserve Base.
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MG-1675 (Matrix De velopment Ar tesian Borehole)

The caliper log shows the total depth of the borehole is 71 ft and it is cased with 6-in.-diameter
casing to 29 ft bls (fig. 4). The caliper log shows the casing interior is very rough and irregular. This is
apparently because of rust and bacterial growth. The caliper log shows a major fracture at 64-67 ft bls plus
numerous minor fractures throughout the open-hole interval. The fluid-resistivity and the fluid-
temperature logs show a change in slope at 64 ft bls that correlates to the major fracture at 64-67 ft bls
shown on the caliper log. Under nonpumping conditions, the borehole was under artesian conditions and
was flowing at approximately 10 gal/min. The video survey shows the borehole water becomes cloudy
abruptly at 68 ft bls indicating little or no borehole flow exists below that depth. The geophysical logs and
the video survey indicate water enters the borehole through fractures at 64-67 ft bls, moves upward, and
discharges through the top of the casing above land surface.
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Figure 4. Borehole-geophysical logs and direction of nonpumping flow within borehole MG-1675 (Matrix Development Artesian Borehole),
Willow Grove Naval Air Station Joint Reserve Base.
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MG-1676 (MW-2)

The caliper log shows the total depth of the borehole is 149 ft and it is cased with 6-in.-diameter
casing to 24 ft bls (fig. 5). The caliper log shows major fractures at 24.5-27 and 89 ft bls plus numerous
minor fractures throughout the open-hole interval. The static water level was 9.35 ft bls at the time of
logging. The fluid-resistivity and fluid-temperature logs show changes in slope at 32 ft bls that correlate to
minor fractures shown on the caliper log. The natural-gamma log shows a shale unit with elevated gamma
readings at 121-122 ft bls that might be used for stratigraphic correlation of geologic units with other wells.
Under nonpumping conditions, the heatpulse flowmeter measured upward borehole flow at 42, 66, 86,
100, and 118 ft bls and no flow at 30 and 134 ft bls (table 5). The video survey shows the borehole water
generally has low visibility and becomes more cloudy at 24-30 ft bls and below 125 ft bls. This indicates
that little or no borehole flow exists within these intervals. The geophysical logs and the heatpulse-
flowmeter measurements indicate water enters the borehole through fractures at 125 and 89-97 ft bls,
moves upward, and exits the borehole through fractures at 32-38 ft bls. The heatpulse-flowmeter
measurements were inconsistent at some depth locations, suggesting that the hydraulic head in the
borehole may be affected by a nearby pumping well.

Table 5. Summary of heatpulse-flowmeter measurements for
borehole MG-1676 (MW-2) at Willow Grove Naval Air Station
Joint Reserve Base, Montgomery County, Pennsylvania

[ft bls, feet below land surface; gal/min, gallons per minute]

Depth
(ft bls)

Flow rate under
nonpumping conditions

(gal/min)

Flow direction under
nonpumping conditions

30 No flow Not determined
42 0.5-1.0 Up
66 .5 Up
86 .5-.8 Up

100 .3 Up
118 .2 Up
134 No flow Not determined
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Figure 5. Borehole-geophysical logs and direction of nonpumping flow within borehole MG-1676 (MW-2), Willow Grove Naval Air Station Joint Reserve Base.
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CONCLUSIONS

The Willow Grove Naval Air Station Joint Reserve Base and surrounding area are underlain by the
Stockton Formation, which consists of sedimentary rocks of Triassic Age. Water-producing zones, water-
receiving zones, and intervals of vertical borehole flow were identified by the use of geophysical logs,
heatpulse-flowmeter measurements, video surveys, and driller’s notes. This enabled Tetra Tech NUS to
place screens at selected water-producing intervals so that these zones could be sampled in newly drilled
boreholes MG-1634 and MG-1635 and identify the water-producing and water-receiving zones in
boreholes MG-1675 and MG-1676.

Boreholes MG-1634 and MG-1635 near Site 5 showed downward nonpumping flow. In these
boreholes, water is generally produced through fractures between 18-28 ft bls, moves downward, and exits
the borehole through fractures between 56-146 ft bls, depending on the borehole depth. Boreholes
MG-1675 and MG-1676, located 3,126 and 5,228 ft, respectively, to the northwest from MG-1634 and
MG-1635, were down dip, down hydraulic gradient, and showed upward borehole flow. These wells are
located approximately 50 ft lower topographically than wells near NAS Site 5 and are in an area where
ground-water discharges to a local stream.

The video surveys show that the wells become even more cloudy in zones of no borehole flow.
Geophysical and drilling logs, video surveys, and heatpulse-flowmeter measurements indicate all
boreholes penetrate 3 water-producing zones depending on well depth; a shallow unconfined and two
semi-confined or confined zones. The shallow and intermediate boreholes near NAS Site 5 are reported to
produce 80-110 gal/min. Generally, borehole water yield increases with depth to about 150 ft bls locally
(Conger, 1997). The vertical direction of borehole flow in an open borehole is dependent on depth and
elevation of the water-producing intervals.
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Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929—a geodetic
datum derived from a general adjustment of the first-order level nets of the United States and Canada,
formerly called Sea Level Datum of 1929.

Abbreviated concentration units used in report:
cm, centimeter
kg/ft3, kilogram per cubic foot
µg, microgram
µg/kg, microgram per kilogram
µg/L, microgram per liter

Length
inch (in) 2.54 centimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer

Area
acre 0.4047 hectare

Volume
gallon (gal) 3.785 liter
cubic foot (ft3) 0.02832 cubic meter

Flow rate
gallon per minute (gal/min) 0.06309 liter per second
gallon per day (gal/d) 0.003785 cubic meter per day

Mass
pound, avoirdupois (lb) 0.4536 kilogram

Density
pound per cubic foot (lb/ft3) 16.02 kilogram per cubic meter

CONVERSION FACTORS AND ABBREVIATIONS
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ABSTRACT

The U.S. Geological Survey conducted borehole
geophysical logging, collected and analyzed water-
level data, and sampled sections of a rock core to
determine the concentration of volatile organic com-
pounds in the aquifer matrix of the Stockton Forma-
tion. Borehole geophysical logs were run in three
monitor wells. At well 05MW04I, the vertical gradient
was upward at depths above 42 feet below land sur-
face (ft bls), downward between 42 and 82 ft bls, and
upward below 82 ft bls. At well 05MW05I, a downward
vertical gradient was present. At well 05MW12I, the
vertical gradient was downward above 112 ft bls and
upward below 112 ft bls.

Three water-bearing fractures in a 17-foot long
rock core from 23.5 to 40.5 ft bls were identified and
sampled. Three samples were analyzed from each
water-bearing fracture—at the fracture face,
2 centimeters (cm) below the fracture, and 4 cm
below the fracture. Fifteen compounds were detected;
however, concentrations of seven compounds were
less than 1 microgram per kilogram (µg/kg) when
detected. Concentrations of benzene (from 0.39 to
3.3 µg/kg), 1,1-dichloroethene (1,1-DCE)
(from 0.15 to 13 µg/kg), 1,1,1-trichloroethane (TCA)
(from 0.17 to 22 µg/kg), and trichloroethylene (TCE)
(from 0.092 to 9.6 µg/kg) were detected in all sam-
ples. The highest concentrations detected were for
toluene, which was detected at a concentration of 32
and 86 µg/kg in the samples from unweathered sand-
stone at 2 and 4 cm below the fracture, respectively.
Concentrations generally decreased with distance
below the fracture in the mudstone samples. Concen-
trations of benzene and toluene increased with dis-
tance below the fractures in the unweathered
sandstone samples. Concentrations of 1,1-DCE,
TCA, and TCE were higher in the mudstone samples
than in the samples from sandstone. Toluene concen-
trations were higher in unweathered sandstone than
in weathered sandstone or mudstone.

The effect of the pumping of Horsham Water and
Sewer Authority public supply well 26 (HWSA-26),
0.2 mile southwest of the base boundary, on ground-

water levels on the base was determined by shutting
the well down for 6 days to allow water levels to
recover. Water levels in 22 nearby wells were mea-
sured. The only well (02MW01I) that showed an
unambiguous response to the shutdown of well
HWSA-26 is 1,350 feet directly along strike from well
HWSA-26. The recovery of well 05MW11I in
response to the shutdown of well HWSA-26 is
masked by recharge from snowmelt but probably
does not exceed about 0.2 feet on the basis of the
water level in well 05MW11I, which showed a
response to the pumping of well HWSA-26 that
ranged from 0.5 to 0.15 foot.

Horizontal gradients differ with depth, and the
rate and direction of ground-water flow and contami-
nant movement is depth dependent. The potentio-
metric-surface map for water levels measured in wells
screened between 5 and 44 ft bls in the aquifer shows
a ground-water mound that is the high point on a
regional ground-water divide. From this divide, ground
water flows both northwest toward Park Creek and
southeast toward Pennypack Creek. The hydraulic
gradient around this mound is relatively flat to the
southeast and particularly flat to the northwest. The
potentiometric-surface map for water levels measured
in wells screened between 40 and 100 ft bls in the
aquifer shows a very flat hydraulic gradient. Differ-
ences in the elevation of the potentiometric surface
are less than 2 feet. The potentiometric-surface map
for water levels measured in wells screened between
105 and 179 ft bls in the aquifer shows a steep
hydraulic gradient between Sites 5 and 2 and a rela-
tively flat hydraulic gradient between Sites 5 and 3.
Water levels measured on October 7, 1999, showed
downward vertical head gradients for all well clusters
at Site 5. Vertical gradients ranged from 0.01 at well
cluster 05MW10 to 0.2 at cluster 05MW11. Most gra-
dients were between 0.01 and 0.026. Vertical head
gradients vary with time. The variability is caused by a
difference in the magnitude of water-level fluctuations
between shallow and the deep fractures. The differ-
ence in the magnitude of water-level fluctuations is
because of differences in lithology and aquifer stora-
tivity.

HYDROGEOLOGICAL INVESTIGATION AT SITE 5,

WILLOW GROVE NAVAL AIR STATION/JOINT RESERVE BASE,

HORSHAM TOWNSHIP, MONTGOMERY COUNTY, PENNSYLVANIA

by Ronald A. Sloto
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INTRODUCTION

The Willow Grove Naval Air Station/Joint
Reserve Base (NAS/JRB) is in Horsham Township,
Montgomery County, Pa., and is shown on the U.S.
Geological Survey (USGS) Ambler 7.5-minute
topographic quadrangle map (fig. 1). In addition to
its primary use as a reserve Naval Air Station, this
1,000-acre facility also supports U.S. Marine and
U.S. Army activities. The U.S. Air Force has prop-
erty holdings within the base boundary and shares
common facilities with the U.S. Navy.

Sites with possible contamination at the Wil-
low Grove NAS/JRB (fig. 1), also referred to as the
base in this report, were identified by the U.S. Navy
as part of a preliminary assessment program (Hal-
liburton NUS Environmental Corporation, 1993).
A hydrogeological investigation is being conducted
as part of the U.S. Navy’s Installation Restoration
Program to address ground-water contamination at
these sites. The U.S. Navy requested the USGS
provide technical assistance to their hydrogeologi-
cal investigation. Specifically, the USGS was asked
to conduct borehole geophysical logging, to collect
and analyze water-level data, and to sample sec-
tions of a rock core to determine the concentration
of volatile organic compounds (VOC’s) in the aqui-
fer matrix. This information is being used to further
identify the sources and pathways of contamination
and to evaluate management strategies for improv-
ing water quality. The USGS conducted this study
during 1999-2001. This work is a continuation of
the Phase I and II borehole geophysical logging by
the USGS (Conger, 1997; 1999).

Purpose and Scope

This report presents an interpretation of bore-
hole geophysical logs and heatpulse-flowmeter
measurements for three monitor wells, provides an
analysis of regional and site-specific water-level
data, provides an analysis of water-level data from
a shutdown test on Horsham Water and Sewer
Authority (HWSA) supply well 26, and provides
analytical data and interpretations from rock-core
samples analyzed for VOC’s. The USGS prepared
this report as part of the hydrogeological investiga-
tions at the Willow Grove NAS/JRB in cooperation
with the U.S. Navy.

Hydr ogeologic Setting

The Willow Grove NAS/JRB is in the Gettys-
burg-Newark Lowlands Section of the Piedmont
Physiographic Province. The site and surrounding
area are underlain by the Stockton Formation,
which consists of sedimentary rocks of Triassic
age. The Stockton Formation is subdivided into
three units known as the lower arkose, middle
arkose, and upper shale members (Rima and oth-
ers, 1962). The middle arkose member crops out at
the Willow Grove NAS/JRB, where it consists of
fine- to medium-grained arkosic sandstone inter-
bedded with red siltstone and mudstone. Quartz
and feldspar are the dominant minerals. The Stock-
ton Formation is about 6,000 ft thick at the Bucks-
Montgomery County border. The middle arkose
member has a maximum thickness of 4,200 ft
(Rima and others, 1962). Bedding in the Stockton
Formation at the base generally strikes N. 76° E.
and dips about 7° NW. (Brown and Root Environ-
mental, Inc., 1998). Vertical fractures are common.

The rocks of the Stockton Formation form a
complex, heterogeneous aquifer with partially con-
nected zones of high permeability. The aquifer is
composed of a series of gently dipping lithologic
units with different hydraulic properties, and per-
meability commonly differs from one lithologic unit
to another.

Ground water in the weathered zone moves
through intergranular openings that have formed as
a result of weathering. In some places, permeabil-
ity of the weathered zone may be poor because of
a high percentage of clay derived from weathering
of mudstone and siltstone. Ground-water storage
and movement within the unweathered part of the
Stockton Formation primarily occurs through a net-
work of interconnecting secondary openings such
as fractures, bedding planes, and joints. Primary
porosity that originally may have been present has
been almost eliminated by compaction and cemen-
tation.

Wells greater than 100 ft deep may be multi-
aquifer wells penetrating several major water-pro-
ducing zones with different hydraulic properties.
Each water-bearing zone usually has a different
hydraulic head (water level). The head in a deep,
open-hole well is the composite of the heads in the
water-bearing zones penetrated. This can cause
heads in some wells to be different than heads in
adjacent wells of different depths. Where differ-
ences in head are present among water-bearing
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Figure 1. Location of the Willow Grove Naval Air Station/Joint Reserve Base and sites of possible
ground-water contamination, Horsham Township, Montgomery County, Pennsylvania.
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zones, water in the well bore flows in the direction
of decreasing head. Wells that connect several
water-bearing zones may act as conduits for the
transport of contaminants (Sloto and others, 1996).

Ground water at the base originates from infil-
tration of local precipitation and inflow of ground
water from upgradient areas. Ground-water levels
fluctuate with seasonal variations in recharge and
also are affected by pumping of nearby wells.
Water in the upper part of the aquifer generally is
under unconfined (water-table) conditions; ground
water in the deeper part of the aquifer may be con-
fined or partially confined. Local artesian condi-
tions are common.

Well-Identification System

Two well-identification numbering systems are
used in this report to maintain consistency with
previous studies. U.S. Navy well-identification num-
bers are used for wells at the Willow Grove
NAS/JRB. Navy well-identification numbers consist
of a site-designation number, the letters MW, a
sequentially assigned well-cluster number, and a
depth-interval letter (S for shallow, I for intermedi-
ate). Well 05MW01S would indicate a shallow well
in well cluster 1 at Site 5. The USGS well-identifi-
cation number consists of a county-abbreviation
prefix followed by a sequentially assigned number.
The prefix MG denotes a well in Montgomery
County. A cross-reference between site and USGS
well-identification numbers is given in table 1.
Locations of the wells are shown on figure 2.

Previous In vestigations

The geology and hydrology of the Stockton
Formation in southeastern Pennsylvania were
described by Rima and others (1962). Sloto and
others (1996) described the use of borehole geo-
physical methods to determine the extent of aquifer
cross-contamination by VOC’s through open bore-
holes in the Stockton Formation in adjacent Hat-
boro Borough and Warminster Township. Previous
studies at the Willow Grove NAS/JRB were con-
ducted by Halliburton NUS Environmental Corpo-
ration (1993) and Brown and Root Environmental,
Inc. (1997; 1998). USGS reports by Conger (1997;
1999) describe the interpretation of borehole geo-
physical logs collected at the base. Sloto, Goode,
and Way (2001) presented a potentiometric-sur-
face map of the Willow Grove NAS/JRB and

vicinity. Sloto, Goode, and Frasch (2002) describe
a hydrogeologic investigation conducted at the
base supply wells.

Ackno wledgments

Borehole geophysical logging and borehole
television surveys were done by Randall Conger
and Philip Bird of the USGS Pennsylvania District.
Water-level data for wells off the base were col-
lected by Daniel Goode of the USGS Pennsylvania
District and John Way of Lock Haven University.
Most water-level data presented in this report were
provided by TetraTech NUS, Inc. The use of these
data are appreciated greatly. Daniel Goode con-
ducted and collected data for the test of HWSA
well 26. The cooperation of the HWSA for shutting
down well 26 for a hydraulic test is appreciated
greatly. Personnel from the Philadelphia Suburban
Water Company assisted with the test. The cooper-
ation of domestic well owners who allowed access
to their wells for water-level measurements grate-
fully is acknowledged.

BOREHOLE GEOPHYSICAL LOGS

Caliper, natural-gamma, single-point-resis-
tance, fluid-resistivity, and fluid-temperature bore-
hole geophysical logs were collected in three
monitor wells during August 2000. The logs were
used to locate water-bearing fractures, determine
zones of vertical borehole-water movement, and
determine the depth to set well screens.

Caliper logs provide a continuous record of
average borehole diameter, which is related to frac-
tures, lithology, and drilling technique. Caliper logs
were used to identify fractures and possible water-
bearing openings. Correlation of caliper logs with
fluid-resistivity and fluid-temperature logs was
used to identify water-producing and water-receiv-
ing fractures or zones. The term fracture used in
association with the caliper-log interpretations
might identify a change in borehole diameter that
may not necessarily indicate a bedding-plane sep-
aration, lithologic contact, or water-producing or
water-receiving zone but simply may indicate an
enlargement of the borehole.

Natural-gamma logs, also called gamma-ray
logs, record the natural-gamma radiation emitted
from rocks penetrated by the borehole. Uranium-
238, thorium-232, and the progeny of their decay
series and potassium-40 are the most common
emitters of natural-gamma radiation. These radio-
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Table 1. Record of selected wells, Willow Grove Naval Air Station/Joint Reserve Base and vicinity, Horsham
Township, Montgomery County, Pennsylvania

[Well depths given are for completed monitor wells. —, no data]

Site
well-identification

number

U.S. Geological
Survey

well-identification
number

Well depth
(feet)

Casing diameter
(inches)

Open interval
(feet below top of casing)

02MW01S MG-1850 20 4 5-20

02MW01I MG-1598 80 2 70-80

02MW02S MG-1851 25 4 5-25

02MW03S MG-1878 20 4 5-20

02MW03SI MG-1852 55 2 40-55

02MW03I MG-1628 150 2 140-150

02MW04S MG-1593 44 2 34-44

02MW04I MG-1594 115 2 105-115

03MW01S MG-1853 32 4 12-32

03MW01SI MG-1854 80 4 60-80

03MW01I MG-1855 179 4 159-179

03MW02S MG-1856 22.5 4 4.5-22.5

03MW02SI MG-1857 65 4 55-65

03MW02I MG-1629 144 2 134-144

03MW03S MG-1858 20 4 5-20

03MW03I MG-1859 168.5 4 148.5-168.5

03MW04S MG-1860 35 4 5-35

03MW04SI MG-1861 80 4 60-80

03MW04I MG-1862 168 4 148-168

03MW05S MG-1863 37 4 17-37

03MW05I MG-1595 92 4 82-92

03MW06S MG-1596 36 2 26-36

03MW06SI MG-1877 85 2 75-85

03MW06I MG-1597 150 2 140-150

03MW07S MG-1630 44 2 34-44

05MW01S MG-1599 32 4 12-32

05MW01SI MG-1864 84.5 4 74.5-84.5

05MW01I MG-1590 135 4 124-135

05MW02S MG-1865 30 4 10-30

05MW03S MG-1866 31 4 11-31

05MW03I MG-1589 128 2 118-128

05MW04S MG-1867 30 4 10-30

05MW04I MG-1757 84.5 2 74.5-84.5

05MW05S MG-1868 40 4 20-40

05MW05I MG-1758 209.5 2 189.5-209.5

05MW06S MG-1869 37.5 4 17.5-37.5

05MW06I MG-1870 84 4 74-84

05MW07S MG-1871 26 4 6-26

05MW07I MG-1872 84 4 74-84

05MW08S MG-1585 36 2 26-36

05MW08SI MG-1873 65 2 55-65

05MW08I MG-1586 99 2 89-99

05MW09S MG-1588 32 2 27-32

05MW09SI MG-1874 74 2 59-74

05MW09I MG-1587 106 2 96-106
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active elements may be concentrated in clays by
adsorption, precipitation, and ion exchange. Fine-
grained sediments, such as mudstone or siltstone,
usually emit more gamma radiation than sand-
stone. Geophysical logging with a gamma probe
can be conducted in the fluid filled, dry, cased, or
uncased parts of the borehole. However, well cas-
ing reduces the gamma response. The gamma log
is used to correlate lithologic units between wells
(Keys, 1990).

Single-point-resistance logs record the electri-
cal resistance between the borehole and an electri-
cal ground at land surface. In general, resistance
increases with grain size and decreases with bore-
hole diameter, density of water-bearing fractures,
and increasing dissolved-solids concentration of
borehole water (Keys, 1990). A water-filled bore-
hole is required for single-point-resistance logs,
and they are run only for the saturated part of the
formation below the casing. The single-point-resis-
tance log is used to correlate lithology between
wells and may help identify water-bearing fractures
or zones.

Fluid-temperature logs provide a continuous
record of the temperature of the water in the bore-
hole. Fluid-temperture logs are used to identify
water-producing and water-receiving zones and to
determine intervals of vertical borehole flow.
Water-producing and water-receiving zones usu-
ally are identified by sharp changes in temperature,
and intervals of vertical borehole flow are identified
by little or no temperature gradient.

Fluid-resistivity logs measure the electrical
resistance of water in the borehole. Resistivity is
the reciprocal of fluid conductivity, and fluid-resis-
tivity logs reflect changes in the dissolved-solids
concentration of the borehole water. Fluid-resistiv-
ity logs are used to identify water-producing and
water-receiving zones and to determine intervals of
vertical borehole flow. Water-producing and water-
receiving zones usually are identified by sharp
changes in resistivity. Intervals of vertical borehole
flow usually are identified by a low-resistivity grad-
ient between a water-producing and a water-
receiving zone.

05MW10S MG-1591 32 2 22-32

05MW10SI MG-1875 94 2 79-94

05MW10I MG-1592 126 2 116-126

05MW11S MG-1634 25 2 20-25

05MW11SI MG-1876 50 2 40-50

05MW11I MG-1635 149 2 139-149

05MW12I MG-1759 113.5 2 103.5-113.5

HWSA-26 MG-962 400 12 40-400

— MG-1739 — 6 —

rock core MG-1760 40.5 — —

Table 1. Record of selected wells, Willow Grove Naval Air Station/Joint Reserve Base and vicinity, Horsham
Township, Montgomery County, Pennsylvania—Continued

[Well depths given are for completed monitor wells. —, no data]

Site
well-identification

number

U.S. Geological
Survey

well-identification
number

Well depth
(feet)

Casing diameter
(inches)

Open interval
(feet below top of casing)
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Figure 2. Locations of selected wells, Willow Grove Naval Air Station/Joint Reserve Base and vicinity, Horsham Township,
Montgomery County, Pennsylvania.
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Measurement of V ertical Borehole Flo w

The direction and rate of borehole-water
movement were measured with a high-resolution
heatpulse flowmeter. The heatpulse flowmeter
operates by diverting nearly all flow to the center of
the tool where a heating grid slightly heats a thin
zone of water. If vertical borehole flow is occurring,
the water moves up or down the borehole to one of
two sensitive thermistors (heat sensors). When a
peak temperature is recorded by one of the ther-
mistors, a measurement of direction and rate is cal-
culated by the computer collecting the logging
data. The range of flow measurement is about 0.01
to 1.5 gal/min in a 2- to 10-in. diameter borehole.
Heatpulse-flowmeter measurements may be
affected by poor seal integrity between the bore-
hole and the flowmeter or contributions of water
from storage within the borehole during pumping. If
the seal between the borehole and the heatpulse
flowmeter is not complete, some water can bypass
the flowmeter, resulting in flow measurements that
are less than the actual rate. The quantity of water
bypassing the tool is a function of borehole size
and shape and degree of fracturing. Although the
heatpulse flowmeter is a calibrated tool, the data
primarily are used as a relative indicator of fluid-
producing zones.

Borehole T elevision Sur veys

Borehole television surveys were conducted
by lowering a waterproof video camera down the
borehole and recording the image on video tape.
The depth indicated on the video image may not
correspond exactly to the geophysical logs
because of minor slippage (generally up to plus or
minus 1 ft) of the video cable.

Interpretation of Borehole Geoph ysical Logs

Well 05MW04I (MG-1757)

A suite of borehole geophysical logs (fig. 3)
was collected in well 05MW04I by the USGS on
August 10, 2000. The caliper log shows the well is

151 ft deep and is cased to 28 ft below land surface
(bls). The caliper log shows major fractures at 40-
42, 56-60, 70-82, and 100 ft bls. The fluid-tempera-
ture and fluid-resistivity logs indicate borehole flow
and possible water-bearing zones at about 36, 70,
106, 113, 124, 133, and 140 ft bls.

Heatpulse-flowmeter measurements were made
under nonpumping conditions at 36, 46, 66, 95,
124, and 142 ft bls (table 2). The geophysical logs
and heatpulse-flowmeter measurements indicate
complex water circulation in the borehole. Water
enters the upper part of the borehole at a rate of
0.93 gal/min through a horizontal fracture at 40-
42 ft bls and flows upward and downward. Water
flowing upward exits the borehole through a
horizontal fracture at 32 ft bls. Additional water
(0.14 gal/min) enters the borehole through a
vertical fracture at 56-60 ft bls and flows
downward. Water flowing downward in the upper
part of the borehole exits through a large vertical
fracture at 70-82 ft bls (fig. 4). Water enters the
lower part of the borehole at a rate of 0.18 gal/min
through a horizontal fracture at 148 ft bls and flows
upward. Water flowing upward in the lower part of
the borehole exits the borehole through horizontal
fractures at 132 (0.04 gal/min) and 114 ft bls
(0.02 gal/min) and through the large vertical
fracture at 70-82 ft bls. A total of 0.89 gal/min exits
the borehole through the fracture at 70-82 ft bls.
The water-bearing fractures in well 05MW04I are
at 32, 40-42, 56-60, 70-82, 114, 132, and
148 ft bls; the principal water-bearing fractures are
at 40-42 and 70-82 ft bls. Well 05MW04I was
screened later from 74.5 to 84.5 ft below top of
casing (btoc) to monitor the principle water-bearing
fracture at 70-82 ft bls.

The borehole geophysical logs indicate
upward and downward vertical gradients are
present in the Stockton Formation at well
05MW04I. The vertical gradient is upward above
42 ft bls, downward between 42 and 82 ft bls, and
upward below 82 ft bls.
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Figure 3. Borehole geophysical logs for well 05MW04I (MG-1757), Willow Grove Naval Air Station/Joint Reserve Base, Horsham Township,
Montgomery County, Pennsylvania.
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Table 2. Heatpulse-flowmeter measurements made in well 05MW04I (MG-1757),
Willow Grove Naval Air Station/Joint Reserve Base, Horsham Township,
Montgomery County, Pennsylvania

Depth
(feet below land surface)

Flow
(gallons per minute)

Flow
direction

36 0.30 Up

46 .63 Down

66 .77 Down

95 .12 Up

124 .14 Up

142 .18 Up

Figure 4. Image from borehole television survey showing vertical fracture at 78 feet
below land surface in well 05MW04I (MG-1757), Willow Grove Naval Air Station/Joint
Reserve Base, Horsham Township, Montgomery County, Pennsylvania.

FRACTURE
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Well 05MW05I (MG-1758)

A suite of borehole geophysical logs (fig. 5)
was collected in well 05MW05I by the USGS on
August 3, 2000. The caliper log shows the well is
250 ft deep and is cased to 18 ft bls. The caliper
log shows major fractures at 52-58 and 142-
148 ft bls. The fluid-temperature and fluid-resistiv-
ity logs indicate borehole flow and possible water-
bearing zones at about 44, 68, 112, 174, and
190 ft bls.

Heatpulse-flowmeter measurements were
made under nonpumping conditions at 30, 47, 65,
84, 100, 108, 124, 158, 180, 212, and 234 ft bls
(table 3). On the basis of the geophysical logs and
heatpulse-flowmeter measurements, water enters
the upper part of the borehole through a large verti-
cal fracture at 52-58 ft bls (0.1 gal/min) and flows
downward. Water also enters the borehole through

a horizontal fracture at 72 ft bls (0.3 gal/min) and a
vertical fracture at 114 ft bls (0.1 gal/min) and flows
downward. Some water exits the borehole through
a large vertical fracture at 142-148 ft bls
(0.2 gal/min) (fig. 6). Additional water enters the
borehole through a horizontal fracture at 174 ft bls
(0.2 gal/min) and flows downward. Water exits the
borehole through horizontal fractures at 192 and
202-205 ft bls (0.3 gal/min) and 220-223 ft bls
(0.2 gal/min). The water-bearing fractures in well
05WM05I are at 52-58, 72, 114, 142-148, 174,
192, 202-205, and 220-223 ft bls. The borehole
geophysical logs indicate a downward vertical gra-
dient is present in the Stockton Formation at well
05MW05I. Well 05MW05I was screened later from
189.5 to 209.5 ft btoc to monitor the water-bearing
fractures at 192 and 202-205 ft bls.

Table 3. Heatpulse-flowmeter measurements made in well 05MW05I (MG-1758),
Willow Grove Naval Air Station/Joint Reserve Base, Horsham Township,
Montgomery County, Pennsylvania

[—, no flow]

Depth
(feet below land surface)

Flow
(gallons per minute)

Flow
direction

30 0 —

47 0 —

65 .1 Down

84 .4 Down

100 1.3 Down

108 1.2 Down

124 .5 Down

158 1.3 Down

180 .5 Down

212 .2 Down

234 0 —

1 Flow rate may be affected by nearby pumping.
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Figure 5. Borehole geophysical logs for well 05MW05I (MG-1758), Willow Grove Naval Air Station/Joint Reserve Base, Horsham Township,
Montgomery County, Pennsylvania.
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WATER LEVEL—Measured in well at the
time of geophysical logging.

(0.1)
downward flow.
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Well 05MW12I (MG-1759)

A suite of borehole geophysical logs (fig. 7)
was collected in well 05MW12I by the USGS on
August 1, 2000. The caliper log shows the well is
149 ft deep and is cased to 28 ft bls. The caliper
log shows major fractures at 88-92 and 109-
112 ft bls. The fluid-temperature and fluid-resistiv-
ity logs indicate borehole flow and possible water-
bearing zones at about 109, 120, and 129 ft bls.

Heatpulse-flowmeter measurements were
made under nonpumping conditions at 49, 72, 81,
96, 100, 116, 132, 138, and 146 ft bls (table 4). On
the basis of the geophysical logs and heatpulse-
flowmeter measurements, water enters the upper
part of the borehole at a rate of 1.48 gal/min
through a vertical fracture at 36-38 ft bls (fig. 8) and
flows downward. A minor quantity (less than
0.1 gal/min) of the water flowing downward exits
the borehole, probably through fractures at 62 and
76 ft bls. Water also exits the borehole through the
large vertical fracture at 88-92 ft bls (0.23 gal/min),
but most water flowing downward exits the bore-
hole through the large vertical fracture at 109-
112 ft bls (1.42 gal/min total outflow). Water also
enters the borehole near the bottom of the well
(0.11 gal/min) and through a horizontal fracture at
140 ft bls (0.08 gal/min) and flows upward. About

half the water flowing upward exits the borehole
through a fracture at 119-126 ft bls (0.09 gal/min)
and about half exits the borehole through the frac-
ture at 109-112 ft bls (0.11 gal/min). The water-
bearing fractures in well 05MW12I are at 36-38,
76, 88-92, 109-112, 119-123, 140, and 150 ft bls;
the principal water-bearing fractures are at 109-
112 and 119-123 ft bls. Well 05MW12I was
screened later from 103.5 to 113.5 ft btoc to moni-
tor the principle water-bearing fracture at 109-
112 ft bls.

The borehole geophysical logs indicate
upward and downward vertical gradients are
present in the Stockton Formation at well
05MW12I. The vertical gradient is downward above
112 ft bls and upward below 112 ft bls.

Figure 6. Image from borehole television survey showing vertical fracture at 142 feet
below land surface in well 05MW05I (MG-1758), Willow Grove Naval Air Station/Joint
Reserve Base, Horsham Township, Montgomery County, Pennsylvania.

FRACTURE

FRACTURE
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Figure 7. Borehole geophysical logs for well 05MW012I (MG-1759), Willow Grove Naval Air Station/Joint Reserve Base, Horsham Township,
Montgomery County, Pennsylvania.

1.5

1.4

1.3

0.1

0.2

EXPLANATION

BOREHOLE-FLOW MEASUREMENT

Circle at depth of flow measurement.
Number is measured flow in gallons
per minute

UNDER NONPUMPING CONDITIONS—

DIRECTION OF VERTICAL BOREHOLE
FLOW—Upward arrow indicates upward flow;
downward arrow indicates downward flow

FLOW INTO BOREHOLE—
Arrow pointing toward caliper log
indicates flow into borehole. Number is estimated

FLOW OUT OF BOREHOLE—
Arrow pointing away from caliper log
indicates flow out of borehole. Number is estimated

(1.4)

(1.5)

(1.5)

(0.1)

(0.1)

(0.2)

(1.4)

(0.1)

(0.1)

WATER LEVEL—Measured in well at the
time of geophysical logging

flow into borehole in gallons per minute.

flow out of borehole in gallons per minute.



15

Table 4. Heatpulse-flowmeter measurements made in well 05MW12I (MG-1759),
Willow Grove Naval Air Station/Joint Reserve Base, Horsham Township,
Montgomery County, Pennsylvania

Depth
(feet below land surface)

Flow
(gallons per minute)

Flow
direction

49 1.5 Down

72 1.5 Down

81 1.4 Down

96 1.2 Down

100 1.3 Down

116 .1 Up

132 .2 Up

138 .2 Up

146 .1 Up

Figure 8. Image from borehole television survey showing vertical fracture at 36 feet below
land surface in well 05MW12I (MG-1759), Willow Grove Naval Air Station/Joint Reserve
Base, Horsham Township, Montgomery County, Pennsylvania.

FRACTURE
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ANALYSIS OF VOLATILE ORGANIC
COMPOUNDS IN THE AQUIFER MATRIX

Ground water flows in fractures in the
unweathered part of the Stockton Formation. If a
chemical contaminant is released into the subsur-
face, water flowing in fractures may contain dis-
solved constituents from the release. A chemical
concentration gradient is established between the
water flowing in the fracture and immobile pore
water in the aquifer matrix, causing a transfer of the
contaminants from the fracture into the aquifer
matrix by molecular diffusion (Parker and others,
1994; Parker and Sterling, 1999). To determine the
extent of this transfer at Site 5, a rock core was
obtained and sampled for VOC’s.

On September 8, 2000, a driller contracted by
the U.S. Navy drilled a core (MG-1760) at Site 5
between wells 05MW01S and 05MW01I. This is
the area where analyses of soil and ground water
showed the highest concentration of VOC’s (Brown
and Root Environmental, Inc., 1998, p. 7-9). The
soil (weathered) zone extended from land surface
to 23.5 ft bls. A 17-ft long core was recovered from
23.5 to 40.5 ft bls (fig. 9). Three water-bearing frac-
tures in the core were identified by iron and man-
ganese oxide staining on the fracture faces. One
fracture was in mudstone at 30.8 ft bls, one fracture

was at the contact between mudstone and weath-
ered coarse-grained sandstone at 35.6 ft bls, and
one fracture was in unweathered coarse-grained
sandstone at 35.9 ft bls (fig. 10).

Three samples were obtained from each
water-bearing fracture (fig. 10)—at the fracture
face, 2 cm below the fracture, and 4 cm below the
fracture. The rock was crushed, and approximately
5 grams of sample was placed into a 40-milliliter
septum bottle with 1 gram of sodium bisulfate as a
preservative. This procedure was done as quickly
as possible to minimize volatilization. The bottle
was sealed, weighed, packed in ice, and shipped to
the USGS laboratory in Denver, Colo., for analysis.
All samples were analyzed within 14 days of sam-
ple collection. Laboratory results are given in
table 5.

All 15 compounds listed in table 5 were
detected. However, concentrations of 1,2-dichloro-
ethane; trans-1,2-dichloroethene; ethyl benzene;
meta-, ortho-, and para-xylene; methylene chlo-
ride; and 1,1,2-trichloroethane were less than
1 µg/kg when detected. Concentrations of benzene
(from 0.39 to 3.3 µg/kg), 1,1-dichloroethene
(1,1-DCE) (from 0.15 to 13 µg/kg), 1,1,1-trichloro-
ethane (TCA) (from 0.17 to 22 µg/kg), and trichlo-
roethylene (TCE) (from 0.092 to 9.6 µg/kg) were

Table 5. Analytical results for volatile organic compounds in samples from rock core MG-1760, Willow Grove Naval Air
Station/Joint Reserve Base, Horsham Township, Montgomery County, Pennsylvania

[All concentrations are given in micrograms per kilogram; cm, centimeter; <, less than; E, estimated concentration]

Compound name

Mudstone Weathered sandstone Unweathered sandstone

Fracture
face

2 cm
below

fracture

4 cm
below

fracture

Fracture
face

2 cm
below

fracture

4 cm
below

fracture

Fracture
face

2 cm
below

fracture

4 cm
below

fracture

Benzene 1.5 0.43 0.39 1.5 0.93 0.80 0.65 2.4 3.3

1,1-Dichloroethane 8.2 1.7 1.0 .64 .92 .63 .60 .56 <.07

1,2-Dichloroethane .26 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1

1,1-Dichloroethene 13 3.0 2.4 .91 1.4 1.2 1.0 1.0 .15 E

cis-1,2-dichloroethene 3.0 .64 .50 .087 E .12 E .10 E .095 E .10 E <.1

trans-1,2-dichloroethene .069 E <.053 <.053 <.053 <.053 <.053 <.053 <.053 <.053

Ethyl benzene <.08 <.08 <.08 <.08 <.08 <.08 <.08 <.08 .090 E

meta- and para-Xylene <.15 <.15 <.15 <.15 <.15 <.15 <.15 <.15 .10 E

Methylene chloride .48 <.2 <.2 <.2 <.2 .084 E <.2 <.2 <.2

ortho-Xylene <.08 <.08 <.08 .19 E <.08 <.08 <.08 .38 .74

Tetrachloroethene 1.6 .59 2.2 <.07 .092 E <.07 <.07 <.07 <.07

1,1,1-Trichloroethane 22 4.9 4.7 1.2 1.8 1.3 1.2 1.2 .17 E

1,1,2-Trichloroethane .65 .15 E .13 E <.07 <.07 <.07 <.07 <.07 <.07

Trichloroethene 9.6 2.4 5.7 .45 .77 .57 .55 .56 .092 E

Toluene <.33 <.4 .50 E 14 4.4 5.9 3.0 32 86. E
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Figure 9. Photographs of sections from rock core MG-1760, Willow Grove Naval Air Station/Joint Reserve
Base, Horsham Township, Montgomery County, Pennsylvania.
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Figure 10. Geologic log of rock core MG-1760 and depths of sampled fractures, Willow Grove
Naval Air Station/Joint Reserve Base, Horsham Township, Montgomery County, Pennsylvania.
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detected in all samples. The highest concentra-
tions detected were for toluene, which was
detected at a concentration of 32 and 86 µg/kg in
the samples from unweathered sandstone at 2 and
4 cm below the fracture, respectively.

Concentrations of VOC’s generally decreased
with distance below the fracture in the mudstone
samples. Concentrations of benzene and toluene
increased with distance below the fractures in the
unweathered sandstone samples. No pattern was
evident in the weathered sandstone samples. Con-
centrations of 1,1-DCE, TCA, and TCE were higher
in the mudstone samples than in the samples from
the other rocks. Concentrations of toluene were
higher in unweathered sandstone than in the other
rocks. The distribution pattern may be related to
the release history, which is unknown.

The volume of each compound per cubic foot
of aquifer material (mudstone, weathered sand-
stone, and unweathered sandstone) can be deter-
mined by the following method. A representative
section of the core was obtained with a diamond
saw so that the top and bottom were parallel and
were perpendicular to the sides. The diameter and
length of each core section were measured, and

the volume was calculated. Each core section was
weighed, and its density was calculated (table 6).
The mass of each compound per cubic foot of
aquifer material can be calculated by multiplying
the concentration in table 5 by the density in table 6
and then by the weight per volume of the com-
pound to obtain the volume. For example, to deter-
mine the volume of TCE in 1 ft3 of mudstone, the
geometric mean concentration in mudstone
(5.1 µg/kg) is multiplied by the density of mudstone
(75 kg/ft3) to obtain the mass of TCE, which is
382.5 µg. TCE weighs 1.46 kilograms per liter;
therefore, 1 ft3 of mudstone containing a mass of
382.5 µg of TCE contains 3.0X10-7 liters of TCE.
The VOC concentration in the aquifer material is
affected by spatial variability in concentration,
matrix and fracture porosity, and partitioning
between the free and dissolved phases.

The presence of contaminants in the aquifer
matrix suggests that the contaminants cannot eas-
ily or rapidly be removed by water flowing in frac-
tures. They may be a continuing source of low-level
contamination to the ground-water system.

Table 6. Density of rock types in rock core MG-1760, Willow Grove Naval
Air Station/Joint Reserve Base, Horsham Township, Montgomery County,
Pennsylvania

Rock type
Density

Kilograms per cubic foot Pounds per cubic foot

Mudstone 75.0 165.3

Weathered sandstone 58.2 128.3

Unweathered sandstone 70.2 154.6
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EFFECT OF PUMPING HORSHAM WATER
AND SEWER AUTHORITY

SUPPLY WELL 26 ON WATER LEVELS

The HWSA operates a public supply well
(HWSA-26) 0.2 mi southwest of the base boundary
(fig. 2). Well HWSA-26 is 400 ft deep and capable
of producing 500 gal/min (Gilbert/Commonwealth,
Inc., 1978). The well penetrates water-bearing
zones at 160, 260, and below 260 ft bls, which is in
the part of the Stockton Formation that is confined
to semiconfined (Sloto and others, 1996). Well
HWSA-26 pumps approximately 220,000 gal/d of
water. The effect of pumping this well on ground-
water levels on the base was unknown. To deter-
mine the effect of pumping well HWSA-26 on water
levels, a hydraulic test was conducted.

Well HWSA-26 was shut down for 6 days to
allow water levels to recover and then restarted.
The well was removed from service at noon on
January 25, 2000, and returned to service at 9 a.m.
on January 31, 2000. Water levels in the vicinity of
well HWSA-26 were measured for 1 week before
the test, during the test, and for 1 week after the
test. Water levels were measured by TetraTech
NUS, Inc., in 10 wells using transducers and data-
loggers and in 9 wells 3 times per day using elec-
tric water-level-measurement tapes. Water levels
were measured by the USGS using transducers
and dataloggers in well HWSA-26 after the pump
was turned off and in well MG-1739, an operating
domestic well near well HWSA-26. The transducer
could not be placed lower than 51 ft btoc in well
HWSA-26; therefore, no data could be collected
until the water level rose to 51 ft btoc.

Wells measured during the test and the
observed changes in water level during the shut-
down period are listed in table 7. The only well that
showed an unambiguous response to the shut-
down of well HWSA-26 was well 02MW01I
(fig. 11). Well 02MW01I is approximately 1,350 ft
directly along strike from well HWSA-26. In the
Stockton Formation, the effects of pumping a deep
well are much more pronounced in the direction of
strike than in the direction of dip (Sloto and others,
1996).

Four wells, 02MW01S, 02MW03I, 02MW04I,
and 05MW11I, showed a rise in water level after
well HWSA-26 was shut down. A comparison of
climatic data (National Oceanic and Atmospheric
Administration, 2000a; 2000b) with the hydro-
graphs from these wells shows the rise in water
level was most likely caused by recharge from
snowmelt during a rise in temperature (fig. 12).
Hydrographs from these wells and all the other
wells, except well 02MW01I, showed no recovery
in response to the shutdown of well HWSA-26
(figs. 13-17).

The hydrograph of well 05MW11I (fig. 12),
however, does show a response to the pumping of
well HWSA-26 and another well. While well
HWSA-26 was pumping, the hydrograph of
well 05MW11I shows two cycles of pumping and
recovery each day, one ending around midnight
and one ending around noon. While well HWSA-26
was not pumping, the hydrograph of well 05MW11I
shows one cycle of pumping and recovery each
day ending around midnight. It appears the pump-
ing of well HWSA-26 contributes to both cycles of
drawdown and recovery. Drawdown in well
05MW11I caused by the pumping of both wells
ranged from 0.05 to 0.15 ft between January 18
and February 9. The recovery of well 05MW11I in
response to the shutdown of well HWSA-26 is
masked by recharge from snowmelt but probably
does not exceed about 0.2 ft on the basis of fluctu-
ations in the water level of well 05MW11I while well
HWSA-26 is pumping. Well 05MW11I is in the well
cluster nearest to the base boundary and is the
well at Site 5 nearest to well HWSA-26. If extrac-
tion wells for remediation are drilled in this vicinity
near the base boundary, off-base pumping possibly
may cause some interference with the extraction
wells.
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Table 7. Change in water level in wells measured January 25-31, 2000, Willow Grove Naval Air Station/Joint Reserve
Base, Horsham Township, Montgomery County, Pennsylvania

[Data for Willow Grove monitor wells were provided by TetraTech NUS, Inc.; >, greater than; HWSA, Horsham
Township Water and Sewer Authority; —, no data]

Site
well-identification

number

U.S. Geological
Survey
well-

identification
number

Frequency of
measurement

Change in water level
January 25-31, 2000

(feet)
Remarks

HWSA-26 MG-962 continuous > 17.22 Pumped well

— MG-1739 continuous -.30 No effect

02MW01S MG-1850 continuous .60 Recharge from snowmelt

02MW01I MG-1598 continuous 17.47 Affected by well HWSA-26

02MW04S MG-1593 continuous -.30 No effect

02MW04I MG-1594 continuous .38 Recharge from snowmelt

05MW01I MG-1590 continuous -.28 No effect

05MW03S MG-1866 continuous -.56 No effect

05MW03I MG-1589 continuous -.34 No effect

05MW06I MG-1870 continuous -.25 No effect

05MW011S MG-1634 continuous -.18 No effect

05MW11I MG-1635 continuous .60 Recharge from snowmelt and affected
by well HWSA-261

02MW03SI MG-1852 3 times daily -.10 No effect

02MW03I MG-1628 3 times daily .32 Recharge from snowmelt

03MW06S MG-1596 3 times daily -.36 No effect

03MW06SI MG-1877 3 times daily -.44 No effect

03MW06I MG-1597 3 times daily -.37 No effect

05MW01S MG-1599 3 times daily -.35 No effect

05MW01SI MG-1864 3 times daily -.30 No effect

05MW06S MG-1869 3 times daily -.65 No effect

05MW11SI MG-1876 3 times daily -.19 No effect

1 Recovery in response to shutdown of well HWSA-26 is masked by recharge from snowmelt but probably is less than about
0.2 ft.
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Figure 11. Hydrographs from Horsham Water and Sewer Authority well 26 and well 02MW01I, January 14 to
February 9, 2000, Willow Grove Naval Air Station/Joint Reserve Base, Horsham Township, Montgomery County,
Pennsylvania.
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Figure 12. Hydrographs from Horsham Water and Sewer Authority well 26 and well 05MW11I, January 18 to
February 9, 2000, Willow Grove Naval Air Station/Joint Reserve Base, Horsham Township, Montgomery
County, Pennsylvania.

[Temperature data from the National Oceanic and Atmospheric Administration station at Neshaminy Falls,
Pennsylvania.]
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Figure 13. Hydrographs from wells 02MW01S, 02MW03SI, 05MW11S, and 05MW11SI,
January 14 to February 7, 2000, Willow Grove Naval Air Station/Joint Reserve Base,
Horsham Township, Montgomery County, Pennsylvania.

[Water-level data were provided by TetraTech NUS, Inc.]
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Figure 14. Hydrographs from wells 02MW03I, 05MW01S, 05MW01SI, 05MW01I,
05MW03S, 05MW06S, and 05MW06I, January 14 to February 7, 2000, Willow
Grove Naval Air Station/Joint Reserve Base, Horsham Township, Montgomery County,
Pennsylvania.

[Water-level data were provided by TetraTech NUS, Inc.]
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Figure 15. Hydrographs from wells 02MW04S, 03MW06SI, 03MW06I, 05MW03I, and
05MW11I, January 14 to February 7, 2000, Willow Grove Naval Air Station/Joint
Reserve Base, Horsham Township, Montgomery County, Pennsylvania.

[Water-level data provided were by TetraTech NUS, Inc.]
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Figure 16. Hydrographs from wells 02MW04I and 03MW06S, January 14 to February
7, 2000, Willow Grove Naval Air Station/Joint Reserve Base, Horsham Township,
Montgomery County, Pennsylvania.

[Water-level data were provided by TetraTech NUS, Inc.]
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WATER LEVELS

Water-level data provide important information
on the horizontal and vertical ground-water-flow
directions and gradients. Water-level data from a
monitor well cluster (wells drilled in close proximity)
screened at different depths provide information on
vertical gradients and the direction of vertical flow.
Water-level data from monitor wells screened in the
same depth interval provide information on hori-
zontal gradients and the direction of horizontal flow.

Regional P otentiometric Surface

To understand how horizontal ground-water
flow at Site 5 fits into a regional perspective, it is
necessary to utilize water-level data from wells
on-base and off-base. A map showing the regional
potentiometric surface in the Stockton Formation at
and in the vicinity of the Willow Grove NAS/JRB
was prepared by Sloto, Goode, and Way (2001).
A part of the map, reproduced here as figure 18,
shows a regional ground-water divide running
northeast-southwest approximately through the
center of Site 5. From this divide, ground water

flows both northwest toward Park Creek, a tributary
to Little Neshaminy Creek, and southeast toward
Pennypack Creek. The presence of this ground-
water divide helps to explain the contaminant distri-
bution patterns observed at Site 5; ground water
flows northwest and southeast from Site 5. The
location of this divide may shift to the northwest or
the southeast because of variations in aquifer
recharge and discharge. A shift in the divide to the
northwest would cause more ground water at
Site 5 to flow southeast. Likewise, a shift in the
divide to the southeast would cause more ground
water at Site 5 to flow northwest.

The high point on the divide (water-level ele-
vations greater than 340 ft above sea level) was
centered around wells 05MW02S, 05MW03S, and
05MW04S (fig. 18) during the time of water-level
measurements on October 7, 1999 (table 8). From
this high point, which appears as a ground-water
mound, ground-water flow follows a radial pattern;
the steepest gradients, however, are to the north-
west and southeast.

Figure 17. Hydrograph from well MG-1739, January 18 to February 9, 2000,
Willow Grove Naval Air Station/Joint Reserve Base, Horsham Township,
Montgomery County, Pennsylvania.
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Figure 18. Potentiometric surface and regional ground-water divide, October 7-8, 1999,
Willow Grove Naval Air Station/Joint Reserve Base, Horsham Township, Montgomery
County, Pennsylvania. (Modified from Sloto, Goode, and Way (2001).)
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Table 8. Water levels measured October 7, 1999, Willow Grove Naval Air Station/Joint Reserve Base, Horsham
Township, Montgomery County, Pennsylvania

Site identification
number

U.S. Geological
Survey
well-

identification
number

Depth of well
screen

(feet below land
surface)

Elevation of top
of casing

(feet above sea
level)

Depth to water
(feet below top

of casing)

Elevation of water level
(feet above sea level)

02MW01S MG-1850 5-20 323.76 18.34 305.42

02MW01I MG-1598 70-80 325.28 82.27 243.01

02MW02S MG-1851 5-25 349.37 13.15 336.22

02MW03SI MG-1852 40-55 333.66 11.15 322.51

02MW03I MG-1628 140-150 333.55 19.37 314.18

02MW04S MG-1593 34-44 349.96 34.14 315.82

02MW04I MG-1594 105-115 349.54 40.45 309.09

03MW01S MG-1853 12-32 347.49 22.64 324.85

03MW01SI MG-1854 60-80 346.98 23.81 323.17

03MW01I MG-1855 159-179 346.57 10.15 336.42

03MW02S MG-1856 4.5-22.5 326.15 11.01 315.14

03MW02SI MG-1857 55-65 326.33 11.89 314.44

03MW02I MG-1629 134-144 326.38 4.40 321.98

03MW03S MG-1858 5-20 312.96 4.82 308.14

03MW03I MG-1859 148.5-168.5 314.08 -7.38 321.46

03MW04S MG-1860 5-35 324.49 2.75 321.74

03MW04SI MG-1861 60-80 323.87 12.72 311.15

03MW04I MG-1862 148-168 323.93 -8.00 331.93

03MW05S MG-1863 17-37 361.98 25.95 336.03

03MW05I MG-1595 82-92 360.93 25.34 335.59

03MW06S MG-1596 26-36 367.00 30.91 336.09

03MW06SI MG-1877 75-85 366.86 29.21 337.65

03MW06I MG-1597 140-150 366.82 30.05 336.77

03MW07S MG-1630 34-44 324.90 11.88 313.02

05MW01S MG-1599 12-32 364.11 24.87 339.24

05MW01SI MG-1694 74.5-84.5 363.99 25.33 338.66

05MW01I MG-1590 125-135 363.99 26.28 337.71

05MW02S MG-1865 10-30 365.48 25.19 340.29

05MW03S MG-1866 11-31 367.18 22.15 345.03

05MW03I MG-1589 118-128 367.35 29.12 338.23

05MW04S MG-1867 10-30 365.62 23.31 342.31

05MW05S MG-1868 20-40 359.92 21.71 338.21

05MW06S MG-1869 17.5-37.5 362.38 23.15 339.23

05MW06I MG-1870 74-84 361.08 22.98 338.10

05MW07S MG-1871 6-26 360.73 22.18 338.55

05MW07I MG-1872 74-84 360.20 22.94 337.26

05MW08S MG-1585 26-36 360.88 22.13 338.75

05MW08SI MG-1873 55-65 360.92 22.92 338.00

05MW08I MG-1586 89-99 361.02 23.07 337.95

05MW09S MG-1588 27-32 361.91 22.85 339.06

05MW09SI MG-1874 59-74 361.74 23.61 338.13

05MW09I MG-1587 96-106 362.11 24.37 337.74

05MW10S MG-1591 22-32 362.54 23.70 338.84

05MW10SI MG-1875 79-94 362.44 24.35 338.09

05MW10I MG-1592 116-126 362.48 24.84 337.64

05MW11S MG-1634 20-25 349.50 11.75 337.75

05MW11SI MG-1876 40-50 349.51 11.79 337.72

05MW11I MG-1635 139-149 348.96 30.74 318.22
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Potentiometric Surface at Site 5

To prepare a map of the potentiometric sur-
face at Site 5, it is necessary to use water-level
data from Sites 2, 3, and 5 (fig. 1). Because of ver-
tical head gradients at these sites, water-level data
were grouped into three depth ranges for contour-
ing. Hydrographs from wells in the same depth
range are similar. For example, hydrographs for

wells 05MW08I (screened 89-99 ft bls), 05MW09I
(screened 96-106 ft bls), and 05MW12I (screened
103.5-113.5 ft bls) show identical water-level fluctu-
ations (fig. 19). Horizontal gradients differ with
depth, and the rate and direction of ground-water
flow and contaminant movement is depth depen-
dent.

Figure 19. Hydrographs from wells 05MW08I, 05MW09I, and 05MW12I, February 12
to March 15, 2001, Willow Grove Naval Air Station/Joint Reserve Base, Horsham
Township, Montgomery County, Pennsylvania.
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The potentiometric surface was mapped for
each of the three depth ranges of the aquifer. The
potentiometric surface as defined by water levels in
wells screened between 5 and 44 ft bls is shown on
figure 20. This interval is the shallowest of the
three intervals, and the potentiometric surface rep-
resents the water table. The map shows a ground-

water mound around wells 05MW02S, 05MW03S,
and 05MW04S. This represents the high point on
the regional ground-water divide. From this mound,
the ground-water flow is radial. The hydraulic gradi-
ent around this mound is relatively flat to the south-
east and particularly to the northwest.

40°12′
75°09′30″ 75°09′ 75°08′30″

40°11′30″

Base from U.S. Geological Survey Ambler 1:24,000, 1966

Figure 20. Potentiometric surface defined by water levels in wells screened between 5 and 44 feet below land
surface, October 7, 1999, Willow Grove Naval Air Station/Joint Reserve Base, Horsham Township, Montgomery
County, Pennsylvania.
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The potentiometric surface as defined by
water levels in wells screened between 40 and
100 ft bls is shown on figure 21. The map shows a
very flat hydraulic gradient at Site 5. Differences in
the elevation of the potentiometric surface are less
than 2 ft. The area of flat hydraulic gradient

extends northwest to Site 3. The water level in well
02MW01I (elevation of 243.01) in the southeastern
part of Site 2 is affected by the pumping of well
HWSA-26 and is lower than water levels in other
wells at Site 2.
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Figure 21. Potentiometric surface defined by water levels in wells screened between 40 and 100 feet below land
surface, October 7, 1999, Willow Grove Naval Air Station/Joint Reserve Base, Horsham Township, Montgomery
County, Pennsylvania.
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The potentiometric surface defined by water
levels in wells screened between 105 and 179 ft bls
is shown on figure 22. The map shows a steep

hydraulic gradient between Sites 5 and 2 and a rel-
atively flat hydraulic gradient between Sites 5 and
3.
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Figure 22. Potentiometric surface defined by water levels in wells screened between 105 and 179 feet below land
surface, October 7, 1999, Willow Grove Naval Air Station/Joint Reserve Base, Horsham Township, Montgomery
County, Pennsylvania.
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Vertical Head Gradients

Water-level hydrographs for well cluster
05MW11 are shown on figure 23. The vertical flow
gradient is downward from higher water levels
(wells 05MW11S and 05MW11SI) to lower water
levels (well 05MW11I). Wells 05MW11S (screened
20-25 ft bls) and 05MW11SI (screened 40-
50 ft bls) are screened in the water table, and the
water levels measured in these wells nearly are
identical.

The vertical head gradient varies with time.
The variability in the vertical head gradient is
caused by a difference in the magnitude of water-
level fluctuations between the shallow wells and
the deep well. The difference in water level
between August 9, 1999, and January 14, 2000,
ranged from a difference of 27.93 ft on August 10,
1999, to a difference of 17.43 ft on January 14,
2000. The difference in the magnitude of water-
level fluctuations is because of differences in lithol-
ogy and aquifer storativity; the storativity at depth is

less than the storativity in the shallow zone. The
difference in response to recharge from Hurricane
Floyd (September 16, 1999) is shown on figure 23.
The maximum water-level rise was 7.92 ft in well
05MW11I and only 4.07 and 4.04 ft in wells
05MW11S and 05MW11SI, respectively.

Water levels measured on October 7, 1999
(table 8), showed downward vertical head gradi-
ents for all well clusters at Sites 5 and 2. These
measurements are consistent with most heatpulse-
flowmeter measurements made by Conger (1997),
which showed downward flow. The downward verti-
cal gradient at Site 5 is what would be expected in
a ground-water divide/recharge area. Gradients
ranged from 0.01 at well cluster 05MW10 to 0.2 at
cluster 05MW11. Most gradients are between 0.01
and 0.026. The large downward gradient at well
cluster 02MW01 at Site 2 (62.41 ft of water-level
difference) is attributable to the pumping of well
HWSA-26, which lowers the water level in well
02MW01I.

Figure 23. Hydrographs from wells 05MW11S, 05MW11SI, and 05MW11I, August 9, 1999, to January 14,
2000, Willow Grove Naval Air Station/Joint Reserve Base, Horsham Township, Montgomery County,
Pennsylvania.
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The same vertical gradient pattern was
observed for all well clusters at Site 3 except for
well cluster 03MW06. The vertical head gradient is
downward from wells screened at shallow depths
(screened 4.5 to 35 ft bls) to wells screened at an
intermediate depth (55 to 80 ft bls) and upward
from wells with deep screens (134 to 179 ft bls) to
the intermediate and shallow screened wells. This
pattern was observed for well clusters 03MW01,
03MW02, and 03MW04. At well cluster 03MW05, a
downward vertical head gradient was observed
from the shallow screened well to the intermediate
depth screened well; the well cluster lacks a deep
screened well. At well cluster 03MW03, an upward
vertical head gradient was observed from the deep
screened well to the shallow screened well; the
well cluster lacks a well screened at an intermedi-
ate depth. The pattern at well cluster 03MW06,
which is the well cluster in Site 3 closest to Site 5,
is different than the others in Site 3. The vertical
head gradient is upward and downward from the
intermediate zone, which has a higher head than
either the shallow or deep zones.

SUMMARY

A hydrogeological investigation is being con-
ducted as part of the U.S. Navy’s Installation Res-
toration Program to address ground-water
contamination at the Willow Grove NAS/JRB in
Horsham Township, Montgomery County, Pa. The
U.S. Navy requested the USGS provide technical
assistance. Specifically, the USGS was asked to
conduct borehole geophysical logging, to collect
and analyze water-level data, and to sample sec-
tions of a rock core to determine the concentration
of VOC’s in the aquifer matrix. This information is
being used to further identify the sources and path-
ways of contamination and to evaluate manage-
ment strategies for improving water quality.

The Willow Grove NAS/JRB and surrounding
area are underlain by the Stockton Formation,
which forms a complex, heterogeneous aquifer
with partially connected zones of high permeability.
The aquifer is composed of a series of gently dip-
ping lithologic units with different hydraulic proper-
ties, and permeability commonly differs from one
lithologic unit to another.

Borehole geophysical logs were collected in
three monitor wells. Well 05MW04I was logged to a
depth of 151 ft. The principal water-bearing frac-
tures are at 40-42 and 70-82 ft bls. The borehole
geophysical logs indicate upward and downward
vertical gradients are present; the vertical gradient

is upward above 42 ft bls, downward between 42
and 82 ft bls, and upward below 82 ft bls. Well
05MW05I was logged to a depth of 250 ft. The
water-bearing fractures in well 05WM05I are at 52-
58, 72, 114, 142-148, 174, 192, 202-205, and 220-
223 ft bls. The borehole geophysical logs indicate a
downward vertical gradient is present. Well
05MW12I was logged to a depth of 149 ft. The
principal water-bearing fracture is at 109-112 ft bls.
The borehole geophysical logs indicate upward
and downward vertical gradients are present; the
vertical gradient is downward above 112 ft bls and
upward below 112 ft bls.

Contaminants in ground water flowing in frac-
tures may move by molecular diffusion into immo-
bile aquifer pore water under a chemical
concentration gradient. To determine the extent to
which this occurred at Site 5, a 17-ft long rock core
from 23.5 to 40.5 ft bls was obtained in the area
where analyses of soil and ground water showed
the highest concentration of VOC’s. Three water-
bearing fractures in the core were identified by iron
and manganese oxide staining on the fracture
faces. One fracture was in mudstone at 30.8 ft bls,
one fracture was at the contact between mudstone
and weathered coarse-grained sandstone at
35.6 ft bls, and one fracture was in unweathered
coarse-grained sandstone at 35.9 ft bls. Three
samples were analyzed from each water-bearing
fracture—at the fracture face, 2 cm below the frac-
ture, and 4 cm below the fracture. Fifteen VOC’s
were detected. However, concentrations of 1,2-
dichloroethane; trans-1,2-dichloroethene; ethyl
benzene; meta-, ortho-, and para-xylene; methyl-
ene chloride; and 1,1,2-trichloroethane were less
than 1 µg/kg when detected. Concentrations of
benzene (from 0.39 to 3.3 µg/kg), 1,1-DCE (from
0.15 to 13 µg/kg), TCA (from 0.17 to 22 µg/kg), and
TCE (from 0.092 to 9.6 µg/kg) were detected in all
samples. The highest concentrations detected
were for toluene, which was detected at a concen-
tration of 32 and 86 µg/kg in the samples from
unweathered sandstone at 2 and 4 cm below the
fracture, respectively.

Concentrations of VOC’s generally decreased
with distance below the fracture in the mudstone
samples. Concentrations of benzene and toluene
increased with distance below the fracture in the
unweathered sandstone samples. No pattern was
evident in the weathered sandstone samples. Con-
centrations of 1,1-DCE, TCA, and TCE were higher
in the mudstone samples than in the samples from
the other rocks. Toluene concentrations were
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higher in unweathered sandstone than in the other
rocks. The distribution pattern may be related to
the release history, which is unknown.

The presence of contaminants in the aquifer
matrix suggests that the contaminants cannot eas-
ily or rapidly be removed by water flowing in frac-
tures. Contaminants in the matrix may be a con-
tinuing source of low-level contamination to the
ground-water system.

The effect of the pumping of well HWSA-26,
0.2 mi southwest of the base boundary, on ground-
water levels on the base was determined by con-
ducting a hydraulic test. Well HWSA-26 was shut
down for 6 days to allow water levels to recover and
then restarted. Water levels in the vicinity of well
HWSA-26 were measured for 1 week before the
test, during the test, and for 1 week after the test.
Water levels were measured in well HWSA-26 and
11 other wells using transducers and dataloggers
and in 9 wells 3 times per day using electric water-
level-measurement tapes.

The only well that showed an unambiguous
response to the shutdown of well HWSA-26 was
well 02MW01I, which is directly along strike from
well HWSA-26. Four wells, 02MW01S, 02MW03I,
02MW04I, and 05MW11I, showed a rise in water
level that occurred after well HWSA-26 was shut
down. A comparison of climatic data with the
hydrographs from these wells showed the rise in
water level was most likely caused by recharge
from snowmelt during a rise in temperature. The
recovery of well 05MW11I in response to the shut-
down of well HWSA-26 was masked by recharge
from snowmelt but probably does not exceed about
0.2 ft. The water level in well 05MW11I showed a
response to the pumping of well HWSA-26 that
ranged from 0.5 to 0.15 ft. Well 05MW11I is in the
well cluster nearest to the base boundary and is
the well at Site 5 nearest to well HWSA-26. If
extraction wells for remediation are drilled in this
vicinity near the base boundary, off-base pumping
possibly may cause some interference with the
extraction wells.

A map of the regional potentiometric surface
at and in the vicinity of the Willow Grove NAS/JRB
shows a regional ground-water divide running
northeast-southwest approximately through the
center of Site 5. From this divide, ground water
flows both northwest toward Park Creek and south-
east toward Pennypack Creek. The high point on
the divide was centered around wells 05MW02S,
05MW03S, and 05MW04S during the time of

water-level measurements on October 7, 1999.
From this high point, which appears as a ground-
water mound, ground-water flow is radial; the
steepest gradients, however, are to the northwest
and southeast.

Three potentiometric-surface maps were pre-
pared using water-level data from Sites 2, 3, and 5.
Because of vertical head gradients at these sites,
water-level data were grouped into three depth
ranges for contouring. Horizontal gradients differ
with depth, and the rate and direction of ground-
water flow and contaminant movement varies with
depth. The potentiometric-surface map based on
water levels measured in wells screened between
5 and 44 ft bls shows a ground-water mound
around wells 05MW02S, 05MW03S, and
05MW04S. This represents the high point on the
regional ground-water divide. From this mound,
horizontal ground-water flow follows a radial pat-
tern. The hydraulic gradient around this mound is
relatively flat to the southeast and particularly to
the northwest. The potentiometric-surface map
based on water levels measured in wells screened
between 40 and 100 ft bls shows a very flat
hydraulic gradient at Site 5. Differences in the ele-
vation of the potentiometric surface are less than
2 ft. The area of flat hydraulic gradient extends
northwest to Site 3. The water level in well
02MW01I (altitude of 243.01) in the southeastern
part of Site 2 is affected by the pumping of well
HWSA-26 and is much lower than water levels in
other wells at Site 2. The potentiometric-surface
map based on water levels measured in wells
screened between 105 and 179 ft shows a steep
hydraulic gradient between Sites 5 and 2 and
a relatively flat hydraulic gradient between Sites 5
and 3.

Water levels measured on October 7, 1999,
showed downward vertical head gradients for all
well clusters at Sites 5 and 2. Gradients at Site 5
ranged from 0.01 at well cluster 05MW10 to 0.2 at
well cluster 05MW11. Most gradients were
between 0.01 and 0.026. The downward vertical
gradient at Site 5 is what would be expected in a
ground-water divide/recharge area.

Except for well cluster 03MW06, the same
vertical gradient pattern was observed for all well
clusters at Site 3. The vertical head gradient is
downward from wells screened at shallow depths
(screened 4.5 to 35 ft bls) to wells screened at an
intermediate depth (55 to 80 ft bls) and upward
from wells with deep screens (134 to 179 ft bls) to
the intermediate and shallow screened wells. This
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pattern was observed for well clusters 03MW01,
03MW02, and 03MW04. At well cluster 03MW05, a
downward vertical head gradient was observed
from the shallow screened well to the intermediate
depth screened well; the well cluster lacks a deep
screened well. At well cluster 03MW03, an upward
vertical head gradient was observed from the deep
screened well to the shallow screened well; the
well cluster lacks a well screened at an intermedi-
ate depth. The pattern at well cluster 03MW06,
which is the well cluster in Site 3 closest to Site 5,
is different than the others in Site 3. The vertical
head gradient is upward and downward from the
intermediate zone, which has a higher water level
than either the shallow or deep zones.

The vertical head gradient varies with time.
The variability is caused by a difference in the mag-
nitude of water-level fluctuations between the shal-
low wells and deep fractures. The difference in the
magnitude of water-level fluctuations is because of
differences in lithology and aquifer storativity. The
storativity at depth is less than the storativity in the
shallow zone.
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RESOLUTION NO. 2005-

HORSHAM TOWNSHIP
MONTGOMERY COUNTY, PENNSYLVANIA

A RESOLUTION ADOPTING THE OPEN SPACE PLAN UPDATE 2005

WHEREAS, Montgomery County Open Space Board has approved the 2005 Update to the
Horsham Township Open Space Plan, and

WHEREAS; the preservation of open spaces helps insure clean air and water supplies,
provides for educational and recreational opportunities for local citizens, helps direct development to
appropriate areas thus reducing the effects and costs of sprawl and helps maintain the economic
vitality and high quality of life of the County and our community; and

WHEREAS, Horsham Township by the adoption ofReso lution 95-40 has previously adopted
the 1995 Open Space Plan and subsequently prepared and approved the 2003 Update to the Park and
Recreation Pan; and

NOW, THEREFORE, BE IT RESOLVED, AND ENACTED that Horsham Township
Council hereby accepts and adopts the document entitled "Horsham Township Montgomery County,
Pa Open Space Plan Update 2005"

DULY PRESENTED AND ADOPTED BY THE Township Council of Horsham Township,
Montgomery County, Pennsylvania, in public meeting held this 13 th day of April, 2005.

TOWNSHIP COUNCIL
TOWNSHIP OF O' HAM

By:

Attest:

Secretary
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HORSHAM TOWNSHIP OPEN SPACE PLAN UPDATE 2005

Introduction

The initial Horsham Township Open Space Plan was completed in 1995 and
adopted by Resolution No. 95-40 August 9, 1995. That plan was prepared in
accordance with the recommendations of the Montgomery County Open Space
Preservation Task Force circa 1993.

In 2003 Horsham Township published the Horsham Township Park and
Recreation Plan Update. This plan was a follow up to a Park and Recreation
Plan that was prepared in 1991 and an Open Space Plan that was completed in
1995. This plan incorporated extensive public input through citizen surveys,
public meetings and key person interviews. The plan reported on customer
analysis (consisting of residents and non-residents); supply analysis which
included an inventory and assessment of the existing supply of available parks,
recreation facilities, and recreation programs; a needs analysis which included a
study of the spatial distribution and physical accessibility of parks and
recreation facilities, and related existing facilities to national standards;
opportunities, strategic goals and a system plan which identified new parks to be
acquired. Trail, sidewalk, and on-road bicycle facility improvements were also
addressed; and numerous land use exhibits such as: Existing Land Use Map,
presentation of demographic characteristics and future population forecasts
based on census data for 2000, and exhibits which identified parks and open
space areas throughout the Township. Much of this information can be utilized
in connection with specific open space planning guidelines developed in the
Montgomery County Green Field/Green Towns Program Requirements .

The Horsham Township Park and Recreation Plan Update 2003 and the
Horsham Township Open Space Plan Update 2005 reflect the most current
planning for recreation and open space in Horsham Township and should be
used as joint planning documents.

The following sections address elements outlined by the Montgomery County
Open Space Board letter of June 3, 2004.
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Audit of Previously Prepared Open Space Plan

The 1995 Open Space Plan included numerous properties which received a
Priority I or Priority II for preservation. The following is a list of those
properties preserved subsequent to the 1995 Plan:

1. Lukens Park at Dresher Road (designated as a Priority I: Essential in the
1995 Open Space Plan). This property consists of 50.68 acres, is
identified as a community park, protects over 1,800 linear feet of an
important tributary of the Pennypack Creek, and includes the following
facilities:

• Three adult size softball fields;

• Two multi-purpose play fields;

• Trails which interconnect to the new Power Line Trail;

• Handicapped accessible playground apparatus;

• One picnic pavilion;

• Restrooms.

2. The Hearne property (designated as a Priority I: Essential for
preservation in the 1995 Open Space Plan).

• This property consists of 78.4 acres, is situated on both sides of
Jarrett Road, and is currently passive open space and used for
agricultural purposes.

3. Horsham Township Library property. This was a ten (10) acre portion
of the Hearne property (see above) situate the corner of Babylon Road
and Jarrett Road (this was designated as a Priority I: Essential for
preservation in the 1995 Open Space Plan).

• This property has been developed for a new Township library
and support parking facilities.
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4. Chestnut Creek Park. This is an area in part designated as Priority II:
Important for preservation in the 1995 Open Space Plan. This park area
consists of 64.6 acres with frontage along the easterly side of Lower
State Road and the southerly side of Limekiln Pike. It is open space
dedicated as a result of cluster residential development option and
consists of:

• Three full size lighted football fields.

• Two half-size lighted football fields.

• Concession stand.

• Restroom.

5. Chestnut Creek Park open space (designated as Priority II: Important for
preservation in the 1995 Open Space Plan). This area consists of 16.09
acres and includes riparian corridor and other wetland and natural
feature preservation areas associated with the tributary of the Little
Neshaminy Creek.

6. Highgate open space (designated as Priority I: Essential for preservation
in the 1995 Open Space Plan). The property consists of 30.52 acres
along an important tributary of the Park Creek and protects valuable
wetlands and vegetation.

7. Squires Knoll open space (designated as Priority I: Essential for
preservation in the 1995 Open Space Plan). The property consists of
30.7 acres of open space adjacent to the north and south edges of the
Squires Knoll residential development acquired as a part of the cluster
residential development option and protects an important tributary of the
Park Creek and forest area.

8. Kingswood Estate open space (designated as Priority II: Important for
preservation in the 1995 Open Space Plan). This property consists of
14.83 acres of wetland and heavily wooded open space along the
westerly perimeter of Kohler Park and helps preserve the setting of the
park as well as extensive natural features. This land was obtained
pursuant to the cluster option.
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9. Power Line Trail. The Township has successfully negotiated with
PECO for permission to develop a paved walking trail for a distance of
approximately 2.4 miles connecting Dresher Road to Babylon Road.
This trail implements a portion of the County-wide Power Trail system
while locally providing a link between the Lukens Park and other
Township open spaces such as the Hearne property, the Horsham
Township Library, and the previously preserved Wichard property of
12.16 acres.

10. The following additional open space properties were preserved since the
1995 Open Space Plan:

• Strawbridge property, 102.9 acres. This is land currently owned
by Horsham Township that was previously identified as Natural
Lands Trust property. The land borders the Willow Grove U.S.
Naval Air Station and significant alluvial lands associated with
the tributary of the Park Creek and the easterly and southerly
boundary of Graeme State Park.

It should further be noted that all previous properties recommended for
preservation in the 1995 Open Space Plan are identified in the 2003 Park and
Recreation Plan as a proposed preservation area, with the exception of a small
parcel along the westerly side of Cedar Hill Road previously identified as a
Priority II. These properties are incorporated on the Open Space Plan Update
2005.

Additional Plan Scope Items

Temporarily Protected Lands

The Montgomery County Farm Land Preservation office reports that fourteen
properties which total 686.86 acres are a part of an Agricultural Security Area
in Horsham Township. Please see the Appendix for complete list. Of these,
three properties are currently preserved as a part of Township open space: See
the portion of the Cedar Hill Road Park and Strawbridge property formerly
owned by the Natural Lands Trust. Additional properties identified as Proposed
Preservation Areas include:

• David Ambler property (29.5 acres) situate 1111 Grindleton Lane.

• Kuhn Day Camp property (65 acres) situate the northerly side of Witmer
Road
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• College Settlement Farm of Philadelphia property (134 acres) with
frontage along Witmer, Mann and Welsh Roads.

• The Natural Lands Trust property (C. Peter Smyrl) consisting of 71
acres along the upper reach of the Pennypack Creek between Mann Road
and Norristown Road.

Numerous properties in Horsham Township are enrolled in the Open Space
Covenants program for preferential tax assessment, including:

Under Act 515: Horsham Valley Golf Club
Squires Golf Club
Limekiln Golf Course
Horsham Friends Meeting (17 acres)
Singer, Jacob and Pamela (19.1 acres)

Under Act 319: Twenty-four properties (see Appendix) including 14
properties which are a part of the Agricultural Security
Area (see Appendix, page A-2).

While all properties currently enrolled in the Open Space Covenant program
(Acts 319 or 515) are desirable for open space, specific properties which are
recommended as a Proposed Preservation Property are identified on the
Recommendations Plan (located in the rear pocket of the report). See
Appendix, page A-15 for a complete list of Act 319 and 515 properties.

See Protected Lands Map (attached) for a complete inventory and mapping of
both Temporarily Protected and Permanently Protected land in Horsham
Township.

Inventory of Vulnerable Resources

See exhibit identified as Figure 1 Composite Map of Environmentally Sensitive
Areas. This map was excerpted from the 1995 Horsham Township Open Space
Plan. It includes an inventory of the following vulnerable resources:

• Areas which are a part of the Floodplain Conservation District.

• Woodland areas and areas of high scenic value.

• Wetlands.

• Prime agricultural soils.
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In Horsham Township, areas of steep slopes (over 15%) are concentrated along
the edges of riparian corridors and are generally located within the areas
identified as "floodplains".

Significant portions of the Little Neshaminy and Park Creeks are permanently
preserved in open space areas and preserved park land owned by the Township
or State or temporarily preserved by private golf courses and properties in
Agricultural Security Areas.

Upper reaches of the Pennypack Watershed, particularly areas west of Witmer
Road and north of Blair Mill Road, are preserved as portions of permanent and
temporarily preserved lands as well - see Blair Mill Elementary School,
Clearbrook Park open space, and Springbrook Park along the north branch; and
floodplain conservation district areas associated with the aforementioned Kuhn
Day Camp, Natural Lands Trust property, and College Settlement Farm of
Philadelphia area help protect the headwaters of the Pennypack Creek in the
southeast quadrant of the Township.

Potential open space linkages have been identified on Figure 49, System Plan
Map, of the 2003 Park and Recreation Plan and are superimposed over the
2005 Open Space Plan Update attached to this supplement.

Environmental Regulations

Horsham Township Council amended the Horsham Township Zoning Ordinance
with Ordinance No. 1147 (September 1998) to provide environmental protection
standards, including regulations for the protection of wetlands, wetland
transition areas, woodlands, steep slopes, and riparian corridors. The ordinance
requires that each site calculate the protected area as determined by various
environmentally sensitive areas.

In addition to wetland delineations, which require that wetlands not be altered,
regraded, developed or built upon, a wetland transition area was established to
prevent ground water contamination, reduce surface water runoff and
sedimentation, and to protect hydrology and wildlife habitats. Wetland
transition areas shall have a minimum of 25 feet and are increased depending
upon the presence of slopes in excess of 10% or the presence of herbaceous or
scrub-shrub vegetational communities.

Riparian Corridor Conservation Districts (RCCD) were established to protect
the outer zones beyond floodplains that apply to the Stream Valley Network,
Figure 5 as identified in the Horsham Township Open Space Plan 1995,
including all tributaries, perennial and intermittent streams . . .
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Measurement of the RCCD boundary follows conventional methodology which
establishes two distinct zones:

• Zone 1 begins at the edge of each identified waterway and extends
distances determined by slope and the presence of sensitive vegetation.

• Zone 2 begins at the outer edge of Zone 1 and extends an additional
width of 50 feet.

The RCCD also requires a "Corridor Management Plan" which is identified at
the time of subdivision and land development and helps ensure the continued
preservation and integrity of the riparian corridor.

This environmental protection ordinance is currently in place, has been utilized
since 1998, and is a direct outgrowth of previous inventory and
recommendations from the 1995 Open Space Plan.

Potential Growth Areas

The Township has elected to pursue a position of gradual in-fill, believing that
major growth areas of residential, commercial, and industrial sections of the
Township have previously been established, are consistent with the current
Zoning Ordinance, and no significant expansion is contemplated.

The Township also contains a large presence of institutional land uses - see
Figure 2, Land Use Map, from the 2003 Park and Recreation Plan. In addition
to uses already identified, large institutional land uses include the following:

• Willow Grove Naval Air Station Joint Reserve Base (approximately
1,100 acres).

• Horsham Township schools including Hatboro Horsham High School,
Simmons Elementary School, the old Simmons School, Keith Valley
Middle School.

• The Horsham Clinic and Whitemarsh Memorial Cemetery and places of
worship such as: St. Catherine of Sienna Church and School, St.
Matthew's Episcopal Church; and the Philadelphia Geriatric Center
campus along the westerly boundary with Montgomery Township
account for nearly 250 acres of privately protected land.
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• Large privately owned open space recreation areas such as Limekiln
Golf Club, Talamore Golf Course (deed restricted), Squires Golf Club,
Commonwealth National Country Club (partly deed restricted), and the
Ukrainian-American Sports Center make a significant presence in the
north-northwest portions of the Township and are expected to remain
unchanged for the foreseeable future.

Only modest population growth is contemplated through the years 2010 and
2020.

Figure 2 - Horsham Township Population Forecasts

Existing Population Estimated Population
Percent Percent

2000 2010 Increase 2020 Increase

24,232 26,050 7.5% 28,850 19.1%

Source: Year 2025 County & Municipal Population & Employment Forecasts,
Delaware Valley Regional Planning Commission April 2000.

Connecting Trails

The 2005 Open Space Plan identifies existing and proposed trails. The trails
are identified on pages ES-15 and ES-16 of the 2003 Horsham Township Park
and Recreation Plan. A description of the trail recommendations as discussed in
the 2003 Horsham Township Park and Recreation Plan Update is appended to
this report for ready reference. In addition, multiple greenway initiatives are
identified including:

• Little Neshaminy Creek Greenway - The greenway opportunity along the
Little Neshaminy Creek (P1) would be a short segment of a broader
preservation initiative in other communities through which the creek
passes. The greenway segment in Horsham Township has merit on its
own standing because of its environmental significance for the role it
plays in the proposed trail network for the Township.
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• Pennypack Greenway - The Pennypack Ecological Restoration Trust
strives to protect open space within the Pennypack Creek watershed,
which extends into much of the eastern portion of Horsham Township.
It is suggested the Township support the Trust in its activities to
complement the open space along the creek and elsewhere in the
watershed. Proposed Preservation Areas P11, P12, and P13 are of
particular relevance, as they represent the headwaters of the Pennypack
Creek (excerpted in part from the 2003 Park and Recreation Plan). It
should be further noted that Horsham Township and other municipalities
are participating with the Temple University Center for Sustainable
Communities, which will study and make recommendations for
acquisition and preservation techniques.

• Power Line Trail. The Township is coordinating with PECO Energy to
enhance the existing electric transmission corridor through the
construction of additional sections of the Power Line Trail (in addition
to the 2.4 miles that presently exist between Dresher Road and Babylon
Road). The corridor functions as a de facto greenway and its value as a
resource in the community can be improved by more actively managing
the vegetation.

It should be noted the Power Line Trail is identified on the Montgomery
County Draft Transportation Plan at Figure 14, Planned Regional
Trails, as one of the important County-wide trail systems.

Horsham Township desires to continue the trail through the Township and
considers this a priority undertaking.

Trail Links

Trail linkages with adjoining municipalities will be coordinated with adjoining
municipal open space plans as they are completed. For the time being, the 2003
Park and Recreation Plan identifies ten key pedestrian and bicycle linkages to
neighboring communities which are summarized below and illustrated on the
Recommendations Plan (see attached):

Li Little Neshaminy Creek Greenway/Trail access points into Montgomery
Township and Warrington Township.

L2 Power Line Trail extension into Montgomery Township.

L3 Lower Gwynedd Township link at McKean Road and possible
connection to future municipal trail.
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IA Warrington Township connection at Kansas Road to Bradford (Dam 611)
Park.

L5 Upper Dublin Township link to Maple Glen retail center.

L6 Warminster Township link as a primary route to municipal and regional
recreation areas.

L7 Warminster Township link as a primary route to municipal community
park.

L8 Hatboro Borough link as a primary route to municipal community park
and pool.

L9 Connection to regional Cross County Trail.

L10 Upper Dublin Township link as a primary route to municipal recreation
areas.

In addition, the Upper Dublin Township Comprehensive Park, Recreation and
Open Space Plan published 1998 includes primary Montgomery County on-road
bike routes recommended for Welsh Road along the entire boundary with Upper
Dublin (from Tennis Avenue to Blair Mill Road), and along Norristown Road
and Butler Pike as these roads enter Horsham Township from the direction of
Upper Dublin Township.

Green Fields/Green Towns Program Options

The Township intends to focus on the preservation of the properties identified
on the Open Space Plan Update 2005, the addition of open space properties
adjacent to existing parks as the opportunity may arise, and complete the Power
Line Trail through the Township if practicable. As such, at this time the
Township wishes not to pursue the optional program items: Floodplain
restoration, heritage resources conservation, and farmland preservation.

Implementation and Project Priorities

The Table which follows enumerates the various preservation areas identified on
the Open Space Plan Map. Priorities indicated are estimated and could change
as preservation priorities having a high ranking are achieved. All properties
proposed for preservation are considered significant and are ranked as either
having a high or medium importance.
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Special StudyArea -Willow Grove U.S. Naval Air Station

The Willow Grove U.S. Naval Air Station property consists of over 1,100 acres
and has been in operation since 1942. Nearly half of this land along Horsham
Road and Privet Road between Maple Avenue to the south and Keith Valley
Road to the north functions as largely undeveloped buffers and protection zones
associated with the current operations.

In the event the Air Station property discontinues or significantly reduces
current operations, a comprehensive land use study should be performed to
determine desired alternate uses for the facility. This study would determine
appropriate future land use, including the desirability of maintaining or
improving the quality of existing open space on unused and undeveloped lands
(see Recommendations Plan).
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Proposed Preservation Areas
(See Open Space Plan 2005 Update)

Description

P1 This swath of open space would preserve the Little Neshaminy Creek stream valley,
floodplain, and woodlands. It would be part of a larger regional greenway effort a
affecting multiple properties extending both upstream and downstream along the creek.

P2 This is an approximate 20 acre pocket of mature woodlands associated with the
open landscape of the Whitemarsh Memorial Park Cemetery. It could serve as a
key node for passive activity along a proposed trail.

P3 The 19 acre Singer property is immediately adjacent to the eastern boundary of
Cedar Hill Road Park. The site is partially wooded, generally level, with limited
access potential from Grindleton Lane. This property could "square out" the
park and expand recreation opportunity. Purchase of the existing house is
not intended.

P4 The Limekiln Simmons Elementary School site has frontage to both Limekiln
Pike and Grindleton Lane. The school building is currently used as class space
for kindergarten and first grade students and as administrative offices for the
school district. Outdoor facilities include one basketball court, baseballlsoccer
field, and multi-purpose paved area. Indoor facilities include a library, multi-
purpose room, fourteen regular classrooms, gym/lunchroom, and one art room.
This property could serve as a day care cultural center connected to the Cedar
Hill Road Park if an access easement or all or a portion of the aforementioned
Singer property were acquired at the end of Grindleton Lane.

P5 This approximate 20 acre site owned by the Lakeside Youth Service was
previously recommended as a park in the 1991 plan, but demand for park land
in Customer Service Area A has not yet warranted its acquisition. The land
lends itself as a suitable location for a neighborhood park with fairly level
open fields and woodlands. The land is also strategically located along a
proposed trail. It is recommended that the Township - in order to pursue
this opportunity, particularly if residential development continues in this locale,
accommodate existing use demands.

Type Priority Time Frame

Natural area High As opportunities arise

Natural area Medium As opportunities arise

Community park Medium Negotiate purchase or
expansion lease Year 2 through 5

Community park High Negotiate purchase or
expansion lease if property becomes

available

Potential future High As opportunities arise
neighborhood parks - all or part
and athletic fields
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Description

P6 About 15 additional acres of the Heffernan property is expected to be dedicated
as open space to the Township when the site is developed as an industrial park.

P7 This site is part of a larger unique natural area comprised of a good quality forest,
which is uncommon in Horsham Township. The mapped area of the RoMynalo Inc.
property coincides with the approximate acreage to be set aside as open space and
dedicated to t he Township as part of a planned business campus.

P8 This triangular vacant parcel is the 30 acre Larocca property. It has extensive
frontage along County Line Road and could be acquired to enlarge and enhance
the overall scenic qualities" of the adjacent Township-owned Strawbridge property
open space and historic area, including the landscape surrounding Graeme Park.

P9 The Horsham Valley Golf Club is an 18-hole public golf course spread out over
approximately 66 acres. The site is a visual and recreational amenity in the
community that also abuts Kohler Park, one of the Township's community parks.
Acquisition of the golf course and its operation as a municipal facility is contemplated
only as a means to ensure preservation of this open space landmark and only if it
could be financially self-sustaining. It is further recommended that a study
examining the feasibility of such an undertaking be prepared if and when the
Township eventually takes action on this proposal.

P10 In Customer Service Area D (see 2003 Horsham Township Park and Recreation Potential future Medium As opportunities arise
Plan), this 9 acre open space owned by Willow Grove Bank (formerly Braccia neighborhood park - all or part
property) is mostly surrounded by existing development. Open space is at a
premium in this fairly densely developed geographic area, especially along the
fringes near neighboring Upper Dublin Township. This site is an open space
opportunity that could function as a small recreation area for a part of the
Township that is not currently served by a neighborhood park.

P11 The 71 acre Natural Lands Trust Inc. property consists of a mix of open and Natural area High As opportunities arise
wooded lands, traversed along its westerly frontage by a stream valley and its
accompanying floodplain soils. It provides natural wildlife habitat and scenic values.

Type Priority Time Frame

Natural area High As opportunities arise

Natural area Medium As opportunities arise
- all or part

Natural area Medium As opportunities arise
- all or part

Potential community High Acquire if property is
park - Municipal placed for sale or is
golf course in jeopardy of being

developed

- all or part

14



Description Type Priority Time Frame

P12 College Settlement of Philadelphia is a scenic 123 acre property that provides Natural area, Medium As opportunities arise
camp experiences for disadvantaged youth. Facilities include playgrounds, fishing a portion has - all or part
pond, camping, environmental education cottage, play fields, swimming pool, potential for a future
tennis courts, picnic pavilions, and watershed preservation. The site is traversed neighborhood park
by stream valley and floodplain, includes a large pond, and consists of a mix of
heavy woods as well as open meadows. Portions of the south and easterly section
of the site are traversed by soils and land patterns that indicate the presence of
regulated wetlands.

P13 The Kuhn Day Camp property north of Witmer Road is used for passive recreation
purposes in conjunction with the College Settlement of Philadelphia. The site has
access to the Power Line Trail corridor, enjoys ample road frontage, and consists
of slopes generally favorable for active recreation in the 3-5% range. The westerly
edge of the property is traversed by a band of floodplain soils along which there are
very substantial stream valley and woodland vegetation groups. The site is easily
accessible by vehicle and would be accessible by foot from the Saw Mill Valley
residential community as well as the planned residential development of Horsham
Towne. The site consists of ball fields, basketball court, and picnic shelters in a
park-like setting.

P14 The southeasterly portion of the Hankin property, including frontage to County
Line Road, would be an approximate 20 acre addition to Maple Park. Currently,
the park is linear in nature and includes a basketball court, a walking trail, and
playground apparatus. The usability of the park would be greatly enhanced by
this area that would "square out" the park and add the potential for active recreation
facilities. The land also runs parallel to and behind Winding Road.

P15 The Hidwaway Swim Club consists of a 13 acre private membership swim club Potential future Medium As opportunities arise
with a swimming pool, basketball courts, and tennis courts. This facility provides neighborhood park - all or part
active recreation opportunities during the summer season, particularly to the youth
of families in the immediate adjacent residential neighborhoods. It should also be
noted that this site is accessible by foot from Butternut Drive, Springbrook Road,
and Aspen Lane. It serves a long term, important recreation role within Customer
Service Area B and the community as a whole, and while acquisition may not be
imminent the preservation of the property is important.

Natural area High As opportunities arise
- all or part

Neighborhood High Negotiate purchase or
park expansion lease - Year 2 through 5
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Description Type Priority Time Frame

P16 Meetinghouse Park is currently on a short-term lease (10 years from 2-1-2005) from
the Horsham Meeting of Friends. A substantially longer lease or fee simple purchase
of this 6.5 acre park is recommended. The land immediately north and east of the
park is generally open space and would make a logical and natural addition to the park,
extending northwardly toward Moreland Avenue. This property also could be
purchased from the Horsham Friends Meeting or a long-term lease could be negotiated
to ensure use by Township residents.

P17 A Fame property. 3.12 acres contiguous to Deep Meadow Park.
B Hesselgesser property. 0.78 acres, surplus land only, house not included.
C Rugulo property. 0.51 acres, surplus land only, house not included.

Neighborhood High
park expansion

Community park High
expansion of Deep
Meadow Park

Negotiate purchase or
Lease - Year 2 through 5

Immediate Year 1

P18 Power Line Trail section identified as T1 Proposed trail. Regional walking
and bicycling trail

Immediate Year 1High

P18A Power Line Trail through Horsham Valley Golf Club is currently impeded
because PECO corridor is occupied by golf course.

P19 Seitz property. Approximately 13.8 acres, accommodates trail connector T14.
Has frontage to Witmer Road and borders Lukens Park.

P20 Poley property. Approximately 5.2 acres, borders PECO Power Line Trail
and Lukens Park.

P21 Sauter. Approximately 3.6 acres situated between PECO property and
Open Space Area 02.

Regional walking
and bicycling trail

Community park
expansion of
Lukens Park

Community park
expansion of
Lukens Park

Effect local trail
connection to
proposed Power
Line Trail

High Negotiate purchase or
lease - Year 2 through 5
- See P9 (above)

High

High

High Year 2 through 5

Year 2 through 5

Immediate Year 1
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Description Type Priority Time Frame

P22 Limekiln Valley Golf Club. A 27 hole public golf course occupying Potential community
approximately 207.86 acres. This is a strategic open space property for park - Municipal
many reasons: Large portions of the golf course contain woodland golf course
vegetation, ponds, and help to provide protection for the flight lines
associated with the Willow Grove U.S. Naval Air Station. The northerly
portion of the property could also provide an expansion to the soccer
fields owned by Lakeside Youth Service (see P5). Acquisition of the
golf course and its operation as a municipal facility is contemplated
only as a means to ensure preservation of this open space landmark
and only if it could be financially self-sustaining. It is further
recommended that a study examining the feasibility of such an
undertaking be prepared if and when the Township eventually takes
action on this proposal.

P23 Squires Golf Club. A 137 acre private golf club with extensive frontage Private golf course High As opportunities
along Cedar Hill Road, Stongs Lane and McKean Road. Includes a wide arise
variety of wooded areas, floodplain and minor tributaries of the Park Creek.
The property is currently enrolled under Open Space Covenant Act 515.

P24 Opportunity Preservation Areas adjacent to existing parks that would be Expansion of High As opportunities
useful in expanding park facilities, vehicular and pedestrian access, or existing Township arise
preserve natural resources and important viewsheds which enhance parks or preserved
the visitor's experience. (Not individually mapped.) open space

A complete list of Township Parks and Open Space is appended.

Acquire if property is
placed for sale or is in
jeopardy of being
developed

High
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Agricultural Security Area (ASA) Farms

SEP

31-Aug-04

LU lf

ASA: Horsham ASA recorded (book/page) acres / parcel number(s)

Horsham
Ambler David

Book/page:
29.5 / 36-00-10657-008,

238 Walden St. 1111 Grindleton La.

Cambridge, MA 02140 Twp: Horsham Year 2004

36-00-10660-005

Bertholf Dorothea & William Book/page: 5317 / 1337 ; 15 /

1159 Horsham Rd. 1159 Horsham Rd.
Ambler 19002 Twp: Horsham Year 1999

36-00-05696-001

Can Thomas & Debra Book/page: 5317 / 1337 ! 39 /

118 Park Rd. 110 Park Rd.

Ambler 19002 Twp: Horsham Year 1999

36-00-09550-008

Gerome Frank Book/page: 5317 / 1337 134 / 36-00-11743-002,

600 Witmer Rd. 600 Witmer Rd. & Welsh Rd. 36 00 11719 008,

Horsham 19044 Twp: Horsham Year 1999
36-00-11425-005

Horsham Twp McGee, M Mgr. Book/page: 5317 / 1337 120 / 36-00-04774-005,

1025 Horsham Rd. Governors Rd Cedar Hill Rd. 36 00-04783 005,

Horsham 19044 Twp: Horsham Year 1999
36-00-01981-107

Kohler Patricia Book/page: / - 58.36 / 36-00-03034-017,

1262 Limekiln Pike County Line Rd.
Ambler 19002 Twp: Horsham Year 2004

36 00 03034-026

Kohler fam. of Charles ' Book/page: 5317 / 1337 38 / 36-00-06701-004,

1262 Limekiln Pike 1262 Limekiln Pike

Ambler 19002 Twp: Horsham Year 1999

36-00-06703-002

Kuhn Henry J. Book/page: 5317 / 1337 65 / 36-00-11713-005,

600 Witmer Rd. 600 Witmer Rd. 36-00-11716-002,

Horsham 19044 Twp: Horsham Year 1999
36-00-11716-011

Lightcap, et al. David LBook/page_ 5317 /1337 I 12 / 36-00-06865-002

162 Limekiln Pike Limekiln Pike

Ambler 19002 Twp: Horsham Year 1999

Redwith, Esq. James Book/page: 53. 17 / 1337 32 /
2001 The Fidelity Building Mann Rd, Horsham
Philadelphia 19109 Twp: Horsham Year 1999

36-00-07375-005

Singer Jacob & Pamela i Book/page: 5317 / 1337 19 /

1119 Grindleton La. Horsham Rd.

Ambler 19002 Twp: Horsham Year 1999

36-00-05701-005
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ASA: Horsham ASA recorded (hook/paje) acres / parcel number(s)

Smyrl Peter Book/page: 5317 /1337

Mann Rd.

71 / 36-00-07361-001
1031 Palmers Mill Rd.

Media 19063 Twp: Horsham Year 1999

Thompson

612 Mann Rd.

Horsham

Edwin & Karen

19044

Book/page: 5385 / 1028

612 Mann Rd.

Twp: Horsham Year 2001

12 / 36-00-07360-002

Worth William Book/page: 5317 /1337 42 / 36-00-06712-002
1336 Limekiln Pike

Ambler 19002
1336 Limekiln Pike

Twp: Horsham Year 1999

686.86 acres 14 farms

Grand Total: 686.86 acres 14 farms

For more information, please contact the Farmland Preservation Office at 610-278-3754.



Chapter 7 — System Plan 2003 Horsham Township Park and Recreation Plan Update

ROLE AND RESPONSIBILITY: Provide open space connectors, greenways, and
trails as major components of the park system.

Recommendations (refer to Figure 49 located on page 117)
17. TRAILS – The public input gathered for this plan points to an overwhelming

agreement that trails are important in the township. According to survey
results, trails of various types are more popular than any other recreation
facility. Aside from recreation, trails can be used for transportation if they are
appropriately designed, constructed, and part of an interconnected network of
other supportive facilities for pedestrians and bicyclists.

To date, the trails that exist are essentially disconnected. It is difficult, if not
impossible, for customers in many geographic areas to safely travel by foot or
on bicycle from their homes or workplaces to the trails or between
destinations using only trails. Therefore, it is recommended that the township
strive to establish a well-integrated community-wide system in which trails
work hand-in-hand with sidewalks as well as streets and roads that are safe
for bicyclists. The trail component to such a system shown in Figure 49
includes the following:
• Power Line Trail Fxtension (T1) – This is the 2.1-mile westward

continuation of the Power Line Trail between Kohler Park and Montgomery
Township.

• Park Creek Trail (T2) – This 1.9-mile trail passes through Cedar Hill Road
Park and township-owned open spaces along the Park Creek valley. It
also includes the spur connections to Worthington Court, Colby Lane, Sun
Valley Drive, and Biwood Road.

• Little Neshaminy Trail (T3) – This 0.7-mile trail is located within the Little
Neshaminy Creek Greenway between Montgomery and Warrington
townships.

• Greenway Spur Trail (T4) – This 0.7-mile trail connects the Little
Neshaminy Creek Greenway Trail to Fairway Drive.

• Chestnut I imekiln Trail (T5) – This 0.21-mile trail is located between
Chestnut Lane and Limekiln Pike and is intended to link the Park Creek
Trail and the Keith Valley Spur Trail by means of connections to sidewalks
and residential streets.

▪ Keith Valley Spur Trail (T6) – This 1-mile trail connects Wedge Way to the
Keith Valley Park Open Space.

• Keith Valley Trail (T7) – This 1.7-mile trail passes through the Park Creek
valley between Samuel Carpenter Park and the intersection of County
Line Road and Keith Valley Road.

▪ Strawbridge Trail (T8) – This 1-mile trail passes through the Strawbridge
Property Open Space between the Keith Valley Trail and County Line
Road.
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Chapter 7 — System Plan 2003 Horsham Township Park and Recreation Plan Update

▪ Kohler Park Connector and Loop Trail (T9) – This 0.4-mile trail and
crosswalk across Horsham Road connects Deep Meadow and Kohler
parks and completes the loop trail between the soccer fields and the in-
line skating hockey court.

• Library Trail (T10) – This 0.19-mile trail traverses the perimeter of the
Dorothea H. Simmons Elementary School grounds and connects to the
trail provided by the township at the Library.

. Nature Area Link Trail (T11) – This 0.24-mile trail connects the Jarrett
Nature Center Trail to the trail provided by the township at the Library.
Sawyers Trail (T12) – This 0.15-mile trail passes through the township's
Sawyers Way Park and a vacant undeveloped lot as a connection
between Walnut Avenue and the dense residential area serviced by
Sawyers Way.

• Settlement Trail (T13) – This 0.44-mile trail passes through the College
Settlement of Philadelphia Property as a linkage between Witmer Road
and Tall Pines Lane.

• Camp Trail (T14) – This 0.25-mile trail passes through the Kuhn Day
Camp Property as a link between Witmer Road and the Power Line Trail.

▪ Meetinghouse Trail (T15) This 0.15-mile trail passes through the
Horsham Meeting of Friends property and a residential lot to connect
Wayne Avenue and Meetinghouse Parks.

• Blair Mill Trail (T16)– This 0.45-mile trail passes along the perimeter of
the Blair Mill Elementary School property and Hatboro Borough's Blair Mill
Park (baseball complex) and connects to Upper Moreland Township's
Blair Mill Park playground and picnic area.

The preferred surface for these proposed trails is asphalt paving, but a
compacted fine gravel mix would be a suitable alternative. The character of
the corridor through which the trail passes should be taken into consideration
in the trail surface selection. For example, the use of a soft surface or even
an elevated boardwalk segment might be most compatible for a trail in an
environmentally sensitive area.

18. GREENWAYS – There are multiple greenway initiatives that should be
undertaken, all of which are related to other recommendations already
presented:
• Little Neshaminy Greenway – Recommendation 12 of this chapter

addressed an important greenway opportunity along the Little Neshaminy
Creek (P1), which would be a short segment of a broader preservation
initiative in other communities through which the creek passes. But the
greenway segment in Horsham has merit on its own standing because of
its environmental significance and for the role it plays in the proposed trail
network for the township.

• Pennypack Greenway – The Pennypack Ecological Restoration Trust
strives to protect open space within the Pennypack Creek watershed,
which extends into much of the eastern portion of the community. The
township should support the Trust in its activities to complement the open
space along the creek and elsewhere in the watershed. Proposed
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Horsham Township - Parks & Recreation

• Current Township Newsletter
. Contact Information

. Directory & Site Map

• Online Feedback Form

Home
Breaking Township Parks

Police Code
Website

Finance Highway Library Newsletter
News Information Recreation Enforcement Resources

Wednesday, February 9, 2005 Home Parks & Recreation

Township Parks, Open Spaces & Facilities

Horsham Township residents are fortunate to have one of the largest park systems in
Montgomery County. The Horsham Park System contains more than 814 acres in 46 sites
ranging from community parks to neighborhood parks to open space.

(C) = Community Park
(N) = Neighborhood Park
(0) = Open Space area

(C) Kohler Park, 1013 Horsham Road, 71.42 acres

Parks & Recreation

Home

Recreation Programs &
Registration

Adult Softball

Bus Trips

Discount Tickets

Horsham Day 2005

Park Permit

Parks & Facilities

Parks & Recreation Plan Update

Program Registration

Seniors Club

Seniors Club Newsletter

Wachovia Center Specials

Youth Sports Organizations

Website Resources

• Contact Phone List

4 Helpful Links

« Horsham Township Maps
« Online Calendar

« Online Feedback Form
« Website Directory

• Website Disclaimer
. What's New at the Horsham

Township Website
•

•
Horsham Township Parks & •
Recreation Updates

Enter Email Address Here

Sign-Up

▪ Fishing pond with two aerators

• Picnic tables, barbecue grills and one pavilion
Two areas of playground apparatus

• Asphalt walking trail

• One lighted in-line street hockey court
Six lighted soccer fields
Two restrooms

▪ One concession stand/clubhouse

▪ One storage garage

▪ Home to Horsham Soccer Association

• Gazebo

(C) Deep Meadow Park, 1020 Horsham Road, 51.88 acres

http://www.horsham.org/parks/parklist.aspx A-6
2/9/2005



Horsham Township - Parks & Recreation

▪ 11 baseball fields
• Concession stand
• Restrooms
• 1-mile limestone walking/jogging trail
▪ Playground apparatus
• One 10-station outdoor exercise center
▪ Picnic tables
▪ One storage garage
▪ One batting cage
▪ Home to the Horsham Little League Association
▪ Picnic Pavilion with tables and grills

(C) Samuel Carpenter Park, 1000 Horsham Road, 30.98 acres

▪ Built in 1995, improvements funded by grants and with funds from developers
• Received Montgomery County Planning Commission "Outstanding Land Development"
• Three basketball courts
▪ Three tennis courts
▪ Two sand volleyball courts
• One adult size softball field
• One 90 ft. baseball field
▪ One official size football field
▪ One pavilion
▪ Barbecue grills and picnic tables
▪ 3/4 mile limestone walking/jogging trail
• Restrooms
▪ Two multipurpose fields

(C) Chestnut Creek Park, 273 Lower State Road, 80 acres

• Home of the Horsham Hawks Football Association
▪ Includes three full size lighted football fields, two half size lighted football fields,

concession stand and restrooms

(0) Strawbridge Property, County Line Road, 102.9 acres

▪ Open Space
▪ Local farmer farms 60 acres of property
• The property includes an old farm manor house, garage and several small buildings

Horsham Township
1025 Horsham Road
Horsham, PA 19044

Phone: (215) 643-3131
Fax: (215) 643-0448
Email: horsham@horsham,orq

Hours: Monday - Friday, 8:30 AM
to 4:30 PM

Horsham Twp Police

Phone: (215) 643-3600
Fax: (215) 643-0390
Email: police horsham,om

Hours: 24 Hours

Horsham Twp. Maintenance
Building & Garage
1005 Horsham Road
Horsham, PA 19044

Phone: (215) 672-6913
Fax: (215) 672-0849

Hours: Monday - Friday, 7:00 AM
ba 3:30 PM

Horsham Twp. Library
435 Babylon Road
Horsham, PA 19044

iAww,H orsham L ibrary .orq

Phone: (215) 443-2609
Fax: (215) 443-2697

Hours: Monday: 12:30 PM to
6:30 PM

Hours: Tues - Thurs: 10:00 ,8M
In 6:30 PM

Hours: Friday: 10:00 AM to 6:00
PM

Hours: Saturday: 10:00 PM to
5:00 PM

http://vvwvv.horsham.org/parks/parklist.aspx A-7 2/9/2005



Horsham Township - Parks & Recreation

(C) Cedar Hill Road Park, 449 Cedar Hill Road, 87 acres

▪ Phase one was constructed in Nov. 2000
• Park opened on Oct. 10, 2001
▪ Playground apparatus
• Li mestone walking trail
▪ One adult sized softball field
• One open play field
▪ Two grass volleyball courts
• Nature Trail with 3 nature blinds
▪ Future plans include two picnic shelters, two horseshoe pits and restrooms
• Future environmental studies area
▪ Outdoor classroom

(N) Maple Park, 606 A Brumar Drive, 7.46 acres

▪ Playground apparatus
▪ One basketball court
▪ Swing set
▪ Asphalt path

(C) Meetinghouse Park, 238 Meetinghouse Road, 6.5 acres

• Leased from Horsham Monthly Meeting of Friends
▪ Picnic grove with tables and grills
▪ Playground apparatus

(N) Wayne Avenue Park, Girard Avenue, 1.4 acres

http://www.horsham.org/parks/parklist.aspx A-8
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Horsham Township - Parks & Recreation

One softball field
Playground apparatus

(N) Blair Mill Park, 302 Blair Mill Road, 3.35 acres

Playground apparatus
▪ Picnic tables

(0) Springbrook Park, Maple Avenue, 2.58 acres

. Open Space

(N) Clearbrook Park, Clayton Drive, 29.56 acres

• Asphalt path
. Open Space

(N) Hideaway Hills Park, 725 Marietta Drive, 2.86 acres

• Leased from Horsham Township Water and Sewer Authority

• Playground apparatus
▪ Picnic tables and barbecue grills

http://www.horsham.org/parks/parklist.aspx
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Horsham Township - Parks & Recreation

(0) Keith Valley Park, Keith Valley Road, 29.20 acres

. Open Space

(0) Pemmapecka Park, 331 Summer Avenue, .45 acres

▪ Open Space

(N) Jarrett Road Park, 726 Jarrett Road, 2.31 acres

. Playground apparatus

• Gazebo, August 2004

(N) Sawyer 's Way Park, Sawyer's Way, 11.66 acres

• Easement for .35 acres from Horsham Township Water Authority
• Stormwater management basins

• Playground apparatus in basin off Firewood Drive

(N) Saw Mill Lane Tot-lot and Open Space, Saw Mill Lane, 1.97 acres

http : //www. hor sham. org/p ark s/p arkli st. asp x A-10 2/9/2005



Horsham Township - Parks & Recreation

• Playground apparatus

▪ Half size basketball court

• Stormwater management basin

(0) Gilman Road Open Space, Gilman Road, .69 acres

. Stormwater management basin

(0) Herman Road Open Space, Herman Road, 1.03 acres

• Stormwater management basin

(0) Downey Drive Open Space, Downey Drive, 1.83 acres

• Stormwater management basin

(0) Danbridge Drive Open Space, Danbridge Drive, 2.01 acres

• Stormwater management basin

(0) Hunt Drive Open Space, Hunt Drive, 2.03 acres

▪ Stormwater management basin

(0) Cavalry Drive Open Space, Cavalry Drive, 2.16 acres

• Stormwater management basin

(0) Brantford Circle Open Space, Brantford Circle, 1.48 acres

• Stormwater management basin

(B) Township Building, Police Station & Fire Battalion 2, 1025 Horsham Rd., 4.0
acres

. Indoor meeting rooms

(0) Lakeview Park, Limekiln Pike, 16.0 acres

http://www.horsham.org/parks/parklist.aspx A-1 1 2/9/2005



Horsham Township - Parks & Recreation

Open Space

▪ Fishing pond with aerator

(0) Wichard Property, Wynmere Drive, 12.16 acres

. Open Space

( 0) Olive Avenue Property, Olive Avenue, .72 acres

• Donated to the Township on Sept. 23, 1998

▪ Open Space

(0) Glenview Drive Open Space, Glenview Drive, .74 acres

. Stormwater management basin

( 0) Gregory Drive Open Space, Gregory Drive, .93 acres

. Stormwater management basin

(0) Norristown Road Open Space, Norristown Rd., 2.33 acres

. Stormwater management basin

(0) Whetstone Tot-Lot & Open Space, Whetstone Rd, 1.32 acres

• Playground apparatus
• Stormwater management basin

(0) Log Pond Drive Open Space, Log Pond Drive, 3.38 acres

. Stormwater management basin

(0) Witmer Road Open Space, Witmer Road, 3.26 acres

http ://www.horsham. org/parks/parklist. aspx A-12 2/9/2005



Horsham Township - Parks & Recreation

. Stormwater management basin

(0) Babylon Rd. and Horsham Rd. Property, 1.24 acres

. Open Space

(0) Township Wide Walk/Bike Powerline Trail

. When completed trail will be a six mile asphalt trail, 12 ft. wide

(0) Hill Avenue Property, 0.71 acres

. Open Space

(C) Lukins Park, 54ODresher Road, 50.68 acres

▪ Township purchased in April 1999

• Includes 5.9 acres of PECO property purchased by the Township

▪ Walking Trails

• Everybody's Playground, June 2003

• Pavilion/Restroom, September 2004

(0) Kingswood Estates, Limekiln Pike, 14.83 acres

. Adjacent to Kohler Park and dedicated as part of Kingswood

(0) Squires Knoll, Cedar Hill Road, 30.7 acres

. Adjacent to Cedar Hill Road Park and dedicated as part of subdivision

(0) Hearne Property 78.4 acres

. Aquired in Jan 1999

(0) Park Ridge Open Space 14.29 acres

▪ Adjacent to Sewer Treatment Plant. Acquired May 2, 2000.

(0) Plymouth Tube Property 10.28 acres 1005 Horsham Road

• Acquired May 11, 2001

(0) Remmy Tract 3.26 acres 437 Babylon Road

. Purchased on Dec. 18, 2001

(0) Highgate Open Space (Bauer Tract) 30.52 acres

• To be dedicated in the future

▪ Horsham Rd. and Lower State Rd.

(0) 327 Olive Avenue .09 acres

• Acquired on June 13th, 2002

http://www.horsham.org/parks/parklist.aspx A-13 2/9/2005



Horsham Township - Parks & Recreation

Total Township Owned Acreage: 814.55 acres

Deed Restricted Private Open Space

Commonwealth Corp Center

. 79 acres of Open Space

Robertson Tract

. 1.0 acres of Open Space

Talamore

. 184 acres of Open Space

Walden Woods

. 11.8 acres of Open Space

Horsham Towne Business Campus

. 8.7 acres of Open Space

Total Deed Restricted Private Open Space: 284.5 acres

Total Protected Open Space Acreage: 1,099.05 acres

http://www.horsham.org/parks/parklist.aspx A-14 2/9/2005



36-00 HORSHAM
JAN 05,2004
12:06 PM

MONTGOMERY COUNTY PA, TAX DUPLICATE 2004
OPEN SPACE COVENANTS PAGE: 42

REPORT: FM970

LOCATION
---------- -----------
0 BABYLON RD
AU: AR:
FR:
36008 004 0515 78

520 BABYLON RD
AU: 11.538 AR: 2.682
FR:
36008 028 0319 83

q CEDAR HILL RD
AU: AR:
FR:
36002 002 0515 77

q CHESTNUT LN
AU: 25.1 AR:
FR:
36004 007 0319 03

q W COUNTY LINE RD
AU: 16 AR:
FR: 5.522
360150008 0319 78

q W COUNTY LINE RD
AU: 21.027 AR: 13.083
FR:
36007 007 0319 82

q W COUNTY LINE RD
AU: 29.764 AR: .536
FR:
36015E008 0319 83

0 COUNTY LINE RD
AU: 33.26 AR:
FR:
36004 006 0319 03

540 DRESHER RD
AU: 17.033 AR: 27.747
FR:
36038 010 5319 78

PARCEL
NO OWNER

------ ---- --------- ---------------
00460 HATFIELD TWP IND DEV AUTH
008 % HARRY C BARBIN ESQ

608 HUNTINGDON PIKE
ROCKLEDGE PA 19046

00445 OXFORD LAND DEVELOPMENT LTD
005 521 STUMP RD

P 0 BOX 841
MONTGOMERYVILLE PA 18936

01978 SQUIRES GOLF CLUB
002 CEDAR HILL RD

AMBLER PA 19002

03034 KOHLER CHARLES W JR & PATRICIA
026 1262 LIMEKILN PIKE

AMBLER PA 19002

02956 RO MYNALO INC
005 1300 EASTON RD

HORSHAM PA 19044

03007 PROPATO VINCENT & NICOLA
008 1131 W COUNTY LINE RD

CHALFONT PA 18914

02955 LAROCCA SAMUEL
006 % LAROCCA SUPPLY CO

COUNTY LINE & EASTON RDS
HORSHAM PA 19044

03034 KOHLER CHARLES W JR & PATRICIA
017 1262 LIMEKILN PIKE

AMBLER PA 19002

03583 HORSHAM TWP
008 1025 HORSHAM RD

HORSHAM PA 19044

MARKET STANDARD PREFERENTIAL ROLL BACK
ACRES VALUE ASSESSMENT ASSESSMENT ASSESSMENT

----------- --------- - ----------- ------------ - --------
65.740 1,736,340 1,736,340 1,321,730 414,610

14.220 575,780 575,780 208,810 366,970

137.450 3,408,550 3,408,550 2,677,060 731,490

25.100 696,150 696,150 10,270 685,880

78.440 1,199,980 1,199,980 11,000 1,188,980

34.110 1,006,100 1,006,100 128,990 877,110

30.300 1,236,610 1,236,610 13,670 1,222,940

33.260 430,950 430,950 10,420 420,530

44.780 2,120,300 2,120,300 136,020 1,984,280
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36-00 HORSHAM
JAN 05,2004
12:06 PM

MONTGOMERY COUNTY PA, TAX DUPLICATE 2004
OPEN SPACE COVENANTS PAGE: 43

REPORT: FM970

PARCEL MARKET STANDARD PREFERENTIAL ROLL BACK
NO OWNER LOCATION ACRES VALUE ASSESSMENT ASSESSMENT ASSESSMENT

------ -- - --------------------------- ------------------------------- ----------- ----------- ----------- ------------ ------------
04774 HORSHAM TWP 0 GOVERNORS RD 102.520 2,574,860 2,574,860 281,340 2,293,520
005 1025 HORSHAM RD AU: 78.182 AR: 24.338

HORSHAM PA 19044 FR:
36015E002 5319 79

05696 BERTHOLF WILLIAM A & DOROTHEA 1159 HORSHAM RD 15.350 331,600 331,600 169,360 162,240
001 1159 HORSHAM RD AU: 13.622 AR: 1.728

AMBLER PA 19002 FR:
36003 069 0319 01

05701 SINGER JACOB & PAMELA HORSHAM RD 19.190 475,000 475,000 458,930 16,070
005 1119 GRINDLETON LN AU: AR:

AMBLER PA 19002 FR:
36003 006 0515 94

06571 SELF ROBT N & LOIS E 0 LIMEKILN PIKE 20.900 732,250 732,250 190,710 541,540
008 1012 LIMEKILN PIKE AU: AR: 20.9

AMBLER PA 19002 FR:
36008 012 0319 79

06701 KOHLER CHARLES W JR & PATRICIA 0 LIMEKILN PIKE 15.190 310,700 310,700 97,670 213,030
004 1262 LIMEKILN PIKE AU: .358 AR: 14.832

AMBLER PA 19002 FR:
36004 068 0319 80

06865 KOHLER CHARLES W JR & PATRICIA 0 LIMEKILN PIKE 12.000 252,370 252,370 8,370 244,000
002 LIGHTCAP DAVID H III-ETAL AU: 3.604 AR: 8.396

162 & 168 LIMEKILN PK FR:
AMBLER PA 19002 36004 012 0319 78

06703 KOHLER CHARLES W & PATRICIA K 1262 LIMEKILN PIKE 22.910 689,620 689,620 285,570 404,050
002 1262 LIMEKILN PIKE AU: 17.65 AR: 5.26

AMBLER PA 19002 FR:
36004 009 0319 78

06712 WORTH FAMILY IRREVOCABLE TRUST 1336 LIMEKILN PIKE 42.350 1,134,140 1,134,140 145,290 988,850
002 % WILLIAM WORTH TRUSTEE AU: 32.499 AR: 9.851

1336 LIMEKILN PIKE FR:
AMBLER PA 19002 36004 005 0319 78

07327 NASIFE JOSEPH 0 & CATHERINE Y 519 LOWER STATE RD 17.500 656,930 656,930 165,070 491,860
008 2200 N BROAD ST AU: 5.815 AR: 11.685

COLMAR PA 18915 FR:
36001 051 0319 78

A-16



36-00 HORSHAM
JAN 05,2004
12:06 PM

MONTGOMERY COUNTY PA, TAX DUPLICATE 2004
OPEN SPACE COVENANTS PAGE: 44

REPORT: FM970

LOCATION

537 LOWER STATE RD
AU: AR: 15.06
FR:
36001 045 0319 00

q MANN RD
AU: 48.102 AR: 23.538
FR:
36011 021 0319 78

612 MANN RD
AU: 4.818 AR: 7.682
FR:
36011 019 0319 78

q MEETINGHOUSE RD
AU: AR:
FR:
36030 024T 0515

q PARK RD
AU: AR:
FR:
36006 004 0515 77

q PARK RD
AU: AR:
FR:
36006A004 0515 98

110 PARK RD
AU: 34.343 AR: 4.197
FR:
36006 003 0319 78

q SIMMONS LN
AU: 8.82 AR: 18
FR:
36003 013 0319 00

q TENNIS AVE
AU: .021 AR: 16.099
FR:
36002 023 0319 81

PARCEL
NO OWNER

07324 KRON EDWARD A &
002 PEZZUOLO GARLAND P

537 LOWER STATE RD
NORTH WALES PA 19454

07361 NATURAL LAND TRUST INC
001 HILDACY FARM

1031 PALMERS MILL RD
MEDIA PA 19063

07360 THOMPSON EDWIN R & KAREN J
002 612 MANN RD

HORSHAM PA 19044

08020 HORSHAM MTG OF FRIENDS
008 P 0 BOX 172

HORSHAM PA 19044

09544 LIMEKILN GOLF COURSE ASSOCIATE
005 1176 LIMEKILN PIKE

AMBLER PA 19002

09529 LIMEKILN GOLF COURSE ASSOCIATE
002 1176 LIMEKILN PIKE

AMBLER PA 19002

09550 CARR THOMAS B & DEBRA K
008 118 PARK ROAD

AMBLER PA 19002

10657 AMBLER DAVID M R & SARAH H C
008 238 WALDEN ST

CAMBRIDGE MA 02140

11032 WILLIAMS MARK F
002 949 TENNIS AVE

AMBLER PA 19002

MARKET STANDARD PREFERENTIAL ROLL BACK
ACRES VALUE ASSESSMENT ASSESSMENT ASSESSMENT

15.060 558,540 558,540 261,310 297,230

71.640 1,652,630 1,652,630 30,640 1,621,990

12.500 1,620,480 1,620,480 1,309,600 310,880

17.000 463,510 463,510 324,460 139,050

163.900 3,918,190 3,918,190 2,891,710 1,026,480

43.960 1,117,370 1,117,370 782,180 335,190

38.540 999,650 999,650 279,620 720,030

26.820 659,000 659,000 108,460 550,540

16.120 586,800 586,800 142,680 444,120
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36-00 HORSHAM
JAN 05,2004
12:06 PM

MONTGOMERY COUNTY PA, TAX DUPLICATE 2004
OPEN SPACE COVENANTS PAGE: 45

REPORT: FM970

PARCEL MARKET STANDARD PREFERENTIAL ROLL BACK
NO OWNER LOCATION ACRES VALUE ASSESSMENT ASSESSMENT ASSESSMENT

------ ---------------- - ------------- ------------------------------- ----------- ----------- ---------- ------------ ------------
11434 ALTER DENNIS 624 WELSH RD 39.470 1,133,680 1,133,680 16,120 1,117,560
005 PO BOX 844

SPRING HOUSE PA 19477
AU: 39.47 AR:
FR:
36011 020 0319 78

11442 WERTHER NORMAN M & ELLEN K 740 WELSH RD 10.050 1,100,000 1,100,000 801,600 298,400
006 740 WELSH RD

HORSHAM PA 19044
AU: 4.551 AR: 5.499
FR:
36011 030 0319 00

11701 SEIZ WALTER WILLIAM & 328 WITMER RD 13.150 649,160 649,160 168,040 481,120
008 LARGE HELEN

328 WHITMER RD
AU:
FR:

AR: 13.15

HORSHAM PA 19044 36038 008 0319 78

----------- ----------- ----------- ----------- --------
1,199.520 34,027,240 34,027,240 13,436,700 20,590,540
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    CHAPTER 

1   INTRODUCTION 
 

 
Mission Statement 
Warminster Township and the Department of Parks and Recreation is fully committed to providing 
quality parks and excellent recreational services and programs that enhance the residents quality 
of life by fostering personal wellness, strengthening the sense of community, preventing crime, 
contributing to a healthy economy, and preserving the environment. 
 
 
Warminster Township and the Department of Parks and Recreation has done everything in their power to 
accomplish the mission stated above…and they have has succeeded admirably.  However, the 
successful management of parks and related facilities is not a short-term process.  It requires an ongoing 
commitment and vision for years, if not decades, into the future.  The time and resources dedicated to the 
development of this plan clearly shows Warminster Township's ongoing commitment to providing an 
excellent park system and a wide range of recreational activities to the residents. 
 
Warminster Township, with a population of approximately 34,000, is a nearly fully developed suburb with 
a diversified population.  Located at the nexus of several major regional transportation corridors and with 
a diverse mix of housing types, the area offers a wealth of amenities and opportunities for people of all 
age groups and demographics.  It offers affordable housing, reasonable tax rates, excellent schools and 
parks, and a wide range of recreational programs and opportunities. 
 
The Department of Parks and Recreation is renowned for its innovative and creative programs, its fiscal 
conservativism, and its ability to do more with less.  The Department is to be complimented for greatly 
enhancing and improving the park system, sports fields, and recreation center while generating 60% of its 
revenues through non-tax sources.  The Department is a leader in its development and execution of high 
quality programs for all age groups and is noted for a very high level of customer service.  The 
enhancements and improvements to Warminster Community Park are a testament to the Township’s and 
the Parks & Recreation Department’s commitment to providing the residents with a first class park 
system.  However the greatest challenges for the Department and the Township may be yet to come.  
Generating the necessary revenues, to maintain and continually enhance and improve a large park 
system, and continue to offer innovative programs while keeping taxes low may be the biggest challenge 
of all. 
 
The Township has experienced tremendous growth in its park system.  When the last Park, Recreation 
and Open Space Plan (PROSP) was prepared in 2001, the 800-acre Naval Air Warfare Center-Aircraft 
Division site, located in Warminster and Northampton Townships and Ivyland Borough, was in the final 
phases of being decommissioned by the U.S. Department of Defense.  As part of the final reuse plan, 243 
acres of the more than 600 acres of this facility which lie in Warminster, were deeded to the Township as 
a public benefit transfer by the U.S. Department of the Interior’s Federal Lands-to-Parks Program. The 
acquisition of this airstrip runway and surrounding ground must be preserved as park land and open 
space in perpetuity and was valued at $15 million.  This site was opened to the community in October of 
2003 as Warminster Community Park (WCP). 
 



 

 INTRODUCTION 1-2

In addition to WCP, two additional properties were added to the park system using funds from the Bucks 
County Municipal Open Space Program.  The properties are: Devonshire Court (6.8 acres added in 2001) 
and Christ Home (14 acres added in 2006). 
 
The addition of these properties coupled with reduced revenues resulting from changes in the economy, 
reduced impact fees and the opportunity to add more land as open space through a new round of Bucks 
County Open Space Program funding, were indications to the Township that an updated Plan was 
needed. These combined factors have created new challenges for the Parks & Recreation Department in 
maintaining and enhancing its current programs and park system with ever decreasing resources.  The 
revised plan will help the Parks and Recreation Department refine its goals and identify the resources 
needed to reach those goals.  
 
This planning process provides the Township with the opportunity to look beyond the current day-to-day 
demands and responsibilities and shape a vision for the future.  As a result of the large amount of park 
and recreation land and the programs offered within the Township, the implementation of the plan will 
impact all of Central Bucks County.  Through the process of developing and implementing this plan, 
Warminster Township has the opportunity to take the steps needed, both large and small, to improve the 
quality of parks, recreation, and open space within the Township, and therefore enhance the quality of life 
of all of its residents. 
 
Presented below are the some of major accomplishments of the Department of Parks & Recreation over 
the last several years: 
 Acquisition of 243 acres as public Benefit transfer from Dept of Interior Federal Lands to Park 

Program 
 Completion of the Master Site Plan (MSP) for Warminster Community Park 
 Acquisition of a $250,000 grant from the Department of Conservation and Natural Resources 

(DCNR) for installation of new trails, pavilion and restrooms @ WCP 
 Finding matching funds and community donations to install the space playground, NASA Solar 

System Walk 
 Acquisition of 21 acres of open Space in two parcels using Bucks County Open Space Municipal 

Grant program in 2001 and 2006. 
 Worked with the community to launch a park improvement referendum 
 Worked with outside organizations to find funding to support the development and maintenance of 

the new park – Penn State University-ARL, Sport Car Club of America, etc. 
 Development of the Warminster Skate Spot at Munro to meet “non-traditional” sports needs for teens 
 Establishment of on-line registration for the recreation department 
 LED signage at York & Street 
 Worked cooperatively on turf maintenance program with youth & adult sport organizations to improve 

sport fields. 
 Addressed ADA issues throughout the park system to assist those with disabilities.  
 Became one of the first five communities to participate in the Tree Vitalize grant program.  Since its 

inception in 2005, over 300 trees have been planted in community parks 
 Instituted a Memorial Tree program - over 40 trees been planted 
 Expanded summer camp hours to better accommodate working parents - maybe this isn't major 

enough 
 Created cooperative program with Warminster Rotary to create Safety Town at WCP 
 Received third DCNR grant in 2006 for $100,000 for basketball courts, dog park, maintenance 

building 
 Completed revision of tree ordinance 
 Established a “friends of the Warminster Parks” 501-c-3 organization 
 Expanded Warminster Days with assistance from the Lions club 
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 Expanded the trail system at WCP 
 Open the Bark Park 
 Expanded our community special event schedule  
 Assisted in having the sports groups work together and share resources to try and keep fees down to 

their members and maintain field space/usage 
 Received Bucks Beautiful grant funding to create green “gateways” at York and County Line Roads, 

Street and York Roads, Norristown and Street Roads 
 Hosted the 3-day Susan G Komen Breast Cancer Walk at WCP Site 

 
 
PURPOSE OF THE PLAN 
The Park, Recreation, and Open Space Plan focuses on parklands, recreation facilities, open space, 
programs, services, and operations. The purpose of the plan is to guide actions and decision-making for 
both the accomplishment of identified goals and for dealing with unexpected issues that arise over time. 
The Township will use the plan to schedule capital projects and purchases, identify possible open space 
acquisitions, and review its programs and department management to determine what improvements can 
be made. 
 
The 2010 Park, Recreation and Open Space Plan is also a document that supports the Township's 
adopted 2003 Comprehensive Plan.  The plan, presented as a separate document, serves as a 
supporting update for the park, recreation and open space component.      
 
 
USES OF THE PLAN 
This plan functions in both a legal and an advisory capacity.  From a legal standpoint, the Pennsylvania 
Municipalities Planning Code (MPC) provides planning requirements for adoption by municipalities.  The 
MPC stipulates that planning documents and ordinances must be adopted by the municipality to provide a 
defensible basis for sound decision-making regarding land use.  MPC Section 503 (11) provides 
municipalities the authority to require a developer to dedicate public land for park and recreation 
purposes.  Upon dedication, the maintenance of said property becomes the responsibility of the 
Township.  In order to require the dedication of open space by the developer as a condition of final 
approval, the municipality must first meet these general conditions: 
• The governing body must have adopted a recreation plan that defines principles and standards for 

determining developer obligations. 
• The recreation plan should provide direction to ensure that the amount and location of land or fees 

bear a reasonable relationship to residents of the proposed development.  
• The municipality should update its current Subdivision and Land Development Ordinance to reflect 

the recreation plan’s principles and standards and include definite standards to determine the open 
space or fee requirements.  

In an advisory capacity, this plan serves as a reference document that will guide the future planning and 
management of the Township’s leisure services.  The recommendations in this plan are based upon an 
investigative and educational process to identify recreation initiatives and opportunities important to 
Warminster Township.  The plan is intended to be a living document that will influence the decisions the 
Township makes about providing park, recreation and open space opportunities for its residents.  This 
document is a physical illustration of the municipality’s commitment to parks and recreation facilities and 
programs as vital community resources.  
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RELATED PLANNING EFFORTS 
In 2006, the Township began revising and re-writing its Zoning Ordinances and the Subdivision and Land 
Use Ordinances (SALDO), as well as the Water and Storm Water Ordinances, to meet the changes in the 
Municipalities Planning Code (MPC) and the PA DEP MS-4/Act 267 programs.  These ordinances were 
approved in September of 2009 and appropriate changes have been noted in later chapters of this 
document. 
 
 
THE PLANNING DOCUMENT 
This plan is divided into four parts: 
Chapter 1 – Introduction 
Chapters 2-7 – Background information about this plan and Warminster Township regarding 
demographics as related to parks and recreation, government, parkland, recreation facilities, programs, 
services, open space and natural resource protection. 
Chapters 8 & 9 – the Department of Parks and Recreation organization and the Department’s finances in 
that order 
Chapter 10 – Presents conclusions based upon the synthesis of information from all facets of parks, 
recreation and open space and provides a context for issues, priorities, and opportunities for Warminster 
Township and presents tasks to be accomplished and the timing for completing these tasks. 
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    CHAPTER 

2   THE COMMUNITY OF WARMINSTER 
 
 

Warminster Township is located in Bucks County, PA and covers approximately 10 square miles. Once a 
rural community, its close proximity to Philadelphia has resulted in suburbanized development.  By the 
mid-nineteen nineties, the Township was nearly fully developed.  Many residents were originally drawn to 
the Township and the surrounding area by its scenic qualities, availability of open space, strong sense of 
community and high quality school system. It is important to ensure that these qualities are maintained 
and/or restored in the future. 

 
 
NEIGHBORHOOD FOCUS 
Warminster is a community of distinct neighborhoods.  The neighborhoods were often formed by the 
boundaries of the original development plan or subdivision, or, in several cases, the neighborhoods were 
defined by the boundaries created by the major transportation corridors –York Rd., Street Rd., Bristol Rd., 
County Line Rd., Jacksonville Rd., Davisville Rd., Valley Rd. and the NAWC site.  From a planning 
perspective, dividing the Township into several distinct neighborhoods or areas is helpful in evaluating 
park and recreational needs.  Addressing issues at both the Township level and at the level of individual 
neighborhoods provides a way of thinking and planning for how to best serve all members of the 
community. 
 
 
THE PEOPLE OF WARMINSTER 
The municipal demographic information was revised to reflect information from the 2000 census, the 2007 
American Community Survey and updated projections and estimates from the Delaware Valley Regional 
Planning Commission (DVRPC).  
 
Current population estimates developed by the DVRPC indicate that the Township’s population is 33,380.  
Table 2-1 and Figure 2-1 illustrate population trends and estimates through 2007.  Based on more recent 
estimates, the Township’s population has begun to increase slightly since 1990, however the increase is 
lower that estimated in the 2001 plan. 
 

1980 1990 2000 2007 1980-2007 1980-2007

Bucks County 479,211   541,174   597,635   621,144   141,933   29.6%

Warminster Township 35,543     32,832     31,383     33,380     (2,163)      -6.1%

TABLE 2-1

Sources:  U.S. Bureau of the Census, Census 1990 and 2000.  Population Estimate - DVRPC, 2008

Population Change in Bucks County and Warminster Township

Numeric 
Change

Percent 
ChangeArea U.S. Census Population Estimate
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Table 2-2 below shows current population estimates at the township, county and state levels from 2000 to 
2007.  During this period, Warminster’s estimated population growth rate exceeds those of the county and 
state. 
 

2000 2007 2000-2007 2000-2007

Pennsylvania 12,281,054  11,957,883  (323,171)      -2.6%

Bucks County 597,635       621,144       23,509         3.9%

Warminster Township 31,388         33,380         1,992           6.3%

Source:  DVRPC - Municiple, County, and Regional Population Estimates, 2000-2007, 
Regional Data Bulletin No.87, July, 2008

TABLE 2-2

Current Population and Population Estimates

Numeric 
Change

Percent 
ChangeArea

Actual 
Population

Estimated 
Population

 
The demographic characteristics and changes reviewed as part of the 2001 plan were also reviewed and 
adjusted for this update.  These include the following: 
• Warminster is ranked 7th in total population in Bucks County according to 2000 census data and 6th 

according to 2007 estimates. 
• Warminster continues to be a densely populated municipality in Bucks County with an estimated 

3,061 persons per square mile and 1,135 dwelling units per square mile. This is the 2nd highest 
density among all Townships in the County.  

• About 76% of households in Warminster are family households as compared to 81% in 1990. 
• Approximately 35% of households in the township have children under the age of 18 and 28% are 

households with adults over the age of 65. 
• Approximately 74% of residents live in owner-occupied housing and 78.7% live in single family 

houses (attached and detached) 
 
 
POPULATION CHARACTERISTICS 
Age categories were examined based on data from the 2000 census and reflected in Table 2-3. The 
highest percentage of the Township’s population is within the 25-64 age groups, which reflects current 
trends both regionally and statewide.  Comparison of age trends since the 1990’s also reveals that 
Warminster’s population is aging.  These figures are generally reflective of trends within the county and 
state as shown in Table 2-4. 
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Age Group Number Percent

Under 5 1,979               6.3%

5-14 Years 4,359               13.9%

15-24 Years 3,750               11.9%

25-44 Years 9,111               29.0%

45-64 Years 7,402               23.6%

65-84 Years 4,372               13.9%

85+ Years 410                  1.3%

Totals 31,383             100.0%

Source:  U.S. Bureau of the Census, Census 2000

TABLE 2-3

Warminster Township Age Group Breakdown

 
 
 

Pennsylvania 35.0 38.0 23.5% 23.8% 15.4% 15.6%

Bucks County 33.7 37.7 25.7% 25.7% 10.9% 12.4%

Warminster Township 34.5 37.9 25.5% 24.5% 9.6% 15.2%

Median Age % Under 18 Years % 65 Years and Over

Area 2000 
Census

1990 
Census

1990 
Census

TABLE 2-4

Sources:  U.S. Bureau of the Census, Census 1990 and 2000.

Comparison of Age Group Changes 1990-2000

1990 
Census

2000 
Census

2000 
Census

 
 
 
Since 1990, the township’s median age has increased from 34.5 to 37.9.  The percent of residents over 
65 has also increased since 1990 from 9.6% to 15.4% in 2000.  Those under the age of 18 have 
decreased slightly from 25.5% in 1990 to 24.5% in 2000 and the percentage of young children under 5 
has also decreased slightly since 1990 from 6.9% to 6.3%.  These figures do not support the observation 
from the 2001 plan that younger families are moving into the Township.  Rather they suggest that the 
increases in population may be due to older individuals (or those with no children at home) moving to the 
area due to the expansion of communities for persons over 55. 
 
Another way to examine this trend is via household data.  Census data from 2000 indicates that about 
32.5% percent of households in the Township include children under the age of 18.  In 1990, about 35.9% 
percent of all households had children under the age of 18.  This is particularly interesting when the 
actual number of households increased in that same time period 10,212 in 1990 vs. 11,350 in 2000. Yet, 
the total number of families decreased (8,758 in 1990 vs. 8,625 in 2000). 
 
In addition, average family size is shrinking.  In 2000, the average family size was 3.16 persons per family 
compared to 3.37 in 1990.  There can be a variety of demographic trends that might explain these figures.  
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One is that new household formation in the Township is dominated by older individuals with no children, 
or that unrelated individuals are living together. The other trend is simply that households are having 
fewer children now than they were 10 or 20 years ago. 
 
 
50-PLUS GROUP 
Much of the information cited in the 2001 plan is still valid today and even more relevant, given the trends 
highlighted above.  Recent demographic data from the 2007 American Community Survey indicated that 
about 12.5% of the American population is aged 65 and over.  Warminster’s numbers from the 2000 
census indicate that the township is exceeding the national average.  The following items noted in the 
original plan have been updated from the 2000 census data: 
• About 28% of owner-occupied housing units belong to householders who are 65 years and over 

(This represents the highest percentage attributed to one age group in this category). 
• About 4.6 % of those considered in poverty status are over 65. 
• About 37.5% of owner-occupied households below the poverty level are owned by those over 65. 
 
 
INCOME 
Household income data and per capita income data have been updated based on information from the 
2000 census and are shown on Table 2-5. 
 

Pennsylvania 3.5% 20,880$        40,106$        97,000$        7.8%

Bucks County 2.4% 27,430$        59,727$        163,200$      3.1%

Warminster Township 1.9% 22,285$        54,375$        160,500$      4.1%

TABLE 2-5

Sources:  U.S. Bureau of the Census, Census 2000.

Warminster Township and Regional Economic Indicators
Median 
Housing 
Values

% Families 
Below Poverty 
Level (1999)

Area Per Capital 
Income

Median 
Household 

Income

% 
Unemployed

 
 
The data from the 2000 census indicate similar patterns found in 1990, slightly lower per-capita income 
and median household income than Bucks County, but higher than the state averages.  Median housing 
values are close to the county average, and significantly higher than statewide values.  The Township’s 
unemployment rate was well below that of both the county and the state in 2000. 
 
 
EDUCATION 
Table 2-6 provides the updated data on educational attainment for persons over 25 within Warminster 
Township. Data for Bucks County and Pennsylvania are provided for comparison purposes.  This table 
also provides a comparison between 1990 and 2000 to evaluate whether in general the population is 
trending towards higher levels of education. 
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Pennsylvania 74.7% 81.9% 17.9% 22.4%

Bucks County 82.9% 88.6% 24.8% 31.2%

Warminster Township 82.8% 85.7% 17.9% 22.8%

TABLE 2-6

Sources:  U.S. Bureau of the Census, Census 1990 and 2000.

Comparison of Age Group Changes 1990-2000

1990 
Census

2000 
Census

% High School Graduate 
or Higher

% Bachelors Degree of 
Higher

2000 
Census

1990 
Census

Area

 
 
As in the 2001 plan, the percentage of persons over 25 with a high school degree or higher is comparable 
to the County’s figures and higher than statewide percentage.  Similar to 2001, Warminster and the State 
of Pennsylvania have nearly identical percentages of persons over 25 with Bachelor’s degrees and 
higher, but not as high as the county average.  In general, the percentage of the population with higher 
educational levels has increased across all categories from 1990 to 2000. 
 
 
RACE AND ETHNICITY 

Pennsylvania 85.4% 10.0% 3.2% 1.8% 2.8%

Bucks County 92.5% 3.3% 2.3% 2.3% 1.9%

Warminster Township 91.0% 3.3% 4.6% 2.0% 3.7%

Asian

TABLE 2-7

Sources:  U.S. Bureau of the Census, Census 2000.

Racial Composition as a Percentage of Population

Hispanic or 
Latino All OtherArea

Black or 
African 

American
White

 
 
The racial composition within the Township in 2000 is similar to the patterns from 1990, although as noted 
in the 2001 plan, ethnic diversity is increasing with the percentages of Black, Hispanic and Asian 
individuals increasing since 1990.  As noted in 2001, Warminster is a more diverse community than 
Bucks County as a whole. In addition, Warminster has the 3rd largest population of Hispanics in the 
County. 
 
 
HOUSEHOLD DATA 
The total number of households in the Township has increased slightly from 1990 figures as shown in 
Table 2-8 below.  This growth is somewhat smaller in comparison to state figures and well below figures 
for Bucks County. Similar to trends within the US and region, household sizes have decreased in the 
same period. 
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Other household characteristics provide some insight into the Township’s demographics and economic 
status.  These include the number of family households, housing types and median housing values. 
These various statistics are shown in Tables 2-9 and 2-10. 
 
Household and family data for 2000 are similar to those for 1990.  For example, Warminster continues to 
be a community of families.  Approximately 76% of total households are family households.  This is a 
decrease from the 81% in 1990.  This again may be an indication of the aging of the population and shifts 
in household composition as children get older and move away and new household formation may be in 
the over 55 market.  This was seen in the population data and also is reflected in the household data 
shown below.  As in 1990, the percentage of those who rent their dwellings in Warminster is about 26% 
which is slightly higher than the county average of 23%.  The median monthly rental costs were $701.00, 
less than the county’s average of $736.00. 
 
Special Note:  With the dramatic increase in housing available for seniors over the age of 55, there has 
been a change in household composition which is not anticipated to be recorded until the completion of 
the 2010 census.  Older homeowners, interested in the new over-55 communities, have been selling their 
moderately prices homes in Warminster Township to new families coming into the area.  Since many of 
these homes have 3-4 bedrooms, it is anticipated that many of these new families have children under 
the age of 5.  
 

Pennsylvania 3.1 3.0 3,155,989 3,208,388 52,399 1.7%

Bucks County 3.2 3.2 145,924 160,946 15,022 10.3%

Warminster Township 3.4 3.2 8,758 8,625 (133) -1.5%

Comparison of Age Group Changes 1990-2000

Numeric 
Change

Percent 
Change

2000 
Census

Average Family Size Family Households

Area 2000 
Census

1990 
Census

1990 
Census

Change 1990-2000

TABLE 2-9

 
Sources:  U.S. Bureau of the Census, Census 1990 and 2000. 
 

Pennsylvania 2.6 2.5 4,495,966 4,777,003 281,037 6.3%

Bucks County 2.8 2.7 190,507 218,725 28,218 14.8%

Warminster Township 3.0 2.7 10,846 11,350 504 4.6%

TABLE 2-8

Sources:  U.S. Bureau of the Census, Census 1990 and 2000.

Change in Total Household 1990-2000

Numeric 
Change 

Percent 
Change

2000 
Census

Change 1990-2000Average HH Size Total Households

Area 2000 
Census

1990 
Census

1990 
Census
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HOUSING UNITS AND HOUSING VALUES 
The total number of occupied housing units in the Township increased from 10,846 in 1990 to 11,350 in 
2000, roughly an increase of about 4.7%. The total number of owner-occupied housing units increased 
from 7,937 units in 1990 to 8,430 units in 2000. This represented a growth of about 6.21%.  Although the 
2000 census data showed Warminster Township losing population in this time period, more recent 
estimates do show that the population is increasing.  Therefore the housing unit numbers seem to reflect 
both actual population growth and a change in household sizes.    
 
To illustrate the fluctuating housing market experienced since 2000, the 2008 data for median housing 
values were obtained to illustrate the significant leap in housing values within Warminster Township and 
Bucks County.  This data is shown on Table 2-10.   Most of the increases have occurred after 2000, 
reflecting the housing “boom” experienced between 2003 and 2006. 
 

1990 2000 2008 Numeric Percent Numeric Percent

Bucks County 140,000 163,200 282,500 23,200 16.6% 142,500 101.8%

Warminster Township 143,700 160,500 275,000 16,800 11.7% 131,300 91.4%

Sources:  U.S. Bureau of the Census, Census 1990 and 2000.  Prudential Fox Realtor Data, 2009.

Change in Median Housing Values 1990-2008

Change 1990-2000
Area

Change 1990-2008

TABLE 2-10

Median Value of Housing Units

 
 
 
OCCUPATION 
Occupation data has changed since 1990.  According to 2000 census data, the largest percentage of the 
labor force is employed in the retail/wholesale sector (16.3%), while 15.8% are in manufacturing and 
13.7% in service related jobs.  Both manufacturing and retail percentages have decreased since 1990, 
while the percentage of those employed in service sector increased. In 2000, unemployment was low at 
1.9%, however given the current economic climate in the region and throughout the US; the current 
figures may be much higher. 
 
 
POPULATION PROJECTIONS 
The final demographic data presented in the 2001 plan relates to future population growth. As shown in 
Table 2-1, Warminster’s population decreased each decade since 1980.  Current estimates show that the 
Township’s population is growing, but has not yet reached the 1980 population level.   Projections 
prepared by the Delaware Valley Regional Planning Commission are shown in Table 2-11 and illustrated 
in Figure 2-3.  According to these forecasts, the Township will continue to grow modestly over the next 15 
years, exceeding the 1980 figures by 2020. 
 

2010 2020 2025 2000-2010 2010-2020 2020-2025 2000-2025

Bucks County 597,635 649,187 694,893 715,819 8.6% 7.0% 3.0% 19.8%

Warminster Township 31,383 34,200 35,767 36,484 9.0% 4.6% 2.0% 16.3%

TABLE 2-11

2000 
Census

Projections

Population Projections 2000-2025

Area
% Change

 
Figure 2-1 – Warminster Population Forecast:  2000 – 2025 
(Delaware Valley Regional Planning Commission) 
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Warminster Township Population Forecast 2000-2025
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    CHAPTER 

3   WARMINSTER PARKS 
 
 
Warminster Township controls 546 acres of recreational space within its boundaries: 392 acres of 
dedicated parkland; 21 acres of preserved open space; and a 133-acre golf course.  An assessment of 
parks and recreational facilities was undertaken to determine if recreational needs are being met and to 
determine what changes would need to occur to meet these needs in the future. The factors used in the 
assessment included: the amount of park acreage; service areas of the parks; access by the community; 
and recreation facilities in terms of ball fields, game courts, play equipment, support facilities and 
connections between parks and other community destinations. The analysis of parks and recreational 
facilities as presented in this plan was conducted by: 
1. Completing an inventory and analysis of existing facilities;  
2. Establishing recreation standards for Warminster Township based on the results of the planning 

process and the unique characteristics of the Township; 
3. Comparing existing parkland acreage and facilities to the state and national standards, as well as 

those established for Warminster Township; 
4. Exploring trends in recreational facility use.  
 
In 2001, Warminster Township received a public benefit transfer of 243 acres from the Department of 
Interior Federal Lands-to-Parks Program resulting from the closure of the Naval Air Warfare Center – Air 
Craft Division (NAWC-AD).  This park was opened to the public in 2003 and was named Warminster 
Community Park (WCP).  The addition of this property more than doubled the open space and dedicated 
park land within the boundaries of Warminster Township.  This chapter will focus on the impact of the 
additional park land and the changes that have taken place at that site and other facilities throughout the 
Township since 2001. 
 

NRPA Park, Recreation, Open Space & Greenway Guidelines 

The National Recreation and Park Association's (NRPA) Park, Recreation, Open Space and Greenway 
Guidelines, 1996 provides a framework for recreational planning that relies on locally based planning 
processes rather than arbitrary standards based on a ratio of facilities to a specified percentage of 
population. The guidelines promote a comprehensive planning process that is based on local concerns 
and an assessment of conditions to define a plan that meets community needs. These include the need 
to accommodate different cultures; the need to include citizen opinion in the process; the identification of 
the wellness movement; and the establishment of levels of service (LOS).  These new standards along 
with consideration of environmental trends, social trends, economic trends, and demographics ensure 
that the residents of each community are given the right to determine the size and use of land set aside 
for parks and recreation facilities.  The Delaware Valley Regional Planning Commission (DVRPC) has 
prepared a different method of calculation for parkland as prepared in the Recreational Open Space 
Needs Analysis for the Delaware Valley (2002).  Based on the population density of the Township, 
approximately 251 acres of parkland is required to meet the needs of the residents.  (3,061 persons per 
acre at a recommended 8 acres per 1,000 persons:  8 acres/1000 x 31,383 total Warminster population = 
251 acres needed).  

Public opinion generated through the 2001 Study Committee and the public forums provided the basis for 
consideration of standards specific to the needs of Warminster Township. The assessment of such 
standards included an analysis of the amount and distribution of existing and planned recreational 
resources, analysis of service areas, and determination of park classification for Warminster's parks. 
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Development of standards unique to Warminster Township provides the framework for assessment of 
existing recreational opportunities and a basis for recommendations for future actions. As with any 
planning effort, success is grounded in the ability to assess changing customer needs, to be flexible, and 
to direct resources as appropriate. Warminster's recreation standards are based on NRPA park 
classification system described below.  

 
Distribution of Existing and Planned Recreational Resources  
The Township is fortunate in having parklands with prime resources, such as Kemper Park, Munro Park 
and Warminster Community Park (WCP), which can accommodate major active and passive recreational 
uses. However, it is important to evaluate the location of facilities within the community as a whole and 
the extent to which they are accessible. Convenient and safe access should be planned for all parks and 
recreational areas. The challenges that exist, and they are not unique to Warminster Township, are the 
barriers that are created by major roadways as they bisect the overall community into smaller areas. As a 
result of Street Road, York Road and Jacksonville Road, the Township can essentially be divided into six 
major areas. Generally, pedestrian and bicycle movements within these areas are easily accommodated. 
Moving from one area to another, however, presents a much greater challenge to pedestrians or 
bicyclists.  
 
The updated Warminster Township Parks, Recreation and Open Space Existing Facilities and Service 
Area Map (following page 4-14) presents the location of the Township's parks and school sites. This map 
illustrates several previously existing conditions as well as the latest additions to Township Park & Open 
Space facilities:  
• The major circulation barriers of Street Road, York Road, and Jacksonville Road still divide the 

Township into 6 service areas, but since the addition of WCP, two service areas can now be 
connected, and travel between the two is more conducive to pedestrian or bicycle traffic.  The 
Township continues to consider all modes of transportation to ensure free access by children and 
those without an automobile.  Although the trails and new park create better alternatives, access to 
many recreational sites is still via automobile. 

• Five of the areas have at least one park, yet parkland is not evenly distributed throughout the 
Township. There are two areas with a high concentration of parklands, the areas near Warminster 
Community Park, along Bristol/Kirk/Newtown Roads and the area to the northwest comer along the 
Little Neshaminy Creek.  The issue that is created by these concentrations, specifically the area 
around WCP, is the low concentration of adjacent residents. Getting to these parks generally 
requires driving, as a result of poor adjacent pedestrian and bicycle facilities, and the lack of 
geographic proximity to the residents they are intended to serve. 

• The area that includes the golf course, Kemper Park, Barness Park, Log College Park, Devonshire 
Court and the Recreation Center is the area with the highest concentration of individual parks, park 
types, and types of facilities (including indoor space). 

• The purchase of a 14-acre parcel in the southwest corner of the Township (formerly Christ Home 
property) has created an open space area in a portion of the Township previously devoid of any 
dedicated green space, but facilities are limited.  Planning is in place to create a green open space 
for undirected play, a playground, and walking trails in the back section.  The front section bordering 
Norristown Road has been transformed into a rain garden to reduce the amount of storm water 
runoff that has been affecting residents of this area for many years.  Meadow Run Park and the 
Leary Elementary School serve the rest of this heavily populated area west of York Road and south 
of Street Road. 

• The area between Jacksonville Road and York Road, south of Street Road is only served by Maple 
Street Park, which is a mini-park, designed to serve a small portion of the overall neighborhood. This 
area has a high amount of residential development. 

• The area in the southeast corner of the Township, east of Jacksonville Road and south of Street 
Road, has one main active open space that exists around the William Tennent High School 
Complex. The character of the school complex is entirely focused on open athletic fields. The area 
surrounding the complex lacks any true "park-like" facilities. Although Crooked Billet Green and 
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Szymanek Park are located within this area, improvements have been made to reduce the isolation 
of these parks created by physical constraints.  For example, Szymanek Park is located directly on 
busy Street Road but now has a pedestrian crossing at Johnsville Boulevard which allows residents 
to access walkways to Warminster Community Park. 

• With the addition of the Warminster Community Park, one of the main challenges – community 
access to the park system – was reduced.  What was formerly a huge parcel of property that 
provided no access to other surrounding park areas now became the centerpiece and residents can 
easily transverse this property to reach other park and recreational areas.  The installation of various 
access ways now allows residents to access Munro, Werner, Szymanek, and Warminster 
Community Park easily.  A series of trail systems has been set up to enhance the recreational 
experience.  An access way to the Northampton Municipal Park, located across Bristol Road from 
Warminster Community Park, at the northeast corner of Bristol/Hatboro Roads, was also created.   

 
 
Park System Classification  
The National Recreation and Park Association (NRPA) Park, Recreation, Open Space and Greenway 
Guidelines (1996), classifies park and recreational facilities into several main categories: mini-park, 
recreation node, neighborhood park, community park, school/community park, athletic complex, natural 
resource area/preserve, and greenways. 

 
1. Community Park  
Definition:  Meets the broader recreational needs of several neighborhoods and provides for both 

active and passive recreation and preservation of unique landscapes. It allows for group 
activities neither desirable nor feasible in neighborhood parks.  

Size:   30 to 50 acres  
Service Area:  .5 to 3.0 mile service radius; served by arterial and collector roads and accessible from 

throughout its service area by way of interconnecting trails.  
Facilities:  Designed for both active and passive uses, facilities can include: large play structures, 

game courts, ball fields, ice skating, swimming pools, picnic areas, open space, unique 
landscape features, nature study and ornamental gardens, parking lots, and lighting as 
appropriate.  

Findings:  Even though it is in the primary stages of development, Warminster Community Park 
comes closest to the definition of a community park. There is a balance of active and 
passive uses – mostly self directed, a large playground and pavilion, open space, walk 
and bike trails, and a pond.  The northern end closest to Munro will eventually be 
developed into a sport complex even though only one soccer field has been built at this 
time.  While Kemper Park is too small, it comes close to serving as a community park. It 
has a mix of facilities that are mostly passive. If it would ultimately be connected to 
potential parklands in adjacent municipalities, it could effectively meet those needs. 

 
2. Neighborhood Park  
Definition: Basic unit of the park system in meeting the active and/or passive needs of the 

neighborhood. Create a sense of place for a wide variety of ages living in the service 
radius.   

Size:    5 to 10 acres minimum   
Service Area: 1/4 mile to 1/2 mile service radius; uninterrupted by non-residential roads and other 

physical barriers and accessible from throughout its service radius by way of 
interconnecting trails, sidewalks or low volume residential streets.  
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Facilities: Neighborhood parks can be for active or passive recreation or a combination of both.  
Facilities can include ball fields and game courts, picnic and sitting areas, play 
equipment, trails, and passive areas with natural features.   

Findings: Kemper Park technically meets the definition of a neighborhood park. Although it is not 
large enough, it is actually functioning as a community park, because it is serving a much 
larger audience than a neighborhood park. The public school grounds now function as 
neighborhood parks.   

 
3. Mini-Park   
Definition: Small park located in a neighborhood setting with passive facilities, community gardens, 

playground/tot lot, and possibly a small active use such as basketball, bocce ball courts 
and lawn space for volleyball.   

Size:    Varies, can be up to 2 acres depending on the setting   
Service Area:   Less than a 1/4 mile service radius in a residential neighborhood, accessible by way of 

interconnecting trails, sidewalks, and low volume residential streets.   
Facilities:   Maple Street 
 
4. Recreation Node  
Definition:  Similar to a neighborhood park with both active and passive facilities designed for a 

specific purpose.  
Size:   Up to five acres  
Service Area:  Less than a 1/4 mile service radius in a residential neighborhood, accessible by way of 

interconnecting trails, sidewalks, and low volume residential streets.  
Facilities:  Based upon public input, facilities can include playgrounds, scenic areas and lunchtime 

seating areas.  
Findings:  Crooked Billet, Log College Park, and the Warminster Recreation and Education Center   

 
5. School/Community Park  
Definition: Combines the resources of two public entities to allow for expanded recreational, 

educational, and social opportunities in a cost-effective manner.   
Size:   Depends upon intended use; size criteria for recreation nodes, neighborhood or 

community parks; school buildings are not considered in the acreage calculation.   
Service Area:   Based upon distribution of the schools. The location can guide how it fits into the park 

system classification. Service Areas for the site depends upon the type of use of the site.   
Facilities:   Development should be based upon the criteria of other park classifications. If athletic 

fields are developed, they should be oriented towards youth rather than adults.   
Findings:   Log College Middle and Willow Dale Elementary, in conjunction with the library facility, 

offer the potential of becoming a school park complex. A portion of the William Tennent 
High School Complex is also in an excellent location for a park to serve that portion of the 
Township.  If the Centennial School District moves forward with a plan to reduce the 
number of elementary schools and move to fewer, but larger school campuses, some 
neighborhoods would lose these facilities.  However, the new school campuses might 
have more fields/facilities and might serve the community as athletic complexes.  
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6. Athletic Complex  
Definition:  Consolidates heavily programmed athletic fields and associated facilities in fewer sites to 

allow for economy of scale, improved management, greater control over impacts to 
neighborhood and community parks such as over-use, traffic congestion, parking and 
domination of facilities by those outside the neighborhood.  

Size:  Depends upon intended use. Consideration should be given to acquiring an additional 25 
percent to hedge against unforeseen circumstances.  

Service Area:  Strategically located community-wide facilities within reasonable driving times; near 
non-residential uses if possible.  

Facilities:  Development should be based upon the specific types of fields and courts.  
Findings:  Munro Park is the primary athletic complex in Warminster Township. Werner Park and 

Szymanek Park are also athletic complexes. Five Ponds Golf Club is a specialized 
athletic complex.  

 
7. Natural Resource Areas/ Preserves 
Definition:   Parks and recreation facilities that are oriented towards the preservation of significant 

natural features, open space, special landscapes, buffering and visual aesthetics. 
Size:   Dependent upon quality and extent of the resources and opportunity for preservation.   
Service Area:   Areas that, when preserved, can enhance the livability and character of the community by 

preserving as much of its natural features as possible.   
Facilities:   Resource rather than user based, natural resource areas can provide limited passive 

recreational opportunities such as trails and nature study areas.  They can also function 
as greenways.   

Findings:   Barness Park is a resource area. The Meadow Glen neighborhood has a wetland 
mitigation area which is accessible to the public. Ivy Woods parcels between Werner and 
Munro Parks, is a woodland preserved/buffer area. A portion of Meadow Run Park serves 
a stream course conservation area. Devonshire Court is a woodland preserved/buffer 
area that has a small stream.  Christ Home open space is oddly shaped and offers a 
section that contains wetlands, a rain garden and natural area.  There are also several 
areas of mitigated wetlands at Five Ponds Golf Club and at Norristown and Street Roads. 

 
8. Greenways   
Definition:   Linear trail corridors that tie park system components together to form a continuous park 

environment allow for safe uninterrupted pedestrian movement between the parks and 
around the community and provide people with a desired outdoor recreation opportunity.  
Greenways emphasize use to a greater extent than do wildlife preserves.   

Size:   25' minimum in a sub-division; 50' optimum; and 200'+ desirable.   
Service Area:   Most desirable location is in conjunction with trail system planning.   
Facilities:   Developed for particular transportation mode most commonly for biking, hiking and in-line 

skating. Greenways can also be developed for canoes and cars.   
Findings:   Kemper Park has the potential of acting as a greenway if facilities that are proposed are 

created in adjacent municipalities. If this regional connection could occur, Kemper Park 
could function more appropriately as a community park.  A bicycle trail could be created 
through the north side of the Township to connect Kemper Park and the Warminster 
Recreation and Education Center with Ivyland Borough and Munro and Werner Parks 
and Warminster Community Park.   
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These standards and evaluations provide a frame of reference for establishing standards for parks in 
Warminster Township.  Because the community is heavily developed, working within the resources 
available requires tailoring the standards to serve the community in the most effective way possible.  
Based upon the assessment of parks and recreation facilities, Table 3 -1 presents a proposed 
classification system for Warminster's parks. 
 

Existing
Community Park Warminster Community Park; Munro Park; 

Kemper Park
            309.0 

Neighborhood Park Warminster Recreation & Education Center               13.0               26.8 **

Mini-Park Maple Street Park; Meadow Run Park                 3.5 

Recreation Node Crooked Billet Green; Log College Park               32.8 

School/Community Park Wm. Tennent H.S.; Log College Middle School: 
McDonald, Willow Dale, Leary, Longstreth 
Elementary  Schools; Warminster Library

            230.0 

Athletic Complex Werner Park; Szymanek Park               17.6 

Natural Resource 
Areas/Preserves

Barness; Kemper*; Meadow Run*; Meadow Glen; 
Ivy Woods; Devonshire Court; Christ's Home; Log 
College Park*

              66.8               45.8 **

Greenways Kemper*;  Barness*                    -  

Special Use Facility Warminster Golf Course             133.0 

Total             805.7               72.6 **

TABLE 3-1

Parks in Proposed ClassificationCategory

* Acreage only included in category of primary use.     ** Through open space acquisitons.

Proposed Classification System

Warminster Township Parks, Recreation Areas, and Open Space
Acres

Proposed

 
According to NRPA guidelines, the Level of Service guideline is a ratio expressed as acres/l000 
population, which represents the minimum amount of public ground space needed to meet real time 
recreational demands of the citizens of a community. In Warminster Township, the current Level of 
Service for public parks is 11 acres per thousand people. Under the previous NRPA guidelines, the 
minimum active recreational acreage was at least six to ten acres per thousand. While Pennsylvania does 
not have a standard for active park acreage, Maryland offers a comparison of 30 acres per thousand. 
Examples in other communities include Northampton with eight acres per thousand, and Upper Dublin in 
Montgomery County with six acres per thousand.  
 
 
Warminster Township Parks  
Warminster Township incorporates mixed recreational options in all of its parks thus providing multiple 
opportunities for the residents to enjoy active recreation for individuals, groups and sports leagues, areas 
of scenic beauty for the enjoyment of nature, and protection of open space and significant natural 
resources.  
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The Township offers the availability of parkland for active recreational uses that serve the individuals, 
families, groups, and leagues that participate in athletics, as well as children who enjoy playing in a 
playground or practicing sports at Munro, Werner, and Szymanek Parks.  Future plans for Warminster 
Community Park (WCP) include the addition of a sports complex directly adjacent to Munro, which will 
allow the sport leagues to expand.  Proposed facilities in this park include a soccer and softball complex. 
Presently one soccer field has been built and the section of the park closest to Munro is being used for 
overflow parking when tournaments are being hosted at Munro. 
 
The addition of Warminster Community Park allowed the Township to address the wants and needs of 
the community for Passive Recreational Land.  More than 100 acres of this parcel have been dedicated to 
passive park use fulfilling the residents’ requests for areas to walk, bike trails, and opportunities to view 
nature.   
 
The “Existing Facilities and Service Areas” map illustrates the following:  
• Parks and schools in Warminster Township; 
• Service areas for each park; 
• Recreational lands including municipal parks, schools, and private recreational lands; 
• Barriers to parkland accessibility,  
• Existing trail greenways within or bordering .  
 
 

Active Recreation Land  
Parkland for active recreation serves the needs of individuals, families, groups and leagues that 
participate in athletics, as well as children who enjoy playing in a playground or practicing sports. 
Warminster Township has three key parks, which provide a majority of the active recreation facilities to 
the residents. Munro Park is the municipality's largest sports complex and offers the widest array of active 
recreational facilities. With its density of facilities it is the center of action for organized sports groups. Its 
location, however, is far from central to the majority of the residents, since it's essentially isolated from 
much of the Township by the development of housing and commercial ventures on the former Naval Air 
Warfare Center (apart from Warminster Community Park).  Adjacent to Munro Park is Werner Park, which 
is primarily focused towards football, but does have a softball field, a small practice area, and a 
playground. Szymanek Park, located across from WCP site along Street Road provides additional active 
recreational facilities, a playground, and community garden. The remaining parks are areas that are 
significantly smaller or have only a single facility of varying nature incorporated. Table 4-2 (located on 
page 4-15) is an inventory of parks and other recreational lands in Warminster Township. Not included is 
an inventory of the facilities that exist on private parochial school land.  
 
 
Passive Recreation Land 
The need for passive recreational opportunities has been identified as a key issue by a majority of 
Pennsylvanians, according to the Pennsylvania State Outdoor Recreation Plan. Over eighty-two percent 
of citizens’ statewide identify walking and hiking as their preferred recreational activity. Based on 
comments received through public meetings, the needs and desires of Warminster Township residents 
seemed to be consistent with other PA residents. For example, biking was a recreational activity that was 
noted as a very popular activity within the Township.  
 
Kemper Park, and now Warminster Community Park (WCP), are the key parks for providing passive 
recreation within the Township. Kemper Park benefits greatly from the Little Neshaminy Creek, which 
runs through it and is its main focus. Pavilions and a trail network provide an experience that does not 
exist at any other park within or nearby the Township.  With the opening of WCP in 2003, this community 
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park now provides ample opportunity for passive recreation.  Over 5 miles of trails are available, along 
with 100 acres of natural area, a picnic pavilion and pond.    
 
Meadow Run and Maple Street parks also provide opportunities as small neighborhood focused mini-
parks. 
 
 
Overview of Existing Parks  
The following section contains information on each park in the system.  Uses, notable features, recent 
enhancements/improvements, issues and concerns, and opportunities and future enhancements and 
improvements are listed for each park, where appropriate. 
 
Although field visits were conducted in 2001 to assess the park and recreational facilities, much work has 
been done in the parks in the past 9 years.  As a result, the planning team revisited all park areas to 
ensure that the following items were being addressed:   
• All parks had multiple user groups and each park provided a mix of uses and facilities.  
• Support facilities were provided as needed. 
• The layout and functionality of new facilities were considered for park users.  
• Accessibility to sites and facilities were in compliance with the Americans with Disabilities Act (ADA).  
• Safety concerns and compliance with the Guidelines for Public Playground Safety of the Consumer 

Product Safety Commission were reviewed. 
• The overall character and aesthetic of each park and all of the parks as a system were considered.  
 
 
Warminster Community Park (WCP) 
This tract was acquired on January 11, 2001, as a result of the decommissioning of the Naval Air Warfare 
Center – Aircraft Division (NAWC-AD) under the 1996 Federal Base Closure and Realignment Act. 
(BRAC) 
 
Features/Uses 
This facility is a community park due to its size (243 acres) and diversity of activities that include both 
active and passive recreational opportunities.  WCP is heavily used by walkers, runners, cyclists, bird-
watchers, nature-lovers, children playing on the play apparatus, picnickers using the pavilion, dog 
owners, and others.  The park is the celebration site of Warminster Days and is also used by other 
organizations to hold special events (Sport Car Club of America rallies, Revolutionary War Reenactment) 
and by numerous fund-raising organizations. 
 
A master plan for the property, completed in July 2002, set forth ambitious and expensive goals, (which 
have since been scaled back), for the development of this significant addition to the Township’s park 
system. 
 
Recent Enhancements/Improvements 
• In 2006 the Township received a matching grant from PA DCNR to finance several new 

improvements to the park using contracted and Township labor:   
1. A dog park recently opened in the center of the site and consists of a two fenced in areas, a 

larger 200’ x 200’ space and a smaller 100’ x 200’ space, with a pavilion shared between them.  
The entrance to the dog park includes a vestibule with park rules and an area for owners to let 
their dogs off-leash.  Dog-accessible water fountains and showers are also provided in addition 
to benches and trash receptacles. 

2. Two new basketball courts have been installed by the main parking lot on the old runway. 



 

 WARMINSTER PARKS 
 

3-9

3. A 40’x60’ maintenance facility, complete with fencing, water and electric service has been 
installed at the north end of the runway.  

4. A labyrinth garden will be installed at the southwest corner of the park in the naturalized area. 
• A paved, multi-purpose perimeter path with an extensive system of bisecting, interior trails that are 

heavily used by the public for walking, jogging, cycling, etc. 
• A large playground heavily used by young children under the supervision of their parents. 
• A picnic pavilion, with restrooms and grills, at the western end of the park accommodates 100 

people.   
• Development of a wildlife habitat management action plan for the naturalized areas of the park has 

been created by PA Game Commission’s Private Landowner Assistance Program.  The overall 
concept is to allow the southern portion of the property to become naturalized and reserve the 
northern portion of the site, closest to Munro Park, as an open lawn area for active recreation.   

• The National Aeronautic and Space Administration (NASA) donated a series of new signs depicting 
the solar system in remembrance of the scientific work performed at the base during World War II 
and on behalf of the federal space program.  The signs were installed along a pedestrian walkway 
near the playground by an Eagle Scout. 

• Eight fitness stations have been installed along the perimeter trail by an Eagle Scout. 
• The eastern portion of the park includes a large wooded area along the property line with the 

adjacent Shenandoah Woods military housing development surrounded by open space that is being 
converted to grassland. 

• Grant funding has been acquired through the DCNR Tree Vitalize program in cooperation with the 
Pennsylvania Horticultural Society to install an additional 300 trees.  Approximately 75 trees are 
being installed each year of the program. 

• New trees are being planted as part of a memorial landscaping project to expand the size of the 
wooded area and provide shade throughout the park. 

• Bird identification/habitat signs have been placed along walkways in the natural areas to educate the 
public about the local wildlife. 

• Bird boxes, built and monitored by senior citizens living at Anne’s Choice, have also been installed. 
• A newly created wetland area provides a small vernal pool for reptiles and amphibians. 
• The former aircraft runway is being used for special events such as car rallies sponsored by the 

Philadelphia Regional Sports Car Club of America and the biennial  Warminster Community Days 
celebration. 

• The anechoic chamber, a remnant of the former naval base, is leased to The Pennsylvania State 
University-Applied Research Laboratory for research purposes and is enclosed by a fence.  
Proceeds from the lease are used to help finance Township park improvements.  

• A new traffic light at the intersection of Bristol and Hatboro Roads includes a crosswalk to allow park 
users to walk from Warminster Community Park to the 103-acre Northampton Municipal Park the 
owned by Northampton Township.  This access is used as the special event entrance for large 
activities.  

• Entrance roads from Bristol and Street Roads. 
• Two access connections with the adjacent Anne’s Choice retirement community; and parking 

facilities that serve both this site (paved lot) and the adjacent Munro Park (gravel lot).  
• An open play area, small gravel parking lot and soccer field across the street from Munro Park. 
 
Issues/Concerns 
• Since the property was provided to the Township as a public benefit transfer, numerous restrictions 

are applied to the property by the Department of Interior; this property can only be used for 
recreation purposes.  The Department of Interior does not permit use of this property for 
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entertainment purposes (movie theaters, amusement parks, etc) which could provide revenues for 
operations and capital. 

• Deer over-browsing continues to be a problem at the park, since the woods and grassland provide 
food and cover for these animals.  As open space areas in the surrounding region are lost to further 
development, the impacts of deer at Warminster Community Park and surrounding natural areas will 
increase. 

• The cost of maintaining the park will continue to increase as more enhancements are made and as 
more people utilize it. 

• Vandalism is growing more prevalent and funds are constantly needed to make repairs instead of 
improvements. 

• Approval of the 2004 referendum would have provided a lump sum to move forward with park 
development.  The loss of this referendum requires the parks department to put together the park in 
a piecemeal fashion thus escalating the overall cost. 

• Disposal of leftover equipment and buildings when the site was vacated by the Navy – including the 
anechoic chamber, out buildings, and monstrous runway.  

• Safety of persons using the park due to its large size.  There are some “hidden” areas in the park 
and cell phone coverage is not reliable.   

• Configuration of the park due to the large runway areas creates problems with people driving on 
trails and seeking access straight through to Street Road 

• Former “superfund” site status – even though we have been informed that all has been cleaned to a 
“recreation standard” – the public question of contamination on site still exists. 

• How to get rid of 680,000 sq ft of runway that is 12 -24” deep? 
 
Future Enhancements/Opportunities 
• Future plans for Warminster Community Park (WCP) include the addition of a sports complex directly 

adjacent to Munro, which will allow the sport leagues to expand.  Proposed facilities in this park 
include a soccer and softball complex. 

• The Township is awaiting the outcome of a Renewable Energy Grant submission for a wind turbine 
to supplement the electrical usage of the new maintenance facility 

• Working with the Warminster Rotary Club, the Township has begun planning for the installation of a 
50’x90’ Safety Town to be located near the playground on the former runway.   

• New trail linkages connecting recreational facilities within Warminster Community Park and 
Northampton Municipal Park should be considered as well as improvements to the internal trail 
system at Warminster Community Park to connect the naturalized and active lawn areas.  Paths 
providing more access to the grassland and woods for environmental education would also be 
beneficial.   

• The proximity of the park to the active retirees at Anne’s Choice provides continuing opportunities for 
the involvement of these residents in future park improvements.  Members of the retirement 
community have already expressed interest in using their wood-working skills and facilities to assist 
in construction of the building façades needed for Safety Town.  Collaboration with the recreational 
facilities and programs at Anne’s Choice should be explored. 

• If the anechoic chamber continues under the purview of Penn State University–ARL, the Township 
may consider a land swap of the 1.5 anechoic’ acreage for 4 acres of land adjacent to the park.  This 
property contains a grove 100+ year old Chinese chestnut trees.  

• If a contractor can be found, The Township would like to recycle portions of the runway to open up 
more natural areas.  The Township still plans to use much of the runway for court and parking 
surfaces to reduce the need for impervious surface in other areas of the park. 

• The Township is seeking State grant funding to support a wind turbine to help offset electric costs to 
the new maintenance facility.  Other “green” ventures are also being considered.   
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Munro Park   
Features/Uses 
This facility is primarily an athletic complex with a wide range of active recreation facilities.  It has a mix of 
field types, play apparatus, a concession booth with restrooms, tennis courts, a basketball court, modular 
skate park, and a small wooded area at the south entrance.  This facility is intensely utilized by organized 
sports that now take an active interest in the maintenance of the park – either through direct monetary 
donation or volunteer maintenance services. 
 
The Al Perlini Soccer Tournament has been in existence for more than 20 years and now brings over 200 
teams to Munro over Labor Day weekend.  Other outside Tournament providers have expressed an 
interest in using Munro. 
 
Recent Enhancements/Improvements 
• The Township has developed an annual turf maintenance program for the major sport fields which 

has greatly reduced the wear and signs of compaction. This plan includes the fertilization, herbicide, 
aeration, and seeding program. 

• The six tennis courts have been overlaid to eliminate foundation problems, but, due to a reduction in 
tennis play, four of the courts have been altered to other recreational uses.  A basketball court and 
modular skate park now fill the area of four former tennis courts.  In an effort to reduce costs, the 
lighting that used to be available at this site is no longer used. 

• Restroom access has improved thanks to programmable magnetic locking systems.  This allows use 
of the restrooms for most of the day.  Unfortunately, in 2009, the Township saw an incredible amount 
of vandalism in the restrooms and is currently considering installation of security cameras. 

• With the assistance of the Pennsylvania Horticultural Societies/DCNR Tree Vitalize program, the 
Department continues to add trees to this site to address the need to shade and separate sport 
facilities.  The Township continues to address the issues of “system-wide” design by developing new 
signage, using only one type of bench, and adding the Perennials for Parks program. 

• To meet the growing needs of the Warminster Baseball & Softball leagues, league personnel cut in 
(under 8) peewee t-ball areas to consolidate league games and locations.  Leagues are doing field 
maintenance & minimizing practice to improve field conditions. 

• The Sk8 Committee has held multiple fundraisers to purchase modular equipment.  There is a core 
group of parents and youth who are dedicated to making the skate park a success, but the 
committee as a whole is rapidly dwindling.   

 
Issues/Concerns 
• With the addition of the skate park, vandalism of this area and the adjacent restroom has increased 

dramatically.   
• In 2009, the Township attempted to resurface the skate park in preparation for a special event.  

Unfortunately the resurfacing material did not adhere in certain areas and the Township must 
consider other surfacing options for this facility.   

• As year-round community sports become more and more the norm, the Township is concerned how 
this will affect field use, wear & tear and maintenance.  

• Although the minimal ADA improvements have been completed, work can still be done as funding 
becomes available, to improve all aspects of accessibility. 

• The community sport organizations, in an effort to consolidate services, are not considering park 
design and aesthetics when installing park amenities such as sheds that needed to store 
equipment.  The Park, Recreation & Conservation (PRC) Board will need to control this.    

• As improvements are made by each community group, they become territorial in the facilities that 
are located in the parks – even though they ultimately are owned by the Township.    
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• Adequate parking and restrooms for the size of events the community organizations need are not 
available.  

• Park layout and design is not conducive to conducting large scale tournaments and events, which 
could enhance community economic development. 

 
Future Enhancements/Opportunities 
• Using Tree Vitalize grant funding, the Township hopes to install additional trees at Munro.  These 

will provide future shade as well as enhance the park-like setting at this facility.   
• The Sk8 Spot Committee has launched an advertising sign campaign to raise funds for more 

equipment.  The Township has received zoning approval for these signs. 
• Recent improvements to Munro has now made it “the place to play” and the Township has begun to 

receive numerous requests for outside tournament play.  Balancing use by community organizations 
and outside agencies offering financial incentives will prove difficult as Parks & Recreation funding 
dwindles.   

 
 
Werner Park   
Features/Uses 
A smaller athletic complex primarily focused on football. It has a football field, a softball field, a small 
practice area, playground, concession stand, football announcer's booth, and restrooms. 
 
Recent Enhancements/Improvements 
• In 2004, the Warminster Warrior Baseball & Softball Association began active use of this former “all-

football” facility by upgrading the softball field. 
• The institution of a system wide turf maintenance program has improved football field wear. 
• The Township has tried to improve the aesthetics of the park by cleaning up the dumping and 

planting more landscaping. 
• The playground is no longer isolated due to the Installation of a new playground and changes in use 

by the sport organizations. 
• Conflict between the use of the softball field and the adjacent landowners has been resolved by 

adding landscaping to a restroom access.    
 
Issues/Concerns 
• The configuration of facilities on the site continues to create problems with parking – especially 

during special events and multiple games. The Township is researching alternatives to address the 
parking problems at the back of the park but site size and drainage concerns are major constraints. 

• Vandalism is always a concern, but with increased year-round use in this park, vandalism has been 
greatly reduced. 

• The structural integrity of the lighting poles must be addressed within the next 5-10 years due to their 
age.  

• Encroachment by residents on neighboring Ivy Woods. 
• ADA adjustments to the restroom are still under consideration by the Department of Justice.    
 
Future Enhancements/Opportunities 
• Many of the sport organizations would like to complete improvement to the site.  At present the 

following projects are in the planning stages:  Warminster Pioneers Football would like to install an 
awning over the patio by the snack stand.  Warminster Softball would like to increase the size of the 
shed behind the backstop, create dugouts and install electric service. 
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• The Township is looking at a way to create more parking by developing a porous paved area near 
the woods. 

• Using tree escrow funding, the Township would like to enhance the landscaping of this property. 
 

Szymanek Park 
Features/Uses 
This park is a primarily an athletic complex – with a multi-purpose football/soccer field and softball field.  
Basketball courts, a multi-use court, restroom/storage facility, and a playground are also on site.  Open 
space located at the back of the park is available for other passive uses including a co-op community 
garden.  Use from the neighbors at Bucks Landing is heavy and the installation of the community garden 
and playground enhances overall use.   
 
Recent Enhancements/Improvements 
• The area between the parking lot and the adjacent convenience store continues to show signs of 

wear, but an erosion problem has been addressed with additional storm water drainage. 
• Working with the residents of Bucks Landing Apartments, a community garden has been installed at 

the back of the park.  This program is available to all Warminster residents.  
• The painting of the former white outbuilding to a darker green, has greatly reduced the amount of 

vandalism to this facility.   
 
Issues/Concerns 
• The configuration of facilities on the site continues to create problems with parking – especially 

during special events. The Township is researching alternatives to address the parking problems at 
the back of the park but site size is a major constraint. 

• The location of the park is in many ways its greatest issue.  It is located along Street Road, which is 
a very busy four-lane highway.  Installation of a traffic light at Johnsville Boulevard and the entrance 
to the park has allowed much better access to the park and creates a link to WCP. 

• The football/soccer field is used by youth and adult football leagues during the week and a large 
adult soccer league on Sundays.  In addition, many residents of the neighboring housing complex 
use this field for soccer during the week.  This has led to overuse of the field and although the facility 
is included in the system-wide turf maintenance program, use is too heavy. 

• Since the park sits in a direct line between the apartment complex and a 7-11 store, there are 
constant problems with cut-through traffic and trash.   

• The constant presence of trash and bottles creates a problem and many man-hours are spent in this 
park addressing the issue.    

 
Future Enhancements/Opportunities 
• As in all of its parks, the Township is purchasing lower bleachers to meet the ASTM/BOC guidelines 

for safety.  At $1500/bleacher, these costs have been spread over multiple years’ budgets. 
 
 
Crooked Billet Park   
Features/Uses 
This is a recreation node, which includes a ball field, basketball courts, walking trail, and a playground. 
 
Recent Enhancements/Improvements 
• The playground equipment has been revamped and new all metal accessible equipment has been 

added which has greatly reduced the amount of vandalism. 
• A perimeter walking trail is accessible from the basketball courts and playground.   
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Issues/Concerns 
• The main issue for this facility continues to be determining what uses should be included and their 

long-term maintenance. The ball field continues to be well utilized, but use seems to be limited to the 
residents of the small community in which it is located. 

• The basketball courts are very heavily used but trash and vandalism of the equipment and the park 
in general is still a problem – though greatly reduced in recent years.    

• Vandalism and trash are long-standing concerns at this park.  Man-hours are lost here picking up 
trash.  In the past, the Township experimented with letting the park fall into a state of disrepair and it 
did not matter to the residents.   

 
Future Enhancements/Opportunities 
• Working with the Homeowners Association to create a feeling of community ownership of this park 

should reduce some of the vandalism and trash.   
 
 
Maple Street Park 
Features/Uses 
• This Park is a mini or pocket park, which includes a playground/tot lot, a basketball court, and small 

section of open green space.   The park was provided to the Township by a developer who needed 
to meet the municipal Open Space requirements. 

 
Recent Enhancements/Improvements 
• The basketball court was recently resurfaced and the grass area is used for open space play. 
 
Issues/Concerns 
• Even though this park is well located and has homes facing it with good visibility, neighborhood 

policing is practically non-existent. 
• Drainage at Maple Street is a problem and creates difficulty when trying to address ADA 

accessibility. 
 
Future Enhancements/Opportunities 
• Plans for the addition of trees on the northern edge (Nemoral Street) should improve the aesthetics 

of the property while not reducing the policing capabilities. 
• The Township is looking to upgrade the equipment to better meet accessibility standard changes. 
 
 
Meadow Run Park 
Features/Uses 
• This Park acts as a mini-park focused around resource protection. It parallels a small stream that 

runs through the neighborhood.   It contains a playground, open green space, and picnic area under 
trees.  This park acts as a connective walkway between Leary School & the Woodlawn 
neighborhood. 

 
Recent Enhancements/Improvements 
• As a result of vandalism, several portions of the play apparatus were replaced.   
• In 2008, working with the 5th grade students at Leary Elementary School after a bout of vandalism 

and fires, repairs were made, the garden around the sign was planted and picnic tables were 
painted. 
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Issues/Concerns 
• The main problem with the park is the lack of physical boundaries between the park and individual 

homeowners' back yards; however, recently the number of complaints has declined significantly. 
• Several adjacent homeowners have become the “eyes and ears” of the park and report issues and 

hazards when they occur.  Periodic vandalism is still a problem.  Recent vandalism resulted in the 
replacement of numerous parts of the play apparatus.  This park could greatly benefit from some 
aesthetic improvements.   

 
Future Enhancements/Opportunities 
• The Township is looking to upgrade the equipment to better meet accessibility standard changes. 
• Continue to improve park amenities by utilizing park design standards.   
 
 
Barness Park 
Features/Uses 
• The “park” is actually a resource protection area. It primarily consists of land located between the 

back of residential properties that parallel a small stream.   This park contains two distinct sections – 
one large open field and the wooded area that runs up to the golf course boundary.  The park has 
limited utilization as a result of its narrow, land-locked configuration.  

  
Recent Enhancements/Improvements 
• An informal nature trail has been installed by locals and previous scouts but the Township does little 

to maintain it. 
• The Township continues to upgrade and maintain the pathway and connector bridge 
• When the concrete walkway connecting Gorson Drive to Spiess Lane neighborhoods which was 

originally created to provide efficient access to the former elementary school (now the Warminster 
Recreation and Education Center), fell into a state of disrepair, the Township removed it and 
installed a macadam path that better met ADA standards.  In addition, safety measures have been 
included on the bridge. 

• This park was designated an Environmental Protection Zone by the Board of Supervisors in recent 
zoning changes.    

 
Issues/Concerns 
• The Township is considering returning the large open space to a meadow, but anticipates difficulty in 

selling the neighbors on this program. 
• Past attempts to install amenities such as a picnic pavilion have been vigorously opposed by 

neighboring residents. 
• Several trees have been lost to erosion and the Township has replaced those along the entire length 

of the stream. 
• Dumping of grass clippings, yard waste and branches continues to be a problem.  Since access to 

this property is limited, the Township can only infer that residents who reside on both sides of the 
stream are dumping in these areas.  Numerous direct mail pieces have been sent to these 
homeowners regarding this problem.   

• When the golf course floods while acting as a watershed, this waterway addresses the overflow and 
allows water to flow down to the a branch of the Little Neshaminy Creek in Kemper Park.  Due to 
large amounts of water, streamside erosion and loss of trees due to root erosion is a problem.    

 
Future Enhancements/Opportunities 
• No changes are planned for this area and it will remain open space.   
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Kemper Park 
Features/Uses 
• Kemper Park is the facility that most closely serves as a community park. It has a major 

environmental resource in the Little Neshaminy Creek. It also has a trail for walking, jogging and 
biking, open lawn areas, a ball field for active recreation, and three pavilions.  

• This park is the site of the Township’s annual Rubber Ducky Regatta – a popular fundraiser for the 
Department and is heavily used by schools, civic organizations and nature studies due to the ready 
access to water.   

 
Recent Enhancements/Improvements 
• To address problems with erosion and poor water quality, the Township, working with the Delaware 

River Keeper, received grant funding to complete a riparian buffer and bank stabilization program.  
The addition of the riparian buffer has introduced native tree and plant species back into the park 
and greatly reduced erosion on the park side of the Little Neshaminy Creek.  There has also been a 
great reduction in the number of geese present on this site due to loss of direct site-line.  

• By using recycled Christmas trees from the seasonal chipping program as revetment, the 
department has been able to stabilize a large portion of the bank that was being eroded.  The above 
improvements have resulted in less erosion and better water quality.  The Township also received 
approval from DEP to stabilize the walking trail by putting in asphalt instead of stone.  This change 
created an ADA accessible use for much of the community and dramatically decreased the amount 
of maintenance required by the Township. 

• The “Perennials for Parks” program has been especially successful here as residents donate 
perennials to be placed in the parks to enhance landscaping. 

• All pavilion areas have been paved to become handicapped accessible and the Township has 
installed bollards at the front parking lot to prevent turfing and vehicular access. 

• During the fall semester of 2006, the Parks Department teamed with the Horticultural Design class at 
Delaware Valley College to review several park entrances.  Their goal was to create designs that 
would “unify the park system through structural elements and native species”.  Kemper Park’s design 
is still under consideration for these improvements.    

 
Issues/Concerns 
• Parking continues to be a problem during special events at the park.  It appears that daily users are 

easily accommodated but during events such as softball games and community activities, the 
parking lot is easily overcrowded.  

• Because this park is narrow, it lies entirely in the flood plain of the creek; therefore, permanent 
structures, such as rest rooms cannot be constructed.  Portable toilet facilities are provided from 
April through December, but the lack of running water, toilets, and electricity limit the kinds of events 
and activities that can be held at this park. 

• The Township continues to address invasive species in the park – ragweed, knotweed, loosestrife, 
and thistle continue to be problems as seed is carried by the stream and distributed in the park when 
the banks overflow.   

• Many issues exist in the surrounding neighborhoods with flooding but much of the problem comes 
from the street-side storm water issues and not the flooding of the creek. 

• Similar to Barness Park, dumping of grass clippings, yard waste and branches continues to be a 
problem.  Since access to this park is limited, the Township can only infer that residents who reside 
on both sides of the stream are dumping in these areas.  Numerous direct mail pieces have been 
sent to these homeowners regarding this problem.  The dumping only increases the problem of 
neighborhood flooding when the creek overflows.  

• The Warminster Municipal Authority recently abandoned an old pump house with the plan that this 
property be absorbed in to the park.  Township is awaiting final decision as it will expand our 
maintenance costs for mowing.   
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Future Enhancements/Opportunities 
• Additional improvements, under consideration, include a connecting trails system and the expansion 

of overflow parking along Sinkler Drive.  The Township has considered selling the four residential 
lots located at Sinkler and Valley.   

• Eagle scouts have expressed an interested in working on the revamping the Glenn Sokol Nature 
Trail at the back of the park and rebuilding the bridge over a culvert. 

 
 
Log College Park 
Features/Uses 
• The park serves as a recreational node. Although it has more land than is traditionally considered for 

a recreational node, because of its configuration and concentration of uses along Log College Drive, 
it functions as a node. It has one basketball court, one tennis court, and one multipurpose court, two 
grass volleyball courts, and a playground. The remainder of the area is open lawn 

• One separate section of the park is wetlands and a natural area that is not touched by the Township. 
 
Recent Enhancements/Improvements 
• The Township has resurfaced the tennis courts and they will be used for Pickle ball in the fall of 

2009.  Since one of the multi-use courts is unlined, it may be used for a play area with stenciled 
games. 

• With a donation by a local developer, the Township has added a line of landscaping along the 
frontage to reduce that “marginal strip of land adjacent to a neighborhood street”. 

• Another grass volleyball court was added in 2008 to address the expanding needs of a pickup 
recreation league. 

• Numerous trees have been added as part of the Tree memorial and Tree Vitalize grant programs. 
 
Issues/Concerns 
• Although the park has a good mix of uses to serve the neighborhood, it still lacks defining elements. 

The Park property is still owned by the Warminster Municipal Authority, which controls its ultimate 
utilization and limits interest in any major capital improvements. 

• The Township is seeking reuse of the concrete pad where a pavilion once stood.  This pavilion was 
repeatedly vandalized until it was set afire and burnt down.  

 
Future Enhancements/Opportunities 
• The Township expects to install sand volleyball and additional landscaping in the near future. 
• The Township is looking to upgrade the equipment to better meet accessibility standard changes. 
 
 
The Warminster Recreation and Education Center (WREC) 
Features/Uses 
• The Warminster Recreation and Education Center (65,000 square feet) includes a small gym with a 

stage, indoor space in the form of former classrooms, three small ball fields for T-ball, and several 
playgrounds. The outdoor facilities function as a recreational node.  The upper wing of the building is 
leased out to several day care and pre-school agencies.  The former multipurpose room kitchen and 
one classroom is leased to a catering firm and one classroom in the lower wing is rented to a local 
tax service.  These rentals help offset some of the operational costs of the building.   

 
Recent Enhancements/Improvements 
• The ball fields are in fair condition during the season and two pieces of age-appropriate playground 

equipment has been added to address safety and ADA issues.  
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• The facility is a former school, and the office area was the only section that had air conditioning when 
the Township took over the building.  However, that system is one that has not functioned well, and 
window air conditioning units have been installed in the offices and several classrooms used for 
recreation programming. The tenants who lease space have also installed window or wall air 
conditioning units in their leased areas.   

 
Issues/Concerns 
• The main issue with the facility is the age of the structure and long-term maintenance requirements. 

Although the original physical plant and building systems are in relatively good condition, they are 
not as energy efficient as newer models.  As mentioned above, numerous rooms have window air 
conditioners, which are also rather inefficient. Every summer, the Department loses program 
participants, mainly from its fitness program, and hopes that those participants return in September. 

• The gym/theatre space, although small, is highly valued.  The Department is concerned that as the 
School District moves forward with its building program, there will be fewer school gyms for indoor 
sports – basketball, wrestling, volleyball – which could result in additional requests for the WREC’s 
gym, already scheduled until 8:30-9:30 pm most nights, and on Saturday and Sunday afternoons 
during basketball season.   

• The deed between the Township and the School District continues to restrict ownership. If the 
Township no longer uses the WREC for municipal purposes, the property must revert back to the 
School District. If the School District requires the building for educational purposes, it must give the 
Township six months notice to vacate the premises.  This has limited the Township’s ability and 
willingness to commit to large-scale renovations and improvements.    

• Although the building is large, the classrooms are all the same size and configuration, with floors on 
concrete slab, limiting the size and types of programs that can be held in them.  The gym is the only 
room that has a floor that is conducive to active fitness classes.  There is no “flex space” that can be 
closed off or expanded to accommodate small and large group activities.   

• Continuing budget concerns also limit the number and kinds of programs the Parks and Recreation 
Department offers.  Since the rental income does not cover all of the operational costs of the 
building, the Department needs to offer “tried and true” programs that have a history of generating 
additional revenues.  New programs are added only if they can be scheduled around the days and 
times of more established programs.   

 
Future Enhancements/Opportunities 
• The Township plans to buy this property outright from School District with County Open Space 

money of $728K.  This will lead to greater capital improvements, including a new roof and upgrade of 
the air conditioning in the gym and throughout the building. 

• If and when building systems need to be renovated/replaced, the Department would have the 
opportunity to look into more energy efficient systems.   

 
 
Devonshire Court 
Features/Uses 
• Added to the Park System in late 2001 via a purchase using the Bucks County Municipal Open 

Space grant funds. 
• This 8 acre wooded parcel with a stream, located adjacent to the Warminster Recreation & 

Education Center, was declared an Environmental Protection Zone and Natural resource area by the 
Board of Supervisors.  The parcel was listed as a desirable acquisition in the 2001 Plan. 

• Deer use this trail as a connector between the WREC, Barness Park, and Kemper Park.  It will 
remain as open space in perpetuity.   

 
Recent Enhancements/Improvements 
• The center of the wooded area had been decimated by BMX bikers who installed 6-10 foot high 

gullies and ramps.  Once the Township reclaimed the property, the BMX course was removed, the 
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area returned to it natural state and an Eagle Scout installed a nature trail which was subsequently 
vandalized. 

 
Issues/Concerns 
• Deer over-browsing continues to be a problem at the park, since the woods provide food and shelter 

for these animals.   
• Aging condition of the forest may pose future problem.  Many spindly elderly trees are prone to 

disease and damage. 
• Stream erosion seems to be encroaching on some properties of neighboring homes.  When high, the 

undersized pipe under Gorson Drive sometimes causes flooding over the road.   
• Similar to Barness & Kemper Parks, dumping of grass clippings, yard waste and branches continues 

to be a problem.  Since access to this park is limited, the Township can only infer that residents who 
reside on the street side of the stream are dumping in these areas.   

 
Future Enhancements/Opportunities 
• Township is considering stream revetment project to assist with control of stream bank erosion. 
• Will continue to annually re-vamp trail in spite of continuous vandalism. 
 
 
Christ’s Home Open Space 
Features/Uses 
• This parcel was purchased by the Township with funds from the Bucks County Municipal Opens 

Space Program in 2006, which restricts usage to passive recreation. 
• This 14+ acre parcel is oddly shaped and is bordered by Norristown Road to the east and the 

houses along Cloverly, Westbury, and Belair Roads and Clearfield Circle.  There are wetlands in the 
eastern section and the southwest section had been used for agricultural purposes until purchased 
by the Township.  This parcel was listed as a desirable acquisition in the 2001 Plan.  

 
Recent Enhancements/Improvements 
• In 2008, as part of the Christ Home cottage development, builders created a natural resource area 

by re-grading the site and installing a rain garden to assist with control of storm water flooding along 
Norristown Road.   

 
Issues/Concerns 
• Although funding has been set aside in the P&R budget, community planning needs to be 

undertaken to address neighbor issues for future development of open play area, apparatus and trail 
installation.   

• The oddly shaped, two-part parcel may make connecting Norristown Road to Cloverly Drive with 
trails difficult due to wetland areas located between the two parcels 

 
Future Enhancements/Opportunities 
• Plans for this parcel are twofold.  – one, has been completed to create a Natural Resource Area with 

the installation of a rain garden to assist with storm water issues in combination with new road 
drainage. 

• The other plan is to create a small neighborhood park for the surrounding residents which create the 
potential to tie three neighborhoods to the senior housing being developed by Christ’s Home. 

• Plans for a small playground, walking trails, and flat green areas will create opportunities for self-
directed active and passive recreation. 
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Size (Acres) 243.0 36.0 30.0 6.8 10.8 8.2 0.6 2.9 14.0 26.6 14.0 6.8 13.0 133.0 103.0 15.0 14.4 40.0 30.0 21.9 
Baseball - 90' 1 3 1
Baseball - 60'-75' 1 4 3 1 1 2
Softball 3 1 1 (L) 1 3 3 1 3
Football 2 F 1 (L) 1 (L) 2 (1L) 1
Soccer - Full Size 1 2 (L) 4 1 (L)
Soccer - Smaller Fields 1/3S 2 4
Practice Areas 1 3 2 1
Basketball 2 1 2 2 1 1 1/2c 3 1/2c
Tennis 2 1 6 3
Volleyball 2 G 1 G 3
Field Hockey 2
Dog Park √
Skate Park √
Open Play Areas √ √ √ √ √ √ √ √ √ √ √
Golf Course √
Driving Range √
Gym 1 3 1 1 1
Playground √ √ √ √ √ √ √ √ √ √ √ √ √ √
Picnic Area √ √ √ √ √
Pavilion √ √ √
Swimming Pool 1 1 X
Exercise Trails/Track √ 1 2 1 1
Paths/Walkways √ √ √ √ √ √ √ √
Community Garden √
Concessions √ √ √ √
Rest Rooms √ √ S √ √ √ √ √ √ √ √ √ √
Parking √ √ √ √ √ √ St. St. St. St. √ √ √ √ √ √ √ √
Special Features AB MR A, AB MR MR A MR MR

AB=Announcing Booth;  L=Lighted;  MR=Multi Purpose Room (gym, cafeteria, stage);  A=Auditorium; F=Flag;  G=Grass;  St=Street;  S=Seasonal;  X=Closed

Table 3-2

Recreational Facilities Inventory
SchoolsFacilitiesParks

Features
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    CHAPTER 

4   RECREATIONAL FACILITIES 
 
Recreational facilities should be provided within a community to meet the demands of individuals, 
community groups, and organized leagues. Evaluation of existing trends, and input from user groups, 
consideration of municipal demographic trends, and exploration of recreational trends and leisure 
activities have been completed to define the appropriate number of park facilities needed within the 
community. The following is a discussion of findings from the recreational facility analysis.  
 
The Parks Department only makes up a small portion of the recreational facilities in the community.  The 
department, along with civic and sport organizations, also relies heavily on use of the schools in the 
Centennial School District.  The District is made up of three communities – Warminster, Ivyland and 
Southampton which share the various facilities spread over the three municipalities.  Warminster alone 
has 4 of 6 elementary schools, 1 of 2 middle schools and the regional high school.  School facilities that 
are available to the public include indoor pools, gymnasiums, cafeterias, multipurpose rooms, 
classrooms, and meeting rooms as well as sport fields, courts, a stadium and several tracks.  In addition 
to these two entities, there are numerous private enterprises offering recreational facilities within the 
community.   
 
In 2009, the School District began renovating William Tennent High School.  They also began discussion 
of closure of some of the neighborhood elementary schools, renovating and/or increasing the size of the 
larger elementary schools, and perhaps even building a new elementary school.  If they move forward 
with this proposal, and potentially sell off the property of the closed elementary schools, this will greatly 
reduce the available gym space and field space to local sport organizations.  This is cause for much 
concern with the local sport groups.   
 
Baseball Fields  
There is one 90' field on Township property at Munro Park. The field was recently upgraded with a new 
warning track and dugout fencing. There are two 60' fields, one at Szymanek Park and one at Crooked 
Billet Green. There are three T-ball fields at the Warminster Recreation Center. William Tennent High 
School has three 90' fields. In addition there is a total fourteen 60' fields on school properties in the 
Township - four at Leary Elementary, three at Longstreth Elementary, four at Log College Middle School, 
one at McDonald Elementary, and two at Willow Dale Elementary. 
 
Softball Fields  
There are five softball fields on Township property. Three fields are located at Munro Park. One is located 
at Werner Park and one at Kemper Park. The school district has two fields located at the William Tennent 
High School Complex. 
 
Soccer Fields  
There are two lighted soccer fields in the Township; both are located at Munro Park. Because of their 
heavy utilization, they can quickly deteriorate and become compacted.  Warminster Soccer has installed 
grass mats and rebuilt the goal mouths at both of these fields.  The year-round turf maintenance program, 
including resting the fields from mid-December to July, has addressed the wear on these fields.  The 
outfields of three of the softball fields are converted into soccer fields in the fall and there are several 
small practice areas also located at Munro Park.  To reduce wear, Warminster Soccer Club and the three 
CYO leagues using these fields have agreed to use portable soccer goals and practice across fields.  
Warminster Community Park includes one soccer field without lights that was built by a local developer as 
a donation.  The football field at Szymanek Park also does double duty for an adult soccer league on 
Sundays.   
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There are eleven soccer fields on school grounds. Four fields are located the William Tennent High 
School Complex, two at McDonald Elementary School, four at Willow Dale Elementary School, and one 
at Log College Middle School.  Currently William Tennent HS is undergoing re-construction, so there is a 
chance that some of these fields will change.  In addition, in 2008, the District completed conversion of 
the Claude Lodge stadium to artificial turf which is accessible by the football, soccer, and hockey teams.  
Privately, the VE Club in Warminster provides at least 6 full size soccer fields. 
 
Football Fields  
The Township has two football fields, both lighted. The primary youth football facility is at Werner Park – 
home of the Warminster Pioneers.  There is also a lighted multipurpose field at Szymanek Park. There 
are three football fields on school grounds. There are two fields at the William Tennent High School 
Complex, one of which is the Claude Lodge that was recently converted to artificial turf.  There is one field 
at Log College Middle School. For the purposes of the Adult flag football league, there are also two 
temporary fields cut in at the northern end of Warminster Community Park. 
 
Basketball Courts  
There are nine full basketball courts on Township property. There are two courts at Szymanek, one court 
at Maple Street, one at Log College Park, one at Munro Park and two at Crooked Billet Green. In 2009, 
the Township added two more at Warminster Community Park with the 2006 DCNR grant funding. 
There are three courts at the William Tennent High School Complex.   
 
Tennis Courts  
There are 12 public tennis courts within the Township. Two recently resurfaced courts are located at 
Munro Park, one newly resurfaced court at Log College Park, three at Log College Middle School and six 
courts located at the William Tennent High School Complex.  
 
Roller Hockey Courts  
When the 2001 plan was completed, Szymanek Park and Log College Park both had fenced in multi-use 
courts that had been used for Roller hockey or street hockey.  There was also a court painted on the 
parking lot at Werner.  When Northampton Community Park was constructed in 2006, they installed a full 
size rink and the use of our multipurpose courts disappeared for this purpose.  These courts are now 
used for pickle ball and volleyball.     
 
Volleyball  
There are two grass volleyball courts at Log College Park and one at the Warminster Recreation and 
Education Center. There are three sand volleyball courts located at the William Tennent High School 
Complex.   The Township is considering replacing the grass courts at Log College Park with sand courts.   
 
Swimming Pools  
The Township does not own any public pool facilities. Centennial School District has two indoor pool 
facilities within the Township, one at the William Tennent High School Complex and one at Log College 
Middle School. There is also a non-functioning pool at McDonald Elementary School.  There is one 
private swim club in Warminster located next to the grounds of our Public Works facility.   
 
Playgrounds  
The Township has been installing new play equipment throughout its parks. It is important to maintain the 
safety surface in depth and width to comply with safety standards and to have a regular safety inspection 
program. Playground equipment is located at Munro, Werner, Szymanek, Crooked Billet, Maple Street, 
Meadow Run, Log College and Kemper Parks.   The large “space” playground at Warminster Community 
Park includes a “solar system walkway” with interpretive signs about the planets.  A Safety Town addition 
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to the playground is in the planning stages.  Two new age-appropriate playgrounds have recently been 
installed at the Warminster Recreation and Education Center. There are playgrounds located at all of the 
elementary schools within the Township.  
 
Indoor Recreation  
Warminster Township operates the Warminster Recreation and Education Center (WREC), which has a 
small gym and several former classroom spaces that are utilized for various indoor activities.  The nine 
classrooms available for programming allow the department to continue to offer a variety of day and 
evening programs for adults and children, including a variety of summer camp programs.  Although not 
full size and with a low ceiling for such a facility, the WREC’s multi-purpose room/gym is large enough for 
morning and evening adult fitness classes, which have expanded and are run daily.   
 
Most of the community active indoor uses are currently accommodated in some fashion by Centennial 
School District gym space. The William Tennent High School has one main gym with side removable 
curtains and an auxiliary gym for wrestling. All of the other District schools within the Township have one 
gym. A tremendous need still exists for indoor gym space, especially with the changes to the high school 
and potential closure of many of the elementary schools to consolidate students.   
 

 
Some of the Parks and Recreation Department’s fitness programs have grown in popularity, resulting in 
decreases in the gym time available to the community and church youth basketball programs in the 
winter.  The gym’s crowded schedule also restricts the availability for other revenue generating activities, 
such as special events and rental of the gym to outside parties.     
 
The Township is still considering the development of indoor facilities at the WCP which could present the 
opportunity for the Township to meet some of the increased demands and allow the Township to expand 
its program activities, which are currently severely limited by available indoor space.  
 
There are numerous private indoor recreation providers in Warminster Township.  These include an ice 
skating rink, a bowling alley, a small zoo, and a bounce house.  Most recently, a private developer 
opened a large indoor gymnasium facility in Warminster by revamping a vacant Staples store.  This 
indoor space is already being rented by some of the local sport groups who are looking for year-round 
training capabilities.  
 

Issue for Special Consideration: Use of School Facilities    
School facilities play a key role in community recreation services. Over 50 different groups use the 
schools. There are a number of issues related to the public use of school facilities for recreation. There 
is a difference of perception among groups including the School District, the Township and the user 
groups about how school facilities are used and whether they are meeting the needs of the 
community.  This issue was raised in many different interviews and resolving the questions and 
concerns raised by all, could be a win-win situation for the parties involved. Coming together to 
discuss the use of public school facilities in a collaborative fashion would build connections among 
user groups, providers of services, and School District and Township management.  
 
Recommendations for better utilization of existing school resources  
1.  Someone needs to take the initiative to start a collaborative discussion in this topic. This plan 

could serve as the catalyst for action in terms of the fact that it identifies this as an action that 
needs to happen.  

 

2.  A group process that would foster collaboration, a sense of openness and common purpose 
towards effective community service should be established.  

 

3.  The group needs to decide how to address discussions about facility use because controversy 
and different perceptions exist about school use.  
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Golf Course  
Five Ponds Golf Club is a Township-owned and operated facility. It includes an award-winning 18-hole 
course, a driving range, a putting green, and a clubhouse facility which has a proshop, snack stand, bar 
and hall capable of seating 100-150 persons.  While the focus is on golf, the facility is rented in the 
offseason for parties, wedding and private functions.  In late 2009, with a reduction in staffing due to the 
economy, the Golf Club came back under the oversight of the Parks & Recreation Department.  This is 
the third time the department has overseen this entity.  
 
Teen Areas  
The most recent addition for “teen facilities” is the Warminster Skate Spot at Munro Park.  Built on three 
defunct tennis courts, this modular skate park is open to in-line, skate boards and BMX bikes.  By using 
modular steel equipment the youth are able to change the course in a matter of minutes.  Classes in 
skate boards and BMX have been minimally attended.  The challenge still exists to serve this age group 
by providing programs that they direct in an ever-changing environment.   
 
Support Facilities  
The Township has been working to bring the design elements of signage, benches, drinking fountains, 
restrooms, etc. to one design mode.  There is much work to be done in this area but funding is the key to 
completion.  “Friends of Warminster Parks” has taken on the mantle of fundraising for new park signs in 
the entire Township.    
 
A new park maintenance facility has been constructed at Warminster Community Park to provide the 
equipment storage and operational support needed to maintain this large park.  All of the rest of the park 
equipment is stored at Public Works or at the Recreation Center.   
 
Trails  
The trail classification system created by the National Recreation and Park Association identifies four 
different modes of recreational movement: 
1. Park Trails – “Multipurpose trails located within greenways, parks and natural resource areas.” 
2. Connector Trails – Provide “safe travel for pedestrians and bicyclists to and from parks and around 

the community.” 
3. Bikeways (Bike Routes and Lanes) – “Paved segments of roadways that serve to safely separate 

bicyclists from traffic … Bike routes are essentially paved shoulders or segments of the roadway that 
serve to separate bicyclists from traffic, bike lanes are designated portions of the roadway for the 
preferential or exclusive use of bicyclists.” 

4. All-Terrain Bike, Cross-Country Ski and Equestrian Trails – “Trails that emphasize a strong 
relationship with the natural environment.” 

 
With the addition of WCP, the Township has been able to greatly enhance its park and connector trail 
system.  WCP has over 6 miles of trails on site and additional trail linkages to Werner, Munro, Szymanek 
Parks within the Township and Northampton Community Park in Richboro have expanded the trail 
options.  These trails are heavily used by pedestrians and bicyclists.  Smaller trails exist at Crooked Billet 
Green and Kemper Park.  The Township is working with local communities to create a larger, more 
accessible trail in the Kemper Park/Little Neshaminy Creek area.  
 
Although the Township’s park and open space facilities are not conducive to all-terrain bike and 
equestrian trails, cross-country skiing at WCP is possible due to its size, if weather conditions permit.  The 
increasing popularity of walking, hiking and wildlife observation, as leisure activities, warrants an analysis 
of ways in which Warminster Township can connect with recreational facilities and natural areas in 
adjacent communities.  Located along the boundary of Bucks and Montgomery Counties, Warminster is 
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surrounded by eight municipalities, each with its own goals for creating trail and greenway linkages, as 
highlighted below. 
 
 
Local Municipal Trail System Plans  
 
Hatboro Borough 
The 2005 Draft Hatboro Borough Open Space and Parks & Recreation Plan states that “there is real 
potential along the Hatboro portion of Pennypack Creek and the North Branch of the Pennypack Creek to 
create a greenway.  Much of the creek corridor in the Borough is adjacent to publicly accessible land 
including Miller Meadow, Pennypack Elementary School, Eaton Park, Hatboro Memorial Park and Pool, 
and Crooked Billet Elementary School.”  A greenway along this stream in Hatboro would have an indirect 
connection to Warminster Township by continuing along the Pennypack into Upper Moreland Township 
and then following Southampton Creek into Warminster.  Sidewalks and crosswalks at the intersection of 
County Line Road with Jacksonville Road and Warminster Road provide pedestrian connections between 
Hatboro and Warminster. 
 
Horsham Township 
The 2003 Horsham Township Park and Recreation Plan Update indicates that on-road bicycle facilities 
are proposed along County Line Road in addition to some existing sidewalks.  Crosswalks between 
Horsham and Warminster are located at York Road and Delmont, Maple, Henry and Madison Avenues.  
Sidewalk connections with Warminster Township are shown at Greene Road and Norristown Road.  
These linkages would potentially provide Warminster Township residents with access to nearby open 
space and recreational opportunities at Clearbrook Park, Hatboro Little League, Springbrook Park, Blair 
Mill Elementary School and Maple Park in Horsham Township.  The 2005 Horsham Township Open 
Space Plan Update reiterates the desire for the proposed on-road bicycle and sidewalk ties with 
Warminster Township.  Both plans also recommend the preservation of a greenway along the Little 
Neshaminy and Pennypack Creeks to extend from Horsham Township through adjacent municipalities 
and subsequently into Warminster Township via these streams. 
 
Ivyland Borough 
Surrounded entirely by Warminster Township, Ivyland Borough is a small municipality with limited park, 
recreation, and open space resources.  The goals in the 1999 Ivyland Borough – An Open Space Plan 
include providing “a pedestrian circulation network which links open space areas and activity centers 
within the Borough and to any similar facilities in adjacent communities.”  The plan further recommends 
that a pedestrian connection between Ivyland Borough and Warminster Community Park be made across 
Jacksonville Road and along Kirk Road.  The Borough sees the existing tributaries to the Little 
Neshaminy Creek as greenways for wildlife only, due to the barrier to recreational trail development 
created by the New Hope and Ivyland Railroad.  Instead, the plan recommends that the existing sidewalk 
in the center of the Borough be extended to the exterior regions of the municipality to “link the Borough 
into one cohesive community.”   
 
Northampton Township 
Northampton Township’s vision for its park and recreation system includes a network of greenways and 
pedestrian and bicycle paths to link open spaces with residential neighborhoods and other community 
destinations.  The 1999 Northampton Township Recreation, Park and Open Space Plan suggests that 
this network include a greenway along the Little Neshaminy Creek.  The recently installed traffic light and 
crosswalk at the Bristol and Hatboro Road intersection also provides a direct connection between 
Warminster Community Park and Northampton Municipal Park, tying these two significant recreational 
areas together. 
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Upper Moreland Township 
The 2006 Upper Moreland Township Open Space Plan states that “an important aspect of open space is 
the accessibility of that space to community residents and to the region as a whole.”  The plan proposes 
“the Newtown Greenway, Southampton Creek Greenway, Warminster rail line corridor and two stream 
corridors through Hatboro” as potential recreational and open space connections with Upper Moreland 
Township and surrounding municipalities.  The Newtown Greenway would follow the route of the 
Newtown-Fox Chase commuter rail line, which is currently not being used for rail service and does not 
traverse Warminster Township.  A greenway along the Southampton Creek would include its headwaters 
in the southern section of Warminster Township and could tie Warminster to Frank Pileggi Park in Upper 
Moreland and a regional greenway and trail system proposed for the Pennypack Creek.  Although SEPTA 
is actively using its rail line in Warminster, it may be possible to construct a parallel trail.  There are some 
existing sidewalks along portions of County Line Road and crosswalks at Howard Avenue, Newtown 
Road, Centennial Road, and Davisville Road to allow movement between adjacent subdivisions in 
Warminster and Upper Moreland Townships.   
 
The June 2007 Upper Moreland Township Comprehensive Parks and Recreation Plan confirms the lack 
of connectivity between the Township’s existing parks and recommends that a study be conducted to 
investigate the feasibility of developing a township-wide pedestrian and bicycle trail system to link 
residential neighborhoods to its parks and to destinations in surrounding communities.    
 
Upper Southampton Township 
One of the policies outlined in the 1998 Upper Southampton Township Open Space Plan is to “coordinate 
open space preservation in the Township with county and regional open space systems, although no 
specific recommendations are made.  The 1998 Upper Southampton Township Comprehensive Plan 
suggests that a plan be developed for “bicycle facilities which would include bike paths, bike lanes, and 
bike routes that link recreational trails with the road network.”  More detailed ideas for future trail and 
greenway development may be included in a new park, recreation and open space plan presently being 
prepared. 
 
Warrington Township 
A greenway along the Little Neshaminy Creek is recommended in the 2006 Warrington Township 
Comprehensive Plan Update, in addition to collaborating with “neighboring communities on an integrated 
trail system.”  The 2007 Township-Wide Trail System Master Plan, completed with input from the Bike 
and Hike Committee, sets forth the goal of connecting “the Township park system, open space areas, the 
Little Neshaminy Creek and the Bradford Dam to residential neighborhoods, business and commercial 
districts, schools and adjacent municipalities.”  By developing pedestrian and bicycling facilities, the 
Township also hopes to improve mobility choices as part of the Township’s larger transportation vision.  
In particular, a proposed greenway and trail along the Little Neshaminy Creek would interconnect 
Bradford Dam, Lower Nike Park and Wellings Memorial Park in Warrington Township with Kemper, 
Barness and Log College Parks in Warminster Township. 
 
Warwick Township 
The Draft 2007 Warwick Township Comprehensive Plan Update recognizes the value of a “network of 
trails and sidewalks that can be used by pedestrians and cyclists” so that residents can “get to community 
centers, parks, and schools.”  The plan recommends that rights-of-ways for trails and pedestrian use be 
preserved and created, greenways be established along stream corridors such as the Neshaminy and 
Little Neshaminy Creeks, and that sidewalks and bike/hike paths be required as part of all new land 
developments.  Potential sidewalks connections with Warminster Township are suggested at the 
intersections of Bristol Road with Valley Road and Tulip Road.  These sidewalk connections would 
provide access to Hidden Pond Park for Warminster Township residents.  The 2007 Warwick Township 
Recreation, Park and Open Space Plan supports the reactivation of the Township’s Trail Advisory 
Committee to plan for and construct a trail network to interconnect open space, parks and neighborhoods, 
in addition to preserving greenway corridors through sound land use practices and ordinance provisions. 
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County and Regional Initiatives 
A “link park” system which included greenways and trails along the Little Neshaminy and Neshaminy 
Creeks was proposed in the 1986 Bucks County Park and Recreation Plan in order to tie several county 
parks with local recreational areas.  Bucks County is currently in the process of preparing a county-wide 
greenway and trail plan that is likely to reiterate these linkages.  This concept has been incorporated in 
the 2004 Regional Open Space Priorities Report developed by the GreenSpace Alliance.  Similar goals 
for a greenway and trail system along the Little Neshaminy and Pennypack Creeks are also mentioned in 
the River Conservation Plans for these two streams.   
 
Clearly a number of opportunities exist to connect parks and open space areas in Warminster Township 
with those in surrounding communities by means of trails and greenways to provide residents with access 
to a wider array of recreational activities and natural environments. 
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    CHAPTER 

5   PROGRAMS & SERVICES 
 
 
PROGRAMS & SERVICES OFFERED BY PARKS & RECREATION  
Warminster Township remains among the top providers of public recreation programs in the Delaware 
Valley.  Parks and Recreation has earned a reputation for its innovative and sometimes wacky programs.  
It has won statewide recognition and prestigious awards from the Pennsylvania Recreation and Park 
Society for its creative, innovative services and effective communication materials.  The Department has 
also been recognized for responding to community requests for programs that spark interest and 
imagination.   
 
While the Department strives to demonstrate responsiveness and make optimal use of all resources, 
public expectations and high levels of participation create huge demands on the system necessitating a 
“user pay” system. 
 
The 2001 Plan suggested that web-based on-line registration would assist in reaching members of the 
community 24/7 and those individuals who could not come to the WREC during regular business hours.  
The Department was able to implement a new online registration program in January of 2009 that 
enables participants to register via the internet.   
 
The Department's program inventory shows that activities go well beyond the traditional purview of 
competitive sports and summer playground program. In a balanced menu of services, the Township 
offers drama, the arts, crafts, social activities, personal enrichment, and fitness programs on a year-round 
to all segments of the population. 
 Over 225 scheduled program sessions are offered annually. These range from one time special 

events to seasonal programs that are held on a daily basis. 
 The Department also offers public service programs that are free of charge. 
 Total registration for all programs is over 18,000 participants annually.  The actual amount of time 

spent in these programs is significantly higher than registration numbers alone convey. Most 
programs have multiple sessions such as several days of attendance in the summer playground 
program or the many games and practices each participant has for a league sport. 

 In addition to providing services directly through the programs, the Department facilitates the 
provision of services by other groups such as organized sports groups. 

 The Parks & Recreation Department has been able to partner with many other local organizations to 
enhance the program offerings to the public, to improve recreational facilities and fields, and to raise 
funds for capital improvements, grant matches, programs, and scholarships.  These organizations 
include: 

o Greater Warminster Chamber of Commerce 
o Friends of Warminster Parks 
o Warminster Days Committee 
o The Skate Spot Committee 
o Local Rotary and Lions Groups 
o VFW Memorial Day Parade Committee 
o Tri-Centennial Committee 

 The Parks and Recreation Department has developed partnerships with contracted recreation 
providers that not only provides more activities for the local community, but also introduces the Parks 
and Recreation Department and its services to individuals who might not be familiar with it.  These 
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outside providers include civic and sport organizations, independent recreation providers and 
commercial recreation vendors.   

 The Department needs to continue to sustain, develop, and enhance partnerships with other 
providers to ensure success in the future. The Township still does not have the financial or human 
resources to meet public recreation needs alone. 

 The Department is operating at full capacity on programs in terms of both personnel and facilities. 
 

 
Programming for Diverse Age Groups & Gender 
The inventory of recreation programs as shown in Table 5-2 demonstrates that a variety of programs for 
all age groups is offered. Children and youth are well served, but teens continue to evade Township 
services.  Many recreation programs are geared toward families.  Both males and females participate in 
the recreation programs.  By offering a balanced recreation program, there is a variety of programs in the 
arts, music, drama, athletics, social recreation, and special events. This variety enables the Township to 
serve a broad client base.  
 
Program Structure  
The Parks and Recreation Department experiments with different types and lengths of programs and 
formats.  Instead of just offering the traditional multi-week programs, the Department offers special 
events, single time programs, sports activities, and a summer concert series. 
 
The Department balances programs that are designed for self-improvement, socialization, camaraderie, 
and building family bonds. Services such as the discount ticket sales and entertainment books enable 
people to plan and direct their own leisure activities. The convenience and cost savings enable the 
citizens to enjoy their leisure time on their own terms instead of trying to fit in another scheduled activity.  
 
Organized community groups offer competitive sports programs. The Parks and Recreation Department 
supports their efforts by providing facilities and working with them to accomplish their goals.  
 
Program Fees  
Warminster charges fees to support programs and administrative costs.  Research shows that people 
would like to see user fees pay for programs that benefit an individual directly and tax support go towards 
support for general-purpose parks, open space, and general recreational areas and facilities that benefit 
the community as a whole.  The Department generates about 60 percent of its budget through program 
fees and other resources in comparison with about 30 percent generated by other similar departments 
elsewhere.  
 

Interesting Program Notes 
 Recreation is more than fun and games.  Recreational programs and services add years to life 

and life to the years1.  They contribute to the local economy through spending by participants.  
While leisure time has not increased over the past five years, spending on recreation has 
increased by 35 percent after adjustment for inflation.   

 Every extra mile a sedentary person walks adds 21 minutes to his or her life, and saves 
society about 34 cents in medical costs2. 

 Sports programs enhance self esteem, build social skills, and develop disciplined attitudes3. 
 For every dollar a person spends on a cultural program, he spends another two to four dollars 

in the local economy. 
 Outdoor education programs are the best method for fostering environmental sensitivity4.  
 The family that plays together stays together.  In Warminster Township this is particularly 

important. According to the 2000 U.S. Census, 76 percent of the population lives in family 
households, and females head about 10 percent of these family households with no husband 
present.  Recreation builds strong families, the foundation of our society5.   
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Program Schedule Provides Year-Round Recreation 
Warminster offers three programming seasons: Fall, Winter, Spring/Summer. This schedule works 
harmoniously with other efforts such as those of the School District and organized sports.  It enables the 
staff to plan in sufficient time to promote the programs and conduct registration.   
 
Auxiliary Functions  
The public participation process found that the goodwill towards the Parks and Recreation Department 
creates an overall favorable impression of Warminster Township.  The Department handles ancillary 
Township functions because of its reputation for getting the job done, having contacts in the community, 
and providing excellent customer service. While this is a strong suit for the Department, the inherent 
danger is that the Department gets involved with too many unrelated functions.  
 
Program Planning  
The Department has unique expertise and flair in recreation programs and services.  Effective recreation 
programming does not just happen: it requires expertise, experience, training, creativity, and a willingness 
to take risks.  Recreation programs must meet client needs for socialization, enrichment, creativity, 
adventure, and physical and emotional well-being. For many citizens, recreation is their sole contact with 
the local government.  The Department is secure enough in its innovation to risk having to cancel 
programs that do not attract sufficient registration.  Only by experimenting can the Department discover 
the range of public interests. 
 
Program Registration  
In response to the growing number of programs and volume of participants, the Department implemented 
a new online registration program in January of 2009 that enables participants to “log-on” and register via 
the internet.  This new website has created a quick and easy way for active participants to make payment 
and get their spot in the many programs the department offers.  Within 6 months of inception, over 440 
users had registered using the new online system.  Participants can now register for programs by mail, 
online, or in person. Payments can be made by cash, check, credit card, and MAC cards.    
 
Program Information  
The Parks and Recreation Department has expanded its information venues.  While the Department 
continues to publish a program brochure for public distribution three times a year, the Department now 
also uses the Township website for online registration, the two Township cable access channels and a 
new LED sign located conveniently at the center of the Township’s major intersection of York & Street 
Roads.  In addition, some events and facilities, such as Warminster Days and the Skate Spot, have 
volunteers who promote them on Facebook and MySpace.   
 
Parks and Recreation Department Program Inventory  
Tables 5-1 and 5-2 present a typical annual program inventory offered by the Warminster Township 
Parks and Recreation Department.  Because of the large number of programs offered by the Department, 
the inventory is presented in table form organized around four elements: age group, gender, season, and 
fee.  
 
Age Group – The Department targets programs for all age groups in an attempt to meet the needs of the 
entire community.  
 
Gender – It is important to serve both males and females.  
 
Season – The Department uses a three "season" programming schedule: Winter (January to April), 
Spring/Summer (May to August), and Fall (September to December).  
 
Fee – The amount charged for participation in the program. 
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C Children:           
Pre-school

F Female F Fall

Y Youth:               
5-12 Years

M Male W Winter

T Teens:           
13-17 Years

B Both S Spring/      
Summer

A Adults:              
18+ Years

F Families

TABLE 5-1

Key to Warminster Programs

Age Group Gender Season

 
 

Program Age Gender Season  Fees $ Comment Program Age Gender Season  Fees $ Comment

Basket Bingo A B W $40 Annual Halloween Magic 
Show

F B F Adult $5 
Child $3 

Annual

Children Summer 
Theater 

7-11 B S Free Annual Heaviest Tomato F B S Free Annual

Christmas Tree Chip F B W Free Annual Santa Sightings F B W Free Annual

Community Park 
Pick-up 

F B W, S, F Free Annual Sk8 Jam F B S Free New

Egg Scramble Under 10 B S Free Annual Summer Concert 
Series

F B S Free Sponsorships

Fishing Derby Y, T B S Child $5Annual Touch a Truck F B F Free New

Garage Sale A B F $10 200 Attendees Rubber Ducky 
Regatta

F B S $5 Raises $2,000

Golf Scramble A B F $110 Annual

TABLE 5-2a

ANNUAL PROGRAM INVENTORY - SPECIAL EVENTS

  
 

Program Age Gender Season  Fees $ Comment Program Age Gender Season  Fees $ Comment

Avoid Rip-Offs A B S Free New Home Downsizing A B S, F Free New

Bike Maintenance F B S Free New Hunter Safety A B/M W,F Free PA Game 
Commission

Bike Registration A B F Free New Longterm Care A B W Free New

Boating Safety F B W,F Free USCG- $135 in 
donations

Mobile Arts Van C, Y B S Free Annual

Buying a Bike F B S New Photo Contest A B W Free

Car Seat Safety 
Class

A B S Free Police Helping F B S Free

Family Fire Safety A, F B S Free New Prevent Heart 
Disease

A F F, W Free New

Financial Control A B W Free Edwards & Sons 
Inc

Schemes/Scams A B W Free Bucks County 
Consumer 

Health & Wellness 
Workshops

A B W, F Free New Tax Tips A B W Free

TABLE 5-2b

ANNUAL PROGRAM INVENTORY - FREE EVENTS
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Program Age Gender Season  Fees $ Comment Program Age Gender Season  Fees $ Comment

Aerobics A B/F F,W,S $26-$68 Ongoing Karate A B S,W,F $31 Ongoing

Aqua Running A B/F F,W $35 Ongoing Karate Tourney 
Training

A B S,W,F $30 

Basketball Over 25 M S $30 New Lifeguard 
Certification

T, A B S $275 Annual

Basketball Pick-Up A B/M W $30 Nutrition Workshop A B W $5 New

Body Sculpting A B/F S,W,F $30 Ongoing Pilates T, A B S, F, W $60 Ongoing

Cross Country Skiing A B W $25 New Rock Climbing A B W $33 Ongoing

E-Z Does It 1,2 A B S,W,F $33-$40 SCUBA A B W,F $145 New

Family “Rec” Swim A,Y, T B F,W $2 Ongoing Step Blast T, A B W, S, F $26 Ongoing

Family Rock 
Climbing 1,2

F B F $75-
$120

Ongoing Tennis – Competitive 
1,2,3

A B S $75 Annual

Fencing Y, A, F B S, F, W $145-
$160

Ongoing Tennis Lessons 
A,B,C,D

A B S $55 Annual

Flat Water Kayaking Y, A B S, F $40 Tourney Training A B S,F $24-$26

Golf for Everyone 1,2 Y, A B S, W $100 Volleyball – 
Competitive

A B F, W $50 Ongoing

Horseback Riding A, F B S,F $229 New Water Walking A B/F F,W $35 Ongoing

Ice Skating A B S, F, W $100 New Women’s Golf F F $100 

Irish Dancing 1,2 A,Y B F $75 Yoga T, A B S, F, W $45-$60 Ongoing

ANNUAL PROGRAM INVENTORY - SPORTS & FITNESS

TABLE 5-2c

 
 
 

Program Age Gender Season  Fees $ Comment Program Age Gender Season  Fees $ Comment

Ellis Island B S $55 QVC Tour A B W $38 

Inner Harbor/Orioles B S $34 Radio City A&Y B F $60 Annual

Baltimore 
Aquarium/Inner 

F B F $55-65 Renninger's Antique 
& Collectible 

A B F $34 

Hairspray A, Y B W $135 Smithsonian Institute 
$ DC Museums

A, F B W $60 New

Lion King A&Y B F $100 Spring Shopping at 
VFO

A B S $30 

Longwood Gardens A B F $48 Young Frankenstein 
Broadway

A, F B F $150 New

NYC Trips A B W $38 Annual 10! & Philly’s 9th St. 
Mkt

A, F B W $30 New

Outlet Shopping A B F

TABLE 5-2d

ANNUAL PROGRAM INVENTORY - TRIPS & TOURS
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Program Age Gender Season  Fees $ Comment Program Age Gender Season  Fees $ Comment

Animal Massage A B W,F $5 New Dance – Ballroom A B S $40 

Belly Dancing A, T B W, F, S $64 Ongoing Digital Photography T, A B S $80 New

Bike Safety A B W $5 New Faux Finishes A B F $15 

Boating: Sailing A B W $50 At Peace Valley 
Park

Fall Gardening A B F $10 New

Bulb Garden A B F $5 New Finance Workshops A B S, F $5/class New

Garden Spot A B F $5/class Fix-It-Yourself A B S $25 New

Business Start Up A B W $15 New Flower Pots A B F $25 New

Buying a Bike A B W New Guitar Lessons Y-A B W $190 New

Civilian Police 
Academy

A B W $20 New Intro to Radio A, T B F $25/R 
$30/NR

New

Cake Decorating A B W $15 New Knitting Know How 
(hats & mittens)

A, T, T F $20 New

Ceramics T, A B W $80 New Police Academy A B W $20 New

Community CPR T, A B W $55 Annual Scrapbook A B F $15 

Computer World A B S, F, W $25/R 
$30/NR

Ongoing Stamping A B F $12 

Dance – Irish A B S $75 Tarot Cards A B F,W $15 

Dance – Latin A B W $40 The Law & You A B W $25 New

Dance – Social A B W $40 Wines A B W $20 

ANNUAL PROGRAM INVENTORY - HOBBIES & LEISURE

TABLE 5-2e
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Program Age Gender Season  Fees $ Comment Program Age Gender Season  Fees $ Comment

Acting 9-15 B W $50 New Me & Mom Up to 4 B F $1 

Babies Making Music 6mo-4 B F $74 Mini Basketball 4-6 F $20 Annual

Babysitter Training 12-16 B S, F, W $50 Annual Mini Indoor Soccer 4-5 B W $15 Annual

Basketball Basics 7-10 B W,F $20 Annual Munchkin 2-3 B W,F $9 

Beginner Ballet 3-5 B W,S, F $30 New Mystery Science 6-10 B W $25 New

‘Bots’ Camp 9-13 B S $100 New Playground Camps 5-10 B S $350 Annual

Camp Weewancha 
1,2

3-5 B S $165 Annual Pop Star Vocal 
Camp

7-15 B S $100 New

Cheerleading Camp 4-12 B W $80 New A & C -Pumpkin 
Mania

3-9 B F $5 

Chess Club 1,2 8-14 B F $30 Rock Climbing 7-12 B S $50-180 Ongoing

A & C – Cinn Apples 3-6 B F $28 Rocketry 8-12 B F $20 

Clowning 6-10 B W,F $30 Science Workshops 7-12 B S $25-90 New

Creating Fun with 
Clay

6-15 B S $65 New Scrapbook 7-12 B F New

Creative Theater 7-11 B W $75 Skateboard Camp 8 & up B S $30 New

Early Picasso 7-9 B S $65 Annual A & C - Snow People 3-6 B W $8 

A & C – Egg Coloring 3-12 B W $5 Soccer Basic 7-10 B S $15 

Fine Arts Camp 9-14 B S $80 Annual A & C - Stencil 3-6 B W $36 

A & C - Flower Pots 3-6 B W $36 A & C -Sweet Hearts 3-6 B W $36 

A & C -Ghosts 3-6 B F $28 Stretch ‘N’ Grow 3-5 B F $35 

Golf Day Camp 11-16 B S $330 Swimming Lessons Tot-14 B S $82 Annual

Ice Skating/Ice 
Hockey

5+ B W, S, F $100-
140

New Teen Camp 11-14 B S $350 Annual

Indoor Soccer 6-8 B W $15 Annual Youth Tennis 
Instruction 

8-13 B S $45 Annual

Irish Step Dance 1,2 A B S,F $75 Tennis Teen Drilling 
1,2

12-18 B S $45 Annual

Jr. Golf Day Camp 9-16 B S $179 Theater 7-11 B F $85 New

Kids 1 Day 
Workshops

3-6 B S, F, W $50 Theater Camp 7-11 B S $75 New

Magic Camps 6-14 B S $75 New A & C - W oodcrafts 3-6 B F $28 

Mars 6-16 B W $30 Young Rembrandts - 
Drawing

3-14 B S,F,W $48 New

TABLE 5-2f

ANNUAL PROGRAM INVENTORY - YOUTH PROGRAMS

 
 
 
OTHER LEISURE SERVICE PROVIDERS & ORGANIZATIONS 
Warminster residents are fortunate in having a number of leisure service providers in addition to the 
Township's services. These include schools, organized sports groups, the Warminster Public Library, 
Benjamin Wilson Senior Center and community organizations. There are a number of commercial 
recreation providers such as the Warminster Swim Club, Face-Off Circle Ice Rink.  In 2010, SMG 
Sportsplex will open in the former Staples facility on York Road.  It will provide 72,000 sq ft of indoor court 
and field space for rent by local organizations.   
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The role of the Township is to work in cooperation with the other providers and to facilitate their 
programming wherever possible. The Parks and Recreation Department disseminates information, 
responds to public requests, coordinates scheduling and provides facilities for other providers. The 
Department's philosophy is that collaboration is mutually beneficial and results in good public service for 
less cost.  The Department and the community sports organizations have worked hard at building a 
strong working relationship.  The Parks & Recreation Department tries hard not to duplicate services 
provided by the Warminster Free Library or the Benjamin H. Wilson Senior Center.   
 
Volunteer Youth and Adult Sport Groups 
Warminster Township has over 15 independent volunteer sport organizations servicing the youth and 
adults of the community.  Meeting the needs of each organization is difficult.  The Parks and Recreation 
Department serves in the role of facilitator by providing Township facilities for the leagues. Over the past 
ten years, participation has increased, year-round play has emerged, and more females are playing. This 
has resulted in the need for more facilities, higher maintenance demands, and field lighting for sports that 
play during Eastern Standard Time hours when natural light is short.  
 
Multi-use and shared fields create conflict between sport groups with expanded seasons; spring and fall 
sports often overlap; overuse creates problems with field conditions (no matter how stringent the field 
maintenance plan); and the lack of lit fields limit play to day light hours.  Since 2001, however, the 
Township has seen a tremendous improvement in the amount of cooperation and financial commitment 
the larger sport groups have centered on the park system.  They have finally recognized that dwindling 
park resources require assistance from these organizations to maintain fields in playable conditions.   In 
the next two years, the Park, Recreation & Conservation Board will begin review of field use.  As with 
most local communities, there may be a need to assess fees to the local organizations to assist with the 
maintenance budget.  The issue of volunteer maintenance and sport organization contributions will need 
to be weighed against the costs of maintaining the parks.   
 
Warminster Warriors (baseball/softball) and the Warminster Soccer Club have contributed large sums of 
money into Munro to improve the fields.  Prior to the start of each season, the Parks & Recreation 
Director meets with representatives of each group to review capital projects and improvement and 
together they work out a plan that utilizes park funds and crews and organization funds and volunteers.  
This is a dramatic change from the “gimme” attitude of 10 years ago.  In addition, the Parks Department 
now has a regular field maintenance program (herbicide, fertilization, aeration and seeding) in place and 
has purchased additional equipment to reduce man-hours required and to improve park capabilities.   
 
There is still a major problem securing gym time in the schools and at the WREC.  With the expansion of 
the middle school and high school athletic programs, community organizations are getting squeezed out.   
When the High School renovation began in 2009, available gym time became even more of a premium – 
even Parks and Recreation’s access to school facilities for programs has been reduced.   As the School 
District considers renovation and possible closure of some of the neighborhood elementary schools, 
access to indoor recreation space will be further reduced.  Alternative sites will need to be considered. 
 
The organized sport organizations include:  
 Warminster Warriors Baseball and Softball Association  
 Warminster Basketball Association  
 Warminster Youth Wrestling  
 Glacier Ice Hockey.  
 Centennial Aquatics Club  
 Warminster Men's Softball  
 Warminster Pioneers Football  
 Warminster Soccer Club  
 Warminster Women's Softball  
 CYO's at Nativity, St. John Bosco, St. Roberts and St. Joseph Schools 
 Multiple church and business leagues  
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Since 2001, several new community sports organizations have evolved to provide recreation activities.  
These include the Adult Soccer League that plays on Sundays in Szymanek Park and the Men’s Flag 
Football program that created fields at WCP.  The Department has also been approached to provide 
facilities for events such as tournaments sponsored by outside providers or local businesses.   The Bucks 
County Visitors Bureau has started a program to help match outside providers with Bucks County facilities 
to hold such sporting events. 
 
Organizational Needs  
Through a public forum, discussions with sports organizations, work sessions with Parks and Recreation 
staff and maintenance crews, Township officials and the Centennial School District, and inspection of 
sports fields, a number of issues relevant to this plan emerged.  All groups expressed the opinion that the 
Township does the most that is possible with its resources and that the Department goes out of its way to 
help the organizations.  However, the maintenance department is severely limited in terms of resources.  
 The major growth has been in soccer. The soccer organizations have difficulty with:  

o The availability of fields because most of the fields are multi-purpose and serve more than 
one sport,  

o Inability to play year-round on municipal fields, 
o Soccer field conditions, though much improved result in poor sports turf at the end of each 

season due to overuse, and  
o A lack of lighted fields which are needed for fall play due to limited day light hours.  

 Softball/Baseball fields cannot be used after August when football and soccer begin.  
 Conditions of school district athletic fields used by recreational leagues are poor.  
 The regular program of sports turf management, although effective, is limited by budget constraints.  
 To supplement the municipal turf program, sport organization volunteers perform work on the fields.  
 Sports groups contract out work on the fields including weed and feed and some field work (primarily 

school district fields).  
 There is a waiting list for gym time. There are not enough gyms in the community to accommodate 

growing year round participation by both males and females at all ages. When gyms are available, 
the restrooms may not be because school hallways are locked.  

 The Wrestling Club has had a most difficult time getting permits for use of space. Additionally the 
permits have not been reliable as the club has been bumped from the space for another school use. 
They report not being able to get school space and being denied access to it when it is assigned to 
them.  

 
Warminster Public Library  
The Warminster Public Library sponsors programs related to reading and enrichment. The library is 
located on the campus of Log College School. The Library provides programs, events, and services to the 
community year round with much of their programming focusing on the under 7 age group.  In 2007, 
Friends of Warminster Library (FOWL) registered as a 501(c) 3 non-profit to support library programs. 
 
 
Benjamin Wilson Senior Citizens Center  
The 10,000 square foot center on Delmont Avenue was built in 1988.  Membership more than tripled in 
the 1990's from 700 to over 2100 but with the influx of “over 55” housing in the Township, current 
membership stands at about 800.  According to the 2000 census, there were about 6,450 people over the 
age of 60 living in Warminster.  With about 800 members in the center, one in every eight seniors from 
the Warminster, Warrington, Ivyland, and Hatboro/Horsham area is being served.  The center is funded in 
part by Warminster Township and the County Area Agency on Aging with remaining funds being raised 
by the seniors through user fees, grants, rentals and fundraising.  Other local municipalities do not 
contribute at this time, although Warrington Township has in past years.   
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Membership to the center now costs $20 per year. The center offers a host of activities including fitness, 
arts, crafts, music, drama, dance, trips, parties, dances, health and wellness programs, educational and 
support programs, and a hot lunch ($2 donation) every day. This facility draws from many municipalities.  
About 625 of the members live in Warminster.   Transportation is available through the County for those 
members who do not drive. The Center offers tours to new members on a scheduled basis dependent on 
the volume of requests. According to center officials, the building has the capacity for a substantial 
increase in the current membership.  
 
Interviews with center members and staff found that in terms of parks and recreation improvements, they 
would like to see a park with trails be developed on the grounds of the center. It should have pathways 
with seating, shade, and scenic beauty.  Following a recommendation in the 2001, the Township received 
a $5,000 DCED grant to construct bocce courts that the Senior Center membership had requested.  The 
court was built in 2001 to provide facilities that can be used for programs and self-directed activities.   
 
Other Services for Seniors 
Warminster Township has seen a dramatic influx in the “senior set”.  Several “over 55” housing 
developments have been built in Warminster since 2001.  These include: the Villas at Five Ponds, Christ 
Home cottages, Centennial Station, and Ann’s Choice.  Each of these exclusive communities offers a 
wide variety of leisure services for their residents as many have “clubhouses” and recreation providers on 
site.  The growth and popularity of these resident communities has resulted in the reduction in the number 
of seniors who participate in the Benjamin Wilson Senior Citizens Center.   
 
Centennial School District  
Since 2001, the Centennial School District has experienced several changes in personnel including the 
Superintendent of Schools.  However the cooperative spirit between the Township and the School District 
continues to improve.  The Centennial School District offers a variety of after-school and intra-mural 
programs. The Home and School Associations sponsor events and after-school activities such as sports, 
drama and social activities.  
 
As part of its Administrative Procedures Manual, the School District has a facility use policy (Section 
6.2A). The policy sets forth the provisions for the use of school facilities by specified categories of user 
groups, insurance requirements, fees and charges, and other considerations. The procedure for obtaining 
permission to use school facilities requires that the request be directed to each individual principal. While 
there still is no central scheduling unit or clearinghouse of information about facility use district wide, the 
office of the Facilities Director now issues all approvals.   
 
In 2005, the District decided to no longer offer adult evening education programs during the school year.  
However, they offered to transfer these programs to the Parks & Recreation Department, which allowed 
access to instructors that were used for the District’s adult education classes and to keep these valuable 
programs for the community.  The Department was able to start these adult education programs in 2006.   
 
In 2008, the School District made some major decisions.  William Tennent High School would undergo a 
dramatic renovation which would totally change the footprint of the school.  The gymnasium, auditorium, 
pool and locker rooms will remain, but the entire front of the school will be dismantled and new classroom 
spaces are being built at the back of the school.  Construction began in fall of 2009.   
 
In addition the School Board is researching the idea of closing multiple elementary schools, consolidating 
services and possibly building one or two new elementary schools at sites where other schools already 
exist.  While still in the planning stages, these changes will have a dramatic effect on the community, its 
tax base, and the facilities that are accessible to the parks and recreation department and the other sport 
organizations that use the school gymnasiums.    
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Warminster Days Committee (WDC) 
In 2007, the Warminster Days Committee, Inc. (WDC), a not-for-profit joint committee was established.  
WDC joined Warminster Township with the Southampton-Warminster Area Lions Club to bring the 
community “Warminster Days”, which was expanded from the Parks & Recreation Department one-day 
event to a three day event.  Both 2007 and 2008 Warminster Days events incorporated a variety of 
community vendors and groups along with family entertainment, food, bingo, fireworks, and amusement 
rides.  These events were held at Warminster Community Park and generated a huge turnout from local 
area residents.  Profits from these Warminster Days events were split between the two organizations, and 
Warminster Township put these monies in their fund for park projects.  Unfortunately, a philosophical 
difference between the Lions and Parks and Recreation resulted in the dissolution of this organization in 
early 2009.   
 
WISE-CTC  
WISE stands for “Warminster, Ivyland, Southampton Embraces Communities that Care”. The mission of 
WISE is to enhance the safety, well-being, and unity of all community members. The WISE committee 
consists of representatives of public and private organizations.  The emphasis of WISE is on teens and 
youth, principally those under the driving age. WISE is working towards the development of a community 
wide strategy for working with teens.  
 
Commercial Recreation Providers  
In addition to working within the municipal facilities such as Five Ponds Golf Club to provide programs, 
the Warminster Parks and Recreation Department has partnered with many of local commercial 
recreation providers to supplements the programs offered to this community.  These organizations 
include: 
 
 Bucks County Academy of Fencing – offers beginner fencing lessons,  
 Doylestown Rock Gym – providing rock climbing experience for persons 3-93,  
 Face Off Circle and Twin Rinks of Warwick - offers figure skating, ice hockey, lessons, league, and 

open public skating.  
 Thunderbird Lanes Bowling Alley – provides summer camp bowling, opportunities for fundraising, 

leagues and community bowling,  
 Kelly Richards School of Dance – offers all forms of dance 
 Absolute Music School – offers voice and acting lessons,  
 Penn State Cooperative Extension – Master Gardener program – offers all forms of gardening 

programs,  
 Urbanek’s Driving School – professional driver training programs for those seeking to obtain a PA 

state License,  
 Buckman's Ski Shop – offers equipment programs,  
 Warminster Swim Club – supplements our swim program with lifeguard certification,  
 BikeLine – sponsors bike maintenance and purchase programs,  
 Bucks County Parks & Recreation Department @ Lake Galena – offers a multitude of boating 

programs centered around the lake at Peace Valley Park  
 Painted Dreams Farm – offers horseback riding and lessons.   
 Penn State University Applied Research Laboratory (PSU-ARL) at the Anechoic Chamber in WCP – 

will provide state of the art programs in radar, remote controls and radio wave technology. 
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RECREATION TRENDS  
The Warminster Parks and Recreation Department continues to monitor local and national trends when 
determining program schedules and developing facilities to meet changing community needs and 
interests.  This is particularly important with the ongoing planning of Warminster Community Park and the 
continuous improvements and services at this site.  
 
Local and National Trends  
Examples of national recreation trends include the following:  
 In 2007 a National Youth Risk Behavior Survey for The Center of Disease Control reported that 

74.4% of adolescent girls did not meet the recommended levels of physical activity while 56.3 % of 
male adolescents did not meet these recommendations.  This survey was based on physical activity 
that increased heart rate during a period of one hour per day for five days out of the week.  

 Individual sports such as skateboarding, BMX biking, and inline-skating are increasingly popular 
among youth and teens who opt out of organized sports.  Local area youth showed great interest in 
these activities which has led to the development of the Warminster Skate Spot at Munro Park.  The 
Warminster Skate Spot was built with help from community volunteers and the Recreation 
Department to accommodate local interest in these sports and create an outlet for these young 
athletes.  Between 2005 and 2007, using park capital funds and a $4,700 grant from Warminster 
Rotary, over $25,000 in modular equipment was installed on re-vamped tennis courts that can be 
used by boarders, BMX bikers, and inline skaters.  An additional $15,000 in equipment was installed 
in August of 2009.  Funds for this equipment were raised with the help of the Skate Committee’s 
fundraising efforts, a donation from the Northampton Sk8 Association, and a $5,000 grant from the 
Warminster Rotary.  The Department provided a capital expenditure of $5,000 to buy another 
quarter-pipe and hip ramp for the park. 

 Obesity for both youth and adults continues to be a growing problem in the United States.  The time 
spent in physical education classes is decreasing in both number of classes and time within the 
classes6.  Only 27 percent of High School students in ninth through twelfth grades took a physical 
education class in 19977.  With research collected from 1991-1996, the Surgeon General reported 
that as children age their physical activity rapidly declines, putting them at risks for health and heart 
disease when they reach adulthood.  

 Access to recreational facilities and programs is important to help create healthy change for the 
community.  The Center for Disease Control suggests that the construction of walking and biking 
trails, in addition to other fitness facilities, will enable the public to take an active role in their own 
healthy lifestyle changes8. Facilities like these, made readily available to the public, promote self-
directed recreation that can be tailored to the individual’s needs and goals.   

 Citizens have great interest in walking trails. A recent survey conducted by PA DCNR revealed that 
54% of residents expressed a desire for more natural space and scenic areas in the parks system. 
Concern for wildlife and natural preservation has become a major issue for locals who recognize the 
increasingly populated area.  This statistic led to the installation of over 6 miles of multi-use trails at 
WCP and the surrounding parks, some of which take individuals past wooded areas,.   

 Individual training and self-directed fitness has become important for residents looking for a healthy 
lifestyle within a budget.  The large 243 acre space and surrounding trail (over 6 paved miles) at 
WCP and Munro has enabled the Department (with the help of a local Eagle Scout) to add a fitness 
trail in addition to walking and biking trails.  These trails encourage locals to implement their own 
fitness routine according to their individual schedules, abilities, and interests. The Carol for Heart 
Walking Club open to anyone has taken advantage of this wonderful facility and meets at the park 
every Saturday morning at 8:00 AM.  This group has formed a community support group to promote 
fitness and fun. 

 The 2009 PA DCNR survey for the State Comprehensive Outdoor Recreation Plan (SCORP) 
showed that 69% of respondents felt facilities for bicycle lanes should be increased in number.  The 
paved trails at Warminster Community Park show the Department’s response to local trends and 
needs for bicycle paths and trails.   
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 The PA DCNR SCORP survey noted that 64% of respondents that participated in the survey feel that 
space for animal recreation is important.  Local families and residents support the building of the Dog 
Park at WCP which will allow dogs of all sizes to play and interact in an environment designed 
specifically for their use.  Funding from the most recent DCNR Community Partnerships grant as well 
as community donations and funds from the PETCO Foundation are being used to fund this facility 

 The 2009 State Conservation Outdoor Recreation Plan (SCORP) revealed that 37% of the survey 
respondents would like to see more outdoor basketball courts in the area.  The Department recently 
received a DCNR grant for use at WCP to build two new outdoor basketball courts.  These courts 
were completed in the summer of 2009.     

 The Parks Department is currently in the process of adding air conditioning to the WREC gymnasium 
to accommodate summer recreation and fitness programs.  It is the hope of the Department that this 
addition to the building will promote more involvement and participation in recreation programs 
during summer months, ultimately boosting registration.  It would also allow for the use of the gym for 
summer special events and rentals, which, due to the heat, are severely restricted during the time of 
year when the schedule has the most availability for these activities.  The department is currently 
putting out a public bid for this major project. 

 Most of the challenges in terms of parks and recreation service delivery in Warminster are related to 
facilities and the need for additional facilities and a higher standard of care with commensurate 
resources.  

 Park users want their parks to be more attractive and have more landscaping and comfort facilities.  
From 2005 through 2009 the Department has planted over 300 trees in Warminster Community Park 
with the help of the Tree Vitalize program.  In addition, our Memorial Tree program allows local area 
residents to buy trees and the plant them in memory of loved ones.  Over 35 trees have been 
planted.  The Department is also working on a labyrinth garden to be planted at WCP, this garden 
will be a beautiful spot where locals can meditate or simply relax and enjoy the scenery. 

 Table 5-3 shows participation in Recreation Activities for 2008. 
 

Activity 2008 in millions % Change 2007 - 
2008 Activity 2008 in millions % Change 2007 - 

2008
Walking 96.6 7.6 Mountain Biking 10.2 9.6 
Swimming 63.5 6.1 Volleyball 12.2 1.0 
Exercise with Equip. 63.0 9.2 Backpacking 13.0 (0.1)
Fishing 42.2 2.7 Soccer 15.5 12.5 
Bicycling 44.7 11.4 Target shooting 20.3 (3.2)
Bowling 49.5 5.1 Tennis 12.6 2.9 
Billiards 31.7 7.4 Football 10.5 (3.7)
Basketball 29.7 5.7 Skiing 6.5 1.9 
Golf 25.6 2.6 Water Skiing 5.6 6.3 
Hiking 38.0 10.5 Canoeing 10.3 N/A
In-line skating 9.3 (13.1) Skateboarding 9.8 (3.6)
Aerobics 36.2 4.1 Bow and Arrow Hunting 6.2 7.5 
Boating/power 27.8 (12.7) Snowboarding 5.9 15.6 
Hunting 18.8 (3.6) Cross country skiing 1.6 (5.2)
Baseball 15.2 8.7 Hockey (ice) 1.9 (7.7)
Softball 12.8 3.6 

USA PARTICIPATION & CHANGES

TABLE 5-3

PARTICIPATION IN RECREATION ACTIVITIES

Source: National Sporting Goods Manufacturers Association 2008

USA PARTICIPATION & CHANGES
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    CHAPTER 

6   LAND USE & NATURAL RESOURCES 
 
 
Land Use 
Warminster Township is nearly fully developed; its land use has not changed much.  The main issues 
regarding land use are the limited open space that is left and the traffic congestion in the community. As a 
result of the two major transportation corridors, Street Road and York Road, Warminster is highly 
accessible to and from the regional transportation network. It is this accessibility, in conjunction with 
population movement from Philadelphia, that has resulted in enormous growth in the Township. 
Additional development to the north and west, along these corridors, will only add to traffic volume and 
congestion. Development pressure continues for the small amount of land that remains undeveloped, and 
the Township regularly receives applications to permit in-fill development on parcels less than five acres 
in size.  
 
Parks and recreation facilities should be located near residential areas with convenient safe access by 
park visitors. Fortunately, many portions of Warminster Township have a street network that is a variation 
of the traditional grid pattern. This enables connections from one neighborhood to another, unlike more 
recent development that is oriented towards cul-de-sacs that fragment the community and do not allow for 
pedestrian and bicycle interconnectivity. The Township created some very desirable pedestrian linkages 
connecting neighborhoods to schools and parks as subdivisions were being developed. An example of 
this is Meadow Run Park. It has the benefit of small adjacent sidewalk easements between parcels, which 
provides efficient pedestrian connections to schools, and parks and recreation facilities.  
 
While industrial areas may not be suitable for passive types of parks, these areas frequently have land 
that can be used for sports fields. Ball fields in such locations do not impact neighbors with lights, noise, 
and traffic: Warminster does have examples of recreational facilities in an industrial area, such as the 
privately owned ball field on the Conte Luna parcel along County Line Road. This issue is especially 
relevant when considering that there are several open parcels located within the industrial areas along 
Jacksonville, Mearns, and Ivyland Roads. The decision to acquire these parcels must weigh the 
recreational benefits against the high land costs and possible losses from unrealized industrial economic 
development.  
 
In September of 2009, the Township Board of Supervisors approved changes to the Sub-division and 
Land Use Ordinances (SALDO) ordinances, Storm water Ordinance, and Zoning.  Land use 
classifications have been changed to include: 
• Residential (single, multi-family, low and moderate income multi-family, and elderly) (R 1-4) 
• Continuing Care Retirement Community (CCRC & CCRC-2)  
• Age Qualified Community (AQC)  
• Commercial/Highway Commercial (C-1 & C-2) 
• Industrial (I) 
• Industrial/Office (I-O)  
• Government Use/Public (GOV) 
• Overlay Districts include: 

o Hartsville/Johnsville Historic overlay 
o Flood Plain Conservation overly 
o OPAS – Off Premise Advertising sign overlay 
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The former land classification Park and Park Re-Use District and Environmental Protection Zone have 
been removed and are now part of the “Government Use (GOV)” classification.   
 

Zoning and Land Development Ordinances  
The Township has in place a number of ordinances that govern land development. Municipalities may 
include in their zoning and land development ordinance provisions that require open space, parks, and 
recreation facilities along with the development of residential and nonresidential uses within their 
communities. These requirements are authorized under various sections of the Pennsylvania 
Municipalities Planning Code (MPC) [Act 247 of 1968, as amended]. The MPC also enables 
municipalities to protect certain natural features of the land, including flood plains, steep slopes, wetlands 
and other resources. 
 
 
Warminster's Zoning  
As stated above the Township’s Zoning ordinances have recently been updated, and classifications of 
natural resources, park areas, and municipal recreation facilities have been changed to now all fall under 
the Government/Public Use Zoning classification.  This new classification permits the following uses:  
agriculture; public or private school; library or museum; public recreation facility; golf course; community 
center; adult day care; kennel; emergency services; municipal uses; utility operating facility; non-
residential accessory building or structure; non-residential wind energy system; and additional municipal 
uses as deemed appropriate by the Board of Supervisors.     
 
In 2001, as the Township was poised to receive 243 acres of parkland from the former NAWC facility, the 
Township amended the Zoning Ordinances to include the designation of Park Reuse District which 
included two types of areas - recreation areas and resource protection areas.  Now that Warminster 
Community Park has been fully integrated into the Township Park system, the Township has again 
amended the zoning ordinance and removed this classification.  Parks now fall under the new 
Government/Public Use (Part 15) zoning which is consistent with the requirements agreed upon by the 
Department of Interior Federal Lands-to-Parks Program for this parcel.   
 
Flood Protection Standards 
As in previous zoning ordinances, the updated zoning ordinance includes detailed flood plain protection 
standards through the continuation of the Flood Plain Conservation District (Part 17).  
 
Mandatory Open Space Requirements 
Part 21 of the revised Zoning Ordinance includes mandatory open space requirements, attached to 
specific types of development, that apply to all uses within those specified zoning districts.  The amount of 
land to be provided for open space purposes shall be supplied by residential land developers for all 
single-family residential developments in excess of the ten (10) homes and multifamily residential 
developments of twins, apartments, townhouses, etc., as detailed in Table 3-1.  Any uses, listed in Part 
16, that are required to provide open space shall set aside open space in accordance with that Part. If 
more than one requirement exists for open space, the standard requiring the higher level of open space 
protection shall be followed. In addition, these ratios are minimums. If, in order to meet the environmental 
protection standards of Section 2103 a larger area of land is required for open space, then the larger area 
shall be set aside as open space. 
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TABLE 6-1 

Mandatory Open Space Requirements 

  Dwelling Units Per Gross 
Acre 

% of Total Gross Area To 
Be Set Aside as Open 

Space  

    Less than 1   0% 

    1.00 to 1.99 10% 

    2.00 to 2.99 20% 

    3.00 to 4.99 30% 

    5.00 or more 40% 
 
However, in no event shall the open space provided be less than one (1) acre. [Ord. 372] 
 
 
Subdivision and Land Development Ordinance (SALDO)  
The recent updates to Warminster Township's Zoning Ordinance and the Subdivision and Land 
Development Regulations (SALDO) include specific provisions related to open space, park and recreation 
facilities, and natural resource protection.  The SALDO now includes a complete chapter (Part 6) on the 
Natural Resource Protection, Open Space and Recreation Lands.  The Township's ordinances include 
the following provisions: 
• Within the Natural Resource Protection areas the issues of Flood plain and Flood plain soils; steep 

slopes; woodlands; lakes, ponds, wetlands and streams; lake and pond shorelines; wetland margins; 
topsoil removal and riparian buffers are all addressed.    

• Design standards and Management plans are detailed within the Open Space section.   
• The Recreational Facilities section outlines definitions, general requirements, design standards, 

recreational fields, village greens, and trails.  Sections addressing optional facilities for residential 
and non-residential subdivisions and land developments are also included. 
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Cultural Resources  
Cultural resources help form the total fabric of a community. They serve to link the past with the present 
and the future. The preservation of significant historic resources helps define a community and distinguish 
it from other similar communities.  For planning purposes, significant historic resources fall into two broad 
categories that then can be further defined. These are the National Register of Historic places and the 
local register of historic places.  
 
National Register of Historic Places  
This broad category of resources includes properties which may be equally significant, but which have 
never been reviewed for their inclusion on the National Register. Determination of National Register 
eligibility is either due to a requirement of a federal or state program, or because of the desire of the 
property owner. According to the 1997 Pennsylvania Historical and Museum Commission (PHMC) 
National Register/Listed and Eligible Properties in Pennsylvania, there were no designated properties in 
Warminster Township.  However, in 2007, Craven Hall was formally placed on the National Historic 
Register  
 
 
Heritage Conservancy's Register of Historic Places  
The second broad category of historic resources includes properties designated on a local register of 
historic places. Since 1975, Heritage Conservancy has maintained a Register of Historic Places patterned 
on the National Register that emphasizes local significance.  A number of sites in Warminster Township 
have been designated as being eligible for listing on this register and can be considered historic. These 
properties were not ·field checked to determine whether they still survive and whether they still maintain 
the architectural integrity to warrant National Register designation. The following sites shown below on 
Table 6-2 are indicated on the Comprehensive Resources Map.  
 

 Parcel  Location  Name

 49-5-436 Mallard Circle  Farm House

 49-8-3-1 Bristol Road

 49-9-39 Norristown Road North of Street Road Christ's Home

 49-13-9 Norristown Road & York Road Historic House

 49-22-12 Bristol Road

 49-24-41-4 Newtown & Street Roads Craven Hall

TABLE 6-2

Heritage Conservancy's Register of Historic Places

 
Source: Heritage Conservancy Cultural Resources Inventory  
 
In addition there are Pennsylvania Historical and Museum Commission markers for the following:  
• Log College  
• Brewster Aircraft -Street Road across from Szymanek Park  
• Battle of Crooked Billet -County Line and Jacksonville Roads  
Most recently the former NAWC-AD Centrifuge located on Jacksonville Road, which was used to train the 
astronauts in preparation for space flight, was converted into the Johnsville Centrifuge and Science 
Museum.  
 
 



 

 LAND USE & NATURAL RESOURCES  6-6

Natural Resources  
The basis for protection of natural resources is found in the Commonwealth's Constitution, in judicial 
decisions, and in the Pennsylvania Municipalities Planning Code (MPC).  In 1968, the Constitution was 
amended by a vote of the people of Pennsylvania to state in Article 1, Section 27:  
The people have a right to clean air, pure water and to the preservation of the natural, scenic, 
historic, and aesthetic values of the environment. Pennsylvania's public natural resources are 
common property of all people including generations yet to come.  
 
The Pennsylvania courts have had to evaluate questions of how this constitutional provision would apply 
and who would assume the role of protector of these rights of the people. The Commonwealth Court has 
stated that, although the Pennsylvania Department of Environmental Resources has certain 
responsibilities, the local governments of the Commonwealth have been delegated authority for land use 
planning as well as the preservation of open space and natural features under the Municipalities Planning 
Code. The constitutional mandate must rely on various statutes of the Commonwealth for implementation. 
The state laws specify responsibilities for different aspects of natural resource protection. The court has 
also stated that, in exercising this responsibility, municipalities must permit reasonable development of 
property as well as managing the public natural resources. The court emphasized that controlled 
development, rather than no development, should be the focus and is the responsibility of local 
governments.  
 
The Pennsylvania legislature, through the Municipalities Planning Code, has charged the local governing 
bodies with the responsibility for protecting citizens' health, safety and welfare through comprehensive 
planning and land use ordinances. Over the years, particularly in the 1978 and 1988 amendments, 
increased emphasis has been given to the protection of natural resources. The code, which was 
substantially revised in December of 1988, as Act 170 of 1988, includes these provisions:  
1. Section 301 (1). A municipal comprehensive plan shall include a land use plan for the preservation of 

flood plains and other areas of special hazard.  
2. Section 503(2)(v). A subdivision and land development ordinance may include provisions for insuring 

that land that is subject to flooding, subsidence, or underground fires either shall be safe for the 
proposed use or that these areas shall be set aside for uses which do not endanger life or property.  

3. Section 603(b)(5). Zoning ordinances may be enacted to protect and preserve natural resources.  
4. Section 604(1). Zoning ordinances may be designed to preserve the natural, scenic and historic 

values in the environment and to preserve forests, wetlands, aquifers and flood plains.  
5. Section 605(2)(ii), (iii) and (vii). Under the zoning ordinance, all uses of the same nature must be 

treated in a uniform manner within anyone zoning district except that special provisions can be made 
for areas identified as natural or artificial bodies of water, places of relatively steep slope or grade, 
areas of hazardous geological or topographic features, flood plain areas, agricultural areas and other 
places having a special character or use affecting or affected by their surroundings.  

6. Section 606. The zoning ordinance shall include or reference a statement of community development 
objectives relating to the need for protecting natural resources.  

7. Section 609. 1(c)(2) and (3) and Section 916. 1(c)(5)(iii) and (iv). In evaluating a substantive 
challenge by a landowner to the zoning ordinance, the governing body or the zoning hearing board 
shall determine the suitability of the site for the intensity of use proposed by the site's soils, slopes, 
woodlands, wetlands, flood plains, aquifers, natural resources and other features. It shall also 
evaluate the impact of the proposed use on the site's soils, slopes, woodlands, wetlands, flood 
plains, natural resources and natural features, the degree to which these are protected or destroyed, 
the tolerance of the resources to development and any adverse environmental impacts.  

 
Critical Natural Features  
Through a township's comprehensive plan, conservation goals and development guidelines that protect 
environmentally sensitive areas may be adopted. Warminster Township's Comprehensive Plan was 
updated in 2003.  Within that Plan, protection policies and standards have been included in zoning 
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ordinances. Specific natural features could be identified. The Warminster Township Zoning Ordinance 
Article 14A -Flood Plain Conservation District provides protection areas of flood plain subject to and 
necessary for the containment of flood waters, and to prevent excessive development in areas unfit by 
reasons of flooding, unsanitary conditions, and related hazards. Section 1410A(h) also states that a 
primary goal of the District is to maintain undisturbed and an ecological balance between those natural 
systems, elements, including wildlife, vegetation, and marine life, dependent upon water courses and 
water areas. 
 
In addition to the protection that the Zoning Ordinance provides, other areas of concern are:  
 
Flood Plains, Flood Plain (Alluvial) Soils and Watercourses  
Flood plains and flood plain soils are areas adjoining streams that are subject to a one hundred-year 
recurrence interval flooding. Flood plains are identified in the study of municipalities associated with the 
National Flood Insurance Program. Flood plain soils are those low areas adjoining drainage areas and 
water bodies that are subject to flooding. These are delineated as alluvial soils, local alluvium, flood prone 
soils, or soils subject to flooding in the Soil Survey of Bucks and Philadelphia Counties, U.S. Department 
of Agriculture, Soil Conservation Service, July 1975 or more recent updates. Since smaller streams were 
not studied under the federal program, flood plain soils are good indicators of flood plains in these areas.  
 
For purposes of the National Flood Insurance Program (NFIP), a flood plain is defined by the 100-year or 
base flood, which has a one percent chance of being equaled or exceeded in a given year. A flood plain 
is further delineated into areas as follows:  
 
Floodway 
The watercourse channel and adjacent land areas that must be reserved to carry the base-flood without 
cumulatively increasing the base-flood elevation more than a designated height. One foot is the maximum 
increase allowed by the NFIP.  

 
Flood Fringe 
The part of the base-flood plain outside of the floodway.  

 
Approximate Flood Plain 
Land subject to flooding where the Federal Emergency Management Agency (FEMA) has not determined 
the extent of the flood plain through detailed study and mapping.  
 
Floodways and flood fringes are both parts of the flood plain. The floodway is derived from a calculation, 
which assumes complete obstruction of the flood fringe; it theoretically shrinks the flood plain limits until a 
one-foot rise in the base-flood elevation is produced. In this reserved area, obstructions causing any rise 
in the base flood elevations are prohibited by the NFIP. The flood fringe, on the other hand, may be 
developed under NFIP regulations; however, structures must be elevated or flood proofed up to the base-
flood elevation.  
 
Flood plain or alluvial soils are important in areas where FEMA has not identified and calculated the 
floodway or flood fringe. In these unmapped areas, the flood plain soils indicate where flooding has 
occurred in the past. Unless a hydrological study is undertaken to prove that flooding has not occurred in 
recent times, these flood plain soils should be considered part of the flood plain and regulated as a 
floodway.  
 
The primary function of flood plains is to accommodate floodwater. Some flood plain areas absorb and 
store large amounts of water and become a source of aquifer recharge. The natural vegetation supported 
by moist flood plains helps trap sediment from upland surface runoff, stabilize stream banks (thereby 
reducing soil erosion) and provide shelter for wildlife and proper stream conditions for aquatic life.  
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The major objective of flood plain regulation is to reduce flood hazards. Structures built in the flood plain 
not only face risks of flood damage but also become obstructions that raise flood levels and increase 
water velocities. This is especially true in the floodway portion of the 100-year flood plain, where high 
velocity flows occur. Development within the flood fringe, while permitted by the NFIP, is discouraged by 
FEMA. Filling in fringe areas can cause loss of major areas that store floodwaters, increases flood levels 
and increases the rate and amount of runoff. Development in this flood fringe can also increase the 
magnitude and frequency of normally minor floods.  
 
In 1978, the Pennsylvania Flood Plain Management Act (Act 166 of 1978) was enacted. This legislation 
requires local governments to exclude hospitals, nursing homes, jails, new or substantially expanded 
mobile home parks and subdivisions, and storage of specified hazardous material from flood plain areas. 
This act also requires municipalities with flood prone areas to participate in the National Flood Insurance 
Program.  
 
These flood plain limitations do not preclude development of all kinds.  Agricultural uses, private and 
public recreational uses, (e.g., golf course, ball fields, driving ranges, picnic grounds, wildlife and nature 
preserves, swimming areas, passive open space, hunting and fishing areas, hiking trails) and uses 
incidental to residential structures (e.g., lawns, gardens, and play areas) are permitted.  
 
Protection of the flood plains and flood plain soils has several effects. It preserves the ecological balance 
between land and water. It allows water to be stored and absorbed, protecting buildings downstream. It 
provides protection against runoff from development and, in many cases, makes expensive flood control 
structures unnecessary. Flood plain protection preserves aesthetic qualities of the stream valley. 
Watercourses, a key element of the draining system, should be kept in a free flowing condition.  
 
FEMA encourages municipalities to preclude development and filling of flood fringe areas. However, 
necessary road and utility crossings should be permitted. Current and future residents, businesses and 
industries should then be provided with the greatest possible protection from loss of life and property 
damage resulting from flooding.  
 
Findings: Flood Plains  
The Flood Plain Conservation District of the zoning ordinance provides standards that are current and 
meet the requirements of the Federal Emergency Management Agency. In addition, the Township has 
been very successful in protecting flood plains along the Little Neshaminy Creek, primarily through land 
acquisition.  
 
 
Riparian Buffers  
In addition to the protection of a delineated flood plain area, consideration has been given to stream 
corridor protection standards that would prohibit clearing and paving, except for essential access roads 
and utilities, within a certain distance of each stream bank. Although the County is promoting a standard 
of 75 feet as a minimum standard, the Township has included a one hundred (100) foot buffer within its 
revised ordinances. These protection requirements are often called riparian buffer standards. These 
requirements would provide an added degree of stream protection, particularly along the smaller 
waterways where flood plain studies have not been completed. Where stream banks are steep or no flood 
plain exists, this setback would provide protection of the watercourse. It is particularly important that the 
natural vegetation is maintained and, within these protection areas, no Township weed control ordinance 
should be applicable.   
 
Findings: Riparian Buffers  
The SALDO, amended in 2009, requires the protection of areas along all streams so that trees, 
understory growth, slopes, wetlands, and floodplains are protected from disturbance. The removal of 
native vegetation from the area within the buffer zone has been prohibited except for limited areas where 
utility or road crossings are needed and that need has been demonstrated to the Township's satisfaction.  
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In addition, the Township now requires the replanting of riparian areas with native vegetation which must 
be approved by the Township.   
 
 
Wetlands  
Wetlands are lands that are saturated during the spring to autumn growing seasons. Wetlands are 
commonly known as marshes, swamps, and bogs. Other less obvious wetlands occur in shallow 
depressions. In recent years, there has been growing concern about the loss of wetlands with the 
resulting ecological, aesthetic, and economic losses. A number of Federal and Commonwealth agencies 
are involved in wetlands regulation.  
 
According to the U.S. Army Corps of Engineers, there are three criteria for locating or determining 
existence of wetland conditions: vegetation, soil, and type of hydrology. Certain types of trees and plants 
are common in wetland areas; characteristic of such vegetation are shallow root systems, swollen trunks, 
or roots growing above soil surface. Wetlands soils are dull gray in color due to the lack of oxygen. A 
stream or drainage swale in close proximity is a good indicator but not always present. The U.S. Army 
Corps of Engineers and the Pennsylvania Department of Environmental Resources defines wetlands as, 
"Those areas that are inundated and saturated by surface or groundwater at a frequency and duration 
sufficient to support and, under normal circumstances do support, a prevalence of vegetation typically 
adapted for life in saturated soil conditions, including swamps, marshes, bogs, and similar areas. "  
 
A preliminary determination can be made by checking the National Wetland Inventory Maps prepared by 
the U.S. Fish and Wildlife Service. However, the scale of this information is not suitable for site planning 
or development purposes. Another general method is the combined use of two basic criteria. These are 
hydric soils with a slope of one percent or less. Hydric soils are saturated, ponded, or flooded long 
enough during the growing season to develop conditions that favor growth of wetlands vegetation. On 
these soils, where there are shallow slopes that do not provide adequate drainage, wetland conditions are 
likely to exist. A specific wetlands delineation, prepared by a qualified expert, is the best form of 
determination. Such a study must be approved by the municipality to be acceptable.  
 
Protection of wetlands is important for several reasons. Wetlands play a key role in maintaining and 
improving water quality by filtering chemical and organic wastes. Wetlands store water during storms and 
floods, thereby reducing hazards to life and property. Wetlands provide for groundwater recharge. Finally, 
wetlands are important habitats. Many threatened or endangered plants and animals depend on wetlands 
for survival.  
 
In light of the comparatively flat topography and drainage characteristics in many areas of the Township, 
it is important that wetland portions of the natural drainage system continue to be protected under 
municipal regulations. Ordinances should require preparation of a delineation by a qualified professional. 
No encroachment, except for needed access roads, should be permitted in wetland areas. However, any 
encroachment will require approval of the Army Corps of Engineers.  
 
Findings: Wetlands  
Both the zoning ordinance and the subdivisions-land development ordinance state that wetlands shall not 
be altered, re-graded, filled, piped, diverted, or built upon, except for necessary utility or road crossings 
that have been approved by the Township and other applicable reviewing agencies.  
 
 
Wetland Margins  
In addition to protection of wetlands, it is recommended that a buffer area or margin area also be 
protected. The existence and quality of the wetland is directly related to conditions of wet soil areas 
around these bodies. Disruption of hydrology, contamination of groundwater, accelerated run-off, and 
sedimentation directly affect wetlands.  
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Findings: Wetland Margins  
Wetland margins shall be protected in accordance with riparian buffers.    
 
 
Ponds  
Ponds and their shore areas function in a similar manner to wetlands and wetland margin areas. Whether 
natural or man-made, ponds moderate stream flow during storms and flood conditions and provide habitat 
for aquatic life as well as water sources for wildlife. These water bodies are scenic amenities and 
generally enhance property values.  
 
Findings: Ponds  
Ponds are protected by the Township's Ordinances and require that no such areas are to be filled and 
must be designated as permanent open space.  
 
 
Pond Shore Areas  
Shore areas, measured from shorelines, serve as filters or buffers against potential surface and 
groundwater pollution that would degrade the water body. In addition to environmental considerations, 
open space around water bodies has major aesthetic and recreational value.  
 
Findings: Pond Shore Areas  
The Township's ordinances provide protection for the pond shorelines of ponds less than 2 acres in area. 
These regulations include maintaining eighty percent of the vegetative cover of pond shore areas. In 
addition, not more than ten percent of the shore area may contain impervious surfaces and the shore 
areas of these bodies of water are protected for a distance of one hundred fifty feet from shorelines.  
 
 
Steep Slopes  
These are areas where the average slope exceeds eight percent. These slopes are subject to higher 
rates of storm water runoff and erosion. Slopes are calculated in gradients as a percentage indicating the 
height of the vertical rise relative to a constant horizontal distance. A fifteen percent slope, for example, is 
equivalent to a rise of fifteen feet over a distance of one hundred feet. For purposes of this plan, slopes 
are grouped into three categories: 8 to 15 percent, 15 to 25 percent, and 25 percent or greater.  
Development on these slopes accelerates erosion by removing or disturbing the existing groundcover and 
topsoil. Removal of the vegetation destroys the groundcover that absorbs rainwater, anchors soil and 
buffers, or dissipates the impact of rainfall on topsoil. Erosion produces sediment that pollutes surface 
water. Over time, accumulated sediments narrow stream channels and fill in pond and lake bottoms. This 
restricts the capacity of waterways to handle flood flows and thereby increases the incidence and severity 
of flooding. Limiting construction, re-grading, and the amount of impervious surfaces allowed on steep 
slopes will greatly reduce the adverse environmental impacts of new development.  
 
Findings: Steep Slopes  
The Township's ordinances provide protection of slopes for all uses of land or other changes to the 
landscape. Slopes from eight to fifteen percent have a maximum disturbance of forty percent, slopes of 
fifteen to twenty-five percent are limited to thirty percent disturbance, and slopes greater than twenty-five 
percent have a maximum permitted disturbance of fifteen percent.  
 
 
Woodlands  
Woodland resources serve multiple purposes. They moderate environmental conditions, support wildlife 
as habitat, and provide recreational opportunities. They also have significant aesthetic value. The 
environmental functions of woodlands are particularly important. Trees and shrubs anchor soil and reduce 
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erosion and sedimentation in streams. The vegetative cover softens the impact of falling rainwater, 
enables groundwater recharge, and reduces the volume and rate of runoff. Woodlands also play a role in 
filtering air pollutants and moderating microclimates.  Additionally, woodlands provide visual and sound 
buffering.  
 
Woodlands can benefit from proper timber management and can normally withstand impacts of limited 
development. However, when woodlands are located in environmentally sensitive areas, such as steep 
slopes over fifteen percent grade, along tributaries and in flood plains, around wetlands and shore 
margins, even minor disturbances can lead to serious environmental disruptions. The remaining wooded 
areas of the Township are integral elements of the community.  
 
In addition to environmental, storm water management and erosion control considerations, this policy is 
intended to preserve the sense of wooded areas as elements in the diverse and urbanizing landscape.  
 
Findings: Woodlands  
The Township's ordinance was amended in 1997 to include tree protection. The ordinance includes 
provisions for a maximum of thirty percent disturbance for forest areas. The remaining seventy percent is 
required to be designated as permanent open space. The Township is currently considering more 
stringent provisions for tree protection.  
 
It is recommended that the ordinance require the maintenance of a continuous canopy that will avoid a 
"missing tooth" effect. Of equal concern are impacts that site preparation and construction practices have 
on woodlands. Although the required area to be protected may be shown on a development plan, 
damage from machinery, grade changes affecting root stability and aeration, soil compaction from 
temporary roads, and materials stockpiling result in loss of woodlands in a few short years. The Bucks 
County Planning Commission has published a tree protection ordinance to address these problems.  
 
In addition to the protection of existing woodlands, consideration should be given to landscaping for future 
generations and reforestation of environmentally sensitive areas. A mix of native plant material is 
preferred to planting a single type of vegetation or widespread use of berms as a buffering method. New 
plantings should blend with vegetation typical in the Township. Wherever possible, native plant material 
should be used. Proper standards and design guidelines should be developed for these purposes, which 
are consistent with standards developed for the Township-owned parkland and open space.  
 
The latest changes to the SALDO address certain standards that must be applied to woodland areas.  
These included addressing woodlands in environmentally sensitive area where no more that 15% shall be 
altered, cleared, or built-upon.  In other woodland areas, no more than 30% shall be disturbed and any 
tree over 24” caliper shall be protected 100% whether located in woodland area or stand alone.   
 
 
Scenic Resources  
Views and vistas in Warminster are associated with the areas along Little Neshaminy Creek and open 
lands (primarily views into and along the WCP site). Remaining views of the limited undeveloped lands 
and views along local stream valleys are priority scenic resources for the community. As scenic resources 
are often related to other significant natural resources, scenic value is an important supporting criterion 
when evaluating areas for open space protection.  
 
Efforts should be made to improve the aesthetic qualities of existing and future development by 
enhancing gateways, street-scaping, buffering negative uses, and creating greenways. The creation of a 
street tree committee is one mechanism that could be utilized to upgrade older developed areas and aid 
in creating uniform street tree planting standards throughout the Township.  
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Geological Features  
The total land area of Warminster Township has one underlying geologic formation. The following 
discussion of the geologic formation was taken from the Geology and Mineral Resources of Bucks 
County, Pennsylvania published by the Pennsylvania Geological Survey and the Commonwealth of 
Pennsylvania in 1959.  
 
Stockton Formation  
This formation is comprised of light colored sandstone, arkosic sandstone, and conglomeratic sandstone. 
It also includes red to purplish-red sandstone, shale, and mudstone. The formation is porous permitting 
good surface drainage and good groundwater recharge. The Stockton formation generally provides a 
reliable supply of groundwater. The formation is suitable for agricultural uses and residential uses if 
density and coverage requirements are in place.  
 
Topography  
Warminster Township is located in the Piedmont Physiographic Province just above the Fall Line marking 
the inland extent of the Coastal Plain. Here the topography is gently rolling with steep slopes only at 
major creeks and waterways. Using soil classification from the Natural Resource Conservation Service 
(NRCS) Soil Survey for Bucks County, no soils with slopes greater than 25 percent were found within the 
Township. The steepest areas occur along the Little Neshaminy Creek and its tributary stream.  
 
Soils  
Two indicator soil characteristics were reviewed to determine vulnerable resources and primary sites for 
open space protection. Hydric soils, soils experiencing permanent or periodic inundation of water, or soil 
saturation to the surface, at least seasonally are indicated on the Comprehensive Resources Map.  
 
Hydric Soils  
Soils with hydrologic components are hydric soils. These soils are saturated, flooded, or ponded long 
enough during the growing season (one week or more) to potentially develop conditions suitable to the 
growth of aquatic vegetation in the soil's upper layers (2.0").  
 
Slow runoff, poor permeability, and high clay content characterize hydric soils. The water table for hydric 
soils rises to the surface during wet seasons. They are frequently found in concave positions at the base 
of slopes, in depressions, and in poor drainage areas. Hydric soils do not imply that the area where they 
are located is necessarily wetlands, but are indicators of possible wetlands. The presence of hydric soils 
is one of the three major criteria, in addition to hydrology and vegetation, in the determination of wetlands. 
There are several areas within the Township with hydric soils, most notably the areas along the Little 
Neshaminy Creek and the small stream tributary in the Warminster Heights area. .  
 
Prime Agricultural Soils and Agricultural Areas  
The Municipalities Planning Code states as one of the purposes of land use controls in Pennsylvania, the 
preservation of "prime agricultural and farmland, considering topography, soil type and classification, and 
present use". A recent trend in land use in some parts of the county has been the loss of some prime 
farmland to industrial and urban uses. The loss of prime farmland to other uses puts pressure on marginal 
lands, which generally are more erodible, droughty, and less productive and cannot be easily cultivated. 
Agricultural soils and farming activities are important considerations in the open space planning process, 
as these resources are important areas to consider for permanent protection.  
 
Prime farmland is defined as having an adequate and dependable supply of moisture from precipitation or 
irrigation. The temperature and growing season are favorable. The level of acidity or alkalinity is 
acceptable. Prime farmland has few or no rocks and is permeable to water and air. It is not excessively 
erodible or saturated with water for long periods and is not frequently flooded during the growing season. 
The slope ranges mainly from 0 to 6 percent. More detailed information about the criteria for prime 
farmland is available at the local office of the NRCS.  
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The few areas remaining in the Township with prime agricultural soils are identified on the Generalized 
Land Use Map.  These include the Christ Home parcel south of Street Road, the Dautcher Farm parcel, 
and undeveloped portions of the WCP site. The NRCS has identified the important farmlands in Bucks 
County on the basis of soil characteristics. The best agricultural soils in Bucks County (class I and II soils) 
are located beneath the highly developed area of lower Bucks County. This pattern of land development 
of prime agricultural soils is true for Warminster Township as well.  
 
Pennsylvania Natural Diversity Inventory (PNDI)  
The Pennsylvania Natural Diversity Inventory (PNDI) information system indicated no occurrences of 
species of special concern within the project area.  
 
Findings: Ordinance standards for Resource Protection  
The current Township ordinances provide resource protection, which is consistent with general planning 
practices, other agency requirements, and enabling legislation provided in the Pennsylvania 
Municipalities Planning Code.  
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Water Resources  
Overview of Watershed and Storm Water Management Plans Affecting Warminster Township Since 2001  
 
Neshaminy Creek Watershed Storm Water Management Plan  
The Bucks County Planning Commission developed the Neshaminy Creek Watershed Storm Water 
Management Plan, which was adopted by the County Commissioners on March 18, 1992. The plan 
proposed amendments to affected townships' subdivision and land development ordinances to include 
stormwater management techniques. Called best management practices (BMPs), they are designed to 
better manage the cumulative impacts of storm water on a basin-wide scale. In addition, these techniques 
help recharge groundwater and improve water quality of streams, watercourses, and impoundments. The 
preservation and use of existing natural drainage ways and watercourses is encouraged. Since 
Warminster Township is relatively built-out, these amendments would mostly impact in-fill and 
redevelopment projects. The Township should focus more on creative techniques of enhancing the 
quality of waterways through soft-engineering technology such as bio-engineering. Efforts to reduce 
impervious pavement, especially in areas of older development, would be especially impactful to 
enhancing the quality of storm water in the watershed.  
 
Surface Waters 
As noted in the 2001 Open Space Plan, the Township is included in the watershed drainage areas of both 
the Little Neshaminy Creek and the Pennypack Creek.  Approximately 3,500 acres (5.47 square miles) of 
the Township or 54% of the municipality is located within the Little Neshaminy Watershed.  The remaining 
area is within the drainage basin of Southampton Creek, a tributary to the Pennypack Creek. Since the 
completion of the 2001 Open Space Plan, a number of watershed based plans have been completed for 
both the Neshaminy and Pennypack addressing issues such as natural resource protection, cultural 
resource preservation, water quality, open space and recreation, and storm water management. 
The plans include:   
• The Pennypack Creek River Conservation Plan – Pennypack Creek Watershed Partnership, 

December 2005 
• The Pennypack Creek Watershed Study – Temple University, Center for Sustainable Communities, 

August 2006 
• The Little Neshaminy Creek River Conservation Plan – Heritage Conservancy, September, 2007 
The following information summarizes the major findings of these plans relevant to protection and 
enhancement of open space, recreational, and natural resources within Warminster Township. 
 
 
The Pennypack Creek River Conservation Plan  
This plan included a number of goals and objectives related to protecting the various natural and cultural 
resources of the watershed.  There are 8 goals followed by recommended conservation actions.  These 
actions are intended to be implemented either by local municipalities or partnerships among non-profit, 
municipal, county, and state organizations.  There are no specific recommendations with respect to 
Warminster, but many do address issues that would protect stream corridors, floodplains, and other 
natural open space areas. These include developing headwater protection ordinances, ensuring 
enforcement of municipal resource protection ordinances, and developing a watershed wide open 
space/riparian corridor protection plan.  Recommendations to protect floodplains include enforcing 
floodplain ordinances and tracking floodplain encroachments and variances granted to allow development 
in floodplain areas. 
 
Additionally, the plan includes recommendations to enhance and improve recreational opportunities such 
as, developing maintenance and management plans for existing recreational facilities and open spaces, 
investigating opportunities for new active and passive recreational facilities, and updating recreation plans 
to reflect demographic changes. 
  
 



 

 LAND USE & NATURAL RESOURCES  6-16

The Pennypack Creek Watershed Study 
The Pennypack Creek Watershed Study was completed by Temple University’s Center for Sustainable 
Communities, (CSC).  The purpose of the study was to initiate a comprehensive study focusing on the 
key issues related to the watershed including, unplanned land development, poor storm water 
management, impaired water quality, and outdated floodplain maps.  The study consisted on the following 
major components: 
• hydrologic modeling to determine new floodplain boundaries; 
• geographic information systems (GIS) mapping and data inventory creation; 
• water quality studies; 
• evaluation of open space and corridor alternatives; and  
• recommendations 
The study was completed in 2006 and included an update to the existing Flood Insurance Rate Maps 
(FIRMS) by delineation of new floodplain boundaries that result from two hypothetical storms:  100-year 
and 500-year storms.  The new maps take advantage of more accurate data and improved technologies 
for identifying flood hazards.  Each municipality within the watershed, including Warminster Township, 
received the updated maps to assist them in future development planning.  The CSC recommended that 
the new floodplain maps be enacted by the municipalities as their official floodplain maps.  The CSC also 
recommended that the municipalities consider updating their existing ordinances to enable them to more 
rigorously enforce the new floodplain boundaries.   
 
The new floodplain maps developed for Warminster show that 11 additional buildings which were 
previously not considered within the floodplain are now within the 100 year floodplain.  There were minor 
changes in structures within the floodway and 8 fewer buildings in the revised 500-year flood zone 
compared to the FEMA Floodplain maps.  The results for the entire watershed are presented in Table 6-3. 
 

Floodway 100 Year 500 Year Floodway 100 Year 500 Year

 Warminster 4 26 44 5 15 52

 Southampton 14 73 126 0 65 70

 Horsham 16 112 132 49 138 200

 Horsham 10 70 87 21 59 59

 Upper Moreland 26 197 236 39 140 209

 Lower Moreland 41 118 147 27 93 114

 Upper Dublin 6 18 22 0 4 4

 Bryn Athyn 0 7 7 3 51 65

 Abbington 23 87 99 5 12 29

 TOTAL 140 708 900 149 577 802

Sources:  Pennypack Creek Waershed Study (Temple University Center for Sustainable 
Communities, 2006)

TABLE 6-3

NOTE:  There are no 100-year or 500-year floodplains in Jenkintown and Rockledge.  Building 
footprint information is based on 2003 ortho-photo.

Buildings in Floodplains - Comparison Between Existing and New Maps

New Floodplains FEMA Floodplains
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The Little Neshaminy Creek River Conservation Plan 
The main purpose of the Little Neshaminy River Conservation Plan was to set forth a guidance document 
to direct implementation projects in a coordinated manner to preserve and enhance the resources of the 
watershed. These recommendations were presented as a set of management options, similar to those 
prepared for the Pennypack Creek River Conservation Plan.  
 
As a supplement to the management options section, the Little Neshaminy Creek RCP Steering 
Committee suggested that recommended projects, consistent with the river conservation plan’s goals, be 
listed by each participating municipality for ease of reference. The following projects were identified by 
Warminster Township for future implementation:  
• Kemper Park Riparian Buffer Project – continue working with Delaware RiverKeeper Network on 

the Growing Greener grant riparian buffer project. Continue to monitor the 300 new trees, wildflower 
matting, and evergreen revetment projects to reduce erosion.  Grant project removed fish dam but 
repeated flooding continues to move rock creating additional dams. Positive results include improved 
water quality, increased buffer, and a significant reduction of geese at this site because they no 
longer have direct access.  Continued education regarding this project will include planting of more 
native species, educational signage about streamside parks and the watershed, and installation of a 
bio-swale to increase filtration off the parking lot.  

• Kemper Park Improvements – extension of the nature trail to full length of Warminster's property, 
expansion of the parking lot with porous paving, relocation of the ball field, and installation of 
additional trails.  Creation of  some type of cross-stream access to allow residents of the Hartsville 
section of the municipality to cross the Neshaminy from Log College Drive to get to Kemper Park. 

• Barness Park – the Warminster Municipal Authority completed a large-scale sewer pipe 
replacement project in 2007; this will be followed by restoration of the park area. Several times a 
year, Parks & Recreation reminds residents not to dump in the park behind their homes materials 
(especially grass clippings, branches, and leaves) that can be sent downstream during flooding  

• Five Ponds Golf Course – the same sewer project was completed through the golf course. During 
heavy storms, Five Ponds acts as the primary watershed "holding tank" for all stormwater runoff in 
this end of the Township which then is slowly released through Barness Park into the Neshaminy 
Creek in Kemper Park. 

• Log College Park – installation of additional trees, nature trail from Log College Drive to Kemper 
Park.  This may pose a problem as a bridge across the creek is required to access the park areas. 

• Munro Park – installation of trees, changes in swales to address low areas to feed into tributaries in 
Ivy Woods Park. 
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   CHAPTER 

7   OPEN SPACE 
 
 
Publicly owned open space areas are identified on the Comprehensive Resources Map. There are other 
privately owned open space areas within the Township, including properties for cemeteries, churches, 
detention basins, parking lots and unprotected open space. Protected open space resources also include 
common land within existing residential developments. Common areas also include detention basins, 
which total almost 25 acres in the Township, and are maintained as undeveloped open space.  
 
There is a new recognition at the state and national level of the importance of open space and its 
connection to livability and quality of life. Pennsylvania's "Growing Greener" is a new environmental 
initiative to restructure the state environmental budget over the next five years to protect watersheds, 
preserve open space, invest in parks and environmental recreation, reclaim abandoned mines and wells, 
encourage sound land-use practices, and discourage sprawl.  
 
In 2001, the parcels that were assessed for this plan were undeveloped, five acres or more in size, and/or 
adjoining public lands.  Although development in the municipality has continued, the Township has made 
progress in preserving several parcels and will continue to do so.  Table 7-1 presents a list of the open 
space acreage. 
 

  Type Acres

  Unprotected Open Space 318.2

  Schools 224.3

  Cemetery 53.0

  Detention Basin 25.0

  Sub Total 620.5

  Township Parklands 403.9

  Golf Course 133.0

  Preserved Open Space 22.0

  Sub Total 558.9

  TOTAL 1,179.4

TABLE 7-1

Warminster Township Open Space

 
 
 
Open Space Parcels Acquired Since 2001 

Devonshire Court (49-37-284) 
Utilizing the information in the 2001 PROSP, the Township was able to negotiate the purchase of  
Devonshire Court.  This wooded parcel, located adjacent to the Recreation Center, was planned as a 
housing development.  This property was acquired by Warminster Township in 2001 using $139,312 in 
funds from Bucks County Municipal Open Space grants towards the total purchase price of $200,000.   
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Size:    6.86 acres   
Boundaries:   Adjacent to the Warminster Recreation Center and behind single-family residential 

properties located along Gorson Drive and Cathe Lane   
Conditions:   Woodlands, intermittent stream, possible wetlands   
Status: Converted into a natural area with a nature trail and designated by the Board of 

Supervisors as an Environmental Protection Zone (EPZ).  
 
Christ Home (49-01-10) South of Street Road  
In 2006, after three years of negotiation, the Township received a 14 acre parcel that was part of the 
Christ’s Home development.  Christ’s Home received approval to expand their senior housing facilities 
located on this parcel to include a cottage community (90 homes), assisted living facilities, and long term 
care facility.  As part of this approval, the Township was able to purchase an oddly shaped 14.7 acres of 
open space along Norristown Road with a connection to Cloverly Drive. This property was purchased in 
2006 with the remainder of the grant funding from the Bucks County Municipal Open Space program.  
This parcel was purchased for $685,000 with the required 25% municipal match being donated by 
Christ’s Home (Christ’s Home provided 28 percent). 
Size:   14.7 of a total of 161.5 acres 
Boundaries:  Street Road, Norristown Road, and Delmont Avenue 
Conditions:  Open agricultural fields, woodlands, and elderly housing 
Status: Instead of creating traditional detention basins to assist with the storm water problems on 

Norristown Road, the Township has installed a rain garden on this site.  It has 
dramatically reduced storm water runoff and drains back into the wetlands located on the 
adjacent property owned by Christ’s Home.   

 
 
Existing Open Space Parcels 
Warminster Township encompasses an area of approximately 10 square miles or 6,400 acres. Although 
much of this land is developed, the Township does contain several parcels of undeveloped open space 
that could be protected. The following parcels that are undeveloped, five acres or more in size, and/or 
adjoining public lands were assessed for this plan. 
 
Warminster Recreation & Education Center (49-37-283) 
Size:   13.7 acres  
Boundaries:  Fronting on Little Lane and surrounded by housing on Little Lane, Barness Drive, Cathe 

Lane, Lavera Lane, Devonshire Court open space parcel and access walkways at 
Gorson Lane & Barness Drive. 

Conditions:  65,000 sq. ft. Elementary School which was built in 1962 and converted to the community 
recreation center in 1988, due to low school registration.  Deed has a reversionary clause 
with School District which permits the District to take back the school for educational 
purposes.  Township has been trying to remove this reversionary clause so that it can 
make capital improvements to the site without penalty.  In addition to the school facility 
and parking lots, parcel contains 8+ acres of open green space, sport fields, and 
playgrounds in keeping with a neighborhood park.  The 47 year old facility is in need of 
some major renovation.  Work has been completed on the roof, electrical systems, 
generator, and boiler room.     

Opportunities:  If reversionary clause can be removed, green areas could be preserved and the 
Township will actively pursue the acquisition of the Recreation Center property.      

Issues:  Township Supervisors have refused to complete capital projects for fear of reversionary 
rights.  Although the recreation center has been operating from this site for more than 20 
years, it is not easily accessible by the community as it is located in the center of a 
mature neighborhood.  Reversionary clause limits community improvements.  As the 
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school district evaluates the condition of its elementary schools and determines viability, 
more school facilities may become available for purchase.   

 
 
Shenandoah Woods 
Size:   26-30 acres of a 52 acre parcel  
Boundaries:  Adjacent to the Eastern boundary of Warminster Community Park.  Access via Bristol 

Road on road or perimeter trail.  Eastern side of parcel backs up to Casey Highlands 
residential neighborhood.  Entire parcel is enclosed by fence due to security issues for 
military housing. 

Conditions:  25+ acre wooded area plus small open area and perimeter trail.    
Status: As a result of the 2006 BRAC Act, the Horsham Lands Reuse Authority (HLRA) must 

dispose of several properties dedicated to housing in the Ivyland-Warminster area. The 
HLRA must focus on the promotion of economic development of this parcel, balance the 
requirements of the McKinney Act, and try to meet the needs of all of the surrounding 
municipalities which are affected by the closure of Shenandoah Woods.   

 
Prior to 1996, the 51-acre tract known as Shenandoah Woods provided housing for the 
families of men and women who were stationed at both NAWC-AD and the Naval Air 
Station, Joint Reserve Base of Willow Grove, PA.  When the NAWC-AD was 
decommissioned in 1996, purview of the Shenandoah Woods property was transferred to 
NAS-Willow Grove.  The property is adjacent to the wooded area of the existing parkland, 
although separated by a fence.  The Township’s 2001 Park, Recreation, and 
Conservation Plan listed an increase to both the number of multi-purpose trails, and 
better access to existing trails, as two priorities that the Township needs to address.  The 
acquisition of the 26 wooded area and open space of the Shenandoah Woods property 
would help the Township in addressing this priority.  The addition of a water feature is 
almost always high on park departments’ wish lists, and the Township hopes to create a 
water feature that will both enhance the community at-large and help to address long-
standing storm water runoff problems in surrounding residential neighborhoods.  
Warminster Township also wishes to preserve and maintain the areas within this property 
where there is less intensive land use, near existing residential areas and current park 
lands.  

 
The acquisition of a 26-acre portion of Shenandoah Woods would allow the Township to 
continue its quest to preserve open space, provide additional recreation areas, and 
reduce the amount of land available for development in the Township.  By increasing the 
amount of open space/recreation area available to residents, the Township plans to 
provide additional facilities currently not available to meet the needs of the community.  
This portion of the property may not become available to the Township if organizations 
with McKinney Act priority are able to acquire and utilize the full 52 acres.  If this is the 
case, there may still be a possibility that the wooded area and trails could be preserved 
as a conservation easement.   

 
 
Dautcher Farm (49-09-92)  
Size:   20.95 acres  
Boundaries:  Primary frontage along Mearns and Ivyland Roads and adjacent to residential 

development along Cheryl Drive, Laurel Avenue, and Arbor Lane  
Conditions:  Crop agriculture, small seasonal produce stand, flat, well-drained  
Status: This property is still owned and operated by the Dautcher family for agricultural purposes.  

Inquiries by the Township to preserve this property for open space or agricultural land 
preservation have been rejected.  In the event that Longstreth School is closed and the 
school property sold for residential (R-2) development, this the Dautcher parcel will 
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remain the last portion of open space in that sector of the Township.  Thus, preservation 
of such open space may increase its priority in the future.   

 
 
McNeil Property #1 (49-01-12-1)  
Size:   6.75 acres at 1165 W. Street 
Boundaries: Five Ponds Golf Course, Log College School, Christ Home Property 
Conditions:  Old house, large trees, lawn areas 
Status: The two properties privately owned by Mr. McNeil were sold to Michael Warden in 2005.  

Mr. McNeil currently resides in the original house and has an agreement with the new 
owner to be permitted to stay until his death or incapacitation. 

 
 
McNeil Property #2 (49-01-24-1) 
Size:   2.0 acres at 1175 W. Street  
Boundaries: Five Ponds Golf Course, Log College School, McNeil Property #1 
Conditions:  Rental property - older farm house, large trees, lawn areas 
Opportunities:  This parcel is important because of its proximity to existing Township and school district 

land. 
Status: This property was sold by Mr. McNeil to Michael Warden in 2009.  This two acre parcel 

was then immediately sold again.  Access to this property is via a stone drive along the 
edge of the golf course from Lavera Lane.  Although the Township was responsible for 
installation of this driveway via court order, it is up the owner to maintain it.  Future of 
existing building would need to be considered. The parcel would most likely need to be 
integrated into the golf course complex. 

 
 
Christ Home (49-01-10) Fronting Street Road on North Side  
Size:  24.8 acres 
Boundaries:  Street Road, Norristown Road, Willow Dale Elementary School 
Conditions: Woodlands, open agricultural fields 
Status: Preliminary plans submitted by Christ’s Home for this parcel include medical/professional/ 

office development. 
 
 
Odd Fellows Cemetery (49-01-01)  
Size:   57.7 acres 
Boundaries:  County Line Road, residential development off Delmont Avenue  
Conditions:  Active cemetery, woodlands, open lawn 
Status:   The site remains an active cemetery and no further information regarding expansion is 

available at this time.  Access to the land-locked undeveloped back portion of this 
property remains an issue. 

 
 
Conte Luna Foods, Inc. (49-Q9-Q16-003) 
Size:   5 acres 
Boundaries:  Jacksonville Road, SEPTA rail line, adjacent industrial properties 
Conditions: Woodlands, wetlands, stream 
Status: No further improvements or acquisition has taken place on this property since 2001. 
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Nativity Church (49-009-051) Fronting Street Road, Near York Road  
Size:   22.55 acres 
Boundaries:  Street Road, York Road, Archbishop Wood School 
Conditions:  Open lawn 
Status: Nativity of Our Lord Parish has submitted a preliminary plan to install 60 additional 

parking spaces for church functions on this parcel.  A portion of it will continue to be used 
as sports fields by the neighboring Archbishop Wood High School. 

 
 
Shenk Property - formerly Sharples, Inc. in 2001 plan (49-09-79)  
Size:   13.11 acres 
Boundaries:  Frontage on Ivyland Road, adjacent to industrial buildings 
Conditions:  Open lawn 
Status: In keeping with the 2001 land use recommendation that this parcel not be considered for 

active recreation purposes, the Township is not seeking to preserve this property. 
 
 
Delia Franzia Properties (49-09-60, 49-09-61-1)  
Size:   Two adjoining parcels totaling 8.8 acres (4.1 and 4.7 acres) 
Boundaries:  Fronting on York Road opposite Norristown Road  
Conditions:  Wooded 
Status: No plans for change on this parcel since 2001. 
 

 
Evaluation of Open Space  
In order for Warminster Township to make informed decisions about open space conservation, 
acquisitions, easements, and rights-of-way, the following uses should be considered: 
• Resource protection,  
• Provision of neighborhood parkland,  
• Linkages to connect communities/trails, bikeways, greenways, etc.,  
• Increase community accessibility to parklands,  

Small Parcels: An Important Consideration 
Pedestrian and bicycle accessibility to existing and future parklands should be an important goal of the 
Township and provide the greatest opportunity for community utilization of the Township's parkland 
resources.  In many instances, accessibility can be achieved by creating small linkages between 
residential parcels or industrial developments on parcels much smaller than five acres. These linkages 
could occur through the outright purchase of parcels, the creation of easements or a combination of 
both. A few locations where these types of connections should be considered include:  

 Decker Lane, east of the NAWC  
 Bikeway easement along Ivyland Road east of Mearns Road  
 Walkway/multi-use trail easement from Bristol Road at Graeme Way to Nassau Drive – 

pending future development along woodland/wetland area.   
 
As the Board of Supervisors, Planning Commission and Zoning Hearing Board review sub-division and 
land development plans, consideration should be given to creating linkages throughout the Township.  
This can be done as part of the land development process much cheaper by a builder who already 
has equipment on site, than by the Township at a later date.   
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• Parcels that serve to protect intersections/thoroughfares from further development and/or that serve 
as gateways to the community.  

 
 
Criteria 
Answers to the following questions could be used to prioritize open space acquisitions:  
 
Land Characteristics 
• Is the land mostly undeveloped?  
• Does the land have significant natural or cultural resources?  
• Is the land suitable in size and character for development as a neighborhood park?  
• Does the land create opportunities to provide environmental mitigation, control or enhancement?  
 
Park, Recreation and Open Space System Components  
• Does the land connect to existing or proposed public lands used for recreation?  
• Does the land provide a potential linkage with a park, school, public facility, recreation facility, 

community destination or trail?  
• Is the site scenic, and/or does it serve as significant green "backdrop" in the community?  
• Does the land serve as a gateway to the community?  
• Is the land at a key intersection that is in the path of development? 
 
Proposed Use  
• Does the land protect a resource or serve as habitat?  
• Could the land be part of a proposed bikeway/greenway?  
• Is the land suitable for outdoor recreation?  
• What types of recreation?  
• Is the land close to population centers or a part of the township under-served by open space and 

recreation opportunities?  
• Could the property have multiple uses for the Township?  
 
Acquisition and Stewardship Possibilities  
• Is there municipal support for the acquisition of the land?  
• Are there local groups or individuals that are willing to be responsible for stewardship of the land?  
• Is there a willing seller for the property, development rights or easements for an equitable price?  
 
 
Methods of Land Preservation  
There are numerous ways a municipality may acquire, reserve, fund, and otherwise implement a program 
of land preservation, which would result in achieving the goals included in this plan. There are sources of 
funding other than the Bucks County Open Space Program and a number of techniques that do not 
involve the public acquisition of land in fee simple transactions.  The following are several techniques that 
should be considered in any efforts to implement the goals identified in this community's open space and 
natural resource planning efforts.  However, certain methods have limited applicability to the projects 
described in this plan.  
 
Variations to Fee Simple Acquisition  
Acquisition 
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The most direct way to provide open space is to buy the land. Act 153 of 1996 authorizes municipalities to 
purchase land or development rights for open space purposes. The options for land acquisition are to 
purchase land with Township funds, County grants, grants from other levels of government, or 
combinations of these. In addition to a simple purchase of land in a "willing seller -willing buyer" 
arrangement, the Township has the power to condemn land through eminent domain for certain  
purposes. Condemnation should be considered a last resort in public land acquisition. 
 
Acquisition and Lease 
Another option would include an arrangement whereby land would be acquired and partially leased or 
sold to help pay for the portions desired for community use. There may be portions of an acquired 
property that would be better held and maintained by an individual property owner or a nonprofit 
organization.  
 
Bargain Sale 
The bargain sale of land may result in land being provided to the Township for community use. A 
landowner may sell land to the Township for less than the market value. The seller may use the 
difference between the market value and sale value to reduce capital gains or estate tax obligations.  
 
Donation 
The donation of land, in certain circumstances, may result in land being acquired by the Township. This 
method may be attractive to some landowner for income, estate, or capital gains tax benefits. However, it 
is unlikely the donation or bargain sale of land will play a significant role in implementing the goals and 
objectives described in this plan.  
 
Easements  
As an alternative to land purchases, it may be possible and appropriate to acquire easements that may 
help implement the objectives stated in this plan. These could include conservation easements to protect 
significant natural features, pedestrian easements to permit the crossing of privately held property, 
easements to protect scenic views, or an agreement to permit the limited use of privately held property for 
some other activity or protection.  
 
Easements may be acquired by the purchase of certain rights, which would be less expensive than the 
fee simple purchase of land. As such, the property would remain in private ownership and tax revenues at 
some level would continue. Maintenance responsibilities would be specified in this type of agreement. 
Easements could be donated to the Township, which may result in some tax advantage for the property 
owner.  
 
Easements could be structured for a specified number of years or they could be permanent. If the 
agreement would provide for permanent rights to the property, a deed restriction should be filed to ensure 
the agreement would be clear and binding on future owners. It would be helpful to have a "base-line plan" 
established which delineates conditions, structures and improvements on the property, and clearly shows 
the possible location and type of other changes that would be permitted under the agreement. This clarity 
will help avoid misunderstandings and legal actions in the future. 
 
 
The Official Map - A Holding Option  
Under Article N of the Pennsylvania Municipalities Planning Code, a municipality may adopt an official 
map, which designates existing and proposed areas needed for public streets, watercourses, public 
grounds, parks, playgrounds, open space, rights-of-way, stormwater management facilities, and grounds 
for other public purposes. The official map provides the municipality one year to acquire property or begin 
condemnation proceedings after a property owner announces intentions to build on, subdivide or 
otherwise develop or use the land identified on an official map.  
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There are substantial protections for property owners included in the law for official maps. The official 
map does not establish a mechanism under which a landowner is compelled to dedicate land the 
municipality. It remains a matter for compensation. In addition, the law includes provisions for the property 
owner to request a special encroachment to use the land. A refusal to permit this encroachment may be 
appealed to the Township Zoning Hearing Board.  
 
Prior to amendments to the Municipalities Planning Code under Act 170 of 1988, the establishment of an 
official map was a difficult and expensive task for a municipality. Under the amendment, the requirements 
are easier, less expensive, and more attractive to use. The designation of land on an official map does 
not, in itself, constitute a taking of land or the acceptance of land by the municipality. Nor does it obligate 
the municipality to take, condemn, improve, or maintain the land. The designation of land on an official 
map may be a helpful way to reserve land if the township is unable to otherwise acquire the land or 
easements in the short-term. 
 
 
Ordinance Provisions  
The Township has revised the land use ordinances to establish a riparian buffer requirement. This type of 
requirement helps to protect streams, particularly in areas where a watercourse has steep banks and 
narrow or no floodplains.  
 
Under the Pennsylvania Municipalities Planning Code (MPC), municipalities may require that developers 
dedicate land or fees in lieu of land for open space and recreation purposes. A municipality must have an 
adopted recreation plan and ordinance in order to require mandatory dedications.  
 
Transferable development rights (TDR) is a zoning technique authorized under Section 603.(c)(2.2) of the 
MPC. Municipalities may permit the transfer of development from one site or area of the community to 
another. This would provide another mechanism to preserve farmlands, scenic areas, natural resources, 
or historic buildings and properties. The MPC specifies that this technique would be used on a voluntary 
basis. The property owner must be permitted to have reasonable use, or development on the property, as 
well as the option to transfer development potential. The property would be deed restricted from further 
development on the property or portion of the property from which development is transferred to another 
location.  
 
The advantage of this TDR technique is that it provides the landowner with economic return on the use of 
the land where, from a community benefit standpoint, no development would be the best or preferred 
condition. Concern has been expressed by those who live in the area into which the additional 
development would be transferred. Transfers into areas of commercial, office, or industrial zoning 
districts, rather than residential zoning districts, usually meets with lower levels of concern.  
 
 
Public Awareness  
The Township should encourage the efforts of private property owners in their interests to preserve their 
land. As noted previously, the dedication of land, easements, and the bargain sale of land may provide 
benefits to the Township and the property owner. Often, property owners are unaware of these options in 
the use and protection of land. The Township should consider a meeting or seminar from time to time to 
present these considerations to the owners of significant properties. Technical advice could be provided 
by staff members of the County Planning Commission or a land conservation organization.  
 
Although the Township has the ability to shape the location and nature of development on private land, 
per its zoning and subdivision ordinance, it has limited powers to actually drastically limit private 
development. A common misconception on the part of the public is that municipalities have the ability to 
outright refuse development. They often do not understand that municipalities are limited by the 
authorities granted to them by the governing enabling legislation, in the case of land use, through the 
Municipalities Planning Code. A key goal of this plan is to function as an educational tool for both 
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Township officials and the public. It highlights the opportunities that exist for open space protection and 
defines the mechanisms for implementation  
 
Inter-municipal and Inter-governmental Cooperation  
Coordination with other governmental entities could assist the Township to improve the quality of life in 
the community by increasing the protection of environmental features, enhancement of historic and 
scenic resources, and the provision of open space. These entities include surrounding municipalities, the 
school district, the County of Bucks and its departments, and the Commonwealth of Pennsylvania and its 
agencies. In addition to seeking funds, this participation should also focus on the activities of these other 
entities to ensure their projects and programs do not harm the qualities the Township seeks to protect.  
 
 
Future Open Space Planning Activities  
Most planning programs are ongoing. The programs that are truly useful are reviewed and revised to 
adapt to changing conditions, new participants, and evolving needs. After some level of success is 
realized, it is important to redefine goals and objectives to expand the opportunities for the community. 
For Warminster Township, future planning efforts will be important. Because the Township is significantly 
developed, immediate consideration needs to be given to preserving suitable spaces that are presently 
undeveloped.  As a parallel effort, the Township should seek additional parcels that are contiguous 
parcels to public property, serve as linkages or meet other important criteria, and may come on the 
market in the future. 
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   CHAPTER 

8   MANAGEMENT 
 
 
The Parks and Recreation Department is solely responsible for parks and recreation/leisure activities 
within the Township. The Department’s mission is to provide year-round leisure services to the residents 
of Warminster Township by offering educational, cultural, and athletic programs, trips, and special events, 
and by maintaining the current park system, preserving open space, and to assisting in the acquisition of 
additional land for future active and passive recreational pursuits.  
 
Over the last twenty years, the Warminster Parks and Recreation Department has made major strides in 
moving parks and recreation from operations that were focused on youth, summer, and outdoor activities 
to a broad-based, year round system that provides active and passive recreational and leisure 
opportunities to people of all ages, interests, and abilities.  
 
 
Management  
The Department is headed by the Director of Parks & Recreation who reports to the Township Manager.  
The Director manages all parks and recreation operations (including the WREC), Golf Course, and park 
maintenance activities.  Reporting to the Director are the Assistant Director, the Recreation Supervisor, 
Recreation Assistant, Receptionist, Parks Maintenance staff, and Golf Course staff (see attached 
Organizational Chart).   
 
 
Recreation  
Most of the staff for Recreation is part-time, seasonal employees hired for the summer camp programs. 
Approximately 70 part-time and/or seasonal positions, as well as a myriad of contracted and part-time 
instructors and off-site program vendors are employed each year.  The Management Staff recruits 
instructors from area businesses and local community organizations.  While much of the hiring of these 
employees falls upon the Director, the Recreation Supervisor spends much time recruiting, hiring, 
training, supervising and evaluating employees and contracted instructors in the system. 
 
Seasonal part-time recreation staff tends to be cyclical with leaders employed for several years during 
college then moving on to full-time careers. There are years when the Department has a number of 
returning employees while other years require a significant number of new recruits. Training must adapt 
to the needs of this group and must be renewed each year.  The Township’s recently completed 
employee manual has helped to make its policies and procedures more effective in dealing with a part-
time, seasonal staff. 
 
 
Park Maintenance 
Although the funded staff positions have been expanded from two to four full time staff in the last several 
years the addition of 260 acres to the park system has stretched this group to the limits of their 
capabilities.  During the summer, the parks department brings on two seasonal crew members and will 
expand to three in 2010.   
 
The small staff works closely with the Public Works Department on maintenance and capital projects.  If 
not for the cooperation and assistance of the Public Works Department, the parks would rapidly fall into a 
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state of disrepair and capital projects would not be possible.  Working with the Public Works Department 
allows both organizations to benefit from shared equipment, man-power, and other resources.  
 
In addition to the park maintenance, the Department maintains other properties as directed by the 
Township. A partial list of these properties includes: Craven Hall, Senior Center, detention basins, and 
abandoned properties as designated by the Licenses and Inspections Department. 
 
Sport field fertilization and park weed control contracting is done for all athletic fields and most park 
areas.  Mowing contracts are bid in three-year increments with the latest being 2009-2011.  The mowing 
of the interior of Warminster Community Park and other municipal facilities – library, township building, 
and several smaller municipal parcels – is still the responsibility of the parks department.  
 
 
Administrative Support  
The Parks and Recreation Department has a full-time receptionist but the part time secretary for the Park 
and Recreation Board has recently resigned and no replacement has been found.  This work is currently 
being done by other staff members. The management staff continues to perform their own secretarial 
functions such as word-processing, filing, etc.  The Department also has several part-time employees that 
staff the WREC office on evenings and weekends. 
 
 
Five Ponds Golf Course  
The golf course operation has undergone several organizational changes since opening in 1988.  The 
changes include operation by a private concessionaire, status as a separate organizational unit within the 
Warminster Township government, and now operation under the Parks and Recreation Department 
(October, 2009).  It is operated as an enterprise fund with its own limited staff and budget. Four managers 
oversee the day-to-day operations – administration, proshop/outings, food & beverage, and course 
maintenance.  These managers oversee all full-time and seasonal staff and report to the Parks & 
Recreation Director. 
 
The training of seasonal staff continues to be a challenge but full-time staff recently overhauled the new 
employee orientation process to address issues such as high customer demands, fiscal accountability, 
course rules and regulations, customer service and first aid/AED. 
 
 
Partnerships  
Partnerships with other organizations in the community enhance the Departments ability to provide a 
comprehensive program at reduced costs. The Department has worked for decades to forge strong 
partnerships with Warminster’s civic & sports organizations, Centennial School District, and commercial 
recreation providers. 
 
Parks & Recreation Department and the School District continue to use each other’s facilities.  The sports 
clubs help maintain the fields and have contributed money for field improvements.  The Rotary Club has 
assisted with park capital projects.  
 
 
Information Management  
The Parks and Recreation Department handles a high volume of telephone calls and foot traffic and 
manages thousands of interactions annually: registrations, permits, citizen requests, assistance to 
community organizations and dissemination of public information, program planning, league support, 
evaluations, financial processing, and scheduling.  The Department has implemented registration 
procedures that are convenient for the clients including credit card and MAC payments, drop-in 
registration as well as mail-in, telephone and on-line registration. 
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The Department has recently made great strides in the development of computer-based services in large 
part due to the significant efforts of the Recreation Supervisor.  In 2008, the Department contracted with 
Edulink, to develop an on-line registration program that will provide Department Information 24/7 and will 
also allow on-line registration. 
 
 
Marketing and Communication  
Three times each year the Department develops, and mails to every household in Warminster Township, 
a Recreation Directory. The Directory provides information on all of the recreational and leisure programs 
that are being offered for the upcoming four month period.  The Directory also contains general Township 
information.  The Directory has won several state-wide awards for excellence from PRPS (Pennsylvania 
Recreation and Park Society). 
 
Warminster Township has an LED sign at the York/Street Road intersection, two channels of cable 
television and a municipal web site also that provides information about Parks and Recreation programs.  
In additional, recreation program info is placed on websites – MySpace/Facebook/Craigs List, etc. – 
where appropriate.   
 
 
Citizen Involvement  
The Parks and Recreation Department operates in a collaborative fashion with individuals and 
organizations throughout the community.  There is an overall sense that the Department has an open 
working relationship with other providers in the community. The public participation process found that 
people in the community have high regard for the Department, finding the staff most helpful and 
responsive.  
 
The Park, Recreation, and Conservation Board (PRC) is an active group of citizens who serve as a 
sounding board to the Director and support Township recreation initiatives. Their main duty is to inform 
the Board of Supervisors of their opinions and recommendations regarding parks and recreation 
activities. 
 
In 2009 Friends of Warminster Parks, a 501-c-3 non-profit was formed to assist the parks & recreation 
Department in raising funds for capital projects.  Members of the PRC Board and volunteers from the 
community make up this new Friends group.   
 
The Township is in the process of creating an Open Space Committee made up of representatives from 
the EAC, Planning Commission, Zoning and PRC Board to oversee open space planning and the 
coordination with the Bucks County Open Space Program goals. 
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    CHAPTER 

9   REVENUES & EXPENSES 
 
REVENUE 
 
GENERAL 
Financing parks and recreation has been evolving throughout the United States.  Funding once was 
completely supported by local government through taxes.  Over the past several decades, funding has 
shifted to a mix of public support (taxes) and revenues generated through fees and charges, donations, 
partnerships, and sponsorships.  This change has come about because government alone cannot provide 
all of the services, programs, and open space desired by the public and because the public is now more 
willing to pay directly for recreational and leisure activities. 
 
Financing the Warminster Township Parks and Recreation Department has not changed much since 
2001.  The Department still relies on real estate taxes, investment interest, facilities rentals, program fees 
and charges, operating and capital grants and donations and contributions.  Although the Department 
used to rely on funds from the Golf Course, this has not been the case since 2003 as the golf course has 
not been able to support such donations. 
 
Most parks and recreation departments typically set a goal of generating 50 percent of the budget through 
non-tax sources; Warminster Parks and Recreation typically generates 60% of its revenue through non-
tax sources. 
 
The recent downturn in the economy, if it continues, will have a negative effect on all sources of revenue.  
Table 9-1 presents the Warminster Township Parks and Recreation revenue sources for 2005-2009. 
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BUDGET

   2005       2006     2007     2008     2009       2010

Real Estate Taxes 294      612      625      626      632      602           

Erickson In-Lieu-of-Fees 6          20        10        71        42        43             

WREC and Park Building Rentals 252      265      296      294      263      265           

Programs, Trips, and Other Fees 283      284      304      304      334      310           

WCP  Dev Fund/Grant Match 91        142      86        -           -           49             

DCNR - Keystone Grant    -           188      -           13        -           -                

Open Space Fee -           200      300      -           -           10             

Donations/Contributions/Fund Raising 27        32        42        44        36        28             

Investment Interest 5          16        34        43        25        16             

All Other, Net 28        44        13        22        6          23             

TOTAL REVENUES 986      1,803   1,709   1,417   1,339   1,345        

TABLE 9-1

Warminster Parks & Recreation Revenues - 2005-2010
(in  thousands  of  dollars)

ACTUALS
REVENUE SOURCES

 
 
TAXES 
Warminster Township continues to have a strong commitment to fiscal responsibility and holding the line 
on taxes.  Of the taxes paid by the local taxpayer, 74% goes to the Centennial School District and the 
remainder is divided between the County (17%) and the Township (9%).  Tax increases in 2006 resulted 
in additional tax revenue for Parks and Recreation. 
 
Over the past five years, about 12-14 percent of the Township's operating budget has been allotted to 
Parks and Recreation. As shown in Table 9-2. 
 

Year Township Budget P&R Budget % of                  
Township Budget

2005 $10.4 $1.5 14.7%

2006 $11.4 $1.6 14.5%

2007 $12.2 $1.8 14.5%

2008 $12.4 $1.5 12.4%

2009 $12.8 $1.7 13.3%

Warminster Parks & Recreation Budget as a Percentage of Township Budget  2005-2009

TABLE 9-2

(in millions of dollars)
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RENTS 
Rental fees at the WREC and in the parks remain an important non-tax revenue source. The Township 
rents space in the WREC to a catering business, a day care center, the tax office, and agencies providing 
services for pre-school children with special needs. The rent generated helps to off-set the cost of 
operating the building. 
 
The Township leases one wing of classrooms at the WREC to day care and preschool agencies.  In 2008 
and 2009, some of these agencies reduced the number of rooms they lease, reducing rental revenues by 
approximately 25 percent.  The Department was able to secure a couple of short-term leases, but new 
permanent tenants are being sought.  The Department is also trying to attract home businesses that have 
outgrown their space and other alternative renters.  However, due to child care security, only certain 
options and businesses can be considered. 
 
In 2008, The Township entered into a “concessionaire agreement” with Penn State University’s Applied 
Research Laboratories to utilize the anechoic chamber and adjacent facilities (former Navy facilities 
located in Warminster Community Park) for research purposes.  This agreement generates $18,000 per 
year in rent.  The Township has also contracted with the Philadelphia Regional Sport Car Club of America 
to rent the runway for car rallies and driving school on nine selected dates each year.  This agreement 
generates another $9,000 in rental income.   
 
 
RECREATION FEES 
Warminster Township charges user fees for recreational and leisure programs and services.  The largest 
class of fees is generated through the summer camp programs.  Recreational, educational, and leisure 
programs held at the WREC and trips and tours also generate a significant amount of revenue. 
 
Revenues from recreation fees have been holding steady over the past few years even as increased 
competition from private recreation vendors has siphoned off some clients.  This was most clearly 
demonstrated in the 2009 summer camp programs, the largest source of program revenue for the 
Department.  For years, the playground (ages 6-10) and teen camp (ages 11-14) programs have 
averaged 400-425 participants.  In 2009, the final registration for these programs was 323, a decrease of 
approximately 20 percent.  Year-round fitness programs have been impacted as numerous low-cost 
fitness centers such as Planet Fitness move into the area.  To maintain a consistent revenue stream it 
was necessary to increase individual fees. 
 
Even with the recent increases, program fees and WREC membership fees are low when compared to 
alternatives.  The recent economic downturns have affected families in this community and the 
Department continues to make provisions for those individuals who cannot afford to pay.  There has been 
a greater need for scholarship programs and bartered services.  Of those children who attended camp in 
2009, 10 percent received some kind of registration assistance from the Department’s camp scholarship 
program. 
 
With the addition of Warminster Community Park and greater opportunities for park use by outside 
agencies, the Park Board has set a series of fees for park use.  Non-municipal organizations and non-
profits that host special events at Warminster Community Park are charged a 10% net profit fee with a 
maximum of $1,000/day.  Multiple day events can be charged up to $1,200/day.  Consideration is being 
given to charging facility use fees and directing the revenues towards the maintenance of those particular 
facilities, such as sports fields. 
 
 
GRANTS 
The Parks and Recreation Department continues with a successful track record of securing grant funding 
and have been able to make vast improvements to the parks system – especially Warminster Community 
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Park – through this success.  This includes the Keystone Community Grant Program, Growing Greener, 
Tree Vitalize, the Pennsylvania Council on the Arts, and CDBG (Community Development Block Grants). 
 
In 2007, the Warminster received a $500,000 park donation from Christ’s Home when the Township 
purchased the Christ Home Open Space using the funds from the Bucks County Open Space Program.   
These funds have been set aside for future development of this and other park properties and to assist 
with balancing the P&R budget as needed. 
 
The Friends of Warminster Parks, a 501(c) 3 organization, is also seeking funding, for capital 
improvements in the parks, through grant and foundation funding that may not be available to 
municipalities. 
 
The Township continues to research other potential grant sources include the Transportation Equity Act 
for the 21st Century (TEA-21), and Congestion Mitigation and Air Quality Improvement Fund (CMAQ). 
TEA-21 and CMAQ can be used to support alternative transportation systems such as bikeways. '  
 
 
OTHER REVENUES 
From 2006 through 2009, the Department received several large donations from local developers which 
boosted revenues considerably.  These reserve funds have been held in a money market account and 
will be used (until the funds are depleted) to balance the budget when expenses exceed revenues. 

• Building amenity fees include revenues from contracted soda, snack and copy machines.   

• Fundraising includes participant fees paid for numerous special events – Basket Bingo, Rubber 
Ducky Regatta, Golf Outing, etc. 

• Warminster Day – anticipated funding when the Township holds this event. 

• Insurance Claims/Restitution – Payments received as restitution for convicted vandals and/or 
accidents that occur in the parks.  

• Donations/Contributions – Comprised of business/organization or individual sponsorships for 
special events.  The Department continues to pursue donations from local businesses to support 
special events and projects. Area businesses donate both products and funds, but with changes in 
the economy the department has seen a dramatic shift in business capabilities to donate to 
government or non-profit organizations.     

• WCP Development/Grant Match – Funds received from developer impact fees such as the $1/sq ft 
fee received from Franklin Realty for construction at the Street & Jacksonville Roads complex.  
These funds are set aside as grant matches for current and future development in the park system.   

• Tree escrow – As part of the Tree Ordinance, commercial developers are required to replace trees, 
one for one, that are removed during site preparation.  If they do not replace the trees on site, they 
may install trees in the park system or pay a fee in lieu of trees.  These funds are set aside to 
purchase trees and landscaping materials for the park system and the Warminster 2000 community 
beautification program. 

• Open Space Fee – Funding received to assist with purchase of open space and to match County 
funding as part of the Municipal Open Space program.  These funds may come from commercial 
developers. 

• Fees in Lieu of Taxes (Ann’s Choice Payment in Lieu of Taxes (PILOT)).  When the former NAWC-
AD was closed and divided in 2001, the State designated this site as a Keystone Opportunity Zone 
(KOZ) to try and assist the municipality in bringing development to the empty buildings and site 
which remained.  Businesses who built on the KOZ site or renovated existing facilities received a tax-
free incentive for a period of 10 years, ending in 2011.  The Township negotiated with Erickson 
Retirement Communities, who built Ann’s Choice Retirement Community to receive funding in lieu of 
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taxes.  Amounts received from Erickson have varied greatly ($4,500–$71,000) depending on the 
amount of development that has occurred each year. 

• Interest – Interest income is based on the cash reserve balances and fluctuates year-to-year based 
on those balances.  If funds are needed by the General Fund to support other departments – 
especially prior to the receipt of taxes in April - the Finance Department will draw down our reserve 
which reduces the amount of interest received.  These funds must be reimbursed by departments 
prior to settlement at the end of the year. 

• Fees in Lieu of Dedication of Land – Fees in lieu of the dedication of parkland are still derived from 
fees assessed for new homes built in the Township where the donation of land is not feasible.  Since 
the Township is almost completely built out, these opportunities are not as abundant as they once 
were. 

 
 
REFERENDUM 
In the fall of 2004, a referendum was put before the voters which allowed the Warminster taxpayers to 
decide whether or not to incur a debt of $10M for further improvement to, and maintenance of, 
Warminster Community Park.  Warminster Community Park is a $15M asset that was donated to the 
Township in January 2001 by the U.S. Department of the Interior’s Federal Land-To-Parks Program.  At 
the time of the referendum, the Township had invested approximately $2.5M to begin development.  
However, over 90% of these funds came from one-time donations and grants which were a result of 
private and public partnerships, thus reducing the need to utilize Township funds.   
 
The WCP study group recognized that to develop the park in any significant way required a large amount 
of money just for the infrastructure (approximately $4.5M for equipment and installation plus another $1.5-
$2.0M for architectural and engineering fees, etc.).  They also recognized that trying to build the park 
“piece-meal” or one small section at a time was inefficient and expensive. 
 
The total cost of completing Park Development was estimated at $10M, to be paid back over 20 years.  If 
the referendum had passed, approximately $2M would have been set aside as matching grant funds.  If 
the referendum had been approved, the average residence, which is assessed at $8,000, could have 
expected a tax increase of approx. $8 per Month per Household or $96/year. 
 
The goal of the WCP improvement project is to meet the wants and needs of the community – both active 
and passive.  Improvements were to include park amenities and activities for all age groups and interests: 
• Multipurpose and nature trails, pavilions and picnic areas, playgrounds, dog park, mobile stage, 

concession stands, restrooms, environmental education area, gardens, reforestation, etc. – $1.5M 
• Fields & Courts – Baseball, softball, soccer and multi-purpose fields; many of them lighted, 

basketball, tennis, volleyball and bocce courts, horseshoes, skate park, etc. – $2.0M 
• Development and upgrades to the infrastructure – electric/lighting, water and sewer, interior roads 

and parking, topsoil; grading, landscaping and seeding, storm water management. – $4.5M 
• Professional Services/Contingencies (architecture/engineering, financing, mobilization, etc.) – $2.0M 
 
It was anticipated that construction of the WCP park development plan could have been completed within 
3-5 years from the date funding was available.  Focus was on how Park Improvements could benefit 
residents as stated in the park information sheet: 
• WCP will provide residents access to significant amounts of open space and offer a wide-range of 

both active and passive recreational opportunities;  
• WCP will become a centerpiece of the Township and a source of community pride;  
• WCP will enhance property values and neighborhood quality of life; 
• WCP will provide safe places for play and social interaction; 
• WCP will preserve a diverse environmental habitat and provide educational opportunities;  
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• WCP will build family unity by allowing parents and grandparents to attend youngster’s events at a 
centralized location without traveling all over the Township;   

• Developing WCP now while interest rates are low, will reduce additional costs later. 
 
This referendum was defeated by a margin of 58% to 42%.  However, the level of support for the 
proposal prompted the Board of Supervisors to increase funding to the Warminster Parks and Recreation 
Department in 2006 through an increase in its property tax rate.  
 
 
EXPENSES 
 
GENERAL 
The Parks and Recreation Department expense budget is divided into four major cost centers – 
Administration, Recreation, Parks, & the WREC.  The expenses for personnel, benefits, insurance, 
materials, and supplies required for each is the respective departments.  Also included in the 
departmental expenses are capital line items.   
 
In the 2001 Park, Recreation & Open Space Plan references to the changes that would be required once 
the new park was acquired, and development began, permeated the document.  Increases in personnel, 
maintenance and capital were all addressed.  In reality, the addition of the 243 acres has not yet greatly 
altered the daily operations of the Parks and Recreation Department as much as anticipated.  However, 
the addition of Warminster Community Park, more than doubling the amount of park acreage that must be 
maintained, has altered the department’s financial situation,   
 
There are several large capital projects on the horizon which must be addressed; the WREC roof being 
most important.  Anticipated costs for this project alone are $750.000 which will wipe out most of the 
reserve fund.  In the next three years, it is anticipated that these large capital expenditures, along with 
sums needed to balance the budget, will result in a deficit.  The Township must decide if they will allocate 
additional tax revenues, seek alternative funding sources, and/or reduce the facilities, services, and 
programs currently offered to the community.   
 

BUDGET

   2005       2006     2007     2008     2009       2010

Parks 236 412 418 399 581 472

WREC 244      255      262      366      280      420           

Recreation 234      244      262      321      338      361           

Administration 193 219 209 215 222 240

Debt Service 35        34        35        34        34        -                

Permit Costs for WREC -           -           -           -           272      -                

TOTAL EXPENSES 942      1,164   1,186   1,335   1,727   1,493        

TABLE 9-3

Warminster Parks & Recreation Expenses by Department - 2005-2010
(in  thousands  of  dollars)

Department
ACTUALS

 
NOTE:  A more detailed breakdown of expenses appears at the end of the chapter. 
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ADMINISTRATION 
The administration portion of the budget addresses salaries and benefits of the director and receptionist 
as well as expenditures related to insurance, office supplies and equipment, professional fees, travel 
expenses, postage and advertising, meetings, conference, dues and memberships.   Capital computer 
equipment is also included in this budget.    
 
 
PERSONNEL 
Parks & Recreation personnel is divided into four groups - full-time, part-time (WREC staff and year-round 
instructors), seasonal, and contracted instructors/volunteers.  Total personnel costs make up 
approximately 50% of the entire Department budget.  Only full time employees receive health, pension 
and insurance benefits offered by the Township.   Eight full time staff currently consists of the Director, 
Assistant Director, Recreation Supervisor, Receptionist, Building maintenance worker (1), Park Foreman, 
and Park Maintenance workers (2). 
 
Part time staff consist of a Recreation Assistant (1), WREC evening and weekend staff (8) and year-round 
fitness instructors on payroll (8).  The bulk of seasonal staff (65) is hired for the summer and oversees the 
camp, swimming, tennis and arts programs.  Contracted instructors and volunteers vary depending on the 
programs being offered each season.    
 
 
RECREATION 
The Recreation portion of the budget addresses all items related to the creation, supervision and 
implementation of the recreation program.  Salaries and benefits for the recreation supervisor as well as 
the salaries of the part time Rec. Assistant, seasonal staff, instructors and contracted instructors are all 
included.  Expenses for recreation supplies, facility rentals (school district) and outside contracts (trips 
costs, tickets, concerts, etc) are also included in this section. 
 
 
PARKS 
While the parks budget includes the salaries and benefits of the park maintenance staff, it must support 
the cost maintaining the entire 426 acre park system – including capital improvements.  Initially, upon 
receipt of the 243 acre park, a separate budget was set aside for this park, but since much of the same 
manpower, materials and supplies are used for all parks, WCP was included back into the Parks budget 
in 2005.  In 2006, the Department received a tax increase and much of the funding went into the parks 
budget as this was the first increase we had seen since receiving the large park in 2001.  Table 7-3 
breaks down the budget by category and one will note a large increase in the 2009 budget.  This is the 
expenditures required for the $100,000 matching grant that the Township received from the Department 
of Conservation and Natural Resources (DCNR).  All funds must be expended and project completed 
before reimbursement is available from the State.   
 
The Parks budget also includes all insurance, park utilities, vehicle repairs, rentals, repairs and 
maintenance in the parks, mowing contract, engineering fees, and capital projects and equipment.   
 
 
WREC 
The Parks and Recreation Department is responsible for the maintenance and general repair of the 
building, but it does not perform cleaning or improvement projects for the tenants.  Township staff cleans 
the Parks and Recreation offices, classrooms in the lower wing, the gym, all hallways, and all rest rooms 
located in the hallways.  The Township is also responsible for the maintenance of the property and 
grounds, including all play apparatus that was either installed by the Township or was present when the 
Township received the building.    
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The WREC’s 2010 expense budget totals $420K of which $75 is earmarked for Capital Improvements.  
Included in the expense budget are salaries and benefits for the full time assistant director and building 
maintenance employee, as well as the part time evening and weekend employees, and a part time 
custodian.  Telephones (landline and cell), facility insurance, cleaning and paper supplies, outside 
maintenance and building contractors, materials for maintenance and repair work performed in house by 
staff, and utilities for the WREC are also paid from this budget.   
 
Although monies are budgeted each year for capital projects, it can be difficult to plan and implement 
them.  The facility is 45 years old and retains its original physical plant.  There have been many years 
when this line item has been spent on large unexpected building repairs or equipment replacement.      
 
 
CAPITAL EXPENDITURES 
The Parks and Recreation Department presents a capital improvement budget with its operating budget 
every year.  The Township has defined capital improvements as those over $5,000 that last more than 
five years. Otherwise, the items funded at under $5,000 should be considered as maintenance.  
There is no five-year capital improvement program.  Computers and technical services are included in the 
administration budget; park capital projects and equipment are in the parks budget and capital equipment 
and projects for the recreation center are included in the WREC budget.  In the future, the Township is 
considering breaking out all capital expenditures into a single capital budget.  Thus, the P&R Budget will 
be operating costs only and Capital projects and equipment will come out of the general fund budget to 
which P&R allocates funding. 
 
The question still remains if Park improvements under $10,000 should be considered a maintenance 
expense.  More consideration should be given to defining capital improvements as those that cost more 
than $10,000 and/or last more than five years. Long term planning helps with strategic decision-making 
rather than reactionary decisions frequently generated by emergency situations.  Prior to receipt of WCP, 
the Parks and Recreation Department adopted a plan to renovate the existing parks so that they would be 
in good shape when the Township needed to focus on WCP.  Now, 10 years later, capital improvement 
funds will again need to be directed towards the effort of improving all parks while continuing WCP 
development 
 
 
UTILITIES 
 
Water 
The Township is under agreement with the Warminster Township Municipal Authority that no fees will be 
charged for water or sewer services in Township facilities.  This includes the WREC and Township park 
system buildings.   
 
Electricity 
In the past 10 years, the Department has tried to reduce utility waste by reducing the amount of time field, 
court and parking lot lights are on in the park system.  Most park lights are on timers, light and/or motion 
detectors which has greatly reduced use even though fees generated by the utility companies have 
increased.  In order to make way for other park facilities at Munro Park, the courts lights had to be 
reconfigured and no longer provide the require candle-foot lighting for these sports so they are no longer 
turned on.  Lights at the soccer fields at Munro, multipurpose field at Szymanek and softball field at 
Werner are controlled by the leagues that use them.  The addition of street and parking lot lights in 2007 
at WCP has also increased expenditures for park utilities.   
 
Although rent and other fees produce revenue for the WREC facility, it is not enough to cover the costs of 
operations.  The building tenants pay a utility fee each month that is added to their rent.  The biggest 
single cost is utilities – gas heat/hot water and electricity ($110,000-115,000/year).  The lower wing of the 
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building sees most of its use after school and in the evenings, when most of the Parks and Recreation 
programs are taking place.  However, the rooms in the upper, or day care, wing are utilized during the 
day – some rooms follow a “regular” school day of five or six hours; some follow a preschool half day 
program; some are utilized for appointments; and some are used for full day child care – 6:30 am until 
6:00 pm.  On most weekdays, the building is open 6:30 am until 9:30 pm.  Lights are on in classrooms 
when they are being used, and the hall lights leading to those rooms are on as well.  There are also lights 
that are on all the time so that early morning and late night staff (many of whom are young and female) 
feel safe when entering and exiting the building.  Most of the light bulbs in the building are the traditional 
3-foot long fluorescent bulbs.   
 
Heating the building is an “all or none” proposition.  The heat is either on in the entire building, or it is off 
in the entire building. Because the building is 40+ years old and was originally a school, its physical plant 
is centralized and does not have the capability of creating zones or installing timers to turn the heat on 
and off when rooms are not in use.   There are fan blowers in each classroom that are turned on during 
the winter when the rooms are in use, but the heat is still going to all areas of the building.   
 
The age and original use of the building also explain why the WREC facility does not have central air 
conditioning.  Leased rooms have had window air conditioning units installed (sometimes more than one 
in south-facing rooms) at their cost.  In the past few years, the Parks and Recreation Department has 
installed similar units in several of the rooms in the “recreation” wing of the building.  The lack of air 
conditioning in the gymnasium has had a direct impact on building use and revenues.  Every summer, 
approximately half of the Department’s fitness class participants do not take summer classes, due to the 
heat in the gym.  Some of them return in September, some do not.  Hot classrooms are also a standard 
complaint of parents whose children attend summer camp at the WREC.   The staff hopes that a less 
expensive, more energy efficient alternative exists, although existing structural conditions have made it 
difficult to even prepare specifications for such systems.   
 
Going Green – Discussions about generating electricity by alternative methods are ongoing.  The 
Township will continue to apply for a grant to install a wind turbine from DCED/DEP to help offset the 
costs of the new maintenance facility at WCP.  The Township is presently researching grants for solar, 
green roofs and LED lighting capabilities.    
 
 
MOWING 
In an effort to reduce manpower and equipment needs, the Parks Department began bidding out mowing 
services for the municipality in 2000 for three year periods.  Contracted mowing included a majority of the 
park system, municipal basins and some Township facilities.  In 2002, mowing of the Community Park 
was added to the contract.  The most recent mowing bid (2009-2011) increased the amount of municipal 
mowing to include additional Township facilities, smaller open space parcels and the perimeter of WCP.  
The internal section of WCP is mowed by the Parks/Public Works staff.  During the mowing season (April 
1-November 30) the parks department still is required to spend 2-3 days each week mowing Township 
facilities not included in the bid.   
 
 
DEBT SERVICE 
In 1993, the Township floated a bond of over $800,000, of which $400,000 went to park improvements 
and renovation of the recreation facilities.  The Township has repeatedly refinanced this bond issue to 
reduce costs but the Department continues to set aside approximately $35,000 each year to pay debt 
service. 
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BUDGET

   2005       2006     2007     2008     2009       2010

ADMINISTRATION
Compensation & Related Expense 140      157      157      161      165      178           
Office Supplies/Printing/Postage/Equipment 19        22        23        24        23        25             
Liability Insurance 26        32        17        20        17        16             
Capital Purchases 2          2          7          2          9          8               
All Other Expenses Combined 5          6          5          7          9          14             
TOTAL ADMINISTRATION 193    219    209    215    222      240          

RECREATION
Compensation & Related Expense 165      175      179      236      259      261           
Outside Contracts 42        45        49        60        39        54             
Recreation Supplies 22        21        23        17        28        25             
All Other Expenses Combined 6          3          11        8          11        21             
TOTAL RECREATION 234    244    262    321    338      361          

PARKS
Compensation & Related Expense 133      184      181      214      190      234           
Mowing/Turf Maintenance 38        58        70        73        68        75             
Capital Projects - Grant Match -           2          -           13        185      -                
Capital Projects/Equipment 25        96        92        29        59        74             
Utilities 11        17        17        14        15        22             
Equipment Purchases & Repair 13        15        15        16        21        21             
Park Supplies 6          12        16        16        16        18             
All Other Expenses Combined 11        28        27        24        27        28             
TOTAL PARKS 236    412    418    399    581      472          

WREC
Compensation & Related Expense 93        100      100      167      163      186           
Utilities 107      110      93        105      78        111           
Capital Projects - Building/Generator 10        4          36        44        6          75             
Building Maintenance & Repairs 16        21        15        31        15        27             
All Other Expenses Combined 17        19        17        20        18        21             
TOTAL WREC 244    255    262    366    280      420          

TRANSFER TO DEBT SERVICE 35        34        35        34        34        -                
PERMIT COSTS FOR WREC -           -           -           -           272      -                

TOTAL EXPENSES 942      1,165   1,185   1,335   1,727   1,493        

ACTUALS

TABLE 9-4

Warminster Parks & Recreation Expenses - 2005-2010
(in  thousands  of  dollars)

DEPARTMENTAL EXPENSES
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    CHAPTER 

10   CONCLUSIONS & PLAN  
 
 
A tremendous amount has been accomplished since the last plan was developed in 2001.  The 
achievements over the last nine years demonstrates the Townships commitment to an 
outstanding park system and to recreational and leisure opportunities for all of the residents.  The 
Department of Parks and Recreation, in turn, has demonstrated their excellent skills and abilities 
in developing, enhancing, and improving the parks and in creating an outstanding program of 
recreational and leisure activities at the lowest possible cost.  The challenge going forward will be 
to secure continued funding to enable the continuation of park improvements and recreational 
opportunities at the same level as in the past.  The authors of this plan are confident that the 
Township will be able to meet this challenge. 
 
 

CONCLUSIONS 
Based on an assessment of parks, recreational opportunities, management, finances, and the findings 
from the public involvement process, the following key issues facing Warminster Township were 
identified. 
1. Mini-parks in under-served neighborhoods 
2. Access to school facilities 
3. Appearance of the parks 
4. Township-wide trail and pathway system  
5. Maintenance management system 
6. Programs/services for teens and persons with disabilities or special needs in the community  
7. Open Space acquisitions 
8. Staffing needs 
9. Capital Improvement Program including WREC rehabilitation 
10. Financing 
 
1.  Mini-parks should be developed in underserved neighborhoods, if the opportunity 
arises. 
The underserved neighborhoods in the Warminster community include the southeastern corner of the 
municipality adjacent to Davisville/County Line Roads and the south central section in the Speedway.  
The Township has small pocket/neighborhood parks within these areas, but little-to-no opportunity for 
substantial purchase of open space.  If schools are closed and the land is sold for development, not open 
space, the north central quadrant will also be deficient. 
 
 
2.  Use of School Facilities  
School facilities play a key role in community recreation services. Over 50 different groups use the 
schools. There are a number of issues related to the public use of school facilities for recreation, as well 
as a difference of opinion among groups including the School District, the Township, and the user groups 
about the extent to which school facilities should be available for sports and recreational uses.  
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3.  Develop and implement Design Guidelines for all parks within the "system" 
A Design Manual should be developed that provides exact specifications for key components such as 
park amenities - benches, fencing, drinking fountains, signing, lighting, etc. and issues related to how 
each park looks using natural resources and native landscaping. These are the elements that provide a 
quality experience for park visitors.  In addition, the manual would promote efficiency regarding park 
maintenance and equipment through standardization. It would eliminate the need to re-verify replacement 
parts and components during each repair. Careful thought should be employed in developing the manual 
to insure that all specified components are of high quality and cost effective. 
 
 
4.  Develop a township-wide pathway system 
A network of trails or bikeways was one of the most frequently mentioned facilities requested in the all of 
the public and Study Committee meetings.  Further design and engineering study need to be performed 
to determine the feasibility of developing an on-street and trail system through the northern portion of the 
Township.  Guidelines should be developed for striping on-street bike lanes.  The Township should seek 
TEA 216 for trail development and street crossing improvements for pedestrian and bicyclist safety.  The 
Township should also pursue installation of trails and connecting access when reviewing subdivision and 
land development plans.   
 
 
5.  Establish a maintenance management system for the parks 
This should include an orchestrated approach to planning, implementing, controlling, tracking and 
evaluating park maintenance.  The management system should incorporate the results of the design 
guideline manual and the system should address standards for the level of care, sports turf management, 
natural resource management, and cyclic maintenance.  Items such as developing maintenance impact 
statements, reviewing park design and improvements with respect to maintenance, participating in 
operational planning for parks and recreation, and training should be incorporated into the system.  The 
maintenance system should be able to define the staffing requirements needed to manage a quality park 
system. 
 
 
6.  Address the community's major service issue: teens & persons with disabilities 
Partnerships should be established in this effort.  Since members of most youth organizations are 
volunteers, consideration should be given to hiring a facilitation and group’s process specialist to work 
with the teens.  Planning should be a collaborative effort with the teens and not a series of events staged 
to attract them.  Other planning should address persons with disabilities and special needs to make the 
Township park system and programs accessible to the largest number of individuals possible.   
 
 
7.  Acquire the few remaining parcels of open space left in the community before they are 
lost to development 
This effort should be focused on optimizing available funds in the areas with the greatest benefit.  
Although there is a relatively small amount of open land left in the Township, the high cost of acquisition 
limits the amount that the Township can actually purchase.  Therefore the Township should focus on the 
key parcels identified and explore creative financing options to "stretch" the impact of funds. 
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8.  Review staffing and address needs 
The workload of Parks and Recreation Department has increased significantly over the past several years 
due to several factors 
 The addition of WCP to the park system has expanded everyone’s role – management, maintenance, 

recreational services, etc. 
 The number and diversity of programs and services has also increased significantly 
 The Department has assumed the role of IT support for the Township, as well as the Department. 
 With the recent addition of the golf course management back under the Parks & Recreation 

Department, staff roles will be even further extended.   
 The Parks & Recreation Department is often called upon by to play other roles and assist other 

departments, this should be addressed.     
 
9.  Capital Improvement Program 
The Township should initiate a Capital Improvement Program (CIP) which would allocate funds for Parks 
and Recreation for at least five years in advance.  This would insure that Township is well situated to 
meet the demands of maintaining and improving its existing parks and the Recreation Center.  Not 
everything can be done at once and an established CIP process allows for phasing and targeting 
potential sources for funding, such as grant programs and private donors.  By establishing such a 
program, the Township can clearly show its long-term commitment to recreation facilities and parkland 
resources with Warminster Township.  
 
 
10.  Financing 
The Department of Parks and Recreation is currently running a surplus due to several large grants 
obtained during the last few years.  However, based on the current level of expenses and revenues and 
projected capital expenditures the surplus will be depleted in the next few years. 
 
 

PLAN 
1.  Developing mini-parks in underserved neighborhoods, if the opportunity arises. 
The Township must continue to identify specific areas that are underserved from a recreation or open 
space standpoint.  As future development takes place, the Township should use the SALDO process to 
ensure that small parks and recreation open space are created in these neighborhoods.  In addition, the 
Township should take an active role in preserving green areas and developing a plan to address open 
space if the School District chooses to move forward with the plan to close elementary schools 
Task/Timing:  Ongoing as development occurs in the underserved neighborhoods 
 
 
2.  Availability/Utilization of School Facilities 
The Department of Parks & Recreation should take the lead to form a committee consisting of School 
Officials, School Board Members, Township Officials, Parks & Recreation Director, Heads of Major Sports 
Groups, and Prominent Citizens to: 
 Develop a group process that would foster collaboration, a sense of openness, and common 

purpose 
 Ensure maximum utilization of school facilities by all interested groups subject to constraints and 

needs of the school district 
 Develop contingency plans for providing for current uses/users in the event of school closures 
 Serve as a standing committee to ensure continued maximum utilization of facilities 

Task/Timing: Form Committee by 8/31/10 
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3.  Develop and implement Design Guidelines for all parks within the "system" 
The Department of Parks & Recreation will apply for a Technical Assistance Grant from the Department 
of Conservation & Natural Resources to hire a consultant to complete the design guidelines.  Guidelines 
will focus on using green materials for cost and maintenance savings.  These design guidelines must 
work throughout the entire system to enhance and to bring more uniformity to the parks.  The estimated 
cost for this project is approximately $30,000 and will require a $15,000 outlay from the Township as 
matching funds.    
Tasks/Timing: Apply for Technical Assistance Grant by 4/1/11  

Complete guidelines by 8/31/12 
 
 
4.  Develop a township-wide pathway system 
Engage the Municipal Engineer, at an approximate cost of $6,000, to review possible transportation links, 
prepare the plan and complete the mapping, and forward the proposed plan to the Delaware Valley 
Regional Planning Commission’s Transportation Improvement Program (TIP) so that the project can be 
placed on the list of accepted transportation alternatives.  Federal/State/County funding is available only 
for those projects included on the TIP list.  Once this is done, the Township can pursue funding to prepare 
a feasibility study which would include costs and easements necessary to install bikes lanes on some of 
our major corridors and connector roads. 
Tasks/Timing: Approve expenditure for Municipal Engineer to prepare plan and mapping by 

6/30/10 
Complete the plan and mapping and forward to DVRPC by 12/31/10 

 
During any Subdivision and Land Development process, the Township, including the Planning 
Commission, Park Board and Supervisors, should review development plans and consider linkages, 
greenways and community access points to enhance transportation alternatives in the community.  By 
looking at the Township as a whole and not just each small development, the decision makers will be able 
to see potential future linkages not limited to the small sector that is being reviewed.  Have developers 
install these pathways and amenities during construction.  This will save the Township much money.   
Tasks/Timing: Begin immediately when construction plans are submitted.  6/1/10 
 
 
5.  Develop and Implement a Maintenance Management Program 
Hire a expert in building and grounds management, at a cost of approximately $30,000 to develop and 
help implement a comprehensive, computer based program that will help ensure a well managed and 
maintained park system.   The addition of WCP and other parcels to the park system has made the need 
for a systematic approach to park management, maintenance, and staffing a critical need, and in the long 
run will save the Township money. 
Tasks/Timing: Approve expenditure for Building & Grounds Management Consultant by 6/30/10 
  Hire consultant by 9/30/10 
  Consultant completes recommendation by 3/31/11 
  Plan approved by 5/1/11 
  Implement program by 12/21/11 
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6.  Address the community's major service issue: teen and special needs recreation 
Work with surrounding townships to focus on teen services.   Focus on non-driving youth and plan with 
the teens and not for them.  Consider seeking grants to cover the cost of hiring a professional group 
process facilitator to work through the process of planning with teens. 
 
Seek assistance from local hospital and rehabilitation centers to address the special needs of those with 
mental and physical disabilities.  Work with these agencies to plan community programming to satisfy this 
need either at their facility or the Townships’.  
Timing: Ongoing 
 
 
7.  Open Space Acquisitions 
The Township should continue to aggressively preserve open space, if, and when, possible based on the 
benefit to the Township, the cost, and the availability of financing.  The first priority for acquiring additional 
open space is the acquisition of the WREC.  Beyond the WREC, key parcels for possible acquisition are: 
Dautcher Farm; McNeil Properties; Christ Home Fronting Street Road on North Side. 
Task/Timing: Complete acquisition of WREC by 6/30/10 
Ongoing: Work with consultants to address ways to improve and enhance the natural 

environments of the current Township open space and parklands.  These include the 
municipal engineer, Heritage Conservancy, DVRPC, Delaware Riverkeeper, etc.     

 
 
8.  Staffing Needs 
The following staffing needs and associated cost and recommended timing are presented below: 

IT Backup 
Currently the Recreation Supervisor handles technology issues throughout the Township without any 
backup – a situation that places the Township in a vulnerable position.  Among the duties are creation 
and updating the Township website and all sub-components, golf course issues, P&R on-line registration 
software, TV channel updates, LED sign updates, as well as all computer related issues including the 
computer lab, phones, copy machines, AV equipment, building security at the WREC & in the parks, etc. 
Task/Timing: Hire an outside contractor as an IT backup at an estimated per annum cost of $13-

15,000 by 6/30/10 
 
Park Maintenance 
If one compares Warminster to other municipalities with similar park acreage, Warminster is understaffed.  
The fact that the Public Works Department provides workers and equipment as needed does not provide 
a true picture of the costs of the Warminster park systems.  Recommendation is to hire two additional 
maintenance employees to be shared by Parks and PW at a minimum salary for each of $30,000 plus 
benefits. 
Tasks/Timing: Hire an additional maintenance worker – 1/1/11 
  Hire a second maintenance worker – 1/1/12 
 
Management/Recreation 
The Parks & Recreation Department works as a team and all members of the fulltime staff address 
recreation issues everyday.  These include program planning, registration, program coordination and 
supervision.  Based on the amount of accumulated overtime of the fulltime staff, the department should 
convert the part-time recreation assistant to a full-time position and at an additional annual cost of approx. 
$20,000.  
Task/Timing: Convert part-time Recreation Assistant to Fulltime – 1/1/11 
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9.  Capital Improvement Program 
Capital projects are oftentimes expensive, require planning and long lead times, and in some cases 
special financing.  In today’s financial environment, it is more important than ever to identify long term 
capital needs and the funds required to meet those needs.  A good example is the WREC facility that may 
need a new roof and other modifications that will require planning and whose cost is expected to exceed 
a million dollars.  The Capital Improvement Program budget should cover a rolling five year period and 
should be updated each budget cycle.  The CIP plan should cover capital expenditures for facilities, park 
improvements, maintenance equipment, etc.  All potential items should be included even if the exact 
costs and timing are unknown. 
Task/Timing: Parks and Recreation Department should prepare a comprehensive, five year plan 

for capital expenditures by 8/31/10 
 
 
10.  Financing 
Over the past several years the revenues generated by Parks and Recreation exceeded the cost of 
managing these operations and resulted in a surplus; that is up until 2009.  In 2010, the budget calls for 
further reduction in the surplus to cover the costs of routine operations.  A preliminary five year forecast of 
revenues and expenses indicates that the surplus will be completed depleted by 2014.  This forecast 
does not include monies for capital expenditures. 
Task/Timing: Parks and Recreation Department, should prepare a comprehensive, five year 

forecast for revenues and expenses 8/31/10 
Ongoing: Research as many other revenue sources as possible to enhance current finances.   

Attend NRPA Revenue Resource Management School   
Prepare yearly updates and review annual action plans to ensure a balanced 
annual budget 
 

 
 
Ongoing 
 Improve and develop facilities in which people can take part in the kinds of self-directed opportunities 

in which they are interested. These include walking and biking paths, roller sport facilities, facility 
alternatives such as climbing areas, beautiful scenic areas in which people can enjoy the outdoors 
through attractive, clean, safe facilities.  Advertise these opportunities. Most of the reason that 
people do not use such facilities is that they do not know they exist. 

 Continue to collaborate with related community recreation service providers, other Townships, and 
for-profit recreation enterprises to provide the finest recreational programs and services at the lowest 
possible cost. 

 Create "Adopt A Park” associations for the smaller parks within the system. A well-orchestrated 
program of neighborhood involvement can drastically reduce the demand on the Township to provide 
certain forms of maintenance.  
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Climate of Pennsylvania 
 

Introduction 
 

This publication consists of a narrative that describes some of the principal climatic features and 
a number of climatological summaries for stations in various geographic regions of the State.  
The detailed information presented should be sufficient for general use; however, some users 
may require additional information. 
 
The National Climatic Data Center (NCDC) located in Asheville, North Carolina is authorized to 
perform special services for other government agencies and for private clients at the expense of 
the requester.  The amount charged in all cases is intended to solely defray the expenses incurred 
by the government in satisfying such specific requests to the best of its ability.  It is essential that 
requesters furnish the NCDC with a precise statement describing the problem so that a mutual 
understanding of the specifications is reached.   
 
Unpublished climatological summaries have been prepared for a wide variety of users to fit 
specific applications.  These include wind and temperature studies at airports, heating and 
cooling degree day information for energy studies, and many others.  Tabulations produced as 
by-products of major products often contain information useful for unrelated special problems.   
 
The Means and Extremes of meteorological variables in the Climatography of the U.S. No.20 
series are recorded by observers in the cooperative network.  The Normals, Means and Extremes 
in the Local Climatological Data, annuals are computed from observations taken primarily at 
airports. 
 
The editor of this publication expresses his thanks to those State Climatologists, who, over the 
years, have made significant and lasting contributions toward the development of this very useful 
series. 
 
State and Station Normals are available at: 
http://cdo.ncdc.noaa.gov/cgi-bin/climatenormals/climatenormals.pl
 
 
Visit our Web Site for other weather data:  www.ncdc.noaa.gov
 
Non-Subscription Request:    Hard Copy Subscription Request: 
Climate Services Branch    NCDC Subscripting Service Center 
National Climatic Data Center   310 State Route 956 
151 Patton Avenue     Building 300 
Asheville, North Carolina 28801-5001  Rocket Center, West Virginia 26726 
Telephone: 828-271-4800    Toll-Free Telephone:   
Facsimile: 828-271-4876     866-742-3322 
E-mail: ncdc.orders@noaa.gov  
TDD: 828-271-4010 

 



 
 
 
 

Climate of Pennsylvania 
 
Topographic Features- The erratic course of the Delaware River is the only natural boundary of 
Pennsylvania.  All others are arbitrary boundaries that do not conform to physical features.  
Notable contrasts in topography, climate and soils exist.  Within this, 45,126 square mile area 
lies a great variety of physical landforms of which the most notable is the Appalachian Mountain 
system composed of two ranges; the Blue Ridge and the Allegheny.  These mountains divide the 
Commonwealth into three major topographical sections.  In addition, two plains areas of 
relatively small size also exist, one in the southeast and the other in the northwest. 
 
In the extreme southeast is the Coastal Plain situated along the Delaware River and covering an 
area 50 miles long and 10 miles wide.  The land is low, flat and poorly drained.  It was modified 
for industrial and commercial use due to its proximity to ocean transportation via the Delaware 
River.  Philadelphia lies almost in the center of this area. 
 
Bordering the Coastal Plain and extending 60 to 80 miles northwest to the Blue Ridge is the 
Piedmont Plateau, with elevations ranging from 100 to 500 feet and including rolling or 
undulating uplands, low hills, fertile valleys and well-drained soils.   
 
The Southeastern Coastal Plain and Piedmont Plateau can experience long summers that are at 
times uncomfortably hot.  Daily temperatures reach 90 degrees Fahrenheit (° F) on an average of 
25 days during the summer season; however readings of 100° F or above are comparatively rare.  
From about July 1 to the mid-September, this area has uncomfortably warm periods, four to 
seven days in length, during which light wind movement and high relative humidity make 
conditions oppressive.  In general, the winters are comparatively mild.  On average, less than 100 
days have minimum temperatures below the freezing point.  Temperatures 0° F or lower occur at 
Philadelphia International Airport an average of one winter in two.  Meanwhile, Harrisburg 
Airport averages one such day per year. 
 
Average annual precipitation in the area ranges from about 37 inches in the lower Susquehanna 
Valley to about 46 inches in Chester County.  Under the influence of an occasional severe 
coastal storm, a normal month’s rainfall, or more, may occur within a period of 48 hours.  The 
average seasonal snowfall is about 30 inches, and fields are ordinarily snow covered about one-
third of the time during the winter. 
 
Just northwest of the Piedmont and between the Blue Ridge and Allegheny Mountains is the 
Ridge and Valley Region, in which forested ridges alternate with fertile and extensively farmed 
valleys.  The Ridge and Valley Province is 80 to 100 miles wide and is characterized by parallel 
ridges and valleys orientated northeast-southwest.  The mountain ridges vary from 1,300 to 1,600 
feet above sea level, with local relief of 600 to 700 feet. 
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The Ridge and Valley Province does not have a true mountain type of climate, but it does have 
many of the characteristics of such a climate.  The mountain-and-valley influence on the air 
movements causes somewhat greater temperature extremes than are experienced in the southeast 
part of the State where the modifying coastal and Chesapeake Bay influence hold them relatively 
constant, and the daily range of temperature increases somewhat under the valley influences. 
 
The effects of nocturnal radiation in the valleys and the tendency for cool air masses to flow 
down them at night result in a shortening of the growing season by causing freezes later in the 
spring and earlier than the fall than would otherwise occur.  The growing (freeze-free) season in 
this section is longest in the middle Susquehanna Valley where it averages about 170 days, and 
shortest in Schuylkill and Carbon Counties, averaging less than 130 days. 
 
The annual precipitation in this area has a mean value of three to four inches more than in the 
southeastern part of the State, but its geographic distribution is less uniform.  The mountain 
ridges are high enough to have some deflecting influence on the general storm winds, while 
summer showers and thunderstorms are often shunted up the valleys.   
 
Seasonal snowfall of the Ridge and Valley Province varies considerably within short distances.  
It is greatest in Somerset County, averaging 88 inches in the vicinity of Somerset, and least in 
Huntingdon, Mifflin and Juniata Counties, averaging about 37 inches. 
 
North and west of the Ridge and Valley Region and extending to the New York and Ohio 
borders is the area known as the Allegheny Plateau.  This is the largest natural division of the 
State and occupies more than half the area.  It is crossed by many narrow valleys and is drained 
by the:  Delaware, Susquehanna, Allegheny and Monongahela river systems.  Elevations are 
generally 1,000 to 2,000 feet; however, some mountain peaks extend to 3,000 feet.   
 
The Allegheny Plateau has a continental type of climate, with changeable temperatures and more 
frequent precipitation than other parts of the State.  In the more northerly sections, the influence 
of latitude, together with higher elevation and radiation conditions, serve to make this the coldest 
area of Pennsylvania.  Occasionally, winter minimum temperatures are severe.  The daily range 
is fairly large, averaging 20° F in mid-winter and 26 degrees in midsummer.  In the southern 
counties, the daily range is a few degrees higher and the same may be said of the normal annual 
range.  Because of the rugged topography, the free-free season is variable, ranging from a few as 
100 days in the north to 175 days in the south. 
 
Annual precipitation has a mean of about 41 inches, ranging from less than 35 in parts of Tioga 
and Bradford counties to more than 45 in parts of Crawford, Warren and Wayne counties.  The 
seasonal snowfall averages 54 inches in northern areas, while southern sections receive several 
inches less.  Fields are normally snow covered three-fourths of the time during the winter.  
Although average annual precipitation is about equal to that for the State as a whole, it usually 
occurs in smaller amounts at more frequent intervals; 24-hour rains exceeding 2.50 inches are 
comparatively rare. 
 
Bordering Lake Erie is a narrow 40-mile strip of flat, rich land three to four miles wide called the 
Lake Erie Plain.  This region has a unique and agriculturally advantageous climate typical of the 
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coastal areas surrounding much of the Great Lakes.  Both in spring and autumn the lake water 
exerts a retarding influence on the temperature regime and the freeze-free season is extended 
about 45 days.  In the autumn, this prevents early freezing temperatures, which is a critical factor 
in the growing of fruit and vegetables.   
Annual precipitation totals about 42 inches, which is fairly evenly distributed throughout the 
year.  Snowfall exceeds 72 inches per year, on average, with heavy snows sometimes 
experienced late in April. 
 
Eastern and central Pennsylvania drain into the Atlantic Ocean, while the western portion of the 
State lies in the Ohio River Basin, except for the Lake Erie Plain which is drained by a number 
of small streams into Lake Erie.  The Delaware River drains the eastern portion and flows into 
Delaware Bay.  The Susquehanna River drains the central portion and flows into Chesapeake 
Bay.  In the western portion, the Allegheny and the Monongahela rivers have their confluence at 
Pittsburgh to form the Ohio River. 
 
Floods may occur during any month of the year in Pennsylvania, although they do occur with 
greater frequency in March and April.  The floods may result from heavy rains during any 
season.  Generally, the most widespread flooding occurs during the winter and spring when 
associated with heavy rains, or heavy rains combined with snowmelt.  Serious local flooding 
sometimes results from ice jams during the spring thaw.  Heavy local thunderstorm rains cause 
severe flash flooding in many areas.  Tropical systems or their remnants occasionally produce 
flooding rains, especially in the eastern portion of the State.  Floods may be expected at least 
once a year.  However, floods of notable severity and magnitude occur about one year in eight. 
 
Pennsylvania is generally considered to have a humid continental type of climate, but the varied 
physiographic features have a marked effect on the weather and climate of the various sections 
within the State.  The prevailing westerly winds carry most of the weather disturbances that 
affect Pennsylvania from the interior of the continent, so that the Atlantic Ocean has only a 
limited influence upon the State’s climate.  Coastal storms do, at times, affect the day-to-day 
weather, especially in eastern sections. 
 
Temperatures- Across the State, temperatures generally remain between zero and 100° F and 
average from near 47 in the north-central mountains to 57° F annually in the extreme southeast.  
The highest temperature of record, 111° F, was observed in Phoenixville on July 9 and 10, 1936, 
while the record low of -42° F occurred at Smethport on January 5, 1904. 
 
Summers are generally warm, averaging about 70 along Lake Erie to 75° F in southeastern 
counties.  High temperatures, 90° F or above, occur on an average of 10 to 20 days per year in 
most sections; but occasionally southeastern localities may experience a season with as many as 
30 such days, while the extreme northwest averages as few as four such days.  There are places 
such as adjacent to Lake Erie and at higher elevations where readings of 100° F have never been 
reached.  Daily temperatures during the warm season usually have a range of about 20° F over 
much of the State, while the daily range in winter is several degrees less.  During the coldest 
months, temperatures average near freezing with daily minimum sometimes 0° F or lower.  
Freezing temperatures occur on the average 100 or more days annually with the greatest number 
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of occurrences in the mountainous regions.  At a few sites, freezing temperatures have occurred 
during all months of the year and below 0° F readings from November to April, inclusive. 
 
Precipitation- Precipitation is fairly evenly distributed throughout the year.  Annual amounts 
generally range between 35 and 54 inches, while the majority of places receive 38 to 46 inches.  
Greatest amounts usually occur in spring and summer months, while February is the driest 
month, having about two inches less than the wettest months.  Precipitation tends to be 
somewhat greater in eastern sections due primarily to coastal storms which occasionally frequent 
the area.  During the warm season, these storms bring heavy rain, while in the winter they are 
accompanied by heavy snow and/or rain.  Thunderstorms, which average between 30 and 35 
occurrences per year, are concentrated in the warm months and are responsible for most of the 
summertime rainfall, which averages from 11 inches in the northwest to 13 inches in the east.  
Occasionally dry spells develop and persist for several months during which time monthly 
precipitation may total less than a quarter inch.  These periods rarely affect the entire State at the 
same time, nor are they confined to any particular season of the year.  Winter precipitation is 
usually three to four inches less than summer rainfall and is produced most frequently from 
northeastward-moving storms.  When temperatures are low enough, these storms cause heavy 
snowfalls which may be 20 inches or greater.  Annual snowfall ranges widely from year to year 
and from place to place.  The snowfall in some years is quite variable averaging less than 10 
inches across the State while other years may see total falls of over 100 inches in northern and/or 
mountainous areas.  Annual snowfall averages from about 20 inches in the extreme southeast to 
over 100 inches in parts of Erie County several miles inland from the Lake Erie.  Measurable 
snow generally occurs between November 20 and March 15, although snow has been observed 
as early as early October and as late as late May, especially in the northern counties.  Greatest 
monthly amounts usually fall in December and January; however, greatest amounts from 
individual storms generally occur in March as the moisture supply increases with the annual rise 
of temperature. 
 
Sometimes tropical systems or their remnants affect the State.  Damages as a result of hurricane 
winds are rare and are usually confined to extreme eastern portions.  However, nature’s most 
violent storms, tornadoes, occur about 10 times annually in Pennsylvania.  June is the month 
with the highest frequency, followed by July and August.  Principal areas of tornado 
concentration are in the extreme northwest, the Southwest Plateau and the Southeastern 
Piedmont.  Many of the tornadoes Pennsylvania has experienced have caused relatively minor 
damages.  However, several have claimed lives and dealt severe economic setbacks.  The most 
destructive activity occurred on May 31, 1985 when 65 people were killed by a total of 21 
tornadoes.  There were 707 people injured, over 1,000 homes destroyed and $380 million (1985 
figure) in damage.  A rare F-5, the strongest tornado, nearly leveled the town of Wheatland in 
Mercer County.  It is the only F-5 observed in the State and is one of the most powerful 
tornadoes ever observed east of the Mississippi River. 
 
Climate and the Economy- The Piedmont area’s hilly terrain combined with the prevailing 
climate have aided this area in becoming the leading agricultural section of the State.  Good 
pastures, productive land and short distance to markets resulted in dairying becoming one of the 
leading agricultural activities.  Another activity is the growing of fruit, primarily apples and 
peaches.  Gentle hillside slopes provide an excellent place for fruit trees, as the cold air drainage 
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helps to prevent unseasonable freezing temperatures on these slightly elevated lands.  The area 
has many orchards.  The climate and soils in the Lancaster County area are especially well-suited 
for the growing of cigar leaf tobacco.  This area led the Nation in production of cigar leaf 
tobacco. The Ridge and Valley section has led to a well-developed canning industry, which is 
concentrated in the middle Susquehanna Valley.  Meanwhile, the Lake Erie Plain’s fine alluvial 
soils and favorable climate permit intensive vegetable and fruit cultivation, which is typical of 
the much larger area surrounding Lake Erie.  
 
The Allegheny Plateau is heavily wooded and among the most rugged in the State.  Numerous 
lakes and swamps characterize this once glaciated area, creating a very picturesque landscape; 
this is particularly outstanding in the more northerly counties.  The combination of lakes and 
forests at elevations high enough to keep summer temperatures comfortable and its location close 
to heavily populated cities have made the Pocono Mountain area a leading tourist and 
recreational center. 
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Grove

Current Site Information

Current Site Status

A draft Proposed Remedial Action Plan to address the contaminated groundwater at site 5 

was submitted to EPA for review in March 2011. The Preferred Remedial Action includes the 

following :in-situ anaerobic bioremediation , natural attenuation and land use controls and 

long term groundwater monitoring. 

Site 1 groundwater is contaminated with PCE and TCE from an off base source and Site 5 

groundwater is contaminated with several VOCs. The Bioremediation pilot study at Site 5 is 

installed and operating. The sodium bicarbonate is being added to raise the pH of the 

groundwater. Lactate will be added as the substrate (to feed the bugs). The need for 

bioaugmentation will be evaluated. At Site 3 studies revealed historical landfill activity. There 

are ongoing investigations to access the nature and extent of landfill activities. The Remedial 

Investigation Report, Feasibility Study Report and Record of Decision should be completed in 

FY10.

The Agency for Toxic Substances & Disease Registry (ATSDR) has performed a Public Health 

Assessment of the Naval Air Station Joint Reserve Base & Air Reserve Station Willow Grove 

and found "No Apparent" threats to public health or to the environment. This ATSDR 

document is dated September 2001.

Site Description

This 1,200 acre site is comprised of the Naval Air Station Joint Reserve Base Willow Grove 

(NASJRB/WG) and the Willow Grove Air Reserve Station (WGARS), which are operating U.S. 

Navy and U.S. Air Force installations, respectively, located in Montgomery County, 

Pennsylvania. The installations are co-located within one perimeter and are located 

Mid-Atlantic Superfund
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approximately 25 miles north of Philadelphia. Aircraft operations at the site began during the 

1920s when the facility was named Pitcairn Airfield. The U.S. Navy acquired the airfield in 

1942 and began jet training there in 1949. Currently, NASJRB/WG and WGARS provide 

materials, facilities, services, and training in direct support of all units assigned to the 

stations. Activities that generate, store, or dispose of hazardous waste at the facilities fall 

into four general categories: (1) aircraft maintenance; (2) base civil engineering; (3) fuel 

operation and (4) personnel training. Sources of potential contamination on Navy property 

include, but are not necessarily limited to, the Privet Road Compound, Antenna Field Landfill, 

Ninth Street Landfill, the former Fire Training Area and a fuel farm. On the Air Force 

property, a washrack area, a stormwater retention basin, a fuel farm, and a number of 

hazardous waste storage areas have been identified as potential sources of contamination. 

Analysis of groundwater samples collected from wells located near the Privet Road Compound 

area, which is near the border of the Navy and Air Force properties revealed contamination 

from various chemicals. Samples from two Navy drinking water supply wells showed levels of 

tetrachlorethene (PCE) above EPA-established health-based levels. Water form the Navy 

potable water production wells receives preliminary treatment (air stripping) to remove 

volatile organic compounds (such as PCE) before entering a storage tank. Treated water in 

the storage tank is monitored to ensure no levels of potentially harmful contaminants are 

reached. Water from the storage tank is further treated for bacterial disinfection and testing 

prior to distribution throughout the base for drinking and other uses. Over 800 employees at 

the two facilities may consume or come into contact with treated water from the Navy supply 

wells. The source(s) of contamination found in groundwater are under investigation by EPA 

Site Assessment Branch.

Site Responsibility

The site is being addressed through federal actions. 

NPL Listing History

Proposed Date: 08/23/94 
Final Date: 09/29/95 

Threats and Contaminants

The phased RI performed over several years has concluded that Site 1 is not the source of 
the VOCs detected in the groundwater, and that these VOCs were most likely migrating onto 
the Base from an off-Base source location. Analytical results and geoophysical evidence 
obtained from three monitoring wells installed upgradient of Site 1 at the Air Station property 
line in 2006 confirmed the remedial investigation conclusion that the VOCs detected in the 
Navy supply wells is not related to Site 1, but are migrating onto Air Station property from an 
upgradient off-Base source location. 

Contaminant descriptions and risk factors are available from the Agency for Toxic Substances 

and Disease Registry, an arm of the CDC.

Cleanup Progress

A Record of Decision (ROD) for Site 1 Privet Road Compound Soil was signed in 2006 for no 

further remedial action under the CERCLA program following a removal action in 1999 

removing PCB contaminated soil. A ROD for Site 1 Privet Road Groundwater was signed in 

2008 and the Draft Remedial Design for LUCs is currently in review. The Draft ROD for No 

Action for Site 2 Antenna Field Landfill is currently in review. The Draft Remedial 
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Investigation for Site 3 Ninth Street Landfill is expected in mid November. A removal action 

was completed at Site 5 Fire Training Area (FTA) removing approximately 430 cubic yards of 

soil contaminated with PAH, TOC and pH. A ROD for no further remedial action for soils under 

the CERCLA program was signed for Site 5 FTA in 2007. A draft Proposed Remedial Action 

Plan to address the contaminated groundwater at site 5 was submitted to EPA for review in 

March 2011. The Preferred Remedial Action includes the following :in-situ anaerobic 

bioremediation , natural attenuation and land use controls and long term groundwater 

monitoring. 

A no-action Consensus Agreement has been signed for Site 6 Abandoned Rifle Range No. 1 

and for Site 7 Abandoned Rifle Range No. 2 as well.

Contacts

Site Contacts

http://www.epa.gov/reg3hwmd/npl/PAD987277837.htm

Last updated on Monday, September 09, 2013
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The erratic course of the Delaware River is the only natural boundary of Pennsylvania. All others are arbitrary boundaries that do not 
conform to physical features. Notable contrasts in topography, climate, and soils exist. Within this 45,126-square-mile area lies a great 
variety of physical land forms of which the most notable is the Appalachian Mountain system composed of two ranges, the Blue Ridge 
and the Allegheny. These mountains divide the Commonwealth into three major topographical sections. In addition, two plain areas of 
relatively small size also exist, one in the southeast and the other in the northwest. 

In the extreme southeast is the Coastal Plain situated along the Delaware River and covering an area 50 miles long and 10 miles 
wide. The land is low, flat, and poorly drained, but has been improved for industrial and commercial use because of its proximity to 
ocean transportation via the Delaware River. Philadelphia lies almost in the center of this area. Bordering the Coastal Plain and extending 
60 to 80 miles northwest to the Blue Ridge is the Piedmont Plateau, with elevations ranging from 100 to 500 feet and including rolling or 
undulating uplands, low hills, fertile valleys, and well-drained soils. These features, combined with the prevailing climate, have aided this 
area in becoming the leading agricultural section of the state. Good pastures, productive land, and short distances to markets have 
resulted in dairy farming becoming one of the leading agricultural activities. Another activity is the growing of fruit, primarily apples an 
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peaches. Gentle hillside slopes provide an excellent place for fruit trees, as cold air drainage helps to prevent unseasonable freezing 
temperatures on these slightly elevated lands. The area has many orchards, with Adams County leading all others within the region in 
the production of apples. The climate and soils in the Lancaster County area are especially well suited for the growing of cigar leaf 
tobacco, as is pointed up by the fact that Pennsylvania is the leading producer of cigar leaf of any type in the nation. Just northwest of 
the Piedmont and between the Blue Ridge and Allegheny Mountains is the Ridge and Valley Region, in which forested ridges alternate 
with fertile and extensively farmed valleys. Vegetables, grown primarily for canning, are the leading crop. This has led to a well-
developed canning industry, which is concentrated in the middle Susquehanna Valley. The Ridge and Valley Province is 80 to 100 miles 
wide and characterized by parallel ridges and valleys oriented northeast-southwest. The mountain ridges vary from 1300 to 1600 feet 
above sea level, with local relief 600 to 700 feet. North and west of the Ridge and Valley Region and extending to the New York and Ohio 
borders is the area known as the Allegheny Plateau. This is the largest natural division of the state an occupies more than half the area. 
It is crossed by many deep narrow valleys and drained by the Delaware, Susquehanna, Allegheny, and Monongahela River systems. 
Elevations are generally 1000 to 2000 feet above sea level; however, some mountain peaks extend to 3000 feet. The area is heavily 
wooded an among the must rugged in the state. Numerous lakes and swamps characterize this once glaciated area, creating a very 
picturesque landscape; this is particularly outstanding in the more northerly counties. The combination of lakes and forests at elevations 
high enough to keep summer temperatures comfortable and its location close to heavily populated cities have made the Pocono Mountain 
area the leading tourist and recreational center in Pennsylvania.  

Bordering Lake Erie is a narrow 40-mile strip of flat, rich land 3 to 4 miles wide called the Lake Erie Plain. Fine alluvial soils and 
favorable climate permit intensive vegetable and fruit cultivation, which is typical of the much larger area surrounding Lake Erie.  

Eastern and central Pennsylvania drains into the Atlantic Ocean, while the western portion of the state lies in the Ohio River Basin, 
except the Lake Erie Plain in the northwest, which is drained by a number of small streams into Lake Erie. The Delaware River, which 
forms the eastern boundary, drains the eastern portion and flows into Delaware Bay. The Susquehanna River drains the central portion 
and flows into Chesapeake Bay. In the western portion, the Allegheny and the Monongahela Rivers have their confluence at Pittsburgh 
and form the Ohio River.  

Floods may occur during any month of the year in Pennsylvania, although they occur with greater frequency in the spring months of 
March and April. They may result from heavy rains during any season. Generally, the most widespread flooding occurs during the winter 
and spring when associated with heavy rains, or heavy rains combined with snowmelt. Serious local flooding sometimes results from ice 
jams during the spring thaw. Heavy local thunderstorm rains cause severe flash flooding in many areas. Storms of tropical origin 
sometimes deposit flood-producing rains, especially in the eastern portion of the state.  

Floods may be expected at least once in most years. For instance, flood stage at Pittsburgh is exceeded on the average of 1.3 times 
per year, based on the long-term record. However, floods of notable severity and magnitude for the state occur about once in 8 years.  

Some years in which major flooding occurred along principal rivers are as follows: Schuylkill, 1902, 1935, 1942, 1955, 1969, 1972, 
1975, 1996; Delaware, 1903, 1936, 1955, 1967,1972, 1975, 1996; Susquehanna, 1865, 1889, 1894, 1902, 1904, 1936, 1964; 1972, 
1975,1996; Allegheny, 1865, 1889, 1892, 1905, 1907, 1910, 1913, 1936, 1942, 1947, 1964, 1972, 1996; Monongahela, 1888, 1907, 
1918, 1936, 1972, 1996; Ohio, 1907, 1936, 1942, 1954, 1972,1996.  

Pennsylvania is generally considered to have a humid continental type of climate, but the varied physiographic features have a 
marked effect on the weather and climate of the various sections within the state. The prevailing westerly winds carry most of the 
weather disturbances that affect Pennsylvania from the interior of the continent, so that the Atlantic Ocean has only limited influence 
upon the climate of the state. Coastal storms do, at times, affect the day-to-day weather, especially in eastern sections. It is here that 
storms of tropical origin have the greatest effect within the state, causing floods in some instances.  

Throughout the state temperatures generally remain between 0° and 100° and average from near 47°; annually in the north-central 
mountains to 57°; annually in the extreme southeast. The highest temperature of record in Pennsylvania of 111° was observed at 
Phoenixville on July 9 and 10, 1936, while the record low of -42° occurred at Smethport January 5, 1904.  

Page 2 of 5Pennsylvania State Climatologist

2/11/2010http://climate.met.psu.edu/www_prod/data/state/



Summers are generally warm, averaging about 68° along Lake Erie to 74° in southeastern counties. High temperatures, 90° or 
above, occur on the average of 10 to 20 days per year in most sections; but occasionally southeastern localities may experience a 
season with as many as 35 days, while the the extreme northwest averages as few as 3 days annually. Only rarely does a summer pass 
without excessive temperatures being reported somewhere in the state. However, there are places such as immediately adjacent to Lake 
Erie and at some higher elevations where readings of 100° have never been recorded. Daily temperatures during the warm season 
usually have a range of about 20° over much of the state, while the daily range in the winter is several° less. During the coldest months 
temperatures average near the freezing point with daily minimum readings sometimes near 0° or below. Freezing temperatures occur on 
the average of 100 or more days annually with the greatest number of occurrences in mountainous regions. Records show that freezing 
temperatures have occurred somewhere in the state during all months of the year and below 0° readings from November to April, 
inclusive.  

Precipitation is fairly evenly distributed throughout the year. Annual amounts generally range between 34 to 52 inches, while the 
majority of places receive 38 to 46 inches. Greatest amounts usually occur in the spring and summer months, while February is the 
driest month, having about 2 inches less than the wettest months. Precipitation tends to be somewhat greater in eastern sections due 
primarily to coastal storms which occasionally frequent the area. During the warm season these storms bring heavy rain, while in winter 
heavy snow or a mixture of rain and snow may be produces.  

Thunderstorms, which average between 30 to 35 per year, are concentrated in the warm months and are responsible for most of the 
summertime rainfall, which averages from 11 inches in the northwest to 13 inches in the east. Occasionally dry spells may develop and 
persist for several months during which time monthly precipitation may total less than one-quarter inch. These periods almost never 
affect all sections of the state at the same time, nor are they confined to any particular season of the year. Winter precipitation is usually 
3 to 4 inches less than summer rainfall and is produced most frequently from northeastward-moving storms. When temperatures are low 
enough these storms sometimes cause heavy snow which may accumulate to 20 inches or more. Annual snowfall ranges between wide 
limits from year to year and place to place. Some years are quite lean as snowfall may total less than 10 inches while other years may 
produce upwards to 100 inches mostly in northern and mountainous areas. Annual snowfall averages from about 20 inches in the 
extreme southeast to 90 inches in parts of McKean County. Measurable snow generally occurs between November 20 and March 15 
although snow has been observed as early as the beginning of October and as late as May, especially in northern counties. Greatest 
monthly amounts usually fall in December and January, however, greatest amounts from individual storms generally occur in March as 
the moisture supply increases with the annual march of temperature.  

As mentioned earlier, hurricanes or low pressure systems with a tropical origin seldom affect the state. Damages, as a result of 
hurricane winds, are rare and usually confined to extreme eastern portions. However, nature's most violent strom, the tornado, does 
occur in Pennsylvania. At least one tornado has been noted in almost all counties (all but three since 1954) since the advent of severe 
storms records in 1854. On the average, 5 or 6 tornadoes are obseved annually in Pennsylvania, and the State ranks 27th nationally. 
June is the month of highest frequency, followed closely by July and August. Principal areas of tornado concentration are in the extreme 
northwest, the Southwest Plateau, and the Southeastern Piedmont. The frequency in the latter area is the highest in the State per 
square mile, similar to what is observed in portions of Midwestern United States. Many of the tornadoes in Pennsylvania have caused 
relatively minor damages. However, several have claimed lives and dealt severe local economic setbacks. The most destructive activity 
occurred on May 31,1985 when 27 tornadoes raked across the northern and western counties of the Commonwealth killing more than 60 
people. On June 23, 1944, 3 tornadoes raked the southwestern portion of the Commonwealth, killing 45 persons, injuring another 362, 
and causing over $2 million in property damage.  

The topographic features of Pennsylvania divide the State into four rather distinct climatic areas:  
      (1) The Southeastern Coastal Plain and Piedmont Plateau  
      (2) The Ridge and Valley Province  
      (3) The Allegheny Plateau  
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      (4) The Lake Erie Plain.  
In the Southeastern Coastal Plain and Piedmont Plateau summers are long and at times uncomfortably hot. Daily temperatures reach 

90° or above on the average of 25 days during the summer season; however, readings of 100° or above are comparatively rare. From 
about July 1 to the middle of September this area occasionally experiences uncomfortably warm periods, 4 to 5 days a week in length, 
during which light wind movement and high relative humidity make conditions oppressive. In general, the winters are comparatively 
mild, with an average of less than 100 days with minimum temperatures below the freezing point. Temperatures 0° or lower occur at 
Philadelphia, on average, 1 winter in 4, and at Harrisburg 1 in 3. The freeze-free season averages 170 to 200 days.  

Average annual precipitation in the area ranges from about 30 inches in the lower Susquehanna Valley to about 46 in Chester 
County. Under the influence of an occasional severe coastal storm, a normal month's rainfall, or more, may occur within a period of 48 
hours. The average seasonal snowfall is about 30 inches, and fields are ordinarily snow covered about one-third of the time during the 
winter season.  

The Ridge and Valley Province is not rugged enough for a true mountain type of climate, but it does have many of the characteristics 
of such a climate. The mountain-and-valley influence on the air movements cause somewhat greater temperature extremes than are 
experienced in the southeastern part of the State where the modifying coastal and Chesapeake Bay influence hold them relatively 
constant, and the daily range of temperature increases somewhat under the valley influences.  

The effects of nocturnal radiation in the valleys and the tendency for cool airmasses to flow down them at night result in a shortening 
of the growing season by causing freezes later in spring and earlier in fall than would otherwise occur. The growing (freeze-free) season 
in this section is longest in the middle Susquehanna Valley, where it averages about 165 days, and shortest in Schuylkill and Carbon 
Counties, averaging less than 130 days. The annual precipitation in this area has a mean value of 3 or 4 inches more than in the 
southeastern part of the State, but its geographic distribution is less uniform. The mountain ridges are high enough to have some 
deflecting influence on general storm winds, while summer showers and thunderstorms are often shunted up the valleys.  

Seasonal snowfall of the Ridge and Valley Province varies considerably within short distances. It is greatest in Somerset county, 
averaging 88 inches in the vicinity of Somerset, and least in Huntingdon, Mifflin, and Juniata Counties, averaging about 37 inches.  

The Allegheny Plateau is fairly typical of a continental type of climate, with changeable temperatures and more frequent precipitation 
than other parts of the State. In the more northerly sections the influence of latitude, together with higher elevation and radiation 
conditions, serve to make this the coldest area in the State. Occasionally, winter minimum temperatures are severe. The daily 
temperature range is fairly large, averaging about 20° in midwinter and 26° in midsummer. In the southern counties the daily 
temperature range is a few degrees higher and the same may be said of the normal annual range. Because of the rugged topography the 
freeze-free season is variable, ranging between 130 days in the north to 175 days in the south.  

Annual precipitation has a mean of about 41 inches, ranging from less than 35 inches in the northern parts of Tioga and Bradford 
Counties to more than 45 inches in parts of Crawford, Warren, and Wayne Counties. The seasonal snowfall averages 54 inches in 
northern areas, while southern sections receive several inches less. Fields are normally snow covered three-fourths of the time during 
the winter season. With rapidly flowing streams in the Ohio Drainage system (except the Monongahela), it is fortunate that this part of 
the State is not subject to torrential rains such as sometimes occur along the Atlantic slope. Although average annual precipitation is 
about equal to that for the State as a whole, it usually occurs in smaller amounts at more frequent intervals; 24-hour rains exceeding 2.5 
inches are comparatively rare. Although the Lake Erie Plain is of relatively small size, it has a unique and agriculturally advantageous 
climate typical of the coastal areas surrounding much of the Great Lakes. Both in spring and autumn the lake water exerts a retarding 
influence on the temperature regime and the freeze-free season is extended about 45 days. In the autumn this prevents early freezing 
temperatures, which is a critical factor in the growing of fruit and vegetables.  

Annual precipitation totals about 34.5 inches, which is fairly evenly distributed throughout the year. Snowfall exceeds 54 inches per 
year, with heavy snows sometimes experienced late in April.  
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Much of the above information is courtesy of the NCDC Pennsylvania Climate Narrative.  
 
(Picture credit: Copyright © 1994 by Ray Sterner, Johns Hopkins University Applied Physics Laboratory)  

Mailing Address: 
Pennsylvania State Climatologist 
503 Walker Building 
University Park, PA 16802 

Phone: 
814-865-8732 
Fax: 
814-865-3663 
E-mail: 
psc@mail.meteo.psu.edu 
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ABSTRACT 

The MARSSIM provides information on planning, conducting, evaluating, and documenting 
building surface and surface soil final status radiological surveys for demonstrating compliance 
with dose or risk-based regulations or standards. The MARSSIM is a multi-agency consensus 
document that was developed collaboratively by four Federal agencies having authority and 
control over radioactive materials: Department of Defense (DOD), Department of Energy (DOE), 
Environmental Protection Agency (EPA), and Nuclear Regulatory Commission (NRC). The 
MARSSIM’s objective is to describe a consistent approach for planning, performing, and 
assessing building surface and surface soil final status surveys to meet established dose or risk-
based release criteria, while at the same time encouraging an effective use of resources. 
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This manual was prepared by four agencies of the United States Government. Neither the United 
States Government nor any agency or branch thereof, or any of their employees, makes any 
warranty, expressed or implied, or assumes any legal liability of responsibility for any third 
party’s use, or the results of such use, of any information, apparatus, product, or process 
disclosed in this manual, or represents that its use by such third party would not infringe on 
privately owned rights. 

References within this manual to any specific commercial product, process, or service by trade 
name, trademark, or manufacturer does not constitute an endorsement or recommendation by the 
United States Government. 
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AEA Atomic Energy Act

AEC Atomic Energy Commission

AFI Air Force Instructions

ALARA as low as reasonably achievable

AMC Army Material Command

ANSI American National Standards Institute

AR Army Regulations

ARA Army Radiation Authorization

ASTM American Society of Testing and Materials

ATSDR Agency for Toxic Substances and Disease Registry


CAA Clean Air Act

Capt. Captain (Air Force)

CAPT Captain (Navy)

CDR Commander

CEDE committed effective dose equivalent

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act

CERCLIS Comprehensive Environmental Response, Compensation, and Liability


Information System 
CFR Code of Federal Regulations 
CHP Certified Health Physicist 
CPM counts per minute 

DCF dose conversion factor

DCGL derived concentration guideline level

DCGLEMC DCGL for small areas of elevated activity, used with the EMC

DCGLW DCGL for average concentrations over a wide area, used with statistical tests

DEFT Decision Error Feasibility Trials

DLC Data Life Cycle

DOD Department of Defense

DOE Department of Energy

DOT Department of Transportation

DQA Data Quality Assessment

DQO Data Quality Objectives


EERF Eastern Environmental Radiation Facility

Ehf human factors efficiency

EMC elevated measurement comparison

EML Environmental Measurements Laboratory

EMMI Environmental Monitoring Methods Index

EPA Environmental Protection Agency

EPIC Environmental Photographic Interpretation Center

ERAMS Environmental Radiation Ambient Monitoring System
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ABBREVIATIONS


FEMA Federal Emergency Management Agency

FIRM Flood Insurance Rate Maps

FRDS Federal Reporting Data System

FSP Field Sampling Plan

FWPCA Federal Water Pollution Control Act

FUSRAP Formerly Utilized Sites Remedial Action Program


GEMS Geographical Exposure Modeling System

GM Geiger-Mueller

GPS global positioning system

GRIDS Geographic Resources Information Data System

GWSI Ground Water Site Inventory


H0 null hypothesis

Ha alternative hypothesis

HSA Historical Site Assessment

HSWA Hazardous and Solid Waste Amendments


ISI Information System Inventory


LC critical level

LD detection limit

LBGR lower bound of the gray region

LCDR Lieutenant Commander

LLRWPA Low Level Radioactive Waste Policy Act as Amended

LT Lieutenant


MARLAP Multi-Agency Radiation Laboratory Analytical Protocols (Manual)

MARSSIM Multi-Agency Radiation Survey and Site Investigation Manual

MCA multichannel analyzer

MDC minimum detectable concentration

MDCR minimum detectable count rate

MED Manhattan Engineering District


NARM naturally occurring or accelerator produced radioactive material

NCAPS National Corrective Action Prioritization System

NCRP National Council on Radiation Protection and Measurements

NCP National Contingency Plan

NIST National Institute of Standards and Technology

NORM naturally occurring radioactive material

NPDC National Planning Data Corporation
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NPDES National Pollutant Discharge Elimination System

NRC Nuclear Regulatory Commission

NWPA Nuclear Waste Policy Act

NWWA National Water Well Association


ODES Ocean Data Evaluation System

ORNL Oak Ridge National Laboratory

ORISE Oak Ridge Institute for Science and Education


PERALS photon electron rejecting alpha liquid scintillator

PIC pressurized ionization chamber


QA quality assurance

QAPP Quality Assurance Project Plan

QC quality control

QMP Quality Management Plan


RASP Radiological Affairs Support Program

RAGS/HHEM Risk Assessment Guidance for Superfund/Human Health Evaluation Manual

RC release criterion

RCRA Resource Conservation and Recovery Act

RCRIS Resource Conservation and Recovery Information System

RI/FS Remedial Investigation/Feasibility Study

ROD Record of Decision

RODS Records of Decision System

RSSI Radiation Survey and Site Investigation


SARA Superfund Amendments and Reauthorization Act

SAP Sampling and Analysis Plan

SDWA Safe Drinking Water Act

SFMP Surplus Facilities Management Program

SOP Standard Operating Procedures

STORET Storage and Retrieval of U.S. Waterways Parametric Data


TEDE total effective dose equivalent

TLD thermoluminescence dosimeter

TRU transuranic

TSCA Toxic Substances Control Act
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UMTRCA Uranium Mill Tailings Radiation Control Act

USGS United States Geological Survey

USPHS United States Public Health Service

USRADS Ultrasonic Ranging and Data System


WATSTORE National Water Data Storage and Retrieval System

WL working level

WRS Wilcoxon rank sum

WSR Wilcoxon signed ranks

WT Wilcoxon test
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CONVERSION FACTORS


To Convert From To Multiply By To Convert From To Multiply By 

acre hectare 0.405 meter (m) inch 39.4 

sq. meter (m2) mile 0.000621 

sq. feet (ft2) 43,600 sq. meter (m2) acre 0.000247 

becquerel (Bq) curie (Ci) 2.7x10-11 hectare 0.0001 

dps 1 sq. feet (ft2) 10.8 

pCi 27 sq. mile 3.86x10-7 

Bq/kg pCi/g 0.027 m3 liter 1,000 

Bq/m2 dpm/100 cm2 0.60 mrem mSv 0.01 

Bq/m3 Bq/L 0.001 mrem/y mSv/y 0.01 

pCi/L 0.027 mSv mrem 100 

centimeter (cm) inch 0.394 mSv/y mrem/y 100 

Ci Bq 3.70x1010 ounce (oz) liter (L) 0.0296 

pCi 1x1012 pCi Bq 0.037 

dpm 2.22 

dps dpm 60 pCi/g Bq/kg 37 

pCi 27 pCi/L Bq/m3 37 

dpm dps 0.0167 rad Gy 0.01 

pCi 0.451 rem mrem 1,000 

gray (Gy) rad 100 mSv 10 

hectare acre 2.47 Sv 0.01 

liter (L) cm3 1000 seivert (Sv) mrem 100,000 

m3 0.001 mSv 1,000 

ounce (fluid) 33.8 rem 100 

4,050 
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ERRATA AND ADDENDA 

In response to comments received on the December 1997 Multi-Agency Radiation Survey and 
Site Investigation Manual (MARSSIM), minor modifications were made to individual pages. 
Modifications to the manual that correct errors are listed as errata, while modifications made to 
clarify guidance or provide additional information are referred to as addenda. The pages affected 
by these modifications are listed here and have the date of the modification in the footer. A 
complete list of comments and resolutions is available on the MARSSIM web site at: 

http://www.epa.gov/radiation/marssim/ 

August 2000 

Pages Modified to Correct Errata 

v, xv, xxvii, Roadmap-4, 1-3, 2-6, 2-11, 2-12, 4-33, 4-35, 4-36, 4-37, 4-38, 5-33, 6-4, 6-10, 6-23, 
6-37, 7-20, 8-19, 9-3, 9-4, 9-7, Ref-3, Ref-4, A-2, A-5, A-7, A-11, A-14, A-19, E-2, H-7, H-8, H-
10, H-12, H-14, H-16, H-32, I-30, N-2, N-6, N-8, N-11, N-13 

Pages Modified to Provide Addenda 

xiii, xxiii, xxviii, 5-30, 5-34, 7-8, C-20, C-21, D-23, I-5, L-2, L-3, L-4, L-5, L-8, , M-10 

June 2001 

Pages Modified to Correct Errata


v, xxiii, xxviii, Roadmap-8, 4-24, 5-12, 6-16 6-30, 6-37, 8-19, C-19


Pages Modified to Provide Addenda


8-23


August 2002 

Pages Modified to Correct Errata


Ref-3, Ref-4, Ref-8, L-1, L-2, L-3, L-4, L-5, L-6, L-7


Pages Modified to Provide Addenda


2-4, 3-12, 4-11, GL-11
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ROADMAP 

Introducti on to MARSSIM 

The Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) provides 
detailed guidance for planning, implementing, and evaluating environmental and facility 
radiological surveys conducted to demonstrate compliance with a dose- or risk-based regulation. 
The MARSSIM guidance focuses on the demonstration of compliance during the final status 
survey following scoping, characterization, and any necessary remedial actions. 

The process of planning the survey, implementing the survey plan, and assessing the survey 
results prior to making a decision is called the Data Life Cycle. MARSSIM Chapter 2 and 
Appendix D provide detailed guidance on developing appropriate survey designs using the Data 
Quality Objectives (DQO) Process to ensure that the survey results are of sufficient quality and 
quantity to support the final decision. The survey design process is described in MARSSIM 
Chapters 3, 4, and 5. Guidance on selecting appropriate measurement methods (i.e., scan 
surveys, direct measurements, samples) and measurement systems (i.e., detectors, instruments, 
analytical methods) is provided in MARSSIM Chapters 6 and 7 and Appendix H. Data Quality 
Assessment (DQA) is the process of assessing the survey results, determining that the quality of 
the data satisfies the objectives of the survey, and interpreting the survey results as they apply to 
the decision being made. The DQA process is described in MARSSIM Chapter 2 and 
Appendix E and is applied in MARSSIM Chapter 8. Quality Assurance and Quality Control 
(QA/QC) procedures are developed and recorded in survey planning documents, such as a 
Quality Assurance Project Plan (QAPP) which is described in MARSSIM Chapter 9. 

MARSSIM does not provide guidance for translating the release criterion into derived 
concentration guideline levels (DCGLs). MARSSIM discusses contamination of surface soil and 
building surfaces in detail.  If other media (e.g., ground water, surface water, subsurface soil, 
equipment, vicinity properties) are potentially contaminated at the time of the final status survey, 
modifications to the MARSSIM survey design guidance and examples may be required. 

The Goal of the Roadmap 

The goal of the roadmap is to present a summary of the major steps in the design, 
implementation, and assessment of a final status survey and to identify where guidance on these 
steps is located in MARSSIM. A brief description of each step is included in the roadmap along 
with references to the sections of MARSSIM that provide more detailed guidance. 

This roadmap provides the user with basic guidance from MARSSIM combined with “rules of 
thumb” (indicated by L) for performing compliance demonstration surveys. The roadmap is not 
designed to be a stand-alone document, but to be used as a quick reference to MARSSIM for 
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users already familiar with the process of planning and performing surveys. Roadmap users will 
also find flow charts summarizing the major steps in the Radiation Survey and Site Investigation 
Process, combined with references to sections in MARSSIM where detailed guidance may be 
found. In addition, the roadmap serves as an overview and example for applying MARSSIM 
guidance at sites with radioactive contamination of surface soil and building surfaces. The 
roadmap assumes a working knowledge of MARSSIM terminology.  If such knowledge is 
lacking, the user may refer to Section 2.2 of MARSSIM for definitions of key terms. In addition, 
a complete set of definitions is provided in the Glossary. 

Data Life Cycle 

Compliance demonstration is simply a decision as to whether or not a survey unit meets the 
release criterion. For most sites, this decision is supported by statistical tests based on the results 
of one or more surveys. The initial assumption used in MARSSIM is that each survey unit is 
contaminated above the release criterion until proven otherwise. The surveys are designed to 
provide the information needed to reject this initial assumption. MARSSIM recommends using 
the Data Life Cycle as a framework for planning, implementing, and evaluating survey results 
prior to making a decision. Figure 1 summarizes the major activities associated with each phase 
of the Data Life Cycle. 

Planning Stage 

The survey design is developed and documented using the Data Quality Objectives (DQO) 
Process (Section 2.3.1, Appendix D). The DQOs for the project are established and preliminary 
surveys (e.g., scoping, characterization) are performed to provide information necessary to design 
the final status survey for compliance demonstration. The DQOs for the project are re-evaluated 
for each of the preliminary surveys. The preliminary surveys may provide information for 
purposes other than compliance demonstration that are not discussed in MARSSIM. For 
example, a characterization survey may provide information to support evaluation of remedial 
alternatives. In addition, any of the preliminary surveys may be designed to demonstrate 
compliance with the release criterion as one of the survey objectives. These alternate survey 
designs are developed based on site-specific considerations (Section 2.6). The planning phase of 
the Data Life Cycle produces a final status survey design that is used for demonstrating 
compliance with the release criterion. This design is recorded in planning documents, such as a 
Quality Assurance Project Plan (QAPP) described in Section 9.2. 
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Figure 1 The Data Life Cycle Applied to a Final Status Survey 
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A minimum amount of information is needed from the preliminary surveys to develop an 
effective final status survey design. This includes 

! Sufficient information to justify classification and specification of boundaries for survey 
units (the default is Class 1 which results in the highest level of survey effort) 

! An estimate of the variability of the contaminant concentration in the survey unit (�s) and 
the reference area (�r) if necessary 

After the preliminary surveys are completed, the final status survey design can be developed. 

Figure 2 presents the major steps in the development of a survey design that integrates scanning

surveys with direct measurements and sampling.  Most of the steps are easy to understand and

references to appropriate sections of MARSSIM are included in the flowchart. Several of these

steps are important enough to justify additional discussion in this guide. These steps are


! Classify Areas by Contamination Potential

! Group/Separate Areas into Survey Units

! Determine Number of Data Points

! Select Instrumentation

! Develop an Integrated Survey Design


Classify Areas by Contamination Potential (Section 4.4)


Classification is a critical step in survey design because it determines the level of survey effort 
based on the potential for contamination. Overestimating the potential for contamination results 
in an unnecessary increase in the level of survey effort. Underestimating the potential for 
contamination greatly increases the probability of failing to demonstrate compliance based on the 
survey results. There are two key decisions made when classifying areas: 1) is the average 
activity in the area likely to exceed the DCGLW, and 2) is the contamination present in small 
areas of elevated activity or is the contamination distributed relatively homogeneously across the 
area. Each of these decisions is considered separately when designing the survey and then 
combined into an integrated survey design. Class 1 areas, prior to remediation, are impacted 
areas with concentrations of residual radioactivity that exceed the DCGLW. Class 2 areas are 
impacted areas where concentrations of residual activity that exceed the DCGLW are not 
expected. Class 3 areas are impacted areas that have a low probability of containing areas with 
residual radioactivity. The information obtained from the preliminary surveys is crucial for 
classifying areas (see Figure 2.4). 

L	 Area classification considers both the level of contamination relative to the DCGLW and 
the distribution of the contamination. The contamination may be uniformly distributed or 
present as small areas of elevated activity. 
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Figure 2 Flow Diagram for Designing a Final Status Survey 
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Group/Separate Areas into Survey Units (Section 4.6) 

Survey units are limited in size based on classification, exposure pathway modeling assumptions, 
and site-specific conditions. Table 1 provides suggested survey unit areas based on area 
classification. The rationale for selecting a larger survey unit area should be developed using the 
DQO Process and fully documented. 

Table 1 Suggested Survey Unit Areas 

Classification Suggested Area 

Class 1 

Structures 

Land Areas 

up to 100 m2 

up to 2,000 m2 

Class 2 

Structures 

Land Areas 

100 to 1,000 m2 

2,000 to 10,000 m2 

Class 3 

Structures 

Land Areas 

no limit 

no limit 

Survey unit areas should be consistent with exposure pathway modeling assumptions 
used to develop DCGLs. 

Determine Number of Data Points (Section 5.5.2) 

The number of data points is determined based on the selection of a statistical test, which in turn 
is based on whether or not the contaminant is present in background. Figure 3 presents a flow 
chart for determining the number of data points. 

The first step in determining the number of data points is to specify the acceptable decision error 
rates, � and �. Decision error rates are site-specific and selected using the DQO Process. 
Changes in the values of � and � may result from successive iterations of the DQO Process. 

L Values for � and � are site-specific and selected using the DQO Process. 
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Figure 3 Flow Diagram for Determining the Number of Data Points 
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The next step, after determining whether or not the contaminant is present in background, is to 
estimate the variability of the contaminant concentration, �. The standard deviation of the 
contaminant concentration determined from the preliminary survey results should provide an 
appropriate estimate of �. If the contaminant is present in background, the variability in the 
survey unit (�s) and the variability in the reference area (�r) should both be estimated. The larger 
of the two values should be selected for determining the number of data points. Underestimating 
� can underestimate the number of measurements needed to demonstrate compliance with the 
regulation, which increases the probability the survey unit will fail the statistical test. 
Overestimating � can result in collecting more data than is necessary to demonstrate compliance. 

L It is better to overestimate values of �s and �r. 

L When �s and �r are different, select the larger of the two values. 

The third step is to calculate the relative shift, �/�. The variability of the contaminant 
concentration, �, was determined in the previous step. The shift, �, is equal to the width of the 
gray region. The upper bound of the gray region is defined as the DCGLW. The lower bound of 
the gray region (LBGR) is a site-specific parameter, adjusted to provide a value for �/� between 
one and three. �/� can be adjusted using the following steps: 

! Initially select LBGR to equal one half the DCGLW. This means � = (DCGLW - LBGR) 
also equals one half the DCGLW. Calculate �/�. 

! If �/� is between one and three, obtain the appropriate number of data points from Table 
5.3 or Table 5.5. 

! If �/� is less than one, select a lower value for LBGR. Continue to select lower values 
for LBGR until �/� is greater than or equal to one, or until LBGR equals zero. 

! If �/� is greater than three, select a higher value for LBGR. Continue to select higher 
values for LBGR until �/� is less than or equal to three. 

Alternatively, �/� can be adjusted by solving the following equation and calculating �/�: 

LBGR ' DCGLW & � 

If LBGR is less than zero, �/� can be calculated as DCGLW/�. 

L Adjust the LBGR to provide a value for �/� between one and three. 
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The final step in determining the number of data points is to obtain the appropriate value from 
Table 5.3 or Table 5.5. Table 5.3 provides the number of data points for each survey unit and 
each reference area when the contaminant is present in background (N/2). Table 5.5 provides the 
number of data points for each survey unit when the contaminant is not present in background 
(N). 

Select Instrumentation (Section 4.7, Section 6.5.3, Section 7.5, Section 7.7, Appendix H) 

Instrumentation or measurement techniques should be selected based on detection sensitivity to 
provide technically defensible results that meet the objectives of the survey. Because of the 
uncertainty associated with interpreting scanning results, the detection sensitivity of the selected 
instruments should be as far below the DCGL as possible. For direct measurements and sample 
analyses, minimum detectable concentrations (MDCs) less than 10% of the DCGL are preferable 
while MDCs up to 50% of the DCGL are acceptable. 

Estimates of the MDC that minimize potential decision errors should be used for planning 
surveys. 

Develop an Integrated Survey Design (Section 5.5.3) 

The integrated survey design combines scanning surveys with direct measurements and 
sampling.  The level of survey effort is determined by the potential for contamination as 
indicated by the survey unit classification. This is illustrated in Figure 4. Class 3 survey units 
receive judgmental scanning and randomly located measurements. Class 2 survey units receive 
scanning over a portion of the survey unit based on the potential for contamination combined 
with direct measurements and sampling performed on a systematic grid. Class 1 survey units 
receive scanning over 100% of the survey unit combined with direct measurements and sampling 
performed on a systematic grid. The grid spacing is adjusted to account for the scan MDC 
(Section 5.5.2.4). 

Table 2 provides a summary of the recommended survey coverage for structures and land areas. 
Modifications to the example survey designs may be required to account for other contaminated 
media (e.g., ground water, subsurface soil). 

Implementation Phase 

The objectives outlined in the QAPP are incorporated into Standard Operating Procedures 
(SOPs). The final status survey design is carried out in accordance with the SOPs and the QAPP 
resulting in the generation of raw data. Chapter 6, Chapter 7, and Appendix H provide 
information on measurement techniques. 
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Figure 4 Flow Diagram for Developing an Integrated Survey Design 
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Table 2 Recommended Survey Coverage for Structures and Land Areas 

Area 
Classification 

Structures Land Areas 

Surface 
Scans 

Surface Activity 
Measurements 

Surface 
Scans 

Surface Soil 
Measurements 

Class 1 100% Number of data points 
from statistical tests 
(Sections 5.5.2.2 and 
5.5.2.3); additional 
direct measurements 
and samples may be 
necessary for small 
areas of elevated 
activity (Section 
5.5.2.4) 

100% Number of data points 
from statistical tests 
(Sections 5.5.2.2 and 
5.5.2.3); additional 
direct measurements 
and samples may be 
necessary for small 
areas of elevated 
activity (Section 
5.5.2.4) 

Class 2 10 to 100% 
(10 to 50% for upper 
walls and ceilings) 

Systematic and 
Judgmental 

Number of data points 
from statistical tests 
(Sections 5.5.2.2 and 
5.5.2.3) 

10 to 100% 
Systematic 

and 
Judgmental 

Number of data points 
from statistical tests 
(Sections 5.5.2.2 and 
5.5.2.3) 

Class 3 Judgmental 

Number of data points 
from statistical tests 
(Sections 5.5.2.2 and 
5.5.2.3) 

Judgmental 

Number of data points 
from statistical tests 
(Sections 5.5.2.2 and 
5.5.2.3) 

Assessment Phase 

The assessment phase of the Data Life Cycle includes verification and validation of the survey 
results combined with an assessment of the quantity and quality of the data. As previously 
stated, both the average level of contamination in the survey unit and the distribution of the 
contamination within the survey unit are considered during area classification. For this reason, 
the assessment phase includes a graphical review of the data to provide a visual representation of 
the radionuclide distribution, an appropriate statistical test to demonstrate compliance for the 
average concentration of a uniformly distributed radionuclide, and the elevated measurement 
comparison (EMC) to demonstrate compliance for small areas of elevated activity. 

The survey data are verified to ensure that SOPs specified in the survey design were followed 
and that the measurement systems were performed in accordance with the criteria specified in the 
QAPP (Section 9.3.1). The data are validated to ensure that the results support the objectives of 
the survey, as documented in the QAPP, or permit a determination that these objectives should 
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be modified (Section 9.3.2). The Data Quality Assessment (DQA) process is then applied using 
the verified and validated data to determine if the quality of the data satisfies the data user’s 
needs. DQA is described in Appendix E and is applied in Chapter 8. 

The first step in DQA is to review the DQOs and survey design to ensure that they are still 
applicable. For example, if the data suggest that a survey unit is misclassified, the DQOs and 
survey design would be modified for the new classification. 

The next step is to conduct a preliminary data review to learn about the structure of the data and 
to identify patterns, relationships, or potential anomalies. This review should include calculating 
basic statistical quantities (i.e., mean, standard deviation, median) and graphically presenting the 
data using at least a histogram and a posting plot. The results of the preliminary data review are 
also used to verify the assumptions of the tests. Some of the assumptions and possible methods 
for assessing them are summarized in Table 3. Information on diagnostic tests is provided in 
Section 8.2 and Appendix I. 

Table 3 Methods for Checking the Assumptions of Statistical Tests 

Assumption Diagnostic 

Spatial Independence Posting Plot (Figure 8.1) 

Symmetry Histogram (Figure 8.2) 
Quantile Plot (Figure I.2) 

Data Variance Sample Standard Deviation (Section 8.2) 

Power is Adequate Retrospective Power Chart 
(Sign Test, Figure I.5) 
(WRS Test, Figure I.6) 

The final step in interpreting the data is to draw conclusions from the data. Table 4 summarizes 
the statistical tests recommended in MARSSIM. Section 8.3 provides guidance on performing 
the Sign test when the contaminant is not present in background. Section 8.4 provides guidance 
on performing the Wilcoxon Rank Sum (WRS) test when the contaminant is present in 
background. 
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Table 4 Summary of Statistical Tests 

Radionuclide not in background and radionuclide-specific measurements made: 

Survey Result Conclusion 

All measurements less than DCGLW Survey unit meets release criterion 

Average greater than DCGLW Survey unit does not meet release criterion 

Any measurement greater than DCGLW and the average 
less than DCGLW 

Conduct Sign test and elevated measurement 
comparison 

Radionuclide in background or radionuclide non-specific (gross) measurements made: 

Survey Result Conclusion 

Difference between maximum survey unit measurement 
and minimum reference area measurements is less than 
DCGLW 

Survey unit meets release criterion 

Difference of survey unit average and reference area 
average is greater than DCGLW 

Survey unit does not meet release criterion 

Difference between any survey unit measurement and any 
reference area measurement greater than DCGLW and the 
difference of survey unit average and reference area 
average is less than DCGLW 

Conduct WRS test and elevated measurement 
comparison 

Table 5 provides examples of final status survey investigation levels for each survey unit 
classification and type of measurement. For a Class 1 survey unit, measurements above the 
DCGLW are not necessarily unexpected. However, a measurement above the DCGLW at one of 
the discrete measurement locations might be considered unusual if it were much higher than all 
of the other discrete measurements. Thus, any discrete measurement that is above both the 
DCGLW and the statistical-based parameter for the measurements should be investigated further. 
Any measurement, either at a discrete location or from a scan, that is above the DCGLEMC should 
be flagged for further investigation. 

In Class 2 or Class 3 areas, neither measurements above the DCGLW nor areas of elevated 
activity are expected. Any measurement at a discrete location exceeding the DCGLW in these 
areas should be flagged for further investigation. Because the survey design for Class 2 and 
Class 3 survey units is not driven by the EMC, the scanning MDC might exceed the DCGLW. In 
this case, any indication of residual radioactivity during the scan would warrant further 
investigation. 
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Table 5 Summary of Investigation Levels 

Survey Unit 
Classification 

Flag Direct Measurement or Sample Result When: Flag Scanning Measurement 
Result When: 

Class 1 > DCGLEMC or 
> DCGLW and > a statistical-based parameter value 

> DCGLEMC 

Class 2 > DCGLW > DCGLW or > MDC 

Class 3 > fraction of DCGLW > DCGLW or > MDC 

Because there is a low expectation for residual radioactivity in a Class 3 area, it may be prudent 
to investigate any measurement exceeding even a fraction of the DCGLW. The level one chooses 
here depends on the site, the radionuclides of concern, and the measurement and scanning 
methods chosen. This level should be set using the DQO Process during the survey design phase 
of the Data Life Cycle. In some cases, the user may also decide to follow this procedure for 
Class 2 and even Class 1 survey units. 

Both the measurements at discrete locations and the scans are subject to the EMC.  The result of 
the EMC does not in itself lead to a conclusion as to whether the survey unit meets or exceeds 
the release criterion, but is a flag or trigger for further investigation. The investigation may 
involve taking further measurements in order to determine that the area and level of the elevated 
residual radioactivity are such that the resulting dose or risk meets the release criterion.1  The 
investigation should also provide adequate assurance that there are no other undiscovered areas 
of elevated residual radioactivity in the survey unit that might result in a dose exceeding the 
release criterion. This could lead to a re-classification of all or part of a survey unit—that is, 
unless the results of the investigation indicate that reclassification is not necessary. 

Decision Making Phase 

A decision is made, in coordination with the responsible regulatory agency, based on the 
conclusions drawn from the assessment phase. The results of the EMC are used to demonstrate 
compliance with the dose- or risk-based regulation for small areas of elevated activity, while the 
nonparametric statistical tests are used to demonstrate that the average radionuclide concentration 
in the survey unit complies with the release criterion. The objective is to make technically 
defensible decisions with a specified level of confidence. 

1 Rather than, or in addition to, taking further measurements, the investigation may involve assessing the 
adequacy of the exposure pathway model used to obtain the DCGLs and area factors, and the consistency of the 
results obtained with the Historical Site Assessment and the scoping, characterization, and remedial action support 
surveys. 
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The EMC consists of comparing each measurement from the survey unit with the investigation 
levels in Table 5. The EMC is performed for measurements obtained from the systematic or 
random sample locations as well as locations flagged by scanning surveys. Any measurement 
from the survey unit that is equal to or greater than the investigation level indicates an area of 
relatively higher concentration and is investigated, regardless of the outcome of the 
nonparametric statistical tests. 

Any measurement from the survey unit that is equal to or greater than the investigation 
level indicates an area of relatively higher concentration and is investigated, regardless of 
the outcome of the nonparametric statistical tests. 

The result of the Sign test or the WRS test is the decision to reject or not to reject the null 
hypothesis that the survey unit is contaminated above the DCGLW. Provided that the results of 
any investigations triggered by the EMC have been resolved, a rejection of the null hypothesis 
leads to the decision that the survey unit meets the release criterion. If necessary, the amount of 
residual radioactivity in the survey unit can be estimated so that dose or risk calculations can be 
made. In most cases, the average concentration is the best estimate for the amount of residual 
radioactivity. 

Summary 

The roadmap presents a summary of the planning, implementation, assessment, and decision 
making phases for a final status survey and identifies where guidance on these phases is located 
in MARSSIM. Each step in the process is described briefly along with references to the sections 
of MARSSIM to which the user may refer for more detailed guidance. Flow charts are provided 
to summarize the major steps in the Radiation Survey and Site Investigation Process, again citing 
appropriate sections of MARSSIM. In addition to providing the user with basic guidance from 
MARSSIM, the roadmap also includes “rules of thumb” for performing compliance 
demonstration surveys. 
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1  INTRODUCTION


1.1 Purpose and Scope of MARSSIM 

Radioactive materials have been produced, processed, used, and stored at thousands of sites 
throughout the United States. Many of these sites—ranging in size from Federal weapons-
production facilities covering hundreds of square kilometers to the nuclear medicine departments 
of small hospitals—were at one time or are now radioactively contaminated. 

The owners and managers of a number of sites would like to determine if these sites are 
contaminated, clean them up if contaminated, and release them for restricted use or for 
unrestricted public use. The Environmental Protection Agency (EPA), the Nuclear Regulatory 
Commission (NRC), and the Department of Energy (DOE) are responsible for the release of sites 
following cleanup. These responsibilities apply to facilities under the control of Federal 
agencies, such as the DOE and Department of Defense (DOD), and to sites licensed by the NRC 
and its Agreement States. Some States have responsibilities for similar sites under their control. 

The Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) provides a 
nationally consistent consensus approach to conducting radiation surveys and investigations at 
potentially contaminated sites. This approach should be both scientifically rigorous and flexible 
enough to be applied to a diversity of site cleanup conditions. MARSSIM’s title includes the 
term “survey” because it provides information on planning and conducting surveys, and includes 
the term “site investigation” because the process outlined in the manual allows one to begin by 
investigating any site (i.e., by gathering data or information) that may involve radioactive 
contamination. 

The decommissioning that follows remediation will normally require a demonstration to the 
responsible Federal or State agency that the cleanup effort was successful and that the release 
criterion (a specific regulatory limit) was met. In MARSSIM, this demonstration is given the 
name “final status survey.” This manual assists site personnel or others in performing or 
assessing such a demonstration. (Generally, MARSSIM may serve to guide or monitor 
remediation efforts whether or not a release criterion is applied.) 

As illustrated in Figure 1.1, the demonstration of compliance with respect to conducting surveys 
is comprised of three interrelated parts: 

I. Translate: Translating the cleanup/release criterion (e.g., mSv/y, mrem/y, specific risk) 
into a corresponding derived contaminant concentration level (e.g., Bq/kg or pCi/g in 
soil) through the use of environmental pathway modeling. 
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Figure 1.1 Compliance Demonstration 

II. Measure: Acquiring scientifically sound and defensible site-specific data on the levels 
and distribution of residual contamination, as well as levels and distribution of 
radionuclides present as background, by employing suitable field and/or laboratory 
measurement techniques.1 

III.	 Decide:  Determining that the data obtained from sampling does support the assertion that 
the site meets the release criterion, within an acceptable degree of uncertainty, through 
application of a statistically based decision rule. 

1 Measurements include field and laboratory analyses, however, MARSSIM leaves detailed discussions of 
laboratory sample analyses to another manual (i.e., a companion document, the Multi-Agency Radiation Laboratory 
Analytical Protocols (MARLAP) manual that is currently under development). 
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MARSSIM presents comprehensive guidance—specifically for II and III above—for 
contaminated soil and buildings. This guidance describes a performance-based approach for 
demonstrating compliance with a dose- or risk-based regulation. This approach includes 
processes that identify data quality needs and may reveal limitations that enter into conducting a 
survey. The data quality needs stated as Data Quality Objectives (DQOs) include performance 
measures and goals in relation to a specific intended use of the data (EPA 1997a). 

DQOs must be developed on a site-specific basis. However, because of the large variability in 
the types of radiation sites, it is impossible to provide criteria that apply to every situation. As an 
example, MARSSIM presents a method for planning, implementing, assessing, and making 
decisions about regulatory compliance at sites with radioactive contaminants in surface soil and 
on building surfaces. In particular, MARSSIM describes generally acceptable approaches for: 

! planning and designing scoping, characterization, remediation-support, and final status 
surveys for sites with surface soil and building surface contamination 

! Historical Site Assessment (HSA) 
! QA/QC in data acquisition and analysis 
! conducting surveys 
! field and laboratory methods and instrumentation, and interfacing with radiation 

laboratories 
! statistical hypothesis testing, and the interpretation of statistical data 
! documentation 

Thus, MARSSIM provides standardized and consistent approaches for planning, conducting, 
evaluating, and documenting environmental radiological surveys, with a specific focus on the 
final status surveys that are carried out to demonstrate compliance with cleanup regulations. 
These approaches may not meet the DQOs at every site, so other methods may be used to meet 
site-specific DQOs, as long as an equivalent level of performance can be demonstrated. 

Table 1.1, at the end of Chapter 1, summarizes the scope of MARSSIM. Several issues related to 
releasing sites are beyond the scope of MARSSIM. These include translation of dose or risk 
standards into radionuclide specific concentrations, or demonstrating compliance with ground 
water or surface water regulations. MARSSIM can be applied to surveys performed at vicinity 
properties—those not under government or licensee control—but the decision to apply the 
MARSSIM at vicinity properties is outside the scope of MARSSIM. Other contaminated media 
(e.g., sub-surface soil, building materials, ground water) and the release of contaminated 
components and equipment are also not addressed by MARSSIM. With MARSSIM’s main 
focus on final status surveys, this manual continues a process of following remediation activities 
that are intended to remove below-surface contaminants. Therefore, some of the reasons for 
limiting the scope of the guidance to contaminated surface soils and building surfaces include: 
1) contamination is limited to these media for many sites following remediation, 2) since many 
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sites have surface soil and building surface contamination as the leading source of contamination, 
existing computer models used for calculating the concentrations based on dose or risk generally 
consider only surface soils or building surfaces as a source term, and 3) MARSSIM was written 
in support of cleanup rulemaking efforts for which supporting data are mostly limited to 
contaminated surface soil and building surfaces. 

MARSSIM also recognizes that there may be other factors, such as cost or stakeholder concerns, 
that have an impact on designing surveys. Guidance on how to address these specific concerns is 
outside the scope of MARSSIM. Unique site-specific cases may arise that require a modified 
approach beyond what is presently described in MARSSIM. This includes examples such as: 
1) the release of sites contaminated with naturally occurring radionuclides in which the 
concentrations corresponding to the release criteria are close to the variability of the background 
and 2) sites where a reference background cannot be established. However, the process of 
planning, implementing, assessing, and making decisions about a site described in MARSSIM is 
applicable to all sites, even if the examples in this manual do not meet a site’s specific objectives. 

Of MARSSIM’s many topics, the Data Quality Objective (DQO) approach to data acquisition 
and analysis and the Data Quality Assessment (DQA) for determining that data meet stated 
objectives are two elements that are a consistent theme throughout the manual. The DQO 
Process and DQA approach, described in Chapter 2, present a method for building common 
sense and the scientific method into all aspects of designing and conducting surveys, and making 
best use of the obtainable information. This becomes a formal framework for systematizing the 
planning of data acquisition surveys so that the data sought yield the kind of information actually 
needed for making important decisions—such as whether or not to release a particular site 
following remediation. 

1.2 Structure of the Manual 

MARSSIM begins with the overview of the Radiation Survey and Site Investigation Process in 
Chapter 2—Figures 2.4 through 2.8 are flowcharts that summarize the steps and decisions taken 
in the process. Chapter 3 provides instructions for performing an Historical Site Assessment 
(HSA)—a detailed investigation to collect existing information on the site or facility and to 
develop a conceptual site model. The results of the HSA are used to plan surveys, perform 
measurements, and collect additional information at the site. Chapter 4 covers issues that arise in 
all types of surveys. Detailed information on performing specific types of surveys is included in 
Chapter 5. Guidance on selecting the appropriate instruments and measurement techniques for 
each type of measurement is in Chapters 6 and 7. Chapter 6 discusses direct measurements and 
scanning surveys, and Chapter 7 discusses sampling and sample preparation for laboratory 
measurements. The interpretation of survey results is described in Chapter 8. Chapter 9 provides 
guidance on data management, quality assurance (QA), and quality control (QC). Information on 
specific subjects related to radiation site investigation can be found in the appendices. 
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MARSSIM contains several appendices to provide additional guidance on specific topics. 
Appendix A presents an example of how to apply the MARSSIM guidance to a specific site. 
Appendix B describes a simplified procedure for compliance demonstration that may be 
applicable at certain types of sites. Appendix C summarizes the regulations and requirements 
associated with radiation surveys and site investigations for each of the agencies involved in the 
development of MARSSIM. Detailed guidance on the DQO Process is in Appendix D, and 
Appendix E has guidance on DQA. Appendix F describes the relationships among MARSSIM, 
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), and 
the Resource Conservation and Recovery Act (RCRA).  Sources of information used during site 
assessment are listed in Appendix G. Appendix H describes field survey and laboratory analysis 
equipment that may be used for radiation surveys and site investigations. Appendix I offers 
tables of statistical data and supporting information for interpreting survey results described in 
Chapter 8. The derivation of the alpha scanning detection limit calculations used in Chapter 6 is 
described in Appendix J.  Comparison tables for QA documents are in Appendix K. Appendix L 
lists the regional radiation program managers for each of the agencies participating in the 
development of MARSSIM. Appendix M lists publications that serve as resources describing 
sampling methods. Information on data validation is provided in Appendix N. 

MARSSIM is presented in a modular format, with each module containing guidance on 
conducting specific aspects of, or activities related to, the survey process. Followed in order, 
each module leads to the generation and implementation of a complete survey plan. Although 
this approach may involve some overlap and redundancy in information, it also allows many 
users to concentrate only on those portions of the manual that apply to their own particular needs 
or responsibilities. The procedures within each module are listed in order of performance and 
options are provided to guide a user past portions of the manual that may not be specifically 
applicable to the user’s area of interest. Where appropriate, checklists condense and summarize 
major points in the process. The checklists may be used to verify that every suggested step is 
followed or to flag a condition in which specific documentation should explain why a step was 
not needed. 

Also included in the manual is a section titled Roadmap. The roadmap is designed to be used 
with MARSSIM as a quick reference for users already familiar with the process of planning and 
performing radiation surveys. The roadmap gives the user basic guidance, rules of thumb, and 
references to sections in the manual containing detailed guidance. 

MARSSIM, which is based on a graded approach, also contains a simplified procedure (see 
Appendix B) that many users of radioactive materials may—with the approval of the responsible 
regulatory agency—be able to employ to demonstrate compliance with the release criterion. 
Sites that may qualify for simplified release procedures are those in which the radioactive 
materials used were 1) of relatively short half-life (e.g., t1/2 # 120 days) and have since decayed to 
insignificant quantities, 2) kept only in small enough quantities so as to be exempted or not 
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requiring a specific license from a regulatory authority, 3) used or stored only in the form of non-
leaking sealed sources, or 4) combinations of the above. 

1.3 Use of the Manual 

Potential users of this manual are Federal, State, and local government agencies having authority 
for control of radioactive environmental contamination; their contractors; and other parties, such 
as organizations with licensed authority to possess and use radioactive materials. The manual is 
intended for a technical audience having knowledge of radiation health physics and an 
understanding of statistics as well as experience with the practical applications of radiation 
protection. An understanding of instrumentation and methodologies and expertise in planning, 
approving, and implementing surveys of environmental levels of radioactive material is assumed. 
This manual has been written so that individuals responsible for planning, approving, and 
implementing radiological surveys will be able to understand and apply the guidance provided 
here. Certain situations and sites may require consultation with more experienced personnel. 

MARSSIM provides guidance for conducting radiation surveys and site investigations. 
MARSSIM uses the word “should” as a recommendation, that ought not be interpreted as a 
requirement. The reader need not expect that every recommendation in this manual will be taken 
literally and applied at every site. Rather, it is expected that the survey planning documentation 
will address how the guidance will be applied on a site-specific basis. 

As previously stated, MARSSIM supports implementation of dose- or risk-based regulations. 
The translation of the regulatory dose limit to a corresponding concentration level is not 
addressed in MARSSIM, so the guidance in this manual is applicable to a broad range of 
regulations, including risk- or concentration-based regulations. The terms dose and dose-based 
regulation are used throughout the manual, but these terms are not intended to limit the use of the 
manual. 

Note that Federal or State agencies that can approve a demonstration of compliance may support 
requirements that differ from what is presented in this version of MARSSIM . It is essential, 
therefore, that the persons carrying out the surveys, whether they are conducting surveys in 
accordance with the simplified approach of Appendix B or the full MARSSIM process, remain 
in close communication with the proper Federal or State authorities throughout the compliance 
demonstration process. 
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1.4 Missions of the Federal Agencies Producing MARSSIM 

MARSSIM is the product of a multi-agency workgroup with representatives from EPA, NRC, 
DOE, and DOD. This section briefly describes the missions of the participating agencies. 
Regulations and requirements governing site investigations for each of the agencies associated 
with radiation surveys and site investigations are presented in Appendix C. 

1.4.1 Environmental Protection Agency 

The mission of the U.S. Environmental Protection Agency (EPA) is to improve and preserve the 
quality of the environment, on both national and global levels. The EPA’s scope of 
responsibility includes implementing and enforcing environmental laws, setting guidelines, 
monitoring pollution, performing research, and promoting pollution prevention. EPA 
Headquarters maintains overall planning, coordination, and control of EPA programs, and EPA’s 
ten regional offices are responsible for executing EPA's programs within the boundaries of each 
region. EPA also coordinates with, and supports research and development of, pollution control 
activities carried out by State and local governments. 

1.4.2 Nuclear Regulatory Commission 

The mission of the U.S. Nuclear Regulatory Commission (NRC) is to ensure adequate protection 
of public health and safety, the common defense and security, and the environment in the use of 
certain radioactive materials in the United States. The NRC's scope of responsibility includes 
regulation of commercial nuclear power reactors; non-power research, test, and training reactors; 
fuel cycle facilities; medical, academic, and industrial uses of nuclear materials; and the 
transport, storage, and disposal of nuclear materials and waste. The Energy Reorganization Act 
of 1974 and the Atomic Energy Act of 1954, as amended, provide the foundation for regulation 
of the Nation's commercial use of radioactive materials. 

1.4.3 Department of Energy 

The mission of the Department of Energy (DOE) is to develop and implement a coordinated 
national energy policy to ensure the availability of adequate energy supplies and to develop new 
energy sources for domestic and commercial use. In addition, DOE is responsible for the 
development, construction and testing of nuclear weapons for the U.S. Military. DOE is also 
responsible for managing the low- and high-level radioactive wastes generated by past nuclear 
weapons and research programs and for constructing and maintaining a repository for civilian 
radioactive wastes generated by the commercial nuclear reactors. DOE has the lead in 
decontaminating facilities and sites previously used in atomic energy programs. 
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1.4.4 Department of Defense 

The global mission of the Department of Defense (DOD) is to provide for the defense of the 
United States. In doing this, DOD is committed to protecting the environment. Each military 
service has specific regulations addressing the use of radioactive sources and the development of 
occupational health programs and radiation protection programs. The documents describing 
these regulations are used as guidance in developing environmental radiological surveys within 
DOD and are discussed in Appendix C. 

Table 1.1 Scope of MARSSIM 

Within Scope of MARSSIM Beyond Scope of MARSSIM 

Guidance MARSSIM provides technical 
guidance on conducting radiation 
surveys and site investigations. 

Regulation MARSSIM does not set new 
regulations or non-technical issues 
(e.g., legal or policy) for site 
cleanup. Release criterion will be 
provided rather than calculated using 
MARSSIM. 

Tool Box MARSSIM can be thought of as an 
extensive tool box with many 
components—some within the text 
of MARSSIM, others by reference. 

Tool Box Many topics are beyond the scope of 
MARSSIM, for example: 
-a public participation program 
-packaging and transportation of 
wastes for disposal 

-decontamination and stabilization 
techniques 

-training 

Measurement The guidance given in MARSSIM is 
performance-based and directed 
towards acquiring site-specific data. 

Procedure The approaches suggested in 
MARSSIM vary depending on the 
various site data needs—there are no 
set procedures for sample collection, 
measurement techniques, storage and 
disposal established in MARSSIM. 

Modeling The interface between environmental 
pathway modeling and MARSSIM is 
an important survey design 
consideration addressed in 
MARSSIM. 

Modeling Environmental pathway modeling 
and ecological endpoints in 
modeling are beyond the scope of 
MARSSIM. 
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Table 1.1 Scope of MARSSIM (continued) 

Within Scope of MARSSIM Beyond Scope of MARSSIM 

Soil and The two main media of interest in 
Buildings MARSSIM are contaminated surface 

soil and building surfaces. 

Other Media MARSSIM does not cover other 
media, including construction 
materials, equipment, subsurface 
soil, surface or subsurface water, 
biota, air, sewers, sediments or 
volumetric contamination. 

Final Status The focus of MARSSIM is on 
Survey the final status survey as this is the 

deciding factor in judging if the site 
meets the release criterion. 

Materials or MARSSIM does not recommend 
Equipment the use of any specific materials or 

equipment—there is too much 
variability in the types of radiation 
sites—this information will be in 
other documents. 

Radiation MARSSIM only considers 
radiation-derived hazards. 

Chemicals MARSSIM does not deal with any 
hazards posed by chemical 
contamination. 

Remediation MARSSIM assists users in 
Method determining when sites are ready for 

a final status survey and provides 
guidance on how to determine if 
remediation was successful. 

Remediation MARSSIM does not discuss 
Method selection and evaluation of remedial 

alternatives, public involvement, 
legal considerations, policy decisions 
related to planning 

DQO MARSSIM presents a systemized 
Process approach for designing surveys to 

collect data needed for making 
decisions such as whether or not to 
release a site. 

DQO MARSSIM does not provide 
Process prescriptive or default values of 

DQOs. 

DQA MARSSIM provides a set of 
statistical tests for evaluating data 
and lists alternate tests that may be 
applicable at specific sites. 

DQA MARSSIM does not prescribe a 
statistical test for use at all sites. 
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2  OVERVIEW OF THE RADIATI ON SURVEY AND SITE 
INVESTIGATION PROCESS 

2.1 Introduction 

This chapter provides a brief overview of the Radiation Survey and Site Investigation (RSSI) 
Process, several important aspects of this Process, and its underlying principles. The concepts 
introduced here are discussed in detail throughout the manual. 

The purpose of MARSSIM is to provide a standardized approach to demonstrating compliance 
with a dose- or risk-based regulation. Since most of the manual is based on general technical and 
statistical concepts, much of the guidance can still be applied to other types of regulations or 
standards. The purpose of this chapter is to provide the overview information required to 
understand the rest of this manual. 

Section 2.2 introduces and defines key terms used throughout the manual. Some of these terms 
may be familiar to the MARSSIM user, while others are new terms developed specifically for 
this manual. 

Section 2.3 describes the flow of information used to decide whether or not a site or facility 
complies with a regulation. The section describes the framework that is used to demonstrate 
compliance with a regulation, and is the basis for all guidance presented in this manual. The 
decision-making process is broken down into four phases: 1) planning, 2) implementation, 
3) assessment, and 4) decision making. 

Section 2.4 introduces the Radiation Survey and Site Investigation Process, which can be used 
for compliance demonstration at many sites. The section describes a series of surveys that 
combine to form the core of this process. Each survey has specified goals and objectives to 
support a final decision on whether or not a site or facility complies with the appropriate 
regulations. Flow diagrams showing how the different surveys support the overall process are 
provided, along with descriptions of the information provided by each type of survey. 

Section 2.5 presents major considerations that relate to the decision-making and survey-design 
processes. This section, as well as the examples discussed in detail throughout the manual, 
focuses on residual radioactive contamination in surface soils and on building surfaces. 
Recommended survey designs for demonstrating compliance are presented along with the 
rationale for selecting these designs. 

Section 2.6 recognizes that the methods presented in MARSSIM may not represent the optimal 
survey design at all sites. Some alternate methods for applying the Radiation Survey and Site 
Investigation process are discussed. Different methods for demonstrating compliance that are 
technically defensible may be developed with the approval of the responsible regulatory agency. 
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MARSSIM provides an approach that is technically defensible and flexible enough to be applied 
to a variety of site-specific conditions. Applying this guidance to a dose- or risk-based regulation 
provides a consistent approach to protecting human health and the environment. The manual’s 
performance-based approach to decision making provides the flexibility needed to address 
compliance demonstration at individual sites. 

2.2 Understanding Key MARSSIM Terminology 

The first step in understanding the Radiation Survey and Site Investigation (RSSI) Process is 
accomplished by understanding the scope of this manual, the terminology, and the concepts set 
forth. Some of the terms used in MARSSIM were developed for the purposes of this manual, 
while other commonly used terms are also adopted for use in MARSSIM. This section explains 
some of the terms roughly in the order of their presentation in the manual. 

The process described in MARSSIM begins with the premise that a release criterion has already 
been provided in terms of a measurement quantity. The methods presented in MARSSIM are 
generally applicable and are not dependent on the value of the release criterion. 

A release criterion is a regulatory limit expressed in terms of dose (mSv/y or mrem/y) or risk 
(cancer incidence or cancer mortality). The terms release limit or cleanup standard are also used 
to describe this term. A release criterion is typically based on the total effective dose equivalent 
(TEDE), the committed effective dose equivalent (CEDE), risk of cancer incidence (morbidity), 
or risk of cancer death (mortality) and generally cannot be measured directly. Exposure pathway 
modeling is used to calculate a radionuclide-specific predicted concentration or surface area 
concentration of specific nuclides that could result in a dose (TEDE or CEDE) or specific risk 
equal to the release criterion. In this manual, such a concentration is termed the derived 
concentration guideline level (DCGL). Exposure pathway modeling is an analysis of various 
exposure pathways and scenarios used to convert dose or risk into concentration. In many cases 
DCGLs can be obtained from responsible regulatory agency guidance based on default modeling 
input parameters, while other users may elect to take into account site-specific parameters to 
determine DCGLs. In general, the units for the DCGL are the same as the units for 
measurements performed to demonstrate compliance (e.g., Bq/kg or pCi/g, Bq/m2 or dpm/100 
cm2). This allows direct comparisons between the survey results and the DCGL. A discussion of 
the uncertainty associated with using DCGLs to demonstrate compliance is included in Appendix 
D, Section D.6. 

An investigation level is a radionuclide-specific level based on the release criterion that, if 
exceeded, triggers some response such as further investigation or remediation. An investigation 
level may be used early in decommissioning to identify areas requiring further investigation, and 
may also be used as a screening tool during compliance demonstration to identify potential 
problem areas. A DCGL is an example of a specific investigation level. 
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While the derivation of DCGLs is outside the scope of MARSSIM, it is important to understand 
the assumptions that underlie this derivation. The derivation assumptions must be consistent 
with those used for planning a compliance demonstration survey. One of the most important 
assumptions used for converting a dose or risk limit into a media-specific concentration is the 
modeled area of contamination. Other considerations include sample depth, composition, 
modeling parameters, and exposure scenarios. MARSSIM defines two potential DCGLs based 
on the area of contamination. 

!	 If the residual radioactivity is evenly distributed over a large area, MARSSIM looks at the 
average activity over the entire area. The DCGLW 

1 (the DCGL used for the statistical 
tests, see Section 2.5.1.2) is derived based on an average concentration over a large area. 

!	 If the residual radioactivity appears as small areas of elevated activity2 within a larger 
area, typically smaller than the area between measurement locations, MARSSIM 
considers the results of individual measurements. The DCGLEMC (the DCGL used for the 
elevated measurement comparison (EMC), see Section 2.5.3 and Section 2.5.4) is derived 
separately for these small areas and generally from different exposure assumptions than 
those used for larger areas. 

A site is any installation, facility, or discrete, physically separate parcel of land, or any building 
or structure or portion thereof, that is being considered for survey and investigation. 

Area is a very general term that refers to any portion of a site, up to and including the entire site. 

Decommissioning is the process of safely removing a site from service, reducing residual 
radioactivity through remediation to a level that permits release of the property, and termination 
of the license or other authorization for site operation. Although only part of the process, the 
term decommissioning is used in this sense for the Radiation Survey and Site Investigation 
(RSSI) Process, and is used this way throughout MARSSIM. 

1  The “W” in DCGLW stands for Wilcoxon Rank Sum test, which is the statistical test recommended in 
MARSSIM for demonstrating compliance when the contaminant is present in background. The Sign test 
recommended for demonstrating compliance when the contaminant is not present in background also uses the 
DCGLW. 

2  A small area of elevated activity, or maximum point estimate of contamination, might also be referred to as a 
“hot spot.” This term has been purposefully omitted from MARSSIM because the term often has different 
meanings based on operational or local program concerns. As a result, there may be problems associated with 
defining the term and reeducating MARSSIM users in the proper use of the term.  Because these implications are 
inconsistent with MARSSIM concepts, the term is not used. 
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A survey unit is a physical area consisting of structure or land areas of specified size and shape 
for which a separate decision will be made as to whether or not that area exceeds the release 
criterion. This decision is made as a result of the final status survey—the survey in the RSSI 
Process used to demonstrate compliance with the regulation or standard. The size and shape of 
the survey unit are based on factors, such as the potential for contamination, the expected 
distribution of contamination, and any physical boundaries (e.g., buildings, fences, soil type, 
surface water body) at the site. 

For MARSSIM, measurement is used interchangeably to mean: 1) the act of using a detector to 
determine the level or quantity of radioactivity on a surface or in a sample of material removed 
from a media being evaluated, or 2) the quantity obtained by the act of measuring. Direct 
measurements are obtained by placing a detector near the media being surveyed and inferring the 
radioactivity level directly from the detector response. Scanning is a measurement technique 
performed by moving a portable radiation detector at a constant speed above a surface to semi-
quantitatively detect areas of elevated activity. Sampling is the process of collecting a portion of 
an environmental medium as being representative of the locally remaining medium. The 
collected portion, or aliquot, of the medium is then analyzed to identify the contaminant and 
determine the concentration. The word sample may also refer to a set of individual 
measurements drawn from a population whose properties are studied to gain information about 
the entire population. This second definition of sample is primarily used for statistical 
discussions. 

To make the best use of resources for decommissioning, MARSSIM places greater survey efforts 
on areas that have, or had, the highest potential for contamination. This is referred to as a graded 
approach. The final status survey uses statistical tests to support decision making. These 
statistical tests are performed using survey data from areas with common characteristics, such as 
contamination potential, which are distinguishable from other areas with different characteristics. 
Classification is the process by which an area or survey unit is described according to 
radiological characteristics. The significance of survey unit classification is that this process 
determines the final status survey design and the procedures used to develop this design. 
Preliminary area classifications, made earlier in the MARSSIM Process, are useful for planning 
subsequent surveys. 

Areas that have no reasonable potential for residual contamination are classified as non-impacted 
areas. These areas have no radiological impact from site operations and are typically identified 
early in decommissioning. Areas with reasonable potential for residual contamination are classified as 
impacted areas. 

Impacted areas are further divided into one of three classifications: 
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!	 Class 1 Areas: Areas that have, or had prior to remediation, a potential for radioactive 
contamination (based on site operating history) or known contamination (based on 
previous radiation surveys) above the DCGLW. Examples of Class 1 areas include: 
1) site areas previously subjected to remedial actions3, 2) locations where leaks or spills 
are known to have occurred, 3) former burial or disposal sites, 4) waste storage sites, and 
5) areas with contaminants in discrete solid pieces of material and high specific activity. 

!	 Class 2 Areas: Areas that have, or had prior to remediation, a potential for radioactive 
contamination or known contamination, but are not expected to exceed the DCGLW. To 
justify changing the classification from Class 1 to Class 2, there should be measurement 
data that provides a high degree of confidence that no individual measurement would 
exceed the DCGLW. Other justifications for reclassifying an area as Class 2 may be 
appropriate, based on site-specific considerations. Examples of areas that might be 
classified as Class 2 for the final status survey include: 1) locations where radioactive 
materials were present in an unsealed form, 2) potentially contaminated transport routes, 
3) areas downwind from stack release points, 4) upper walls and ceilings of buildings or 
rooms subjected to airborne radioactivity, 5) areas handling low concentrations of 
radioactive materials, and 6) areas on the perimeter of former contamination control 
areas. 

!	 Class 3 Areas:  Any impacted areas that are not expected to contain any residual 
radioactivity, or are expected to contain levels of residual radioactivity at a small fraction 
of the DCGLW, based on site operating history and previous radiation surveys. Examples 
of areas that might be classified as Class 3 include buffer zones around Class 1 or Class 2 
areas, and areas with very low potential for residual contamination but insufficient 
information to justify a non-impacted classification. 

Class 1 areas have the greatest potential for contamination and therefore receive the highest 
degree of survey effort for the final status survey using a graded approach, followed by Class 2, 
and then by Class 3. Non-impacted areas do not receive any level of survey coverage because 
they have no potential for residual contamination. Non-impacted areas are determined on a site-
specific basis. Examples of areas that would be non-impacted rather than impacted usually 
include residential or other buildings that have or had nothing more than smoke detectors or exit 
signs with sealed radioactive sources. 

3  Remediated areas are identified as Class 1 areas because the remediation process often results in less than 
100% removal of the contamination, even though the goal of remediation is to comply with regulatory standards and 
protect human health and the environment. The contamination that remains on the site after remediation is often 
associated with relatively small areas with elevated levels of residual radioactivity. This results in a non-uniform 
distribution of the radionuclide and a Class 1 classification. If an area is expected to have no potential to exceed the 
DCGLW and was remediated to demonstrate the residual radioactivity is as low as reasonably achievable (ALARA), 
the remediated area might be classified as Class 2 for the final status survey. 
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If the radionuclide of potential concern is present in background, or if the measurement system 
used to determine concentration in the survey unit is not radionuclide-specific, background 
measurements are compared to the survey unit measurements to determine the level of residual 
radioactivity. The background reference area is a geographical area from which representative 
reference measurements are performed for comparison with measurements performed in specific 
survey units. The background reference area is defined as an area that has similar physical, 
chemical, radiological, and biological characteristics as the survey unit(s) being investigated but 
has not been contaminated by site activities (i.e., non-impacted). 

The process of planning the survey, implementing the survey plan, and assessing the survey 
results prior to making a decision is called the Data Life Cycle. Survey planning uses the Data 
Quality Objectives (DQO) Process to ensure that the survey results are of sufficient quality and 
quantity to support the final decision. Quality Assurance and Quality Control (QA/QC) 
procedures are performed during implementation of the survey plan to collect information 
necessary to evaluate the survey results. Data Quality Assessment (DQA) is the process of 
assessing the survey results, determining that the quality of the data satisfies the objectives of the 
survey, and interpreting the survey results as they apply to the decision being made. 

A systematic process and structure for quality should be established to provide confidence in the 
quality and quantity of data collected to support decision making. The data used in decision 
making should be supported by a planning document that records how quality assurance and 
quality control are applied to obtain type and quality of results that are needed and expected. 
There are several terms used to describe a variety of planning documents, some of which 
document only a small part of the survey design process. MARRSIM uses the term Quality 
Assurance Project Plan (QAPP) to describe a single document that incorporates all of the 
elements of the survey design. This term is consistent with consensus guidance ANSI/ASQC E4-
1994 (ASQC 1995) and EPA guidance (EPA 1994c; EPA 1997a), and is recommended to 
promote consistency.  The use of the term QAPP in MARSSIM does not exclude the use of other 
terms (e.g., Decommissioning Plan, Sampling and Analysis Plan, Field Sampling Plan) to 
describe survey documentation provided the information included in the documentation supports 
the objectives of the survey. 

2.3 Making Decisions Based on Survey Results 

Compliance demonstration is simply a decision as to whether or not a survey unit meets the 
release criterion. For most sites this decision is based on the results of one or more surveys. 
When survey results are used to support a decision, the decision maker4 needs to ensure that the 

4  The term decision maker is used throughout this section to describe the person, team, board, or committee 
responsible for the final decision regarding disposition of the survey unit. 
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data will support that decision with satisfactory confidence. Usually a decision maker will make 
a correct decision after evaluating the data. However, since uncertainty in the survey results is 
unavoidable, the possibility of errors in decisions supported by survey results is unavoidable. For 
this reason, positive actions must be taken to manage the uncertainty in the survey results so that 
sound, defensible decisions may be made. These actions include proper survey planning to 
control known causes of uncertainty, proper application of quality control (QC) procedures 
during implementation of the survey plan to detect and control significant sources of error , and 
careful analysis of uncertainty before the data are used to support decision making. These 
actions describe the flow of data throughout each type of survey, and are combined in the Data 
Life Cycle as shown in Figure 2.1. 

There are four phases of the Data Life Cycle: 

!	 Planning Phase. The survey design is 
developed and documented using the 
Data Quality Objectives (DQO) Process. 
Quality assurance and quality control 
(QA/QC) procedures are developed and 
documented in the Quality Assurance 
Project Plan (QAPP). The QAPP is the 
principal product of the planning process 
which incorporates the DQOs as it 
integrates all technical and quality aspects 
for the life cycle of the project, including 
planning, implementation, and 
assessment. The QAPP documents 
planning results for survey operations and 
provides a specific format for obtaining 
the type and quality of data needed for 
decision making. The QAPP elements 
are presented in an order corresponding 
to the Data Life Cycle by grouping them 
into two types of elements: 1) project 
management; and 2) collection and 
evaluation of environmental data (ASQC 
1995). The DQO process is described in 
Appendix D, and applied in Chapters 3, 
4, and 5 of this manual. Development of 
the QAPP is described in Section 9.2 and 
applied throughout decommissioning. 
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PLANNING PHASE 

Plan for Data Collection using the 
Data Quality Objectives Process and 

Develop a Quality Assurance Project Plan 

IMPLEMENTATION PHASE 

Collect Data using Documented Measurement Techniques and 
Associated Quality Assurance and Quality Control Activities 

ASSESSMENT PHASE 

Evaluate the Collected Data Against the Survey Objectives using 
Data Verification, Data Validation, and Data Quality Assessment 

DECISION-MAKING PHASE 

Figure 2.1 The Data Life Cycle 
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!	 Implementation Phase. The survey design is carried out in accordance with the SOPs and 
QAPP, resulting in the generation of raw data. Chapter 6, Chapter 7, and Appendix H 
provide information on the selection of data collection techniques. The QA and QC 
measurements, discussed in Chapter 6 and Chapter 7, also generate data and other 
important information that will be used during the Assessment Phase. 

!	 Assessment Phase. The data generated during the Implementation Phase are first verified 
to ensure that the SOPs specified in the QAPP were actually followed and that the 
measurement systems performed in accordance with the criteria specified in the QAPP. 
Then the data are validated to ensure that the results of data collection activities support 
the objectives of the survey as documented in the QAPP, or permit a determination that 
these objectives should be modified. The data quality assessment (DQA) process is then 
applied using the validated data to determine if the quality of the data satisfies the data 
user’s needs. Data verification and validation are described in Section 9.3. The DQA 
process is described in Appendix E and is applied in Chapter 8. 

!	 Decision-Making Phase. A decision is made, in coordination with the responsible 
regulatory agency, based on the conclusions drawn from the assessment process. The 
ultimate objective is to make technically defensible decisions with a specified level of 
confidence (Chapter 8). 

2.3.1 Planning Effective Surveys—Planning Phase 

The first step in designing effective surveys is planning. The DQO Process is a series of 
planning steps based on the scientific method for establishing criteria for data quality and 
developing survey designs (ASQC 1995, EPA 1994a, EPA 1987b, EPA 1987c). Planning 
radiation surveys using the DQO Process improves the survey effectiveness and efficiency, and 
thereby the defensibility of decisions. This minimizes expenditures related to data collection by 
eliminating unnecessary, duplicative, or overly precise data. Using the DQO Process ensures that 
the type, quantity, and quality of environmental data used in decision making will be appropriate 
for the intended application. MARSSIM supports the use of the DQO Process to design surveys 
for input to both evaluation techniques (elevated measurement comparison and the statistical 
test). The DQO Process provides systematic procedures for defining the criteria that the survey 
design should satisfy, including what type of measurements to perform, when and where to 
perform measurements, the level of decision errors for the survey, and how many measurements 
to perform. 

The level of effort associated with planning a survey is based on the complexity of the survey. 
Large, complicated sites generally receive a significant amount of effort during the planning 
phase, while smaller sites may not require as much planning. This graded approach defines data 
quality requirements according to the type of survey being designed, the risk of making a 
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decision error based on the data collected, and the consequences of making such an error. This

approach provides a more effective survey design combined with a basis for judging the usability

of the data collected.


DQOs are qualitative and quantitative statements derived from the outputs of the DQO Process

that:


! clarify the study objective

! define the most appropriate type of data to collect

! determine the most appropriate conditions for collecting the data

! specify limits on decision errors which will be used as the basis for establishing the


quantity and quality of data needed to support the decision 

The DQO Process consists of seven steps, as shown in Figure 2.2. Each step is discussed in 
detail in Appendix D. While all of the outputs of the DQO Process are important for designing 
efficient surveys, there are some that are referred to throughout the manual. These DQOs are 
mentioned briefly here, and are discussed in detail throughout MARSSIM and in Appendix D. 

The minimum information (outputs) required from the DQO Process to proceed with the 
methods described in MARSSIM are: 

! classify and specify boundaries of survey units: this can be accomplished at any time, but 
must be finalized during final status survey planning (Section 4.4, Section 4.6) 

! state the null hypothesis (H0):  the residual radioactivity in the survey unit exceeds the 
release criterion (Section 2.5, Appendix D, Section D.6) 

!	 specify a gray region where the consequences of decision errors are relatively minor:  the 
upper bound of the gray region is defined as the DCGLW, and the lower bound of the gray 
region (LBGR) is a site-specific variable generally initially selected to equal one half the 
DCGLW and adjusted to provide an acceptable value for the relative shift (Section 5.5.2.2, 
Section 5.5.2.3, Appendix D, Section D.6) 

!	 define Type I and Type II decision errors and assign probability limits for the occurrence 
of these errors: the probability of making a Type I decision error (�) or a Type II decision 
error (�) are site-specific variables (Section 5.5.2.2, Section 5.5.2.3, Appendix D, 
Section D.6) 

!	 estimate the standard deviation of the measurements in the survey unit: the standard 
deviation (�) is a site-specific variable, typically estimated from preliminary survey data 
(Section 5.5.2.2, Section 5.5.2.3) 

!	 specify the relative shift: the shift (�) is equal to the width of the gray region 
(DCGLW - LBGR), and the relative shift is defined as �/�, which is generally designed to 
have a value between one and three (Section 5.5.2.2, Section 5.5.2.3) 
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STEP 6:  SPECIFY LIMITS ON DECISION ERRORS 

STEP 5:  DEVELOP A DECISION RULE 

STEP 4:  DEFINE THE STUDY BOUNDARIES 

STEP 3:  IDENTIFY INPUTS TO THE DECISION 

STEP 2:  IDENTIFY THE DECISION 

STEP 1:  STATE THE PROBLEM 

STEP 7: 
OPTIMIZE THE 
DESIGN FOR 

OBTAINING DATA 

Figure 2.2 The Data Quality Objectives Process 

!	 specify the detection limit for all measurement techniques (scanning, direct measurement, 
and sample analysis) specified in the QAPP: the minimum detectable concentration 
(MDC) is unique for each measurement system (Section 6.7) 

!	 calculate the estimated number of measurements (N) and specify the measurement 
locations required to demonstrate compliance: the number of measurements depends on 
the relative shift (�/�), Type I and Type II decision error rates (� and �), the potential for 
small areas of elevated activity, and the selection and classification of survey units 
(Section 5.5.2.2, Section 5.5.2.3) 

!	 specify the documentation requirements for the survey, including survey planning 
documentation: documentation supporting the decision on whether or not the site 
complies with the release criterion is determined on a site-specific basis (Appendix N, 
Section N.2) 
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In addition to DQOs, values for the Data Quality Indicators (DQIs) should also be established 
and recorded during the planning stage. Where DQOs include performance measures and goals 
in relation to a specific intended use of the data, DQIs quantify the amount of error in the data 
collection process and the analytical measurement system regardless of how the data may be used 
(EPA 1997a). Precision, bias, accuracy, representativeness, comparability, and completeness are 
the DQIs recommended for quantifying the amount of error for survey data. These DQIs are 
discussed in detail in Appendix N, Section N.6. 

2.3.2 Estimating the Uncertainty in Survey Results—Implementation Phase 

To encourage flexibility and the use of optimal measurement techniques for a specific site, 
MARSSIM does not provide detailed guidance on specific techniques. Instead, MARSSIM 
encourages the decision maker to evaluate available techniques based on the survey objectives. 
Guidance on evaluating these objectives, such as detection limit, is provided. 

QC programs can both lower the chances of making an incorrect decision and help the data user 
understand the level of uncertainty that surrounds the decision (EPA 1997a). As discussed 
previously, QC data are collected and analyzed during implementation to provide an estimate of 
the uncertainty associated with the survey results. QC measurements (scans, direct 
measurements, and samples) are technical activities performed to measure the attributes and 
performance of the survey. During any survey, a certain number of measurements should be 
taken for QC purposes. 

2.3.3 Interpreting Survey Results—Assessment Phase 

Assessment of environmental data is used to evaluate whether the data meet the objectives of the 
survey and whether the data are sufficient to determine compliance with the DCGL (EPA 1992a, 
EPA 1992b, EPA 1996a). The assessment phase of the Data Life Cycle consists of three phases: 
data verification, data validation, and Data Quality Assessment (DQA). 

Data verification is used to ensure that the requirements stated in the planning documents are 
implemented as prescribed (see Section 9.3). Data validation is used to ensure that the results of 
the data collection activities support the objectives of the survey as documented in the QAPP, or 
permit a determination that these objectives should be modified (see Section 9.3 and 
Appendix N). Data quality assessment (DQA) is the scientific and statistical evaluation of data 
to determine if the data are of the right type, quality, and quantity to support their intended use 
(EPA 1996a). DQA helps complete the Data Life Cycle by providing the assessment needed to 
determine that the planning objectives are achieved (see Section 8.2). Figure 2.3 illustrates 
where data verification, data validation, and DQA fit into the Assessment Phase of the Data Life 
Cycle. 

August 2000 2-11 MARSSIM, Revision 1 



Overview of the Radiation Survey and Site Investigation Process 

There are five steps in the DQA Process: 

! Review the DQOs and Survey Design 
! Conduct a Preliminary Data Review 
! Select the Statistical Test 
! Verify the Assumptions of the 

Statistical Test 
! Draw Conclusions from the Data 

The strength of DQA is its design that 
progresses in a logical and efficient manner to 
promote an understanding of how well the 
data meet the intended use. The Assessment 
Phase is described in more detail in Appendix 
E. Section 2.6 discusses the flexibility of the 
Data Life Cycle and describes the use of 
survey designs other than those described 
later in MARSSIM. 

2.3.4 Uncertainty in Survey Results 

Uncertainty in survey results arises primarily 
from two sources: survey design errors and 
measurement errors. Survey design errors 
occur when the survey design is unable to 
capture the complete extent of variability that 
exists for the radionuclide distribution in a 
survey unit. Since it is impossible in every 
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OUTPUT 

INPUT 

OUTPUT 

Verify Measurement Performance 
Verify Measurement Procedures and Reporting Requirements 

DATA VAL IDATION/VERIFICATION 

Review DQOs and Design 
Conduct Preliminary Data Review 
Select Statistical Test 
Verify Assumptions 
Draw Conclusions 

DATA QUALITY ASSESSMENT 

QC/Performance 
Evaluation DataRoutine Data 

VALIDATED/VERIFIED DATA 

CONCLUSIONS DRAWN FROM DATA 

Figure 2.3 The Assessment Phase of the 
Data Life Cycle (EPA 1996a) 

situation to measure the residual radioactivity at every point in space and time, the survey results 
will be incomplete to some degree. It is also impossible to know with complete certainty the 
residual radioactivity at locations that were not measured, so the incomplete survey results give 
rise to uncertainty. The greater the natural or inherent variation in residual radioactivity, the 
greater the uncertainty associated with a decision based on the survey results. The unanswered 
question is: “How well do the survey results represent the true level of residual radioactivity in 
the survey unit?” 

Measurement errors create uncertainty by masking the true level of residual radioactivity and 
may be classified as random or systematic errors. Random errors affect the precision of the 
measurement system, and show up as variations among repeated measurements. Systematic 
errors show up as measurements that are biased to give results that are consistently higher or 
lower than the true value. Measurement uncertainty is discussed in Section 6.8. 
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MARSSIM uses the Data Life Cycle to control and estimate the uncertainty in the survey results 
on which decisions are made. Adequate planning should minimize known sources of 
uncertainty. QC data collected during implementation of the survey plan provide an estimate of 
the uncertainty. Statistical hypothesis testing during the assessment phase provides a level of 
confidence for the final decision. There are several levels of decisions included within each 
survey type. Some decisions are quantitative, based on the numerical results of measurements 
performed during the survey. Other decisions are qualitative based on the available evidence and 
best professional judgment. The Data Life Cycle can and should be applied consistently to both 
types of decisions. 

2.3.5 Reporting Survey Results 

The process of reporting survey results is an important consideration in planning the survey. 

Again, the level of effort for reporting should be based on the complexity of the survey. A

simple survey with relatively few results may specify a single report, while a more complicated

survey may specify several reports to meet the objectives of the survey. Reporting requirements

for individual surveys should be developed during planning and clearly documented in the

QAPP. These requirements should be developed with cooperation from the people performing

the analyses (e.g., the analytical laboratory should be consulted on reporting results for samples). 

The Health Physics Society has developed several suggestions for reporting survey results

(EPA 1980c). These suggestions include:


!	 Report the actual result of the analysis. Do not report data as “less than the detection 
limit.”  Even negative results and results with large uncertainties can be used in the 
statistical tests to demonstrate compliance. Results reported only as “<MDC” cannot be 
fully used and, for example, complicate even such simple analyses as calculating an 
average. While the nonparametric tests described in Section 8.3 and Section 8.4 can 
accommodate as much as 40% of the results as non-detects, it is better to report the actual 
results and avoid the possibility of exceeding this limit. 

!	 Report results using the correct units and the correct number of significant digits. The 
choice of reporting results using SI units (e.g., Bq/kg, Bq/m2) or conventional units 
(e.g., pCi/g, dpm/100 cm2) is made on a site-specific basis. Generally, MARSSIM 
recommends that all results be reported in the same units as the DCGLs. Sometimes the 
results may be more convenient to work with as counts directly from the detector. In 
these cases the user should decide what the appropriate units are for a specific survey 
based on the survey objectives. The user should also report the correct number of 
significant digits as described in EPA 1980c. 
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!	 Report the measurement uncertainty for every analytical result or series of results, such as 
for a measurement system. This uncertainty, while not directly used for demonstrating 
compliance with the release criterion, is used for survey planning and data assessment 
throughout the Radiation Survey and Site Investigation Process. In addition, the 
uncertainty is used for evaluating the performance of measurement systems using QC 
measurement results (as described in Section 6.2 for scans and direct measurements, and 
in Section 7.2 for laboratory analysis of samples). The uncertainty is also used for 
comparing individual measurements to the action level, which is especially important in 
the early stages of decommissioning (scoping, characterization, and remedial action 
support surveys described in Section 2.4) when decisions are made based on a limited 
number of measurements. Section 6.8 discusses methods for calculating the 
measurement uncertainty. 

!	 Report the minimum detectable concentration (MDC) for the measurement system as well 
as the method used to calculate the MDC. The MDC is an a priori estimate of the 
capability for detecting an activity concentration with a specific measurement system 
(EPA 1980c). As such, this estimate is valuable for planning and designing radiation 
surveys. Optimistic estimates of the MDC (calculated using ideal conditions that may not 
apply to actual measurements) overestimate the ability of a technique to detect residual 
radioactivity, especially when scanning for alpha or low-energy beta radiations. This can 
invalidate survey results, especially for scanning surveys. Using a more realistic MDC, as 
described in Section 6.7, during scoping and characterization surveys helps in the proper 
classification of survey units for final status surveys and minimizes the possibility of 
designing and performing subsequent surveys because of errors in classification. 
Estimates of the MDC that minimize potential decision errors should be used for planning 
surveys. 

Reporting requirements for individual surveys should be developed during planning and clearly 
documented in the QAPP. 

2.4 Radiation Survey and Site Investigation Process 

The Data Life Cycle discussed in Section 2.3 is the basis for the performance-based guidance in 
MARSSIM. As a framework for collecting the information required for demonstrating 
compliance identified using the DQO Process, MARSSIM recommends using a series of surveys. 
The Radiation Survey and Site Investigation (RSSI) Process is an example of a series of surveys 
designed to demonstrate compliance with a dose- or risk-based regulation for sites with 
radioactive contamination. 
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There are six principal steps in the RSSI Process: 

! Site Identification 
! Historical Site Assessment 
! Scoping Survey 
! Characterization Survey 
! Remedial Action Support Survey 
! Final Status Survey 

Table 2.1 provides a simplified overview of the principal steps in the RSSI process and how the 
Data Life Cycle can be used in an iterative fashion within the process. Each of these steps is 
briefly described in the Sections 2.4.1 through 2.4.6, and described in more detail in Chapter 3 
and Chapter 5. In addition, there is a brief description of regulatory agency confirmation and 
verification (see Section 2.4.7). Because MARSSIM focuses on demonstrating compliance with 
a release criterion, specifically through the use of a final status survey, these surveys have 
additional objectives that are not fully discussed in MARSSIM (e.g., health and safety of 
workers, supporting selection of values for exposure pathway model parameters). 

Figure 2.4 illustrates the Radiation Survey and Site Investigation Process in terms of area 
classification, and lists the major decision to be made for each type of survey. The flowchart 
demonstrates one method for quickly estimating the survey unit classification early in the 
MARSSIM Process based on limited information. While this figure shows the relationship 
between area classification and survey unit classification along with the major decision points 
that determine classification, this illustration is not designed to comprehensively consider every 
possibility that may occur at individual survey units. As such, it is a useful tool for visualizing 
the classification process, but there are site-specific characteristics that may cause variation from 
this scheme. 

The flowchart, illustrated in Figures 2.5 through 2.8, presents the principal steps and decisions in 
the site investigation process and shows the relationship of the survey types to the overall 
assessment process. As shown in these figures, there are several sequential steps in the site 
investigation process and each step builds on information provided by its predecessor. Properly 
applying each sequential step in the RSSI Process should provide a high degree of assurance that 
the release criterion has not been exceeded. 
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Table 2.1 The Data Life Cycle used to Support the 
Radiation Survey and Site Investigation Process 

RSSI Process Data Life Cycle MARSSIM Guidance 

Site Identification Provides information on identifying potential radiation 
sites (Section 3.3) 

Historical Site 
Assessment 

Historical Site 
Assessment 
Data Life Cycle 

Plan 
Implement 
Assess 
Decide 

Provides information on collecting and assessing 
existing site data (Sections 3.4 through 3.9) and 
potential sources of information (Appendix G) 

Scoping Survey Scoping Data 
Life Cycle 

Plan 
Implement 
Assess 
Decide 

Discusses the purpose and general approach for 
performing scoping surveys, especially as sources of 
information when planning final status surveys (Section 
5.2) 

Characterization 
Survey 

Characterization 
Data Life Cycle 

Plan 
Implement 
Assess 
Decide 

Discusses the purpose and general approach for 
performing characterization surveys, especially as 
sources of information when planning final status 
surveys (Section 5.3) 

Remedial Action 
Support Survey 

Remedial 
Action Data 
Life Cycle 

Plan 
Implement 
Assess 
Decide 

Discusses the purpose and general approach for 
performing remedial action support surveys, especially 
as sources of information when planning final status 
surveys (Section 5.4) 

Final Status Survey Final Status 
Data Life Cycle 

Plan 
Implement 
Assess 
Decide 

Provides detailed guidance for planning final status 
surveys (Chapter 4 and Section 5.5), selecting 
measurement techniques (Chapter 6, Chapter 7, and 
Appendix H), and assessing the data collected during 
final status surveys (Chapter 8 and Chapter 9) 

2.4.1 Site Identification 

The identification of known, likely, or potential sites is generally easily accomplished, and is 
typically performed before beginning decommissioning. Any facility preparing to terminate an 
NRC or agreement state license would be identified as a site. Formerly terminated NRC licenses 
may also become sites for the EPA Superfund Program. Portions of military bases or DOE 
facilities may be identified as sites based on records of authorization to possess or handle 
radioactive materials. In addition, information obtained during the performance of survey 
activities may identify additional potential radiation sites related to the site being investigated. 
Information on site identification is provided in Section 3.3. 
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Historical Site 
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Is the Area 
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Remedial  Act ion 
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Figure 2.4 The Radiation Survey and Site Investigation Process 
in Terms of Area Classification 
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Figure 2.5 The Historical Site Assessment Portion of the 
Radiation Survey and Site Investigation Process 
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Figure 2.6 The Scoping Survey Portion of the 
Radiation Survey and Site Investigation Process 
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Figure 2.7 The Characterization and Remedial Action Support Survey Port ion 
of the Radiation Survey and Site Investigation Process 
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Radiation Survey and Site Investigation Process 
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2.4.2 Historical Site Assessment 

The primary purpose of the Historical Site Assessment (HSA) is to collect existing information

concerning the site and its surroundings.


The primary objectives of the HSA are to:


! identify potential sources of contamination

! determine whether or not sites pose a threat to human health and the environment

! differentiate impacted from non-impacted areas

! provide input to scoping and characterization survey designs

! provide an assessment of the likelihood of contaminant migration

! identify additional potential radiation sites related to the site being investigated


The HSA typically consists of three phases: identification of a candidate site, preliminary

investigation of the facility or site, and site visits or inspections. The HSA is followed by an

evaluation of the site based on information collected during the HSA.


2.4.3 Scoping Survey 

If the data collected during the HSA indicate an area is impacted, a scoping survey could be

performed. Scoping surveys provide site-specific information based on limited measurements.


The primary objectives of a scoping survey are to:


! perform a preliminary hazard assessment

! support classification of all or part of the site as a Class 3 area

! evaluate whether the survey plan can be optimized for use in the characterization or final


status surveys 
! provide data to complete the site prioritization scoring process (CERCLA and RCRA 

sites only) 
! provide input to the characterization survey design if necessary 

Scoping surveys are conducted after the HSA is completed and consist of judgment 
measurements based on the HSA data. If the results of the HSA indicate that an area is Class 3 
and no contamination is found, the area may be classified as Class 3 and a Class 3 final status 
survey is performed. If the scoping survey locates contamination, the area may be considered as 
Class 1 (or Class 2) for the final status survey and a characterization survey is typically 
performed. Sufficient information should be collected to identify situations that require 
immediate radiological attention. For sites where the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) requirements are applicable, the scoping survey 
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should collect sufficient data to complete the Hazard Ranking System (HRS) scoring process. 
For sites where the Resource Conservation and Recovery Act (RCRA) requirements are 
applicable, the scoping survey should collect sufficient data to complete the National Corrective 
Action Prioritization System (NCAPS) scoring process. Sites that meet the National 
Contingency Plan (NCP) criteria for a removal should be referred to the Superfund removal 
program (EPA 1988c). A comparison of MARSSIM guidance to CERCLA and RCRA 
requirements is provided in Appendix F. 

2.4.4 Characterization Survey 

If an area could be classified as Class 1 or Class 2 for the final status survey, based on the HSA

and scoping survey results, a characterization survey is warranted. The characterization survey is

planned based on the HSA and scoping survey results. This type of survey is a detailed

radiological environmental characterization of the area.


The primary objectives of a characterization survey are to:


! determine the nature and extent of the contamination

! collect data to support evaluation of remedial alternatives and technologies

! evaluate whether the survey plan can be optimized for use in the final status survey

! support Remedial Investigation/Feasibility Study requirements (CERCLA sites only) or


Facility Investigation/Corrective Measures Study requirements (RCRA sites only) 
! provide input to the final status survey design 

The characterization survey is the most comprehensive of all the survey types and generates the 
most data. This includes preparing a reference grid, systematic as well as judgment 
measurements, and surveys of different media (e.g., surface soils, interior and exterior surfaces of 
buildings). The decision as to which media will be surveyed is a site-specific decision addressed 
throughout the Radiation Survey and Site Investigation Process. 

2.4.5 Remedial Action Support Survey 

If an area is adequately characterized and is contaminated above the derived concentration

guideline levels (DCGLs), a decontamination plan should be prepared. A remedial action

support survey is performed while remediation is being conducted, and guides the cleanup in a

real-time mode.


Remedial action support surveys are conducted to:


! support remediation activities

! determine when a site or survey unit is ready for the final status survey
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!	 provide updated estimates of site-specific parameters used for planning the final status 
survey 

This manual does not provide guidance on the routine operational surveys used to support 
remediation activities. The determination that a survey unit is ready for a final status survey 
following remediation is an important step in the RSSI Process. In addition, remedial activities 
result in changes to the distribution of contamination within the survey unit. For most survey 
units, the site-specific parameters used during final status survey planning (e.g., variability in the 
radionuclide concentration, probability of small areas of elevated activity) will need to be re-
established following remediation. Obtaining updated values for these critical parameters should 
be considered when planning a remedial action support survey. 

2.4.6 Final Status Survey 

The final status survey is used to demonstrate compliance with regulations. This type of survey

is the major focus of this manual.


The primary objectives of the final status survey are to:


! select/verify survey unit classification

! demonstrate that the potential dose or risk from residual contamination is below the


release criterion for each survey unit 
! demonstrate that the potential dose or risk from small areas of elevated activity is below 

the release criterion for each survey unit 

The final status survey provides data to demonstrate that all radiological parameters satisfy the 
established guideline values and conditions. 

Although the final status survey is discussed as if it were an activity performed at a single stage 
of the site investigation process, this does not have to be the case. Data from other surveys 
conducted during the Radiation Survey and Site Investigation Process—such as scoping, 
characterization, and remedial action support surveys—can provide valuable information for 
planning a final status survey provided they are of sufficient quality. 

Professional judgment and biased sampling are important for locating contamination and 
characterizing the extent of contamination at a site. However, the MARSSIM focus is on 
planning the final status survey which utilizes a more systematic approach to sampling. 
Systematic sampling is based on rules that endeavor to achieve the representativeness in 
sampling consistent with the application of statistical tests. 
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2.4.7 Regulatory Agency Confirmation and Verification 

The regulatory agency responsible for the site often confirms whether the site is acceptable for 
release. This confirmation may be accomplished by the agency or an impartial party.  Although 
some actual measurements may be performed, much of the work required for confirmation and 
verification will involve evaluation and review of documentation and data from survey activities. 
The evaluation may include site visits to observe survey and measurement procedures or split-
sample analyses by the regulatory agency's laboratory.  Therefore, accounting for confirmation 
and verification activities during the planning stages is important to each type of survey. In some 
cases, post-remedial sampling and analysis may be performed by an impartial party.  The review 
of survey results should include verifying that the data quality objectives are met, reviewing the 
analytical data used to demonstrate compliance, and verifying that the statistical test results 
support the decision to release the site. Confirmation and verification are generally ongoing 
processes throughout the Radiation Survey and Site Investigation (RSSI) Process. 

2.5 Demonstrating Compliance With a Dose- or Risk-Based Regulation 

MARSSIM presents a process for demonstrating compliance with a dose- or risk-based 
regulation. The RSSI Process provides flexibility in planning and performing surveys based on 
site-specific considerations. A dose- or risk-based regulation usually allows one to take into 
account radionuclide and site-specific differences. 

The final status survey is designed to demonstrate compliance with the release criterion. The 
earlier surveys in the RSSI Process are performed to support decisions and assumptions used in 
the design of the final status survey. These preliminary surveys (e.g., scoping, characterization) 
may have other objectives in addition to compliance demonstration that need to be considered 
during survey planning that are not fully discussed in this manual. For this reason MARSSIM 
focuses on final status survey design. To allow maximum flexibility in the survey design, 
MARSSIM provides guidance on designing a survey using the RSSI Process. This allows users 
with few resources available for planning to develop an acceptable survey design. The rationale 
for the development of the guidance in MARSSIM is presented in the following sections. Users 
with available planning resources are encouraged to investigate alternate survey designs for site-
specific applications using the information provided in Section 2.6. 

2.5.1 The Decision to Use Statistical Tests 

The objective of compliance demonstration is to provide some level of confidence that the 
release criterion is not exceeded. As previously stated, 100% confidence in a decision cannot be 
proven because the data always contain some uncertainty. The use of statistical methods is 
necessary to provide a quantitative estimate of the probability that the release criterion is not 
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exceeded at a particular site. Statistical methods provide for specifying (controlling) the 
probability of making decision errors and for extrapolating from a set of measurements to the 
entire site in a scientifically valid fashion (EPA 1994b). 

Clearly stating the null hypothesis is necessary before a statistical test can be performed. The 
null hypothesis recommended for use in MARSSIM is: “The residual radioactivity in the survey 
unit exceeds the release criterion.” This statement directly addresses the issue of compliance 
demonstration for the regulator and places the burden of proof for demonstrating compliance on 
the site owner or responsible party.  The statistical tests are only applied at sites that were 
subjected to an Historical Site Assessment (HSA). At this point, the results of the HSA have 
been reviewed and the site is determined to be impacted based on existing data and professional 
judgment as described in Chapter 3. An impacted site, by definition, is expected to contain areas 
of contamination, so this statement of the null hypothesis is reasonable for these sites. 

The information needed to perform a statistical test is determined by the assumptions used to 
develop the test. MARSSIM recommends the use of nonparametric statistical tests because these 
tests use fewer assumptions, and consequently require less information to verify these 
assumptions. The tests described in MARSSIM (see Chapter 8) are relatively easy to understand 
and implement compared to other statistical tests. 

Site conditions can also affect the selection of statistical tests. The distribution of contamination 
is of particular concern at sites with residual radioactivity. Is the contamination distributed 
uniformly, or is it located in small areas of elevated activity?  Is the residual radioactivity present 
as surface, volumetric, or subsurface contamination?  To demonstrate the use of the RSSI 
Process at radiation sites, MARSSIM addresses only surface soil and building surfaces for the 
final status survey to demonstrate compliance. This represents a situation that is expected to 
commonly occur at sites with radioactive contamination, and allows the survey design to take 
into account the ability to directly measure surface radioactivity using scanning techniques. 
Other contaminated media may be  identified during the HSA or preliminary surveys (i.e., 
scoping, characterization, remedial action support). If other contaminated media (e.g., 
subsurface contamination, volumetric contamination of building materials) are identified, 
methodologies for demonstrating compliance other than those described in this manual may need 
to be developed or evaluated. Situations where scanning techniques may not be effective (e.g., 
volumetric or subsurface contamination) are discussed in existing guidance (EPA 1989a, EPA 
1994b, EPA 1994d). 
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2.5.1.1 Small Areas of Elevated Activity 

While the development of DCGLs is outside the scope of MARSSIM, this manual assumes that 
DCGLs will be developed using exposure pathway models which in turn assume a relatively 
uniform distribution of contamination. While this represents an ideal situation, small areas of 
elevated activity are a concern at many sites. 

MARSSIM addresses the concern for small areas of elevated activity by using a simple 
comparison to an investigation level as an alternative to statistical methods. Using the elevated 
measurement comparison (EMC) represents a conservative approach, in that every measurement 
needs to be below the action level. The investigation level for this comparison is called the 
DCGLEMC, which is the DCGLW modified to account for the smaller area. This area factor 
correction (discussed in Section 5.5.2.4) is considered to be a defensible modification because 
the exposure assumptions (e.g., exposure time and duration) are the same as those used to 
develop the DCGLW. In the case of multiple areas of elevated activity in a survey unit, a posting 
plot (discussed in Section 8.2.2.2) or similar representation of the distribution of activity in the 
survey unit can be used to determine any pattern in the location of these areas. 

If elevated levels of residual radioactivity are found in an isolated area, in addition to residual 
radioactivity distributed relatively uniformly across the survey unit, the unity rule (Section 4.3.3) 
can be used to ensure that the total dose or risk meets the release criterion. If there is more than 
one of these areas, a separate term should be included in the calculation for each area of elevated 
activity. As an alternative to the unity rule, the dose or risk due to the actual residual 
radioactivity distribution can be calculated if there is an appropriate exposure pathway model 
available. Note that these considerations generally only apply to Class 1 survey units, since areas 
of elevated activity should not be present in Class 2 or Class 3 survey units. 

2.5.1.2 Relatively Uniform Distribution of Contamination 

As discussed previously, the development of a DCGL starts with the assumption of a relatively 
uniform distribution of contamination. Some variability in the measurements is expected. This 
is primarily due to a random spatial distribution of contamination and uncertainties in the 
measurement process. The arithmetic mean of the measurements taken from such a distribution 
would represent the parameter of interest for demonstrating compliance. 

Whether or not the radionuclide of concern is present in background determines the form of the 
statistical test. The Wilcoxon Rank Sum (WRS) test is recommended for comparisons of survey 
unit radionuclide concentrations with background. When the radionuclide of concern is not 
present in background, the Sign test is recommended. Instructions on performing these tests are 
provided in Section 8.3 and Section 8.4. 
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The WRS and Sign tests are designed to determine whether or not the level of residual activity 
uniformly distributed throughout the survey unit exceeds the DCGLW. Since these methods are 
based on ranks, the results are generally expressed in terms of the median. When the underlying 
measurement distribution is symmetric, the mean is equal to the median. When the underlying 
distribution is not symmetric, these tests are still true tests of the median but only approximate 
tests of the mean. However, numerous studies show that this is a fairly good approximation 
(Hardin and Gilbert, 1993). The assumption of symmetry is less restrictive than that of normality 
because the normal distribution is itself symmetric. If, however, the measurement distribution is 
skewed to the right, the average will generally be greater than the median. In severe cases, the 
average may exceed the DCGLW while the median does not. For this reason, MARSSIM 
recommends comparing the arithmetic mean of the survey unit data to the DCGLW as a first step 
in the interpretation of the data (see Section 8.2.2.1). 

The WRS test is a two-sample test that compares the distribution of a set of measurements in a 
survey unit to that of a set of measurements in a reference area. The test is performed by first 
adding the value of the DCGLW to each measurement in the reference area. The combined set of 
survey unit data and adjusted reference area data are listed, or ranked, in increasing numerical 
order. If the ranks of the adjusted reference site measurements are significantly higher than the 
ranks of the survey unit measurements, the survey unit demonstrates compliance with the release 
criterion. 

The Sign test is a one-sample test that compares the distribution of a set of measurements in a 
survey unit to a fixed value, namely the DCGLW. First, the value for each measurement in the 
survey unit is subtracted from the DCGLW. The resulting distribution is tested to determine if the 
center of the distribution is greater than zero. If the adjusted distribution is significantly greater 
than zero, the survey unit demonstrates compliance with the release criterion. 

Guidance on performing the statistical tests and presenting graphical representations of the data 
is provided in Chapter 8 and Appendix I. 

2.5.2 Classification 

Classifying a survey unit is crucial to the survey design because this step determines the level of 
survey effort based on the potential for contamination. Areas are initially classified as impacted 
or non-impacted based on the results of the HSA. Non-impacted areas have no reasonable 
potential for residual contamination and require no further evidence to demonstrate compliance 
with the release criterion. When planning the final status survey, impacted areas may be further 
divided into survey units. If a survey unit is classified incorrectly, the potential for making 
decision errors increases. For this reason, all impacted areas are initially assumed to be Class 1. 
Class 1 areas require the highest level of survey effort because they are known to have 
contaminant concentrations above the DCGLW, or the contaminant concentrations are unknown. 
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Information indicating the potential or known contaminant concentration is less than the DCGLW 

can be used to support re-classification of an area or survey unit as Class 2 or Class 3. 

There is a certain amount of information necessary to demonstrate compliance with the release 
criterion. The amount of this information that is available and the level of confidence in this 
information is reflected in the area classification. The initial assumption for affected areas is that 
none of the necessary information is available. This results in a default Class 1 classification. 
This corresponds with the statement of the null hypothesis that the survey unit is contaminated, 
and represents the most efficient case for the regulator. For this reason, the recommendations for 
a Class 1 final status survey represent the minimal amount of information necessary to 
demonstrate compliance. 

Not all of the information available for an area will have been collected for purposes of 
compliance demonstration. For example, data are collected during characterization surveys to 
determine the extent, and not necessarily the amount, of contamination. This does not mean that 
the data do not meet the objectives of compliance demonstration, but may mean that statistical 
tests would be of little or no value because the data have not been collected using appropriate 
protocols or design. Rather than discard potentially valuable information, MARSSIM allows for 
a qualitative assessment of existing data (Chapter 3). Non-impacted areas represent areas where 
all of the information necessary to demonstrate compliance is available from existing sources. 
For these areas, no statistical tests are considered necessary. A classification as Class 2 or Class 
3 indicates that some information on describing the potential for contamination is available for 
that survey unit. The data collection recommendations are modified to account for the 
information already available, and the statistical tests are performed on the data collected during 
the final status survey. 

As previously stated, the conservative assumption that an area receive a classification of Class 1 
is only applied to impacted sites. The HSA (described in Chapter 3) is used to provide an initial 
classification for the site of impacted or non-impacted based on existing data and professional 
judgment. 

2.5.3 Design Considerations for Small Areas of Elevated Activity 

Scanning surveys are typically used to identify small areas of elevated activity. The size of the 
area of elevated activity that the survey is designed to detect affects the DCGLEMC , which in turn 
determines the ability of a scanning technique to detect these areas. Larger areas have a lower 
DCGLEMC and are more difficult to detect than smaller areas. 

The percentage of the survey unit to be covered by scans is also an important consideration. 
100% coverage means that the entire surface area of the survey unit has been covered by the field 
of view of the scanning instrument. 100% scanning coverage provides a high level of confidence 
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that all areas of elevated activity have been identified. If the available information concerning 
the survey unit provides information demonstrating that areas of elevated activity may not be 
present, the survey unit may be classified as Class 2 or Class 3. Because there is already some 
level of confidence that areas of elevated activity are not present, 100% coverage may not be 
necessary to demonstrate compliance. The scanning survey coverage may be adjusted based on 
the level of confidence supplied by the existing data. If there is evidence providing a high level 
of confidence that areas of elevated activity are not present, 10% scanning coverage may meet 
the objectives of the survey. If the existing information provides a lower level of confidence, the 
scanning coverage may be adjusted between 10 and 100% based on the level of confidence and 
the objectives of the survey. A general recommendation is to always err to minimize the decision 
error. In general, scanning the entire survey unit is less expensive than finding areas of elevated 
activity later in the survey process. Finding such areas will lead to performing additional surveys 
due to survey unit misclassification. 

Another consideration for scanning surveys is the selection of scanning locations. This is not an 
issue when 100% of the survey unit is scanned. Whenever less than 100% of the survey unit is 
scanned, a decision must be made on what areas are scanned. The general recommendation is 
that when large amounts of the survey unit are scanned (e.g., >50%), the scans should be 
systematically performed along transects of the survey unit. When smaller amounts of the survey 
unit are scanned, selecting areas based on professional judgment may be more appropriate and 
efficient for locating areas of elevated activity (e.g., drains, ducts, piping, ditches). A 
combination of 100% scanning in portions of the survey unit selected based on professional 
judgement and less coverage (e.g., 20-50%) for all remaining areas may result in an efficient 
scanning survey design for some survey units. 

2.5.4 Design Considerations for Relatively Uniform Distributions of Contamination 

The survey design for areas with relatively uniform distributions of contamination is primarily 
controlled by classification and the requirements of the statistical test. Again, the 
recommendations provided for Class 1 survey units are designed to minimize the decision error. 
Recommendations for Class 2 or Class 3 surveys may be appropriate based on the existing 
information and the level of confidence associated with this information. 

The first consideration is the identification of survey units. The identification of survey units 
may be accomplished early (e.g., scoping) or late (e.g., final status) in the survey process, but 
must be accomplished prior to performing a final status survey. Early identification of survey 
units can help in planning and performing surveys throughout the RSSI Process. Late 
identification of survey units can prevent misconceptions and problems associated with 
reclassification of areas based on results of subsequent surveys. The area of an individual survey 
unit is determined based on the area classification and modeling assumptions used to develop the 
DCGLW. Identification of survey units is discussed in Section 4.6. 
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Another consideration is the estimated number of measurements to demonstrate compliance 
using the statistical tests. Section 5.5.2 describes the calculations used to estimate the number of 
measurements. These calculations use information that is usually available from planning or 
from preliminary surveys (i.e., scoping, characterization, remedial action support). 

The information needed to perform these calculations is: 1) acceptable values for the 
probabilities of making Type I (�) or Type II (�) decision errors, 2) the estimates of the 
measurement variability in the survey unit (�s ) and the reference area (�r ) if necessary, and 3) the 
shift (�). 

MARSSIM recommends that site-specific values be determined for each of these parameters. To 
assist the user in selecting site-specific values for decision error rates and �, MARSSIM 
recommends that an initial value be selected and adjusted to develop a survey design that is 
appropriate for a specific site. An arbitrary initial value of one half the DCGLW is selected for 
the lower bound of the gray region. This value is adjusted to provide a relative shift (�/�) value 
between one and three as described in Section 5.5.2. For decision error rates a value that 
minimizes the risk of making a decision error is recommended for the initial calculations. The 
number of measurements can be recalculated using different decision error rates until an 
optimum survey design is obtained. A prospective power curve (see Appendix D, Section D.6 
and Appendix I, Section I.9) that considers the effects of these parameters can be very helpful in 
designing a survey and considering alternative values for these parameters, and is highly 
recommended. 

To ensure that the desired power is achieved with the statistical test and to account for 
uncertainties in the estimated values of the measurement variabilities, MARSSIM recommends 
that the estimated number of measurements calculated using the formulas in Section 5.5.2.2 and 
5.5.2.3 be increased by 20%. Insufficient numbers of measurements may result in failure to 
achieve the DQO for power and result in increased Type II decision errors, where survey units 
below the release criterion fail to demonstrate compliance. 

Once survey units are identified and the number of measurements is determined, measurement 
locations should be selected. The statistical tests assume that the measurements are taken from 
random locations within the survey unit. A random survey design is used for Class 3 survey 
units, and a random starting point for the systematic grid is used for Class 2 and Class 1 survey 
units. 

2.5.5 Developing an Integrated Survey Design 

To account for assumptions used to develop the DCGLW and the realistic possibility of small 
areas of elevated activity, an integrated survey design should be developed to include all of the 
design considerations. An integrated survey design combines a scanning survey for areas of 
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elevated activity with random measurements for relatively uniform distributions of 
contamination. Table 2.2 presents the recommended conditions for demonstrating compliance 
for a final status survey based on classification. 

Table 2.2 Recommended Conditions for Demonstrating Compliance Based on 
Survey Unit Classification for a Final Status Survey 

Survey Unit 
Classification 

Statistical 
Test 

Elevated Measurement 
Comparison 

Sampling and/or 
Direct Measurements 

Scanning 

Impacted Class 1 Yes Yes Systematic 100% Coverage 

Class 2 Yes Yes Systematic 10-100% Systematic 

Class 3 Yes Yes Random Judgmental 

Non-Impacted No No No None 

Random measurement patterns are used for Class 3 survey units to ensure that the measurements 
are independent and meet the requirements of the statistical tests. Systematic grids are used for 
Class 2 survey units because there is an increased probability of small areas of elevated activity. 
The use of a systematic grid allows the decision maker to draw conclusions about the size of any 
potential areas of elevated activity based on the area between measurement locations, while the 
random starting point of the grid provides an unbiased method for determining measurement 
locations for the statistical tests. Class 1 survey units have the highest potential for small areas of 
elevated activity, so the areas between measurement locations are adjusted to ensure that these 
areas can be identified by the scanning survey if the area of elevated activity is not detected by 
the direct measurements or samples. 

The objectives of the scanning surveys are different. Scanning is used to identify locations 
within the survey unit that exceed the investigation level.  These locations are marked and 
receive additional investigations to determine the concentration, area, and extent of the 
contamination. 

For Class 1 areas, scanning surveys are designed to detect small areas of elevated activity that are 
not detected by the measurements using the systematic grids. For this reason, the measurement 
locations and the number of measurements may need to be adjusted based on the sensitivity of 
the scanning technique (see Section 5.5.2.4). This is also the reason for recommending 100% 
coverage for the scanning survey. 

Scanning surveys in Class 2 areas are also performed primarily to find areas of elevated activity 
not detected by the measurements using the systematic pattern. However, the measurement 
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locations are not adjusted based on sensitivity of the scanning technique, and scanning is only 
performed in portions of the survey unit. The level of scanning effort should be proportional to 
the potential for finding areas of elevated activity: in Class 2 survey units that have residual 
radioactivity close to the release criterion a larger portion of the survey unit would be scanned, 
but for survey units that are closer to background scanning a smaller portion of the survey unit 
may be appropriate. Class 2 survey units have a lower probability for areas of elevated activity 
than Class 1 survey units, but some portions of the survey unit may have a higher potential than 
others. Judgmental scanning surveys would focus on the portions of the survey unit with the 
highest probability for areas of elevated activity. If the entire survey unit has an equal probability 
for areas of elevated activity, or the judgmental scans don’t cover at least 10% of the area, 
systematic scans along transects of the survey unit or scanning surveys of randomly selected grid 
blocks are performed. 

Class 3 areas have the lowest potential for areas of elevated activity. For this reason, MARSSIM 
recommends that scanning surveys be performed in areas of highest potential (e.g., corners, 
ditches, drains) based on professional judgment. This provides a qualitative level of confidence 
that no areas of elevated activity were missed by the random measurements or that there were no 
errors made in the classification of the area. 

Note that the DCGL itself is not free of error. The assumptions made in any model used to 
develop DCGLs for a site should be examined carefully. The results of this examination should 
determine if the use of site-specific parameters result in large changes in the DCGLs, or whether 
a site-specific model should be developed to obtain DCGLs more relevant to the exposure 
conditions at the site. Appendix D, Section D.6 provides additional information about the 
uncertainty associated with the DCGL and other considerations for developing an integrated 
survey design using the DQO Process. 

2.6 Flexibility in Applying MARSSIM Guidance 

Section 2.5 describes an example that applies the performance-based guidance presented in 
Section 2.3 and Section 2.4 to design a survey for a site with specific characteristics (i.e., surface 
soil and building surface contamination). Obviously this design cannot be uniformly applied at 
every site with radioactive contamination, so flexibility has been provided in the form of 
performance-based guidance. This guidance encourages the user to develop a site-specific 
survey design to account for site-specific characteristics. It is expected that most users will adopt 
the portions of the MARSSIM guidance that apply to their site. In addition, changes to the 
overall survey design that account for site-specific differences would be presented as part of the 
survey plan. The plan should also demonstrate that the extrapolation from measurements 
performed at specific locations to the entire site or survey unit is performed in a technically 
defensible manner. 
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Where Section 2.5 describes the development of a generic survey design that will be applicable at 
most radiation sites, this section describes the flexibility available within the MARSSIM for 
designing a site-specific survey design. Alternate methods for accomplishing the demonstration 
of compliance are briefly described and references for obtaining additional information on these 
alternate methods are provided. 

2.6.1 Alternate Statistical Methods 

MARSSIM encourages the use of statistics to provide a quantitative estimate of the probability 
that the release criterion is not exceeded at a site. While it is unlikely that any site will be able to 
demonstrate compliance with a dose- or risk-based regulation without at least considering the use 
of statistics, MARSSIM recognizes that the use of statistical tests may not always provide the 
most effective method for demonstrating compliance. For example, MARSSIM recommends a 
simple comparison to an investigation level to evaluate the presence of small areas of elevated 
activity in place of complicated statistical tests. At some sites a simple comparison of each 
measurement result to the DCGLW, to demonstrate that all the measurement results are below the 
release criterion, may be more effective than statistical tests for the overall demonstration of 
compliance with the regulation provided an adequate number of measurements are performed. 

MARSSIM recommends the use of nonparametric statistical tests for evaluating environmental 
data. There are two reasons for this recommendation: 1) environmental data is usually not 
normally distributed, and 2) there are often a significant number of qualitative survey results 
(e.g., less than MDC). Either one of these conditions means that parametric statistical tests may 
not be appropriate. If one can demonstrate that the data are normally distributed and that there 
are a sufficient number of results to support a decision concerning the survey unit, parametric 
tests will generally provide higher power (or require fewer measurements to support a decision 
concerning the survey unit). The tests to demonstrate that the data are normally distributed 
generally require more measurements than the nonparametric tests. EPA provides guidance on 
selecting and performing statistical tests to demonstrate that data are normally distributed (EPA 
1996a). Guidance is also available for performing parametric statistical tests (NRC 1992, EPA 
1989a, EPA 1994b, EPA 1996a). 

There are a wide variety of statistical tests designed for use in specific situations. These tests 
may be preferable to the generic statistical tests recommended in MARSSIM when the 
underlying assumptions for these tests can be verified. Table 2.3 lists several examples of 
statistical tests that may be considered for use at individual sites or survey units. A brief 
description of the tests and references for obtaining additional information on these tests are also 
listed in the table.  Applying these tests may require consultation with a statistician. 
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Alternate 
Tests 

Probability 
Model Assumed Type of Test Reference Advantages Disadvantages 

Alternate 1-Sample Tests (no reference area measurements) 

Student’s t Test Normal Parametric test for 
Ho: Mean < L 

Guidance for Data 
Quality Assessment, 
EPA QA/G-9, 
p. 3.2-2. 

Appropriate if data 
appears to be normally 
distributed and 
symmetric. 

Relies on a non-robust 
estimator for µ and �. 
Sensitive to outliers and 
departures from 
normality. 

t Test Applied To 
Logarithms 

Lognormal Parametric test for Ho: 
Median < L 

Guidance for Data 
Quality Assessment, 
EPA QA/G-9, 
p. 3.2-2 

This is a well- known 
and easy-to-apply test. 
Useful for a quick 
summary of the 
situation if the data is 
skewed to right. 

Relies on a non-robust 
estimator for �. 
Sensitive to outliers and 
departures from 
lognormality. 

Minimum 
Variance 
Unbiased 
Estimator For 
Lognormal Mean 

Lognormal Parametric estimates 
for mean and variance 
of lognormal 
distribution 

Gilbert, Statistical 
Methods for 
Environmental 
Pollution 
Monitoring, p. 164, 
1987. 

A good parametric test 
to use if the data is 
lognormal. 

Inappropriate if the data 
is not lognormal. 

Chen Test Skewed to right, 
including 
Lognormal 

Parametric test for 
Ho: Mean > 0 

Journal of the 
American Statistical 
Association (90), 
p.767, 1995. 

A good parametric test 
to use if the data is 
lognormal. 

Applicable only for 
testing Ho: “survey unit 
is clean.” Survey unit 
must be significantly 
greater than 0 to fail. 
Inappropriate if the data 
is not skewed to the 
right. 
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Alternativ e 
Tests 

Probability 
Model Assumed Type of Test Reference Advantages Disadvantages 

Alternate 1-Samples Tests (no reference area measurements) 

Bayesian Approaches Varies, but a 
family of 
probability 
distributions 
must be selected. 

Parametric test for 
Ho: Mean < L 

DeGroot, Optimal 
Statistical Decisions, 
p. 157, 1970. 

Permits use of 
subjective “expert 
judgment” in 
interpretation of data. 

Decisions based on 
expert judgment may be 
difficult to explain and 
defend. 

Bootstrap No restriction Nonparametric. Uses 
resampling methods to 
estimate sampling 
variance. 

Hall, Annals of 
Statistics (22), p. 
2011-2030, 1994. 

Avoids assumptions 
concerning the type of 
distribution. 

Computer intensive 
analysis required. 
Accuracy of the results 
can be difficult to 
assess. 

Lognormal 
Confidence Intervals 
Using Bootstrap 

Lognormal Uses resampling 
methods to estimate 
one-sided confidence 
interval for lognormal 
mean. 

Angus, The 
Statistician (43), p. 
395, 1994. 

Nonparametric method 
applied within a 
parametric lognormal 
model. 

Computer intensive 
analysis required. 
Accuracy of the results 
can be difficult to 
assess. 
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Alternativ e 
Tests 

Probability 
Model Assumed Type of Test Reference Advantages Disadvantages 

Alternate 2-Sample Tests (reference area measurements are required) 

Student’s t Test Symmetric, normal Parametric test for 
difference in means 
Ho: µx < µy 

Guidance for Data 
Quality Assessment, 
EPA QA/G-9, 
p. 3.3-2 

Easy to apply. 
Performance for non-
normal data is 
acceptable. 

Relies on a non-robust 
estimator for �, 
therefore test results are 
sensitive to outliers. 

Mann-Whitney Test No restrictions Nonparametric test 
difference in location 
Ho: µx < µy 

Hollander and 
Wolfe, 
Nonparametric 
Statistical Methods, 
p. 71, 1973. 

Equivalent to the WRS 
test, but used less 
often. Similar to 
resampling, because 
test is based on set of 
all possible differences 
between the two data 
sets. 

Assumes that the only 
difference between the 
test and reference areas 
is a shift in location. 

Kolmogorov-
Smirnov 

No restrictions Nonparametric test for 
any difference between 
the 2 distributions 

Hollander and 
Wolfe, 
Nonparametric 
Statistical Methods, 
p. 219, 1973. 

A robust test for 
equality of two sample 
distributions against all 
alternatives. 

May reject because 
variance is high, 
although mean is in 
compliance. 

Bayesian 
Approaches 

Varies, but a 
family of 
probability 
distributions must 
be selected 

Parametric tests for 
difference in means or 
difference in variance. 

Box and Tiao, 
Bayesian Inference 
in Statistical 
Analysis, Chapter 2, 
1973. 

Permits use of “expert 
judgment” in the 
interpretation of data. 

Decisions based on 
expert judgement may 
be difficult to explain 
and defend. 
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Alternativ e 
Tests 

Probability  Model 
Assumed Type of Test Reference Advantages Disadvantages 

Alternate 2-Sample Tests (reference area measurements are required) 

2-Sample 
Quantile Test 

No restrictions Nonparametric test for 
difference in shape and 
location. 

EPA, Methods for 
Evaluating the 
Attainment of 
Cleanup Standards, 
Vol. 3, p. 7.1, 1992. 

Will detect if survey 
unit distribution 
exceeds reference 
distribution in the 
upper quantiles. 

Applicable only for 
testing Ho: “survey unit 
is clean.” Survey unit 
must be significantly 
greater than 0 to fail. 

Simultaneous 
WRS and Quantile 
Test 

No restrictions Nonparametric test for 
difference in shape and 
location. 

EPA, Methods for 
Evaluating the 
Attainment of 
Cleanup Standards, 
Vol. 3, p. 7.17, 1992. 

Additional level of 
protection provided by 
using two tests. Has 
advantages of both 
tests. 

Cannot be combined 
with the WRS test that 
uses Ho: “survey unit is 
not clean.” Should only 
be combined with WRS 
test for Ho: “survey unit 
is clean.” 

Bootstrap and 
Other Resampling 
Methods 

No restrictions Nonparametric. Uses 
resampling methods to 
estimate sampling 
variance. 

Hall, Annals of 
Statistics (22), 
p. 2011, 1994. 

Avoids assumptions 
concerning the type of 
distribution. Generates 
informative resampling 
distributions for 
graphing. 

Computer intensive 
analysis required. 

Alternate to Statistical Tests 

Decision Theory No restrictions Incorporates loss 
function in the 
decision theory 
approach. 

DOE, Statistical and 
Cost-Benefit 
Enhancements to the 
DQO Process for 
Characterization 
Decisions, 1996. 

Combines elements of 
cost-benefit analysis 
and risk assessment 
into the planning 
process. 

Limited experience in 
applying the method to 
compliance 
demonstration and 
decommissioning. 
Computer intensive 
analysis required. 
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2.6.2 Alternate Null Hypothesis 

The selection of the null hypothesis in MARSSIM is designed to be protective of human health 
and the environment as well as consistent with current methods used for demonstrating 
compliance with regulations. MARSSIM also acknowledges that site-specific conditions (e.g., 
high variability in background, lack of measurement techniques with appropriate detection 
sensitivity) may preclude the use of the null hypothesis that the survey unit is assumed to be 
contaminated. Similarly, a different null hypothesis and methodology could be used for different 
survey units (e.g., Class 3 survey units). NUREG 1505 (NRC 1997b) provides guidance on 
determining when background variability might be an issue, designing surveys based on the null 
hypothesis that the survey unit concentration is indistinguishable from the concentration in the 
reference area, and performing statistical tests to demonstrate that the survey unit is 
indistinguishable from background. 

2.6.3 Integrating MARSSIM with Other Survey Designs 

2.6.3.1 Accelerated Cleanup Models 

There are a number of approaches designed to expedite site cleanups. These approaches can save 
time and resources by reducing sampling, preventing duplication of effort, and reducing inactive 
time periods between steps in a cleanup process. Although Section 2.4 describes the RSSI 
Process recommended in MARSSIM as one with six principal steps, MARSSIM is not intented 
to be a serial process that would slow site cleanups. Rather, MARSSIM supports existing 
programs and encourages approaches to expedite site cleanups. Part of the significant emphasis 
on planning in MARSSIM is meant to promote saving time and resources. 

There are many examples of accelerated cleanup approaches. The Superfund Accelerated 
Cleanup Model (SACM), which includes a module called integrated site assessment, has as its 
objectives increased efficiency and shorter response times (EPA 1992f, EPA 1993c, EPA 1997b). 

Sandia National Laboratories (SNL) uses the Observational Approach. This approach uses an 
iterative process of sample collection and real-time data evaluation to characterize a site. This 
process allows early field results to guide later data collection in the field. Data collection is 
limited to only that required for selecting a unique remedy for a site.5 

At DOE’s Hanford Site, the parties to the Tri-Party Agreement negotiated a method to implement 
the CERCLA process in order to 1) accelerate the assessment phase, and 2) coordinate RCRA 

5  Information on the Observational Approach recommended by Sandia National Laboratories is available 
on the internet at http://www.em.doe.gov/tie/strechar.html. 
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and CERCLA requirements whenever possible, thereby resulting in cost savings. The Hanford 
Past Practice Strategy (HPPS) was developed in 1991 to accelerate decisionmaking and initiation 
of remediation through activities that include maximizing the use of existing data consistent with 
data quality objectives.6 

The adaptive sampling programs at the Environmental Assessment Division (EAD) of Argonne 
National Laboratory quantitatively fuse soft data (for example, historical records, aerial photos, 
nonintrusive geophysical data) with hard sampling results to estimate contaminant extent, 
measure the uncertainty associated with these estimates, determine the benefits from collecting 
additional samples, and assist in siting new sample locations to maximize the information 
gained.7 

2.6.3.2 Superfund Soil Screening Guidance 

The goal of the Soil Screening Guidance (EPA 1996b, EPA 1996c) is to help standardize and 
accelerate the evaluation and cleanup of contaminated soils at sites on the National Priorities List 
(NPL) designated for future residential land use. The guidance provides a methodology for 
calculating risk-based, site-specific, soil screening levels for chemical contaminants in soil that 
may be used to identify areas needing further investigation at NPL sites. While the Soil 
Screening Guidance was not developed for use with radionuclides, the methodology used is 
comparable to the MARSSIM guidance for demonstrating compliance using DCGLs. The Soil 
Screening Guidance assumes that there is a low probability of contamination, and does not 
account for small areas of elevated activity. These assumptions correlate to a Class 3 area in 
MARSSIM. Because the Soil Screening Guidance is designed as a screening tool instead of a 
final demonstration of compliance, the specific values for decision error levels, the bounds of the 
gray region, and the number and location of measurements are developed to support these 
objectives. However, MARSSIM guidance can be integrated with the survey design in the Soil 
Screening Guidance using this guidance as an alternate MARSSIM survey design. 

The Soil Screening Guidance survey design is based on collecting samples, so scan surveys and 
direct measurements are not considered. To reduce analytical costs the survey design 
recommends compositing samples and provides a statistical test for demonstrating compliance. 
Compositing samples provides an additional source of uncertainty and prevents the detection of 
small areas of elevated activity. 

6  Information on the Hanford Past Practice Strategy is available on the internet at 
http://www.bhi-erc.com/map/sec5.html. 

7  Information on the Argonne National Laboratory adaptive sampling programs can be obtained on the 
internet at http://www.ead.anl.gov/~web/newead/prgprj/proj/adaptive/adaptive.html. 
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3 HISTORICAL SITE ASSESSMENT 

3.1 Introduction 

The Radiation Survey and Site Investigation (RSSI) Process uses a graded approach that starts 
with the Historical Site Assessment (HSA) and is later followed by other surveys that lead to the 
final status survey. The HSA is an investigation to collect existing information describing a 
site’s complete history from the start of site activities to the present time. The necessity for 
detailed information and amount of effort to conduct an HSA depend on the type of site, 
associated historical events, regulatory framework, and availability of documented information. 
For example, some facilities—such as Nuclear Regulatory Commission (NRC) licensees that 
routinely maintain records throughout their operations—already have HSA information in place. 
Other facilities, such as Comprehensive Environmental Response, Compensation, and Liability 
Act (CERCLA) or Resource Conservation and Recovery Act (RCRA) sites, may initiate a 
comprehensive search to gather HSA information (also see Appendix F for comparison of Multi-
Agency Radiation Survey and Site Investigation Manual (MARSSIM), CERCLA, and RCRA). 
In the former case, the HSA is essentially complete and a review of the following sections 
ensures that all information sources are incorporated into the overall investigation. In still other 
cases, where sealed sources or small amounts of radionuclides are described by the HSA, the site 
may qualify for a simplified decommissioning procedure (see Appendix B). 

The HSA 

!	 identifies potential, likely, or known sources of radioactive material and radioactive 
contamination based on existing or derived information 

!	 identifies sites that need further action as opposed to those posing no threat to human 
health 

! provides an assessment for the likelihood of contaminant migration 

! provides information useful to scoping and characterization surveys 

! provides initial classification of the site or survey unit1 as impacted or non-impacted 

The HSA may provide information needed to calculate derived concentration guideline levels 
(DCGLs, initially described in Section 2.2) and furthermore provide information that reveals the 
magnitude of a site’s DCGLs. This information is used for comparing historical data to potential 
DCGLs and determining the suitability of the existing data as part of the assessment of the site. 
The HSA also supports emergency response and removal activities within the context of the 

1  Refer to Section 4.6 for a discussion of survey units. 
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EPA’s Superfund program, fulfills public information needs, and furnishes appropriate 
information about the site early in the Site Investigation process. For a large number of sites (e.g. 
currently licensed facilities), site identification and reconnaissance may not be needed. For 
certain response activities, such as reports concerning the possible presence of radioactivity, 
preliminary investigations may consist more of a reconnaissance and a scoping survey in 
conjunction with efforts to gather historical information. 

The HSA is typically described in three sections: identification of a candidate site (Section 3.3), 
preliminary investigation of the facility or site (Section 3.4), and site reconnaissance (Section 
3.5). The reconnaissance however is not a scoping survey. The HSA is followed by an 
evaluation of the site based on information collected during the HSA. 

3.2 Data Quality Objectives 

The Data Quality Objectives (DQO) Process assists in directing the planning of data collection 
activities performed during the HSA. Information gathered during the HSA supports other 
DQOs when this process is applied to subsequent surveys. 

Three HSA-DQO results are expected: 

!	 identifying an individual or a list of planning team members—including the decision 
maker (DQO Step 1, Appendix D, Section D.1) 

! concisely describing the problem (DQO Step 1, Appendix D, Section D.1) 

!	 initially classifying site and survey unit as impacted or non-impacted (DQO Step 4, 
Appendix D, Section D.4) 

Other results may accompany these three, and this added information may be useful in supporting 
subsequent applications of the DQO process. 

The planning team clarifies and defines the DQOs for a site-specific survey. This 
multidisciplinary team of technical experts offers the greatest potential for solving problems 
when identifying every important aspect of a survey. Including a stakeholder group 
representative is an important consideration when assembling this team. Once formed, the team 
can also consider the role of public participation for this assessment and the possible surveys to 
follow. The number of team members is directly related to the scope and complexity of the 
problem. For a small site or simplified situations, planning may be performed by the site owner. 
For other specific sites (e.g., CERCLA), a regulatory agency representative may be included. 
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The representative’s role facilitates survey planning—without direct participation in survey plan 
development—by offering comments and information based on past precedent, current guidance, 
and potential pitfalls. For a large, complex facility, the team may include technical project 
managers, site managers, scientists, engineers, community and local government representatives, 
health physicists, statisticians, and regulatory agency representatives. A reasonable effort should 
be made to include other individuals—that is, specific decision makers or data users—who may 
use the study findings sometime in the future. 

The planning team is generally led by a member who is referred to as the decision maker. This 
individual is often the person with the most authority over the study and may be responsible for 
assigning the roles and responsibilities to planning team members. Overall, the decision-making 
process arrives at final decisions based on the planning team’s recommendations. 

The problem or situation description provides background information on the fundamental issue 
to be addressed by the assessment (see EPA 1994a). The following steps may be helpful during 
DQO development: 

!	 describe the conditions or circumstances regarding the problem or situation and the 
reason for undertaking the survey 

!	 describe the problem or situation as it is currently understood by briefly summarizing 
existing information 

!	 conduct literature searches and interviews, and examine past or ongoing studies to ensure 
that the problem is correctly defined 

! if the problem is complex, consider breaking it into more manageable pieces 

Section 3.4 provides guidance on gathering existing site data and determining the usability of this 
data. 

The initial classification of the site involves developing a conceptual model based on the existing 
information collected during the preliminary investigation. Conceptual models describe a site or 
facility and its environs and present hypotheses regarding the radionuclides for known and 
potential residual contamination (EPA 1987b, 1987c). The classification of the site is discussed 
in Section 3.6, Evaluation of Historical Site Assessment Data. 

Several results of the DQO Process may be addressed initially during the HSA. This information 
or decision may be based on limited or incomplete data. As the site assessment progresses and as 
decisions become more difficult, the iterative nature of the DQO Process allows for re-evaluation 
of preliminary decisions. This is especially important for classification of sites and survey units 
where the final classification is not made until the final status survey is planned. 

August 2000 3-3 MARSSIM, Revision 1 



Historical Site Assessment 

3.3 Site Identification 

A site may already be known for its prior use and presence of radioactive materials. Elsewhere, 
potential radiation sites may be identified through the following: 

!	 records of authorization to possess or handle radioactive materials (e.g., NRC or NRC 
Agreement State License, DOE facility records, Naval Radioactive Materials Permit, 
USAF Master Materials License, Army Radiation Authorization, State Authorization for 
Naturally Occurring and Accelerator Produced Radioactive Material (NARM)) 

! notification to government Agencies of possible releases of radioactive substances 

!	 citizens filing a petition under section 105(d) of the Superfund Amendments and 
Reauthorization Act of 1986 (SARA; EPA 1986) 

! ground and aerial radiological surveys 

! contacts with knowledge of the site 

!	 review of EPA’s Environmental Radiation Ambient Monitoring System (ERAMS) 
database (Appendix G) 

Once identified, the name, location, and current legal owner or custodian (where available) of the 
site should be recorded. 

3.4 Preliminary HSA Investigation 

This limited-scope investigation serves to collect readily available information concerning the 
facility or site and its surroundings. The investigation is designed to obtain sufficient 
information to provide initial classification of the site or survey unit as impacted or non-
impacted. Information on the potential distribution of radioactive contamination may be used for 
classifying each site or survey unit as Class 2 or Class 1 and is useful for planning scoping and 
characterization surveys. 

Table 3.1 provides a set of questions that can be used to assist in the preliminary HSA 
investigation. Apart from obvious cases (e.g., NRC licensees), this table focuses on 
characteristics that identify a previously unrecognized or known but undeclared source of 
potential contamination. Furthermore, these questions may identify confounding factors for 
selecting reference sites. 
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Table 3.1 Questions Useful for the Preliminary HSA Investigation 

1.	 Was the site ever licensed for the manufacture, use, or Indicates a higher probability that the area is 
distribution of radioactive materials under Agreement impacted. 
State Regulations, NRC licenses, or Armed Services 
permits, or for the use of 91B material? 

2.	 Did the site ever have permits to dispose of, or Evidence of radioactive material disposal 
incinerate, radioactive material onsite? indicates a higher probability that the area is 

impacted. 
Is there evidence of such activities? 

3.	 Has the site ever had deep wells for injection or permits Indicates a higher probability that the area is 
for such? impacted. 

4.	 Did the site ever have permits to perform research with Research that may have resulted in the 
radiation generating devices or radioactive materials release of radioactive materials indicates a 
except medical or dental x-ray machines? higher probability that the area is impacted. 

5.	 As a part of the site's radioactive materials license were Leak test records of sealed sources may 
there ever any Soil Moisture Density Gauges indicate whether or not a storage area is 
(Americium-Beryllium or Plutonium-Beryllium impacted. Evidence of radioactive material 
sources), or Radioactive Thickness Monitoring Gauges disposal indicates a higher probability that 
stored or disposed of onsite? the area is impacted. 

6.	 Was the site used to create radioactive material(s) by Indicates a higher probability that the area is 
activation? impacted. 

7.	 Were radioactive sources stored at the site? Leak test records of sealed sources may 
indicate whether or not a storage area is 
impacted. 

8.	 Is there evidence that the site was involved in the Indicates a higher probability that the area is 
Manhattan Project or any Manhattan Engineering impacted. 
District (MED) activities (1942-1946)? 

9.	 Was the site ever involved in the support of nuclear Indicates a higher probability that the area is 
weapons testing (1945-1962)? impacted. 

10.	 Were any facilities on the site used as a weapons Indicates a higher probability that the area is 
storage area?  Was weapons maintenance ever impacted. 
performed at the site? 

11.	 Was there ever any decontamination, maintenance, or Indicates a higher probability that the area is 
storage of radioactively contaminated ships, vehicles, or impacted. 
planes performed onsite? 
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Table 3.1 Questions Useful for the Preliminary HSA Investigation (continued) 

12.	 Is there a record of any aircraft accident at or near the May include other considerations such as 
site (e.g., depleted uranium counterbalances, thorium evidence of radioactive materials that were 
alloys, radium dials)? not recovered. 

13.	 Was there ever any radiopharmaceutical manufacturing, Indicates a higher probability that the area is 
storage, transfer, or disposal onsite? impacted. 

14.	 Was animal research ever performed at the site? Evidence that radioactive materials were 
used for animal research indicates a higher 
probability that the area is impacted. 

15.	 Were uranium, thorium, or radium compounds Indicates a higher probability that the area is 
(NORM) used in manufacturing, research, or testing at impacted or results in a potential increase in 
the site, or were these compounds stored at the site? background variability. 

16.	 Has the site ever been involved in the processing or Indicates a higher probability that the area is 
production of Naturally Occurring Radioactive Material impacted or results in a potential increase in 
(e.g., radium, fertilizers, phosphorus compounds, background variability. 
vanadium compounds, refractory materials, or precious 
metals) or mining, milling, processing, or production of 
uranium? 

17. Were coal or coal products used onsite? May indicate other considerations such as a 
potential increase in background variability. 

If yes, did combustion of these substances leave ash or 
ash residues onsite? 

If yes, are runoff or production ponds onsite? 

18.	 Was there ever any onsite disposal of material known to May indicate other considerations such as a 
be high in naturally occurring radioactive materials potential increase in background variability. 
(e.g., monazite sands used in sandblasting)? 

19. Did the site process pipe from the oil and gas Indicates a higher probability that the area is 
industries?	 impacted or results in a potential increase in 

background variability. 

20.	 Is there any reason to expect that the site may be See Section 3.6.3. 
contaminated with radioactive material (other than 
previously listed)? 

Appendix G of this document provides a general listing and cross-reference of information 
sources—each with a brief description of the information contained in each source. The Site 
Assessment Information Directory (EPA 1991e) contains a detailed compilation of data sources, 
including names, addresses, and telephone numbers of agencies that can provide HSA 
information. 
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3.4.1 Existing Radiation Data 

Site files, monitoring data, former site evaluation data, Federal, State, or local investigations, or 
emergency actions may be sources of useful site information. Existing site data may provide 
specific details about the identity, concentration, and areal distribution of contamination. 
However, these data should be examined carefully because: 

!	 Previous survey and sampling efforts may not be compatible with HSA objectives or may 
not be extensive enough to characterize the facility or site fully. 

!	 Measurement protocols and standards may not be known or compatible with HSA 
objectives (e.g., Quality Assurance/Quality Control (QA/QC) procedures, limited analysis 
rather than full-spectrum analysis) or may not be extensive enough to characterize the 
facility or site fully. 

!	 Conditions may have changed since the site was last sampled (i.e., substances may have 
been released, migration may have spread the contamination, additional waste disposal 
may have occurred, or decontamination may have been performed). 

Existing data can be evaluated using the Data Quality Assessment (DQA) process described in 
Appendix E. (Also see DOE 1987 and EPA 1980c, 1992a, 1992b, 1996a for additional guidance 
on evaluating data.) 

3.4.1.1 Licenses, Site Permits, and Authorizations 

The facility or site radioactive materials license and supporting or associated documents are 
potential sources of information for licensed facilities. If a license does not exist, there may be a 
permit or other document that authorized site operations involving radioactivity. These 
documents may specify the quantities of radioactive material authorized for use at the site, the 
chemical and physical form of the materials, operations for which the materials are (or were) 
used, locations of these operations at the facility or site, and total quantities of material used at 
the site during its operating lifetime. 

EPA and State agencies maintain files on a variety of environmental programs. These files may 
contain permit applications and monitoring results with information on specific waste types and 
quantities, sources, type of site operations, and operating status of the facility or site. Some of 
these information sources are listed in Appendix G (e.g., Comprehensive Environmental 
Response, Compensation, and Liability Information System (CERCLIS), Resource Conservation 
and Recovery Information System (RCRIS), Ocean Data Evaluation System (ODES)). 
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3.4.1.2 Operating Records 

Records and other information sources useful for site evaluations include those describing onsite 
activities; current and past contamination control procedures; and past operations involving 
demolition, effluent releases, discharge to sewers or onsite septic systems, production of 
residues, land filling, waste and material storage, pipe and tank leaks, spills and accidental 
releases, release of facilities or equipment from radiological controls, and onsite or offsite 
radioactive and hazardous waste disposal. Some records may be or may have been classified for 
National Security purposes and means should be established to review all pertinent records. Past 
operations should be summarized in chronological order along with information indicating the 
type of permits and approvals that authorized these operations. Estimates of the total activity 
disposed of or released at the site and the physical and chemical form of the radioactive material 
should also be included. Records on waste disposal, environmental monitoring, site inspection 
reports, license applications, operational permits, waste disposal material balance and inventory 
sheets, and purchase orders for radioactive materials are useful—for estimating total activity. 
Information on accidents, such as fires, flooding, spills, unintentional releases, or leakage, should 
be collected as potential sources of contamination. Possible areas of localized contamination 
should be identified. 

Site plats or plots, blueprints, drawings, and sketches of structures are especially useful to 
illustrate the location and layout of buildings on the site. Site photographs, aerial surveys, and 
maps can help verify the accuracy of these drawings or indicate changes following the time when 
the drawings were prepared. Processing locations—plus waste streams to and from the site as 
well as the presence of stockpiles of raw materials and finished product—should be noted on 
these photographs and maps. Buildings or outdoor processing areas may have been modified or 
reconfigured such that former processing areas were converted to other uses or configurations. 
The locations of sewers, pipelines, electric lines, water lines, etc., should also be identified. This 
information facilitates planning the Site Reconnaissance and subsequent surveys, developing a 
site conceptual model, and increasing the efficiency of the survey program. 

Corporate contract files may also provide useful information during subsequent stages of the 
Radiation Survey and Site Investigation Process. Older facilities may not have complete 
operational records, especially for obsolete or discontinued processes. Financial records may 
also provide information on purchasing and shipping that in turn help to reconstruct a site’s 
operational history. 

While operating records can be useful tools during the HSA, the investigator should be careful 
not to place too much emphasis on this type of data. These records are often incomplete and lack 
information on substances previously not considered hazardous. Out-of-date blueprints and 
drawings may not show modifications made during the lifetime of a facility. 
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3.4.2 Contacts and Interviews 

Interviews with current or previous employees are performed to collect first-hand information 
about the site or facility and to verify or clarify information gathered from existing records. 
Interviews to collect first-hand information concerning the site or facility are generally conducted 
early in the data-gathering process. Interviews cover general topics, such as radioactive waste 
handling procedures. Results of early interviews are used to guide subsequent data collection 
activities. 

Interviews scheduled late in the data gathering process may be especially useful. This activity 
allows questions to be directed to specific areas of the investigation that need additional 
information or clarification. Photographs and sketches can be used to assist the interviewer and 
allow the interviewees to recall information of interest. Conducting interviews onsite where the 
employees performed their tasks often stimulates memories and facilitates information gathering. 
In addition to interviewing managers, engineers, and facility workers, interviews may be 
conducted with laborers and truck drivers to obtain information from their perspective. The 
investigator should be cautious in the use of interview information. Whenever possible, 
anecdotal evidence should be assessed for accuracy and results of interviews should be backed up 
with supporting data. Steps that ensure specific information is properly recorded may include 
hiring trained investigators and taking affidavits. 

3.5 Site Reconnaissance 

The objective of the Site Reconnaissance or Site Visit is to gather sufficient information to 
support a decision regarding further action. Reconnaissance activity is not a risk assessment, a 
scoping survey, or a study of the full extent of contamination at a facility or site. The 
reconnaissance offers an opportunity to record information concerning hazardous site conditions 
as they apply to conducting future survey work. In this regard, information describing physical 
hazards, structural integrity of buildings, or other conditions, defines potential problems that may 
impede future work. This section is most applicable to sites with less available information and 
may not be necessary at other sites having greater amounts of data, such as Nuclear Regulatory 
Commission (NRC) licensed facilities. 

To prepare for the Site Reconnaissance, begin by reviewing what is known about the facility or 
site and identify data gaps. Given the site-specific conditions, consider whether or not a Site 
Reconnaissance is necessary and practical. This type of effort may be deemed necessary if a site 
is abandoned, not easily observed from areas of public access, or discloses little information 
during file searches. These same circumstances may also make a Site Reconnaissance risky for 
health and safety reasons—in view of the many unknowns—and may make entry difficult. This 
investigative step may be practical, but less critical, for active facilities whose operators grant 
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access and provide requested information. Remember to arrange for proper site access and 
prepare an appropriate health and safety plan, if required, before initiating the Site 
Reconnaissance. 

Investigators should acquire signed consent forms from the site or equipment owner to gain 
access to the property to conduct the reconnaissance. Investigators are to determine if State and 
Federal officials, and local individuals, should be notified of the reconnaissance schedule. If 
needed, local officials should arrange for public notification. Guidance on obtaining access to 
sites can be found in Entry and Continued Access Under CERCLA (EPA 1987d). 

A study plan should be prepared before the Site Reconnaissance to anticipate every 
reconnaissance activity and identify specific information to be gathered. This plan should 
incorporate a survey of the site’s surroundings and provide details for activities that verify or 
identify the location of: nearby residents, worker populations, drinking water or irrigation wells, 
foods, and other site environs information. 

Preparing for the Site Reconnaissance includes initially gathering necessary materials and 
equipment. This includes a camera to document site conditions, health and safety monitoring 
instruments including a radiation detection meter for use during the site visit, and extra copies of 
topographic maps to mark target locations, water distribution areas, and other important site 
features. A logbook is critical to keeping a record of field activities and observations as they 
occur. For documentation purposes MARSSIM recommends that the logbook be completed in 
waterproof ink, preferably by one individual. Furthermore, each page of the logbook should be 
signed and dated, including the time of day, after the last entry on the page. Corrections should 
be documented and approved. 

3.6 Evaluation of Historical Site Assessment Data 

The main purpose of the Historical Site Assessment (HSA) is to determine the current status of 
the site or facility, but the data collected may also be used to differentiate sites that need further 
action from those that pose little or no threat to human health and the environment. This 
screening process can serve to provide a site disposition recommendation or to recommend 
additional surveys. Because much of the data collected during HSA activities is qualitative or is 
analytical data of unknown quality, many decisions regarding a site are the result of professional 
judgment. 

There are three possible recommendations that follow the HSA: 

!	 An emergency action to reduce the risk to human health and the environment—this 
alternative is applicable to Superfund removal actions, which are discussed in detail by 
EPA (EPA 1988c). 
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!	 The site or area is impacted and further investigation is needed before a decision 
regarding final disposition can be made. The area may be Class 1, Class 2, or Class 3, 
and a scoping survey or a characterization survey should be performed. Information 
collected during the HSA can be very useful in planning these subsequent survey 
activities. 

!	 The site or area is non-impacted. There is no possibility or an extremely low probability 
of residual radioactive materials being present at the site. The site or area can be released. 

Historical analytical data indicating the presence of contamination in environmental media 
(surface soil, subsurface soil, surface water, ground water, air, or buildings) can be used to 
support the hypothesis that radioactive material was released at the facility or site. A decision 
that the site is contaminated can be made regardless of the quality of the data, its attribution to 
site operations, or its relationship to background levels. In such cases, analytical indications are 
sufficient to support the hypothesis—it is not necessary to definitively demonstrate that a 
problem exists. Conversely, historical analytical data can also be used to support the hypothesis 
that no release has occurred. However, these data should not be the sole basis for this 
hypothesis. Using historical analytical data as the principal reason for ruling out the occurrence 
of contamination forces the data to demonstrate that a problem does not exist. 

In most cases it is assumed there will be some level of process knowledge available in addition to 
historical analytical data. If process knowledge suggests that no residual contamination should 
be present and the historical analytical data also suggests that no residual contamination is 
present, the process knowledge provides an additional level of confidence and supports 
classifying the area as non-impacted. However, if process knowledge suggests no residual 
contamination should be present but the historical analytical data indicate the presence of 
residual contamination, the area will probably be considered impacted. 

The following sections describe the information recommended for assessing the status of a site. 
This information is needed to accurately and completely support a site disposition 
recommendation. If some of the information is not available, it should be identified as a data 
need for future surveys. Data needs are collected during Step 3 of the Data Quality Objective 
(DQO) process (Identify Inputs to the Decision) as described in Appendix D, Section D.3. 
Section 3.6.5 provides information on professional judgment and how it may be applied to the 
decision making process. 

3.6.1 Identify Potential Contaminants 

An efficient HSA gathers information sufficient to identify the radionuclides used at the 
site—including their chemical and physical form. The first step in evaluating HSA data is to 
estimate the potential for residual contamination by these radionuclides. 
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Site operations greatly influence the potential for residual contamination (NRC 1992a). An 
operation that only handled encapsulated sources is expected to have a low potential for 
contamination—assuming that the integrity of the sources was not compromised. A review of 
leak-test records for such sources may be adequate to demonstrate the low probability of residual 
contamination. A chemical manufacturing process facility would likely have contaminated 
piping, ductwork, and process areas, with a potential for soil contamination where spills, 
discharges, or leaks occurred. Sites using large quantities of radioactive ores—especially those 
with outside waste collection and treatment systems—are likely to have contaminated grounds. 
If loose dispersible materials were stored outside or process ventilation systems were poorly 
controlled, then windblown surface contamination may be possible. 

Consider how long the site was operational. If enough time elapsed since the site discontinued 
operations, radionuclides with short half-lives may no longer be present in significant quantities. 
In this case, calculations demonstrating that residual activity could not exceed the DCGL may be 
sufficient to evaluate the potential residual contaminants at the site. A similar consideration can 
be made based on knowledge of a contaminant’s chemical and physical form. Such a 
determination relies on records of radionuclide inventories, chemical and physical forms, total 
amounts of activity in waste shipments, and purchasing records to document and support this 
decision. However, a number of radionuclides experience significant decay product ingrowth, 
which should be included when evaluating existing site information. 

3.6.2 Identify Potentially Contaminated Areas 

Information gathered during the HSA should be used to provide an initial classification of the site 
areas as impacted or non-impacted. 

Impacted areas have a reasonable potential for radioactive contamination (based on historical data) 
or contain known radioactive contamination (based on past or preliminary radiological 
surveillance). This includes areas where 1) radioactive materials were used and stored; 
2) records indicate spills, discharges, or other unusual occurrences that could result in the spread 
of contamination; and 3) radioactive materials were buried or disposed. Areas immediately 
surrounding or adjacent to these locations are included in this classification because of the 
potential for inadvertent spread of contamination. 

Non-impacted areas—identified through knowledge of site history or previous survey 
information—are those areas where there is no reasonable possibility for residual radioactive 
contamination. The criteria used for this segregation need not be as strict as those used to 
demonstrate final compliance with the regulations. However, the reasoning for classifying an 
area as non-impacted should be maintained as a written record. Note that—based on 
accumulated survey data—an impacted area’s classification may change as the RSSI Process 
progresses. 
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All potential sources of radioactivity in impacted areas should be identified and their dimensions 
recorded (in 2 or 3 dimensions—to the extent they can be measured or estimated). Sources can 
be delineated and characterized through visual inspection during the site reconnaissance, 
interviews with knowledgeable personnel, and historical information concerning disposal 
records, waste manifests, and waste sampling data. The HSA should address potential 
contamination from the site whether it is physically within or outside of site boundaries. This 
approach describes the site in a larger context, but as noted in Chapter 1, MARSSIM’s scope 
concerns releasing a site and not areas outside a site’s boundaries. 

3.6.3 Identify Potentially Contaminated Media 

The next step in evaluating the data gathered during the HSA is to identify potentially 
contaminated media at the site. To identify media that may and media that do not contain 
residual contamination supports both preliminary area classification (Section 4.4) and planning 
subsequent survey activities. 

This section provides guidance on evaluating the likelihood for release of radioactivity into the 
following environmental media: surface soil, subsurface soil, sediment, surface water, ground 
water, air, and buildings. While MARSSIM’s scope is focused on surface soils and building 
surfaces, this section makes note of still other media to provide a starting place to identify and 
address all possible media.  The evaluation will result in either a finding of “Suspected 
Contamination” or “No Suspected Contamination,” which may be based on analytical data, 
professional judgment, or a combination of the two. 

Subsequent sections describe the environmental media and pose questions pertinent to each type. 
Each question is accompanied by a commentary.  Carefully consider the questions within the 
context of the site and the available data. Avoid spending excessive amounts of time answering 
each question because answers to every question are unlikely to be available at each site. 
Questions that cannot be answered based on existing data can be used to direct future surveys of 
the site. Also, keep in mind the numerous differences in site-specific circumstances and that the 
questions do not identify every characteristic that might apply to a specific site. Additional 
questions or characteristics identified during a specific site assessment should be included in the 
HSA report (Section 3.8; EPA 1991f). 

3.6.3.1 Surface Soil 

Surface soil is the top layer of soil on a site that is available for direct exposure, growing plants, 
resuspension of particles for inhalation, and mixing from human disturbances. Surface soil may 
also be defined as the thickness of soil that can be measured using direct measurement or 
scanning techniques. Typically, this layer is represented as the top 15 cm (6 in.) of soil (40 CFR 
192). Surface sources may include gravel fill, waste piles, concrete, or asphalt paving. For many 
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sites where radioactive materials were used, one first assumes that surface contamination exists 
and the evaluation is used to identify areas of high and low probability of contamination (Class 1, 
Class 2 or Class 3 areas). 

! Were all radiation sources used at the site encapsulated sources? 

A site where only encapsulated sources were used would be expected to have a low potential for 
contamination. A review of the leak-test records and documentation of encapsulated source 
location may be adequate for a finding of “No Suspected Contamination.” 

! Were radiation sources used only in specific areas of the site? 

Evidence that radioactive materials were confined to certain areas of the site may be helpful in 
determining which areas are impacted and which are non-impacted. 

! Was surface soil regraded or moved elsewhere for fill or construction purposes? 

This helps to identify additional potential radiation sites. 

3.6.3.2 Subsurface Soil and Media 

Subsurface soil and media are defined as any solid materials not considered to be surface soil. 
The purpose of these investigations is to locate and define the vertical extent of the potential 
contamination. Subsurface measurements can be expensive, especially for beta- or alpha-
emitting radionuclides. Removing areas from consideration for subsurface measurements or 
defining areas as non-impacted for subsurface sampling conserves limited resources and focuses 
the site assessment on areas of concern. 

! Are there areas of known or suspected surface soil contamination? 

Surface soil contamination can migrate deeper into the soil. Surface soil sources should be 
evaluated based on radionuclide mobility, soil permeability, and infiltration rate to determine the 
potential for subsurface contamination. Computer modeling may be helpful for evaluating these 
types of situations. 

! Is there a ground-water plume without an identifiable source? 

Contaminated ground water indicates that a source of contamination is present. If no source is 
identified during the HSA, subsurface contamination is a probable source. 
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! Is there potential for enhanced mobility of radionuclides in soils? 

Radionuclide mobility can be enhanced by the presence of solvents or other volatile chemicals 
that affect the ion-exchange capacity of soil. 

! Is there evidence that the surface has been disturbed? 

Recent or previous excavation activities are obvious sources of surface disturbance. Areas with 
developed plant life (forested or old growth areas) may indicate that the area remained 
undisturbed during the operating life of the facility. Areas where vegetation is removed during 
previous excavation activity may be distinct from mature plant growth in adjacent areas. If a site 
is not purposely replanted, vegetation may appear in a sequence starting with grasses that are 
later replaced by shrubs and trees. Typically, grasslands recover within a few years, sagebrush or 
low ground cover appears over decades, while mature forests may take centuries to develop. 

! Is there evidence of subsurface disturbance? 

Non-intrusive, non-radiological measurement techniques may provide evidence of subsurface 
disturbance. Magnetometer surveys can identify buried metallic objects, and ground-penetrating 
radar can identify subsurface anomalies such as trenches or dump sites. Techniques involving 
special equipment are discussed in Section 6.10. 

! Are surface structures present? 

Structures constructed at a site—during the operational history of that site—may cover below-
ground contamination. Some consideration for contaminants that may exist beneath parking lots, 
buildings, or other onsite structures may be warranted as part of the investigation. There may be 
underground piping, drains, sewers, or tanks that caused contamination. 

3.6.3.3 Surface Water 

Surface waters include streams and rivers, lakes, coastal tidal waters, and oceans. Note that 
certain ditches and intermittently flowing streams qualify as surface water. The evaluation 
determines whether radionuclides are likely to migrate to surface waters or their sediments. 
Where a previous release is not suspected, the potential for future release depends on the distance 
to surface water and the flood potential at the site. With regard to the two preceding sections, 
one can also consider an interaction between soil and water in relation to seasonal factors 
including soil cracking due to freezing, thawing, and dessication that influence the dispersal or 
infiltration of radionuclides. 
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! Is surface water nearby? 

The proximity of a contaminant to local surface water is essentially determined by runoff and 
radionuclide migration through the soil. The definition for nearby depends on site-specific 
conditions. If the terrain is flat, precipitation is low, and soils are sandy, nearby may be within 
several meters. If annual precipitation is high or occasional rainfall events are high, within 1,200 
meters (3/4 mile) might be considered nearby. In general, sites need not include the surface 
water pathway where the overland flow distance to the nearest surface water is more than 3,200 
meters (2 miles). 

! Is the waste quantity particularly large? 

Depending on the physical and chemical form of the waste and its location, large is a relative 
term. A small quantity of liquid waste may be of more importance—i.e., a greater risk or 
hazard—than a large quantity of solid waste stored in water tight containers. 

! Is the drainage area large? 

The drainage area includes the area of the site itself plus the upgradient area that produces runoff 
flowing over the site. Larger drainage areas generally produce more runoff and increase the 
potential for surface water contamination. 

! Is rainfall heavy? 

If the site and surrounding area are flat, a combination of heavy precipitation and low infiltration 
rate may cause rainwater to pool on the site. Otherwise, these characteristics may contribute to 
high runoff rates that carry radionuclides overland to surface water. Total annual rainfall 
exceeding one meter (40 inches), or a once in two-year-24-hour precipitation exceeding five cm 
(two inches) might be considered “heavy.” 

Rainfall varies for locations across the continental United States from high (e.g., 89 in./y, Mt. 
Washington, NH) to low values (e.g., 4.2 in./y, Las Vegas, NV). Precipitation rates will vary 
during the year at each location due to seasonal and geographic factors. A median value for 
rainfall within the United States, as found in van der Leeden et al. 1990, is about 26 in./y as is 
observed for Minneapolis, MN. 

! Is the infiltration rate low? 

Infiltration rates range from very high in gravelly and sandy soils to very low in fine silt and clay 
soils. Paved sites prevent infiltration and generate runoff. 
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! Are sources of contamination poorly contained or prone to runoff? 

Proper containment which prevents radioactive material from migrating to surface water 
generally uses engineered structures such as dikes, berms, run-on and runoff control systems, and 
spill collection and removal systems. Sources prone to releases via runoff include leaks, spills, 
exposed storage piles, or intentional disposal on the ground surface. Sources not prone to runoff 
include underground tanks, above-ground tanks, and containers stored in a building. 

! Is a runoff route well defined? 

A well defined runoff route—along a gully, trench, berm, wall, etc.—will more likely contribute 
to migration to surface water than a poorly defined route. However, a poorly defined route may 
contribute to dispersion of contamination to a larger area of surface soil. 

! Has deposition of waste into surface water been observed? 

Indications of this type of activity will appear in records from past practice at a site or from 
information gathered during personal interviews. 

! Is ground water discharge to surface water probable? 

The hydrogeology and geographical information of the area around and inside the site may be 
sufficiently documented to indicate discharge locations. 

! Does analytical or circumstantial evidence suggest surface water contamination? 

Any condition considered suspicious—and that indicates a potential contamination 
problem—can be considered circumstantial evidence. 

! Is the site prone to flooding? 

The Federal Emergency Management Agency (FEMA) publishes flood insurance rate maps that 
delineate 100-year and 500-year flood plains. Ten-year floodplain maps may also be available. 
Generally, a site on a 500-year floodplain is not considered prone to flooding. 

3.6.3.4 Ground Water 

Proper evaluation of ground water includes a general understanding of the local geology and 
subsurface conditions. Of particular interest is descriptive information relating to subsurface 
stratigraphy, aquifers, and ground water use. 

August 2000 3-17 MARSSIM, Revision 1 



Historical Site Assessment 

! Are sources poorly contained? 

Proper containment which prevents radioactive material from migrating to ground water 
generally uses engineered structures such as liners, layers of low permeability soil (e.g., clay), 
and leachate collection systems. 

! Is the source likely to contaminate ground water? 

Underground tanks, landfills,2 surface impoundments and lagoons are examples of sources that 
are likely to release contaminants that migrate to ground water. Above ground tanks, drummed 
solid wastes, or sources inside buildings are less likely to contribute to ground-water 
contamination. 

! Is waste quantity particularly large? 

Depending on the physical and chemical form of the waste and its location, large is a relative 
term. A small quantity of liquid waste may be of more importance—i.e., greater risk or 
hazard—than a large quantity of solid waste stored in water tight containers. 

! Is precipitation heavy? 

If the site and surrounding area are flat, a combination of heavy precipitation and low infiltration 
rate may cause rainwater to pool on the site. Otherwise, these characteristics may contribute to 
high runoff rates that carry radionuclides overland to surface water. Total annual rainfall 
exceeding one meter (40 in.), or a once in two-year-24-hour precipitation exceeding five cm (two 
in.) might be considered “heavy.” 

Rainfall varies for locations across the continental United States from high (e.g., 89 in./y, Mt. 
Washington, NH) to low values (e.g., 4.2 in./y, Las Vegas, NV). Precipitation rates will vary 
during the year at each location due to seasonal and geographic factors. A median value for 
rainfall within the United States, as found in van der Leeden et al. 1990, is about 26 in./y as is 
observed for Minneapolis, MN. 

! Is the infiltration rate high? 

Infiltration rates range from very high in gravelly and sandy soils to very low in fine silt and clay 
soils. Unobstructed surface areas are potential candidates for further examination to determine 
infiltration rates. 

2 Landfills can affect the geology and hydrogeology of a site and produce heterogeneous conditions. It may be 
necessary to consult an expert on landfills and the conditions they generate. 
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! Is the site located in an area of karst terrain? 

In karst terrain, ground water moves rapidly through channels caused by dissolution of the rock 
material (usually limestone) that facilitates migration of contaminants. 

! Is the subsurface highly permeable? 

Highly permeable soils favor downward movement of water that may transport radioactive 
materials. Well logs, local geologic literature, or interviews with knowledgeable individuals may 
help answer this question. 

! What is the distance from the surface to an aquifer? 

The shallower the source of ground water, the higher the threat of contamination. It is difficult to 
determine whether an aquifer may be a potential source of drinking water in the future (e.g., next 
1,000 years). This generally applies to the shallowest aquifer below the site. 

! Are suspected contaminants highly mobile in ground water? 

Mobility in ground water can be estimated based on the distribution coefficient (Kd) of the 
radionuclide. Elements with a high Kd, like thorium (e.g., Kd = 3,200 cm3/g), are not mobile 
while elements with a low Kd, like hydrogen (e.g., Kd = 0 cm3/g), are very mobile. The NRC 
(NRC 1992b) and Department of Energy (DOE) (Yu, et al., 1993) provide a compilation of Kd 

values. These values can be influenced by site-specific considerations such that site-specific Kd 

values need to be evaluated or determined. Also, the mobility of a radionuclide can be enhanced 
by the presence of a solvent or volatile chemical. 

! Does analytical or circumstantial evidence suggest ground water contamination? 

Evidence for contamination may appear in current site data; historical, hydrogeological, and 
geographical information systems records; or as a result of personal interviews. 

3.6.3.5 Air 

Evaluation of air is different than evaluation of other potentially contaminated media. Air is 
rarely the source of contamination. Air is evaluated as a pathway for resuspending and 
dispersing radioactive contamination as well as a contaminated media. 
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! Were there observations of contaminant releases into the air? 

Direct observation of a release to the air might occur where radioactive materials are suspected to 
be present in particulate form (e.g., mine tailings, waste pile) or adsorbed to particulates (e.g., 
contaminated soil), and where site conditions favor air transport (e.g., dry, dusty, windy). 

! Does analytical or circumstantial evidence suggest a release to the air? 

Other evidence for releases to the air might include areas of surface soil contamination that do 
not appear to be caused by direct deposition or overland migration of radioactive material. 

!	 For radon exposure only, are there elevated amounts of radium (226Ra) in the soil or water 
that could act as a source of radon in the air? 

The source, 226Ra, decays to 222Rn, which is radon gas. Once radon is produced, the gas needs a 
pathway to escape from its point of origin into the air. Radon is not particularly soluble in water, 
so this gas is readily released from water sources which are open to air. Soil, however, can retain 
radon gas until it has decayed (see Section 6.9). The rate that radon is emitted by a solid, i.e. 
radon flux, can be measured directly to evaluate potential sources of radon. 

! Is there a prevailing wind and a propensity for windblown transport of contamination? 

Information pertaining to geography, ground cover (e.g., amount and types of local vegetation), 
meteorology (e.g., windspeed at 7 meters above ground level) for and around the site, plus site-
specific parameters related to surface soil characteristics enter into calculations used to describe 
particulate transport. Mean annual windspeed can be obtained from the National Weather 
Service surface station nearest to the site. 

3.6.3.6 Structures 

Structures used for storage, maintenance, or processing of radioactive materials are potentially 
contaminated by these materials. The questions presented in Table 3.1 help to determine if a 
building might be potentially contaminated. The questions listed in this section are for 
identifying potentially contaminated structures, or portions of structures, that might not be 
identified using Table 3.1. Section 4.8.3.1 also presents useful information on identifying 
structural contamination. 

MARSSIM, Revision 1 3-20 August 2000 



Historical Site Assessment 

!	 Were adjacent structures used for storage, maintenance, or processing of radioactive 
materials? 

Adjacent is a relative term for this question. A processing facility with a potential for venting 
radioactive material to the air could contaminate buildings downwind. A facility with little 
potential for release outside of the structures handling the material would be less likely to 
contaminate nearby structures. 

!	 Is a building or its addition or a new structure located on a former radioactive waste 
burial site or contaminated land? 

Comparing past and present photographs or site maps and retrieving building permits or other 
structural drawings and records in relation to historical operations information will reveal site 
locations where structures may have been built over buried waste or contaminated land. 

! Was the building constructed using contaminated material? 

Building materials such as concrete, brick, or cinder block may have been formed using 
contaminated material. 

!	 Does the potentially non-impacted portion of the building share a drainage system or 
ventilation system with a potentially contaminated area? 

Technical and architectural drawings for site structures along with visual inspections are required 
to determine if this is a concern in terms of current or past operations. 

!	 Is there evidence that previously identified areas of contamination were remediated by 
painting or similar methods of immobilizing contaminants? 

Removable sources of contamination immobilized by painting may be more difficult to locate, 
and may need special consideration when planning subsequent surveys. 

3.6.4 Develop a Conceptual Model of the Site 

Starting with project planning activities, one gathers and analyzes available information to 
develop a conceptual site model. The model is essentially a site diagram showing locations of 
known contamination, areas of suspected contamination, types and concentrations of 
radionuclides in impacted areas, potentially contaminated media, and locations of potential 
reference (background) areas. The diagram should include the general layout of the site 
including buildings and property boundaries. When possible, produce three dimensional 
diagrams. The conceptual site model will be upgraded and modified as information becomes 
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available throughout the RSSI Process. The process of developing this model is also briefly 
described in Attachment A of EPA 1996b. 

The model is used to assess the nature and the extent of contamination, to identify potential 
contaminant sources, release mechanisms, exposure pathways, human and/or environmental 
receptors, and to develop exposure scenarios. Further, this model helps to identify data gaps, 
determine media to be sampled, and assists staff in developing strategies for data collection. Site 
history and preliminary survey data generally are extremely useful sources of information for 
developing this model. The conceptual site model should include known and suspected sources 
of contamination and the types of contaminants and affected media. Such a model can also 
illustrate known and potential routes of migration and known or potential human and 
environmental receptors. 

The site should be classified or initially divided into similar areas. Classification may be based 
on the operational history of the site or observations made during the Site Reconnaissance (see 
Section 3.5.2). After the site is classified using current and past site characteristics, further 
divide the site or facility based on anticipated future use.  This classification can help to a) assign 
limited resources to areas that are anticipated to be released without restrictions, and b) identify 
areas with little or no possibility of unrestricted release. Figure 3.1 shows an example of how a 
site might be classified in this manner. Further classification of a site may be possible based on 
site disposition recommendations (unrestricted vs. release with passive controls). 

3.6.5 Professional Judgment 

In some cases, traditional sources of information, data, models, or scientific principles are 
unavailable, unreliable, conflicting, or too costly or time consuming to obtain. In these instances 
professional judgment may be the only practical tool available to the investigator. Professional 
judgment is the expression of opinion, that is documented in written form and based on technical 
knowledge and professional experience, assumptions, algorithms, and definitions, as stated by an 
expert in response to technical problems (NRC 1990). For general applications, this type of 
judgment is a routine part of scientific investigation where knowledge is incomplete. 
Professional judgment can be used as an independent review of historical data to support 
decision making during the HSA. Professional judgment should only be used in situations where 
data are not reasonably obtainable by collection or experimentation. 

The process of recruiting professionals should be documented and as unbiased as possible. The 
credentials of the selected individual or individuals enhance the credibility of the elicitation, and 
the ability to communicate their reasoning is a primary determinant of the quality of the results. 
Qualified professionals can be identified by different sources, including the planning team, 
professional organizations, government agencies, universities, consulting firms, and public 
interest groups. The selection criteria for the professionals should include potential conflict of 
interest (economic or personal), evidence of expertise in a required topic, objectiveness, and 
availability. 
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Figure 3.1 Example Showing how a Site Might be Classified Prior to Cleanup 
Based on the Historical Site Assessment 
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3.7 Determining the Next Step in the Site Investigation Process 

As stated in Section 1.1, the purpose of this manual is to describe a process-oriented approach for 
demonstrating compliance with the release criterion for residual radioactivity. The highest 
probability of demonstrating compliance can be obtained by sequentially following each step in 
the RSSI Process. In some cases, however, performing each step in the process is not practical or 
necessary. This section provides guidance on how the results of the HSA can be used to 
determine the next step in the process. 

The best method for determining the next step is to review the purpose for each type of survey 
described in Chapter 5. For example, a scoping survey is performed to provide sufficient 
information for determining 1) whether present contamination warrants further evaluation and 
2) initial estimates of the level of effort for decontamination and preparing a plan for a more 
detailed survey. If the HSA demonstrates that this information is already available, do not 
perform a scoping survey. On the other hand, if the information obtained during the HSA is 
limited, a scoping survey may be necessary to narrow the scope of the characterization survey. 

The exception to conducting additional surveys before a final status survey is the use of HSA 
results to release a site. Generally, the analytical data collected during the HSA are not adequate 
to statistically demonstrate compliance for impacted areas as described in Chapter 8. This means 
that the decision to release the site will be based on professional judgment. This determination 
will ultimately be decided by the responsible regulatory agency. 

3.8 Historical Site Assessment Report 

A narrative report is generally a useful product for an HSA. Use this report to summarize what is 
known about the site, what is assumed or inferred, activities conducted during the HSA, and all 
researched information. Cite a supporting reference for each factual statement given in the 
report. Attach copies of references (i.e., those not generally available to the public) to the report. 
The narrative portion of the report should be written in plain English and avoid the use of 
technical terminology. 

To encourage consistency in the content of HSA narratives, both the structure and content of 
each report should follow the outline shown in Figure 3.2. Additional information not identified 
in the outline may be requested by the regulatory agency at its discretion. The level of effort to 
produce the report should reflect the amount of information gathered during the HSA. 
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3.9 Review of the HSA 

The planning team should ensure that someone (a first reviewer) conducts a detailed review of 
the HSA report for internal consistency and as a quality-control mechanism. A second reviewer 
with considerable site assessment experience should then examine the entire information package 
to assure consistency and to provide an independent evaluation of the HSA conclusions. The 
second reviewer also evaluates the package to determine if special circumstances exist where 
radioactivity may be present but not identified in the HSA. Both the first reviewer and a second 
independent reviewer should examine the HSA written products to ensure internal consistency in 
the report's information, summarized data, and conclusions. The site review ensures that the 
HSA’s recommendations are appropriate. 

An important quality assurance objective is to find and correct errors. A significant 
inconsistency indicating either an error or a flawed conclusion, if undetected, could contribute to 
an inappropriate recommendation. Identifying such a discrepancy directs the HSA investigator 
and site reviewers to reexamine and resolve the apparent conflict. 

Under some circumstances, experienced investigators may have differing interpretations of site 
conditions and draw differing conclusions or hypotheses regarding the likelihood of 
contamination. Any such differences should be resolved during the review. If a reviewer's 
interpretations contradict those of the HSA investigator, the two should discuss the situation and 
reach a consensus. This aspect of the review identifies significant points about the site 
evaluation that may need detailed explanation in the HSA narrative report to fully support the 
conclusions. Throughout the review, the HSA investigator and site reviewers should keep in 
mind the need for conservative judgments in the absence of definitive proof to avoid 
underestimating the presence of contamination, which could lead to an inappropriate HSA 
recommendation. 
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1. Glossary of Terms, Acronyms and Abbreviations


2. Executive Summary


3. Purpose of the Historical Site Assessment


4. Property Identification

4.1	 Physical Characteristics


4.1.1 Name - CERCLIS ID# (if applicable), owner/operator name, address

4.1.2 Location - street address, city, county, state, geographic coordinates

4.1.3 Topography - USGS 7.5 minute quadrangle or equivalent

4.1.4 Stratigraphy


4.2	 Environmental Setting

4.2.1 geology

4.2.2 hydrogeology

4.2.3 hydrology

4.2.4 meteorology


5.	 Historical Site Assessment Methodology

5.1 Approach and Rationale

5.2 Boundaries of Site

5.3 Documents Reviewed

5.4 Property Inspections

5.5 Personal Interviews


6. History and Current Usage

6.1 History - years of operation, type of facility, description of operations, regulatory involvement;


permits & licenses, waste handling procedures

6.2	 Current Usage - type of facility, description of operations, probable source types and sizes,


description of spills or releases, waste manifests, radionuclide inventories, emergency or

removal actions


6.3 Adjacent Land Usage - sensitive areas such as wetlands or preschools


7. Findings

7.1 Potential Contaminants

7.2 Potential Contaminated Areas


7.2.1 Impacted Areas—known and potential

7.2.2 Non-Impacted Areas


7.3 Potential Contaminated Media

7.4 Related Environmental Concerns


8. Conclusions


9. References


10.	 Appendices

A. Conceptual Model and Site Diagram showing Classifications

B. List of Documents

C.	 Photo documentation Log


Original photographs of the site and pertinent site features


Figure 3.2 Example of a Historical Site Assessment Report Format 
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4  PRELIMINARY SURVEY CONSI DERATI ONS 

4.1 Introduction 

This chapter assists the MARSSIM user in designing a survey plan by presenting areas of 
consideration common to radiation surveys and site investigations in support of 
decommissioning. The topics discussed here should be addressed during the planning stages of 
each survey. Figure 4.1 illustrates the sequence of preliminary activities described in this chapter 
and their relationship to the survey design process. 

Conducting radiological surveys in support of decommissioning serves to answer several basic 
questions, including: 

! Is there residual radioactive contamination present from previous uses? 
! What is the character (qualitative and quantitative) of the residual activity? 
! Is the average residual activity level below the established derived concentration 

guideline level? 
! Are there small localized areas of residual activity in excess of the investigation level? 

The survey methods used to evaluate radiological conditions and develop answers to these 
questions depend on a number of factors including: contaminants, contaminant distribution, 
acceptable contaminant levels established by the regulatory agency, future site use, and physical 
characteristics of the site. 

4.2 Decommissioning Criteria 

The decommissioning process assures that residual radioactivity will not result in individuals 
being exposed to unacceptable levels of radiation or radioactive materials. Regulatory agencies 
establish radiation dose standards based on risk considerations and scientific data relating dose to 
risk. Residual levels of radioactive material that correspond to allowable radiation dose 
standards are calculated (derived) by analysis of various pathways and scenarios (direct radiation, 
inhalation, ingestion, etc.) through which exposures could occur. These derived levels, known as 
derived concentration guideline levels (DCGLs), are presented in terms of surface or mass 
activity concentrations. DCGLs usually refer to average levels of radiation or radioactivity above 
appropriate background levels. DCGLs applicable to building or other structural and 
miscellaneous surfaces are expressed in units of activity per surface area (typically Bq/m2 or 
dpm/100 cm2). When applied to soil and induced activity from neutron irradiation, DCGLs are 
expressed in units of activity per unit of mass (typically Bq/kg or pCi/g). 
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IDENTIFY 
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ESTABLISH SURVEY LOCATION 
REFERENCE SYSTEM 
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Section 4.3 

Section 4.3 

Section 4.4 

Section 4.6 

Section 4.8 

Section 
4.8.5 

Chapter 5 
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Figure 4.1 Sequence of Preliminary Activities Leading to Survey Design 
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The DCGLW, based on pathway modeling, is the uniform residual radioactivity concentration 
level within a survey unit that corresponds to the release criterion (e.g., regulatory limit in terms 
of dose or risk). Note that for the majority of MARSSIM users, the DCGL will simply be 
obtained using regulatory agency guidance based on default parameters—other users may elect to 
perform site-specific pathway modeling to determine DCGLs. In both cases, the DCGL is based 
on the spatial distribution of the contaminant, and each derivation can produce different values 
depending on the specific radionuclide distribution and pathway modeling. 

In addition to the numerical DCGLs, criteria include conditions for implementing those guideline 
levels. Conditions applicable to satisfying decommissioning objectives described in Chapter 5 
are as follows: 

! The uniform residual contamination above background is below the DCGLW. 

!	 Individual measurements or samples, representing small areas of residual radioactivity, do 
not exceed the DCGLEMC for areas of elevated residual radioactivity. These small areas of 
residual radioactivity may exceed the DCGLW established for average residual 
radioactivity levels in a survey unit, provided these areas of residual radioactivity satisfy 
the criteria of the responsible regulatory agency. 

The manner in which a DCGL is applied should be clearly documented in the survey plans and 
reports. 

4.3 Identify Contaminants and Establish DCGLs 

Some objectives of the scoping and characterization surveys, as discussed in Chapter 5, include 
identifying site contaminants, determining relative ratios of contaminants, and establishing 
DCGLs and conditions for the contaminants which satisfy the requirements of the responsible 
agency. Identification of potential radionuclide contaminants at the site is generally performed 
through laboratory analyses, such as alpha and gamma spectrometry.  These analyses are used to 
determine the relative ratios of the identified contaminants, as well as isotopic ratios for common 
contaminants like uranium and thorium. This information is essential in establishing and 
applying the DCGLs for the site. DCGLs provide the goal for essentially all aspects of 
designing, implementing, and evaluating the final status survey. The DCGLs discussed in this 
manual are limited to structure surfaces and soil contamination; the user should consult the 
responsible regulatory agency if it is necessary to establish DCGLs for other environmental 
media (e.g., ground water, and other water pathways). This section contains information 
regarding the selection and application of DCGLs. 
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The development of DCGLs is often an iterative process, where the DCGLs selected or 
developed early in the Radiation Survey and Site Investigation (RSSI) Process are modified as 
additional site-specific information is obtained from subsequent surveys. One example of the 
iterative nature of DCGLs is the development of final cleanup levels in EPA’s Superfund 
program. Soil Screening Levels1 (SSLs; EPA 1996b, EPA 1996c) are selected or developed at a 
point early in the process, usually corresponding to the scoping survey in MARSSIM. An SSL 
can be further developed, based on site-specific information, to become a preliminary 
remediation goal (PRG; EPA 1991h), usually at a point corresponding to the characterization 
survey. If the PRG is found to be acceptable during the characterization survey, it is documented 
as the final cleanup level in the Record of Decision (ROD) for the site. The ROD is typically in 
place prior to any remedial action, because the remedy is also documented in the ROD. 
Additional information on the Superfund program can be found in Appendix F. 

4.3.1 Direct Application of DCGLs 

In the simplest case, the DCGLs may be applied directly to survey data to demonstrate 
compliance. This involves assessing the surface activity levels and volumetric concentrations of 
radionuclides and comparing measured values to the appropriate DCGL. For example, consider 
a site that used only one radionuclide, such as 90Sr throughout its operational lifetime. The 
default DCGL for 90Sr on building surfaces and in soil may be obtained from the responsible 
agency. Survey measurements and samples are then compared to the surface and volume activity 
concentration DCGLs for 90Sr directly to demonstrate compliance.  While seemingly 
straightforward, this approach is not always possible (e.g., when more than one radionuclide is 
present). 

4.3.2 DCGLs and the Use of Surrogate Measurements 

For sites with multiple contaminants, it may be possible to measure just one of the contaminants 
and still demonstrate compliance for all of the contaminants present through the use of surrogate 
measurements. Both time and resources can be saved if the analysis of one radionuclide is 
simpler than the analysis of the other. For example, using the measured 137Cs concentration as a 
surrogate for 90Sr reduces the analytical costs because wet chemistry separations do not have to 
be performed for 90Sr on every sample. In using one radionuclide to measure the presence of 
others, a sufficient number of measurements, spatially separated throughout the survey unit, 
should be made to establish a “consistent” ratio. The number of measurements needed to 
determine the ratio is selected using the Data Quality Objectives (DQO) Process and based on the 
chemical, physical, and radiological characteristics of the nuclides and the site. If consistent 

1 Soil Screening Levels are currently available for chemical contaminants and are not designed for use at sites 
with radioactive contamination. 

MARSSIM, Revision 1 4-4 August 2000 



Preliminary Survey Considerations 

radionuclide ratios cannot be determined during the Historical Site Assessment (HSA) based on 
existing information, MARSSIM recommends that one of the objectives of scoping or 
characterization be a determination of the ratios rather than attempting to determine ratios based 
on the final status survey. If the ratios are determined using final status survey data, MARSSIM 
recommends that at least 10% of the measurements (both direct measurements and samples) 
include analyses for all radionuclides of concern. 

In the use of surrogates, it is often difficult to establish a “consistent” ratio between two or more 
radionuclides. Rather than follow prescriptive guidance on acceptable levels of variability for the 
surrogate ratio, a more reasonable approach may be to review the data collected to establish the 
ratio and to use the DQO process to select an appropriate ratio from that data. An example is 
provided to illustrate the application of surrogate measurements. 

Ten soil samples within the survey unit were collected and analyzed for 137Cs and 90Sr to 
establish a surrogate ratio. The ratios of 90Sr to 137Cs were as follows: 6.6, 5.7, 4.2, 7.9, 3.0, 3.8, 
4.1, 4.6, 2.4, and 3.3. An assessment of this example data set results in an average 90Sr to 137Cs 
surrogate ratio of 4.6, with a standard deviation of 1.7. There are various approaches that may be 
used to develop a surrogate ratio from this data—but each must consider the variability and level 
of uncertainty in the data. One may consider the variability in the surrogate ratio by selecting the 
95% upper bound of the surrogate ratio (to yield a conservative value of 90Sr from the measured 
137Cs), which is 8.0 in this case. Similarly, one may select the most conservative value from the 
data set (7.9). The DQO process should be used to assess the use of surrogates. The benefit of 
using the surrogate approach is the reduced cost of not having to perform costly wet chemistry 
analyses on each sample. This benefit should be considered relative to the difficulty in 
establishing the surrogate ratio, as well as the potential consequence of unnecessary 
investigations that result from the error in using a “conservative” surrogate ratio. Selecting a 
conservative surrogate ratio ensures that potential exposures from individual radionuclides are 
not underestimated. The surrogate method can only be used with confidence when dealing with 
the same media in the same surroundings—for example, soil samples with similar physical and 
geological characteristics. The MARSSIM user will need to consult with the responsible 
regulatory agency for concurrence on the approach used to determine the surrogate ratio. 

Once an appropriate surrogate ratio is determined, one needs to consider how compliance will be 
demonstrated using surrogate measurements. That is, the user must modify the DCGL of the 
measured radionuclide to account for the inferred radionuclide. Continuing with the above 
example, the modified DCGL for 137Cs must be reduced according to the following equation: 

DCGLSrDCGLCs,mod ' DCGLCs × 
[(CSr/CCs) ×  DCGLCs] % DCGLSr 

4-1 

where CSr/CCs is the surrogate ratio of 90Sr to 137Cs. 
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Assuming that the DCGLSr is 15 Bq/kg, the DCGLCs is 10 Bq/kg, and the surrogate ratio is 8 (as 
derived previously), the modified DCGL for 137Cs (DCGLCs, mod

Equation 4-1: 
) can be calculated using 

15
DCGLCs,mod ' 10 × 

[8 × 10] % 15 
' 1.6 Bq/kg 

This modified DCGL is then used for survey design purposes described in Chapter 5. 

The potential for shifts or variations in the radionuclide ratios means that the surrogate method

should be used with caution. Physical or chemical differences between the radionuclides may

produce different migration rates, causing the radionuclides to separate and changing the

radionuclide ratios. Remediation activities have a reasonable potential to alter the surrogate ratio

established prior to remediation. MARSSIM recommends that when the ratio is established prior

to remediation, additional post-remediation samples should be collected to ensure that the data

used to establish the ratio are still appropriate and representative of the existing site condition. If

these additional post-remediation samples are not consistent with the pre-remediation data,

surrogate ratios should be re-established.


Compliance with surface activity DCGLs for radionuclides of a decay series (e.g., thorium and

uranium) that emit both alpha and beta radiation may be demonstrated by assessing alpha, beta,

or both radiations. However, relying on the use of alpha surface contamination measurements

often proves problematic due to the highly variable level of alpha attenuation by rough, porous,

and dusty surfaces. Beta measurements typically provide a more accurate assessment of thorium

and uranium contamination on most building surfaces because surface conditions cause

significantly less attenuation of beta particles than alpha particles. Beta measurements, therefore,

may provide a more accurate determination of surface activity than alpha measurements.


The relationship of beta and alpha emissions from decay chains or various enrichments of

uranium should be considered when determining the surface activity for comparison with the

DCGLW values. When the initial member of a decay chain has a long half-life, the radioactivity

associated with the subsequent members of the series will increase at a rate determined by the

individual half-lives until all members of the decay chain are present at activity levels equal to

the activity of the parent. This condition is known as secular equilibrium.


Consider an example where the average surface activity DCGLW


Bq/m2 (600 dpm/100 cm2), and all of the progeny are in secular equilibrium—that is, for each

disintegration of 232Th there are six alpha and four beta particles emitted in the thorium decay


for natural thorium is 1,000 
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series. Note that in this example, the surface activity DCGLW of 1,000 Bq/m2 is assumed to 
apply to the total activity from all members of the decay chain. In this situation, the 
corresponding alpha activity DCGLW should be adjusted to 600 Bq/m2 (360 dpm/100 cm2), and 
the corresponding beta activity DCGLW to 400 Bq/m2 (240 dpm/100 cm2), in order to be 
equivalent to 1,000 Bq/m2 of natural thorium surface activity. For a surface activity DCGLW of 
1,000 Bq/m2, the beta activity DCGLW is calculated as follows: 

(
1,000 Bq of chain 

) × (  
dis of 

4 
T 
� 
h&232

) 
400 � Bq 

4-2
m 2 

' 
10 Bq of chain m 2 

1 Bq of Th&232 

To demonstrate compliance with the beta activity DCGLW for this example, beta measurements 
(in cpm) must be converted to activity using a weighted beta efficiency that accounts for the 
energy and yield of each beta particle. For decay chains that have not achieved secular 
equilibrium, the relative activities between the different members of the decay chain can be 
determined as previously discussed for surrogate ratios. 

Another example for the use of surrogates involves the measurement of exposure rates, rather 
than surface or volume activity concentrations, for radionuclides that deliver the majority of their 
dose through the direct radiation pathway.  That is, instead of demonstrating compliance with 
soil or surface contamination DCGLs derived from the direct radiation pathway, compliance is 
demonstrated by direct measurement of exposure rates. To implement this surrogate method, 
Historical Site Assessment (HSA) documentation should provide reasonable assurance that no 
radioactive materials are buried at the site and that radioactive materials have not seeped into the 
soil or groundwater. This surrogate approach may still be possible for sites that contain 
radionuclides that do not deliver the majority of their dose through the direct radiation pathway. 
This requires that a consistent relative ratio for the radionuclides that do deliver the majority of 
their dose through the direct radiation pathway can be established. The appropriate exposure rate 
limit in this case accounts for the radionuclide(s) that do not deliver the majority of their dose to 
the direct radiation pathway.  This is accomplished by determining the fraction of the total 
activity represented by radionuclide(s) that do deliver the majority of their dose through the direct 
radiation pathway, and weighting the exposure rate limit by this fraction. Note that the 
considerations for establishing consistent relative ratios discussed above apply to this surrogate 
approach as well. The responsible regulatory agency should be consulted prior to implementing 
this surrogate approach. 
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4.3.3 Use of DCGLs for Sites with Multiple Radionuclides 

Typically, each radionuclide DCGL corresponds to the release criterion (e.g., regulatory limit in 
terms of dose or risk). However, in the presence of multiple radionuclides, the total of the 
DCGLs for all radionuclides would exceed the release criterion. In this case, the individual 
DCGLs need to be adjusted to account for the presence of multiple radionuclides contributing to 
the total dose. One method for adjusting the DCGLs is to modify the assumptions made during 
exposure pathway modeling to account for multiple radionuclides. The surrogate measurements 
discussed in the previous section describe another method for adjusting the DCGL to account for 
multiple radionuclides. Other methods include the use of the unity rule and development of a 
gross activity DCGL for surface activity to adjust the individual radionuclide DCGLs. 

The unity rule, represented in the expression below, is satisfied when radionuclide mixtures yield 
a combined fractional concentration limit that is less than or equal to one: 

C1 C2 Cn
% % ... # 1 4-3

DCGL1 DCGL2 DCGLn 

where 
C = concentration 
DCGL = guideline value for each individual radionuclide (1, 2, ..., n) 

For sites that have a number of significant radionuclides, a higher sensitivity will be needed in 
the measurement methods as the values of C become smaller. Also, this is likely to affect 
statistical testing considerations—specifically by increasing the numbers of data points necessary 
for statistical tests. 

4.3.4 Integrated Surface and Soil Contamination DCGLs 

Surface contamination DCGLs apply to the total of fixed plus removable surface activity. For 
cases where the surface contamination is due entirely to one radionuclide, the DCGL for that 
radionuclide is used for comparison to measurement data (Section 4.3.1). 

For situations where multiple radionuclides with their own DCGLs are present, a gross activity 
DCGL can be developed. This approach enables field measurement of gross activity, rather than 
determination of individual radionuclide activity, for comparison to the DCGL. The gross 
activity DCGL for surfaces with multiple radionuclides is calculated as follows: 
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1. Determine the relative fraction (f) of the total activity contributed by the radionuclide. 
2. Obtain the DCGL for each radionuclide present. 
3. Substitute the values of f and DCGL in the following equation. 

1
Gross Activity DCGL ' 

f1 f2 fn 4-4 
% %... 

DCGL1 DCGL2 DCGLn 

Example 

Assume that 40% of the total surface activity was contributed by a radionuclide with a 
DCGL of 8,300 Bq/m2 (5000 dpm/100 cm2); 40% by a radionuclide with a DCGL of 
1,700 Bq/m2 (1000 dpm/100 cm2); and 20% by a radionuclide with a DCGL of 830 Bq/m2 

(500 dpm/100 cm2). Using Equation 4-4, 

1
Gross Activity DCGL ' 

0.40 0.40 0.20
% % 

8,300 1,700 830 

= 1,900 Bq/m2 

Note that Equation 4-4 may not work for sites exhibiting surface contamination from multiple 
radionuclides having unknown or highly variable concentrations of radionuclides throughout the 
site. In these situations, the best approach may be to select the most conservative surface 
contamination DCGL from the mixture of radionuclides present. If the mixture contains 
radionuclides that cannot be measured using field survey equipment, laboratory analyses of 
surface materials may be necessary. 

Because gross surface activity measurements are not nuclide-specific, they should be evaluated 
by the two-sample nonparametric tests described in Chapter 8 to determine if residual 
contamination meets the release criterion. Therefore, gross surface activity measurements should 
be performed for both the survey units being evaluated and for background reference areas. The 
background reference areas for surface activity typically involve building surfaces and 
construction materials that are considered free of residual radioactivity (see Section 4.5). The 
total surface activity due to residual contamination should not exceed the gross activity DCGL 
calculated above. 
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For soil contamination, it is likely that specific radionuclides, rather than gross activity, will be 
measured for demonstrating compliance. For radionuclides that are present in natural 
background, the two-sample nonparametric test described in Section 8.4 should be used to 
determine if residual soil contamination exceeds the release criterion. The soil contamination 
due to residual activity should not exceed the DCGL. To account for multiple background 
radionuclides, the DCGL should be adjusted in a manner similar to the gross activity DCGL 
described above. For a known mixture of these radionuclides, each having a fixed relative 
fraction of the total activity, the site-specific DCGLs for each radionuclide may be calculated by 
first determining the gross activity DCGL and then multiplying that gross DCGL by the 
respective fractional contribution of each radionuclide. For example, if 238U, 226Ra, and 232Th 
have DCGLs of 190 Bq/kg (5.0 pCi/g), 93 Bq/kg (2.5 pCi/g), and 37 Bq/kg (1.0 pCi/g) and 
activity ratios of 40%, 40%, and 20%, respectively, Equation 4-4 can be used to calculate the 
gross activity DCGL. 

1
Gross Activity DCGL ' 

0.40 0.40 0.20
% % 

190 93 37 

= 85 Bq/kg 

The adjusted DCGLs for each of the contributory radionuclides, when present in the given 
activity ratios, are then 34 Bq/kg (0.40 × 85) for 238U, 34 Bq/kg (0.40 × 85) for 226Ra, and 17 
Bq/kg (0.20 × 85) for 232Th. Determining gross activity DCGLs to demonstrate compliance 
enables an evaluation of site conditions based on analysis for only one of the contributory 
contaminants (surrogate approach), provided the relative ratios of the contaminants do not 
change. 

For situations where the background radionuclides occurring in background have unknown or 
variable relative concentrations throughout the site, it may be necessary to perform the two-
sample nonparametric tests separately for each radionuclide present. The unity rule should be 
used to determine that the sum of each radionuclide concentration divided by its DCGL is less 
than or equal to one. 

Therefore, at each measurement location calculate the quantity: 

C1 C2 Cn
% % . . .  % 4-5

DCGL1 DCGL2 DCGLn 

where C is the radionuclide concentration. 
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The values of C are the data to be used in the statistical tests to determine if the average over the 
survey unit exceeds one. 

The same approach applies for radionuclides that are not present in background, with the 
exception that the one-sample nonparametric statistical test described in Section 8.3 is used in 
place of the two-sample nonparametric test (see Section 5.5.2.3). Again, for multiple 
radionuclides either the surrogate approach or the unity rule should be used to demonstrate 
compliance, if relative ratios are expected to change. 

4.4 Classify Areas by Contamination Potential 

All areas of the site will not have the same potential for residual contamination and, accordingly,

will not need the same level of survey coverage to achieve the established release criteria. The

process will be more efficient if the survey is designed so areas with higher potential for

contamination (based in part on results of the HSA in Chapter 3) will receive a higher degree of

survey effort.


Classification is a critical step in the survey design process. The working hypothesis of

MARSSIM is that all impacted areas being evaluated for release have a reasonable potential for 

radioactive contamination above the DCGL. This initial assumption means that all areas are initially

considered Class 1 areas unless some basis for reclassification as non-impacted, Class 3, or

Class 2 is provided.


Areas that have no reasonable potential for residual contamination do not need any level of

survey coverage and are designated as non-impacted areas. These areas have no radiological

impact from site operations and are typically identified during the HSA (Chapter 3). Background

reference areas are normally selected from non-impacted areas (Section 4.5).


Impacted areas are areas that have reasonable potential for containing contaminated material. They

can be subdivided into three classes:


!	 Class 1 areas: Areas that have, or had prior to remediation, a potential for radioactive 
contamination (based on site operating history) or known contamination (based on 
previous radiological surveys). Examples of Class 1 areas include: 1) site areas 
previously subjected to remedial actions, 2) locations where leaks or spills are known to 
have occurred, 3) former burial or disposal sites, 4) waste storage sites, and 5) areas with 
contaminants in discrete solid pieces of material high specific activity. Note that areas 
containing contamination in excess of the DCGLW prior to remediation should be 
classified as Class 1 areas. 

August 2002 4-11 MARSSIM, Revision 1 



Preliminary Survey Considerations 

!	 Class 2 areas: These areas have, or had prior to remediation, a potential for radioactive 
contamination or known contamination, but are not expected to exceed the DCGLW. To 
justify changing an area's classification from Class 1 to Class 2, the existing data (from 
the HSA, scoping surveys, or characterization surveys) should provide a high degree of 
confidence that no individual measurement would exceed the DCGLW. Other 
justifications for this change in an area's classification may be appropriate based on the 
outcome of the DQO process. Examples of areas that might be classified as Class 2 for 
the final status survey include: 1) locations where radioactive materials were present in an 
unsealed form (e.g., process facilities), 2) potentially contaminated transport routes, 
3) areas downwind from stack release points, 4) upper walls and ceilings of some 
buildings or rooms subjected to airborne radioactivity, 5) areas where low concentrations 
of radioactive materials were handled, and 6) areas on the perimeter of former 
contamination control areas. 

!	 Class 3 areas:  Any impacted areas that are not expected to contain any residual 
radioactivity, or are expected to contain levels of residual radioactivity at a small fraction 
of the DCGLW, based on site operating history and previous radiological surveys. 
Examples of areas that might be classified as Class 3 include buffer zones around Class 1 
or Class 2 areas, and areas with very low potential for residual contamination but 
insufficient information to justify a non-impacted classification. 

Class 1 areas have the greatest potential for contamination and, therefore, receive the highest 
degree of survey effort, followed by Class 2 and then Class 3 areas. 

The criteria used for designating areas as Class 1, 2, or 3 should be described in the final status 
survey plan. Compliance with the classification criteria should be demonstrated in the final 
status survey report. A thorough analysis of HSA findings (Chapter 3) and the results of scoping 
and characterization surveys provide the basis for an area's classification. As a survey 
progresses, reevaluation of this classification may be necessary based on newly acquired survey 
data. For example, if contamination is identified in a Class 3 area, an investigation and 
reevaluation of that area should be performed to determine if the Class 3 area classification is 
appropriate. Typically, the investigation will result in part or all of the area being reclassified as 
Class 1 or Class 2. If survey results identify residual contamination in a Class 2 area exceeding 
the DCGL or suggest that there may be a reasonable potential that contamination is present in 
excess of the DCGL, an investigation should be initiated to determine if all or part of the area 
should be reclassified to Class 1. More information on investigations and reclassifications is 
provided in Section 5.5.3. 
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4.5 Select Background Reference Areas 

Certain radionuclides may also occur at significant levels as part of background in the media of 
interest (soil, building material, etc.). Examples include members of the naturally-occurring 
uranium, thorium, and actinium series; 40K; 14C; and tritium. 137Cs and other radionuclides are 
also present in background as a result of nuclear weapons fallout (Wallo, et al., 1994). 
Establishing background concentrations that describe a distribution of measurement data is 
necessary to identify and evaluate contributions attributable to site operations. Determining 
background levels for comparison with the conditions determined in specific survey units entails 
conducting surveys in one or more reference areas to define the radiological conditions of the 
site. NUREG-1505 (NRC 1997a) provides additional information on background reference 
areas. 

A site background reference area should have similar physical, chemical, geological, 
radiological, and biological characteristics as the survey unit being evaluated. Background 
reference areas are normally selected from non-impacted areas, but are not limited to natural 
areas undisturbed by human activities. In some situations, a reference area may be associated 
with the survey unit being evaluated, but cannot be potentially contaminated by site activities. 
For example, background measurements may be taken from core samples of a building or 
structure surface, pavement, or asphalt. This option should be discussed with the responsible 
regulatory agency during survey planning. Generally, reference areas should not be part of the 
survey unit being evaluated. 

Reference areas provide a location for background measurements which are used for 
comparisons with survey unit data. The radioactivity present in a reference area would be ideally 
the same as the survey unit had it never been contaminated. If a site includes physical, chemical, 
geological, radiological, or biological variability that is not represented by a single reference 
background area, selecting more than one reference area may be necessary. 

It may be difficult to find a reference area within an industrial complex for comparison to a 
survey unit if the radionuclides of potential concern are naturally occurring. Background may 
vary greatly due to different construction activities that have occurred at the site. Examples of 
construction activities that change background include: leveling; excavating; adding fill dirt; 
importing rocks or gravel to stabilize soil or underlay asphalt; manufacturing asphalt with 
different matrix rock; using different pours of asphalt or concrete in a single survey unit; layering 
asphalt over concrete; layering different thicknesses of asphalt, concrete, rock, or gravel; and 
covering or burying old features such as railroad beds or building footings. Background 
variability may also increase due to the concentration of fallout in low areas of parking lots 
where runoff water collects and evaporates. Variations in background of a factor of five or more 
can occur in the space of a few hectares. 
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There are a number of possible actions to address these concerns. Reviewing and reassessing the 
selection of reference areas may be necessary. Selecting different reference areas to represent 
individual survey units is another possibility. More attention may also be needed in selecting 
survey units and their boundaries with respect to different areas of potential or actual background 
variability. More detailed scoping or characterization surveys may be needed to better 
understand background variability. Using radionuclide-specific measurement techniques instead 
of gross radioactivity measurement techniques may also be necessary. If a background reference 
area that satisfies the above recommendations is not available, consultation and negotiation with 
the responsible regulatory agency is recommended. Alternate approaches may include using 
published studies of radionuclide distributions. 

Verifying that a particular background reference area is appropriate for a survey can be 
accomplished using the techniques described or referenced in Chapter 8. Verification provides 
assurance that assumptions used to design the survey are appropriate and defensible. This 
approach can also prevent decision errors that may result from selecting an inappropriate 
background reference area. 

If the radionuclide contaminants of interest do not occur in background, or the background levels 
are known to be a small fraction of the DCGLW (e.g., <10%), the survey unit radiological 
conditions may be compared directly to the specified DCGL and reference area background 
surveys are not necessary. If the background is not well defined at a site, and the decision maker 
is willing to accept the increased probability of incorrectly failing to release a survey unit (Type 
II error), the reference area measurements can be eliminated and a one-sample statistical test 
performed as described in Section 8.3. 

4.6 Identify Survey Units 

A survey unit is a physical area consisting of structures or land areas of specified size and shape 
for which a separate decision will be made as to whether or not that area exceeds the release 
criterion. This decision is made as a result of the final status survey. As a result, the survey unit 
is the primary entity for demonstrating compliance with the release criterion. 

To facilitate survey design and ensure that the number of survey data points for a specific site are 
relatively uniformly distributed among areas of similar contamination potential, the site is 
divided into survey units that share a common history or other characteristics, or are naturally 
distinguishable from other portions of the site. A site may be divided into survey units at any 
time before the final status survey. For example, HSA or scoping survey results may provide 
sufficient justification for partitioning the site into Class 1, 2, or 3 areas. Note, however, that 
dividing the site into survey units is critical only for the final status survey—scoping, 
characterization, and remedial action support surveys may be performed without dividing the site 
into survey units. 
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A survey unit should not include areas that have different classifications. The survey unit’s 
characteristics should be generally consistent with exposure pathway modeling that is used to 
convert dose or risk into radionuclide concentrations. For indoor areas classified as Class 1, each 
room may be designated as a survey unit. Indoor areas may also be subdivided into several 
survey units of different classification, such as separating floors and lower walls from upper 
walls and ceilings (and other upper horizontal surfaces) or subdividing a large warehouse based 
on floor area. 

Survey units should be limited in size based on classification, exposure pathway modeling 
assumptions, and site-specific conditions. The suggested areas for survey units are as follows: 

Classification 
Class 1 

Structures 
Land areas 

Class 2 
Structures 
Land areas 

Class 3 
Structures 
Land areas 

Suggested Area 

up to 100 m2 floor area 
up to 2,000 m2 

100 to 1,000 m2 

2,000 to 10,000 m2 

no limit 
no limit 

The limitation on survey unit size for Class 1 and Class 2 areas ensures that each area is assigned 
an adequate number of data points. The rationale for selecting a larger survey unit area should be 
developed using the DQO Process (Section 2.3) and fully documented. Because the number of 
data points (determined in Sections 5.5.2.2 or 5.5.2.3) is independent of the survey unit size, 
disregarding locating small areas of elevated activity, the survey coverage in an area is 
determined by dividing the fixed number of data points obtained from the statistical tests by the 
survey unit area. That is, if the statistical test estimates that 20 data points are necessary to 
demonstrate compliance, then the survey coverage is determined by dividing 20 by the area over 
which the data points are distributed. 

Special considerations may be necessary for survey units with structure surface areas less than 
10 m2 or land areas less than 100 m2. In this case, the number of data points obtained from the 
statistical tests is unnecessarily large and not appropriate for smaller survey unit areas. Instead, 
some specified level of survey effort should be determined based on the DQO process and with 
the concurrence of the responsible regulatory agency. The data generated from these smaller 
survey units should be obtained based on judgment, rather than on systematic or random design, 
and compared individually to the DCGLs. 
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4.7 Select Instruments and Survey Techniques 

Based on the potential radionuclide contaminants, their associated radiations, and the types of 
residual contamination categories (e.g., soil, structure surfaces) to be evaluated, the detection 
sensitivities of various instruments and techniques are determined and documented. Instruments 
should be identified for each of the three types of measurements: 1) scans, 2) direct 
measurements, and 3) laboratory analysis of samples. In some cases, the same instrument (e.g., 
sodium iodide detector) or same type of instrument (e.g., gas-flow proportional counter) may be 
used for performing several types of measurements. Once the instruments are selected, 
appropriate survey techniques and standard operating procedures (SOPs) should be developed 
and documented. The survey techniques describe how the instrument will be used to perform the 
required measurements. 

Chapter 6 of this manual, NRC report NUREG-1507 (NRC 1997b), and draft NRC report 
NUREG-1506 (NRC 1995) discuss the concept of detection sensitivities and provide guidance on 
determining sensitivities and selecting appropriate measurement methods. Chapter 6 also 
discusses instruments and survey techniques for scans and direct measurements, while Chapter 7 
provides guidance on sampling and laboratory analysis. Appendix H describes typical field and 
laboratory equipment plus associated cost and instrument sensitivities. 

4.7.1 Selection of Instruments 

Choose reliable instruments that are suited to the physical and environmental conditions at the 
site and capable of detecting the radiations of concern to the appropriate minimum detectable 
concentration (MDC). During survey design, it is generally considered good practice to select a 
measurement system with an MDC between 10-50% of the DCGL. Sometimes this goal may not 
be achievable based on site-specific conditions (e.g., best available technology, cost restrictions). 

The MDC is calculated based on an hypothesis test for individual measurements (see Section 
6.7), and results below the MDC are variable and lead to a high value for � of the measured 
values in the survey unit or reference area. This high value for � can be accounted for using the 
statistical tests described in Chapter 8 for the final status survey, but a large number of 
measurements are needed to account for the variability. � is defined as the standard deviation of 
the measurements in the survey unit. 

Early in decommissioning, during scoping and characterization, low MDCs help in the 
identification of areas that can be classified as non-impacted or Class 3 areas. These decisions 
are usually based on fewer numbers of samples, and each measurement is evaluated individually. 
Using an optimistic estimation of the MDC (see Section 2.3.5) for these surveys may result in the 
misclassification of a survey unit and cleaning up an uncontaminated area or performing a final 
status survey in a contaminated area. Selecting a measurement technique with a well defined 
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MDC or a conservative estimate of the MDC ensures the usefulness of the data for making 
decisions for planning the final status survey. For these reasons, MARSSIM recommends that a 
realistic or conservative estimate of the MDC be used instead of an optimistic estimate. A 
conservative estimate of the MDC uses reasonably conservative values for parameters with a 
high level of uncertainty, and results in a MDC value that is higher than a non-conservative or 
optimistic estimate. 

The instrument should be calibrated for the radiations and energies of interest at the site. This 
calibration should be traceable to an accepted standards organization such as the National 
Institute of Science and Technology (NIST). Routine operational checks of instrument 
performance should be conducted to assure that the check source response is maintained within 
acceptable ranges and that any changes in instrument background are not attributable to 
contamination of the detector. If the radionuclide contaminants cannot be detected at desired 
levels by direct measurement (Section 6.7), the portion of the survey dealing with measurements 
at discrete locations should be designed to rely primarily on sampling and laboratory analysis 
(Chapter 7). 

Assuming the contaminants can be detected, either directly or by measuring a surrogate 
radionuclide in the mixture, the next decision point depends on whether the radionuclide being 
measured is present in background. Gross measurement methods will likely be more appropriate 
for measuring surface contamination in structures, scanning for locations of elevated activity, and 
determining exposure rates. Nuclide-specific measurement techniques, such as gamma 
spectrometry, provide a marked increase in detection sensitivity over gross measurements 
because of their ability to screen out contributions from other sources. Figure 4.2 illustrates the 
sequence of steps in determining if direct measurement techniques can be applied at a particular 
site, or if laboratory analysis is more appropriate. Scanning surveys are typically performed at all 
sites. The selection of appropriate instruments for scanning, direct measurement, and sampling 
and analysis should be survey specific. 

4.7.2 Selection of Survey Techniques 

In practice, the DQO process is used to obtain a proper balance among the use of various 
measurement techniques. In general, there is an inverse correlation between the cost of a specific 
measurement technique and the detection levels being sought. Depending on the survey 
objectives, important considerations include survey costs and choosing the optimum 
instrumentation and measurement mix. 

A certain minimum number of direct measurements or samples will be needed to demonstrate 
compliance with the release criterion based on the nonparametric statistical tests (see Section 
5.5.2). In addition, the potential for areas of elevated contamination will have to be considered 
for designing scanning surveys. Areas of elevated activity may also affect the number of 
measurements; however, scanning with survey instruments should generally be sufficient to 
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ensure that no areas with unusually high levels of radioactivity are left in place. Some 
measurements may also provide information of a qualitative nature to supplement other 
measurements. An example of such an application is in situ gamma spectrometry to demonstrate 
the absence (or presence) of specific contaminants. 

Table 4.1 presents a list of common contaminants along with recommended survey methods that 
have proven to be effective based on past survey experience in the decommissioning industry. 
This table provides a general indication of the detection capability of commercially-available 
instruments. As such, Table 4.1 may be used to provide an initial evaluation of instrument 
capabilities for some common radionuclides at the example DCGLs listed in the table. For 
example, consider the contamination of a surface with 241Am. Table 4.1 indicates that 241Am is 
detectable at the example DCGLs, and that viable direct measurement instruments include gas-
flow proportional (� mode) and alpha scintillation detectors. Table 4.1 should not be interpreted 
as providing specific values for an instrument’s detection sensitivity, which is discussed in 
Section 6.7. In addition, NRC draft report NUREG-1506 (NRC 1995) provides further 
information on factors that may affect survey instrumentation selection. 

4.7.3 Criteria for Selection of Sample Collection and Direct Measurement Methods 

Sample characteristics such as sample depth, volume, area, moisture level, and composition, as 
well as sample preparation techniques which may alter the sample, are important planning 
considerations for Data Quality Objectives. Sample preparation may include, but is not limited 
to, removing extraneous material, homogenizing, splitting, drying, compositing, and final 
preparation of samples. As is the case for determining survey unit characteristics, the physical 
sample characteristics and sampling method should be consistent with the dose or risk pathway 
modeling that is used to determine radionuclide DCGL’s. If a direct measurement method is 
used, it should also be consistent with the pathway modeling. 

For example, a sample depth of 15 cm (6 in.) for soil samples might be specified during the DQO 
process for a final status survey because this corresponds to the soil mixing or plow depth in 
several environmental pathway models (Yu et al., 1993, NRC 1992b). If contamination exists at 
a depth less than this, a number of models uniformly mix it throughout this depth to simulate the 
soil mixing associated with plowing.  Similarly, models may be based on dry weight, which may 
necessitate either drying samples or data transformation to account for dry weight. 

The DQOs and subsequent direction to the laboratory for analysis might include removal of 
material not relevant for characterizing the sample, such as pieces of glass, twigs, or leaves. 
Table 4.2 provides examples of how a particular field soil composition of fine-, medium-, and 
coarse-grained materials might determine laboratory analysis DQOs for particular radionuclides. 
Fine materials consist of clay (less than 0.002 mm) and silt (0.002 to 0.062 mm). Medium 
materials consist of sand, which can be further divided into very fine, fine, medium, coarse, and 
very coarse sand. Coarse materials consist of gravel, which is composed of pebbles (2 to 64 
mm), cobbles (64 to 256 mm), and boulders (greater than 256 mm) (Friedman 1978). 
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Table 4.1 Selection of Direct Measurement Techniques Based on Experience 

Nuclide 

Structure Surfaces Land Areas 
Direct Measurement Instruments2 

Example 
DCGL1 

(Bq/m2) 
Detectable 

Example 
DCGL1 

(Bq/kg) 
Detectable Surface 

Activ ity 
Soil 

Activ ity 

Exposure 
Rate 

3H 1.6x106 No 1.5x104 No ND6 ND ND 
14C 4.7x105 Yes 1.4x103 No GPß ND ND 
54Mn 1.3x104 Yes 450 Yes GPß7,GM �S,IS� PIC,�S,IS� 
55Fe 1.8x106 No 4.1x105 No5 ND ND(IS�) ND(IS�) 
60Co 3.1x103 Yes 110 Yes GPß,GM �S,IS� PIC,�S,IS� 
63Ni 1.5x106 Yes 2.8x105 No GPß ND ND 
90Sr 6.0x103 Yes 420 No5 GPß,GM ND 

(GM,GPß) 
ND 

99Tc 6.4x105 Yes 1.9x103 No GPß,GM ND ND 
137Cs 8.2x103 Yes 400 Yes GPß,GM �S,IS� PIC,�S,IS� 
152Eu 6.6x103 Yes 240 Yes GPß,GM �S,IS� PIC,�S,IS� 
226Ra (C)3 970 Yes 210 Yes GP�,�S �S,IS� PIC,�S,IS� 
232Th (C)3 340 Yes 320 Yes GP�,�S,GPß �S,IS� PIC,�S,IS� 

U4 560 Yes 710 Yes GP�,�S,GPß, 
IS� 

�S,IS�, 
GPß 

PIC,�S,IS� 

239Pu, 
240Pu, 
241Pu 

120 Yes 70 No5 GP�,�S ND (IS�) ND 

241Am 110 Yes 70 Yes GP�,�S �S,IS� PIC,�S,IS� 

1 Example DCGLs based on values given in NRC draft report NUREG-1500 (NRC 1994c). 
2 GP� = Gas-flow proportional counter (� mode) 

GM = Geiger-Mueller survey meter 
GPß = Gas-flow proportional counter (� mode) 
PIC = Pressurized ionization chamber 
�S = Alpha scintillation survey meter 
�S = gamma scintillation (gross) 
IS�= in situ gamma spectrometry 

3 For decay chains having two or more radionuclides of significant half-life that reach secular equilibrium. 
The notation “(c)” indicates the direct measurement techniques assume the presence of progeny in the chain. 

4 Depleted, natural, and enriched. 
5 Possibly detectable at limits for areas of elevated activity. 
6 Not detectable. 
7 Bold indicates the preferred method where alternative methods are available. 
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Table 4.2 Example of DQO Planning Considerations 

Separate out and evaluate fine-grain material because resuspension is associated 
with the fine grain fraction for the air pathway. 

If contamination resides on sand, pebbles, and cobbles, analyze these materials for 
direct exposure pathway and analyze the fine-grain fraction for the air pathway. 

Separation and homogenization are not necessary for analyses because direct 
exposure pathway depends upon the average concentration and presence of cobbles 
will usually not impact laboratory analysis. 

Determine if pathway modeling considered the presence of cobbles. 

Separate, homogenize, and evaluate fine-grain material because plant root uptake is 
associated with the fine-grain fraction for the plant ingestion pathway. 

Separate, homogenize, and evaluate fine-grain materials because of their relevance 
for the contaminant source term for contaminant migration to the sub-surface for 
the water pathway. 

Both sample depth and area are considerations in determining appropriate sample volume, and 
sample volume is a key consideration for determining the laboratory MDC. The depth should 
also correlate with the conceptual model developed in Chapter 3 and upgraded throughout the 
Radiation Survey and Site Investigation (RSSI) Process. For example, if data collected during 
the Historical Site Assessment indicate contamination may exist to a depth of greater than 15 cm 
(6 in.), then samples should be deep enough to support the survey objectives, such as for the 
scoping or characterization survey. Taking samples as a function of depth might also be a survey 
design objective, such as for scoping, characterization, or remediation support. 

The depth and area of the sample should be recorded as well as any observations, such as the 
presence of materials noted during sampling.  Chapter 6 and Chapter 7 present more detail 
regarding the application of these survey planning considerations. 
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4.8 Site Preparation 

Site preparation involves obtaining consent for performing the survey, establishing the property 
boundaries, evaluating the physical characteristics of the site, accessing surfaces and land areas 
of interest, and establishing a reference coordinate system. Site preparation may also include 
removing equipment and materials that restrict access to surfaces. The presence of furnishings or 
equipment will restrict access to building surfaces and add additional items that the survey 
should address. 

4.8.1 Consent for Survey 

When facilities or sites are not owned by the organization performing the surveys, consent from 
the site or equipment owner should be obtained before conducting the surveys. All appropriate 
local, State, and Federal officials as well as the site owner and other affected parties should be 
notified of the survey schedule. Section 3.5 discusses consent for access, and additional 
guidance based on the CERCLA program is available from EPA (EPA 1987d). 

4.8.2 Propert y Boundaries 

Property boundaries may be determined from property survey maps furnished by the owners or 
from plat maps obtained from city or county tax maps. Large-area properties and properties with 
obscure boundaries or missing survey markers may require the services of a professional land 
surveyor. 

If the radiological survey is only performed inside buildings, a tax map with the buildings 
accurately located will usually suffice for site/building location designation. 

4.8.3 Physical Characteristics of Site 

The physical characteristics of the site will have a significant impact on the complexity, schedule, 
and cost of a survey. These characteristics include the number and size of structures, type of 
building construction, wall and floor penetrations, pipes, building condition, total area, 
topography, soil type, and ground cover. In particular, the accessibility of structures and land 
areas (Section 4.8.4) has a significant impact on the survey effort. In some cases survey 
techniques (e.g., in situ gamma spectrometry discussed in Chapter 6) can preclude or reduce the 
need to gain physical access or use intrusive techniques. This should be considered during 
survey planning. 
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4.8.3.1 Structures 

Building design and condition will have a marked influence on the survey efforts. The time 
involved in conducting a survey of building interior surfaces is essentially directly proportional to 
the total surface area. For this reason the degree of survey coverage decreases as the potential for 
residual activity decreases. Judgment measurements and sampling, which are performed in 
addition to the measurements performed for the nonparametric tests, are recommended in areas 
likely to have accumulated deposits of residual activity. As discussed in Section 5.5.3.3 and 
Section 8.5, judgment measurements and samples are compared directly to the appropriate 
DCGL. 

The condition of surfaces after decontamination may affect the survey process. Removing 
contamination that has penetrated a surface usually involves removing the surface material. As a 
result, the floors and walls of decontaminated facilities are frequently badly scarred or broken up 
and are often very uneven. Such surfaces are more difficult to survey because it is not possible to 
maintain a fixed distance between the detector and the surface. In addition, scabbled or porous 
surfaces may significantly attenuate radiations—particularly alpha and low-energy beta particles. 
Use of monitoring equipment on wheels is precluded by rough surfaces, and such surfaces also 
pose an increased risk of damage to fragile detector probe faces. These factors should be 
considered during the calibration of survey instruments; NRC report NUREG-1507 (NRC 1997b) 
provides additional information on how to address these surface conditions. The condition of the 
building should also be considered from a safety and health standpoint before a survey is 
conducted. A structural assessment may be needed to determine whether the structure is safe to 
enter. 

Expansion joints, stress cracks, and penetrations into floors and walls for piping, conduit, and 
anchor bolts, etc., are potential sites for accumulation of contamination and pathways for 
migration into subfloor soil and hollow wall spaces. Drains, sewers, and septic systems can also 
become contaminated. Wall/floor interfaces are also likely locations for residual contamination. 
Coring, drilling, or other such methods may be necessary to gain access for survey. Intrusive 
surveying may require permitting by local regulatory authorities. Suspended ceilings may cover 
areas of potential contamination such as ventilation ducts and fixtures. 

Exterior building surfaces will typically have a low potential for residual contamination, 
however, there are several locations that should be considered during survey planning. If there 
are roof exhausts, roof accesses that allow for radioactive material movement, or the facility is 
proximal to the air effluent discharge points, the possibility of roof contamination should be 
considered. Because roofs are periodically resurfaced, contaminants may be trapped in roofing 
material, and sampling this material may be necessary. Roof drainage points such as driplines 
along overhangs, downspouts, and gutters are also important survey locations. Wall penetrations 
for process equipment, piping, and exhaust ventilation are potential locations for exterior 
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contamination. Window ledges and outside exits (doors, doorways, landings, stairways, etc.) are 
also building exterior surfaces that should be addressed. 

4.8.3.2 Land Areas 

Depending upon site processes and operating history, the radiological survey may include 
varying portions of the land areas. Potentially contaminated open land or paved areas to be 
considered include storage areas (e.g., equipment, product, waste, and raw material), liquid waste 
collection lagoons and sumps, areas downwind (based on predominant wind directions on an 
average annual basis, if possible) of stack release points, and surface drainage pathways. 
Additionally, roadways and railways that may have been used for transport of radioactive or 
contaminated materials that may not have been adequately contained could also be potentially 
contaminated. 

Buried piping, underground tanks, sewers, spill areas, and septic leach fields that may have 
received contaminated liquids are locations of possible contamination that may necessitate 
sampling of subsurface soil (Section 7.5.3). Information regarding soil type (e.g., clay, sand) 
may provide insight into the retention or migration characteristics of specific radionuclides. The 
need for special sampling by coring or split-spoon equipment should be anticipated for 
characterization surveys. 

If radioactive waste has been removed, surveys of excavated areas will be necessary before 
backfilling.  If the waste is to be left in place, subsurface sampling around the burial site 
perimeter to assess the potential for future migration may be necessary. 

Additionally, potentially contaminated rivers, harbors, shorelines, and other outdoor areas may 
require survey activities including environmental media (e.g., sediment, marine biota) associated 
with these areas. 

4.8.4 Clearing to Provide Access 

In addition to the physical characteristics of the site, a major consideration is how to address 
inaccessible areas that have a potential for residual radioactivity. Inaccessible areas may need 
significant effort and resources to adequately survey. This section provides a description of 
common inaccessible areas that may have to be considered. The level of effort expended to 
access these difficult-to-reach areas should be commensurate with the potential for residual 
activity. For example, the potential for the presence of residual activity behind walls should be 
established before significant effort is expended to remove drywall. 
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4.8.4.1 Structures 

Structures and indoor areas should be sufficiently cleared to permit completion of the survey. 
Clearing includes providing access to potentially contaminated interior surfaces (e.g., drains, 
ducting, tanks, pits, ceiling areas, and equipment) by removing covers, disassembly, or other 
means of producing adequate openings. 

Building features such as ceiling height, construction materials, ducts, pipes, etc., will determine 
the ease of accessibility of various surfaces. Scaffolding, cranes, lifts, or ladders may be 
necessary to reach some surfaces, and dismantling portions of the building may be required. 

The presence of furnishings and equipment will restrict access to building surfaces and add 
additional items that the survey should address. Remaining equipment indirectly involved in the 
process may need to be dismantled in order to evaluate the radiological status, particularly of 
inaccessible parts of the equipment.  Removing or relocating certain furnishings, such as lab 
benches and hoods, to obtain access to potentially contaminated floors and walls may also be 
necessary. The amount of effort and resources dedicated to such removal or relocation activities 
should be commensurate with the potential for contamination. Where the potential is low, a few 
spot-checks may be sufficient to provide confidence that covered areas are free of contamination. 
In other cases, complete removal may be warranted. 

Piping, drains, sewers, sumps, tanks, and other components of liquid handling systems present 
special difficulties because of the inaccessibility of interior surfaces. Process information, 
operating history, and preliminary monitoring at available access points will assist in evaluating 
the extent of sampling and measurements included in the survey. 

If the building is constructed of porous materials (e.g., wood, concrete) and the surfaces were not 
sealed, contamination may be found in the walls, floors, and other surfaces. It may be necessary 
to obtain cores of these surfaces for laboratory analysis. 

Another accessibility problem is the presence of contamination beneath tile or other floor 
coverings. This often occurs because the covering was placed over contaminated surfaces, or the 
joints in tile were not sealed to prevent penetration. The practice in some facilities has been to 
“fix” contamination (particularly alpha emitters) by painting over the surface of the contaminated 
area. Thus, actions to obtain access to potentially contaminated surfaces, such as removing wall 
and floor coverings (including paint, wax, or other sealer) and opening drains and ducts, may be 
necessary to enable representative measurements of the contaminant. If alpha radiation or very 
low energy beta radiation is to be measured, the surface should be free of overlying material, 
such as dust and water, which may significantly attenuate the radiations. 

August 2000 4-25 MARSSIM, Revision 1 



Preliminary Survey Considerations 

4.8.4.2 Land Areas 

If ground cover needs to be removed or if there are other obstacles that limit access by survey 
personnel or necessary equipment, the time and expense of making land areas accessible should 
be considered. In addition, precautionary procedures need to be developed to prevent spreading 
surface contamination during ground cover removal or the use of heavy equipment. 

Removal or relocation of equipment and materials that may entail special precautions to prevent 
damage or maintain inventory accountability should be performed by the property owner 
whenever possible.  Clearing open land of brush and weeds will usually be performed by a 
professional land-clearing organization under subcontract arrangements. However, survey 
personnel may perform minor land-clearing activities as needed. 

An important consideration prior to clearing is the possibility of bio-uptake and consequent 
radiological contamination of the material to be cleared. Special precautions to avoid exposure 
of personnel involved in clearing activities may be necessary. Initial radiological screening 
surveys should be performed to ensure that cleared material or equipment is not contaminated. 

The extent of site clearing in specific areas depends primarily on the potential for radioactive 
contamination existing in those areas where: 1) the radiological history or results of previous 
surveys do not indicate potential contamination of an area (it may be sufficient to perform only 
minimum clearing to establish a reference coordinate system); 2) contamination is known to exist 
or a high potential for contamination necessitates completely clearing an area to provide access to 
all surfaces; and 3) new findings as the survey progresses may indicate that additional clearing be 
performed. 

Open land areas may be cleared by heavy machinery (e.g., bulldozers, bushhogs, and hydroaxes). 
However, care should be exercised to prevent relocation of surface contamination or damage to 
site features such as drainage ditches, utilities, fences, and buildings. Minor land clearing may be 
performed using manually operated equipment such as brushhooks, power saws, knives, and 
string trimmers. Brush and weeds should be cut to the minimum practical height necessary to 
facilitate measurement and sampling activities (approximately 15 cm). Care should be exercised 
to prevent unnecessary damage to or removal of mature trees or shrubs. 

Potential ecological damage that might result from an extensive survey should be considered. If 
a survey is likely to result in significant or permanent damage to the environment, appropriate 
environmental analyses should be conducted prior to initiating the survey. In addition, 
environmental hazards such as poison ivy, ticks carrying Lyme disease, and poisonous snakes, 
spiders, or insects should be noted. These hazards can affect the safety and health of the workers 
as well as the schedule for performing the survey. 
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4.8.5 Reference Coordinate System 

Reference coordinate systems are established at the site to: 

! facilitate selection of measurement and sampling locations 
! provide a mechanism for referencing a measurement to a specific location so that 

the same survey point can be relocated 

A survey reference coordinate system consists of a grid of intersecting lines, referenced to a fixed 
site location or benchmark. Typically, the lines are arranged in a perpendicular pattern, dividing 
the survey location into squares or blocks of equal area; however, other types of patterns (e.g., 
three-dimensional, polar) have been used. 

The reference coordinate system used for a particular survey should provide a level of 
reproducibility consistent with the objectives of the survey. For example, a commercially 
available global positioning system will locate a position within tens of meters, while a 
differential global positioning system (DGPS) provides precision on the order of a few 
centimeters (see Section 6.10.1.1). On the other hand, a metal bar can be driven into the ground 
to provide a long-term reference point for establishing a local reference coordinate system. 

Reference coordinate system patterns on horizontal surfaces are usually identified numerically on 
one axis and alphabetically on the other axis or in distances in different compass directions from 
the grid origin. Examples of structure interior and land area grids are shown in Figures 4.3 
through 4.5. Grids on vertical surfaces may include a third designator, indicating position 
relative to floor or ground level. Overhead measurement and sampling locations (e.g., ceiling 
and overhead beams) are referenced to corresponding floor grids. 

For surveys of Class 1 and Class 2 areas, basic grid patterns at 1 to 2 meter intervals on structure 
surfaces and at 10 to 20 meter intervals of land areas may be sufficient to identify survey 
locations with a reasonable level of effort, while not being prohibitive in cost or difficulty of 
installation. Gridding of Class 3 areas may also be necessary to facilitate referencing of survey 
locations to a common system or origin but, for practical purposes, may typically be at larger 
intervals—e.g., 5 to 10 meters for large structural surfaces and 20 to 50 meters for land areas. 

Reference coordinate systems on structure surfaces are usually marked by chalk line or paint 
along the entire grid line or at line intersections. Land area reference coordinate systems are 
usually marked by wooden or metal stakes, driven into the surface at reference line intersections. 
The selection of an appropriate marker depends on the characteristics and routine uses of the 
surface. Where surfaces prevent installation of stakes, the reference line intersection can be 
marked by painting. 
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Three basic coordinate systems are used for identifying points on a reference coordinate system. 
The reference system shown in Figure 4.3 references grid locations using numbers on the vertical 
axis and letters on the horizontal axis. The reference system shown on Figure 4.4 references 
distances from the 0,0 point using the compass directions N (north), S (south), E (east), and W 
(west). The reference system shown in Figure 4.5 references distances along and to the R (right) 
or L (left) of the baseline. In addition, a less frequently used reference system is the polar 
coordinate system, which measures distances along transects from a central point. Polar 
coordinate systems are particularly useful for survey designs to evaluate effects of stack 
emissions, where it may be desirable to have a higher density of samples collected near the stack 
and fewer samples with increasing distance from the stack. 

Figure 4.5 shows an example grid system for an outdoor land area. The first digit or set of digits 
includes an L or R (separated from the first set by a comma) to indicate the distance from the 
baseline in units (meters) and the direction (left or right) from the baseline. The second digit or 
set of digits refers to the perpendicular distance from the 0,0 point on the baseline and is 
measured in hundreds of units. Point A in the example of a reference coordinate system for 
survey of site grounds, Figure 4.5, is identified 100R, 2+00 (i.e., 200 m from the baseline and 
100 m to the right of the baseline). Fractional distances between reference points are identified 
by adding the distance beyond the reference point and are expressed in the same units used for 
the reference coordinate system dimensions. Point B on Figure 4.5 is identified 25R, 1+30. 

Open land reference coordinate systems should be referenced to a location on an existing State or 
local reference system or to a U.S. Geological Survey (USGS) bench mark. (This may require 
the services of a professional land surveyor.) Global positioning systems (GPS) are capable of 
locating reference points in terms of latitude and longitude (Section 6.10.1 provides descriptions 
of positioning systems). 

Following establishment of the reference coordinate system, a drawing is prepared by the survey 
team or the land surveyor. This drawing indicates the reference lines, site boundaries, and other 
pertinent site features and provides a legend showing the scale and a reference compass direction. 
The process used to develop the reference coordinate system should be recorded in the survey 
planning documentation (e.g., the Quality Assurance Project Plan or QAPP). An deviations from 
the requirements developed during planning should be documented when the reference 
coordinate system is established. 

It should be noted that the reference coordinate systems described in this section are intended 
primarily for reference purposes and do not necessarily dictate the spacing or location of survey 
measurements or samples. Establishment of a measurement grid to demonstrate compliance with 
the DCGL is discussed in Section 5.5.2.5 and Chapter 8. 
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4.9 Quality Control 

Site surveys should be performed in a manner that ensures results are accurate and sources of 
uncertainty are identified and controlled. This is especially the case for final status surveys that 
are vital to demonstrating a facility satisfies pre-established release criteria.  Quality control (QC) 
and quality assurance (QA) are initiated at the start of a project and integrated into all surveys as 
DQOs are developed. This carries over to the writing of a Quality Assurance Project Plan 
(QAPP), which applies to each aspect of a survey. Section 9.2 provides guidance on developing 
a QAPP. Data quality is routinely a concern throughout the RSSI Process, and one should 
recognize that QA/QC procedures will change as data are collected and analyzed, and as DQOs 
become more rigorous for the different types of surveys that lead up to a final status survey. 

In general, surveys performed by trained individuals are conducted with approved written 
procedures and properly calibrated instruments that are sensitive to the suspected contaminant. 
However, even the best approaches for properly performing measurements and acquiring 
accurate data need to consider QC activities. QC activities are necessary to obtain additional 
quantitative information to demonstrate that measurement results have the required precision and 
are sufficiently free of errors to accurately represent the site being investigated. The following 
two questions are the main focus of the rationale for the assessment of errors in environmental 
data collection activities (EPA 1990). 

!	 How many and what type of measurements are required to assess the quality of data from 
an environmental survey? 

!	 How can the information from the quality assessment measurements be used to identify 
and control sources of error and uncertainties in the measurement process? 

These questions are introduced as part of guidance that also includes an example to illustrate the 
planning process for determining a reasonable number of quality control (QC) measurements. 
This guidance also demonstrates how the information from the process may be used to document 
the quality of the measurement data. This process was developed in terms of soil samples 
collected in the field and then sent to a laboratory for analysis (EPA 1990). For MARSSIM, 
these questions may be asked in relation to measurements of surface soils and building surfaces 
both of which include sampling, scanning, and direct measurements. 

Quality control may be thought of in three parts: 1) determining the type of QC samples needed 
to detect precision or bias; 2) determining the number of samples as part of the survey design; 
and 3) scheduling sample collections throughout the survey process to identify and control 
sources of error and uncertainties. Section 4.9.1 introduces the concepts of precision and bias 
related to survey measurements and briefly discusses the types of QC measurements needed to 
detect and quantify precision and bias. Section 6.2 and Section 7.2 provide more detailed 
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guidance on the types of QC measurements. The number of QC measurements is addressed in 
Section 4.9.2, while Section 4.9.3 and Section 9.3 contain information on identifying and 
controlling sources of uncertainty. Overall, survey activities associated with MARSSIM include 
obtaining the additional information related to QA of both field and laboratory activities. 

4.9.1 Precision and Systematic Errors (Bias) 

Precision is a measure of agreement among repeated measurements. Precision is discussed

further in Appendix N in statistical terms. Table N.2 presents the minimum considerations,

impacts of not meeting these considerations, and corrective actions associated with assessing

precision. Systematic errors, also called bias, accumulate during the measurement process and

result from faults in sampling designs and procedures, analytical procedures, sample

contamination, losses, interactions with containers, deterioration, inaccurate instrument

calibration, and other sources. Bias causes the mean value of the sample data to be consistently

higher or lower than the true mean value. Appendix N also discusses bias, and Table N.3

presents the minimum considerations associated with assessing bias, the impacts if the

considerations are not met, and related corrective actions. Laboratories typically introduce QC

samples into their sample load to assess possible bias. In simplest terms, spikes, repeated

measurements, and blanks are used to assess bias, precision, and contamination, respectively.

See Section 6.2 for further discussion of specific measurements for determining precision and

bias for scans and direct measurements and Section 7.2 for further discussion of specific

measurements for determining precision and bias for samples.


Field work using scanning or direct measurements eliminates some sources of error because

samples are not removed, containerized, nor transported to another location for analysis. The

operator’s technique or field instrument becomes the source of bias. In this case, detecting bias

might incorporate field replicates (see Section 7.2.2.1) by having a second operator to revisit

measurement locations and following the same procedure with the same instrument as was used

by the first operator. This is an approach used to assess precision of measurements. A field

instrument’s calibration can also be checked by one or more operators during the course of a

survey and recorded on a control chart. Differences in set up or handling of instruments by

different operators may reveal a significant source of bias that is quite different from sources of

bias associated with laboratory work.


The following factors should be considered when evaluating sources of bias, error, and

uncertainty. Contamination is an added factor to consider for each of the following items.


! sample collection methods

! handling and preparation of samples

! homogenization and aliquots of laboratory samples

! field methods for sampling, scanning, or direct measurements
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! laboratory analytical process 
! total bias contributed by all sources 

The magnitude of the measurement system variability should be evaluated to determine if the 
variability approaches or exceeds the true but unknown variability in the population of interest. 
Errors, bias, or data variability may accumulate to the point of rendering data unusable to achieve 
survey objectives. Systematic investigations of field or laboratory processes can be initiated to 
assess and identify the extent of errors, bias, and data variability and to determine if the DQOs 
are achieved. An important aspect of each QC determination is the representative nature of a 
sample or measurement (see Appendix N for a description of representativeness). If additional 
samples or measurements are not taken according to the appropriate method, the resulting QC 
information will be invalid or unusable. For example, if an inadequate amount of sample is 
collected, the laboratory analytical procedure may not yield a proper result. The QC sample must 
represent the sample population being studied. Misrepresentation itself creates a bias that if 
undetected leads to inaccurate conclusions concerning an analysis. At the very least, 
misrepresentation leads to a need for additional QA investigation. 

4.9.2 Number of Quality Control Measurements 

The number of QC measurements is determined by the available resources and the degree to 
which one needs assurance that a measurement process is adequately controlled. The process is 
simplified, for example, when the scope of a survey is narrowed to a single method, one 
sampling crew, and a single laboratory to analyze field samples. Increasing the number of 
samples and scheduling sample collections and analyses over time or at different laboratories 
increases the level of difficulty and necessitates increasing the number of QC measurements. 
The number of QC measurements may also be driven upward as the action level approaches a 
given instrument’s detection limit. This number is determined on a case-by-case basis, where the 
specific contaminant and instruments are assessed for detecting a particular radionuclide. 

A widely used standard practice is to collect a set percentage, such as 5% (EPA 1987b), of 
samples for QA purposes. However, this practice has disadvantages. For example, it provides 
no real assessment of the uncertainties for a relatively small sample size. For surveys where the 
required number of measurements increases, there may be a point beyond which there is little 
added value in performing additional QC measurements. Aside from cost, determining the 
appropriate number of QC measurements essentially depends on site-specific factors. For 
example, soil may present a complex and variable matrix requiring many more QC 
measurements for surface soils than for building surfaces. 

A performance based alternative (EPA 1990) to a set percentage or rule of thumb can be 
implemented. First, potential sources of error or uncertainty, the likelihood of occurrence, and 
the consequences in the context of the DQOs should be determined. Then, the appropriate type 
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and number of QC measurements based on the potential error or uncertainty are determined. For

example, field replicate samples (i.e., a single sample that is collected, homogenized, and split

into equivalent fractions in the field) are used to estimate the combined contribution of several

sources of variation. Hence, the number of field replicate samples to be obtained in the study

should be dictated by how precise the estimate of the total measurement should be.


Factors influencing this estimate include the


! number of measurements

! number and experience of personnel involved

! current and historical performance of sampling and analytical procedures used

! the variability of survey unit and background reference area radioactivity measurement


systems used 
! number of laboratories used 
! the level of radioactivity in the survey unit (which for a final status survey should be low) 
! how close an action level (e.g., DCGL) is to a detection limit (which may represent a 

greater concern after reducing or removing radionuclide concentrations by remediation) 

The precision of an estimate of the “true” variance for precision or bias within a survey design 
depends on the number of degrees of freedom used to provide the estimate. Table 4.3 provides 
the one-sided upper confidence limits for selected degrees of freedom assuming the results of the 
measurements are normally distributed. Confidence limits are provided for 90, 95, 97.5, and 99 
percent confidence levels. At the stated level of confidence, the “true” variance of the estimate 
of precision or bias for a specified number of QC measurements will be between zero and the 
multiple of the estimated variance listed in Table 4.3. For example, for five degrees of freedom 
one would be 90% confident that the true variance for precision falls between zero and 3.10 
times the estimated variance.  The number of QC measurements is equal to one greater than the 
degrees of freedom. 

When planning surveys, the number of each type of QC measurement can be obtained from 
Table 4.3. For example, if the survey objective is to estimate the variance in the bias for a 
specific measurement system between zero and two times the estimated variance at a 95% 
confidence level, 15 degrees of freedom or 16 measurements of a material with known 
concentration (e.g., performance evaluation samples) would be indicated. MARSSIM 
recommends that the survey objective be set such that the true variance falls between zero and 
two times the estimated variance.  The level of confidence is then determined on a site-specific 
basis to adjust the number of each type of QC measurement to the appropriate level (i.e., 11, 16, 
21 or 31 measurements). The results of the QC measurements are evaluated during the 
assessment phase of the data life cycle (see Section 9.3 and Appendix N). 
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Table 4.3 Upper Confidence Limits for the True Variance as a Function of the 
Number of QC Measurements Used to Determine the Estimated Variance (EPA 1990) 

Degrees of Freedom* Level of Confidence (%) 

90 95 97.5 99 

2 9.49 19.49 39.21 99.50 

5 3.10 4.34 6.02 9.02 

10 2.05 2.54 3.08 3.91 

15 1.76 2.07 2.40 2.87 

20 1.61 1.84 2.08 2.42 

25 1.52 1.71 1.91 2.17 

30 1.46 1.62 1.78 2.01 

40 1.38 1.51 1.64 1.80 

50 1.33 1.44 1.61 1.68 

100 1.21 1.28 1.35 1.43 

* To obtain the necessary number of quality control measurements, add one to the degrees of freedom. 

Example: 

A site is contaminated with 60Co and consists of four Class 1 interior survey units, nine 
Class 2 interior survey units, two Class 3 interior survey units, and one Class 3 exterior 
survey unit.  Three different measurement systems are specified in the survey design for 
performing scanning surveys, one measurement system is specified for performing direct 
measurements for interior survey units, and one measurement system is specified for 
measuring samples collected from the exterior survey unit. 

Repeated measurements are used to estimate precision. For scan surveys there is not a 
specified number of measurements. 10% of the scans in each Class 1 survey unit were 
repeated as replicates to measure operator precision (see Section 6.2.2.1) within 24 hours 
of the original scan survey. 5% of each Class 2 and Class 3 survey unit were similarly 
repeated as replicates to measure operator precision. The results of the repeated scans 
were evaluated based on professional judgment. For direct measurements and sample 
collection activities, a 95% confidence level was selected as consistent with the 
objectives of the survey. Using Table 4.3, it was determined that 16 repeated 
measurements were required for both the direct measurement technique and the sample 
collection and laboratory measurement technique. Because 72 direct measurements 
would be performed in Class 1 survey units, 99 in Class 2 survey units, and 20 in Class 3 
survey units, it was anticipated that at least 16 direct measurements would have sufficient 
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activity above background to perform repeated measurements and obtain usable results 
(see Section 5.5.2 for guidance on determining the number of measurements and 
Appendix A for a more detailed discussion of the example site). The 16 direct 
measurement locations to be repeated would be selected based on the results of the direct 
measurements and would represent the entire usable range of activity found in the survey 
units rather than measuring the 16 locations with the highest activities. (The usable range 
of activity includes the highest measurement result in the survey unit and the lowest 
measurement result with an acceptable measurement uncertainty compared to the desired 
level of precision.) The repeated measurements would be performed by different 
operators using the same equipment, but they would not know the results of the original 
survey. To ensure that the measurements would be valid, the QC measurements to check 
for contamination would be performed at the same time. Because the laboratory’s QA 
program called for periodic checks on the precision of the laboratory instruments, the 
total survey design precision for laboratory measurements was measured. Because the 
only samples collected would come from a Class 3 area, the sample activities were 
expected to be close to or below the measurement system MDC.  This meant that field 
replicate samples would not provide any usable information. Also, QC samples for bias 
were repeated to obtain a usable estimate of precision for the survey design. 

Measurements of materials with known concentrations above background (e.g., 
performance evaluation samples) and known concentrations at or below background (e.g., 
field blanks) are used to estimate bias. For scan surveys, the repeated scanning performed 
to estimate precision would also serves as a check for contamination using blanks. 
Because there was no appropriate material of known concentration on which to perform 
bias measurements, the calibration checks were used to demonstrate that the instruments 
were reading properly during the surveys. A control chart was developed using the 
instrument response for an uncalibrated check source. Measurements were obtained 
using a specified source-detector alignment that could be easily repeated. Measurements 
were obtained at several times during the day over a period of several weeks prior to 
taking the instruments into the field. Calibration checks were performed before and after 
each survey period in the field and the results immediately plotted on the control chart to 
determine if the instrument was performing properly.  This method was also adopted for 
the direct measurement system. 20 samples were required by the survey design for the 
Class 3 exterior survey unit. To ensure that the samples were truly blind for the 
laboratory, samples three times the requested volume were collected. These samples 
were sent to a second laboratory for preparation. Each sample was weighed, dried, and 
reweighed to determine the moisture content. Then each sample was ground to a uniform 
particle size of 1 mm (approximately 16 mesh) and divided into three separate aliquots 
(each aliquot was the same size). For each sample one aliquot was packaged for transport 
to the laboratory performing the analysis. After these samples were packaged, 16 of the 
samples had both of the remaining aliquots spiked with the same level of activity using a 
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source solution traceable to the National Institute of Science and Technology (NIST). 
The 16 samples each had a different level of activity within a range that was accepted by 
the laboratory performing the analysis. These 32 samples were also packaged for 
transport to the laboratory.  In addition, 16 samples of a soil similar to the soil at the site 
were prepared as blanks to check against contamination. The 20 samples, 32 spikes, and 
16 blanks were transported to the laboratory performing the analyses in a single shipment 
so that all samples were indistinguishable from each other except by the sample 
identification. 

4.9.3 Controlling Sources of Error 

During the performance of a survey, it is important to identify sources of error and uncertainty 
early in the process so that problems can be resolved. The timing of the QC measurements 
within the survey design can be very important. In order to identify problems as early as 
possible, it may be necessary to perform a significant number of QC measurements early in the 
survey. This can be especially important for surveys utilizing an innovative or untested survey 
design. Survey designs that have been used previously and produced reliable results may be able 
to space the QC measurement evenly throughout the survey, or even wait to have samples 
analyzed at the end of the survey, as long as the objectives of the survey are achieved. 

For example, a survey design requires a new scanning method to be used for several survey units 
when there are little performance data available for this technique. To ensure that the technique 
is working properly, the first few survey units are re-scanned to provide an initial estimate of the 
precision and bias. After the initial performance of the techniques has been verified, a small 
percentage of the remaining survey units is re-scanned to demonstrate that the technique is 
operating properly for the duration of the survey. 

Identifying sources of error and uncertainty is only the first step. Once the sources of uncertainty 
have been identified, they should be minimized and controlled for the rest of the survey. Section 
9.3 discusses the assessment of survey data and provides guidance on corrective actions that may 
be appropriate for controlling sources of error or uncertainty after they have been identified. 

4.10 Health and Safety 

Consistent with the approach for any operation, activities associated with the radiological surveys 
should be planned and monitored to assure the health and safety of the worker and other 
personnel, both onsite and offsite, are adequately protected. At the stage of determining the final 
status of the site, residual radioactivity is expected to be below the DCGL values; therefore, the 
final status survey should not include radiation protection controls. However, radiation 
protection controls may be necessary when performing scoping or characterization surveys where 
the potential for significant levels of residual radioactivity is unknown. 
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Significant health and safety concerns during any radiological survey include the potential 
industrial hazards commonly found at a construction site, such as exposed electrical circuitry, 
excavations, enclosed work spaces, hazardous atmospheres, insects, poisonous snakes, plants, 
and animals, unstable surfaces (e.g., wet or swamp soil), heat and cold, sharp objects or surfaces, 
falling objects, tripping hazards, and working at heights. The survey plan should incorporate 
objectives and procedures for identifying and eliminating, avoiding, or minimizing these 
potential safety hazards. 
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5.1 Introduction 

This chapter is intended to assist the user in planning a strategy for conducting a final status 
survey, with the ultimate objective being to demonstrate compliance with the derived 
concentration guideline levels (DCGLs). The survey types that make up the Radiation Survey 
and Site Investigation (RSSI) Process include scoping, characterization, remedial action support, 
and final status surveys. Although the scoping, characterization, and remedial action support 
surveys have multiple objectives, this manual focuses on those aspects related to supporting the 
final status survey and demonstrating compliance with DCGLs. In general, each of these survey 
types expands upon the data collected during the previous survey (e.g., the characterization 
survey is planned with information collected during the scoping survey) up through the final 
status survey. The purpose of the final status survey is to demonstrate that the release criterion 
established by the regulatory agency has not been exceeded. This final release objective should 
be kept in mind throughout the design and planning phases for each of the other survey types. 
For example, scoping surveys may be designed to meet the objectives of the final status survey 
such that the scoping survey report is also the final status survey report. The survey and 
analytical procedures referenced in this chapter are described in Chapter 6, Chapter 7, and 
Appendix H. An example of a final status survey, as described in Section 5.5, appears in 
Appendix A. In addition, example checklists are provided for each type of survey to assist the 
user in obtaining the necessary information for planning a final status survey. 

5.2 Scoping Surveys 

5.2.1 General 

If the data collected during the Historical Site Assessment (HSA) indicate that a site or area is 
impacted, a scoping survey could be performed. The objective of this survey is to augment the 
HSA for sites with potential residual contamination. Specific objectives may include: 
1) performing a preliminary risk assessment and providing data to complete the site prioritization 
scoring process (CERCLA and RCRA sites only), 2) providing input to the characterization 
survey design, if necessary, 3) supporting the classification of all or part of the site as a Class 3 
area for planning the final status survey, 4) obtaining an estimate of the variability in the residual 
radioactivity concentration for the site, and 5) identifying non-impacted areas that may be 
appropriate for reference areas and estimating the variability in radionuclide concentrations when 
the radionuclide of interest is present in background. 

Scoping survey information needed when conducting a preliminary risk assessment (as noted 
above for CERCLA and RCRA sites) includes the general radiation levels at the site and gross 
levels of residual contamination on building surfaces and in environmental media. If unexpected 
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conditions are identified that prevent the completion of the survey, the MARSSIM user should 
contact the responsible regulatory agency for further guidance. Sites that meet the National 
Contingency Plan criteria for a removal should be referred to the Superfund Removal program 
(EPA 1988c). 

If the HSA indicates that contamination is likely, a scoping survey could be performed to provide 
initial estimates of the level of effort for remediation and information for planning a more 
detailed survey, such as a characterization survey. Not all radiological parameters need to be 
assessed when planning for additional characterization because total surface activity or limited 
sample collection may be sufficient to meet the objectives of the scoping survey. 

Once a review of pertinent site history indicates that an area is impacted, the minimum survey 
coverage at the site will include a Class 3 area final status survey prior to the site being released. 
For scoping surveys with this objective, identifying radiological decision levels is necessary for 
selecting instruments and procedures with the necessary detection sensitivities to demonstrate 
compliance with the release criterion. A methodology for planning, conducting, and 
documenting scoping surveys is described in the following sections. 

5.2.2 Survey Design 

Planning a scoping survey involves reviewing the HSA (Chapter 3). This process considers 
available information concerning locations of spills or other releases of radioactive material. 
Reviewing the radioactive materials license or similar documentation provides information on 
the identity, locations, and general quantities of radioactive material used at the site. This 
information helps to determine which areas are likely to contain residual radioactivity and, thus, 
areas where scoping survey activities will be concentrated. The information may also identify 
one or more non-impacted areas as potential reference areas when radionuclides of concern are 
present in background (Section 4.5). Following the review of the HSA, DCGLs that are 
appropriate for the site are selected. The DCGLs may be adjusted later if a determination is 
made to use site-specific information to support the development of DCGLs. 

If residual radioactivity is identified during the scoping survey, the area may be classified as 
Class 1 or Class 2 for final status survey planning (refer to Section 4.4 for guidance on initial 
classification), and a characterization survey is subsequently performed. For scoping surveys that 
are designed to provide input for characterization surveys, measurements and sampling may not 
be as comprehensive or performed to the same level of sensitivity necessary for final status 
surveys. The design of the scoping survey should be based on specific data quality objectives 
(DQOs; see Section 2.3.1 and Appendix D) for the information to be collected. 

For scoping surveys that potentially serve to release the site from further consideration, the 
survey design should consist of sampling based on the HSA data and professional judgment. If 
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residual radioactivity is not identified during judgment sampling, it may be appropriate to 
classify the area as Class 3 and perform a final status survey for Class 3 areas. Refer to Section 
5.5 for a description of final status surveys. However, collecting additional information during 
subsequent surveys (e.g., characterization surveys) may be necessary to make a final 
determination as to area classification. 

5.2.3 Conducting Surveys 

Scoping survey activities performed for preliminary risk assessment or to provide input for 
additional characterization include a limited amount of surface scanning, surface activity 
measurements, and sample collection (smears, soil, water, vegetation, paint, building materials, 
subsurface materials). In this case, scans, direct measurements, and samples are used to examine 
areas likely to contain residual radioactivity. These activities are conducted based on HSA data, 
preliminary investigation surveys, and professional judgment. 

Background activity and radiation levels for the area should be determined, including direct 
radiation levels on building surfaces and radionuclide concentrations in media. Survey locations 
should be referenced to grid coordinates, if appropriate, or fixed site features. It may be 
considered appropriate to establish a reference coordinate system in the event that contamination 
is detected above the DCGLs (Section 4.8.5). Samples collected as part of a scoping survey 
should consider any sample tracking requirements, including chain of custody, if required 
(Section 7.8). 

Scoping surveys that are expected to be used as Class 3 area final status surveys should be 
designed following the guidance in Section 5.5. These surveys should also include judgment 
measurements and sampling in areas likely to have accumulated residual radioactivity (Section 
5.5.3). 

5.2.4 Evaluating Survey Results 

Survey data are converted to the same units as those in which DCGLs are expressed (Section 
6.6). Identification of potential radionuclide contaminants at the site is performed using direct 
measurements or laboratory analysis of samples. The data are compared to the appropriate 
regulatory DCGLs. 

For scoping survey activities that provide an initial assessment of the radiological hazards at the 
site, or provide input for additional characterization, the survey data are used to identify locations 
and general extent of residual radioactivity. Scoping surveys that are expected to be used as 
Class 3 area final status surveys should follow the methodology presented in Chapter 8 to 
determine if the release criterion has been exceeded. 
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5.2.5 Documentation 

How the results of the scoping survey are documented depends on the specific objectives of the 
survey. For scoping surveys that provide additional information for characterization surveys, the 
documentation should provide general information on the radiological status of the site. Survey 
results should include identification of the potential contaminants (including the methods used 
for radionuclide identification), general extent of contamination (e.g., activity levels, area of 
contamination, and depth of contamination), and possibly even relative ratios of radionuclides to 
facilitate DCGL application. A narrative report or a report in the form of a letter may suffice for 
scoping surveys used to provide input for characterization surveys. Sites being released from 
further consideration should provide a level of documentation consistent with final status survey 
reports. 
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EXAMPLE SCOPING SURVEY CHECKLIST 

SURVEY DESIGN 

_____	 Enumerate DQOs: State the objectives of the survey; survey instrumentation capabilities 
should be appropriate for the specified survey objectives. 

_____ Review the Historical Site Assessment for: 

_____	 Operational history (e.g., problems, spills, releases, or notices of violation) and 
available documentation (e.g., radioactive materials license). 

_____ Other available resources—site personnel, former workers, residents, etc. 

_____	 Types and quantities of materials that were handled and where radioactive 
materials were stored, handled, moved, relocated, and disposed. 

_____ Release and migration pathways. 

_____	 Areas that are potentially affected and likely to contain residual contamination. 
Note: Survey activities will be concentrated in these areas. 

_____	 Types and quantities of materials likely to remain onsite—consider radioactive 
decay. 

_____	 Select separate DCGLs for the site based on the HSA review. (It may be necessary to 
assume appropriate regulatory DCGLs in order to permit selection of survey methods and 
instrumentation for the expected contaminants and quantities.) 

CONDUCTING SURVEYS 

_____	 Follow the survey design documented in the QAPP. Record deviations from the stated 
objectives or documented SOPs and document additional observations made when 
conducting the survey. 

_____	 Select instrumentation based on the specific DQOs of the survey. Consider detection 
capabilities for the expected contaminants and quantities. 

_____	 Determine background activity and radiation levels for the area; include direct radiation 
levels on building surfaces, radionuclide concentrations in media, and exposure rates. 
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_____	 Record measurement and sample locations referenced to grid coordinates or fixed site 
features. 

_____	 For scoping surveys that are conducted as Class 3 area final status surveys, follow 
guidance for final status surveys. 

_____	 Conduct scoping survey, which involves judgment measurements and sampling based on 
HSA results: 

_____ Perform investigatory surface scanning. 

_____ Conduct limited surface activity measurements. 

_____	 Perform limited sample collection (smears, soil, water, vegetation, paint, building 
materials, subsurface materials). 

_____ Maintain sample tracking. 

EVALUATING SURVEY RESULTS 

_____ Compare survey results with the DQOs. 

_____ Identify radionuclides of concern. 

_____ Identify impacted areas and general extent of contamination. 

_____ Estimate the variability in the residual radioactivity levels for the site. 

_____	 Adjust DCGLs based on survey findings (the DCGLs initially selected may not be 
appropriate for the site). 

_____ Determine the need for additional action (e.g., none, remediate, more surveys) 

_____ Prepare report for regulatory agency (determine if letter report is sufficient). 
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5.3 Characterization Surveys 

5.3.1 General 

Characterization surveys may be performed to satisfy a number of specific objectives. Examples 
of characterization survey objectives include: 1) determining the nature and extent of radiological 
contamination, 2) evaluating remediation alternatives (e.g., unrestricted use, restricted use, onsite 
disposal, off-site disposal, etc.), 3) input to pathway analysis/dose or risk assessment models for 
determining site-specific DCGLs (Bq/kg, Bq/m2), 4) estimating the occupational and public 
health and safety impacts during decommissioning, 5) evaluating remediation technologies, 
6) input to final status survey design, and 7) Remedial Investigation/Feasibility Study 
requirements (CERCLA sites only) or RCRA Facility Investigation/Corrective Measures Study 
requirements (RCRA sites only). 

The scope of this manual precludes detailed discussions of characterization survey design for 
each of these objectives, and therefore, the user should consult other references for specific 
characterization survey objectives not covered. For example, the Decommissioning Handbook 
(DOE 1994) is a good reference for characterization objectives that are concerned with 
evaluating remediation technologies or unrestricted/restricted use alternatives. Other references 
(EPA 1988b, 1988c, 1994a; NRC 1994) should be consulted for planning decommissioning 
actions, including decontamination techniques, projected schedules, costs, and waste volumes, 
and health and safety considerations during decontamination. Also, the types of characterization 
data needed to support risk or dose modeling should be determined from the specific modeling 
code documentation. 

This manual concentrates on providing information for the final status survey design, with 
limited coverage on determining the specific nature and extent of radionuclide contamination. 
The specific objectives for providing information to the final status survey design include: 
1) estimating the projected radiological status at the time of the final status survey, in terms of 
radionuclides present, concentration ranges and variances, spatial distribution, etc., 2) evaluating 
potential reference areas to be used for background measurements, if necessary, 3) reevaluating 
the initial classification of survey units, 4) selecting instrumentation based on the necessary 
MDCs, and 5) establishing acceptable Type I and Type II errors with the regulatory agency 
(Appendix D provides guidance on establishing acceptable decision error rates). Many of these 
objectives are satisfied by determining the specific nature and extent of contamination of 
structures, residues, and environmental media. Additional detail on the performance of 
characterization surveys designed to determine the general extent of contamination can be found 
in the NRC's Draft Branch Technical Position on Site Characterization for Decommissioning 
(NRC 1994a) and EPA's RI/FS guidance (EPA 1988b; EPA 1993c). 
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Results of the characterization survey should include: 1) the identification and distribution of 
contamination in buildings, structures, and other site facilities; 2) the concentration and 
distribution of contaminants in surface and subsurface soils; 3) the distribution and concentration 
of contaminants in surface water, ground water, and sediments, and 4) the distribution and 
concentration of contaminants in other impacted media such as vegetation or paint. The 
characterization should include sufficient information on the physical characteristics of the site, 
including surface features, meteorology and climatology, surface water hydrology, geology, 
demography and land use, and hydrogeology. This survey should also address environmental 
conditions that could affect the rate and direction of contaminant transport in the environment, 
depending on the extent of contamination identified above. 

The following sections describe a method for planning, conducting, and documenting 
characterization surveys. Alternative methodologies may also be acceptable to the regulatory 
agencies. 

5.3.2 Survey Design 

The design of the site characterization survey is based on the specific DQOs for the information 
to be collected, and is planned using the HSA and scoping survey results. The DQO Process 
ensures that an adequate amount of data with sufficient quality are collected for the purpose of 
characterization. The site characterization process typically begins with a review of the HSA, 
which includes available information on site description, operational history, and the type and 
extent of contamination (from the scoping survey, if performed). The site description, or 
conceptual site model as first developed in Section 3.6.4, consists of the general area, 
dimensions, and locations of contaminated areas on the site. A site map should show site 
boundaries, roads, hydrogeologic features, major structures, and other features that could affect 
decommissioning activities. 

The operational history includes records of site conditions prior to operational activities, 
operational activities of the facility, effluents and on-site disposal, and significant 
incidents—including spills or other unusual occurrences—involving the spread of contamination 
around the site and on areas previously released from radiological controls. This review should 
include other available resources, such as site personnel, former workers, residents, etc. Historic 
aerial photographs and site location maps may be particularly useful in identifying potential areas 
of contamination. 

The types and quantities of materials that were handled and the locations and disposition of 
radioactive materials should be reviewed using available documentation (e.g., the radioactive 
materials license). Contamination release and migration pathways should be identified, as well 
as areas that are potentially affected and are likely to contain residual contamination. The types 
and quantities of materials likely to remain onsite, considering radioactive decay, should be 
determined. 
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The characterization survey should clearly identify those portions of the site (e.g., soil, structures, 
and water) that have been affected by site activities and are potentially contaminated. The survey 
should also identify the portions of the site that have not been affected by these activities. In 
some cases where no remediation is anticipated, results of the characterization survey may 
indicate compliance with DCGLs established by the regulatory agency. When planning for the 
potential use of characterization survey data as part of the final status survey, the characterization 
data must be of sufficient quality and quantity for that use (see Section 5.5). There are several 
processes that are likely to occur in conjunction with characterization. These include considering 
and evaluating remediation alternatives, and calculating site-specific DCGLs. 

The survey should also provide information on variations in the contaminant distribution in the 
survey area. The contaminant variation in each survey unit contributes to determining the 
number of data points based on the statistical tests used during the final status survey (Section 
5.5.2). Additionally, characterization data may be used to justify reclassification for some survey 
units (e.g., from Class 1 to Class 2). 

Note that because of site-specific characteristics of contamination, performing all types of 
measurements described here may not be relevant at every site. For example, detailed 
characterization data may not be needed for areas with contamination well above the DCGLs that 
clearly require remediation. Judgment should be used in determining the types of 
characterization information needed to provide an appropriate basis for decontamination 
decisions. 

5.3.3 Conducting Surveys 

Characterization survey activities often involve the detailed assessment of various types of 
building and environmental media, including building surfaces, surface and subsurface soil, 
surface water, and ground water. The HSA data should be used to identify the potentially 
contaminated media onsite (see Section 3.6.3). Identifying the media that may contain 
contamination is useful for preliminary survey unit classification and for planning subsequent 
survey activities. Selection of survey instrumentation and analytical techniques are typically 
based on a knowledge of the appropriate DCGLs, because remediation decisions are made based 
on the level of the residual contamination as compared to the DCGL. Exposure rate 
measurements may be needed to assess occupational and public health and safety. The location 
of underground utilities should be considered before conducting a survey to avoid compounding 
the problems at the site. 
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5.3.3.1 Structure Surveys 

Surveys of building surfaces and structures include surface scanning, surface activity 
measurements, exposure rate measurements, and sample collection (e.g., smears, subfloor soil, 
water, paint, and building materials). Both field survey instrumentation (Chapter 6) and 
analytical laboratory equipment and procedures (Chapter 7) are selected based on their detection 
capabilities for the expected contaminants and their quantities. Field and laboratory instruments 
are described in Appendix H. 

Background activity and radiation levels for the area should be determined from appropriate 
background reference areas. Background assessments include surface activity measurements on 
building surfaces, exposure rates, and radionuclide concentrations in various media (refer to 
Section 4.5). 

Measurement locations should be documented using reference system coordinates, if appropriate, 
or fixed site features. A typical reference system spacing for building surfaces is 1 meter. This is 
chosen to facilitate identifying survey locations, evaluating small areas of elevated activity, and 
determining survey unit average activity levels. 

Scans should be conducted in areas likely to contain residual activity, based on the results of the 
HSA and scoping survey. 

Both systematic and judgment surface activity measurements are performed. Judgment direct 
measurements are performed at locations of elevated direct radiation, as identified by surface 
scans, to provide data on upper ranges of residual contamination levels. Judgment measurements 
may also be performed in sewers, air ducts, storage tanks, septic systems and on roofs of 
buildings, if necessary. Each surface activity measurement location should be carefully recorded 
on the appropriate survey form. 

Exposure rate measurements and media sampling are performed as necessary. For example, 
subfloor soil samples may provide information on the horizontal and vertical extent of 
contamination. Similarly, concrete core samples are necessary to evaluate the depth of activated 
concrete in a reactor facility. Note that one type of radiological measurement may be sufficient 
to determine the extent of contamination. For example, surface activity measurements alone may 
be all that is needed to demonstrate that decontamination of a particular area is necessary; 
exposure rate measurements would add little to this determination. 

Lastly, the measuring and sampling techniques should be commensurate with the intended use of 
the data, as characterization survey data may be used to supplement final status survey data, 
provided that the data meet the selected DQOs. 
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5.3.3.2 Land Area Surveys 

Characterization surveys for surface and subsurface soils and media involve employing 
techniques to determine the lateral and vertical extent and radionuclide concentrations in the soil. 
This may be performed using either sampling and laboratory analyses, or in situ gamma 
spectrometry analyses, depending on the detection capabilities of each methodology for the 
expected contaminants and concentrations. Note that in situ gamma spectrometry analyses or 
any direct surface measurement cannot easily be used to determine vertical distributions of 
radionuclides. Sample collection followed by laboratory analysis introduces several additional 
sources of uncertainty that need to be considered during survey design. In many cases, a 
combination of direct measurements and samples is required to meet the objectives of the survey. 

Radionuclide concentrations in background soil samples should be determined for a sufficient 
number of soil samples that are representative of the soil in terms of soil type, soil depth, etc. It 
is important that the background samples be collected in non-impacted areas. Consideration 
should be given to spatial variations in the background radionuclide concentrations as discussed 
in Section 4.5 and NRC draft report NUREG-1501 (NRC 1994b). 

Sample locations should be documented using reference system coordinates (see Section 4.8.5), 
if appropriate, or fixed site features. A typical reference system spacing for open land areas is 10 
meters (NRC 1992a). This spacing is somewhat arbitrary and is chosen to facilitate determining 
survey unit locations and evaluating areas of elevated radioactivity. 

Surface scans for gamma activity should be conducted in areas likely to contain residual activity. 
Beta scans may be appropriate if the contamination is near the surface and represents the 
prominent radiation emitted from the contamination. The sensitivity of the scanning technique 
should be appropriate to meet the DQOs. 

Both surface and subsurface soil and media samples may be necessary. Subsurface soil samples 
should be collected where surface contamination is present and where subsurface contamination 
is known or suspected. Boreholes should be constructed to provide samples representing 
subsurface deposits. 

Exposure rate measurements at 1 meter above the sampling location may also be appropriate. 
Each surface and subsurface soil sampling and measurement location should be carefully 
recorded. 
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5.3.3.3 Other Measurements/Sampling Locations 

Surface Water and Sediments.  Surface water and sediment sampling may be necessary 
depending on the potential for these media to be contaminated. The contamination potential 
depends on several factors, including the proximity of surface water bodies to the site, size of the 
drainage area, total annual rainfall, and spatial and temporal variability in surface water flow rate 
and volume. Refer to Section 3.6.3.3 for further consideration of the necessity for surface water 
and sediment sampling. 

Characterizing surface water involves techniques that determine the extent and distribution of 
contaminants. This may be performed by collecting grab samples of the surface water in a well-
mixed zone. At certain sites, it may be necessary to collect stratified water samples to provide 
information on the vertical distribution of contamination. Sediment sampling should also be 
performed to assess the relationship between the composition of the suspended sediment and the 
bedload sediment fractions (i.e., suspended sediments compared to deposited sediments). When 
judgment sampling is used to find radionuclides in sediments, contaminated sediments are more 
likely to be accumulated on fine-grained deposits found in low-energy environments (e.g., 
deposited silt on inner curves of streams). 

Radionuclide concentrations in background water samples should be determined for a sufficient 
number of water samples that are upstream of the site or in areas unaffected by site operations. 
Consideration should be given to any spatial or temporal variations in the background 
radionuclide concentrations. 

Sampling locations should be documented using reference system coordinates, if appropriate, or 
scale drawings of the surface water bodies. Effects of variability of surface water flow rate 
should be considered. Surface scans for gamma activity may be conducted in areas likely to 
contain residual activity (e.g., along the banks) based on the results of the document review 
and/or preliminary investigation surveys. 

Surface water sampling should be performed in areas of runoff from active operations, at plant 
outfall locations, both upstream and downstream of the outfall, and any other areas likely to 
contain residual activity (see Section 3.6.3.3). Measurements of radionuclide concentrations in 
water should include gross alpha and gross beta assessments, as well as any necessary 
radionuclide-specific analyses. Non-radiological parameters, such as specific conductance, pH, 
and total organic carbon may be used as surrogate indicators of potential contamination, provided 
that a specific relationship exists between the radionuclide concentration and the level of the 
indicator (e.g., a linear relationship between pH and the radionuclide concentration in water is 
found to exist, then the pH may be measured such that the radionuclide concentration can be 
calculated based on the known relationship rather than performing an expensive nuclide-specific 
analysis). The use of surrogate measurements is discussed in Section 4.3.2. 
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Each surface water and sediment sampling location should be carefully recorded on the 
appropriate survey form. Additionally, surface water flow models may be used to illustrate 
contaminant concentrations and migration rates. 

Ground Water.  Ground-water sampling may be necessary depending on the local geology, 
potential for subsurface contamination, and the regulatory framework. Because different 
agencies handle ground water contamination situations in different ways (e.g., EPA’s Superfund 
program and some States require compliance with maximum contaminant levels specified in the 
Safe Drinking Water Act), the responsible regulatory agency should be contacted if ground water 
contamination is expected. The need for ground-water sampling is described in Section 3.6.3.4. 

If ground-water contamination is identified, the responsible regulatory agency should be 
contacted at once because: 1) ground water release criteria and DCGLs should be established by 
the appropriate agency (Section 4.3), and 2) the default DCGLs for soil may be inappropriate 
since they are usually based on initially uncontaminated ground water. 

Characterization of ground-water contamination should determine the extent and distribution of 
contaminants, rates and direction of ground water migration, and the assessment of potential 
effects of ground water withdrawal on the migration of ground water contaminants. This may be 
performed by designing a suitable monitoring well network. The actual number and location of 
monitoring wells depends on the size of the contaminated area, the type and extent of the 
contaminants, the hydrogeologic system, and the objectives of the monitoring program. 

When ground-water samples are taken, background should be determined by sufficient sampling 
and analysis of ground-water samples collected from the same aquifer upgradient of the site. The 
background samples should not be affected by site operations and should be representative of the 
quality of the ground water that would exist if the site had not been contaminated. Consideration 
should be given to any spatial or temporal variations in the background radionuclide 
concentrations. 

Sampling locations should be referenced to grid coordinates, if appropriate, or to scale drawings 
of the ground-water monitoring wells. Construction specifications on the monitoring wells 
should also be provided, including elevation, internal and external dimensions, types of casings, 
type of screen and its location, borehole diameter, and other necessary information on the wells. 

In addition to organic and inorganic constituents, ground-water sampling and analyses should 
include all significant radiological contaminants. Measurements in potential sources of drinking 
water should include gross alpha and gross beta assessments, as well as any other radionuclide
specific analyses. Non-radiological parameters, such as specific conductance, pH, and total 
organic carbon may be used as surrogate indicators of potential contamination, provided that a 
specific relationship exists between the radionuclide concentration and the level of the indicator. 
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Each ground-water monitoring well location should be carefully recorded on the appropriate 
survey form. Additionally, contaminant concentrations and sources should be plotted on a map 
to illustrate the relationship among contamination, sources, hydrogeologic features and boundary 
conditions, and property boundaries (EPA 1993b). 

Other Media.  Air sampling may be necessary at some sites depending on the local geology and 
the radionuclides of potential concern. This may include collecting air samples or filtering the air 
to collect resuspended particulates. Air sampling is often restricted to monitoring activities for 
occupational and public health and safety and is not required to demonstrate compliance with 
risk- or dose-based regulations. Section 3.6.3.5 describes examples of sites where air sampling 
may provide information useful to designing a final status survey. At some sites, radon 
measurements may be used to indicate the presence of radium, thorium, or uranium in the soil. 
Section 6.9 and Appendix H provide information on this type of sampling. 

In rare cases, vegetation samples may be collected as part of a characterization survey to provide 
information in preparation for a final status survey. Because most risk- and dose-based 
regulations are concerned with potential future land use that may differ from the current land use, 
vegetation samples are unsuitable for demonstrating compliance with regulations. There is a 
relationship between radionuclide concentrations in plants and those in soil (the soil-to-plant 
transfer factor is used in many models to develop DCGLs) and the plant concentration could be 
used as a surrogate measurement of the soil concentration. In most cases, a measurement of the 
soil itself as the parameter of interest is more appropriate and introduces less uncertainty in the 
result. 

5.3.4 Evaluating Survey Results 

Survey data are converted to the same units as those in which DCGLs are expressed (Section 
6.6). Identification of potential radionuclide contaminants at the site is performed through 
laboratory and in situ analyses. Appropriate regulatory DCGLs for the site are selected and the 
data are then compared to the DCGLs. For characterization data that are used to supplement 
final status survey data, the statistical methodology in Chapter 8 should be followed to determine 
if a survey unit satisfies the release criteria. 

For characterization data that are used to help guide remediation efforts, the survey data are used 
to identify locations and general extent of residual activity. The survey results are first compared 
with DCGLs. Surfaces and environmental media are then differentiated as exceeding DCGLs, 
not exceeding DCGLs, or not contaminated, depending on the measurement results relative to the 
DCGL value. Direct measurements indicating areas of elevated activity are further evaluated and 
the need for additional measurements is determined. 
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5.3.5 Documentation 

Documentation of the site characterization survey should provide a complete and unambiguous 
record of the radiological status of the site. In addition, sufficient information to characterize the 
extent of contamination, including all possible affected environmental media, should be provided 
in the report. This report should also provide sufficient information to support reasonable 
approaches or alternatives to site decontamination. 
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EXAMPLE CHARACTERIZATION SURVEY CHECKLIST 

SURVEY DESIGN 

________	 Enumerate DQOs: State objective of the survey; survey instrumentation 
capabilities should be appropriate for the specific survey objective. 

________ Review the Historical Site Assessment for: 

_______	 Operational history (e.g., any problems, spills, or releases) and 
available documentation (e.g., radioactive materials license). 

_______	 Other available resources—site personnel, former workers, 
residents, etc. 

_______	 Types and quantities of materials that were handled and where 
radioactive materials were stored, handled, and disposed of. 

_______ Release and migration pathways. 

_______	 Information on the potential for residual radioactivity that may be 
useful during area classification for final status survey design. 
Note: Survey activities will be concentrated in Class 1 and Class 2 
areas. 

_______	 Types and quantities of materials likely to remain on-site— 
consider radioactive decay. 

CONDUCTING SURVEYS 

_______	 Select instrumentation based on detection capabilities for the expected 
contaminants and quantities and a knowledge of the appropriate DCGLs. 

_______	 Determine background activity and radiation levels for the area; include surface 
activity levels on building surfaces, radionuclide concentrations in environmental 
media, and exposure rates. 

_______	 Establish a reference coordinate system. Prepare scale drawings for surface water 
and ground-water monitoring well locations. 
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_______	 Perform thorough surface scans of all potentially contaminated areas, (e.g., indoor 
areas include expansion joints, stress cracks, penetrations into floors and walls for 
piping, conduit, and anchor bolts, and wall/floor interfaces); outdoor areas include 
radioactive material storage areas, areas downwind of stack release points, surface 
drainage pathways, and roadways that may have been used for transport of 
radioactive or contaminated materials. 

_______ Perform systematic surface activity measurements. 

_______	 Perform systematic smear, surface and subsurface soil and media, sediment, 
surface water and groundwater sampling, if appropriate for the site. 

_______	 Perform judgment direct measurements and sampling of areas of elevated activity 
of residual radioactivity to provide data on upper ranges of residual contamination 
levels. 

_______ Document survey and sampling locations. 

_______ Maintain chain of custody of samples when necessary. 

Note:	 One category of radiological data (e.g., radionuclide concentration, direct radiation level, 
or surface contamination) may be sufficient to determine the extent of contamination; 
other measurements may not be necessary (e.g., removable surface contamination or 
exposure rate measurements). 

Note:	 Measuring and sampling techniques should be commensurate with the intended use of the 
data because characterization survey data may be used to supplement final status survey 
data. 

EVALUATING SURVEY RESULTS 

_______	 Compare survey results with DCGLs. Differentiate surfaces/areas as exceeding 
DCGLs, not exceeding DCGLs, or not contaminated. 

_______	 Evaluate all locations of elevated direct measurements and determine the need for 
additional measurements/samples. 

_______ Prepare site characterization survey report. 
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5.4 Remedial Action Support Surveys 

5.4.1 General 

Remedial action support surveys are conducted to 1) support remediation activities, 2) determine 
when a site or survey unit is ready for the final status survey, and 3) provide updated estimates of 
site-specific parameters to use for planning the final status survey. This manual does not discuss 
the routine operational surveys (e.g., air sampling, dose rate measurements, environmental 
sampling) conducted to support remediation activities. 

A remedial action support survey serves to monitor the effectiveness of decontamination efforts 
that are intended to reduce residual radioactivity to acceptable levels. This type of survey guides 
the cleanup in a real-time mode. The remedial action support survey typically relies on a simple 
radiological parameter, such as direct radiation near the surface, as an indicator of effectiveness. 
The investigation level (the level below which there is an acceptable level of assurance that the 
established DCGLs have been attained) is determined and used for immediate, in-field decisions 
(Section 5.5.2.6). Such a survey is intended for expediency and cost effectiveness and does not 
provide thorough or accurate data describing the radiological status of the site. Note that this 
survey does not provide information that can be used to demonstrate compliance with the 
DCGLs and is an interim step in the compliance demonstration process. Areas that are 
determined to satisfy the DCGLs on the basis of the remedial action support survey will then be 
surveyed in detail by the final status survey. Alternatively, the remedial action support survey 
can be designed to meet the objectives of a final status survey as described in Section 5.5. 
DCGLs may be recalculated based on the results of the remediation process as the regulatory 
program allows or permits. 

Remedial activities result in changes to the distribution of contamination within a survey unit. 
The site-specific parameters used during final status survey planning (e.g., variability in the 
radionuclide concentration within a survey unit or probability of small areas of elevated activity) 
will change during remediation. For most survey units, values for these parameters will need to 
be re-established following remediation. Obtaining updated values for these critical planning 
parameters should be considered when designing a remedial action support survey. 

5.4.2 Survey Design 

The objective of the remedial action support survey is to detect the presence of residual activity 
at or below the DCGL criteria. Although the presence of small areas of elevated radioactivity 
may satisfy the elevated measurement criteria, it may be more efficient to design the remedial 
action support survey to identify residual radioactivity at the DCGLW (and to remediate small 
areas of elevated activity that may potentially satisfy the release criteria). Survey instrumentation 
and techniques are therefore selected based on the detection capabilities for the known or 
suspected contaminants and DCGLs to be achieved. 
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There will be radionuclides and media that cannot be evaluated at the DCGLW using field 
monitoring techniques. For these cases, it may be feasible to collect and analyze samples by 
methods that are quicker and less costly than radionuclide-specific laboratory procedures. Field 
laboratories and screening techniques may be acceptable alternatives to more expensive analyses. 
Reviewing remediation plans may be required to get an indication of the location and amount of 
remaining contamination following remediation. 

5.4.3 Conducting Surveys 

Field survey instruments and procedures are selected based on their detection capabilities for the 
expected contaminants and their quantities. Survey methods typically include scans of surfaces 
followed by direct measurements to identify residual radioactivity. The surface activity levels are 
compared to the DCGLs, and a determination is made on the need for further decontamination 
efforts. 

Survey activities for soil excavations include surface scans using field instrumentation sensitive 
to beta and gamma activity. Because it is difficult to correlate scanning results to radionuclide 
concentrations in soil, judgment should be carefully exercised when using scan results to guide 
the cleanup efforts. Field laboratories and screening techniques may provide a better approach 
for determining whether or not further soil remediation is necessary. 

5.4.4 Evaluating Survey Results 

Survey data (e.g., surface activity levels and radionuclide concentrations in various media) are 
converted to standard units and compared to the DCGLs (Section 6.6). If results of these survey 
activities indicate that remediation has been successful in meeting the DCGLs, decontamination 
efforts are ceased and final status survey activities are initiated. Further remediation may be 
needed if results indicate the presence of residual activity in excess of the DCGLs. 

5.4.5 Documentation 

The remedial action support survey is intended to guide the cleanup and alert those performing 
remedial activities that additional remediation is needed or that the site may be ready to initiate a 
final survey. Data that indicate an area has been successfully remediated could be used to 
estimate the variance for the survey units in that area.  Information identifying areas of elevated 
activity that existed prior to remediation may be useful for planning final status surveys. 
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EXAMPLE REMEDIAL ACTION SUPPORT SURVEY CHECKLIST 

SURVEY DESIGN 

_______	 Enumerate DQOs: State the objectives of the survey; survey instrumentation 
capabilities should be able to detect residual contamination at the DCGL. 

_______ Review the remediation plans. 

_______	 Determine applicability of monitoring surfaces/soils for the radionuclides of 
concern. Note: Remedial action support surveys may not be feasible for surfaces 
contaminated with very low energy beta emitters or for soils or media 
contaminated with pure alpha emitters. 

_______	 Select simple radiological parameters (e.g., surface activity) that can be used to 
make immediate in-field decisions on the effectiveness of the remedial action. 

CONDUCTING SURVEYS 

_______	 Select instrumentation based on its detection capabilities for the expected 
contaminants. 

_______	 Perform scanning and surface activity measurements near the surface being 
decontaminated. 

_______	 Survey soil excavations and perform field evaluation of samples (e.g., gamma 
spectrometry of undried/non-homogenized soil) as remedial actions progress. 

EVALUATING SURVEY RESULTS 

_______	 Compare survey results with DCGLs using survey data as a field decision tool to 
guide the remedial actions in a real-time mode. 

_______ Document survey results. 
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5.5 Final Status Surveys 

5.5.1 General 

A final status survey is performed to demonstrate that residual radioactivity in each survey unit 
satisfies the predetermined criteria for release for unrestricted use or, where appropriate, for use 
with designated limitations. The survey provides data to demonstrate that all radiological 
parameters do not exceed the established DCGLs. For these reasons, more detailed guidance is 
provided for this category of survey. For the final status survey, survey units represent the 
fundamental elements for compliance demonstration using the statistical tests (see Section 4.6). 
The documentation specified in the following sections helps ensure a consistent approach among 
different organizations and regulatory agencies. This allows for comparisons of survey results 
between sites or facilities. 

This section describes methods for planning and conducting final status surveys to satisfy the 
objectives of the regulatory agencies. The MARSSIM approach recognizes that alternative 
methods may be acceptable to those agencies. Flow diagrams and a checklist to assist the user in 
planning a survey are included in this section. 

5.5.2 Survey Design 

Figures 5.1 through 5.3 illustrate the process of designing a final status survey. This process 
begins with development of DQOs. On the basis of these objectives and the known or 
anticipated radiological conditions at the site, the numbers and locations of measurement and 
sampling points used to demonstrate compliance with the release criterion are then determined. 
Finally, survey techniques appropriate to develop adequate data (see Chapters 6 and 7) are 
selected and implemented. 

Planning for the final status survey should include early discussions with the regulatory agency 
concerning logistics for confirmatory or verification surveys. A confirmatory survey (also known 
as an independent verification survey), may be performed by the responsible regulatory agency or 
by an independent third party (e.g., contracted by the regulatory agency) to provide data to 
substantiate results of the final status survey. Actual field measurements and sampling may be 
performed. Another purpose of the confirmatory activities may be to identify any deficiencies in 
the final status survey documentation based on a thorough review of survey procedures and 
results. Independent confirmatory survey activities are usually limited in scope to spot-checking 
conditions at selected locations, comparing findings with those of the final status survey, and 
performing independent statistical evaluations of the data developed from the confirmatory 
survey and the final status survey. 
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W H A T  I S  T H E  
A R E A  C L A S S I F I C A T I O N ?  

D E T E R M I N E  S P A C I N G  
F O R  S U R V E Y  U N I T  
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Figure 5.1 Flow Diagram Illustrating the Process for Identifying 
Measurement Locations (Refer to Section 5.5.2.5) 
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Figure 5.3 Flow Diagram for Identifying Data Needs for Assessment of Potential 
Areas of Elevated Activity in Class 1 Survey Units (Refer to Section 5.5.2.4) 
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5.5.2.1 Application of Decommissioning Criteria 

The DQO Process, as it is applied to decommissioning surveys, is described in more detail in 
Appendix D of this manual and in EPA and NRC guidance documents (EPA 1994, 1987b, 
1987c; NRC 1997a). As part of this process, the objective of the survey and the null and 
alternative hypotheses should be clearly stated. The objective of final status surveys is typically 
to demonstrate that residual radioactivity levels meet the release criterion. In demonstrating that 
this objective is met, the null hypothesis (Ho) tested is that residual contamination exceeds the 
release criterion; the alternative hypothesis (Ha) is that residual contamination meets the release 
criterion. 

Two statistical tests are used to evaluate data from final status surveys. For contaminants that are 
present in background, the Wilcoxon Rank Sum (WRS) test is used. When contaminants are not 
present in background, the Sign test is used. To determine data needs for these tests, the 
acceptable probability of making Type I decision errors (�) and Type II decision errors (�) should 
be established (see Appendix D, Section D.6). The acceptable decision error rates are a function 
of the amount of residual radioactivity and are determined during survey planning using the DQO 
Process. 

The final step of the DQO process includes selecting the optimal design that satisfies the DQOs. 
For some sites or survey units, the guidance provided in this section may result in a survey design 
that cannot be accomplished with the available resources. For these situations, the planning team 
will need to relax one or more of the constraints used to develop the survey design as described 
in Appendix D. Examples of survey design constraints discussed in this section include: 

! increasing the decision error rates, not forgetting to consider the risks associated with 
making an incorrect decision 

! increasing the width of the gray region by decreasing the lower bound of the gray region 
! changing the boundaries—it may be possible to reduce measurement costs by changing or 

eliminating survey units that may require different decisions 

5.5.2.2 Contaminant Present in Background—Determining Numbers of Data Points for 
Statistical Tests 

The comparison of measurements from the reference area and survey unit is made using the 
WRS test, which should be conducted for each survey unit. In addition, the elevated 
measurement comparison (EMC) is performed against each measurement to ensure that the 
measurement result does not exceed a specified investigation level.  If any measurement in the 
remediated survey unit exceeds the specified investigation level, then additional investigation is 
recommended, at least locally, regardless of the outcome of the WRS test. 
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The WRS test is most effective when residual radioactivity is uniformly present throughout a 
survey unit.  The test is designed to detect whether or not this activity exceeds the DCGLW. The 
advantage of this nonparametric test is that it does not assume the data are normally or 
log-normally distributed. The WRS test also allows for “less than” measurements to be present 
in the reference area and the survey units. As a general rule, this test can be used with up to 40 % 
“less than” measurements in either the reference area or the survey unit.  However, the use of 
“less than” values in data reporting is not recommended. Wherever possible, the actual result of 
a measurement, together with its uncertainty, should be reported. 

This section introduces several terms and statistical parameters that will be used to determine the 
number of data points needed to apply the nonparametric tests. An example is provided to better 
illustrate the application of these statistical concepts. 

Calculate the Relative Shift.  The lower bound of the gray region (LBGR) is selected during the 
DQO Process along with the target values for � and �. The width of the gray region, equal to 
(DCGL - LBGR), is a parameter that is central to the WRS test. This parameter is also referred 
to as the shift, �. The absolute size of the shift is actually of less importance than the relative 
shift, �/�, where � is an estimate of the standard deviation of the measured values in the survey 
unit. This estimate of � includes both the real spatial variability in the quantity being measured 
and the precision of the chosen measurement system. The relative shift, �/�, is an expression of 
the resolution of the measurements in units of measurement uncertainty. 

The shift (� = DCGLW - LBGR) and the estimated standard deviation in the measurements of the 
contaminant (�r and �s) are used to calculate the relative shift, �/� (see Appendix D, Section 
D.6). The standard deviations in the contaminant level will likely be available from previous 
survey data (e.g., scoping or characterization survey data for unremediated survey units or 
remedial action support surveys for remediated survey units). If they are not available, it may be 
necessary to 1) perform some limited preliminary measurements (about 5 to 20) to estimate the 
distributions, or 2) to make a reasonable estimate based on available site knowledge. If the first 
approach above is used, it is important to note that the scoping or characterization survey data or 
preliminary measurements used to estimate the standard deviation should use the same technique 
as that to be used during the final status survey. When preliminary data are not obtained, it may 
be reasonable to assume a coefficient of variation on the order of 30%, based on experience. 

The value selected as an estimate of � for a survey unit may be based on data collected only from 
within that survey unit or from data collected from a much larger area of the site. Note that 
survey units are not finalized until the planning stage of the final status survey. This means that 
there may be some difficulty in determining which individual measurements from a preliminary 
survey may later represent a particular survey unit. For many sites, the most practical solution is 
to estimate � for each area classification (i.e., Class 1, Class 2, and Class 3) for both interior and 
exterior survey units. This will result in all exterior Class 3 survey units using the same estimate 
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of �, all exterior Class 2 survey units using a second estimate for �, and all exterior Class 1 
survey units using a third estimate for �. If there are multiple types of surfaces within an area 
classification, additional estimates of � may be required. For example, a Class 2 concrete floor 
may require a different estimate of � than a Class 2 cinder block wall, or a Class 3 unpaved 
parking area may require a different estimate of � than a Class 3 lawn. In addition, MARSSIM 
recommends that a separate estimate of � be obtained for every reference area. 

The importance of choosing appropriate values for �r and �s must be emphasized. If the value is 
grossly underestimated, the number of data points will be too few to obtain the desired power 
level for the test and a resurvey may be recommended (refer to Chapter 8). If, on the other hand, 
the value is overestimated, the number of data points determined will be unnecessarily large. 

Values for the relative shift that are less than one will result in a large number of measurements 
needed to demonstrate compliance.  The number of data points will also increase as � becomes 
smaller. Since the DCGL is fixed, this means that the lower bound of the gray region also has a 
significant effect on the estimated number of measurements needed to demonstrate compliance. 
When the estimated standard deviations in the reference area and survey units are different, the 
larger value should be used to calculate the relative shift (�/�). 

Determine Pr.  The probability that a random measurement from the survey unit exceeds a 
random measurement from the background reference area by less than the DCGLW when the 
survey unit median is equal to the LBGR above background is defined as Pr. Pr is used in 
Equation 5-1 for determining the number of measurements to be performed during the survey. 
Table 5.1 lists relative shift values and values for Pr. Using the relative shift calculated in the 
preceding section, the value of Pr can be obtained from Table 5.1. Information on calculating 
individual values of Pr is available in NUREG-1505 (NRC 1997a). 

If the actual value of the relative shift is not listed in Table 5.1, always select the next lower 
value that appears in the table. For example, �/�=1.67 does not appear in Table 5.1. The next 

r would be 0.871014.lower value is 1.6, so the value of P

Determine Decision Error Percenti les.  The next step in this process is to determine the 
, represented by the selected decision error levels, � and ß, respectively 

are standard statistical values (Harnett 1975). 
percentiles, Z1-� and Z1-ß

(see Table 5.2). Z1-� and Z1-ß
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Table 5.1 Values of Pr for Given Values of the Relative Shift, �/�, 
when the Contaminant is Present in Background 

�/� Pr �/� Pr 

0.1 0.528182 1.4 0.838864 

0.2 0.556223 1.5 0.855541 

0.3 0.583985 1.6 0.871014 

0.4 0.611335 1.7 0.885299 

0.5 0.638143 1.8 0.898420 

0.6 0.664290 1.9 0.910413 

0.7 0.689665 2.0 0.921319 

0.8 0.714167 2.25 0.944167 

0.9 0.737710 2.5 0.961428 

1.0 0.760217 2.75 0.974067 

1.1 0.781627 3.0 0.983039 

1.2 0.801892 3.5 0.993329 

1.3 0.820978 4.0 0.997658 

If �/� > 4.0, use Pr = 1.000000 

Table 5.2 Percentiles Represented by Selected Values of � and ß 

� (or ß) Z1-� (or Z1-ß) � (or �) Z1-� (or Z1-�) 

0.005 2.576 0.10 1.282 

0.01 2.326 0.15 1.036 

0.015 2.241 0.20 0.842 

0.025 1.960 0.25 0.674 

0.05 1.645 0.30 0.524 

Calculate Number of Data Points for WRS Test. The number of data points, N, to be obtained 
from each reference area/survey unit pair for the WRS test is next calculated using 

(Z1&�%Z1&�)
2 

N ' 
3(P &0.5)2 

(5-1) 
r 
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The value of N calculated using equation 5-1 is an approximation based on estimates of � and Pr , 
so there is some uncertainty associated with this calculation. In addition, there will be some 
missing or unusable data from any survey. The rate of missing or unusable measurements, R, 
expected to occur in survey units or reference areas and the uncertainty associated with the 
calculation of N should be accounted for during survey planning. The number of data points 
should be increased by 20%, and rounded up, over the values calculated using equation 5-1 to 
obtain sufficient data points to attain the desired power level with the statistical tests and allow 
for possible lost or unusable data. The value of 20% is selected to account for a reasonable 
amount of uncertainty in the parameters used to calculate N and still allow flexibility to account 
for some lost or unusable data. The recommended 20% correction factor should be applied as a 
minimum value. Experience and site-specific considerations should be used to increase the 
correction factor if required. If the user determines that the 20% increase in the number of 
measurements is excessive for a specific site, a retrospective power curve should be used to 
demonstrate that the survey design provides adequate power to support the decision (see 
Appendix I). 

N is the total number of data points for each survey unit/reference area combination. The N data 
points are divided between the survey unit, n, and the reference area, m. The simplest method for 
distributing the N data points is to assign half the data points to the survey unit and half to the 
reference area, so n=m=N/2. This means that N/2 measurements are performed in each survey 
unit, and N/2 measurements are performed in each reference area. If more than one survey unit is 
associated with a particular reference area, N/2 measurements should be performed in each 
survey unit and N/2 measurements should be performed in the reference area. 

Obtain Number of Data Points for WRS Test from Table 5.3. Table 5.3 provides a list of the 
number of data points used to demonstrate compliance using the WRS test for selected values of 
�, �, and �/�. The values listed in Table 5.3 represent the number of measurements to be 
performed in each survey unit as well as in the corresponding reference area. The values were 
calculated using Equation 5-1 and increased by 20% for the reasons discussed in the previous 
section. 

Example: 

A site has 14 survey units and 1 reference area, and the same type of instrument 
and method is used to perform measurements in each area. The contaminant has a 
DCGLW which when converted to cpm equals 160 cpm. The contaminant is 
present in background at a level of 45 ± 7 (1�) cpm. The standard deviation of the 
contaminant in the survey area is ± 20 cpm, based on previous survey results for 
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�/� 

�=0.01 �=0.025 �=0.05 �=0.10 �=0.25 

� 

0.01 0.025 0.05 0.10 0.25 

� 

0.01 0.025 0.05 0.10 0.25 

� 

0.01 0.025 0.05 0.10 0.25 

� 

0.01 0.025 0.05 0.10 0.25 

� 

0.01 0.025 0.05 0.10 0.25 

0.1 5452 4627 3972 3278 2268 

1370 1163 998 824 570 

614 521 448 370 256 

350 297 255 211 146 

227 193 166 137 95 

161 137 117 97 67 

121 103 88 73 51 

95 81 69 57 40 

77 66 56 47 32 

64 55 47 39 27 

55 47 40 33 23 

48 41 35 29 20 

43 36 31 26 18 

38 32 28 23 16 

35 30 25 21 15 

32 27 23 19 14 

30 25 22 18 13 

28 24 20 17 12 

26 22 19 16 11 

25 21 18 15 11 

22 19 16 14 10 

21 18 15 13 9 

20 17 15 12 9 

19 16 14 12 8 

18 16 13 11 8 

18 15 13 11 8 

4627 3870 3273 2646 1748 

1163 973 823 665 440 

521 436 369 298 197 

297 248 210 170 112 

193 162 137 111 73 

137 114 97 78 52 

103 86 73 59 39 

81 68 57 46 31 

66 55 46 38 25 

55 46 39 32 21 

47 39 33 27 18 

41 34 29 24 16 

36 30 26 21 14 

32 27 23 19 13 

30 25 21 17 11 

27 23 19 16 11 

25 21 18 15 10 

24 20 17 14 9 

22 19 16 13 9 

21 18 15 12 8 

19 16 14 11 8 

18 15 13 10 7 

17 14 12 10 7 

16 14 12 10 6 

16 13 11 9 6 

15 13 11 9 6 

3972 3273 2726 2157 1355 

998 823 685 542 341 

448 369 307 243 153 

255 210 175 139 87 

166 137 114 90 57 

117 97 81 64 40 

88 73 61 48 30 

69 57 48 38 24 

56 46 39 31 20 

47 39 32 26 16 

40 33 28 22 14 

35 29 24 19 12 

31 26 22 17 11 

28 23 19 15 10 

25 21 18 14 9 

23 19 16 13 8 

22 18 15 12 8 

20 17 14 11 7 

19 16 13 11 7 

18 15 13 10 7 

16 14 11 9 6 

15 13 11 9 6 

15 12 10 8 5 

14 12 10 8 5 

13 11 9 8 5 

13 11 9 7 5 

3278 2646 2157 1655 964 

824 665 542 416 243 

370 298 243 187 109 

211 170 139 106 62 

137 111 90 69 41 

97 78 64 49 29 

73 59 48 37 22 

57 46 38 29 17 

47 38 31 24 14 

39 32 26 20 12 

33 27 22 17 10 

29 24 19 15 9 

26 21 17 13 8 

23 19 15 12 7 

21 17 14 11 7 

19 16 13 10 6 

18 15 12 9 6 

17 14 11 9 5 

16 13 11 8 5 

15 12 10 8 5 

14 11 9 7 4 

13 10 9 7 4 

12 10 8 6 4 

12 10 8 6 4 

11 9 8 6 4 

11 9 7 6 4 

2268 1748 1355 964 459 

570 440 341 243 116 

256 197 153 109 52 

146 112 87 62 30 

95 73 57 41 20 

67 52 40 29 14 

51 39 30 22 11 

40 31 24 17 8 

32 25 20 14 7 

27 21 16 12 6 

23 18 14 10 5 

20 16 12 9 4 

18 14 11 8 4 

16 13 10 7 4 

15 11 9 7 3 

14 11 8 6 3 

13 10 8 6 3 

12 9 7 5 3 

11 9 7 5 3 

11 8 7 5 3 

10 8 6 4 2 

9 7 6 4 2 

9 7 5 4 2 

8 6 5 4 2 

8 6 5 4 2 

8 6 5 4 2 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

2.25 

2.5 

2.75 

3.0 

3.5 

4.0 
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the same or similar contaminant distribution. When the estimated standard deviation in 
the reference area and the survey units are different, the larger value, 20 cpm in this 
example, should be used to calculate the relative shift. During the DQO process the 
LBGR is selected to be one-half the DCGLW (80 cpm) as an arbitrary starting point for 
developing an acceptable survey design,1 and Type I and Type II error values (� and �) of 
0.05 have been selected. Determine the number of data points to be obtained from the 
reference area and from each of the survey units for the statistical tests. 

The value of the relative shift for the reference area, �/�, is (160-80)/20 or 4. From Table 
5.1, the value of Pr is 0.997658. Values of percentiles, represented by the selected 
decision error levels, are obtained from Table 5.2. In this case Z1-� (for � = 0.05) is 1.645 
and Z1-ß (� = 0.05) is also 1.645. 

The number of data points, N, for the WRS test of each combination of reference area and 
survey units can be calculated using Equation 5-1 

N ' 
(1.645%1.645)2 

' 14.6 
3(0.997658&0.5)2 

Adding an additional 20% gives 17.5 which is then rounded up to the next even number, 
18. This yields 9 data points for the reference area and 9 for each survey unit. 

Alternatively, the number of data points can be obtained directly from Table 5.3. For 
�=0.05, �=0.05, and �/�=4.0 a value of 9 is obtained for N/2. The table value has already 
been increased by 20% to account for missing or unusable data. 

5.5.2.3 Contaminant Not Present in Background—Determining Numbers of Data Points for 
Statistical Tests 

For the situation where the contaminant is not present in background or is present at such a small 
fraction of the DCGLW as to be considered insignificant, a background reference area is not 
necessary. Instead, the contaminant levels are compared directly with the DCGL value. The 
general approach closely parallels that used for the situation when the contaminant is present in 
background as described in Section 5.5.2.2. However, the statistical tests differ slightly. The 
one-sample Sign test replaces the two-sample Wilcoxon Rank Sum test described above. 

1  Appendix D provides more detailed guidance on the selection of the LBGR. 
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Calculate the Relative Shift.  The initial step in determining the number of data points in the 
one-sample case is to calculate the relative shift, �/�s = (DCGL-LBGR)/�s, from the DCGL 
value, the lower bound of the gray region (LBGR), and the standard deviation of the contaminant 
in the survey unit, �s, as described in Section 5.5.2.2. Also as described in Section 5.5.2.2, the 
value of �s may be obtained from earlier surveys, limited preliminary measurements, or a 
reasonable estimate. Values of the relative shift that are less than one will result in a large 
number of measurements needed to demonstrate compliance. 

Determine Sign p.  Sign p is the estimated probability that a random measurement from the 
survey unit will be less than the DCGLW when the survey unit median is actually at the LBGR. 
The Sign p is used to calculate the minimum number of data points necessary for the survey to 
meet the DQOs. The value of the relative shift calculated in the previous section is used to 
obtain the corresponding value of Sign p from Table 5.4. 

Table 5.4 Values of Sign p for Given Values of the Relative Shift, �/�, 
when the Contaminant is Not Present in Background 

�/� Sign p �/� Sign p 

0.1 0.539828 1.2 0.884930 

0.2 0.579260 1.3 0.903199 

0.3 0.617911 1.4 0.919243 

0.4 0.655422 1.5 0.933193 

0.5 0.691462 1.6 0.945201 

0.6 0.725747 1.7 0.955435 

0.7 0.758036 1.8 0.964070 

0.8 0.788145 1.9 0.971284 

0.9 0.815940 2.0 0.977250 

1.0 0.841345 2.5 0.993790 

1.1 0.864334 3.0 0.998650 

If �/� > 3.0, use Sign p = 1.000000 

Determine Decision Error Percenti les.  The next step in this process is to determine the 
, represented by the selected decision error levels, � and ß, respectively 

(see Table 5.2). 
percentiles, Z1-� and Z1-ß
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Calculate Number of Data Points for Sign Test. The number of data points, N, to be obtained 
for the Sign test is next calculated using the following formula: 

(Z1&� % Z1&�)
2 

N ' 5-2 
4(Sign p & 0.5)2 

Finally, the number of anticipated data points should be increased by at least 20% as discussed in 
Section 5.5.2.2 to ensure sufficient power of the tests and to allow for possible data losses. 

Obtain Number of Data Points for Sign Test from Table 5.5. Table 5.5 provides a list of the 
number of data points used to demonstrate compliance using the Sign test for selected values of 
�, �, and �/�. The values listed in Table 5.5 represent the number of measurements to be 
performed in each survey unit.  These values were calculated using Equation 5-2 and increased 
by 20% to account for missing or unusable data and uncertainty in the calculated value of N. 

Example: 

A site has 1 survey unit. The DCGL level for the contaminant of interest is 140 
Bq/kg (3.9 pCi/g) in soil. The contaminant is not present in background; data 
from previous investigations indicate average residual contamination at the survey 
unit of 3.7 ± 3.7 (1�) Bq/kg.  The lower bound of the gray region was selected to 
be 110 Bq/kg.  A value of 0.05 is next selected for the probability of Type I 
decision errors (�) and a value of 0.01 is selected for the probability of Type II 
decision errors (�) based on the survey objectives. Determine the number of data 
points to be obtained from the survey unit for the statistical tests. 

The value of the shift parameter, �/�, is (140-110)/3.7 or 8. From Table 5.4, the value of 
Sign p is 1.0. Since �/�>3, the width of the gray region can be reduced. If the LBGR is 
raised to 125, then �/� is (140-125)/3.7 or 4. The value of Sign p remains at 1.0. Thus, 
the number of data points calculated will not change. The probability of a Type II error is 
now specified at 125 Bq/kg (3.4 pCi/g) rather than 110 Bq/kg (3.0 pCi/g). As a 
consequence, the probability of a Type II error at 110 Bq/kg (3.0 pCi/g) will be even 
smaller. 

Values of percentiles, represented by the selected decision error levels are obtained from 

1-ß (� = 0.01) is 2.326.Table 5.2. Z1-� (for � = 0.05) is 1.645, and Z
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�/� 

�=0.01 �=0.025 �=0.05 �=0.10 �=0.25 

� 

0.01 0.025 0.05 0.10 0.25 

� 

0.01 0.025 0.05 0.10 0.25 

� 

0.01 0.025 0.05 0.10 0.25 

� 

0.01 0.025 0.05 0.10 0.25 

� 

0.01 0.025 0.05 0.10 0.25 

0.1 4095 3476 2984 2463 1704 

1035 879 754 623 431 

468 398 341 282 195 

270 230 197 162 113 

178 152 130 107 75 

129 110 94 77 54 

99 83 72 59 41 

80 68 58 48 34 

66 57 48 40 28 

57 48 41 34 24 

50 42 36 30 21 

45 38 33 27 20 

41 35 30 26 17 

38 33 28 23 16 

35 30 27 22 15 

34 29 24 21 15 

33 28 24 20 14 

32 27 23 20 14 

30 26 22 18 14 

29 26 22 18 12 

28 23 21 17 12 

27 23 20 17 12 

3476 2907 2459 1989 1313 

879 735 622 503 333 

398 333 281 227 150 

230 1921 162 131 87 

152 126 107 87 58 

110 92 77 63 42 

83 70 59 48 33 

68 57 48 39 26 

57 47 40 33 22 

48 40 34 28 18 

42 35 30 24 17 

38 32 27 22 15 

35 29 24 21 14 

33 27 23 18 12 

30 26 22 17 12 

29 24 21 17 11 

28 23 20 16 11 

27 22 20 16 11 

26 22 18 15 10 

26 21 18 15 10 

23 20 17 14 10 

23 20 17 14 9 

2984 2459 2048 1620 1018 

754 622 518 410 258 

341 281 234 185 117 

197 162 136 107 68 

130 107 89 71 45 

94 77 65 52 33 

72 59 50 40 26 

58 48 40 32 21 

48 40 34 27 17 

41 34 29 23 15 

36 30 26 21 14 

33 27 23 18 12 

30 24 21 17 11 

28 23 20 16 10 

27 22 18 15 10 

24 21 17 14 9 

24 20 17 14 9 

23 20 16 12 9 

22 18 16 12 9 

22 18 15 12 8 

21 17 15 11 8 

20 17 14 11 8 

2463 1989 1620 1244 725 

623 503 410 315 184 

282 227 185 143 83 

162 131 107 82 48 

107 87 71 54 33 

77 63 52 40 23 

59 48 40 30 18 

48 39 32 24 15 

40 33 27 21 12 

34 28 23 18 11 

30 24 21 16 10 

27 22 18 15 9 

26 21 17 14 8 

23 18 16 12 8 

22 17 15 11 8 

21 17 14 11 6 

20 16 14 10 6 

20 16 12 10 6 

18 15 12 10 6 

18 15 12 10 6 

17 14 11 9 5 

17 14 11 9 5 

1704 1313 1018 725 345 

431 333 258 184 88 

195 150 117 83 40 

113 87 68 48 23 

75 58 45 33 16 

54 42 33 23 11 

41 33 26 18 9 

34 26 21 15 8 

28 22 17 12 6 

24 18 15 11 5 

21 17 14 10 5 

20 15 12 9 5 

17 14 11 8 4 

16 12 10 8 4 

15 12 10 8 4 

15 11 9 6 4 

14 11 9 6 4 

14 11 9 6 4 

14 10 9 6 4 

12 10 8 6 3 

12 10 8 5 3 

12 9 8 5 3 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

2.5 

3.0 
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The number of data points, N, for the Sign test can be calculated using Equation 5-2. 

N ' (1.645%2.326)2 

' 15.85 
4(1.0&0.5)2 

Adding an additional 20% gives 19.2 and rounding up yields 20 data points for the survey 
unit. 

Alternatively, the number of data points can be obtained directly from Table 5.5. For 
�=0.05, �=0.01, and �/�>3.0 a value of 20 is obtained for N. The table value has already 
been increased by 20% to account for missing or unusable data and uncertainty in the 
calculated value of N. 

5.5.2.4 Determining Data Points for Small Areas of Elevated Activity 

The statistical tests described above (also see Chapter 8) evaluate whether or not the residual 
radioactivity in an area exceeds the DCGLW for contamination conditions that are approximately 
uniform across the survey unit. In addition, there should be a reasonable level of assurance that 
any small areas of elevated residual radioactivity that could be significant relative to the 
DCGLEMC are not missed during the final status survey. The statistical tests introduced in the 
previous sections may not successfully detect small areas of elevated contamination. Instead, 
systematic measurements and sampling, in conjunction with surface scanning, are used to obtain 
adequate assurance that small areas of elevated radioactivity will still satisfy the release criterion 
or the DCGLEMC. The procedure is applicable for all radionuclides, regardless of whether or not 
they are present in background, and is implemented for survey units classified as Class 1. 

The number of survey data points needed for the statistical tests discussed in Section 5.5.2.2 or 
5.5.2.3 is identified (the appropriate section depends on whether the contaminant is present in 
background or not). These data points are then positioned throughout the survey unit by first 
randomly selecting a start point and establishing a systematic pattern. This systematic sampling 
grid may be either triangular or square. The triangular grid is generally more efficient for 
locating small areas of elevated activity. Appendix D includes a brief discussion on the 
efficiency of triangular and square grids for locating areas of elevated activity. A more detailed 
discussion is provided by EPA (EPA 1994b). 
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The number of calculated survey locations, n, is used to determine the grid spacing, L, of the 
systematic sampling pattern (see Section 5.5.2.5). The grid area that is bounded by these survey 
locations is given by A = 0.866 × L2 for a triangular grid and A = L2 for a square grid. The risk 
of not sampling a circular area—equal to A—of elevated activity by use of a random-start grid 
pattern is illustrated in Figure D.7 in Appendix D. 

One method for determining values for the DCGLEMC is to modify the DCGLw using a correction 
factor that accounts for the difference in area and the resulting change in dose or risk. The area 
factor is the magnitude by which the concentration within the small area of elevated activity can 
exceed DCGLW while maintaining compliance with the release criterion. The area factor is 
determined based on specific regulatory agency guidance. 

Tables 5.6 and 5.7 provide examples of area factors generated using exposure pathway models. 
The outdoor area factors listed in Table 5.6 were calculated using RESRAD 5.6. For each 
radionuclide, all exposure pathways were calculated assuming a concentration of 37 Bq/kg 
(1 pCi/g). The area of contamination in RESRAD 5.6 defaults to 10,000 m2. Other than 
changing the area (i.e., 1, 3, 10, 30, 100, 300, 1,000, or 3,000 m2), the RESRAD default values 
were not changed. The area factors were then computed by taking the ratio of the dose or risk 
per unit concentration generated by RESRAD for the default 10,000 m2 to that generated for the 
other areas listed. If the DCGL for residual radioactivity distributed over 10,000 m2 is multiplied 
by this value, the resulting concentration distributed over the specified smaller area delivers the 
same calculated dose. The indoor area factors listed in Table 5.7 were calculated in a similar 
manner using RESRAD-BUILD 1.5. For each radionuclide, all exposure pathways were 
calculated assuming a concentration of 37 Bq/m2 (1 pCi/m2). The area of contamination in 
RESRAD-BUILD 1.5 defaults to 36 m2. The other areas compared to this value were 1, 4, 9, 16, 
or 25 m2. Removable surface contamination was assumed to be 10%. No other changes to the 
default values were made. Note that the use of RESRAD to determine area factors is for 
illustration purposes only.  The MARSSIM user should consult with the responsible regulatory 
agency for guidance on acceptable techniques to determine area factors. 

The minimum detectable concentration (MDC) of the scan procedure—needed to detect an area 
of elevated activity at the limit determined by the area factor—is calculated as follows: 

Scan MDC (required) ' (DCGLW) × (Area Factor) 5-3 

The actual MDCs of scanning techniques are then determined for the available instrumentation 
(see Section 6.7). The actual MDC of the selected scanning technique is compared to the 
required scan MDC. If the actual scan MDC is less than the required scan MDC, no additional 
sampling points are necessary for assessment of small areas of elevated activity. In other words, 
the scanning technique exhibits adequate sensitivity to detect small areas of elevated activity. 
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Table 5.6 Illustrative Examples of Outdoor Area Dose Factors* 

Nuclide 

Area Factor 

1 m2 3 m2 10 m2 30 m2 100 m2 300 m2 1000 m2 3000 m2 10000 m2 

Am-241 

Co-60 

Cs-137 

Ni-63 

Ra-226 

Th-232 

U-238 

208.7 139.7 96.3 44.2 13.4 4.4 1.3 1.0 1.0 

9.8 4.4 2.1 1.5 1.2 1.1 1.1 1.0 1.0 

11.0 5.0 2.4 1.7 1.4 1.3 1.1 1.1 1.0 

1175.2 463.7 154.8 54.2 16.6 5.6 1.7 1.5 1.0 

54.8 21.3 7.8 3.2 1.1 1.1 1.0 1.0 1.0 

12.5 6.2 3.2 2.3 1.8 1.5 1.1 1.0 1.0 

30.6 18.3 11.1 8.4 6.7 4.4 1.3 1.0 1.0 
* The values listed in Table 5.6 are for illustrative purposes only.  Consult regulatory guidance to determine area 
factors to be used for compliance demonstration. 

Table 5.7 Illustrative Examples of Indoor Area Dose Factors* 

Nuclide 

Area Factor 

1 m2 4 m2 9 m2 16 m2 25 m2 36 m2 

Am-241 

Co-60 

Cs-137 

Ni-63 

Ra-226 

Th-232 

U-238 

36.0 9.0 4.0 2.2 1.4 1.0 

9.2 3.1 1.9 1.4 1.2 1.0 

9.4 3.2 1.9 1.4 1.2 1.0 

36.0 9.0 4.0 2.3 1.4 1.0 

18.1 5.5 2.9 1.9 1.3 1.0 

36.0 9.0 4.0 2.2 1.4 1.0 

35.7 9.0 4.0 2.2 1.4 1.0 
* The values listed in Table 5.7 are for illustrative purposes only.  Consult regulatory guidance to determine area 
factors to be used for compliance demonstration. 

If the actual scan MDC is greater than the required scan MDC (i.e., the available scan sensitivity 
is not sufficient to detect small areas of elevated activity), then it is necessary to calculate the 
area factor that corresponds to the actual scan MDC: 
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Area Factor ' 
scan MDC (actual) 

5-4
DCGL 

The size of the area of elevated activity (in m2) that corresponds to this area factor is then 
obtained from specific regulatory agency guidance, and may be similar to those illustrated in 
Table 5.6 or Table 5.7. The data needs for assessing small areas of elevated activity can then be 
determined by dividing the area of elevated activity acceptable to the regulatory agency into the 
survey unit area. For example, if the area of elevated activity is 100 m2 (from Table 5.6) and the 
survey unit area is 2,000 m2, then the calculated number of survey locations is 20. The calculated 
number of survey locations, nEA, is used to determine a revised spacing, L, of the systematic 
pattern (refer to Section 5.5.2.5). Specifically, the spacing, L, of the pattern (when driven by the 
areas of elevated activity) is given by: 

AL ' for a triangular grid 5-5
0.866 nEA 

AL ' for a square grid 5-6 
nEA 

where A is the area of the survey unit. Grid spacings should generally be rounded down to the 
nearest distance that can be conveniently measured in the field. 

If the number of data points required to identify areas of elevated activity (nEA) is greater than the 
number of data points calculated using Equation 5-1 (N/2) or Equation 5-2 (N), L should be 
calculated using Equation 5-5 or Equation 5-6. This value of L is then used to determine the 
measurement locations as described in Section 5.5.2.5. If nEA is smaller than N/2 or N, L is 
calculated using Equation 5-7 or Equation 5-8 as described in Section 5.5.2.5. The statistical 
tests are performed using this larger number of data points. Figure 5.3 provides a concise 
overview of the procedure used to identify data needs for the assessment of small areas of 
elevated activity. If residual radioactivity is found in an isolated area of elevated activity—in 
addition to residual radioactivity distributed relatively uniformly across the survey unit—the 
unity rule (described in Section 4.3.3) can be used to ensure that the total dose or risk does not 
exceed the release criterion (see Section 8.5.2). If there is more than one elevated area, a separate 
term should be included for each. As an alternative to the unity rule, the dose or risk due to the 
actual residual radioactivity distribution can be calculated if there is an appropriate exposure 
pathway model available. Note that these considerations generally apply only to Class 1 survey 
units, since areas of elevated activity should not exist in Class 2 or Class 3 survey units. 
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When the detection limit of the scanning technique is very large relative to the DCGLEMC , the 
number of measurements estimated to demonstrate compliance using the statistical tests may 
become unreasonably large. In this situation perform an evaluation of the survey objectives and 
considerations. These considerations may include the survey design and measurement 
methodology, exposure pathway modeling assumptions and parameter values used to determine 
the DCGLs, Historical Site Assessment conclusions concerning source terms and radionuclide 
distributions, and the results of scoping and characterization surveys. In most cases the result of 
this evaluation is not expected to justify an unreasonably large number of measurements. 

Example 1: 

A Class 1 land area survey unit of 1,500 m2 is potentially contaminated with 60Co. 
The DCGLW value for 60Co is 110 Bq/kg (3 pCi/g) and the scan sensitivity for this 
radionuclide has been determined to be 150 Bq/kg (4 pCi/g). Calculations 
indicate the number of data points needed for statistical testing is 27. The 
distance between measurement locations for this number of data points and the 
given land area is 8 m. The area encompassed by a triangular sampling pattern of 
8 m is approximately 55.4 m2. From Table 5.6 an area factor of about 1.4 is 
determined by interpolation. The acceptable concentration in a 55.4 m2 area is 
therefore 160 Bq/kg (1.4 × 110 Bq/kg). Since the scan sensitivity of the procedure 
to be used is less than the DCGLW times the area factor, no additional data points 
are needed to demonstrate compliance with the elevated measurement comparison 
criteria. 

Example 2: 

A Class 1 land area survey unit of 1500 m2 is potentially contaminated with 60Co. 
The DCGL for 60Co is 110 Bq/kg (3 pCi/g). In contrast to Example 1, the scan 
sensitivity for this radionuclide has been determined to be 170 Bq/kg (4.6 pCi/g). 
Calculations indicate the number of data points needed for statistical testing is 15. 
The distance between measurement locations for this number of data points and 
land area is 10 m. The area encompassed by a triangular sampling pattern of 10 m 
is approximately 86.6 m2. From Table 5.6 an area factor of about 1.3 is 
determined by interpolation. The acceptable concentration in a 86.6 m2 area is 
therefore 140 Bq/kg (1.3 × 110 Bq/kg). Since the scan sensitivity of the procedure 
to be used is greater than the DCGLW times the area factor, the data points 
obtained for the statistical testing may not be sufficient to demonstrate compliance 
using the elevated measurement comparison. The area multiplier for elevated 
activity  that would have to be achieved is 1.5 (170/110 Bq/kg). This is 
equivalent to an area of 30 m2 (Table 5.6) which would be obtained with a spacing 
of about 6 m. A triangular pattern of 6 m spacing includes 50 data points, so 50 
measurements should be performed in the survey unit. 
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5.5.2.5 Determining Survey Locations 

A scale drawing of the survey unit is prepared, along with the overlying planar reference 
coordinate system or grid system. Any location within the survey area is thus identifiable by a 
unique set of coordinates. The maximum length, X, and width, Y, dimensions of the survey unit 
are then determined. Identifying and documenting a specific location for each measurement 
performed is an important part of a final status survey to ensure that measurements can be 
reproduced if necessary. The reference coordinate system described in Section 4.8.5 provides a 
method for relating measurements to a specific location within a survey unit. 

If the same values for �, �, and �/� are used in Equations 5-1 or Equation 5-2, the required 
number of measurements is independent of survey unit classification. This means that the same 
number of measurements could be performed in a Class 1, Class 2, or Class 3 survey unit. While 
this is a best case scenario, it points out the importance of identifying appropriate survey units 
(e.g., size, classification) in defining the level of survey effort. The spacing of measurements is 
affected by the number of measurements, which is independent of classification. However, the 
spacing of measurements is also affected by survey unit area, the variability in the contaminant 
concentration, and the interface with the models used to develop the DCGLs which are 
dependent on classification. 

Land Areas. Measurements and samples in Class 3 survey units and reference areas should be 
taken at random locations. These locations are determined by generating sets of random numbers 
(2 values, representing the X axis and Y axis distances). Random numbers can be generated by 
calculator or computer, or can be obtained from mathematical tables. Sufficient sets of numbers 
will be needed to identify the total number of survey locations established for the survey unit. 
Each set of random numbers is multiplied by the appropriate survey unit dimension to provide 
coordinates, relative to the origin of the survey unit reference grid pattern. Coordinates identified 
in this manner, which do not fall within the survey until area or which cannot be surveyed, due to 
site conditions, are replaced with other survey points determined in the same manner. Figure 5.4 
is an example of a random sampling pattern. In this example, 8 data points were identified using 
the appropriate formula based on the statistical tests (i.e., Equation 5-1 or Equation 5-2). The 
locations of these points were determined using the table of random numbers found in Appendix 
I, Table I.6. 
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Class 2 areas are surveyed on a random-start systematic pattern. The number of calculated 
survey locations, n, based on the statistical tests, is used to determine the spacing, L, of a 
systematic pattern by: 

L ' 
A 

for a triangular grid 5-7 
0.866 n 

L '	
A 

for a square grid 5-8 
n 

where A is the area of the survey unit. 

After L is determined, a random coordinate location is identified, as described previously, for a 
survey pattern starting location. Beginning at the random starting coordinate, a row of points is 
identified, parallel to the X axis, at intervals of L. 

For a triangular grid, a second row of points is then developed, parallel to the first row, at a 
distance of 0.866 × L from the first row. Survey points along that second row are midway (on 
the X-axis) between the points on the first row. This process is repeated to identify a pattern of 
survey locations throughout the affected survey unit. If identified points fall outside the survey 
unit or at locations which cannot be surveyed, additional points are determined using the random 
process described above, until the desired total number of points is identified. 

An example of such a survey pattern is shown in Figure 5.5. In this example, the statistical test 
calculations estimate 20 samples (Table 5.5, �=0.01, �=0.05, �/�>3.0). The random-start 
coordinate was 27E, 53N. The grid spacing was calculated using Equation 5-7: 

L' 
5,100 m 2 

' 17 m. 
0.866 × 20 

Two points were identified on a row parallel to the X-axis, each 17 m from the starting point. 
The subsequent rows were positioned 0.866 × L, or 15 m, from the initial row. This random-start 
triangular sampling process resulted in 21 sampling locations, one of which was inaccessible 
because of the building location, which yields the desired number of data points. 
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For Class 1 areas a systematic pattern, having dimensions determined in Section 5.5.2.4, is 
installed on the survey unit. The starting point for this pattern is selected at random, as described 
above for Class 2 areas. The same process as described above for Class 2 areas applies to 
Class 1, only the estimated number of samples is different. 

Structure Surfaces. All structure surfaces for a specific survey unit are included on a single 
reference grid system for purposes of identifying survey locations. The same methods as 
described above for land areas are then used to locate survey points for all classifications of 
areas. 

In addition to the survey locations identified for statistical evaluations and elevated measurement 
comparisons, data will likely be obtained from judgment locations that are selected due to 
unusual appearance, location relative to contamination areas, high potential for residual activity, 
general supplemental information, etc. Data points selected based on professional judgment are 
not included with the data points from the random-start triangular grid for statistical evaluations; 
instead they are compared individually with the established DCGLs and conditions. 
Measurement locations selected based on professional judgment violate the assumption of 
unbiased measurements used to develop the statistical tests described in Chapter 8. 

5.5.2.6 Determining Investigation Levels 

An important aspect of the final status survey is the design and implementation of investigation 
levels. Investigation levels are radionuclide-specific levels of radioactivity used to indicate when 
additional investigations may be necessary. Investigation levels also serve as a quality control 
check to determine when a measurement process begins to get out of control. For example, a 
measurement that exceeds the investigation level may indicate that the survey unit has been 
improperly classified (see Section 4.4) or it may indicate a failing instrument. 

When an investigation level is exceeded, the first step is to confirm that the initial 
measurement/sample actually exceeds the particular investigation level. This may involve taking 
further measurements to determine that the area and level of the elevated residual radioactivity 
are such that the resulting dose or risk meets the release criterion.2  Depending on the results of 
the investigation actions, the survey unit may require reclassification, remediation, and/or 
resurvey. Table 5.8 illustrates an example of how investigation levels can be developed. 

2  Rather than, or in addition to, taking further measurements the investigation may involve assessing the 
adequacy of the exposure pathway model used to obtain the DCGLs and area factors, and the consistency of the 
results obtained with the Historical Site Assessment and the scoping, characterization and remedial action support 
surveys. 
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Table 5.8 Example Final Status Survey Investigation Levels 

Survey Unit 
Classification 

Flag Direct Measurement or Sample 
Result When: 

Flag Scanning Measurement Result When: 

Class 1 > DCGLEMC or 
> DCGLW and > a statistical parameter-
based value 

> DCGLEMC 

Class 2 > DCGLW > DCGLW or > MDC 

Class 3 > fraction of DCGLW > DCGLW or > MDC 

When determining an investigation level using a statistical-based parameter (e.g., standard

deviation) one should consider survey objectives, underlying radionuclide distributions and an

understanding of corresponding types (e.g., normal, log normal, non-parametric), descriptors

(e.g., standard deviation, mean, median), population stratifications (i.e., are there sub-groups

present?), and other prior survey and historical information. For example, a level might be

arbitrarily established at the mean + 3s, where s is the standard deviation of the survey unit,

assuming a normal distribution. A higher value might be used if locating discrete sources of

higher activity was a primary survey objective. By the time the final status survey is conducted,

survey units should be defined. Estimates of the mean, variance, and standard deviation of the

radionuclide activity levels within the survey units should also be available.


For a Class 1 survey unit, measurements above the DCGLW are not necessarily unexpected. 

However, a measurement above the DCGLW at one of the discrete measurement locations might

be considered unusual if it were much higher than all of the other discrete measurements. Thus,

any discrete measurement that is both above the DCGLW and above the statistical-based

parameter for the measurements should be investigated further. Any measurement, either at a

discrete location or from a scan, that is above the DCGLEMC should be flagged for further

investigation.


In Class 2 or Class 3 areas, neither measurements above the DCGLW nor areas of elevated

activity are expected. Any measurement at a discrete location exceeding the DCGLW in these

areas should be flagged for further investigation. Because the survey design for Class 2 and

Class 3 survey units is not driven by the EMC, the scanning MDC might exceed the DCGLW. In

this case, any indication of residual radioactivity during the scan would warrant further

investigation.


The basis for using the DCGLEMC rather than the more conservative criteria for Class 2 and

Class 3 areas should be justified in survey planning documents. For example, where there is high

uncertainty in the reported scanning MDC, a more conservative criteria would be warranted.
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Similarly, DQA for scanning may warrant a more conservative flag, as would greater uncertainty 
from Historical Site Assessment or other surveys on the size of potential areas of elevated 
activity. In some cases, it may even be necessary to agree in advance with the regulatory agency 
responsible for the site on which site-specific investigation will be used if other than those 
presented in Table 5.8. 

Because there is a low expectation for residual radioactivity in a Class 3 area, it may be prudent 
to investigate any measurement exceeding even a fraction of the DCGLW. The level selected in 
these situations depends on the site, the radionuclides of concern, and the measurement and 
scanning methods chosen. This level should be set using the DQO Process during the survey 
design phase of the Data Life Cycle. In some cases, the user may also wish to follow this 
procedure for Class 2 and even Class 1 survey units. 

5.5.3 Developing an Integrated Survey Strategy 

The final step in survey design is to integrate the survey techniques (Chapter 6) with the number 
of measurements and measurement spacing determined earlier in this chapter. This integration 
along with the guidance provided in other portions of this manual produce an overall strategy for 
performing the survey. Table 5.9 provides a summary of the recommended survey coverage for 
structures and land areas. This survey coverage for different areas is the subject of this section. 

Random measurement patterns are used for Class 3 survey units to ensure that the measurements 
are independent and support the assumptions of the statistical tests. Systematic grids are used for 
Class 2 survey units because there is an increased probability of small areas of elevated activity. 
The use of a systematic grid allows the decision maker to draw conclusions about the size of the 
potential areas of elevated activity based on the area between measurement locations. The 
random starting point of the grid provides an unbiased method for obtaining measurement 
locations to be used in the statistical tests. Class 1 survey units have the highest potential for 
small areas of elevated activity, so the areas between measurement locations are adjusted to 
ensure that these areas can be detected by scanning techniques. 

The objectives of the scanning surveys are different. Scanning is used to identify locations 
within the survey unit that exceed the investigation level.  These locations are marked and 
receive additional investigations to determine the concentration, area, and extent of the 
contamination. 

For Class 1 areas, scanning surveys are designed to detect small areas of elevated activity that are 
not detected by the measurements using the systematic pattern. For this reason the measurement 
locations, and the number of measurements, may need to be adjusted based on the sensitivity of 
the scanning technique (Section 5.5.2.4). This is also the reason for recommending 100% 
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Table 5.9 Recommended Survey Coverage for Structures and Land Areas 

Area 
Classification 

Structures Land Areas 

Surface Scans 
Surface Activity 
Measurements Surface Scans Soil Samples 

Class 1 100% Number of data points 
from statistical tests 
(Sections 5.5.2.2 and 
5.5.2.3); additional 
measurements may be 
necessary for small 
areas of elevated 
activity (Section 
5.5.2.4) 

100% Number of data points 
from statistical tests 
(Sections 5.5.2.2 and 
5.5.2.3); additional 
measurements may be 
necessary for small 
areas of elevated 
activity (Section 
5.5.2.4) 

Class 2 10 to 100% 
(10 to 50% for upper 
walls and ceilings) 

Systematic and 
Judgmental 

Number of data points 
from statistical tests 
(Sections 5.5.2.2 and 
5.5.2.3) 

10 to 100% 
Systematic and 

Judgmental 

Number of data points 
from statistical tests 
(Sections 5.5.2.2 and 
5.5.2.3) 

Class 3 Judgmental Number of data points 
from statistical tests 
(Sections 5.5.2.2 and 
5.5.2.3) 

Judgmental Number of data points 
from statistical tests 
(Sections 5.5.2.2 and 
5.5.2.3) 

coverage for the scanning survey. 100% coverage means that the entire surface area of the 
survey unit is covered by the field of view of the scanning instrument. If the field of view is two 
meters wide, the survey instrument can be moved along parallel paths two meters apart to 
provide 100% coverage. If the field of view of the detector is 5 cm, the parallel paths should be 
5 cm apart. 

Scanning surveys in Class 2 areas are also primarily performed to find areas of elevated activity 
not detected by the measurements using the systematic pattern. However, the measurement 
locations are not adjusted based on sensitivity of the scanning technique and scanning is 
performed in portions of the survey unit. The level of scanning effort should be proportional to 
the potential for finding areas of elevated activity based on the conceptual site model developed 
and refined from Section 3.6.4. A larger portion of the survey unit would be scanned in Class 2 
survey units that have residual radioactivity close to the release criterion, but for survey units that 
are closer to background scanning, a smaller portion of the survey unit may be appropriate. 
Class 2 survey units have a lower probability for areas of elevated activity than Class 1 survey 
units, but some portions of the survey unit may have a higher potential than others. Judgmental 
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scanning surveys focus on the portions of the survey unit with the highest probability for areas of 
elevated activity. If the entire survey unit has an equal probability for areas of elevated activity, 
or the judgmental scans don’t cover at least 10% of the area, systematic scans along transects of 
the survey unit or scanning surveys of randomly selected grid blocks are performed. 

Class 3 areas have the lowest potential for areas of elevated activity. For this reason, scanning 
surveys are recommended for areas with the highest potential for contamination (e.g., corners, 
ditches, drains) based on professional judgment. Such recommendations are typically provided 
by a health physics professional with radiation survey experience.  This provides a qualitative 
level of confidence that no areas of elevated activity were missed by the random measurements 
or that there were no errors made in the classification of the area. 

The sensitivity for scanning techniques used in Class 2 and Class 3 areas is not tied to the area 
between measurement locations, as they are in a Class 1 area (see Section 5.5.2.4). The scanning 
techniques selected should represent the best reasonable effort based on the survey objectives. 
Structure surfaces are generally scanned for alpha, beta, and gamma emitting radionuclides. 
Scanning for alpha emitters or low-energy (<100 keV) beta emitters for land area survey units is 
generally not considered effective because of problems with attenuation and media interferences. 
If one can reasonably expect to find any residual radioactivity, it is prudent to perform a 
judgmental scanning survey. 

If the equipment and methodology used for scanning is capable of providing data of the same 
quality as direct measurements (e.g., detection limit, location of measurements, ability to record 
and document results), then scanning may be used in place of direct measurements. Results 
should be documented for at least the number of locations estimated for the statistical tests. The 
same logic can be applied for using direct measurements instead of sampling.  In addition, some 
direct measurement systems may be able to provide scanning data. 

As previously discussed, investigation levels are determined and used to indicate when additional 
investigations may be necessary or when a measurement process begins to get out of control. 
The results of all investigations should be documented in the final status survey report, including 
the results of scan surveys that may have potentially identified areas of elevated direct radiation. 

5.5.3.1 Structure Surveys 

Class 1 Areas. Surface scans are performed over 100% of structure surfaces for radiations 
which might be emitted from the potential radionuclide contaminants. Locations of direct 
radiation, distinguishable above background radiation, are identified and evaluated. Results of 
initial and followup direct measurements and sampling at these locations are recorded and 
documented in the final status survey report. Measurements of total and removable 
contamination are performed at locations identified by scans and at previously determined 
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locations (Section 5.5.2.5). Where gamma emitting radionuclides are present, in situ gamma 
spectroscopy may be used to identify the presence of specific radionuclides or to demonstrate 
compliance with the release criterion. 

Direct measurement or sample investigation levels for Class 1 areas should establish a course of 
action for individual measurements that approach or exceed the DCGLW. Because measurements 
above the DCGLW are not necessarily unexpected in a Class 1 survey unit, additional 
investigation levels may be established to identify discrete measurements that are much higher 
than the other measurements. Any discrete measurement that is both above the DCGLW and 
exceeds three times the standard deviation (s) of the mean should be investigated further (Section 
5.5.2.6). Any measurement (direct measurement, sample, or scan) that exceeds the DCGLEMC 

should be flagged for further investigation. The results of the investigation and any additional 
remediation that was performed should be included in the final status survey report. Data are 
reviewed as described in Section 8.2.2, additional data are collected as necessary, and the final 
complete data set evaluated as described in Section 8.3 or Section 8.4. 

Class 2 Areas. Surface scans are performed over 10 to 100% of structure surfaces. Generally, 
upper wall surfaces and ceilings should receive surface scans over 10 to 50% of these areas. 
Locations of scanning survey results above the investigation level are identified and investigated. 
If small areas of elevated activity are confirmed by this investigation, all or part of the survey unit 
should be reclassified as Class 1 and the survey strategy for that survey unit redesigned 
accordingly. 

Investigation levels for Class 2 areas should establish a course of action for individual 
measurements that exceed or approach the DCGLw. The results of the investigation of the 
positive measurements and basis for reclassifying all or part of the survey unit as Class 1 should 
be included in the final status survey report. Where gamma emitting radionuclides are 
contaminants, in situ gamma spectroscopy may be used to identify the presence of specific 
radionuclides or to demonstrate compliance with the release criterion. Data are reviewed as 
described in Section 8.2.2, additional data are collected as necessary, and the final complete data 
set evaluated as described in Section 8.3 or Section 8.4. 

Class 3 Areas. Scans of Class 3 area surfaces should be performed for all radiations which 
might be emitted from the potential radionuclide contaminants. MARSSIM recommends that the 
surface area be scanned. Locations of scanning survey results above the investigation level are 
identified and evaluated. Measurements of total and removable contamination are performed at 
the locations identified by the scans and at the randomly selected locations that are chosen in 
accordance with Section 5.5.2.5. Identification of contamination suggests that the area may be 
incorrectly classified. If so, a re-evaluation of the Class 3 area classification should be performed 
and, if appropriate, all or part of the survey unit should be resurveyed as a Class 1 or Class 2 area. 
In some cases the investigation may include measurements by in situ gamma spectroscopy at a 
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few locations in each structure in a Class 3 area. A gamma spectroscopy system might even be 
an appropriate substitution for surface scans. 

Because there is a low expectation for residual radioactivity in a Class 3 area, it may be prudent 
to investigate any measurement exceeding even a fraction of the DCGLW. The investigation level 
selected will depend on the site, the radionuclides of concern, and the measurement and scanning 
methods chosen. This level should be determined using the DQO Process during survey 
planning. In some cases, the user may wish to follow this procedure for Class 2 survey units. 

The results of the investigation of the measurements that exceed the investigation level and the 
basis for reclassifying all or part of the survey unit as Class 1 or Class 2 should be included in the 
final status survey report. The data are tested relative to the preestablished criteria. If additional 
data are needed, they should be collected and evaluated as part of the entire data set. 

5.5.3.2 Land Area Surveys 

Class 1 Areas. As with structure surfaces, 100% scanning coverage of Class 1 land areas is 
recommended. Locations of scanning survey results above the investigation level are identified 
and evaluated. Results of initial and followup direct measurements and sampling at these 
locations are recorded. Soil sampling is performed at locations identified by scans and at 
previously determined locations (Section 5.5.2.5). Where gamma emitting radionuclides are 
contaminants, in situ gamma spectroscopy may be used to confirm the absence of specific 
radionuclides or to demonstrate compliance. 

Direct measurement or sample investigation levels for Class 1 areas should establish a course of 
action for individual measurements that approach or exceed the DCGLW. Because measurements 
above the DCGLW are not necessarily unexpected in a Class 1 survey unit, additional 
investigation levels may be established to identify discrete measurements that are much higher 
than the other measurements. Any discrete measurement that is both above the DCGLW and 
exceeds three standard deviations above the mean should be investigated further (Section 
5.5.2.6). Any measurement (direct measurement, sample, or scan) that exceeds the DCGLEMC 

should be flagged for further investigation. The results of the investigation and any additional 
remediation that was performed should be included in the final status survey report. Data are 
reviewed as described in Section 8.2.2, additional data are collected as necessary, and the final 
complete data set evaluated as described in Section 8.3 or Section 8.4. 

Class 2 Areas. Surface scans are performed over 10 to 100% of open land surfaces. Locations 
of direct radiation above the scanning survey investigation level are identified and evaluated. If 
small areas of elevated activity are identified, the survey unit should be reclassified as “Class 1” 
and the survey strategy for that survey unit redesigned accordingly. 
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If small areas of elevated activity above DCGL values are not identified, direct measurement or 
soil sampling is performed at previously determined locations (Section 5.5.2.5). Where gamma 
emitting radionuclides are contaminants, in situ gamma spectroscopy may be used to confirm the 
absence of specific radionuclides or to demonstrate compliance. Data are reviewed as described 
in Section 8.2.2, additional data are collected as necessary, and the final complete data set 
evaluated as described in Section 8.3 or Section 8.4. 

Investigation levels for Class 2 areas should establish levels for investigation of individual 
measurements close to but below the DCGLw. The results of the investigation of the positive 
measurements and basis for reclassifying all or part of the survey unit as Class 1 should be 
included in the final status survey report. 

Class 3 Areas. Class 3 areas may be uniformly scanned for radiations from the radionuclides of 
interest, or the scanning may be performed in areas with the greatest potential for residual 
contamination based on professional judgment and the objectives of the survey. In some cases a 
combination of these approaches may be the most appropriate. Locations exceeding the scanning 
survey investigation level are evaluated, and, if the presence of contamination not occurring in 
background is identified, reevaluation of the classification of contamination potential should be 
performed. 

Investigation levels for Class 3 areas should be established to identify areas of elevated activity 
that may indicate the presence of residual radioactivity. Scanning survey locations that exceed 
the investigation level should be flagged for further investigation. The results of the 
investigation and basis for reclassifying all or part of the survey unit as Class 1 or Class 2 should 
be included in the final status survey report. The data are tested relative to the preestablished 
criteria. If additional data are needed, they should be collected and evaluated as part of the entire 
data set. Soil sampling is performed at randomly selected locations (Section 5.5.2.5); if the 
contaminant can be measured at DCGL levels by in situ techniques, this method may be used to 
replace or supplement the sampling and laboratory analysis approach. For gamma emitting 
radionuclides, the above data should be supplemented by several exposure rate and/or in situ 
gamma spectrometry measurements. Survey results are tested for compliance with DCGLs and 
additional data are collected and tested, as necessary. 

5.5.3.3 Other Measurement/Sampling Locations 

In addition to the building and land surface areas described above, there are numerous other 
locations where measurements and/or sampling may be necessary. Examples include items of 
equipment and furnishings, building fixtures, drains, ducts, and piping. Many of these items or 
locations have both internal and external surfaces with potential residual radioactivity. 
Subsurface measurements and/or sampling may also be necessary. Guidance on conducting or 
evaluating these types of surveys is outside the scope of MARSSIM. 
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Special situations may be evaluated by judgment sampling and measurements. Data from such 
surveys should be compared directly with DCGLs developed for the specific situation. Areas of 
elevated direct radiation identified by surface scans are typically followed by direct 
measurements or samples. These direct measurements and samples are not included in the 
nonparametric tests described in this manual, but rather, should be compared directly with 
DCGLs developed for the specific situation. 

Quality control measurements are recommended for all surveys, as described in Section 4.9, 
Section 6.2, and Section 7.2. Also, some regulatory programs require removable activity 
measurements (e.g., NRC Regulatory Guide 1.86; NRC 1974). These additional measurements 
should be considered during survey planning. 

5.5.4 Evaluating Survey Results 

After data are converted to DCGL units, the process of comparing the results to the DCGLs, 
conditions, and objectives begins. Individual measurements and sample concentrations are first 
compared to DCGL levels for evidence of small areas of elevated activity and not to determine if 
reclassification is necessary. Additional data or additional remediation and resurvey may be 
necessary. Data are then evaluated using statistical methods to determine if they exceed the 
release criterion. If the release criterion has been exceeded or if results indicate the need for 
additional data points, appropriate further actions will be determined by the site management and 
the responsible regulatory agency. The scope of further actions should be agreed upon and 
developed as part of the DQO Process before the survey begins (Appendix D). Finally, the 
results of the survey are compared with the data quality objectives established during the 
planning phase of the project. Note that Data Quality Objectives may require a report of the 
semi-quantitative evaluation of removable contamination resulting from the analysis of smears. 
These results may be used to satisfy regulatory requirements or to evaluate the effectiveness of 
ALARA procedures. Chapter 8 describes detailed procedures for evaluating survey results. 

5.5.5 Documentation 

Documentation of the final status survey should provide a complete and unambiguous record of 
the radiological status of the survey unit, relative to the established DCGLs. In addition, 
sufficient data and information should be provided to enable an independent re-creation and 
evaluation at some future time. Much of the information in the final status report will be 
available from other decommissioning documents; however, to the extent practicable, this report 
should be a stand-alone document with minimum information incorporated by reference. The 
report should be independently reviewed (see Section 3.9) and should be approved by a 
designated person (or persons) who is capable of evaluating all aspects of the report prior to 
release, publication, or distribution. 
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EXAMPLE FINAL STATUS SURVEY CHECKLIST 

SURVEY PREPARATIONS 

_______	 Ensure that residual radioactivity limits have been determined for the 
radionuclides present at the site, typically performed during earlier surveys 
associated with the decommissioning process. 

_______	 Identify the radionuclides of concern. Determine whether the radionuclides of 
concern exist in background. This will determine whether one-sample or two-
sample tests are performed to demonstrate compliance.  Two-sample tests are 
performed when radionuclides are present in the natural background; one-sample 
tests may be performed if the radionuclide is not present in background. 

_______	 Segregate the site into Class 1, Class 2, and Class 3 areas, based on contamination 
potential. 

_______ Identify survey units. 

_______	 Select representative reference (background) areas for both indoor and outdoor 
survey areas. Reference areas are selected from non-impacted areas and 

_______ are free of contamination from site operations, 

_______ exhibit similar physical, chemical, and biological 
characteristics of the survey area, 

_______	 have similar construction, but have no history of 
radioactive operations. 

_______	 Select survey instrumentation and survey techniques. Determine MDCs (select 
instrumentation based on the radionuclides present) and match between 
instrumentation and DCGLs—the selected instruments should be capable of 
detecting the contamination at 10-50% of the DCGLs. 

_______ Prepare area if necessary—clear and provide access to areas to be surveyed. 

_______ Establish reference coordinate systems (as appropriate). 
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SURVEY DESIGN 

_______	 Enumerate DQOs: State objective of survey, state the null and alternative 
hypotheses, specify the acceptable decision error rates (Type I (�) and Type II (�)). 

_______ Specify sample collection and analysis procedures. 

_______	 Determine numbers of data points for statistical tests, depending on whether or 
not the radionuclide is present in background. 

_______	 Specify the number of samples/measurements to be obtained based 
on the statistical tests. 

_______	 Evaluate the power of the statistical tests to determine that the 
number of samples is appropriate. 

_______	 Ensure that the sample size is sufficient for detecting areas of 
elevated activity. 

_______	 Add additional samples/measurements for QC and to allow for 
possible loss. 

_______ Specify sampling locations. 

_______	 Provide information on survey instrumentation and techniques. The decision to 
use portable survey instrumentation or in situ techniques, and/or a combination of 
both, depends on whether or not the radiation levels are elevated compared to 
natural background, and whether or not the residual radioactivity is present at 
some fraction of background levels. 

_______	 Specify methods of data reduction and comparison of survey units to reference 
areas. 

_______ Provide quality control procedures and QAPP for ensuring validity of survey data: 

_______ properly calibrated instrumentation, 

_______ necessary replicate, reference and blank measurements, 

_______	 comparison of field measurement results to laboratory sample 
analyses. 

_______ Document the survey plan (e.g., QAPP, SOPs, etc.) 
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CONDUCTING SURVEYS 

_______ Perform reference (background) area measurements and sampling. 

Conduct survey activities: 

_______ Perform surface scans of the Class 1, Class 2, and Class 3 areas. 

_______	 Conduct surface activity measurements and sampling at previously 
selected sampling locations. 

_______	 Conduct additional direct measurements and sampling at locations 
based on professional judgment. 

_______	 Perform and document any necessary investigation activities, including survey 
unit reclassification, remediation, and resurvey. 

_______	 Document measurement and sample locations; provide information on 
measurement system MDC and measurement errors. 

_______ Document any observations, abnormalities, and deviations from the QAPP or SOPs 

EVALUATING SURVEY RESULTS 

_______ Review DQOs. 

_______ Analyze samples. 

_______ Perform data reduction on survey results. 

_______ Verify assumptions of statistical tests. 

_______ Compare survey results with regulatory DCGLs: 

_______ Conduct elevated measurement comparison. 

_______ Determine area-weighted average, if appropriate. 

_______ Conduct WRS or Sign tests. 

_______ Prepare final status survey report. 

_______ Obtain an independent review of the report. 
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6  FIELD MEASUREMENT METHODS AND INSTRUMENTATION 

6.1 Introduction 

Measurement is used in MARSSIM to mean 1) the act of using a detector to determine the level 
or quantity of radioactivity on a surface or in a sample of material removed from a media being 
evaluated, or 2) the quantity obtained by the act of measuring.  Three methods are available for 
collecting radiation data while performing a survey—direct measurements, scanning, and 
sampling.  This chapter discusses scanning and direct measurement methods and 
instrumentation. The collection and analysis of media samples are presented in Chapter 7. 
Information on the operation and use of individual field and laboratory instruments is provided in 
Appendix H. Quality assurance and quality control (QA/QC) are discussed in Chapter 9. 

Total surface activities, removable surface activities, and radionuclide concentrations in various 
environmental media (e.g., soil, water, air) are the radiological parameters typically determined 
using field measurements and laboratory analyses. Certain radionuclides or radionuclide 
mixtures may necessitate the measurement of alpha, beta, and gamma radiations. In addition to 
assessing each survey unit as a whole, any small areas of elevated activity should be identified 
and their extent and activities determined. Due to numerous detector requirements, no single 
instrument (detector and readout combination) is generally capable of adequately measuring all 
of the parameters required to satisfy the release criterion or meet all the objectives of a survey. 

Selecting instrumentation requires evaluation of both site and radionuclide specific parameters 
and conditions. Instruments should be stable and reliable under the environmental and physical 
conditions where they are used, and their physical characteristics (size and weight) should be 
compatible with the intended application. The instrument and measurement method should be 
able to detect the type of radiation of interest, and should, in relation to the survey or analytical 
technique, be capable of measuring levels that are less than the derived concentration guideline 
level (DCGL). Numerous commercial firms offer a wide variety of instruments appropriate for 
the radiation measurements described in this manual. These firms can provide thorough 
information regarding capabilities, operating characteristics, limitations, etc., for specific 
equipment. 

If the field instruments and measurement methods cannot detect radiation levels below the 
DCGLs, laboratory methods discussed in Chapter 7 are typically used. A discussion of detection 
limits and detection levels for some typical instruments is presented in Section 6.7. There are 
certain radionuclides that will be essentially impossible to measure at the DCGLs in situ using 
current state-of-the-art instrumentation and techniques because of the types, energies, and 
abundances of their radiations. Examples of such radionuclides include very low energy, pure 
beta emitters such as 3H and 63Ni and low-energy photon emitters such as 55Fe and 125I.  Pure 
alpha emitters dispersed in soil or covered with some absorbing layer may not be detectable 
because alpha radiation will not penetrate through the media or covering to reach the detector. A 
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common example of such a condition would be 230Th surface contamination, covered by paint, 
dust, oil, or moisture. NRC report NUREG-1507 (NRC 1997a) provides information on the 
extent to which these surface conditions may affect detection sensitivity. In circumstances such 
as these, the survey design will usually rely on sampling and laboratory analysis to measure 
residual activity levels. 

6.2 Data Quality Objectives 

The third step of the Data Quality Objectives (DQO) Process involves identifying the data needs 
for a survey. One decision that can be made at this step is the selection of direct measurements 
for performing a survey or deciding that sampling methods followed by laboratory analysis are 
necessary. 

6.2.1 Identifying Data Needs 

The decision maker and the survey planning team need to identify the data needs for the survey

being performed, including the:


! type of measurements to be performed (Chapter 5)

! radionuclide(s) of interest (Section 4.3)

! number of direct measurements to be performed (Section 5.5.2)

! area of survey coverage for surface scans based on survey unit classification (Section


5.5.3) 
! type and frequency of field QC measurements to be performed (Section 4.9) 
! measurement locations and frequencies (Section 5.5.2) 
! standard operating procedures (SOPs) to be followed or developed (Chapter 6) 
! analytical bias and precision (e.g., quantitative or qualitative) (Appendix N, Section N.6) 
! target detection limits for each radionuclide of interest (Section 6.4) 
! cost of the methods being evaluated (cost per measurement as well as total cost) 

(Appendix H) 
! necessary turnaround time 
! specific background for the radionuclide(s) of interest (Section 4.5) 
! derived concentration guideline level (DCGL) for each radionuclide of interest 

(Section 4.3) 
! measurement documentation requirements 
! measurement tracking requirements 

Some of this information will be supplied by subsequent steps in the DQO process, and several 
iterations of the process may be needed to identify all of the data needs. Consulting with a health 
physicist or radiochemist may be necessary to properly evaluate the information before deciding 
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between direct measurements or sampling methods to perform the survey. Many surveys will 
involve a combination of direct measurements and sampling methods, along with scanning 
techniques, to demonstrate compliance with the release criterion. 

6.2.2 Data Quality Indicators 

The data quality indicators identified as DQOs in Section 2.3.1 and described in Appendix N 
should be considered when selecting a measurement method (i.e., scanning, direct measurement, 
sampling) or a measurement system (e.g., survey instrument, human operator, and procedure for 
performing measurements). In some instances, the data quality indicator requirements will help 
in the selection of a measurement system. In other cases, the requirements of the measurement 
system will assist in the selection of appropriate levels for the data quality indicators. 

6.2.2.1 Precision 

Precision is a measure of agreement among replicate measurements of the same property, under 
prescribed similar conditions (ASQC 1995). Precision is determined quantitatively based on the 
results of replicate measurements (equations are provided in EPA 1990). The number of 
replicate analyses needed to determine a specified level of precision for a project is discussed in 
Section 4.9. Determining precision by replicating measurements with results at or near the 
detection limit of the measurement system is not recommended because the measurement 
uncertainty is usually greater than the desired level of precision. The types of replicate 
measurements applied to scanning and direct measurements are limited by the relatively 
uncomplicated measurement system (i.e., the uncertainties associated with sample collection and 
preparation are eliminated). However, the uncertainties associated with applying a single 
calibration factor to a wide variety of site conditions mean these measurements are very useful 
for assessing data quality. 

!	 Replicates to Measure Operator Precision. For scanning and direct measurements, 
replicates to measure operator precision provide an estimate of precision for the operator 
and the Standard Operating Procedure (SOP) or protocol used to perform the 
measurement.  Replicates to measure operator precision are measurements performed 
using the same instrument at the same location, but with a different operator. Replicates 
to measure operator precision are usually non-blind or single-blind measurements. 

!	 Replicates to Measure Instrument Precision. For scanning and direct measurements, 
replicates to measure instrument precision provide an estimate of precision for the type of 
instrument, the calibration, and the SOP or protocol used to perform the measurement. 
Replicates to measure instrument precision are measurements performed by the same 
operator at the same location, but with a different instrument. Replicates to measure 
instrument precision are usually non-blind or single-blind measurements. 
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For many surveys a combination of instrument and operator replicates are used to provide an 
estimate of overall precision for both scanning and direct measurements. Replicates of direct 
measurements can be compared with one another similar to the analytical results for samples. 
Results for scanning replicates may be obtained by stopping and recording instrument readings at 
specific intervals during the scanning survey (effectively performing direct measurements at 
specified locations). An alternative method for estimating the precision of scanning is to 
evaluate the effectiveness of the scanning survey for identifying areas of elevated activity. The 
results of scanning are usually locations that are identified for further investigation. A 
comparison of the areas identified by the replicate scanning surveys can be performed either 
quantitatively (using statistical methods) or qualitatively (using professional judgment). Because 
there is a necessity  to evaluate whether the same number of locations were identified by both 
replicates as well as if the identified locations are the same, there is difficulty in developing 
precision as a DQO that can be evaluated. 

6.2.2.2 Bias 

Bias is the systematic or persistent distortion of a measurement process that causes error in one 
direction (EPA 1997a). Bias is determined quantitatively based on the measurement of materials 
with a known concentration. There are several types of materials with known concentrations that 
may be used to determine bias for scans and direct measurements. 

!	 Reference Material. Reference material is a material or substance one or more of whose 
property values are sufficiently homogeneous and well established to be used for the 
calibration of an apparatus, the assessment of a measurement method, or for assigning 
values to materials (ISO 1993). A certified reference material is reference material for 
which each certified property value is accompanied by an uncertainty at a stated level of 
confidence. Radioactive reference materials may be available for certain radionuclides in 
soil (e.g., uranium in soil), but reference building materials may not be available. 
Because reference materials are prepared and homogenized as part of the certification 
process, they are rarely available as double-blind samples. When appropriate reference 
materials are available (i.e., proper matrix, proper radionuclide, proper concentration 
range) they are recommended for use in determining the overall bias for a measurement 
system. For scanning and direct measurements a known amount of reference material is 
sealed in a known geometry. This known material is measured in the field using a 
specified protocol (e.g., specified measurement time at a specified distance from the 
reference material) to evaluate the performance of the instrument only. 

!	 Performance Evaluation (PE) Samples. PE samples are used to evaluate the bias of the 
instrument and detect any error in the instrument calibration. These samples are usually 
prepared by a third party, using a quantity of analyte(s) which is known to the preparer 
but unknown to the operator, and always undergo certification analysis. The analyte(s) 

MARSSIM, Revision 1 6-4 August 2000 



Field Measurement Methods and Instrumentation 

used to prepare the PE sample is the same as the analyte(s) of interest (EPA 1991g). PE 
samples are recommended for use in determining bias for a measurement system when 
appropriate reference materials are not available. PE samples are equivalent to matrix 
spikes prepared by a third party that undergo certification analysis and can be non-blind 
or single-blind when used to measure bias for scanning and direct measurements. 

!	 Matrix Spike Samples. Matrix spike samples are environmental samples that are spiked 
in the laboratory with a known concentration of a target analyte(s) to verify percent 
recoveries. They are primarily used to check sample matrix interferences but can also be 
used in the field to monitor instrument performance (EPA 1991g). Matrix Spike samples 
are often replicated to monitor a method’s performance and evaluate bias and precision 
(when four or more pairs are analyzed). These replicates are often collectively referred to 
as a matrix spike/matrix spike duplicate (MS/MSD). 

!	 Calibration Checks. Calibration checks are measurements performed to verify instrument 
performance each time an instrument is used (see Section 6.5.4). These checks may be 
qualitative or quantitative.  Operators use qualitative checks to determine if an instrument 
is operating properly and can be used to perform measurements. Quantitative calibration 
checks require a specified protocol to measure a calibration source with a known 
instrument response, and the results are documented to provide a record of instrument 
precision and bias. The results of quantitative calibration checks are typically recorded 
on a control chart (see Section 6.2.2.7). Note that the calibration check source does not 
need to be traceable for qualitative or quantitative calibration checks as long as the 
instrument response has been adequately established (see Section 6.5.4). Because 
calibration checks are non-blind measurements they are only recommended when other 
types of QC measurements are not available. 

Quality control measurements can also be used to estimate bias caused by contamination. 

!	 Background Measurement. A background measurement is a measurement performed 
upgradient of the area of potential contamination (either onsite or offsite) where there is 
little or no chance of migration of the contaminants of concern (EPA 1991g). 
Background measurements are performed in the background reference area (Section 4.5), 
determine the natural composition and variability of the material of interest (especially 
important in areas with high concentrations of naturally occurring radionuclides), and are 
considered “clean.” They provide a basis for comparison of contaminant concentration 
levels with measurements performed in the survey unit when the statistical tests described 
in Chapter 8 are performed. 
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!	 Measurement Blanks. Measurement blanks are samples prepared in the laboratory using 
certified clean sand or soil and brought to the field to monitor contamination for scanning 
and direct measurements. A measurement blank is used to evaluate contamination error 
associated with the instrument used to perform measurements in the field. Measurement 
blanks are recommended for determining bias resulting from contamination of 
instruments used for scanning and direct measurements. 

6.2.2.3 Representativeness 

Representativeness is a measure of the degree to which data accurately and precisely represent a 
characteristic of a population parameter at a sampling point (ASQC 1995) or measurement 
location. Representativeness is a qualitative term that is reflected in the survey design through 
the selection of a measurement method (e.g., direct measurement or sampling). 

Sample collection and analysis is typically less representative of true radionuclide concentrations 
at a specific measurement location than performing a direct measurement.  This is caused by the 
additional steps required in collecting and analyzing samples, such as sample collection, field 
sample preparation, laboratory sample preparation, and radiochemical analysis. However, direct 
measurement techniques with acceptable detection limits are not always available. The location 
of the direct measurement is determined in Section 5.5.2.5, where random and systematic survey 
designs are selected based on survey unit classification. The coverage for a survey unit using 
scanning techniques is discussed in Section 5.5.3 and is also based primarily on survey unit 
classification. Because scanning locations are often selected based on professional judgment for 
survey units with less than 100% coverage, representativeness of these locations may be a 
concern. For both scanning and direct measurements the measurement locations and method for 
performing the measurements should be compared to the modeling assumptions used to develop 
the DCGLs. 

6.2.2.4 Comparability 

Comparability is a qualitative term that expresses the confidence that two data sets can contribute 
to a common analysis and interpolation. Generally, comparability is provided by using the same 
measurement system for all analyses of a specific radionuclide. Comparability is usually not an 
issue except in cases where historical data has been collected and is being compared to current 
analytical results, or when multiple laboratories are used to provide results as part of a single 
survey design. 

6.2.2.5 Completeness 

Completeness is a measure of the amount of valid data obtained from the measurement system. 
This is expressed as a percentage of the number of valid measurements that should have been 
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collected. Completeness is of greater concern for laboratory analyses than for direct 
measurements because the consequences of incomplete data often require the collection of 
additional data. Completeness is a concern for scanning only if the scanning results are 
invalidated for some reason. Direct measurements and scans can usually be repeated fairly easily 
while the personnel performing the measurements are still in the field. For this reason 
MARSSIM strongly recommends that scanning and direct measurement results be evaluated as 
soon as possible. Direct measurements performed on a systematic grid to locate areas of elevated 
activity are also a concern for completeness. If one direct measurement result is not valid, the 
entire survey design for locating areas of elevated activity may be invalidated. 

6.2.2.6 Other Data Quality Indicators 

Several additional data quality indicators that influence the final status survey design are 
identified as DQOs in Section 2.3.1. Many of these (e.g., selection and classification of survey 
units, decision error rates, variability in the contaminant concentration, lower bound of the gray 
region) are used to determine the number of measurements and are discussed in detail in Section 
5.5.2. The method detection limit is directly related to the selection of a measurement method 
and a specific measurement system. 

Scanning and direct measurement techniques should be capable of measuring levels below the 
established DCGLs— detection limits of 10-50% of the DCGL should be the target (see Section 
6.7). Cost, time, best available technology, or other constraints may create situations where the 
above stated sensitivities are deemed impractical. Under these circumstances, higher detection 
sensitivities may be acceptable. Although service providers and instrument manufacturers will 
state detection limits, these sensitivities are usually based on ideal or optimistic situations and 
may not be achievable under site-specific measurement conditions. Detection limits are subject 
to variation from measurement to measurement, instrument to instrument, operator to operator, 
and procedure to procedure. This variation depends on geometry, background, instrument 
calibration, abundance of the radiations being measured, counting time, operator training, 
operator experience, self-absorption in the medium being measured, and interferences from 
radionuclides or other materials present in the medium. The detection limit that is achievable in 
practice should not exceed the DCGL. 

6.2.2.7 Using Control Charts to Provide Control of Field Measurement Systems 

Control charts are commonly used in radioanalytical laboratories to monitor the performance of 
laboratory instruments. Control charts are also useful for monitoring the performance of field 
instruments and can be used to help control field measurement systems. 

A control chart is a graphical plot of measurement results with respect to time or sequence of 
measurement, together with limits within in which the measurement values are expected to lie 
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when the system is in a state of statistical control (DOE 1995). Calibration check results are 
typically plotted on control charts for field measurements. However, control charts may be 
developed for any measurements where the expected performance is established and 
documented. A separate set of control charts for monitoring each type of measurement (e.g., 
calibration check, background, measurement of PE samples) should be developed for each 
instrument. 

The control chart is constructed by preparing a graph showing the arithmetic mean and the 
control limits as horizontal lines. The recommended control limits are two standard deviations 
above and below the mean, and three standard deviations above and below the mean. The 
measurement results in the appropriate units are shown on the y-axis and time or sequence is 
plotted using the x-axis. Detailed guidance on the development and use of control charts is 
available in Quality Assurance of Chemical Measurements (Taylor 1987) and Statistical Methods 
for Quality Improvement (Kume 1985). 

As the quality control or other measurements are performed, the results are entered on the control 
chart. If the results are outside the control limits or show a particular trend or tendency, then the 
process is not in control. The control chart documents the performance of the measurement 
system during the time period of interest. 

Quality control measurements for field instruments may be difficult or expensive to obtain for 
some surveys. In these cases control charts documenting instrument performance may represent 
the only determination of precision and bias for the survey. Because control charts are non-blind 
measurements they are generally not appropriate for estimating precision and bias. However, the 
control chart documents the performance of the field instruments. Provided the checks for 
precision and bias fall within the control limits, the results obtained using that instrument should 
be acceptable for the survey. 

6.3 Selecting a Service Provider to Perform Field Data Collection Activities 

One of the first steps in designing a survey is to select a service provider to perform field data 
collection activities. MARSSIM recommends that this selection take place early in the planning 
process so that the service provider can provide information during survey planning and 
participate in the design of the survey. Service providers may include in-house experts in field 
measurements and sample collection, health physics companies, or environmental engineering 
firms among others. 

When the service provider is not part of the organization responsible for the site, these services 
are obtained using some form of procurement mechanism. Examples of procurement 
mechanisms include purchase orders or contracts. A graded approach should be used in 
determining the appropriate method for procuring services. 
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Potential service providers should be evaluated to determine their ability to perform the 
necessary analyses. For large or complex sites, this evaluation may take the form of a pre-award 
audit. The results of this audit provide a written record of the decision to use a specific service 
provider. For less complex sites or facilities, a review of the potential service provider’s 
qualifications is sufficient for the evaluation. 

There are six criteria that should be reviewed during this evaluation: 

!	 Does the service provider possess the validated Standard Operating Procedures (SOPs), 
appropriate instrumentation, and trained personnel necessary to perform the field data 
collection activities?  Field data collection activities (e.g., scanning surveys, direct 
measurements, and sample collection) are defined by the data needs identified by the 
DQO process. 

!	 Is the service provider experienced in performing the same or similar data collection 
activities? 

!	 Does the service provider have satisfactory performance evaluation or technical review 
results?  The service provider should be able to provide a summary of QA audits and QC 
measurement results to demonstrate proficiency.  Equipment calibrations should be 
performed using National Institute of Standards and Technology (NIST) traceable 
reference radionuclide standards whenever possible. 

!	 Is there an adequate capacity to perform all field data collection activities within the 
desired timeframe?  This criterion considers the number of trained personnel and quantity 
of calibrated equipment available to perform the specified tasks. 

! Does the service provider conduct an internal quality control review of all generated data 
that is independent of the data generators? 

! Are there adequate protocols for method performance documentation, sample tracking 
and security (if necessary), and documentation of results? 

Potential service providers should have an active and fully documented quality system in place.1 

This system should enable compliance with the objectives determined by the DQO process in 
Section 2.3 and Appendix D (see EPA 1994c). The elements of a quality management system 
are discussed in Section 9.1 (ASQC 1995, EPA 1994f). 

1  The quality management system is typically documented in one or more documents such as a Quality 
Management Plan (QMP) or Quality Assurance Manual (QAM). A description of quality systems is included in 
Section 9.1. 
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6.4 Measurement Methods 

Measurement methods used to generate field data can be classified into two categories commonly 
known as scanning surveys and direct measurements. The decision to use a measurement 
method as part of the survey design is determined by the survey objectives and the survey unit 
classification. Scanning is performed to identify areas of elevated activity that may not be 
detected by other measurement methods. Direct measurements are analogous to collecting and 
analyzing samples to determine the average activity in a survey unit. Section 5.5.3 discusses 
combining scans and direct measurements in an integrated survey design. 

6.4.1 Direct Measurements 

To conduct direct measurements of alpha, beta, and photon surface activity, instruments and 
techniques providing the required detection sensitivity are selected. The type of instrument and 
method of performing the direct measurement are selected as dictated by the type of potential 
contamination present, the measurement sensitivity requirements, and the objectives of the 
radiological survey. Direct measurements are taken by placing the instrument at the appropriate 
distance2 above the surface, taking a discrete measurement for a pre-determined time interval 
(e.g., 10 s, 60 s, etc.), and recording the reading.  A one minute integrated count technique is a 
practical field survey procedure for most equipment and provides detection sensitivities that are 
below most DCGLs. However, longer or shorter integrating times may be warranted (see Section 
6.7.1 for information dealing with the calculation of direct measurement detection sensitivities). 

Direct measurements may be collected at random locations in the survey unit. Alternatively, 
direct measurements may be collected at systematic locations and supplement scanning surveys 
for the identification of small areas of elevated activity (see Section 5.5.2.5). Direct 
measurements may also be collected at locations identified by scanning surveys as part of an 
investigation to determine the source of the elevated instrument response. Professional judgment 
may also be used to identify location for direct measurements to further define the areal extent of 
contamination and to determine maximum radiation levels within an area, although these types of 
direct measurements are usually associated with preliminary surveys (i.e., scoping, 
characterization, remedial action support). All direct measurement locations and results should 
be documented. 

2 Measurements at several distances may be needed. Near-surface or surface measurements provide the 
best indication of the size of the contaminated region and are useful for model implementation. Gamma 
measurements at 1 m provide a good estimate of potential direct external exposure. 
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If the equipment and methodology used for scanning is capable of providing data of the same 
quality required for direct measurement (e.g., detection limit, location of measurements, ability to 
record and document results), then scanning may be used in place of direct measurements. 
Results should be documented for at least the number of locations required for the statistical 
tests. In addition, some direct measurement systems may be able to provide scanning data, 
provided they meet the objectives of the scanning survey. 

The following sections briefly describe methods used to perform direct measurements in the 
field. The instruments used to perform these measurements are described in more detail in 
Section 6.5.3 and Appendix H. 

6.4.1.1 Direct Measurements for Photon Emitting Radionuclides 

There are a wide variety of instruments available for measuring photons in the field (see 
Appendix H) but all of them are used in essentially the same way.  The detector is set up at a 
specified distance from the surface being measured and data are collected for a specified period 
of time. The distance from the surface to the detector is generally determined by the calibration 
of the instrument because photons do not interact appreciably with air. When measuring x-rays 
or low-energy gamma rays, the detector is often placed closer to the surface to increase the 
counting efficiency. The time required to perform a direct measurement may vary from very 
short (e.g., 10 seconds) to very long (e.g., several days or weeks) depending on the type of 
detector and the required detection limit. In general, the lower the required detection limit the 
longer the time required to perform the measurement. A collimator may be used in areas where 
activity from adjacent or nearby areas might interfere with the direct measurement.  The 
collimator (usually lead, tungsten, or steel) shields the detector from extraneous photons but 
allows activity from a specified area of the surface to reach the detector. 

Example: 

The portable germanium detector, or in situ gamma spectrometer, can be used to estimate 
gamma-emitting radionuclide concentrations in the field. As with the laboratory-based 
germanium detector with multichannel analyzer, in situ gamma spectrometry can 
discriminate among various radionuclides on the basis of characteristic gamma and x-ray 
energies to provide a nuclide-specific measurement.  A calibrated detector measures the 
fluence rate of primary photons at specific energies that are characteristic of a particular 
radionuclide (NRC 1995b). This fluence rate can then be converted to units of 
concentration. Under certain conditions the fluence rate may be converted directly to 
dose or risk for a direct comparison to the release criterion rather than to the DCGLW. 
Although this conversion is generally made, the fluence rate should be considered the 
fundamental parameter for assessing the level of radiation at a specific location because it 
is a directly measurable physical quantity. 
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For outdoor measurements, where the contaminant is believed to be distributed within the 
surface soil, it may be appropriate to assume a uniform depth profile when converting the 
fluence rate to a concentration. At sites where the soil is plowed or overturned regularly, 
this assumption is quite realistic because of the effects of homogenization. At sites where 
the activity was initially deposited on the surface and has gradually penetrated deeper 
over time, the actual depth profile will have a higher activity at the surface and gradually 
diminish with depth. In this case, the assumption of a uniform depth profile will estimate 
a higher radionuclide concentration relative to the average concentration over that depth. 
In cases where there is an inverted depth profile (i.e., low concentration at the surface that 
increase with depth), the assumption of a uniform depth profile will underestimate the 
average radionuclide concentration over that depth. For this reason, MARSSIM 
recommends that soil cores be collected to determine the actual depth profile for the site. 
These soil cores may be collected during the characterization or remedial action support 
survey to establish a depth profile for planning a final status survey. The cores may also 
be collected during the final status survey to verify the assumptions used to develop the 
fluence-to-concentration correction. 

For indoor measurements, uncollimated in situ measurements can provide useful 
information on the low-level average activity across an entire room. The position of the 
measurement within the room is not critical if the radionuclide of interest is not present in 
the building materials. A measurement of peak count rate can be converted to fluence 
rate, which can in turn be related to the average surface activity. The absence of a 
discernible peak would mean that residual activity could not exceed a certain average 
level. However, this method will not easily locate small areas of elevated activity. For 
situations where the activity is not uniformly distributed on the surface, a series of 
collimated measurements using a systematic grid allows the operator to identify general 
areas of elevated contamination. 

The NRC draft report Measurement Methods for Radiological Surveys in Support of New 
Decommissioning Criteria (NRC 1995b) provides a detailed description of the theory and 
implementation of in situ gamma spectrometry. In situ spectrometry is provided as one 
example of a useful tool for performing direct measurements for particular scenarios, but 
interpretation of the instrument output in terms of radionuclide distributions is dependent 
on the assumptions used to calibrate the method site-specifically. The depth of treatment 
of this technique in this example is not meant to imply that in situ gamma spectrometry is 
preferred a priori over other appropriate measurement techniques described in this 
manual. 
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6.4.1.2 Direct Measurements for Alpha Emitting Radionuclides 

Direct measurements for alpha-emitting radionuclides are generally performed by placing the 
detector on or near the surface to be measured. The limited range of alpha particles (e.g., about 
1 cm or 0.4 in. in air, less in denser material) means that these measurements are generally 
restricted to relatively smooth, impermeable surfaces such as concrete, metal, or drywall where 
the activity is present as surface contamination. In most cases, direct measurements of porous 
(e.g., wood) and volumetric (e.g., soil, water) material cannot meet the objectives of the survey. 
However, special instruments such as the long range alpha detector (see Appendix H) have been 
developed to measure the concentration of alpha emitting radionuclides in soil under certain 
conditions. Because the detector is used in close proximity to the potentially contaminated 
surface, contamination of the detector or damage to the detector caused by irregular surfaces need 
to be considered before performing direct measurements for alpha emitters. 

6.4.1.3 Direct Measurements for Beta Emitting Radionuclides 

Direct measurements for beta emitting radionuclides are generally performed by placing the 
detector on or near the surface to be measured, similar to measurements for alpha emitting 
radionuclides. These measurements are typically restricted to relatively smooth, impermeable 
surfaces where the activity is present as surface contamination. In most cases, direct 
measurements of porous (e.g., wood) and volumetric (e.g., soil, water) material cannot meet the 
objectives of the survey. However, special instruments such as large area gas-flow proportional 
counters (see Appendix H) and arrays of beta scintillators have been developed to measure the 
concentration of beta emitting radionuclides in soil under certain conditions. Similar to direct 
measurements for alpha emitting radionuclides, contamination of the detector and damage to the 
detector need to be considered before performing direct measurements for beta emitters. 

6.4.2 Scanning Surveys 

Scanning is the process by which the operator uses portable radiation detection instruments to 
detect the presence of radionuclides on a specific surface (i.e., ground, wall, floor, equipment). 
The term scanning survey is used to describe the process of moving portable radiation detectors 
across a suspect surface with the intent of locating radionuclide contamination. Investigation 
levels for scanning surveys are determined during survey planning to identify areas of elevated 
activity. Scanning surveys are performed to locate radiation anomalies indicating residual gross 
activity that may require further investigation or action. These investigation levels may be based 
on the DCGLW, the DCGLEMC, or some other level as discussed in Section 5.5.2.6. 
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Small areas of elevated activity typically represent a small portion of the site or survey unit. 
Thus, random or systematic direct measurements or sampling on the commonly used grid spacing 
may have a low probability of identifying such small areas. Scanning surveys are often relatively 
quick and inexpensive to perform. For these reasons, scanning surveys are typically performed 
before direct measurements or sampling.  This way time is not spent fully evaluating an area that 
may quickly prove to be contaminated above the investigation level during the scanning process. 
Scans are conducted which would be indicative of all radionuclides potentially present, based on 
the Historical Site Assessment, surfaces to be surveyed, and survey design objectives. Surrogate 
measurements may be utilized where appropriate (see Section 4.3.2). Documenting scanning 
results and observations from the field is very important. For example, a scan that identified 
relatively sharp increases in instrument response or identified the boundary of an area of 
increased instrument response should be documented. This information is useful when 
interpreting survey results. 

The following sections briefly describe techniques used to perform scanning surveys for different 
types of radiation. The instruments used to perform these measurements are described in more 
detail in Section 6.5.3 and Appendix H. 

6.4.2.1 Scanning for Photon Emitting Radionuclides 

Sodium iodide survey meters (NaI(Tl) detectors) are normally used for scanning areas for gamma 
emitters because they are very sensitive to gamma radiation, easily portable and relatively 
inexpensive. The detector is held close to the ground surface (~6 cm or 2.5 in.) and moved in a 
serpentine (i.e., snake like, “S” shaped) pattern while walking at a speed that allows the 
investigator to detect the desired investigation level. A scan rate of approximately 0.5 m/s is 
typically used for distributed gamma emitting contaminants in soil; however, this rate must be 
adjusted depending on the expected detector response and the desired investigation level. 
Discussion of scanning rates versus detection sensitivity for gamma emitters is provided in 
Section 6.7.2.1. 

Sodium iodide survey meters are also used for scanning to detect areas with elevated areas of 
low-energy gamma and x-ray emitting radionuclides such as 241Am and 239Pu. Specially designed 
detectors, such as the FIDLER (field instrument for the detection of low energy radiation) probe 
with survey meter, are typically used to detect these types of radionuclides. 

6.4.2.2 Scanning for Alpha Emitting Radionuclides 

Alpha scintillation survey meters and thin window gas-flow proportional counters are typically 
used for performing alpha surveys. Alpha radiation has a very limited range and, therefore, 
instrumentation must be kept close to the surface—usually less than 1 cm (0.4 in.). For this 
reason, alpha scans are generally performed on relatively smooth, impermeable surfaces (e.g., 
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concrete, metal, drywall) and not on porous material (e.g., wood) or for volumetric 
contamination (e.g., soil, water). In most cases, porous and volumetric contamination cannot be 
detected by scanning for alpha activity and meet the objectives of the survey because of high 
detection sensitivities. Under these circumstances, samples of the material are usually collected 
and analyzed as discussed in Chapter 7. Determining scan rates when surveying for alpha 
emitters is discussed in Section 6.7.2.2 and Appendix J. 

6.4.2.3 Scanning for Beta Emitting Radionuclides 

Thin window gas-flow proportional counters are normally used when surveying for beta emitters, 
although solid scintillators designed for this purpose are also available. Typically, the beta 
detector is held less than 2 cm from the surface and moved at a rate such that the desired 
investigation level can be detected. Low-energy (<100 keV) beta emitters are subject to the same 
interferences and self-absorption problems found with alpha emitting radionuclides, and scans 
for these radionuclides are performed under similar circumstances. Determination of scan rates 
when surveying for beta emitters is discussed in Section 6.7.2.1. 

6.5 Radiation Detection Instrumentation 

Traditional radiation instruments consist of two components: 1) a radiation detector, and 
2) electronic equipment to provide power to the detector and to display or record radiation 
events. This section identifies and very briefly describes the types of radiation detectors and 
associated display or recording equipment that are applicable to survey activities in support of 
environmental assessment or remedial action. Each survey usually requires performing direct 
field measurements using portable instrumentation and collection of samples for laboratory 
analysis. The selection and proper use of appropriate instruments for both direct measurements 
and laboratory analyses will likely be the most critical factors in assuring that the survey 
accurately determines the radiological status of a site and meets the survey objectives. Chapter 7 
provides specific information on laboratory analysis of collected samples. Appendix H contains 
instrument specific information for various types of field survey and laboratory analysis 
equipment currently in use. 

6.5.1 Radiation Detectors 

The particular capabilities of a radiation detector will establish its potential applications in 
conducting a specific type of survey. Radiation detectors can be divided into four general classes 
based on the detector material or the application. These categories are: 1) gas-filled detectors, 
2) scintillation detectors, 3) solid-state detectors, and 4) passive integrating detectors. 
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6.5.1.1 Gas-Filled Detectors 

Radiation interacts with the fill gas, producing ion-pairs that are collected by charged electrodes. 
Commonly used gas-filled detectors are categorized as ionization, proportional, or Geiger-
Mueller (GM), referring to the region of gas amplification in which they are operated. The fill 
gas varies, but the most common are: 1) air, 2) argon with a small amount of organic methane 
(usually 10% methane by mass, referred to as P-10 gas), and 3) argon or helium with a small 
amount of a halogen such as chlorine or bromine added as a quenching agent. 

6.5.1.2 Scintillation Detectors 

Radiation interacts with a solid or liquid medium causing electronic transitions to excited states 
in a luminescent material. The excited states decay rapidly, emitting photons that in turn are 
captured by a photomultiplier tube. The ensuing electrical signal is proportional to the scintillator 
light output, which, under the right conditions, is proportional to the energy loss that produced 
the scintillation. The most common scintillant materials are NaI(Tl), ZnS(Ag), Cd(Te), and 
CsI(Tl) which are used in traditional radiation survey instruments such as the NaI(Tl) detector 
used for gamma surveys and the ZnS(Ag) detector for alpha surveys. 

6.5.1.3 Solid-State Detectors 

Radiation interacting with a semiconductor material creates electron-hole pairs that are collected 
by a charged electrode. The design and operating conditions of a specific solid-state detector 
determines the types of radiations (alpha, beta, and/or gamma) that can be measured, the 
detection level of the measurements, and the ability of the detector to resolve the energies of the 
interacting radiations. The semiconductor materials currently being used are germanium and 
silicon which are available in both n and p types in various configurations. 

Spectrometric techniques using these detectors provide a marked increase in sensitivity in many 
situations. When a particular radionuclide contributes only a fraction of the total particle fluence 
or photon fluence, or both, from all sources (natural or manmade background), gross 
measurements are inadequate and nuclide-specific measurements are necessary. Spectrometry 
provides the means to discriminate among various radionuclides on the basis of characteristic 
energies. In-situ gamma spectrometry is particularly effective in field measurements since the 
penetrating nature of the radiation allows one to “see” beyond immediate surface contamination. 
The availability of large, high efficiency germanium detectors permits measurement of low 
abundance gamma emitters such as 238U as well as low energy emitters such as 241Am and 239Pu. 

MARSSIM, Revision 1 6-16 June 2001 



Field Measurement Methods and Instrumentation 

6.5.1.4 Passive Integrating Detectors 

There is an additional class of instruments that consists of passive, integrating detectors and 
associated reading/analyzing instruments. The integrated ionization is read using a laboratory or 
hand-held reader. This class includes thermoluminescence dosimeters (TLDs) and electret ion 
chambers (EICs). Because these detectors are passive and can be exposed for relatively long 
periods of time, they can provide better sensitivity for measuring low activity levels such as free 
release limits or for continuing surveillance.  The ability to read and present data onsite is a 
useful feature and such systems are comparable to direct reading instruments. 

The scintillation materials in Section 6.5.1.2 are selected for their prompt fluorescence 
characteristics. In another class of inorganic crystals, called TLDs, the crystal material and 
impurities are chosen so that the free electrons and holes created following the absorption of 
energy from the radiation are trapped by impurities in the crystalline lattice thus locking the 
excitation energy in the crystal.  Such materials are used as passive, integrating detectors. After 
removal from the exposure area, the TLDs are heated in a reader which measures the total 
amount of light produced when the energy is released. The total amount of light is proportional 
to the number of trapped, excited electrons, which in turn is proportional to the amount of energy 
absorbed from the radiation. The intensity of the light emitted from the thermoluminescent 
crystals is thus directly proportional to the radiation dose. TLDs come in a large number of 
materials, the most common of which are LiF, CaF2:Mn, CaF2:Dy, CaSO4:Mn, CaSO4:Dy, 
Al2O3:C. 

The electret ion chamber consists of a very stable electret (a charged Teflon® disk) mounted 
inside a small chamber made of electrically charged plastic. The ions produced inside this air 
filled chamber are collected onto the electret, causing a reduction of its surface charge. The 
reduction in charge is a function of the total ionization during a specific monitoring period and 
the specific chamber volume. This change in voltage is measured with a surface potential 
voltmeter. 

6.5.2 Display and Recording Equipment 

Radiation detectors are connected to electronic devices to 1) provide a source of power for 
detector operation, and 2) enable measurement of the quantity and/or quality of the radiation 
interactions that are occurring in the detector. The quality of the radiation interaction refers to 
the amount of energy transferred to the detector. In many cases, radiation interacts with other 
material (e.g., air) prior to interacting with the detector, or only partially interacts with the 
detector (e.g., Compton scattering for photons). Because the energy recorded by the detector is 
affected, there is an increased probability of incorrectly identifying the radionuclide. 
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The most common recording or display device used for portable radiation measurement systems 
is a ratemeter. This device provides a display on an analog meter representing the number of 
events occurring over some time period (e.g., counts per minute). Digital ratemeters are also 
commercially available. The number of events can also be accumulated over a preset time period 
using a digital scaling device.  The resulting information from a scaling device is the total 
number of events that occurred over a fixed period of time, where a ratemeter display varies with 
time and represents a short term average of the event rate. Determining the average level on a 
ratemeter will require judgment by the user, especially when a low frequency of events results in 
significant variations in the meter reading. 

Pulse height analyzers are specialized electronic devices designed to measure and record the 
number of pulses or events that occur at different pulse height levels. These types of devices are 
used with detectors which produce output pulses that are proportional in height to the energy 
deposited within them by the interacting radiation. They can be used to record only those events 
occurring in a detector within a single band of energy or can simultaneously record the events in 
multiple energy ranges. In the former case, the equipment is known as a single-channel analyzer; 
the latter application is referred to as a multichannel analyzer. 

6.5.3 Instrument Selection 

Radiation survey parameters that might be needed for site release purposes include surface 
activities, exposure rates, and radionuclide concentrations in soil. To determine these 
parameters, field measurements and laboratory analyses may be necessary. For certain 
radionuclides or radionuclide mixtures, both alpha and beta radiations may have to be measured. 
In addition to assessing average radiological conditions, the survey objectives should address 
identifying small areas of elevated activity and determining the extent and level of residual 
radioactivity. 

Additionally, the potential uses of radiation instruments can vary significantly depending on the 
specific design and operating criteria of a given detector type. For example, a NaI(Tl) scintillator 
can be designed to be very thin with a low atomic number entrance window (e.g., beryllium) such 
that the effective detection capability for low energy photons is optimized. Conversely, the same 
scintillant material can be fabricated as a thick cylinder in order to optimize the detection 
probability for higher energy photons. On the recording end of a detection system, the output 
could be a ratemeter, scaler, or multichannel analyzer as described in Section 6.5.2. Operator 
variables such as training and level of experience with specific instruments should also be 
considered. 

With so many variables, it is highly unlikely that any single instrument (detector and readout 
combination) will be capable of adequately measuring all of the radiological parameters 
necessary to demonstrate that criteria for release have been satisfied. It is usually necessary to 
select multiple instruments to perform the variety of measurements required. 
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Selection of instruments will require an evaluation of a number of situations and conditions. 
Instruments must be stable and reliable under the environmental and physical conditions where 
they will be used, and their physical characteristics (size and weight) should be compatible with 
the intended application. The instrument must be able to detect the type of radiation of interest, 
and the measurement system should be capable of measuring levels that are less than the DCGL 
(see Section 6.7). 

For gamma radiation scanning, a scintillation detector/ratemeter combination is the usual 
instrument of choice. A large-area proportional detector with a ratemeter is recommended for 
scanning for alpha and beta radiations where surface conditions and locations permit; otherwise, 
an alpha scintillation or thin-window GM detector (for beta surveys) may be used. 

For direct gamma measurements, a pressurized ionization chamber or in-situ gamma 
spectroscopy system is recommended. As an option, a NaI(Tl) scintillation detector may be used 
if cross-calibrated to a pressurized ion chamber or calibrated for the specific energy of interest. 
The same alpha and beta detectors identified above for scanning surveys are also recommended 
for use in direct measurements. 

There are certain radionuclides that, because of the types, energies, and abundances of their 
radiations, will be essentially impossible to measure at the guideline levels, under field 
conditions, using state-of-the-art instrumentation and techniques. Examples of such 
radionuclides include very low energy pure beta emitters, such as 3H and 63Ni, and low energy 
photon emitters, such as 55Fe and 125I.  Pure alpha emitters dispersed in soil or covered with some 
absorbing layer will not be detectable because the alpha radiation will not penetrate through the 
media or covering to reach the detector. A common example of such a condition would be 230Th 
surface contamination covered by paint, dust, oil, or moisture. In such circumstances, sampling 
and laboratory analysis would be required to measure the residual activity levels unless surrogate 
radionuclides are present as discussed in Section 4.3.2. 

The number of possible design and operating schemes for each of the different types of detectors 
is too large to discuss in detail within the context of this document. For a general overview, lists 
of common radiation detectors along with their usual applications during surveys are provided in 
Tables 6.1 through 6.3. Appendix H contains specific information for various types of field 
survey and laboratory analysis equipment currently in use. Continual development of new 
technologies will result in changes to these listings. 
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Table 6.1 Radiation Detectors with Applications to Alpha Surveys 

Detector Type Detector Description Application Remarks 

Gas Proportional <1 mg/cm2 window; probe area 
50 to 1000 cm2 

<0.1 mg/cm2 window; probe area 
10 to 20 cm2 

No window (internal proportional) 

Surface scanning; surface 
contamination measurement 

Laboratory measurement of 
water, air, and smear samples 

Laboratory measurement of 
water, air, and smear samples 

Requires a supply 
of appropriate fill 
gas 

Air Proportional <1 mg/cm2 window; probe area 
-50 cm2 

Useful in low humidity 
conditions 

Scintillation ZnS(Ag) scintillator; probe area 
50 to 100 cm2 

ZnS(Ag) scintillator; probe area 
10 to 20 cm2 

Liquid scintillation cocktail 
containing sample 

Surface contamination 
measurements, smears 

Laboratory measurement of 
water, air, and smear samples 

Laboratory analysis, 
spectrometry capabilities 

Solid State Silicon surface barrier detector Laboratory analysis by alpha 
spectrometry 

Passive, 
integrating 
electret ion 
chamber 

<0.8 mg/cm2 window, also 
window-less, window area 50-180 
cm2, chamber volume 50-1,000 ml 

Contamination on surfaces, in 
pipes and in soils 

Useable in high 
humidity and 
temperature 

6.5.4 Instrument Calibration 

Calibration refers to the determination and adjustment of the instrument response in a particular 
radiation field of known intensity. Proper calibration procedures are an essential requisite toward 
providing confidence in measurements made to demonstrate compliance with cleanup criteria. 
Certain factors, such as energy dependence and environmental conditions, require consideration 
in the calibration process, depending on the conditions of use of the instrument in the field. 
Routine calibration of radiation detection instruments refers to calibration for normal use under 
typical field conditions. Considerations for the use and calibration of instruments include: 
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Table 6.2 Radiation Detectors with Applications to Beta Surveys 

Detector Type Detector Description Application Remarks 

Gas Proportional <1 mg/cm2 window; probe area 
50 to 1,000 cm2 

<0.1 mg/cm2 window; probe 
area 10 to 20 cm2 

No window (internal 
proportional) 

Surface scanning; surface 
contamination measurement 

Laboratory measurement of 
water, air, smear, and other 
samples 

Laboratory measurement of 
water, air, smear, and other 
samples 

Requires a supply 
of appropriate fill 
gas 

Can be used for 
measuring very 
low-energy betas 

Ionization 
(non-pressurized) 

1-7 mg/cm2 window Contamination measurements; 
skin dose rate estimates 

Geiger-Mueller <2 mg/cm2 window; probe area 
10 to 100 cm2 

Various window thickness; few 
cm2 probe face 

Surface scanning; contamination 
measurements; laboratory 
analyses 

Special scanning applications 

Scintillation Liquid scintillation cocktail 
containing sample 

Plastic scintillator 

Laboratory analysis; 
spectrometry capabilities 

Contamination measurements 

Passive, 
integrating 
electret ion 
chamber 

7 mg/cm2 window, also 
window-less, window area 50-
180 cm2, chamber volume 50-
1,000 ml 

Low energy beta including H-3 
contamination on surfaces and in 
pipes 

Useable in high 
humidity and 
temperature 

! use of the instrument for radiation of the type for which the instrument is designed 
!	 use of the instrument for radiation energies within the range of energies for which the 

instrument is designed 
! use under environmental conditions for which the instrument is designed 
!	 use under influencing factors, such as magnetic and electrostatic fields, for which the 

instrument is designed 
! use of the instrument in an orientation such that geotropic effects are not a concern 
!	 use of the instrument in a manner that will not subject the instrument to mechanical or 

thermal stress beyond that for which it is designed 
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Table 6.3 Radiation Detectors with Applications to Gamma Surveys 

Detector Type Detector Description Application Remarks 

Gas Ionization Pressurized ionization 
chamber; Non-pressurized 
ionization chamber 

Exposure rate measurements 

Geiger-Mueller Pancake (<2 mg/cm2 

window) or side window 
(~30 mg/cm2) 

Surface scanning; exposure 
rate correlation (side window 
in closed position) 

Low relative sensitivity to 
gamma radiation 

Scintillation NaI(Tl) scintillator; up to 
5 cm by 5 cm 

NaI(Tl) scintillator; large 
volume and “well” 
configurations 

CsI or NaI(Tl) scintillator; 
thin crystal 

Organic tissue equivalent 
(plastics) 

Surface scanning; exposure 
rate correlation 

Laboratory gamma 
spectrometry 

Scanning; low-energy gamma 
and x-rays 

Dose equivalent rate 
measurements 

High sensitivity; Cross 
calibrate with PIC (or 
equivalent) or for specific 
site gamma energy mixture 
for exposure rate 
measurements. 

Detection of low-energy 
radiation 

Solid State Germanium semi-
conductor 

Laboratory and field gamma 
spectrometry and 
spectroscopy 

Passive, 
integrating 
electret ion 
chamber 

7 mg/cm2 window, also 
window-less, window area 
50-180 cm2, chamber 
volume 50-1,000 ml 

Useable in high humidity 
and temperature 

Routine calibration commonly involves the use of one or more sources of a specific radiation 
type and energy, and of sufficient activity to provide adequate field intensities for calibration on 
all ranges of concern. 

Actual field conditions under which the radiation detection instrument will be used may differ 
significantly from those present during routine calibration. Factors which may affect calibration 
validity include: 
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! the energies of radioactive sources used for routine calibration may differ significantly 
from those of radionuclides in the field 

! the source-detector geometry (e.g., point source or large area distributed source) used for 
routine calibration may be different than that found in the field 

! the source-to-detector distance typically used for routine calibration may not always be 
achievable in the field 

!	 the condition and composition of the surface being monitored (e.g., sealed concrete, 
scabbled concrete, carbon steel, stainless steel, and wood) and the presence of overlaying 
material (e.g., water, dust, oil, paint) may result in a decreased instrument response 
relative to that observed during routine calibration 

If the actual field conditions differ significantly from the calibration assumptions, a special 
calibration for specific field conditions may be required. Such an extensive calibration need only 
be done once to determine the effects of the range of field conditions that may be encountered at 
the site. If responses under routine calibration conditions and proposed use conditions are 
significantly different, a correction factor or chart should be supplied with the instrument for use 
under the proposed conditions. 

As a minimum, each measurement system (detector/readout combination) should be calibrated 
annually and response checked with a source following calibration (ANSI 1996). Instruments 
may require more frequent calibration if recommended by the manufacturer. Re-calibration of 
field instruments is also required if an instrument fails a performance check or if it has undergone 
repair or any modification that could affect its response. 

The user may decide to perform calibrations following industry recognized procedures (ANSI 
1996b, DOE Order 5484.1, NCRP 1978, NCRP 1985, NCRP 1991, ISO 1988, HPS 1994a, HPS 
1994b), or the user can choose to obtain calibration by an outside service, such as a major 
instrument manufacturer or a health physics services organization. 

Calibration sources should be traceable to the National Institute of Standards and Technology 
(NIST). Where NIST traceable standards are not available, standards obtained from an industry 
recognized organization (e.g., the New Brunswick Laboratory for various uranium standards) 
may be used. 

Calibration of instruments for measurement of surface contamination should be performed such 
that a direct instrument response can be accurately converted to the 4� (total) emission rate from 
the source. An accurate determination of activity from a measurement of count rate above a 
surface in most cases is an extremely complex task because of the need to determine appropriate 
chacteristics of the source including decay scheme, geometry, energy, scatter, and self-
absorption. For the purpose of release of contaminated areas from radiological control, 
measurements must provide sufficient accuracy to ensure that cleanup standards have been 
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achieved. Inaccuracies in measurements should be controlled in a manner that minimizes the 
consequences of decision errors. The variables that affect instrument response should be 
understood well enough to ensure that the consequences of decision errors are minimized. 
Therefore, the calibration should account for the following factors (where necessary): 

!	 Calibrations for point and large area source geometries may differ, and both may be 
necessary if areas of activity smaller than the probe area and regions of activity larger 
than the probe area are present. 

!	 Calibration should either be performed with the radionuclide of concern, or with 
appropriate correction factors developed for the radionuclide(s) present based on 
calibrations with nuclides emitting radiations similar to the radionuclide of concern. 

!	 For portable instrumentation, calibrations should account for the substrate of concern 
(i.e., concrete, steel) or appropriate correction factors developed for the substrates relative 
to the actual calibration standard substrate.  This is especially important for beta emitters 
because backscatter is significant and varies with the composition of the substrate. 
Conversion factors developed during the calibration process should be for the same 
counting geometry to be used during the actual use of the detector. 

For cleanup standards for building surfaces, the contamination level is typically expressed in 
terms of the particle emission rate per unit time per unit area, normally Bq/m2 or disintegrations 
per minute (dpm) per 100 cm2. In many facilities, surface contamination is assessed by 
converting the instrument response (in counts per minute) to surface activity using one overall 
total efficiency. The total efficiency may be considered to represent the product of two factors, 
the instrument (detector) efficiency, and the source efficiency. Use of the total efficiency is not a 
problem provided that the calibration source exhibits characteristics similar to the surface 
contamination (i.e., radiation energy, backscatter effects, source geometry, self-absorption). In 
practice, this is hardly the case; more likely, instrument efficiencies are determined with a clean, 
stainless steel source, and then those efficiencies are used to determine the level of contamination 
on a dust-covered concrete surface. By separating the efficiency into two components, the 
surveyor has a greater ability to consider the actual characteristics of the surface contamination. 

The instrument efficiency is defined as the ratio of the net count rate of the instrument and the 
surface emission rate of a source for a specified geometry. The surface emission rate is defined 
as the number of particles of a given type above a given energy emerging from the front face of 
the source per unit time. The surface emission rate is the 2� particle fluence that embodies both 
the absorption and scattering processes that effect the radiation emitted from the source.  Thus, 
the instrument efficiency is determined by the ratio of the net count rate and the surface emission 
rate. 
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The instrument efficiency is determined during calibration by obtaining a static count with the 
detector over a calibration source that has a traceable activity or surface emission rate. In many 
cases, a source emission rate is measured by the manufacturer and certified as NIST traceable. 
The source activity is then calculated from the surface emission rate based on assumed 
backscatter and self-absorption properties of the source. The maximum value of instrument 
efficiency is 1. 

The source efficiency is defined as the ratio of the number of particles of a given type emerging 
from the front face of a source and the number of particles of the same type created or released 
within the source per unit time. The source efficiency takes into account the increased particle 
emission due to backscatter effects, as well as the decreased particle emission due to self-
absorption losses. For an ideal source (i.e., no backscatter or self-absorption), the value of the 
source efficiency is 0.5. Many real sources will exhibit values less than 0.5, although values 
greater than 0.5 are possible, depending on the relative importance of the absorption and 
backscatter processes. 

Source efficiencies may be determined experimentally. Alternatively, ISO-7503-1 (ISO 1988) 
makes recommendations for default source efficiencies. A source efficiency of 0.5 is 
recommended for beta emitters with maximum energies above 0.4 MeV. Alpha emitters and 
beta emitters with maximum beta energies between 0.15 and 0.4 MeV have a recommended 
source efficiency of 0.25. Source efficiencies for some common surface materials and overlaying 
material are provided in NUREG-1507 (NRC 1997b). 

Instrument efficiency may be affected by detector-related factors such as detector size (probe 
surface area), window density thickness, geotropism, instrument response time, counting time (in 
static mode), scan rate (in scan mode), and ambient conditions such as temperature, pressure, and 
humidity. Instrument efficiency also depends on solid angle effects, which include source-to-
detector distance and source geometry. 

Source efficiency may be affected by source-related factors such as the type of radiation and its 
energy, source uniformity, surface roughness and coverings, and surface composition (e.g., wood, 
metal, concrete). 

The calibration of gamma detectors for the measurement of photon radiation fields should also 
provide reasonable assurance of acceptable accuracy in field measurements. Use of these 
instruments for demonstration of compliance with cleanup standards is complicated by the fact 
that most cleanup levels produce exposure rates of at most a few µR/h. Several of the portable 
survey instruments currently available in the United States for exposure rate measurements of 
~1 µR/h (often referred to as micro-R meters) have full scale intensities of ~3 to 5 µR/h on the 
first range. This is below the ambient background for most low radiation areas and most 
calibration laboratories. (A typical background dose equivalent rate of 100 mrem/y gives a 
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background exposure rate of about 10 µR/h.) Even on the second range, the ambient background 
in the calibration laboratory is normally a significant part of the range and must be taken into 
consideration during calibration. The instruments commonly are not energy-compensated and 
are very sensitive to the scattered radiation that may be produced by the walls and floor of the 
room or additional shielding required to lower the ambient background. 

Low intensity sources and large distances between the source and detector can be used for low-
level calibrations if the appropriate precautions are taken. Field characterization of low-level 
sources with traceable transfer standards is difficult because of the poor signal-to-noise ratio in 
the standard chamber. In order to achieve adequate ionization current, the distance between the 
standard chamber and the source generally will be as small as possible while still maintaining 
good geometry (5 to 7 detector diameters). Generally it is not possible to use a standard 
ionization chamber to characterize the field at the distance necessary to reduce the field to the 
level required for calibration. A high quality GM detector, calibrated as a transfer standard, may 
be useful at low levels. 

Corrections for scatter can be made using a shadow-shield technique in which a shield of 
sufficient density and thickness to eliminate virtually all the primary radiation is placed about 
midway between the source and the detector. The dimensions of the shield should be the 
minimum required to reduce the primary radiation intensity at the detector location to less than 
2% of its unshielded value. The change in reading caused by the shield being removed is 
attributed to the primary field from the source at the detector position. 

In some instruments that produce pulses (GM counters or scintillation counters), the detector can 
be separated electronically from the readout electronics and the detector output can be simulated 
with a suitable pulser. Caution must be exercised to ensure that either the high voltage is 
properly blocked or that the pulser is designed for this application. If this can be accomplished, 
the instrument can first be calibrated on a higher range that is not affected by the ambient 
background and in a geometry where scatter is not a problem and, after disconnecting the 
detector, to provide the pulse-rate from the pulser which will give the same instrument response. 
The pulse rate can then be related to field strength and reduced to give readings on lower ranges 
(with the detector disconnected) even below the ambient background. This technique does not 
take account of any inherent detector background independent of the external background. 

Ionization chambers are commonly used to measure radiation fields at very low levels. In order 
to obtain the sensitivity necessary to measure these radiation levels, the instruments are 
frequently very large and often pressurized. These instruments have the same calibration 
problems as the more portable micro-R meters described above. The same precautions (shadow 
shield) must be taken to separate the response of the instrument to the source and to scattered 
radiation. Generally, it is not possible to substitute an electronic pulser for the radiation field in 
these instruments. 
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For energy-dependent gamma scintillation instruments, such as NaI(Tl) detectors, calibration for 
the gamma energy spectrum at a specific site may be accomplished by comparing the instrument 
response to that of a pressurized ionization chamber, or equivalent detector, at different locations 
on the site. Multiple radionuclides with various photon energies may also be used to calibrate the 
system for the specific energy of interest. 

In the interval between calibrations, the instrument should receive a performance check prior to 
use. In some cases, a performance check following use may also provide valuable information. 
This calibration check is merely intended to establish whether or not the instrument is operating 
within certain specified, rather large, uncertainty limits. The initial performance check should be 
conducted following the calibration by placing the source in a fixed, reproducible location and 
recording the instrument reading.  The source should be identified along with the instrument, and 
the same check source should be used in the same fashion to demonstrate the instrument’s 
operability on a daily basis when the instrument is in use. For analog readout (count rate) 
instruments, a variation of ± 20% is usually considered acceptable. Optionally, instruments that 
integrate events and display the total on a digital readout typically provide an acceptable average 
response range of 2 or 3 standard deviations. This is achieved by performing a series of 
repetitive measurements (10 or more is suggested) of background and check source response and 
determining the average and standard deviation of those measurements. From a practical 
standpoint, a maximum deviation of ± 20% is usually adequate when compared with other 
uncertainties associated with the use of the equipment. The amount of uncertainty allowed in the 
response checks should be consistent with the level of uncertainty allowed in the final data. 
Ultimately the decision maker determines what level of uncertainty is acceptable. 

Instrument response, including both the background and check source response of the instrument, 
should be tested and recorded at a frequency that ensures the data collected with the equipment is 
reliable. For most portable radiation survey equipment, MARSSIM recommends that a response 
check be performed twice daily when in use—typically prior to beginning the day’s 
measurements and again following the conclusion of measurements on that same day. 
Additional checks can be performed if warranted by the instrument and the conditions under 
which it is used. If the instrument response does not fall within the established range, the 
instrument is removed from use until the reason for the deviation can be resolved and acceptable 
response again demonstrated. If the instrument fails the post-survey source check, all data 
collected during that time period with the instrument must be carefully reviewed and possibly 
adjusted or discarded, depending on the cause of the failure. Ultimately, the frequency of 
response checks must be balanced with the stability of the equipment being used under field 
conditions and the quantity of data being collected. For example, if the instrument experiences a 
sudden failure during the course of the day's work due to physical harm, such as a punctured 
probe, then the data collected up until that point is probably acceptable even though a post-use 
performance check cannot be performed. Likewise, if no obvious failure occurred but the 
instrument failed the post-use response check, then the data collected with that instrument since 
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the last response check should be viewed with great skepticism and possibly re-collected or

randomly checked with a different instrument. Additional corrective action alternatives are

presented in Section 9.3. If re-calibration is necessary, acceptable response ranges must be

reestablished and documented.


Record requirements vary considerably and depend heavily on the needs of the user. While

Federal and State regulatory agencies all specify requirements, the following records should be

considered a minimum.


Laboratory Quality Control

! records documenting the traceabililty of radiological standards

! records documenting the traceability of electronic test equipment


Records for Instruments to be Calibrated

! date received in the calibration laboratory

! initial condition of the instrument, including mechanical condition (e.g., loose or broken


parts, dents, punctures), electrical condition (e.g., switches, meter movement, batteries), 
and radiological condition (presence or absence of contamination) 

! calibrator’s records including training records and signature on calibration records 
! calibration data including model and serial number of instrument, date of calibration, 

recommended recalibration date, identification of source(s) used, “as found” calibration 
results, and final calibration results—“as returned” for use. 

In addition, records of instrument problems, failures, and maintenance can be included and are 
useful in assessing performance and identifying possible needs for altered calibration frequencies 
for some instruments. Calibration records should be maintained at the facility where the 
instruments are used as permanent records, and should be available either as hard copies or in 
safe computer storage. 

6.6 Data Conversion 

This section describes methods for converting survey data to appropriate units for comparison to 
radiological criteria. As stated in Chapter 4, conditions applicable to satisfying decommissioning 
requirements include determining that any residual contamination will not result in individuals 
being exposed to unacceptable levels of radiation and/or radioactive materials. 

Radiation survey data are usually obtained in units, such as the number of counts per unit time, 
that have no intrinsic meaning relative to DCGLs. For comparison of survey data to DCGLs, the 
survey data from field and laboratory measurements should be converted to DCGL units. 
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6.6.1 Surface Activity 

When measuring surface activity, it is important to account for the physical surface area assessed 
by the detector in order to make probe area corrections and report data in the proper units (i.e., 
Bq/m2, dpm/100 cm2). This is termed the physical probe area. A common misuse is to make 
probe area corrections using the effective probe area which accounts for the amount of the 
physical probe area covered by a protective screen. Figure 6.1 illustrates the difference between 
the physical probe area and the effective probe area. The physical probe area is used because the 
reduced detector response due to the screen is accounted for during instrument calibration. 

11.2 cm 

11.2 cm 

Physical Probe Area = 11.2 x 11.2 = 126 cm 

Area of Protective Screen = 26 cm 2 

Effective Probe Area = 100 cm2 

Gas Flow Proportional Detector with Physical Probe Area of 126 cm2 

Figure 6.1 The Physical Probe Area of a Detector 

The conversion of instrument display in counts to surface activity units is obtained using the 
following equation. 

C s 

Bq/m 2 ' T (6-1) 
s 

(�T × A) 
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where 
Cs = integrated counts recorded by the instrument 
Ts = time period over which the counts were recorded in seconds 
�T = total efficiency of the instrument in counts per disintegration, effectively 

the product of the instrument efficiency (�i ) and the source efficiency (�s ) 
A = physical probe area in m2 

To convert instrument counts to conventional surface activity units, Equation 6-1 can be 
modified as shown in Equation 6-2. 

C sdpm 
' T (6-2) 

s100 cm 2 

(�T) × (A/100) 

where Ts is recorded in minutes instead of seconds, and A is recorded in cm2 instead of m2. 

Some instruments have background counts associated with the operation of the instrument. A 
correction for instrument background can be included in the data conversion calculation as 
shown in Equation 6-3. Note that the instrument background is not the same as the 
measurements in the background reference area used to perform the statistical tests described in 
Chapter 8. 

C Cbs 

Bq/m 2 ' T 
& 

Tb 
(6-3) 

s 

(�T × A) 

where 
Cb = background counts recorded by the instrument 
Tb = time period over which the background counts were recorded in seconds 

Equation 6-3 can be modified to provide conventional surface activity units as shown in Equation 
6-4. 

C Cbsdpm & 
s100 cm 2 

' T Tb 
(6-4) 

(�T) × (A/100) 

MARSSIM, Revision 1 6-30 June 2001 



Field Measurement Methods and Instrumentation 

where Ts and Tb are recorded in minutes instead of seconds and A is recorded in cm2 instead of 
m2. 

The presence of multiple radionuclides at a site requires additional considerations for 
demonstrating compliance with a dose- or risk-based regulation. As demonstrated in Section 
4.3.2, a gross activity DCGL should be determined. For example, consider a site contaminated 
with 60Co and 63Ni, with 60Co representing 60% of the total activity. The relative fractions are 0.6 
for 60Co and 0.4 for 63Ni. If the DCGL for 60Co is 8,300 Bq/m2 (5,000 dpm/100 cm2) and the 
DCGL for 63Ni is 12,000 Bq/m2 (7,200 dpm/100 cm2), the gross activity DCGL is 9,500 Bq/m2 

(5,700 dpm/100 cm2) calculated using Equation 4-4. 

When using the gross activity DCGL, it is important to use an appropriately weighted total 
efficiency to convert from instrument counts to surface activity units using Equations 6-1 through 
6-4. In this example, the individual efficiencies for 60Co and 63Ni should be independently 
evaluated. The overall efficiency is then determined by weighting each individual efficiency by 
the relative fraction of each radionuclide. 

6.6.2 Soil Radionuclide Concentration and Exposure Rates 

Analytical procedures, such as alpha and gamma spectrometry, are typically used to determine 
the radionuclide concentration in soil in units of Bq/kg.  Net counts are converted to soil DCGL 
units by dividing by the time, detector or counter efficiency, mass or volume of the sample, and 
by the fractional recovery or yield of the chemistry procedure (if applicable). Refer to Chapter 7 
for examples of analytical procedures. 

Instruments, such as a PIC or micro-R meter, used to measure exposure rate typically read 
directly in mSv/h. A gamma scintillation detector (e.g., NaI(Tl)) provides data in counts per 
minute and conversion to mSv/h is accomplished by using site-specific calibration factors 
developed for the specific instrument (Section 6.5.4). 

In situ gamma spectrometry data may require special analysis routines before the spectral data 
can be converted to soil concentration units or exposure rates. 

6.7 Detection Sensitivity 

The detection sensitivity of a measurement system refers to a radiation level or quantity of 
radioactive material that can be measured or detected with some known or estimated level of 
confidence.  This quantity is a factor of both the instrumentation and the technique or procedure 
being used. 
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The primary parameters that affect the detection capability of a radiation detector are the 
background count rate, the detection efficiency of the detector and the counting time interval. It 
is important to use actual background count rate values and detection efficiencies when 
determining counting and scanning parameters, particularly during final status and verification 
surveys. When making field measurements, the detection sensitivity will usually be less than 
what can be achieved in a laboratory due to increased background and, often times, a 
significantly lower detection efficiency. It is often impossible to guarantee that pure alpha 
emitters can be detected in situ since the weathering of aged surfaces will often completely 
absorb the alpha emissions. NRC report NUREG-1507 (NRC 1997b) contains data on many of 
the parameters that affect detection efficiencies in situ, such as absorption, surface smoothness, 
and particulate radiation energy. 

6.7.1 Direct Measurement Sensitivity 

Prior to performing field measurements, an investigator must evaluate the detection sensitivity of 
the equipment proposed for use to ensure that levels below the DCGL can be detected (see 
Section 4.3). After a direct measurement has been made, it is then necessary to determine 
whether or not the result can be distinguished from the instrument background response of the 
measurement system. The terms that are used in this manual to define detection sensitivity for 
fixed point counts and sample analyses are: 

Critical level (LC) 

Minimum detectable concentration (MDC) 
Detection limit (LD) 

The critical level (LC) is the level, in counts, at which there is a statistical probability (with a 
predetermined confidence) of incorrectly identifying a measurement system background value as 
“greater than background.” Any response above this level is considered to be greater than 
background. The detection limit (LD) is an a priori estimate of the detection capability of a 
measurement system, and is also reported in units of counts. The minimum detectable 
concentration (MDC) is the detection limit (counts) multiplied by an appropriate conversion 
factor to give units consistent with a site guideline, such as Bq/kg. 

The following discussion provides an overview of the derivation contained in the well known 
publication by Currie (Currie 1968) followed by a description of how the resulting formulae 
should be used. Publications by Currie (Currie 1968, NRC 1984) and Altshuler and Pasternack 
(Altshuler and Pasternak 1963) provide details of the derivations involved. 

The two parameters of interest for a detector system with a background response greater than 
zero are: 

MARSSIM, Revision 1 6-32 August 2000 



Field Measurement Methods and Instrumentation 

LC the net response level, in counts, at which the detector output can be considered 
“above background” 

LD the net response level, in counts, that can be expected to be seen with a detector 
with a fixed level of certainty 

Assuming that a system has a background response and that random uncertainties and systematic 
uncertainties are accounted for separately, these parameters can be calculated using Poisson 
statistics. For these calculations, two types of decision errors should be considered. A Type I 
error (or “false positive”) occurs when a detector response is considered to be above background 
when, in fact, only background radiation is present. A Type II error (or “false negative”) occurs 
when a detector response is considered to be background when in fact radiation is present at 
levels above background. The probability of a Type I error is referred to as � (alpha) and is 
associated with LC; the probability of a Type II error is referred to as ß (beta) and is associated 
with LD. Figure 6.2 graphically illustrates the relationship of these terms with respect to each 
other and to a normal background distribution. 

2 
= B 

LC = 
LD = 
� = 
� = 

B = 	Background counts (mean) 
Critical level (net counts above bkgd) 
Detection limit (net counts above bkgd) 
Probability of Type I error 
Probability of Type II error 

0 Lc L D 

Figure 6.2 Graphically Represented Probabilities for Type I and Type II Errors 
in Detection Sensitivity for Instrumentation with a Background Response 

If � and � are assumed to be equal, the variance (�2) of all measurement values is assumed to be 
equal to the values themselves. If the background of the detection system is not well known, 
then the critical detection level and the detection limit can be calculated by using the following 
formulae: 
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LC ' k 2B 

k 2 % 2k 2B 
(6-5) 

LD ' 

where 
LC = critical level (counts) 
LD = detection limit (counts) 
k = Poisson probability sum for � and � (assuming � and � are equal) 
B = number of background counts that are expected to occur while performing 

an actual measurement 

The curve to the left in the diagram is the background distribution minus the mean of the 
background distribution. The result is a Poisson distribution with a mean equal to zero and a 
variance, �2, equal to B.  Note that the distribution accounts only for the expected statistical 
variation due to the stochastic nature of radioactive decay. Currie assumed “paired blanks” when 
deriving the above stated relationships (Currie 1968), which is interpreted to mean that the 
sample and background count times are the same. 

If values of 0.05 for both � and �  are selected as acceptable, then k = 1.645 (from Appendix I, 
Table I.1) and Equation 6-5 can be written as: 

LC ' 2.33 B 

3 % 4.65 B 
(6-6) 

LD ' 

Note: In Currie's derivation, the constant factor of 3 in the LD formula was stated as 
being 2.71, but since that time it has been shown (Brodsky 1992) and generally accepted 
that a constant factor of 3 is more appropriate. If the sample count times and background 
count times are different, a slightly different formulation is used. 

For an integrated measurement over a preset time, the MDC can be obtained from Equation 6-6 
by multiplying by the factor, C. This factor is used to convert from counts to concentration as 
shown in Equation 6-7: 

MDC ' C × (3 % 4.65 B ) (6-7) 

The total detection efficiency and other constants or factors represented by the variable C are 
usually not truly constants as shown in Equation 6-7. It is likely that at least one of these factors 
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will have a certain amount of variability associated with it which may or may not be significant. 
These varying factors are gathered together into the single constant, C, by which the net count 
result will be multiplied when converting the final data. If C varies significantly between 
measurements, then it might be best to select a value, CN, from the observed distribution of C 
values that represents a conservative estimate. For example, a value of C might be selected to 
ensure that at least 95% of the possible values of C are less than the chosen value, CN. The MDC 
calculated in this way helps assure that the survey results will meet the Data Quality Objectives. 
This approach for including uncertainties into the MDC calculation is recommended in both 
NUREG/CR-4007 (NRC 1984) and Appendix A to ANSI N13.30 (ANSI 1996a). 
Underestimating an MDC can have adverse consequences, especially if activity is later detected 
at a level above the stated MDC. 

Summary of Direct Measurement Sensitivity Terms 

!	 The MDC is the a priori net activity level above the critical level that an instrument can 
be expected to detect 95% of the time. This value should be used when stating the 
detection capability of an instrument. The MDC is the detection limit, LD, multiplied by 
an appropriate conversion factor to give units of activity. Again, this value is used before 
any measurements are made and is used to estimate the level of activity that can be 
detected using a given protocol. 

!	 The critical level, LC, is the lower bound on the 95% detection interval defined for LD and 
is the level at which there is a 5% chance of calling a background value “greater than 
background.” This value should be used when actually counting samples or making 
direct radiation measurements. Any response above this level should be considered as 
above background (i.e., a net positive result). This will ensure 95% detection capability 
for LD. 

!	 From a conservative point of view, it is better to overestimate the MDC for a 
measurement method. Therefore, when calculating MDC and LC values, a measurement 
system background value should be selected that represents the high end of what is 
expected for a particular measurement method. For direct measurements, probes will be 
moved from point to point and, as a result, it is expected that the background will most 
likely vary significantly due to variations in background, source materials, and changes in 
geometry and shielding.  Ideally, the MDC values should be calculated for each type of 
area, but it may be more economical to simply select a background value from the highest 
distribution expected and use this for all calculations. For the same reasons, realistic 
values of detection efficiencies and other process parameters should be used when 
possible and should be reflective of the actual conditions. To a great degree, the selection 
of these parameters will be based on judgment and will require evaluation of site-specific 
conditions. 
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MDC values for other counting conditions may be derived from Equation 6-7 depending on the 
detector and contaminants of concern. For example, it may be required to determine what level 
of contamination, distributed over 100 cm2, can be detected with a 500 cm2 probe or what 
contamination level can be detected with any probe when the contamination area is smaller than 
the probe active area. Table 6.4 lists several common field survey detectors with estimates of 
MDC values for 238U on a smooth, flat plane. As such, these represent minimum MDC values 
and may not be applicable at all sites. Appropriate site-specific MDC values should be 
determined using the DQO Process. 

Table 6.4 Examples of Estimated Detection Sensitivities for Alpha and 
Beta Survey Instrumentation 

(Static one minute counts for 238U calculated using Equations 6-6 and 6-7) 

Detector 
Probe area 

(cm2) 
Background 

(cpm) 
Efficiency 
(cpm/dpm) 

Approximate Sensitivity 

LC 

(counts) 
LD 

(counts) 
MDC 

(Bq/m2) a 

Alpha 
proportional 

Alpha 
proportional 

Alpha 
proportional 

Alpha 
scintillation 

Beta 
proportional 

Beta 
proportional 

Beta 
GM pancake 

50 1 0.15 

100 1 0.15 

600 5 0.15 

50 1 0.15 

100 300 0.20 

600 1500 0.20 

15 40 0.20 

2 7 150 

2 7 83 

5 13 25 

2 7 150 

40 83 700 

90 183 250 

15 32 1800 

a  Assumes that the size of the contamination area is at least as large as the probe area. 

Sample Calculation 1: 

The following example illustrates the calculation of an MDC in Bq/m2 for an instrument 
with a 15 cm2 probe area when the measurement and background counting times are each 
one minute: 
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B = 40 counts 
C = (5 dpm/count)(Bq/60 dpm)(1/15 cm2 probe area)(10,000 cm2/m2) 

= 55.6 Bq/m2-counts 

The MDC is calculated using Equation 6-7: 

MDC ' 55.6 × (3 % 4.65 40 ) ' 1,800 Bq/m 2 (1,100 dpm/100 cm 2) 

The critical level, Lc, for this example is calculated from Equation 6-6: 

LC ' 2.33 B ' 15 counts 

Given the above scenario, if a person asked what level of contamination could be detected 
95% of the time using this method, the answer would be 1,800 Bq/m2 (1,100 dpm/100 
cm2). When actually performing measurements using this method, any count yielding 
greater than 55 total counts, or greater than 15 net counts (55-40=15) during a period of 
one minute, would be regarded as greater than background. 

6.7.2 Scanning Sensitivity 

The ability to identify a small area of elevated radioactivity during surface scanning is dependent 
upon the surveyor’s skill in recognizing an increase in the audible or display output of an 
instrument. For notation purposes, the term “scanning sensitivity” is used throughout this section 
to describe the ability of a surveyor to detect a pre-determined level of contamination with a 
detector. The greater the sensitivity, the lower the level of contamination that can be detected. 

Many of the radiological instruments and monitoring techniques typically used for occupational 
health physics activities may not provide the detection sensitivities necessary to demonstrate 
compliance with the DCGLs. The detection sensitivity for a given application can be improved 
(i.e., lower the MDC) by: 1) selecting an instrument with a higher detection efficiency or a lower 
background, 2) decreasing the scanning speed, or 3) increasing the size of the effective probe 
area without significantly increasing the background response. 

Scanning is usually performed during radiological surveys in support of decommissioning to 
identify the presence of any areas of elevated activity. The probability of detecting residual 
contamination in the field depends not only on the sensitivity of the survey instrumentation when 
used in the scanning mode of operation, but is also affected by the surveyor’s ability—i.e., 
human factors. The surveyor must make a decision whether the signals represent only the 
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background activity, or residual contamination in excess of background. The greater the 
sensitivity, the lower the level of contamination that may be detected by scanning. Accounting 
for these human factors represents a significant change from the traditionally accepted methods 
of estimating scanning sensitivities. 

An empirical method for evaluating the detection sensitivity for contamination surveys is by 
actual experimentation or, since it is certainly feasible, by simulating an experimental setup using 
computer software. The following steps provide a simple example of how one can perform this 
empirical evaluation: 

1) A desired nuclide contamination level is selected. 
2)	 The response of the detector to be used is determined for the selected nuclide 

contamination level. 
3)	 A test source is constructed which will give a detector count rate equivalent to what was 

determined in step 2. The count rate is equivalent to what would be expected from the 
detector when placed on an actual contamination area equal in value to that selected in 
step 1. 

4)	 The detector of choice is then moved over the source at different scan rates until an 
acceptable speed is determined. 

The most useful aspect of this approach is that the source can then be used to show surveyors 
what level of contamination is expected to be targeted with the scan. They, in turn, can gain 
experience with what the expected response of the detector will be and how fast they can survey 
and still feel comfortable about detecting the target contamination level. The person responsible 
for the survey can then use this information when developing a fixed point measurement and 
sampling plan. 

The remainder of this section is dedicated to providing the reader with information pertaining to 
the underlying processes involved when performing scanning surveys for alpha, beta, and gamma 
emitting radionuclides. The purpose is to provide relevant information that can be used for 
estimating realistic scanning sensitivities for survey activities. 

6.7.2.1 Scanning for Beta and Gamma Emitters 

The minimum detectable concentration of a scan survey (scan MDC) depends on the intrinsic 
characteristics of the detector (efficiency, physical probe area, etc.), the nature (type and energy 
of emissions) and relative distribution of the potential contamination (point versus distributed 
source and depth of contamination), scan rate, and other characteristics of the surveyor. Some 
factors that may affect the surveyor’s performance include the costs associated with various 
outcomes—e.g., fatigue, noise, level of training, experience—and the survey’s a priori 
expectation of the likelihood of contamination present. For example, if the surveyor believes that 
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the potential for contamination is very low, as in a Class 3 area, a relatively large signal may be 
required for the surveyor to conclude that contamination is present. NRC draft report 
NUREG/CR-6364 (NRC 1997d) provides a complete discussion of the human factors as they 
relate to the performance of scan surveys. 

Signal Detection Theory.  Personnel conducting radiological surveys for residual contamination 
at decommissioning sites must interpret the audible output of a portable survey instrument to 
determine when the signal (“clicks”) exceeds the background level by a margin sufficient to 
conclude that contamination is present. It is difficult to detect low levels of contamination 
because both the signal and the background vary widely. Signal detection theory provides a 
framework for the task of deciding whether the audible output of the survey meter during 
scanning is due to background or signal plus background levels. An index of sensitivity (dN ) that 
represents the distance between the means of the background and background plus signal (refer 
to Figure 6.2 for determining LD), in units of their common standard deviation, can be calculated 
for various decision errors (correct detection and false positive rate). As an example, for a 
correct detection rate of 95% (complement of a false negative rate of 5%) and a false positive 
rate of 5%, dN is 3.29 (similar to the static MDC for the same decision error rates). The index of 
sensitivity is independent of human factors, and therefore, the ability of an ideal observer 
(theoretical construct), may be used to determine the minimum dN that can be achieved for 
particular decision errors. The ideal observer makes optimal use of the available information to 
maximize the percent correct responses, providing an effective upper bound against which to 
compare actual surveyors. Table 6.5 lists selected values of dN. 

Two Stages of Scanning.  The framework for determining the scan MDC is based on the 
premise that there are two stages of scanning. That is, surveyors do not make decisions on the 
basis of a single indication, rather, upon noting an increased number of counts, they pause briefly 
and then decide whether to move on or take further measurements. Thus, scanning consists of 
two components: continuous monitoring and stationary sampling.  In the first component, 
characterized by continuous movement of the probe, the surveyor has only a brief “look” at 
potential sources, determined by the scan speed. The surveyor’s willingness to decide that a 
signal is present at this stage is likely to be liberal, in that the surveyor should respond positively 
on scant evidence, since the only “cost” of a false positive is a little time. The second component 
occurs only after a positive response was made at the first stage. This response is marked by the 
surveyor interrupting his scanning and holding the probe stationary for a period of time, while 
comparing the instrument output signal during that time to the background counting rate. Owing 
to the longer observation interval, sensitivity is relatively high. For this decision, the criterion 
should be more strict, since the cost of a “yes” decision is to spend considerably more time taking 
a static measurement or a sample. 
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Table 6.5 Values of dN for Selected True Positive and False Positive Proportions 

False Positive 
Proportion 

True Positive Proportion 

0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 

0.05 1.90 2.02 2.16 2.32 2.48 2.68 2.92 3.28 

0.10 1.54 1.66 1.80 1.96 2.12 2.32 2.56 2.92 

0.15 1.30 1.42 1.56 1.72 1.88 2.08 2.32 2.68 

0.20 1.10 1.22 1.36 1.52 1.68 1.88 2.12 2.48 

0.25 0.93 1.06 1.20 1.35 1.52 1.72 1.96 2.32 

0.30 0.78 0.91 1.05 1.20 1.36 1.56 1.80 2.16 

0.35 0.64 0.77 0.91 1.06 1.22 1.42 1.66 2.02 

0.40 0.51 0.64 0.78 0.93 1.10 1.30 1.54 1.90 

0.45 0.38 0.52 0.66 0.80 0.97 1.17 1.41 1.77 

0.50 0.26 0.38 0.52 0.68 0.84 1.04 1.28 1.64 

0.55 0.12 0.26 0.40 0.54 0.71 0.91 1.15 1.51 

0.60 0.00 0.13 0.27 0.42 0.58 0.82 1.02 1.38 

Since scanning can be divided into two stages, it is necessary to consider the survey’s scan 
sensitivity for each of the stages. Typically, the minimum detectable count rate (MDCR) 
associated with the first scanning stage will be greater due to the brief observation intervals of 
continuous monitoring—provided that the length of the pause during the second stage is 
significantly longer. Typically, observation intervals during the first stage are on the order of 1 
or 2 seconds, while the second stage pause may be several seconds long. The greater value of 
MDCR from each of the scan stages is used to determine the scan sensitivity for the surveyor. 

Determination of MDCR and Use of Surveyor Efficiency.  The minimum detectable number 
of net source counts in the interval is given by si. Therefore, for an ideal observer, the number of 
source counts required for a specified level of performance can be arrived at by multiplying the 
square root of the number of background counts by the detectability value associated with the 
desired performance (as reflected in dN) as shown in Equation 6-8: 

si ' dN bi (6-8) 

where the value of dN is selected from Table 6.5 based on the required true positive and false 
is the number of background counts in the interval.positive rates and bi
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For example, suppose that one wished to estimate the minimum count rate that is detectable by 
scanning in an area with a background of 1,500 cpm. Note that the minimum detectable count 
rate must be considered for both scan stages—and the more conservative value is selected as the 
minimum count rate that is detectable. It will be assumed that a typical source remains under the 
probe for 1 second during the first stage, therefore, the average number of background counts in 
the observation interval is 25 (bi = 1500 × (1/60)). Furthermore, as explained earlier, it can be 
assumed that at the first scanning stage a high rate (e.g., 95%) of correct detections is required, 
and that a correspondingly high rate of false positives (e.g., 60%) will be tolerated. From Table 
6.5, the value of dN, representing this performance goal, is 1.38. The net source counts needed to 
support the specified level of performance (assuming an ideal observer) will be estimated by 
multiplying 5 (the square root of 25) by 1.38. Thus, the net source counts per interval, si, needed 
to yield better than 95% detections with about 60% false positives is 6.9. The minimum 
detectable source count rate, in cpm, may be calculated by: 

MDCR ' si × (60/i) (6-9) 

For this example, MDCR is equivalent to 414 cpm (1,914 cpm gross). Table 6.6 provides the 
scan sensitivity for the ideal observer (MDCR) at the first scanning stage for various background 
levels, based on an index of sensitivity (dN) of 1.38 and a 2-second observation interval. 

Table 6.6 Scanning Sensitivity (MDCR) of the Ideal Observer for 
Various Background Levelsa 

Background (cpm) MDCR (net cpm) Scan Sensitivity (gross cpm) 

45 50 95 

60 60 120 

260 120 380 

300 130 430 

350 140 490 

400 150 550 

1,000 240 1,240 

3,000 410 3,410 

4,000 480 4,480 

*The sensitivity of the ideal observer during the first scanning stage is based on an index of sensitivity (dN) of 1.38 
and a 2-second observation interval. 
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The minimum number of source counts required to support a given level of performance for the 
final detection decision (second scan stage) can be estimated using the same method. As 
explained earlier, the performance goal at this stage will be more demanding. The required rate 
of true positives remains high (e.g., 95%), but fewer false positives (e.g., 20%) can be tolerated, 
such that dN (from Table 6.5) is now 2.48. One will assume that the surveyor typically stops the 
probe over a suspect location for about 4 seconds before making a decision, so that the average 
number of background counts in an observation interval is 100 (bi = 1,500 × (4/60)). Therefore, 
the minimum detectable number of net source counts, si, needed will be estimated by multiplying 
10 (the square root of 100) by 2.48 (the dN value); so si equals 24.8. The MDCR is calculated by 
2.48 × (60/4) and equals 372 cpm. The value associated with the first scanning stage (this 
example, 414 cpm) will typically be greater, owing to the relatively brief intervals assumed. 

Laboratory studies using simulated sources and backgrounds were performed to assess the 
abilities of surveyors under controlled conditions. The methodology and analysis of results for 
these studies are described in draft NUREG/CR-6364 (NRC 1997d) and NUREG-1507 (NRC 
1997b). The surveyor’s actual performance as compared with that which is ideally possible 
(using the ideal observer construct) provided an indication of the efficiency of the surveyors. 
Based on the results of the confidence rating experiment, this surveyor efficiency (p) was 
estimated to be between 0.5 and 0.75. 

MARSSIM recommends assuming  an efficiency value at the lower end of the observed range 
(i.e., 0.5) when making MDC estimates. Thus, the required number of net source counts for the 
surveyor, MDCRsurveyor, is determined by dividing the MDCR by the square root of p. Continuing 
with this example, the surveyor MDCR is calculated by 414 cpm/0.707, or 585 cpm (2,085 cpm 
gross). 

Scan MDCs for Structure Surfaces and Land Areas.  The survey design for determining the 
number of data points for areas of elevated activity (see Section 5.5.2.4) depends on the scan 
MDC for the selected instrumentation. In general, alpha or beta scans are performed on structure 
surfaces to satisfy the elevated activity measurements survey design, while gamma scans are 
performed for land areas. Because of low background levels for alpha emitters, the approach 
described here is not generally applied to determining scan MDCs for alpha contaminants— 
rather, the reader is referred to Section 6.7.2.2 for an appropriate method for determining alpha 
scan MDCs for building surfaces. In any case, the data requirements for assessing potential 
elevated areas of direct radiation depend on the scan MDC of the survey instrument (e.g., floor 
monitor, GM detector, NaI scintillation detector). 

Scan MDCs for Building/Structure Surfaces.  The scan MDC is determined from the minimum 
detectable count rate (MDCR) by applying conversion factors that account for detector and 
surface characteristics and surveyor efficiency. As discussed above, the MDCR accounts for the 
background level, performance criteria (dN), and observation interval. The observation interval 
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during scanning is the actual time that the detector can respond to the contamination source— 
this interval depends on the scan speed, detector size in the direction of the scan, and area of 
elevated activity. Because the actual dimensions of potential areas of elevated activity in the 
field cannot be known a priori, MARSSIM recommends postulating  a certain area (e.g., perhaps 
50 to 200 cm2), and then selecting  a scan rate that provides a reasonable observation interval. 

Finally, the scan MDC for structure surfaces may be calculated: 

MDCR
Scan MDC ' 

� probe area (6-10)p �i s 
100 cm 2 

where 
MDCR = minimum detectable count rate 
�i = instrument efficiency 
�s = surface efficiency 
p = surveyor efficiency 

As an example, the scan MDC (in dpm/100 cm2) for 99Tc on a concrete surface may be 
determined for a background level of 300 cpm and a 2-second observation interval using a hand-
held gas proportional detector (126 cm2 probe area). For a specified level of performance at the 
first scanning stage of 95% true positive rate and 60% false positive rate (and assuming the 
second stage pause is sufficiently long to ensure that the first stage is more limiting), dN equals 
1.38 (Table 6.5) and the MDCR is 130 cpm (Table 6.6). Using a surveyor efficiency of 0.5, and 
assuming instrument and surface efficiencies of 0.36 and 0.54, respectively, the scan MDC is 
calculated using Equation 6-10: 

Scan MDC ' 
130 

' 750 dpm/100 cm 2 

0.5 (0.36) (0.54) (1.26) 

Additional examples for calculating the scan MDC may be found in NUREG-1507 (NRC 
1997b). 

Scan MDCs for Land Areas.  In addition to the MDCR and detector characteristics, the scan 
MDC (in pCi/g) for land areas is based on the area of elevated activity, depth of contamination, 
and the radionuclide (i.e., energy and yield of gamma emissions). If one assumes constant 
parameters for each of the above variables, with the exception of the specific radionuclide in 
question, the scan MDC may be reduced to a function of the radionuclide alone. NaI scintillation 
detectors are generally used for scanning land areas. 
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An overview of the approach used to determine scan MDCs for land areas follows. The NaI(Tl)

scintillation detector background level and scan rate (observation interval) are postulated, and the

MDCR for the ideal observer, for a given level of performance, is obtained. After a surveyor

efficiency is selected, the relationship between the surveyor MDCR (MDCRsurveyor) and the

radionuclide concentration in soil (in Bq/kg or pCi/g)is determined. This correlation requires

two steps—first, the relationship between the detector’s net count rate to net exposure rate (cpm

per µR/h) is established, and second, the relationship between the radionuclide contamination

and exposure rate is determined.


For a particular gamma energy, the relationship of NaI(Tl) scintillation detector count rate and

exposure rate may be determined analytically (in cpm per µR/h). The approach used to

determine the gamma fluence rate necessary to yield a fixed exposure rate (1 µR/h)—as a

function of gamma energy—is provided in NUREG-1507 (NRC 1997b). The NaI(Tl)

scintillation detector response (cpm) is related to the fluence rate at specific energies, considering

the detector’s efficiency (probability of interaction) at each energy. From this, the NaI(Tl)

scintillation detector versus exposure rates for varying gamma energies are determined. Once the

relationship between the NaI(Tl) scintillation detector response (cpm) and the exposure rate is

established, the MDCRsurveyor (in cpm) of the NaI(Tl) scintillation detector can be related to the

minimum detectable net exposure rate. The minimum detectable exposure rate is used to

determine the minimum detectable radionuclide concentration (i.e., the scan MDC) by modeling

a specified small area of elevated activity.


Modeling (using MicroshieldTM) of the small area of elevated activity (soil concentration) is used

to determine the net exposure rate produced by a radionuclide concentration at a distance 10 cm

above the source. This position is selected because it relates to the average height of the NaI(Tl)

scintillation detector above the ground during scanning.


The factors considered in the modeling include:


! radionuclide of interest (considering all gamma emitters for decay chains)

! expected concentration of the radionuclide of interest

! areal dimensions of the area of elevated activity

! depth of the area of elevated activity

! location of dose point (NaI(Tl) scintillation detector height above the surface)

! density of soil


Modeling analyses are conducted by selecting a radionuclide (or radioactive material decay

series) and then varying the concentration of the contamination. The other factors are held

constant—the areal dimension of a cylindrical area of elevated activity is 0.25 m2 (radius of 28

cm), the depth of the area of elevated activity is 15 cm, the dose point is 10 cm above the surface,

and the density of soil is 1.6 g/cm3. The objective is to determine the radionuclide concentration

that is correlated to the minimum detectable net exposure rate.
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As an example, the scan MDC for 137Cs using a 1.5 in. by 1.25 in. NaI(Tl) scintillation detector is 
considered in detail. Assume that the background level is 4,000 cpm and that the desired level of 
performance, 95% correct detections and 60% false positive rate, results in a dN of 1.38. The 
scan rate of 0.5m/s provides an observation interval of 1-second (based on a diameter of about 56 
cm for the area of elevated activity). The MDCRsurveyor may be calculated assuming a surveyor 
efficiency (p) of 0.5 as follows: 

1) bi ' (4,000 cpm) × (1 sec) × (1 min/60 sec) ' 66.7 counts 

2) MDCR ' (1.38) × ( 66.7 × (60 sec/1 min) ) ' 680 cpm 

3) MDCRsurveyor ' 680/ 0.5 ' 960 cpm 

The corresponding minimum detectable exposure rate is determined for this detector and 
radionuclide. The manufacturer of this particular 1.5 in. by 1.25 in. NaI(Tl) scintillation detector 
quotes a count rate to exposure rate ratio for 137Cs of 350 cpm per µR/h. The minimum 
detectable exposure rate is calculated by dividing the count rate (960 cpm) by the count rate to 
exposure rate ratio for the radionuclide of interest (350 cpm per µR/h). The minimum detectable 
exposure rate for this example is 2.73 µR/h. 

Both 137Cs and its short-lived progeny, 137mBa, were chosen from the MicroshieldTM library. The 
source activity and other modeling parameters were entered into the modeling code. The source 
activity was selected based on an arbitrary concentration of 5 pCi/g. The modeling code 
performed the appropriate calculations and determined an exposure rate of 1.307 µR/h (which 
accounts for buildup). Finally, the radionuclide concentrations of 137Cs and 137mBa (scan MDC) 
necessary to yield the minimum detectable exposure rate (2.73 FR/h) may be calculated using the 
following formula. 

scan MDC ' 
(5 pCi/g)(2.73 µR/h) 

'10.4 pCi/g (6-11)
1.307 µR/h 

It must be emphasized that while a single scan MDC value can be calculated for a given 
radionuclide—other scan MDC values may be equally justifiable depending on the values chosen 
for the various factors, including the MDCR (background level, acceptable performance criteria, 
observation interval), surveyor efficiency, detector parameters and the modeling conditions of the 
contamination. It should also be noted that determination of the scan MDC for radioactive 
materials—like uranium and thorium—must consider the gamma radiation emitted from the 
entire decay series. NUREG-1507 (NRC 1997b) provides a detailed example of how the scan 
MDC can be determined for enriched uranium. 
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Table 6.7 provides scan MDCs for common radionuclides and radioactive materials in soil. It is 
important to note that the variables used in the above examples to determine the scan MDCs for 
the 1.25 in. by 1.5 in. NaI(Tl) scintillation detector—i.e., the MDCRsurveyor detector parameters 
(e.g., cpm per µR/h), and the characteristics of the area of elevated activity—have all been held 
constant to facilitate the calculation of scan MDCs provided in Table 6.7. The benefit of this 
approach is that generally applicable scan MDCs are provided for different radioactive 
contaminants. Additionally, the relative detectability of different contaminants is evident 
because the only variable in Table 6.7 is the nature of the contaminant. 

As noted above, the scan MDCs calculated using the approach in this section are dependent on 
several factors. One way to validate the appropriateness of the scan MDC is by tracking the 
residual radioactivity (both surface activity and soil concentrations) levels identified during 
investigations performed as a result of scanning surveys. The measurements performed during 
these investigations may provide an a posteriori estimate of the scan MDC that can be used to 
validate the a priori scan MDC used to design the survey. 

6.7.2.2 Scanning for Alpha Emitters 

Scanning for alpha emitters differs significantly from scanning for beta and gamma emitters in 
that the expected background response of most alpha detectors is very close to zero. The 
following discussion covers scanning for alpha emitters and assumes that the surface being 
surveyed is similar in nature to the material on which the detector was calibrated. In this respect, 
the approach is purely theoretical. Surveying surfaces that are dirty, non-planar, or weathered 
can significantly affect the detection efficiency and therefore bias the expected MDC for the 
scan. The use of reasonable detection efficiency values instead of optimistic values is highly 
recommended. Appendix J contains a complete derivation of the alpha scanning equations used 
in this section. 

Since the time a contaminated area is under the probe varies and the background count rate of 
some alpha instruments is less than 1 cpm, it is not practical to determine a fixed MDC for 
scanning. Instead, it is more useful to determine the probability of detecting an area of 
contamination at a predetermined DCGL for given scan rates. 

For alpha survey instrumentation with backgrounds ranging from <1 to 3 cpm, a single count 
provides a surveyor sufficient cause to stop and investigate further. Assuming this to be true, the 
probability of detecting given levels of alpha surface contamination can be calculated by use of 
Poisson summation statistics. 
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Table 6.7  NaI(Tl) Scintillation Detector Scan MDCs 
for Common Radiological Contaminantsa 

Radionuclide/Radioactive 
Material 

1.25 in. by 1.5 in. NaI Detector 2 in. by 2 in. NaI Detector 

Scan MDC 
(Bq/kg) 

Weighted 
cpm/FR/h 

Scan MDC 
(Bq/kg) 

Weighted  
cpm/FR/h 

Am-241 1,650 5,830 1,170 13,000 

Co-60 215 160 126 430 

Cs-137 385 350 237 900 

Th-230 111,000 4,300 78,400 9,580 

Ra-226 
(in equilibrium with progeny) 

167 300 104 760 

Th-232 decay series 
(Sum of all radionuclides in he 
thorium decay series) 

1,050 340 677 830 

Th-232 
(In equilibrium with progeny in 
decay series) 

104 340 66.6 830 

Depleted Uraniumb 

(0.34% U-235) 
2,980 1,680 2,070 3,790 

Natural Uraniumb 4,260 1,770 2,960 3,990 

3% Enriched Uraniumb 5,070 2,010 3,540 4,520 

20% Enriched Uraniumb 5,620 2,210 3,960 4,940 

50% Enriched Uraniumb 6,220 2,240 4,370 5,010 

75% Enriched Uraniumb 6,960 2,250 4,880 5,030 

a Refer to text for complete explanation of factors used to calculate scan MDCs.  For example, the background level 
for the 1.25 in. by 1.5 in. NaI detector was assumed to be 4,000 cpm, and 10,000 cpm for the 2 in. by 2 in. NaI 
detector. The observation interval was 1-sec and the level of performance was selected to yield dN of 1.38. 
b Scan MDC for uranium includes sum of 238U, 235U, and 234U. 
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Given a known scan rate and a surface contamination DCGL, the probability of detecting a single 
count while passing over the contaminated area is 

& GEd 

P(n$1) ' 1&e 60v (6-12) 

where 
P(n$1) = probability of observing a single count 
G = contamination activity (dpm) 
E = detector efficiency (4�) 
d = width of detector in direction of scan (cm) 
v = scan speed (cm/s) 

Note: Refer to Appendix J for a complete derivation of these formulas. 

Once a count is recorded and the guideline level of contamination is present the surveyor should 
stop and wait until the probability of getting another count is at least 90%. This time interval 
can be calculated by 

t ' 
13,800 

(6-13)
CAE 

where 
t = time period for static count (s) 
C = contamination guideline (dpm/100 cm2 ) 
A = physical probe area (cm2 ) 
E = detector efficiency (4�) 

Many portable proportional counters have background count rates on the order of 5 to 10 cpm, 
and a single count should not cause a surveyor to investigate further. A counting period long 
enough to establish that a single count indicates an elevated contamination level would be 
prohibitively inefficient. For these types of instruments, the surveyor usually will need to get at 
least 2 counts while passing over the source area before stopping for further investigation. 

Assuming this to be a valid assumption, the probability of getting two or more counts can be 
calculated by: 
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P(n$2) ' 1 & P(n'0) & P(n'1) 

' 1& 1 % (GE % B)t & (GE % B) t (6-14) 
60

60 e 

where 
P(n$2) = probability of getting 2 or more counts during the time interval t 
P(n=0) = probability of not getting any counts during the time interval t 
P(n=1) = probability of getting 1 count during the time interval t 
B = background count rate (cpm) 

All other variables are the same as for Equation 6-12. 

Appendix J provides a complete derivation of Equations 6-12 through 6-14 and a detailed 
discussion of the probability of detecting alpha surface contamination for several different 
variables. Several probability charts are included at the end of Appendix J for common detector 
sizes. Table 6.8 provides estimates of the probability of detecting 300 dpm/100 cm2 for some 
commonly used alpha detectors. 

Table 6.8 Probability of Detecting 300 dpm/100 cm2 of Alpha Activity While

Scanning with Alpha Detectors Using an Audible Output


(calculated using Equation 6-12)


Detector 
Type 

Detection 
Efficiency 
cpm/dpm 

Probe Dimension 
in Direction of Scan 

(cm) 
Scan Rate 

(cm/s) 

Probability of 
detecting 

300 dpm/100 cm2 

Proportional 0.20 5 3 80% 

Proportional 0.15 15 5 90% 

Scintillation 0.15 5 3 70% 

Scintillation 0.15 10 3 90% 

6.8 Measurement Uncertainty (Error) 

The quality of measurement data will be directly impacted by the magnitude of the measurement 
uncertainty associated with it. Some uncertainties, such as statistical counting uncertainties, can 
be easily calculated from the count results using mathematical procedures. Evaluation of other 
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sources of uncertainty require more effort and in some cases is not possible. For example, if an 
alpha measurement is made on a porous concrete surface, the observed instrument response when 
converted to units of activity will probably not exactly equal the true activity under the probe. 
Variations in the absorption properties of the surface for particulate radiation will vary from 
point to point and therefore will create some level of variation in the expected detection 
efficiency. This variability in the expected detector efficiency results in uncertainty in the final 
reported result. In addition, QC measurement results provide an estimate of random and 
systematic uncertainties associated with the measurement process. 

The measurement uncertainty for every analytical result or series of results, such as for a 
measurement system, should be reported. This uncertainty, while not directly used for 
demonstrating compliance with the release criterion, is used for survey planning and data 
assessment throughout the Radiation Survey and Site Investigation (RSSI) process. In addition, 
the uncertainty is used for evaluating the performance of measurement systems using QC 
measurement results. Uncertainty can also be used for comparing individual measurements to 
the DCGL. This is especially important in the early stages of decommissioning (i.e., scoping, 
characterization, remedial action support) when decisions are made based on a limited number of 
measurements. 

For most sites, evaluations of uncertainty associated with field measurements is important only 
for data being used as part of the final status survey documentation. The final status survey data, 
which is used to document the final radiological status of a site, should state the uncertainties 
associated with the measurements. Conversely, detailing the uncertainties associated with 
measurements made during scoping or characterization surveys may or may not be of value 
depending on what the data will be used for—i.e. the data quality objectives (DQOs). From a 
practical standpoint, if the observed data are obviously greater than the DCGL and will be 
eventually cleaned up, then the uncertainty may be relatively unimportant. Conversely, data 
collected during early phases of a site investigation that may eventually be used to show that the 
area is below the DCGL—and therefore does not require any clean-up action—will need the 
same uncertainty evaluation as the final status survey data. In summary, the level of effort needs 
to match the intended use of the data. 

6.8.1 Systematic and Random Uncertainties 

Measurement uncertainties are often broken into two sub-classes of uncertainty termed 
systematic (e.g., methodical) uncertainty and random (e.g., stochastic) uncertainty. Systematic 
uncertainties derive from a lack of knowledge about the true distribution of values associated 
with a numerical parameter and result in data that is consistently higher (or lower) than the true 
value. An example of a systematic uncertainty would be the use of a fixed counting efficiency 
value even though it is known that the efficiency varies from measurement to measurement but 
without knowledge of the frequency.  If the fixed counting efficiency value is higher than the true 

MARSSIM, Revision 1 6-50 August 2000 



Field Measurement Methods and Instrumentation 

but unknown efficiency—as would be the case for an unrealistically optimistic value—then every 
measurement result calculated using that efficiency would be biased low. Random uncertainties 
refer to fluctuations associated with a known distribution of values. An example of a random 
uncertainty would be a well documented chemical separation efficiency that is known to fluctuate 
with a regular pattern about a mean. A constant recovery value is used during calculations, but 
the true value is known to fluctuate from sample to sample with a fixed and known degree of 
variation. 

To minimize the need for estimating potential sources of uncertainty, the sources of uncertainty 
themselves should be reduced to a minimal level by using practices such as: 

!	 The detector used should minimize the potential uncertainty. For example, when making 
field surface activity measurements for 238U on concrete, a beta detector such as a thin-
window Geiger-Mueller “pancake” may provide better quality data than an alpha detector 
depending on the circumstances. Less random uncertainty would be expected between 
measurements with a beta detector such as a pancake since beta emissions from the 
uranium will be affected much less by thin absorbent layers than will the alpha emissions. 

!	 Calibration factors should accurately reflect the efficiency of a detector being used on the 
surface material being measured for the contaminant radionuclide or mixture of 
radionuclides (see Section 6.5.4). For most field measurements, variations in the 
counting efficiency on different types of materials will introduce the largest amount of 
uncertainty in the final result. 

!	 Uncertainties should be reduced or eliminated by use of standardized measurement 
protocols (e.g., SOPs) when possible. Special effort should be made to reduce or 
eliminate systematic uncertainties, or uncertainties that are the same for every 
measurement simply due to an error in the process. If the systematic uncertainties are 
reduced to a negligible level, then the random uncertainties, or those uncertainties that 
occur on a somewhat statistical basis, can be dealt with more easily. 

!	 Instrument operators should be trained and experienced with the instruments used to 
perform the measurements. 

! QA/QC should be conducted as described in Chapter 9. 

Uncertainties that cannot be eliminated need to be evaluated such that the effect can be 
understood and properly propagated into the final data and uncertainty estimates. As previously 
stated, non-statistical uncertainties should be minimized as much as possible through the use of 
good work practices. 
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Overall random uncertainty can be evaluated using the methods described in the following 
sections. Section 6.8.2 describes a method for calculating random counting uncertainty. Section 
6.8.3 discusses how to combine this counting uncertainty with other uncertainties from the 
measurement process using uncertainty propagation. 

Systematic uncertainty is derived from calibration errors, incorrect yields and efficiencies, non-
representative survey designs, and “blunders.” It is difficult—and sometimes impossible—to 
evaluate the systematic uncertainty for a measurement process, but bounds should always be 
estimated and made small compared to the random uncertainty, if possible. If no other 
information on systematic uncertainty is available, Currie (NRC 1984) recommends using 16% 
as an estimate for systematic uncertainties (1% for blanks, 5% for baseline, and 10% for 
calibration factors). 

6.8.2 Statistical Counting Uncertainty 

When performing an analysis with a radiation detector, the result will have an uncertainty 
associated with it due to the statistical nature of radioactive decay. To calculate the total 
uncertainty associated with the counting process, both the background measurement uncertainty 
and the sample measurement uncertainty must be accounted for. The standard deviation of the 
net count rate, or the statistical counting uncertainty, can be calculated by 

� n '	
Cs%b 

% 
Cb 

(6-15) 
Ts

2 
%b Tb

2 

where 
�n = standard deviation of the net count rate result 
Cs+b = number of gross counts (sample) 
Ts+b = gross count time 
Cb = number of background counts 
Tb = background count time 

6.8.3 Uncertainty Propagation 

Most measurement data will be converted to different units or otherwise included in a calculation 
to determine a final result. The standard deviation associated with the final result, or the total 
uncertainty, can then be calculated. Assuming that the individual uncertainties are relatively 
small, symmetric about zero, and independent of one another, then the total uncertainty for the 
final calculated result can be determined by solving the following partial differential equation: 
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� u ' 
Mu 2 

�2 
% 

Mu 2 

�2 
% 

Mu 2 

�2
z % ... (6-16)x yMx My Mz 

where 
u = function, or formula, that defines the calculation of a final result as 

a function of the collected data. All variables in this equation, i.e., 
x, y, z..., are assumed to have a measurement uncertainty 
associated with them and do not include numerical constants 

�u = standard deviation, or uncertainty, associated with the final result 
�x, �y,... = standard deviation, or uncertainty, associated with the parameters 

x, y, z, ... 

Equation 6-16, generally known as the error propagation formula, can be solved to determine the 
standard deviation of a final result from calculations involving measurement data and their 
associated uncertainties. The solutions for common calculations along with their uncertainty 
propagation formulas are included below. 

Data Calculation Uncertainty Propagation 

u = x + y , or u= x - y : � ' �2 
% �2 

u x y 

� 2 � 2 

u = x ÷ y , or u = x × y : � ' u x 
% y 

u x y 

u = c × x, where c is a positive constant: � ' c � u x 

x u = x ÷ c, where c is a positive constant: � ' u c 

Note: In the above examples, x and y are measurement values with associated standard 
deviations, or uncertainties, equal to �x and �y respectively.  The symbol “c” is used to 
represent a numerical constant which has no associated uncertainty. The symbol �u is 
used to denote the standard deviation, or uncertainty, of the final calculated value u. 

6.8.4 Reporting Confidence Intervals 

Throughout Section 6.8, the term “measurement uncertainty” is used interchangeably with the 
term “standard deviation.” In this respect, the uncertainty is qualified as numerically identical to 
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the standard deviation associated with a normally distributed range of values. When reporting a 
confidence interval for a value, one provides the range of values that represent a pre-determined 
level of confidence (i.e., 95%). To make this calculation, the final standard deviation, or total 
uncertainty �u as shown in Equation 6-16, is multiplied by a constant factor k representing the 
area under a normal curve as a function of the standard deviation. The values of k representing 
various intervals about a mean of normal distributions as a function of the standard deviation is 
given in Table 6.9. The following example illustrates the use of this factor in context with the 
propagation and reporting of uncertainty values. 

Table 6.9 Areas Under Various Intervals About the Mean of a Normal Distribution 

Interval 
(µG ± k�) 

Area 

G ± 0.674� 0.500 

G ± 1.00� 0.683 

G ± 1.65� 0.900 

G ± 1.96� 0.950 

G ± 2.00� 0.954 

G ± 2.58� 0.990 

G ± 3.00� 0.997 

Example: 

Uncertainty Propagation and Confidence Interval: A measurement process with a zero 
background yields a count result of 28 ± 5 counts in 5 minutes, where the ± 5 counts 
represents one standard deviation about a mean value of 28 counts. The detection 
efficiency is 0.1 counts per disintegration ± 0.01 counts per disintegration, again 
representing one standard deviation about the mean. 

Calculate the activity of the sample, in dpm, total measurement uncertainty, and the 95% 
confidence interval for the result. 

1) The total number of disintegrations is: 

28 counts = 280
0.1 c/d 
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2) Using the equation for error propagation for division, total uncertainty is: 

5 2 0.01 2 

280 % = 57 disintegrations 
28 0.1 

3)	 The activity will then be 280 ÷ 5 minutes = 56 dpm and the total 
uncertainty will be 57 ÷ 5 minutes = 11 dpm. (Since the count time is 
considered to have trivial variance, this is assumed to be a constant.) 

Referring to Table 6.9, a k value of ±1.96 represents a confidence interval equal to 95% about the 
mean of a normal distribution. Therefore, the 95% confidence interval would be 1.96 × 11 dpm 
= 22 dpm. The final result would be 56 ± 22 dpm. 

6.9 Radon Measurements 

There are three radon isotopes in nature: 222Rn (radon) in the 238U decay chain, 220Rn (thoron) in 
the 232Th chain, and 219Rn (actinon) in the 235U chain. 219Rn is the least abundant of these three 
isotopes, and because of its short half-life of 4 seconds it has the least probability of emanating 
into the atmosphere before decaying. 220Rn with a 55 second half-life is somewhat more mobile. 
222Rn with a 3.8 d half-life is capable of migrating through several decimeters of soil or building 
material and reaching the atmosphere. Therefore, in most situations, 222Rn should be the 
predominant airborne radon isotope. 

Many techniques have been developed over the years for measuring radon (Jenkins 1986) and 
radon progeny in air. In addition, considerable attention is given by EPA to measurement of 
radon and radon progeny in homes (EPA 1992d). Radon and radon progeny emit alpha and beta 
particles and gamma rays. Therefore, numerous techniques can and have been developed for 
measuring these radionuclides based on detecting alpha particles, beta particles, or gamma rays, 
independently or in some combination. It is even difficult to categorize the various techniques 
that are presently in use. This section contains an overview of information dealing with the 
measurement of radon and radon progeny.  The information is focused on the measurement of 
222Rn, however the information may be adapted for the measurement of 219Rn and 220Rn. 

Radon concentrations within a fixed structure can vary significantly from one section of the 
building to another and can fluctuate over time. If a home has a basement, for instance, it is 
usually expected that a higher radon concentration will be found there. Likewise, a relatively 
small increase in the relative pressure between the soil and the inside of a structure can cause a 
significant increase in the radon emanation rate from the soil into the structure. Many factors 
play a role in these variations, but from a practical standpoint it is only necessary to recognize 
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that fluctuations are expected and that they should be accounted for. Long term measurement 
periods are required to determine a true mean concentration inside a structure and to account for 
the fluctuations. 

Two analytical end points are of interest when performing radon measurements. The first and 
most commonly used is radon concentration, which is stated in terms of activity per unit volume 
(Bq/m3 or pCi/L). Although this terminology is consistent with most federal guidance values, it 
only infers the potential dose equivalent associated with radon. The second analytical end point 
is the radon progeny working level. Radon progeny usually attach very quickly to charged 
aerosols in the air following creation. The fraction that remains unattached is usually quite small 
(i.e., 5-10%). Since most aerosol particles carry an electrical charge and are relatively massive 
($ 0.1 µm), they are capable of attaching to the surfaces of the lung. Essentially all dose or risk 
from radon is associated with alpha decays from radon progeny attached to tissues of the 
respiratory system. If an investigator is interested in accurately determining the potential dose or 
risk associated with radon in the air of a room, the radon progeny concentration must be known. 

Radon progeny concentrations are usually reported in units of working levels (WL), where one 
working level is equal to the potential alpha energy associated with the radon progeny in secular 
equilibrium with 100 pCi/L of radon. One working level is equivalent to 1.28 x 105 MeV/L of 
potential alpha energy. Given a known breathing rate and lung attachment probability, the 
expected mean lung dose from exposure to a known working level of radon progeny can be 
calculated. 

Radon progeny are not usually found in secular equilibrium with radon indoors due to plating out 
of the charged aerosols onto walls, furniture, etc. The ratio of 222Rn progeny activity to 222Rn 
activity usually ranges from 0.2 to as high as 0.8 indoors (NCRP 1988). If only the 222Rn 
concentration is measured and it is not practical to measure the progeny concentrations, then 
general practice is to assume a progeny to 222Rn equilibrium ratio of 0.5 for indoor areas. This 
allows one to estimate the expected dose or risk associated with a given radon concentration. 

In general, the following generic guidelines should be followed when performing radon 
measurements during site investigations: 

! The radon measurement method used should be well understood and documented. 

! Long term measurements are used to determine the true mean radon concentration. 

!	 The impact of variable environmental conditions (e.g., humidity, temperature, dust 
loading, and atmospheric pressure) on the measurement process should be accounted for 
when necessary. Consideration should be given to effects on both the air collection 
process and the counting system. 
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! The background response of the detection system should be accounted for. 

!	 If the quantity of interest is the working level, then the radon progeny concentrations 
should be evaluated. If this is not practical, then the progeny activities can be estimated 
by assuming they are 50% of the measured radon activity (NCRP 1988). 

For a general overview, a list of common radiation detectors with their usual applications during 
radon surveys is provided in Table 6.10. Descriptions and costs for specific equipment used for 
the measurement of radon are contained in Appendix H. 

Table 6.10 Radiation Detectors with Applications to Radon Surveys 

System Description Application Remarks 

Large area 
activated charcoal 
collector 

A canister containing activated 
charcoal is twisted into the 
surface and left for 24 hours. 

Short term radon 
flux measurements 

The LLD is 0.007 Bq m-2s-1 

(0.2 pCi m-2s-1). 

Continuous radon 
monitor 

Air pump and scintillation cell 
or ionization chamber. 

Track the real time 
concentration of 
radon 

Takes 1 to 4 hours for system to 
equilibrate before starting.  The LLD 
is 0.004-0.04 Bq/L (0.1-1.0 pCi/L). 

Activated charcoal 
adsorption 

Activated charcoal is opened to 
the ambient air, then gamma 
counted on a gamma 
scintillator or in a liquid 
scintillation counter. 

Measure radon 
concentration in 
indoor air 

Detector is deployed for 2 to 7 days. 
The LLD is 0.007-0.04 Bq/L (0.2 to 
1.0 pCi/L). 

Electret ion 
chamber 

This is a charged plastic vessel 
that can be opened for air to 
pass through. 

Measure short-
term or long-term 
radon 
concentration in 
indoor air 

Must correct reading for gamma 
background concentration. Electret is 
sensitive to extremes of temperature 
and humidity. LLD is 0.007-0.02 
Bq/L (0.2-0.5 pCi/L). 

Alpha track 
detection 

A small piece of special plastic 
or film inside a small container. 
Damage tracks from alpha 
particles are chemically etched 
and tracks counted. 

Measure indoor or 
outdoor radon 
concentration in air 

LLD is 0.04 Bq L-1d-1 

(1 pCi L-1d-1). 

The following provides a general overview of radon sampling and measurement concepts. The 
intent of this section is to provide an overview of common methods and terminology. 
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6.9.1 Direct Radon Measurements 

Direct radon measurements are performed by gathering radon into a chamber and measuring the 
ionizations produced. A variety of methods have been developed, each making use of the same 
fundamental mechanics but employing different measurement processes. The first step is to get 
the radon into a chamber without collecting any radon progeny from the ambient air. A filter is 
normally used to capture charged aerosols while allowing the radon gas to pass through. Most 
passive monitors rely on diffusion of the ambient radon in the air into the chamber to establish an 
equilibrium between the concentrations of radon in the air and in the chamber. Active monitors 
use some type of air pump system for the air exchange method. 

Once inside the chamber, the radon decays by alpha emission to form 218Po which usually takes 
on a positive charge within thousandths of a second following formation. Some monitor types 
collect these ionic molecules and subsequently measure the alpha particles emitted by the radon 
progeny.  Other monitor types, such as the electret ion chamber, measure the ionization produced 
by the decay of radon in the air within the chamber by directly collecting the ions produced inside 
the chamber. Simple systems measure the cumulative radon during the exposure period based on 
the total alpha decays that occur. More complicated systems actually measure the individual 
pulse height distributions of the alpha and/or beta radiation emissions and derive the radon plus 
progeny isotopic concentration in the air volume. 

Care must be taken to accurately calibrate a system and to understand the effects of humidity, 
temperature, dust loading, and atmospheric pressure on the system. These conditions create a 
small adverse effect on some systems and a large influence on others. 

6.9.1.1 Integrating Methods for Radon Measurement 

With integrating methods, measurements are made over a period of days, weeks, or months and 
the device is subsequently read by an appropriate device for the detector media used. The most 
common detectors used are activated charcoal adsorbers, electret ion chamber (EIC), and alpha 
track plastics. Short term fluctuations are averaged out, thus making the measurement 
representative of average concentration. Results in the form of an average value provide no way 
to determine the fluctuations of the radon concentration over the measurement interval. 
Successive short term measurements can be used in place of single long term measurements to 
gain better insight into the time dependence of the radon concentration. 

6.9.1.2 Continuous Methods for Radon Measurement 

Devices that measure direct radon concentrations over successive time increments are generally 
called continuous radon monitors. These systems are more complex than integrating devices in 
that they measure the radon concentration and log the results to a data recording device on a real 
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time basis. Continuous radon measurement devices normally allow the noble gas radon to pass 
through a filter into a detection chamber where the radon decays and the radon and/or the 
resulting progeny are measured. The most common detectors used for real time measurements 
are ion chambers, solid state surface barrier detectors, and ZnS(Ag) scintillation detectors. 

Continuous methods offer the advantage of providing successive, short-term results over long 
periods of time. This allows the investigator not only to determine the average radon 
concentration, but also to analyze the fluctuations in the values over time. More complicated 
systems are available that measure the relative humidity and temperature at the measurement 
location and log the values along with the radon concentrations to the data logging device. This 
allows the investigator to make adjustments, if necessary, to the resulting data prior to reporting 
the results. 

6.9.2 Radon Progeny Measurements 

Radon progeny measurements are performed by collecting charged aerosols onto filter paper and 
subsequently counting the filter for attached progeny.  Some systems pump air through a filter 
and then automatically count the filter for alpha and/or beta emissions. An equivalent but more 
labor intensive method is to collect a sample using an air sampling pump and then count the filter 
in stand alone alpha and/or beta counting systems. The measurement system may make use of 
any number of different techniques ranging from full alpha and beta spectrometric analysis of the 
filters to simply counting the filter for total alpha and or beta emissions. 

When performing total (gross) counting analyses, the assumption is usually made that the only 
radioisotopes in the air are due to 222Rn and its progeny.  This uncertainty, which is usually very 
small, can be essentially eliminated when performing manual sampling and analysis by 
performing a follow up measurement of the filter after the radon progeny have decayed to a 
negligible level. This value can then be used as a background value for the air. Of course, such a 
simple approach is only applicable when 222Rn is the isotope of concern. For 219Rn or 220Rn, other 
methods would have to be used. 

Time is a significant element in radon progeny measurements. Given any initial equilibrium 
condition for the progeny isotopes, an investigator must be able to correlate the sampling and 
measurement technique back to the true concentration values. When collecting radon progeny, 
the buildup of total activity on the filter increases asymptotically until the activity on the filter 
becomes constant. At this point, the decay rate of the progeny atoms on the filter is equal to the 
collection rate of progeny atoms. This is an important parameter to consider when designing a 
radon sampling procedure. 

Note that the number of charged aerosol particles in the air can affect the results for radon 
progeny measurements. If the number of particles is few, as is possible when humidity is low 
and a room is very clean, then most of the progeny will not be attached and can plate out on room 
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surfaces prior to reaching the sample filter. This is not a problem if the same conditions always 
exist in the room, however the calculated dose would underestimate the dose that would be 
received in a higher humidity or dust concentration state with the same radon progeny 
concentration. 

6.9.3 Radon Flux Measurements 

Sometimes it is desirable to characterize the source of radon in terms of the rate at which radon is 
emanating from a surface—that is, soil, uranium mill tailings, or concrete. One method used for 
measuring radon flux is briefly described here. 

The measurement of radon flux can be achieved by adsorption onto charcoal using a variety of 
methods such as a charcoal canister or a large area collector (e.g., 25 cm PVC end cap). The 
collector is deployed by firmly twisting the end cap into the surface of the material to be 
measured. After 24 hours of exposure, the activated charcoal is removed and transferred to 
plastic containers. The amount of radon adsorbed on the activated charcoal is determined by 
gamma spectroscopy. Since the area of the surface is well defined and the deployment period is 
known, the radon flux (in units of Bq/m2-s or pCi/m2-s) can be calculated. 

This method is reliable for measuring radon flux in normal environmental situations. However, 
care should be taken if an extremely large source of radon is measured with this method. The 
collection time should be chosen carefully to avoid saturating the canister with radon. If 
saturation is approached, the charcoal loses its ability to absorb radon and the collection rate 
decreases. Even transporting and handling of a canister that is saturated with radon can be a 
problem due to the dose rate from the gamma rays being emitted. One would rarely encounter a 
source of radon that is so large that this would become a problem; however, it should be 
recognized as a potential problem. Charcoal can also become saturated with water, which will 
affect the absorption of radon. This can occur in areas with high humidity. 

An alternative method for making passive radon flux measurements has been developed recently 
using electret ionization chambers (EICs). EIC technology has been widely used for indoor 
radon measurements. The passive EIC procedure is similar to the procedures used with large 
area activated charcoal canisters. In order to provide the data for the background corrections, an 
additional passive monitor is located side by side on a radon impermeable membrane. These 
data are used to calculate the net radon flux. The Florida State Bureau of Radiation Protection 
has compared the results from measurements of several phosphogypsum flux beds using the 
charcoal canisters and EICs and has shown that the two methods give comparable results. The 
passive method seems to have overcome some of the limitations encountered in the use of 
charcoal. The measurement periods can be extended from hours to several days in order to 
obtain a better average, if needed. EIC flux measurements are not affected by environmental 
conditions such as temperature, humidity, and air flow. The measured sensitivities are 
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comparable to the charcoal method but, unlike charcoal, EICs do not become saturated by 
humidity. Intermediate readings can be made if needed.. In view of the low cost of the EIC 
reading/analyzing equipment, the cost per measurement can be as much as 50% lower than the 
charcoal method with additional savings in time. 

6.10 Special Equipment 

Various specialized systems have been developed which can be used during the performance of 
radiation surveys and site investigations. These range from specially designed quick radiation 
scanning systems to commercial global positioning systems (GPSs). The equipment may be 
designed to detect radiation directly, detect and locate materials associated with the 
contamination (e.g., metal containers), or locate the position where a particular measurement is 
performed (e.g., GPS). Because these specialized systems are continuously being modified and 
developed for site-specific applications, it is not possible to provide detailed descriptions of 
every system. The following sections provide examples of specialized equipment that have been 
applied to radiation surveys and site investigations. 

6.10.1 Positioning Systems 

As stated in Section 4.8.5, documenting the location of measurements is important for 
demonstrating the reproducibility of the results. There are a variety of positioning systems 
available that provide a range of accuracy and precision that can be evaluated during survey 
planning to determine their applicability to a particular site. These positioning systems can be 
used to establish a reproducible reference coordinate system or to locate individual measurements 
using an established reference coordinate system (e.g., longitude and latitude). 

6.10.1.1 Differential Global Positioning Systems 

A variety of practical and versatile GPSs based on radio signals tracked from satellite beacons 
are available (e.g., Trimble™, Novatel™, Garmin™). These systems are generally used to aid in 
recording and retrieving location data with precision on the order of tens of meters. With a 
stationary base station and a separate moving locator, the system is deployed in the “differential 
global positioning system” (DGPS) mode. DGPSs can record and retrieve location data with a 
precision in the centimeter range. 

DGPS can be used to provide position information on surface features in areas being surveyed, 
linking the survey results to previously published maps and aerial photographs. In addition, 
survey results may be positioned using the DGPS readings to accurately and precisely locate the 
results as well as the results of any subsequent analyses to these same maps or photographs. A 
process called waypointing uses the DGPS to locate specific points and allows the user to find 
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predetermined locations and set up gridded locations for measurements based on location data 
that are tied into local or state coordinate systems. 

Limitations on the use of DGPS are related to the number of satellite beacons available to the 
system. When three or fewer satellites are available the accuracy and precision of the location 
data will be reduced. There are short periods of time (usually less than one hour even on the 
worst days) when a limited number of satellites are overhead in the continental United States. 
Satellites may also be blocked by excess tree cover or tall buildings. Distance between the 
moving locator and the stationary base station may be several kilometers or may be limited to 
line-of-sight. This limitation can be mitigated through the strategic use of repeater stations to re-
transmit the signal between the moving locator and the base station. 

6.10.1.2 Local Microwave and Sonar Positioning Systems 

Local microwave or sonar beacons and receivers may provide useful location data in small areas 
and tree-covered locales. One example of a sonar-based system is the ultrasonic ranging and data 
system (USRADS). With a number of fixed beacons in place, a roving unit can be oriented and 
provide location data with similar accuracy and precision as the DGPS. If the beacons are 
located at known points, the resulting positions can be determined using simple calculations 
based on the known reference locations of the beacons. 

The logistics of deploying the necessary number of beacons properly and the short range of the 
signals are the major limitations of the system. In addition, multipathing of signals within 
wooded areas can cause jumps in the positioning data. 

6.10.2 Mobile Systems with Integrated Positioning Systems 

In recent years, the advent of new technologies has introduced mobile sensor systems for 
acquiring data that include fully-integrated positioning systems. Portable and vehicle-based 
versions of these systems record survey data while moving over surfaces to be surveyed and 
simultaneously recording the location data from either a roving DGPS receiver or local 
microwave/sonar receiver. All measurement data are automatically stored and processed with 
the measurement location for later posting (see Section 8.2.2.2 for a discussion of posting plots) 
or for mapping the results. These systems are designed with a variety of detectors for different 
applications. For example, alpha or beta detectors have been mounted on a robot a fixed distance 
over a smooth surface. The robot moves at a predetermined speed over the surface to provide 
scanning results, and also records individual direct measurements at predetermined intervals. 
This type of system not only provides the necessary measurement data, but also reduces the 
uncertainty associated with human factors. Other systems are equipped with several types of 
radiation detectors, magnetometers, electromagnetic sensors, or various combinations of multiple 
sensors. The limitations of each system should be evaluated on a site-specific basis to determine 
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if the positioning system, the detector, the transport system, or some combination based on site-
specific characteristics will represent the limits of the system. 

6.10.3 Radar, Magnetometer, and Electromagnetic Sensors 

The number of sensors and sensor systems applicable to the detection and location of buried

waste have increased in use and reliability in recent years. These systems are typically applicable

to scoping and characterization surveys where the identification of subsurface contamination is a

primary concern. However, the results of these surveys may be used during final status survey

planning to demonstrate that subsurface contamination is not a concern for a particular site or

survey unit. Some of the major technologies are briefly described in the following sections.


6.10.3.1 Ground Penetrating Radar


For most sites, ground penetrating radar (GPR) is the only instrument capable of collecting

images of buried objects in situ, as compared to magnetometers (Section 6.10.3.2) and

electromagnetic sensors (Section 6.10.3.3) which detect the strength of signals as measured at the

ground surface. Additionally, GPR is unique in its ability to detect both metallic and non-

metallic (e.g., plastic, glass) containers.


Subsurface radar detection systems have been the focus of study for locating and identifying

buried or submerged objects that otherwise could not be detected. There are two major

categories of radar signals: 1) time domain, and 2) frequency domain. Time-domain radar uses

short impulses of radar-frequency energy directed into the ground being investigated. 

Reflections of this energy, based on changes in dielectric properties, are then received by the

radar. Frequency-domain radar, on the other hand, uses a continuous transmission where the

frequency of the transmission can be varied either stepwise or continuously. The changes in the

frequency characteristics due to effects from the ground are recorded. Signal processing, in both

cases, converts this signal to represent the location of radar reflectors against the travel time of

the return signal. Greater travel time corresponds to a greater distance beneath the surface. 

Table 6.11 lists the typical penetration depth for various geologic materials (fresh water is

included as a baseline for comparison).


Examples of existing GPR technologies currently being applied to subsurface investigations

include:


! narrow-band radar

! ultra-wideband radar

! synthetic aperture radar

! frequency modulated continuous radar

! polarized radar waves
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Table 6.11 Typical Radar Penetration Depths for Various Geologic Materials 

Material Penetration Depth 
m (ft) 

Fresh Water 100 (330) 

Sand (desert) 5 (16) 

Sandy Soil 3 (10) 

Loam Soil 3 (10) 

Clay Soil 2 (6) 

Salt Flats (dry) 1 (3) 

Coal 20 (66) 

Rocks 20 (66) 

Walls 0.3 (1) 

The major limitation to GPR is the difficulty in interpreting the data, which is often provided in 
the form of hazy, “waterfall-patterned” data images requiring an experienced professional to 
interpret. Also, GPR can vary depending on the soil type as shown in Table 6.10. Highly 
conductive clay soils often absorb a large amount of the radar energy, and may even reflect the 
energy. GPR can be deployed using ground-based or airborne systems. 

6.10.3.2 Magnetometers 

Although contaminated soil and most radioactive waste possess no ferromagnetic properties, the 
containers commonly used to hold radioactive waste (e.g., 55-gallon drums) are made from steel. 
These containers possess significant magnetic susceptibility making the containers detectable 
using magnetometry. 

Magnetometers sense the pervasive magnetic field of the Earth. This field, when encountering an 
object with magnetic susceptibility, induces a secondary magnetic field in that object. This 
secondary field creates an increase or decrease in Earth’s ambient magnetic field. 
Magnetometers measure these changes in the expected strength of the ambient magnetic field. 
Some magnetometers, called “vector magnetometers,” can sense the direction as well as the 
magnitude of these changes. However, for subsurface investigations only the magnitude of the 
changes are used. 
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The ambient magnetic field on Earth averages 55,000 gamma in strength. The variations caused 
by the secondary magnetic fields typically range from 10 to 1,000 gamma, and average around 
100 gamma. Most magnetometers currently in use have a sensitivity in the 0.1 to 0.01 gamma 
range and are capable of detecting these secondary fields. 

An alternate magnetometer survey can be performed using two magnetometers in a gradiometric 
configuration. This means that the first magnetometer is placed at the ground surface, while the 
second is mounted approximately 0.5 meters above the first. Data is recorded from both sensors 
and compared. When the readings from both detectors are nearly the same, it implies that there 
is no significant disturbance in the Earth’s ambient magnetic field or that such disturbances are 
broad and far away from the gradiometer. When a secondary magnetic field is induced in an 
object, it affects one sensor more strongly than the other, producing a difference in the readings 
from the two magnetometers. This approach is similar to the use of a guard detector in anti-
coincidence mode in a low-background gas-flow proportional counter in a laboratory (see 
Appendix H for a description of gas-flow proportional counters). The gradiometric configuration 
filters out the Earth’s ambient magnetic field, large scale variations, and objects located far from 
the sensor to measure the effects of nearby objects, all without additional data processing. 

Fifty-five gallon drums buried 5 to 7 meters below the surface may be detectable using a 
magnetometer. At many sites, multiple drums have been buried in trenches or pits and detection 
is straightforward. A single operator carrying a magnetometer with the necessary electronics in a 
backpack can cover large areas in a relatively small amount of time. 

The limitations on the system are related to the size of the objects and their depth below the 
surface. Objects that are too small or buried too deep will not provide a secondary magnetic field 
that can be detected at the ground surface. 

6.10.3.3 Electromagnetic Sensors 

Electromagnetic sensors emit an electromagnetic wave, in either a pulsed or continuous wave 
mode, and then receive the result of that transmission. The result of the transmission is two 
signals; quadrature and in-phase. As the wave passes through some material other than air, it is 
slowed down by a resistive medium or sped up by a conductor through dielectric effects. This 
produces the quadrature signal. If the electromagnetic wave encounters a highly conductive 
object it induces a magnetic field in the object. This induced electromagnetic field returns to the 
sensor as a reflection of the original electromagnetic wave and forms the in-phase signal. 

The in-phase signal is indicative of the presence, size, and conductivity of nearby objects (e.g., 
55-gallon drums), while the quadrature signal is a measure of the dielectric properties of the 
nearby objects such as soil. This means that electromagnetic sensors can detect all metallic 
objects (including steel, brass, and aluminum), such as the metal in waste containers, and also 
sample the soil for changes in properties, such as those caused by leaks of contaminants. 
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Depths of interest are largely determined by the spacing between the coil used to transmit the 
primary electromagnetic wave, and the receiver used to receive that transmission. The rule of 
thumb is that the depth of interest is on the order of the distance between the transmitter and the 
receiver. A system designed with the transmitter and receiver placed tens of meters apart can 
detect signals from tens of meters below the surface. A system with the transmitter and receiver 
collocated can only detect signals from depths on the order of the size of the coil, which is 
typically about one meter. The limitations of electromagnetic sensors include a lack of clearly 
defined signals, and decreasing resolution of the signal as the distance below the surface 
increases. 

6.10.4 Aerial Radiological Surveys 

Low–altitude aerial radiological surveys are designed to encompass large areas and may be useful 
in: 

! providing data to assist in the identification of radioactive contaminants and their 
corresponding concentrations and spatial distributions 

! characterizing the nature, extent, and impact of contamination 

The measurement sensitivity and data processing procedures provide total area coverage and a 
detailed definition of the extent of gamma-producing isotopes for a specific area. The gamma 
radiation spectral data are processed to provide a qualitative and quantitative analysis of the 
radionuclides in the survey area. Helicopter flights establish a grid pattern (e.g., east–west) of 
parallel lines approximately 61 m (200 ft) above the ground surface. 

The survey consists of airborne measurements of natural and man–made gamma radiation from 
the terrain surface. These measurements allow for the determination of terrestrial spatial 
distribution of isotopic concentrations and equivalent gamma exposure rates (e.g., 60Co, 234mPa, 
and 137Cs). The results are reported as isopleths for the isotopes and are usually superimposed on 
scale maps of the area. 
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7  SAMPLI NG AND PREPARATI ON FOR 
LABORATORY MEASUREMENTS 

7.1 Introduction 

There are three methods for collecting radiation data while performing a survey. A direct 
measurement is obtained by placing the detector near or against the surface or in the media being 
surveyed and reading the radioactivity level directly. Scanning is an evaluation technique 
performed by moving a portable radiation detection instrument at a constant speed and distance 
above the surface to semi-quantitatively detect elevated areas of radiation. These measurement 
techniques are discussed in Chapter 6. Sampling is the process of collecting a portion of an 
environmental medium as representative of the locally remaining medium. The collected portion 
of the medium is then analyzed to determine the radionuclide concentration. This chapter 
discusses issues involved in collecting and preparing samples in the field for analysis, and in 
evaluating the results of these analyses. In addition, a general discussion on laboratory sample 
preparation and analysis is provided to assist in communications with the laboratory during 
survey planning. 

Samples should be collected and analyzed by qualified individuals using the appropriate 
equipment and procedures. This manual assumes that the samples taken during the survey will 
be submitted to a qualified laboratory for analysis. The laboratory should have written 
procedures that document its analytical capabilities for the radionuclides of interest and a Quality 
Assurance/Quality Control (QA/QC) program that documents the compliance of the analytical 
process with established criteria. The method used to assay for the radionuclides of concern 
should be recognized as a factor affecting analysis time. 

Commonly used radiation detection and measuring equipment for radiological survey field 
applications is described in Chapter 6 and Appendix H. Many of these equipment types are also 
used for laboratory analyses, usually under more controlled conditions that provide for lower 
detection limits and greater delineation between radionuclides. Laboratory methods often 
involve combinations of both chemical and instrument techniques to quantify the low levels 
expected in the samples. This chapter provides guidance to assist the MARSSIM user in 
selecting appropriate procedures for collecting and handling samples for laboratory analysis. 
More detailed information is available in documents listed in the reference section of this 
manual. 

7.2 Data Quality Objectives 

The survey design is developed and documented using the Data Quality Objectives (DQO) 
Process (see Appendix D). The third step of the DQO Process involves identifying the data 
needs for a survey. One decision that can be made at this step is the selection of direct 
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measurements for performing a survey or deciding that sampling methods followed by laboratory 
analysis are necessary. 

7.2.1 Identifying Data Needs 

The decision maker and the survey planning team need to identify the data needs for the survey

being performed, including the:


! type of samples to be collected or measurements to be performed (Chapter 5)

! radionuclide(s) of interest (Section 4.3)

! number of samples to be collected (Section 5.5.2)

! type and frequency of field QC samples to be collected (Section 4.9)

! amount of material to be collected for each sample (Section 4.7.3 and Section 7.5)

! sampling locations and frequencies (Section 5.5.2)

! standard operating procedures (SOPs) to be followed or developed (Chapter 7)

! analytical bias and precision (e.g., quantitative or qualitative) (Appendix N)

! target detection limits for each radionuclide of interest (Section 6.4 and Table 7.2)

! cost of the methods being evaluated (cost per analysis as well as total cost) (Appendix H)

! necessary turnaround time

! sample preservation and shipping requirements (Section 7.6 and Section 7.9)

! specific background for the radionuclide(s) of interest (Section 4.5)

! derived concentration guideline level (DCGL) for each radionuclide of interest


(Section 4.3) 
! measurement documentation requirements (Section 9.4.2.2) 
! sample tracking requirements (Section 7.8) 

Some of this information will be supplied by subsequent steps in the DQO process, and several 
iterations of the process may be needed to identify all of the data needs. Consulting with a 
radiochemist or health physicist may be necessary to properly evaluate the information before 
deciding between direct measurements or sampling methods to perform the survey. Surveys may 
require data from all three collection methods (i.e., sample analysis, direct measurements, and 
scans) in order to demonstrate compliance with the regulation. 

7.2.2 Data Quality Indicators 

The data quality indicators identified as DQOs in Section 2.3.1 and described in Appendix N, 
Section N.6, should be considered when selecting a measurement method (i.e., scanning, direct 
measurement, sampling) or an analytical technique (e.g., radionuclide-specific analytical 
procedure). In some instances, the data quality indicator requirements will help in the selection 
of an analytical technique. In other cases, the analytical requirements will assist in the selection 
of appropriate levels for the data quality indicators. 
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7.2.2.1 Precision 

Precision is a measure of agreement among replicate measurements of the same property under 
prescribed similar conditions (ASQC 1995). Precision is determined quantitatively based on the 
results of replicate measurements (equations are provided in EPA 1990). The number of 
replicate analyses needed to determine a specified level of precision for a project is discussed in 
Section 4.9. There are several types of replicate analyses available to determine the level of 
precision, and these replicates are typically distinguished by the point in the sample collection 
and analysis process where the sample is divided. Determining precision by replicating 
measurements with results at or near the detection limit of the measurement system is not 
recommended because the measurement uncertainty is usually greater than the desired level of 
precision. 

!	 Collocated Samples. Collocated samples are samples collected adjacent to the routine 
field sample to determine local variability of the radionuclide concentration. Typically, 
collocated samples are collected about one-half to three feet away from the selected 
sample location. Analytical results from collocated samples can be used to assess site 
variation, but only in the immediate sampling area. Collocated samples should not be 
used to assess variability across a site and are not recommended for assessing error (EPA 
1991g). Collocated samples can be non-blind, single-blind, or double-blind. 

!	 Field Replicates. Field replicates are samples obtained from one location, homogenized, 
divided into separate containers and treated as separate samples throughout the remaining 
sample handling and analytical processes. These samples are used to assess error 
associated with sample heterogeneity, sample methodology and analytical procedures. 
Field replicates are used when determining total error for critical samples with 
contamination concentrations near the action level. For statistical analysis to be valid in 
such a case, a minimum of eight replicate samples would be required (EPA 1991g). Field 
replicates (or field split samples) can be non-blind, single-blind, or double-blind and are 
recommended for determining the level of precision for a radiation survey or site 
investigation. 

!	 Analytical Laboratory Replicate. An analytical laboratory replicate is a subsample of a 
routine sample that is homogenized, divided into separate containers, and analyzed using 
the same analytical method. It is used to determine method precision, but because it is a 
non-blind sample, or known to the analyst, it can only be used by the analyst as an 
internal control tool and not as an unbiased estimate of analytical precision (EPA 1990). 

!	 Laboratory Instrument Replicate. A laboratory instrument replicate is the repeated 
measurement of a sample that has been prepared for counting (i.e., laboratory sample 
preparation and radiochemical procedures have been completed). It is used to determine 
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precision for the instrument (repeated measurements using same instrument) and the 
instrument calibration (repeated measurements using different instruments, such as two 
different germanium detectors with multichannel analyzers). A laboratory instrument 
replicate is generally performed as part of the laboratory QC program and is a non-blind 
sample. It is typically used as an internal control tool and not as an unbiased estimate of 
analytical precision. 

7.2.2.2 Bias 

Bias is the systematic or persistent distortion of a measurement process that causes error in one 
direction (ASQC 1995). Bias is determined quantitatively based on the analysis of samples with 
a known concentration. There are several types of samples with known concentrations. QC 
samples used to determine bias should be included as early in the analytical process as possible. 

!	 Reference Material. A material or substance one or more of whose property values are 
sufficiently homogeneous and well established to be used for the calibration of an 
apparatus, the assessment of a measurement method, or for assigning values to materials 
(ISO 1993). A certified reference material is reference material for which each certified 
property value is accompanied by an uncertainty at a stated level of confidence. 
Radioactive reference materials may be available for certain radionuclides in soil (e.g., 
uranium in soil), but reference building materials may not be available. Because 
reference materials are prepared and homogenized as part of the certification process, 
they are rarely available as double-blind samples. When appropriate reference materials 
are available (i.e., proper matrix, proper radionuclide, proper concentration range), they 
are recommended for use in determining the overall bias for a measurement system. 

!	 Performance Evaluation (PE) Samples. PE sample are samples that evaluate the overall 
bias of the analytical laboratory and detect any error in the analytical method used. These 
samples are usually prepared by a third party, using a quantity of analyte(s) which is 
known to the preparer but unknown to the laboratory, and always undergo certification 
analysis. The analyte(s) used to prepare the PE sample is the same as the analyte(s) of 
interest. Laboratory procedural error is evaluated by the percentage of analyte identified 
in the PE sample (EPA 1991g). PE samples are recommended for use in determining 
overall bias for a measurement system when appropriate reference material are not 
available. PE samples are equivalent to matrix spikes prepared by a third party that 
undergo certification analysis and can be non-blind, single-blind, or double-blind. 

!	 Matrix Spike Samples. Matrix spike samples are environmental samples that are spiked 
in the laboratory with a known concentration of a target analyte(s) to verify percent 
recoveries. They are used primarily to check sample matrix interferences but can also be 
used to monitor laboratory performance. However, a data set of at least three or more 
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results is necessary to distinguish between laboratory performance and matrix 
interference (EPA 1991g). Matrix Spike samples are often replicated to monitor method 
performance and evaluate error due to laboratory bias and precision (when four or more 
pairs are analyzed). These replicates are often collectively referred to as a matrix 
spike/matrix spike duplicate (MS/MSD). 

There are several additional terms applied to samples prepared by adding a known amount of the 
radionuclide of interest to the sample. The majority of these samples are designed to isolate 
individual sources of bias within a measurement system by preparing pre- and post-operation 
spikes. For example, the bias from the digestion phase of the measurement system can be 
determined by comparing the result from a pre-digest spike to the result from a post-digest spike. 

There are also several types of samples used to estimate bias caused by contamination. 

!	 Background Sample. A background sample is a sample collected upgradient of the area 
of potential contamination (either onsite or offsite) where there is little or no chance of 
migration of the contaminants of concern (EPA 1991g). Background samples are 
collected from the background reference area (Section 4.5), determine the natural 
composition and variability of the soil (especially important in areas with high 
concentrations of naturally occurring radionuclides), and are considered “clean” samples. 
They provide a basis for comparison of contaminant concentration levels with samples 
collected from the survey unit when the statistical tests described in Chapter 8 are 
performed. 

!	 Field Blanks. Field blanks are samples prepared in the field using certified clean sand or 
soil and then submitted to the laboratory for analysis (EPA 1991g). A field blank is used 
to evaluate contamination error associated with sampling methodology and laboratory 
procedures. It also provides information about contaminants that may be introduced 
during sample collection, storage, and, transport. Field blanks are recommended for 
determining bias resulting from contamination for a radiation survey or site investigation. 

!	 Method Blank. A method blank is an analytical control sample used to demonstrate that 
reported analytical results are not the result of laboratory contamination (ATSDR 1992). 
It contains distilled or deionized water and reagents, and is carried through the entire 
analytical procedure (laboratory sample preparation, digestion, and analysis). The 
method blank is also referred to as a reagent blank. The method blank is generally used 
as an internal control tool by the laboratory because it is a non-blind sample. 
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7.2.2.3 Representativeness 

Representativeness is a measure of the degree to which data accurately and precisely represent a 
characteristic of a population parameter at a sampling point (ASQC 1995). Representativeness is 
a qualitative term that is reflected in the survey design through the selection of a measurement 
method (e.g., direct measurement or sampling) and the size of a sample collected for analysis. 

Sample collection and analysis is typically less representative of true radionuclide concentrations 
at a specific measurement location than performing a direct measurement.  This is caused by the 
additional steps required in collecting and analyzing samples, such as sample collection, field 
sample preparation, laboratory sample preparation, and radiochemical analysis. However, direct 
measurement techniques with acceptable detection limits are not always available. When 
sampling is required as part of a survey design, it is critical that the sample collection procedures 
consider representativeness. The location of the sample is determined in Section 5.5.2.5, but the 
size and content of the sample are usually determined as the sample is collected. Sample size 
and content are discussed in Section 4.7.3 and Section 7.5. Sample collection procedures also 
need to consider the development of the DCGLs when determining the representativeness of the 
samples. 

7.2.2.4 Comparability 

Comparability is a qualitative term that expresses the confidence that two data sets can contribute 
to a common analysis and interpolation. Generally, comparability is provided by using the same 
measurement system for all analyses of a specific radionuclide. In many cases, equivalent 
procedures used within a measurement system are acceptable. For example, using a liquid-liquid 
extraction purification step to determine the concentration of 238Pu using alpha spectrometry may 
be equivalent to using an ion-exchange column purification step. However, using a gross alpha 
measurement on a gas proportional counting system would not be considered equivalent. 
Comparability is usually not an issue except in cases where historical data have been collected 
and are being compared to current analytical results, or when multiple laboratories are used to 
provide results as part of a single survey design. 

7.2.2.5 Completeness 

Completeness is a measure of the amount of valid data obtained from the measurement system, 
expressed as a percentage of the number of valid measurements that should have been collected. 
Completeness is of greater concern for laboratory analyses than for direct measurements because 
the consequences of incomplete data often require the collection of additional samples. Direct 
measurements can usually be repeated fairly easily. The collection of additional samples 
generally requires a remobilization of sample collection personnel which can be expensive. 
Conditions at the site may have changed making it difficult or impossible to collect 
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representative and comparable samples without repeating the entire survey. On the other hand, if 
it is simply an analytical problem and sufficient sample was originally collected, the analysis can 
be repeated using archived sample material. Samples collected on a grid to locate areas of 
elevated activity are also a concern for completeness. If one sample analysis is not valid, the 
entire survey design for locating areas of elevated activity may be invalidated. 

7.2.2.6 Other Data Quality Indicators 

Several additional data quality indicators that influence the final status survey design are 
identified as DQOs in Section 2.3.1. Many of these (e.g., selection and classification of survey 
units, decision error rates, variability in the contaminant concentration, lower bound of the gray 
region) are used to determine the number of measurements and are discussed in detail in Section 
5.5. The method detection limit is directly related to the selection of a measurement method and 
a radionuclide-specific analytical technique. 

Analytical methods should be capable of measuring levels below the established DCGLs, 
detection limits of 10-50% of the DCGL should be the target (see Section 6.7). Cost, time, best 
available technology, or other constraints may create situations where the above stated 
sensitivities are deemed impracticable. Under these circumstances, higher detection sensitivities 
may be acceptable. Although laboratories will state detection limits, these sensitivities are 
usually based on ideal or optimistic situations and may not be achievable under actual 
measurement conditions. Detection limits are subject to variation from sample to sample, 
instrument to instrument, and procedure to procedure, depending on sample size, geometry, 
background, instrument efficiency, chemical recovery, abundance of the radiations being 
measured, counting time, self-absorption in the prepared sample, and interferences from 
radionuclides or other materials present in the sample. The detection limit that is achievable in 
practice should not exceed the DCGL. 

7.3 Communications with the Laboratory 

Laboratory analyses of samples are generally performed by personnel not directly involved in the 
collection of the samples being analyzed. Samples are typically collected by one group working 
in the field, and analyzed by a second group located in a laboratory.  This separation of tasks can 
potentially lead to problems based on the lack of communication between the two groups. For 
this reason, communications between the Project Manager, field personnel, and laboratory 
personnel are vital to ensuring the success of a project. 
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7.3.1 Communications During Survey Planning 

The radioanalytical laboratory is a valuable resource during survey planning. Information on 
available analytical techniques, analytical bias and precision, method detection limits, analytical 
costs, and turnaround times can easily be provided by the laboratory.  All of this information is 
used to make the decision to perform direct measurements or collect samples for laboratory 
measurements. Additional information, such as required sample size/volume, type of sample 
container, preservative requirements, and shipping requirements, including the availability of the 
laboratory for receipt of samples on weekends or holidays, can be obtained and factored into the 
survey plan. 

Involving the radioanalytical laboratory during survey planning also provides the laboratory with 
site-specific information about the project. Information on the radionuclides of interest, possible 
chemical and physical form of the contamination, and mechanism for release of the 
contamination to the environment is used to modify or develop the analytical method for site-
specific conditions if required. The laboratory should also be provided with the site-specific 
action levels (i.e., DCGLs, investigation levels) early in the survey planning process. 

In some cases, it is not practical to select a radioanalytical laboratory early in the survey process 
to participate in the survey planning activities. For example, Federal procurement procedures 
require that a statement of work (SOW) identifying the tasks to be performed by the laboratory be 
developed prior to selecting a laboratory.  Unfortunately, the details of the tasks for the 
laboratory to perform are developed during survey planning. This means that the information 
provided by the laboratory and used during survey planning will be obtained from another 
source, usually a radiochemist or health physicist trained in radiochemistry.  The uncertainty 
associated with this information and subsequent decisions made based on this information 
increases. This may lead to increased costs caused by specifying an unnecessarily expensive 
analytical method in the SOW or repeated sampling and analysis of samples that did not meet the 
target detection limits because the specified analytical method was not sensitive enough. In 
addition, unnecessary or inappropriate analytical methods may be selected by the laboratory 
because site-specific information concerning the samples was not provided. 

The laboratory should be consulted when planning the schedule for the survey to insure that the 
expected turnaround times can be met based on the projected laboratory workload. 

7.3.2 Communications Before and During Sample Collection 

In most situations, the sample collection and shipping containers are supplied by the laboratory; 
therefore, the laboratory should be notified well in advance of the sampling trip so that these 
items will be available to the sampling team during the survey. 
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The main purpose of communications with the laboratory during sample collection is to inform 
the laboratory of modifications to the survey design specified in the planning documents (e.g., 
QAPP and SOPs). The laboratory should have a copy of the survey design in their possession 
prior to samples being collected. 

Modifications to the survey design are often minor deviations from the SOPs caused by site-
specific conditions and usually affect a small number of samples. For example, a rock 
outcropping covered by a thin layer of soil may restrict the depth of the surface soil sample to 
5 cm (2 in.) instead of the 10 cm (4 in.) specified in the SOP. The mass of the samples collected 
from this area of the site is one-half the expected sample mass, and the laboratory needs to be 
informed of this deviation from the SOP. 

In other situations, there may be an extensive modification to the number or types of samples 
collected at the site that will affect the analytical methods, detection capabilities, analytical costs, 
or even the assumptions used to develop the DCGL. For example, a large portion of the site may 
have been converted to a parking lot. A large pile of material that may represent the former 
surface soil will be sampled as well as soil collected from beneath the parking lot surface. The 
number of samples to be analyzed has doubled compared to the original SOW. 

If the expected timing of receipt of samples at the laboratory changes due to sample collection 
schedule deviations, the laboratory should be notified. Most laboratories require prior 
notification for samples to be received on weekends. 

7.3.3 Communications During Sample Analysis 

The laboratory should communicate with the Project Manager and field personnel during sample 
analysis. The laboratory should provide a list of missing or damaged samples as soon after the 
samples are received as practical. This allows the Project Manager to determine if resampling is 
required to replace the missing or damaged samples. The Project Manager may also request 
notification from the laboratory when samples are spilled or lost during analysis. Preliminary 
reports of analytical results may be useful to help direct sampling activities and provide early 
indications of whether the survey objectives defined by the DQOs are being met. However, if 
preliminary results have not been verified or validated, their usefulness is limited. 

7.3.4 Communications Following Sample Analysis 

Following sample analysis, the laboratory will provide documentation of the analytical results as 
specified in the survey design. Laboratory personnel should be available to assist with data 
verification and validation. 
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7.4 Selecting a Radioanalytical Laboratory 

Once the decision to perform sampling activities is made, the next step is to select the analytical 
methods and determine the data needs for these methods. It is advisable to select a radiochemical 
laboratory early in the survey planning process in order that it may be consulted on the analytical 
methodology1 and the sampling activities. In addition, mobile laboratories can provide on-site 
analytical capability. Obtaining laboratory or other services may involve a specific procurement 
process. Federal procurement procedures may require additional considerations beyond the 
method described here. 

The procurement of laboratory services usually starts with the development of a request for 
proposal that includes a statement-of-work describing the analytical services to be procured. The 
careful preparation of the statement-of-work is essential to the selection of a laboratory capable 
of performing the required services in a technically competent and timely manner. 

The technical proposals received in response to the procurement request for proposal must be 
reviewed by personal familiar with radioanalytical laboratory operations in order to select the 
most qualified offerer. For complicated sites with a large number of laboratory analyses, it is 
recommended that a portion of this evaluation take the form of a pre-award audit. The provision 
for this audit must be in the request for proposal. The results of this audit provide a written 
record of the decision to use a specific laboratory.  Smaller sites or facilities may decide that a 
review of the laboratory’s qualifications is sufficient for the evaluation. 

There are six criteria that should be reviewed during this evaluation: 

!	 Does the laboratory possess the appropriate well-documented procedures, 
instrumentation, and trained personnel to perform the necessary analyses?  Necessary 
analyses are defined by the data needs (radionuclide(s) of interest and target detection 
limits) identified by the DQO process. 

! Is the laboratory experienced in performing the same or similar analyses? 

!	 Does the laboratory have satisfactory performance evaluation results from formal 
monitoring or accreditation programs?  The laboratory should be able to provide a 
summary of QA audits and proof of participation in interlaboratory cross-check programs. 
Equipment calibrations should be performed using National Institute of Standards and 
Technology (NIST) traceable reference radionuclide standards whenever possible. 

1 The laboratory provides information on personnel, capabilities, and current workload that are necessary 
inputs to the decision-making process. 
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!	 Is there an adequate capacity to perform all analyses within the desired timeframe?  This 
criterion considers whether or not the laboratory possesses a radioactive materials 
handling license or permit for the samples to be analyzed. Very large survey designs may 
indicate that more than one analytical laboratory is necessary to meet the survey 
objectives.2 

!	 Does the laboratory provide an internal quality control review of all generated data that is 
independent of the data generators? 

!	 Are there adequate protocols for method performance documentation and sample 
security? 

Providers of radioanalytical services should have an active and fully documented QA program in

place.3  This program should comply with the objectives determined by the DQO process in

Section 2.3. The QA program should include:


! laboratory organizational structure

! personnel qualifications

! written standard operating procedures and instructions

! inter- and intralaboratory performance analyses

! design control to define the flow of samples through the laboratory

! a corrective action plan

! an internal audit program


Chain-of-Custody requirements and numbers of samples are also specified. The analytical

procedures as well as the documentation and reporting requirements should be specified and

agreed upon. These topics are discussed in detail in the following sections of this chapter.


7.5 Sampling 

This section provides guidance on developing appropriate sample collection procedures for 
surveys designed to demonstrate compliance with a dose- or risk-based regulation. Sample 
collection procedures are concerned mainly with ensuring that a sample is representative of the 
sample media, is large enough to provide sufficient material to achieve the desired detection 
limit, and is consistent with assumptions used to develop the conceptual site model and the 
DCGLs. Additional considerations for sample collection activities are discussed in Section 4.7.3. 

2  If several laboratories are performing analyses as part of the survey, the analytical methods used to perform the 
analyses should be similar to ensure comparability of results (see Appendix N, Section N.6.5). 

3  The QA program is typically documented in one or more documents such as a Quality Management Plan, 
Quality Assurance Manual, or Quality Assurance Project Plan. 
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The presence of radioactive and hazardous chemical wastes (mixed wastes) at a site can 
influence the survey design. The external exposure rates or radioactivity concentration of a 
specific sample may limit the time that workers will be permitted to remain in intimate contact 
with the samples, or may dictate that smaller samples be taken and special holding areas be 
provided for collected samples prior to shipment. These special handling considerations may 
conflict with the size specifications for the analytical method, normal sampling procedures, or 
equipment. There is a potential for biasing sampling programs by selecting samples that can be 
safely handled or legally shipped to support laboratories. Because final status surveys are 
performed to demonstrate that a site can be safely released, issues associated with high levels of 
radioactivity are not expected to be a concern. 

7.5.1 Surface Soil 

The purpose of surface soil sampling is to collect samples that accurately and precisely represent 
the radionuclides and their concentrations at the location being sampled. In order to do this and 
plan for sampling, a decision must be made as to the survey design. The selection of a survey 
design is based on the Historical Site Assessment, results from preliminary surveys (i.e., scoping 
characterization, remedial action support), and the objectives of the survey developed using the 
Data Quality Objectives (DQO) Process. The selection between judgmental, random, and 
systematic survey designs is discussed in Section 5.5.3. 

7.5.1.1 Sample Volume 

The volume of soil collected should be specified in the sample collection procedure. In general, 
large volumes of soil are more representative than small volumes of soil. In addition, large 
samples provide sufficient sample to ensure that required detection limits can be achieved and 
that sample reanalysis can be done if there is a problem. However, large samples may cause 
problems with shipping, storage, and disposal. All of these issues should be discussed with the 
sample collection team and the analytical laboratory during development of sample collection 
procedures. In general, surface soil samples range in size from 100 g up to several kilograms. 

The sample collection procedure should also make clear if it is more important to meet the 
volume requirement of the survey design or the surface area the sample represents. Constant 
volume is related to comparability of the results while surface area is more closely related to the 
representativeness of the results. Maintaining a constant surface area and depth for samples 
collected for a particular survey can eliminate problems associated with different depth profiles. 
The actual surface area included as part of the sample may be important for estimating the 
probability of locating areas of elevated concentration. 
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7.5.1.2 Sample Content 

The material present in the field at the sample location may or may not provide a representative 
sample. Vegetative cover, soil particle size distribution, inaccessibility, or lack of sample 
material are examples of problems that may be identified during sample collection. All 
deviations from the survey design as documented in the Standard Operating Procedures (SOPs) 
should be recorded as part of the field sample documentation. 

Sample content is generally defined by the assumptions used to develop the conceptual site 
model and the DCGLs. A typical agricultural scenario assumes that the top few centimeters of 
soil are available for resuspension in air, that the top 15 cm (6 in.) are homogenized by 
agricultural activities (e.g., plowing), that roots can extend down several meters to obtain water 
and nutrients depending on the plant, and that external exposure is based on an assumed 
thickness of contaminated soil (usually at the surface). Depending on the dominant exposure 
pathways for each radionuclide, this can result in a complicated set of instructions for collecting 
representative samples. This situation can be further complicated by the fact that the site is not 
currently being used for agricultural purposes. For this situation it is necessary to look at the 
analytical results from the preliminary surveys (i.e., scoping, characterization, remedial action 
support) to determine the expected depth of contamination. 

In most situations the vegetative cover is not considered part of the surface soil sample and is 
removed in the field. For agricultural scenarios where external exposure is not the primary 
concern, soil particles greater than 2 mm (0.08 in.) are generally not considered as part of the 
sample (EPA 1990). Foreign material (e.g., plant roots, glass, metal, or concrete) is also 
generally not considered part of the sample, but should be reviewed on a site-specific basis. It is 
important that the sample collection procedure clearly indicate what is and what is not considered 
part of the sample. 

7.5.1.3 Sampling Equipment 

The selection of proper sampling equipment is important to ensure that samples are collected 
effectively and efficiently. Sampling equipment generally consists of a tool to collect the sample 
and a container to place the collected sample in. Sample tracking begins as soon as the sample is 
collected, so it may be necessary to consider security of collected samples required by the 
objectives of the survey. 

Sampling tools are selected based on the type of soil, sample depth, number of samples required, 
and training of available personnel. The selection of a sampling tool may also be based on the 
expected use of the results. For example, if a soil sample is collected to verify the depth profile 
used to develop the calibration for in situ gamma spectrometry, it is important to preserve the soil 
core. Table 7.1 lists several examples of tools used for collecting soil samples, situations where 
they are applicable, and some advantages and disadvantages involved in their use. 
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Table 7.1 Soil Sampling Equipment* 

Equipment Application Advantages/Disadvantages 

Tier Soft surface soil Inexpensive; easy to use and decontaminate; difficult to 
use in stone or dry soil. 

Scoop or trowel Soft surface soil Inexpensive; easy to use and decontaminate; trowels 
with painted surfaces should be avoided 

Bulb Planter Soft Soil, 0-15 cm 
(0-6 in.) 

Easy to use and decontaminate: uniform diameter and 
sample volume; preserves soil core; limited depth 
capability; can be difficult to decontaminate 

Soil Coring Device Soft soil, 0-60 cm 
(0-24 in.) 

Relatively easy to use; preserves soil core; limited depth 
capability; can be difficult to decontaminate 

Thin-wall tube sampler Soft soil, 0-3 m (0-10 ft) easy to use; preserves soil core; easy to decontaminate; 
can be difficult to remove cores 

Split spoon sampler Soil, to bedrock Excellent depth range; preserves soil core; useful for 
hard soils; often used in conjunction with drill rig for 
obtaining deep cores 

Shelby tube sampler Soft soil, to bedrock Excellent depth range; preserves soil core; tube may be 
used for shipping core to lab.; may be used in 
conjunction with drill rig for obtaining deep cores 

Bucket auger Soft soil, 7.5 cm - 3 m 
(3 in. - 10 ft) 

Easy to use; good depth range; uniform diameter and 
sample volume; may disrupt and mix soil horizons 
greater than 15 cm 

Hand -operated power 
auger 

Soil, 15 cm - 4.5 m 
(6 in. -15 ft) 

Good depth range; generally used in conjunction with 
bucket auger; destroys soil core; requires two or more 
operators; can be difficult to decontaminate 

* Reproduced from EPA 1991g 

Sample containers are generally not a major concern for collecting surface soil samples. 
Polyethylene bottles with screw caps and wide mouths are recommended. These containers are 
fairly economical, provide easy access for adding and removing samples, and resist chemicals, 
breaking, and temperature extremes. Glass containers are also acceptable, but they are fragile 
and tend to break during shipment. Metal containers are sometimes used, but sealing the 
container can present a problem and corrosion can be an issue if the samples are stored for a 
significant length of time. 
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7.5.2 Building Surfaces 

Because building surfaces tend to be relatively smooth and the radioactivity is assumed to be on 
or near the surface, direct measurements are typically used to provide information on 
contaminant concentrations. Sometimes, however, it is necessary to collect actual samples of the 
building material surface for analysis in a laboratory. 

7.5.2.1 Sample Volume 

The sample volume collected from building surfaces is usually a less significant DQO concern 
than the area from which the sample was collected. This is because building surface DCGLs are 
usually expressed in terms of activity per unit area. It is still necessary to consider the sample 
volume to account for sample matrix effects that may reduce the chemical recovery, which in 
turn has an affect on the detection limit. 

7.5.2.2 Sample Content 

If residual activity is covered by paint or some other treatment, the underlying surface and the 
coating itself may be contaminated. If the activity is a pure alpha or low-energy beta emitter, 
measurements at the surface will probably not be representative of the actual residual activity 
level. In this case the surface layer is removed from the known area, such as by using a 
commercial stripping agent or by physically abrading the surface. The removed coating material 
is analyzed for activity content and the level converted to appropriate units (i.e., Bq/m2, 
dpm/100 cm2) for comparison with surface activity DCGLs. Direct measurements can be 
performed on the underlying surface after removal of the coating. 

Residual radioactivity may be incorporated into building materials, such as pieces of concrete or 
other unusual matrices. Development of SOPs for collecting these types of samples may involve 
consultation with the analytical laboratory to help ensure that the objectives of the survey are 
achieved. 

The thickness of the layer of building surface to be removed as a sample should be consistent 
with the development of the conceptual site model and the DCGLs. For most sites the surface 
layer will only be the first few millimeters of the material being sampled. 

7.5.2.3 Sampling Equipment 

Tools used to provide samples of building surfaces depend on the material to be sampled. 
Concrete may require chisels, hammers, drills, or other tools specifically designed to remove a 
thin layer of the surface. Wood surfaces may require using a sander or a saw to collect a sample. 
Paint may be chemically or physically stripped from the surface. 
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Sample containers for these samples are generally the same as those recommended for soil 
samples. If chemicals are used to strip paint or other surface materials, the chemical resistance of 
the container should be considered. 

7.5.3 Other Media 

Surface soil and building surfaces are the media addressed in MARSSIM during the final status

survey design. Other media may be involved and may have been remediated. Data collection

activities during preliminary surveys (i.e., scoping, characterization, remedial action support)

may involve collecting samples of other media to support the final status survey design. 

Examples of other media that may be sampled include:


! subsurface soil

! ground water

! surface water

! sediments

! sewers and septic systems

! flora and fauna (plants and animals)

! airborne particulates

! air (gas)


Appendix M provides a list of resources that can be used to develop sample collection

procedures for other media that may required by preliminary surveys to support the development

of a final status survey design.


7.6 Field Sample Preparation and Preservation 

Proper sample preparation and preservation are essential parts of any radioactivity sampling 
program. The sampling objectives should be specified before sampling activities begin. Precise 
records of sample collection and handling are necessary to ensure that data obtained from 
different locations or time frames are correctly compared. 

The appropriateness of sample preparation techniques is a function of the analysis to be 
performed (EPA 1992a, 1992b). Field sample preparation procedures are a function of the 
specified analysis and the objectives of the survey. It is essential that these objectives be clearly 
established and agreed upon in the early stages of survey planning (see Section 2.3). 
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7.6.1 Surface Soil 

Soil and sediment samples, in most protocols, require no field preparation and are not preserved. 
In some protocols, cooling of soil samples to 4 oC is required during shipping and storage of soil 
samples. This is not a practice normally followed for the radiochemical analysis of soil samples. 

When replicate samples are prepared in the field, it is necessary to homogenize the sample prior 
to separation into replicates. There are standard procedures for homogenizing soil in the 
laboratory (ASTM 1995), but the equipment required for these procedures may not be available 
in the field. Simple field techniques, such as cone and quarter, or using a riffle splitter to divide 
the sample may be appropriate if the sample can be dried (ASTM 1993, EPA 1991g). If the 
sample contains significant amounts of residual water (e.g., forms clumps of soil) and there are 
no facilities for drying the sample, it is recommended that the homogenization and separation 
into replicates be performed in a laboratory.  It is preferable to use non-blind replicates where the 
same laboratory prepares and analyzes the replicates rather than use poorly homogenized or 
heterogeneous samples to prepare replicates samples. 

7.6.2 Building Surfaces 

Field preparation and preservation of building and associated materials, including smear samples, 
is not generally required. Homogenization of samples to prepare replicates is the same for 
building surface material and soil. 

7.6.3 Other Media 

Other media may have significant requirements related to field sample preparation and 
preservation. For example, water samples may need filtering and acidification. Storage at 
reduced temperatures (i.e., cooling or freezing) to reduce biological activity may be necessary for 
some samples. Addition of chemical preservatives for specific radionuclides or media may also 
be required. 

7.7 Analytical Procedures 

The selection of the appropriate radioanalytical methods is normally made prior to the 
procurement of analytical services and is included in the statement-of-work of the request for 
proposal. The statement-of-work may dictate the use of specific methods or be performance 
based. Unless there is a regulatory requirement, such as conformance to the EPA drinking water 
methods (EPA 1980a), the specification of performance based methodology is encouraged. One 
reason for this is that a laboratory will usually perform better using the methods routinely 
employed in its laboratory as contrasted to using other methods with which it has less experience. 
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The laboratory is also likely to have historical data on performance for methods routinely used by 
that laboratory.  However, the methods employed in a laboratory should be derived from a 
reliable source, such as those listed in Table 7.2. 

Table 7.2 Examples of References for Routine Analytical Methods 

! Methods of Air Sampling and Analysis (Lodge 1988) 

!	 Annual Book of ASTM Standards, Water and Environmental technology. Volume 
11.04, Environmental Assessment; Hazardous Substances and Oil Spill Responses; 
Waste Management; Environmental Risk Assessment (ASTM 1997) 

! Standard Methods for the Examination of Water and Wastewater (APHA 1995) 

! EML Procedures Manual (DOE 1990b) 

!	 Radiochemical Analytical Procedures for Analysis of Environmental Samples (EPA 
1979) 

! Radiochemistry Procedures Manual (EPA 1984a) 

! Indoor Radon and Radon Decay Product Measurement Protocols (EPA 1992d) 

! USAEHA Environmental Sampling Guide (Department of the Army 1993) 

This section briefly describes specific equipment and procedures to be used once the sample is 
prepared for analysis. The results of these analyses (i.e., the levels of radioactivity found in these 
samples) are the values used to determine the level of residual activity at a site. In a 
decommissioning effort, the DCGLs are expressed in terms of the concentrations of certain 
radionuclides. It is of vital importance, therefore, that the analyses be accurate and of adequate 
sensitivity for the radionuclides of concern. The selection of analytical procedures should be 
coordinated with the laboratory and specified in the survey plan. 

Analytical methods should be adequate to meet the data needs identified in the DQO process. 
Consultation with the laboratory performing the analysis is recommended before selecting a 
course of action. MARSSIM is not intended to limit the selection of analytical procedures, rather 
all applicable methods should be reviewed to provide results that meet the objectives of the 
survey. The decision maker and survey planning team should decide whether routine methods 
will be used at the site or if non-routine methods may be acceptable. 
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!	 Routine analytical methods are documented with information on minimum performance 
characteristics, such as detection limit, precision and accuracy, and useful range of 
radionuclide concentrations and sample sizes. Routine methods may be issued by a 
recognized organization (e.g., Federal or State agency, professional organization), 
published in a refereed journal, or developed by an individual laboratory.  Table 7.2 lists 
examples of sources for routine methods. 

!	 Non-routine methods address situations with unusual or problematic matrices, low 
detection limits, or new parameters, procedures or techniques. Non-routine methods 
include adjustments to routine methods, new techniques published in refereed literature, 
and development of new methods. 

References that provide information on radiochemical methodology and should be considered in

the methods review and selection process are available from such organizations as:


! National Council on Radiation Protection and Measurements (NCRP)

! American Society of Testing and Materials (ASTM)

! Radiological and Environmental Sciences Laboratory (RESL), Idaho Falls, Idaho


(Operated by the DOE) 
! DOE Technical Measurements Center, Grand Junction, CO 
! Environmental Measurements Laboratory (EML); formerly the Health and Safety 

Laboratory of the DOE 

Equipment vendor literature, catalogs, and instrument manuals are often a source of useful 
information on the characteristics of radiation detection equipment. Table 7.3 provides a 
summary of common laboratory methods with estimated detection limits. 

Analytical procedures in the laboratory consist of several parts that are assembled to produce an 
SOP for a specific project or sample type. These parts include: 

! laboratory sample preparation 
! sample dissolution 
! sample purification 
! preparation for counting 
! counting 
! data reduction 
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Table 7.3 Typical Measurement Sensitivities for Laboratory Radiometric Procedures M
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ents 

Sample Type 
Radionuclides or Radiation 

Measured 
Procedure 

Approximate 
Measurement 

Sensitivity 

Smears (filter 
paper) 

Gross alpha 

Gross beta 

Low energy beta 
(3H, 14C, 63Ni) 

Gas-flow proportional counter; 5-min count 
Alpha scintillation detector with scaler; 5-min count 

Gas-flow proportional counter; 5-min count 
End window GM with scaler; 5-min count (unshielded detector) 

Liquid scintillation spectrometer; 5-min count 

5 dpm 
20 dpm 

10 dpm 
80 dpm 

30 dpm 

Soil Sediment 137Cs, 60Co, 226Ra (214Bi)a , 232Th 
(228Ac), 235U 

234, 235, 238U; 238, 239, 240Pu; 
227, 228, 230, 232Th; other alpha 
emitters 

Germanium detector (25% relative efficiency) with multichannel analyzer; 
pulse height analyzer; 500-g sample; 15-min analysis 

Alpha spectroscopy with multichannel analyzer - pyrosulfate fusion and 
solvent extraction; surface barrier detector; pulse height analyzer; 1-g 
sample; 16-hr count 

0.04-0.1 Bq/g 
(1-3 pCi/g) 

0.004-0.02 Bq/g 
(0.1-0.5 pCi/g) 

Water Gross alpha 

Gross beta 

137Cs, 60Co, 226Ra (214Bi), 232Th 
(228Ac), 235U 

234, 235, 238U; 238, 239, 240Pu; 
227, 228, 230, 232Th; other alpha 
emitters 

3H 

Gas-flow proportional counter; 100-ml sample, 200-min count 

Gas-flow proportional counter; 100-ml sample, 200-min count 

Germanium detector (25% relative efficiency) with multichannel analyzer; 
pulse height analyzer; 3.5L sample, 16-hr count 

Alpha spectroscopy with multichannel analyzer - solvent extraction; 
surface barrier detector; pulse height analyzer; 100 ml sample, 30 min 
count 

Liquid scintillation spectrometry; 5-ml sample, 30-min count 

0.04 Bq/L 
(1 pCi/l) 

0.04 Bq/L 
(1 pCi/L) 

0.4 Bq/L 
(10 pCi/L) 

0.004-0.02 Bq/L 
(0.1-0.5 pCi/L) 

10 Bq/L 
(300 pCi/L) 

a Indicates that a member of the decay series is measured to determine activity level of the parent radionuclide of primary interest. 
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7.7.1 Photon Emitting Radionuclides 

There is no special sample preparation required for counting samples using a germanium detector 
or a sodium iodide detector beyond placing the sample in a known geometry for which the 
detector has been calibrated. The samples can be measured as they arrive at the laboratory, or the 
sample can be dried, ground to a uniform particle size, and mixed to provide a more 
homogeneous sample if required by the SOPs. 

The samples are typically counted using a germanium detector with a multichannel analyzer or a 
sodium iodide detector with a multichannel analyzer. Germanium detectors have better 
resolution and can identify peaks (and the associated radionuclides) at lower concentrations. 
Sodium iodide detectors often have a higher efficiency and are significantly less expensive than 
germanium detectors. Low-energy photons (i.e., x-rays and gamma rays below 50 keV) can be 
measured using specially designed detectors with an entrance window made from a very light 
metal, typically beryllium. Descriptions of germanium and sodium iodide detectors are provided 
in Appendix H. 

Data reduction is usually the critical step in measuring photon emitting radionuclides. There are 
often several hundred individual gamma ray energies detected within a single sample. Computer 
software is usually used to identify the peaks, associate them with the proper energy, associate 
the energy with one or more radionuclides, correct for the efficiency of the detector and the 
geometry of the sample, and provide results in terms of concentrations with the associated 
uncertainty. It is important that the software be either a well-documented commercial package or 
thoroughly evaluated and documented before use. 

7.7.2 Beta Emitting Radionuclides 

Laboratory sample preparation is an important step in the analysis of surface soil and other solid 
samples for beta emitting radionuclides. The laboratory will typically have a sample preparation 
procedure that involves drying the sample and grinding the soil so that all of the particles are less 
than a specified size to provide a homogeneous sample. A small portion of the homogenized 
sample is usually all that is required for the individual analysis. 

Once the sample has been prepared, a small portion is dissolved, fused, or leached to provide a 
clear solution containing the radionuclide of interest. The only way to ensure that the sample is 
solubilized is to completely dissolve the sample. However, this can be an expensive and time-
consuming step in the analysis. In some cases, leaching with strong acids can consistently 
provide greater than 80% recovery of the radionuclide of interest (NCRP 1976a) and may be 
acceptable for certain applications. Gross beta measurements may be performed on material that 
has not been dissolved. 
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After dissolution, the sample is purified using a variety of chemical reactions to remove bulk 
chemical and radionuclide impurities. The objective is to provide a chemically and 
radiologically pure sample for measurement. Examples of purification techniques include 
precipitation, liquid-liquid extraction, ion-exchange chromatography, distillation, and 
electrodeposition. Gross beta measurements may be performed on material that has not been 
purified. 

After the sample is purified, it is prepared for counting.  Beta emitting radionuclides are usually 
prepared for a specific type of counter in a specified geometry. Solid material is usually 
precipitated and collected on a filter in a circular geometry to provide a homogeneous sample. 
Liquid samples are typically converted to the appropriate chemical form and diluted to a 
specified volume in preparation for counting. 

Measurements of solid samples are typically performed using a gas-flow proportional counter. 
Because total beta activity is measured, it is important that the purification step be performed to 
remove any interfering radionuclides. Liquid samples are usually diluted using a liquid 
scintillation cocktail and counted using a liquid scintillation spectrometer. Liquid scintillation 
spectrometers can be used for low-energy beta emitting radionuclides, such as 3H and 63Ni. They 
also have high counting efficiencies, but often have a high instrument background as well. Gas-
flow proportional counters have a very low background. Appendix H provides a description of 
both the gas-flow proportional counter and the liquid scintillation spectrometer. 

Data reduction for beta emitting radionuclides is less complicated than that for photon emitting 
radionuclides. Since the beta detectors report total beta activity, the calculation to determine the 
concentration for the radionuclide of interest is straightforward. 

7.7.3 Alpha Emitting Radionuclides 

Laboratory sample preparation for alpha emitting radionuclides is similar to that for beta emitting 
radionuclides. Sample dissolution and purification tasks are also similar to those performed for 
beta emitting radionuclides. 

Because of the limited penetrating power of alpha particles, the preparation for counting is often 
a critical step. Gross alpha measurements can be made using small sample sizes with a gas-flow 
proportional counter, but self-absorption of the alpha particles results in a relatively high 
detection limit for this technique. Liquid scintillation spectrometers can also be used to measure 
alpha emitting radionuclides but the resolution limits the usefulness of this technique. Most 
alpha emitting radionuclides are measured in a vacuum (to limit absorption by air) using alpha 
spectroscopy. This method requires that the sample be prepared as a virtually weightless mount 
in a specific geometry. Electrodeposition is the traditional method for preparing samples for 
counting.  This technique provides the highest resolution, but it requires a significant amount of 
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training and expertise on the part of the analyst to produce a high quality sample. Precipitation of 
the radionuclide of interest on the surface of a substrate is often used to prepare samples for alpha 
spectroscopy. While this technique generally produces a spectrum with lower resolution, the 
preparation time is relatively short compared to electrodeposition, and personnel can be trained 
to prepare acceptable samples relatively quickly. 

Alpha emitting radionuclides are typically measured using alpha spectroscopy. The data 
reduction requirements for alpha spectroscopy are greater than those for beta emitting 
radionuclides, and similar to those for photon emitting radionuclides. Alpha spectroscopy 
produces a spectrum of alpha particles detected at different energies, but because the sample is 
purified prior to counting, all of the alpha particles come from radionuclides of a single element. 
This simplifies the process of associating each peak with a specific radionuclide, but the lower 
resolution associated with alpha spectroscopy increases the difficulty of identifying the peaks. 
Although commercial software packages are available for interpreting alpha spectroscopy results, 
an experienced operator is required to ensure that the software is working properly. 

7.8  Sample Tracking 

Sample tracking refers to the identification of samples, their location, and the individuals 
responsible for their custody and transfer of the custody. This process covers the entire process 
from collection of the samples and remains intact through the analysis and final holding or 
disposal. It begins with the taking of a sample where its identification and designation of the 
sample are critical to being able to relate the analytical result to a site location. 

Tracking samples from collection to receipt at the analytical laboratory is normally done through 
a Chain of Custody process, and documented on a Chain-of-Custody (COC) record. Once 
samples are received by the laboratory, internal tracking (e.g., COC) procedures should be in 
place and codified through SOPs that assure integrity of the samples. Documentation of changes 
in the custody of a sample(s) is important. This is especially true for samples that may be used as 
evidence to establish compliance with a release criterion. In such cases, there should be 
sufficient evidence to demonstrate that the integrity of the sample is not compromised from the 
time it is collected to the time it is analyzed. During this time, the sample should either be under 
the positive control of a responsible individual or secured and protected from any activity that 
could change the true value of the results or the nature of the sample. When this degree of 
sample handling or custody is necessary, written procedures should be developed for field 
operations and for interfacing between the field operations and the analytical laboratory.  This 
ensures that a clear transfer of the custodial responsibility is well documented and no questions 
exist as to who is responsible for the sample at any time. 
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7.8.1 Field Tracking Considerations 

!	 Field personnel are responsible for maintaining field logbooks with adequate information 
to relate the sample identifier (sample number) to its location and for recording other 
information necessary to adequately interpret results of sample analytical data. 

!	 The sample collector is responsible for the care and custody of the samples until they are 
properly transferred or dispatched. This means that samples are in their possession, under 
constant observation, or secured. Samples may be secured in a sealed container, locked 
vehicle, locked room, etc. 

! Sample labels should be completed for each sample using waterproof ink. 
!	 The survey manager or designee determines whether or not proper custody procedures 

were followed during the field work, and decides if additional sampling is indicated. 
!	 If photographs are included as part of the sampling documentation, the name of the 

photographer, date, time, site location, and site description should be entered sequentially 
in a logbook as the photos are taken. After the photographs are developed, the prints 
should be serially numbered. 

7.8.2 Transfer of Custody 

!	 All samples leaving the site should be accompanied by a Chain-of-Custody record. This 
record documents sample custody transfer from the sampler, often through another 
person, to the laboratory.  The individuals relinquishing the samples should sign and date 
the record. The record should include a list, including sample designation (number), of 
the samples in the shipping container and the analysis requested for each sample. 

!	 Shipping containers should be sealed and include a tamper indicating seal that will 
indicate if the container seal has been disturbed. The method of shipment, courier name, 
or other pertinent information should be listed in the Chain-of-Custody record. 

!	 The original Chain-of-Custody record should accompany the samples. A copy of the 
record should be retained by the individual or organization relinquishing the samples. 

!	 Discuss the custody objectives with the shipper to ensure that the objectives are met.  For 
example, if the samples are sent by mail and the originator of the sample requires a record 
that the shipment was delivered, the package should be registered with return receipt 
requested. If, on the other hand, the objective is to simply provide a written record of the 
shipment, a certificate of mailing may be a less expensive and appropriate alternative. 

!	 The individual receiving the samples should sign and date the record. The condition of 
the container and the tamper indicating seal should be noted on the Chain-of-Custody 
record. Any problems with the individual samples, such as a broken container, should be 
noted on the record. 
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7.8.3 Laboratory Tracking 

When the samples are received by the laboratory they are prepared for radiochemical analyses. 
This includes the fractionation of the sample into aliquots. The tracking and Chain-of-Custody 
documentation within the laboratory become somewhat complicated due to the fact that several 
portions of the original sample may exist in the laboratory at a given time. The use of a computer 
based Laboratory Information System (LIMS) can greatly assist in tracking samples and fractions 
through the analytical system. 

The minimal laboratory tracking process consists of the following: 

! transfer of custody on receipt of the samples (original Chain-of-Custody form is retained 
by the laboratory and submitted with the data package for the samples) 

! documentation of sample storage (location and amount) 
! documentation of removal and return of sample aliquots (amount, date and time, person 

removing or returning, and reason for removal) 
! transfer of the samples and residues to the receiving authority (usually the site from which 

they were taken) 

The procedure for accomplishing the above varies from laboratory to laboratory, but the exact 
details of performing the operations of sample tracking should be contained in a SOP. 

7.9 Packaging and Transporting Samples 

All samples being shipped for radiochemical analysis should be properly packaged and labeled 
before transport offsite or within the site. The primary concern is the possibility of spills, leaks, 
or breakage of the sample containers. In addition to resulting in the loss of samples and cross-
contamination, the possible release of hazardous material poses a threat to the safety of persons 
handling and transporting the package. 

Suggestions on packaging and shipping radioactive environmental samples are listed below. 

1)	 Review NRC requirements (10 CFR part 71) and Department of Transportation (DOT) 
requirements (49 CFR parts 170 through 189) for packaging and shipping radioactive 
environmental samples. 

2)	 Visually inspect each sample container for indication of leaks or defects in the sample 
container. 
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a)	 Liquid samples should be shipped in plastic containers, if possible, and the caps 
on the containers should be secured with tape. One exception to the use of plastic 
bottles is samples collected for 3H analyses which may require glass containers. 

b)	 Heavy plastic bags, with sealable tops, can be used to contain solid samples (e.g., 
soil, sediment, air filters). The zip-lock should be secured with tape. Heavy 
plastic lawn bags can be used to contain vegetation samples. The tops should be 
closed with a “tie” that is covered by tape to prevent it from loosening and 
slipping off. 

3)	 Wipe individual sample containers with a damp cloth or paper towel to remove any 
exterior contamination. The outer surfaces of containers holding samples collected in a 
contaminated area should be surveyed with a hand-held instrument(s), appropriate for the 
suspected type of radioactivity (�/� or �). 

4)	 If glass sample containers are used, place sample containers inside individual plastic bags 
and seal in order to contain the sample in case of breakage. 

5)	 Use packing material (e.g., paper, styrofoam, “bubble wrap”) to immobilize and isolate 
each sample container and buffer hard knocks on the outer container during shipping. 
This is especially important in cold weather when plastic containers may become brittle 
and water samples may freeze. 

6)	 When liquid samples are shipped, include a sufficient quantity of an absorbent material 
(e.g., vermiculite) to absorb all liquid packed in the shipping container in case of 
breakage. This absorbent material may suffice as the packing material described above in 
item 5. 

7)	 Include the original, signed and dated, Chain-of-Custody (COC) form, identifying each 
sample in the package. It is good practice to place the COC form in a plastic bag to 
prevent it from becoming wet or contaminated in case of a spill during shipment. If 
possible, avoid having multiple packages of samples covered by a single COC form. 

8)	 Seal closed the package and apply COC tape in such a manner that it must be torn 
(broken) in order to open the package. The tape should carry the signature of the sender, 
and the date and time, so that it cannot be removed and replaced undetected. 

9)	 Ice chests, constructed of metal or hard plastic, make excellent shipping containers for 
radioactive environmental samples. 
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If samples are sent offsite for analysis, the shipper is responsible for complying with all 
applicable Federal, State, and local regulations. Applicable Federal regulations are briefly 
addressed below. Any State or local regulation will very likely reflect a Federal regulation. 

7.9.1 U.S. Nuclear Regulatory Commission Regulations 

NRC regulations for packaging, preparation, and shipment of licensed material are contained in 
10 CFR Part 71: "Packaging and Transportation of Radioactive materials". 

Samples containing low levels of radioactivity are exempted as set forth in §§ 71.10. A licensee 
is exempt from all requirements of Part 71 if the specific activity of the sample being shipped is 
not greater than 74,000 Bq/kg (2,000 pCi/g). 

Low Specific Activity Material (LSAM) is defined in §§ 71.4: “Definitions.” Samples classified 
as LSAM need only meet the requirements of the U.S. Department of Transportation (DOT), 
discussed below, and the requirements of §§ 71.88: “Air transport of plutonium.” Most 
environmental samples will fall into this category. 

7.9.2 U.S. Department of Transportation Regulations 

The U.S. Department of Transportation provides regulations governing the transport of 
hazardous materials under the Hazardous Materials Transportation Act of 1975 (88 Stat. 2156, 
Public Law 93-633). Applicable requirements of the regulations are found in 49 CFR Parts 170 
through 189. Shippers of samples containing radioactivity should be aware of the current rules in 
the following areas. 

! Accident Reporting - 49 CFR 171 

! Marking and Labeling Packages for Shipment - 49 CFR 172 

! Packaging - 49 CFR 173 

! Placarding a Package - 49 CFR 172 

! Registration of Shipper/Carrier - 49 CFR 107 

! Shipper Required Training - 49 CFR 172 

! Shipping Papers & Emergency Information - 49 CFR 172 

! Transport by Air - 49 CFR 175 
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! Transport by Rail - 49 CFR 174 

! Transport by Vessel - 49 CFR 176 

! Transport on Public Highway - 49 CFR 177 

7.9.3 U.S. Postal Service Regulations 

Any package containing radioactive materials is nonmailable if required to bear the U.S. 
Department of Transportation’s Radioactive White-1 (49 CFR 172.436), Radioactive Yellow-II 
(49 CFR 172.438), or Radioactive Yellow-III (49 CFR 172.440) label, or if it contains quantities 
of radioactive material in excess of those authorized in Publication 6, Radioactive Material, of 
the U.S. Postal Service. 
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8  INTERPRETATION OF SURVEY RESULTS 

8.1 Introduction 

This chapter discusses the interpretation of survey results, primarily those of the final status 
survey. Interpreting a survey’s results is most straightforward when measurement data are 
entirely higher or lower than the DCGLW. In such cases, the decision that a survey unit meets or 
exceeds the release criterion requires little in terms of data analysis. However, formal statistical 
tests provide a valuable tool when a survey unit’s measurements are neither clearly above nor 
entirely below the DCGLW. Nevertheless, the survey design always makes use of the statistical 
tests in helping to assure that the number of sampling points and the measurement sensitivity are 
adequate, but not excessive, for the decision to be made. 

Section 8.2 discusses the assessment of data quality. The remainder of this chapter deals with 
application of the statistical tests used in the decision-making process, and the evaluation of the 
test results. In addition, an example checklist is provided to assist the user in obtaining the 
necessary information for interpreting the results of a final status survey. 

8.2 Data Quality Assessment 

Data Quality Assessment (DQA) is a scientific and statistical evaluation that determines if the 
data are of the right type, quality, and quantity to support their intended use. An overview of the 
DQA process appears in Section 2.3 and Appendix E. There are five steps in the DQA process: 

! Review the Data Quality Objectives (DQOs) and Survey Design 

! Conduct a Preliminary Data Review 

! Select the Statistical Test 

! Verify the Assumptions of the Statistical Test 

! Draw Conclusions from the Data 

The effort expended during the DQA evaluation should be consistent with the graded approach 
used in developing the survey design. More information on DQA is located in Appendix E, and 
the EPA Guidance Document QA/G-9 (EPA 1996a). Data should be verified and validated as 
described in Section 9.3 prior to the DQA evaluation. 
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8.2.1 Review the Data Quality Objectives (DQOs) and Sampling Design 

The first step in the DQA evaluation is a review of the DQO outputs to ensure that they are still 
applicable. For example, if the data suggest the survey unit was misclassified as Class 3 instead 
of Class 1, then the original DQOs should be redeveloped for the correct classification. 

The sampling design and data collection documentation should be reviewed for consistency with 
the DQOs. For example, the review should check that the appropriate number of samples were 
taken in the correct locations and that they were analyzed with measurement systems with 
appropriate sensitivity. Example checklists for different types of surveys are given in Chapter 5. 

Determining that the sampling design provides adequate power is important to decision making, 
particularly in cases where the levels of residual radioactivity are near the DCGLW. This can be 
done both prospectively, during survey design to test the efficacy of a proposed design, and 
retrospectively, during interpretation of survey results to determine that the objectives of the 
design are met. The procedure for generating power curves for specific tests is discussed in 
Appendix I.  Note that the accuracy of a prospective power curve depends on estimates of the 
data variability, �, and the number of measurements. After the data are analyzed, a sample 
estimate of the data variability, namely the sample standard deviation (s) and the actual number 
of valid measurements will be known. The consequence of inadequate power is that a survey 
unit that actually meets the release criterion has a higher probability of being incorrectly deemed 
not to meet the release criterion. 

8.2.2 Conduct a Preliminary Data Review 

To learn about the structure of the data—identifying patterns, relationships, or potential 
anomalies—one can review quality assurance (QA) and quality control (QC) reports, prepare 
graphs of the data, and calculate basic statistical quantities. 

8.2.2.1 Data Evaluation and Conversion 

Radiological survey data are usually obtained in units, such as the number of counts per unit 
time, that have no intrinsic meaning relative to DCGLs. For comparison of survey data to 
DCGLs, the survey data from field and laboratory measurements are converted to DCGL units. 
Further information on instrument calibration and data conversion is given in Section 6.2.7. 

Basic statistical quantities that should be calculated for the sample data set are the: 

! mean 
! standard deviation 
! median 
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Example: 

Suppose the following 20 concentration values are from a survey unit: 

90.7, 83.5, 86.4, 88.5, 84.4, 74.2, 84.1, 87.6, 78.2, 77.6, 
86.4, 76.3, 86.5, 77.4, 90.3, 90.1, 79.1, 92.4, 75.5, 80.5. 

First, the average of the data (83.5) and the sample standard deviation (5.7) should be 
calculated. 

The average of the data can be compared to the reference area average and the DCGLW to 
get a preliminary indication of the survey unit status. Where remediation is inadequate, 
this comparison may readily reveal that a survey unit contains excess residual 
radioactivity—even before applying statistical tests. For example, if the average of the 
data exceeds the DCGLW and the radionuclide of interest does not appear in background, 
then the survey unit clearly does not meet the release criterion. On the other hand, if 
every measurement in the survey unit is below the DCGLW, the survey unit clearly meets 
the release criterion.1 

The value of the sample standard deviation is especially important. If too large compared 
to that assumed during the survey design, this may indicate an insufficient number of 
samples were collected to achieve the desired power of the statistical test. Again, 
inadequate power can lead to unnecessary remediation. 

The median is the middle value of the data set when the number of data points is odd, and 
is the average of the two middle values when the number of data points is even. Thus 
50% of the data points are above the median, and 50% are below the median. Large 
differences between the mean and the median would be an early indication of skewness in 
the data. This would also be evident in a histogram of the data. For the example data 
above, the median is 84.25 (i.e., (84.1 + 84.4)/2). The difference between the median and 
the mean (i.e., 84.25 - 83.5 = 0.75) is a small fraction of the sample standard deviation 
(i.e., 5.7). Thus, in this instance, the mean and median would not be considered 
significantly different. 

Examining the minimum, maximum, and range of the data may provide additional useful 
information. The minimum in this example is 74.2 and the maximum is 92.4, so the 
range is 92.4 - 74.2 = 18.2. This is only 3.2 standard deviations. Thus, the range is not 
unusually large. When there are 30 or fewer data points, values of the range much larger 
than about 4 to 5 standard deviations would be unusual. For larger data sets the range 
might be wider. 

1 It can be verified that if every measurement is below the DCGLW, the conclusion from the statistical tests will 
always be that the survey unit does not exceed the release criterion. 
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8.2.2.2 Graphical Data Review 

At a minimum, a graphical data review should consist of a posting plot and a histogram. 
Quantile plots are also useful diagnostic tools, particularly in the two-sample case, to compare 
the survey unit and reference area. These are discussed in Appendix I, Section I.8. 

A posting plot is simply a map of the survey unit with the data values entered at the measurement 
locations. This potentially reveals heterogeneities in the data—especially possible patches of 
elevated residual radioactivity. Even in a reference area, a posting plot can reveal spatial trends 
in background data that might affect the results of the two-sample statistical tests. 

If the data above were obtained using a 
triangular grid in a rectangular survey unit, 
the posting plot might resemble the display in 
Figure 8.1. Figure 8.1a shows no unusual 
patterns in the data. Figure 8.1b shows a 
different plot of the same values, but with 
individual results associated with different 
locations within the survey unit. In this plot 
there is an obvious trend towards smaller 
values as one moves from left to right across 
the survey unit. This trend is not apparent in 
the simple initial listing of the data. The 
trend may become more apparent if isopleths 
are added to the posting plot. 

If the posting plot reveals systematic spatial 
trends in the survey unit, the cause of the 
trends would need to be investigated. In 
some cases, such trends could be due to 
residual radioactivity, but may also be due to 
inhomogeneities in the survey unit 
background. Other diagnostic tools for 
examining spatial data trends may be found in 
EPA Guidance Document QA/G-9 (EPA 

90.7 83.5 86.4 88.5 84.4 

74.2 84.1 87.6 78.2 77.6 

86.4 76.3 86.5 77.4 90.3 

90.1 79.1 92.4 75.5 80.5 

(a) 

90.7 83.5 86.4 76.3 79.1 

90.3 84.1 87.6 78.2 77.6 

92.4 88.5 86.5 77.4 74.2 

90.1 84.4 86.4 80.5 75.5 

(b) 

Figure 8.1 Examples of Posting Plots 

1996a). The use of geostatistical tools to evaluate spatial data trends may also be 
useful in some cases (EPA 1989a). 

A frequency plot (or a histogram) is a useful tool for examining the general shape of a data 
distribution. This plot is a bar chart of the number of data points within a certain range of values. 
A frequency plot of the example data is shown in Figure 8.2). A simple method for generating a 
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Figure 8.2  ple of a Frequency Plot

rough frequency plot is the stem and leaf display discussed in Appendix I, Section I.7.  
frequency plot will reveal any obvious departures from symmetry, such as skewness or
bimodality (two peaks), in the data distributions for the survey unit or reference area.  The
presence of two peaks in the survey unit frequency plot may indicate the existence of isolated
areas of residual radioactivity.  n some cases it may be possible to determine an appropriate
background for the survey unit using this information.  
purpose will generally be highly dependent on site-specific considerations and should only be
pursued after a consultation with the responsible regulatory agency.

The presence of two peaks in the background reference area or survey unit frequency plot may
indicate a mixture of background concentration distributions due to different soil types,
construction materials, etc.  The greater variability in the data due to the presence of such a
mixture will reduce the power of the statistical tests to detect an adequately remediated survey
unit.   carefully matching the
background reference areas to the survey units, and choosing survey units with homogeneous
backgrounds.

Skewness or other asymmetry can impact the accuracy of the statistical tests.  a
transformation (e.g., taking the logarithms of the data) can sometimes be used to make the
distribution more symmetric.  
data.  hen the underlying data distribution is highly skewed, it is often because there are a few
high areas.  ince the EMC is used to detect such measurements, the difference between using
the median and the mean as a measure for the degree to which uniform residual radioactivity
remains in a survey unit tends to diminish in importance.

Exam

The

I
The interpretation of the data for this

These situations should be avoided whenever possible by

A dat

The statistical tests would then be performed on the transformed
W

S
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8.2.3 Select the Tests 

An overview of the statistical considerations important for final status surveys appears in Section 
2.5 and Appendix D. The most appropriate procedure for summarizing and analyzing the data is 
chosen based on the preliminary data review. The parameter of interest is the mean 
concentration in the survey unit. The nonparametric tests recommended in this manual, in their 
most general form, are tests of the median. If one assumes that the data are from a symmetric 
distribution—where the median and the mean are effectively equal—these are also tests of the 
mean. If the assumption of symmetry is violated, then nonparametric tests of the median 
approximately test the mean. Computer simulations (e.g., Hardin and Gilbert, 1993) have shown 
that the approximation is a good one. That is, the correct decision will be made about whether or 
not the mean concentration exceeds the DCGL, even when the data come from a skewed 
distribution. In this regard, the nonparametric tests are found to be correct more often than the 
commonly used Student’s t test. The robust performance of the Sign and WRS tests over a wide 
range of conditions is the reason that they are recommended in this manual. 

When a given set of assumptions is true, a parametric test designed for exactly that set of 
conditions will have the highest power. For example, if the data are from a normal distribution, 
the Student’s t test will have higher power than the nonparametric tests. It should be noted that 
for large enough sample sizes (e.g., large number of measurements), the Student’s t test is not a 
great deal more powerful than the nonparametric tests. On the other hand, when the assumption 
of normality is violated, the nonparametric tests can be very much more powerful than the t test. 
Therefore, any statistical test may be used provided that the data are consistent with the 
assumptions underlying their use. When these assumptions are violated, the prudent approach is 
to use the nonparametric tests which generally involve fewer assumptions than their parametric 
equivalents. 

The one-sample statistical test (Sign test) described in Section 5.5.2.3 should only be used if the 
contaminant is not present in background and radionuclide-specific measurements are made. The 
one-sample test may also be used if the contaminant is present at such a small fraction of the 
DCGLW value as to be considered insignificant. In this case, background concentrations of the 
radionuclide are included with the residual radioactivity (i.e., the entire amount is attributed to 
facility operations). Thus, the total concentration of the radionuclide is compared to the release 
criterion. This option should only be used if one expects that ignoring the background 
concentration will not affect the outcome of the statistical tests. The advantage of ignoring a 
small background contribution is that no reference area is needed. This can simplify the final 
status survey considerably. 

The one-sample Sign test (Section 8.3.1) evaluates whether the median of the data is above or 

W. If the data distribution is symmetric, the median is equal to the mean. In 
cases where the data are severely skewed, the mean may be above the DCGL
below the DCGL

W, while the median 
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is below the DCGLW. In such cases, the survey unit does not meet the release criterion regardless 
of the result of the statistical tests. On the other hand, if the largest measurement is below the 
DCGLW, the Sign test will always show that the survey unit meets the release criterion. 

For final status surveys, the two-sample statistical test (Wilcoxon Rank Sum test, discussed in 
Section 5.5.2.2) should be used when the radionuclide of concern appears in background or if 
measurements are used that are not radionuclide specific. The two-sample Wilcoxon Rank Sum 
(WRS) test (Section 8.4.1) assumes the reference area and survey unit data distributions are 
similar except for a possible shift in the medians. When the data are severely skewed, the value 
for the mean difference may be above the DCGLW, while the median difference is below the 
DCGLW. In such cases, the survey unit does not meet the release criterion regardless of the result 
of the statistical test. On the other hand, if the difference between the largest survey unit 
measurement and the smallest reference area measurement is less than the DCGLW, the WRS test 
will always show that the survey unit meets the release criterion. 

8.2.4 Verify the Assumptions of the Tests 

An evaluation to determine that the data are consistent with the underlying assumptions made for 
the statistical procedures helps to validate the use of a test. One may also determine that certain 
departures from these assumptions are acceptable when given the actual data and other 
information about the study. The nonparametric tests described in this chapter assume that the 
data from the reference area or survey unit consist of independent samples from each 
distribution. 

Spatial dependencies that potentially affect the assumptions can be assessed using posting plots 
(Section 8.2.2.2). More sophisticated tools for determining the extent of spatial dependencies are 
also available (e.g., EPA QA/G-9). These methods tend to be complex and are best used with 
guidance from a professional statistician. 

Asymmetry in the data can be diagnosed with a stem and leaf display, a histogram, or a Quantile 
plot. As discussed in the previous section, data transformations can sometimes be used to 
minimize the effects of asymmetry. 

One of the primary advantages of the nonparametric tests used in this report is that they involve 
fewer assumptions about the data than their parametric counterparts. If parametric tests are used, 
(e.g., Student’s t test), then any additional assumptions made in using them should be verified 
(e.g., testing for normality). These issues are discussed in detail in EPA QA/G-9 (EPA 1996a). 
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One of the more important assumptions made in the survey design described in Chapter 5 is that 
the sample sizes determined for the tests are sufficient to achieve the data quality objectives set 
for the Type I (�) and Type II (�) error rates. Verification of the power of the tests (1-�) to detect 
adequate remediation may be of particular interest. Methods for assessing the power are 
discussed in Appendix I.9. If the hypothesis that the survey unit residual radioactivity exceeds 
the release criterion is accepted, there should be reasonable assurance that the test is equally 
effective in determining that a survey unit has residual contamination less than the DCGLW. 
Otherwise, unnecessary remediation may result. For this reason, it is better to plan the surveys 
cautiously—even to the point of: 

! overestimating the potential data variability 
! taking too many samples 
! overestimating minimum detectable concentrations (MDCs) 

If one is unable to show that the DQOs were met with reasonable assurance, a resurvey may be 
needed. Examples of assumptions and possible methods for their assessment are summarized in 
Table 8.1. 

Table 8.1 Methods for Checking the Assumptions of Statistical Tests 

Assumption Diagnostic 

Spatial Independence Posting Plot 

Symmetry Histogram, Quantile Plot 

Data Variance Sample Standard Deviation 

Power is Adequate Retrospective Power Chart 

8.2.5 Draw Conclusions from the Data 

The types of measurements that can be made in a survey unit are 1) direct measurements at 
discrete locations, 2) samples collected at discrete locations, and 3) scans. The statistical tests 
are only applied to measurements made at discrete locations. Specific details for conducting the 
statistical tests are given in Sections 8.3 and 8.4. When the data clearly show that a survey unit 
meets or exceeds the release criterion, the result is often obvious without performing the formal 
statistical analysis. Table 8.2 describes examples of circumstances leading to specific 
conclusions based on a simple examination of the data. 
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Table 8.2 Summary of Statistical Tests 

Radionuclide not in background and radionuclide-specific measurements made: 

Survey Result Conclusion 

All measurements less than DCGLW Survey unit meets release criterion 

Average greater than DCGLW Survey unit does not meet release criterion 

Any measurement greater than DCGLW and the average 
less than DCGLW 

Conduct Sign test and elevated measurement 
comparison 

Radionuclide in background or radionuclide non-specific (gross) measurements made: 

Survey Result Conclusion 

Difference between largest survey unit measurement and 
smallest reference area measurement is less than DCGLW 

Survey unit meets release criterion 

Difference of survey unit average and reference area 
average is greater than DCGLW 

Survey unit does not meet release criterion 

Difference between any survey unit measurement and any 
reference area measurement greater than DCGLW and the 
difference of survey unit average and reference area 
average is less than DCGLW 

Conduct WRS test and elevated measurement 
comparison 

Both the measurements at discrete locations and the scans are subject to the elevated 
measurement comparison (EMC). The result of the EMC is not conclusive as to whether the 
survey unit meets or exceeds the release criterion, but is a flag or trigger for further investigation. 
The investigation may involve taking further measurements to determine that the area and level 
of the elevated residual radioactivity are such that the resulting dose or risk meets the release 
criterion.2  The investigation should also provide adequate assurance, using the DQO process, 
that there are no other undiscovered areas of elevated residual radioactivity in the survey unit that 
might otherwise result in a dose or risk exceeding the release criterion. In some cases, this may 
lead to re-classifying all or part of a survey unit—unless the results of the investigation indicate 
that reclassification is not necessary. The investigation level appropriate for each class of survey 
unit and type of measurement is shown in Table 5.8 and is described in Section 5.5.2.6. 

2 Rather than, or in addition to, taking further measurements the investigation may involve assessing the 
adequacy of the exposure pathway model used to obtain the DCGLs and area factors, and the consistency of the 
results obtained with the Historical Site Assessment and the scoping, characterization and remedial action support 
surveys. 
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8.2.6 Example 

To illustrate the data interpretation process, consider an example facility with 14 survey units 
consisting of interior concrete surfaces, one interior survey unit with drywall surfaces, and two 
exterior survey units. The contaminant of concern is 60Co. The interior surfaces were measured 
with a gas-flow proportional counter (see Appendix H) with an active surface area of 20 cm2 to 
determine total beta-gamma activity. Because these measurements are not radionuclide specific, 
appropriate reference areas were chosen for comparison. The exterior soil was measured with a 
germanium spectrometer to provide radionuclide-specific results. A reference area is not needed 
because 60Co does not have a significant background in soil. 

The exterior Class 3 survey unit incorporates areas that are not expected to contain residual 
radioactivity. The exterior Class 2 survey unit is similar to the Class 3 survey unit, but is 
expected to contain residual radioactivity below the DCGLW. The Class 1 Interior Concrete 
survey units are expected to contain small areas of elevated activity that may or may not exceed 
the DCGLW. The Class 2 Interior Drywall survey unit is similar to the Class 1 Interior Concrete 
survey unit, but the drywall is expected to have a lower background, less measurement 
variability, and a more uniform distribution of contamination. The Class 2 survey unit is not 
expected to contain areas of activity above the DCGLW. Section 8.3 describes the Sign test used 
to evaluate the survey units where the contaminant is not present in background. Section 8.4 
describes the WRS test used to evaluate the survey units where the contaminant is present in 
background. Section 8.5 discusses the evaluation of the results of the statistical tests and the 
decision regarding compliance with the release criterion. The survey design parameters and 
DQOs developed for these survey units are summarized in Table 8.3. 

Table 8.3 Final Status Survey Parameters for Example Survey Units 

Survey 
Unit Type 

DQO 
DCGL W 

Estimated Standard 
Deviation, � Test/Section 

� � Survey Reference 

Interior 
Concrete 

Class 1 .05 .05 5000 dpm 
per 100 cm2 

625 dpm 
per 100 cm2 

220 dpm 
per 100 cm2 

WRS/App. A 

Interior 
Drywall 

Class 2 .025 .05 5000 dpm 
per 100 cm2 

200 dpm 
per 100 cm2 

200 dpm 
per 100 cm2 

WRS/8.4.3 

Exterior Lawn Class 2 .025 .025 140 Bq/kg 3.8 Bq/kg N/A Sign/8.3.3 

Exterior Lawn Class 3 .025 .01 140 Bq/kg 3.8 Bq/kg N/A Sign/8.3.4 
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8.3 Contaminant Not Present in Background 

The statistical test discussed in this section is used to compare each survey unit directly with the 
applicable release criterion. A reference area is not included because the measurement technique 
is radionuclide-specific and the radionuclide of concern is not present in background (see Section 
8.2.6). In this case the contaminant levels are compared directly with the DCGLW. The method 
in this section should only be used if the contaminant is not present in background or is present at 
such a small fraction of the DCGLW value as to be considered insignificant. In addition, one-
sample tests are applicable only if radionuclide-specific measurements are made to determine the 
concentrations. Otherwise, the method in Section 8.4 is recommended. 

Reference areas and reference samples are not needed when there is sufficient information to 
indicate there is essentially no background concentration for the radionuclide being considered. 
With only a single set of survey unit samples, the statistical test used here is called a one-sample 
test. See Section 5.5 for further information appropriate to following the example and discussion 
presented here. 

8.3.1 One-Sample Statistical Test 

The Sign test is designed to detect uniform failure of remedial action throughout the survey unit. 
This test does not assume that the data follow any particular distribution, such as normal or 
log-normal. In addition to the Sign Test, the DCGLEMC (see Section 5.5.2.4) is compared to each 
measurement to ensure none exceeds the DCGLEMC. If a measurement exceeds this DCGL, then 
additional investigation is recommended, at least locally, to determine the actual areal extent of 
the elevated concentration. 

The hypothesis tested by the Sign test is 

Null Hypothesis

H0: The median concentration of residual radioactivity in the survey unit is greater than

the DCGLW


versus


Alternative Hypothesis

Ha: The median concentration of residual radioactivity in the survey unit is less than the

DCGLW


The null hypothesis is assumed to be true unless the statistical test indicates that it should be 
rejected in favor of the alternative.  The null hypothesis states that the probability of a 
measurement less than the DCGLW is less than one-half, i.e., the 50th percentile (or median) is 
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greater than the DCGLW. Note that some individual survey unit measurements may exceed the 
DCGLW even when the survey unit as a whole meets the release criterion. In fact, a survey unit 
average that is close to the DCGLW might have almost half of its individual measurements 
greater than the DCGLW. Such a survey unit may still not exceed the release criterion. 

The assumption is that the survey unit measurements are independent random samples from a 
symmetric distribution. If the distribution of measurements is symmetric, the median and the 
mean are the same. 

The hypothesis specifies a release criterion in terms of a DCGLW. The test should have sufficient 
power (1-�, as specified in the DQOs) to detect residual radioactivity concentrations at the Lower 
Boundary of the Gray Region (LBGR). If � is the standard deviation of the measurements in the 
survey unit, then �/� expresses the size of the shift (i.e., � = DCGLW - LBGR) as the number of 
standard deviations that would be considered “large” for the distribution of measurements in the 
survey unit. The procedure for determining �/� is given in Section 5.5.2.3. 

8.3.2 Applying the Sign Test 

The Sign test is applied as outlined in the following five steps, and further illustrated by the 
examples in Sections 8.3.3 and 8.3.4. 

1. List the survey unit measurements, Xi , i = 1, 2, 3..., N. 

2.	 Subtract each measurement, Xi , from the DCGLW

Di = DCGLW - Xi , i = 1, 2, 3..., N. 
to obtain the differences: 

3.	 Discard each difference that is exactly zero and reduce the sample size, N, by the number 
of such zero measurements. 

4.	 Count the number of positive differences. The result is the test statistic S+. Note that a 
positive difference corresponds to a measurement below the DCGL
evidence that the survey unit meets the release criterion. 

W and contributes 

5.	 Large values of S+ indicate that the null hypothesis (that the survey unit exceeds the 
release criterion) is false. The value of S+ is compared to the critical values in Table I.3. 
If S+ is greater than the critical value, k, in that table, the null hypothesis is rejected. 

8.3.3 Sign Test Example: Class 2 Exterior Soil Survey Unit 

For the Class 2 Exterior Soil survey unit, the one-sample nonparametric statistical test is 
appropriate since the radionuclide of concern does not appear in background and radionuclide
specific measurements were made. 
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Table 8.3 shows that the DQOs for this survey unit include � = 0.025 and � = 0.025. The 
DCGLW is 140 Bq/kg (3.8 pCi/g) and the estimated standard deviation of the measurements is � 
= 3.8 Bq/kg (0.10 pCi/g). Since the estimated standard deviation is much smaller than the 
DCGLW, the LBGR should be set so that �/� is about 3. 

If �/� = (DCGLW - LBGR)/� 
= 3 

then LBGR = DCGLW - 3� 
= 140 - (3 × 3.8) 
= 128 Bq/kg (3.5 pCi/g). 

Table 5.5 indicates the number of measurements estimated for the Sign Test, N, is 20 (� = 0.025,

� = 0.025, and �/� = 3). (Table I.2a in Appendix I also lists the number of measurements

estimated for the Sign test.) This survey unit is Class 2, so the 20 measurements needed were

made on a random-start triangular grid. When laying out the grid, 22 measurement locations

were identified.


The 22 measurements taken on the exterior lawn Class 2 survey unit are shown in the first

column of Table 8.4. The mean of these data is 129 Bq/kg (3.5 pCi/g) and the standard deviation

is 11 Bq/kg (0.30 pCi/g). Since the number of measurements is even, the median of the data is

the average of the two middle values (126+128)/2 = 127 Bq/kg (3.4 pCi/g). A Quantile Plot of

the data is shown in Appendix I.8, Figure I.3.


There are five measurements that exceed the DCGLW value of 140 Bq/kg: 142, 143, 145, 148,

and 148. However, none exceed the mean of the data plus three standard deviations: 

127 + (3 × 11) = 160 Bq/kg (4.3 pCi/g). Thus, these values appear to reflect the overall

variability of the concentration measurements rather than to indicate an area of elevated

activity—provided that these measurements were scattered through the survey unit. However, if

a posting plot demonstrates that the locations of these measurements are grouped together, then

that portion of the survey unit containing these locations merits further investigation.


The middle column of Table 8.4 contains the differences, DCGLW - Data, and the last column

contains the signs of the differences. The bottom row shows the number of measurements with

positive differences, which is the test statistic S+. In this case, S+ = 17.


The value of S+ is compared to the appropriate critical value in Table I.3. In this case, for N = 22

and � = 0.025, the critical value is 16. Since S+ = 17 exceeds this value, the null hypothesis that

the survey unit exceeds the release criterion is rejected.
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Table 8.4 Example Sign Analysis: Class 2 Exterior Soil Survey Unit 

Data 
(Bq/kg) 

DCGLW-Data 
(Bq/kg) Sign 

121 19 1 

143 -3 -1 

145 -5 -1 

112 28 1 

125 15 1 

132 8 1 

122 18 1 

114 26 1 

123 17 1 

148 -8 -1 

115 25 1 

113 27 1 

126 14 1 

134 6 1 

148 -8 -1 

130 10 1 

119 21 1 

136 4 1 

128 12 1 

125 15 1 

142 -2 -1 

129 11 1 

Number of positive differences S+ = 17 

8.3.4 Sign Test Example: Class 3 Exterior Soil Survey Unit 

For the Class 3 exterior soil survey unit, the one-sample nonparametric statistical test is again 
appropriate since the radionuclide of concern does not appear in background and radionuclide
specific measurements were made. 

Table 8.3 shows that the DQOs for this survey unit include � = 0.025 and � = 0.01. The DCGLW 

is 140 Bq/kg (3.8 pCi/g) and the estimated standard deviation of the measurements is � = 3.8 
Bq/kg (0.10 pCi/g). Since the estimated standard deviation is much smaller than the DCGLW, the 
lower bound for the gray region should be set so that �/� is about 3. 
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If �/� = (DCGLW - LBGR)/� 
= 3 

then LBGR = DCGLW - 3� 
= 140 - (3 × 4) 
= 128 Bq/kg (3.5 pCi/g). 

Table 5.5 indicates that the sample size estimated for the Sign Test, N, is 23 (� = 0.025, � = 0.01, 
and �/� = 3). This survey unit is Class 3, so the measurements were made at random locations 
within the survey unit. 

The 23 measurements taken on the exterior lawn are shown in the first column of Table 8.5. 
Notice that some of these measurements are negative (-0.37 in cell A6). This might occur if an 
analysis background (e.g., the Compton continuum under a spectrum peak) is subtracted to 
obtain the net concentration value. The data analysis is both easier and more accurate when 
numerical values are reported as obtained rather than reporting the results as “less than” or not 
detected. The mean of these data is 2.1 Bq/kg (0.057 pCi/g) and the standard deviation is 3.3 
Bq/kg (0.089 pCi/g). None of the data exceed 2.1 + (3 × 3.3) = 12.0 Bq/kg (0.32 pCi/g). Since 
N is odd, the median is the middle (12th highest) value, namely 2.6 Bq/kg (0.070 pCi/g). 

An initial review of the data reveals that every data point is below the DCGLW, so the survey unit 
meets the release criterion specified in Table 8.3. For purely illustrative purposes, the Sign test 
analysis is performed. The middle column of Table 8.5 contains the quantity DCGLW - Data. 
Since every data point is below the DCGLW, the sign of DCGLW - Data is always positive.  The 
number of positive differences is equal to the number of measurements, N, and so the Sign test 
statistic S+ is 23. The null hypothesis will always be rejected at the maximum value of S+ 
(which in this case is 23) and the survey unit passes. Thus, the application of the Sign test in 
such cases requires no calculations and one need not consult a table for a critical value. If the 
survey is properly designed, the critical value must always be less than N. 

Passing a survey unit without making a single calculation may seem an unconventional approach. 
However, the key is in the survey design which is intended to ensure enough measurements are 
made to satisfy the DQOs. As in the previous example, after the data are collected the 
conclusions and power of the test can be checked by constructing a retrospective power curve as 
outlined in Appendix I, Section I..9. 

One final consideration remains regarding the survey unit classification: “Was any definite 
amount of residual radioactivity found in the survey unit?” This will depend on the MDC of the 
measurement method. Generally the MDC is at least 3 or 4 times the estimated measurement 
standard deviation. In the present case, the largest observation, 9.3 Bq/kg (0.25 pCi/g), is less 
than three times the estimated measurement standard deviation of 3.8 Bq/kg (0.10 pCi/g). Thus, 
it is unlikely that any of the measurements could be considered indicative of positive 
contamination. This means that the Class 3 survey unit classification was appropriate. 
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Table 8.5 Sign Test Example Data for Class 3 Exterior Survey Unit 

A B C 

Data DCGLW-Data Sign 

3.0 137.0 1 

3.0 137.0 1 

1.9 138.1 1 

0.37 139.6 1 

-0.37 140.4 1 

6.3 133.7 1 

-3.7 143.7 1 

2.6 137.4 1 

3.0 137.0 1 

-4.1 144.1 1 

3.0 137.0 1 

3.7 136.3 1 

2.6 137.4 1 

4.4 135.6 1 

-3.3 143.3 1 

2.1 137.9 1 

6.3 133.7 1 

4.4 135.6 1 

-0.37 140.4 1 

4.1 135.9 1 

-1.1 141.1 1 

1.1 138.9 1 

9.3 130.7 1 

Number of positive differences S+ = 23 

If one determines that residual radioactivity is definitely present, this would indicate that the 
survey unit was initially mis-classified. Ordinarily, MARSSIM recommends a resurvey using a 
Class 1 or Class 2 design. If one determines that the survey unit is a Class 2, a resurvey might be 
avoided if the survey unit does not exceed the maximum size for such a classification. In this 
case, the only difference in survey design would be whether the measurements were obtained on 
a random or on a triangular grid. Provided that the initial survey’s scanning methodology is 
sufficiently sensitive to detect areas at DCGLW without the use of an area factor, this difference 
in the survey grids alone would not affect the outcome of the statistical analysis. Therefore, if the 
above conditions were met, a resurvey might not be necessary. 
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8.4 Contaminant Present in Background 

The statistical tests discussed in this section will be used to compare each survey unit with an 
appropriately chosen, site-specific reference area. Each reference area should be selected on the 
basis of its similarity to the survey unit, as discussed in Section 4.5. 

8.4.1 Two-Sample Statistical Test 

The comparison of measurements from the reference area and survey unit is made using the 
Wilcoxon Rank Sum (WRS) test (also called the Mann-Whitney test). The WRS test should be 
conducted for each survey unit. In addition, the EMC is performed against each measurement to 
ensure that it does not exceed a specified investigation level.  If any measurement in the 
remediated survey unit exceeds the specified investigation level, then additional investigation is 
recommended, at least locally, regardless of the outcome of the WRS test. 

The WRS test is most effective when residual radioactivity is uniformly present throughout a 
survey unit.  The test is designed to detect whether or not this activity exceeds the DCGLW. The 
advantage of the nonparametric WRS test is that it does not assume that the data are normally or 
log-normally distributed. The WRS test also allows for “less than” measurements to be present 
in the reference area and the survey units. As a general rule, the WRS test can be used with up to 
40 percent “less than” measurements in either the reference area or the survey unit.  However, the 
use of “less than” values in data reporting is not recommended as discussed in Section 2.3.5. 
When possible, report the actual result of a measurement together with its uncertainty. 

The hypothesis tested by the WRS test is 

Null Hypothesis

H0:  The median concentration in the survey unit exceeds that in the reference area by

more than the DCGLW


versus


Alternative Hypothesis

Ha:  The median concentration in the survey unit exceeds that in the reference area by less

than the DCGLW


The null hypothesis is assumed to be true unless the statistical test indicates that it should be 
rejected in favor of the alternative. One assumes that any difference between the reference area 
and survey unit concentration distributions is due to a shift in the survey unit concentrations to 
higher values (i.e., due to the presence of residual radioactivity in addition to background). 
Note that some or all of the survey unit measurements may be larger than some reference area 
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measurements, while still meeting the release criterion. Indeed, some survey unit measurements 
may exceed some reference area measurements by more than the DCGLW. The result of the 
hypothesis test determines whether or not the survey unit as a whole is deemed to meet the 
release criterion. The EMC is used to screen individual measurements. 

Two assumptions underlying this test are: 1) samples from the reference area and survey unit are 
independent, identically distributed random samples, and 2) each measurement is independent of 
every other measurement, regardless of the set of samples from which it came. 

8.4.2 Applying the Wilcoxon Rank Sum Test 

The WRS test is applied as outlined in the following six steps and further illustrated by the 
examples in Section 8.4.3 and Appendix A. 

1.	 Obtain the adjusted reference area measurements, Zi , by adding the DCGLW to each 
reference area measurement, Xi . Zi = Xi +DCGLW 

2.	 The m adjusted reference sample measurements, Zi , from the reference area and the n 
sample measurements, Yi , from the survey unit are pooled and ranked in order of 
increasing size from 1 to N, where N = m+n. 

3.	 If several measurements are tied (i.e., have the same value), they are all assigned the 
average rank of that group of tied measurements. 

4.	 If there are t “less than” values, they are all given the average of the ranks from 1 to t. 
Therefore, they are all assigned the rank t(t+1)/(2t) = (t+1)/2, which is the average of the 
first t integers. If there is more than one detection limit, all observations below the largest 
detection limit should be treated as “less than” values.3 

5.	 Sum the ranks of the adjusted measurements from the reference area, Wr . Note that since 
the sum of the first N integers is N(N+1)/2, one can equivalently sum the ranks of the 
measurements from the survey unit, Ws , and compute Wr = N(N+1)/2 - Ws. 

6. Compare Wr with the critical value given in Table I.4 for the appropriate values of n, m, 
and �. If Wr is greater than the tabulated value, reject the hypothesis that the survey unit 
exceeds the release criterion. 

3 If more than 40 percent of the data from either the reference area or survey unit are “less than,” the WRS test 
cannot be used. Such a large proportion of non-detects suggest that the DQO process be re-visited for this survey to 
determine if the survey unit was properly classified or the appropriate measurement method was used. As stated 
previously, the use of “less than” values in data reporting is not recommended. Wherever possible, the actual result 
of a measurement, together with its uncertainty, should be reported. 
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8.4.3 Wilcoxon Rank Sum Test Example: Class 2 Interior Drywall Survey Unit 

In this example, the gas-flow proportional counter measures total beta-gamma activity (see 
Appendix H) and the measurements are not radionuclide specific. The two-sample 
nonparametric test is appropriate for the Class 2 interior drywall survey unit because gross beta-
gamma activity contributes to background even though the radionuclide of interest does not 
appear in background. 

Table 8.3 shows that the DQOs for this survey unit include � = 0.025 and � = 0.05. The DCGLW 

is 8,300 Bq/m2 (5,000 dpm per 100 cm2) and the estimated standard deviation of the 
measurements is about � = 1,040 Bq/m2 (625 dpm per 100 cm2). The estimated standard 
deviation is 8 times less than the DCGLW. With this level of precision, the width of the gray 
region can be made fairly narrow. As noted earlier, sample sizes do not decrease very much once 
�/� exceeds 3 or 4. In this example, the lower bound for the gray region was set so that �/� is 
about 4. 

If �/� = (DCGLW - LBGR)/� 
= 4 

then LBGR = DCGLW - 4� 
= 8,300 - (4 × 1,040) 
= 4,100 Bq/m2 (2,500 dpm per 100 cm2). 

In Table 5.3, one finds that the number of measurements estimated for the WRS test is 11 in each 
survey unit and 11 in each reference area (� = 0.025, � = 0.05, and �/� = 4). (Table I.2b in 
Appendix I also lists the number of measurements estimated for the WRS test.) This survey unit 
was classified as Class 2, so the 11 measurements needed in the survey unit and the 11 
measurements needed in the reference area were made using a random-start triangular grid.4 

Table 8.6 lists the data obtained from the gas-flow proportional counter in units of counts per 
minute. A reading of 160 cpm with this instrument corresponds to the DCGLW of 8,300 Bq/m2 

(5,000 dpm per 100 cm2). Column A lists the measurement results as they were obtained. The 
average and standard deviation of the reference area measurements are 44 and 4.4 cpm, 
respectively.  The average and standard deviation of the survey unit measurements are 98 and 5.3 
cpm, respectively. 

4A random start systematic grid is used in Class 2 and 3 survey units primarily to limit the size of any potential 
elevated areas. Since areas of elevated activity are not an issue in the reference areas, the measurement locations 
can be either random or on a random start systematic grid (see Section 5.5.2.5). 
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Table 8.6 WRS Test for Class 2 Interior Drywall Survey Unit 

A B C D E 

1 
Data 
(cpm) 

Ar ea Adjusted 
Data 

Ranks Reference Area 
Ranks 

2 49 R 209 22 22 

3 35 R 195 12 12 

4 45 R 205 17.5 17.5 

5 45 R 205 17.5 17.5 

6 41 R 201 14 14 

7 44 R 204 16 16 

8 48 R 208 21 21 

9 37 R 197 13 13 

10 46 R 206 19 19 

11 42 R 202 15 15 

12 47 R 207 20 20 

13 104 S 104  9.5 0 

14 94 S 94 4 0 

15 98 S 98 6 0 

16 99 S 99 7 0 

17 90 S 90 1 0 

18 104 S 104  9.5 0 

19 95 S 95 5 0 

20 105 S 105 11 0 

21 93 S 93 3 0 

22 101 S 101 8 0 

23 92 S 92 2 0 

24 Sum = 253 187 

In column B, the code “R” denotes a reference area measurement, and “S” denotes a survey unit 
measurement. Column C contains the Adjusted Data. The Adjusted Data are obtained by adding 
the DCGLW to the reference area measurements (see Section 8.4.2, Step 1). The ranks of the 
adjusted data appear in Column D. They range from 1 to 22, since there is a total of 11+11 
measurements (see Section 8.4.2, Step 2). 

Note that there were two cases of measurements tied with the same value, at 104 and 209. Each 
tied measurement is always assigned the average of the ranks. Therefore, both measurements at 
104, are assigned rank (9+10)/2 = 9.5 (see Section 8.4.2, Step 3). Also note that the sum of all 
of the ranks is still 22(22+1)/2 = 253. Checking this value with the formula in Step 5 of Section 
8.4.2 is recommended to guard against errors in the rankings. 
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Column E contains only the ranks belonging to the reference area measurements. The total is 
187. This is compared with the entry for the critical value of 156 in Table I.4 for � = 0.025, with 
n = 11 and m =11. Since the sum of the reference area ranks is greater than the critical value, the 
null hypothesis (i.e., that the average survey unit concentration exceeds the DCGLW) is rejected. 

The analysis for the WRS test is very well suited to the use of a computer spreadsheet. The 
spreadsheet formulas used for the example above are given in Appendix I.10, Table I.11. 

8.4.4 Class 1 Interior Concrete Survey Unit 

As in the previous example, the gas-flow proportional counter measures total beta-gamma 
activity (see Appendix H) and the measurements are not radionuclide specific. The two-sample 
nonparametric test is appropriate for the Class 1 interior concrete survey unit because gross beta-
gamma activity contributes to background even though the radionuclide of interest does not 
appear in background. 

Appendix A provides a detailed description of the calculations for the Class 1 interior concrete 
survey unit. 

8.4.5 Multiple Radionuclides 

The use of the unity rule when there is more than one radionuclide to be considered is discussed 
in Appendix I.11. An example application appears in Section I.11.4. 

8.5 Evaluating the Results: The Decision 

Once the data and the results of the tests are obtained, the specific steps required to achieve site 
release depend on the procedures instituted by the governing regulatory agency and site-specific 
ALARA considerations. The following suggested considerations are for the interpretation of the 
test results with respect to the release limit established for the site or survey unit. Note that the 
tests need not be performed in any particular order. 

8.5.1 Elevated Measurement Comparison 

The Elevated Measurement Comparison (EMC) consists of comparing each measurement from 
the survey unit with the investigation levels discussed in Section 5.5.2.6 and Section 8.2.5. The 
EMC is performed for both measurements obtained on the systematic-sampling grid and for 
locations flagged by scanning measurements. Any measurement from the survey unit that is 
equal to or greater than an investigation level indicates an area of relatively high concentrations 
that should be investigated—regardless of the outcome of the nonparametric statistical tests. 
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The statistical tests may not reject H0 when only a very few high measurements are obtained in 
the survey unit. The use of the EMC against the investigation levels may be viewed as assurance 
that unusually large measurements will receive proper attention regardless of the outcome of 
those tests and that any area having the potential for significant dose contributions will be 
identified. The EMC is intended to flag potential failures in the remediation process. This 
should not be considered the primary means to identify whether or not a site meets the release 
criterion. 

The derived concentration guideline level for the EMC is: 

DCGLEMC ' Am × DCGLW 8-1 

where Am is the area factor for the area of the systematic grid area. Note that DCGLEMC is an a 
priori limit, established both by the DCGLW and by the survey design (i.e., grid spacing and 
scanning MDC). The true extent of an area of elevated activity can only be determined after 
performing the survey and taking additional measurements. Upon the completion of further 
investigation, the a posteriori limit, DCGLEMC = Am × DCGLW , can be established using the 
value of Am appropriate for the actual area of elevated concentration. The area of elevated 
activity is generally bordered by concentration measurements below the DCGLW. An individual 
elevated measurement on a systematic grid could conceivably represent an area four times as 
large as the systematic grid area used to define the DCGLEMC. This is the area bounded by the 
nearest neighbors of the elevated measurement location. The results of the investigation should 
show that the appropriate DCGLEMC is not exceeded. Area factors are discussed in Section 
5.5.2.4. 

If measurements above the stated scanning MDC are found by sampling or by direct 
measurement at locations that were not flagged by the scanning survey, this may indicate that the 
scanning method did not meet the DQOs. 

The preceding discussion primarily concerns Class 1 survey units. Measurements exceeding 
DCGLW in Class 2 or Class 3 areas may indicate survey unit mis-classification. Scanning 
coverage for Class 2 and Class 3 survey units is less stringent than for Class 1. If the 
investigation levels of Section 8.2.5 are exceeded, an investigation should: 1) ensure that the area 
of elevated activity discovered meets the release criterion, and 2) provide reasonable assurance 
that other undiscovered areas of elevated activity do not exist. If further investigation determines 
that the survey unit was mis-classified with regard to contamination potential, then a resurvey 
using the method appropriate for the new survey unit classification may be appropriate. 
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8.5.2 Interpretation of Statistical Test Results 

The result of the statistical test is the decision to reject or not to reject the null hypothesis. 
Provided that the results of investigations triggered by the EMC were resolved, a rejection of the 
null hypothesis leads to the decision that the survey unit meets the release criterion. However, 
estimating the average residual radioactivity in the survey unit may also be necessary so that dose 
or risk calculations can be made. This estimate is designated �. The average concentration is 
generally the best estimator for � (EPA 1992g). However, only the unbiased measurements from 
the statistically designed survey should be used in the calculation of �. 

If residual radioactivity is found in an isolated area of elevated activity—in addition to residual 
radioactivity distributed relatively uniformly across the survey unit—the unity rule (Section 
4.3.3) can be used to ensure that the total dose is within the release criterion: 

� 
% 

(average concentration in elevated area & �)
< 1  

DCGLW (area factor for elevated area)(DCGLW) 

If there is more than one elevated area, a separate term should be included for each. When 
calculating � for use in this inequality, measurements falling within the elevated area may be 
excluded providing the overall average in the survey unit is less than the DCGLW. As an 
alternative to the unity rule, the dose or risk due to the actual residual radioactivity distribution 
can be calculated if there is an appropriate exposure pathway model available. Note that these 
considerations generally apply only to Class 1 survey units, since areas of elevated activity 
should not exist in Class 2 or Class 3 survey units. 

A retrospective power analysis for the test will often be useful, especially when the null 
hypothesis is not rejected (see Appendix I.9). When the null hypothesis is not rejected, it may be 
because it is in fact true, or it may be because the test did not have sufficient power to detect that 
it is not true. The power of the test will be primarily affected by changes in the actual number of 
measurements obtained and their standard deviation. An effective survey design will slightly 
overestimate both the number of measurements and the standard deviation to ensure adequate 
power. This insures that a survey unit is not subjected to additional remediation simply because 
the final status survey is not sensitive enough to detect that residual radioactivity is below the 
guideline level. When the null hypothesis is rejected, the power of the test becomes a somewhat 
moot question. Nonetheless, even in this case, a retrospective power curve can be a useful 
diagnostic tool and an aid to designing future surveys. 

8.5.3 If the Survey Unit Fails 

The guidance provided in MARSSIM is fairly explicit concerning the steps that should be taken 
to show that a survey unit meets release criteria. Less has been said about the procedures that 
should be used if at any point the survey unit fails. This is primarily because there are many 
different ways that a survey unit may fail the final status survey. The overall level of residual 
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radioactivity may not pass the nonparametric statistical tests. Further investigation following the 
elevated measurement comparison may show that there is a large enough area with a 
concentration too high to meet the release criterion. Investigation levels may have caused 
locations to be flagged during scanning that indicate unexpected levels of residual radioactivity 
for the survey unit classification. Site-specific information is needed to fully evaluate all of the 
possible reasons for failure, their causes, and their remedies. 

When a survey unit fails to demonstrate compliance with the release criterion, the first step is to 
review and confirm the data that led to the decision. Once this is done, the DQO Process 
(Appendix D) can be used to identify and evaluate potential solutions to the problem. The level 
of residual radioactivity in the survey unit should be determined to help define the problem. 
Once the problem has been stated the decision concerning the survey unit should be developed 
into a decision rule. Next, determine the additional data, if any, needed to document that the 
survey unit demonstrates compliance with the release criterion. Alternatives to resolving the 
decision statement should be developed for each survey unit that fails the tests. These 
alternatives are evaluated against the DQOs, and a survey design that meets the objectives of the 
project is selected. 

For example, a Class 2 survey unit passes the nonparametric statistical tests, but has several 
measurements on the sampling grid that exceed the DCGLW. This is unexpected in a Class 2 
area, and so these measurements are flagged for further investigation. Additional sampling 
confirms that there are several areas where the concentration exceeds the DCGLW. This indicates 
that the survey unit was mis-classified. However, the scanning technique that was used was 
sufficient to detect residual radioactivity at the DCGLEMC calculated for the sample grid. No 
areas exceeding the DCGLEMC where found. Thus, the only difference between the final status 
survey actually done, and that which would be required for a Class 1 area, is that the scanning 
may not have covered 100% of the survey unit area. In this case, one might simply increase the 
scan coverage to 100%. Reasons why the survey unit was misclassified should be noted. If no 
areas exceeding the DCGLEMC are found, the survey unit essentially demonstrates compliance 
with the release criterion as a Class 1 survey unit. 

If, in the example above, the scanning technique was not sufficiently sensitive, it may be possible 
to re-classify as Class 1 only that portion of the survey unit containing the higher measurements. 
This portion would be re-sampled at the higher measurement density required for a Class 1 
survey unit, with the rest of the survey unit remaining Class 2. 

A second example might be a Class 1 Survey unit that passes the nonparametric statistical tests 
and contains some areas that were flagged for investigation during scanning. Further 
investigation, sampling and analysis indicates one area is truly elevated. This area has a 
concentration that exceeds the DCGLW by a factor greater than the area factor calculated for its 
actual size. This area is then remediated. Remediation control sampling shows that the residual 
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radioactivity was removed, and no other areas were contaminated with removed material. In this 
case one may simply document the original final status survey, the fact that remediation was 
performed, the results of the remedial action support survey, and the additional remediation data. 
In some cases, additional final status survey data may not be needed to demonstrate compliance 
with the release criterion. 

As a last example, consider a Class 1 area which fails the nonparametric statistical tests. 
Confirmatory data indicates that the average concentration in the survey unit does exceed the 
DCGLW over a majority of its area. This indicates remediation of the entire survey unit is 
necessary, followed by another final status survey. Reasons for performing a final status survey 
in a survey unit with significant levels of residual radioactivity should be noted. 

These examples are meant to illustrate the actions that may be necessary to secure the release of a 
survey unit that has failed to meet the release criterion. The DQO Process should be revisited to 
plan how to attain the original objective, that is to safely release the survey unit by showing that 
it meets the release criterion. Whatever data are necessary to meet this objective will be in 
addition to the final status survey data already in hand. 

8.5.4 Removable Activity 

Some regulatory agencies may require that smear samples be taken at indoor grid locations as an 
indication of removable surface activity. The percentage of removable activity assumed in the 
exposure pathway models has a great impact on dose calculations. However, measurements of 
smears are very difficult to interpret quantitatively.  Therefore, the results of smear samples 
should not be used for determining compliance. Rather, they should be used as a diagnostic tool 
to determine if further investigation is necessary. 

8.6 Documentation 

Documentation of the final status survey should provide a complete and unambiguous record of 
the radiological status of the survey unit relative to the established DCGLs. In addition, 
sufficient data and information should be provided to enable an independent evaluation of the 
results of the survey including repeating measurements at some future time. The documentation 
should comply with all applicable regulatory requirements. Additional information on 
documentation is provided in Chapter 3, Chapter 5, Chapter 9, and Appendix N. 

Much of the information in the final status report will be available from other decommissioning 
documents. However, to the extent practicable, this report should be a stand-alone document 
with minimum information incorporated by reference. This document should describe the 
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instrumentation or analytical methods used, how the data were converted to DCGL units, the 
process of comparing the results to the DCGLs, and the process of determining that the data 
quality objectives were met. 

The results of actions taken as a consequence of individual measurements or sample 
concentrations in excess of the investigation levels should be reported together with any 
additional data, remediation, or re-surveys performed to demonstrate that issues concerning 
potential areas of elevated activity were resolved. The results of the data evaluation using 
statistical methods to determine if release criteria were satisfied should be described. If criteria 
were not met or if results indicate a need for additional data, appropriate further actions should 
be determined by the site management in consultation with the responsible regulatory agency. 
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EXAM PLE DATA INTERP RETATION CHECK LIST 

CONVERT DATA TO STANDARD UNITS 

_____ Structure activity in Bq/m2 (dpm/100 cm2) 
_____ Solid media (soil, etc.) activity in Bq/kg (pCi/g) 

EVALUATE ELEVATED MEASUREMENTS 

_____ Identify elevated data

_____ Compare data with derived elevated area criteria

_____ Determine need to remediate and/or reinvestigate elevated condition

_____ Compare data with survey unit classification criteria

_____ Determine need to investigate and/or reclassify


ASSESS SURVEY DATA


_____ Review DQOs and survey design

_____ Verify that data of adequate quantity and quality were obtained

_____ Perform preliminary assessments (graphical methods) for unusual or suspicious trends


or results—investigate further as appropriate 

PERFORM STATISTICAL TESTS


_____ Select appropriate tests for category of contaminant

_____ Conduct tests

_____ Compare test results against hypotheses

_____ Confirm power level of tests


COMPARE RESULTS TO GUIDELINES


_____ Determine average or median concentrations

_____ Confirm that residual activity satisfies guidelines


COMPARE RESULTS WITH DQOs* 

_____ Determine whether all DQOs are satisfied 
_____ Explain/describe deviations from design-basis DQOs 

__________________________ 
* ALARA may be included in the DQOs. 
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9.1 Introduction 

The goal of quality assurance and quality control (QA/QC) is to identify and implement sampling 
and analytical methodologies which limit the introduction of error into analytical data. For 
MARSSIM data collection and evaluation, a system is needed to ensure that radiation surveys 
produce results that are of the type and quality needed and expected for their intended use.  A 
quality system is a management system that describes the elements necessary to plan, implement, 
and assess the effectiveness of QA/QC activities. This system establishes many functions 
including: quality management policies and guidelines for the development of organization- and 
project-specific quality plans; criteria and guidelines for assessing data quality; assessments to 
ascertain effectiveness of QA/QC implementation; and training programs related to QA/QC 
implementation. A quality system ensures that MARSSIM decisions will be supported by 
sufficient data of adequate quality and usability for their intended purpose, and further ensures 
that such data are authentic, appropriately documented, and technically defensible. 

Any organization collecting and evaluating data for a particular program must be concerned with 
the quality of results. The organization must have results that: meet a well-defined need, use, or 
purpose; comply with program requirements; and reflect consideration of cost and economics. 
To meet the objective, the organization should control the technical, administrative, and human 
factors affecting the quality of results. Control should be oriented toward the appraisal, 
reduction, elimination, and prevention of deficiencies that affect quality. 

Quality systems already exist for many organizations involved in the use of radioactive materials. 
There are self-imposed internal quality management systems (e.g., DOE) or there are systems 
required by regulation by another entity (e.g., NRC) which require a quality system as a condition 
of the operating license.1  These systems are typically called Quality Assurance Programs. An 
organization may also obtain services from another organization that already has a quality system 
in place. When developing an organization-specific quality system, there is no need to develop 
new quality management systems, to the extent that a facility’s current Quality Assurance 
Program can be used. Standard ANSI/ASQC E4-1994 (ASQC 1995) provides national 
consensus quality standards for environmental programs. It addresses both quality systems and 
the collection and evaluation of environmental data. Annex B of ANSI/ASQC E4-1994 

1  Numerous quality assurance and quality control (QA/QC) requirements and guidance documents have been 
applied to environmental programs. Until now, each Federal agency has developed or chosen QA/QC requirements 
to fit its particular mission and needs. Some of these requirements include DOE Order 5700.6c (DOE 1991c); EPA 
QA/R-2 (EPA 1994f); EPA QA/R-5 (EPA 1994c); 10 CFR 50, App. B; NUREG-1293, Rev. 1 (NRC 1991); Reg 
Guide 4.15 (NRC 1979); and MIL-Q-9858A (DOD 1963). In addition, there are several consensus standards for 
QA/AC, including ASME NQA-1 (ASME 1989), and ISO 9000/ASQC Q9000 series (ISO 1987). ANSI/ASQC E4-
1994 (ASQC 1995) is a consensus standard specifically for environmental data collection. 
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(ASQC 1995) and Appendix K of MARSSIM illustrate how existing quality system documents 
compare with organization- and project-specific environmental quality system documents. 

Table 9.1 illustrates elements of a quality system as they relate to the Data Life Cycle. Applying a 
quality system to a project is typically done in three phases as described in Section 2.3: 1) the 
planning phase where the Data Quality Objectives (DQOs) are developed following the process 
described in Appendix D and documented in the Quality Assurance Project Plan (QAPP),2 2) the 
implementation phase involving the collection of environmental data in accordance with 
approved procedures and protocols, and 3) the assessment phase including the verification and 
validation of survey results as discussed in Section 9.3 and the evaluation of the environmental 
data using Data Quality Assessment (DQA) as discussed in Section 8.2 and Appendix E. 
Detailed guidance on quality systems is not provided in MARSSIM because a quality system 
should be in place and functioning prior to beginning environmental data collection activities. 

Table 9.1 The Elements of a Quality System Related 
to the Data Life Cycle 

Data Life Cycle Quality System Elements 

Planning Data Quality Objectives (DQOs) 
Quality Assurance Project Plans (QAPPs) 
Standard Operating Procedures (SOPs) 

Implementation QAPPs 
SOPs 
Data collection 
Assessments and audits 

Assessment Data validation and verification 
Data Quality Assessment (DQA) 

A graded approach bases the level of controls on the intended use of the results and the degree of 
confidence needed in their quality. Applying a graded approach may mean that some 
organizations (e.g., those using the simplified procedures in Appendix B) make use of existing 
plans and procedures to conduct surveys. For many other organizations, the need for cleanup and 
restoration of contaminated facilities may create the need for one or more QAPPs suitable to the 
special needs of environmental data gathering, especially as it relates to the demonstration of 
compliance with regulatory requirements. There may even be a need to update or revise an 
existing quality management system. 

2  The quality assurance project plan is sometimes abbreviated QAPjP. MARSSIM adopts the terminology and 
abbreviations used in ANSI/ASQC E4-1994 (ASQC 1995) and EPA QA/R-5 (EPA 1994c). 
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9.2 Development of a Quality Assurance Project Plan 

The Quality Assurance Project Plan (QAPP)3 is the critical planning document for any 
environmental data collection operation because it documents how QA/QC activities will be 
implemented during the life cycle of a project (EPA 1997a). The QAPP is the blueprint for 
identifying how the quality system of the organization performing the work is reflected in a 
particular project and in associated technical goals. This section provides information on how to 
develop a QAPP based on the DQO process. The results of the DQO process provide key inputs 
to the QAPP and will largely determine the level of detail in the QAPP. 

The consensus standard ANSI/ASQC E4-1994 (ASQC 1995) describes the minimum set of 
quality elements required to conduct programs involving environmental data collection and 
evaluation. Table 9.2 lists the quality elements for collection and evaluation of environmental 
data from ANSI/ASQC E4-1994. These quality elements are provided as examples that should 
be addressed when developing a QAPP. This table also includes references for obtaining 
additional information on each of these quality elements. Many of these elements will be 
addressed in existing documents, such as the organization’s Quality Assurance Program or 
Quality Management Plan. Each of these quality elements should be considered during survey 
planning to determine the degree to which they will be addressed in the QAPP. Additional 
quality elements may need to be added to this list as a result of organizational preferences or 
requirements of Federal and State regulatory authorities. For example, safety and health or 
public participation may be included as elements to be considered during the development of a 
QAPP. 

The QAPP should be developed using a graded approach as discussed in Section 9.1. In other 
words, existing procedures and survey designs can be included by reference. This is especially 
useful for sites using a simplified survey design process (e.g., surveys designed using 
Appendix B). 

A QAPP should be developed to document the results of the planning phase of the Data Life 
Cycle (see Section 2.3). The level of detail provided in the QAPP for relevant quality elements is 
determined using the DQO process during survey planning activities. Information that is already 
provided in existing documents does not need to be repeated in the QAPP, and can be included 
by reference (EPA 1997a). 

3  MARSSIM uses the term Quality Assurance Project Plan to describe a single document that incorporates all 
of the elements of the survey design. This term is consistent with ANSI/ASQC E4-1994 (ASQC 1995) and EPA 
guidance (EPA 1994c, EPA 1997a), and is recommended to promote consistency. The use of the term QAPP in 
MARSSIM does not exclude the use of other terms (e.g., Decommissioning Plan, Sampling and Analysis Plan, 
Field Sampling Plan) to describe survey planning documentation as long as the information in the documentation 
supports the objectives of the survey. 
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Table 9.2 Examples of QAPP Elements for Site Surveys and Investigations 

QAPP Element Information Source 

Planning and 
Scoping (reference 
the QA Manual for 
information on the 
quality system) 

ASQC 1995 
EPA 1994c 
EPA 1997a 
NRC 1997c 
EPA 1993d 

Part A, Sections 2.1 and 2.7; Part B, Section 3.1 
Sections A4, A5, A6 and A7 
Chapter III, Sections A4, A5, A6, and A7 
Chapter 14 
Project Objectives 

Design of Data 
Collection 
Operations 
(including training) 

ASQC 1995 
EPA 1994c 
EPA 1997a 
EPA 1993d 

Part A, Section 2.3; Part B, Section 3.2 
Sections A9 and B1 
Chapter III, Sections A9 and B1 
Sampling Design 

Implementation of 
Planned Operations 
(including 
documents and 
records) 

ASQC 1995 
EPA 1994c 
EPA 1997a 
NRC 1997c 
EPA 1993d 

Part A, Section 2.8; Part B, Section 3.3 
Sections A1, A2, A3, B2, B3, B4, B5, B6, B7, B8, B9, and B10 
Chapter III, Sections A1, A2, A3, B2, B3, B4, B5, B6, B7, B8, B9, and B10 
Chapter 5 
Sampling Execution, Sample Analysis 

Assessment and 
Response 

ASQC 1995 
EPA 1994c 
EPA 1997a 
EPA 1993d 

Part A, Section 2.9, Part B, Section 3.4 
Sections C1 and C2 
Chapter III, Sections C1 and C2 
Exhibit 3, Reference Box 3 

Assessment and 
Verification of 
Data Usability 

ASQC 1995 
EPA 1994c 
EPA 1997a 
NRC 1997c 
EPA 1993d 

Part B, Section 3.5 
Sections D1, D2, and D3 
Chapter III, Sections D1, D2, and D3 
Chapter 20, Appendix J, Appendix Q 
Assessment of Data Quality 

For example, the quality system description, personnel qualifications and requirements, and 
Standard Operating Procedures (SOPs) for the laboratory analysis of samples may simply be 
references to existing documents (e.g., Quality Management Plan, Laboratory Procedure 
Manual). SOPs for performing direct measurements with a specific instrument may be attached 
to the QAPP because this information may not be readily available from other sources. 

There is no particular format recommended for developing a QAPP. Figure 9.1 provides an 
example of a QAPP format presented in EPA QA/R-5 (EPA 1994c). Appendix K compares the 
quality elements presented in this example to the quality elements found in EPA QAMS-005-80 
(EPA 1980d), ASME NQA-1 (ASME 1989), DOE Order 5700.6c (DOE 1991c), MIL-Q-9858A 
(DOD 1963), and ISO 9000 (ISO 1987). 
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Project Management 
Title and Approval Sheet 
Table of Contents 
Distribution List 
Project/Task Organization 
Problem Definition/Background 
Project Task Description 
Quality Objectives and Criteria for Measurement Data 
Special Training Requirements/Certification 

Measurement/Data Acquisition 
Sampling Process Design (Experimental Design) 
Sampling Methods Requirements 
Sample Handling and Custody Requirements 
Analytical Methods Requirements 
Quality Control Requirements 
Instrument/Equipment Testing, Inspection, and Maintenance Requirements 
Instrument Calibration and Frequency 
Inspection/Acceptance Requirements for Supplies and Consumables 

Assessment/Oversight 
Assessments and Response Actions 
Reports to Management 

Data Validation and Usability 
Data Review, Validation, and Verification Requirements 
Validation and Verification Methods 
Reconciliation with User Requirements 

Figure 9.1 Example of a QAPP Format 

9.3 Data Assessment 

Assessment of environmental data is used to evaluate whether the data meet the objectives of the 
survey, and whether the data are sufficient to determine compliance with the DCGL (EPA 1992a, 
1992b, 1996a). The assessment phase of the Data Life Cycle consists of three phases: data 
verification, data validation, and Data Quality Assessment (DQA). This section provides 
guidance on verifying and validating data collected during a final status survey designed to 
demonstrate compliance with a dose- or risk-based regulation. Guidance on DQA is provided in 
Chapter 8 and Appendix E. As with all components of a successful survey, the level of effort 
associated with the assessment of survey data should be consistent with the objectives of the 
survey (i.e., a graded approach). 
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9.3.1 Data Verification 

Data verification ensures that the requirements stated in the planning documents (e.g., Quality 
Assurance Project Plan, Standard Operating Procedures) are implemented as prescribed. This 
means that deficiencies or problems that occur during implementation should be documented and 
reported. This also means that activities performed during the implementation phase are assessed 
regularly with findings documented and reported to management. Corrective actions undertaken 
should be reviewed for adequacy and appropriateness and documented in response to the 
findings. Data verification activities should be planned and documented in the QAPP. These 
assessments may include but are not limited to inspections, QC checks, surveillance, technical 
reviews, performance evaluations, and audits. 

To ensure that conditions requiring corrective actions are identified and addressed promptly, data 
verification activities should be initiated as part of data collection during the implementation 
phase of the survey. The performance of tasks by personnel is generally compared to a 
prescribed method documented in the SOPs, and is generally assessed using inspections, 
surveillance, or audits. Self-assessments and independent assessments may be planned, 
scheduled, and performed as part of the survey. Self-assessment also means that personnel doing 
work should document and report deficiencies or problems that they encounter to their 
supervisors or management. 

The performance of equipment such as radiation detectors or measurement systems such as an 
instrument and human operator can be monitored using control charts. Control charts are used to 
record the results of quantitative QC checks such as background and daily calibration or 
performance checks. Control charts document instrument and measurement system performance 
on a regular basis and identify conditions requiring corrective actions on a real time basis. 
Control charts are especially useful for surveys that extend over a significant period of time (e.g., 
weeks instead of days) and for equipment that is owned by a company that is frequently used to 
collect survey data. Surveys that are accomplished in one or two days and use rented instruments 
may not benefit significantly from the preparation and use of control charts. The use of control 
charts is usually documented in the SOPs. 

A technical review is an independent assessment that provides an in-depth analysis and 
evaluation of documents, activities, material, data, or items that require technical verification to 
ensure that established requirements are satisfied (ASQC 1995). A technical review typically 
requires a significant effort in time and resources and may not be necessary for all surveys. A 
complex survey using a combination of scanning, direct measurements, and sampling for 
multiple survey units is more likely to benefit from a detailed technical review than a simple 
survey design calling for relatively few measurements using one or two measurement techniques 
for a single survey unit. 
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9.3.2 Data Validation 

Data validation activities ensure that the results of data collection activities support the objectives 
of the survey as documented in the QAPP, or support a determination that these objectives 
should be modified. Data Usability is the process of ensuring or determining whether the quality 
of the data produced meets the intended use of the data (EPA 1992a, EPA 1997a). Data 
verification compares the collected data with the prescribed activities documented in the SOPs; 
data validation compares the collected data to the DQOs documented in the QAPP.  Corrective 
actions may improve data quality and reduce uncertainty, and may eliminate the need to qualify 
or reject data. 

9.3.2.1 Data Qualifiers 

Qualified data are any data that have been modified or adjusted as part of statistical or 
mathematical evaluation, data validation, or data verification operations (ASQC 1995). Data 
may be qualified or rejected as a result of data validation or data verification activities. Data 
qualifier codes or flags are often used to identify data that has been qualified. Any scheme used 
should be fully explained in the QAPP and survey documentation. The following are examples 
of data qualifier codes or flags derived from national qualifiers assigned to results in the contract 
laboratory program (CLP; EPA 1994g). 

U or <MDC	 The radionuclide of interest was analyzed for, but the radionuclide concentration 
was below the minimum detectable concentration (MDC). Section 2.3.5 
recommends that the actual result of the analysis be reported so this qualifier 
would inform the reader that the result reported is also below the MDC. 

J	 The associated value reported is a modified, adjusted, or estimated quantity. This 
qualifier might be used to identify results based on surrogate measurements (see 
Section 4.3.2) or gross activity measurements (e.g., gross alpha, gross beta). The 
implication of this qualifier is that the estimate may be inaccurate or imprecise 
which might mean the result is inappropriate for the statistical evaluation of the 
results. Surrogate measurements that are not inaccurate or imprecise may or may 
not be associated with this qualifier. It is recommended that the potential 
uncertainties associated with surrogate or gross measurements be quantified and 
included with the results. 

R	 The associated value reported is unusable. The result is rejected due to serious 
analytical deficiencies or quality control results. These data would be rejected 
because they do not meet the data quality objectives of the survey. 

O The associated value reported was determined to be an outlier. 
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9.3.2.2 Data Validation Descriptors 

Data validation is often defined by six data descriptors. These six data descriptors are 
summarized in Table 9.3 and discussed in detail in Appendix N. The decision maker or reviewer 
examines the data, documentation, and reports for each of the six data descriptors to determine if 
performance is within the limits specified in the DQOs during planning. The data validation 
process for each data descriptor should be conducted according to procedures documented in the 
QAPP. 

Table 9.3 Suggested Content or Consideration, Impact if Not Met, 
and Corrective Actions for Data Descriptors 

Data Descriptor 
Suggested Content 
or Consideration 

Impact if Not Met Corrective Action 

Reports to 
Decision Maker 

!  Site description 
!  Survey design with 
measurement locations 
!  Analytical method and detection 
limit 
!  Detection limits (MDCs) 
!  Background radiation data 
!  Results on per measurement 
basis, qualified for analytical 
limitations 
!  Field conditions for media and 
environment 
!  Preliminary reports 
!  Meteorological data, if indicated 
by DQOs 
!  Field reports 

!  Unable to perform a 
quantitative radiation 
survey and site 
investigation 

!  Request missing 
information 
!  Perform qualitative or 
semi-quantitative site 
investigation 

Documentation !  Chain-of-custody records 
!  SOPs 
!  Field and analytical records 
!  Measurement results related to 
geographic location 

!  Unable to identify 
appropriate concentration 
for survey unit 
measurements 
!  Unable to have 
adequate assurance of 
measurement results 

!  Request that locations be 
identified 
!  Resurveying or 
resampling 
!  Correct deficiencies 

Data Sources !  Historical data used meets 
DQO's 

!  Potential for Type I 
and Type II decision 
errors 
!  Lower confidence of 
data quality 

!  Resurveying, resampling, 
or reanalysis for unsuitable 
or questionable 
measurements 
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Table 9.3 (continued) 

Data Descriptor 
Suggested Content 
or Consideration 

Impact if Not Met Corrective Action 

Analytical 
Method and 
Detection Limit 

!  Routine methods used to 
analyze radionuclides of potential 
concern 

!  Unquantified 
precision and accuracy 
!  Potential for Type I 
and Type II decision 
errors 

!  Reanalysis 
!  Resurveying, resampling, 
or reanalysis 
!  Documented statements 
of limitation 

Data Review !  Defined level of data review for 
all data 

!  Potential for Type I 
and Type II decision 
errors 
!  Increased variability 
and bias due to analytical 
process, calculation 
errors, or transcription 
errors 

!  Perform data review 

Data Quality 
Indicators 

!  Surveying and sampling 
variability identified for each 
radionuclide 
!  QC measurements to identify 
and quantify precision and accuracy 
!  Surveying, sampling, and 
analytical precision and accuracy 
quantified 

!  Unable to quantify 
levels for uncertainty 
!  Potential for Type I 
and Type II decision 
errors 

!  Resurveying or 
resampling 
!  Perform qualitative site 
investigation 
!  Documented discussion 
of potential limitations 

Data collected should meet performance objectives for each data descriptor. If they do not, 
deviations should be noted and any necessary corrective action performed. Corrective action 
should be taken to improve data usability when performance fails to meet objectives. 
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APPENDIX A

Example of MARSSIM Applied to a Final Status Survey


A.1 Introduction 

This appendix presents the final status survey for a relatively simple example of a radiation site. 
Portions of this example appear earlier in Chapter 5 and Chapter 8. This appendix highlights the 
major steps for implementing a final status survey and gathering information needed to prepare a 
report. The report’s format will vary with the requirements of the responsible regulatory agency. 
The Final Status Survey Checklist given at the end of Section 5.5 serves as a general outline for 
this appendix—although not every point is discussed in detail. Chapters providing discussions 
on particular points are referenced at each step. This example presents detailed calculations for a 
single Class 1 survey unit. Section A.2 addresses the completion of steps 1-4 of the Data Quality 
Objectives (DQO) Process (see Appendix D, Sections D.1 to D.4). Section A.3 addresses the 
completion of steps 5-7 of the DQO Process (see Appendix D, Sections D.5 to D.7). Section A.4 
covers survey performance. Section A.5 discusses evaluating the survey results using Data 
Quality Assessment (DQA, see Appendix E). 

A.2 Survey Preparations 
(Chapter 3- Historical Site Assessment) 

The Specialty Source Manufacturing Company produced low-activity encapsulated sources of 
radioactive material for use in classroom educational projects, instrument calibration, and 
consumer products. The manufacturing process—conducted between 1978 and 1993—involved 
combining a liquid containing a known quantity of the radioactive material with a plastic binder. 
This mixture was poured into a metal form and allowed to solidify.  After drying, the form and 
plastic were encapsulated in a metal holder which was pressure sealed. A variety of 
radionuclides were used in this operation, but the only one having a half-life greater than 60 days 
was 60Co. Licensed activities were terminated as of April 1993 and stock materials containing 
residual radioactivity were disposed using authorized procedures. Decontamination activities 
included the initial identification and removal of contaminated equipment and facilities. The site 
was then surveyed to demonstrate that the radiological conditions satisfy regulatory agency 
criteria for release. 

A.2.1 Identify the Radionuclides of Concern 
(Section 4.3) 

More than 15 half-lives have passed for the materials with a half-life of 60 days or less. Based 
on radioactive decay and the initial quantities of the radionuclides, the quantities that could 
remain at the site are negligible. A characterization survey confirmed that no radioactive 
contaminants, other than 60Co, were present. 
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A.2.2 Determine Residual Radioactivity Limits (DCGLs) 
(Section 4.3) 

The objective of this survey is to demonstrate that residual contamination in excess of the release 
criterion is not present at the site. The DCGLW for 60Co used for evaluating survey results is 
8,300 Bq/m2 (5,000 dpm/100 cm2) for surface contamination of structures. The DCGLW for 
contamination in soil is 140 Bq/kg (3.8 pCi/g).1 

A.2.3 Classify Areas Based on Contamination Potential. 
(Section 4.4) 

This facility consists of one administration/manufacturing building situated on approximately 0.4 
hectares (1.0 acres) of land as shown in Figure A.1. The building is a concrete block structure on 
a poured concrete slab with a poured concrete ceiling.  The northern portion of the building 
housed the manufacturing operations, and consists of a high-bay area of approximately 20 m x 20 
m with a 7 m high ceiling.  The remainder of the building is single-story with numerous small 
rooms partitioned by drywall construction. This portion of the building, used for administration 
activities, occupies an area of approximately 600 m2 (20 m x 30 m). The license does not 
authorize use of radioactive materials in this area. Operating records and previous radiological 
surveys do not identify a potential for residual contamination in this section of the building. 
Figure A.2 is a drawing of the building. 

The property is surrounded by a chain-link security fence. At the northern end of the property, 
the surface is paved and was used as a parking lot for employees and for truck access to the 
manufacturing and shipping/receiving areas. The remainder of the property is grass-covered. 
There are no indications of incidents or occurrences leading to radioactive material releases from 
the building.  Previous surveys were reviewed and the results were determined to be appropriate 
for planning the final status survey. These surveys identified no radioactive contamination 
outside the building. 

A.2.4 Identify Survey Units 
(Section 4.6) 

Based on the results of other decommissioning surveys at the site and the operating history, the 
following survey units were used to design the final status survey. All of the interior survey units 
consist of concrete surfaces (either poured concrete or cinder block) with the exception of the 
administration areas which are drywall. The results of previous surveys demonstrated that the 
same reference area could be used to represent the poured concrete and cinder block surfaces. 

1  The DCGL values used in this appendix are meant to be illustrative examples and are not meant to be 
generally applied. 
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Structures 
Class 1 Floor and lower walls (up to 2 meters above the floor) of manufacturing 

area - 4 survey units of 140 m2 each. 

Class 2	 Upper walls (over 2 meters above the floor) of manufacturing area - 4 
survey units of 100 m2 each. 
Ceiling of manufacturing area - 4 survey units of 100 m2 each. 
Paved area outside manufacturing area roll-up door - 1 survey unit of 
60 m2. 

Class 3	 Floors and lower walls of administration areas - 1 survey unit. 
Remainder of paved surfaces - 1 survey unit. 

Land Areas 
Class 3 Lawn areas - 1 survey unit. 

A.2.5 Select Survey Instrumentation and Survey Techniques 
(Section 4.7, Chapter 6, Chapter 7, Appendix H, and Appendix M) 

For interior surfaces, direct measurements of gross beta activity were made using one minute 
counts on a gas flow proportional counter with an MDC of 710 Bq/m2 (425 dpm/100 cm2). This 
is actually less than 10% of the DCGL for 60Co. Surfaces were scanned using either a 573 cm2 

floor monitor with an MDC of 6,000 Bq/m2 (3,600 dpm/100 cm2) or a 126 cm2 gas flow 
proportional counter with an MDC of 3,300 Bq/m2 (2,000 dpm/100 cm2). 

Exterior soil surfaces were sampled and counted in a laboratory using a Ge spectrometer with an 
MDC of 20 Bq/kg (0.5 pCi/g). This is actually slightly greater than 10% of the DCGL for 60Co. 
Soil surfaces were scanned using a NaI(Tl) scintillator with an MDC of 185 Bq/kg (5.0 pCi/g) of 
60Co. 

Examples of scanning patterns used in each of the Class 1, 2, and 3 areas are shown in Figure 
A.3. 

A.2.6 Select Representative Reference (Background) Areas 
(Section 4.5) 

For the purposes of evaluating gross beta activity on structure surfaces, a building of similar 
construction was identified on the property immediately east of the site. This building served as 
a reference for surface activity measurements. Two reference areas—one for concrete surfaces 
and one for drywall surfaces—were required. Because 60Co is not a constituent of background 
and evaluation of the soil concentrations was radionuclide-specific, a reference area was not 
needed for the land area surveys. 
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Interior Concrete Survey Units Manufacturing Area Upper Walls and Ceiling 
Class 1 Floors - 100% Scan with Floor Monitor Class 2 Areas - 25% Scans with Gas Flow 
Class 1 Walls - 100% Scans with Gas Flow Proportional Counter 

Proportional Counter 

Administration/Office Areas Class 2 Paved Area - 100% Scan with Floor Monitor 
Class 3 Floors - 25% Scan with Floor Monitor Class 3 Paved Area - 25% Scan with NaI(Tl) 
Class 3 Walls - 25% Scan with Gas Flow Class 3 Lawn Area - 100% Scan with NaI(Tl) at Downspouts 

Proportional Counter and Edge of Pavement (Runoff Areas) 
10% Scan with NaI(Tl) on Remaining Lawn Area 

Figure A.3 Examples of Scanning Patterns for Each Survey Unit Classification 
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A.2.7 Prepare Area 
(Section 4.8) 

Prior to the survey, and as part of the decommissioning process, all internal partitions were 
removed from the manufacturing area. Other items removed include the radioactive material 
control exhaust system, a liquid waste collection system, and other furnishings and fixtures not 
considered an integral part of the structure. 

A.2.8 Establish Reference Coordinate Systems 
(Section 4.8.5) 

Land areas were gridded at 10 m intervals along north-south and east-west axes in preparation for 
the characterization survey as shown in Figure A.1. The grid was checked to verify its use for the 
final status survey. 

Structure surfaces were already gridded at 2 m intervals, incorporating the floors and the lower 2 
m of the walls. Figure A.4 is an example of the coordinate system installed for one of the Class 1 
interior concrete survey units. 

A.3 Survey Design 

A.3.1 Quantify DQOs 
(Section 2.3, Appendix D) 

The null hypothesis for each survey unit is that the residual radioactivity concentrations exceed 
the release criterion (Scenario A, Figure D.5). Acceptable decision error probabilities for 
testing the hypothesis were determined to be �=0.05 and �=0.05 for the Class 1 interior concrete 
survey units, and �=0.025 and �=0.05 for all other survey units. 

A.3.2 Construct the Desired Power Curve 
(Section 2.3, Appendix D.6, Appendix I.9) 

The desired power curve for the Class 1 interior concrete survey units is shown in Figure A.5. 
The gray region extends from 4,200 to 8,300 Bq/m2 (2,500 to 5,000 dpm/100 cm2). The survey 
was designed for the statistical test to have 95% power to decide that a survey unit containing 
less than 4,200 Bq/m2 (2,500 dpm/100 cm2) above background meets the release criterion. For 
the same test, a survey unit containing over 17,000 Bq/m2 (10,000 dpm/100 cm2) above 
background had less than a 2.5% probability of being released. 
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A.3.3 Specify Sample Collection and Analysis Procedures 
(Chapter 7) 

In the Class 3 exterior survey unit soil cores were taken to a depth of 7.5 cm (3 in.) based on 
development of DQOs, the conceptual site model, and the assumptions used to develop the 
DCGLs. Each sample was labeled with the location code, date and time of sampling, sealed in a 
plastic bag, and weighed prior to shipment to the analytical laboratory.  At the laboratory, the 
samples were weighed, dried, and weighed again. The samples were ground to a uniform particle 
size to homogenize the samples consistent with the modeling assumptions used to develop the 
DCGLs. One hundred gram (100 g) aliquots were gamma counted using a germanium detector 
with multichannel analyzer. 

The decision to use radionuclide-specific measurements for soil means that the survey of the 
Class 3 exterior soil surface survey unit was designed for use with the one-sample Sign test. 

A.3.4 Provide Information on Survey Instrumentation and Techniques 
(Chapter 6) 

A gas flow proportional counter with 20 cm2 probe area and 16% 4� response was placed on the 
surface at each direct measurement location, and a one minute count taken. Calibration and 
background were checked before and after each series of measurements. The DCGLW, adjusted 
for the detector size and efficiency, is: 

(5,000 dpm/100 cm2) (0.20) (0.16) = 160 cpm 

The decision to use total activity measurements for interior surfaces means that the survey of all 
the interior survey units was designed for use with the two-sample WRS test for comparison with 
an appropriate reference area. 

A.3.5 Determine Numbers of Data Points 
(Section 5.5.2.2) 

This facility contains 15 survey units consisting of interior concrete surfaces, interior drywall 
surfaces, exterior surface soil, and exterior paved surfaces. 

Concrete Surfaces 

The site has 12 interior concrete survey units to be compared with 1 reference area. The same 
type of instrument and method were used to perform measurements in each area. 
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The lower bound of the gray region is selected to be one-half the DCGL, and Type I and Type II 
error values (� and �) of 0.05 were selected. The number of samples/measurements to be 
obtained, based on the requirements of the statistical tests, was determined using Equation 5-1 in 
Section 5.5.2.2: 

(Z1&� % Z1&�)
2 

N ' A-2 
3(P & 0.5)2 

r 

From Table 5.2 it is found that Z1-� = Z1-� = 1.645 for � = � = 0.05. 

The parameter Pr depends on the relative shift, �/�. The width of the gray region, �, in Figure 
A.5 is 4,200 Bq/m2 (2,500 dpm/100 cm2), which corresponds to 80 cpm. Data from previous 
scoping and characterization surveys indicate that the background level is 45 ± 7 (1�) cpm. The 
standard deviation of the contaminant in the survey unit (�s) is estimated at ± 20 cpm. When the 
estimated standard deviation in the reference area and the survey units are different, the larger 
value should be used to calculate the relative shift. Thus, the value of the relative shift, �/�, is 
(160-80)/20 or 4.2  From Table 5.1, the value of Pr is approximately 1.000. 

The number of data points for the WRS test of each combination of reference area and survey 
units according to the allocation formula was: 

N ' 
(1.645%1.645)2 

' 14.4 A-3 
3(1.000&0.5)2 

Adding an additional 20% and rounding up yielded 18 data points total for the reference area and 
each survey unit combined. Note that the same result is obtained by simply using Table 5.3 or 
Table I.2b with � = � = 0.05 and �/� = 4. Of this total number, 9 were planned from the 
reference area and 9 from each survey unit.  The total number of measurements calculated based 
on the statistical tests was 9 + (12)(9) = 117. 

A.3.6 Evaluate the power of the statistical tests against the DQOs. 
(Appendix I.9.2) 

Using Equation I-8, the prospective power expected of the WRS test was calculated using the 
fact that 9 samples were planned in each of the survey units and the reference area. The value of 
�s was taken to be 20 cpm, the larger of the two values anticipated for the reference area (7 cpm) 
and the survey unit (20 cpm). This prospective power curve is shown in Figure A.6. 

2  Ordinarily �/� would be adjusted to a value between 1 and 3. For this example the adjustment was not 
made. 
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Figure A.6 Prospective Power Curve for the Class 1 Interior Concrete Survey Unit 

A.3.7 Ensure that the Sample Size is Sufficient for Detecting Areas of Elevated Activity 
(Chapter 5.5.2.4) 

The Class 1 concrete interior survey units each have an area of 140 m2 (Figure A.7). The 
distance between measurement locations in these survey units was: 

L ' 
A 

' 
140 

' 4.2 m A-4 
0.866n 0.866 (10) 

MARSSIM, Revision 1 A-12 August 2000 



Appendix A 

FLOOR
WEST 
WALL 

NORTH WALL 
12 

10 

8 

6 

4 

2 

0 

0 2 4 6 8 10 12 

DIRECT MEASUREMENT LOCATION 
N 

RANDOM START LOCATION 

FEET
0 12 

0 4 
METERS 

Figure A.7 Measurement Grid for the Class 1 Interior Concrete Survey Unit 
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The result for L was rounded down to the nearest meter, giving L = 4 m. This resulted in an area 
between sampling points of 0.866L2 = 13.9 m2. The DCGLW of 8,300 Bq/m2 (5,000 dpm/100 
cm2) was well above the scanning MDC of 6,000 Bq/m2 (3,600 dpm/100 m2) for the least 
sensitive of the two scanning instruments (the floor monitor). Therefore, no adjustment to the 
number of data points to account for areas of elevated activity was necessary. 

A.3.8 Specify Sampling Locations 
(Chapter 5.5.2.5) 

Two random numbers between zero and one were generated to locate the random start for the 
sampling grid. Using Table I.6 in Appendix I, 0.322467 and 0.601951 were selected. The 
random start for triangular sampling pattern was found by multiplying these numbers by the 
length of the reference grid X and Y axes: 

X = 0.322467 x 12 m = 3.9 A-5 
Y = 0.601951 x 12 m = 7.2 A-6 

The first row of measurement locations was laid out at 4m intervals parallel to one axis of the 
reference grid. The second row was positioned (0.866)(4) = 3.5 m from the first row, with 
measurement locations offset by 2 m from those in the first row. The measurement grid is shown 
in Figure A.7. When the measurement grid was constructed it was found that 10 measurement 
locations were identified within the boundaries of the survey unit, which is greater than the 9 
measurement locations calculated to be required for the statistical test. Because the spacing 
between the measurements (L) is important for identifying areas of elevated activity, all of the 
identified sampling locations should be used. 

A.3.9 Develop Quality Control Procedures 
(Section 4.9) 

A.3.10 Document Results of Planning into a Quality Assurance Project Plan 
(Section 9.2) 

A.4 Conducting Surveys 

A.4.1 Perform Reference (Background) Area Measurements and Scanning 
(Chapter 6) 

A.4.2 Collect and Analyze Samples 
(Chapter 7) 

MARSSIM, Revision 1 A-14 August 2000 



Appendix A 

A.5 Evaluating Survey Results 

A.5.1 Perform Data Quality Assessment 
(Chapter 8.2) 

The data from the one Class 1 interior concrete survey unit and its associated reference area are 
given in Table A.1. Since ten sampling locations were identified, ten results are listed for the 
survey unit.3  The average measurement in the survey unit is 206 cpm, and in the reference area 
the average is 46 cpm.  The means and the medians are nearly equal in both cases. The standard 
deviations are also consistent with those estimated during the survey design. The survey unit 
clearly contains residual radioactivity close to the DCGLW of 160 cpm (calculated using 
Equation A-1). 

Table A.1 Class 1 Interior Concrete Survey Unit and Reference Area Data 

Reference Area 
(cpm) 

Survey Unit 
(cpm) 

45 205 

36 207 

32 203 

57 196 

46 211 

60 208 

39 172 

45 216 

53 233 

42 209 

mean 46 206 

standard deviation 9 15.4 

median 45 207.5 

3 There are also ten results listed for the reference area. This is only because there were also ten locations 
identified there when the grid was laid out. Had nine locations been found, the survey would proceed using those nine 
locations. There is no requirement that the number of sampling locations in the survey unit and reference area be equal. 
It is only necessary that at least the minimum number of samples required for the statistical tests is obtained in each. 
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The stem and leaf displays (see Appendix I.7) for the data appear in Table A.2. They indicate 
that the data distributions are unimodal with no notable asymmetry.  There are two noticeably 
extreme values in the survey unit data set, at 172 and 233 cpm. These are both about 2 standard 
deviations from the mean. A check of the data logs indicated nothing unusual about these points, 
so there was no reason to conclude that these values were due to anything other than random 
measurement variability. 

Table A.2 Stem and Leaf Displays for Class 1 Interior Concrete Survey Unit 

Reference Area 

30 6 2 9 

40 5 5 6 2 

50 7 3 

60 0 

Survey Unit 

170 2 

180 

190 6 

200 5 

210 1 6 

220 

230 3 

9 8 3 7 

A Quantile-Quantile plot (see Appendix I.8) of this data, shown in Figure A.8, is consistent with 
these conclusions. The median and spread of the survey unit data are clearly above those in the 
reference area. The middle part of the curve has no sharp rises. However, the lower and upper 
portion of the curve both show a steep rise due to the two extreme measurements in the survey 
unit data set. 

A.5.2 Conduct Elevated Measurement Comparison 
(Section 8.5.1) 

The DCGLW is 160 cpm above background. Based on an area between measurement locations 
13.9 m2 for L = 4 m, the area factor (from Table 5.7) is approximately 1.5. This means the 
DCGLEMC is 240 cpm above background. Even without subtracting the average background 
value of 46, there were no survey unit measurements exceeding this value. All of the survey unit 
measurements exceed the DCGLW and six exceed 206 cpm—the DCGLW plus the average 
background. If any of these data exceeded three standard deviations of the survey unit mean, they 
might have been considered unusual, but this was not the case. Thus, while the amount of 
residual radioactivity appeared to be near the release criterion, there was no evidence of smaller 
areas of elevated residual radioactivity. 
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Quantile-Quantile Plot: Class 1 Interior Concrete 
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Figure A.8 Quantile-Quantile Plot for the Class 1 Interior Concrete Survey Unit 

A.5.3 Conduct Statistical Tests 
(Section 8.3, 8.4) 

For the Class 1 interior concrete survey unit, the two-sample nonparametric statistical tests of 
Section 8.4 were appropriate since, although the radionuclide of concern does not appear in 
background, radionuclide specific measurements were not made. This survey unit was classified 
as Class 1, so the 10 measurements performed in the reference area and the 10 measurements 
performed in the survey unit were made on random start triangular grids. 

Table A.3 shows the results of the twenty measurements in the first column. The average and 
standard deviation of the reference area measurements were 46 and 9, respectively.  The average 
and standard deviation of the survey unit measurements were 206 and 15, respectively. 
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Table A.3 WRS Test for Class 1 Interior Concrete Survey Unit 

Data Area 
Adjusted 

Data 
Ranks 

Reference Area 
Ranks 

45 R 205 7.5 7.5 

36 R 196 4 4 

32 R 192 3 3 

57 R 217 15 15 

46 R 206 9 9 

60 R 220 16 16 

39 R 199 5 5 

45 R 205 7.5 7.5 

53 R 213 13 13 

42 R 202 6 6 

211 S 211 12 0 

208 S 208 10 0 

172 S 172 1 0 

216 S 216 14 0 

233 S 233 18 0 

209 S 209 11 0 

237 S 237 19 0 

176 S 176 2 0 

253 S 253 20 0 

229 S 229 17 0 

Sum= 210 86 

The analysis proceeded as described in Section 8.6.3. In the “Area” column, the code "R" is 
inserted to denote a reference area measurement, and "S" to denote a survey unit measurement. 
In the “Data” column, the data were simply listed as obtained. The Adjusted Data were obtained 
by adding the DCGLW to the reference area measurements and leaving the survey unit 
measurements unchanged. The ranks of the Adjusted Data appear in the “Ranks” column. They 
range from 1 to 20, since there is a total of 20 (10+10) measurements. The sum of all of the 
ranks is 20(20+1)/2 = 210. It is recommended to check this value as a guard against errors in the 
rankings. 

The “Reference Area Ranks” column contains only the ranks belonging to the reference area 
measurements. The total is 86. This was compared with the entry in Table I.4 for � = 0.05, with 
n = 10 and m =10. This critical value is 127. Thus, the sum of the reference area ranks was less 
than the critical value and the null hypothesis—that the survey unit concentrations exceed the 
DCGLW—was accepted. 
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Again, as in Section 8.6.3, the retrospective power curve for the WRS test was constructed as 
described in Appendix I.9, using Equations I-8, I-9, and I-10, together with the actual number of 
concentration measurements obtained, N. The power as a function of �/s was calculated using 
the observed standard deviation, s = 15.4, in place of �. The values of �/� were converted to 
cpm using: 

cpm = DCGLW - (�/�)(observed standard deviation) A-7 

The results for this example are plotted in Figure A.9, showing the probability that the survey 
unit would have passed the release criterion using the WRS test versus cpm of residual 
radioactivity. This curve shows that the data quality objectives were easily met. The curve 
shows that a survey unit with less than about 130 cpm above background would almost always 
pass and that a survey unit with more than about 170 cpm above background would almost 
always fail. 

A.5.4 Estimate Amount of Residual Radioactivity 
(Chapter 8.5.2.1) 

The amount of residual radioactivity in the survey unit above background was estimated 
following the WRS test using the difference between the mean measurement in the survey unit 
and the mean measurement in the reference area: � = 206 - 46 = 160. This was converted to a 
surface area activity concentration of 8,300 Bq/m2 (5,000 dpm/100 cm2), which is just at the 
limiting value, DCGLW. 

The difference in the median measurements (207.5 - 45 = 162.5) was converted to a surface 
activity concentration of 8,500 Bq/m2 (5,100 dpm/100 cm2). This slightly exceeds the DCGLW. 
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Figure A.9 Retrospective Power Curve for the Class 1 Interior Concrete Survey Unit 
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SIMPLI FIED PROCEDURE FOR CERTAI N USERS OF 
SEALED SOURCES, SHORT HALF-LIFE MATERIALS, 

AND SMALL QUANTI TIES 

A large number of users of radioactive materials may use a simplified procedure to demonstrate

regulatory compliance for decommissioning, avoiding complex final status surveys. Sites that

qualify for simplified decommissioning procedures are those where radioactive materials have

been used or stored only in the form of: non-leaking, sealed sources; short half-life radioactive

materials (e.g., t1/2 # 120 days) that have since decayed to insignificant quantities; small quantities

exempted or not requiring a specific license from a regulatory authority; or combinations of the

above. 


The user of a site that may qualify for implementation of a simplified procedure should provide

the regulatory authority with a minimum of: (1) a certification that no residual radioactive

contamination attributable to the user's activities is detectable by generally accepted survey

methods for decommissioning; and (2) documentation on the disposal of nuclear materials, such

as the information required in Form NRC-314 (Certification of Disposition of Materials). This

minimum information may be used by the regulatory authority to document protection of both

the public health and safety and the environment, based on the transfer, decay, or disposal of

radioactive material in some authorized manner.


Normally, the absence of radioactive contamination can be demonstrated by: (1) documenting the

amounts, kinds and uses of radionuclides as well as the processes involved; (2) conducting a

radiation survey of the site; and (3) submitting a report on this survey. More specifically, a user

of a qualified site should document from process knowledge and the nature of the use that either

no or unmeasurable quantities of radioactive material remain onsite—whether on surfaces,

buried, imbedded, submersed, or dissolved. The submittal to the regulatory authority should

include possession history, use of the radioactive materials, and, if applicable, results of all leak

tests. Where only small quantities or short half-life materials were handled, the regulatory

authority may consider the documentation on a case-by-case basis.


For those sites where a simple final status survey is conducted to demonstrate compliance with

the release criterion, the following information should be included in the final status survey

report:


! basis for selecting the instrumentation used for the survey

! nature of the radionuclides surveyed

! measurement techniques and instruments used, including references for procedures and


protocols used to perform the measurements 
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! minimum detectable concentrations (MDCs) of the instruments and measurement systems 
used to perform the measurements 

! calibration, field testing, and maintenance of the instrumentation 
! qualifications of the personnel using the instrumentation 
! methods used to interpret the survey measurements 
! qualifications of the personnel interpreting the survey measurements 
! measurement results and measurement locations including the operator’s name, 

instrument model and serial number, date the measurement was performed, and 
traceability of the measurement location 

The number of measurements in each survey unit and each reference area can be determined 
using Table 5.3 for sites where the radionuclide of potential interest is present in background. 
The number of measurements for each survey unit where the radionuclide is not present in 
background can be determined using Table 5.5. Values for acceptable decision error levels (� 
and �) and the relative shift (�/�) can be determined as described in Section 5.5.2. For sites 
where the simplified approach in this appendix is appropriate, reasonably conservative values for 
these parameters would be � = 0.05, � = 0.05, and �/� = 1. After increasing the number of 
measurements by 20% to ensure adequate power for the statistical tests, Table 5.3 and Table 5.5 
list a value of approximately 30 measurements for each survey unit and each reference. 
Therefore, 30 measurements may be used in place of the guidance in Section 5.5.2 at sites that 
qualify for the simplified survey design process. 

The results of the survey should be compared to derived concentration guideline levels (DCGLs) 
using an appropriate statistical test, such as the Student's t test or Wilcoxon test. If all 
measurements are less than the DCGLW, then the statistics do not need to be addressed because 
the conclusions are obvious. If the mean of the measurements exceeds the DCGLW, the survey 
unit obviously fails to demonstrate compliance and the statistics do not need to be addressed. 

Radiation levels and concentrations should be reported as follows: 

!	 For external dose rates, units of: 
- milli-Sieverts (micro-rem) per hour at one meter from surfaces; 

!	 For levels of radioactive materials, including alpha and beta measurements, units of: 
- Bq/m2 (dpm/100 cm2, pCi/100 cm2) (removable and fixed) for surfaces; 
- Bq/L (pCi/mL) for water; 
- Bq/kg (pCi/g) for solids such as soils or concrete. 
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APPENDIX C

REGULATIONS AND REQUIREMENTS ASSOCIATED WITH 


RADIATION SURVEYS AND SITE INVESTIGATIONS1


C.1 EPA Statutory Authorities 

The U.S. Environmental Protection Agency administers several statutes that address various 
aspects of the cleanup of radioactively contaminated sites. Listed below are the statutes, the 
implementing regulations, and the responsible EPA offices. 

C.1.1	 The Office of Air and Radiation (OAR) administers several statutes and 
implementing regulations: 

!	 Clean Air Act (CAA) as amended (42 U.S.C. 7401-7671 q.): The CAA protects and 
enhances the nation's air quality through national ambient air quality standards, new 
source performance standards, and other provisions. Radionuclides are a hazardous air 
pollutant regulated under Section 112 of the Act. 

- National Emissions Standard for Hazardous Air Pollutants for Radionuclides (40 
CFR Part 61, 10 CFR 20.101-20.108) 

!	 Uranium Mill Tailings Radiation Control Act (UMTRCA) of 1978 (42 U.S.C. 2022): 
UMTRCA requires stabilization and control of byproduct materials (primarily mill 
tailings) at licensed commercial uranium and thorium processing sites. NRC and DOE 
implement standards under this Act. 

- Health and Environmental Protection Standards for Uranium and Thorium Mill 
Tailings (40 CFR Part 192) 

This regulation, along with “Criteria Relating to the Operation of Uranium Mills 
and the Disposition of Tailings or Wastes Produced by the Extraction or 
Concentration of Source Material From Ores Processed Primarily for Their 
Source Material Content” (10 CFR 40, Appendix A), issued by the NRC and 
EPA, establish technical criteria related to the operation, decontamination, 
decommissioning, and reclamation of uranium or thorium mills and mill tailings. 
Both regulations provide design requirements for closure of the mill's waste 
disposal area. 

1  The user of this manual should consult the text of the statutes and regulations listed in this Appendix to 
ensure compliance with all requirements applicable to a specific site and to ensure the use of current versions of 
applicable statutes and regulations. 
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The principal radiological hazards from uranium milling operations and mill 
tailings disposal are due to radon gas emissions originating from uranium and 
thorium daughters. Release rates to the atmosphere are limited to an average rate 
of 0.7 Bq (20 pCi) per square meter per second. This rate is applicable to any 
portion of a licensed or disposal site unless land areas do not contain radium 
concentrations—averaged over 100 square meters—greater than (i) 185 Bq/kg 
(5 pCi/g) of radium averaged over the first 15 centimeters below the surface and 
(ii) 555 Bq/kg (15 pCi/g) of radium averaged over 15 cm thick layers more than 
15 centimeters below the surface. 

!	 Atomic Energy Act (AEA) as amended (42 U.S.C. 2011-2296): The AEA requires the 
management, processing, and utilization of radioactive materials in a manner that protects 
public health and the environment. This is the principal basis for EPA, NRC and DOE 
authorities. 

The AEA requires that source, special nuclear, and byproduct materials be managed, 
processed, and used in a manner that protects public health and the environment. Under 
the AEA and Reorganization Plan No. 3 of 1970, EPA is authorized to issue federal 
guidance on radiation protection matters as deemed necessary by the Agency or as 
mandated by Congress. This guidance may be issued as regulations, given that EPA 
possesses the authority to promulgate generally applicable radiation protection standards 
under Reorganization Plan No. 3. For example, under AEA authority EPA promulgated 
its environmental radiation protection standards for nuclear power operations in 40 CFR 
Part 190. 

In conjunction with the AEA, EPA presently supports the following: 

S	 Environmental Radiation Protection Standards for the Management and Disposal 
of Spent Nuclear, High-Level and Transuranic Radioactive Wastes (40 CFR 191) 

!	 Nuclear Waste Policy Act (NWPA), as amended (Pub. L. 100-507, 42 U.S.C. 10101): 
The NWPA is intended to provide an orderly scheme for the selection and development 
of repositories for high-level radioactive waste and spent nuclear fuel. 

!	 Low Level Radioactive Waste Policy Act (LLRWPA), as amended (Pub. L. 99-240, 42 
U.S.C. 2021b): LLRWPA assigns States responsibility for ensuring adequate disposal 
capacity for low-level radioactive waste generated within their borders. 

! Indoor Radon Abatement Act of 1988 (15 U.S.C. 2601 Sec. 301-311) 
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C.1.2	 The Office of Emergency and Remedial Response (OERR) administers the 
Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA) of 1980, as amended (Pub. L. 99-499, 42 U.S.C. 9601-9657) 

!	 CERCLA authorizes EPA, consistent with the National Oil and Hazardous Substances 
Contingency Plan (NCP, 40 CFR 300) to provide for remedial action in response to 
releases or substantial threats of releases of hazardous substances into the environment. 
Hazardous substances are defined as any substance designated or listed under the Clean 
Air Act, the Federal Water Pollution Control Act, the Toxic Substances Control Act, and 
the Resource Conservation and Recovery Act.  Because the CAA designated 
radionuclides as a hazardous air pollutant, the provisions of CERCLA apply to 
radionuclides. 

C.1.3	 The Office of Solid Waste (OSW) administers the Resource Conservation and 
Recovery Act of 1976 (RCRA), as amended (Pub. L. 94-580, 42 U.S.C. 6901 et seq.) 

!	 RCRA provides for detailed regulation of hazardous waste from generation to final 
disposal. Hazardous waste generators and transporters must comply with EPA standards. 
Owners and operators of treatment, storage, or disposal facilities must obtain RCRA 
permits. Materials defined in the AEA are expressly excluded from the definition of solid 
waste, and, thus from regulation under RCRA. Naturally occurring and accelerator 
produced radioactive materials, however, are not excluded. 

C.1.4	 The Office of Water (OW) administers several statutes and implementing 
regulations: 

!	 Section 14.2 of the Public Health Service Act as amended by the Safe Drinking Water 
Act (SDWA) as amended (Pub. L. 93-523, 42 U.S.C. 300f et seq.). As amended in 1986, 
SDWA seeks to protect public water supply systems through protection of groundwater. 
Any radioactive substance that may be found in water is regulated under the Act 
(although the current regulations only specify a limited number of individual substances). 

- Maximum Contaminant Levels (includes certain radionuclides). (40 CFR 141.11-
141.16) 

! Clean Water Act as amended (Pub. L. 92-500, 33 U.S.C. 1251 et seq.) 

- Requirements (40 CFR Parts 131, 400-469) established pursuant to sections 301, 
302, 303 (including State water quality standards), 306, 307, (including Federal 
Pretreatment requirements for discharge into a publicly owned treatment works), 
and 403 of the Clean Water Act. 
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C.1.5	 The Office of Prevention, Pesticides and Toxic Substances administers the Toxic 
Substances and Control Act (TSCA; 15 U.S.C. 2601) 

!	 TSCA regulates the manufacture, distribution in commerce, processing, use, and disposal 
of chemical substances and mixtures. Materials defined in the AEA are expressly 
excluded from TSCA. However, naturally occurring and accelerator produced 
radionuclides are not excluded. 

C.2 DOE Regulations and Requirements 

C.2.1 Authorities of the Department of Energy 

The Department of Energy Organization Act, which created DOE, the Energy Reorganization 
Act of 1974, which created the Energy Research and Development Administration, and the 
Atomic Energy Act of 19542 provide the basic authorities of the Department of Energy. The 
principal DOE statutory authorities and regulations that pertain to radiation protection are shown 
in Table C.1. 

C.2.1.1 Atomic Energy Act of 1954, as amended 

The Atomic Energy Act of 1954 established a program of private ownership and use of nuclear 
materials and nuclear facilities, such as nuclear research reactors, and a program for government 
regulation of those applications. (Prior to 1954, all source, byproduct, and special nuclear 
materials were government owned). The Atomic Energy Commission was given both the 
regulatory authorities and the mission to develop both the peaceful and military uses of atomic 
energy. The Act also retained the Atomic Energy Commission as the civilian agency responsible 
for weapons programs production, development and research consistent with the Atomic Energy 
Act of 1946. 

Under the Act, the Atomic Energy Commission was responsible for establishing regulations 
ensuring the safety of commercial facilities and establishing requirements that ensure public 
protection from radiation and radioactive materials resulting from or used in its research, 
development, and production activities. 

2The Atomic Energy Commission was created by the Atomic Energy Act of 1946, not the 1954 act.
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Table C.1 

DOE AUTHORITIES, ORDERS AND REGULATIONS 
RELATED TO RADIATION PROTECTION 

Statutes 

Atomic Energy Act of 1954, as amended 

Energy Reorganization Act of 1974 

Uranium Mill Tailings Radiation Control Act of 
1978, as amended 

Nuclear Non-Proliferation Act of 1978 

Department of Energy Organization Act of 1980 

West Valley Demonstration Project Act of 1980 

Nuclear Waste Policy Act of 1982 

Low-Level Waste Policy Act of 1980 

Low-Level Waste Policy Amendments Act of 1985 

Energy Policy Act of 1992 

Waste Isolation Pilot Plant Land Withdrawal Act 

Price Anderson Act 

DOE Regulations 

10 CFR Part 835, "Occupational Radiation 
Protection" 

Executive Orders 

Executive Order 12580 

DOE Orders 

Order 5400.1, "General Environmental Protection

Program"

Order 5400.2A, "Environmental Compliance Issue

Coordination"

Order DOE 5400.5, "Radiation Protection of the

Public and the Environment"

Order DOE 5400.4, "Comprehensive Environmental,

Response, Compensation and Liability Act

Requirements"

Order DOE 5440.1E, "National Environmental

Policy Act Compliance Program"

Order DOE 5480.1B, "Environment, Safety and 

Health Program for Department of Energy Facilities"

Order DOE 5480.3, "Safety Requirements for the

Packaging and Transportation of Hazardous

Materials, Hazardous Substances & Hazardous

Wastes"

Order DOE 5480.4, "Environment, Safety and Health

Protection Standards"

Order DOE 5480.6, "Safety of Department of Energy

Owned Nuclear Reactors"

Order DOE 5480.11, "Occupational Radiation

Protection"

Order DOE 5480.24, "Nuclear Criticality Safety"

Order DOE 5480.25, "Safety at Accelerator

Facilities"

Order DOE 5484.1, "Environmental Protection,

Safety and Health Protection Information Reporting

Requirements"

Order DOE 5820.2A, "Radioactive Waste

Management"
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C.2.1.2 Energy Reorganization Act of 1974 (Public Law 93-438 (1974), as amended) 

The Energy Reorganization Act of 1974 divided the former Atomic Energy Commission and 
created the Energy Research and Development Administration (ERDA) and the Nuclear 
Regulatory Commission. The ERDA was responsible for radiation protection at its facilities, to 
provide for worker and public health, worker safety, and environmental protection. ERDA was 
abolished with the creation of the Department of Energy in 1980. 

C.2.1.3 Department of Energy Organization Act of 1977 Public Law 95-91 

The Department of Energy Organization Act created the Department of Energy (DOE) by 
combining the Energy Research & Development Administration, the Federal Energy 
Administration, Federal Power Commission, and part of the Department of Interior. 

The DOE was intended to identify potential environmental, health, safety, socioeconomic, 
institutional, and technological issues associated with the development and use of energy 
sources. Through this Act, DOE retained the responsibilities and authorities—held by its 
predecessor agencies—to take actions necessary to protect the public from radiation associated 
with radioactive materials production, research, and development. DOE established 
requirements through a directives system that largely used DOE Orders as its regulatory 
procedures. With the passage of the Price-Anderson Act Amendments of 1990, DOE began 
converting its health and safety Orders to rules. 

C.2.1.4 Uranium Mill Tailings Radiation Control Act of 1978, as amended 

The Uranium Mill Tailings Radiation Control Act (UMTRCA) provides a program of assessment 
and remedial action at active and inactive uranium mill sites to control their tailings in a safe and 
environmentally sound manner and to reduce radiation hazards to the public residing in the 
vicinity of these sites. The DOE was directed to complete remedial action at 21 sites of inactive 
uranium mills. 

C.2.1.5 West Valley Demonstration Project Act of 1980 

This act authorized DOE to carry out a project at West Valley, New York to demonstrate 
solidification techniques which could be used for preparing high level radioactive waste for 
disposal. The Act provides for informal review and project consultation by the NRC. 

C.2.1.6 Low-Level Waste Policy Act of 1980 

This act established the policy that each State is responsible for providing for the disposal of low-
level radioactive waste generated within its borders, except for waste from defense activities of 
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DOE or Federal research and development activities, and authorized States to enter into 
compacts to carry out this policy.  DOE was required to take actions to assist the States in 
carrying out this policy. 

C.2.1.7 Nuclear Waste Policy Act of 1982 (Public Law 97-425, 1983) 

This Act gives DOE the responsibility to develop repositories and to establish a program of 
research, development, and demonstration for the disposal of high-level radioactive waste and 
spent nuclear fuel. Title to and custody of commercial low-level waste sites under certain 
conditions could be transferred to DOE. 

C.2.1.8 Low-Level Waste Policy Amendments Act of 1985 

This act amends the Low-Level Waste Policy Act of 1980 to improve the procedures for State 
compacts. It also assigns responsibility to the Federal government for the disposal of low-level 
waste generated or owned by the DOE, specific other Federally generated or owned wastes, and 
wastes with concentrations of radionuclides that exceed the limits established by the NRC for 
class C radioactive waste. The Act provides that all class C radioactive wastes designated as a 
Federal responsibility—those that result from activities licensed by the NRC—shall be disposed 
of in a facility licensed by the NRC. The Act also assigns responsibilities to DOE to provide 
financial and technical assistance to the States in carrying out the Act. 

C.2.1.9 Waste Isolation Pilot Plant Land Withdrawal Act 

The Waste Isolation Pilot Plant (WIPP) is a repository intended for the disposal of transuranic 
radioactive waste produced by defense activities. The Act establishes the following: 

1) an isolated parcel of land for the WIPP 
2)	 provisions concerning testing and limits on the quantities of waste which may be 

disposed at the WIPP 
3) EPA certification of compliance with disposal standards 

C.2.1.10 Price Anderson Act 

C.2.2 Executive Orders 

Executive Order (E.O.) 12580 delegates to various Federal officials the responsibilities vested in 
the President for implementing the Comprehensive Environmental Response, Compensation, and 
Liability Act of 1980 (CERCLA) as amended by the Superfund Amendments and 
Reauthorization Act of 1986 (SARA). 
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C.2.3 DOE Regulations and Orders 

C.2.3.1 10 CFR Part 835, "Occupational Radiation Protection" 

This rule, which became effective on January 13, 1993, provides for the protection of radiation 
workers at DOE owned facilities. The requirements contained in Part 835 are generally similar 
to those in Order DOE 5480.11 and those used in NRC Regulations pertaining to the commercial 
nuclear industry.  In addition to the rule, DOE issued a dozen implementation guides, including 
the "DOE Radiological Control Manual," (DOE/EH-0256T, Rv.1, April 1994). 

C.2.3.2 Order DOE 5400.5, "Radiation Protection of the Public and the Environment" 

This Order, issued in February 1990, contains DOE's requirements for ensuring the protection of 
the public from the hazards of radiation. This regulation includes dose limits for protection of 
the public and environment, plus requirements: 

1)	 to apply the ALARA process—to reduce doses to the public as far below the release 
criterion as is practicable 

2) to apply the best available control technology to liquid effluents 
3) for control of property containing residual radioactive material 

DOE 5400.5 is supported by numerous guidance documents, including those listed in this 
section. 

DOE 5400.5 is the primary directive relating to the release of property subject to radiological 
contamination by DOE operations. DOE 5400.5 will be replaced by 10 CFR Part 834 and its 
guidance will be adopted for Part 834 when it is issued. 

Under DOE 5400.5 and the guidance included in this section (C.2.3), DOE established 
requirements for a case-by-case review and approval for release of real or non-real property 
containing residual radioactive material. Authorized limits and measurement procedures must be 
developed by DOE before facilities can release property from their control. The principle 
requirement is to reduce doses to levels that are as low as practicable using the ALARA process 
and assuming realistic but conservative use scenarios that are not likely to underestimate dose. 
This requirement ensures that doses are as far below the primary dose limit (1 mSv/y [100 
mrem/y]) as is reasonably achievable. Because the primary dose limit is for doses from all 
sources and pathways, authorized limits should be selected at levels below a DOE dose constraint 
of 0.3 mSv/y (30 mrem/y). However, the goal is to reduce doses under likely-use scenarios to a 
few fractions of a mSv/year or less. 
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In addition to the requirement to apply ALARA and the dose constraint, DOE also utilizes 
surface contamination guidelines similar to those in NRC Regulatory Guide 1.86 and the 40 CFR 
Part 192 soil concentration limits for radium and thorium. The ALARA requirement ensures that 
the 40 CFR Part 192 limits are appropriately used. DOE also permits the use of supplemental 
limits for situations where cleanups to authorized limits are not practicable or where the 
scenarios used to develop the authorized limits are not appropriate. DOE 5400.5 permits the 
release of property for restricted use and requires procedures to ensure these restrictions are 
maintained. 

Most DOE remedial action and restoration activities are also subject to CERCLA. In such cases, 
DOE requirements are integrated into the CERCLA process. 

The following sections describe the scope and importance of several guidance documents. 

A. Residual Radioactive Material Control: 

DOE/CH-8901, Manual for Implementing Residual Radioactive Material Guidelines - A 
Supplement to the U.S. Department of Energy Guidelines for Residual Radioactive Material at 
FUSRAP and SFMP Sites, Department of Energy, June 1989. 

DOE Guidance Memorandum, "Unrestricted Release of Radioactively Contaminated Personal 
Property," J. Maher, DOE Office of Nuclear Safety, Mar. 15, 1984. 

ANL/EAD/LD-2, Manual for Implementing Residual Radioactive Material Guidelines Using 
RESRAD, Version 5.0, Published by Argonne National Laboratory and prepared by ANL and 
DOE staff, September 1993. 

ANL/EAIS-8, Data Collection Handbook to Support Modeling the Impacts of Radioactive 
Material in Soil, Argonne National Laboratory, April 1993. 

ANL/EAIS/TM-103, A Compilation of Radionuclide Transfer Factors for Plant, Meat, Milk and 
Aquatic Food Pathways and Suggested Default Values for the RESRAD Code, Argonne National 
Laboratory, August 1993. 

PNL-8724, Radiation Dose Assessments to Support Evaluations of Radiological Control Levels 
for Recycling or Reuse of Material and Equipment, Pacific Northwest Laboratory, July 1995. 

ANL/EAD.LD-3, RESRAD-Build: A Computer Model for Analyzing the Radiological Doses 
Resulting from the Remediation and Occupancy of Buildings Contaminated with Radioactive 
Material, Argonne National Laboratory, November 1994. 
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B. ALARA 

DOE Guidance: DOE Guidance on the Procedures in Applying the ALARA Process for 
Compliance with DOE 5400.5, Department of Energy, Office of Environmental Guidance, 
March 8, 1991. 

ANL/EAD/LD-2, Manual for Implementing Residual Radioactive Material Guidelines Using 
RESRAD, Version 5.0, Chapters 1 and 5 and App. M, September 1993. 

C. Measurement and Data Reporting 

DOE Manual for use and Comment, Environmental Implementation Guide for Radiological 
Survey Procedures, Department of Energy, Office of Environmental Guidance, Nov. 1992. 

DOE/EH-0173T, Environmental Regulatory Guide for Radiological Effluent Monitoring and 
Environmental Surveillance, Department of Energy, Jan. 1991. 

D. Dose Factors 

DOE/EH-0071, Internal Dose Conversion Factors for Calculation of Dose to the public, DOE, 
July 1988. DOE currently recommends use of EPA-520-1-88-020, Federal Guidance Report No. 
11, Limiting Radionuclide Intake and Air Concentrations and Dose Conversion Factors for 
Inhalation, Submersion and Ingestion, Environmental Protection Agency, Sept. 1988, as an 
alternative to DOE/EH-0071. 

DOE/EH-0070, External Dose-Rate Conversion Factors for Calculation of Dose to the Public, 
DOE, July 1988. DOE currently recommends use of EPA 402-R-93-081, Federal Guidance 
Report No. 12, External Exposure to Radionuclides in Air, Water and Soil, Environmental 
Protection Agency, Sept. 1993, as an alternative to DOE/EH-0070. 

E. Liquid Effluents 

Implementation Guidance for DOE 5400.5, Section II.3 (Management and Control of 
Radioactive Materials in Liquid Discharges and the Phaseout of Soil Columns), DOE Office of 
Environment, June 1992. 

C.2.3.3 Order DOE 5820.2A, "Radioactive Waste Management" 

Order DOE 5820.2A establishes the policies, guidelines, and requirements by which the DOE 
manages its radioactive and mixed waste and contaminated facilities. The Order implements 
DOE's responsibilities and authorities for prediction of public and worker health and safety and 
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the environment under the Atomic Energy Act. It contains the requirements for management and 
disposal of high-level waste, transuranic waste, low-level waste, NARM waste, and for the 
decommissioning of radioactively contaminated facilities. 

A. High-level Waste 

The Order specifies: (1) requirements for storage operations including requirements for waste 
characterization, transfer operations, monitoring, surveillance, and leak detection, and (2) 
specifies that disposal shall be in accordance with the requirements of the Nuclear Waste Policy 
Act of 1982. 

B.  Transuranic Waste 

The Order requires waste to be certified in compliance with the Waste Isolation Pilot Plant-
Waste Acceptance Criteria and sent to the WIPP.  There are requirements for waste 
classification, waste generation and treatment, waste certification, waste packaging, temporary 
storage, transportation and shipping, and interim storage. There are provisions for use of the 
WIPP, and for assessing the disposition of previously buried transuranic-contaminated wastes. 

C. Low-level Waste 

The Order specifies performance objectives which assure that external exposure waste 
concentrations of radioactive material—which may be released into surface water, ground water, 
soil, plants, and animals—result in an effective dose equivalent that does not exceed 0.25 mSv/y 
(25 mrem/y) to a member of the public. Releases to the atmosphere shall meet the requirements 
of 40 CFR Part 61. Reasonable efforts should be made to maintain releases of radioactivity in 
effluents to the general environment as low as is reasonably achievable. Radiological 
performance assessments are required for the disposal of waste for the purpose of demonstrating 
compliance with these performance objectives. 

For low-level waste, there are also requirements on waste generation, waste characterization, 
waste acceptance criteria, waste treatment, and long term storage. The Order includes additional 
disposal requirements concerning disposal facility and disposal site design and waste 
characteristic, site selection, facility operations, site closure and post closure, and environmental 
monitoring. 

D. NARM Waste 

For management of Naturally-Occurring and Accelerator-Produced Radioactive Materials 
(NARM) and 11(e)(2) byproduct materials (the tailings or wastes resulting from the 
concentration of uranium or thorium), the order specifies that storage and disposal shall be 
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consistent with the requirements of the residual radioactive material guidelines contained in 
40 CFR 192. 

E. Decommissioning of Radioactively Contaminated Facilities 

For the decommissioning of contaminated facilities, the order requires DOE organizations to 
develop and document decommissioning programs which include provisions for surveillance and 
maintenance.  There are requirements for facility design, post-operational activities, 
characterization, and environmental review. 

C.3 NRC Regulations and Requirements 

C.3.1 NRC's Mission and Statutory Authority 

The mission of the U.S. Nuclear Regulatory Commission (NRC) is to ensure adequate protection

of the public health and safety, the common defense and security, and the environment in the use

of nuclear materials in the United States. The NRC's scope of responsibility includes regulation

of commercial nuclear power reactors; nonpower research, test, and training reactors; fuel cycle

facilities; medical, academic, and industrial uses of nuclear materials; and the storage and

disposal of nuclear materials and waste. 


The NRC is an independent agency created by the Energy Reorganization Act of 1974. This Act

abolished the Atomic Energy Commission (AEC), moved the AEC's regulatory function to NRC,

and, along with the Atomic Energy Act of 1954, as amended, provides the foundation for

regulation of the nation's commercial nuclear power industry.


NRC regulations are issued under the United States Code of Federal Regulations (CFR) Title 10,

Chapter 1. Principal statutory authorities that govern NRC's work are:


! Atomic Energy Act of 1954, as amended

! Energy Reorganization Act of 1974, as amended

! Uranium Mill Tailings Radiation Control Act of 1978, as amended

! Nuclear Non-Proliferation Act of 1978

! Low-Level Radioactive Waste Policy Act of 1980

! West Valley Demonstration Project Act of 1980

! Nuclear Waste Policy Act of 1982

! Low-Level Radioactive Waste Policy Amendments Act of 1985

! Diplomatic Security and Anti-Terrorism Act of 1986

! Nuclear Waste Policy Amendments Act of 1987

! Solar, Wind, Waste and Geothermal Power Production Incentives Act of 1990

! Energy Policy Act of 1992
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The Atomic Energy Act of 1954, as amended, allows the NRC to issue orders to both licensees 
and persons not licensed by the NRC. NRC orders may be a means of compelling 
decommissioning at sites where the license has been terminated or at sites that were not 
previously licensed but currently contain radioactive material that is under the jurisdiction of the 
NRC. 

The NRC and its licensees share a common responsibility to protect the public health and safety. 
Federal regulations and the NRC regulatory program are important elements in the protection of 
the public. NRC licensees, however, have the primary responsibility for the safe use of nuclear 
materials. 

C.3.2  NRC Criteria for Decommissioning 

This section of the survey manual contains information on the existing cleanup criteria for 
decommissioning sites regulated by the NRC. Additional cleanup criteria established by State 
and local governments may also be applicable at NRC-licensed sites at the time of 
decommissioning. 

NRC's requirements for decommissioning and license termination are contained in 10 CFR 
30.36, 40.42, 50.82, 70.38, and 72.54. The radiological criteria for license termination are 
contained in 10 CFR 20.1401 through 1406 (62 FR 39058, July 21, 1997). 

Prior to the adoption of the current regulations on radiological criteria for license termination, the 
Commission’s position on residual contamination criteria, site characterization, and other related 
decommissioning issues was outlined in a NRC document entitled “Action Plan to Ensure 
Timely Cleanup of Site Decommissioning Management Plan Sites,” which was published in the 
Federal Register on April 6, 1993 (57 FR 13389). Other documents that were used in the past 
and which may continue to have some applicability in special cases include: 

“Criteria Relating to the Operation of Uranium Mills and the Disposition of Tailings or Wastes 
Produced by the Extraction or Concentration of Source Material From Ores Processed Primarily 
for Their Source Material Content” (10 CFR 40, Appendix A) and Health and Environmental 
Protection Standards for Uranium and Thorium Mill Tailings (40 CFR 192, Subparts D and E) 

These regulations, issued by the NRC and EPA, establish technical criteria related to the 
operation, decontamination, decommissioning, and reclamation of uranium or thorium 
mills and mill tailings. Both regulations provide design requirements for closure of the 
mill's waste disposal area, which requires an earthen cover over tailings or waste piles to 
control radiological hazards from uranium and thorium tailings for 200 to 1,000 years, 
according to Technical Criterion 6 of Appendix A to 10 CFR Part 40. 
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The principal radiological hazards from uranium milling operations and mill tailings 
disposal are radon from uranium and thorium daughters. The atmospheric release rates of 
these gaseous radionuclides to the atmosphere are limited to an average rate of 0.7 Bq (20 
pCi) per square meter per second. This rate is applicable to any portion of a licensed or 
disposal site unless land areas do not contain radium concentrations—averaged over 
100 square meters—greater than: (i) 0.2 Bq/g (5 pCi/g) of radium averaged over the first 
15 centimeters below the surface, and (ii) 0.6 Bq/g (15 pCi/g) of radium averaged over 
15-centimeter thick layers more than 15 centimeters below the surface. 

Criterion 6 allows radon release rates to be averaged over a period of at least 1 year (but 
much less than 100 years) to account for the wide variability in atmospheric radon 
concentrations over short time periods and seasons. In addition, this criterion applies 
only to emissions from uranium daughters and does not include radon emissions from 
earthen materials used to cover the tailings piles. If appropriate, radon emissions from 
cover materials are evaluated when developing a closure plan for each site to account for 
this additional contribution from naturally occurring radon. However, direct gamma 
exposure rates from tailings or wastes should be reduced to background levels according 
to this standard. 

C.3.3	 NRC Decommissioning Process and Staff Plans for Implementing Survey 
Procedures in this Manual 

NRC licensees are required to conduct radiation surveys of the premises where the licensed 
activities were conducted and submit a report describing the survey results. The survey process 
follows requirements contained in 10 CFR 30.36, 40.42, 50.82, 70.38, and 72.54, which pertain 
to decommissioning of a site and termination of a license. This process leads to the unrestricted 
release of a site; however, many of the requirements may not be necessary if the licensee 
demonstrates that the premises are suitable for release in some other manner. Each year, the 
NRC staff routinely evaluates licensee requests to discontinue licensed operations. The majority 
of these requests are straightforward, requiring little, if any, site remediation before radiological 
surveys are conducted and evaluated. However, some NRC sites require substantial remediation 
because buildings and lands contain nonroutine amounts of radiological contamination. 
Radiological surveys may also be performed by the NRC at sites where there is not a license. 

The NRC decommissioning process for a site requiring substantial remediation can be described 
by the activities listed below: 

! licensee notifies the NRC they intend to decommission all or part of the site 
! site characterization, including preparation of the characterization plan and performance 

of site characterization 
! development and submission of decommissioning plan 
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! NRC review and approval of decommissioning plan

! performance of decommissioning actions described in the plan

! performance of termination survey and submittal of termination survey report

! NRC performance and documentation of confirmatory survey

! NRC termination of license


The NRC staff plans to use the information contained in this manual as primary guidance for

conducting radiological surveys of routine licensee requests for license termination and

nonroutine license termination requests that require more extensive decommissioning actions. 

Supplementary guidance may be used by the NRC staff to assist licensees in conducting such

surveys or aid the NRC staff in evaluating licensee's survey plans and survey results to determine

compliance with decommissioning criteria. Examples of supplementary guidance include NRC

Information Notices, Bulletins, Generic Letters, Branch Technical Positions, NUREG reports,

Regulatory Guides, and other regulatory documents that transmit NRC requirements and

guidance. 


C.4 DOD Regulations and Requirements 

The Department of Defense (DOD) consists of four primary military services: the United States 
Air Force, the United States Army, the United States Navy, and the United States Marine Corps. 

DOD installations use sources of ionizing radiation and support radiation protection programs for 
the control of these radioactive materials. As a Federal agency, the DOD complies with all 
applicable environmental regulations under the Federal Facilities Compliance Act of 1992. 

C.4.1 DOD Sources of Ionizing Radiation 

DOD's list of radioactive materials includes:


! Special nuclear material such as plutonium or enriched uranium

! Source material such as uranium or thorium

! Byproduct material such as any radioactive material yielded in or made radioactive by


exposure to radiation incident to the process of producing special nuclear material 
! Naturally occurring or accelerator-produced radioactive material (NARM), such as 

radium, and not classified as source material 
! Materials containing induced or deposited radioactivity 

Ionizing Radiation Producing Devices: Electronic devices that are capable of emitting ionizing 
radiation. Examples are linear accelerators, cyclotrons, radiofrequency generators that use 
klystrons or magnetrons, and other electron tubes that produce x-rays. These devices may have 

August 2000 C-15 MARSSIM, Revision 1 



Appendix C 

components that contain radioactive material or they may induce radioactivity in certain other 
materials. 

C.4.2 Commodities Containing Radioactive Material Within the DOD System 

The DOD uses a variety of manufactured items (commodities) incorporating in whole or in part 
both sealed and unsealed radioactive material. A sealed source is any radioactive material that is 
permanently bound or fixed in a capsule or matrix designed to prevent the release or dispersal of 
such material under the most severe conditions encountered in normal use. 

Ionizing radiation is used directly in DOD systems as calibration and check sources for RADIAC 
or other survey-type instruments, as a source of radioluminescence in meters and gauges, as an 
ionization source in various devices, and as radiographic sources. 

Indirectly, ionizing radiation may be emitted from a DOD material system as natural radioactivity 
or induced radioactivity incorporated into material or a component of the system. 

Specific examples of commodities include instrument calibration sources, luminescent 
compasses and exit signs, certain electron tubes and spark gaps, depleted uranium 
counterweights and munitions, and magnesium-thorium aircraft components. 

C.4.3 Licensed Radioactive Material 

Licensed radioactive material is source, special nuclear, or byproduct material received, stored, 
possessed, used, or transferred under a specific or general license issued by the NRC or an NRC 
Agreement State. 

Radioactive material licensed or controlled by the individual military services: 

!	 The Department of the Air Force has been designated by the NRC, through the issuance 
of a Master Materials License, regulatory authority for the receipt, possession, 
distribution, use, transportation, transfer, and disposal of radioactive material at Air Force 
activities. The Air Force Radioisotope Committee was established to provide 
administrative control of all radioactive material used in the Air Force except for reactors 
and associated radioactivity, nuclear weapons, and certain components of weapons 
delivery systems. Air Force Radioactive Material Permits are used to maintain this 
control. 

!	 The Department of the Army, through the issuance of NRC specific licenses to Army 
installations and activity commanders, maintains the regulatory authority for the receipt, 
possession, distribution, use, transportation, transfer, and disposal of radioactive material 
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at Army activities. In addition, within the Department of the Army, radioactive material 
classified as NARM may be used under a Department of the Army Radioactive Material 
Authorization (DARA) issued by the Army Material Command (AMC) or the Office of 
The Army Surgeon General. A Department of the Army Radiation Permit is required for 
use, storage, possession, and disposal of radiation sources by non-Army agencies 
(including contractors) on Army installations. 

!	 The Department of the Navy is designated by the NRC to have—through the issuance of a 
Master Materials License—regulatory authority for the receipt, possession, distribution, 
use, transportation, transfer, and disposal of radioactive material at Navy and Marine 
Corps activities. The Navy Radiation Safety Committee was established to provide 
administrative control of all radioactive material used in the Navy and Marine Corps 
except for nuclear propulsion reactors and associated radioactivity, nuclear weapons, and 
certain components of weapons delivery systems. Navy Radioactive Material Permits are 
used to maintain this control. 

C.4.4 Other Controlled Radioactive Material 

Certain radioactive material on DOD installations may not be controlled or regulated by either 
the NRC or the DOE. However, during Base Realignment and Closure actions, DOD installation 
property which is identified to be returned to civilian use may have the potential for radioactive 
contamination by such material. The DOD complies with applicable State limits, guidelines, and 
procedures for this material. The methodologies and technical approaches for environmental 
radiological surveys outlined in this manual will provide guidance for dealing with issues 
concerning this material. 

Naturally Occurring and Accelerator-Produced Radioactive Material 

!	 Naturally occurring and accelerator-produced radioactive material (NARM) is controlled 
and regulated by the individual military services, as is similarly done by certain States for 
corporations and other users residing within their boundaries. 

Special Nuclear Material Used in Military Applications 

!	 Special nuclear material used in military applications is a unique category of radioactive 
material. This may be buried as radioactive waste on DOD installations, used in military 
weapons or utilization facilities, or used in nuclear reactors involving military 
applications on DOD installations. Radioactive material used or associated with weapons 
systems or reactors associated with such military applications is exempt from NRC and 
State regulations under Section 91b, Chapter 9, Military Application of Atomic Energy, 
Atomic Energy Act of 1954. 
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C.4.5 DOD Regulations Concerning Radiation and the Environment 

The DOD, with its global mission, supports several directives and instructions concerning 
environmental compliance.  The individual military services have regulations implementing these 
directives and instructions. The documents describing these regulations are used as guidance in 
developing environmental radiological surveys within DOD. 

The DOD and each military service also have specific regulations addressing the use of 
radioactive sources and the development of occupational health programs and radiation 
protection programs. These regulations may help in identifying potential locations and sources 
of radioactive contamination on DOD installations. 

C.4.6 DOD Regulations and Requirements 

Regulations and Requirements Concerning Development of Environmental Radiological Surveys 

1.	 DOD Directive 4165.60, Solid and Hazardous Waste Management-Collection, Disposal, 
Resource Recovery, and Recycling Program. 

2. DOD Directive 4210.15, Hazardous Material Pollution Prevention. 
3. DOD Directive 5100.50, Protection and Enhancement of Environmental Quality. 
4.	 DOD Directive 6050.1, Environmental Effects in the United States of Department of 

Defense Actions. 
5.	 DOD Directive 6050.7, Environmental Effects Abroad of Major Department of Defense 

Actions. 
6.	 DOD Directive 6050.8, Storage and Disposal of Non-DOD-Owned-Hazardous or Toxic 

Materials on DOD Installations. 
7. DOD Instruction 4120.14, Environmental Pollution Prevention, Control, and Abatement. 
8. DOD Instruction 5100.5, Protection and Enhancement of Environmental Quality. 

Regulations and Requirements Concerning Use of Radioactive Sources and Development of 
Occupational Health Programs and Radiation Protection Programs: 

1. DOD Instruction 6055.5-M, Occupational Health Surveillance Manual. 
2. DOD Instruction 6055.8, Occupational Radiation Protection Program. 

Examples of Air Force Instructions (AFIs): 

1. AFI 40-201, Managing Radioactive Materials in the Air Force. 
2. AFI 32-7020, Environmental Restoration Program. 
3. AFI 32-7066, Environmental Baseline and Close-out Surveys in Real Estate Transactions. 
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Examples of Army Regulations (ARs): 

1. AR 11-9, The Army Radiation Safety Program

2. AR 40-5, Preventive Medicine.

3.	 AR 40-10, Health Hazard Assessment Program in Support of the Army Materiel


Acquisition Decision Process.

4. AR 200-1, Environmental Protection and Enhancement.

5. AR 200-2, Environmental Effects of Army Actions.

6. AR 385-30, Safety Color Code Markings and Signs.

7. AR 700-64, Radioactive Commodities in the DOD Supply System.

8.	 AR 750-25, Army Test, Measurement, and Diagnostic Equipment (TMDE) Calibration


and Repair Support Program. 

9.	 TB MED 521, Management and Control of Diagnostic X-Ray, Therapeutic X-Ray, and


Gamma Beam Equipment.

10.	 TB MED 522, Control of Health Hazards from Protective Material Used in Self-


Luminous Devices.

11.	 TB MED 525, Control of Hazards to Health from Ionizing Radiation Used by the Army


Medical Department. 

12. TB 43-180, Calibration and Repair Requirements for the Maintenance of Army Materiel. 

13.	 TB 43-0108, Handling, Storage, and Disposal of Army Aircraft Components Containing


Radioactive Material.

14. TB 43-0116, Identification of Radioactive Items in the Army.

15.	 TB 43-0122, Identification of U.S. Army Communications-Electronic Command


Managed Radioactive items in the Army.

16.	 TB 43-0141, Safe Handling, Maintenance, Storage, and Disposal of Radioactive


Commodities Managed by U.S. Army Troop Support and Aviation Material Readiness

Command (Including Aircraft Components).


17.	 TB 43-0197, Instructions for Safe Handling, Maintenance, Storage, and Disposal of

Radioactive Items Managed by U.S. Army Armament Material Command.


18.	 TB 43-0216, Safety and Hazard Warnings for Operation and Maintenance of TACOM

Equipment.


19. TM 3-261, Handling and Disposal of Unwanted Radioactive Material.

20. TM 55-315, Transportability Guidance for Safe Transport of Radioactive Materials.


Examples of Navy Regulations: 

1. NAVMED P-5055, Radiation Health Protection Manual.

2. NAVSEA SO420-AA-RAD-010, Radiological Affairs Support Program (RASP) Manual. 

3. OPNAV 6470.3, Navy Radiation Safety Committee.

4. NAVSEA 5100.18A, Radiological Affairs Support Program.

5. OPNAV 5100.8G, Navy Safety and Occupational Safety and Health Program.
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6.	 NAVMEDCOM 6470.10, Initial Management of Irradiated or Radioactively 
Contaminated Personnel. 

7. OPNAV 3710.31, Carrying Hazardous Materials; Operational Procedures. 
8.	 NAVSUP 5101.11, Procedures for the Receipt, Storage, and Handling of Radioactive 

Material Shipments. 
9.	 NAVSUP 5101.6, Procedures for the Requisitioning, Labeling, Handling, Storage, & 

Disposal of Items Which Contain Radioactive By-Product Material. 
10. NAVSUP 4000.34, Radioactive Commodities in the DOD Supply System. 
11.	 NAVSEA 9639.1, Radioluminescent Sources and Radioactively Contaminated 

Equipment Aboard Inactive Naval Ships and Craft. 
12.	 NAVSUP 4510.28, Special Restrictions on Issue and Disposal of Radiological Control 

Materials. 
13.	 NAVMED 6470.7, Procedures and Responsibilities for Use of Radioactive Materials at 

NAVMED Activities. 

C.5 State and Local Regulations and Requirements 

An Agreement State is a state that has signed an agreement with the NRC allowing the State to 
regulate the use of radioactive materials—i.e., specifically Atomic Energy Act materials—within 
that state. Table C.2 lists the Agreement States as of April 15, 2000 (see Appendix L for 
contacts and addresses). Each Agreement State provides regulations governing the use of 
radioactive materials that may relate to radiation site investigations.3  Table C.3 lists the states 
that regulate naturally occurring radioactive material (NORM) as of January 1, 2000 (PGA 
2000). A number of other states are in the process of developing regulations governing the use of 
NORM. The decision maker should check with the state to ensure compliance with all 
applicable regulations. 

3  A current list of agreement states can be obtained through the U.S. Nuclear Regulatory Commission on 

the Internet on the State Program Directory page operated by the Oak Ridge National Laboratory at 

http://www.hsrd.ornl.gov/nrc/asframe.htm. 
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Table C.2 Agreement States 

Alabama 
Arizona 
Arkansas 
California 
Colorado 
Florida 
Georgia 
Illinois 
Iowa 

Kansas 
Kentucky 

Louisiana 
Maine 

Maryland 
Massachusetts 

Mississippi 
Nebraska 
Nevada 

New Hampshire 
New Mexico 
New York 

North Carolina 
North Dakota 

Ohio 
Oregon 

Rhode Island 
South Carolina 

Tennessee 
Texas 
Utah 

Washington 

Table C.3 States That Regulate Diffuse NORM 

Alabama (proposed) 
Arkansas 

Colorado (proposed) 
Georgia 

Illinois (proposed) 
Louisiana 

Michigan 
Mississippi 
New Jersey 

New Mexico 
North Dakota 

Ohio 

Oklahoma (proposed) 
Oregon 

South Carolina 
Texas 
Utah 
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THE PLANNING PHASE OF THE DATA LIFE CYCLE 

The planning phase of the Data Life Cycle is carried out using the Data Quality Objectives

(DQO) Process. The DQO Process is a series of planning steps based on the scientific method

for establishing criteria for data quality and developing survey designs (EPA 1994a, 1987b,

1987c). The level of effort associated with planning is based on the complexity of the survey. 

Large, complicated sites generally receive a significant amount of effort during the planning

phase, while smaller sites may not require as much planning effort.


Planning radiological surveys using the DQO Process can improve the survey effectiveness and

efficiency, and thereby the defensibility of decisions. It also can minimize expenditures related

to data collection by eliminating unnecessary, duplicative, or overly precise data. The use of the

DQO Process assures that the type, quantity, and quality of environmental data used in decision

making will be appropriate for the intended application. It provides systematic procedures for

defining the criteria that the survey design should satisfy, including when and where to perform

measurements, the level of decision errors for the survey, and how many measurements to

perform. 


The expected output of planning a survey using the DQO Process is a quality assurance project

plan (QAPP). The QAPP integrates all technical and quality aspects of the Data Life Cycle, and

defines in detail how specific quality assurance and quality control activities will be implemented

during the survey.


The DQO Process provides for early involvement of the decision maker and uses a graded

approach to data quality requirements. This graded approach defines data quality requirements

according to the type of survey being designed, the risk of making a decision error based on the

data collected, and the consequences of making such an error. This approach provides a more

effective survey design combined with a basis for judging the usability of the data collected.


DQOs are qualitative and quantitative statements derived from the outputs of the DQO Process

that:


! clarify the study objective

! define the most appropriate type of data to collect

! determine the most appropriate conditions for collecting the data

! specify limits on decision errors which will be used as the basis for establishing the


quantity and quality of data needed to support the decision 
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The DQO Process consists of seven steps, as shown in Figure D.1. The output from each step 
influences the choices that will be made later in the Process. Even though the DQO Process is 
depicted as a linear sequence of steps, in practice it is iterative; the outputs of one step may lead 
to reconsideration of prior steps as illustrated in Figure D.2. For example, defining the survey 
unit boundaries may lead to classification of the survey unit, with each area or survey unit having 
a different decision statement. This iteration is encouraged since it ultimately leads to a more 
efficient survey design. The first six steps of the DQO Process produce the decision performance 
criteria that are used to develop the survey design. The final step of the Process develops a 
survey design based on the DQOs. The first six steps should be completed before the final 
survey design is developed, and every step should be completed before data collection begins. 

STEP 6:  SPECIFY LIMITS ON DECISION ERRORS 

STEP 5:  DEVELOP A DECISION RULE 

STEP 4:  DEFINE THE STUDY BOUNDARIES 

STEP 3:  IDENTIFY INPUTS TO THE DECISION 

STEP 2:  IDENTIFY THE DECISION 

STEP 1:  STATE THE PROBLEM 

STEP 7: 
OPTIMIZE THE 
DESIGN FOR 

OBTAINING DATA 

Figure D.1 The Data Quality Objectives Process 

When the DQO Process is used to design a survey, it helps ensure that planning is performed 
properly the first time and establishes measures of performance for the data collector 
(implementation) and the decision maker (assessment) during subsequent phases of the Data Life 
Cycle. DQOs provide up-front planning and define decision maker/data collector relationships 
by presenting a clear statement of the decision maker's needs. This information is recorded in the 
QAPP. 
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Iterate as 
Needed 

State 
the 

Problem 

Identify 
the 

Decision 

Identify 
Inputs to 

the Decision 

Define the 
Study 

Boundaries 

Develop 
a 

Decision 
Rule 

Specify 
Limits on 
Decision 

Errors 

Optimize the 
Survey 
Design 

Survey 
Design 

Completed 

Start 
Developing 

DQOs 

Perform

Survey


HSA Scoping 
Survey Characterization 

Survey 

Demonstration 
of Compliance 

Based on Results 
of Final Status 

Survey 

Remedial Action 
Support Survey Final Status 

Survey 

Figure D.2 Repeated Applications of the DQO Process Throughout 
the Radiation Survey and Site Investigation Process 
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DQOs for data collection activities describe the overall level of uncertainty that a decision maker 
is willing to accept for survey results. This uncertainty is used to specify the quality of the 
measurement data required in terms of objectives for precision, accuracy, representativeness, 
comparability, and completeness. These objectives are presented in detail in Section 9.3.2 and 
Appendix N. 

The DQO Process is a flexible planning tool that can be used more or less intensively as the 
situation requires. For surveys that have multiple decisions, such as characterization or final 
status surveys, the DQO Process can be used repeatedly throughout the performance of the 
survey. Decisions made early in decommissioning are often preliminary in nature. For this 
reason, a scoping survey may only require a limited planning and evaluation effort. As the site 
investigation process nears conclusion the necessity of avoiding a decision error becomes more 
critical. 

The following sections briefly discuss the steps of the DQO Process, especially as they relate to 
final status survey planning, and list the outputs for each step in the process. The outputs from 
the DQO Process should be included in the documentation for the survey plan. 

D.1 State the Problem 

The first step in any decision making process is to define the problem so that the focus of the

survey will be unambiguous. Since many sites or facilities present a complex interaction of

technical, economic, social, and political factors, the success of a project is critically linked to a

complete but uncomplicated definition of the problem .


There are four activities associated with this step:


! identifying members of the planning team and stakeholders

! identifying the primary decision maker or decision-making method

! developing a concise description of the problem

! specifying available resources and relevant deadlines for the study


The expected outputs of this step are:


! a list of the planning team members and identification of the decision maker

! a concise description of the problem

! a summary of available resources and relevant deadlines for the survey


For a final status survey, examples of planning team members and stakeholders are described in

Section 3.2. A description of the problem would typically involve the release of all or some

portion of a site to demonstrate compliance with a regulation. The resources and deadlines are

typically identified on a site-specific basis.
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D.2 Identify the Decision 

The goal of this step is to define the question that the survey will attempt to resolve and identify 
alternative actions that may be taken based on the outcome of the survey. The combination of 
these two elements is called the decision statement.  The decision statement would be different 
for each type of survey in the Radiation Survey and Site Investigation Process, and would be 
developed based on the survey objectives described in Chapter 5. 

There are four activities associated with this step in the DQO Process: 

! identifying the principal study question 
! defining the alternative actions that could result from resolution of the principal study 

question 
! combining the principal study question and the alternative actions into a decision 

statement 
! organizing multiple decisions 

The expected output from this step is a decision statement that links the principal study question 
to possible solutions to the problem. 

For a final status survey, the principal study question could be: “Is the level of residual 
radioactivity in the survey units in this portion of the site below the release criterion?” 
Alternative actions may include further remediation, re-evaluation of the modeling assumptions 
used to develop the DCGLs, re-assessment of the survey unit to see if it can be released with 
passive controls, or a decision not to release the survey unit. The decision statement may be: 
“Determine whether or not all the survey units in this portion of the site satisfy the release 
criterion.” 

D.3 Identify the Inputs to the Decision 

Collecting data or information is necessary to resolve most decision statements. In this step, the 
planning team focuses on the information needed for the decision and identifies the different 
types of information needed to resolve the decision statement. 

The key activities for this step include: 

!	 Identifying the information required to resolve the decision statement. Ask general 
questions such as: “Is information on the physical properties of the site required?” or: “Is 
information on the chemical characteristics of the radionuclide or the matrix required?” 
Determine which environmental variables or other information are needed to resolve the 
decision statement. 
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!	 Determining the sources for each item of information. Identify and list the sources for the 
required information. 

!	 Identifying the information needed to establish the action level or the derived 
concentration guideline level (DCGL) based on the release criterion. The actual 
numerical value will be determined in Step 5 (i.e., Section D.5). 

!	 Confirming that appropriate measurement methods exist to provide the necessary data. A 
list of potentially appropriate measurement techniques should be prepared based on the 
information requirements determined previously in this step. Field and laboratory 
measurement techniques for radionuclides are discussed in Chapters 6 and 7 of this 
manual. Information on using field and laboratory equipment, their detection limits and 
analytical costs are listed in Appendix H. This performance information will be used in 
Steps 5 and 7 of the DQO Process. 

The expected outputs of this step are: 

! a list of informational inputs needed to resolve the decision statement 
! a list of environmental variables or characteristics that will be measured 

For the final status survey, the list of information inputs generally involves measurements of the 
radioactive contaminants of concern in each survey unit. These inputs include identifying survey 
units, classifying survey units, identifying appropriate measurement techniques including 
measurement costs and detection limits, and whether or not background measurements from a 
reference area or areas need to be performed. The list of environmental variables measured 
during the final status survey is typically limited to the level of residual radioactivity in the 
affected media for each survey unit. 

D.4 Define the Boundaries of the Study 

During this step the planning team should develop a conceptual model of the site based on 
existing information collected in Step 1 of the DQO Process or during previous surveys. 
Conceptual models describe a site or facility and its environs, and present hypotheses regarding 
the radionuclides present and potential migration pathways. These models may include 
components from computer models, analytical models, graphic models, and other techniques. 
Additional data collected during decommissioning are used to expand the conceptual model. 

The purpose of this step is to define the spatial and temporal boundaries that will be covered by 
the decision statement so data can be easily interpreted. These attributes include: 

!	 spatial boundaries that define the physical area under consideration for release (site 
boundaries) 
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! spatial boundaries that define the physical area to be studied and locations where 
measurements could be performed (actual or potential survey unit boundaries) 

! temporal boundaries that describe the time frame the study data represents and when 
measurements should be performed 

! spatial and temporal boundaries developed from modeling used to determine DCGLs 

There are seven activities associated with this step: 

! specifying characteristics that define the true but unknown value of the parameter of 
interest 

! defining the geographic area within which all decisions must apply 
! when appropriate, dividing the site into areas or survey units that have relatively 

homogeneous characteristics 
! determining the time frame to which the decision applies 
! determining when to collect data 
! defining the scale of decision making 
! identifying any practical constraints on data collection 

The expected outputs of this step are: 

! a detailed description of the spatial and temporal boundaries of the problem (a conceptual 
model) 

! any practical constraints that may interfere with the full implementation of the survey 
design 

Specifying the characteristics that define the true but unknown value of the parameter of interest 
for the final status survey typically involves identifying the radionuclides of concern. If possible, 
the physical and chemical form of the radionuclides should be described. For example, 
describing the residual radioactivity in terms of total uranium is not as specific or informative as 
describing a mixture of uraninite (UO2) and uranium metaphosphate (U(PO3)4) for natural 
abundances of 234U, 235U, and 238U. 

As an example, the study boundary may be defined as the property boundary of a facility or, if 
there is only surface contamination expected at the site, the soil within the property boundary to a 
depth of 15 cm. When appropriate (typically during and always before final status survey 
design), the site is subdivided into survey units with relatively homogeneous characteristics 
based on information collected during previous surveys. The radiological characteristics are 
defined by the area classification (Class 1, Class 2, or Class 3) while the physical characteristics 
may include structures vs. land areas, transport routes vs. grassy areas, or soil types with different 
radionuclide transfer characteristics. 
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The time frame to which the final status survey decision applies is typically defined by the 
regulation. For example: “The data are used to reflect the condition of radionuclides leaching 
into ground water over a period of 1,000 years.” Temporal boundaries may also include seasonal 
conditions such as winter snow cover or summer drought that affect the accessibility of certain 
media for measurement. 

For the final status survey, the smallest, most appropriate subsets of the site for which decisions 
will be made are defined as survey units. The size of the survey unit and the measurement 
frequency within a survey unit are based on classification, site-specific conditions, and relevant 
decisions used during modeling to determine the DCGLs. 

D.5 Develop a Decision Rule 

The purpose of this step is to define the parameter of interest, specify the action level (or DCGL),

and integrate previous DQO outputs into a single statement that describes a logical basis for

choosing among alternative actions.


There are three activities associated with this step:


! specifying the statistical parameter that characterizes the parameter of interest

! specifying the action level for the study

! combining the outputs of the previous DQO steps into an "if...then..." decision rule that


defines the conditions that would cause the decision maker to choose among alternative 
actions 

Certain aspects of the site investigation process, such as the HSA, are not so quantitative that a

statistical parameter can be specified. Nevertheless, a decision rule should still be developed that

defines the conditions that would cause the decision maker to choose among alternatives.


The expected outputs of this step are:


! the parameter of interest that characterizes the level of residual radioactivity

! the action level

! an “if...then...” statement that defines the conditions that would cause the decision maker


to choose among alternative actions 

The parameter of interest is a descriptive measure (such as a mean or median) that specifies the 
characteristic or attribute that the decision maker would like to know about the residual 
contamination in the survey unit. 
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The mean is the value that corresponds to the “center” of the distribution in the sense of the 
“center of gravity” (EPA 1989a). Positive attributes of the mean include: 1) it is useful when the 
action level is based on long-term, average health effects, 2) it is useful when the population is 
uniform with relatively small spread, and 3) it generally requires fewer samples than other 
parameters of interest. Negative attributes include: 1) it is not a very representative measure of 
central tendency for highly skewed distributions, and 2) it is not useful when a large proportion 
of the measurements are reported as less than the detection limit (EPA 1994a). 

The median is also a value that corresponds to the “center” of a distribution, but where the mean 
represents the center of gravity the median represents the “middle” value of a distribution. The 
median is that value such that there are the same number of measurements greater than the 
median as less than the median. The positive attributes of the median include: 1) it is useful 
when the action level is based on long-term, average health effects, 2) it provides a more 
representative measure of central tendency than the mean for skewed populations, 3) it is useful 
when a large proportion of the measurements are reported as less than the detection limit, and 4) 
it relies on few statistical assumptions. Negative attributes include: 1) it will not protect against 
the effects of extreme values, and 2) it is not a very representative measure of central tendency 
for highly skewed distributions (EPA 1994a). 

The nonparametric statistical tests discussed in Chapter 8 are designed to determine whether or 
not the level of residual activity uniformly distributed throughout the survey unit exceeds the 
DCGLW. Since these methods are based on ranks, the results are generally expressed in terms of 
the median. When the underlying measurement distribution is symmetric, the mean is equal to 
the median. The assumption of symmetry is less restrictive than that of normality because the 
normal distribution is itself symmetric. If, however, the measurement distribution is skewed to 
the right, the average will generally be greater than the median. In severe cases, the average may 
exceed the DCGLW while the median does not. For this reason, MARSSIM recommends 
comparing the arithmetic mean of the survey unit data to the DCGLW as a first step in the 
interpretation of the data (see Section 8.2.2.1). 

The action level is a measurement threshold value of the parameter of interest that provides the 
criterion for choosing among alternative actions. MARSSIM uses the investigation level, a 
radionuclide-specific level of radioactivity based on the release criterion that results in additional 
investigation when it is exceeded, as an action level.  Investigation levels are developed for both 
the Elevated Measurement Comparison (EMC) using scanning techniques and the statistical tests 
using direct measurements and samples. Section 5.5.2.6 provides information on investigation 
levels used in MARSSIM. 

The mean concentration of residual radioactivity is the parameter of interest used for making 
decisions based on the final status survey. The definition of residual radioactivity depends on 
whether or not the contaminant appears as part of background radioactivity in the reference area. 
If the radionuclide is not present in background, residual radioactivity is defined as the mean 
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concentration in the survey unit. If the radionuclide is present in background, residual 
radioactivity is defined as the difference between the mean concentration in the survey unit and 
the mean concentration in the reference area selected to represent background. The term 
1-sample case is used when the radionuclide does not appear in background, because 
measurements are only made in the survey unit.  The term 2-sample case is used when the 
radionuclide appears in background, because measurements are made in both the survey unit and 
the reference area. 

Figure D.3 contains a simple, hypothetical example of the 1-sample case. The upper portion of 
the figure shows a probability distribution of residual radionuclide concentrations in the surface 
soil of the survey unit. The parameter of interest is the location of the mean of this distribution, 
represented by the vertical dotted line and denoted by the symbol D. 

The decision rule for the 1-sample case is: “If the mean concentration in the survey unit is less 
than the investigation level, then the survey unit is in compliance with the release criterion.” To 
implement the decision rule, an estimate of the mean concentration in the survey unit is required. 
An estimate of the mean of the survey unit distribution may be obtained by measuring 
radionuclide concentrations in soil at a set of n randomly selected locations in the survey unit. A 
point estimate for the survey unit mean is obtained by calculating the simple arithmetic average 
of the n measurements. Due to measurement variability, there is a distribution of possible values 
for the point estimate for the survey unit mean, �. This distribution is referred to as f(�), and is 
shown in the lower graph of Figure D.3. The investigation level for the Sign test used in the 
1-sample case is the DCGLW, shown on the horizontal axis of the graph. 

If f(�) lies far to the left (or to the right) of the DCGLW, a decision of whether or not the survey 
unit demonstrates compliance can be easily made. However, if f(�) overlaps the DCGLW, 
statistical decision rules are used to assist the decision maker. Note that the width of the 
distribution for the estimated mean may be reduced by increasing the number of measurements. 
Thus, a large number of samples will reduce the probability of making decision errors. 

Figure D.4 shows a simple, hypothetical example of the 2-sample case. The upper portion of the 
figure shows one probability distribution representing background radionuclide concentrations in 
the surface soil of the reference area, and another probability distribution representing 
radionuclide concentrations in the surface soil of the survey unit. The graph in the middle 
portion of the figure shows the distributions of the estimated mean concentrations in the 
reference area and the survey unit. In this case, the parameter of interest is the difference 
between the means of these two distributions, D, represented by the distance between the two 
vertical dotted lines. 

The decision rule for the 2-sample case is: “If the difference between the mean concentration in 
the survey unit and the mean concentration in the reference area is less than the investigation 
level, then the survey unit is in compliance with the release criterion.” To implement the 
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1-Sample Case


Concentration 

Contamination 
Distribution 

0 

D = Difference Due to 
Residual Radioactivity 

D 
Survey Unit 

* = Mean Shift 
Above Zero 

f(*) 

0 

D = Difference Due to 
Residual Radioactivity 

Survey Unit Mean DCGL 

f(*) is the sampling distribution of the estimated survey unit mean. 

Figure D.3 Example of the Parameter of Interest for the 1-Sample Case 
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2-Sample Case 

Contamination 
Distributions 

Reference Area Survey Unit 
0 Concentration 

Means 

Mean 

Sampling 
Distributions 
of Estimated 

0 Reference Area 
Mean 

Survey Unit 
Concentration 

D = Mean Difference Due to 
Residual Radioactivity 

f(*) 

D 
0 * = Mean Shift 

Above 

D = Mean Difference Due to 
Residual Radioactivity 

DCGL 
Background 

f(*) is  the sampling distribution of the difference between 
the survey unit mean and the reference area mean. 

Figure D.4 Example of the Parameter of Interest for the 2-Sample Case 
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decision rule, an estimate of the difference is required. This estimate may be obtained by 
measuring radionuclide concentrations at a set of “n” randomly selected locations in the survey 
unit and “m” randomly selected locations in the reference area.  A point estimate of the survey 
unit mean is obtained by calculating the simple arithmetic average of the n measurements in the 
survey unit. A point estimate of the reference area mean is similarly calculated. A point estimate 
of the difference between the two means is obtained by subtracting the reference area average 
from the survey unit average. 

The measurement distribution of this difference, f(�), is centered at D, the true value of the 
difference. This distribution is shown in the lower graph of Figure D.4. 

Once again, if f(�) lies far to the left (or to the right) of the DCGLW

the survey unit demonstrates compliance can be easily made. However, if f(�) overlaps the 
DCGLW, statistical decision rules are used to assist the decision maker. 

, a decision of whether or not 

D.6 Specify Limits on Decision Errors 

Decisions based on survey results can often be reduced to a choice between “yes” or “no”, such 
as determining whether or not a survey unit meets the release criterion. When viewed in this 
way, two types of incorrect decisions, or decision errors, are identified: 1) incorrectly deciding 
that the answer is “yes” when the true answer is “no”, and 2) incorrectly deciding the answer is 
“no” when the true answer is “yes”. The distinctions between these two types of errors are 
important for two reasons: 1) the consequences of making one type of error versus the other may 
be very different, and 2) the methods for controlling these errors are different and involve 
tradeoffs. For these reasons, the decision maker should specify levels for each type of decision 
error. 

The purpose of this section is to specify the decision maker's limits on decision errors, which are 
used to establish performance goals for the data collection design. The goal of the planning team 
is to develop a survey design that reduces the chance of making a decision error. 

While the possibility of a decision error can never be totally eliminated, it can be controlled. To 
control the possibility of making decision errors, the planning team attempts to control 
uncertainty in the survey results caused by sampling design error and measurement error. 
Sampling design error may be controlled by collecting a large number of samples. Using more 
precise measurement techniques or field duplicate analyses can reduce measurement error. 
Better sampling designs can also be developed to collect data that more accurately and efficiently 
represent the parameter of interest. Every survey will use a slightly different method of 
controlling decision errors, depending on the largest source of error and the ease of reducing 
those error components. 
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The estimate of the standard deviation for the measurements performed in a survey unit (�s) 
includes the individual measurement uncertainty as well as the spatial and temporal variations 
captured by the survey design. For this reason, individual measurement uncertainties are not 
used during the final status survey data assessment. However, individual measurement 
uncertainties may be useful for determining an a priori estimate of �s during survey planning. 
Since a larger value of �s results in an increased number of measurements needed to demonstrate 
compliance during the final status survey, the decision maker may seek to reduce measurement 
uncertainty through various methods (e.g., different instrumentation). There are trade-offs that 
should be considered during survey planning. For example, the costs associated with performing 
additional measurements with an inexpensive measurement system may be less than the costs 
associated with a measurement system with better sensitivity (i.e., lower measurement 
uncertainty, lower minimum detectable concentration). However, the more expensive 
measurement system with better sensitivity may reduce �s and the number of measurements used 
to demonstrate compliance to the point where it is more cost effective to use the more expensive 
measurement system. For surveys in the early stages of the Radiation Survey and Site 
Investigation Process, the measurement uncertainty and instrument sensitivity become even more 
important. During scoping, characterization, and remedial action support surveys, decisions 
about classification and remediation are made based on a limited number of measurements. 
When the measurement uncertainty or the instrument sensitivity values approach the value of the 
DCGL, it becomes more difficult to make these decisions. From an operational standpoint, when 
operators of a measurement system have an a priori understanding of the sensitivity and potential 
measurement uncertainties, they are able to recognize and respond to conditions that may warrant 
further investigation—e.g., changes in background radiation levels, the presence of areas of 
elevated activity, measurement system failure or degradation, etc. 

The probability of making decision errors can be controlled by adopting a scientific approach, 
called hypothesis testing.  In this approach, the survey results are used to select between one 
condition of the environment (the null hypothesis, H0) and an alternative condition (the 
alternative hypothesis, Ha). The null hypothesis is treated like a baseline condition that is 
assumed to be true in the absence of strong evidence to the contrary. Acceptance or rejection of 
the null hypothesis depends upon whether or not the particular survey results are consistent with 
the hypothesis. 

A decision error occurs when the decision maker rejects the null hypothesis when it is true, or 
accepts the null hypothesis when it is false. These two types of decision errors are classified as 
Type I and Type II decision errors, and can be represented by a table as shown in Table D.1. 

A Type I decision error occurs when the null hypothesis is rejected when it is true, and is 
sometimes referred to as a false positive error. The probability of making a Type I decision error, 
or the level of significance, is denoted by alpha (�). Alpha reflects the amount of evidence the 
decision maker would like to see before abandoning the null hypothesis, and is also referred to as 
the size of the test. 
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Table D.1 Example Representation of Decision Errors for a Final Status Survey 

H0: The Residual Activity in the Survey Unit Exceeds the Release Criterion 

DECISION 

Reject H0 

(Meets Release Criterion) 
Accept H0 

(Exceeds Release Criterion) 

TRUE 
CONDITION 

OF 
SURVEY 

UNIT 

Meets 
Release 
Criterion 

Exceeds 
Release 
Criterion 

(No decision error) 
Incorrectly Fail to Release 

Survey Unit 
(Type II) 

Incorrectly Release 
Survey Unit 

(Type I) 
(No decision error) 

A Type II decision error occurs when the null hypothesis is accepted when it is false. This is 
sometimes referred to as a false negative error. The probability of making a Type II decision 
error is denoted by beta (�). The term (1-�) is the probability of rejecting the null hypothesis 
when it is false, and is also referred to as the power of the test. 

There is a relationship between � and � that is used in developing a survey design. In general, 
increasing � decreases � and vice versa, holding all other variables constant. Increasing the 
number of measurements typically results in a decrease in both � and �. The number of 
measurements that will produce the desired values of � and � from the statistical test can be 
estimated from �, �, the DCGLW, and the estimated variance of the distribution of the parameter 
of interest. 

There are five activities associated with specifying limits on decision errors: 

! Determining the possible range of the parameter of interest. Establish the range by 
estimating the likely upper and lower bounds based on professional judgement. 

! Identifying the decision errors and choosing the null hypothesis. 
a.	 Define both types of decision errors (Type I and Type II) and establish the true 

condition of the survey unit for each decision error. 
b. Specify and evaluate the potential consequences of each decision error. 
c.	 Establish which decision error has more severe consequences near the action 

level. Consequences include health, ecological, political, social, and resource 
risks. 
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d. Define the null hypothesis and the alternative hypothesis and assign the terms 
"Type I" and "Type II" to the appropriate decision error. 

! Specifying a range of possible parameter values, a gray region, where the consequences of 
decision errors are relatively minor. It is necessary to specify a gray region because 
variability in the parameter of interest and unavoidable imprecision in the measurement 
system combine to produce variability in the data such that a decision may be "too close 
to call" when the true but unknown value of the parameter of interest is very near the 
action level. Additional guidance on specifying a gray region is available in Guidance for 
the Data Quality Objectives Process (EPA 1994a). 

! Assigning probability limits to points above and below the gray region that reflect the 
probability for the occurrence of decision errors. 

! Graphically representing the decision rule. 

The expected outputs of this step are decision error rates based on the consequences of making 
an incorrect decision. Certain aspects of the site investigation process, such as the Historical Site 
Assessment (HSA), are not so quantitative that numerical values for decision errors can be 
specified. Nevertheless, a "comfort region" should be identified where the consequences of 
decision errors are relatively minor. 

In Section D.5, the parameter of interest was defined as the difference between the survey unit 
mean concentration of residual radioactivity and the reference area mean concentration in the 
2-sample case, or simply the survey unit mean concentration in the 1-sample case. The possible 
range of values for the parameter of interest is determined based on existing information (such as 
the Historical Site Assessment or previous surveys) and best professional judgement. The likely 
lower bound for f(�) is either background or zero. For a final status survey when the residual 
radioactivity is expected to meet the release criterion, and a conservative upper bound might be 
approximately three times DCGLW. 

Hypothesis testing is used to determine whether or not a statement concerning the parameter of 
interest should be verified. The statement about the parameter of interest is called the null 
hypothesis. The alternative hypothesis is the opposite of what is stated in the null hypothesis. 
The decision maker needs to choose between two courses of action, one associated with the null 
hypothesis and one associated with the alternative hypothesis. 

To make a decision using hypothesis testing, a test statistic is compared to a critical value. The 
test statistic1 is a number calculated using data from the survey. The critical value of the test 
statistic defines a rejection region based on some assumptions about the true distribution of data 
in the survey unit. If the value of the test statistic falls within the rejection region, the null 

1 The test statistic is not necessarily identical to the parameter of interest, but is functionally related to it 
through the statistical analysis. 
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hypothesis is rejected. The decision rule, developed in Section D.5, is used to describe the 
relationship between the test statistic and the critical value. 

MARSSIM considers two ways to state H0 for a final status survey. The primary consideration in 
most situations will be compliance with the release criterion. This is shown as Scenario A in 
Figure D.5. The null hypothesis is that the survey unit exceeds the release criterion. Using this 
statement of H0 means that significant evidence that the survey unit does not exceed the release 
criterion is required before the survey unit would be released. 

In some situations, however, the primary consideration may be determining if any residual 
radioactivity at the site is distinguishable from background, shown as Scenario B in Figure D.6. 
In this manual, Scenario A is used as an illustration because it directly addresses the compliance 
issue and allows consideration of decision errors. More information on Scenario B can be found 
in the NRC draft report NUREG-1505 (NRC 1995a). 

For Scenario A, the null hypothesis is that the survey unit does not meet the release criterion. A 
Type I decision error would result in the release of a survey unit containing residual radioactivity 
above the release criterion. The probability of making this error is �. Setting a high value for � 
would result in a higher risk that survey units that might be somewhat in excess of the release 
criterion would be passed as meeting the release criterion. Setting a low value for � would result 
in fewer survey units where the null hypothesis is rejected. However, the cost of setting a low 
value for � is either a higher value for � or an increased number of samples used to demonstrate 
compliance. 

For Scenario A, the alternative hypothesis is that the survey unit does meet the release criterion. 
A Type II decision error would result in either unnecessary costs due to remediation of survey 
units that are truly below the release criterion or additional survey activities to demonstrate 
compliance.  The probability of making a Type II error is �. Selecting a high value for � (low 
power) would result in a higher risk that survey units that actually meet the release criterion are 
subject to further investigation. Selecting a low value for � (high power) will minimize these 
investigations, but the tradeoff is either a higher value for � or an increased number of 
measurements used to demonstrate compliance. Setting acceptable values for � and �, as well as 
determining an appropriate gray region, is a crucial step in the DQO process. 

In the MARSSIM framework, the gray region is always bounded from above by the DCGL 
corresponding to the release criterion. The Lower Bound of the Gray Region (LBGR) is selected 
during the DQO process along with the target values for � and �. The width of the gray region, 
equal to (DCGL - LBGR), is a parameter that is central to the nonparametric tests discussed in 
this manual. It is also referred to as the shift, �. The absolute size of the shift is actually of less 
importance than the relative shift �/�, where � is an estimate of the standard deviation of the 
measured values in the survey unit. The estimated standard deviation, �, includes both the real 
spatial variability in the quantity being measured, and the precision of the chosen measurement 
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SCENARIO A 

Assume as a null hypothesis that the survey unit exceeds the release criterion. This requires 
significant evidence that the residual radioactivity in the survey unit is less than the release 
criterion to reject the null hypothesis (and pass the survey unit). If the evidence is not 
significant at level �, the null hypothesis of a non-complying survey unit is accepted (and the 
survey unit fails). 

HYPOTHESIS TEST 

H0:  Survey unit does not meet release criterion Survey unit passes if and 
Ha: Survey unit does meet the release criterion only if the test statistic falls in 

the rejection region. 

f(�) 

Critical Release 
Value Criterion 

� = probability the 
null hypothesis 
is rejected 

0 

This test directly addresses the compliance question. 

The mean shift for the survey unit must be significantly below the release criterion for the null 
hypothesis to be rejected. 

With this test, site owners face a trade-off between additional sampling costs and unnecessary 
remediation costs. They may choose to increase the number of measurements in order to decrease 
the number of Type II decision errors (reduce the chance of remediating a clean survey unit for 
survey units at or near background levels. 

Distinguishability from background is not directly addressed. However, sample sizes may be 
selected to provide adequate power at or near background levels, hence ensuring that most survey 
units near background would pass. Additional analyses, such as point estimates and/or confidence 
intervals, may be used to address this question. 

A high percentage of survey units slightly below the release criterion may fail the release criterion, 
unless large numbers of measurements are used. This achieves a high degree of assurance that 
most survey units that are at or above the release criterion will not be improperly released. 

Figure D.5 Possible Statement of the Null Hypothesis for the Final Status Survey 
Addressing the Issue of Compliance 
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SCENARIO B 

Assume as a null hypothesis that the survey unit is indistinguishable from background. This 
requires significant evidence that the survey unit residual radioactivity is greater than 
background to reject the null hypothesis (and fail the survey unit). If the evidence is not 
significant at level �, the null hypothesis of a clean survey unit is accepted (and the survey 
unit passes). 

HYPOTHESIS TEST 

H0:  Survey unit is indistinguishable from background Survey unit passes if and

Ha: Survey unit is distinguishable from background only if the test statistic falls in


the rejection region. 

f(�) 

0 Critical 
Value 

� = probability the null hypothesis is rejected 

Distinguishability from background may be of primary importance to some stakeholders. 

The residual radioactivity in the survey unit must be significantly above background for the null 
hypothesis to be rejected. 

Compliance with the DCGLs is not directly addressed. However, the number of measurements may 
be selected to provide adequate power at or near the DCGL, hence ensuring that most survey units 
near the DCGL would not be improperly released. Additional analysis, based on point estimates 
and/or confidence intervals, is required to determine compliance if the null hypothesis is rejected by 
the test. 

A high percentage of survey units slightly below the release criterion will fail unless large numbers of 
measurements are used. This is necessary to achieve a high degree of assurance that for most sites 
at or above the release criterion the null hypothesis will fail to be improperly released. 

Figure D.6 Possible Statement of the Null Hypothesis for the Final Status Survey 
Addressing the Issue of Indistinguishability from Background 
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method. The relative shift, �/�, is an expression of the resolution of the measurements in units 
of measurement uncertainty. Expressed in this way, it is easy to see that relative shifts of less 
than one standard deviation, �/� < 1, will be difficult to detect. On the other hand, relative shifts 
of more than three standard deviations, �/� > 3, are generally easier to detect. The number of 
measurements that will be required to achieve given error rates, � and �, depends almost entirely 
on the value of �/� (see Chapter 5). 

Since small values of �/� result in large numbers of samples, it is important to design for �/� > 1 
whenever possible. There are two obvious ways to increase �/�. The first is to increase the 
width of the gray region by making LBGR small. Only Type II decision errors occur in the gray 
region. The disadvantage of making this gray region larger is that the probability of incorrectly 
failing to release a survey unit will increase.  The target false negative rate � will be specified at 
lower residual radioactivity levels, i.e., a survey unit will generally have to be lower in residual 
radioactivity to have a high probability of being judged to meet the release criterion. The second 
way to increase �/� is to make � smaller. One way to make � small is by having survey units 
that are relatively homogeneous in the amount of measured radioactivity. This is an important 
consideration in selecting survey units that have both relatively uniform levels of residual 
radioactivity and also have relatively uniform background radiation levels. Another way to make 
� small is by using more precise measurement methods. The more precise methods might be 
more expensive, but this may be compensated for by the decrease in the number of required 
measurements. One example would be in using a radionuclide specific method rather than gross 
radioactivity measurements for residual radioactivity that does not appear in background. This 
would eliminate the variability in background from �, and would also eliminate the need for 
reference area measurements. 

The effect of changing the width of the gray region and/or changing the measurement variability 
on the estimated number of measurements (and cost) can be investigated using the DEFT 
(Decision Error Feasibility Trials) software developed by EPA (EPA 1995a). This program can 
only give approximate sample sizes and costs since it assumes that the measurement data are 
normally distributed, that a Student’s t test will be used to evaluate the data, and that there is 
currently no provision for comparison to a reference area. Nevertheless, as a rough rule of 
thumb, the sample sizes calculated by DEFT are about 85% of those required by the one-sample 
nonparametric tests recommended in this manual. This rule of thumb works better for large 
numbers of measurements than for smaller numbers of measurements, but can be very useful for 
estimating the relative impact on costs of decisions made during the planning process. 

Generally, the design goal should be to achieve �/� values between one and three. The number 
of samples needed rises dramatically when �/� is smaller than one. Conversely, little is usually 
gained by making �/� larger than about three. If �/� is greater than three or four, one should 
take advantage of the measurement precision available by making the width of the gray region 
smaller. It is even more important, however, that overly optimistic estimates for � be avoided. 
The consequence of taking fewer samples than are needed given the actual measurement 
variations will be unnecessary remediations (increased Type II decision errors). 
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Once the preliminary estimates of � and � are available, target values for � and � can be 
selected. The values of � and � should reflect the risks involved in making Type I and Type II 
decision errors, respectively. 

One consideration in setting the false positive rate are the health risks associated with releasing a 
survey unit that might actually contain residual radioactivity in excess of the DCGLW. If a survey 
unit did exceed the DCGLW, the first question that arises is “How much above the DCGLW is the 
residual radioactivity likely to be?”  The DEFT software can be used to evaluate this. 

For example, if the DCGLW is 100 Bq/kg (2.7 pCi/g), the LBGR is 50 Bq/kg (1.4 pCi/g), � is 50 
Bq/kg (1.4 pCi/g), � = 0.10 and � = 0.05, the DEFT calculations show that while a survey unit 
with residual radioactivity equal to the DCGLW has a 10% chance of being released, a survey unit 
at a level of 115 Bq/kg (3.1 pCi/g) has less than a 5% chance of being released, a survey unit at a 
level of 165 Bq/kg (4.5 pCi/g) has virtually no chance of being released. However, a survey unit 
with a residual radioactivity level of 65 Bq/kg (1.8 pCi/g) will have about an 80% chance of 
being released and a survey unit with a residual radioactivity level of 80 Bq/kg (2.2 pCi/g) will 
only have about a 40% chance of being released. Therefore, it is important to examine the 
probability of deciding that the survey unit does not meet the release criterion over the entire 
range of possible residual radioactivity values, and not only at the boundaries of the gray region. 
Of course, the gray region can be made narrower, but at the cost of additional sampling.  Since 
the equations governing the process are not linear, small changes can lead to substantial changes 
in survey costs. 

As stated earlier, the values of � and � that are selected in the DQO process should reflect the 
risk involved in making a decision error. In setting values for �, the following are important 
considerations: 

!	 In radiation protection practice, public health risk is modeled as a linear function of dose 
(BEIR 1990). Therefore a 10% change in dose, say from 15 to 16.5, results in a 10% 
change in risk. This situation is quite different from one in which there is a threshold. In 
the latter case, the risk associated with a decision error can be quite high, and low values 
of � should be selected. When the risk is linear, much higher values of � at the release 
criterion might be considered adequately protective when the survey design results in 
smaller decision error rates at doses or risks greater than the release criterion. False 
positives will tend to be balanced by false negatives across sites and survey units, 
resulting in approximately equal human health risks. 

!	 The DCGL itself is not free of error. The dose or risk cannot be measured directly, and 
many assumptions are made in converting doses or risks to derived concentrations. To be 
adequately protective of public health, these models are generally designed to over predict 
the dose or risk. Unfortunately, it is difficult to quantify this. Nonetheless, it is probably 
safe to say that most models have uncertainty sufficiently large such that the true dose or 
risk delivered by residual radioactivity at the DCGL is very likely to be lower than the 
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release criterion. This is an additional consideration for setting the value of �, that could 
support the use of larger values in some situations. In this case, one would prospectively 
address, as part of the DQO process, the magnitude, significance, and potential 
consequences of decision errors at values above the release criterion. The assumptions 
made in any model used to predict DCGLs for a site should be examined carefully to 
determine if the use of site specific parameters results in large changes in the DCGLs, or 
whether a site-specific model should be developed rather than designing a survey around 
DCGLs that may be too conservative. 

!	 The risk of making the second type of decision error, �, is the risk of requiring additional 
remediation when a survey unit already meets the release criterion. Unlike the health 
risk, the cost associated with this type of error may be highly non-linear. The costs will 
depend on whether the survey unit has already had remediation work performed on it, and 
the type of residual radioactivity present. There may be a threshold below which the 
remediation cost rises very rapidly.  If so, a low value for � is appropriate at that threshold 
value. This is primarily an issue for survey units that have a substantial likelihood of 
falling at or above the gray region for residual radioactivity. For survey units that are 
very lightly contaminated, or have been so thoroughly remediated that any residual 
radioactivity is expected to be far below the DCGL, larger values of � may be appropriate 
especially if final status survey sampling costs are a concern. Again, it is important to 
examine the probability of deciding that the survey unit does not meet the release 
criterion over the entire range of possible residual radioactivity values, below as well as 
above the gray region. 

!	 Lower decision error rates may be possible if alternative sampling and analysis 
techniques can be used that result in higher precision. The same might be achieved with 
moderate increases in sample sizes. These alternatives should be explored before 
accepting higher design error rates. However, in some circumstances, such as high 
background variations, lack of a radionuclide specific technique, and/or radionuclides that 
are very difficult and expensive to quantify, error rates that are lower than the 
uncertainties in the dose or risk estimates may be neither cost effective nor necessary for 
adequate radiation protection. 

None of the above discussion is meant to suggest that under any circumstances a less than 
rigorous, thorough, and professional approach to final status surveys would be satisfactory.  The 
decisions made and the rationale for making these decisions should be thoroughly documented. 

For Class 1 Survey Units, the number of samples may be driven more by the need to detect small 
areas of elevated activity than by the requirements of the statistical tests. This in turn will depend 
primarily on the sensitivity of available scanning instrumentation, the size of the area of elevated 
activity, and the dose or risk model. A given concentration of residual radioactivity spread over a 
smaller area will, in general, result in a smaller dose or risk. Thus, the DCGLEMC used for the 
elevated measurement comparison is usually larger than the DCGLW used for the statistical test. 
In some cases, especially radionuclides that deliver dose or risk primarily via internal pathways, 
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dose or risk is approximately proportional to inventory, and so the difference in the DCGLs is 
approximately proportional to the areas. 

However, this may not be the case for radionuclides that deliver a significant portion of the dose 
or risk via external exposure. The exact relationship between the DCGLEMC and the DCGLW is a 
complicated function of the dose or risk modeling pathways, but area factors to relate the two 
DCGLs can be tabulated for most radionuclides (see Chapter 5), and site-specific area factors can 
also be developed. 

For many radionuclides, scanning instrumentation is readily available that is sensitive enough to 
detect residual radioactivity concentrations at the DCGLEMC derived for the sampling grid of 
direct measurements used in the statistical tests. Where instrumentation of sufficient sensitivity 
(MDC, see Chapter 6) is not available, the number of samples in the survey unit can be increased 
until the area between sampling points is small enough (and the resulting area factor is large 
enough) that DCGLEMC can be detected by scanning. The details of this process are discussed in 
Chapter 5. For some radionuclides (e.g., 3H) the scanning sensitivity is so low that this process 
would never terminate—i.e., the number of samples required could increase without limit. Thus, 
an important part of the DQO process is to determine the smallest size of an area of elevated 
activity that it is important to detect, Amin , and an acceptable level of risk , RA , that it may go 
undetected. The probability of sampling a circular area of size A with either a square or 
triangular sampling pattern is shown in Figure D.7. The ELIPGRID-PC (Davidson 1995) 
computer code can also be used to calculate these probabilities. 

In this part of the DQO process, the concern is less with areas of elevated activity that are found 
than with providing adequate assurance that negative scanning results truly demonstrate the 
absence of such areas. In selecting acceptable values for Amin and RA, maximum use of 
information from the HSA and all surveys prior to the final status surveys should be used to 
determine what sort of areas of elevated activity could possibly exist, their potential size and 
shape, and how likely they are to exist. When the detection limit of the scanning technique is 
very large relative to the DCGLEMC, the number of measurements estimated to demonstrate 
compliance using the statistical tests may become unreasonably large.  In this situation an 
evaluation of the survey objectives and considerations be performed. These considerations may 
include the survey design and measurement methodology, exposure pathway modeling 
assumptions and parameter values used to determine the DCGLs, Historical Site Assessment 
conclusions concerning source terms and radionuclide distributions, and the results of scoping 
and characterization surveys. In most cases the results of this evaluation is not expected to 
justify an unreasonably large number of measurements. 

A convenient method for visualizing the decision rule is to graph the probability of deciding that 
the survey unit does not meet the release criterion, i.e., that the null hypothesis of Scenario A is 
accepted. An example of such a chart is shown in Figure D.8. 
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In this example � is 0.025 and � is 0.05, providing an expected power (1-�) of 0.95 for the test. 
A second method for presenting the information is shown in Figure D.9. This figure shows the 
probability of making a decision error for possible values of the parameter of interest, and is 
referred to as an error chart. In both examples a gray region, where the consequences of decision 
errors are deemed to be relatively minor, is shown. These charts are used in the final step of the 
DQO Process, combined with the outputs from the previous steps, to produce an efficient and 
cost-effective survey design. It is clear that setting acceptable values for � and �, as well as 
determining an appropriate gray region, is a crucial step in the DQO Process. Instructions for 
creating a prospective power curve, which can also be used to visualize the decision rule, are 
provided in Appendix I. 

After the survey design is implemented, the expected values of � and � determined in this step 
are compared to the actual significance level and power of the statistical test based on the 
measurement results during the assessment phase of the Data Life Cycle.  This comparison is 
used to verify that the objectives of the survey have been achieved. 

EPA QA/G-9 (EPA 1996a) discusses considerations for selecting a particular null hypothesis. 
Because of the basic hypothesis testing philosophy, the null hypothesis is generally specified in 
terms of the status quo (e.g., no change or action will take place if the null hypothesis is not 
rejected). Also, since the classical hypothesis testing approach exercises direct control over the 
Type I (false positive) error rate, this rate is generally associated with the error of most concern. 
In the case of the null hypothesis in which the residual radioactivity in the survey unit exceeds 
the release criterion, a Type I decision error would conclude that the residual activity was less 
than the release criterion when in fact it was above the release criterion. One difficulty, 
therefore, may be obtaining a consensus on which error should be of most concern (i.e., releasing 
a site where the residual activity exceeds the release criterion or failing to release a site where the 
residual activity is less than the release criterion). It is likely that the regulatory agency’s public 
health-based protection viewpoint will differ from the viewpoint of the regulated party.  The 
ideal approach is not only to define the null hypothesis in such a way that the Type I decision 
error protects human health and the environment but also in a way that encourages quality (high 
precision and accuracy) and minimizes expenditure of resources in situations where decisions are 
relatively “easy” (e.g., all observations are far below the threshold level of interest or DCGL). 

To avoid excessive expense in performing measurements, compromises are sometimes 
necessary. For example, suppose that a significance level (�) of 0.05 is to be used. However, the 
affordable sample size may be expected to yield a test with power (�) of only 0.40 at some 
specified parameter value chosen to have practical significance. One possible compromise may 
be to relax the Type I decision error rate (�) and use a value of 0.10, 0.15, or even 0.20. By 
relaxing the Type I decision error rate, a higher power (i.e., a lower Type II decision error rate) 
can be achieved. An argument can be made that survey designs should be developed and number 
of measurements determined in such a way that both the Type I (�) and Type II (�) decision error 
rates are treated simultaneously and in a balanced manner (i.e., � = � = 0.15). This approach of 

MARSSIM, Revision 1 D-26 August 2000 



Appendix D
A

cc
ep

ta
b

le
 E

rr
or

 R
at

es



. 

Acceptable 
Type II 

Decision Error 
Rate ($) 

Gray Region 

Larger Error 
Rates Are 
Acceptable 

Acceptable 
Type I 

Decision Error 
Rate (") 

1.00 

0.20 

0.15 

0.10 

0.05 

0.00 

0 0.5 DCGLW DCGLW 1.5 DCGLW 2 DCGLW 

True Activity Above Background 

Figure D.9 Example of an Error Chart Illustrating the Decision Rule 
for  the Final Status Survey 

August 2000 D-27 MARSSIM, Revision 1 



Appendix D 

treating the Type I and Type II decision error rates simultaneously is taken by the DQO Process. 
It is recommended that several different values for � and � be investigated before specific values 
are selected. 

D.7 Optimize the Design for Collecting Data 

This step is designed to produce the most resource-effective survey design that is expected to 
meet the DQOs. It may be necessary to work through this step more than once after revisiting 
previous steps in the DQO Process. 

There are six activities included in this step: 

!	 Reviewing the DQO outputs and existing environmental data to ensure they are internally 
consistent. 

!	 Developing general data collection design alternatives. Chapter 5 describes random and 
systematic sampling designs recommended for final status surveys based on survey unit 
classification. 

!	 Formulating the mathematical expressions needed to solve the design problem for each 
data collection design alternative. 

!	 Selecting the optimal design that satisfies the DQOs for each data collection design 
alternative.  If the recommended design will not meet the limits on decision errors within 
the budget or other constraints, then the planning team will need to relax one or more 
constraints. Examples include: 
a. increasing the budget for sampling and analysis 
b. using exposure pathway modeling to develop site-specific DCGLs 
c. increasing the decision error rates, not forgetting to consider the risks associated 

with making an incorrect decision 
d. increasing the width of the gray region by decreasing the LBGR 
e. relaxing other project constraints—e.g., schedule 
f.	 changing the boundaries—it may be possible to reduce measurement costs by 

changing or eliminating survey units that will require different decisions 
g. evaluating alternative measurement techniques with lower detection limits or 

lower survey costs 
h.	 considering the use of passive controls when releasing the survey unit rather than 

unrestricted release 
!	 Selecting the most resource-effective survey design that satisfies all of the DQOs. 

Generally, the survey designs described in Chapter 5 will be acceptable for demonstrating 
compliance.  Atypical sites (e.g., mixed-waste sites) may require the planning team to 
consider alternative survey designs on a site-specific basis. 
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!	 Documenting the operational details and theoretical assumptions of the selected design in 
the QAPP, the field sampling plan, the sampling and analysis plan, or the 
decommissioning plan. All of the decisions that will be made based on the data collected 
during the survey should be specified along with the alternative actions that may be 
adopted based on the survey results. 

Chapters 4 and 5 present a framework for a final status survey design. When this framework is

combined with the site-specific DQOs developed using the guidance in this section, the survey

design should be acceptable for most sites. The key inputs to Chapters 4 and 5 are:


! investigation levels and DCGLs for each radionuclide of interest

! acceptable measurement techniques for scanning, sampling, and direct measurements,


including detection limits and estimated survey costs 
! identification and classification of survey units 
! an estimate of the variability in the distribution of residual radioactivity for each survey 

unit, and in the reference area if necessary 
! the decision maker’s acceptable a priori values for decision error rates (� and �) 
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THE ASSESSMENT PHASE OF THE DATA LIFE CYCLE 

The assessment phase of the Data Life Cycle includes verification and validation of the survey

data and assessment of quality of the data. Data verification is used to ensure that the

requirements stated in the planning documents are implemented as prescribed. Data validation is

used to ensure that the results of the data collection activities support the objectives of the survey

as documented in the Quality Assurance Project Plan (QAPP), or permit a determination that

these objectives should be modified. Data Quality Assessment (DQA) is the scientific and

statistical evaluation of data to determine if the data are of the right type, quality, and quantity to

support their intended use (EPA 1996a). DQA helps complete the Data Life Cycle by providing

the assessment needed to determine that the planning objectives are achieved. Figure E.1

illustrates where data verification, data validation and DQA fit into the Assessment Phase of the

Data Life Cycle.


There are five steps in the DQA Process:


! Review the Data Quality Objectives (DQOs) and Survey Design

! Conduct a Preliminary Data Review

! Select the Statistical Test

! Verify the Assumptions of the Statistical Test

! Draw Conclusions from the Data


These five steps are presented in a linear sequence, but the DQA process is applied in an iterative

fashion much like the DQO process. The strength of the DQA process is that it is designed to

promote an understanding of how well the data will meet their intended use by progressing in a

logical and efficient manner.


E.1 Review DQOs and Survey Design 

The DQA process begins by reviewing the key outputs from the Planning phase of the Data Life 
Cycle that are recorded in the planning documents (e.g., the QAPP). The DQOs provide the 
context for understanding the purpose of the data collection effort. They also establish 
qualitative and quantitative criteria for assessing the quality of the data set for the intended use. 
The survey design (documented in the QAPP) provides important information about how to 
interpret the data. 
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Figure E.1 The Assessment Phase of the Data Life Cycle (EPA 1996a) 
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There are three activities associated with this step in the DQA process: 

!	 Translating the data user's objectives into a statement of the hypotheses to be tested using 
environmental data. These objectives should be documented as part of the DQO Process, 
and this activity is reduced to translating these objectives into the statement of 
hypotheses. If DQOs have not been developed, which may be the case for historical data, 
review Appendix D for assistance in developing these objectives. 

!	 Translating the objectives into limits on the probability of committing Type I or Type II 
decision errors. Appendix D, Section D.6 provides guidance on specifying limits on 
decision errors as part of the DQO process. 

!	 Reviewing the survey design and noting any special features or potential problems. The 
goal of this activity is to familiarize the analyst with the main features of the survey 
design used to generate the environmental data. Review the survey design documentation 
(e.g., the QAPP) with the data user's objectives in mind. Look for design features that 
support or contradict these objectives. 

For the final status survey, this step would consist of a review of the DQOs developed using 
Appendix D and the QAPP developed in Chapter 9. 

E.2 Conduct a Preliminary Data Review 

In this step of the DQA process, the analyst conducts a preliminary evaluation of the data set, 
calculating some basic statistical quantities and looking at the data through graphical 
representations. By reviewing the data both numerically and graphically, the analyst can learn 
the “structure” of the data and thereby identify appropriate approaches and limitations for their 
use. 

This step includes three activities: 

! reviewing quality assurance reports 
! calculating statistical quantities (e.g., relative standing, central tendency, dispersion, 

shape, and association) 
! graphing the data (e.g., histograms, scatter plots, confidence intervals, ranked data plots, 

quantile plots, stem-and-leaf diagrams, spatial or temporal plots) 

Chapter 8 discusses the application of these activities to a final status survey. 
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E.3 Select the Statistical Test 

The statistical tests presented in Chapter 8 are applicable for most sites contaminated with 
radioactive material. Chapter 2 discusses the rationale for selecting the statistical methods 
recommended for the final status survey in more detail. Additional guidance on selecting 
alternate statistical methods can be found in Section 2.6 and in EPA's DQA guidance document 
(EPA 1995). 

E.4 Verify the Assumptions of the Statistical Test 

In this step, the analyst assesses the validity of the statistical test by examining the underlying 
assumptions in light of the environmental data. The key questions to be resolved are: “Do the 
data support the underlying assumptions of the test?”, and: “Do the data suggest that 
modifications to the statistical analysis are warranted?” 

The underlying assumptions for the statistical tests are discussed in Section 2.5. Graphical 
representations of the data, such as those described in Section 8.2 and Appendix I, can provide 
important qualitative information about the validity of the assumptions. Documentation of this 
step is always important, especially when professional judgement plays a role in accepting the 
results of the analysis. 

There are three activities included in this step: 

!	 Determining the approach for verifying assumptions. For this activity, determine how the 
assumptions of the hypothesis test will be verified, including assumptions about 
distributional form, independence, dispersion, type, and quantity of data. Chapter 8 
discusses methods for verifying assumptions for the final status survey statistical test 
during the preliminary data review. 

!	 Performing tests of the assumptions. Perform the calculations selected in the previous 
activity for the statistical tests. Guidance on performing the tests recommended for the 
final status survey are included in Chapter 8. 

!	 Determining corrective actions (if any). Sometimes the assumptions underlying the 
hypothesis test will not be satisfied and some type of corrective action should be 
performed before proceeding.  In some cases, the data for verifying some key assumption 
may not be available and existing data may not support the assumption. In this situation, 
it may be necessary to collect new data, transform the data to correct a problem with the 
distributional assumptions, or select an alternate hypothesis test. Section 9.3 discusses 
potential corrective actions. 
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E.5 Draw Conclusions from the Data 

The final step of the DQA process is performing the statistical test and drawing conclusions that 
address the data user’s objectives. The procedure for implementing the statistical test is included 
in Chapter 8. 

There are three activities associated with this final step: 

! Performing the calculations for the statistical hypothesis test (see Chapter 8). 

!	 Evaluating the statistical test results and drawing the study conclusions. The results of 
the statistical test will be either accept the null hypothesis, or reject the null hypothesis. 

!	 Evaluating the performance of the survey design if the design is to be used again. If the 
survey design is to be used again, either in a later phase of the current study or in a similar 
study, the analyst will be interested in evaluating the overall performance of the design. 
To evaluate the survey design, the analyst performs a statistical power analysis that 
describes the estimated power of the test over the full range of possible parameter values. 
This helps the analyst evaluate the adequacy of the sampling design when the true 
parameter value lies in the vicinity of the action level (which may not have been the 
outcome of the current study). It is recommended that a statistician be consulted when 
evaluating the performance of a survey design for future use. 
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THE RELATIONSHIP BETWEEN THE RADIATI ON SURVEY AND SITE 
INVESTIGATION PROCESS, THE CERCLA REMEDIAL OR REMOVAL 

PROCESS, AND THE RCRA CORRECTIVE ACTI ON PROCESS 

This appendix presents a discussion of the relationship between the Radiation Survey and Site 
Investigation Process, the Comprehensive Environmental Response, Compensation, and Liability 
Act (CERCLA) Remedial or Removal Process, and the Resource Conservation and Recovery Act 
(RCRA) Corrective Action Process. Each of these processes has been designed to incorporate 
survey planning using the Data Quality Objectives (DQO) Process and data interpretation using 
Data Quality Assessment (DQA) using a series of surveys to accomplish the project objectives. 
At this basic level, MARSSIM is consistent with the other processes. 

Figure F.1 illustrates the relationship between the major steps in each of these processes. As 
shown in Figure F.1, the scope of MARSSIM (Section 1.1) results in steps in the CERCLA 
Remedial or Removal Process and the RCRA Process that are not directly addressed by 
MARSSIM (e.g., Feasibility Study or Corrective Measure Study). MARSSIM’s focus on the 
demonstration of compliance for sites with residual radioactivity using a final status survey 
integrates with the remedial design/remedial action (RD/RA) step of the CERCLA Remedial 
Process described in Sec. 300.435(b)(1) of Part 40 of the Code of Federal Regulations. However, 
MARSSIM’s focus is not directly addressed by the major steps of the CERCLA Removal 
Process or the RCRA Corrective Action Process. 

Much of the guidance presented in MARSSIM for designing surveys and assessing the survey 
results is taken directly from the corresponding CERCLA or RCRA guidance.  MARSSIM users 
familiar with the Superfund Preliminary Assessment guidance (EPA 1991f) will recognize the 
guidance provided on performing the Historical Site Assessment (Chapter 3) for identifying 
potentially contaminated soil, water, or sediment. In addition, MARSSIM provides guidance for 
identifying potentially contaminated structures which is not covered in the original CERCLA 
guidance. The survey designs and statistical tests for relatively uniform distributions of residual 
radioactivity discussed in MARSSIM are also discussed in CERCLA guidance (EPA 1989a, EPA 
1994b). However, MARSSIM includes scanning for radioactive materials which isn’t discussed 
in the more general CERCLA guidance that doesn’t specifically address radionuclides. 
MARSSIM is not designed to replace or conflict with existing CERCLA or RCRA guidance, it is 
designed to provide supplemental guidance for specific applications of the CERCLA Remedial 
or Removal Process or the RCRA Corrective Action Process. 
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Figure F.1 Comparison of the Radiation Survey and Site Investigation Process 
with the CERCLA Superfund Process and the RCRA Corrective Action Process 

Table F.1 lists the major steps in MARSSIM and other CERCLA and RCRA processes and 
describes the objectives of each step. This table provides a direct comparison of these processes, 
and it shows the correlation between the processes. This correlation is the result of carefully 
integrating CERCLA and RCRA guidance with guidance from other agencies participating in the 
development of MARSSIM to produce a multi-agency consensus document. 

The first step in the CERCLA Remedial Process is the preliminary assessment to obtain existing 
information about the site and determine if there is a threat to human health and the environment. 
The next step is the site inspection which includes risk prioritization using the Hazard Ranking 
System—sites with a score above a certain level are put on the National Priorities List (NPL). 
Following the site assessment, the remedial investigation (RI) is performed to characterize the 
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extent and type of release, and to evaluate the risk to human health and the environment. A 
Sampling and Analysis Plan is constructed as part of the remedial investigation which consists of 
a Quality Assurance Project Plan, a Field Sampling Plan, a Health and Safety Plan, and a 
Community Relations Plan. The site feasibility study (FS) is the next step in the CERCLA 
Remedial Process (although the RI and FS are intended to be done concurrently) which involves 
an evaluation of alternative remedial actions. For sites listed on the NPL the next action would 
be to obtain a Record of Decision (ROD) which provides the remedy selected for the site. The 
remedial design/remedial action (RD/RA), which includes the development of the selected 
remedy and its implementation, follows development of the ROD. After the RD/RA activities 
there is a period of operation and maintenance when the site is given a long term remedial 
assessment followed by closure/post-closure of the site (or removal from the NPL). A removal 
action may occur at any stage of the CERCLA Remedial Process. 

The CERCLA Removal Process is similar to the Remedial Process for the first few steps. 
40 CFR § 300.400 (NCP Subpart E—Hazardous Substance Response) establishes methods and 
criteria for determining the extent of response when there is a release into the environment of a 
hazardous substance or any pollutant or contaminant that may present an imminent and 
substantial danger to the public health or welfare of the United States. The first step in the 
Removal Process is a removal site evaluation which includes a removal preliminary assessment 
and, if warranted, a removal site inspection. A removal preliminary assessment may be based on 
available information and should include an evaluation of the factors necessary to make the 
determination of whether a removal is necessary. A removal site inspection is performed, if 
warranted, in a similar manner as in the CERCLA Remedial Process. If environmental samples 
are to be collected, a sampling and analysis plan should be developed which consists of a field 
sampling plan and a quality assurance project plan. Post-removal site controls are those activities 
necessary to sustain the effectiveness and integrity of the removal action. In the case of all 
CERCLA removal actions taken pursuant to § 300.415, a designated spokesperson will inform 
the community of actions taken, respond to inquiries, and provide information concerning the 
release—this may include a formal community relations plan specifying the community relations 
activities expected during the removal response. 

Comparisons have been made between the CERCLA Remedial Process and CERCLA Removal 
Process (EPA, 1993c). Table F.2 presents the data elements that are common to both programs 
and those that are generally common to one program rather than the other. Table F.3 shows the 
emphasis placed on sampling for remedial site assessment versus removal site assessment. 

Another guidance document that can be compared to MARSSIM is the Soil Screening Guidance 
(EPA 1996b, EPA 1996c), which facilitates removing sites from consideration early in the 
CERCLA Process. Although not written to specifically address radioactive contaminants, the 
Soil Screening Guidance leads the user from the initial site conceptualization and planning stages 
through data collection and evaluation to the final testing step. MARSSIM also leads the user 
through similar planning, evaluation, and testing stages, but the guidance focuses on the final 
compliance demonstration step. 
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Appendix F 

The Soil Screening Guidance provides a way to calculate risk-based, site-specific, soil screening 
levels (SSLs) for contaminants in soil. SSLs can be used as preliminary remediation goals 
(PRGs) if the conditions found at a specific site are similar to the conditions assumed in 
calculating the SSLs. 

Both the Soil Screening Guidance and MARSSIM provide examples of acceptable sampling and 
analysis plans (SAP) for site contaminants. The Soil Screening Guidance recommended default 
survey design for surface soils is very specific—recommendations for the grid size for sampling, 
the number of soil samples collected from each subarea and composited, and data analysis and 
interpretation techniques are described in detail. MARSSIM provides guidance that is consistent 
and compatible with the Soil Screening Guidance with respect to the approaches, framework, 
tools, and overall objectives. 

SSLs calculated using the CERCLA Soil Screening Guidance could also be used for RCRA 
Corrective Action sites as action levels. The RCRA Corrective Action program views action 
levels as generally fulfilling the same purpose as soil screening levels. Table F.1 shows other 
similarities between the RCRA Corrective Action Process, CERCLA Remedial or Removal 
Process, and MARSSIM. 

The similarities between the CERCLA Remedial Process and Removal Process have led to a 
number of streamlined approaches to expedite site cleanups by reducing sampling and preventing 
duplication of effort. One example of these approaches is the Superfund Accelerated Cleanup 
Model (SACM) where the concept of integrating the removal and remedial site assessment was 
introduced (EPA, 1993c). A memorandum from EPA, DOE, and DOD (August 22,1994) 
discusses guidance on accelerating and developing streamlined approaches for the cleanup of 
hazardous waste at federal facility sites. 
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MARSSIM CERCLA REMEDIAL 
PROCESS 

CERCLA REMOVAL 
PROCESS 

RCRA 

Historical Site Assessment 

Performed to gather existing 
information about radiation sites. 
Designed to distinguish between 
sites that possess no potential for 
residual radioactivity and those 
that require further investigation. 

Performed in three stages: 
1) Site Identification 
2) Preliminary Investigation 
3) Site Reconnaissance 

Preliminary Assessment 

Performed to gather existing information 
about the site and surrounding area.  The 
emphasis is on obtaining comprehensive 
information on people and resources that 
might be threatened by a release from the 
site. 

Designed to distinguish between sites that 
pose little or no threat to human health and 
the environment and sites that require 
further investigation. 

Preliminary Assessment 

Performed in a similar manner as in the 
CERCLA Remedial Process. The 
removal preliminary assessment may be 
based on available information. 

A removal preliminary assessment may 
include an identification of the source, 
nature and magnitude of the release, 
evaluation by ATSDR of the threat to 
public health, and evaluation of factors 
necessary to make the determination of 
whether a removal is necessary. 

Facility Assessment 

Performed to identify and gather 
information at RCRA facilities, make 
preliminary determinations regarding 
releases of concern and identify the 
need for further actions and interim 
measures at the facility. 

Performed in three stages: 
1) Preliminary Review 
2) Visual Site Inspection 
3) Sampling Visit (if necessary) 

The RCRA Facility Assessment 
accomplishes the same objectives as 
the Preliminary Assessment and Site 
Inspection under the Superfund 
Process. 

The RCRA Facility Assessment often 
forms the basis for the first conceptual 
model of the site. 

Scoping Survey 

Performed to provide a 
preliminary assessment of the 
radiological hazards of the site. 
Supports classification of all or 
part of the site as Class 3 areas 
and identifying non-impacted 
areas of the site. 

Scoping surveys provide data to 
complete the site prioritization 
scoring process for CERCLA or 
RCRA sites. 

Site Inspection 

Performed to identify the substances 
present, determine whether hazardous 
substances are being released to the 
environment, and determine whether 
hazardous substances have impacted 
specific targets. 

Designed to gather information on 
identified sites in order to complete the 
Hazard Ranking System to determine 
whether removal actions or further 
investigations are necessary. 

Site Inspection 

Performed in a similar manner as in the 
Remedial Process. A removal site 
inspection may be performed as part of 
the removal site evaluation (§ 300.410) 
if warranted. A removal site inspection 
may include an perimeter or on-site 
inspection. 

If the removal site evaluation shows 
that removal is not required, but that 
remedial action under § 300.430 may 
be necessary, a remedial site evaluation 
pursuant to § 300.420 would be 
initiated. 
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MARSSIM CERCLA REMEDIAL 
PROCESS 

CERCLA REMOVAL 
PROCESS 

RCRA 

Characterization Survey 

Performed to support planning 
for final status surveys to 
demonstrate compliance with a 
dose- or risk-based regulation. 
Objectives include determining 
the nature and extent of 
contamination at the site, as well 
as meeting the requirements of 
RI/FS and FI/CMS. 

Remedial Investigation 

Performed to characterize the extent and 
type of release of contaminants.  The RI is 
the mechanism for collecting data to 
characterize site conditions, determine the 
nature of the waste, assess risk to human 
health and the environment, and conduct 
treatability testing as necessary to evaluate 
the potential performance and cost of the 
treatment technologies that are being 
considered. 

EPA guidance presents a combined RI/FS 
Model Statement of Work. The RI is 
generally performed in seven tasks: 
1) project planning (scoping): 

- summary of site location 
- history and nature of problem 
- history of regulatory and 

response actions 
- preliminary site boundary 
- development of site operations 

plans 
2) field investigations 
3) sample/analysis verification 
4) data evaluation 
5) assessment of risks 
6) treatability study/pilot testing 
7) RI reporting 

Removal Action 

Performed once the decision has been 
made to conduct a removal action at the 
site (under § 300.415). Whenever a 
planning period of at least six months 
exists before on-site activities must be 
initiated, an engineering evaluation/cost 
analysis or its equivalent is conducted. 

If environmental samples are to be 
collected, a sampling and analysis plan 
is developed to provide a process for 
obtaining data of sufficient quality and 
quantity to satisfy data needs. The 
sampling and analysis plan consists of: 
1) The field sampling plan, which 
describes the number, type, and 
location of samples and the type of 
analysis 
2) The quality assurance project plan, 
which describes policy, organization, 
and functional activities and the data 
quality objectives and measures 
necessary to achieve adequate data for 
use in removal actions. 

Facility Investigation 

Defines the presence, magnitude, 
extent, direction, and rate of movement 
of any hazardous wastes and hazardous 
constituents within and beyond the 
facility boundary. 

The scope is to : 
1) characterize the potential pathways 
of contaminant migration 
2) characterize the source(s) of 
contamination 
3) define the degree and extent of 
contamination 
4) identify actual or potential receptors 
5) support the development of 
alternatives from which a corrective 
measure will be selected by the EPA 

The Facility Investigation is performed 
in seven tasks: 
1) description of current conditions 
2) identification of preliminary 
remedial measures technologies 
3) FI work plan requirements 

- project management plan 
- data collection QAPP 
- data management plan 
- health and safety plan 
- community relations plan 

4) facility investigation 
5) investigation analysis 
6) laboratory and bench-scale studies 
7) reports 
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MARSSIM CERCLA REMEDIAL 
PROCESS 

CERCLA REMOVAL 
PROCESS 

RCRA 

DCGLs 
Residual levels of radioactive 
material that correspond to 
allowable radiation dose 
standards are calculated (derived 
concentration guideline levels) 
and provided to the user. The 
survey unit is then evaluated 
against this radionuclide-specific 
DCGL. 

The DCGLs in this manual are 
for structure surfaces and soil 
contamination. MARSSIM does 
not provide equations or guidance 
for calculating DCGLs. 

PRGs 
Preliminary remediation goals are 
developed early in the RI/FS process. 
PRGs may then be used as the basis for 
final cleanup levels based on the nine 
criteria in the National Contingency Plan. 
Soil Screening Levels (SSLs) can be used 
as PRGs provided conditions at a specific 
site are similar to those assumed in 
calculating the SSLs. 

SSLs are derived with exposure 
assumptions for suburban residential land 
use only.  SSLs are based on a 
10-6 risk for carcinogens, a hazard index 
quotient of 1 for noncarcinogens (child 
ingestion assumptions), or MCLGs, 
MCLs, or HBLs for the migration to 
groundwater. The User's Guide provides 
equations and guidance for calculating 
site-specific SSLs. 

Removal Levels 
The removal level is established by 
identification of applicable or relevant 
and appropriate requirements (ARARs), 
or by health assessments. Concern is 
for protection of human health and the 
environment from the immediate 
hazard of a release rather than a 
permanent remedy. 

Action Levels 
At certain facilities subject to RCRA 
corrective action, contamination will be 
present at concentrations (action levels) 
that may not justify further study or 
remediation. Action levels are health-
or environmental-based concentrations 
derived using chemical-specific 
toxicity information and standardized 
exposure assumptions. The SSLs 
developed under CERCLA guidance 
can be used as action levels since the 
RCRA corrective action  program 
currently views them as serving the 
same purpose. 
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MARSSIM CERCLA REMEDIAL 
PROCESS 

CERCLA REMOVAL 
PROCESS 

RCRA 

No Direct Correlation 

(MARSSIM characterization and 
remedial action support surveys 
may provide data to the 
Feasibility Study or the 
Corrective Measures Study) 

Feasibility Study 

The FS serves as the mechanism for the 
development, screening, and detailed 
evaluation of alternative remedial actions. 
As noted above, the RI and the FS are 
intended to be performed concurrently. 
However, the FS is generally considered to 
be composed of four general tasks. 

These tasks are: 
1) development and screening of remedial 
alternatives 
2) detailed analysis of alternatives 
3) community relations 
4) FS reporting 

No Direct Correlation Corrective Measures Study 

The purpose of the CMS is to identify , 
develop, and evaluate potentially 
applicable corrective measures and to 
recommend the corrective measures to 
be taken. 

The CMS is performed following an FI 
and consists of the following four 
tasks: 
1) identification and development of 
the corrective measures alternatives 
2) evaluation of the corrective 
measures alternatives 
3) justification and recommendations 
of the corrective measures alternatives 
4) reports 
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MARSSIM CERCLA REMEDIAL 
PROCESS 

CERCLA REMOVAL 
PROCESS 

RCRA 

Remedial Action Support Survey 

Performed to support remediation 
activities and determine when a 
site or survey unit is ready for the 
final status survey.  These surveys 
monitor the effectiveness of 
decontamination efforts in 
reducing residual radioactivity to 
acceptable levels. 

Remedial action support surveys 
do not include routine operational 
surveys conducted to support 
remedial activities. 

Remedial Design/Remedial Action 

This activity includes the development of 
the selected remedy and implementation of 
the remedy through construction. A 
period of operation and maintenance may 
follow the RD/RA activities. 

Generally, the RD/RA includes: 
1) plans and specifications 

- preliminary design 
- intermediate design 
- prefinal/final design 
- estimated cost 
- correlation of plans and specifications 
- selection of appropriate RCRA facilities 
- compliance with requirements of other 

environmental laws 
- equipment startup and operator training 

2) additional studies 
3) operation and maintenance plan 
4) QAPP 
5) site safety plan 

No Direct Correlation Corrective Measures Implementation 

The purpose of the CMI is to design, 
construct, operate, maintain, and 
monitor the performance of the 
corrective measures selected in the 
CMS. 

The CMI consists of four activities: 
1) Corrective Measure Implementation 
Program Plan 
2) corrective measure design 

- design plans and specifications 
- operation and maintenance plan 
- cost estimate 
- schedule 
- construction QA objectives 
- health and safety plan 
- design phases 

3) corrective measures construction 
(includes a construction QA program) 
4) reporting 

Final Status Survey 

Performed to demonstrate that 
residual radioactivity in each 
survey unit satisfies the release 
criterion. 

Long Term Remedial Assessment 
Closure/Post-Closure 
NPL De-Listing 

Post-Removal Site Control 
Those activities that are necessary to 
sustain the integrity of a removal action 
following its conclusion. 

Closure/Post-Closure 
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Table F.2 Data Elements for Site Visitsa 

Data Elements Common 
to Both Remedial and Removal 

Assessment 

Generally Remedial Site 
Assessment Only 

Generally Removal 
Assessment Only 

-Current human exposure identification 
-Sources identification, including locations, 
sizes, volumes 
-Information on substances present 
-Labels on drums and containers 
-Containment evaluation 
-Evidence of releases (e.g., stained soils) 
-Locations of wells on site and in 
immediate vicinity 
-Nearby wetlands identification 
-Nearby land uses 
-Distance measurements or estimates for 
wells, land uses (residences and schools), 
surface waters, and wetlands 
-Public accessibility 
-Blowing soils and air contaminants 
-Photodocumentation 
-Site sketch 

-Perimeter survey 
-Number of people within 200 
feet 
-Some sensitive environments 
-Review all pathways 

-Petroleum releases 
-Fire and explosion threat 
-Urgency of need for response 
-Response and treatment 
alternatives evaluation 
-Greater emphasis on specific 
pathways (e.g., direct contact) 
-Sampling 

aFrom EPA, 1993c 

Table F.3 Comparison of Sampling Emphasis Between 
Remedial Site Assessment and Removal Assessmenta 

Remedial Site Assessment Emphasis Removal Assessment Emphasis 

-Attribution to the site 
-Background samples 
-Ground water samples 
-Grab samples from residential soils 
-Surface water sediment samples 
-HRS factors related to surface water sample locations 
-Fewer samples on average (10-30) than removal 
assessment 
-Strategic sampling for HRS 
-Contract Laboratory Program usage 
-Full screening organics and inorganics analyses 
-Definitive analyses 
-Documentation, including targets and receptors 
-Computing HRS scores 
-Standardized reports 

-Sampling from containers 
-Physical characteristics of wastes 
-Treatability and other engineering concerns 
-On-site contaminated soils 
-Composite and grid sampling 
-Rapid turnaround on analytical services 
-Field/screening analyses 
-PRP-lead removal actions 
-Goal of characterizing site 
-Focus on NCP removal action criteria 

aFrom EPA, 1993c
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APPENDIX G 

HISTORICAL SITE ASSESSMENT INFORMATI ON SOURCES 

This appendix provides lists of information sources often useful to site assessment. The lists are 
organized in two ways: 

!	 Table G.1, beginning on page G-2, identifies information needs by category and lists 
appropriate information sources for each. The categories are: 

General site information, p. G-2

Source and waste characteristics, p. G-2

Ground water use and characteristics, p. G-3

Surface water use and characteristics, p. G-4

Soil exposure characteristics, p. G-5

Air characteristics, p. G-6


!	 The reverse approach is provided in Table G.2, beginning on page G-7. Categories of 
information sources are listed with a brief explanation of the information provided by 
each source. A contact is provided for additional information. The categories are: 

Databases, p. G-7

Maps and aerial photographs, p. G-13

Files, p. G-17

Expert and other sources, p. G-19


More complete listings of site assessment information sources are available in the Site 
Assessment Information Directory (EPA91e). 
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Appendix G 

Table G.1 Site Assessment Informati on Sources 
(Organized by Informati on Needed) 

General Site Informati on 

Site Location, Latitude/Longitude 

CERCLIS 
USGS Topographic Maps 
State Department of Transportation Maps 
Site Reconnaissance 
USGS Global Land Information System 
U.S. Census Bureau Tiger Mapping Services 

Type of Operation and Site Status 

EPA Regional Libraries 
State Environmental Agency Files 
Site Reconnaissance 

Owner/Operator Information 

EPA Regional Libraries 
State Environmental Agency Files 
Local Tax Assessor 

Environmental Setting, Size of Site 

USGS Topographic Maps 
Aerial Photographs 
Site Reconnaissance 

Source and Waste Characteristics 

Source Types, Locations, Sizes 

EPA Regional Libraries 
State Environmental Agency Files 
Aerial Photographs 
Site Reconnaissance 
DOE Field Offices 

Hazardous Substances Present 

EPA Regional Libraries 
State Environmental Agency Files 
RCRIS 
Local Health Department 
Local Fire Department 
ERAMS 
Local Public Works Department 

Waste Types and Quantities 

EPA Regional Office Files 
State Environmental Agency Files 
RCRIS 
Local Fire Department 
Aerial Photographs 
Site Reconnaissance 
Aerial Radiation Surveys 
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Appendix G 

Table G.1 Site Assessment Informati on Sources (continued) 
(Organized by Informati on Needed) 

Ground Water Use and Characteristics 

General Stratigraphy 

USGS Topographic Maps 
U.S. Geological Survey 
State Geological Surveys 
Geologic and Bedrock Maps 
Local Experts 
Local University or College 

Private and Municipal Wells 

Local Water Authority 
Local Health Department 
Local Well Drillers 
State Environmental Agency Files 
WellFax 
WATSTORE 

Karst Terrain 

USGS Topographic Maps 
U.S. Geological Survey 
State Geological Surveys 
Geologic and Bedrock Maps 
Local Experts 
Local University or College 

Distance to Nearest Drinking Water Well 

USGS Topographic Maps 
Local Water Authority 
Local Well Drillers 
Local Health Department 
WellFax 
WATSTORE 
Site Reconnaissance 

Depth to Aquifer 

U.S. Geological Survey 
State Geological Surveys 
Geologic and Bedrock Maps 
Local Experts 
Local Well Drillers 
WATSTORE 

Wellhead Protection Areas 

State Environmental Agency 
Local Water Authority 
Local Well Drillers 
Local Health Department 
EPA Regional Water Officials 
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Appendix G 

Table G.1 Site Assessment Informati on Sources (continued) 
(Organized by Informati on Needed) 

Surface Water Use and Characteristics 

Surface Water Body Types 

USGS Topographic Maps 
State Department of Transportation Maps 
Aerial Photographs 
Site Reconnaissance 

Drinking Water Intakes 

Local Water Authority 
USGS Topographic Maps 
U.S. Army Corps of Engineers 
State Environmental Agency 

Distance to Nearest Surface Water Body 

USGS Topographic Maps 
State Department of Transportation 
Aerial Photographs 
Site Reconnaissance 

Fisheries 

U.S. Fish and Wildlife Service 
State Environmental Agency 
Local Fish and Wildlife Officials 

Surface Water Flow Characteristics 

U.S. Geological Survey 
State Environmental Agency 
U.S. Army Corps of Engineers 
STORET 
WATSTORE 

Sensitive Environments 

USGS Topographic Maps 
State Department of Transportation Maps 
State Environmental Agency 
U.S. Fish and Wildlife Service 
Local Fish and Wildlife Officials 
National Wetland Inventory Maps 
Ecological Inventory Maps 
Natural Heritage Program 

Flood Frequency at the Site 

Federal Emergency Management Agency 
State Environmental Agency 
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Appendix G 

Table G.1 Site Assessment Informati on Sources (continued) 
(Organized by Informati on Needed) 

Soil Exposure Characteristics 

Number of People Living Within 200 Feet 

Site Reconnaissance 
USGS Topographic Maps 
Aerial Photographs 
U.S. Census Bureau Tiger Mapping Service 

Schools or Day Care Within 200 Feet 

Site Reconnaissance 
USGS Topographic Maps 
Local Street Maps 

Number of Workers Onsite 

Site Reconnaissance 
Owner/Operator Interviews 

Locations of Sensitive Environment 

USGS Topographic 
State Department of Transportation Maps 
State Environmental Agency 
U.S. Fish and Wildlife Service 
Ecological Inventory Maps 
Natural Heritage Program 

August 2000 G-5 MARSSIM, Revision 1




Appendix G 

Table G.1 Site Assessment Informati on Sources (continued) 
(Organized by Informati on Needed) 

Air Pathway Characteristics 

Populations Within Four Miles 

GEMS 
NPDC 
USGS Topographic Maps 
Site Reconnaissance 
U.S. Census Bureau Tiger Mapping Services 

Locations of Sensitive Environments, Acreage 
of Wetlands 

USGS Topographic Maps 
State Department of Transportation Maps 
State Environmental Agency 
U.S. Fish and Wildlife Service 
National Wetland Inventory Maps 
Ecological Inventory Maps 
Natural Heritage Program 

Distance to Nearest Individual 

USGS Topographic Maps 
Site Reconnaissance 
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Appendix G 

Table G.2 Site Assessment Informati on Sources 
(Organized by Informati on Source) 

Databases 

Source: CERCLIS (Comprehensive Environmental Response, Compensation, and 
Liability Information System) 

Provides: EPA’s inventory of potential hazardous waste sites. Provides site name, EPA 
identification number, site address, and the date and types of previous 
investigations 

Supports: General Site Information 

Contact: U.S. Environmental Protection Agency 
Office of Solid Waste and Emergency Response 
Office of Emergency and Remedial Response 

Mike Cullen 703/603-8881 
Fax 703/603-9133 

Source: RODS (Records of Decision System) 

Provides: Information on technology justification, site history, community participation, 
enforcement activities, site characteristics, scope and role of response action, and 
remedy. 

Supports: General Site Information, Source and Waste Characteristics 

Contacts: U.S. Environmental Protection Agency 
Office of Solid Waste and Emergency Response 
Office of Emergency and Remedial Response 

Mike Cullen 703/603-8881 
Fax 703/603-9133 
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Appendix G 

Table G.2 Site Assessment Informati on Sources (continued) 
(Organized by Informati on Source) 

Databases 

Source: RCRIS (Resource Conservation and Recovery Information System) 

Provides: EPA’s inventory of hazardous waste generators. Contains facility name, address, 
phone number, and contact name; EPA identification number; treatment, storage 
and disposal history; and date of notification. 

Supports: General Site Information, Source and Waste Characteristics 

Contacts: U.S. Environmental Protection Agency 
Office of Solid Waste and Emergency Response 
Office of Solid Waste 

Kevin Phelps 202/260-4697 
Fax 202/260-0284 

Source: ODES (Ocean Data Evaluation System) 

Provides: Information associated with both marine and fresh water supplies with the 
following programs: 

C301(h) sewage discharge 
CNational Pollutant Discharge Elimination System (NPDES) 
COcean Dumping 
CNational Estuary Program 
C403c Industrial Discharge 
CGreat Lakes Remedial Action Program 
CNational Coastal Waters Program 

Houses a variety of data pertaining to water quality, oceanographic descriptions, 
sediment pollutants, physical/chemical characteristics, biological characteristics, 
and estuary information. 

Supports: General Site Information, Source and Waste Characteristics, 
Surface Water Use and Characteristics 

Contact: U.S. Environmental Protection Agency 
Office of Water 

Robert King 202/260-7026 
Fax 202/260-7024 
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Appendix G 

Table G.2 Site Assessment Informati on Sources (continued) 
(Organized by Informati on Source) 

Databases 

Source: EMMI (Environmental Monitoring Methods Index) 

Provides: U.S. Environmental Protection Agency’s official methods compendium. Serves 
as a source of standard analytical methods. 

Supports: General Site Information 

Contact: U.S. Environmental Protection Agency 
User Support 703/519-1222 

Annual updates may be purchased from the National Technical Information 
Service at 703/487-4650 

Source: WellFax 

Provides: National Water Well Association’s inventory of municipal and community water 
supplies. Identifies public and private wells within specified distances around a 
point location and the number of households served by each. 

Supports: Ground Water Use and Characteristics 

Contact: National Water Well Association (NWWA) 
6375 Riverside Drive 
Dublin, OH 43017 

Source: Geographic Resources Information Data System (GRIDS) 

Provides: National access to commonly requested geographic data products such as those 
maintained by the U.S. Geologic Survey, the Bureau of the Census, and the U.S. 
Fish and Wildlife Service. 

Supports: General Site Information, Ground Water Use and Characteristics, 
Surface Water Use and Characteristics, Soil Exposure Characteristics, 
Air Pathway Characteristics 

Contact: U.S. Environmental Protection Agency 
Office of Administration and Resources Management 
Office of Information Resources Management 

Bob Pease 703/235-5587 
Fax 703/557-3186 
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Appendix G 

Table G.2 Site Assessment Informati on Sources (continued) 
(Organized by Informati on Source) 

Databases 

Source: National Planning Data Corporation (NPDC) 

Provides: Commercial database of U.S. census data. Provides residential populations in 
specified distance rings around a point location. 

Supports: Soil Exposure Characteristics, Air Pathway Characteristics 

Contact: National Planning Data Corporation 
20 Terrace Hill 
Ithaca, NY 14850-5686 

Source: STORET (Storage and Retrieval of U.S. Waterways Parametric Data) 

Provides: EPA’s repository of water quality data for waterways within the U.S. The system 
is capable of performing a broad range of reporting, statistical analysis, and 
graphics functions. 

Supports: Geographic and descriptive information on various waterways; analytical data 
from surface water, fish tissue, and sediment samples; stream flow data. 

Contact: U.S. Environmental Protection Agency 
Office of Water 
Office of Wetlands, Oceans, and Watersheds and 
Office of Information Resources Management 

Louie H. Hoelman 202/260-7050 
Fax 202/260-7024 
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Appendix G 

Table G.2 Site Assessment Informati on Sources (continued) 
(Organized by Informati on Source) 

Databases 

Source: Federal Reporting Data System (FRDS) 

Provides: General information on public water supplies, including identification 
information, noncompliance related events, violations of the State Drinking 
Water Act, enforcement actions, identification of significant noncompliers, and 
information on variances, exemptions, and waivers. 

Supports: Ground Water Use and Characteristics, Surface Water Use and Characteristics 

Contact: U.S. Environmental Protection Agency 
Office of Water 
Office of Ground Water and Drinking Water 

Abe Seigel 202/260-2804 
Fax 202/260-3464 

Source: WATSTORE 

Provides: U.S. Geological Survey’s National Water Data Storage and Retrieval System. 
Administered by the Water Resources Division and contains the Ground Water 
Site Inventory file (GWSI). This provides physical, hydrologic, and geologic 
data about test holes, springs, tunnels, drains, ponds, other excavations, and 
outcrops. 

Supports: General Site Information, Ground Water Use and Characteristics, Surface Water 
Use and Characteristics 

Contact: U.S. Geological Surgery or USGS Regional Field Office 
12201 Sunrise Valley Drive 
Reston, VA 22092 
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Appendix G 

Table G.2 Site Assessment Informati on Sources (continued) 
(Organized by Informati on Source) 

Databases 

Source: ISI (Information Systems Inventory) 

Provides: Abstracts and contacts who can provide information on U.S. Environmental 
Protection Agency databases. 

Supports: All information needs 

Contacts: U.S. Environmental Protection Agency 
Office of Information and Resources Management 
Information Management and Services Division 

ISI System Manager 202/260-5914 
Fax 202/260-3923 

Source: ERAMS (Environmental Radiation Ambient Monitoring System) 

Provides; A direct assessment of the population intake of radioactive pollutants due to 
fallout, data for developing dose computational models, population exposures 
from routine and accidental releases of radioactivity from major sources, data for 
indicating additional measurement needs or other actions required in the event of 
a major release of radioactivity in the environment, and a reference for data 
comparison with other localized and limited monitoring programs. 

Supports: Source and waste characteristics 

Contact: U.S. Environmental Protection Agency 
National Air and Radiation Environmental Laboratory 
540 South Morris Avenue 
Montgomery, AL 36115 

Phone 334/270-3400 
Fax 334/270-3454 
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Appendix G 

Table G.2 Site Assessment Informati on Sources (continued) 
(Organized by Informati on Source) 

Maps and Aerial Photographs 

Source: U.S. Geological Survey (USGS) Topographic Quadrangles 

Provides: Maps detailing topographic, geographical, political, and cultural features. 
Available in 7.5- and 15-minutes series. 

Supports: Site location and environmental setting; latitude/longitude; houses, schools, and 
other buildings; distances to targets; surface water body types; drainage routes; 
wetlands and sensitive environments; karst terrain features. 

Contacts: U.S. Geological Survey or USGS Regional or Field Office 
12201 Sunrise Valley Drive 
Reston, VA 22092 

Source: National Wetland Inventory Maps 

Provides; Maps delineating boundaries and acreage of wetlands. 

Supports: Environmental setting and wetlands locations. 

Contact: U.S. Geological Survey or U.S. Fish and Wildlife Service 
12201 Sunrise Valley Drive 18th and C Street, NW 
Reston, VA 22092 Washington, DC 20240 

Source: Ecological Inventory Maps 

Provides: Maps delineating sensitive environments and habitats, including special land use 
areas, wetlands, study areas, and native plant and animal species. 

Supports: Environmental setting, sensitive environments, wetland locations and size. 

Contact: U.S. Geological Survey or U.S. Fish and Wildlife Service 
12201 Sunrise Valley Drive 18th and C Streets, NW 
Reston, VA 22092 Washington, DC 20240 
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Table G.2 Site Assessment Informati on Sources (continued) 
(Organized by Informati on Source) 

Maps and Aerial Photographs 

Source: Flood Insurance Rate Maps (FIRM) 

Provides: Maps delineating flood hazard boundaries for flood insurance purposes. 

Supports: Flood frequency. 

Contact: Federal Emergency Management Agency (FEMA) or Local Zoning and 
Federal Insurance Administration Planning Office 
Office of Risk Assessment 
500 C Street, SW 
Washington, DC 20472 

Source: State Department of Transportation Maps 

Provides: State maps detailing road systems, surface water systems, and other geographical, 
cultural, and political features. 

Supports: Site location and environmental setting, distances to targets, wetlands, and 
sensitive environments. 

Contact: State or Local Government Agency 

Source: Geologic and Bedrock Maps 

Provides: Maps detailing surficial exposure and outcrop of formations for interpreting 
subsurface geology.  Bedrock maps describe depth and lateral distribution of 
bedrock. 

Supports: General stratigraphy beneath and surrounding the site. 

Contact: U.S. Geological Survey or USGS Regional or Field Office 
12201 Sunrise Valley Drive State Geological Survey Office 
Reston, VA 22092 
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Table G.2 Site Assessment Informati on Sources (continued) 
(Organized by Informati on Source) 

Maps and Aerial Photographs 

Source: Aerial Photographs 

Provides: Black and white and/or color photographic images detailing topographic, 
physical, and cultural features. 

Supports: Site location and size, location and extent of waste sources, identification of 
surrounding surficial geology, distances to targets, wetlands and sensitive 
environments. May provide information on historical site operations, waste 
quantity, and waste handling practices. 

Contact: State Department of Transportation 
Local Zoning and Planning Office 
County Tax Assessor’s Office 
Colleges and Universities (geology or geography departments) 
EPA’s Environmental Monitoring Services Laboratory (EMSL) 
EPA’s Environmental Photographic Interpretation Center (EPIC) 
U.S. Army Corps of Engineers 
U.S. Department of Agriculture, Forest Service 
U.S. Geological Survey 

Source: Global Land Information System (GLIS) 

Provides: An interactive computer system about the Earth’s land surfaces information. 
GLIS contains abstract, description, and search information for each data set. 
Through GLIS, scientists can evaluate data sets, determine their availability, 
place online requests for products, or, in some cases, download products. GLIS 
also offers online samples of earth science data. 

Supports: Site location and environmental setting; latitude/longitude; houses, schools, and 
other buildings; distances to targets; surface water body types; drainage routes; 
wetlands and sensitive environments; karst terrain features. 

Contact: Internet: http://mapping.usgs.gov or U.S. Geological Survey 
12202 Sunrise Valley Drive 
Reston, VA 20192, USA 
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Table G.2 Site Assessment Informati on Sources (continued) 
(Organized by Informati on Source) 

Maps and Aerial Photographs 

Source: Topologically Integrated Geographic Encoding and Referencing (TIGER) System 

Provides: Automates the mapping and related geographic activities required to support the 
decennial census and sample survey programs of the U.S. Census Bureau starting 
with the 1990 decennial census. The topological structure of the TIGER data 
base defines the location and relationship of streets, rivers, railroads, and other 
features to each other and to the numerous geographic entities for which the 
Census Bureau tabulates data from its censuses and sample surveys. 

Supports: General Site Information, Soil Exposure Characteristics, Air Pathway 
Characteristics 

Contacts: http://www.census.gov/geo/www/tiger 
Public Information Office 
Room 2705, FB-3 
Census Bureau 
U.S. Department of Commerce 
Washington, DC 20233 
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Table G.2 Site Assessment Informati on Sources (continued) 
(Organized by Informati on Source) 

Files 

Source: Office project files 

Provides: Site investigation reports, logbooks, telecons, references, etc. 

Supports: Information on nearby sites such as town populations, public and private water 
supplies, well locations, targets, and general stratigraphy descriptions. 

Source: State Environmental Agency files 

Provides; Historical site information, permits, violations, and notifications. 

Supports: General site information and operational history, source descriptions, waste 
quantities and waste handling practices. May provide results of previous site 
investigations. 
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Table G.2 Site Assessment Informati on Source (continued) 
(Organized by Informati on Source) 

Files 

Source: EPA Regional Libraries 

Provides: Historical information on CERCLIS sites, permits, violations, and notification. 
Additionally provides interlibrary loan services. 

Supports: General site information and operational history, source descriptions, waste quantities 
and waste handling practices. May provide results of previous site investigations. 

Contact: USEPA 
Region 1 Library 
JFK Federal Building 
Boston, MA 02203 
617/565-3300 

USEPA 
Region 2 Library 
290 Broadway 
16th Floor 
New York, NY 10007-1866 
212/264-2881 

USEPA 
Region 3 Information Resources Center, 
3PM52 
841 Chestnut Street 
Philadelphia, PA 19107 
215/597-0580 

USEPA 
Region 4 Library 
Atlanta Federal Center 
61 Forsyth Street, SW 
Atlanta, GA 30303-8909 
404/562-8190 

USEPA 
Region 5 Library 
77 W. Jackson Blvd., 12th Floor 
Chicago, IL 60604-3590 
312/353-2022 

USEPA 
Region 6 Library, 6M-A1 
1445 Ross Avenue, Suite 1200 
First Interstate Bank Tower 
Dallas, TX 75202-2733 
214/655-6427 

USEPA 
Region 7 Information Resources Center 
726 Minnesota Avenue 
Kansas City, KS 66101 
913/551-7358 

USEPA 
Region 8 Library, 8PM-IML 
999 18th Street Suite 500 
Denver, CO 80202-2405 
303/293-1444 

USEPA 
Region 9 Library, MS:P-5-3 
75 Hawthorne Street 
San Francisco, CA 94105 
415/744-1510 

USEPA 
Region 10 Library, MD-108 
1200 Sixth Avenue 
Seattle, WA 98101 
206/553-1289 or 1259 
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Table G.2 Site Assessment Informati on Sources (continued) 
(Organized by Informati on Source) 

Expert and Other Sources 

Source: U.S. Geological Survey 

Provides: Geologic, hydrogeologic, and hydraulic information including maps, reports, 
studies, and databases. 

Supports: General stratigraphy descriptions, karst terrain, depth to aquifer, stream flow, 
ground water and surface water use and characteristics. 

Contact: U.S. Geological Survey or USGS Regional or Field Office 
12201 Sunrise Valley Drive 
Reston, VA 22092 

Source: U.S. Army Corps of Engineers 

Provides: Records and data surrounding engineering projects involving surface waters. 

Supports: Ground water and surface water characteristics, stream flow, locations of 
wetlands and sensitive environments. 

Contact: U.S. Army Corps of Engineers 

Source: State Geological Survey 

Provides: State-specific geologic and hydrogeologic information including maps, reports, 
studies, and databases. 

Supports: General stratigraphy descriptions, karst terrain, depth to aquifer, ground water 
use and characteristics. 

Contact: State Geological Survey  (Local or Field Office) 

Source: Natural Heritage Program 

Provides: Information on Federal and State designated endangered and threatened plants, 
animals, and natural communities. Maps, lists and general information may be 
available. 

Supports: Location of sensitive environments and wetlands. 

Contact: State Environmental Agency 
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Table G.2 Site Assessment Informati on Sources (continued) 
(Organized by Informati on Source) 

Expert and Other Sources 

Source: U.S. Fish and Wildlife Service 

Provides: Environmental Information 

Supports: Locations of sensitive environments, wetlands, fisheries; surface water 
characteristics and stream flow. 

Contact: U.S. Fish and Wildlife Service or U.S. Fish and Wildlife Service 
18th and C Streets, NW Regional office 
Washington, DC 20240 

Source: Local Fish and Wildlife Officials 

Provides: Local Environmental Information 

Supports: Locations of sensitive environments, wetlands, fisheries; surface water 
characteristics and stream flow. 

Contact: State or Local Environmental Agency 
State or Local Game or Conservation Office 

Source: Local Tax Assessor 

Provides: Past and present land ownership records, lot and building sizes, assessors maps. 
May also provide historical aerial photographs. 

Supports: Name of present and past owners/operators, years of ownership, size of site, 
and operational history. 

Contact: Local Town Government Office 
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Table G.2 Site Assessment Informati on Sources (continued) 
(Organized by Informati on Source) 

Expert and Other Sources 

Source: Local Water Authority 

Provides: Public and private water supply information, including service area maps, well 
locations and depths, well logs, surface water intake locations, information 
regarding water supply contamination. 

Supports: Locations and populations served by municipal and private drinking water 
sources (wells and surface water intakes), pumpage and production, blended 
systems, depth to aquifer, general stratigraphic descriptions, ground water and 
surface water characteristics, stream flow. 

Contact: Local Town Government Office 

Source: Local Health Department 

Provides: Information and reports regarding health-related problems that may be 
associated with a site. Information on private and municipal water supplies, 
and onsite monitoring wells. 

Supports: Primary/secondary targets differentiation, locations and characteristics of public 
substances present at the site. 

Contact: Local Town Government Office 

Source: Local Zoning Board or Planning Commission 

Provides: Records of local land development, including historical land use and 
ownership, and general stratigraphy descriptions. 

Supports: General site description and history, previous ownership, and land use. 

Contact: Local Town Government Office 
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Table G.2 Site Assessment Informati on Sources (continued) 
(Organized by Informati on Source) 

Expert and Other Sources 

Source: Local Fire Department 

Provides: Records of underground storage tanks in the area, material safety data sheets 
(MSDS) for local commercial and industrial businesses, and other information 
on hazardous substances used by those businesses. 

Supports: Location and use of underground storage tanks and other potential sources of 
hazardous substances, identification of hazardous substances present at the site. 

Contact: Local Town Government Office 

Source: Local Well Drillers 

Provides: Public and Private water supply information including well locations and 
depths, well logs, pumpage and production. 

Supports: Populations served by private and municipal drinking water wells, depth to 
aquifer, general stratigraphic information. 

Source: Local University or College 

Provides: Geology/Environmental Studies departments may have relevant published 
materials (reports, theses, dissertations) and faculty experts knowledgeable in 
local geologic, hydrologic, and environmental conditions. 

Supports: General stratigraphic information, ground water and surface water use and 
characteristics, stream flow. 

Source: Site Reconnaissance 

Provides: Onsite and /or offsite visual observation of the site and surrounding area. 

Supports: General site information; source identification and descriptions; general ground 
water, surface water, soil, and air pathway characteristics; nearby targets; 
probable point of entry to surface water. 
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H.1  INTRODUCTION 

This appendix provides information on various field and laboratory equipment used to measure 
radiation levels and radioactive material concentrations. The descriptions provide general 
guidance, and those interested in purchasing or using the equipment are encouraged to contact 
vendors and users of the equipment for specific information and recommendations. Although 
most of this equipment is in common use, a few specialty items are included to demonstrate 
promising developments. 

The equipment is divided into two broad groupings of field survey and laboratory instruments, 
and each group is subdivided into equipment that measures alpha, beta, gamma, x-rays, and 
radon. A single sheet provides information for each system and includes its type of use (field or 
lab), the primary and secondary radiation detected, applicability for site surveys, operation, 
specificity/sensitivity, and cost of the equipment and surveys performed. 

The Applicability for Site Surveys section discusses how the equipment is most useful for 
performing site radiological surveys. The Operation section provides basic technical information 
on what the system includes, how it works, how to use it practically in the field, and its features. 
The Specificity/Sensitivity section addresses the system's strengths and weaknesses, and the 
levels of radioactivity it can measure. Information for the Cost section was obtained primarily 
from discussions with manufacturers, users, and reviews of product literature. The cost per 
measurement is an estimate of the cost of producing and documenting a single data point, 
generally as part of a multipoint survey. It assumes times for instrument calibration (primarily if 
conducted at the time of the survey), use, sample analysis, and report preparation and review. It 
should be recognized that these values will change over time due to factors like inflation and 
market expansion. 

It is assumed that the user of this appendix has a basic familiarity with field and laboratory 
equipment. Some of the typical instrument features and terms are listed below and may not be 
described separately for the individual instruments: 

!	 Field survey equipment consists of a detector, a survey meter, and interconnected cables, 
although these are sometimes packaged in a single container. The detector or probe is 
the portion which is sensitive to radiation. It is designed in such a manner, made of 
selected materials, and operated at a high voltage that makes it sensitive to one or more 
types of radiation. Some detectors feature a window or a shield whose construction 
material and thickness make the detector more or less sensitive to a particular radiation. 
The size of the detector can vary depending on the specific need, but is often limited by 
the characteristics of the construction materials and the physics of the detection process. 
The survey meter contains the electronics and provides high voltage to the detector, 
processes the detector's signal, and displays the readings in analog or digital fashion. An 
analog survey meter has a continuous swing needle and typically a manually operated 
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scale switch, used to keep the needle on scale. The scaling switch may not be required on 
a digital survey meter. The interconnecting cables serve to transfer the high voltage and 
detector signals in the proper direction. These cables may be inside those units which 
combine the meter and detector into a single box, but they are often external with 
connectors that allow the user to interchange detectors. 

!	 Scanning and measuring surveys. In a scanning survey, the field survey meter is operated 
while moving the detector over an area to search for a change in readings. Since the 
meter's audible signal responds faster than the meter display, listening to the built-in 
speaker or using headphones allows the user to more quickly discern changes in radiation 
level.  When a scanning survey detects a change, the meter can be held in place for a 
more accurate static measurement. 

!	 Integrated readings. Where additional sensitivity is desired, the reading can be integrated 
using internal electronics or an external scaler to give total values over time. The degree 
to which the sensitivity can be improved depends largely on the integration time selected. 

!	 Units of measure. Survey meters with conventional meter faces measure radiation levels 
in units of counts, microRoentgen (µR), millirad (mrad), or millirem (mrem) in terms of 
unit time, e.g., cpm or µR/hr. Those with SI meter faces use units of microSievert (µSv) 
or milliGray per unit time, e.g., µSv/hr or mGy/hr. 
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H.2 FIELD SURVEY EQUIPMENT 

H.2.1 Alpha Particle Detectors 
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System: ALPHA SCINTILLATION SURVEY METER

Lab/Field: Field

Radiation Detected: Primary:  Alpha Secondary: None (in relatively low gamma fields)


Applicability to Site Surveys:  The alpha scintillation survey meter is useful for determining the

presence or absence of alpha-emitting contamination on nonporous surfaces, swipes, and air

filters, or on irregular surfaces if the degree of surface shielding is known.


Operation: This survey meter uses an alpha radiation detector with a sensitive area of

approximately 50 to 100 cm2 (8 to 16 in.2). The detector has a thin, aluminized window of mylar

that blocks ambient light but allows alpha radiation to pass through. The detecting medium is

silver activated zinc sulfide, ZnS(Ag). When the discriminator is appropriately adjusted, the

meter is sensitive only to alpha radiation. Light pulses are amplified by a photomultiplier tube

and passed to the survey meter.


The probe is generally placed close to the surface due to the short range of alpha particles in air. 

A scanning survey is used to identify areas of elevated surface contamination and then a direct

survey is performed to obtain actual measurements. Integrating the readings over time improves

the sensitivity enough to make the instrument very useful for alpha surface contamination

measurements for many isotopes. The readings are displayed in counts per minute, but factors

can usually be obtained to convert readings from cpm to dpm. Conversion factors, however, can

be adversely affected by the short range of alpha particles which allows them to be shielded to

often uncertain degrees if they are embedded in the surface. Systems typically use 2 to 6 "C" or 

"D" cells and will operate for 100-300 hours.


Specificity/Sensitivity:  When the alpha discriminator is correctly adjusted, the alpha

scintillation survey meter measures only alpha radiation, even if there are other radiations

present. A scanning survey gives a quick indication of the presence or absence of surface

contamination, while integrating the readings provides a measure of the activity on a surface,

swipe, or filter. Alpha radiation is easily adsorbed by irregular, porous, moist, or over painted

surfaces, and this should be carefully considered when converting count rate data to surface

contamination levels. This also requires wet swipes and filters to be dried before counting.  The

minimum sensitivity is around 10 cpm using the needle deflection or 1 to 2 cpm when using

headphones or a scaler. Some headphones or scalers give one click for every two counts, so the

manual should be consulted to preclude underestimating the radioactivity by a factor of two.


Cost of Equipment:  $1000 

Cost per Measurement:  $5 
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System: ALPHA TRACK DETECTOR 
Field and Indoor Surfaces 

Radiation Detected: Primary: Alpha Secondary: None 
Lab/Field: 

Applicability to Site Surveys:  Alpha track detectors measure gross alpha surface 
contamination, soil activity levels, or the depth profile of contamination. 

Operation:  This is a passive integrating detector. It consists of a l mm-thick sheet of 
polycarbonate material which is deployed directly on the soil surface or in close proximity to the 
contaminated surface. When alpha particles strike the detector surface, they cause microscopic 
damage centers to form in the plastic matrix. After deployment, the detector is etched in a 
caustic solution which preferentially attacks the damage centers. The etch pits may then be 
counted in an optical scanner. The density of etch pits, divided by the deployment time, is 
proportional to the soil or surface alpha activity. The measurement may be converted to isotopic 
concentration if the isotopes are known or measured separately. The area of a standard detector 
is 2 cm2 (0.3 in.2), but it may be cut into a variety of shapes and sizes to suit particular needs. 

Specificity/Sensitivity:  Alpha track detectors are relatively inexpensive, simple, passive, and 
have no measurable response to beta/gamma radiation. They provide a gross alpha measurement 
where the lower limit of detection is a function of deployment time. For surface contamination it 
is 330 Bq/m2 (200 dpm/100cm2) @ l hour, 50 Bq/m2 (30 dpm/100cm2) @ 8 hours, and 17 Bq/m2 

(10 dpm/100cm2) @ 48 hours. For soil contamination it is 11,000 Bq/kg (300 pCi/g) @ 1 hour, 
3,700 Bq/kg (100 pCi/g) @ 8 hours, and 740 Bq/kg (20 pCi/g) @ 96 hours. High surface 
contamination or soil activity levels may be measured with deployment times of a few minutes, 
while activity down to background levels may require deployment times of 48-96 hours. When 
placed on a surface, they provide an estimate of alpha surface contamination or soil 
concentration. When deployed against the side of a trench, they can provide an estimate of the 
depth profile of contamination. They may also be used in pipes and under/inside of equipment. 

For most applications, the devices are purchased for a fixed price per measurement, which 
includes readout. This requires that the detectors be returned to the vendor and the data are not 
immediately available.  For programs having continuing needs and a large number of 
measurements, automated optical scanners may be purchased. The cost per measurement is then 
a function of the number of measurements required. 

Cost of Equipment: $65,000 

Cost per Measurement: $5 to $10 
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Appendix H 

System: ELECTRET ION CHAMBER

Lab/Field: Field

Radiation Detected: Primary: Alpha, beta, gamma, or radon Secondary: None

Applicability to Site Surveys: An electret is a passive integrating detector for measurements of

alpha- or beta-emitting contaminants on surfaces and in soils, gamma radiation dose, or radon air

concentration.


Operation: The system consists of a charged Teflon disk (electret), open-faced ionization

chamber, and electret voltage reader/data logger. When the electret is screwed into the chamber,

a static electric field is established and a passive ionization chamber is formed. For alpha or beta

radiation, the chamber is opened and deployed directly on the surface or soil to be measured so

the particles can enter the chamber. For gammas, however, the chamber is left closed and the

gamma rays incident on the chamber penetrate the 2 mm-thick plastic detector wall. These

particles or rays ionize the air molecules, the ions are attracted to the charged electret, and the

electret’s charge is reduced. The electret charge is measured before and after deployment with

the voltmeter, and the rate of change of the charge is proportional to the alpha or beta surface or

soil activity, with appropriate compensation for background gamma levels. A thin Mylar

window may be used to protect the electret from dust. In low-level gamma measurements, the

electret is sealed inside a Mylar bag during deployment to minimize radon interference. For

alpha and beta measurements, corrections must be made for background gamma radiation and

radon response. This correction is accomplished by deploying additional gamma or radon-

sensitive detectors in parallel with the alpha or beta detector. Electrets are simple and can

usually be reused several times before recharging by a vendor. Due to their small size (3.8 cm

tall by 7.6 cm diameter or l.5 in. tall by 3 in. diameter), they may be deployed in hard-to-access

locations.


Specificity/Sensitivity:  This method gives a gross alpha, gross beta, gross gamma, or gross

radon measurement. The lower limit of detection depends on the exposure time and the volume

of the chamber used. High surface alpha or beta contamination levels or high gamma radiation

levels may be measured with deployment times of a few minutes. Much lower levels can be

measured by extending the deployment time to 24 hours or longer. For gamma radiation, the

response of the detector is nearly independent of energy from 15 to 1200 keV, and fading

corrections are not required. To quantify ambient gamma radiation fields of 10 µR/hr, a 1000

mL chamber may be deployed for two days or a 50 mL chamber deployed for 30 days. The

smallest chamber is particularly useful for long-term monitoring and reporting of monthly or

quarterly measurements. For alpha and beta particles, the measurement may be converted to

isotopic concentration if the isotopes are known or measured separately. The lower limit of

detection for alpha radiation is 83 Bq/m2 (50 dpm/100 cm2) @ 1 hour, 25 Bq/m2 (l5 dpm/100

cm2) @ 8 hours, and 13 Bq/m2 (8 dpm/100 cm) @ 24 hours. For beta radiation from tritium it is

10,000 Bq/m2 (6,000 dpm/cm2) @ 1 hour and 500 Bq/m2 (300 dpm/cm2) @ 24 hours. For beta

radiation from 99Tc it is 830 Bq/m2 (500 dpm/cm2) @ 1 hour and 33 Bq/m2 (20 dpm/cm2) @ 24

hours.


Cost of Equipment: $4,000 to $25,000, for system if purchased.

Cost per Measurement: $8-$25, for use under service contract
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Appendix H 

System: GAS-FLOW PROPORTIONAL COUNTER

Lab/Field: Field

Radiation Detected: Primary:  Alpha, Beta Secondary:  Gamma

Applicability to Site Surveys:  This equipment measures gross alpha or gross beta/gamma

surface contamination levels on relatively flat surfaces like the floors and walls of facilities. It

also serves as a screen to determine whether or not more nuclide-specific analyses may be

needed.

Operation:  This system consists of a gas-flow proportional detector, gas supply, supporting

electronics, and a scaler or rate meter. Small detectors (~100 cm2) are hand-held and large

detectors (~400-600 cm2) are mounted on a rolling cart. The detector entrance window can be <1

to almost 10 mg/cm2 depending on whether alpha, alpha-beta, or gamma radiation is monitored. 

The gas used is normally P-10, a mixture of 10% methane and 90% argon. The detector is

positioned as close as practical to the surface being monitored for good counting efficiency

without risking damage from the detector touching the surface. Quick disconnect fittings allow

the system to be disconnected from the gas bottle for hours with little loss of counting efficiency. 

The detector operating voltage can be set to make it sensitive only to alpha radiation, to both

alpha and beta radiation, or to beta and low energy gamma radiation. These voltages are

determined for each system by placing either an alpha source, such as 230Th or 241Am, or a beta

source, such as 90Sr, facing and near the detector window, then increasing the high voltage in

incremental steps until the count rate becomes constant. The alpha plateau, the region of

constant count rate, will be almost flat. The beta plateau will have a slope of 5 to 15 percent per

100 volts. Operation on the beta plateau allows detection of some gamma radiation, but the

efficiency is very low. Some systems use a spectrometer to separate alpha, and beta/gamma

events, allowing simultaneous determination of both the alpha and beta/gamma surface

contamination levels.

Specificity/Sensitivity:  These systems do not identify the alpha or beta energies detected and

cannot be used to identify specific radionuclides. Background for operation on the alpha plateau

is very low, 2 to 3 counts per minute, which is higher than for laboratory detectors because of the

larger detector size. Background for operation on the beta plateau is dependent on the ambient

gamma and cosmic ray background, and typically ranges from several hundred to a thousand

counts per minute. Typical efficiencies for unattenuated alpha sources are 15-20%. Beta

efficiency depends on the window thickness and the beta energy. For 90Sr/90Y in equilibrium,

efficiencies range from 5% for highly attenuated to about 35% for unattenuated sources. 

Typical gamma ray efficiency is <1%. The presence of natural radionuclides in the surfaces

could interfere with the detection of other contaminants. Unless the nature of the contaminant

and any naturally-occurring radionuclides is well known, this system is better used for assessing

gross surface contamination levels. The texture and porosity of the surface can hide or shield

radioactive material from the detector, causing levels to be underestimated. Changes in

temperature can affect the detectors's sensitivity. Incomplete flushing with gas can cause a

nonuniform response over the detector's surface. Condensation in the gas lines or using the quick

disconnect fittings can cause count rate instability.

Cost of Equipment: $2,000 to $4,000

Cost per Measurement: $2-$10 per m2
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Appendix H 

System: LONG RANGE ALPHA DETECTOR (LRAD)

Lab/Field: Field

Radiation Detected: Primary:  Alpha Secondary:  None


Applicability to Site Surveys:  The LRAD is a rugged field-type unit for measuring alpha

surface soil concentration over a variety of dry, solid, flat terrains.


Operation:  The LRAD system consists of a large (1 m x 1 m) aluminum box, open on the

bottom side, containing copper plates that collect ions produced in the soil or surface under the

box, and used to measure alpha surface contamination or soil concentration. It is attached to a

lifting device on the front of a tractor and can be readily moved to new locations. Bias power is

supplied by a 300-V dry cell battery, and the electrometer and computer are powered by an

automobile battery and DC-to-AC inverter. A 50 cm grounding rod provides electrical

grounding. A notebook computer is used for data logging and graphical interpretation of the

data. Alpha particles emitted by radionuclides in soil travel only about 3 cm in air. However,

these alpha particles interact with the air and produce ions that travel considerably farther. The

LRAD detector box is lowered to the ground to form an enclosed ionization region. The copper

detector plate is raised to +300V along with a guard detector mounted above the detector plate to

control leakage current. The ions are then allowed to collect on the copper plate producing a

current that is measured with a sensitive electrometer. The signal is then averaged and processed

on a computer. The electric current produced is proportional to the ionization within the

sensitive area of the detector and to the amount of alpha contamination present on the surface

soil.


Due to its size and weight (300 lb), the unit can be mounted on a tractor for ease of movement. 

All metal surfaces are covered with plastic to reduce the contribution from ion sources outside

the detector box. At each site, a ground rod is driven into the ground. Each location is

monitored for at least 5 min. After each location is monitored, its data is fed into a notebook

computer and an interpolative graph of alpha concentration produced. The unit is calibrated

using standard alpha sources.


Sensitivity/Specificity:  The terrain over which this system is used must be dry, to prevent the

shielding of alpha particles by residual moisture, and flat, to prevent air infiltration from outside

the detector, both of which can lead to large errors. The unit can detect a thin layer of alpha

surface contamination at levels of 33-83 Bq/m2 (20-50 dpm/100 cm2), but does not measure

alpha contamination of deeper layers. Alpha concentration errors are +74-740 Bq/kg (+2-20

pCi/g), with daily repeat accuracies of +370-3,700 Bq/kg (+10-100 pCi/g), depending on the

contamination level. The dynamic measurement range appears to be 370-110,00 Bq/kg

(10-3,000 pCi/g).


Cost of Equipment:  $25,000 (est. for tractor, computer, software, electrometer, and detector) 
Cost per Measurement:  $80 (based on 30 min per point and a 2 person team) 
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Appendix H 

H.2 FIELD SURVEY EQUIPMENT 

H.2.2 Beta Particle Detectors 
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Appendix H 

System: ELECTRET ION CHAMBER

Lab/Field: Field

Radiation Detected: Primary: Low energy beta (e.g. tritium, 99Tc, 14C, 90Sr, 63Ni), alpha,


gamma, or radon Secondary: None 
Applicability to Site Surveys:  This system measures alpha- or beta-emitting contaminants on 
surfaces and in soils, gamma radiation dose, or radon air concentration, depending on how it is 
configured. 
Operation:  The system consists of a charged Teflon disk (electret), open-faced ionization 
chamber, and electret voltage reader/data logger. When the electret is screwed into the chamber, 
a static electric field is established and a passive ionization chamber is formed. For alpha or beta 
radiation, the chamber is opened and deployed directly on the surface or soil to be measured so 
the particles can enter the chamber. For gammas, however, the chamber is left closed and the 
gamma rays incident on the chamber penetrate the 2 mm-thick plastic detector wall. These 
particles or rays ionize the air molecules, the ions are attracted to the charged electret, and the 
electret’s charge is reduced. The electret charge is measured before and after deployment with 
the voltmeter, and the rate of change of the charge is proportional to the alpha or beta surface or 
soil activity, with appropriate compensation for background gamma levels. A thin Mylar window 
may be used to protect the electret from dust. In low-level gamma measurements, the electret is 
sealed inside a Mylar bag during deployment to minimize radon interference. For alpha and beta 
measurements, corrections must be made for background gamma radiation and radon response. 
This correction is accomplished by deploying additional gamma or radon-sensitive detectors in 
parallel with the alpha or beta detector. Electrets are simple and can usually be reused several 
times before recharging by a vendor. Due to their small size (3.8 cm tall by 7.6 cm diameter or 
l.5 in. tall by 3 in. diameter), they may be deployed in hard-to-access locations. 
Specificity/Sensitivity: This method gives a gross alpha, gross beta, gross gamma, or gross 
radon measurement. The lower limit of detection depends on the exposure time and the volume 
of the chamber used. High surface alpha or beta contamination levels or high gamma radiation 
levels may be measured with deployment times of a few minutes. Much lower levels can be 
measured by extending the deployment time to 24 hours or longer. For gamma radiation, the 
response of the detector is nearly independent of energy from 15 to 1200 keV, and fading 
corrections are not required. To quantify ambient gamma radiation fields of 10 µR/hr, a 1000 
mL chamber may be deployed for two days or a 50 mL chamber deployed for 30 days. The 
smallest chamber is particularly useful for long-term monitoring and reporting of monthly or 
quarterly measurements. For alpha and beta particles, the measurement may be converted to 
isotopic concentration if the isotopes are known or measured separately. The lower limit of 
detection for alpha radiation is 83 Bq/m2 (50 dpm/100 cm2) @ 1 hour, 25 Bq/m2 (15 dpm/100 
cm2) @ 8 hours, and 13 Bq/m2 (8 dpm/100 cm2) @ 24 hours. For beta radiation from tritium it is 
10,000 Bq/m2 (6,000 dpm/cm2) @ 1 hour and 500 Bq/m2 (300 dpm/cm2) @ 24 hours. For beta 
radiation from 99Tc it is 830 Bq/m2(500 dpm/cm2) @ 1 hour and 33 Bq/m2 (20 dpm/cm2) @ 24 
hours. 
Cost of Equipment: $4,000 to $25,000, for system if purchased. 
Cost per Measurement: $8-$25, for use under service contract 
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Appendix H 

System: GAS-FLOW PROPORTIONAL COUNTER

Lab/Field: Field

Radiation Detected: Primary:  Alpha, Beta Secondary:  Gamma

Applicability to Site Surveys:  This equipment measures gross alpha or gross beta/gamma

surface contamination levels on relatively flat surfaces like the floors and walls of facilities. It

would serve as a screen to determine whether or not more nuclide-specific analyses were needed.

Operation:  This system consists of a gas-flow proportional detector, gas supply, supporting

electronics, and a scaler or rate meter. Small detectors (~100 cm2) are hand-held and large

detectors (~400-600 cm2) are mounted on a rolling cart. The detector entrance window can be <1

to almost 10 mg/cm2 depending on whether alpha, alpha-beta, or gamma radiation is monitored. 

The gas used is normally P-10, a mixture of 10% methane and 90% argon. The detector is

positioned as close as practical to the surface being monitored for good counting efficiency

without risking damage from the detector touching the surface. Quick disconnect fittings allow

the system to be disconnected from the gas bottle for hours with little loss of counting efficiency. 

The detector operating voltage can be set to make it sensitive only to alpha radiation, to both

alpha and beta radiation, or to beta and low energy gamma radiation. These voltages are

determined for each system by placing either an alpha source, such as 230Th or 241Am, or a beta

source, such as 90Sr, facing and near the detector window, then increasing the high voltage in

incremental steps until the count rate becomes constant. The alpha plateau, the region of

constant count rate, will be almost flat. The beta plateau will have a slope of 5 to 15 percent per

100 volts. Operation on the beta plateau allows detection of some gamma radiation, but the

efficiency is very low. Some systems use a spectrometer to separate alpha, and beta/gamma

events, allowing simultaneous determination of both the alpha and beta/gamma surface

contamination levels.

Specificity/Sensitivity:  These systems do not identify the alpha or beta energies detected and

cannot be used to identify specific radionuclides. Background for operation on the alpha plateau

is very low, 2 to 3 counts per minute, which is higher than for laboratory detectors because of the

larger detector size. Background for operation on the beta plateau is dependent on the ambient

gamma and cosmic ray background, and typically ranges from several hundred to a thousand

counts per minute. Typical efficiencies for unattenuated alpha sources are 15-20%. Beta

efficiency depends on the window thickness and the beta energy. For 90Sr/90Y in equilibrium,

efficiencies range from 5% for highly attenuated to about 35% for unattenuated sources. 

Typical gamma ray efficiency is <1%. The presence of natural radionuclides in the surfaces

could interfere with the detection of other contaminants. Unless the nature of the contaminant

and any naturally-occurring radionuclides is well known, this system is better used for assessing

gross surface contamination levels. The texture and porosity of the surface can hide or shield

radioactive material from the detector, causing levels to be underestimated. Changes in

temperature can affect the detectors's sensitivity. Incomplete flushing with gas can cause a

nonuniform response over the detector's surface. Condensation in the gas lines or using the quick

disconnect fittings can cause count rate instability.

Cost of Equipment: $2,000 to $4,000

Cost per Measurement: $2-$10 per m2
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Appendix H 

System: GM SURVEY METER WITH BETA PANCAKE PROBE

Lab/Field: Field

Radiation Detected: Primary:  Beta Secondary:  Gamma and alpha

Applicability to Site Surveys:  This instrument is used to find and measure low levels of

beta/gamma contamination on relatively flat surfaces.

Operation:  This instrument consists of a flat “pancake” type Geiger-Mueller detector connected

to a survey meter which measures radiation response in counts per minute. The detector housing

is typically a rigid metal on all sides except the radiation entrance face or window, which is made

of Mylar, mica, or a similar material. A steel, aluminum, lead, or tungsten housing surrounds the

detector on all sides except the window, giving the detector a directional response. The detector

requires approximately 900 volts for operation. It is held within a few cm of the surface to

minimize the thickness of air shielding in between the radioactive material and the detector. It is

moved slowly to scan the surface in search of elevated readings, then held in place long enough

to obtain a stable measurement. Radiation entering the detector ionizes the gas, causes a

discharge throughout the entire tube, and results in a single count being sent to the meter. The

counts per minute meter reading is converted to a beta surface contamination level in the range of

1,700 Bq/m2 (1,000 dpm/100 cm2) using isotope specific factors.


Specificity/Sensitivity:  Pancake type GM detectors primarily measure beta count rate in close

contact with surfaces to indicate the presence of contamination. They are sensitive to any alpha,

beta, or gamma radiation that enters the detector and causes ionization. As a result, they cannot

determine the type or energy of that radiation, except by using a set of absorbers. To be detected,

beta particles must have enough energy to penetrate through any surface material that the

contamination is absorbed in, plus the detector window, and the layer of air and other shielding

materials in between. Low energy beta particles from emitters like 3H (17 keV) that cannot

penetrate the window alone are not detectable, while higher energy betas like those from 60Co

(314 keV) can be readily detected. The beta detection efficiency at a field site is primarily a

function of the beta energy, window thickness, and the surface condition. The detection

sensitivity  can be improved by using headphones or the audible response during scans. By

integrating the count rate over a longer period or by counting the removable radioactive material

collected on a swipe , the ability to detect surface contamination can be improved. The nominal

2 in. diameter detector can measure an increase of around 100 cpm above background, which

equates to 4,200 Bq/m2 (2,500 dpm/100 cm2) of 60Co on a surface under the detector or 20 Bq

(500 pCi) on a swipe. Larger 100 cm2 detectors improve sensitivity and eliminate the need to

swipe. A swipe’s collection efficiency may be below 100%, and depends on the wiping

technique, the actual surface area covered, the texture and porosity of the surface, the affinity of

the contamination for the swipe material, and the dryness of the swipe. This will proportionately

change the values above. The sensitivity to gamma radiation is around 10% or less of the beta

sensitivity, while the alpha detection efficiency is difficult to evaluate.


Cost of equipment:  $400 to $1,500

Cost per Measurement:  $5 to $10 per location


MARSSIM, Revision 1 H-14 August 2000 



------

Appendix H 

H.2 FIELD SURVEY EQUIPMENT 

H.2.3 Gamma Ray Detectors 
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Appendix H 

System: ELECTRET ION CHAMBER

Lab/Field: Field

Radiation Detected: Primary: Low energy beta (e.g. tritium, 99Tc, 14C, 90Sr, 63Ni), alpha,


gamma, or radon Secondary: None 
Applicability to Site Surveys:  This system measures alpha- or beta-emitting contaminants on 
surfaces and in soils, gamma radiation dose, or radon air concentration, depending on how it is 
configured. 
Operation:  The system consists of a charged Teflon disk (electret), open-faced ionization 
chamber, and electret voltage reader/data logger. When the electret is screwed into the chamber, 
a static electric field is established and a passive ionization chamber is formed. For alpha or beta 
radiation, the chamber is opened and deployed directly on the surface or soil to be measured so 
the particles can enter the chamber. For gammas, however, the chamber is left closed and the 
gamma rays incident on the chamber penetrate the 2 mm-thick plastic detector wall. These 
particles or rays ionize the air molecules, the ions are attracted to the charged electret, and the 
electret’s charge is reduced. The electret charge is measured before and after deployment with 
the voltmeter, and the rate of change of the charge is proportional to the alpha or beta surface or 
soil activity, with appropriate compensation for background gamma levels. A thin Mylar window 
may be used to protect the electret from dust. In low-level gamma measurements, the electret is 
sealed inside a Mylar bag during deployment to minimize radon interference. For alpha and beta 
measurements, corrections must be made for background gamma radiation and radon response. 
This correction is accomplished by deploying additional gamma or radon-sensitive detectors in 
parallel with the alpha or beta detector. Electrets are simple and can usually be reused several 
times before recharging by a vendor. Due to their small size (3.8 cm tall by 7.6 cm diameter or 
l.5 in. tall by 3 in. diameter), they may be deployed in hard-to-access locations. 
Specificity/Sensitivity: This method gives a gross alpha, gross beta, gross gamma, or gross 
radon measurement. The lower limit of detection depends on the exposure time and the volume 
of the chamber used. High surface alpha or beta contamination levels or high gamma radiation 
levels may be measured with deployment times of a few minutes. Much lower levels can be 
measured by extending the deployment time to 24 hours or longer. For gamma radiation, the 
response of the detector is nearly independent of energy from 15 to 1200 keV, and fading 
corrections are not required. To quantify ambient gamma radiation fields of 10 µR/hr, a 1000 
mL chamber may be deployed for two days or a 50 mL chamber deployed for 30 days. The 
smallest chamber is particularly useful for long-term monitoring and reporting of monthly or 
quarterly measurements. For alpha and beta particles, the measurement may be converted to 
isotopic concentration if the isotopes are known or measured separately. The lower limit of 
detection for alpha radiation is 83 Bq/m2 (50 dpm/100 cm2) @ 1 hour, 25 Bq/m2 (15 dpm/100 
cm2) @ 8 hours, and 13 Bq/m2 (8 dpm/100 cm2) @ 24 hours. For beta radiation from tritium it is 
10,000 Bq/m2 (6,000 dpm/cm2) @ 1 hour and 500 Bq/m2 (300 dpm/cm2) @ 24 hours. For beta 
radiation from 99Tc it is 830 Bq/m2(500 dpm/cm2) @ 1 hour and 33 Bq/m2 (20 dpm/cm2) @ 24 
hours. 
Cost of Equipment: $4,000 to $25,000, for system if purchased. 
Cost per Measurement: $8-$25, for use under service contract 
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Appendix H 

System: GM SURVEY METER WITH GAMMA PROBE 
Lab/Field: Field 
Radiation Detected: Primary:  Gamma Secondary:  Beta 

Applicability to Site Surveys: This instrument is used to give a quick indication of gamma-
radiation levels present at a site. Due to its high detection limit, the GM survey meter may be 
useful during characterization surveys but may not meet the needs of final status surveys. 

Operation:  This instrument consists of a cylindrical Geiger Mueller detector connected to a 
survey meter. It is calibrated to measure gamma exposure rate in mR/hr. The detector is 
surrounded on all sides by a protective rigid metal housing.  Some units called end window or 
side window have a hinged door or rotating sleeve that opens to expose an entry window of 
Mylar, mica, or a similar material, allowing beta radiation to enter the sensitive volume.  The 
detector requires approximately 900 volts for operation. It is normally held at waist height, but is 
sometimes placed in contact with an item be evaluated. It is moved slowly over the area to scan 
for elevated readings, observing the meter or, preferably, listening to the audible signal. Then it 
is held in place long enough to obtain a stable measurement. Radiation entering the detector 
ionizes the gas, causes a discharge throughout the entire tube, and results in a single count being 
sent to the meter. Conversion from count rate to exposure rate is accomplished at calibration by 
exposing the detector at discrete levels and adjusting the meter scale(s) to read accordingly.  In 
the field, the exposure rate is read directly from the meter. If the detector housing has an entry 
window , an increase in “open-door” over “closed-door” reading indicates the presence of beta 
radiation in the radiation field, but the difference is not a direct measure of the beta radiation 
level. 

Specificity/Sensitivity: GM meters measure gamma exposure rate, and those with an entry 
window can identify if the radiation field includes beta radiation. Since GM detectors are 
sensitive to any energy of alpha, beta, or gamma radiation that enters the detector, instruments 
that use these detectors cannot identify the type or energy of that radiation, or the specific 
radionuclide(s) present. The sensitivity can be improved by using headphones or the audible 
response during scans, or by integrating the exposure rate over time. The instrument has two 
primary limitations for environmental work. First, its minimum sensitivity is high, around 0.1 
mR/hr in rate meter mode or 0.01 mR/hr in integrate mode. Some instruments use a large 
detector to improve low end sensitivity. However, in many instances the instrument is not 
sensitive enough for site survey work. Second, the detector’s energy response is nonlinear. 
Energy compensated survey meters are commercially available, but the instrument's  sensitivity 
may be reduced. 

Cost of Equipment:  $400 to $1,500. 

Cost per Measurement:  $5 per measurement for survey and report. 
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Appendix H 

System: HAND-HELD ION CHAMBER SURVEY METER

Lab/Field: Field

Radiation Detected: Primary:  Gamma Secondary: None


Applicability to Site Surveys:  The hand-held ion chamber survey meter measures true gamma

radiation exposure rate, in contrast to most other survey meter/probe combinations which are

calibrated to measure exposure rate at one energy and approximate the exposure rate at all other

energies. Due to their high detection limit, these instruments are not applicable for many final

status surveys.


Operation:  This device uses an ion chamber operated at a bias voltage sufficient to collect all

ion pairs created by the passage of ionizing radiation, but not sufficiently high to generate

secondary ion pairs as a proportional counter does. The units of readout are mR/hr, or some

multiple of mR/hr. If equipped with an integrating mode, the operator can measure the total

exposure over a period of time. The instrument may operate on two “D” cells or a 9 volt battery

that will last for 100 to 200 hours of operation.


Specificity/Sensitivity:  Ion chamber instruments respond only to gamma or x-radiation. They

have no means to provide the identity of contaminants. Typical ion chamber instruments have a

lower limit of detection of 0.5 mR/hr. These instruments can display readings below this, but the

readings may be erratic and have large errors associated with them. In integrate mode, the

instrument sensitivity can be as low as 0.05 mR/hr.


Cost of Equipment:  $800 to $1,200 

Cost per Measurement:  $5, or higher for making integrated exposure measurements. 
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Appendix H 

System: HAND-HELD PRESSURIZED ION CHAMBER (PIC) SURVEY 
METER 

Lab/Field: Field 
Radiation Detected: Primary: Gamma Secondary: None 

Applicability to Site Surveys:  The hand-held pressurized ion chamber survey meter measures 
true gamma radiation exposure rate, in contrast to most other survey meter/probe combinations 
which are calibrated to measure exposure rate at one energy and approximate the exposure rate at 
all other energies. Due to their high detection limit, these instruments are not applicable for 
many final status surveys. 

Operation: This device uses a pressurized air ion chamber operated at a bias voltage sufficient 
to collect all ion pairs created by the passage of ionizing radiation, but not sufficiently high to 
cause secondary ionization.. The instrument is identical to the ion chamber meter on the 
previous page, except in this case the ion chamber is sealed and pressurized to 2 to 3 atmospheres 
to increase the sensitivity of the instrument by the same factors. The units of readout are µR/hr 
or mR/hr. A digital meter will allow an operator to integrate  the total exposure over a period of 
time. The unit may use two “D” cells or a 9-volt battery that will last for 100 to 200 hours of 
operation. 

Specificity/Sensitivity:  Since the ion chamber is sealed, pressurized ion chamber instruments 
respond only to gamma or X-radiation. They have no means to provide the identity of 
contaminants. Typical instruments have a lower limit of detection of 0.1 mR/hr, or as low as 
0.01 mR in integrate mode. These instruments can display readings below this, but the readings 
may be erratic and have large errors associated with them. 

Cost of Equipment:  $1,000 to $1,500 

Cost per Measurement:  $5, or higher for making integrated exposure measurements. 
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Appendix H 

System: PORTABLE GERMANIUM MULTICHANNEL ANALYZER (MCA) SYSTEM

Lab/Field: Field

Radiation Detected: Primary:  Gamma Secondary:  None


Applicability for Site Surveys: This system produces semi-quantitative estimates of

concentration of uranium and plutonium in soil, water, air filters, and quantitative estimates of

many other gamma-emitting isotopes. With an appropriate dewar, the detector may be used in a

vertical orientation to determine, in situ, gamma isotopes concentrations in soil. 


Operation:  This system consists of a portable germanium detector connected to a dewar of

liquid nitrogen, high voltage power supply, and multichannel analyzer. It is used to identify and

quantify gamma-emitting isotopes in soil or other surfaces.


Germanium is a semiconductor material. When a gamma ray interacts with a germanium crystal,

it produces electron-hole pairs. An electric field is applied which causes the electrons to move in

the conduction band and the holes to pass the charge from atom to neighboring atoms. The

charge is collected rapidly and is proportional to the deposited energy.


The typical system consists of a portable multichannel analyzer (MCA) weighing about 7-10 lbs

with batteries, a special portable low energy germanium detector with a built-in shield, and the

acquisition control and spectrum analysis software. The detector is integrally mounted to a liquid

nitrogen dewar. The liquid nitrogen is added 2-4 hours before use and replenished every 4-24

hours based on capacity.


The MCA includes all required front end electronics, such as a high voltage power supply, an

amplifier, a digital stabilizer, and an analog-to-digital converter (ADC), which are fully

controllable from a laptop computer and software.


One method uses the 94-104 keV peak region to analyze the plutonium isotopes from either

“fresh” or aged materials. It requires virtually no user input or calibration. The source-to-

detector distance for this method does not need to be calibrated as long as there are enough

counts in the spectrum to perform the analysis.


For in situ applications, a collimated detector is positioned at a fixed distance from a surface to

provide multichannel spectral data for a defined surface area. It is especially useful for

qualitative and (based on careful field calibration or appropriate algorithms) quantitative analysis

of freshly deposited contamination. Additionally, with prior knowledge of the depth distribution

of the primary radionuclides of interest, which is usually not known, or using algorithms that

match the site, the in situ system can be used to estimate the content of radionuclides distributed

below the surface (dependent, of course, on adequate detection capability.)


MARSSIM, Revision 1 H-20 August 2000 



Appendix H 

Calibration based on Monte Carlo modeling of the assumed source-to-detector geometry or 
computation of fluence rates with analytical expressions is an important component to the 
accurate use of field spectrometry, when it is not feasible or desirable to use real radioactive 
sources. Such modeling used in conjunction with field spectrometry is becoming much more 
common recently, especially using the MCNP Monte Carlo computer software system. 

Specificity/Sensitivity:  With proper calibration or algorithms, field spectrometers can identify 
and quantify concentrations of gamma emitting radionuclides in the middle to upper energy range 
(i.e., 50 keV with a P-type detector or 10 keV with an N-type detector). 

For lower energy photons, as are important for plutonium and americium, an N-type detector or a 
planar crystal is preferred with a very thin beryllium (Be) window. This configuration allows 
measurement of photons in the energy range 5 to 80 keV. The Be window is quite fragile and a 
target of corrosion, and should be protected accordingly. 

The detector high voltage should only be applied when the cryostat has contained sufficient 
liquid nitrogen for several hours. These systems can accurately identify plutonium, uranium, and 
many gamma-emitting isotopes in environmental media, even if a mixture of radionuclides is 
present. Germanium has an advantage over sodium iodide because it can produce a quantitative 
estimate of concentrations of multiple radionuclides in samples like soil, water, and air filters. 

A specially designed low energy germanium detector that exhibits very little deterioration in the 
resolution as a function of count rate may be used to analyze uranium and plutonium, or other 
gamma-emitting radionuclides. When equipped with a built-in shield, it is unnecessary to build 
complicated shielding arrangements while making field measurements. Tin filters can be used to 
reduce the count rate from the 241Am 59 keV line which allows the electronics to process more of 
the signal coming from Pu or U. 

A plutonium content of 10 mg can be detected in a 55 gallon waste drum in about 30 minutes, 
although with high uncertainty. A uranium analysis can be performed for an enrichment range 
from depleted to 93% enrichment. The measurement time can be in the order of minutes 
depending on the enrichment and the attenuating materials. 

Cost of Equipment:  $40,000 

Cost per Measurement:  $100 to $200 
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System: PRESSURIZED IONIZATION CHAMBER (PIC)

Lab/Field: Field

Radiation Detected:  Primary:  Moderate (>80 keV) to high energy photons


Secondary:  None 
Applicability to Site Surveys:  The PIC is a highly accurate ionization chamber for measuring 
gamma exposure rate in air, and for correcting for the energy dependence of other instruments 
due to their energy sensitivities. It is excellent for characterizing and evaluating the effectiveness 
of remediation of contaminated sites based on exposure rate. However, most sites also require 
nuclide-specific identification of the contributing radionuclides. Under these circumstances, 
PICs must be used in conjunction with other soil sampling or spectrometry techniques to evaluate 
the success of remediation efforts. 

Operation: The PIC detector is a large sphere of compressed argon-nitrogen gas at 10 to 40 
atmospheres pressure surrounded by a protective box. The detector is normally mounted on a 
tripod and positioned to sit about three feet off the ground. It is connected to an electronics box 
in which a strip chart recorder or digital integrator measures instantaneous and integrated 
exposure rate. It operates at a bias voltage sufficient to collect all ion pairs created by the 
passage of ionizing radiation, but not sufficiently high to amplify or increase the number of ion 
pairs . The high pressure inside the detector and the integrate feature make the PIC much more 
sensitive and precise than other ion chambers for measuring low exposures. The average 
exposure rate is calculated from the integrated exposure and the operating time. Arrays of PIC 
systems can be linked by telecommunications so their data can be observed from a central and 
remote location. 

Specificity/Sensitivity:  The PIC measures gamma or x-radiation and cosmic radiation. It is 
highly stable, relatively energy independent, and serves as an excellent tool to calibrate (in the 
field) other survey equipment to measure exposure rate. Since the PIC is normally uncollimated, 
it measures cosmic, terrestrial, and foreign source contributions without discrimination. Its 
rugged and stable behavior makes it an excellent choice for an unattended sensor where area 
monitors for gamma emitters are needed. PICs are highly sensitive, precise, and accurate to vast 
changes in exposure rate (1 µR/ hr up to 10 R/hr). PICs lack any ability to distinguish either 
energy spectral characteristics or source type. If sufficient background information is obtained , 
the data can be processed using algorithms that employ time and frequency domain analysis of 
the recorded systems to effectively separate terrestrial, cosmic, and “foreign” source 
contributions. One major advantage of PIC systems is that they can record exposure rate over 
ranges of 1 to 10,000,000 µR per hour (i.e., µR/hr to 10 R/hr) with good precision and accuracy. 

Cost of Equipment:  $15,000 to $50,000 depending on the associated electronics, data 
processing, and telecommunications equipment. 

Cost per Measurement:  $50 to $500 based on the operating time at each site and the number of 
measurements performed. 
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System: SODIUM IODIDE SURVEY METER

Lab/Field: Field

Radiation Detected: Primary:  Gamma Secondary:  None

Applicability to Site Surveys:  Sodium iodide survey meters can be response checked against a

pressurized ionization chamber(PIC) and then used in its place so readings can be taken more

quickly. This check should be performed often, possibly several times each day.  They are useful

for determining ambient radiation levels and for estimating the concentration of radioactive

materials at a site.

Operation:  The sodium iodide survey meter measures gamma radiation levels in µR/hr (10-6


R/hr) or counts per minute (cpm). Its response is energy and count rate dependent, so

comparison with a pressurized ion chamber necessitates a conversion factor for adjusting the

meter readings to true µR/hr values. The conversion factor obtained from this comparison is

valid only in locations where the radionuclide mix is identical to that where the comparison is

performed, and over a moderate range of readings. The detector is held at waist level or

suspended near the surface and walked through an area listening to the audio and watching the

display for changes. It is held in place and the response allowed to stabilize before each

measurement is taken, with longer times required for lower responses. Generally, the center of

the needle swing or the integrated reading is recorded. The detector is a sodium iodide crystal

inside an aluminum container with an optical glass window that is connected to a photomultiplier

tube. A gamma ray that interacts with the crystal produces light that travels out of the crystal and

into the photomultiplier tube. There, electrons are produced and multiplied to produce a readily

measurable pulse whose magnitude is proportional to the energy the gamma ray incident on the

crystal. Electronic filters accept the pulse as a count if certain discrimination height restrictions

are met. This translates into a meter response. Instruments with pulse height discrimination

circuitry can be calibrated to view the primary gamma decay energy of a particular isotope. If

laboratory analysis has shown a particular isotope to be present, the discrimination circuitry can

be adjusted to partially tune out other isotopes, but this also limits its ability to measure exposure

rate.

Specificity/Sensitivity:  Sodium iodide survey meters measure gamma radiation in µR/hr or cpm

with a minimum sensitivity of around 1-5 µR per hour, or 200-1,000 cpm, or lower in digital

integrate mode. The reading error of 50% can occur at low count rates because of a large needle

swing, but this decreases with increased count rate. The instrument is quite energy sensitive,

with the greatest response around 100-120 keV and decreasing in either direction. Measuring the

radiation level at a location with both a PIC and the survey meter gives a factor for converting

subsequent readings to actual exposure rates. This ratio can change with location. Some meters

have circuitry that looks at a few selected ranges of gamma energies, or one at a time with the

aide of a single channel analyzer. This feature is used to determine if a particular isotope is

present. The detector should be protected against thermal or mechanical shock which can break

the sodium iodide crystal or the photomultiplier tube. Covering at least the crystal end with

padding is often sufficient. The detector is heavy, so adding a carrying strap to the meter and a

means of easily attaching and detaching the detector from the meter case helps the user endure

long surveys.

Cost of Equipment:  $2,000

Cost per Measurement:  $5
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System: THERMOLUMINESCENCE DOSIMETER (TLD) 
Lab/Field: Field and lab 
Radiation Detected: Primary:  Gamma Secondary:  Neutron, beta, x-ray 
Applicability to Site Surveys:  TLDs can be used to measure such a low dose equivalent that 
they can identify gamma levels slightly above natural background. TLDs should be placed in 
areas outside the site but over similar media to determine the average natural background 
radiation level in the area. Other TLDs should be posted on site to determine the difference 
from background. Groups should be posted quarterly for days to quarters and compared to 
identify locations of increased onsite doses. 
Operation:  A TLD is a crystal that measures radiation dose. TLDs are semiconductor crystals 
that contain small amounts of added impurities. When radiation interacts with the crystal, 
electrons in the valence band are excited into the conduction band. Many lose their energy and 
return directly to the valence band, but some are trapped at an elevated energy state by the 
impurity atoms. This trapped energy can be stored for long periods, but the signal can fade with 
age, temperature, and light. Heating the TLD in a TLD reader releases the excess energy in the 
form of heat and light. The quantity or intensity of the light given off gives a measure of the 
radiation dose the TLD received. If the TLDs are processed at an off site location, the transit 
dose (from the location to the site and return) must be determined and subtracted from the net 
dose.  The ability to determine this transit dose affects the net sensitivity of the measurements. 
The TLD is left in the field for a period of a day to a quarter and then removed from the field and 
read in the laboratory on a calibrated TLD reader. The reading is the total dose received by the 
TLD during the posting period. TLDs come in various shapes (thin-rectangles, rods, and 
powder), sizes (0.08 cm to 0.6 cm (1/32 in. to 1/4 in.) on a side), and materials (CaF2:Mn, 
CaSO4:Dy, 6LiF:Mn, 7LiF:Mn, LiBO4, LiF:Mg,Cu,P and Al2O3:C). The TLD crystals can be held 
loosely inside a holder, sandwiched between layers of Teflon, affixed to a substrate, or attached 
to a heater strip and surrounded by a glass envelope. Most are surrounded by special thin shields 
to correct for an over response to low-energy radiation. Many have special radiation filters to 
allow the same type TLD to measure various types and energies of radiation. 
Specificity/Sensitivity:  TLDs are primarily sensitive to gamma radiation, but selected 
TLD/filter arrangements can be used to measure beta, x-ray, and neutron radiation. They are 
posted both on site and off site in comparable areas. These readings are compared to determine 
if the site can cause personnel to receive more radiation exposure than would be received from 
background radiation. The low-end sensitivity can be reduced by specially calibrating each TLD 
and selecting those with high accuracy and good precision. The new Al2O3 TLD may be capable 
of measuring doses as low as 0.1 µSv (0.01 mrem) while specially calibrated CaF2 TLDs posted 
quarterly can measure dose differences as low as 0.05 mSv/y (5 mrem/y). This is in contrast to 
standard TLDs that are posted monthly and may not measure doses below 1 mSv/y (100 
mrem/y). TLDs should be protected from damage as the manufacturer recommends. Some are 
sensitive to visible light, direct sunlight, fluorescent light, excessive heat, or high humidity. 
Cost of Equipment:  $5K-$ 100K (reader), $25-$40 (TLD). TLDs cost $5 to $40 per rental. 
Cost per Measurement:  $25 to $125 
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H.2 FIELD SURVEY EQUIPMENT 

H.2.4 Radon Detectors 
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System: ACTIVATED CHARCOAL ADSORPTION

Lab/Field: Field

Radiation Detected: Primary:  Radon gas Secondary: None


Applicability to Site Surveys:  Activated charcoal adsorption is a passive low cost screening

method for measuring indoor air radon concentration. The charcoal adsorption method is not

designed for outdoor measurements. For contaminated structures, charcoal is a good short-term

indicator of radon contamination. Vendors provide measurement services which includes the

detector and subsequent readout.


Operation: For this method, an airtight container with activated charcoal is opened in the area

to be sampled and radon in the air adsorbs onto the charcoal. The detector, depending on its

design, is deployed for 2 to 7 days. At the end of the sampling period, the container is sealed and

sent to a laboratory for analysis. Proper deployment and analysis will yield accurate results.


Two analysis methods are commonly used in activated charcoal adsorption. The first method

calculates the radon concentration based on the gamma decay from the radon progeny analyzed

on a gamma scintillation or semiconductor detection system. The second method is liquid

scintillation which employs a small vial containing activated charcoal for sampling.  After

exposure, scintillation fluid is added to the vial and the radon concentration is determined by the

alpha and beta decay of the radon and progeny when counted in a liquid scintillation

spectrometer.


Specificity/Sensitivity:  Charcoal absorbers are designed to measure radon concentrations in

indoor air. Some charcoal absorbers are sensitive to drafts, temperature and humidity. However,

the use of a diffusion barrier over the charcoal reduces these effects. The minimum detectable

concentration for this method ranges from 0.007-0.04 Bq/L (0.2-1.0 pCi/L).


Cost of Equipment:  $10,000 for a liquid scintillation counter, $10,000 for a sodium iodide

multichannel analyzer system, or $30,000+ for a germanium multichannel analyzer system. The

cost of the activated charcoal itself is minimal.


Cost per Measurement:  $5 to $30 including canister.
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System: ALPHA TRACK DETECTOR

Lab/Field: Field

Radiation Detected: Primary: Radon Gas (Alpha Particles) Secondary: None

Applicability to Site Surveys:  An alpha track detector is a passive, low cost, long term method

used for measuring radon. Alpha track detectors can be used for site assessments both indoors

and outdoors (with adequate protection from the elements).


Operation: Alpha track detectors employ a small piece of special plastic or film inside a small

container. Air being tested diffuses through a filtering mechanism into the container. When

alpha particles from the decay of radon and its progeny strike the detector, they cause damage

tracks. At the end of exposure, the container is sealed and returned to the laboratory for analysis.


The plastic or film detector is chemically treated to amplify the damage tracks and then the

number of tracks over a predetermined area are counted using a microscope, optical reader, or

spark counter. The radon concentration is determined by the number of tracks per unit area. 

Detectors are usually exposed for 3 to 12 months, although shorter time frames may be used

when measuring high radon concentrations.


Specificity/Sensitivity:  Alpha track detectors are primarily used for indoor air measurements

but specially designed detectors are available for outdoor measurements. Alpha track results are

usually expressed as the radon concentration over the exposure period (Bq/L-days). The

sensitivity is a function of detector design and exposure duration, and is on the order of 0.04

Bq/L-day (1 pCi/L-day).


Cost of Equipment:  Not applicable when provided by a vendor


Cost per Measurement:  $5 to $25 
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System: CONTINUOUS RADON MONITOR

Lab/Field: Field

Radiation Detected: Primary:  Radon gas Secondary: None


Applicability to Site Surveys:  Continuous radon monitors are devices that measure and record

real-time measurements of radon gas or variations in radon concentration on an hourly basis.

Since continuous monitors display real-time hourly radon measurements, they are useful for

short-term site investigation.


Operation: Continuous radon monitors are precision devices that track and record real-time

measurements and variations in radon gas concentration on an hourly basis. Air either diffuses or

is pumped into a counting chamber. The counting chamber is typically a scintillation cell or

ionization chamber. Using a calibration factor, the counts are processed electronically, and radon

concentrations for predetermined intervals are stored in memory or directly transmitted to a

printer.


Most continuous monitors are used for a relatively short measurement period, usually 1 to 7 days. 

These devices do require some operator skills and often have a ramp-up period to equilibrate

with the surrounding atmosphere. This ramp-up time can range from 1 to 4 hours depending on

the size of the counting chamber and rate of air movement into the chamber.


Specificity/Sensitivity:  Most continuous monitors are designed for both indoor and outdoor

radon measurements. The limiting factor for outdoor usage is the need for electrical power. In

locations where external power is unavailable, the available operating time  depends on the

battery lifetime of the monitor. The minimum detectable concentration for these detectors ranges

from 0.004-0.04 Bq/L (0.1-1.0 pCi/L).


Cost of Equipment:  $1,000 to $5,000. 

Cost per Measurement:  $80+ based on duration of survey. 
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System: ELECTRET ION CHAMBER

Lab/Field: Field

Radiation Detected: Primary:  Radon gas (alpha, beta) Secondary: Gamma


Applicability to Site Surveys:  Electrets are used to measure radon concentration in indoor

environments. For contaminated structures, the electret ion chamber is a good indicator of short-

term and long-term radon concentrations.


Operation: For this method, an electrostatically charged disk (electret) is situated within a small

container (ion chamber). During the measurement period, radon diffuses through a filter into the

ion chamber, where the ionization produced by the decay of radon and its progeny reduces the

charge on the electret. A calibration factor relates the voltage drop, due to the charge reduction,

to the radon concentration. Variations in electret design enable the detector to make long-term or

short-term measurements. Short-term detectors are deployed for 2 to 7 days, whereas long-term

detectors may be deployed from 1 to 12 months.


Electrets are relatively inexpensive, passive, and can be used several times before discarding or

recharging, except in areas of extreme radon concentrations. These detectors need to be

corrected for the background gamma radiation during exposure since this ionization also

discharges the electret.


Specificity/Sensitivity:  Electrets are designed to make radon measurements primarily in indoor

environments. Care must be taken to measure the background gamma radiation at the site during

the exposure period. Extreme temperatures and humidity encountered outdoors may affect

electret voltage. The minimum detectable concentration ranges from 0.007-0.02 Bq/L (0.2 to

0.5 pCi/L).


Cost of Equipment:  Included in rental price


Cost per Measurement:  $8 to $25 rental for an electret supplied by a vendor
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System: LARGE AREA ACTIVATED CHARCOAL COLLECTOR

Lab/Field: Field

Radiation Detected: Primary:  Radon gas Secondary: None


Applicability to Site Surveys:  This method is used to make radon flux measurements (the

surface emanation rate of radon gas) and involves the adsorption of radon on activated carbon in

a large area collector.


Operation:  The collector consists of a 10 inch diameter PVC end cap, spacer pads, charcoal

distribution grid, retainer pad with screen, and a steel retainer spring. Between 170 and 200

grams of activated charcoal is spread in the distribution grid and held in place by the retainer pad

and spring.


The collector is deployed by firmly twisting the end cap into the surface of the material to be

measured. After 24 hours of exposure, the activated charcoal is removed and transferred to

plastic containers. The amount of radon adsorbed on the activated charcoal is determined by

gamma spectroscopy. This data is used to calculate the radon flux in units of Bq m-2 s-1.


Specificity/Sensitivity:  These collectors give an accurate short-term assessment of the radon gas

surface emanation rate from a material. The minimum detectable concentration of this method is

0.007 Bq m-2 s-1 (0.2 pCi m-2 s-1).


Exposures greater than 24 hours are not recommended due to atmospheric and surface moisture

and temperature extremes which may affect charcoal efficiency.


Cost of Equipment:  Not applicable 

Cost per Measurement:  $20 - $50 including canister 

MARSSIM, Revision 1 H-30 August 2000 



------

Appendix H 

H.2 FIELD SURVEY EQUIPMENT


H.2.5 X-Ray and Low Energy Gamma Detectors
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System: FIDLER PROBE WITH SURVEY METER

Lab/Field: Field

Radiation Detected: Primary:  X-ray Secondary:  Low Energy Gamma

Applicability to Site Surveys: The FIDLER (Field Instrument for the Detection of Low

Energy Radiation) probe is a specialized detector consisting of a thin layer of sodium or cesium

iodide which is optimized to detect gamma and x-radiation below 100 keV. It is most widely

used for determining the presence of Pu and 241Am, and can be used for estimating radionuclide

concentrations in the field.

Operation:  The FIDLER consists of a thin beryllium or aluminum window, a thin crystal of

sodium iodide, a quartz light pipe, and photomultiplier tube. The probe can have either a 3 in. or

5 in. crystal. The discussion below is applicable to 5 in. crystals. The survey meter requires

electronics capable of setting a window about an x-ray or gamma ray energy. This window

allows the probe and meter to detect specific energies and, in most cases, provide information

about a single element or radionuclide. The window also lowers the background count. Two

types of survey meters are generally used with FIDLER probes. One type resembles those used

with GM and alpha scintillation probes. They have an analog meter and range switch. The

second type is a digital survey meter, which can display the count rate or accumulate counts in a

scaler mode for a preset length of time. Both types have adjustable high voltage and window

settings. The advantage of the digital meter is that both background and sample counts can be

acquired in scaler mode, yielding a net count above background. The activity of a radionuclide

can then be estimated in the field.

Specificity/Sensitivity: The FIDLER probe is quite sensitive to x-ray and low energy gamma

radiation. Since it has the ability to discriminate energies, an energy window can be set that

makes it possible to determine the presence of specific radionuclides when the nature of the

contamination is known. If the identity of a contaminant is known, the FIDLER can be used to

quantitatively determine the concentration. However, interferences can cause erroneous results if

other radionuclides are present. The FIDLER can also be used as a survey instrument to detect

the presence of x-ray or low energy gamma contaminates, and to determine the extent of the

contamination. FIDLER probes are most useful for determining the presence of Pu and 241Am. 

These isotopes have a complex of x-rays and gamma rays from 13-21 keV that have energies

centered around 17 keV, and 241Am has a gamma at 59 keV. There is an interference at 13 keV

from both americium and uranium x-rays. The FIDLER cannot distinguish which isotope of Pu

is present. 241Am can be identified based on the 59 keV gamma. Typical sensitivities for 238Pu

and 239Pu at one foot above the surface of a contaminated area are 500 to 700 and 250 to 350

counts per minute per µCi per square meter (cpm/µCi/m2), respectively.  Assuming a soil density

of 1.5, uniform contamination of the first 1 mm of soil, and a typical background of 400 counts

per minute, the MDC for 238Pu and 239Pu would be 370 and 740 Bq/kg (10 and 20 pCi/g), or 1500

and 3000 Bq/m2 (900 and 1,800 dpm/100 cm2). This MDC is for fresh deposition; and will be

significantly less as the plutonium migrates into the soil. Because the window is fragile, most

operations with a FIDLER probe require a low mass protective cover to prevent damaging the

window. Styrofoam, cardboard, and other cushioning materials are common choices for a

protective cover.

Cost of Equipment:  $4,000 to $7,000

Cost per Measurement:  $10 to $20
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System: FIELD X-RAY FLUORESCENCE SPECTROMETER

Lab/Field: Field

Radiation Detected: Primary:  X-ray and low energy gamma radiation


Secondary: None 

Applicability to Site Surveys:  The system accurately measures relative concentrations of metal 
atoms in soil or water samples down to the ppm range. 

Operation:  This system is a rugged form of x-ray fluorescence system that measures the 
characteristic x-rays of metals as they are released from excited electron structures. The 
associated electronic and multi-channel analyzer systems are essentially identical to those used 
with germanium spectrometry systems. The spectra of characteristic x-rays gives information for 
both quantitative and qualitative analysis; however, most frequently, the systems are only 
calibrated for relative atomic abundance or percent composition. 

Specificity/Sensitivity:  This is ideal for cases of contamination by metals that have strong x-ray 
emissions within 5-100 keV. Application for quantification of the transition metals (in the 
periodic table) is most common because of the x-ray emissions. Operation of this equipment is 
possible with only a moderate amount of training. The sensitivity ranges from a few percent to 
ppm depending on the particular atoms and their characteristic x-rays. When converted to 
activity concentration, the minimum detectable concentration for 238U is around 1,850 Bq/kg 
(50 pCi/g) for typical soil matrices. 

Cost of Equipment:  $15,000 - $75,000 depending on size, speed of operation and auxiliary 
features employed for automatic analysis of the results. 

Cost per Measurement: $200 
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H.2 FIELD SURVEY EQUIPMENT 

H.2.6 Other Field Survey Equipment 
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System: CHEMICAL SPECIES LASER ABLATION MASS SPECTROMETER

Lab/Field: Field

Radiation Detected:  None


Applicability to Site Surveys:  Chemical Species Laser Ablation Mass Spectrometry has been

successfully applied to the analysis of organic and inorganic molecular species in condensed

material with high sensitivity and specificity.


Operation:  Solids can be converted into aerosol particles which contain much of the molecular

species information present in the original material. (One way this is done is by laser excitation

of one component of a solid mixture which, when volatilized, carries along the other molecular

species without fragmentation.) Aerosol particles can be carried hundreds of feet without

significant loss in a confined or directed air stream before analysis by mass spectrometry.  Some

analytes of interest already exist in the form of aerosol particles. Laser ablation is also preferred

over traditional means for the conversion of the aerosol particles into molecular ions for mass

spectral analysis. Instrument manufacturers are working with scientists at national laboratories

and universities in the development of compact portable laser ablation mass spectrometry

instrumentation for field based analyses.


Specificity/Sensitivity:  This system can analyze soils and surfaces for organic and inorganic

molecular species, with extremely good sensitivity. Environmental concentrations in the range of

10-9 - 10-14 g/g can be determined, depending on environmental conditions. It is highly effective

when used by a skilled operator, but of limited use due to high costs. It may be possible to

quantify an individual radionuclide if no other nuclides of that isotope are present in the sample

matrix. Potential MDC’s are 4x10-8 Bq/kg (1x10-9 pCi/g) for 238U, 0.04 Bq/kg (10-3 pCi/g) for

239Pu, 4 Bq/kg (1 pCi/g) for 137Cs, and 37 Bq/kg (10 pCi/g) for 60Co.


Cost of Equipment:  Very expensive (prototype)


Cost per Measurement:  May be comparable to laser ablation inductively coupled plasma

atomic emission spectrometry (LA-ICP-AES) and laser ablation inductively coupled plasma

mass spectrometry (LA-ICP-MS). When using the Atomic Emission Spectrometer, the reported

cost is $4,000 per sample, or 80% of conventional sampling and analysis costs. This high cost

for conventional samples is partly due to the 2-3 day time to analyze a sample for thorium by

conventional methods. When using the mass spectrometer, the time required is about 30 minutes

per sample.
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System: LA-ICP-AES AND LA-ICP-MS

Lab/Field: Field

Radiation Detected: None


Applicability to Site Surveys:  LA-ICP-AES and LA-ICP-MS are acronyms for Laser Ablation-

Inductively Coupled Plasma-Atomic Emission Spectrometry or Mass Spectrometry. LA-ICP-

AES/MS techniques are used to screen/characterize very small samples of soils and concrete

(non-destructively) in situ to determine the level of contamination. It is particularly suited to

measuring the surface concentration of uranium and thorium.  The unit  can assess the

concentrations at various depths when lower levels are exposed by some means. It has the

advantages of not consuming surface material, providing real time response, reducing sampling

and analysis time, and keeping personnel clear of the materials being sampled. The information

developed can assist in identifying locations for excavation. It is currently  being tested.


Operation:  Components of the system include a sampling system, fiber optics cables,

spectrometer, potable water supply, cryogenic and high-pressure gas supply, a robotics arm,

control computers, inductively coupled plasma torch, and video monitor.


Sampling probes have been developed and prototyped that will screen/characterize surface soils,

concrete floors or pads, and subsurface soils. The sampling probes, both surface and subsurface,

contain the laser (a 50-Hz Nd/YAG laser), associated optics, and control circuitry to raster the

laser (ablation) energy across one square inch of sample surface. Either sampling probe is

connected by an umbilical, currently 20 m long, to the Mobile Demonstration Laboratory for

Environmental Screening Technologies (MDLEST), a completely self-contained mobile

laboratory containing the instrumentation to immediately analyze the samples generated by the

laser ablation.


A fiber optic cable delivers laser light to the surface of interest. This ablates a small quantity of

material that is carried away in a stream of argon gas. The material enters the plasma torch

where it is vaporized, atomized, ionized, and electrically excited at about 8,000 K. This produces

an ionic emission spectrum that is analyzed on the atomic emission spectrometer.


The analysis instrumentation (ICP-AES/MS) in the MDLEST does not depend on radioactive

decay for detection but looks directly at the atomic make up of the elements(s) of interest. A

large number of metals including the longer half-life radioactive elements can be detected and

quantified. The spectrometer is set up using either hardware, software, or both to simultaneously

detect all elements of interest in each sample.


The MDLEST can be set up on site to monitor soil treatment processes. This function enables

the remediation manager to monitor, in real time, the treatment processes removing the

contaminants and ensure that satisfactory agreement with both regulatory agency and QC/QA

requirements is attained.
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Specificity/Sensitivity:  This system measures the surface or depth concentration of atomic 
species, and is particularly suited to uranium and thorium analysis. It is highly effective with 
skilled operators. Some advantages are no contact with the soil, real time results, and no samples 
to dispose of. The sample results are quickly available for field remediation decisions, with the 
LA-ICP-AES taking about 10 minutes and LA-ICP-MS taking about 30 minutes. The detection 
limits for the two spectrometers that have been used are as follows: 

1)	 The AES (atomic emission spectrometer) can see ppm levels for some 70 elements and 
reportedly detects uranium and thorium concentrations at 1 ppm, or 10 Bq/kg (0.3 pCi/g) 
for 238U and 0.4 Bq/kg (0.1 pCi/g) for 232Th. However, the technique is only sensitive to 
elements; it cannot discriminate between the different isotopes of uranium and thorium. 
This prevents it from being used for assessing lower Z elements that have stable isotopes, 
or from determining relative abundances of isotopes of any element. This may 
significantly limit its use at some sites. 

2)	 The MS (mass spectrometer) can see sub-ppb levels and is capable of quantifying the 
uranium and thorium isotopes. This system has been used to search for 230Th and 226Ra 
and is reportedly useful in reaching 0.8 ppm or 0.6 Bq/g (15 pCi/g) for 230Th content for 
remediated soil. It appears to measure uranium and thorium concentration of soil more 
sensitively than the LA-ICP-AES system. 

Cost of Equipment:  Very expensive, >$1M. 

Cost per Measurement:  When using the Atomic Emission Spectrometer, the reported cost is 
$4,000 per sample. When using the mass spectrometer, a dollar price was not provided. 
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H.3 	LABORATORY INSTRUMENTS 

H.3.1 Alpha Particle Analysis 
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System: ALPHA SPECTROSCOPY WITH MULTICHANNEL ANALYZER

Lab/Field: Lab

Radiation Detected: Primary:  Alpha Secondary:  None

Applicability to Site:  This is a very powerful tool for accurately identifying and quantifying the

activity of multiple alpha-emitting radionuclides in a sample of soil, water, air filters, etc. 

Methods exist for the analyses of most alpha emitting radionuclides including uranium, thorium,

plutonium, polonium, and americium. Samples must first be prepared in a chemistry lab to

isolate the radionuclides of interest from the environmental matrix.

Operation:  This system consists of an alpha detector housed in a light-tight vacuum chamber, a

bias supply, amplifier, analog-to-digital converter, multichannel analyzer, and computer. The

bias is typically 25 to 100 volts. The vacuum is typically less than 10 microns (0.1 millitorr). 

The detector is a silicon diode that is reverse biased. Alpha particles which strike the diode

create electron-hole pairs; the number of pairs is directly related to the energy of each alpha. 

These pairs cause a breakdown of the diode and a current pulse to flow. The charge is collected

by a preamplifier and converted to a voltage pulse which is proportional to the alpha energy. It

is amplified and shaped by an amplifier. The MCA stores the resultant pulses and displays a

histogram of the number of counts vs. alpha energy. Since most alphas will loose all of their

energy to the diode, peaks are seen on the MCA display that can be identified by  specific alpha

energies. Two system calibrations are necessary. A source with at least two known alpha

energies is counted to correlate the voltage pulses with alpha energy. A standard source of

known activity is analyzed to determine the system efficiency for detecting alphas. Since the

sample and detector are in a vacuum, most commonly encountered alpha energies will be

detected with approximately the same efficiency, provided there is no self-absorption in the

sample. Samples are prepared in a chemistry lab. The sample is placed in solution and the

element of interest (uranium, plutonium, etc.) separated. A tracer of known activity is added

before separation to determine the overall recovery of the sample from the chemical procedures. 

The sample is converted to a particulate having very little mass and collected on a special filter,

or it is collected from solution by electroplating onto a metal disk. It is then placed in the

vacuum chamber at a fixed distance from the diode and analyzed. For environmental levels,

samples are typically analyzed for 1000 minutes or more.

Specificity/Sensitivity:  The system can accurately identify and quantify the various alpha

emitting radioactive isotopes of each elemental species provided each has a different alpha

energy that can be resolved by the system. For soils, a radionuclide can be measured below

0.004 Bq/g (0.1 pCi/g) . The system is appropriate for all alphas except those from gaseous

radionuclides.

Cost of Equipment:  $10,000 - $100,000 based on the number of detectors and sophistication of

the computer and data reduction software. This does not include the cost of equipment for the

chemistry lab.

Cost per Measurement:  $250-$400 for the first element, $100-200 for each additional element

per sample. The additional element cost depends on the separation chemistry involved and may

not always be less. $200-$300 additional for a rush analysis.
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System: GAS-FLOW PROPORTIONAL COUNTER

Lab/Field: Lab

Radiation Detected: Primary:  Alpha, Beta Secondary:  Gamma

Applicability to Site Surveys: This system can determine the gross alpha or gross beta activity

of water, soil, air filters, or swipes. Results can indicate if nuclide-specific analysis is needed.

Operation:  The system consists of a gas-flow detector, supporting electronics, and an optional

guard detector for reducing background count rate. A thin window can be placed between the

gas-flow detector and sample to protect the detector from contamination, or the sample can be

placed directly into the detector. Systems with guard detectors operate sample and guard

detectors in anticoincidence mode to reduce the background and MDC. The detector high

voltage and discriminator are set to count alpha radiation, beta radiation, or both simultaneously. 

The alpha and beta operating voltages are determined for each system by placing an alpha source,

like 230Th or 241Am, in the detector and increasing the high voltage incrementally until the count

rate becomes constant, then repeating with a beta source, like 90Sr. The alpha plateau, or region

of constant count rate, should have a slope <2%/100V and be >800V long. The beta plateau

should have a slope of <2.5%/100V and be >200V long. Operation on the beta plateau will also

allow detection of some gamma radiation and bremsstrahlung (x-rays), but the efficiency is very

low. Crosstalk between the �-to-� channels is typically around 10% while �-to-� channels

should be <1%. The activity in soil samples is chemically extracted, separated if necessary,

deposited in a thin layer in a planchet to minimize self absorption, and heated to dryness. 

Liquids are deposited and dried, while air filters and swipes are placed directly in the planchet. 

After each sample is placed under the detector, P-10 counting gas constantly flows through the

detector. Systems with automatic sample changers can analyze tens to hundreds of planchet

samples in a single run.

Specificity/Sensitivity: Natural radionuclides present in soil samples can interfere with the

detection of other contaminants. Unless the nature of the contaminant and any naturally-

occurring radionuclides is well known, this system is better used for screening samples. Although

it is possible to use a proportional counter to roughly determine the energies of alpha and beta

radiation, the normal mode of operation is to detect all alpha events or all alpha and beta events. 

Some systems use a discriminator to separate alpha and beta events, allowing simultaneous

determination of both the alpha and beta activity in a sample. These systems do not identify the

alpha or beta energies detected and cannot be used to identify specific radionuclides. The alpha

channel background is very low, <0.2 cpm (<0.04 cpm guarded), depending on detector size. 

Typical, 4-pi, efficiencies for very thin alpha sources are 35-45% (window) and 40-50%

(windowless). Efficiency depends on window thickness, particle energy, source-detector

geometry, backscatter from the sample and holder, and detector size. The beta channel

background ranges from 2 to 15 cpm (<0.5 cpm guarded). The 4-pi efficiency for a thin 90Sr/90Y

source is >50% (window) to >60% (windowless), but can reduce to <5% for a thick source. 

MDA's for guarded gas-flow proportional counters are somewhat lower for beta emitters than for

internal proportional counters because of the lower backgrounds. Analyzing a high radioactivity

sample or flushing the detector with P10 gas at too high a flow rate can suspend fine particles

and contaminate the detector.

Cost of Equipment:  $4K-$5K (manual), $25K-$30K (automatic) 

Cost per Measurement:  $30 to $50 plus radiochemistry
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System: LIQUID SCINTILLATION SPECTROMETER 
Lab/Field: Lab (primarily), field (secondarily) 
Radiation Detected: Primary: Alpha, beta Secondary:  Gamma 
Applicability to Site Surveys:  Liquid Scintillation can be a very effective tool for measuring 
the concentration of radionuclides in soil, water, air filters, and swipes. Liquid scintillation has 
historically been applied more to beta emitters, particularly the low energy beta emitters 3H and 
14C, but it can also apply to other radionuclides. More recently it has been used for measuring 
radon in air and water. Initial scoping surveys may be done (particularly for loose surface 
contamination) with surface swipes or air particulate filters. They may be counted directly in 
liquid scintillation cocktails with no paper dissolution or other sample preparation. 
Operation:  The liquid scintillation process involves detection of light pulses (usually in the near 
visible range) by photo-multiplier tubes (or conceptually similar devices). The detected light 
pulses originate from the re-structuring of previously excited molecular electron structures. The 
molecular species that first absorb and then re-admit the visible light are called “liquid 
scintillators” and the solutions in which they reside are called “liquid scintillation cocktails.”  For 
gross counting, samples may be placed directly into a LSC vial of cocktail, and counted with no 
preparation. Inaccuracies result when the sample itself absorbs the radiation before it can reach 
the LSC cocktail, or when the sample absorbs the light produced by the cocktail.  For accurate 
results, these interferences are minimized. Interferences in liquid scintillation counting due to the 
inability of the solution to deliver the full energy pulse to the photo-multiplier detector, for a 
variety of reasons, are called “pulse quenching.” Raw samples that cloud or color the LSC 
cocktail so the resulting scintillations are absorbed will “quench” the sample and result in 
underestimates of the activity. Such samples are first processed by ashing, radiochemical or 
solvent extraction, or pulverizing to place the sample in intimate contact with the LSC cocktail. 
Actions like bleaching the sample may also be necessary to make the cocktail solution 
transparent to the wavelength of light it emits. The analyst has several reliable computational or 
experimental procedures to account for “quenching.” One is by exposing the sample and pure 
cocktail to an external radioactive standard and measuring the difference in response. 
Specificity/Sensitivity: The method is extremely flexible and accurate when used with proper 
calibration and compensation for quenching effects. Energy spectra are 10 to 100 times broader 
than gamma spectrum photopeaks so that quantitative determination of complex multi-energy 
beta spectra is impossible. Sample preparation can range from none to complex chemical 
reactions. In some cases, liquid scintillation offers many unique advantages; no sample 
preparation before counting in contrast to conventional sample preparation for gas proportional 
counting.  Recent advances in electronic stability and energy pulse shape discrimination has 
greatly expanded uses. Liquid scintillation counters are ideal instruments for moderate to high 
energy beta as well as alpha emitters, where the use of pulse shape discrimination has allowed 
dramatic increases in sensitivity by electronic discrimination against beta and gamma emitters. 
Additionally, very high energy beta emitters (above 1.5 MeV) may be counted using liquid 
scintillation equipment without “liquid scintillation cocktails” by use of the Cerenkov light pulse 
emitted as high energy charged particles move through water or similar substances. 
Cost of Equipment: $20,000 to $70,000 based on the specific features and degree of automation 
Cost per Measurement:  $50 -200 plus cost of chemical separation, if required 
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System: LOW-RESOLUTION ALPHA SPECTROSCOPY

Lab/Field: Lab (Soil Samples)

Radiation Detected: Primary: Alpha Secondary:


Applicability to Site Surveys:  Low-resolution alpha spectroscopy is a method for measuring

alpha activity in soils with a minimum of sample preparation. Some isotopic information can be

obtained.


Operation:  The system consists of a 2 in. diameter silicon detector, small vacuum chamber,

roughing pump, multichannel analyzer, laptop or benchtop computer, and analysis software. Soil

samples are dried, milled to improve homogeneity, distributed into 2 in. planchets, loaded into

the vacuum chamber, and counted. The accumulated alpha spectrum is displayed in real time. 

When sufficient counts have been accumulated, the spectrum is transferred to a data file and the

operator inputs the known or suspected contaminant isotopes. The analysis software then fits the

alpha spectrum with a set of trapezoidal peaks, one for each isotope, and outputs an estimate of 

the specific activity of each isotope.


Specificity/Sensitivity:  This method fills the gap between gross alpha analysis and

radiochemical separation/high-resolution alpha spectroscopy. Unlike gross alpha analysis, it

does provide some isotopic information. Because this is a low-resolution technique, isotopes

with energies closer than -0.2 MeV cannot be separated. For example, 238U (4.20 MeV) can be

readily distinguished from 234U (4.78 MeV), but 230Th (4.69 MeV) cannot be distinguished from

234U.


Because no chemical separation of isotopes is involved, only modest MDC’s can be achieved. 

Detection limits are determined by the background alpha activity in the region of interest of the

contaminant of concern, and also by the counting time. Typical MDC’s are 1,500 Bq/kg (40

pCi/g) @ l5 min counting time, 260 Bq/kg (7 pCi/g) @ 8 hours, and 185 Bq/kg (5 pCi/g) @ 24

hours. The method does not generate any new waste streams and does not require a sophisticated

laboratory or highly-trained personnel.


Cost of Equipment:  $11,000 

Cost per Measurement:  $25-$100 
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H.3 LABORATORY INSTRUMENTS 

H.3.2 Beta Particle Analysis 
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System: GAS-FLOW PROPORTIONAL COUNTER

Lab/Field: Lab

Radiation Detected: Primary:  Alpha, Beta Secondary:  Gamma

Applicability to Site Surveys: This system can determine the gross alpha or gross beta activity

of water, soil, air filters, or swipes. Results can indicate if nuclide-specific analysis is needed.

Operation:  The system consists of a gas-flow detector, supporting electronics, and an optional

guard detector for reducing background count rate. A thin window can be placed between the

gas-flow detector and sample to protect the detector from contamination, or the sample can be

placed directly into the detector. Systems with guard detectors operate sample and guard

detectors in anticoincidence mode to reduce the background and MDC. The detector high

voltage and discriminator are set to count alpha radiation, beta radiation, or both simultaneously. 

The alpha and beta operating voltages are determined for each system by placing an alpha source,

like 230Th or 241Am, in the detector and increasing the high voltage incrementally until the count

rate becomes constant, then repeating with a beta source, like 90Sr. The alpha plateau, or region

of constant count rate, should have a slope <2%/100V and be >800V long. The beta plateau

should have a slope of <2.5%/100V and be >200V long. Operation on the beta plateau will also

allow detection of some gamma radiation and bremsstrahlung (x-rays), but the efficiency is very

low. Crosstalk between the �-to-� channels is typically around 10% while �-to-� channels

should be <1%. The activity in soil samples is chemically extracted, separated if necessary,

deposited in a thin layer in a planchet to minimize self absorption, and heated to dryness. 

Liquids are deposited and dried, while air filters and swipes are placed directly in the planchet. 

After each sample is placed under the detector, P-10 counting gas constantly flows through the

detector. Systems with automatic sample changers can analyze tens to hundreds of planchet

samples in a single run.

Specificity/Sensitivity: Natural radionuclides present in soil samples can interfere with the

detection of other contaminants. Unless the nature of the contaminant and any naturally-

occurring radionuclides is well known, this system is better used for screening samples. Although

it is possible to use a proportional counter to roughly determine the energies of alpha and beta

radiation, the normal mode of operation is to detect all alpha events or all alpha and beta events. 

Some systems use a discriminator to separate alpha and beta events, allowing simultaneous

determination of both the alpha and beta activity in a sample. These systems do not identify the

alpha or beta energies detected and cannot be used to identify specific radionuclides. The alpha

channel background is very low, <0.2 cpm (<0.04 cpm guarded), depending on detector size. 

Typical, 4-pi, efficiencies for very thin alpha sources are 35-45% (window) and 40-50%

(windowless). Efficiency depends on window thickness, particle energy, source-detector

geometry, backscatter from the sample and holder, and detector size. The beta channel

background ranges from 2 to 15 cpm (<0.5 cpm guarded). The 4-pi efficiency for a thin 90Sr/90Y

source is >50% (window) to >60% (windowless), but can reduce to <5% for a thick source. 

MDA's for guarded gas-flow proportional counters are somewhat lower for beta emitters than for

internal proportional counters because of the lower backgrounds. Analyzing a high radioactivity

sample or flushing the detector with P10 gas at too high a flow rate can suspend fine particles

and contaminate the detector.

Cost of Equipment:  $4K-$5K (manual), $25K-$30K (automatic) 

Cost per Measurement:  $30 to $50 plus radiochemistry
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System: LIQUID SCINTILLATION SPECTROMETER 
Lab/Field: Lab (primarily), field (secondarily) 
Radiation Detected: Primary: Alpha, beta Secondary:  Gamma 
Applicability to Site Surveys:  Liquid Scintillation can be a very effective tool for measuring 
the concentration of radionuclides in soil, water, air filters, and swipes. Liquid scintillation has 
historically been applied more to beta emitters, particularly the low energy beta emitters 3H and 
14C, but it can also apply to other radionuclides. More recently it has been used for measuring 
radon in air and water. Initial scoping surveys may be done (particularly for loose surface 
contamination) with surface swipes or air particulate filters. They may be counted directly in 
liquid scintillation cocktails with no paper dissolution or other sample preparation. 
Operation:  The liquid scintillation process involves detection of light pulses (usually in the near 
visible range) by photo-multiplier tubes (or conceptually similar devices). The detected light 
pulses originate from the re-structuring of previously excited molecular electron structures. The 
molecular species that first absorb and then re-admit the visible light are called “liquid 
scintillators” and the solutions in which they reside are called “liquid scintillation cocktails.”  For 
gross counting, samples may be placed directly into a LSC vial of cocktail, and counted with no 
preparation. Inaccuracies result when the sample itself absorbs the radiation before it can reach 
the LSC cocktail, or when the sample absorbs the light produced by the cocktail.  For accurate 
results, these interferences are minimized. Interferences in liquid scintillation counting due to the 
inability of the solution to deliver the full energy pulse to the photo-multiplier detector, for a 
variety of reasons, are called “pulse quenching.” Raw samples that cloud or color the LSC 
cocktail so the resulting scintillations are absorbed will “quench” the sample and result in 
underestimates of the activity. Such samples are first processed by ashing, radiochemical or 
solvent extraction, or pulverizing to place the sample in intimate contact with the LSC cocktail. 
Actions like bleaching the sample may also be necessary to make the cocktail solution 
transparent to the wavelength of light it emits. The analyst has several reliable computational or 
experimental procedures to account for “quenching.” One is by exposing the sample and pure 
cocktail to an external radioactive standard and measuring the difference in response. 
Specificity/Sensitivity: The method is extremely flexible and accurate when used with proper 
calibration and compensation for quenching effects. Energy spectra are 10 to 100 times broader 
than gamma spectrum photopeaks so that quantitative determination of complex multi-energy 
beta spectra is impossible. Sample preparation can range from none to complex chemical 
reactions. In some cases, liquid scintillation offers many unique advantages such as no sample 
preparation before counting in contrast to conventional sample preparation for gas proportional 
counting.  Recent advances in electronic stability and energy pulse shape discrimination has 
greatly expanded uses. Liquid scintillation counters are ideal instruments for moderate to high 
energy beta as well as alpha emitters, where the use of pulse shape discrimination has allowed 
dramatic increases in sensitivity by electronic discrimination against beta and gamma emitters. 
Additionally, very high energy beta emitters (above 1.5 MeV) may be counted using liquid 
scintillation equipment without “liquid scintillation cocktails” by use of the Cerenkov light pulse 
emitted as high energy charged particles move through water or similar substances. 
Cost of Equipment: $20,000 to $70,000 based on the specific features and degree of automation 
Cost per Measurement:  $50 -200 plus cost of chemical separation, if required 
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H.3 LABORATORY INSTRUMENTS 

H.3.3 Gamma Ray Analysis 
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System: GERMANIUM DETECTOR WITH MULTICHANNEL ANALYZER 
(MCA) 

Lab/Field: Lab 
Radiation Detected: Primary:  Gamma Secondary:  None 
Applicability to Site:  This system accurately measures the activity of gamma-emitting 
radionuclides in a variety of materials like soil, water, air filters, etc. with little preparation. 
Germanium is especially powerful in dealing with multiple radionuclides and complicated 
spectra. 
Operation:  This system consists of a germanium detector connected to a dewar of liquid 
nitrogen, high voltage power supply, spectroscopy grade amplifier, analog to digital converter, 
and a multichannel analyzer. P-type germanium detectors typically operate from +2000 to +5000 
volts. N-type germanium detectors operate from -2000 to -5000 volts. Germanium is a 
semiconductor material. When a gamma ray interacts with a germanium crystal, it produces 
electron-hole pairs. An electric field is applied which causes the electrons to move in the 
conduction band and the holes to pass the charge from atom to neighboring atom. The charge is 
collected rapidly and is proportional to the deposited energy. The count rate/energy spectrum is 
displayed on the MCA screen with the full energy photopeaks providing more useful information 
than the general smear of Compton scattering events shown in between. The system is energy 
calibrated using isotopes that emit at least two known gamma ray energies, so the MCA data 
channels are given an energy equivalence. The MCA’s display  then becomes a display of 
intensity versus energy. Efficiency calibration is performed using known concentrations of 
mixed isotopes. A curve of gamma ray energy versus counting efficiency is generated, and it 
shows that P-type germanium is most sensitive at 120 keV and trails off to either side. Since the 
counting efficiency depends on the distance from the sample to the detector, each geometry must 
be given a separate efficiency calibration curve. From that point the center of each gaussian
shaped peak tells the gamma ray energy that produced it, the combination of peaks identifies 
each isotope, and the area under selected peaks is a measure of the amount of that isotope in the 
sample. Samples are placed in containers and tare weighed. Plastic petri dishes sit atop the 
detector and are useful for small volumes or low energies, while Marinelli beakers fit around the 
detector and provide exceptional counting efficiency for volume samples. Counting times of 
1000 seconds to 1000 minutes are typical. Each peak is identified manually or by gamma 
spectrometry analysis software. The counts in each peak or energy band, the sample weight, the 
efficiency calibration curve, and the isotope’s decay scheme are factored together to give the 
sample concentration. 
Specificity/Sensitivity:  The system accurately identifies and quantifies the concentrations of 
multiple gamma-emitting radionuclides in samples like soil, water, and air filters with minimum 
preparation. A P-type detector is good for energies over 50 keV. An N-type or P-type planar 
(thin crystal) detector with beryllium-end window is good for 5-80 keV energies using a thinner 
sample placed over the window. 
Cost of Equipment:  $35,000 to $150,000 based on detector efficiency and sophistication of 
MCA/computer/software system 
Cost per Measurement:  $ 100 to $200 (rush requests can double or triple costs) 
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System: SODIUM IODIDE DETECTOR WITH MULTICHANNEL ANALYZER 
Lab/Field: Lab 
Radiation Detected: Primary:  Gamma Secondary:  None 
Applicability to Site Surveys:  This system accurately measures the activity of gamma-emitting 
radionuclides in a variety of materials like soil, water, air filters, etc. with little preparation. 
Sodium iodide is inherently more efficient for detecting gamma rays but has lower resolution 
than germanium, particularly if multiple radionuclides and complicated spectra are involved. 
Operation:  This system consists of a sodium iodide detector, a high voltage power supply, an 
amplifier, an analog to digital converter, and a multichannel analyzer. The detector is a sodium 
iodide crystal connected to a photomultiplier tube (PMT). Crystal shapes can vary extensively 
and typical detector high voltage are 900-1,000 V. Sodium iodide is a scintillation material. A 
gamma ray interacting with a sodium iodide crystal produces light which is passed to the PMT. 
This light ejects electrons which the PMT multiplies into a pulse that is proportional to the 
energy the gamma ray imparted to the crystal.  The MCA assesses the pulse size and places a 
count in the corresponding channel. The count rate and energy spectrum is displayed on the 
MCA screen with the full energy photopeaks providing more useful information than the general 
smear of Compton scattering events shown in between. The system is energy calibrated using 
isotopes that emit at least two gamma ray energies, so the MCA data channels are given an 
energy equivalence. The MCA’s CRT then becomes a display of intensity versus energy. A 
non-linear energy response and lower resolution make isotopic identification less precise than 
with a germanium detector. Efficiency calibration is performed using known concentrations of 
single or mixed isotopes. The single isotope method develops a count rate to activity factor. The 
mixed isotope method produces a gamma ray energy versus counting efficiency curve that shows 
that sodium iodide is most sensitive around 100-120 keV and trails off to either side. Counting 
efficiency is a function of sample to detector distance, so each geometry must have a separate 
efficiency calibration curve. The center of each peak tells the gamma ray energy that produced it 
and the combination of peaks identifies each isotope. Although the area under a peak relates to 
that isotope’s activity in the sample, integrating a band of channels often provides better 
sensitivity. Samples are placed in containers and tare weighed. Plastic petri dishes sit atop the 
detector and are useful for small volumes or low energies, while Marinelli beakers fit around the 
detector and provide exceptional counting efficiency for volume samples. Counting times of 60 
seconds to 1,000 minutes are typical. The CRT display is scanned and each peak is identified by 
isotope. The counts in each peak or energy band, the sample weight, the efficiency calibration 
curve, and the isotope’s decay scheme are factored together to give the sample concentration. 
Specificity/Sensitivity:  This system analyzes gamma-emitting isotopes with minimum 
preparation, better efficiency, but lower resolution compared to most germanium detectors. 
Germanium detectors do reach efficiencies of 150% compared with a 3 in. by 3 in. sodium iodide 
detector, but the cost is around $100,000 each compared with $3,000. Sodium iodide measures 
energies over 80 keV. The instrument response is energy dependent, the resolution is not superb, 
and the energy calibration is not totally linear, so care should be taken when identifying or 
quantifying multiple isotopes. Computer software can help interpret complicated spectra. 
Sodium iodide is fragile and should be protected from shock and sudden temperature changes. 
Cost of Equipment:  $6K-$20K 
Cost per Measurement:  $100-$200 per sample. 
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Table H.1 Radiation Detectors with Applications to Alpha Surveys 
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System Description Application Remarks Equipment 
Cost 

Measurement 
Cost 

Alpha 
spectroscopy 

A system  using silicon diode 
surface barrier detectors for 
alpha energy identification 
and quantification 

Accurately identifies and 
measures the activity of 
multiple alpha radionuclides 
in a thin extracted sample of 
soil, water, or air filters. 

Sample requires radiochemical 
separation or other preparation before 
counting 

$10K-$100K $250-$400 

Alpha 
scintillation 
survey meter 

<1 mg/cm2 window, probe 
face area 50 to 100 cm2 . 

Field measurement of 
presence or absence of alpha 
contamination on nonporous 
surfaces, swipes, and air 
filters, or on irregular surfaces 
if the degree of surface 
shielding is known. 

Minimum sensitivity is 10 cpm, or 1 
cpm with headphones 

$1000 $5 

Alpha Track 
Detector 

Polycarbonate plastic sheet is 
placed in contact with a 
contaminated surface and kept 
in place 

Measures gross alpha surface 
contamination, soil activity 
level, or the depth profile of 
contamination 

Alpha radiation produces holes that 
are enlarged chemically. Density of 
holes gives a measure of the 
radioactivity level. 

$5-$25 

Electret ion 
chamber 

A charged Teflon disk in an 
open-faced ion chamber 

Measures alpha or beta 
contamination on surfaces and 
in soils, plus gamma radiation 
dose or radon concentration 

The type of radiation is determined by 
how the electret is employed, e.g., the 
unit is kept closed and bagged in 
plastic to measure gammas 

$4,000-$5,000 $8-$25 

Long range 
alpha detector 
(LRAD) 

1m x 1m detector measures 
ionization inside the box. 
Attached to tractor for 
movement. Has location 
finder and plots graph of 
contamination. 

Measures surface 
contamination or soil 
concentration at grid points 
and plots curves of constant 
contamination. Intended for 
large areas. 

Alpha detection limit is 20-50 
dpm/100 cm2 or 0.4 Bq/g (10 pCi/g). 

$25,000 $80 
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System Description Application Remarks Equipment 
Cost 

Measurement 
Cost 

Gas-flow 
proportional 
counter (field) 

A detector through which P10 
gas flows and which measures 
alpha and beta radiation. < 1-
10 mg/cm2 window, probe 
face area 50 to 100 cm2 for 
hand held detectors; up to 600 
cm2 if cart mounted 

Surface scanning, surface 
activity measurement, or field 
evaluation of swipes. Serves 
as a screen to determine if 
more nuclide-specific 
analyses are needed. 

Natural radionuclides in samples can 
interfere with the detection of other 
contaminants. Requires P10 gas 

$2K-$4K $2-$10/m2 

Gas-flow 
proportional 
counter (lab) 

Windowless (internal 
proportional) or window <0.1 
mg/cm2, probe face area 10 to 
20 cm2. May have a second or 
guard detector to reduce 
background and MDA. 

Laboratory measurement of 
water, air, and swipe samples 

Requires P10 gas. Windowless 
detectors can be contaminated. 

$4K-$30K $50 

Liquid 
scintillation 
counter (LSC) 

Samples are mixed with LSC 
cocktail and the radiation 
emitted causes light pulses 
with proportional intensity. 

Laboratory analysis of alpha 
or beta emitters, including 
spectrometry capabilities. 

Highly selective for alpha or beta 
radiation by pulse shape 
discrimination. Requires LSC 
cocktail. 

$20K-$70K $50-$200 
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System Description Application Remarks Equipment 
Cost 

Measurement 
Cost 

GM survey meter 
with beta 
pancake probe 

Thin 1.4 mg/cm2 window 
detector, probe area 10 to 100 
cm2 

Surface scanning of 
personnel, working areas, 
equipment, and swipes for 
beta contamination. 
Laboratory measurement 
of swipes when connected 
to a scaler. 

Relatively high detection limit 
making it of limited value in final 
status surveys. 

$400-$1,500 $5-$10 

Gas-flow 
proportional 
counter (field) 

A detector through which P10 
gas flows and which measures 
alpha and beta radiation. < 1-
10 mg/cm2 window, probe 
face area 50 to 100 cm2 

Surface scanning, surface 
activity measurement, or 
field evaluation of swipes. 
Serves as a screen to 
determine if more nuclide-
specific analyses are 
needed. 

Natural radionuclides in samples can 
interfere with the detection of other 
contaminants. Requires P10 gas, but 
can be disconnected for hours. 

$2K-$4K $2-$10/m2 

Gas-flow 
proportional 
counter (lab) 

Windowless (internal 
proportional) or window <0.1 
mg/cm2, probe face area 10 to 
20 cm2. May have a second or 
guard detector to reduce 
background and MDA. 

Laboratory measurement 
of water, air, and swipe 
samples 

Requires P10 gas. Windowless 
detectors can be contaminated. 

$4K-$30K $50 

Liquid 
scintillation 
counter (LSC) 

Samples are mixed with LSC 
cocktail and the radiation 
emitted causes light pulses 
with proportional intensity. 

Laboratory analysis of 
alpha and beta emitters, 
including spectrometry 
capabilities. 

Highly selective for alpha and beta 
radiation by pulse shape 
discrimination. Requires LSC 
cocktail. 

$20K-$70K $100-$200 
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System Description Application Remarks Cost of Equipment Cost per 
Measurement 

GM survey meter 
with gamma probe 

Thick-walled 30 mg/cm2 

detector 
Measure radiation levels 
above 0.1 mR/hr. 

Its non-linear energy response can 
be corrected by using an energy 
compensated probe. 

$400-$1,000 $5 

Pressurized ion 
chamber (PIC) 

A highly accurate 
ionization chamber that is 
rugged and stable. 

Excellent for measuring 
gamma exposure rate during 
site remediation. 

Is used in conjunction with 
radionuclide identification 
equipment. 

$15K - $50K $50 - $500 

Electret ion 
chamber 

Electrostatically charged 
disk inside an ion 
chamber 

Gamma exposure rate N/A, rented included in rental 
price 

$8 - $25 

Hand-held ion 
chamber survey 
meter 

Ion chamber for 
measuring higher 
radiation levels than 
typical background. 

Measures true gamma 
exposure rate. 

Not very useful for site surveys 
because of high detection limit 
above background levels. 

$800-$1,200 $5 

Hand-held 
pressurized ion 
chamber survey 
meter 

Ion chamber for 
measuring higher 
radiation levels than 
typical background. 

Measures true gamma 
exposure rate with more 
sensitivity than the 
unpressurized ion chamber. 

Not very useful for site surveys 
because of high detection limit 
above background levels. 

$1,000-$1,500 $5 

Sodium Iodide 
survey meter 

Detectors  sizes up to 
8"x8". Used in micro R-
meter in smaller sizes. 

Measures low levels of 
environmental radiation. 

Its energy response is not linear, 
so it should be calibrated for the 
energy field it will measure or 
have calibration factors developed 
by comparison with a PIC for a 
specific site. 

$2K $5 

FIDLER (Field 
Instrument for 
Detection of Low 
Energy Radiation) 

Thin crystals of NaI or 
CsI. 

Scanning of gamma/X 
radiation from plutonium and 
americium. 

$6K-$7K $10-$20 
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System Description Application Remarks Cost of Equipment Cost per 
Measurement 

Sodium iodide 
detector with 
multichannel 
analyzer (MCA) 

Sodium iodide crystal 
with a large range of sizes 
and shapes, connected to 
a photomultiplier tube and 
MCA. 

Laboratory gamma 
spectroscopy to determine the 
identity and concentration of 
gamma emitting radionuclides 
in a sample. 

Sensitive for surface soil or 
groundwater contamination. 
Analysis programs have difficulty 
if sample contains more than a few 
isotopes. 

$6K-$20K $100 to $200 

Germanium 
detector with 
multichannel 
analyzer (MCA) 

Intrinsic germanium 
semiconductor in p- or n-
type configuration and 
without a beryllium 
window. 

Laboratory gamma 
spectroscopy to determine the 
identity and concentration of 
gamma emitting radionuclides 
in a sample. 

Very sensitive for surface soil or 
groundwater contamination. Is 
especially powerful when more 
than one radionuclide is present in 
a sample. 

$35K-$150K $100 to $200 

Portable 
Germanium 
Multichannel 
Analyzer (MCA) 
System 

A portable version of a 
laboratory based 
germanium detector and 
multichannel analyzer. 

Excellent during 
characterization through final 
status survey to identify and 
quantify the concentration of 
gamma ray emitting 
radionuclides and in situ 
concentrations of soil and 
other media 

Requires a supply of liquid 
nitrogen or a mechanical cooling 
system, as well as highly trained 
operators. 

$40K $100 

Field x-ray 
fluorescence 
spectrometer 

Uses silicon or 
germanium 
semiconductor 

Determining fractional 
abundance of low percentage 
metal atoms. 

$15K-$75K $200 

Thermoluminesce 
nce dosimeters 
(TLDs) 

Crystals that are sensitive 
to gamma radiation 

Measure cumulative radiation 
dose over a period of days to 
months. 

Requires special calibration to 
achieve high accuracy and 
reproducibility of results. 

$5K-$50K for 
reader + 
$25-$40 per TLD 

$25-$125 
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System Description Application Remarks Equipment 
Cost 

Measurement 
Cost 

Large area 
activated charcoal 
collector 

A canister containing activated 
charcoal is twisted into the 
surface and left for 24 hours. 

Short term radon flux 
measurements 

The LLD is 0.007 Bq m-2s-1 

(0.2 pCi m-2s-1). 
N/A, rented $20-$50 

including 
canister 

Continuous radon 
monitor 

Air pump and scintillation cell 
or ionization chamber 

Track the real time 
concentration of radon 

Takes 1 to 4 hours for system to 
equilibrate before starting.  The LLD is 
0.004-0.04 Bq/L (0.1-1.0 pCi/L). 

$1K-$5K $80 

Activated 
charcoal 
adsorption 

Activated charcoal is opened 
to the ambient air, then gamma 
counted on a gamma 
scintillator or in a liquid 
scintillation counter. 

Measure radon 
concentration in indoor 
air 

Detector is deployed for 2 to 7 days. 
The LLD is 0.007-0.04 Bq/L (0.2 to 
1.0 pCi/L). 

$10K-$30K $5-$30 
including 
canister if 
outsourced. 

Electret ion 
chamber 

This is a charged plastic vessel 
that can be opened for air to 
pass into. 

Measure short-term or 
long-term radon 
concentration in indoor 
air. 

Must correct reading for gamma 
background concentration. Electret is 
sensitive to extremes of temperature 
and humidity. LLD is 0.007-0.02 Bq/L 
(0.2-0.5 pCi/L). 

N/A, rented $8-$25 for rental 

Alpha track 
detection 

A small piece of special plastic 
or film inside a small 
container. Damage tracks from 
alpha particles are chemically 
etched and tracks counted. 

Measure indoor or 
outdoor radon 
concentration in air. 

LLD is 0.04 Bq L-1d-1 

(1 pCi L-1d-1). 
$5-$25 
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System Description Application Remarks Cost of 
Equipment 

Cost per 
Measurement 

LA-ICP-AES (Laser 
Ablation Inductively 
Coupled Plasma Atomic 
Emissions Spectrometer) 

Vaporizes and ionizes the 
surface material, and 
measures emissions from 
the resulting atoms. 

Live time analysis of 
radioactive U and Th 
contamination in the 
field. 

Requires expensive equipment 
and skilled operators. LLD is 
0.004 Bq/g (0.1 pCi/g) for 232Th 
and 0.01 Bq/g (0.3 pCi/g) for 
238U. 

>$1,000,000 $4,000 

LA-ICP-MS (Laser 
Ablation Inductively 
Coupled Plasma Mass 
Spectrometer) 

Vaporizes and ionizes the 
surface material, then 
measures the mass of the 
resulting atoms. 

Live time analysis of 
radioactive U and Th 
contamination in the 
field. 

Requires expensive equipment 
and skilled operators. More 
sensitive than LA-ICP-AES. 
LLD is 0.6 Bq/g (15 pCi/g) for 
230Th. 

>$1,000,000 >$4,000 

Chemical speciation laser 
ablation/mass 
spectrometer 

A laser changes the sample 
into an aerosol that it 
analyzed with a mass 
spectrometer. 

Analyze organic and 
inorganic species with 
high sensitivity and 
specificity. 

Volatilized samples can be 
carried hundreds of feet to the 
analysis area. 

>$1,000,000 >$4,000 
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APPENDIX I 

STATISTICAL TABLES AND PROCEDURES 

I.1 Normal Distribution 

Table I.1 Cumulative Normal Distribution Function �(z) 

z  0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 
0.00 0.5000 0.5040 0.5080 0.5120 0.5160 0.5199 0.5239 0.5279 0.5319 0.5359 
0.10 0.5398 0.5438 0.5478 0.5517 0.5557 0.5596 0.5636 0.5674 0.5714 0.5753 
0.20 0.5793 0.5832 0.5871 0.5910 0.5948 0.5987 0.6026 0.6064 0.6103 0.6141 
0.30 0.6179 0.6217 0.6255 0.6293 0.6331 0.6368 0.6406 0.6443 0.6480 0.6517 
0.40 0.6554 0.6591 0.6628 0.6664 0.6700 0.6736 0.6772 0.6808 0.6844 0.6879 
0.50 0.6915 0.6950 0.6985 0.7019 0.7054 0.7088 0.7123 0.7157 0.7190 0.7224 
0.60 0.7257 0.7291 0.7324 0.7357 0.7389 0.7422 0.7454 0.7486 0.7517 0.7549 
0.70 0.7580 0.7611 0.7642 0.7673 0.7704 0.7734 0.7764 0.7794 0.7823 0.7852 
0.80 0.7881 0.7910 0.7939 0.7967 0.7995 0.8023 0.8051 0.8078 0.8106 0.8133 
0.90 0.8159 0.8186 0.8212 0.8238 0.8264 0.8289 0.6315 0.8340 0.8365 0.8389 
1.00 0.8413 0.8438 0.8461 0.8485 0.8508 0.8531 0.8554 0.8577 0.8599 0.8621 
1.10 0.8643 0.8665 0.8686 0.8708 0.8729 0.8749 0.8770 0.8790 0.8810 0.8830 
1.20 0.8849 0.8869 0.8888 0.8907 0.8925 0.8944 0.8962 0.8980 0.8997 0.9015 
1.30 0.9032 0.9049 0.9066 0.9082 0.9099 0.9115 0.9131 0.9147 0.9162 0.9177 
1.40 0.9192 0.9207 0.9222 0.9236 0.9251 0.9265 0.9279 0.9292 0.9306 0.9319 
1.50 0.9332 0.9345 0.9357 0.9370 0.9382 0.9394 0.9406 0.9418 0.9429 0.9441 
1.60 0.9452 0.9463 0.9474 0.9484 0.9495 0.9505 0.9515 0.9525 0.9535 0.9545 
1.70 0.9554 0.9564 0.9573 0.9582 0.9591 0.9599 0.9608 0.9616 0.9625 0.9633 
1.80 0.9641 0.9649 0.9656 0.9664 0.9671 0.9678 0.9686 0.9693 0.9699 0.9706 
1.90 0.9713 0.9719 0.9726 0.9732 0.9738 0.9744 0.9750 0.9756 0.9761 0.9767 
2.00 0.9772 0.9778 0.9783 0.9788 0.9793 0.9798 0.9803 0.9808 0.9812 0.9817 
2.10 0.9821 0.9826 0.9830 0.9834 0.9838 0.9842 0.9846 0.9850 0.9854 0.9857 
2.20 0.9861 0.9864 0.9868 0.9871 0.9875 0.9878 0.9881 0.9884 0.9887 0.9890 
2.30 0.9893 0.9896 0.9898 0.9901 0.9904 0.9906 0.9909 0.9911 0.9913 0.9916 
2.40 0.9918 0.9920 0.9922 0.9925 0.9927 0.9929 0.9931 0.9932 0.9934 0.9936 
2.50 0.9938 0.9940 0.9941 0.9943 0.9945 0.9946 0.9948 0.9949 0.9951 0.9952 
2.60 0.9953 0.9955 0.9956 0.9957 0.9959 0.9960 0.9961 0.9962 0.9963 0.9964 
2.70 0.9965 0.9966 0.9967 0.9968 0.9969 0.9970 0.9971 0.9972 0.9973 0.9974 
2.80 0.9974 0.9975 0.9976 0.9977 0.9977 0.9978 0.9979 0.9979 0.9980 0.9981 
2.90 0.9981 0.9982 0.9982 0.9983 0.9984 0.9984 0.9985 0.9985 0.9986 0.9986 
3.00 0.9987 0.9987 0.9987 0.9988 0.9988 0.9989 0.9989 0.9989 0.9990 0.9990 
3.10 0.9990 0.9991 0.9991 0.9991 0.9992 0.9992 0.9992 0.9992 0.9993 0.9993 
3.20 0.9993 0.9993 0.9994 0.9994 0.9994 0.9994 0.9994 0.9995 0.9995 0.9995 
3.30 0.9995 0.9995 0.9995 0.9996 0.9996 0.9996 0.9996 0.9996 0.9996 0.9997 
3.40 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9998 

Negative values of z can be obtained from the relationship �(-z) = 1 - �(z). 
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Appendix I 

I.2 Sample Sizes for Statistical Tests 

Table I.2a Sample Sizes for Sign Test 
(Number of measurements to be performed in each survey unit) 

(�,�) or (�,�) 
0.01 0.01 0.01 0.01 0.01 0.025 0.025 0.025 0.025 0.05 0.05 0.05 0.1 0.1 0.25 

Δ/σΔ/σΔ/σΔ/σ 0.01 0.025 0.05 0.1 0.25 0.025 0.05 0.1 0.25 0.05 0.1 0.25 0.1 0.25 0.25 

0.1 4095 3476 2984 2463 1704 2907 2459 1989 1313 2048 1620 1018 1244 725 345 

0.2 1035 879 754 623 431 735 622 503 333 518 410 258 315 184 88 

0.3 468 398 341 282 195 333 281 227 150 234 185 117 143 83 40 

0.4 270 230 197 162 113 192 162 131 87 136 107 68 82 48 23 

0.5 178 152 130 107 75 126 107 87 58 89 71 45 54 33 16 

0.6 129 110 94 77 54 92 77 63 42 65 52 33 40 23 11 

0.7 99 83 72 59 41 70 59 48 33 50 40 26 30 18 9 

0.8 80 68 58 48 34 57 48 39 26 40 32 21 24 15 8 

0.9 66 57 48 40 28 47 40 33 22 34 27 17 21 12 6 

1.0 57 48 41 34 24 40 34 28 18 29 23 15 18 11 5 

1.1 50 42 36 30 21 35 30 24 17 26 21 14 16 10 5 

1.2 45 38 33 27 20 32 27 22 15 23 18 12 15 9 5 

1.3 41 35 30 26 17 29 24 21 14 21 17 11 14 8 4 

1.4 38 33 28 23 16 27 23 18 12 20 16 10 12 8 4 

1.5 35 30 27 22 15 26 22 17 12 18 15 10 11 8 4 

1.6 34 29 24 21 15 24 21 17 11 17 14 9 11 6 4 

1.7 33 28 24 20 14 23 20 16 11 17 14 9 10 6 4 

1.8 32 27 23 20 14 22 20 16 11 16 12 9 10 6 4 

1.9 30 26 22 18 14 22 18 15 10 16 12 9 10 6 4 

2.0 29 26 22 18 12 21 18 15 10 15 12 8 10 6 3 

2.5 28 23 21 17 12 20 17 14 10 15 11 8 9 5 3 

3.0 27 23 20 17 12 20 17 14 9 14 11 8 9 5 3 
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Table I.2b Sample Sizes for Wilcoxon Rank Sum Test 
(Number of measurements to be performed in the reference area and in each survey unit)

(�,�) or (�,�)
0.01 0.01 0.01 0.01 0.01 0.025 0.025 0.025 0.025 0.05 0.05 0.05 0.1 0.1 0.25

Δ/σΔ/σΔ/σΔ/σ 0.01 0.025 0.05 0.1 0.25 0.025 0.05 0.1 0.25 0.05 0.1 0.25 0.1 0.25 0.25

0.1 5452 4627 3972 3278 2268 3870 3273 2646 1748 2726 2157 1355 1655 964 459

0.2 1370 1163 998 824 570 973 823 665 440 685 542 341 416 243 116

0.3 614 521 448 370 256 436 369 298 197 307 243 153 187 109 52

0.4 350 297 255 211 146 248 210 170 112 175 139 87 106 62 30

0.5 227 193 166 137 95 162 137 111 73 114 90 57 69 41 20

0.6 161 137 117 97 67 114 97 78 52 81 64 40 49 29 14

0.7 121 103 88 73 51 86 73 59 39 61 48 30 37 22 11

0.8 95 81 69 57 40 68 57 46 31 48 38 24 29 17 8

0.9 77 66 56 47 32 55 46 38 25 39 31 20 24 14 7

1.0 64 55 47 39 27 46 39 32 21 32 26 16 20 12 6

1.1 55 47 40 33 23 39 33 27 18 28 22 14 17 10 5

1.2 48 41 35 29 20 34 29 24 16 24 19 12 15 9 4

1.3 43 36 31 26 18 30 26 21 14 22 17 11 13 8 4

1.4 38 32 28 23 16 27 23 19 13 19 15 10 12 7 4

1.5 35 30 25 21 15 25 21 17 11 18 14 9 11 7 3

1.6 32 27 23 19 14 23 19 16 11 16 13 8 10 6 3

1.7 30 25 22 18 13 21 18 15 10 15 12 8 9 6 3

1.8 28 24 20 17 12 20 17 14 9 14 11 7 9 5 3

1.9 26 22 19 16 11 19 16 13 9 13 11 7 8 5 3

2.0 25 21 18 15 11 18 15 12 8 13 10 7 8 5 3

2.25 22 19 16 14 10 16 14 11 8 11 9 6 7 4 2

2.5 21 18 15 13 9 15 13 10 7 11 9 6 7 4 2

2.75 20 17 15 12 9 14 12 10 7 10 8 5 6 4 2

3.0 19 16 14 12 8 14 12 10 6 10 8 5 6 4 2

3.5 18 16 13 11 8 13 11 9 6 9 8 5 6 4 2

4.0 18 15 13 11 8 13 11 9 6 9 7 5 6 4 2



Appendix I 

I.3 Critical Values for the SignTest 

Table I.3 Critical Values for the Sign Test Statistic S+ 

N


4


5


6


7


8


9


10


11


12


13


14


15


16


17


18


19


20


21


22


23


24


25


26


27


28


29


30


Alpha 
0.005 0.01 0.025 0.05 0.1 0.2 0.3 0.4 0.5 

4 4 4 4 3 3 3 2 2 

5 5 5 4 4 3 3 3 2 

6 6 5 5 5 4 4 3 3 

7 6 6 6 5 5 4 4 3 

7 7 7 6 6 5 5 4 4 

8 8 7 7 6 6 5 5 4 

9 9 8 8 7 6 6 5 5 

10 9 9 8 8 7 6 6 5 

10 10 9 9 8 7 7 6 6 

11 11 10 9 9 8 7 7 6 

12 11 11 10 9 9 8 7 7 

12 12 11 11 10 9 9 8 7 

13 13 12 11 11 10 9 9 8 

14 13 12 12 11 10 10 9 8 

14 14 13 12 12 11 10 10 9 

15 14 14 13 12 11 11 10 9 

16 15 14 14 13 12 11 11 10 

16 16 15 14 13 12 12 11 10 

17 16 16 15 14 13 12 12 11 

18 17 16 15 15 14 13 12 11 

18 18 17 16 15 14 13 13 12 

19 18 17 17 16 15 14 13 12 

19 19 18 17 16 15 14 14 13 

20 19 19 18 17 16 15 14 13 

21 20 19 18 17 16 15 15 14 

21 21 20 19 18 17 16 15 14 

22 21 20 19 19 17 16 16 15 
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Table I.3 Critical Values for the Sign Test Statistic S+ (continued) 

N


31


32


33


34


35


36


37


38


39


40


41


42


43


44


45


46


47


48


49


50


For N greater than 50, the table (critical) value can be calculated from: 

N z
% 

2 2

N 

z is the (1-�) percentile of a standard normal distribution, which can be found on page I-10 or on 
page 5-28 in Table 5.2. 

Alpha 
0.005 0.01 0.025 0.05 0.1 0.2 0.3 0.4 0.5 

23 22 21 20 19 18 17 16 15 

23 23 22 21 20 18 17 17 16 

24 23 22 21 20 19 18 17 16 

24 24 23 22 21 19 19 18 17 

25 24 23 22 21 20 19 18 17 

26 25 24 23 22 21 20 19 18 

26 26 24 23 22 21 20 19 18 

27 26 25 24 23 22 21 20 19 

27 27 26 25 23 22 21 20 19 

28 27 26 25 24 23 22 21 20 

29 28 27 26 25 23 22 21 20 

29 28 27 26 25 24 23 22 21 

30 29 28 27 26 24 23 22 21 

30 30 28 27 26 25 24 23 22 

31 30 29 28 27 25 24 23 22 

32 31 30 29 27 26 25 24 23 

32 31 30 29 28 26 25 24 23 

33 32 31 30 28 27 26 25 24 

33 33 31 30 29 27 26 25 24 

34 33 32 31 30 28 27 26 25 
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I.4 Critical Values for the WRS Test 

Table I.4 Critical Values for the WRS test 

m is the number of reference area samples and n is the number of survey unit samples. 

n  = 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
m = 2 �=0.001 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 

�=0.005 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 40 42 
�=0.01 7 9 11 13 15 17 19 21 23 25 27 28 30 32 34 36 38 39 41 
�=0.025 7 9 11 13 15 17 18 20 22 23 25 27 29 31 33 34 36 38 40 
�=0.05 7 9 11 12 14 16 17 19 21 23 24 26 27 29 31 33 34 36 38 
�=0.1 7 8 10 11 13 15 16 18 19 21 22 24 26 27 29 30 32 33 35 

n  = 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
m = 3	 �=0.001 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 56 59 62 65 

�=0.005 12 15 18 21 24 27 30 32 35 38 40 43 46 48 51 54 57 59 62 
�=0.01 12 15 18 21 24 26 29 31 34 37 39 42 45 47 50 52 55 58 60 
�=0.025 12 15 18 20 22 25 27 30 32 35 37 40 42 45 47 50 52 55 57 
�=0.05 12 14 17 19 21 24 26 28 31 33 36 38 40 43 45 47 50 52 54 
�=0.1 11 13 16 18 20 22 24 27 29 31 33 35 37 40 42 44 46 48 50 

n  = 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
m = 4	 �=0.001 18 22 26 30 34 38 42 46 49 53 57 60 64 68 71 75 78 82 86 

�=0.005 18 22 26 30 33 37 40 44 47 51 54 58 61 64 68 71 75 78 81 
�=0.01 18 22 26 29 32 36 39 42 46 49 52 56 59 62 66 69 72 76 79 
�=0.025 18 22 25 28 31 34 37 41 44 47 50 53 56 59 62 66 69 72 75 
�=0.05 18 21 24 27 30 33 36 39 42 45 48 51 54 57 59 62 65 68 71 
�=0.1 17 20 22 25 28 31 34 36 39 42 45 48 50 53 56 59 61 64 67 

n  = 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
m = 5	 �=0.001 25 30 35 40 45 50 54 58 63 67 72 76 81 85 89 94 98 102 107 

�=0.005 25 30 35 39 43 48 52 56 60 64 68 72 77 81 85 89 93 97 101 
�=0.01 25 30 34 38 42 46 50 54 58 62 66 70 74 78 82 86 90 94  98 
�=0.025 25 29 33 37 41 44 48 52 56 60 63 67 71 75 79 82 86 90  94 
�=0.05 24 28 32 35 39 43 46 50 53 57 61 64 68 71 75 79 82 86  89 
�=0.1 23 27 30 34 37 41 44 47 51 54 57 61 64 67 71 74 77 81  84 

n  = 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
m = 6	 �=0.001 33 39 45 51 57 63 67 72 77 82 88 93 98 103 108 113 118 123 128 

�=0.005 33 39 44 49 54 59 64 69 74 79 83 88 93 98 103 107 112 117 122 
�=0.01 33 39 43 48 53 58 62 67 72 77 81 86 91 95 100 104 109 114 118 
�=0.025 33 37 42 47 51 56 60 64 69 73 78 82 87 91 95 100 104 109 113 
�=0.05 32 36 41 45 49 54 58 62 66 70 75 79 83 87 91 96 100 104 108 
�=0.1 31 35 39 43 47 51 55 59 63 67 71 75 79 83 87 91 94 98 102 
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Table I.4 Critical Values for the WRS Test (continued) 

n  = 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
m = 7	 �=0.001 42 49 56 63 69 75 81 87 92 98 104 110 116 122 128 133 139 145 151 

�=0.005 42 49 55 61 66 72 77 83 88 94 99 105 110 116 121 127 132 138 143 
�=0.01 42 48 54 59 65 70 76 81 86 92 97 102 108 113 118 123 129 134 139 
�=0.025 42 47 52 57 63 68 73 78 83 88 93 98 103 108 113 118 123 128 133 
�=0.05 41 46 51 56 61 65 70 75 80 85 90 94 99 104 109 113 118 123 128 
�=0.1 40 44 49 54 58 63 67 72 76 81 85 90 94 99 103 108 112 117 121 

n  = 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
m = 8	 �=0.001 52 60 68 75 82 89 95 102 109 115 122 128 135 141 148 154 161 167 174 

�=0.005 52 60 66 73 79 85 92 98 104 110 116 122 129 135 141 147 153 159 165 
�=0.01 52 59 65 71 77 84 90 96 102 108 114 120 125 131 137 143 149 155 161 
�=0.025 51 57 63 69 75 81 86 92 98 104 109 115 121 126 132 137 143 149 154 
�=0.05 50 56 62 67 73 78 84 89 95 100 105 111 116 122 127 132 138 143 148 
�=0.1 49 54 60 65 70 75 80 85 91 96 101 106 111 116 121 126 131 136 141 

n  = 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
m = 9	 �=0.001 63 72 81 88 96 104 111 118 126 133 140 147 155 162 169 176 183 190 198 

�=0.005 63 71 79 86 93 100 107 114 121 127 134 141 148 155 161 168 175 182 188 
�=0.01 63 70 77 84 91  98 105 111 118 125 131 138 144 151 157 164 170 177 184 
�=0.025 62 69 76 82 88  95 101 108 114 120 126 133 139 145 151 158 164 170 176 
�=0.05 61 67 74 80 86  92 98 104 110 116 122 128 134 140 146 152 158 164 170 
�=0.1 60 66 71 77 83  89 94 100 106 112 117 123 129 134 140 145 151 157 162 

n = 2 3 4  5  6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
m = 10	 �=0.001 75 85 94 103 111 119 128 136 144 152 160 167 175 183 191 199 207 215 222 

�=0.005 75 84 92 100 108 115 123 131 138 146 153 160 168 175 183 190 197 205 212 
�=0.01 75 83 91  98 106 113 121 128 135 142 150 157 164 171 178 186 193 200 207 
�=0.025 74 81 89  96 103 110 117 124 131 138 145 151 158 165 172 179 186 192 199 
�=0.05 73 80 87  93 100 107 114 120 127 133 140 147 153 160 166 173 179 186 192 
�=0.1 71 78 84  91  97 103 110 116 122 128 135 141 147 153 160 166 172 178 184 

n  =  2  3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
m = 11	 �=0.001  88  99 109 118 127 136 145 154 163 171 180 188 197 206 214 223 231 240 248 

�=0.005  88  98 107 115 124 132 140 148 157 165 173 181 189 197 205 213 221 229 237 
�=0.01  88  97 105 113 122 130 138 146 153 161 169 177 185 193 200 208 216 224 232 
�=0.025  87  95 103 111 118 126 134 141 149 156 164 171 179 186 194 201 208 216 223 
�=0.05  86  93 101 108 115 123 130 137 144 152 159 166 173 180 187 195 202 209 216 
�=0.1  84  91  98 105 112 119 126 133 139 146 153 160 167 173 180 187 194 201 207 
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Table I.4 Critical Values for the WRS Test (continued) 

n  = 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
m = 12	 �=0.001 102 114 125 135 145 154 164 173 183 192 202 210 220 230 238 247 256 266 275 

�=0.005 102 112 122 131 140 149 158 167 176 185 194 202 211 220 228 237 246 254 263 
�=0.01 102 111 120 129 138 147 156 164 173 181 190 198 207 215 223 232 240 249 257 
�=0.025 100 109 118 126 135 143 151 159 168 176 184 192 200 208 216 224 232 240 248 
�=0.05  99 108 116 124 132 140 147 155 165 171 179 186 194 202 209 217 225 233 240 
�=0.1  97 105 113 120 128 135 143 150 158 165 172 180 187 194 202 209 216 224 231 

n  = 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
m = 13	 �=0.001 117 130 141 152 163 173 183 193 203 213 223 233 243 253 263 273 282 292 302 

�=0.005 117 128 139 148 158 168 177 187 196 206 215 225 234 243 253 262 271 280 290 
�=0.01 116 127 137 146 156 165 174 184 193 202 211 220 229 238 247 256 265 274 283 
�=0.025 115 125 134 143 152 161 170 179 187 196 205 214 222 231 239 248 257 265 274 
�=0.05 114 123 132 140 149 157 166 174 183 191 199 208 216 224 233 241 249 257 266 
�=0.1 112 120 129 137 145 153 161 169 177 185 193 201 209 217 224 232 240 248 256 

n  = 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
m = 14	 �=0.001 133 147 159 171 182 193 204 215 225 236 247 257 268 278 289 299 310 320 330 

�=0.005 133 145 156 167 177 187 198 208 218 228 238 248 258 268 278 288 298 307 317 
�=0.01 132 144 154 164 175 185 194 204 214 224 234 243 253 263 272 282 291 301 311 
�=0.025 131 141 151 161 171 180 190 199 208 218 227 236 245 255 264 273 282 292 301 
�=0.05 129 139 149 158 167 176 185 194 203 212 221 230 239 248 257 265 274 283 292 
�=0.1 128 136 145 154 163 171 180 189 197 206 214 223 231 240 248 257 265 273 282 

n  = 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
m = 15	 �=0.001 150 165 178 190 202 212 225 237 248 260 271 282 293 304 316 327 338 349 360 

�=0.005 150 162 174 186 197 208 219 230 240 251 262 272 283 293 304 314 325 335 346 
�=0.01 149 161 172 183 194 205 215 226 236 247 257 267 278 288 298 308 319 329 339 
�=0.025 148 159 169 180 190 200 210 220 230 240 250 260 270 280 289 299 309 319 329 
�=0.05 146 157 167 176 186 196 206 215 225 234 244 253 263 272 282 291 301 310 319 
�=0.1 144 154 163 172 182 191 200 209 218 227 236 246 255 264 273 282 291 300 309 

n  = 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
m = 16	 �=0.001 168 184 197 210 223 236 248 260 272 284 296 308 320 332 343 355 367 379 390 

�=0.005 168 181 194 206 218 229 241 252 264 275 286 298 309 320 331 342 353 365 376 
�=0.01 167 180 192 203 215 226 237 248 259 270 281 292 303 314 325 336 347 357 368 
�=0.025 166 177 188 200 210 221 232 242 253 264 274 284 295 305 316 326 337 347 357 
�=0.05 164 175 185 196 206 217 227 237 247 257 267 278 288 298 308 318 328 338 348 
�=0.1 162 172 182 192 202 211 221 231 241 250 260 269 279 289 298 308 317 327 336 
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Table I.4 Critical Values for the WRS Test (continued) 

n  = 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
m = 17	 �=0.001 187 203 218 232 245 258 271 284 297 310 322 335 347 360 372 384 397 409 422 

�=0.005 187 201 214 227 239 252 264 276 288 300 312 324 336 347 359 371 383 394 406 
�=0.01 186 199 212 224 236 248 260 272 284 295 307 318 330 341 353 364 376 387 399 
�=0.025 184 197 209 220 232 243 254 266 277 288 299 310 321 332 343 354 365 376 387 
�=0.05 183 194 205 217 228 238 249 260 271 282 292 303 313 324 335 345 356 366 377 
�=0.1 180 191 202 212 223 233 243 253 264 274 284 294 305 315 325 335 345 355 365 

n  = 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
m = 18	 �=0.001 207 224 239 254 268 282 296 309 323 336 349 362 376 389 402 415 428 441 454 

�=0.005 207 222 236 249 262 275 288 301 313 326 339 351 364 376 388 401 413 425 438 
�=0.01 206 220 233 246 259 272 284 296 309 321 333 345 357 370 382 394 406 418 430 
�=0.025 204 217 230 242 254 266 278 290 302 313 325 337 348 360 372 383 395 406 418 
�=0.05 202 215 226 238 250 261 273 284 295 307 318 329 340 352 363 374 385 396 407 
�=0.1 200 211 222 233 244 255 266 277 288 299 309 320 331 342 352 363 374 384 395 

n  = 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
m = 19	 �=0.001 228 246 262 277 292 307 321 335 350 364 377 391 405 419 433 446 460 473 487 

�=0.005 227 243 258 272 286 300 313 327 340 353 366 379 392 405 419 431 444 457 470 
�=0.01 226 242 256 269 283 296 309 322 335 348 361 373 386 399 411 424 437 449 462 
�=0.025 225 239 252 265 278 290 303 315 327 340 352 364 377 389 401 413 425 437 450 
�=0.05 223 236 248 261 273 285 297 309 321 333 345 356 368 380 392 403 415 427 439 
�=0.1 220 232 244 256 267 279 290 302 313 325 336 347 358 370 381 392 403 415 426 

n  = 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
m = 20	 �=0.001 250 269 286 302 317 333 348 363 377 392 407 421 435 450 464 479 493 507 521 

�=0.005 249 266 281 296 311 325 339 353 367 381 395 409 422 436 450 463 477 490 504 
�=0.01 248 264 279 293 307 321 335 349 362 376 389 402 416 429 442 456 469 482 495 
�=0.025 247 261 275 289 302 315 329 341 354 367 380 393 406 419 431 444 457 470 482 
�=0.05 245 258 271 284 297 310 322 335 347 360 372 385 397 409 422 434 446 459 471 
�=0.1 242 254 267 279 291 303 315 327 339 351 363 375 387 399 410 422 434 446 458 

August 2000 I-9 MARSSIM, Revision 1 



Appendix I 

Reject the null hypothesis if the test statistic (Wr) is greater than the table (critical) value. 
For n or m greater than 20, the table (critical) value can be calculated from: 

m (n%m%1)/2 % z nm (n%m%1) /12 (I.1) 

if there are few or no ties, and from 

nm 
g tj(tj 

2
&1) 

m (n%m%1)/2 % z 
12 

[(n%m%1) & 
j'1 (n%m)(n%m&1)

] (I.2)j 

if there are many ties, where g is the number of groups of tied measurements and tj 

tied measurements in the jth group. z is the (1-�) percentile of a standard normal distribution, which 
can be found in the following table: 

is the number of 

�  z 
0.001 3.09 
0.005 2.575 
0.01 2.326 
0.025 1.960 
0.05 1.645 
0.1 1.282 

Other values can be found in Table I-1. 
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I.5 Probability of Detecting an Elevated Area

Table I.5  isk that an Elevated Area with Length L/G and Shape S will not be Detected
and the Area (%) of the Elevated Area Relative to a Triangular Sample Grid Area of 0.866 G2

Shape Parameter, S
0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

L/G Risk Area Risk Area Risk Area Risk Area Risk Area Risk Area Risk Area Risk Area Risk Area Risk Area

0.01 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1%

0.02 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1%

0.03 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1%

0.04 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 0.99 1% 0.99 1%

0.05 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 1.00 <1% 0.99 1% 0.99 1% 0.99 1% 0.99 1% 0.99 1%

0.06 1.00 <1% 1.00 <1% 1.00 <1% 0.99 <1% 0.99 1% 0.99 1% 0.99 1% 0.99 1% 0.99 1% 0.99 1%

0.07 1.00 <1% 1.00 <1% 0.99 1% 0.99 <1% 0.99 1% 0.99 1% 0.99 1% 0.99 1% 0.98 2% 0.98 2%

0.08 1.00 <1% 1.00 <1% 0.99 1% 0.99 <1% 0.99 1% 0.99 1% 0.98 2% 0.98 2% 0.98 2% 0.98 2%

0.09 1.00 <1% 0.99 1% 0.99 1% 0.99 1% 0.99 1% 0.98 2% 0.98 2% 0.98 2% 0.97 3% 0.97 3%

0.10 1.00 <1% 0.99 1% 0.99 1% 0.99 1% 0.98 2% 0.98 2% 0.97 3% 0.97 3% 0.97 3% 0.96 4%

0.11 1.00 <1% 0.99 1% 0.99 1% 0.98 2% 0.98 2% 0.97 3% 0.97 3% 0.96 4% 0.96 4% 0.96 4%

0.12 0.99 1% 0.99 1% 0.98 2% 0.98 2% 0.97 3% 0.97 3% 0.96 4% 0.96 4% 0.95 5% 0.95 5%

0.13 0.99 1% 0.99 1% 0.98 2% 0.98 2% 0.97 3% 0.96 4% 0.96 4% 0.95 5% 0.94 6% 0.94 6%

0.14 0.99 1% 0.99 1% 0.98 2% 0.97 3% 0.96 4% 0.96 4% 0.95 5% 0.94 6% 0.94 6% 0.93 7%

0.15 0.99 1% 0.98 2% 0.98 2% 0.97 3% 0.96 4% 0.95 5% 0.94 6% 0.93 7% 0.93 7% 0.92 8%

0.16 0.99 1% 0.98 2% 0.97 3% 0.96 4% 0.95 5% 0.94 6% 0.94 7% 0.93 7% 0.92 8% 0.91 9%

0.17 0.99 1% 0.98 2% 0.97 3% 0.96 4% 0.95 5% 0.94 6% 0.93 7% 0.92 8% 0.91 9% 0.90 10%

0.18 0.99 1% 0.98 2% 0.96 4% 0.95 5% 0.94 6% 0.93 7% 0.92 8% 0.91 9% 0.89 11% 0.88 12%

0.19 0.99 1% 0.97 3% 0.96 4% 0.95 5% 0.93 7% 0.92 8% 0.91 9% 0.90 10% 0.88 12% 0.87 13%

0.20 0.99 1% 0.97 3% 0.96 4% 0.94 6% 0.93 7% 0.91 9% 0.90 10% 0.88 12% 0.87 13% 0.85 15%

0.21 0.98 2% 0.97 3% 0.95 5% 0.94 6% 0.92 8% 0.90 10% 0.89 11% 0.87 13% 0.86 14% 0.84 16%

0.22 0.98 2% 0.96 4% 0.95 5% 0.93 7% 0.91 9% 0.89 11% 0.88 12% 0.86 14% 0.84 16% 0.82 18%

0.23 0.98 2% 0.96 4% 0.94 6% 0.92 8% 0.90 10% 0.88 12% 0.87 13% 0.85 15% 0.83 17% 0.81 19%

0.24 0.98 2% 0.96 4% 0.94 6% 0.92 8% 0.90 10% 0.87 13% 0.85 15% 0.83 17% 0.81 19% 0.79 21%

0.25 0.98 2% 0.95 5% 0.93 7% 0.91 9% 0.89 11% 0.86 14% 0.84 16% 0.82 18% 0.80 20% 0.77 23%

0.26 0.98 2% 0.95 5% 0.93 7% 0.90 10% 0.88 12% 0.85 15% 0.83 17% 0.80 20% 0.78 22% 0.75 25%

0.27 0.97 3% 0.95 5% 0.92 8% 0.89 11% 0.87 13% 0.84 16% 0.81 19% 0.79 21% 0.76 24% 0.74 26%

0.28 0.97 3% 0.94 6% 0.91 9% 0.89 11% 0.86 14% 0.83 17% 0.80 20% 0.77 23% 0.74 26% 0.72 28%

0.29 0.97 3% 0.94 6% 0.91 9% 0.88 12% 0.85 15% 0.82 18% 0.79 21% 0.76 24% 0.73 27% 0.69 31%

0.30 0.97 3% 0.93 7% 0.90 10% 0.87 13% 0.84 16% 0.80 20% 0.77 23% 0.74 26% 0.71 29% 0.67 33%

Guidance for using Table I.5 can be found in Gilbert 1987 and EPA 1989a.
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Table I.5  isk that an Elevated Area with Length L/G and Shape S will not be Detected
and the Area (%) of the Elevated Area Relative to a Triangular Sample Grid Area of 0.866 G2

(continued)
Shape Parameter, S

0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

L/G Risk Area Risk Area Risk Area Risk Area Risk Area Risk Area Risk Area Risk Area Risk Area Risk Area

0.31 0.97 3% 0.93 7% 0.90 10% 0.86 14% 0.83 17% 0.79 21% 0.76 24% 0.72 28% 0.69 31% 0.65 35%

0.32 0.96 4% 0.93 7% 0.89 11% 0.85 15% 0.81 19% 0.78 22% 0.74 26% 0.70 30% 0.67 33% 0.63 37%

0.33 0.96 4% 0.92 8% 0.88 12% 0.84 16% 0.80 20% 0.76 24% 0.72 28% 0.68 32% 0.64 36% 0.61 40%

0.34 0.96 4% 0.92 8% 0.87 13% 0.83 17% 0.79 21% 0.75 25% 0.71 29% 0.66 34% 0.62 38% 0.58 42%

0.35 0.96 4% 0.91 9% 0.87 13% 0.82 18% 0.78 22% 0.73 27% 0.69 31% 0.64 36% 0.60 40% 0.56 44%

0.36 0.95 5% 0.91 9% 0.86 14% 0.81 19% 0.76 24% 0.72 28% 0.67 33% 0.62 38% 0.58 42% 0.53 47%

0.37 0.95 5% 0.90 10% 0.85 15% 0.80 20% 0.75 25% 0.70 30% 0.65 35% 0.60 40% 0.55 45% 0.50 50%

0.38 0.95 5% 0.90 10% 0.84 16% 0.79 21% 0.74 26% 0.69 31% 0.63 37% 0.58 42% 0.53 47% 0.48 52%

0.39 0.94 6% 0.89 11% 0.83 17% 0.78 22% 0.72 28% 0.67 33% 0.61 39% 0.56 44% 0.50 50% 0.45 55%

0.40 0.94 6% 0.88 12% 0.83 17% 0.77 23% 0.71 29% 0.65 35% 0.59 41% 0.54 46% 0.48 52% 0.42 58%

0.41 0.94 6% 0.88 12% 0.82 18% 0.76 24% 0.70 30% 0.63 37% 0.57 43% 0.51 49% 0.45 55% 0.39 61%

0.42 0.94 6% 0.87 13% 0.81 19% 0.74 26% 0.68 32% 0.62 38% 0.55 45% 0.49 51% 0.42 58% 0.36 64%

0.43 0.93 7% 0.87 13% 0.80 20% 0.73 27% 0.66 34% 0.60 40% 0.53 47% 0.46 54% 0.40 60% 0.33 67%

0.44 0.93 7% 0.86 14% 0.79 21% 0.72 28% 0.65 35% 0.58 42% 0.51 49% 0.44 56% 0.37 63% 0.30 70%

0.45 0.93 7% 0.85 15% 0.78 22% 0.71 29% 0.63 37% 0.56 44% 0.49 51% 0.41 59% 0.34 66% 0.27 73%

0.46 0.92 8% 0.85 15% 0.77 23% 0.69 31% 0.62 38% 0.54 46% 0.46 54% 0.39 61% 0.31 69% 0.23 77%

0.47 0.92 8% 0.84 16% 0.76 24% 0.68 32% 0.60 40% 0.52 48% 0.44 56% 0.36 64% 0.28 72% 0.20 80%

0.48 0.92 8% 0.83 17% 0.75 25% 0.67 33% 0.58 42% 0.50 50% 0.41 59% 0.33 67% 0.25 75% 0.16 84%

0.49 0.91 9% 0.83 17% 0.74 26% 0.65 35% 0.56 44% 0.48 52% 0.39 61% 0.30 70% 0.22 78% 0.13 87%

0.50 0.91 9% 0.82 18% 0.73 27% 0.64 36% 0.55 45% 0.46 54% 0.37 63% 0.27 73% 0.18 82% 0.09 91%

0.51 0.91 9% 0.81 19% 0.72 28% 0.62 38% 0.53 47% 0.43 57% 0.34 66% 0.25 75% 0.15 85% 0.07 94%

0.52 0.90 10% 0.80 20% 0.71 29% 0.61 39% 0.51 49% 0.41 59% 0.32 69% 0.22 78% 0.13 88% 0.05 98%

0.53 0.90 10% 0.80 20% 0.70 31% 0.59 41% 0.49 51% 0.39 61% 0.29 71% 0.19 82% 0.10 92% 0.03 102%

0.54 0.89 11% 0.79 21% 0.68 32% 0.58 42% 0.47 53% 0.37 63% 0.27 74% 0.17 85% 0.08 95% 0.02 106%

0.55 0.89 11% 0.78 22% 0.67 33% 0.56 44% 0.46 55% 0.35 66% 0.24 77% 0.14 88% 0.06 99% 0.01 110%

0.56 0.89 11% 0.77 23% 0.66 34% 0.55 46% 0.44 57% 0.33 68% 0.22 80% 0.12 91% 0.04 102% 0.00 114%

0.57 0.88 12% 0.77 24% 0.65 35% 0.54 47% 0.42 59% 0.31 71% 0.20 83% 0.10 94% 0.02 106% 0.00 118%

0.58 0.88 12% 0.76 24% 0.64 37% 0.52 49% 0.40 61% 0.29 73% 0.18 85% 0.08 98% 0.01 110% 0.00 122%

0.59 0.87 13% 0.75 25% 0.63 38% 0.51 51% 0.39 63% 0.27 76% 0.16 88% 0.06 101% 0.00 114% 0.00 126%

0.60 0.87 13% 0.74 26% 0.62 39% 0.49 52% 0.37 65% 0.25 78% 0.14 91% 0.04 104% 0.00 118% 0.00 131%

0.61 0.87 13% 0.73 27% 0.60 40% 0.48 54% 0.35 67% 0.23 81% 0.12 94% 0.03 108% 0.00 121% 0.00 135%

0.62 0.86 14% 0.73 28% 0.59 42% 0.46 56% 0.34 70% 0.21 84% 0.10 98% 0.02 112% 0.00 126% 0.00 139%

0.63 0.86 14% 0.72 29% 0.58 43% 0.45 58% 0.32 72% 0.20 86% 0.09 101% 0.01 115% 0.00 130% 0.00 144%

0.64 0.85 15% 0.71 30% 0.57 45% 0.43 59% 0.30 74% 0.18 89% 0.07 104% 0.00 119% 0.00 134% 0.00 149%

0.65 0.85 15% 0.70 31% 0.56 46% 0.42 61% 0.29 77% 0.16 92% 0.06 107% 0.00 123% 0.00 138% 0.00 153%

R
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Table I.5  isk that an Elevated Area with Length L/G and Shape S will not be Detected
and the Area (%) of the Elevated Area Relative to a Triangular Sample Grid Area of 0.866G2

(continued)
Shape Parameter, S

0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

L/G Risk Area Risk Area Risk Area Risk Area Risk Area Risk Area Risk Area Risk Area Risk Area Risk Area

0.66 0.84 16% 0.69 32% 0.55 47% 0.40 63% 0.27 79% 0.15 95% 0.05 111% 0.00 126% 0.00 142% 0.00 158%

0.67 0.84 16% 0.68 33% 0.53 49% 0.39 65% 0.25 81% 0.13 98% 0.03 114% 0.00 130% 0.00 147% 0.00 163%

0.68 0.84 17% 0.68 34% 0.52 50% 0.38 67% 0.24 84% 0.12 101% 0.02 117% 0.00 134% 0.00 151% 0.00 168%

0.69 0.83 17% 0.67 35% 0.51 52% 0.36 69% 0.22 86% 0.10 104% 0.01 121% 0.00 138% 0.00 155% 0.00 173%

0.70 0.83 18% 0.66 36% 0.50 53% 0.35 71% 0.21 89% 0.09 107% 0.01 124% 0.00 142% 0.00 160% 0.00 178%

0.71 0.82 18% 0.65 37% 0.49 55% 0.33 73% 0.20 91% 0.08 110% 0.00 128% 0.00 146% 0.00 165% 0.00 183%

0.72 0.82 19% 0.64 38% 0.48 56% 0.32 75% 0.18 94% 0.07 113% 0.00 132% 0.00 150% 0.00 169% 0.00 188%

0.73 0.81 19% 0.63 39% 0.46 58% 0.31 77% 0.17 97% 0.05 116% 0.00 135% 0.00 155% 0.00 174% 0.00 193%

0.74 0.81 20% 0.62 40% 0.45 60% 0.29 79% 0.15 99% 0.04 119% 0.00 139% 0.00 159% 0.00 179% 0.00 199%

0.75 0.80 20% 0.61 41% 0.44 61% 0.28 82% 0.14 102% 0.04 122% 0.00 143% 0.00 163% 0.00 184% 0.00 204%

0.76 0.80 21% 0.61 42% 0.43 63% 0.27 84% 0.13 105% 0.03 126% 0.00 147% 0.00 168% 0.00 189% 0.00 210%

0.77 0.79 22% 0.60 43% 0.42 65% 0.25 86% 0.12 108% 0.02 129% 0.00 151% 0.00 172% 0.00 194% 0.00 215%

0.78 0.79 22% 0.59 44% 0.40 66% 0.24 88% 0.10 110% 0.01 132% 0.00 154% 0.00 177% 0.00 199% 0.00 221%

0.79 0.78 23% 0.58 45% 0.39 68% 0.23 91% 0.09 113% 0.01 136% 0.00 158% 0.00 181% 0.00 204% 0.00 226%

0.80 0.78 23% 0.57 46% 0.38 70% 0.22 93% 0.08 116% 0.00 139% 0.00 163% 0.00 186% 0.00 209% 0.00 232%

0.81 0.77 24% 0.56 48% 0.37 71% 0.20 95% 0.07 119% 0.00 143% 0.00 167% 0.00 190% 0.00 214% 0.00 238%

0.82 0.77 24% 0.55 49% 0.36 73% 0.19 98% 0.06 122% 0.00 146% 0.00 171% 0.00 195% 0.00 220% 0.00 244%

0.83 0.76 25% 0.54 50% 0.35 75% 0.18 100% 0.05 125% 0.00 150% 0.00 175% 0.00 200% 0.00 225% 0.00 250%

0.84 0.76 26% 0.53 51% 0.33 77% 0.17 102% 0.05 128% 0.00 154% 0.00 179% 0.00 205% 0.00 230% 0.00 256%

0.85 0.75 26% 0.52 52% 0.32 79% 0.16 105% 0.04 131% 0.00 157% 0.00 183% 0.00 210% 0.00 236% 0.00 262%

0.86 0.74 27% 0.51 54% 0.31 80% 0.14 107% 0.03 134% 0.00 161% 0.00 188% 0.00 215% 0.00 241% 0.00 268%

0.87 0.74 27% 0.50 55% 0.30 82% 0.13 110% 0.02 137% 0.00 165% 0.00 192% 0.00 220% 0.00 247% 0.00 275%

0.88 0.73 28% 0.50 56% 0.29 84% 0.12 112% 0.02 140% 0.00 169% 0.00 197% 0.00 225% 0.00 253% 0.00 281%

0.89 0.73 29% 0.49 57% 0.28 86% 0.11 115% 0.01 144% 0.00 172% 0.00 201% 0.00 230% 0.00 259% 0.00 287%

0.90 0.72 29% 0.48 59% 0.27 88% 0.10 118% 0.01 147% 0.00 176% 0.00 206% 0.00 235% 0.00 264% 0.00 294%

0.91 0.72 30% 0.47 60% 0.26 90% 0.10 120% 0.01 150% 0.00 180% 0.00 210% 0.00 240% 0.00 270% 0.00 300%

0.92 0.71 31% 0.46 61% 0.25 92% 0.09 123% 0.00 154% 0.00 184% 0.00 215% 0.00 246% 0.00 276% 0.00 307%

0.93 0.71 31% 0.45 63% 0.24 94% 0.08 126% 0.00 157% 0.00 188% 0.00 220% 0.00 251% 0.00 282% 0.00 314%

0.94 0.70 32% 0.44 64% 0.23 96% 0.07 128% 0.00 160% 0.00 192% 0.00 224% 0.00 256% 0.00 288% 0.00 321%

0.95 0.69 33% 0.43 65% 0.22 98% 0.07 131% 0.00 164% 0.00 196% 0.00 229% 0.00 262% 0.00 295% 0.00 327%

0.96 0.69 33% 0.42 67% 0.21 100% 0.06 134% 0.00 167% 0.00 201% 0.00 234% 0.00 267% 0.00 301% 0.00 334%

0.97 0.68 34% 0.41 68% 0.20 102% 0.05 137% 0.00 171% 0.00 205% 0.00 239% 0.00 273% 0.00 307% 0.00 341%

0.98 0.68 35% 0.40 70% 0.19 105% 0.05 139% 0.00 174% 0.00 209% 0.00 244% 0.00 279% 0.00 314% 0.00 348%

0.99 0.67 36% 0.40 71% 0.18 107% 0.04 142% 0.00 178% 0.00 213% 0.00 249% 0.00 284% 0.00 320% 0.00 356%

1.00 0.67 36% 0.39 73% 0.17 109% 0.04 145% 0.00 181% 0.00 218% 0.00 254% 0.00 290% 0.00 326% 0.00 363%

R
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I.6	 Random Numbers 

Table I.6 1,000 Random Numbers Uniformly Distributed between Zero and One 

0.163601 0.647423 0.555548 0.248859 0.259801 0.718368 0.305020 0.812482 0.601951 0.973160 
0.934196 0.951102 0.979831 0.132364 0.157808 0.040605 0.997626 0.896462 0.360578 0.443218 
0.054552 0.965257 0.999181 0.172627 0.583713 0.852958 0.116336 0.748483 0.058602 0.738495 
0.972409 0.241889 0.799991 0.926726 0.585505 0.453993 0.877990 0.947022 0.910821 0.388081 
0.556401 0.621126 0.293328 0.984335 0.366531 0.912588 0.733824 0.092405 0.717362 0.423421 
0.625153 0.838711 0.196153 0.630553 0.867808 0.957094 0.830218 0.783518 0.141557 0.444997 
0.527330 0.124034 0.351792 0.161947 0.688925 0.140346 0.553577 0.890058 0.470457 0.566196 
0.826643 0.673286 0.550827 0.885295 0.690781 0.371540 0.108632 0.090765 0.618443 0.937184 
0.296068 0.891272 0.392367 0.649633 0.261410 0.523221 0.769081 0.358794 0.924341 0.167665 
0.848882 0.083603 0.274621 0.268003 0.272254 0.017727 0.309463 0.445986 0.244653 0.944564 
0.779276 0.484461 0.101393 0.995100 0.085164 0.611426 0.030270 0.494982 0.426236 0.270225 
0.095038 0.577943 0.186239 0.267852 0.786070 0.208937 0.184565 0.826397 0.256825 0.489034 
0.011672 0.844846 0.443407 0.915087 0.275906 0.883009 0.243728 0.865552 0.796671 0.314429 
0.215993 0.476035 0.354717 0.883172 0.840666 0.393867 0.374810 0.222167 0.114691 0.596046 
0.982374 0.101973 0.683995 0.730612 0.548200 0.084302 0.145212 0.337680 0.566173 0.592776 
0.860868 0.794380 0.819422 0.752871 0.158956 0.317468 0.062387 0.909843 0.779089 0.648967 
0.718917 0.696798 0.463655 0.762408 0.823097 0.843209 0.368678 0.996266 0.542048 0.663842 
0.800735 0.225556 0.398048 0.437067 0.642698 0.144068 0.104212 0.675095 0.318953 0.648478 
0.915538 0.711742 0.232159 0.242961 0.327863 0.156608 0.260175 0.385141 0.681475 0.978186 
0.975506 0.652654 0.928348 0.513444 0.744095 0.972031 0.527368 0.494287 0.602829 0.592834 
0.435196 0.272807 0.452254 0.793464 0.817291 0.828245 0.407518 0.441518 0.358966 0.619741 
0.692512 0.368151 0.821543 0.583707 0.802354 0.133831 0.569521 0.474516 0.437608 0.961559 
0.678823 0.930602 0.657348 0.025057 0.294093 0.499623 0.006423 0.290613 0.325204 0.044439 
0.642075 0.029842 0.289042 0.891009 0.813844 0.973093 0.952871 0.361623 0.709933 0.466955 
0.174285 0.863244 0.133649 0.773819 0.891664 0.246417 0.272407 0.517658 0.132225 0.795514 
0.951401 0.921291 0.210993 0.369411 0.196909 0.054389 0.364475 0.716718 0.096843 0.308418 
0.186824 0.005407 0.310843 0.998118 0.725887 0.143171 0.293721 0.841304 0.661969 0.409622 
0.105673 0.026338 0.878006 0.105936 0.612556 0.124601 0.922558 0.648985 0.896805 0.737256 
0.801080 0.619461 0.933720 0.275881 0.637352 0.644996 0.713379 0.302687 0.904515 0.457172 
0.101214 0.236405 0.945199 0.005975 0.893786 0.082317 0.648743 0.511871 0.298942 0.121573 
0.177754 0.930066 0.390527 0.575622 0.390428 0.600575 0.460949 0.191600 0.910079 0.099444 
0.846157 0.322467 0.156607 0.253388 0.739021 0.133498 0.293141 0.144834 0.626600 0.045169 
0.812147 0.306383 0.201517 0.306651 0.827112 0.277716 0.660224 0.268538 0.518416 0.579216 
0.691055 0.059046 0.104390 0.427038 0.148688 0.480788 0.026511 0.572705 0.745522 0.986078 
0.483819 0.797573 0.174899 0.892670 0.118990 0.813221 0.857964 0.279164 0.883509 0.154562 
0.165133 0.985134 0.214681 0.595309 0.741697 0.418602 0.301917 0.338913 0.680062 0.097350 
0.281668 0.476899 0.839512 0.057760 0.474156 0.898409 0.482638 0.198725 0.888281 0.018872 
0.554337 0.350955 0.942401 0.526759 0.509846 0.408165 0.800079 0.789263 0.564192 0.140684 
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Table I.6 1,000 Random Numbers Uniformly Distributed between Zero and One 
(continued) 

0.873143 0.349662 0.238282 0.383195 0.568383 0.298471 0.490431 0.731405 0.339906 0.431645 
0.401675 0.061151 0.771468 0.795760 0.365952 0.221234 0.947374 0.375686 0.828215 0.113060 
0.574987 0.154831 0.808117 0.723544 0.134014 0.360957 0.166572 0.112314 0.242857 0.309290 
0.745415 0.929459 0.425406 0.118845 0.386382 0.867386 0.808757 0.009573 0.229879 0.849242 
0.613554 0.926550 0.857632 0.014438 0.004214 0.592513 0.280223 0.283447 0.943793 0.205750 
0.880368 0.303741 0.247850 0.341580 0.867155 0.542130 0.473418 0.650251 0.326222 0.036285 
0.567556 0.183534 0.696381 0.373333 0.716762 0.526636 0.306862 0.904790 0.151931 0.328792 
0.280015 0.237361 0.336240 0.424191 0.192603 0.770194 0.284572 0.992475 0.308979 0.698329 
0.502862 0.818555 0.238758 0.057148 0.461531 0.904929 0.521982 0.599127 0.239509 0.424858 
0.738375 0.794328 0.305231 0.887161 0.021104 0.469779 0.913966 0.266514 0.647901 0.246223 
0.366209 0.749763 0.634971 0.261038 0.869115 0.787951 0.678287 0.667142 0.216531 0.763214 
0.739267 0.554299 0.979969 0.489597 0.545130 0.931869 0.096443 0.374089 0.140070 0.840563 
0.375690 0.866922 0.256930 0.518074 0.217373 0.027043 0.801938 0.040364 0.624283 0.292810 
0.894101 0.178824 0.443631 0.110614 0.556232 0.969563 0.291364 0.695764 0.306903 0.303885 
0.668169 0.296926 0.324041 0.616290 0.799426 0.372555 0.070954 0.045748 0.505327 0.027722 
0.470107 0.135634 0.271284 0.494071 0.485610 0.382772 0.418470 0.004082 0.298068 0.539847 
0.047906 0.694949 0.309033 0.223989 0.008978 0.383695 0.479858 0.894958 0.597796 0.162072 
0.917713 0.072793 0.107402 0.007328 0.176598 0.576809 0.052969 0.421803 0.737514 0.340966 
0.839439 0.338565 0.254833 0.924413 0.871833 0.480599 0.172846 0.736102 0.471802 0.783451 
0.488244 0.260352 0.129716 0.153558 0.305933 0.777100 0.111924 0.412930 0.601453 0.083217 
0.488369 0.485094 0.322236 0.894264 0.781546 0.770237 0.707400 0.587451 0.571609 0.981580 
0.311380 0.270400 0.807264 0.348433 0.172763 0.914856 0.011893 0.014317 0.820797 0.261767 
0.028802 0.072165 0.944160 0.804761 0.770481 0.104256 0.112919 0.184068 0.940946 0.238087 
0.466082 0.603884 0.959713 0.547834 0.487552 0.455150 0.240324 0.428921 0.648821 0.277620 
0.720229 0.575779 0.939622 0.234554 0.767389 0.735335 0.941002 0.794021 0.291615 0.165732 
0.861579 0.778039 0.331677 0.608231 0.646094 0.498720 0.140520 0.259197 0.782477 0.922273 
0.849884 0.917789 0.816247 0.572502 0.753757 0.857324 0.988330 0.597085 0.186087 0.771997 
0.989999 0.994007 0.349735 0.954437 0.741124 0.791852 0.986074 0.444554 0.177531 0.743725 
0.337214 0.987184 0.344245 0.039033 0.549585 0.688526 0.225470 0.556251 0.157058 0.681447 
0.706330 0.082994 0.299909 0.613361 0.031334 0.941102 0.772731 0.198070 0.460602 0.778659 
0.417239 0.916556 0.707773 0.249767 0.169301 0.914420 0.732687 0.934912 0.985594 0.726957 
0.653326 0.529996 0.305465 0.181747 0.153359 0.353168 0.673377 0.448970 0.546347 0.885438 
0.099373 0.156385 0.067157 0.755573 0.689979 0.494021 0.996216 0.051811 0.049321 0.595525 
0.860299 0.210143 0.026232 0.838499 0.108975 0.455260 0.320633 0.150619 0.445073 0.275619 
0.067160 0.791992 0.363875 0.825052 0.047561 0.311194 0.447486 0.971659 0.876616 0.455018 
0.944317 0.348844 0.210015 0.769274 0.253032 0.239894 0.208165 0.600014 0.945046 0.505316 
0.917419 0.185575 0.743859 0.655124 0.185320 0.237660 0.271534 0.949825 0.441666 0.811135 
0.365705 0.800723 0.116707 0.386073 0.837800 0.244896 0.337304 0.869528 0.845737 0.194553 
0.911453 0.591254 0.920222 0.707522 0.782902 0.092884 0.426444 0.320336 0.226369 0.377845 
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Table I.6 1,000 Random Numbers Uniformly Distributed between Zero and One 
(continued) 

0.027171 0.058193 0.726183 0.057705 0.935493 0.688071 0.752543 0.932781 0.048914 0.591035 

0.768066 0.387888 0.655990 0.690208 0.746739 0.936409 0.685458 0.090931 0.242120 0.067899 

0.052305 0.899285 0.092643 0.058916 0.826653 0.772790 0.785028 0.967761 0.588503 0.896590 

0.623285 0.492051 0.644294 0.821341 0.600824 0.901289 0.774379 0.391874 0.810022 0.437879 

0.624284 0.308522 0.208541 0.297156 0.576129 0.373705 0.370345 0.372748 0.965550 0.874416 

0.853117 0.671602 0.018316 0.095780 0.871263 0.885420 0.919787 0.439594 0.460586 0.629443 

0.967796 0.933631 0.397054 0.682343 0.505977 0.406611 0.539543 0.066152 0.885414 0.857606 

0.759450 0.768853 0.115419 0.744466 0.607572 0.179839 0.413809 0.228607 0.362857 0.826932 

0.514703 0.108915 0.864053 0.076280 0.352557 0.674917 0.572689 0.588574 0.596215 0.639101 

0.826296 0.264540 0.255775 0.180449 0.405715 0.740170 0.423514 0.537793 0.877436 0.512284 

0.354198 0.792775 0.051583 0.806962 0.385851 0.655314 0.046701 0.860466 0.848112 0.515684 

0.744807 0.960789 0.123099 0.163569 0.621969 0.571558 0.482449 0.346358 0.795845 0.207558 

0.642312 0.356643 0.797708 0.505570 0.418534 0.634642 0.033111 0.393330 0.105093 0.328848 

0.824625 0.855876 0.770743 0.678619 0.927298 0.204828 0.831460 0.979875 0.566627 0.056160 

0.755877 0.679791 0.442388 0.899944 0.563383 0.197074 0.679568 0.244433 0.786084 0.337991 

0.625370 0.967123 0.321605 0.697578 0.122418 0.475395 0.068207 0.070374 0.353248 0.461960 

0.124012 0.133851 0.761154 0.501578 0.204221 0.866481 0.925783 0.329001 0.327832 0.844681 

0.825392 0.382001 0.847909 0.520741 0.404959 0.308849 0.418976 0.972838 0.452438 0.600528 

0.999194 0.297058 0.617183 0.570478 0.875712 0.581618 0.284410 0.405575 0.362205 0.427077 

0.536855 0.667083 0.636883 0.043774 0.113509 0.980045 0.237797 0.618925 0.670767 0.814902 

0.361632 0.797162 0.136063 0.487575 0.682796 0.952708 0.759989 0.058556 0.292400 0.871674 

0.923253 0.479871 0.022855 0.673915 0.733795 0.811955 0.417970 0.095675 0.831670 0.043950 

0.845432 0.202336 0.348421 0.050704 0.171916 0.600557 0.284838 0.606715 0.758190 0.394811 
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I.7 Stem and Leaf Display 

The construction of a stem and leaf display is a simple way to generate a crude histogram of the 
data quickly. The “stems” of such a display are the most significant digits of the data. Consider the 
sample data of Section 8.2.2.2: 

90.7, 83.5, 86.4, 88.5, 84.4, 74.2, 84.1, 87.6, 78.2, 77.6, 
86.4, 76.3, 86.5, 77.4, 90.3, 90.1, 79.1, 92.4, 75.5, 80.5. 

Here the data span three decades, so one might consider using the stems 70, 80 and 90. However, 
three is too few stems to be informative, just as three intervals would be too few for constructing a 
histogram. Therefore, for this example, each decade is divided into two parts.  This results in the six 
stems 70, 75, 80, 85, 90, 95. The leaves are the least significant digits, so 90.7 has the stem 90 and 
the leaf 0.7. 77.4 has the stem 75 and the leaf 7.4. Note that even though the stem is 75, the leaf is 
not 2.4. The leaf is kept as 7.4 so that the data can be read directly from the display without any 
calculations. 

As shown in the top part of Figure I.1, simply arrange the leaves of the data into rows, one stem per 
row. The result is a quick histogram of the data. In order to ensure this, the same number of digits 
should be used for each leaf, so that each occupies the same amount of horizontal space. 

If the stems are arranged in increasing order, as shown in the bottom half of Figure I.1, it is easy to 
pick out the minimum (74.2), the maximum (92.4), and the median (between 84.1 and 84.4). 

A stem and leaf display (or histogram) with two peaks may indicate that residual radioactivity is 
distributed over only a portion of the survey unit. Further information on the construction and 
interpretation of data plots is given in EPA QA/G-9 (EPA 1996a). 
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Stem Leaves

70 4.2

75 8.2, 7.6, 6.3, 7.4, 9.1, 5.5

80 3.5, 4.4, 4.1, 0.5

85 6.4, 8.5, 7.6, 6.4, 6.5

90 0.7, 0.3, 0.1, 2.4

95


Stem Sorted Leaves

70 4.2

75 5.5, 6.3, 7.4, 7.6, 8.2, 9.1

80 0.5, 3.5, 4.1, 4.4

85 6.4, 6.4, 6.5, 7.6, 8.5

90 0.1, 0.3, 0.7, 2.4

95


Figure I.1 Example of a Stem and Leaf Display 

I.8 Quantile Plots 

A Quantile plot is constructed by first ranking the data from smallest to largest. Sorting the 
data is easy once the stem and leaf display has been constructed. Then, each data value is simply 
plotted against the percentage of the samples with that value or less. This percentage is 
computed from: 

Percent ' 100(rank & 0.5) 
(number of data points) 

(I-3) 

The results for the example data of Section I.7 are shown in Table I.7. The Quantile plot for this 
example is shown in Figure I.2. 

The slope of the curve in the Quantile plot is an indication of the amount of data in a given range 
of values. A small amount of data in a range will result in a large slope. A large amount of data 
in a range of values will result in a more horizonal slope. A sharp rise near the bottom or the top 
is an indication of asymmetry.  Sudden changes in slope, or notably flat or notably steep areas 
may indicate peculiarities in the survey unit data needing further investigation. 
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Table I.7 Data for Quantile Plot 

Data: 74.2 75.5 76.3 77.4 77.6 78.2 79.1 80.5 83.5 84.1 

Rank: 1 2 3 4 5 6 7 8 9 10 

Percent: 2.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5 42.5 47.5 

Data: 84.4 86.4 86.4 86.5 87.6 88.5 90.1 90.3 90.7 92.4 

Rank: 11 12.5 12.5 14 15 16 17 18 19 20 

Percent: 52.5 60.0 60.0 67.5 72.5 77.5 82.5 87.5 92.5 97.5 

A useful aid to interpreting the quantile plot is the addition of boxes containing the middle 50% 
and middle 75% of the data. These are shown as the dashed lines in Figure I.2. The 50% box has 
its upper right corner at the 75th percentile and its lower left corner at the 25th percentile. These 
points are also called the Quartiles. These are ~78 and ~88, respectively, as indicated by the 
dashed lines. They bracket the middle half of the data values. The 75% box has its upper right 
corner at the 87.5th percentile and its lower left corner at the 12.5th percentile. A sharp increase 
within the 50% box can indicate two or more modes in the data. Outside the 75% box, sharp 
increases can indicate outliers. The median (50th percentile) is indicated by the heavy solid line 
at the value ~84, and can be used as an aid to judging the symmetry of the data distribution. 
There are no especially unusual features in the example Quantile plot shown in Figure I.2, other 
than the possibility of slight asymmetry around the median. 

Another Quantile plot, for the example data of Section 8.3.3, is shown in Figure I.3. 
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Figure I.2 Example of a Quantile Plot 
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Figure I.3  Quantile Plot for Example Class 2 Exterior Survey Unit of Section 8.3.3.
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A Quantile-Quantile plot is extremely useful for comparing two sets of data. Suppose the 
following 17 concentration values were obtained in a reference area corresponding to the 
example survey unit data of Section I.7: 

92.1, 83.2, 81.7, 81.8, 88.5, 82.4, 81.5, 69.7, 82.4, 89.7, 
81.4, 79.4, 82.0, 79.9, 81.1, 59.4, 75.3. 

A Quantile-Quantile plot can be constructed to compare the distribution of the survey unit data, 
Yj, j=1,...n, with the distribution of the reference area data Xi , i=1,... m. (If the reference area 
data set were the larger, the roles of X and Y would be reversed.) The data from each set are 
ranked separately from smallest to largest. This has already been done for the survey unit data in 
Table I.7. For the reference area data, we obtain the results in Table I.8. 

Table I.8 Ranked Reference Area Concentrations 

Data: 59.4 69.7 75.3  79.4 79.9 81.1 81.4 81.5 81.7  81.8 

Rank: 1 2 3 4 5 6 7 8 9 10 

Data: 82.0 82.4 82.4 83.2 88.5 89.7 92.1 

Rank: 11 12.5 12.5 14 15 16 17 

The median for the reference area data is 81.7, the sample mean is 80.7, and the sample standard 
deviation is 7.5. 

For the larger data set, the data must be interpolated to match the number of points in the smaller 
data set. This is done by computing 

�1 ' 0.5(n/m) % 0.5 and �i%1 ' �i % (n/m) for i ' 1,...m&1, (I-4) 

where m is the number of points in the smaller data set and n is the number of points in the larger 
data set.  For each of the ranks, i, in the smaller data set, a corresponding value in the larger data 
set is found by first decomposing vi into its integer part, j, and its fractional part, g. 

Then the interpolated values are computed from the relationship: 
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Zi = (1-g) Yj + g Yj +1 . (I-5) 

The results of these calculations are shown in Table I.9. 

Table I.9 Interpolated Ranks for Survey Unit Concentrations 

Rank 1 2 3 4 5 6 7 8 9 10 
vi  1.09 2.26 3.44 4.62 5.79 6.97 8.15 9.33 10.50 11.68 
Zi  74.3 75.7 76.8 77.5 78.1 79.1 80.9 83.7 84.3 85.8 
Xi  59.4 69.7 75.3 79.4 79.7 81.1 81.4 81.5 81.7 81.8 

Rank 11 12.5 12.5 14 15 16 17 
vi  12.85 14.03 15.21 16.38 17.56 18.74 19.91 
Zi  86.4 86.5 87.8 89.1 90.2 90.6 92.3 
Xi  82.0 82.4 82.4 83.2 88.5 89.7 92.1 

Finally, Zi is plotted against Xi to obtain the Quantile-Quantile plot. This example is shown in 
Figure I.4. 

The Quantile-Quantile Plot is valuable because it provides a direct visual comparison of the two 
data sets. If the two data distributions differ only in location (e.g. mean) or scale (e.g. standard 
deviation), the points will lie on a straight line. If the two data distributions being compared are 
identical, all of the plotted points will lie on the line Y=X. Any deviations from this would point 
to possible differences in these distributions. The middle data point plots the median of Y against 
the median of X.  That this point lies above the line Y=X, in the example of Figure 8.4, shows that 
the median of Y is larger than the median of X. Indeed, the cluster of points above the line Y = X 
in the region of the plot where the data points are dense, is an indication that the central portion 
of the survey unit distribution is shifted toward higher values than the reference area distribution. 
This could imply that there is residual radioactivity in the survey unit. This should be tested 
using the nonparametric statistical tests described in Chapter 8. 

Another Quantile-Quantile plot, for the Class 1 Interior Survey Unit example data, is shown in 
Figure A.8. 

Further information on the interpretation of Quantile and Quantile-Quantile plots are given in 
EPA QA/G-9 (EPA 1996a). 
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Figure I.4  Example Quantile-Quantile Plot



Appendix I 

I.9 Power Calculations for the Statistical Tests 

I.9.1 Power of the Sign Test 

The power of the Sign test for detecting residual radioactivity at the concentration level LBGR = 
DGCL - �, may be found using equation I-6. 

k 
1 & � ' 1 & j 

N [ q (]i@[1 &q (]N&i . 1 & � k & Nq ( 

(I-6) 
i'0 i 

Nq ( (1&q () 

with 

q ( ' �(�/�) (I-7) 

The function �(z) is the standard normal cumulative distribution function tabulated in Table I.1. 
Note that if �/� is large, q * approaches one, and the power also approaches one. This calculation 
can be performed for other values, �*, in order to construct a power curve for the test. These 
calculations can also be performed using the standard deviation of the actual measurement data, 
s, in order to construct a retrospective power curve for the test. This is an important step when 
the null hypothesis is not rejected, since it demonstrates whether the DQOs have been met. 

The retrospective power curve for the Sign test can be constructed using  Equations I-6 and I-7, 
together with the actual number of concentration measurements obtained, N. The power as a 
function of �/� is calculated. The values of �/� are converted to concentration using: 

Concentration = DCGLW - (�/�)(observed standard deviation). 

The results for the Class 3 Exterior Survey Unit example of Section 8.3.4 are plotted in Figure 
I.5. This figure shows the probability that the survey unit would have passed the release criterion 
using the Sign test versus concentration of residual radioactivity. This curve shows that the data 
quality objectives were met, despite the fact that the actual standard deviation was larger than 
that used in designing the survey. This is primarily due to the additional 20% that was added to 
the sample size, and also that sample sizes were always rounded up. The curve shows that a 
survey unit with less than 135 Bq/kg would almost always pass, and that a survey unit with more 
than 145 Bq/kg would almost always fail. 

August 2000 I-25 MARSSIM, Revision 1 



Appendix I 

Retrospec tive  Power 
1.00 

0.80 

0.60 

0.40 

0.20 

0.00

130 135 140 145 150


Concent rati on (Bq/kg) 

P
ro

ba
b

ili
ty

 s
ur

ve
y 

U
n

it 
P

as
se

s 

Figure I.5 Retrospective Power Curve for Class 3 Exterior Survey Unit 
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I.9.2 Power of the Wilcoxon Rank Sum Test 

The power of the WRS test is computed from 

Power ' 1 & � [ 
Wc & 0.5 & 0.5m(m%1) & E(WMW ) ] (I-8)

Var(WMW ) 

where Wc is the critical value found in Table I.4 for the appropriate vales of �, n and m. Values 
of �(z), the standard normal cumulative distribution function, are given in Table I.1. 

WMW =Wr -0.5m(m+1)  is the Mann-Whitney form of the WRS test statistic. Its mean is 

E(WMW ) ' mnPr (I-9) 

and its variance is 

Var(WMW ) ' mnPr(1&Pr) % mn(n%m&2)(p2 & Pr 
2) (I-10) 

Values of Pr and p2 as a function of �/� are given in Table I.10. 

The power calculated in Equation I-8 is an approximation, but the results are generally accurate 
enough to be used to determine if the sample design achieves the DQOs. 

The retrospective power curve for the WRS test can be constructed using  Equations I-8, I-9, and 
I-10, together with the actual number of concentration measurements obtained, N. The power as 
a function of �/� is calculated. The values of �/� are converted to dpm/100 cm2 using: 

dpm/100 cm2 = DCGL - (�/�)(observed standard deviation). 

The results for this example are plotted in Figure I.6, showing the probability that the survey unit 
would have passed the release criterion using the WRS test versus dpm of residual radioactivity. 
This curve shows that the data quality objectives were easily achieved. The curve shows that a 
survey unit with less than 4,500 dpm/100 cm2 above background would almost always pass, and 
that one with more than 5,100 dpm/100 cm2 above background would almost always fail. 
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Table I.10 Values of Pr and p2 for Computing the Mean and Variance of WMW 

�/� Pr p2 �/� Pr p2 

-6.0 

-5.0 

-4.0 

-3.5 

-3.0 

-2.5 

-2.0 

-1.9 

-1.8 

-1.7 

-1.6 

-1.5 

-1.4 

-1.3 

-1.2 

-1.1 

-1.0 

-0.9 

-0.8 

-0.7 

-0.6 

-0.5 

-0.4 

-0.3 

-0.2 

-0.1 

0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

1.11E-05 

0.000204 

0.002339 

0.006664 

0.016947 

0.038550 

0.078650 

0.089555 

0.101546 

0.114666 

0.128950 

0.144422 

0.161099 

0.178985 

0.198072 

0.218338 

0.239750 

0.262259 

0.285804 

0.310309 

0.335687 

0.361837 

0.388649 

0.416002 

0.443769 

0.471814 

0.500000 

0.528186 

0.556231 

0.583998 

0.611351 

0.638163 

0.664313 

1.16E-07 

6.14E-06 

0.000174 

0.000738 

0.002690 

0.008465 

0.023066 

0.027714 

0.033114 

0.039348 

0.046501 

0.054656 

0.063897 

0.074301 

0.085944 

0.098892 

0.113202 

0.128920 

0.146077 

0.164691 

0.184760 

0.206266 

0.229172 

0.253419 

0.278930 

0.305606 

0.333333 

0.361978 

0.391392 

0.421415 

0.451875 

0.482593 

0.513387 

0.7 

0.8 

0.9 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

3.0 

3.1 

3.2 

3.3 

3.4 

3.5 

4.0 

5.0 

6.0 

0.689691 

0.714196 

0.737741 

0.760250 

0.781662 

0.801928 

0.821015 

0.838901 

0.855578 

0.871050 

0.885334 

0.898454 

0.910445 

0.921350 

0.931218 

0.940103 

0.948062 

0.955157 

0.961450 

0.967004 

0.971881 

0.976143 

0.979848 

0.983053 

0.985811 

0.988174 

0.990188 

0.991895 

0.993336 

0.997661 

0.999796 

0.999989 

0.544073 

0.574469 

0.604402 

0.633702 

0.662216 

0.689800 

0.716331 

0.741698 

0.765812 

0.788602 

0.810016 

0.830022 

0.848605 

0.865767 

0.881527 

0.895917 

0.908982 

0.920777 

0.931365 

0.940817 

0.949208 

0.956616 

0.963118 

0.968795 

0.973725 

0.977981 

0.981636 

0.984758 

0.987410 

0.995497 

0.999599 

0.999978 
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Figure I.6 Retrospective Power Curve for Class 2 Interior Drywall Survey Unit 
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I.10 Spreadsheet Formulas for the Wilcoxon Rank Sum Test 

The analysis for the WRS test is very well suited for calculation on a spreadsheet. This is how 
the analysis discussed above was done. This particular example was constructed using Excel 
5.0™. The formula sheet corresponding to Table 8.6 is given in Table I.11. The function in 
Column D of Table I.11 calculates the ranks of the data. The RANK function in Excel™ does 
not return tied ranks in the way needed for the WRS.  The COUNTIF function is used to correct 
for this. Column E simply picks out the reference area ranks from Column D. 

Table I.11 Spreadsheet Formulas Used in Table 8.6 

A C D E 
1 Data Area Adjusted Data Ranks Reference Area 

Ranks 
2 49 R =IF(B2="R",A2+160,A2) =RANK(C2,$C$2:$C$23,1)+(COUNTIF($C$2:$C$23,C2) - 1) / 2 =IF(B2="R",D2,0) 

3 35 R =IF(B3="R",A3+160,A3) =RANK(C3,$C$2:$C$23,1)+(COUNTIF($C$2:$C$23,C3) - 1) / 2 =IF(B3="R",D3,0) 

4 45 R =IF(B4="R",A4+160,A4) =RANK(C4,$C$2:$C$23,1)+(COUNTIF($C$2:$C$23,C4) - 1) / 2 =IF(B4="R",D4,0) 

5 45 R =IF(B5="R",A5+160,A5) =RANK(C5,$C$2:$C$23,1)+(COUNTIF($C$2:$C$23,C5) - 1) / 2 =IF(B5="R",D5,0) 

6 41 R =IF(B6="R",A6+160,A6) =RANK(C6,$C$2:$C$23,1)+(COUNTIF($C$2:$C$23,C6) - 1) / 2 =IF(B6="R",D6,0) 

7 44 R =IF(B7="R",A7+160,A7) =RANK(C7,$C$2:$C$23,1)+(COUNTIF($C$2:$C$23,C7) - 1) / 2 =IF(B7="R",D7,0) 

8 48 R =IF(B8="R",A8+160,A8) =RANK(C8,$C$2:$C$23,1)+(COUNTIF($C$2:$C$23,C8) - 1) / 2 =IF(B8="R",D8,0) 

9 37 R =IF(B9="R",A9+160,A9) =RANK(C9,$C$2:$C$23,1)+(COUNTIF($C$2:$C$23,C9) - 1) / 2 =IF(B9="R",D9,0) 

10 46 R =IF(B10="R",A10+160,A10) =RANK(C10,$C$2:$C$23,1)+(COUNTIF($C$2:$C$23,C10) - 1) / 2 =IF(B10="R",D10,0) 

11 42 R =IF(B11="R",A11+160,A11) =RANK(C11,$C$2:$C$23,1)+(COUNTIF($C$2:$C$23,C11) - 1) / 2 =IF(B11="R",D11,0) 

12 47 R =IF(B12="R",A12+160,A12) =RANK(C12,$C$2:$C$23,1)+(COUNTIF($C$2:$C$23,C12) - 1) / 2 =IF(B12="R",D12,0) 

13 104 S =IF(B13="R",A13+160,A13) =RANK(C13,$C$2:$C$23,1)+(COUNTIF($C$2:$C$23,C13) - 1) / 2 =IF(B13="R",D13,0) 

14 94 S =IF(B14="R",A14+160,A14) =RANK(C14,$C$2:$C$23,1)+(COUNTIF($C$2:$C$23,C14) - 1) / 2 =IF(B14="R",D14,0) 

15 98 S =IF(B15="R",A15+160,A15) =RANK(C15,$C$2:$C$23,1)+(COUNTIF($C$2:$C$23,C15) - 1) / 2 =IF(B15="R",D15,0) 

16 99 S =IF(B16="R",A16+160,A16) =RANK(C16,$C$2:$C$23,1)+(COUNTIF($C$2:$C$23,C16) - 1) / 2 =IF(B16="R",D16,0) 

17 90 S =IF(B17="R",A17+160,A17) =RANK(C17,$C$2:$C$23,1)+(COUNTIF($C$2:$C$23,C17) - 1) / 2 =IF(B17="R",D17,0) 

18 104 S =IF(B18="R",A18+160,A18) =RANK(C18,$C$2:$C$23,1)+(COUNTIF($C$2:$C$23,C18) - 1) / 2 =IF(B18="R",D18,0) 

19 95 S =IF(B19="R",A19+160,A19) =RANK(C19,$C$2:$C$23,1)+(COUNTIF($C$2:$C$23,C19) - 1) / 2 =IF(B19="R",D19,0) 

20 105 S =IF(B20="R",A20+160,A20) =RANK(C20,$C$2:$C$23,1)+(COUNTIF($C$2:$C$23,C20) - 1) / 2 =IF(B20="R",D20,0) 

21 93 S =IF(B21="R",A21+160,A21) =RANK(C21,$C$2:$C$23,1)+(COUNTIF($C$2:$C$23,C21) - 1) / 2 =IF(B21="R",D21,0) 

22 101 S =IF(B22="R",A22+160,A22) =RANK(C22,$C$2:$C$23,1)+(COUNTIF($C$2:$C$23,C22) - 1) / 2 =IF(B22="R",D22,0) 

23 92 S =IF(B23="R",A23+160,A23) =RANK(C23,$C$2:$C$23,1)+(COUNTIF($C$2:$C$23,C23) - 1) / 2 =IF(B23="R",D23,0) 

24 Sum= =SUM(D2:D23) =SUM(E2:E23) 

B 
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I.11 Multiple Radionuclides 

There are two cases to be considered when dealing with multiple radionuclides, namely 1) the 
radionuclide concentrations have a fairly constant ratio throughout the survey unit, or 2) the 
concentrations of the different radionuclides appear to be unrelated in the survey unit. In 
statistical terms, we are concerned about whether the concentrations of the different 
radionuclides are correlated or not. A simple way to judge this would be to make a scatter plot of 
the concentrations against each other, and see if the points appear to have an underlying linear 
pattern. The correlation coefficient can also be computed to see if it lies nearer to zero than to 
one. One could also perform a curve fit and test the significance of the result. Ultimately, 
however, sound judgement must be used in interpreting the results of such calculations. If there 
is no physical reason for the concentrations to be related, they probably are not. Conversely, if 
there is sound evidence that the radionuclide concentrations should be related because of how 
they were treated, processed or released, this information should be used. 

I.11.1 Using the Unity Rule 

In either of the two above cases, the unity rule described in Section 4.3.3 is applied. The 
difference is in how it is applied. Suppose there are n radionuclides. If the concentration of 
radionuclide i is denoted by Ci, and its DCGLW is denoted by Di, then the unity rule for the n 
radionuclides states that: 

C1 / D1 + C2 / D2 + C3 / D3 + ˛ + Cn / Dn # 1 (I-11) 

This will ensure that the total dose or risk due to the sum of all the radionuclides does not exceed 
the release criterion. Note that if Dmin is the smallest of the DCGLs, then 

(C1 + C2  + C3 + ˛ + Cn )/Dmin # C1 / D1 + C2 / D2 + C3 / D3 + ˛ + Cn / Dn (I-12) 

so that the smallest DCGL may be applied to the total activity concentration, rather than using 
the unity rule. While this option may be considered, in many cases it will be too conservative to 
be useful. 

I.11.2 Radionuclide Concentrations with Fixed Ratios 

If there is an established ratio among the concentrations of the n radionuclides in a survey unit, 
then the concentration of every radionuclide can be expressed in terms of any one of them, e.g., 
radionuclide #1. The measured radionuclide is often called a surrogate radionuclide for the 
others. 
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If C2 = R2 C1, C3 = R3 C1,..., Ci = Ri C1, ..., Cn = Rn C1 

then 
C1 / D1 + C2 / D2 + C3 / D3 + ˛ + Cn / Dn 

= C1 / D1 +R2 C1 / D2 + R3 C1 / D3 + ˛ +Rn C1 / Dn 

= C1 [1/ D1 +R2 / D2 + R3 / D3 + ˛ +Rn / Dn ] 
= C1 / Dtotal (I-13) 

where 

Dtotal = 1/ [1/ D1 +R2 / D2 + R3 / D3 + ˛ +Rn / Dn ] (I-14) 

Thus, Dtotal is the DCGLW for the surrogate radionuclide when the concentration of that 
radionuclide represents all radionuclides that are present in the survey unit. Clearly, this scheme 
is applicable only when radionuclide specific measurements of the surrogate radionuclide are 
made. It is unlikely to apply in situations where the surrogate radionuclide appears in 
background, since background variations would tend to obscure the relationships between it and 
the other radionuclides. 

Thus, in the case where there are constant ratios among radionuclide concentrations, the 
statistical tests are applied as if only the surrogate radionuclide were contributing to the residual 
radioactivity, with the DCGLW for that radionuclide replaced by Dtotal. For example, in planning 
the final status survey, only the expected standard deviation of the concentration measurements 
for the surrogate radionuclide is needed to calculate the sample size. 

For the elevated measurement comparison, the DCGLEMC

replaced by 
for the surrogate radionuclide is 

Etotal = 1/ [1/ E1 + R2 / E2 + R3 / E3 + ˛ +Rn / En ] (I-15) 

where Ei is the DCGLEMC for radionuclide i. 

I.11.3 Unrelated Radionuclide Concentrations 

If the concentrations of the different radionuclides appear to be unrelated in the survey unit, there 
is little alternative but to measure the concentration of each radionuclide and use the unity rule. 
The exception would be in applying the most restrictive DCGLW to all of the radionuclides, as 
mentioned later in this section. 

Since the release criterion is 

C1 / D1 + C2 / D2 + C3 / D3 + ˛ + Cn / Dn # 1 (I-16) 

MARSSIM, Revision 1 I-32 August 2000 



Appendix I 

the quantity to be measured is the weighted sum, T = C1 / D1 + C2 / D2 + C3 / D3 + ˛ + Cn / Dn. 
The DCGLW for T is one. In planning the final status survey, the measurement standard 
deviation of the weighted sum, T, is estimated by 

�2(T) = [�(C1)/ D1 ]
2 + [�(C2)/ D2 ]

2 + [�(C3)/ D3 ]
2 + ˛ + [�(Cn)/ Dn ]

2 (I-17) 

since the measured concentrations of the various radionuclides are assumed to be uncorrelated. 

For the elevated measurement comparison, the inequality 

C1 / E1 + C2 / E2 + C3 / E3 + ˛ + Cn / En # 1 (I-18) 

is used, where Ei is the DCGLEMC for radionuclide i. For scanning, the most restrictive DCGL
should generally be used. 

EMC 

When some of the radionuclides also appear in background, the quantity T = C1 / D1 + C2 / D2 + 

does not appear in background, set Ci = 0 in the calculation of T for the reference area. 
C3 / D3 + ˛ + Cn / Dn must also be measured in an appropriate reference area. If radionuclide i 

Note that if there is a fixed ratio between the concentrations of some radionuclides, but not 
others, a combination of the method of this section with that of the previous section may be used. 
The appropriate value of Dtotal with the concentration of the measured surrogate radionuclide 
should replace the corresponding terms in equation I-17. 

I.11.4 Example Application of WRS Test to multiple radionuclides 

This section contains an example application of the nonparametric statistical methods in this 
report to sites that have residual radioactivity from more than one radionuclide. Consider a site 
with both 60Co and 137Cs contamination. 137Cs appears in background from global atmospheric 
weapons tests at a typical concentration of about 1 pCi/g. Assume that the DCGLW for 60Co is 2 
pCi/g and for 137Cs is 1.4 pCi/g. In disturbed areas, the background concentration of 137Cs can 
vary considerably. An estimated spatial standard deviation of 0.5 pCi/g for 137Cs will be 
assumed. During remediation, it was found that the concentrations of the two radionuclides were 
not well correlated in the survey unit. 60Co concentrations were more variable than the 137Cs 
concentrations, and 0.7 pCi/g is estimated for its standard deviation. Measurement errors for 
both 60Co and 137Cs using gamma spectrometry will be small compared to this. For the 
comparison to the release criteria, the weighted sum of the concentrations of these radionuclides 
is computed from: 

Weighted sum = (60Co concentration)/(60Co DCGLW) + (137Cs Concentration)/(137Cs DCGLW) 
= (60Co concentration)/(2) + (137Cs Concentration)/(1.4) 
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The variance of the weighted sum, assuming that the 60Co and 137Cs concentrations are spatially 
unrelated is 

�2 = [(60Co Standard deviation)/(60Co DCGLW)]2 + [(137Cs Standard Deviation)/(137Cs DCGLW)]2 

= [(0.7)/(2)]2 + [(0.5)/(1.4)]2 = 0.25. 

Thus � = 0.5. The DCGLW for the weighted sum is one. The null hypothesis is that the survey 
unit exceeds the release criterion. During the DQO process, the LBGR was set at 0.5 for the 
weighted sum, so that � = DCGLW - LBGR =1.0 -0.5 = 0.5, and �/� = 0.5/0.5 = 1.0. The 
acceptable error rates chosen were � = � = 0.05. To achieve this, 32 samples each are required in 
the survey unit and the reference area. 

The weighted sums are computed for each measurement location in both the reference area and 
the survey unit. The WRS test is then performed on the weighted sum. The calculations for this 
example are shown in Table I.12. The DCGLW (i.e., 1.0) is added to the weighted sum for each 
location in the reference area. The ranks of the combined survey unit and adjusted reference area 
weighted sums are then computed. The sum of the ranks of the adjusted reference area weighted 
sums is then compared to the critical value for n = m = 32, � = 0.05, which is 1162 (see formula 
following Table I.4). In Table I.12, the sum of the ranks of the adjusted reference area weighted 
sums is 1281. This exceeds the critical value, so the null hypothesis is rejected. The survey unit 
meets the release criterion. The difference between the mean of the weighted sums in the survey 
unit and the reference area is 1.86 - 1.16 = 0.7. Thus, the estimated dose or risk due to residual 
radioactivity in the survey unit is 70% of the release criterion. 

MARSSIM, Revision 1 I-34 August 2000 



Appendix I 

Table I.12 Example WRS Test for Two Radionuclides 

Reference Area Survey Unit Weighted Sum Ranks 
137Cs 60Co 137Cs 60Co Ref Survey Adj Ref Survey Adj Ref 

1 2.00 0 1.12 0.06 1.43 0.83 2.43 1 56 

2 1.23 0 1.66 1.99 0.88 2.18 1.88 43 21 

3 0.99 0 3.02 0.56 0.71 2.44 1.71 57 14 

4 1.98 0 2.47 0.26 1.41 1.89 2.41 23 55 

5 1.78 0 2.08 0.21 1.27 1.59 2.27 9 50 

6 1.93 0 2.96 0.00 1.38 2.11 2.38 37 54 

7 1.73 0 2.05 0.20 1.23 1.56 2.23 7 46 

8 1.83 0 2.41 0.00 1.30 1.72 2.30 16 52 

9 1.27 0 1.74 0.00 0.91 1.24 1.91 2 24 

10 0.74 0 2.65 0.16 0.53 1.97 1.53 27 6 

11 1.17 0 1.92 0.63 0.83 1.68 1.83 13 18 

12 1.51 0 1.91 0.69 1.08 1.71 2.08 15 32 

13 2.25 0 3.06 0.13 1.61 2.25 2.61 47 63 

14 1.36 0 2.18 0.98 0.97 2.05 1.97 30 28 

15 2.05 0 2.08 1.26 1.46 2.12 2.46 39 58 

16 1.61 0 2.30 1.16 1.15 2.22 2.15 45 41 

17 1.29 0 2.20 0.00 0.92 1.57 1.92 8 25 

18 1.55 0 3.11 0.50 1.11 2.47 2.11 59 35 

19 1.82 0 2.31 0.00 1.30 1.65 2.30 11 51 

20 1.17 0 2.82 0.41 0.84 2.22 1.84 44 19 

21 1.76 0 1.81 1.18 1.26 1.88 2.26 22 48 

22 2.21 0 2.71 0.17 1.58 2.02 2.58 29 62 

23 2.35 0 1.89 0.00 1.68 1.35 2.68 3 64 

24 1.51 0 2.12 0.34 1.08 1.68 2.08 12 33 

25 0.66 0 2.59 0.14 0.47 1.92 1.47 26 5 

26 1.56 0 1.75 0.71 1.12 1.60 2.12 10 38 

27 1.93 0 2.35 0.85 1.38 2.10 2.38 34 53 

28 2.15 0 2.28 0.87 1.54 2.06 2.54 31 61 

29 2.07 0 2.56 0.56 1.48 2.11 2.48 36 60 

30 1.77 0 2.50 0.00 1.27 1.78 2.27 17 49 

31 1.19 0 1.79 0.30 0.85 1.43 1.85 4 20 

32 1.57 0 2.55 0.70 1.12 2.17 2.12 42 40 

Avg 1.62 0 2.28 0.47 1.16 1.86 2.16 sum = 
799 

sum = 
1281Std Dev 0.43 0 0.46 0.48 0.31 0.36 0.31 
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DERIVATION OF ALPHA SCANNING EQUA TI ONS 
PRESENTED IN SECTION 6.7.2.2 

For alpha survey instrumentation with a background around one to three counts per minute, a 
single count will give a surveyor sufficient cause to stop and investigate further.  Assuming this 
to be true, the probability of detecting given levels of alpha emitting radionuclides can be 
calculated by use of Poisson summation statistics. 

Discussion 
Experiments yielding numerical values for a random variable X, where X represents the number 
of events occurring during a given time interval or a specified region in space, are often called 
Poisson experiments (Walpole and Myers 1985). The probability distribution of the Poisson 
random variable X, representing the number of events occurring in a given time interval t, is 
given by: 

P (x ; �t ) ' 
e &� t (� t )x 

, x ' 0,1,2,... (J-1) 
x! 

where: 
P(x; �t) = probability of x events in time interval t 
� = Average number of events per unit time 
�t = Average value expected 

To define this distribution for an alpha scanning system, substitutions may be made giving: 

e &mm n 

P (n ; m ) ' 
n! 

(J-2) 

where: 
P(n; m) = probability of getting n counts when the average number expected is m 
m = �t , average number of counts expected 
n = x, number of counts actually detected 

For a given detector size, source activity, and scanning rate, the probability of getting n counts 
while passing over the source activity with the detector can be written as: 
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&GEd &GEtn n 
60 v GEd 60 GEt 

e e 
60 v 60 (J-3)

P (n ; m ) ' ' 
n! n! 

where: 
G = source activity (dpm) 
E = detector efficiency (4�) 
d = width of the detector in the direction of scan (cm) 
v = scan speed (cm/s) 
t = d/v, dwell time over source (s) 

If it is assumed that the detector background is equal to zero, then the probability of observing 
greater than or equal to 1 count, P(n$1), within a time interval t is: 

P ( n $ 1) ' 1 & P ( n ' 0)  (J-4) 

If it is also assumed that a single count is sufficient to cause a surveyor to stop and investigate 
further, then: 

& GEd 

P ( n $1) ' 1& P ( n ' 0)  ' 1& e 60 v (J-5) 

Figures J.1 through J.3 show this function plotted for three different detector sizes and four 
different source activity levels. Note that the source activity levels are given in terms of areal 
activity values (dpm per 100 cm2), the probe sizes are the dimensions of the probes in line with 
the direction of scanning, and the detection efficiency has been assumed to be 15%. The 
assumption is made that the areal activity is contained within a 100 cm2 area and that the detector 
completely passes over the area either in one or multiple passes. 

Once a count has been recorded and the surveyor stops, the surveyor should wait a sufficient 
period of time such that if the guideline level of contamination is present, the probability of 
getting another count is at least 90%. This minimum time interval can be calculated for given 
contamination guideline values by substituting the following parameters into Equation J-5 and 
solving: 
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P($1) = 0.9 
d/v = t 

G = CA 
100 

where: 
C = contamination guideline (dpm/100 cm2 ) 
A = Detector area (cm2 ) 

Giving: 

13800
t ' 

CAE 
(J-6) 

Equation J-3 can be solved to give the probability of getting any number of counts while passing 
over the source area, although the solutions can become long and complex.  Many portable 
proportional counters have background count rates on the order of 5 to 10 counts per minute and 
a single count will not give a surveyor cause to stop and investigate further.  If a surveyor did 
stop for every count, and subsequently waited a sufficiently long period to make sure that the 
previous count either was or wasn't caused by an elevated contamination level, little or no 
progress would be made. For these types of instruments, the surveyor usually will need to get at 
least 2 counts while passing over the source area before stopping for further investigation. 
Assuming this to be a valid assumption, Equation J-3 can be solved for n $ 2 as follows: 

P (n $2)  ' 1 & P ( n ' 0) & P ( n ' 1) 

& (GE %B ) t 

& 
(GE%B ) t & (GE %B ) t 

' 1& e 60 e 60 

60 (J-7) 

60' 1 & e 
& (GE %B ) t 

1 % (GE %B ) t 
60 

Where: 

P(n$2) = probability of getting 2 or more counts during the time interval t

P(n=0) = probability of not getting any counts during the time interval t

P(n=1) = probability of getting 1 count during the time interval t

B = background count rate (cpm)


All other variables are the same as in Equation J-3. 
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Figures J-4 through J-7 show this function plotted for three different probe sizes and three 
different source activity levels. The same assumptions were made when calculating these curves 
as were made for Figures J-1 through J-3 except that the background was assumed to be 7 counts 
per minute. 
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COMPARISON TABLES BETWEEN QUALITY 
ASSURANCE DOCUMENTS 

The comparison tables in this appendix provide a reference for the MARSSIM user who may not 
be familiar with developing a QAPP based on EPA QA/R-5 (EPA 1994c). The tables relate the 
basic recommendations and requirements of EPA QA/R-5 and other quality assurance documents 
the reader may be more familiar with. 

Each of the quality assurance documents compared in these tables was developed for a specific 
industry and scope. For this reason, there is not a direct comparison from one document to 
another. Rather, the tables are designed to show similarities between different quality assurance 
documents. In addition, there are topics specific to certain quality assurance documents that do 
not have a counterpart in these comparison tables. 

If there is no section listed as being comparable with a section of EPA QA/R-5, this does not 
necessarily mean that the topic is not covered by the quality assurance document. In some cases 
the topic may have been divided up into several subtopics that are distributed between other 
sections of the particular document. 

This appendix is not meant to provide a thorough cross-reference between different quality 
assurance documents. The purpose of these comparison tables is to demonstrate how the content 
of QAPPs might be arranged differently and show a user the location of important information 
concerning radiation surveys and site investigations. This might occur if the QAPP is developed 
using guidance the reviewer is unfamiliar with. 

EPA QA/R-5 is compared with five quality assurance documents in the following tables: 

! EPA QAMS-005/80 (EPA 1980d) 
! ASME NQA-1 (ASME 1989) 
! DOE Order 5700.6c (DOE 1991c) 
! MIL-Q-9858A (DOD 1963) 
! ISO 9000 (ISO 1987) 
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Table K.1 Comparison of EPA QA/R-5 and EPA QAMS-005/80 

EPA QA/R-5 Elements EPA QAMS-005/80 

A1 Title and Approval Sheet 1.0 Title Page with Provision for Approval 
Signatures 

A2 Table of Contents 2.0 Table of Contents 

A3 Distribution List 

A4 Project/Task Organization 4.0 Project Organization and Responsibility 

A5 Problem Definition/Background 3.0 Project Description 

A6 Project/Task Description 3.0 Project Description 

A7 Quality Objectives and Criteria for 
Measurement Data 

5.0 Quality Assurance Objectives for 
Measurement Data 

A8 Project Narrative 

A9 Special Training Requirements/Certification 

A10 Documentation and Records 

B1 Sampling Process Design 6.0 Sampling Procedures 

B2 Sampling Methods Requirements 6.0 Sampling Procedures 

B3 Sample Handling and Custody Requirements 7.0 Sample Custody 

B4 Analytical Methods Requirements 9.0 Analytical Methods 

B5 Quality Control Requirements 11.0 Internal Quality Control Checks and 
Frequency 

B6 Instrument/Equipment Testing, Inspection, 
and Maintenance Requirements 

13.0 Preventive Maintenance Procedures and 
Schedules 

B7 Instrument Calibration and Frequency 8.0 Calibration Procedures and Frequency 

B8 Inspection/Acceptance Requirements for 
Supplies and Consumables 

B9 Data Acquisition Requirements 

B10 Data Quality Management 

C1 Assessments and Response Actions 12.0 Assessment and Response Actions 
15.0 Corrective Actions 

C2 Reports to Management 16.0 Quality Assurance Reports to Management 

D1 Data Review, Validation, and Verification 
Requirements 

10.0 Data Reduction, Validation, and Reporting 

D2 Validation and Verification Methods 10.0 Data Reduction, Validation, and Reporting 

D3 Reconciliation with User Requirements 
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Table K.2 Comparison of EPA QA/R-5 and ASME NQA-1


EPA QA/R-5 Elements ASME NQA-1 Elements 

A1 Title and Approval Sheet 

A2 Table of Contents 

A3 Distribution List 

A4 Project/Task Organization 1. Organization 

A5 Problem Definition/Background 

A6 Project/Task Description 3. Design Control 

A7 Quality Objectives and Criteria for 
Measurement Data 

2. Quality Assurance Program 

A8 Project Narrative 8. Identification and Control of Items 

A9 Special Training Requirements/Certification 

A10 Documentation and Records 4. Procurement Document Control 
6. Document Control 

B1 Sampling Process Design 3. Design Control 

B2 Sampling Methods Requirements 5. Instructions, Procedures, and Drawings 

B3 Sample Handling and Custody Requirements 13. Handling, Storage, and Shipping 

B4 Analytical Methods Requirements 5. Instructions, Procedures, and Drawings 

B5 Quality Control Requirements 9. Control of Processes 
11. Test Control 

B6 Instrument/Equipment Testing, Inspection, 
and Maintenance Requirements 

10. Inspection 
12. Control of Measuring and Test Equipment 

B7 Instrument Calibration and Frequency 14. Inspection, Test, and Operating Status 

B8 Inspection/Acceptance Requirements for 
Supplies and Consumables 

7. Control of Purchased Items and Services 
8. Identification and Control of Items 

B9 Data Acquisition Requirements 

B10 Data Quality Management 

C1 Assessments and Response Actions 15. Control of Nonconforming Items 
16. Corrective Action 
18. Audits 

C2 Reports to Management 17. Quality Assurance Records 

D1 Data Review, Validation, and Verification 
Requirements 

D2 Validation and Verification Methods 

D3 Reconciliation with User Requirements 
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Table K.3 Comparison of EPA QA/R-5 and DOE Order 5700.6c 

EPA QA/R-5 Elements DOE Order 5700.6C Elements 

A1 Title and Approval Sheet 

A2 Table of Contents 

A3 Distribution List 

A4 Project/Task Organization 2 Personnel Training and Qualification 

A5 Problem Definition/Background 1 Program 

A6 Project/Task Description 

A7 Quality Objectives and Criteria for 
Measurement Data 

1 Program 

A8 Project Narrative 

A9 Special Training Requirements/Certification 2 Personnel Training and Qualification 

A10 Documentation and Records 4 Documents and Records 

B1 Sampling Process Design 6 Design 

B2 Sampling Methods Requirements 5 Work Processes 

B3 Sample Handling and Custody Requirements 

B4 Analytical Methods Requirements 5 Work Processes 

B5 Quality Control Requirements 

B6 Instrument/Equipment Testing, Inspection, 
and Maintenance Requirements 

8 Inspection and Acceptance Testing 

B7 Instrument Calibration and Frequency 

B8 Inspection/Acceptance Requirements for 
Supplies and Consumables 

7 Procurement 
8 Inspection and Acceptance Testing 

B9 Data Acquisition Requirements 

B10 Data Quality Management 

C1 Assessments and Response Actions 10 Independent Assessment 

C2 Reports to Management 9 Management Assessment 

D1 Data Review, Validation, and Verification 
Requirements 

D2 Validation and Verification Methods 

D3 Reconciliation with User Requirements 3 Quality Improvement 
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Table K.4 Comparison of EPA QA/R-5 and MIL-Q-9858A 

EPA QA/R-5 Elements MIL-Q-9858A Elements 

A1 Title and Approval Sheet 

A2 Table of Contents 

A3 Distribution List 

A4 Project/Task Organization 3.1 Organization 

A5 Problem Definition/Background 

A6 Project/Task Description 

A7 Quality Objectives and Criteria for 
Measurement Data 

3.2 Initial Quality Planning 

A8 Project Narrative 

A9 Special Training Requirements/Certification 

A10 Documentation and Records 3.4 Records 
4.1 Drawings, Documentation, and Changes 

B1 Sampling Process Design 

B2 Sampling Methods Requirements 3.3 Work Instructions 

B3 Sample Handling and Custody Requirements 6.4 Handling, Storage, and Delivery 

B4 Analytical Methods Requirements 3.3 Work Instructions 

B5 Quality Control Requirements 6.7 Identification of Inspection Status 

B6 Instrument/Equipment Testing, Inspection, 
and Maintenance Requirements 

4.2 Measuring and Test Equipment 

B7 Instrument Calibration and Frequency 4.2 Measuring and Test Equipment 

B8 Inspection/Acceptance Requirements for 
Supplies and Consumables 

5.0 Control of Purchases 
6.1 Materials and Material Control 

B9 Data Acquisition Requirements 

B10 Data Quality Management 3.4 Records 

C1 Assessments and Response Actions 3.5 Corrective Action 
6.5 Nonconforming Material 

C2 Reports to Management 3.6 Costs Related to Quality 

D1 Data Review, Validation, and Verification 
Requirements 

D2 Validation and Verification Methods 6.6 Statistical Quality Control 

D3 Reconciliation with User Requirements 

6.2 Production Processing and Fabrication 

6.3 Completed Item Inspection and Test 
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Table K.5 Comparison of EPA QA/R-5 and ISO 9000


EPA QA/R-5 Elements ISO 9000 Elements 

A1 Title and Approval Sheet 

A2 Table of Contents 

A3 Distribution List 

A4 Project/Task Organization 4 Management Responsibility 

A5 Problem Definition/Background 

A6 Project/Task Description 

A7 Quality Objectives and Criteria for 
Measurement Data 

5 Quality System Principles 
5.2 Structure of the Quality System 

A8 Project Narrative 

A9 Special Training Requirements/Certification 

A10 Documentation and Records 

B1 Sampling Process Design 8 Quality in Specification and Design 

B2 Sampling Methods Requirements 10 Quality in Production 

B3 Sample Handling and Custody Requirements 16 Handling and Post Production Functions 

B4 Analytical Methods Requirements 10 Quality in Production 

B5 Quality Control Requirements 11 Control of Production 

B6 Instrument/Equipment Testing, Inspection, 
and Maintenance Requirements 

13 Control of Measuring and Test Equipment 

B7 Instrument Calibration and Frequency 

B8 Inspection/Acceptance Requirements for 
Supplies and Consumables 

9 Quality in Procurement 
11.2 Material Control and Traceability 

B9 Data Acquisition Requirements 

B10 Data Quality Management 

C1 Assessments and Response Actions 5.4 Auditing the Quality System 
14 Nonconformity 
15 Corrective Action 

C2 Reports to Management 5.3 Documentation of the Quality System 
6 Economics—Quality Related Costs 

D1 Data Review, Validation, and Verification 
Requirements 

11.7 Control of Verification Status 

D2 Validation and Verification Methods 12 Verification Status 

D3 Reconciliation with User Requirements 

7 Quality in Marketing 
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REGIONAL RADIATION PROGRAM MANAGERS 

The following is a directory list of regional program managers in Federal agencies who 
administer radiation control activities and have responsibility for certain radiation protection 
activities. The telephone numbers and addresses in this appendix are subject to change without 
notice. A more complete directory list of professional personnel in state and local government 
agencies is available from the Conference of Radiation Control Program Directors, Inc. 
(CRCPD). This directory is updated and distributed yearly. To obtain a copy of this annual 
publication please contact: 

CRCPD

205 Capital Avenue

Frankfort, KY 40601


(502) 227-4543

http://www.crcpd.org


staff@crcpd.org
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L.1 Department of Energy (DOE) 

DOE Home Page 

Oak Ridge Operations Office

ORO Public Affairs Office

Post Office Box 2001

Oak Ridge, Tennessee 37831


Savannah River Operations Office

Department of Energy

Post Office Box A

Aiken, South Carolina 29808


Albuquerque Operations Office

Department of Energy

Post Office Box 5400

Albuquerque, New Mexico 87185-5400


http://www.doe.gov 

Telephone: (865) 576-1005

http://www.oakridge.doe.gov/


Telephone: (803) 725-2889

http://www.srs.gov/


Telephone: (505) 845-6202

http://www.doeal.gov/


Telephone: (630) 252-2000

http://www.ch.doe.gov/


Telephone: (208) 526-0833


Chicago Operations Office

Department of Energy

9700 South Cass Avenue

Argonne, Illinois 60439


Idaho Operations Office

Department of Energy

Post Office Box 1625

Idaho Falls, Idaho 83401


Oakland Operations Office

Department of Energy

1301 Clay Street

Oakland, California 94612


Richland Operations Office

Department of Energy

Post Office Box 550, A7-75

Richland, Washington 99352


Nevada Operations Office

Department of Energy

PO Box 98518

Las Vegas, NV 89193-8518


http://www.id.doe.gov/doeid/index.html 

Telephone: (510) 637-1762

http://www.oak.doe.gov/


Telephone: (509) 376-7501

http://www.hanford.gov/


Telephone: (702) 295-3521

http://www.nv.doe.gov/
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L.2 Environmental Protection Agency (EPA) 

EPA Home Page http://www.epa.gov 

Region 1 (CT, MA, ME, NH, RI, VT) 
U.S. Environmental Protection Agency Telephone: (888) 372-7341 
Region 1 (617) 918-1111 
1 Congress Street http://www.epa.gov/region01/ 
Boston, Massachusetts 02114-2023 

Region 2 (NJ, NY, PR, VI) 
U.S. Environmental Protection Agency Telephone: (212) 637-3000 
Region 2 http://www.epa.gov/Region2/ 
290 Broadway 
New York, New York 10007-1866 

Region 3 (DC, DE, MD, PA, VA, WV) 
U.S. Environmental Protection Agency Telephone: (215) 597-9800 
Region 3 (3CG00) (215) 814-5000 
1650 Arch Street (800) 438-2474 
Philadelphia, Pennsylvania 19103-2029 http://www.epa.gov/region03/ 

Region 4 (AL, FL, GA, KY, MS, NC, SC, TN) 
U.S. Environmental Protection Agency Telephone: (404) 562-9900 
Region 4 (800) 241-1754 
Atlanta Federal Center http://www.epa.gov/region4/ 
61 Forsyth Street, SW 
Atlanta, Georgia 30303-3104 

Region 5 (IL, IN, MI, MN, OH, WI) 
U.S. Environmental Protection Agency Telephone: (312) 353-2000 
Region 5 (800) 621-8431 
77 West Jackson Boulevard http://www.epa.gov/region5/ 
Chicago, Illinois 60604 
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Region 6	 (AR, LA, NM, OK, TX) 
U.S. Environmental Protection Agency Telephone: (214) 665-2200 
Region 6 (800) 887-6063 
1445 Ross Avenue, Suite 1200 http://www.epa.gov/earth1r6/index.htm 
Dallas, Texas 75202 

Region 7	 (IA, KS, MO, NE) 
U.S. Environmental Protection Agency Telephone: (913) 551-7003 
Region 7 (800) 223-0425 
901 North 5th Street http://www.epa.gov/rgytgrnj/ 
Kansas City, Kansas 66101 

Region 8	 (CO, MT, ND, SD, UT, WY) 
U.S. Environmental Protection Agency Telephone:(303) 312-6312 
Region 8 (800) 227-8917 
999 18th Street, Suite 500 http://www.epa.gov/unix0008/ 
Denver, Colorado 80202-2466 

Region 9	 (AZ, CA, HI, NV, American Samoa, and Guam) 
U.S. Environmental Protection Agency Telephone: (415) 947-8700 
Region 9 http://www.epa.gov/region09/ 
75 Hawthorne Street 
San Francisco, California 94105 

Region 10	 (AK, ID, OR, WA) 
U.S. Environmental Protection Agency Telephone: (206) 553-1200 
Region 10 (800) 424-4372 
1200 Sixth Avenue http://www.epa.gov/r10earth/ 
Seattle, Washington 98101 
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L.3  Nuclear Regulatory Commission (NRC) 

NRC Home Page http://www.nrc.gov 

Region I	 (CT, DC, DE, MA, MD, ME, NH, NJ, NY, PA, RI, VT) 
Administrator Telephone: (610) 337-5000 
U.S. Nuclear Regulatory Commission (800) 432-1156 
475 Allendale Road 
King of Prussia, Pennsylvania 19406-1415 

Region II	 (AL, FL, GA, KY, MS, NC, PR, SC, TN, VA, VI, WV, Panama Canal) 
Administrator Telephone: (404) 562-4400 
U.S. Nuclear Regulatory Commission (800) 577-8510 
Sam Nunn Atlanta Federal Center, 23 T85 
61 Forsyth Street, SW 
Atlanta, Georgia 30303-8931 

Region III	 (IA, IL, IN, MI, MN, MO, OH, WI) 
Administrator Telephone: (630) 829-9500 
U.S. Nuclear Regulatory Commission (800) 522-3025 
801 Warrenville Road 
Lisle, Illinois 60532-4351 

Region IV	 (AR, CO, ID, KS, LA, MT, NE, ND, NM, OK, SD, TX, UT, WY, AK, AZ, CA, 
HI, NV, OR, WA, Pacific Trust Territories) 
Administrator Telephone: (817) 860-8100 
U.S. Nuclear Regulatory Commission  (800) 952-9677 
Texas Health Resources Tower 
611 Ryan Plaza Drive, Suite 400 
Arlington, Texas 76011-8064 
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L.4 Department of the Army 

The following is a list of key personnel within the Department of the Army who 
administer radiation control activities and have responsibilities for certain radiation 
protection activities. 

Deputy for Environmental Safety & 
Occupational Health 

Office of the Assistant Secretary of the Army 
(Installations, Logistics, & Environment) 
110 Army Pentagon 
Washington, DC 20310-0110 

Director of Army Radiation Safety

Army Safety Office

DACS-SF

Chief of Staff

200 Army Pentagon

Washington, DC 20310-0200


Radiological Hygiene Consultant

Office of The Surgeon General

Walter Reed Army Medical Center

Attn: MCHL-HP

Washington, DC 20307-5001


Telephone: (703) 695-7824 

Telephone: (703) 695-7291 

Telephone: (301) 295-0267 
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L.5 Department of the Navy 

The following is a list of key personnel within the Department of the Navy who 
administer radiation control activities and have responsibilities for certain radiation 
protection activities.


Naval Radiation Safety Committee

Chief of Naval Operations (N455)

2211 S. Clark Place

Crystal Plaza #5, Room 680

Arlington, VA 22202-3735


Commander (SEA-07R)

Radiological Controls Program

Naval Sea Systems Command

2531 Jefferson Davis Highway

Arlington, VA 22242-5160


Officer in Charge

Radiological Affairs Support Office

P.O. Drawer 260

Yorktown, VA 23691-0260


Telephone: (703) 602-2582 

Telephone: (703) 602-1252 

Telephone: (757) 887-4692 
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L.6 Department of the Air Force 

The following is a list of key personnel within the Department of the Air Force who 
administer radiation control activities and have responsibilities for certain radiation 
protection activities. 

Chief, Materials Licensing

USAF Radioisotope Committee

AFMOA/SGOR

110 Luke Avenue, Room 405

Bolling AFB, DC 20332-7050


Chief, Consultant Branch

Radiation Services Division, Armstrong Laboratory

IERA/SDRH

2402 E Street

Brooks AFB, TX 78235-5114


Telephone: (202) 767-4313 

Telephone: (210) 536-3486 
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APPENDIX M 

SAMPLI NG METHODS: A LIST OF SOURCES 

M.1 Introduction 

Planning activities associated with field survey work include developing new and compiling or 
adopting existing sampling methods. The following listing includes documents that represent 
examples for the types of information one encounters when searching for sampling methods. 
This listing initially presents references that appear with brief annotations that characterize the 
information found in each document. 

Journal articles and books may list references that lead to still other types of useful information. 
Depending on survey needs, media being sampled, or site-specific requirements, one may follow 
these references to resources that describe other types of methods found in original papers or 
documents that appeared even as specific sampling techniques were first introduced. 

The present listing is not exhaustive. Other titles or resources for sampling methods are available 
through online literature databases; Federal, State, and university libraries; the internet; and other 
sources. 

M.2 List of Sources 

Department of Energy (DOE). 1987. The Environmental Survey Manual. DOE/EH-0053, Vol. 
1 of 4. DOE, Office of the Assistant Secretary for Environment, Safety, and Health, Office of 
Environmental Audit, Washington, D.C. 

!	 General Description of Document: Size: Approximately 188 pages (single sided)—This 
is the first of a four volume set that amounts to over 4 ins. (total thickness) of 
documentation related to environmental surveys. The first volume represents the main 
document, with the remaining three volumes contain eleven appendices. 

!	 Key Features of This Document: Unlike a number of other references listed here, this 
document does include information related to radionuclides and considers biota (animal, 
plant, and related sample types). Flow charts, checklists, planning diagrams, and figures 
help the reader to visualize a number of topics described in the text of all four volumes. 
Section 2 of this volume entertains topics related to a survey team’s activities and survey 
reports. Section 3 considers the use of existing data, followed by technical checklists in 
Section 4 and health and safety issues described in Section 5. 
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A quick review of this first volume reveals a limited amount of depth to the information 
presented. There is little descriptive How To Sample information given here. However, 
as an overview, the document is quite comprehensive and this may encourage a survey 
team to consider obtaining additional information relevant to a particular project need. 

Department of Energy (DOE). 1987. The Environmental Survey Manual: Appendices A, B, and 
C. DOE/EH-0053, Vol. 2 of 4. DOE, Office of the Assistant Secretary for Environment, Safety, 
and Health, Office of Environmental Audit, Washington, D.C. 

!	 General Description of Document: Size: Approximately 188 pages (double sided)—This 
second volume contains three of eleven appendices. 

!	 Key Features of This Document: The appendices include: A) Criteria for Data 
Evaluation, B) Checklists and Lines of Inquiry, and C) Health and Safety Plan for On-Site 
Survey Activities. 

Department of Energy (DOE). 1987. The Environmental Survey Manual: Appendix D. 
DOE/EH-0053, Vol. 3 of 4. DOE, Office of the Assistant Secretary for Environment, Safety, and 
Health, Office of Environmental Audit, Washington, D.C. 

!	 General Description of Document: Size: Approximately 438 pages (double sided)—This 
single volume is the largest part of the four part set and contains only one appendix: 
Appendix D - Analytical Methods. 

!	 Key Features of This Document: The topics presented here have little to do with sample 
collection and are mostly concerned with the types of compounds or constituents within a 
sample. A radiological section covers a number of radionuclides that one may encounter 
in a number of sample matrices—including in water, air, soil, and sediments. Again, this 
is an appendix dedicated to sample analysis. 

Department of Energy (DOE). 1987. The Environmental Survey Manual: Appendices E, F, G, 
H, I, J, and K. DOE/EH-0053, Vol. 4 of 4. DOE, Office of the Assistant Secretary for 
Environment, Safety, and Health, Office of Environmental Audit, Washington, D.C. 

!	 General Description of Document: Size: Approximately 312 pages (double sided)—This 
fourth and final volume includes seven appendices. 
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!	 Key Features of This Document: Appendix E is entitled Field Sampling Protocols and 
Guidance—which offers a number of site scenarios to describe an approach to sampling 
under varied conditions. Each scenario is followed by a set of sampling procedures 
appropriate for a particular sample matrix. This appendix is 216 pages in length making 
this the largest part of Volume 4. Diagrams are included to illustrate scenarios and the 
appearance of sampling equipment. 

The remaining appendices cover: F) guidelines for preparation of quality assurance plans, 
G) decontamination guidance, H) data management and analysis, I) sample and document 
management guidance, J) health and safety guidance for sampling and analysis teams, and 
K) documents for sampling and analysis program. 

Department of Energy (DOE). 1991. Environmental Regulatory Guide for Radiological Effluent 
Monitoring and Environmental Surveillance. DOE/EH-0173T, DOE, Assistant Secretary for 
Environment, Safety, and Health, Washington, D.C. (DE91-013607) 

!	 General Description of Document: Size: approximately 90 pages— This guide covers a 
number of topics related to radiation and environmental surveillance. 

!	 Key Features of This Document: To accomplish environmental surveillance, various 
sample types—from biotic (animal and plant) to abiotic (air, water, soil, etc.)—are 
considered in Chapter 5 (title: Environmental Surveillance). The basis for taking certain 
samples appears along with information on sample location and frequency.  A brief 
statement on sampling methods completes each section but procedures or techniques are 
not given in detail. References to other guidance documents on sampling are cited. The 
reader is directed to other sources to obtain additional regulatory information or 
descriptions of specific procedures. 

Chapter 6 provides information on laboratory procedures. Other chapters cover: liquid 
effluent monitoring, airborne effluent monitoring, meteorological monitoring, data 
analysis and statistical treatment, dose calculations, records and reports, quality assurance 
(QA), and reports. 

Department of Energy (DOE). 1994. Decommissioning Handbook. DOE/EM-0142P. DOE, 
Office of Environmental Restoration, Germantown, MD 

!	 General Description of Document: Size: Approximately 312 pages—The manual is 
essentially written for those involved in decommissioning a nuclear power facility. While 
not specifically focused on radiation sampling methods, this document may play a role in 
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identifying activities or sampling needs related to survey work before or during 
remediation at some Federal facilities. 

!	 Key Features of This Document: Chapter 6 presents information on final project 
configuration based on planning and as such speaks of site boundaries. Chapter 7 
presents topics related to characterization including on-site measurements. 

This document includes discussion and illustrations of robotic devices used in sampling 
operations. Perhaps only appropriate in extreme situations, the use of a robot for 
obtaining a sample may apply where radiation levels are high, dust or air quality pose 
problems, or where technical staff cannot physically reach a sample location due to 
structural limitations. 

Environmental Protection Agency (EPA). 1980. Samplers and Sampling Procedures for 
Hazardous Waste Streams. EPA-600/2-80-018, EPA, Municipal Environmental Research 
Laboratory, Cincinnati, OH. 

!	 General Description of Document: Size: 67 pages—the procedures listed here cover 
different types of media and include helpful diagrams of sampling devices. 

!	 Key Features of This Document: While not specifically geared to radioactive samples, 
this short manual outlines and presents information in a logical sequence—starting with 
descriptions of sampling devices, followed by discussion of selecting an appropriate 
device for various media (including samples taken from various sources; e.g., drum, 
barrel, waste pile), container types, labels, seals, use of a log book, chain of custody, 
sample receipt and logging, preservation and storage of samples, and references. The 
document includes five appendices, covering development of the composite liquid waste 
sampler, parts for constructing the sampler, checklist of items required in the field for 
sampling hazardous waste, random sampling, and systematic errors in using the 
composite liquid waste sampler. 

Environmental Protection Agency (EPA). 1982. Test Methods For Evaluating Solid Waste, 
Physical / Chemical Methods, 2nd Edition. EPA, Office of Solid Waste, Washington, D.C. 
(PB87-120291) 

!	 General Description of Document: Size: Approximately 375 pages—composed of 
chapters and methods that update the first edition of this volume. 
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!	 Key Features of This Document: Chapter 1 of this manual pulls together information 
from the first three chapters of the first edition. This includes a Sampling Methodology 
section that addresses statistics, sampling strategies and examples, implementing a 
sampling plan, plus tables and figures of sampling devices, etc. The main focus is on 
solid waste including metals and organics. Methods are described with the same format 
as indicated above in reference 1. As above, the methods include some information 
relevant to the field component of sampling work, but the remainder of each method 
essentially is most useful to laboratory personnel. 

Environmental Protection Agency (EPA). 1982. Handbook for Sampling and Sample 
Preservation of Water and Wastewater. EPA-600/4-82-029, EPA, Environmental Monitoring 
and Support Laboratory, Cincinnati, OH. (PB83-124503) 

!	 General Description of Document: Size: Approximately 500 pages—composed of 
information specifically focused on sample collection and preservation. While the 
document concerns only water sampling, this volume is comprehensive and even includes 
a chapter on Sampling Radioactive Materials. 

!	 Key Features of This Document: The handbook is geared to address sampling issues. 
The scope of the document covers all types or sources of water, including: municipal, 
industrial, surface, agricultural, ground, and drinking waters. Types of samples are 
defined and discussed, including grab and composite samples. Diagrams, tables, and 
forms are provided to illustrate key points raised in the text. Statistical methods and 
related tables are provided. Each topic is accompanied by references. The chapter on 
radioactive samples is brief but touches on: background, radioactive decay, detection 
capability, frequency of sampling, sampling location, sample volume, containers, 
filtration, preservation, general procedures, radiation safety, and references. 

Environmental Protection Agency (EPA). 1984. Soil Sampling Quality Assurance User’s 
Guide. EPA 600/4-84-043, EPA, Environmental Monitoring Systems Laboratory, Office of 
Research and Development, Las Vegas, NV. 

!	 General Description of Document: Size: 102 pages—The introduction to this document 
starts with: “An adequate quality assurance/quality control (QA/QC) program requires 
the identifi cation and quantifi cation of all sources of error associated with each step of a 
monitoring program so that the resulting data will be of known quality. the components 
of error, or variance, include those associated with sampling, sample preparation, 
extraction, analysis, and residual error.” 
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!	 Key Features of This Document: Because of potential inhomogeneity in soil samples, the 
authors state this QA/QC document is specifically concerned with soil sampling.  The 
general outline of the document includes: objectives of QA/QC, statistics, exploratory 
studies, sample number and sample sites, sample collection, sample handling and 
documentation, analysis and interpretation of QA/QC data, and systems audits and 
training. References are provided followed by two appendices covering sample number 
precision and confidence plus tables for use in calculating confidence tolerance limits and 
judging validity of measurements. 

The sample collection chapter is very brief and does not specifically outline methods or 
types of equipment. This and the following chapter on sample handling and 
documentation mention relevant topics in light of QA/QC. 

Environmental Protection Agency (EPA). 1986. Engineering Support Branch Standard 
Operating Procedures and Quality Assurance Manual. EPA, Region IV, Environmental 
Services Division, Athens, GA. (Sections 3 to 5 reviewed) 

!	 General Description of Document: Size: approximately 90 pages (single sided)—The 
introduction states: “The objectives of this section are to present the Branch standard 
operating procedures for sample identification, sample control and chain of custody, 
maintenance of field records, and document control. 

!	 Key Features of This Document: The basic format of the document is that of a 
compendium of standard operating procedures bound in one volume. Each Standard 
Operating Procedure (SOP) is several pages and is dedicated to a specific topic. A five 
page outline pertaining to sampling procedures presents a brief overview that is a 
relatively typical treatment of this topic. Sample preservation, for example, is 
summarized with five bullet points. The next section offers a three page listing of 
definitions covering grab, composite, split, duplicate, reference or control, and 
background samples, plus a very brief definition for sample aliquot. 

The document lacks figures but does include descriptive notes for equipment and 
methods related to taking samples of waste water, surface water (fresh and salt water), 
ground water, potable water supply, soil, samples from landfills and hazardous waste 
sites, followed by references. The last part of the guide include information on making 
flow measurements. 

The document does not appear to focus on radioactive materials, but as with other 
documents the information can in part be used in conjunction with obtaining radioactive 
samples. 
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Environmental Protection Agency (EPA). 1987. A Compendium of Superfund Field Operations 
Methods. EPA/540/P-87/001, EPA, Office of Emergency and Remedial Response, Washington, 
D.C. 

!	 General Description of Document: Size: Approximately 375 pages—the size and title of 
this document is a clue to the comprehensive nature of this volume. In brief, the text of 
this document provides a potentially valuable resource to field workers involved with 
Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) surveys. 
While relatively complete—in that the document covers a broad range of topics—some 
readers may desire additional depth to the information provided here. Conversely, 
planners and field personnel might gain added insight by considering the broad range of 
topics included here before approaching the survey process. 

!	 Key Features of This Document: Perhaps the best summary of this compendium is 
provided by a listing of sections, as follows: 1) Use of the Compendium, 2) Preparation 
of Project Description and Statement of Objectives, 3) Implementing Field Objectives, 4) 
Sample Control, Including Chain of Custody, 5) Laboratory Interface, 6) Sample 
Containers, Preservation, and Shipping, 7) Field Methods for Screening Hazardous 
Material, 8) Earth Sciences (i.e., drilling, excavations, reconnaissance, geophysics, and 
ground water), 9) Earth Sciences Laboratory Procedures, 10) Surface Hydrology, 11) 
Meteorology and Air Quality, 12) Specialized Sampling Techniques (e.g., wipes, human 
habitation sampling, TCDD, and container sampling), 14) Land Surveying, Aerial 
Photography, and Mapping, 15) Field Instrumentation (a comprehensive treatment 
including radiation monitors), 16) data handling, 17) Document Control, 18) Corrective 
Action, 19) QA Audit Procedures, and 20) QA Reporting. 

That this document serves objectives set forth by Superfund—and is not specifically 
focused on radionuclide sampling—in no way diminishes the importance of the 
compendium’s complete overview of field sampling equipment and activities. 

Environmental Protection Agency (EPA). 1989. Test Methods For Evaluating Solid Waste 
Physical / Chemical Methods - Third Edition Proposed Update Package. EPA, Office of Solid 
Waste, Washington, D.C. (PB89-148076) 

!	 General Description of Document: Size Approximately 500 pages—composed of several 
updated chapters and 46 methods that are described by text and graphics. Only methods 
that are updated from 2nd Edition appear in this volume. 
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!	 Key Features of This Document: Chapters 1, 2, 4, and 7 describe QC, Choosing the 
Correct Procedure, Organic Analytes, and Regulatory Definitions, respectively.  Of 
primary interest are the 46 methods that are described in what constitutes the bulk of this 
document. However, as is evident from some of the first methods listed for organics, 
sample collection techniques are only briefly touched on by a section of Chapter Four. 
This essentially makes the methods laboratory oriented protocols and the only reference 
to field methods appears in the text of a short chapter as opposed to part of each method. 
Some methods do list Sample Collection, Preservation, and Handling information with 
emphasis on use of containers, acidification or refrigeration, or a brief set of points to 
consider when preparing to go out to the field. 

Each method includes a method number and a title, plus the following information: 
1) Scope and Application, 2) Summary of Method, 3) Interferences, 4) Apparatus and 
Materials, 5) Reagents, 6) Sample Collection, Preservation, and Handling, 7) Procedure, 
8) QC, 9) Method Performance, and 10) References. Diagrams, flow charts, and tables 
follow the initial sequence of sections. 

The listing of methods include Method 9320 for Radium-228, Method 9310 for Gross 
Alpha & Gross Beta, and Method 9315 for Alpha-Emitting Radium Isotopes. These 
methods do not appear in the bound volume used for this review and thus no further 
comment is offered here. 

Environmental Protection Agency (EPA). 1991. Compendium of ERT Surface Water and 
Sediment Sampling Procedures. OSWER Directive 9360.4-03, EPA, Office of Emergency and 
Remedial Response, Washington, D.C. (PB91-921274) 

!	 General Description of Document: Size: 31 pages—this document includes three 
standard operating procedures (SOPs), the first of which is the same as the first SOP 
listed in the document described below. 

!	 Key Features of This Document: The three SOPs included in this document include: 1) 
Sampling Equipment Decontamination, 2) Surface Water Sampling, and 3) Sediment 
Sampling.  Each SOP is similar in content with sections that cover: scope, method 
summary, preservation, containers, equipment, apparatus, etc. 

Environmental Protection Agency (EPA). 1991. Compendium of ERT Ground water Sampling 
Procedures. OSWER Directive 9360.4-06, EPA, Office of Emergency and Remedial 
Response, Washington, D.C. (PB91-921275) 
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!	 General Description of Document: Size: 71 pages—this document embodies eight 
standard operating procedures (SOPs) with a similar format as that described above. 

!	 Key Features of This Document: The SOPs covered in this document include sampling 
equipment decontamination, ground water well sampling, soil gas samples, installing 
monitor wells, water level measurements, and other topics related to ground water and 
wells. 

Environmental Protection Agency (EPA). 1991. Compendium of ERT Soil Sampling and 
Surface Geophysics Procedures. OSWER Directive 9360.4-02, EPA, Office of Emergency and 
Remedial Response, Washington, D.C. (PB91-921273) 

!	 General Description of Document: Size: 39 pages—this document lists four standard 
operating procedures (SOPs) for soil sampling—with a similar format as that described 
above. 

!	 Key Features of This Document: The SOPs covered in this document include sampling 
equipment decontamination, soil sampling, soil gas sampling, and soil sampling and 
surface geophysics. The SOP for soil sampling is five pages in length. This treatment 
essentially covers samples collected from the soil surface, to use of augers and tube 
samplers, a trier, split-spoon (barrel) sampler, and excavation techniques. 

Environmental Protection Agency (EPA). 1991. Environmental Compliance Branch Standard 
Operating Procedures and Quality Assurance Manual. EPA, Region IV, Environmental 
Services Division, Athens, GA. 

!	 General Description of Document: Size: Approximately 500 pages (single sided)—This 
document is presented with seven sections and eleven appendices. The main sections 
cover standard operating polices and procedures which relates to the Region IV 
laboratory’s administrative functions to SOPs that are specifically focused on sampling 
activities. 

!	 Key Features of This Document: Sections 3 and 4 are of primary importance when 
thinking of sample control, field record keeping, document control and sampling 
procedures. Section 4 on sampling procedures is descriptive—without diagrams or 
figures—and quite comprehensive in that this section touches on a multitude of topics not 
mentioned in a number of other guides, including: selection of parameters to be 
measured, holding time, cross contamination, and Data Quality Objectives (DQOs) 
(described as Level I to V). The sampling of soil, water, and air are covered in this 
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section with many of the subsections covering topics that are common to other documents 
reviewed here. A number of example forms are presented, including several that relate to 
State programs. Section 6 covers field analytical methods and Section 7 describes field 
physical measurements. 

The appendices include helpful information relevant to sampling, including: A) sample 
containers, preservation, holding times, and permissible sample type, B) standard 
cleaning procedures, C) shipping procedures, D) standard field analytical methods, E) 
monitoring wells, F) pump operation procedures, G) air monitoring, H) wastewater field 
methods, I) saturation monitoring, and K) safety protocols. 

Environmental Protection Agency (EPA). 1992. Characterizing Heterogeneous Waste: 
Methods and Recommendations. EPA/600/R92/033, EPA, Environmental Monitoring Systems 
Laboratory, Office of Research and Development, Las Vegas, NV. (PB92-216894) 

!	 General Description of Document: Size: 144 pages—the focus of this document is on all 
types of waste materials that one might encounter. The base scenario appears to be one 
where a drum is encountered and the objective is to work to a point when the drum 
contents are understood. Because a drum may include more than one type of waste, this 
document provides a review of a wide variety of materials one might expect when 
surveying a site. 

!	 Key Features of This Document: The table of contents reveals that the text attempts to 
provide a complete picture, from definitions of terms, to planning studies, QA/QC and 
data assessment, to sample acquisition, and steps that follow to the lab and what makes 
the characterization process a success. Radioactive waste materials, along with organics, 
solids, liquids, etc., are covered, but in a relatively brief fashion. The model scenario of 
dealing with wastes in a drum is incorporated into a hypothetical example in an appendix. 

Environmental Protection Agency (EPA). 1992. Preparation of Soil Sampling Protocols: 
Sampling Techniques and Strategies. EPA/600/R92/128, EPA, Office of Research and 
Development, Washington, DC. (PB92-220532) 

!	 General Description of Document: Size: 174 pages—this document summarizes various 
statistical and geostatistical concepts and procedures pertaining to the design, 
implementation, and data interpretation of appropriate sampling designs. 

!	 Key Features of This Document: This document focuses on applying the concept of the 
Data Life Cycle to soil sampling.  The document describes statistical concepts that apply 
to soil sampling, including particulate sampling theory. Types of samples, numbers of 
samples, and size of samples as well as methods for sampling soils from conveyor belts 
and stockpiles are also discussed. A bibliography is provided. 
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Data Validation Using Data Descriptors 

Data validation is often defined by six data descriptors: 

1) reports to decision maker 
2) documentation 
3) data sources 
4) analytical method and detection limit 
5) data review 
6) data quality indicators 

The decision maker or reviewer examines the data, documentation, and reports for each of the six 
data descriptors to determine if performance is within the limits specified in the DQOs developed 
during survey planning. The data validation process should be conducted according to 
procedures documented in the QAPP. 

N.1 Reports to Decision Maker 

Data and documentation supplied to the decision maker should be evaluated for completeness 
and appropriateness and to determine if any changes were made to the survey plan during the 
course of work. The survey plan discusses the surveying, sampling, and analytical design and 
contains the QAPP and DQOs. The decision maker should receive all data as collected plus 
preliminary and final data reports. The final decision on qualifying or rejecting data will be made 
during the assessment of environmental data. All data, including qualified or rejected data, 
should be documented and recorded even if the data are not included in the final report. 

Preliminary analytical data reports allow the decision maker to begin the assessment process as 
soon as the surveying effort has begun. These initial reports have three functions. 

1)	 For scoping or characterization survey data, they allow the decision maker to begin to 
characterize the site on the basis of actual data. Radionuclides of interest will be 
identified and the variability in concentration can be estimated. 

2)	 They allow potential measurement problems to be identified and the need for corrective 
action can be assessed. 

3)	 Schedules are more likely to be met if the planning of subsequent survey activities can 
begin before the final data reports are produced. 

August 2000 N-1 MARSSIM, Revision 1 



Appendix N 

N.2 Documentation 

Three types of documentation should be assessed: (1) field operation records; (2) laboratory 
records; and (3) data handling records (EPA 1997a). 

N.2.1 Field Operation Records 

The information contained in these records documents overall field operations and generally 
consists of the following: 

!	 Field measurement records. These records show that the proper measurement protocol 
was performed in the field. At a minimum, this documentation should include the names 
of the persons conducting the activity, measurement identification, measurement 
locations, measurement results, maps and diagrams, equipment and SOP used, and 
unusual observations. Bound field notebooks are generally used to record raw data and 
make references to prescribed procedures and changes in planned activities. Data 
recording forms might also be used. A document control system should be used for these 
records to control attributes such as formatting to include pre-numbered pages with date 
and signature lines. 

!	 Sample tracking records. Sample tracking records (e.g., chain-of-custody) document the 
progression of samples as they travel from the original sampling location to the laboratory 
and finally to disposal (see Section 7.7). 

!	 QC measurement records. QC measurement records document the performance of QC 
measurements in the field. These records should include calibration and standards’ 
traceability documentation that can be used to provide a reproducible reference point to 
which all similar measurements can be correlated. QC measurement records should 
contain information on the frequency, conditions, level of standards, and instrument 
calibration history. 

!	 Personnel files. Personnel files record the names and training certificates of the staff 
collecting the data. 

!	 General field procedures. General field procedures (e.g., SOPs) record the procedures 
used in the field to collect data and outline potential areas of difficulty in performing 
measurements. 

!	 Deficiency and problem identification reports. These reports document problems and 
deficiencies encountered as well as suggestions for process improvement. 

MARSSIM, Revision 1 N-2 August 2000 



Appendix N 

!	 Corrective action reports. Corrective action reports show what methods were used in 
cases where general field practices or other standard procedures were violated and include 
the methods used to resolve noncompliance. 

N.2.2 Laboratory Records 

The following list describes some of the laboratory-specific records that should be compiled if 
available and appropriate: 

!	 Laboratory measurement results and sample data. These records contain information on 
the sample analysis used to verify that prescribed analytical methods were followed. The 
overall number of samples, sample identification, sample measurement results, any 
deviations from the SOPs, time of day, and date should be included. Sample location 
information might also be provided. 

!	 Sample management records. Sample management records should document sample 
receipt, handling and storage, and scheduling of analyses. The records will verify that 
sample tracking requirements were maintained, reflect any anomalies in the samples (e.g., 
receipt of damaged samples), and note proper log-in of samples into the laboratory. 

!	 Test methods. Unless analyses were performed exactly as prescribed by SOPs, this 
documentation will describe how the analyses were carried out in the laboratory.  This 
documentation includes sample preparation and analysis, instrument standardization, 
detection and reporting limits, and method-specific QC requirements. Documentation 
demonstrating laboratory proficiency with each method used could also be a part of the 
data reporting package, particularly for subcontracted work. 

!	 QC measurement records. These include the general QC records, such as initial 
demonstration of capability, instrument calibration, routine monitoring of analytical 
performance, calibration verification, etc., considered in Section 7.3 for selecting a 
radioanalytical laboratory.  Project-specific information from the QC checks such as 
blanks, spikes, calibration check samples, replicates, splits, and so on should be included 
in these reports to facilitate data quality analysis. 

!	 Deficiency and problem identification reports. These reports document problems and 
deficiencies encountered as well as suggestions for process improvement. 

!	 Corrective action reports. Corrective action reports show what methods were used in 
cases where general laboratory practices or other standard procedures were violated and 
include the methods used to resolve noncompliance. Corrective action procedures to 
replace samples violating the SOP also should be noted. 
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N.2.3 Data Handling Records 

Data handling records document protocols used in data reduction, verification, and validation. 
Data reduction addresses data transformation operations such as converting raw data into 
reportable quantities and units, using significant figures, calculating measurement uncertainties, 
etc. The records document procedures for handling data corrections. 

N.3 Data Sources 

Data source assessment involves the evaluation and use of historical analytical data. Historical 
analytical data should be evaluated according to data quality indicators and not the source of the 
data (e.g., analytical protocols may have changed significantly over time). Data quality 
indicators are qualitative and quantitative descriptors used in interpreting the degree of 
acceptability or utility of data. Historical data sources are addressed during the Historical Site 
Assessment, and are discussed in Section 3.4.1. 

N.4 Analytical Method and Detection Limit 

The selection of appropriate analytical methods based on detection limits is important to survey 
planning. The detection limit of the method directly affects the usability of the data because 
results near the detection limit have a greater possibility of false negatives and false positives. 
Results near the detection limit have increased measurement uncertainty. When the 
measurement uncertainty becomes large compared to the variability in the radionuclide 
concentration, it becomes more difficult to demonstrate compliance using the guidance provided 
in MARSSIM. 

The decision maker compares detection limits (i.e., minimum detectable concentrations; MDCs) 
with radionuclide-specific results to determine their effectiveness in relation to the DCGL. 
Assessment of preliminary data reports provides an opportunity to review the detection limits 
early and resolve any detection sensitivity problems. When a radionuclide is reported as not 
detected, the result can only be used with confidence if the MDCs reported are lower than the 
DCGL. 

If the DCGL is less than or equal to the MDC, and the radionuclide is not detected, report the 
actual result of the analysis. Do not report data as “less than the detection limit.”  Even negative 
results and results with large uncertainties can be used in the statistical tests described in Chapter 
8. Results reported as “<MDC” cannot be fully used and, for example, complicate even such 
simple analyses as calculating an average. When the MDC reported for a radionuclide is near the 
DCGL, the confidence in both identification and quantitation may be low. Information 
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concerning non-detects or detections at or near MDCs should be qualified according to the 
degree of acceptable uncertainty. 

N.5 Data Review 

Data review begins with an assessment of the quality of analytical results and is performed by a

professional with knowledge of the analytical procedures. Only data that are reviewed according

to a specified level or plan should be used in the quantitative site investigation. Any analytical

errors, or limitations in the data that are identified by the review, should be noted. An

explanation of data qualifiers should be included with the review report.


All data should receive some level of review. Data that have not been reviewed should be

identified, because the lack of review increases the uncertainty in the data. Unreviewed data may

lead to Type I and Type II decision errors, and may also contain transcription errors and

calculation errors. Data may be used in the preliminary assessment before review, but should be

reviewed at a predetermined level before use in the final survey report.


Depending on the survey objectives, the level and depth of the data review varies. The level and

depth of the data review may be determined during the planning process and should include an

examination of laboratory and method performance for the measurements and radionuclides

involved. This examination includes


! evaluation of data completeness

! verification of instrument calibration

! measurement of precision using duplicates, replicates, or split samples

! measurement of bias using reference materials or spikes

! examination of blanks for contamination

! assessment of adherence to method specifications and QC limits

! evaluation of method performance in the sample matrix

! applicability and validation of analytical procedures for site-specific measurements

! assessment of external QC measurement results and QA assessments


A different level or depth of data review may be indicated by the results of this evaluation. 

Specific data review procedures are dependent upon the survey objectives and should be

documented in the QAPP.
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N.6 Data Quality Indicators 

The assessment of data quality indicators presented in this section is significant to determine data 
usability. The principal data quality indicators are precision, bias, representativeness, 
comparability, and completeness (EPA 1997a). Other data quality indicators affecting the RSSI 
process include the selection and classification of survey units, Type I and Type II decision error 
rates, the variability in the radionuclide concentration measured within the survey unit, and the 
lower bound of the gray region (see Section 2.3.1). 

Of the six principal data quality indicators, precision and bias are quantitative measures, 
representativeness and comparability are qualitative, completeness is a combination of both 
qualitative and quantitative measures, and accuracy is a combination of precision and bias. The 
selection and classification of survey units is qualitative, while decision error rates, variability, 
and the lower bound of the gray region are quantitative measures. 

The major activity in determining the usability of data based on survey activities is assessing the 
effectiveness of measurements. Scanning and direct measurements taken during survey activities 
and samples collected for analysis should meet site-specific objectives based on scoping and 
planning decisions. 

Determining the usability of analytical results begins with the review of QC measurements and 
qualifiers to assess the measurement result and the performance of the analytical method. If an 
error in the data is discovered, it is more important to evaluate the effect of the error on the data 
than to determine the source of the error. The documentation described in Section N.2 is 
reviewed as a whole for some criteria. Data are reviewed at the measurement level for other 
criteria. 

Factors affecting the accuracy of identification and the precision and bias of quantitation of 
individual radionuclides, such as calibration and recoveries, should be examined radionuclide by 
radionuclide. Table N.1 presents a summary of the QC measurements and the data use 
implications. 

N.6.1 Precision 

Precision is a measure of agreement among replicate measurements of the same property under 
prescribed similar conditions. This agreement is calculated as either the range or the standard 
deviation. It may also be expressed as a percentage of the mean of the measurements such as 
relative range (for duplicates) or coefficient of variation. 
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Table N.1 Use of Quality Control Data 

Quality Control 
Criterion 

Effect on Identification When 
Criterion is Not Met Quantitative 

Bias 
Use 

Spikes (Higher than 
expected result) 

Potential for incorrectly 
deciding a survey unit does not 
meet the release criterion 
(Type II decision error) 

High Use data as upper limit 

Spikes (Lower than 
expected result) 

Potential for incorrectly 
deciding a survey unit does 
meet the release criteriona 

(Type I decision error) 

Low Use data as lower limit 

Replicates 
(Inconsistent) 

None, unless analyte found in 
one duplicate and not the 
other—then either Type I or 
Type II decision error 

High or Lowb Use data as 
estimate—poor precision 

Blanks (Contaminated) Potential for incorrectly 
deciding a survey unit does not 
meet the release criterion 
(Type II decision error) 

High Check for gross 
contamination or 
instrument malfunction 

Calibration (Bias) Potential for Type I or Type II 
decision errors 

High or Lowb Use data as estimate 
unless problem is 
extreme 

a Only likely if recovery is near zero. 
b Effect on bias determined by examination of data for each radionuclide. 

For scanning and direct measurements, precision may be specified for a single person performing 
the measurement or as a comparison between people performing the same measurement.  For 
laboratory analyses, precision may be specified as either intralaboratory (within a laboratory) or 
interlaboratory (between laboratories). Precision estimates based on a single surveyor or 
laboratory represent the agreement expected when the same person or laboratory uses the same 
method to perform multiple measurements of the same location. Precision estimates based on 
two or more surveyors or laboratories refer to the agreement expected when different people or 
laboratories perform the same measurement using the same method. 

The two basic activities performed in the assessment of precision are estimating the radionuclide 
concentration variability from the measurement locations and estimating the measurement error 
attributable to the data collection process. The level for each of these performance measures 
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should be specified during development of DQOs. If the statistical performance objectives are 
not met, additional measurements should be taken or one (or more) of the performance 
parameters changed. 

Measurement error is estimated using the results of replicate measurements, as discussed in 
Chapter 6 for field measurements and Chapter 7 for laboratory measurements. When collocated 
measurements are performed (in the field or in the laboratory) an estimate of total precision is 
obtained. When collocated samples are not available for laboratory analysis, a sample 
subdivided in the field and preserved separately can be used to assess the variability of sample 
handling, preservation, and storage along with the variability in the analytical process, but 
variability in sample acquisition is not included. When only variability in the analytical process 
is desired, a sample can be subdivided in the laboratory prior to analysis. 

Summary statistics such as sample mean and sample variance can provide as assessment of the 
precision of a measurement system or component thereof for a project. These statistics may be 
used to estimate precision at discrete concentration levels, average estimated precision over 
applicable concentration ranges, or provide the basis for a continual assessment of precision for 
future measurements. Methods for calculating and reporting precision are provided in EPA 
Guidance for Quality Assurance Project Plans (EPA 1997a). 

Table N.2 presents the minimum considerations, impacts if the considerations are not met, and 
corrective actions for precision. 

N.6.2 Bias 

Bias is the systematic or persistent distortion of a measurement process that causes errors in one 
direction. Bias assessments for radioanalytical measurements should be made using personnel, 
equipment, and spiking materials or reference materials as independent as possible from those 
used in the calibration of the measurement system. When possible, bias assessments should be 
based on certified reference materials rather than matrix spikes or water spikes so that the effect 
of the matrix and the chemical composition of the contamination is incorporated into the 
assessment. While matrix spikes include matrix effects, the addition of a small amount of liquid 
spike does not always reflect the chemical composition of the contamination in the sample 
matrix. Water spikes do not account for either matrix effects or chemical composition of the 
contamination. When spikes are used to assess bias, a documented spiking protocol and 
consistency in following that protocol are important to obtaining meaningful data quality 
estimates. 
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Table N.2 Minimum Considerations for Precision, 
Impact if Not Met, and Corrective Actions 

Minimum Considerations for 
Precision 

Impact When Minimum 
Considerations Are Not Met Corrective Action 

Confidence level as specified 
in DQOs. 

Power as specified in DQOs. 

Minimum detectable relative 
differences specified in the 
survey design and modified 
after analysis of background 
measurements if necessary 

One set of field duplicates or 
more as specified in the survey 
design. 

Analytical duplicates and splits 
as specified in the survey 
design. 

Measurement error specified. 

Errors in decisions to act or not 
to act based on analytical data. 

Unacceptable level of 
uncertainty. 

Increased variability of 
quantitative results. 

Potential for incorrectly 
deciding a survey unit does 
meet the release criterion for 
measurements near the 
detection limits (Type I 
decision error). 

For Surveying and Sampling: 

Add survey or sample locations based 
on information from available data that 
are known to be representative. 

Adjust performance objectives. 

For Analysis: 

Analysis of new duplicate samples. 

Review laboratory protocols to ensure 
comparability. 

Use precision measurements to 
determine confidence limits for the 
effects on the data. 

The investigator can use the maximum 
measurement results to set an upper 
bound on the uncertainty if there is too 
much variability in the analyses. 

Activity levels for bias assessment measurements should cover the range of expected 
contaminant concentrations, although the minimum activity is usually at least five times the 
MDC. For many final status surveys, the expected contaminant concentration is zero or 
background, so the highest activity will be associated with the bias assessment measurements. 
The minimum and maximum concentrations allowable in bias assessment samples should be 
agreed on during survey planning activities to prevent accidental contamination of the 
environment or an environmental level radioanalytical laboratory. 

For scanning and direct measurements there are a limited number of options available for 
performing bias assessment measurements. Perhaps the best estimate of bias for scanning and 
direct measurements is to collect samples from locations where scans or direct measurements 
were performed, analyze the samples in a laboratory, and compare the results. Problems 
associated with this method include the time required to obtain the results and the difficulty in 
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obtaining samples that are representative of the field measurement to provide comparable results. 
A simple method of demonstrating that analytical bias is not a significant problem for scanning 
or direct measurements is to use the instrument performance checks to demonstrate the lack of 
analytical bias. A control chart can be used to determine the variability of a specific instrument 
and track the instrument performance throughout the course of the survey. Field background 
measurements can also be plotted on a control chart to estimate bias caused by contamination of 
the instrument. 

There are several types of bias assessment samples available for laboratory analyses as discussed 
in Chapter 7. Field blanks can be evaluated to estimate the potential bias caused by 
contamination from sample collection, preparation, shipping, and storage. 

Table N.3 presents the minimum considerations, impacts if the considerations are not met, and 
corrective actions for bias. 

Table N.3 Mi nimum Considerations for Bias, 
Impact if Not Met, and Corrective Actions 

Minimum Considerations for 
Bias 

Impact When Minimum 
Considerations Are Not Met Corrective Action 

Matrix spikes to assess bias of 
non-detects and positive sample 
results if specified in the survey 
design. 

Analytical spikes as specified in 
the survey design. 

Use analytical methods (routine 
methods whenever possible) that 
specify expected or required 
recovery ranges using spikes or 
other QC measures. 

No radionuclides of potential 
concern detected in the blanks. 

Potential for incorrectly deciding a 
survey unit does meet the release 
criterion (Type I decision error): if 
spike recovery is low, it is 
probable that the method or 
analysis is biased low for that 
radionuclide and values of all 
related samples may underestimate 
the actual concentration. 

Potential for incorrectly deciding a 
survey unit does not meet the 
release criterion (Type II decision 
error): if spike recovery exceeds 
100%, interferences may be 
present, and it is probable that the 
method or analysis is biased high. 
Analytical results overestimate the 
true concentration of the spiked 
radionuclide. 

Consider resampling at affected 
locations. 

If recoveries are extremely low or 
extremely high, the investigator 
should consult with a 
radiochemist or health physicist 
to identify a more appropriate 
method for reanalysis of the 
samples. 
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N.6.3 Accuracy 

Accuracy is a measure of the closeness of an individual measurement or the average of a number 
of measurements to the true value (EPA 1997a). Accuracy includes a combination of random 
error (precision) and systematic error (bias) components that result from performing 
measurements. Systematic and random uncertainties (or errors) are discussed in more detail in 
Section 6.8.1. 

Accuracy is determined by analyzing a reference material of known contaminant concentration or 
by reanalyzing material to which a known concentration of contaminant has been added. To be 
accurate, data must be both precise and unbiased. Using the analogy of archery, to be accurate 
one’s arrows must land close together and, on average, at the spot where they are aimed. That is, 
the arrows must all land near the bull’s eye (see Figure N.1). 

(d)  low bias + high precision = high accuracy (c)  high bias + high precision = low accuracy 

(b)  low bias + low precision = low accuracy (a)  high bias + low precision = low accuracy 

* * 

* * 
* * 

* 
* 

* * 

* 
* * * 

* * 

****** *
*

* * * ** * 
* * 

Figure N.1 Measurement Bias and Random Measurement Uncertainty 

August 2000 N-11 MARSSIM, Revision 1 



Appendix N 

Accuracy is usually expressed either as a percent recovery or as a percent bias. Determination of 
accuracy always includes the effects of variability (precision); therefore, accuracy is used as a 
combination of bias and precision. The combination is known statistically as mean square error. 
Mean square error is the quantitative term for overall quality of individual measurements or 
estimators. 

Mean square error is the sum of the variance plus the square of the bias. (The bias is squared to 
eliminate concern over whether the bias is positive or negative.) Frequently it is impossible to 
quantify all of the components of the mean square error—especially the biases—but it is 
important to attempt to quantify the magnitude of such potential biases, often by comparison with 
auxiliary data. 

N.6.4 Representativeness 

Representativeness is a measure of the degree to which data accurately and precisely represent a 
characteristic of a population parameter at a sampling point or for a process condition or 
environmental condition. Representativeness is a qualitative term that should be evaluated to 
determine whether in situ and other measurements are made and physical samples collected in 
such a manner that the resulting data appropriately reflect the media and contamination measured 
or studied. 

Representativeness of data is critical to data usability assessments. The results of the 
environmental radiological survey will be biased to the degree that the data do not reflect the 
radionuclides and concentrations present at the site. Non-representative radionuclide 
identification may result in false negatives. Non-representative estimates of concentrations may 
be higher or lower than the true concentration. With few exceptions, non-representative 
measurements are only resolved by additional measurements. 

Representativeness is primarily a planning concern. The solution to enhancing 
representativeness is in the design of the survey plan. Representativeness is determined by 
examining the survey plan. Analytical data quality affects representativeness since data of low 
quality may be rejected for use. 

Table N.4 presents the minimum considerations, impacts if the considerations are not met, and 
corrective actions for representativeness. 

N.6.5 Comparability 

Comparability is the qualitative term that expresses the confidence that two data sets can 
contribute to a common analysis and interpolation. Comparability should be carefully evaluated 
to establish whether two data sets can be considered equivalent in regard to the measurement of a 
specific variable or groups of variables. 

MARSSIM, Revision 1 N-12 August 2000 



Appendix N 

Table N.4 Minimum Considerations for Representativeness, 
Impact if Not Met, and Corrective Actions 

Minimum Considerations for 
Representativeness 

Impact When Minimum 
Considerations Are Not Met Corrective Action 

Survey data representative of 
survey unit. 

Documented sample preparation 
procedures.  Filtering, 
compositing, and sample 
preservation may affect 
representativeness. 

Documented analytical data as 
specified in the survey design. 

Bias high or low in estimate of 
extent and quantity of 
contaminated material. 

Potential for incorrectly deciding a 
survey unit does meet the release 
criterion (Type I decision error). 

Inaccurate identification or 
estimate of concentration of a 
radionuclide. 

Remaining data may no longer 
sufficiently represent the site if a 
large portion of the data are 
rejected, or if all data from 
measurements at a specific 
location are rejected. 

Additional surveying or sampling. 

Examination of effects of sample 
preparation procedures. 

Reanalysis of samples, or 
resurveying or resampling of the 
affected site areas. 

If the resurveying, resampling, or 
reanalyses cannot be performed, 
document in the site 
environmental radiological survey 
report what areas of the site are 
not represented due to poor 
quality of analytical data. 

Comparability is not compromised provided that the survey design is unbiased, and the survey 
design or analytical methods are not changed over time. Comparability is a very important 
qualitative data indicator for analytical assessment and is a critical parameter when considering 
the combination of data sets from different analyses for the same radionuclides. The assessment 
of data quality indicators determines if analytical results being reported are equivalent to data 
obtained from similar analyses. Only comparable data sets can be readily combined. 

The use of routine methods (as defined in Section 7.6) simplifies the determination of 
comparability because all laboratories use the same standardized procedures and reporting 
parameters. In other cases, the decision maker may have to consult with a health physicist and/or 
radiochemist to evaluate whether different methods are sufficiently comparable to combine data 
sets. 

There are a number of issues that can make two data sets comparable, and the presence of each of 
the following items enhances their comparability (EPA 1997a). 
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! two data sets should contain the same set of variables of interest.

! units in which these variables were measured should be convertible to a common metric.

! similar analytic procedures and quality assurance should be used to collect data for both


data sets 
! time of measurements of certain characteristics (variables) should be similar for both data 

sets 
! measuring devices used for both data sets should have approximately similar detection 

levels 
! rules for excluding certain types of observations from both samples should be similar 
! samples within data sets should be selected in a similar manner 
! sampling frames from which the samples were selected should be similar 
! number of observations in both data sets should be of the same order of magnitude 

These characteristics vary in importance depending on the final use of the data. The closer two 
data sets are with regard to these characteristics, the more appropriate it will be to compare them. 
Large differences between characteristics may be of only minor importance depending on the 
decision that is to be made from the data. 

Table N.5 presents the minimum considerations, impacts if they are not met, and corrective 
actions for comparability. 

N.6.6 Completeness 

Completeness is a measure of the amount of valid data obtained from the measurement system, 
expressed as a percentage of the number of valid measurements that should have been collected 
(i.e., measurements that were planned to be collected). 

Completeness for measurements is calculated by the following formula: 

%Completeness '	 ( Number of Valid Measurements ) x 100 
Total Number of Measurements Planned 

Completeness is not intended to be a measure of representativeness; that is, it does not describe 
how closely the measured results reflect the actual concentration or distribution of the 
contaminant in the media being measured. A project could produce 100% data completeness 
(i.e., all planned measurements were actually performed and found valid), but the results may not 
be representative of the actual contaminant concentration. 
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Table N.5 Mi nimum Considerations for Comparability, 
Impact if Not Met, and Corrective Actions 

Minimum Considerations for 
Comparability 

Impact When Minimum 
Considerations Are Not Met Corrective Action 

Unbiased survey design or 
documented reasons for selecting 
another survey design. 

The analytical methods used should 
have common analytical parameters. 

Same units of measure used in 
reporting. 

Similar detection limits. 

Equivalent sample preparation 
techniques. 

Analytical equipment with similar 
efficiencies or the efficiencies 
should be factored into the results. 

Non-additivity of survey results. 

Reduced confidence, power, and 
ability to detect differences, 
given the number of 
measurements available. 

Increased overall error. 

For Surveying and Sampling: 

Statistical analysis of effects of 
bias. 

For Analytical Data: 

Preferentially use those data that 
provide the most definitive 
identification and quantitation of 
the radionuclides of potential 
concern. For quantitation, 
examine the precision and 
accuracy data along with the 
reported detection limits. 

Reanalysis using comparable 
methods. 

Alternatively, there could be only 70% data completeness (30% lost or found invalid), but, due to 
the nature of the survey design, the results could still be representative of the target population 
and yield valid estimates. The degree to which lack of completeness affects the outcome of the 
survey is a function of many variables ranging from deficiencies in the number of measurements 
to failure to analyze as many replications as deemed necessary by the QAPP and DQOs. The 
intensity of effect due to incompleteness of data is sometimes best expressed as a qualitative 
measure and not just as a quantitative percentage. 

Completeness can have an effect on the DQO parameters. Lack of completeness may require 
reconsideration of the limits for decision error rates because insufficient completeness will 
decrease the power of the statistical tests described in Chapter 8. 

For most final status surveys, the issue of completeness only arises when the survey unit 
demonstrates compliance with the release criterion and less than 100% of the measurements are 
determined to be acceptable. The question now becomes whether the number of measurements is 
sufficient to support the decision to release the survey unit. This question can be answered by 
constructing a power curve as described in Appendix I and evaluating the results. An alternative 
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method is to consider that the number of measurements estimated to demonstrate compliance in 
Chapter 5 was increased by 20% to account for lost or rejected data and uncertainty in the 
calculation of the number of measurements. This means a survey with 80% completeness may 
still have sufficient power to support a decision to release the survey unit. 

Table N.6 presents the minimum considerations, impacts if the considerations are not met, and 
corrective actions for completeness. 

Table N.6 Mi nimum Considerations for Completeness, 
Impact if Not Met, and Corrective Actions 

Minimum Considerations for 
Completeness 

Impact When Minimum 
Considerations Are Not Met Corrective Action 

Percentage of measurement 
completeness determined during 
planning to meet specified 
performance measures. 

Higher potential for incorrectly 
deciding a survey unit does not meet 
the release criterion (Type II decision 
error). 

Reduction in power. 

A reduction in the number of 
measurements reduces site coverage 
and may affect representativeness. 

Reduced ability to differentiate site 
levels from background. 

Impact of incompleteness generally 
decreases as the number of 
measurements increases. 

Resurveying, resampling, or 
reanalysis to fill data gaps. 

Additional analysis of samples 
already in laboratory. 

Determine whether the missing 
data are crucial to the survey. 

N.6.7 Selection and Classification of Survey Units 

Selection and classification of survey units is a qualitative measure of the assumptions used to 
develop the survey plan. The level of survey effort, measurement locations (i.e., random vs. 
systematic and density of measurements), and the integrated survey design are based on the 
survey unit classification. The results of the survey should be reviewed to determine whether the 
classification used to plan the survey is supported by the results of the survey. 
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If a Class 3 survey unit is found to contain areas of contamination (even if the survey unit passes 
the statistical tests), the survey unit may be divided into several survey units with appropriate 
classifications, and additional surveys planned as necessary for these new survey units. 

Class 3 areas may only require additional randomly located measurements to provide sufficient 
power to release the new survey units. Class 2 and Class 1 areas will usually require a new 
survey design based on systematic measurement locations, and Class 1 areas may require 
remediation before a new final status survey is performed. 

If a Class 2 survey unit is determined to be a Class 1 survey unit following the final status survey 
and remediation is not required, it may not be necessary to plan a new survey. The scan MDC 
should be compared to the DCGLEMC to determine if the measurement spacing is adequate to 
meet the survey objectives. If the scan MDC is too high, a new scan survey using a more 
sensitive measurement technique may be available.  Alternatively, a new survey may be planned 
using a new measurement spacing or a stratified survey design may be implemented to use as 
much of the existing data as possible. 

N.6.8 Decision Error Rates 

The decision error rates developed during survey planning are related to completeness. A low 
level of completeness will affect the power of the statistical test. It is recommended that a power 
curve be constructed as described in Appendix I, and the expected decision error rates compared 
to the actual decision error rates to determine if the survey objectives have been accomplished. 

N.6.9 Variability in Contaminant Concentration 

The variability in the contaminant concentration (both in the survey unit and the reference area) 
is a key parameter in survey planning, and is related to the precision of the measurements. 
Statistical simulations show that underestimating the value of � (the standard deviation of the 
survey unit measurements) can greatly increase the probability that a survey unit will fail to 
demonstrate compliance with the release criterion. 

If a survey unit fails to demonstrate compliance and the actual � is greater than the � used during 
survey planning, there are several options available to the project manager. If the major 
component of variability is measurement uncertainty, a new survey can be designed using a 
measurement technique with higher precision or a lower MDC to reduce variability. If samples 
were collected as part of the survey design, it may only be necessary to reanalyze the samples 
using a method with higher precision rather than collect additional samples. Alternatively, the 
number of measurements can be increased to reduce the variability. 
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If the variability is due to actual variations in the contaminant concentration, there are still 
options available.  If there is a high variability in the reference area, it may be appropriate to 
demonstrate the survey unit is indistinguishable from background. NUREG 1505 (NRC 1997b) 
provides guidance on determining whether this test is appropriate and performing the statistical 
tests. If the variability is caused by different contaminant distributions in different parts of the 
site (i.e., changing soil types influences contaminant concentrations), it may be appropriate to 
redefine the survey unit boundaries to provide a more homogeneous set of survey units. 

N.6.10 Lower Bound of the Gray Region 

The lower bound of the gray region (LBGR) is used to calculate the relative shift, which in turn is 
used to estimate the number of measurements required to demonstrate compliance.  The LBGR is 
initially set arbitrarily to one half the DCGLW. If this initial selection is used to design the 
survey, there is no technical basis for the selection of this value. This becomes important 
because the Type II decision error rate (�) is calculated at the LBGR. 

For survey units that pass the statistical tests, the value selected for the LBGR is generally not a 
concern. If the survey unit fails to demonstrate compliance, it may be caused by improper 
selection of the LBGR. Because the number of measurements estimated during survey planning 
is based on the relative shift (which includes both � and the LBGR), MARSSIM recommends 
that a power curve be constructed as described in Appendix I.  If the survey unit failed to 
demonstrate compliance because of a lack of statistical power, an adjustment of the LBGR may 
be necessary when planning subsequent surveys. 
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91b material:  Any material identified under Section 91b of the Atomic Energy Act of 1954 (42 
U.S.C. Section 2121). 

Amin:  The smallest area of elevated activity identified using the DQO Process that is important to 
identify. 

action level:  The numerical value that will cause the decision maker to choose one of the 
alternative actions. It may be a regulatory threshold standard (e.g., Maximum Contaminant Level 
for drinking water), a dose- or risk-based concentration level (e.g., DCGL), or a reference-based 
standard. See investigation level. 

activity:  See radioactivity. 

ALARA  (acronym for As Low As Reasonably Achievable): A basic concept of radiation 
protection which specifies that exposure to ionizing radiation and releases of radioactive 
materials should be managed to reduce collective doses as far below regulatory limits as is 
reasonably achievable considering economic, technological, and societal factors, among others. 
Reducing exposure at a site to ALARA strikes a balance between what is possible through 
additional planning and management, remediation, and the use of additional resources to achieve 
a lower collective dose level. A determination of ALARA is a site-specific analysis that is open to 
interpretation, because it depends on approaches or circumstances that may differ between 
regulatory agencies. An ALARA recommendation should not be interpreted as a set limit or level. 

alpha (�):  The specified maximum probability of a Type I error. In other words, the maximum 
probability of rejecting the null hypothesis when it is true. Alpha is also referred to as the size of 
the test. Alpha reflects the amount of evidence the decision maker would like to see before 
abandoning the null hypothesis. 

alpha particle:  A positively charged particle emitted by some radioactive materials undergoing 
radioactive decay. 

alternative hypothesis (Ha):  See hypothesis. 

area:  A general term referring to any portion of a site, up to and including the entire site. 

area of elevated activity: An area over which residual radioactivity exceeds a specified value 
DCGLEMC. 

August 2000 GL-1 MARSSIM, Revision 1 



Glossary 

area factor (Am):  A factor used to adjust DCGLW to estimate DCGLEMC and the minimum 
detectable concentration for scanning surveys in Class 1 survey units—DCGLEMC = DCGLW •Am. 
Am is the magnitude by which the residual radioactivity in a small area of elevated activity can 
exceed the DCGLW while maintaining compliance with the release criterion. Examples of area 
factors are provided in Chapter 5 of this manual. 

arithmetic mean:  The average value obtained when the sum of individual values is divided by 
the number of values. 

arithmetic standard deviation:  A statistic used to quantify the variability of a set of data. It is 
calculated in the following manner: 1) subtracting the arithmetic mean from each data value 
individually, 2) squaring the differences, 3) summing the squares of the differences, 4) dividing 
the sum of the squared differences by the total number of data values less one, and 5) taking the 
square root of the quotient. The calculation process produces the Root Mean Square Deviation 
(RMSD). 

assessment: The evaluation process used to measure the performance or effectiveness of a 
system and its elements. As used in MARSSIM, assessment is an all-inclusive term used to 
denote any of the following: audit, performance evaluation, management systems review, peer 
review, inspection, or surveillance. 

attainment objectives: Objectives that specify the design and scope of the sampling study 
including the radionuclides to be tested, the cleanup standards to be attained, the measure or 
parameter to be compared to the cleanup standard, and the Type I and Type II error rates for the 
selected statistical tests. 

audit (quality) :  A systematic and independent examination to determine whether quality 
activities and related results comply with planned arrangements and whether these arrangements 
are implemented effectively and are suitable to achieve objectives. 

background reference area: See reference area. 

background radiation:  Radiation from cosmic sources, naturally occurring radioactive 
material, including radon (except as a decay product of source or special nuclear material), and 
global fallout as it exists in the environment from the testing of nuclear explosive devices or 
from nuclear accidents like Chernobyl which contribute to background radiation and are not 
under the control of the cognizant organization. Background radiation does not include radiation 
from source, byproduct, or special nuclear materials regulated by the cognizant Federal or State 
agency. Different definitions may exist for this term. The definition provided in regulations or 
regulatory program being used for a site release should always be used if it differs from the 
definition provided here. 
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Becquerel (Bq):  The International System (SI) unit of activity equal to one nuclear 
transformation (disintegration) per second. 1 Bq = 2.7x10-11 Curies (Ci) = 27.03 picocuries 
(pCi). 

beta (�):  The probability of a Type II error, i.e., the probability of accepting the null hypothesis 
when it is false.  The complement of beta (1-�) is referred to as the power of the test. 

beta particle:  An electron emitted from the nucleus during radioactive decay. 

bias:  The systematic or persistent distortion of a measurement process which causes errors in 
one direction (i.e., the expected sample measurement is different from the sample’s true value). 

biased sample or measurement: See judgement measurement. 

byproduct material:  Any radioactive material (except special nuclear material) yielded in or 
made radioactive by exposure to the radiation incident to the process of producing or utilizing 
special nuclear material. 

calibration:  Comparison of a measurement standard, instrument, or item with a standard or 
instrument of higher accuracy to detect and quantify inaccuracies and to report or eliminate those 
inaccuracies by adjustments. 

CDE (committed dose equivalent):  The dose equivalent calculated to be received by a tissue or 
organ over a 50-year period after the intake into the body. It dose not include contributions from 
radiation sources external to the body. CDE is expressed in units of Sv or rem. 

CEDE (committed effective dose equivalent):  The sum of the committed dose equivalent to 
various tissues in the body, each multiplied by the appropriate weighting factor (Wt ). CEDE is 
expressed in units of Sv or rem. See TEDE. 

chain of custody: An unbroken trail of accountability that ensures the physical security of 
samples, data, and records. 

characterization survey:  A type of survey that includes facility or site sampling, monitoring, 
and analysis activities to determine the extent and nature of contamination. Characterization 
surveys provide the basis for acquiring necessary technical information to develop, analyze, and 
select appropriate cleanup techniques. 

Class 1 area: An area that is projected to require a Class 1 final status survey. 
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Class 1 survey: A type of final status survey that applies to areas with the highest potential for 
contamination, and meet the following criteria: (1) impacted; (2) potential for delivering a dose 
above the release criterion; (3) potential for small areas of elevated activity; and (4) insufficient 
evidence to support reclassification as Class 2 or Class 3. 

Class 2 area: An area that is projected to require a Class 2 final status survey. 

Class 2 survey: A type of final status survey that applies to areas that meet the following 
criteria: (1) impacted; (2) low potential for delivering a dose above the release criterion; and (3) 
little or no potential for small areas of elevated activity. 

Class 3 area: An area that is projected to require a Class 3 final status survey. 

Class 3 survey: A type of final status survey that applies to areas that meet the following 
criteria: (1) impacted; (2) little or no potential for delivering a dose above the release criterion; 
and (3) little or no potential for small areas of elevated activity. 

classification:  The act or result of separating areas or survey units into one of three designated 
classes: Class 1 area, Class 2 area, or Class 3 area. 

cleanup:  Actions taken to deal with a release or threatened release of hazardous substances that 
could affect public health or the environment. The term is often used broadly to describe various 
Superfund response actions or phases of remedial responses, such as remedial investigation/ 
feasibility study. Cleanup is sometimes used interchangeably with the terms remedial action, 
response action, or corrective action. 

cleanup standard:  A numerical limit set by a regulatory agency as a requirement for releasing a 
site after cleanup. See release criterion. 

cleanup (survey) unit:  A geographical area of specified size and shape defined for the purpose 
of survey design and compliance testing. 

coefficient of variation:  A unitless measure that allows the comparison of dispersion across 
several sets of data. It is often used in environmental applications because variability (expressed 
as a standard deviation) is often proportional to the mean. See relative standard deviation. 

comparability:  A measure of the confidence with which one data set can be compared to 
another. 

completeness: A measure of the amount of valid data obtained from a measurement system 
compared to the amount that was expected to be obtained under correct, normal conditions. 
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composite sample:  A sample formed by collecting several samples and combining them (or 
selected portions of them) into a new sample which is then thoroughly mixed. 

conceptual site model:  A description of a site and its environs and presentation of hypotheses 
regarding the contaminants present, their routes of migration, and their potential impact on 
sensitive receptors. 

confidence interval:  A range of values for which there is a specified probability (e.g., 80%, 
90%, 95%) that this set contains the true value of an estimated parameter. 

confirmatory su rvey:  A type of survey that includes limited independent (third-party) 
measurements, sampling, and analyses to verify the findings of a final status survey. 

consensus standard: A standard established by a group representing a cross section of a 
particular industry or trade, or a part thereof. 

contamination:  The presence of residual radioactivity in excess of levels which are acceptable 
for release of a site or facility for unrestricted use. 

control chart:  A graphic representation of a process, showing plotted values of some statistic 
gathered from that characteristic, and one or two control limits. It has two basic uses: 1) as a 
judgement to determine if a process was in control, and 2) as an aid in achieving and maintaining 
statistical control. 

core sample:  A soil sample taken by core drilling. 

corrective action:  An action taken to eliminate the causes of an existing nonconformance, 
deficiency, or other undesirable situation in order to prevent recurrence. 

criterion :  See release criterion. 

critical grou p:  The group of individuals reasonably expected to receive the greatest exposure to 
residual radioactivity for any applicable set of circumstances. 

critical level (L c ):  A fixed value of the test statistic corresponding to a given probability level, 
as determined from the sampling distribution of the test statistic. Lc is the level at which there is 
a statistical probability (with a predetermined confidence) of correctly identifying a background 
value as “greater than background.” 
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critical val ue:  The value of a statistic (t) corresponding to a given significance level as 
determined from its sampling distribution; e.g., if Pr ( t > to ) = 0.05, to is the critical value of t at 
the 5 percent level. 

curie (Ci):  The customary unit of radioactivity. One curie (Ci) is equal to 37 billion 
disintegrations per second (3.7 x 1010 dps = 3.7 x 1010 Bq), which is approximately equal to the 
decay rate of one gram of 226Ra. Fractions of a curie, e.g. picocurie (pCi) or 10-12 Ci and 
microcurie (µCi) or 10-6 Ci, are levels typically encountered in decommissioning. 

cyclotron:  A device used to impart high energy to charged particles, of atomic weight one or 
greater, which can be used to initiate nuclear transformations upon collision with a suitable 
target. 

D:  The true, but unknown, value of the difference between the mean concentration of residual 
radioactivity in the survey unit and the reference area. 

DQA (Data Quality Assessment): The scientific and statistical evaluation of data to determine 
if the data are of the right type, quality, and quantity to support their intended use. 

DQOs (Data Quality Objectives): Qualitative and quantitative statements derived from the 
DQO process that clarify study technical and quality objectives, define the appropriate type of 
data, and specify tolerable levels of potential decision errors that will be used as the basis for 
establishing the quality and quantity of data needed to support decisions. 

Data Quality Objectives Process: A systematic strategic planning tool based on the scientific 
method that identifies and defines the type, quality, and quantity of data needed to satisfy a 
specified use. The key elements of the process include: 

! concisely defining the problem 
! identifying the decision to be made 
! identifying the inputs to that decision 
! defining the boundaries of the study 
! developing the decision rule 
! specifying tolerate limits on potential decision errors 
! selecting the most resource efficient data collection design 

DQOs are the qualitative and quantitative outputs from the DQO process. The DQO process was 
developed originally by the U.S. Environmental Protection Agency, but has been adapted for use 
by other organizations to meet their specific planning requirement. See also graded approach. 
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data quality indicators:  Measurable attributes of the attainment of the necessary quality for a 
particular decision. Data quality indicators include precision, bias, completeness, 
representativeness, reproducibility, comparability, and statistical confidence. 

data usability:  The process of ensuring or determining whether the quality of the data produced 
meets the intended use of the data. 

DCGL (derived concentration guideline level):  A derived, radionuclide-specific activity 
concentration within a survey unit corresponding to the release criterion. The DCGL is based on 
the spatial distribution of the contaminant and hence is derived differently for the nonparametric 
statistical test (DCGLW) and the Elevated Measurement Comparison (DCGLEMC). DCGLs are 
derived from activity/dose relationships through various exposure pathway scenarios. 

decay: See radioactive decay. 

decision maker:  The person, team, board, or committee responsible for the final decision 
regarding disposition of the survey unit. 

decision rule:  A statement that describes a logical basis for choosing among alternative actions. 

decommission:  To remove a facility or site safely from service and reduce residual radioactivity 
to a level that permits release of the property and termination of the li cense and other 
authorization for site operation. 

decommissioning: The process of removing a facility or site from operation, followed by 
decontamination, and license termination (or termination of authorization for operation) if 
appropriate. The objective of decommissioning is to reduce the residual radioactivity in 
structures, materials, soils, groundwater, and other media at the site so that the concentration of 
each radionuclide contaminant that contributes to residual radioactivity is indistinguishable from 
the background radiation concentration for that radionuclide. 

decontamination:  The removal of radiological contaminants from, or their neutralization on, a 
person, object or area to within levels established by governing regulatory agencies. 
Decontamination is sometimes used interchangeably with remediation, remedial action, and 
cleanup. 

delta (�):  The amount that the distribution of measurements for a survey unit is shifted to the 
right of the distribution of measurements of the reference area. 
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delta (�):  The width of the gray region. � divided by �, the arithmetic standard deviation of 
the measurements, is the relative shift expressed in multiples of standard deviations. See relative 
shift, gray region. 

derived concentration guideline level:  See DCGL. 

design specification process: The process of determining the sampling and analysis procedures 
that are needed to demonstrate that the attainment objectives are achieved. 

detection limit:  The net response level that can be expected to be seen with a detector with a 
fixed level of certainty. 

detection sensitivity:  The minimum level of ability to identify the presence of radiation or 
radioactivity. 

direct measurement: Radioactivity measurement obtained by placing the detector near the 
surface or media being surveyed. An indication of the resulting radioactivity level is read out 
directly. 

distribution coefficient (Kd ):  The ratio of elemental (i.e., radionuclide) concentration in soil to 
that in water in a soil-water system at equilibrium. Kd is generally measured in terms of gram 
weights of soil and volumes of water (g/cm3 or g/ml). 

dose commitment:  The dose that an organ or tissue would receive during a specified period of 
time (e.g., 50 or 70 years) as a result of intake (as by ingestion or inhalation) of one or more 
radionuclides from a given release. 

dose equivalent (dose): A quantity that expresses all radiations on a common scale for 
calculating the effective absorbed dose. This quantity is the product of absorbed dose (rads) 
multiplied by a quality factor and any other modifying factors. Dose is measured in Sv or rem. 

double-blind measurement:  Measurements that cannot be distinguished from routine 
measurements by the individual performing the measurement.  See non-blind measurement and 
single-blind measurement. 

effective probe area: The physical probe area corrected for the amount of the probe area 
covered by a protective screen. 

elevated area: See area of elevated activity. 
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elevated measurement:  A measurement that exceeds a specified value DCGLEMC. 

Elevated Measurement Comparison (EMC):  This comparison is used in conjunction with the 
Wilcoxon test to determine if there are any measurements that exceed a specified value 
DCGLEMC. 

exposure pathway:  The route by which radioactivity travels through the environment to 
eventually cause radiation exposure to a person or group. 

exposure rate:  The amount of ionization produced per unit time in air by X-rays or gamma rays. 
The unit of exposure rate is Roentgens/hour (R/h); for decommissioning activities the typical 
units are microRoentgens per hour (µR/h), i.e., 10-6 R/h. 

external radiation:  Radiation from a source outside the body. 

false negative decision error: The error that occurs when the null hypothesis (H0) is not 
rejected when it is false. For example, the false negative decision error occurs when the decision 
maker concludes that the waste is hazardous when it truly is not hazardous. A statistician usually 
refers to a false negative error as a Type II decision error. The measure of the size of this error is 
called beta, and is also known as the complement of the power of a hypothesis test. 

false positive decision error:  A false positive decision error occurs when the null hypothesis 
(H0) is rejected when it is true. Consider an example where the decision maker presumes that a 
certain waste is hazardous (i.e., the null hypothesis or baseline condition is “the waste is 
hazardous”). If  the decision maker concludes that there is insufficient evidence to classify the 
waste as hazardous when it truly is hazardous, the decision maker would make a false positive 
decision error. A statistician usually refers to the false positive error as a Type I decision error. 
The measure of the size of this error is called alpha, the level of significance, or the size of the 
critical region. 

Field Sampling Plan:  As defined for Superfund in the Code of Federal Regulations 40 CFR 
300.430, a document which describes the number, type, and location of samples and the type of 
analyses to be performed. It is part of the Sampling and Analysis Plan. 

final status survey:  Measurements and sampling to describe the radiological conditions of a 
site, following completion of decontamination activities (if any) in preparation for release. 
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fluence rate:  A fundamental parameter for assessing the level of radiation at a measurement 
site. In the case of in situ spectrometric measurements, a calibrated detector provides a measure 
of the fluence rate of primary photons at specific energies that are characteristic of a particular 
radionuclide. 

gamma (�) radiation:  Penetrating high-energy, short-wavelength electromagnetic radiation 
(similar to X-rays) emitted during radioactive decay. Gamma rays are very penetrating and 
require dense materials (such as lead or steel) for shielding. 

graded approach: The process of basing the level of application of managerial controls applied 
to an item or work according to the intended use of the results and the degree of confidence 
needed in the quality of the results. See data quality objectives process. 

gray region:  A range of values of the parameter of interest for a survey unit where the 
consequences of making a decision error are relatively minor. The upper bound of the gray 
region in MARSSIM is set equal to the DCGLW, and the lower bound of the gray region (LBGR) 
is a site-specific variable. 

grid:  A network of parallel horizontal and vertical lines forming squares on a map that may be 
overlaid on a property parcel for the purpose of identification of exact locations. See reference 
coordinate system. 

grid block:  A square defined by two adjacent vertical and two adjacent horizontal reference grid 
lines. 

half-life (t 1/2):  The time required for one-half of the atoms of a particular radionuclide present to 
disintegrate. 

Historical Site Assessment (HSA):  A detailed investigation to collect existing information, 
primarily historical, on a site and its surroundings. 

hot measurement:  See elevated measurement. 

hot spot:  See area of elevated activity. 

hypothesis:  An assumption about a property or characteristic of a set of data under study. The 
goal of statistical inference is to decide which of two complementary hypotheses is likely to be 
true. The null hypothesis (H0) describes what is assumed to be the true state of nature and the 
alternative hypothesis (Ha) describes the opposite situation. 
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impacted area:  Any area that is not classified as non-impacted. Areas with a reasonable 
possibility of containing residual radioactivity in excess of natural background or fallout levels. 

independent assessment:  An assessment performed by a qualified individual, group, or 
organization that is not part of the organization directly performing and accountable for the work 
being assessed. 

indistinguishable from background:  The term indistinguishable from background means that 
the detectable concentration distribution of a radionuclide is not statistically different from the 
background concentration distribution of that radionuclide in the vicinity of the site or, in the 
case of structures, in similar materials using adequate measurement technology, survey, and 
statistical techniques. 

infiltr ation rate:  The rate at which a quantity of a hazardous substance moves from one 
environmental medium to another—e.g., the rate at which a quantity of a radionuclide moves 
from a source into and through a volume of soil or solution. 

inspection:  An activity such as measuring, examining, testing, or gauging one or more 
characteristics of an entity and comparing the results with specified requirements in order to 
establish whether conformance is achieved for each characteristic. 

inventory:  Total residual quantity of formerly licensed radioactive material at a site. 

investigation level: A derived media-specific, radionuclide-specific concentration or activity 
level of radioactivity that: 1) is based on the release criterion, and 2) triggers a response, such as 
further investigation or cleanup, if exceeded. See action level. 

isopleth:  A line drawn through points on a graph or plot at which a given quantity has the same 
numerical value or occurs with the same frequency. 

judgment measurement:  Measurements performed at locations selected using professional 
judgment based on unusual appearance, location relative to known contaminated areas, high 
potential for residual radioactivity, general supplemental information, etc. Judgment 
measurements are not included in the statistical evaluation of the survey unit data because they 
violate the assumption of randomly selected, independent measurements. Instead, judgment 
measurements are individually compared to the DCGLW. 
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karst terrai n:  A kind of terrain with characteristics of relief and drainage arising from a high 
degree of rock solubility. The majority of karst conditions occur in limestone areas, but karst 
may also occur in areas of dolomite, gypsum, or salt deposits. Features associated with karst 
terrain may include irregular topography, abrupt ridges, sink holes, caverns, abundant springs, 
and disappearing streams. Well developed or well integrated drainage systems of streams and 
tributaries are generally not present. 

klystron:  An electron tube used in television, etc., for converting a stream of electrons into ultra 
high-frequency waves that are transmitted as a pencil-like radio beam. 

less-than data:  Measurements that are less than the minimum detectable concentration. 

li cense: A license issued under the regulations in parts 30 through 35, 39, 40, 60, 61, 70 or part 
72 of 10 CFR Chapter I. 

li censee: The holder of a li cense. 

li cense termination:  Discontinuation of a li cense, the eventual conclusion to decommissioning. 

lower bound of the gray region (LBGR):  The minimum value of the gray region. The width 
of the gray region (DCGL-LBGR) is also referred to as the shift, �. 

lower limit of detection (LD):  The smallest amount of radiation or radioactivity that statistically 
yields a net result above the method background. The critical detection level, LC, is the lower 
bound of the 95% detection interval defined for LD and is the level at which there is a 5% chance 
of calling a background value “greater than background.” This value should be used when 
actually counting samples or making direct radiation measurements. Any response above this 
level should be considered as above background; i.e., a net positive result. This will ensure 95% 
detection capability for LD. A 95% confidence interval should be calculated for all responses 
greater than LC. 

m:  The number of measurements from the reference area used to conduct a statistical test. 

magnetron:  A vacuum tube in which the flow of ions from the heated cathode to the anode is 
controlled by a magnetic field externally applied and perpendicular to the electric field by which 
they are propelled. Magnetrons are used to produce very short radio waves. 

measurement: For the purpose of MARSSIM, it is used interchangeably to mean: 1) the act of 
using a detector to determine the level or quantity of radioactivity on a surface or in a sample of 
material removed from a media being evaluated, or 2) the quantity obtained by the act of 
measuring. 
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micrometeorology:  The study of weather conditions in a local or very small area, such as 
immediately around a tree or building, that can affect meteorological conditions. 

minimum detectable concentration (MDC):  The minimum detectable concentration (MDC) is 
the a priori activity level that a specific instrument and technique can be expected to detect 95% 
of the time. When stating the detection capability of an instrument, this value should be used. 
The MDC is the detection limit, LD, multiplied by an appropriate conversion factor to give units 
of activity. 

minimum detectable count rate (MDCR):  The minimum detectable count rate (MDCR) is the 
a priori count rate that a specific instrument and technique can be expected to detect. 

missing or unusable data:  Data (measurements) that are mislabeled, lost, or do not meet 
quality control standards. Less-than data are not considered to be missing or unusable data. See 
R. 

munit ions:  Military supplies, especially weapons and ammunition. 

N: N = m + n, is the total number of measurements required from the reference area and a survey 
unit. See m and n. 

n:  Number of measurements from a survey unit used to conduct a statistical test. 

nf:  The number of samples that should be collected in an area to assure that the required number 
of measurements from that area for conducting statistical tests is obtained. nf = n/(1-R). 

NARM:  Naturally occurring or accelerator-produced radioactive material, such as radium, and 
not classified as source material. 

natural ly occurri ng radionuclides: Radionuclides and their associated progeny produced 
during the formation of the earth or by interactions of terrestrial matter with cosmic rays. 

non-blind measurement:  Non-blind measurements are measurements that have a concentration 
and origin that are known to the individual performing the measurement. See single-blind 
measurement and double-blind measurement. 

nonconformance: A deficiency in characteristic, documentation, or procedure that renders the 
quality of an item or activity unacceptable or indeterminate; nonfulfillment of a specified 
requirements. 
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non-impacted area: Areas where there is no reasonable possibility (extremely low probability) 
of residual contamination. Non-impacted areas are typically located off-site and may be used as 
background reference areas. 

nonparametric test:  A test based on relatively few assumptions about the exact form of the 
underlying probability distributions of the measurements. As a consequence, nonparametric tests 
are generally valid for a fairly broad class of distributions. The Wilcoxon Rank Sum test and the 
Sign test are examples of nonparametric tests. 

normal (gaussian) distri bution:  A family of bell shaped distributions described by the mean 
and variance. 

organization:  a company, corporation, firm, government unit, enterprise, facility, or institution, 
or part thereof, whether incorporated or not, public or private, that has its own functions and 
administration. 

outlier:  Measurements that are unusually large or small relative to the rest and therefore are 
suspected of misrepresenting the population from which they were collected. 

p:  The probability that a random measurement from the survey unit is less than �. 

pN:  The probability that the sum of two independent random measurements from the survey unit 
is less than 2�. 

Pr:  The probability that a measurement performed at a random location in the survey unit is 
greater than a measurement performed at a random location in the reference area. 

peer review:  A documented critical review of work generally beyond the state of the art or 
characterized by the existence of potential uncertainty. The peer review is conducted by 
qualified individuals (or organization) who are independent of those who performed the work, 
but are collectively equivalent in technical expertise (i.e., peers) to those who performed the 
original work. The peer review is conducted to ensure that activities are technically adequate, 
competently performed, properly documented, and satisfy established technical and quality 
requirements. The peer review is an in-depth assessment of the assumptions, calculations, 
extrapolations, alternate interpretations, methodology, acceptance criteria, and conclusions 
pertaining to specific work and of the documentation that supports them. Peer reviews provide 
an evaluation of a subject where quantitative methods of analysis or measures of success are 
unavailable or undefined, such as in research and development. 
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performance evaluation: A type of audit in which the quantitative data generated in a 
measurement system are obtained independently and compared with routinely obtained data to 
evaluate the proficiency of an analyst or laboratory. 

physical probe area: The physical surface area assessed by a detector. The physical probe area 
is used to make probe area corrections in the activity calculations. 

Pitman efficiency:  A measure of performance for statistical tests. It is equal to the reciprocal of 
the ratio of the sample sizes required by each of two tests to achieve the same power, as these 
sample sizes become large. 

power (1-�):  The probability of rejecting the null hypothesis when it is false. The power is 
equal to one minus the Type II error rate, i.e. (1-�). 

precision:  A measure of mutual agreement among individual measurements of the same 
property, usually under prescribed similar conditions, expressed generally in terms of the 
standard deviation. 

process: A combination of people, machine and equipment, methods, and the environment in 
which they operate to produce a given product or service. 

professional judgement: An expression of opinion, based on technical knowledge and 
professional experience, assumptions, algorithms, and definitions, as stated by an expert in 
response to technical problems. 

qualified data:  Any data that have been modified or adjusted as part of statistical or 
mathematical evaluation, data validation, or data verification operations. 

quality:  The totality of features and characteristics of a product or service that bear on its ability 
to meet the stated or implied needs and expectations of the user. 

quality assurance (QA):  An integrated system of management activities involving planning, 
implementation, assessment, reporting, and quality improvement to ensure that a process, item, 
or service is of the type and quality needed and expected by the customer. 

Quality Assurance Project Plan (QAPP): A formal document describing in comprehensive 
detail the necessary QA, QC, and other technical activities that must be implemented to ensure 
that the results of the work performed will satisfy the stated performance criteria.  As defined for 
Superfund in the Code of Federal Regulations 40 CFR 300.430, the Quality Assurance Project 
Plan describes policy, organization, and functional activities and the Data Quality Objectives and 
measures necessary to achieve adequate data for use in selecting the appropriate remedy. The 
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QAPP is a plan that provides a process for obtaining data of sufficient quality and quantity to 
satisfy data needs. It is a part of the Sampling and Analysis Plan. 

quality control (QC):  The overall system of technical activities that measure the attributes and 
performance of a process, item, or service against defined standards to verify that they meet the 
stated requirements established by the customer, operational techniques and activities that are 
used to fulfill requirements for quality. 

quality indicators:  Measurable attributes of the attainment of the necessary quality for a 
particular environmental decision. Indicators of quality include precision, bias, completeness, 
representativeness, reproducibility, comparability, and statistical confidence. 

Quality Management Plan (QMP):  A formal document that describes the quality system in 
terms of the organizational structure, functional responsibilities of management and staff, lines of 
authority, and required interfaces for those planning, implementing, and assessing all activities 
conducted. 

quality system:  A structured and documented management system describing the policies, 
objectives, principles, organizational authority, responsibilities, accountability, and 
implementation plan of an organization for ensuring quality in its work processes, products 
(items), and services. The quality system provides the framework for planning, implementing, 
and assessing work performed by the organization and for carrying out required QA and QC. 

R:  The rate of missing or unusable measurements expected to occur for samples collected in 
reference areas or survey units. See missing or unusable data. See nf. (Not to be confused with 
the symbol for the radiation exposure unit Roentgen.) 

RA: The acceptable level of risk associated with not detecting an area of elevated activity of area 
Amin. 

radiation survey:  Measurements of radiation levels associated with a site together with 
appropriate documentation and data evaluation. 

radioactive decay: The spontaneous transformation of an unstable atom into one or more 
different nuclides accompanied by either the emission of energy and/or particles from the 
nucleus, nuclear capture or ejection of orbital electrons, or fission. Unstable atoms decay into a 
more stable state, eventually reaching a form that does not decay further or has a very long half-
life. 
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radioactivity:  The mean number of nuclear transformations occurring in a given quantity of 
radioactive material per unit time. The International System (SI) unit of radioactivity is the 
Becquerel (Bq). The customary unit is the Curie (Ci). 

radiological survey: Measurements of radiation levels and radioactivity associated with a site 
together with appropriate documentation and data evaluation. 

radioluminescence: Light produced by the absorption of energy from ionizing radiation. 

radionuclide:  An unstable nuclide that undergoes radioactive decay. 

random error:  The deviation of an observed value from the true value is called the error of 
observation. If the error of observation behaves like a random variable (i.e., its value occurs as 
though chosen at random from a probability distribution of such errors) it is called a random 
error. See systematic error. 

readily removable:  A qualitative statement of the extent to which a radionuclide can be 
removed from a surface or medium using non-destructive, common, housekeeping techniques 
(e.g., washing with moderate amounts of detergent and water) that do not generate large volumes 
of radioactive waste requiring subsequent disposal or produce chemical wastes that are expected 
to adversely affect public health or the environment. 

reference area: Geographical area from which representative reference measurements are 
performed for comparison with measurements performed in specific survey units at remediation 
site. A site radiological reference area (background area) is defined as an area that has similar 
physical, chemical, radiological, and biological characteristics as the site area being remediated, 
but which has not been contaminated by site activities. The distribution and concentration of 
background radiation in the reference area should be the same as that which would be expected 
on the site if that site had never been contaminated. More than one reference area may be 
necessary for valid comparisons if a site exhibits considerable physical, chemical, radiological, or 
biological variability. 

reference coordinate system:  A grid of intersecting lines referenced to a fixed site location or 
benchmark. Typically the lines are arranged in a perpendicular pattern dividing the survey 
location into squares or blocks of equal areas. Other patterns include three-dimensional and 
polar coordinate systems. 

reference region:  The geographical region from which reference areas will be selected for 
comparison with survey units. 
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regulation:  A rule, law, order, or direction from federal or state governments regulating action 
or conduct. Regulations concerning radioisotopes in the environment in the United States are 
shared by the Environmental Protection Agency (EPA), the U.S. Nuclear Regulatory 
Commission (NRC), the U.S. Department of Energy (DOE), and many State governments. 
Federal regulations and certain directives issued by the U.S. Department of Defense(DOD) are 
enforced within the DOD. 

relative shift (�/�): � divided by �, the standard deviation of the measurements. See delta. 

relative standard deviation:  See coefficient of variation. 

release criterion:  A regulatory limit expressed in terms of dose or risk. 

rem (radiation equivalent man):  The conventional unit of dose equivalent. The corresponding 
International System (SI) unit is the Sievert (Sv): 1 Sv = 100 rem. 

remedial action:  Those actions that are consistent with a permanent remedy taken instead of, or 
in addition to, removal action in the event of a release or threatened release of a hazardous 
substance into the environment, to prevent or minimize the release of hazardous substances so 
that they do not migrate to cause substantial danger to present or future public health or welfare 
or the environment. See remedy. 

remediation:  Cleanup or other methods used to remove or contain a toxic spill or hazardous 
materials from a Superfund site. 

remediation control survey:  A type of survey that includes monitoring the progress of remedial 
action by real time measurement of areas being decontaminated to determine whether or not 
efforts are effective and to guide further decontamination activities. 

remedy:  See remedial action. 

removable activity:  Surface activity that is readily removable by wiping the surface with 
moderate pressure and can be assessed with standard radiation detectors. It is usually expressed 
in units of dpm/100 cm2. 

removal:  The cleanup or removal of released hazardous substances, or pollutants or 
contaminants which may present an imminent and substantial danger; such actions as may be 
necessary taken in the event of the threat of release of hazardous substances into the 
environment; such actions as may be necessary to monitor, assess, and evaluate the threat of 
release of hazardous substances; the removal and disposal of material, or the taking of other such 
actions as may be necessary to prevent, minimize or mitigate damage to the public health or 
welfare or the environment. 
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replicate:  A repeated analysis of the same sample or repeated measurement at the same location. 

representative measurement:  A measurement that is selected using a procedure in such a way 
that it, in combination with other representative measurements, will give an accurate 
representation of the phenomenon being studied. 

representativeness: A measure of the degree to which data accurately and precisely represent a 
characteristic of a population, parameter variations at a sampling point, a process condition, or an 
environmental condition. 

reproducibility:  The precision, usually expressed as a standard deviation, that measures the 
variability among the results of measurement of the same sample at different laboratories. 

residual radioactivity:  Radioactivity in structures, materials, soils, groundwater, and other 
media at a site resulting from activities under the cognizant organization's control. This includes 
radioactivity from all sources used by the cognizant organization, but excludes background 
radioactivity as specified by the applicable regulation or standard. It also includes radioactive 
materials remaining at the site as a result of routine or accidental releases of radioactive material 
at the site and previous burials at the site, even if those burials were made in accordance with the 
provisions of 10 CFR Part 20. 

restoration:  Actions to return a remediated area to a usable state following decontamination. 

restricted use:  A designation following remediation requiring radiological controls. 

robust:  A statistical test or method that is approximately valid under a wide range of conditions. 

run chart: A chart used to visually represent data. Run charts are used to monitor a process to 
see whether or not the long range average is changing. Run charts are points plotted on a graph 
in the order in which they become available, such as parameters plotted versus time. 

s:  The arithmetic standard deviation of the mean. 

S+:  The test statistic used for the Sign test. 

sample: (As used in MARSSIM) A part or selection from a medium located in a survey unit or 
reference area that represents the quality or quantity of a given parameter or nature of the whole 
area or unit; a portion serving as a specimen. 

sample: (As used in statistics) A set of individual samples or measurements drawn from a 
population whose properties are studied to gain information about the entire population. 
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Sampling and Analysis Plan (SAP):  As defined for Superfund in the Code of Federal 
Regulations 40 CFR 300.430, a plan that provide a process for obtaining data of sufficient quality 
and quantity to satisfy data needs. The sampling and analysis plans consists of two parts: 1) the 
Field Sampling Plan, which describes the number, type, and location of samples and the type of 
analyses; and 2) the Quality Assurance Project Plan, which describes policy, organization, 
functional activities, the Data Quality Objectives, and measures necessary to achieve adequate 
data for use in selecting the appropriate remedy. 

scanning: An evaluation technique performed by moving a detection device over a surface at a 
specified speed and distance above the surface to detect radiation. 

scoping survey: A type of survey that is conducted to identify: 1) radionuclide contaminants, 
2) relative radionuclide ratios, and 3) general levels and extent of contamination. 

self-assessment: Assessments of work conducted by individuals, groups, or organizations 
directly responsible for overseeing and/or performing the work. 

shape parameter (S):  For an elliptical area of elevated activity, the ratio of the semi-minor axis 
length to the semi-major axis length. For a circle, the shape parameter is one. A small shape 
parameter corresponds to a flat ellipse. 

shift:  See delta (�). 

Sievert (Sv):  The special name for the International System (SI) unit of dose equivalent. 
1 Sv = 100 rem = 1 Joule per kilogram. 

Sign test: A nonparametric statistical test used to demonstrate compliance with the release 
criterion when the radionuclide of interest is not present in background and the distribution of 
data is not symmetric. See also Wilcoxon Rank Sum test. 

single-blind measurement:  A measurement that can be distinguished from routine 
measurements but are of unknown concentration. See non-blind measurement and double-blind 
measurement. 

site:  Any installation, facility, or discrete, physically separate parcel of land, or any building or 
structure or portion thereof, that is being considered for survey and investigation. 

site reconnaissance:  A visit to the site to gather sufficient information to support a site decision 
regarding the need for further action, or to verify existing site data. Site reconnaissance is not a 
study of the full extent of contamination at a facility or site, or a risk assessment. 
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size (of a test): See alpha. 

soil:  The top layer of the earth's surface, consisting of rock and mineral particles mixed with 
organic matter. A particular kind of earth or ground—e.g., sandy soil. 

soil activity (soil concentration):  The level of radioactivity present in soil and expressed in 
units of activity per soil mass (typically Bq/kg or pCi/g). 

source material:  Uranium and/or Thorium other than that classified as special nuclear material. 

source term:  All residual radioactivity remaining at the site, including material released during 
normal operations, inadvertent releases, or accidents, and that which may have been buried at the 
site in accordance with 10 CFR Part 20. 

special nuclear material: Plutonium, 233U, and Uranium enriched in 235U; material capable of 
undergoing a fission reaction. 

split:  A sample that has been homogenized and divided into two or more aliquots for subsequent 
analysis. 

standard normal distri bution:  A normal (Gaussian) distribution with mean zero and variance 
one. 

standard operating procedure (SOP):  A written document that details the method for an 
operation, analysis, or action with thoroughly prescribed techniques and steps, and that is 
officially approved as the method for performing certain routine or repetitive tasks. 

statistical control :  The condition describing a process from which all special causes have been 
removed, evidenced on control chart by the absence of points beyond the control limits and by 
the absence of non-random patterns or trends within the control limits. A special cause is a 
source of variation that is intermittent, unpredictable, or unstable. 

strati fication:  The act or result of separating an area into two or more sub-areas so as each sub-
area has relatively homogeneous characteristics such as contamination level, topology, surface 
soil type, vegetation cover, etc. 

subsurface soil sample:  A soil sample that reflects the modeling assumptions used to develop 
the DCGL for subsurface soil activity. An example would be soil taken deeper than 15 cm below 
the soil surface to support surveys performed to demonstrate compliance with 40 CFR 192. 
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surface contamination: Residual radioactivity found on building or equipment surfaces and 
expressed in units of activity per surface area (Bq/m2 or dpm/100 cm2). 

surface soil sample:  A soil sample that reflects the modeling assumptions used to develop the 
DCGL for surface soil activity. An example would be soil taken from the first 15 cm of surface 
soil to support surveys performed to demonstrate compliance with 40 CFR 192. 

surveillance (quality):  Continual or frequent monitoring and verification of the status of an 
entity and the analysis of records to ensure that specified requirements are being fulfilled. 

survey:  A systematic evaluation and documentation of radiological measurements with a 
correctly calibrated instrument or instruments that meet the sensitivity required by the objective 
of the evaluation. 

survey plan:  A plan for determining the radiological characteristics of a site. 

survey unit:  A geographical area consisting of structures or land areas of specified size and 
shape at a remediated site for which a separate decision will be made whether the unit attains the 
site-specific reference-based cleanup standard for the designated pollution parameter. Survey 
units are generally formed by grouping contiguous site areas with a similar use history and the 
same classification of contamination potential. Survey units are established to facilitate the 
survey process and the statistical analysis of survey data. 

systematic error:  An error of observation based on system faults which are biased in one or 
more ways, e.g., tending to be on one side of the true value more than the other. 

T+:  The test statistic for the Wilcoxon Signed Rank test. 

tandem testing:  Two or more statistical tests conducted using the same data set. 

technical review: A documented critical review of work that has been performed within the 
state of the art.  The review is accomplished by one or more qualified reviewers who are 
independent of those who performed the work, but are collectively equivalent in technical 
expertise to those who performed the original work. The review is an in-depth analysis and 
evaluation of documents, activities, material, data, or items that require technical verification or 
validation for applicability, correctness, adequacy, completeness, and assurance that established 
requirements are satisfied. 

technical systems audit (TSA):  A thorough, systematic, on-site, qualitative audit of facilities, 
equipment, personnel, training, procedures, recordkeeping, data validation, data management, 
and reporting aspects of a system. 
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TEDE (total effective dose equivalent):  The sum of the effective dose equivalent (for external 
exposure) and the committed effective dose equivalent (for internal exposure). TEDE is 
expressed in units of Sv or rem. See CEDE. 

test statistic:  A function of the measurements (or their ranks) that has a known distribution if 
the null hypothesis is true. This is compared to the critical level to determine if the null 
hypothesis should be accepted or rejected. See S+, T+, and Wr. 

tied measurements: Two or more measurements that have the same value. 

traceability:  The ability to trace the history, application, or location of an entity by means of 
recorded identifications. In a calibration sense, traceability relates measuring equipment to 
national or international standards, primary standards, basic physical constants or properties, or 
reference materials. In a data collection sense, it relates calculations and data generated 
throughput the project back to the requirements for quality for the project. 

triangular sampling grid:  A grid of sampling locations that is arranged in a triangular pattern. 
See grid. 

two-sample t test:  A parametric statistical test used in place of the Wilcoxon Rank Sum (WRS) 
test if the reference area and survey unit measurements are known to be normally (Gaussian) 
distributed and there are no less-than measurements in either data set. 

Type I decision error:  A decision error that occurs when the null hypothesis is rejected when it 
is true. The probability of making a Type I decision error is called alpha (�). 

Type II decision error:  A decision error that occurs when the null hypothesis is accepted when 
it is false.  The probability of making a Type II decision error is called beta (�). 

unity rule (mixture rule):  A rule applied when more than one radionuclide is present at a 
concentration that is distinguishable from background and where a single concentration 
comparison does not apply.  In this case, the mixture of radionuclides is compared against default 
concentrations by applying the unity rule. This is accomplished by determining:  1) the ratio 
between the concentration of each radionuclide in the mixture, and 2) the concentration for that 
radionuclide in an appropriate listing of default values. The sum of the ratios for all 
radionuclides in the mixture should not exceed 1. 

unrestricted area:  Any area where access is not controlled by a li censee for purposes of 
protection of individuals from exposure to radiation and radioactive materials—including areas 
used for residential purposes. 
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unrestricted release: Release of a site from regulatory control without requirements for future 
radiological restrictions. Also known as unrestricted use. 

validation:  Confirmation by examination and provision of objective evidence that the particular 
requirements for a specific intended use are fulfilled. In design and development, validation 
concerns the process of examining a product or result to determine conformance to user needs. 

verification: Confirmation by examination and provision of objective evidence that the 
specified requirements have been fulfilled. In design and development, verification concerns the 
process of examining a result of given activity to determine conformance to the stated 
requirements for that activity. 

Wr:  The sum of the ranks of the adjusted measurements from the reference area, used as the test 
statistic for the Wilcoxon Rank Sum test. 

Ws:  The sum of the ranks of the measurements from the survey unit, used with the Wilcoxon 
Rank Sum test. 

weighting factor (Wt):  The fraction of the overall health risk, resulting from uniform, whole-
body radiation, attributable to specific tissue. The dose equivalent to tissue is multiplied by the 
appropriate weighting factor to obtain the effective dose equivalent to the tissue. 

Wilcoxon Rank Sum (WRS) test: A nonparametric statistical test used to determine 
compliance with the release criterion when the radionuclide of concern is present in background. 
See also Sign test. 

work ing level:  A special unit of radon exposure defined as any combination of short-lived 
radon daughters in 1 liter of air that will result in the ultimate emission of 1.3x105 MeV of 
potential alpha energy. This value is approximately equal to the alpha energy released from the 
decay of progeny in equilibrium with 100 pCi of 222Ra. 

Z1-�:  The value from the standard normal distribution that cuts off 100 � % of the upper tail of 
the standard normal distribution. See standard normal distribution. 
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Index 

criterion 
alternate hypothesis

compliance

DCGLs

FSS

measurement

QC

release criterion

statistical tests

null hypothesis


critical level (L c) 
critical value 

curie (Ci) 
see conversion table 

data 
conversion

data interpretation checklist

distribution

number of points needed


EMC 
Sign test 
WRS test 

preliminary review (DQA)

review

skewness

spatial dependency


2-39

2-25

4-3

2-24

6-1

4-32 to 38

1-1 to 3; 3-24

2-22, 34

2-9

6-32 to 37


8-12, 13, 15, 18,

21; A-18; 

D-16, 17


6-28 to 31

8-27

8-4, 5

2-10

5-35 to 39

5-31 to 35

5-25 to 31

E-3

N-5

8-5

8-4


Data Quality Objectives (DQOs) 

DQO Process 
iterations (figure) 
state problem 
identify decision 
inputs 
study boundaries 
develop decision rule 
decision errors 
optimize design 

HSA

Planning

preliminary review (DQA)

measurement uncertainty

QAPP


data quality indicators 

1-3, 4; 2-7, 9; 

4-4, 19; 5-2, 8,

21, 52; 6-2; 

7-1, 2; 8-1, 2; 

9-2, 7, 8; App.D

2-10; App. D

D-3

D-4

D-5

D-5, 6

D-6 to 8

D-8 to 13

D-13 to 28

D-28, 29

3-2

2-9

E-1

6-50

9-2, 3

2-11; 6-3, 7; 7-2,

7; 9-9; N-6 to 18


Derived Concentration Guideline Level 

see mean, median, standard deviation

see posting plot

see ranked data

see stem and leaf display


Data Life Cycle 2-6 to 12; 4-35; 
5-46; 9-2, 3, 5


figure 2-7

steps:


1. planning 2-8; App. D 
2. implementation 2-11

3. assessment 2-11; App. E 
4. decision making 2-7


table 2-16


Data Quality Assessment (DQA) 
1-4; 2-6; 5-46; 
8-1, 2; 9-2, 5; 
App. E 

assessment phase 2-8, 11; App. E

historical data 3-7


(DCGL) 

DCGLW 

DCGLEMC 

HSA 
gross activity 
sampling 
surveys 

decay 
see radioactive decay 

decision error 

error chart 
false positive 

see Type I error 
false negative 

see Type II error 
feasibility trials 

DEFT 
specifying limits 
table 

2-2, 11, 33; 

4-3 to 11; 6-1, 2,

7, 19, 32, 50; 

7-2, 7, 9; 8-2, 6,

11, 22, 26; 9-5

2-3; A-2; D-9

2-3

3-1, 12

4-8

7-2, 7, 9

5-1


D-13 to 17, 

20 to 22, 26 to

29; N-17

D-27

D-14, 21, 26


D-15, 20


D-20, 21

D-15

D-15
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Index 

decision maker 2-6; 4-14; 5-46; 
6-27; 7-2, 18; 9-8


alternate methods 2-32

estimating uncertainty 2-11

DQOs 3-2; 6-2


decision rule 1-2; 8-24

one-sample case D-11

power chart (example) D-25

two-sample case D-12


decision statement 8-24; D-2, 5, 6


decommissioning 1-1; 2-3; 3-1

Characterization Survey 2-23; 5-7, 8

criteria 4-1

documentation 5-52

simplified procedure App. B

site identification 2-16

site investigation 4-1


delta (�)	 5-26 to 35; 

8-12 to 15, 19,

23; A-11, 19; 

D-10, 13, 16, 17,

20, 21


delta (�) 2-9, 10, 31

see relative shift


detection limit 
see minimum detectable concentration 

detector(s) Chap. 6; 9-6;

App. H


alpha

field survey 6-15 to 18, 20;


H-5 to 10

laboratory 7-20, 22; 


H-38 to 42

beta


field survey 6-15 to 18, 21;

H-11 to 14


laboratory 7-20, 21; 

H-43 to 45


calibration 6-20 to 28

in situ spectrometry 6-11, 12

gamma


field survey 6-15 to 18, 22;

H-15 to 24


laboratory 7-20, 21; 

H-46 to 48


low energy H-31 to 33

radon 6-57; H-25 to 30

sensitivity 6-31 to 49

X-ray H-31 to 33


direct measurement 2-4; 4-17; 

Chap. 6


background 6-7, 35

description 6-10 to 13

detectors 6-15 to 22;


App. H

instruments 4-16, 6-15 to 28

methods 4-17

QC 4-32 to 38

radon 6-55 to 60

replicates 6-3

sensitivity 6-31 to 49

surveys 5-45 to 51


distribution coefficient (K d) 3-19


documentation N-2 to 4


dose equivalent (dose) 1-1, 3; 2-1, 2

DCGL 2-3; 5-36 to 38

release criterion 2-2


effective probe area 6-29, 37


elevated area 
see area of elevated activity 

elevated measurement 
see area of elevated activity 

Elevated Measurement Comparison 
(EMC) 2-3, 27, 32; 


8-5, 9, 17, 18, 

21 to 23


DCGLEMC 2-3, 27

number of data points 5-35 to 39


example 5-39; A-16

see area of elevated activity


exposure pathway model	 2-2, 15, 27; 

5-38, 44; 8-9, 23


exposure rate	 4-20; 5-9 to 11,

17, 51


field sampling plan 2-6; 9-3


field survey equipment H-5 to 37


final status survey 2-4, 24, 32; 3-24;

5-21 to 55; 8-1,

6, 10, 23 to 25; 

9-5


checklist 5-53 to 55

classification 2-28; 4-11

compliance 2-25

DCGL 4-3

example App. A

figure 2-21
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Index 

final status survey (continued) 
health and safety

integrated design

investigation process

planning

sampling


survey units

fluence rate 
frequency plot 
gamma (�) radiation 

analysis 
detection sensitivity 

direct measurement 
scanning 

detectors 

measurement

radon

scanning

spectrometry

surface measurement


graded approach 

graphical data review 
see frequency plot

see posting plot

see stem and leaf display


gray region 

example 
see decision error 
see lower bound (LBGR) 

grid 

example

positioning systems

random start example


4-38

2-32

2-16

2-9; 5-21 to 55

7-7 to 16; 

App. M

4-14

6-11, 12, 44


8-4, 5


7-21

6-31

6-32 to 37

6-37 to 47

6-15 to 18, 22; 

7-20, 21; H-15 to

24, 46 to 48

4-16

6-55, 57, 60

6-14

4-16

6-11, 12

1-5; 2-4, 5, 8; 

3-1; 6-8; 8-1; 

9-2, 3, 5

8-4; E-3


2-9, 31; 5-25 to

27, 32, 33; 6-7;

7-7, 8 to 12, 14,

19; D-16, 17, 

20 to 22, 26, 28

A-7, 11


2-31; 4-27 to 31;

5-3, 16, 40 to 43;

7-7

A-7, 13, 14, 15

6-61, 62

5-40, 41; A-14


grid  (continued)

sample/scan 2-32; 5-40

spacing 5-42

triangular grid 5-40 to 43


figure 5-43

half-life (t 1/2)	 1-5; 4-6; 6-55; 


A-1; B-1

histogram 

see frequency plot 
see stem and leaf display 

Historical Site Assessment (HSA) 

data sources

figure

information sources

survey planning


hot measurement 
see area of elevated activity 

hot spot 
see area of elevated activity 

hypothesis 
alternative hypothesis 
null hypothesis 

statistical testing 
approach explained 
Sign test 
WRS test 

impacted area 
classification

DQO

HSA

non-impacted

Scoping Survey

site diagram

survey design

see residual radioactivity


1-3, 4; 2-16, 22;

Chap. 3; 5-1, 16,

39; 6-14; 7-12; 

8-9; A-1

App. G

2-18

App. G

4-11


2-26; 8-8, 12, 18

2-39; D-14, 15

2-9, 26; 8-11, 15,

17, 23; D-14, 15

1-3; 2-13, 26

2-26

2-28; 8-11

2-28; 8-17

2-4 

4-11

3-2

2-23; Chap. 3

2-4

2-23

3-23

2-25


indistinguishable from background 
2-39; D-19


infiltration rate 3-14, 16, 18


inventory 3-8; 4-26
reference coordinate system 2-23; 4-27; 

6-61, 66


example(s) 4-28, 29, 30
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Index 

investigation level	 2-2, 32; 4-1; 

5-18, 44 to 46; 

6-14, 15; 

8-9, 17, 21


example (table) 5-45

scanning 6-3

survey strategy 5-46

see release criterion 
see action level 

judgment measurement	 2-22, 23, 30, 33;

5-2, 3, 44, 48, 

51, 55


karst terrain 3-19


laboratory equipment 4-16; H-38 to 48


less-than data 2-13


license	 2-16; 3-4, 5, 7, 8;

7-11


license termination 
see decommissioning 

lower bound of the gray region (LBGR) 
2-9, 31; 5-25 to

27, 31 to 33; 6-7;

7-7; 8-12, 13, 15,

19; D-17, 20, 

21, 28; N-18


example A-11

see gray region 

m (number of data points in the reference 
area)	 5-29, 39, 42; 


8-18, 21

mean	 2-27, 28; 4-33; 


5-49, 50; 8-2, 3,

5 to 7, 12, 13, 15;

D-9


of data (example) 8-3

measurement techniques	 1-2, 4; 2-4; 3-7;


4-16, 17; 

7-20 to 22


median	 2-28; 5-27, 32,

45; 8-2, 3, 5 to 7,

12, 13, 15; D-9


minimum detectable concentration 
(MDC) 2-10, 34; 4-16,


17, 34, 35; 

5-36, 37, 48; 

6-31 to 49; 

8-15, 18, 22; 

9-7 to 9


direct measurement 6-32 to 37

elevated activity 5-39

reporting 2-13

scan 6-37 to 49


minimum detectable count rate 
(MDCR)

missing or unusable data

model(s)


conceptual site model 
defining study boundaries 
exposure pathway 

area factor (example) 
determining DCGLs 

6-40 to 45


5-29, 31, 33, 35


3-3, 22; 5-8, 47

D-6, 7

1-4; 2-2, 15, 27;

6-10, 28

5-36

4-3, 6


N (number of data points) 2-10; 5-25 to 39; 
8-12, 13, 15, 18


QC measurements 4-32 to 38

Sign test 5-31 to 35


example 5-33, 35; B-2

table 5-34


WRS test 5-25 to 31

example 5-29, 31; 


A-11; B-2

table 5-30


n (number of data points in survey unit) 
5-29, 38, 42; 

8-18, 21


NARM 3-4


naturally occurring radionuclides 
1-4; 3-3; 6-5; 7-5


non-impacted area 2-4

background (reference area) 4-13

classification 2-28; 4-11

DQO 3-2

HSA 2-17; 


3-10 to 12

survey design 2-31
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Index 

nonparametric test	 2-26; 4-10, 11; 

5-25; 8-6, 7, 22,

24, 25


alternate methods 2-34 to 38

one-sample test 2-28; 5-31; 


8-11 to 16; D-10

two-sample test 2-28; 5-25; 


8-17 to 21; D-10

see Sign test

see Wilcoxon Rank Sum test

see Wilcoxon Signed Rank test


normal (gaussian) distribution 
2-28; 5-45; 

6-54, 55; 8-6; I-1


one-sample test	 2-28; 5-25, 

31 to 35


see Sign test 

outlier 9-7


Pr 5-27, 28; I-27, 28


performance evaluation	 4-35, 37; 6-4, 9;

7-4, 10


physical probe area 6-29, 30, 38, 48


posting plot 2-27; 8-4, 8, 13


power (1-�)	 2-31, 34; 4-26; 

5-27, 29, 33, 54;

6-15, 17; 8-2, 3,

5, 6, 8, 12, 15,

23, 27; D-15, 

17 to 19, 25, 26


Sign test I-25, 26

WRS test I-27 to 29

chart D-25

power curve I-26, 29

example A-7, 9, 11, 12


precision 2-11; 4-32 to 38; 
9-9; N-6 to 8


global positioning system 6-61, 62

QC measurements 4-35, 37; 6-3, 4;


7-3, 4

probe area	 6-20, 21, 24, 29,


30, 36, 37, 38,

43, 48


quality 2-6, 8, 9

assessment data 2-11

data quality needs 2-8

HSA data 3-10

professional judgment 3-22


quality assurance (QA) 2-6; 4-32; 8-1, 2, 
4, 7; 9-1 to 4


review of HSA 3-25

document comparison tables App. K


Quality Assurance Project Plan (QAPP) 
2-6; 4-31, 32; 

5-5, 54, 55; 7-9;

9-2, 3, 6


quality control (QC) 2-6; 8-2; 9-1, 5, 7

field measurement control 6-3 to 8

laboratory control 7-2 to 7

number of measurements 4-32 to 38


quality system 9-1 to 4


Quantile plot	 8-4, 7, 8, 13; 

I-18 to 21


Quantile-Quantile plot	 A-16, 17; 

I-22 to 24


R 5-29, 31, 33, 35


RA D-23


radiation program managers 
list by region App. L 

radiation survey 1-1, 4;4-4, 21

data life cycle 2-16

HSA 2-22; 3-1, 8

scoping survey 2-22; 5-1 to 6

characterization survey 2-23; 5-7 to 17

remedial action support survey


2-23; 5-18 to 20

final status survey 2-24; 5-21 to 55

planning 2-8 to 11; 


Chap. 4; Chap. 5

process 2-14, 17 to 21


radioactive decay 3-12; 7-18, 20

decay chain 4-6, 7

half-life 4-5

radon 6-55, 58, 59

scan MDC 6-44 to 46

survey design 5-5, 8, 16


radioactivity 
see residual radioactivity 

radiological survey 
see radiation survey 

radionuclide 2-2, 5 

compliance/dose 2-25

see unity rule 
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Index 

radon	 3-20; 5-14; 

6-55 to 60


random uncertainty 2-14; 6-50 to 52


ranked data I-22

interpolated ranks I-23


RCRA 2-22, 23, 39; 3-1;

5-1, 7


compared to MARSSIM App. F

reference coordinate system 

see grid 

regulations & requirements App. C

DOD C-15 to 20

DOE C-4 to 12

EPA C-1 to 4

NRC C-12 to 15

States C-20, 21


relative shift (�/�)	 5-26 to 35, 40,

42; 8-12 to 15,

19; D-17, 20


calculate 5-26, 5-32

example 5-29, 5-33; 


A-11, 19

DQO process 2-9, 10, 31

number of data points 5-28, 33

P 5-27
r 

Sign p 5-32

tables


N (Sign test) 5-34

N/2 (WRS test) 5-30

P 5-28
r 

Sign p 5-32

release criterion 1-1, 2, 5; 2-2


alternate null hypothesis 2-39

compliance 2-25

DCGLs 4-3

final status survey 2-24

null hypothesis 2-9, 26

statistical tests 2-25

survey planning 5-1


rem (radiation equivalent man) 
see conversion table 

remedial action support survey 
2-15, 23; 5-18 to

20; 6-12; 8-25


checklist 5-20

figure 2-20

table 2-16


remediation 
see remedial action support survey 

1-1, 3, 4; 8-9, 11


removable activity 

see surface contamination 

removal 
criteria 
of structures/equipment 
Superfund 

HSA 
scoping survey 

replicate 
sample 
measurement 

representativeness 

reproducibility 
residual radioactivity 

analytical procedures 
characterization surveys 

land areas 
structures 

final status survey 
land areas 
structures 

remedial action design 
see surface contamination 

restricted use 
see unrestricted release 

robust

s

S+


see test statistic 

sample(s) 
alternate survey design

background

blanks

Chain of Custody

characterization


land 
structures 

confirmation/verification 
criteria 
DCGLs 

5-17, 52; 

6-20, 21


2-5; 5-2

2-23; App. F

4-24 to 26

App. F

3-1

5-2

4-35, 37

7-3

6-3


2-11, 24; 4-34; 

6-6; 7-3; 

N-12, 13

4-27; 6-61


2-3, 26; 3-24; 

4-1, 24

7-17 to 23


5-11

5-10


5-40, 50, 51

5-44, 48 to 50

5-18


1-1; 5-7


2-35, 37; 8-6


5-45, 49; 8-2


8-12 to 16


2-4

2-33

4-13

7-5

7-23 to 25


5-11

5-10

2-25

4-19, 21

4-4
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sample(s) (continued)

documentation 5-52

final status survey


locations 5-40 to 44

number of data points 5-25 to 39


matrix spikes 7-4

packing/transport 7-25 to 28

preservation of 7-16, 17

QC 4-32 to 38

remedial action 5-19

sampling 2-4

scoping 5-2, 3

soil 7-11 to 14

surrogate 4-4

water & sediments 5-12, 13


Sampling and Analysis Plan 2-6; 9-3


scanning 2-4; 4-17

alpha 6-14

alpha scanning sensitivity


equations - derivations App. J

beta 6-15

demonstrating compliance 2-31

detectors 6-15 to 18, 20 to


22, 57; App. H

elevated activity 2-29

gamma 6-14

MDCs 6-37 to 49

pattern (example) A-6

sensitivity 6-37 to 49

survey techniques 4-17; 6-13 to 15

scanning surveys


scoping 5-3, 6

characterization


land areas 5-11

structures 5-10


remedial action 5-19

final status 


Class 1 areas 2-32; 5-46

Class 2 areas 2-32; 5-47

Class 3 areas 2-33; 5-48


scoping survey 2-15, 22; 5-1 to 6

area classification 4-11

checklist 5-5, 6

figure 2-19

HSA & planning 3-1, 2

table 2-16


sealed source 
final status survey example App. B 

sigma (�) 
see standard deviation 

Sievert (Sv) 
see conversion table 

Sign test 2-3, 27, 28; 5-25;

8-11 to 16


applying test 8-12

example(s) 8-12, 14

hypothesis 8-11

number of data points 5-31 to 35


example 5-33, 35

power I-25, 26

Sign p 5-32


site(s) Chap. 1

clearing for access 4-24

decommissioning 4-1

definition 2-3

historical assessment Chap. 3

identification 2-16; 3-4

investigation process 2-14

site preparation 4-22


site reconnaissance 3-9

identify contamination 3-13

site model 3-22


smear (swipe) 
see removable activity 

soil 3-13 to 15

analysis 7-17 to 23

background 4-13

sampling 7-11 to 14

surveys 5-33, 9 to 11, 19,


33, 47, 50, 51

survey coverage 2-32; 5-47


source term 4-21


split 
regulatory verification 2-25

sample 4-35; 7-3, 14


standard deviation	 2-9, 31; 4-16; 

5-26, 29, 31, 32,

45, 49; 8-2, 10,

12 to 15, 19, 23;

A-11, 19; N-17


standard operating procedure (SOP) 
6-3, 51; 

7-9, 19, 25
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statistical tests 2-25; 4-11; 5-25; 
Chap. 8; App. I


alternate methods 2-34 to 38

documenting 8-25, 26

interpreting results 8-21 to 25

selecting a test 8-6, 7; E-4

summary (table) 8-9

verify assumptions 8-7, 8; E-4


stem & leaf display 8-5, 7; I-17, 18


structures 3-20

access 4-25

HSA site plots 3-8

measurements 4-20

reference coordinate system 4-27 to 31

surface activity 5-10

surveys 5-7 to 10, 46, 47

survey coverage 5-47

survey example App. A

survey unit 2-4; 4-14, 15

WRS test (example)


Class 1 8-21, App. A

Class 2 8-19


Student’s t test 2-35, 37


subsurface soil (sample) 1-9; 4-24

characterization survey 5-9, 5, 11

HSA 3-11, 13, 14

sampling 7-16; App. M


surface contamination 1-3, 4

detectors


alpha 6-20

beta 6-21

gamma 6-22


direct measurements 6-10 to 13

identification 3-12

in situ spectrometry 6-11, 12

land areas 4-24

scanning 6-13 to 15

soil 3-14

structures 4-23; 5-10

surface activity DCGLs 4-4

surrogates/DCGLs 4-4


surface soil 1-3, 1-4; 3-13

background 4-13

sampling 7-9, 12 to 14, 16,


17, 21; App. M

surrogate measurements	 4-4 to 7; 5-12; 


6-14; 9-7


survey 
approach Chap. 1

DCGLs 4-3

decommissioning criteria 4-1

DQOs 2-9 to 11

field measurements Chap. 6

instruments/technique 4-16; App. H

overview Chap. 2

planning 2-8 to 11; 


Chap. 5

QAPP 2-6

sampling/preparation Chap. 7, App. M

simplified procedure App. B

site investigation process 2-14

statistical tests 2-25; Chap. 8;


App. I

survey considerations Chap. 4

using MARSSIM 1-6; Roadmap

see characterization 5-7 to 16

see final status 5-20 to 53

see HSA Chapter 3

see remedial action 5-17 to 19

see scoping 5-1 to 6

see Data Life Cycle

see survey unit


survey checklist 
characterization 5-16, 17

final status 5-53 to 55

remedial action 5-20

scoping 5-5, 6

statistical tests 8-27


survey plan 1-5; 2-6; 5-54; 
7-8, 18


alternate designs 2-33 to 40

design Chap. 4; Chap. 5

DQOs 2-9; 3-3

optimizing survey 2-30


survey unit 2-4; 4-14; 7-5; 
9-6, 8; N-16


area 4-15

characterization 5-9 to 5-11

characterize/DQOs 2-9

classification 2-28; 4-11, 12

classify/flowchart 2-17

elevated activity 2-27

HSA 3-1, 2, 4

identifying 4-14

investigation level 5-44 to 46

statistics & final status survey 5-21 to 55

uniform contamination 2-28
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surveyor(s) 4-22, 31; 6-24,

37, 38, 40 to 48


selecting 6-8, 9

systematic uncertainty 6-50 to 52


systematic grid	 2-31, 32; 5-46; 

6-7, 12; 8-19, 22


test statistic 8-12, 13, 15; 

D-16 to 19


example (S+) 8-12 to 16

example (Wr , Ws ) 8-18

see critical level


total effective dose equivalent (TEDE) 

uncertainty (continued) 
confidence intervals 
decision making 
DCGL 
estimating 
measurement 
MDC 
propagation 
QC 
reporting 
statistical counting 
systematic/random 

unity rule (mixture rule) 

adjusting DCGLs 
unrestricted release 
validation 

verification 

Wr 
see test statistic 

Ws 
see test statistic 

6-53 to 55

2-7

2-33

2-11

6-49 to 55

4-17

6-52, 53

4-32 to 38

2-14

6-52

6-50 to 52

2-27; 4-8; 5-38;

8-21, 23

4-8 to 4-10

3-22


2-8, 11; 7-9; 9-2,

5, 7, 8; App. N

2-15, 25; 5-21; 

6-32; 7-9; 8-8; 

9-2, 4 to 7

8-18


8-18


triangular sampling grid 

see systematic grid 

two-sample test 

alternate methods 
nonparametric test 
see Wilcoxon Ranked Sign test 

Type I decision error 

DQOs 
examples 

Type II decision error 

DQOs 
examples 

uncertainty 

2-2

5-35, 36, 

42 to 44; 8-4, 13,

16, 19


2-28; 5-25 to 31;

D-10

2-37, 38

4-9 to 11


5-25 to 35; 6-33,

34; 8-8, 10, 13 to

15, 18, 19, 21; 

9-8, 9; D-14 to

17, 21, 26, 28

2-9, 10, 31

8-10; A-7, 11,

18; B-2

5-25 to 35; 6-33,

34; 8-8, 10, 12 to

15, 19; 9-8, 9; 

D-14 to 18, 20,

21, 26, 28

2-9, 10, 31

8-10; A-7, 11; 

B-2

1-2; 2-25; 5-11,

14, 26, 29, 33,

35, 45, 46; 

6-49 to 55; 7-3,

4, 8, 21; 8-17, 18;

9-7, 9


Wilcoxon Rank Sum (WRS) test 

adjusted data 
example 

applying the test 
Class 1 example 
Class 2 example 

power

spreadsheet formulas

see two-sample test 

working level 

2-28; 5-25 to 31;

8-17 to 21

8-20

8-19, 21; 

A-10, 11, 18, 19

8-18

8-21

8-19

I-27 to 29

I-30


6-56
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AGREEMENT 

BETWEEN 

THE UNITED STATES NUCLEAR REGULATORY COMMISSION 

AND 

THE COMMONWEALTH OF PENNSYLVANIA FOR THE 

DISCONTINUANCE OF CERTAIN COMMISSION REGULATORY AUTHORITY 

AND 

RESPONSIBILITY WITHIN THE COMMONWEALTH PURSUANT TO 

SECTION 274 OF THE ATOMIC ENERGY ACT OF 1954, AS AMENDED 

 

WHEREAS, The United States Nuclear Regulatory Commission (hereinafter referred to 

as the Commission) is authorized under Section 274 of the Atomic Energy Act of 1954, as 

amended, 42 U.S.C. § 2011 et seq. (hereinafter referred to as the Act), to enter into agreements 

with the Governor of any State/Commonwealth providing for discontinuance of the regulatory 

authority of the Commission within the State/Commonwealth under Chapters 6, 7, and 8, and 

Section 161 of the Act with respect to byproduct materials as defined in Sections 11e.(1), 

11e.(2), 11e.(3), and 11e.(4) of the Act, source materials, and special nuclear materials in 

quantities not sufficient to form a critical mass; and, 

 

WHEREAS, The Governor of the Commonwealth of Pennsylvania is authorized under 

the Pennsylvania Radiation Protection Act of July 10, 1984, P.L. 688, No. 147, as amended, 35 

P.S. § 7110.101 et seq., to enter into this Agreement with the Commission; and, 

 

WHEREAS, The Governor of the Commonwealth of Pennsylvania certified on November 

9, 2006, that the Commonwealth of Pennsylvania (hereinafter referred to as the 

Commonwealth) has a program for the control of radiation hazards adequate to protect public 

 



health and safety with respect to the materials within the Commonwealth covered by this 

Agreement, and that the Commonwealth desires to assume regulatory responsibility for such 

materials; and, 

 

WHEREAS, The Commission found on February 12, 2008, that the program of the 

Commonwealth for the regulation of the materials covered by this Agreement is compatible with 

the Commission's program for the regulation of such materials and is adequate to protect public 

health and safety; and, 

 

WHEREAS, The Commonwealth and the Commission recognize the desirability and 

importance of cooperation between the Commission and the Commonwealth in the formulation 

of standards for protection against hazards of radiation and in assuring that Commonwealth and 

Commission programs for protection against hazards of radiation will be coordinated and 

compatible; and, 

 

WHEREAS, The Commission and the Commonwealth recognize the desirability of the 

reciprocal recognition of licenses, and of the granting of limited exemptions from licensing of 

those materials subject to this Agreement; and, 

 

WHEREAS, This Agreement is entered into pursuant to the provisions of the Act; 

 

NOW, THEREFORE, It is hereby agreed between the Commission and the Governor of the 

Commonwealth acting on behalf of the Commonwealth as follows: 
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ARTICLE I 

 

Subject to the exceptions provided in Articles II, IV, and V, the Commission shall discontinue, as 

of the effective date of this Agreement, the regulatory authority of the Commission in the 

Commonwealth under Chapters 6, 7, and 8, and Section 161 of the Act with respect to the 

following materials: 

 

1. Byproduct materials as defined in Section 11e.(1) of the Act; 

 

2. Byproduct materials as defined in Section 11e.(3) of the Act; 

 

3. Byproduct materials as defined in Section 11e.(4) of the Act; 

 

4. Source materials; 

 

 5. Special nuclear materials in quantities not sufficient to form a critical mass; 

 

 6. The regulation of the land disposal of all byproduct, source, and special nuclear 

waste materials covered by this Agreement. 

 

ARTICLE II 

 

This Agreement does not provide for discontinuance of any authority and the Commission shall 

retain authority and responsibility with respect to the following: 
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1. The regulation of the construction and operation of any production or utilization 

facility or any uranium enrichment facility;  

 

2. The regulation of the export from or import into the United States of byproduct, 

source, or special nuclear material, or of any production or utilization facility;  

 

3. The regulation of the disposal into the ocean or sea of byproduct, source, or 

special nuclear materials waste as defined in the regulations or orders of the 

Commission;  

 

4. The regulation of the disposal of such other byproduct, source, or special nuclear 

materials waste as the Commission from time to time determines by regulation or 

order should, because of the hazards or potential hazards thereof, not be 

disposed without a license from the Commission; 

 

5. The evaluation of radiation safety information on sealed sources or devices 

containing byproduct, source, or special nuclear materials and the registration of 

the sealed sources or devices for distribution, as provided for in regulations or 

orders of the Commission; 

 

6. Byproduct materials as defined in Section 11e.(2) of the Act. 

 

ARTICLE III 

 

With the exception of those activities identified in Articles II, paragraphs 1 through 4, this 

Agreement may be amended, upon application by the Commonwealth and approval by the 
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Commission, to include one or more of the additional activities specified in Article II, paragraphs 

5 and 6, whereby the Commonwealth may then exert regulatory authority and responsibility with 

respect to those activities. 

 

ARTICLE IV 

 

Notwithstanding this Agreement, the Commission may from time to time by rule, regulation, or 

order, require that the manufacturer, processor, or producer of any equipment, device, 

commodity, or other product containing source, byproduct, or special nuclear material shall not 

transfer possession or control of such product except pursuant to a license or an exemption 

from licensing issued by the Commission. 

 

ARTICLE V 

 

This Agreement shall not affect the authority of the Commission under Section 161b or 161i of 

the Act to issue rules, regulations, or orders to protect the common defense and security, to 

protect restricted data, or to guard against the loss or diversion of special nuclear material. 

 

ARTICLE VI 

 

The Commission will cooperate with the Commonwealth and other Agreement States in the 

formulation of standards and regulatory programs of the Commonwealth and the Commission 

for protection against hazards of radiation and to assure that Commission and Commonwealth 

programs for protection against hazards of radiation will be coordinated and compatible.  The 

Commonwealth agrees to cooperate with the Commission and other Agreement States in the 

formulation of standards and regulatory programs of the Commonwealth and the Commission 

 - 5 -



for protection against hazards of radiation and to assure that the Commonwealth's program will 

continue to be compatible with the program of the Commission for the regulation of materials 

covered by this Agreement. 

 

The Commonwealth and the Commission agree to keep each other informed of proposed 

changes in their respective rules and regulations and to provide each other the opportunity for 

early and substantive contribution to the proposed changes. 

 

The Commonwealth and the Commission agree to keep each other informed of events, 

accidents, and licensee performance that may have generic implications or otherwise be of 

regulatory interest. 

 

ARTICLE VII 

 

The Commission and the Commonwealth agree that it is desirable to provide reciprocal 

recognition of licenses for the materials listed in Article I licensed by the other party or by any 

other Agreement State.  Accordingly, the Commission and the Commonwealth agree to develop 

appropriate rules, regulations, and procedures by which such reciprocity will be accorded. 

 

ARTICLE VIII 

 

The Commission, upon its own initiative after reasonable notice and opportunity for hearing to 

the Commonwealth, or upon request of the Governor of the Commonwealth, may terminate or 

suspend all or part of this Agreement and reassert the licensing and regulatory authority vested 

in it under the Act if the Commission finds that (1) such termination or suspension is required to 

protect public health and safety, or (2) the Commonwealth has not complied with one or more of 
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the requirements of Section 274 of the Act.  The Commission may also, pursuant to Section 

274j of the Act, temporarily suspend all or part of this Agreement if, in the judgment of the 

Commission, an emergency situation exists requiring immediate action to protect public health 

and safety and the Commonwealth has failed to take necessary steps.  The Commission shall 

periodically review actions taken by the Commonwealth under this Agreement to ensure 

compliance with Section 274 of the Act which requires a Commonwealth program to be 

adequate to protect public health and safety with respect to the materials covered by this 

Agreement and to be compatible with the Commission's program. 

 

ARTICLE IX 

 

This Agreement shall become effective on March 31, 2008, and shall remain in effect unless 

and until such time as it is terminated pursuant to Article VIII. 

 

Done at Rockville, Maryland, in triplicate, this 10th day of March, 2008. 
 
 

FOR THE UNITED STATES NUCLEAR 
REGULATORY COMMISSION 

 
 
 
      _/RA/__________________________________ 
      Dale E. Klein, Chairman 
 
 
Done at Harrisburg, Pennsylvania, in triplicate, this 26th day of March, 2008. 
 
 

FOR THE COMMONWEALTH OF 
PENNSYLVANIA  

 
 
 
      _/RA/___________________________________ 
      Edward G. Rendell, Governor 
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Nuclear Materials Safety and Safeguards  

History, automobile maker Henry Ford once said, "is more or less . . . bunk." Philosopher George Santayana was more 
charitable in his assessment of the discipline when he declared that "those who fail to study the past are condemned to 
repeat it." In a sense, both Ford and Santayana were right. Much of the past has little meaning or importance for the 
present and deservedly remains forgotten in the dustbins of history. But other parts of the past need to be remembered 
and studied in order to make sense out of the present. Today's events are a direct outgrowth of yesterday's, and 
understanding the history of any given problem is essential to approaching it knowledgeably. It is the task of the historian 
to gather evidence, to separate what is important from what is not, and to explain key events and decisions of the past. 

This short history of nuclear regulation provides a brief overview of the most significant events in the agency's past. Space 
limitations prevent discussion of all the important occurrences, and even the subjects that are included cannot be covered 
in full detail. The first chapter of this account is drawn from the first volume of the NRC's history, Controlling the Atom: The 
Beginnings of Nuclear Regulation, 1946-1962 (University of California Press, 1984). The second chapter is largely based on 
the second volume of the NRC's history, Containing the Atom: Nuclear Regulation in a Changing Environment, 1963-1971 
(University of California Press, 1992). The findings and conclusions on events that occurred after 1971 should be regarded 
as preliminary and tentative; they are not based on extensive research in primary sources. It is my hope, however, that 
this overview will help explain how the past has shaped the present and illuminate the considerations that have influenced 
regulatory decisions and procedures over the years. It is also my hope that this outline will suggest that history should be 
viewed as something more valuable than "bunk." 

CHAPTER 1 -- THE FORMATIVE YEARS OF NUCLEAR REGULATION, 1946-62 

The Dawn of the Atomic Age 

The use of atomic bombs against the Japanese cities of Hiroshima and Nagasaki in August 1945 ushered in a new historical 
epoch, breathlessly labeled in countless news reports, magazine articles, films, and radio broadcasts as the "Atomic Age." 
Within a short time after the end of World War II, politicians, journalists, scientists, and business leaders were suggesting 
that peaceful applications of nuclear power could be as dramatic in their benefits as nuclear weapons were awesome in their 
destructive power. Nuclear physicist Alvin M. Weinberg told the Senate's Special Committee on Atomic Energy in December 
1945: "Atomic power can cure as well as kill. It can fertilize and enrich a region as well as devastate it. It can widen man's 
horizons as well as force him back into the cave." Newsweek reported that "even the most conservative scientists and 
industrialists [are] willing to outline a civilization which would make the comic-strip prophecies of Buck Rogers look 
obsolete." Observing that ideas for the civilian uses of atomic energy ranged "from the practical to the fantastic," it cited a 
few examples: atomic-powered airplanes, rockets, and automobiles, large electrical generating stations, small "home power 
plants" to provide heat and electricity in individual homes, and tiny atomic generators wired to clothing to keep a person 
cool in summer and warm in winter. 

Developing nuclear energy for civilian purposes, as even the most enthusiastic proponents recognized, would take many 
years. The government's first priority was to maintain strict control over atomic technology and to exploit it further for 
military purposes. The Atomic Energy Act of 1946, passed as tensions with the Soviet Union were developing into the cold 
war, acknowledged in passing the potential peaceful benefits of atomic power. But it emphasized the military aspects of 
nuclear energy and underscored the need for secrecy, raw materials, and production of new weapons. The 1946 law did not 
allow for private, commercial application of atomic energy; rather, it created a virtual government monopoly of the 
technology. To manage the nation's atomic energy programs, the act established the five-member Atomic Energy 
Commission (AEC). 

The 1954 Atomic Energy Act 

In 1954, Congress passed new legislation that for the first time permitted the wide use of atomic energy for peaceful 
purposes. The 1954 Atomic Energy Act redefined the atomic energy program by ending the government monopoly on 
technical data and making the growth of a private commercial nuclear industry an urgent national goal. The measure 
directed the AEC "to encourage widespread participation in the development and utilization of atomic energy for peaceful 
purposes." At the same time, it instructed the agency to prepare regulations that would protect public health and safety 
from radiation hazards. Thus, the 1954 act assigned the AEC three major roles: to continue its weapons program, to 
promote the private use of atomic energy for peaceful applications, and to protect public health and safety from the hazards 
of commercial nuclear power. Those functions were in many respects inseparable and incompatible, especially when 
combined in a single agency. The competing responsibilities and the precedence that the AEC gave to its military and 
promotional duties gradually damaged the agency's credibility on regulatory issues and undermined public confidence in its 
safety program. 

The AEC's regulatory program was most directly affected by the agency's commitment to encouraging the rapid growth of 
civilian nuclear power. The initial impetus for peaceful atomic development came mostly from considerations other than 
meeting America's energy demands. In the early 1950s, projections of future energy requirements predicted that atomic 
power would eventually play an important role in the nation's energy supplies, but they did not suggest an immediate need 



to construct atomic power reactors. The prevailing sense of urgency, at least among government leaders, that led to the 
1954 Atomic Energy Act and to the growth of commercial nuclear power derived instead largely from the fear of falling 
behind other nations in fostering peaceful atomic progress. The strides that Great Britain was making in the field seemed 
disturbing enough, but the possibility that the Soviet Union might surpass the United States in civilian power development 
was even more ominous. AEC commissioner Thomas E. Murray described a "nuclear power race" in a 1953 speech and 
warned that the "stakes are high." He added: "Once we become fully conscious of the possibility that power hungry 
countries will gravitate toward the USSR if it wins the nuclear power race, . . . it will be quite clear that this power race is 
no Everest-climbing, kudos-providing contest." Like Murray, many government officials emphasized that surrendering 
America's lead in expanding the peaceful applications of atomic energy would deal a severe blow to its international prestige 
and world scientific dominance. 

The eagerness to push for rapid civilian nuclear development was intensified by an impulse to show that atomic technology 
could serve constructive purposes as well as destructive ones. The assertions made shortly after World War II that atomic 
energy could provide spectacular advances that would raise living standards throughout the world remained unproven and 
largely untested. As the nuclear arms race took on more terrifying proportions with the development of thermonuclear 
bombs, the desire to demonstrate the benefits of atomic energy became more acute. President Dwight D. Eisenhower, 
spurred by the detonation of the Soviet Union's first hydrogen device, starkly depicted the horror of nuclear warfare in a 
widely publicized address to the United Nations in December 1953. At the same time, he emphasized that "this greatest of 
all destructive forces can be developed into a great boon, for the benefit of all mankind." Eisenhower's appeal for peaceful 
nuclear progress and his affirmation of the potential blessings of civilian atomic energy were echoed by many other high 
government officials. 

By 1954, a broad political consensus viewed the development of nuclear energy for civilian purposes as a vital goal. The 
Atomic Energy Act of that year resulted partly from perceptions of the long-range need for new energy sources, but mostly 
from the immediate commitment to maintain America's world leadership in nuclear technology, enhance its international 
prestige, and demonstrate the benefits of peaceful atomic energy. It infused the atomic power program with a sense of 
urgency, and in that atmosphere, the AEC established its developmental and regulatory policies. The 1954 act gave the AEC 
wide discretion on how to proceed. Despite the general agreement on ultimate objectives, the means by which they should 
be accomplished soon created sharp differences. 

The AEC and the Development of Commercial Nuclear Power 

The AEC favored a partnership between government and industry in which private firms would play an integral role in 
demonstrating and expanding the use of atomic power. "The Commission's program," AEC chairman Lewis L. Strauss 
explained, "is directed toward encouraging development of the uses of atomic energy in the framework of the American free 
enterprise system." It was the AEC's conviction, he added, "that competitive economic nuclear power . . . would be most 
quickly achieved by construction and operation of full-scale plants by industry itself." To accomplish its objectives, the AEC 
announced a "power demonstration reactor program" in January 1955. The agency offered to perform research and 
development on power reactors in its national laboratories, to subsidize additional research undertaken by industry under 
fixed-sum contracts, and to waive for seven years the established fuel use charges for the loan of fissionable materials 
(which the government would continue to own). For their part, private utilities and vendors would supply the capital for 
construction of nuclear plants and pay operating expenses other than fuel charges. The purpose of the demonstration 
program was to stimulate private participation and investment in exploring the technical and economic feasibility of 
different reactor designs. At that time, no single reactor type had clearly emerged as the most promising of the several that 
had been proposed. 

The AEC's incentives received a mixed response from private industry. For several years, some utility executives had shown 
a keen interest in investigating the use of nuclear fission for generating electricity. But commercial applications of atomic 
energy had been thwarted by the severe limitations on access to technical information dictated by the 1946 Atomic Energy 
Act. In 1953, when the Joint Committee on Atomic Energy, created by the 1946 act to carry out congressional oversight of 
the AEC, conducted public hearings on peaceful atomic development, spokesmen for private firms emphasized that 
industrial progress was possible only if the restrictions on obtaining data were eased. By opening nuclear technology to 
commercial applications, the 1954 Atomic Energy Act largely satisfied those complaints. From the perspective of utility 
companies, the act offered an opportunity to participate in nuclear development and gain experience in a technology that 
promised to help meet long-term energy demands. Vendors of reactor components welcomed the prospects of expanding 
their markets, not only in the United States but also in foreign countries where the need for new sources of power was 
more immediate. 

The enthusiasm of the private utility industry for nuclear power development, however, was tempered by other 
considerations. Although experiments with AEC-owned reactors had established the technical feasibility of using nuclear 
fission to produce electricity, many scientific and engineering questions remained to be answered. Despite the financial 
inducements the AEC offered through its power demonstration reactor program, the capital and operating costs of atomic 
power were certain to be much higher than those of fossil fuel plants, at least in the early stages of development. Across 
the industry, the prospects of realizing short-term profits from nuclear power were dim. An American Management 
Association symposium in 1957 concluded: "The atomic industry has not been--and is not likely to be for a decade-- 
attractive as far as quick profits are concerned." When Lewis Strauss made his oft-quoted statement in 1954 that nuclear 



power could provide electricity "too cheap to meter," he was referring to long-term (and far-fetched) hopes rather than to 
immediate realities. He knew as well as industry analysts that the heavy investments required were a major impediment to 
the growth of nuclear power. 

In addition to financial considerations, recognition of the hazards of the technology intensified industry's reservations about 
nuclear power. Based on experience with government test reactors and the prevailing faith in the ability of scientists and 
engineers to solve technological problems, the AEC and industry leaders regarded the chances of a disastrous atomic 
accident as remote. But they did not dismiss the possibility entirely. Francis K. McCune, general manager of the Atomic 
Products Division of General Electric, told the Joint Committee in 1954 that "no matter how careful anyone in the atomic 
energy business may try to be, it is possible that accidents may occur." 

Mindful of both the costs and the risks of atomic power, the electric utility industry responded to the 1954 Atomic Energy 
Act and the AEC's demonstration program with restraint. Although many utilities were interested in exploring the potential 
of nuclear power, few were willing to press ahead rapidly in the face of existing uncertainties. The AEC was gratified, and 
rather surprised, that by August 1955 five power companies--either as individual utilities or as consortiums--had announced 
plans to build nuclear plants. Two decided to proceed without government assistance and three others submitted proposals 
for projects under the AEC's power demonstration program. 

The Joint Committee on Atomic Energy was less impressed with the response of private industry to the 1954 act and the 
AEC's incentives. The Democratic majority on the committee favored a larger government role in accelerating nuclear 
development, which conflicted with the AEC's commitment to encouraging maximum private participation. The issue 
became a major source of contention between the AEC and the Joint Committee, contributing a philosophical dispute to 
relations that were already strained by political differences and a bitter personal feud between Strauss and Joint Committee 
chairman Clinton P. Anderson. 

In 1956, two Democratic members of the Joint Committee, Representative Chet Holifield and Senator Albert Gore, 
introduced legislation directing the AEC to construct six pilot nuclear plants, each of a different design, in order to "advance 
the art of generation of electrical energy from nuclear energy at the maximum possible rate." Supporters of the bill 
contended that the United States was falling behind Great Britain and the Soviet Union in the quest for practical and 
economical nuclear power. Opponents of the measure denied that the United States had surrendered its lead in atomic 
technology and insisted that private industry was best able to expedite further development. Strauss declared that "we 
have a civilian program that is presently accomplishing far more than we had reason to expect in 1954." The Gore-Holifield 
bill was defeated by a narrow margin in Congress, but the views it embodied and the impatience of the Joint Committee for 
rapid development placed a great deal of pressure on the AEC to show that its reactor programs were producing results. 

The AEC's Regulatory Program 

The AEC's determination to push nuclear development through a partnership in which private industry played a vital role 
had a major impact on the agency's regulatory policies. The AEC's fundamental objective in drafting regulations was to 
ensure that public health and safety were protected without imposing overly burdensome requirements that would impede 
industrial growth. Commissioner Willard F. Libby articulated an opinion common among AEC officials when he remarked in 
1955: "Our great hazard is that this great benefit to mankind will be killed aborning by unnecessary regulation." Other 
proponents of nuclear development shared those views. They realized that safety was indispensable to progress; an 
accident could destroy the fledgling industry or at least set it back many years. At the same time, they worried that 
regulations that were too restrictive or inflexible would discourage private participation and investment in nuclear 
technology. 

The inherent difficulty the AEC faced in distinguishing between essential and excessive regulations was compounded by 
technical uncertainties and limited operating experience with power reactors. The safety record of the AEC's own 
experimental reactors engendered confidence that safety problems could be resolved and the possibility of accidents kept to 
"an acceptable calculated risk." But experience to that time offered little definitive guidance on some important technical 
and safety questions, such as the effect of radiation on the properties of reactor materials, the durability of steel and other 
metals under stress in a reactor, the ways in which water reacted with uranium, thorium, aluminum, and other elements in 
a reactor, and the measures needed to minimize radiation exposure in the event of a large accident. 

The Licensing Process 

The AEC's regulatory staff, created soon after the passage of the 1954 Atomic Energy Act, confronted the task of writing 
regulations and devising licensing procedures rigorous enough to assure safety but flexible enough to allow for new findings 
and rapid changes in atomic technology. Within a short time the staff drafted rules and definitions on radiation protection 
standards, distribution and safeguarding of fissionable materials, and reactor operators' qualifications. It also established 
procedures for licensing privately-owned reactors. The 1954 act outlined a two-step procedure for granting licenses. If the 
AEC found the safety analysis submitted by a utility for a proposed reactor to be acceptable, it would issue a construction 
permit. After construction was completed and the AEC determined that the plant fully met safety requirements, the 
applicant would receive a license to load fuel and begin operation. 



Because of the uncertainties in technical knowledge and the AEC's goal of encouraging different reactor designs, the agency 
had to judge license applications on a case-by-case basis. The early state of the technology precluded the possibility of 
formulating universal standards for all aspects of reactor engineering. The regulatory staff reviewed the information that 
applicants supplied on the suitability of the proposed site, construction specifications, a detailed plan of operation, and 
safety features. The proposal received further scrutiny from a panel of outside experts, the Advisory Committee on Reactor 
Safeguards (ACRS). The ACRS, composed of part-time consultants who were recognized authorities on various aspects of 
reactor technology, conducted its own independent review of the application. The recommendations of the staff and the 
ACRS went to the commissioners, who made the final decision on whether or not to approve a construction permit or 
operating license. (Later, the Commission delegated consideration of regulatory staff and ACRS judgments to panels drawn 
from the "Atomic Safety and Licensing Board" while retaining final jurisdiction in licensing cases if it chose to review a board 
ruling). 

The AEC did not require that a prospective power reactor owner submit finalized technical data on the safety of a facility to 
receive a construction permit. The agency was willing to grant a conditional permit as long as the application provided 
"reasonable assurance" that the projected plant could be constructed and operated at the proposed site "without undue risk 
to the health and safety of the public." The two-step licensing system enabled the AEC to authorize construction of nuclear 
plants while allowing time to investigate any outstanding safety questions and prescribe modifications in initial plans. 
Agency officials recognized that the wisdom of permitting construction to proceed without first resolving all potential safety 
problems was disputable, but they saw no alternatives in light of the existing state of the technology and the commitment 
to rapid development of atomic power. They were confident that regulatory requirements were adequate to guard against 
the hazards of nuclear generating systems. The AEC acknowledged, however, that it could not eliminate all risks. C. Rogers 
McCullough, chairman of the ACRS, informed the Joint Committee in 1956 that because of technical uncertainties and 
limited operating experience, "the determination that the hazard is acceptably low is a matter of competent judgment." 

The Power Reactor Development Company Controversy 

It soon became apparent how the AEC's judgment on safety issues could be influenced by its ambition to promote the 
private development of nuclear power. The Commission's actions in granting a construction permit for a commercial fast 
breeder reactor, despite the reservations of the ACRS, ignited an acrimonious controversy with the Joint Committee and 
raised questions about the AEC's regulatory program. In January 1956, the Power Reactor Development Company (PRDC), 
a consortium of utilities led by Detroit Edison, applied for a permit to build a fast breeder in Lagoona Beach, Michigan, 
located on Lake Erie within thirty miles of both Detroit and Toledo, Ohio. The AEC had already received applications for two 
privately-financed light-water reactors, but the PRDC proposal was the first to come in under the power demonstration 
program. 

The fast breeder reactor that the PRDC planned was far more advanced in its technological complexity than light-water 
models, with which scientists and engineers had greater experience and familiarity. After review of the PRDC's application 
and discussions with company representatives, the ACRS concluded in an internal report to the Commission that "there is 
insufficient information available at this time to give assurance that the PRDC reactor can be operated at this site without 
public hazard." The ACRS also expressed uncertainty that its questions about the reactor's safety could be resolved within 
the PRDC's proposed schedule for obtaining an operating license. The ACRS urged that the AEC expand its experimental 
programs with fast breeders to seek more complete data on the issues the PRDC application raised. 

The public dispute over the PRDC case was triggered by statements of Chairman Strauss and Commissioner Murray in 
congressional budget hearings. After the AEC requested a supplemental appropriation for the civilian power program, the 
commissioners were subjected to sharp criticism by Clarence Cannon, chairman of the House Appropriations Committee, 
when they appeared to testify in June 1956 on the need for the expenditures. Cannon, a strong public power advocate, 
badgered Strauss about private industry's lack of progress in atomic development and suggested that the PRDC had no 
"intention of building this reactor at any time in the determinable future." Strauss, anxious to show that industry was 
making good headway, replied: "They [PRDC] have already spent eight million dollars of their own money to date on this 
project. I told you they were breaking ground on August 8. I have been invited to attend the ceremony; I intend to do so." 
Inadvertently, he had revealed that he planned to attend the ground breaking ceremony for a reactor whose construction 
permit was still being evaluated by the AEC. 

During hearings the following day, Commissioner Murray, in an effort to demonstrate the need for research and 
development funds, disclosed the conclusions of the ACRS on the PRDC application. Murray was so uneasy about the safety 
implications of the committee's report that he went to see Joint Committee Chairman Anderson and outlined its contents. 

Members of the Joint Committee were angered and disturbed by the revelations of Strauss and Murray, not only because of 
safety concerns but also because the AEC had failed to inform them officially about the reservations of the ACRS. The AEC 
was obliged by the 1954 Atomic Energy Act to keep the Joint Committee "fully and currently informed" about its activities, 
and committee members believed that in the case of the ACRS report the agency had failed to carry out its charge. The 
Joint Committee immediately requested a copy of the ACRS document. The AEC was reluctant to agree, and after long 
deliberation, offered to deliver a copy only if the Joint Committee would keep it "administratively confidential." The 
committee refused to accept the report under those conditions. The AEC was even less accommodating with the state of 
Michigan. When Governor G. Mennen Williams, who learned of the ACRS report from Senator Anderson, asked the AEC for a 



copy, it refused on the grounds that "it would be inappropriate to disclose the contents of internal documents." 

Meanwhile, the AEC's regulatory staff was completing its review of the PRDC's application. The staff took a more optimistic 
view of the safety of the proposed reactor than had the ACRS. Since the company had agreed to perform tests on the 
questions raised by the committee, the staff recommended that it be granted a construction permit. On August 2, 1956, the 
Commission decided to issue the permit by a vote of three to one (Murray was the dissenter). It acknowledged the concerns 
of the ACRS by inserting the word "conditional" in the construction permit to emphasize that the company would have to 
settle the uncertainties about safety before receiving an operating license. Commissioner Harold S. Vance summarized the 
majority's reasoning during discussion of the application. "We are doing something that we ordinarily would not do," he 
said, "in that we would not ordinarily issue a construction permit unless we were satisfied that reasonable safety 
requirements had been met." But he added: "It may be some time before reasonable assurance can be obtained. If we 
were to delay the construction permit until then, it might delay a very important program. If we didn't think that the 
chances were very good that all these questions would be resolved, we would not issue the permit." 

The AEC's decision elicited angry protests from the Joint Committee. Congressman Holifield, citing Strauss's earlier 
announcement of his plans to attend the groundbreaking ceremonies for the plant, charged that the AEC chairman was 
acting in a "reckless and arrogant manner." Anderson accused the agency of conducting "star chamber" proceedings and 
pledged that the Joint Committee would "ascertain the full facts involved in this precipitate action." 

The Price Anderson Act 

The Joint Committee soon acted to prevent a recurrence of the AEC's conduct in the PRDC case. Anderson ordered the 
committee staff to prepare a study of the AEC's licensing procedures and regulatory organization, including consideration of 
whether regulatory and promotional responsibilities should be carried out by separate agencies. The staff concluded that 
the creation of separate agencies was inadvisable at the time, principally because of the difficulty of recruiting qualified 
personnel for purely regulatory functions. It did, however, suggest other reforms in the AEC's regulatory structure and 
procedures. Anderson implemented his staff's proposals by introducing legislation to establish the ACRS as a statutory 
body, direct that its reports on licensing cases be made public, and require public hearings on all reactor applications. The 
AEC opposed all three measures, but muted its objections because Anderson presented them as amendments to a bill to 
provide indemnity insurance for reactor owners, which the agency strongly favored. 

The AEC regarded indemnity legislation as essential for stimulating private investment in nuclear power, a view that 
industry spokesmen and the Joint Committee on Atomic Energy shared. Since they recognized that the chances of a severe 
reactor accident could not be reduced to zero, even the most enthusiastic industry proponents of atomic power were 
reluctant to push ahead without adequate liability insurance. Private insurance companies would offer up to $60 million of 
coverage per reactor, an amount that far exceeded what was available to any other industry in the United States. But in the 
event of a serious accident, it seemed insufficient to pay claims for deaths, injuries, and property damages in areas 
surrounding the malfunctioning plant. 

Therefore, industry executives sought a government program to provide additional insurance protection. H. R. Searing, 
chairman of the board of Consolidated Edison, declared that although his company would proceed with the construction of 
its Indian Point plant near New York City it would not load fuel and begin operation unless the insurance question were 
resolved. General Electric's Francis McCune went even further by telling the Joint Committee in 1957 that if Congress did 
not enact indemnity legislation, his company would stop work on Commonwealth Edison's Dresden station, then under 
construction. He suggested that without a government insurance plan, the market for civilian atomic energy would collapse 
and vendors would withdraw from the field. 

Spurred by the industry's concerns, both the AEC and the Joint Committee considered methods by which the government 
could provide additional liability insurance for reactor owners. Their efforts culminated in legislation introduced by Senator 
Anderson and Congressman Melvin Price, which proposed that the government underwrite $500 million of insurance beyond 
the $60 million available from private companies. The AEC initially opposed setting a specific upper limit on the amount 
because there was no reliable way to estimate the possible damages from a reactor accident. But Anderson, wanting to 
avoid a "blank check" for industry, rather arbitrarily decided on the $500 million figure. The bill stipulated that Congress 
could authorize additional payments if necessary and also required that reactor owners contribute funds to the insurance 
pool as their plants were licensed. With strong support from the AEC and the industry, Congress passed the Price-Anderson 
bill in August 1957. In final form, the measure included Anderson's reforms of the AEC's licensing procedure. Although the 
agency disliked Anderson's amendments, it accepted them to avoid jeopardizing or retarding approval of the indemnity bill. 
The Price-Anderson Act was a regulatory measure in effect because it provided insurance protection to victims of a nuclear 
accident, but it was largely promotional in motivation. Industry, the AEC, and the Joint Committee believed that it would 
remove a serious obstacle to private atomic development. 

The Growth of Nuclear Power 

The PRDC case and the Price-Anderson Act clearly illustrated the AEC's emphasis on developmental rather than regulatory 
efforts. The precedence that the AEC gave to promoting the growth of nuclear power resulted from a number of 



considerations. The 1954 Atomic Energy Act made it a national goal to encourage the widespread use of atomic energy for 
peaceful purposes, but private industry was often hesitant to assume the costs and risks of development. Therefore, the 
AEC sought to persuade or induce private interests to invest in nuclear power. This seemed particularly urgent because of 
the intense pressure the Joint Committee placed on the agency to speed progress and its persistent threat to require the 
AEC to construct prototype plants if private firms failed to act promptly. One important way that the AEC pursued its 
objective of private development was to write regulations designed to protect public safety without being overly 
burdensome to industry. 

Safety questions were largely a matter of judgment rather than something concrete or quantifiable, and AEC officials found 
it easier to assume that such issues had been or would be satisfactorily resolved than to assume that reactors would be 
built. When it issued a construction permit for the PRDC fast breeder reactor, for example, the Commission's vision of an 
advanced technology plant that showed the effectiveness of its power demonstration reactor program outweighed the 
reservations of the ACRS. Though aware of the implications that safety questions posed for the development of the 
technology, the AEC believed that nuclear science, in due time, would provide the answers to any outstanding problems. In 
short, the desire for tangible signs of promise was more compelling than first resolving more ethereal safety issues. 

The AEC's emphasis on stimulating atomic development did not mean that it was inattentive to safety issues. The 
regulations that the staff drafted shortly after passage of the 1954 Atomic Energy Act reflected careful consideration of the 
best scientific information and judgment available at the time. The AEC recognized and publicly acknowledged the 
possibility of accidents in such a new and rapidly changing technology; it never offered absolute assurances that accidents 
would not occur. Nevertheless, it believed that compliance with its regulations would make the chances of a serious 
accident very small. The agency did not view its developmental efforts as more important than regulatory policies, but it 
clearly viewed the need to encourage industrial growth as more immediate. 

By 1962, the AEC's efforts to stimulate private participation in nuclear power development had produced some encouraging 
results. In a report to President Kennedy, the agency proudly pointed out that in the short time since atomic technology 
had been opened to private enterprise, six "sizeable" power reactors had begun operation, and two of those had been built 
without government subsidies. Despite industry's lingering concerns about the costs of nuclear power relative to fossil fuels, 
the AEC's developmental and regulatory programs had fostered the initial growth of commercial nuclear power. The agency 
predicted that by the year 2000 nuclear plants might provide up to fifty percent of the nation's electrical generating 
capacity. Despite the AEC's claims, the future of the nuclear industry remained precarious. The fourteen reactors in 
operation or under construction were still far from being commercially competitive or technologically proven, and interest in 
further development among utilities appeared to be flagging. Both the AEC and Joint Committee were acutely aware of and 
deeply disturbed about those uncertainties. 

To make matters worse from the perspective of nuclear proponents, there were signs of increasing public opposition to, or 
at least concern about, nuclear power hazards. In the early days of nuclear power development, public attitudes toward the 
technology were highly favorable, as the few opinion polls on the subject revealed. Press coverage of nuclear power was 
also overwhelmingly positive. An article in National Geographic in 1958, for example, concluded that "abundant energy 
released from the hearts of atoms promises a vastly different and better tomorrow for all mankind." In the late 1950s and 
early 1960s, however, the public became more alert to and anxious about the hazards of radiation, largely as a result of a 
major controversy over radioactive fallout from nuclear weapons testing. One result was that the public became 
increasingly troubled about the risks of exposure to radioactivity from many sources, including nuclear power. 

Radiation Protection 

Before World War II, the dangers of radiation were a matter of interest and concern mostly to a relatively small group of 
scientists and physicians. Within a short time after the discovery of x-rays and natural radioactivity in the 1890s, scientific 
investigators concluded that exposure to radiation could cause serious health problems, ranging from loss of hair and skin 
irritations to sterility and cancer. Ignorance of the hazards of x-rays and radium and use of them for frivolous purposes led 
to tragic consequences for people who received large doses of radiation. As experience with and experimental data on the 
effects of radiation gradually accumulated, professionals developed guidelines to protect x-ray technicians and other 
radiation workers from excessive exposure. 

In 1934, a recently formed American committee representing professional societies and x-ray equipment manufacturers 
recommended for the first time a quantitative "tolerance dose" of radiation, 0.1 roentgen per day of whole-body exposure 
from external sources. Committee members believed that levels of radiation below the tolerance dose were generally safe 
and unlikely to cause injury "in the average individual." The following year, an international radiation protection committee 
composed of experts from five nations took similar action. Neither body regarded its recommended tolerance dose as 
definitive because empirical evidence remained fragmentary and inconclusive. They were confident, however, that available 
information made their proposals reasonable and provided an adequate margin of safety for the relatively small number of 
individuals exposed to radiation in their jobs. 

Then came Hiroshima. The dawn of the atomic age made radiation safety a vastly more complex task for two reasons. First, 
nuclear fission created many radioactive isotopes that did not exist in nature. This meant that instead of considering only x-
rays and radium, professionals in the field of radiation protection had to evaluate the hazards of new radioactive substances 



about which even less was known. Second, the problem of radiation safety extended to significantly larger segments of the 
population who might be exposed to radiation from the development of new applications of atomic energy. Radiation 
protection broadened from a medical issue of limited proportions to a public health question of, potentially at least, major 
dimensions. 

As a result of the drastically altered circumstances, scientific authorities reassessed their recommendations on radiation 
protection. They modified their philosophy of radiological safety by abandoning the concept of "tolerance dose," which 
assumed that exposure to radiation below the specified limits was generally harmless. Experiments in genetics indicated 
that reproductive cells were highly susceptible to damage from even small amounts of radiation. By the early 1940s, most 
scientists had rejected the idea that exposure to radiation below a certain threshold was inconsequential, at least for 
genetic effects. The American committee of radiation experts, named the National Committee on Radiation Protection 
(NCRP) in 1946, took action that reflected the consensus of opinion by replacing the terminology of "tolerance dose" with 
"maximum permissible dose," which it thought better conveyed the principle that no quantity of radiation was certifiably 
safe. It defined the permissible dose as that which "in the light of present knowledge, is not expected to cause appreciable 
bodily injury to a person at any time during his lifetime." While acknowledging the possibility of suffering harmful effects 
from radiation in amounts below the allowable limits, the NCRP emphasized that the permissible dose was based on the 
belief that "the probability of the occurrence of such injuries must be so low that the risk should be readily acceptable to the 
average individual." 

Because of the growth of atomic energy programs and the substantial increase in the number of individuals working with 
radiation sources, the NCRP decided by 1948 to reduce its recommended occupational exposure limits to fifty percent of the 
1934 level. Its international counterpart, named the International Commission on Radiological Protection (ICRP) after World 
War II, adopted the same maximum permissible dose. The new maximum permissible whole body dose that the NCRP and 
ICRP recommended was 0.3 roentgens per six-day work week, measured by exposure of the"most critical" tissue in blood-
forming organs, gonads, and lens of the eye. Higher limits applied for less sensitive areas of the body. In addition to the 
levels established for exposure to x-rays or gamma rays, the NCRP and ICRP also issued maximum permissible 
concentrations in air and water of a list of radioactive isotopes that give off alpha or beta particles, known as "internal 
emitters." Alpha and beta particles cannot penetrate into vital human tissue from outside the body, but if they enter the 
body by consumption of contaminated food or water or by breathing of contaminated air, they can pose a serious health 
hazard. 

The allowable limits established by both groups applied only to radiation workers, but because of the genetic effects of 
radiation and the possibility that other people could be exposed in an accident or an emergency, each also issued guidelines 
for larger segments of the population. In view of the greater sensitivity of young persons to radiation, the NCRP 
recommended that the occupational maximum permissible dose be reduced by a factor of ten for anyone under age 
eighteen. The ICRP went further by proposing a limit of one-tenth the occupational level for the general population. Neither 
committee had any legal authority or official standing, but since their recommendations reflected the findings and opinions 
of leading experts in the field of radiation protection, they exercised decisive influence on government agencies concerned 
with radiological safety. The AEC used the NCRP's occupational limits in its own installations, and after passage of the 1954 
Atomic Energy Act, in its regulations for licensees. The agency's radiation protection regulations, which were first issued for 
public comment in 1955 and became effective in 1957, followed the NCRP's recommendations for radiation workers and set 
a permissible dose of one-tenth the occupational level for members of the general population potentially affected by the 
operations of licensees. 

The Fallout Controversy 

In the immediate postwar period, deliberations over the risks of radiation and permissible exposure levels were confined 
mostly to scientific circles. Concern about radiation moved from the rarified realms of scientific and medical discourse to the 
front page as a result of the fallout controversy. The testing of nuclear weapons in the atmosphere by the United States, 
the Soviet Union, and Great Britain produced radioactive fallout that spread to populated areas far from the sites of the 
explosions. The fallout debate made radiation hazards a bitterly contested political issue for the first time. Scientists 
disagreed sharply about how serious a risk fallout presented to the population, and the question became a prominent 
subject in news reports, magazine stories, political campaigns, congressional hearings, and scientific studies. This not only 
called public attention to the potential health hazards of relatively small amounts of radiation (as opposed to acute 
exposure), but also made clear that scientists did not know a great deal about the effects of low-level radiation. 

The fallout controversy affected the AEC's regulatory program in two important ways. First, it led to a tightening of the 
agency's radiation standards. In response to increasing public concern and the findings of scientific groups, the NCRP and 
the ICRP both lowered their recommended permissible levels of exposure. They acted to provide a larger margin of safety 
but emphasized that there was no evidence that the previous levels had been dangerously high. They reduced their limits 
for occupational exposure to an average of 5 rem per year after age eighteen while continuing to suggest that population 
levels be restricted to ten percent of occupational levels (0.5 rem per year) for individuals. They added a new stipulation 
that, for genetic reasons, the average level for large population groups should not exceed one-thirtieth of the occupational 
limit, or 0.17 rem per year. The AEC promptly adopted the new recommendations as a part of its regulations; it issued 
them for comments in 1959 and made them effective on January 1, 1961. 



The fallout debate further influenced the AEC's regulatory program by arousing public anxieties about the health effects of 
low-level radiation. This was evident, for example, in citizen protests against the dumping of low-level radioactive wastes in 
ocean waters. The AEC had authorized the dumping of such wastes under prescribed conditions for over a decade, but it 
became a subject of controversy only after the fallout issue sensitized public opinion to radiation hazards. In a similar 
manner, the first widespread objections to the construction of proposed nuclear power plants arose in the wake of the 
fallout debate. Citizen protests against the construction of the Ravenswood plant in the heart of New York City in 1963 and 
the Bodega Bay plant on the coast of California near the boundary of the San Andreas fault in 1963-64 played a vital role in 
aborting both projects. 

At the end of the first decade that followed passage of the 1954 Atomic Energy Act, the prospects for rapid nuclear power 
development were mixed. Impressive strides had been taken, to be sure, but many uncertainties remained. Public support 
for the technology appeared to be strong but, as Ravenswood and Bodega Bay had shown, it could not be taken for 
granted. Beginning in the mid-1960s, however, a variety of considerations fueled an unanticipated boom in the nuclear 
power industry that resolved some of the unknowns about nuclear progress while raising a host of new questions for the 
AEC's regulatory staff. 

CHAPTER 2 -- THE NUCLEAR POWER DEBATE, 1963-75 

The "Great Bandwagon Market" 

During the late 1950s and early 1960s the use of nuclear power to generate electricity was a novel and developing 
technology. Since relatively few plants were operating, under construction, or on order, the scope of the AEC's regulatory 
functions such as reactor siting, licensing, and inspection was still limited. During the later 1960s, however, the nation's 
utilities rapidly increased their orders for nuclear power stations, participating in what Philip Sporn, past president of the 
American Electric Power Service Corporation, described in 1967 as the "great bandwagon market." At the same time, the 
size of plants being built also expanded dramatically. The sudden arrival of commercially competitive nuclear power placed 
unprecedented demands on the AEC's regulatory staff and raised new safety problems that reactor experts had not 
considered previously. The surge in reactor orders and the growth in the size of individual reactors also spurred new 
concerns about the environmental impact of nuclear power and intensified public uneasiness about the safety of the 
technology. 

The bandwagon market was an outgrowth of several developments that enhanced the appeal of nuclear power to utilities in 
the mid- and late 1960s. One was the intense competition between the two leading vendors of nuclear plants, General 
Electric and Westinghouse. In 1963, General Electric made a daring move to increase its reactor sales and to convince 
utilities that nuclear power had arrived as a safe, reliable, and cost-competitive alternative to fossil fuel. It offered a 
"turnkey" contract to Jersey Central Power and Light Company to build the 515 electrical megawatt Oyster Creek plant near 
Toms River, New Jersey. For a fixed cost of $66 million, General Electric agreed to supply the entire plant to the utility (the 
term "turnkey" suggested that the utility would merely have to turn a key to start operating the facility). The company's bid 
was successful, winning out not only over Westinghouse but also over manufacturers of coal-fired units. General Electric 
expected to lose money on the Oyster Creek contract, but hoped that the plant would help to stimulate the market for 
nuclear power. 

The Oyster Creek contract opened the "turnkey era" of commercial nuclear power and came to symbolize the competitive 
debut of the technology. Glenn T. Seaborg, chairman of the AEC, told President Johnson that it represented an "economic 
breakthrough" for nuclear electricity. Westinghouse followed General Electric's lead in offering turnkey contracts for nuclear 
plants, setting off a fierce corporate battle. The turnkey plants were a financial blow for both companies; their losses ran 
into the hundreds of millions of dollars before they stopped making turnkey arrangements. One General Electric official 
commented: "It's going to take a long time to restore to the treasury the demands we put on it to establish ourselves in the 
nuclear business." But the turnkey contracts fulfilled General Electric's hopes of stirring interest among and orders from 
utilities. They played a major role in triggering the bandwagon market. 

There were other important considerations that convinced a growing number of utilities to buy nuclear plants. One was the 
spread of power pooling arrangements among utilities, which encouraged the construction of larger generating stations by 
easing fears of excess capacity and over- expansion. A utility with extra or reserve power could sell it to other companies 
through interconnections. The desirability and feasibility of using larger individual plants worked to the benefit of nuclear 
vendors. They emphasized that bigger plants would produce "economies of scale" that would cut capital costs per unit of 
power and improve efficiency. This helped to overcome a major disadvantage of nuclear power relative to fossil fuel--the 
heavy capital requirements for building atomic plants. During the late 1960s designs for nuclear facilities leapfrogged from 
the 500 to the 800 to the 1000 electrical megawatt range even though operating experience was still limited to units in the 
range of 200 megawatts or less. The practice of "design by extrapolation" had been employed for fossil-fuel units since the 
early 1950s. Before the mid-1960s this approach appeared to work well, and it was natural that vendors extended it to 
nuclear units. 

In addition to turnkey contracts, system interconnections, and increasing unit size, growing national concern about air 
pollution in the 1960s made nuclear power more attractive to utilities. Coal plants were major contributors to the 



deterioration of air quality and were obvious targets for clean-up efforts. As the campaign to improve the environment 
gained strength, the electric utility industry became more mindful of the cost of pollution control in fossil-fuel plants. They 
increasingly viewed nuclear power as a good alternative to paying the expenses of pollution abatement in coal-fired units. 

The bandwagon market for nuclear power reached its peak during 1966 and 1967, exceeding, in the words of a General 
Electric official, "even the most optimistic estimates." In 1965, the year before the reactor boom gathered momentum, 
nuclear vendors sold four nuclear plants with a total of 17 percent of the capacity that utilities purchased that year. In 
1966, by contrast, utilities bought 20 nuclear units that made up 36 percent of the electrical capacity committed. The 
following year nuclear vendors sold 31 units that represented 49 percent of the capacity ordered. In 1968, the number of 
reactor orders dropped to 17, but the percentage of the capacity filled with nuclear plants remained high at 47 percent. 

The bandwagon market orders were large facilities that far exceeded the size of operating reactors. Between 1963, when 
the 515 electrical megawatt Oyster Creek reactor was ordered, and 1969, when the plant began operation, the AEC issued 
38 construction permits for units that were larger than Oyster Creek. Of those plants, 28 were in the range of 800 to 1100 
megawatts. The degree of extrapolation from small plants to mammoth ones was a matter of concern even to some strong 
nuclear advocates. By the late 1960s, it was apparent that design by extrapolation was not as successful as anticipated 
earlier. "We hoped the new machines would run just like the old ones we're familiar with," complained one utility executive 
about his huge coal-burning stations. But, he added, "they sure as hell don't." 

Burdens of the Bandwagon Market 

The rapid increase in the number of reactor applications and in the size of proposed plants placed enormous burdens on the 
AEC's regulatory staff. The flood of applications inevitably caused licensing delays because the staff lacked enough qualified 
professionals. Between 1965 and 1970, the size of the regulatory staff increased by about 50 percent, but its licensing and 
inspection case load increased by about 600 percent. The average time required to process a construction permit 
application stretched from about a year in 1965 to over 18 months by 1970. The growing backlog drew bitter complaints 
from utilities applying to build plants and from nuclear vendors. One utility executive predicted that if delays became 
commonplace, "it can safely be asserted that the splendid promise of nuclear power will have had a very short life." Another 
was even more critical, calling the licensing process "a modern day Spanish Inquisition" carried out by "AEC engineers, 
scientists, and consultants {who} have no serious economic discipline." The AEC attempted to streamline its licensing 
procedures but found it impossible to reduce review time or to satisfy the demands of the industry. 

The licensing process lengthened not only because of the number of applications that the AEC had to evaluate but also 
because of the complexity of the proposals it received. The growth in the size of reactors and the practice of design by 
extrapolation raised many complex safety issues that could not be easily resolved. The exercise of careful judgment in 
assessing reactor applications was always critical, but it became even more so as utilities campaigned to build plants closer 
to populated regions. Although the AEC adopted an informal prohibition against "metropolitan siting" in urban locations 
(such as the proposed Ravenswood plant in downtown New York), it was more receptive to "suburban siting" fairly close to 
urban populations. This reduced the emphasis on one traditional means of protecting the public from the consequences of a 
nuclear accident--"remote siting." It placed greater dependence on the other general method of shielding the public from 
the effects of an accident--engineered safeguards (a term later superseded by "engineered safety features") that were built 
into the plant. Even as the relative importance of engineered safeguards increased in the 1960s, questions arose about 
their reliability in preventing a massive release of radioactivity to the environment in the event of a severe accident. 

Engineered Safeguards 

The engineered safeguards in nuclear plants differed in design and operation, but they served the same basic functions. A 
number of systems were placed in reactors to remove heat and reduce excessive pressure if an accident occurred. They 
included, for example, passive core sprays and pressure suppression pools, "safety injection" systems that would shoot 
large volumes of water into the reactor vessel, and combinations of filters, vents, scrubbers, and air circulators that would 
collect and retain radioactive gases and particles released by an accident. The final line of defense if the engineered 
safeguards failed was the containment building, a large, often dome-shaped structure that surrounded the reactor and 
associated steam-producing equipment as well as the safety systems. 

Reactor experts were confident that in almost any situation the engineered safety features built into a plant and the 
containment structure would protect the public from the effects of an accident. But they were troubled by the possibility 
that a chain of events could conceivably take place that would bypass or override the safety systems, and in the worst case, 
breach containment. "No one is in a position to demonstrate that a reactor accident with consequent escape of fission 
products to the environment will never happen," Clifford K. Beck, the AEC's deputy director of regulation, told the Joint 
Committee in 1967. "No one really expects such an accident, but no one is in a position to say with full certainty that it will 
not occur." 

The AEC strived to reduce the likelihood of an accident to a minimum. It based its decisions on the safety of reactor designs 
and plant applications on operating experience, engineering judgment, and experiments with test reactors. Experience with 
the first commercial reactors had been encouraging; it had provided a great deal of information that was useful in 



understanding reactor science. But it was of limited application to the newer and larger reactors that utilities were building 
by the late 1960s. The rapid growth in reactor design placed a premium on the careful use of engineering judgment. In 
order to decrease the chances of a major accident that could threaten public health, the AEC required multiple back-up 
equipment and redundancies in safety designs. It also employed conservative assumptions about the ways in which an 
accident might damage or incapacitate safety systems in its evaluation of reactor proposals. 

The Problem of Core Meltdown 

The regulatory staff sought to gain as much experimental data as possible to enrich its knowledge and inform its collective 
engineering judgment. This was especially vital in light of the many unanswered questions about reactor behavior. The AEC 
had sponsored hundreds of small-scale experiments since the early 1950s that had yielded key information about a variety 
of reactor safety problems. But they provided little guidance on the issue of greatest concern to the AEC and the ACRS by 
the late 1960s--a core meltdown caused by a loss-of-coolant accident. 

Reactor experts had long recognized that a core melt was a plausible, if unlikely, occurrence. A massive loss of coolant 
could happen, for example, if a large pipe that fed cooling water to the core broke. If the plant's emergency cooling system 
also failed, the build-up of "decay heat" (which resulted from continuing radioactive decay after the reactor shut down) 
could cause the core to melt. In older and smaller reactors, the experts were confident that even under the worst 
conditions--an accident in which the loss of coolant melted the core and it, in turn, melted through the pressure vessel that 
held the core--the containment structure would prevent a massive release of radioactivity to the environment. As proposed 
plants increased significantly in size, however, they began to worry that a core melt could lead to a breach of containment. 
This became their primary focus partly because of the greater decay heat the larger plants would produce and partly 
because nuclear vendors did not add to the size of containment buildings in corresponding proportions to the size of 
reactors. 

The greatest source of concern about a loss-of-coolant accident in large reactors was that the molten fuel would melt 
through not only the pressure vessel but also through the thick layer of concrete at the foundation of the containment 
building. The intensely radioactive fuel would then continue on its downward path into the ground. This scenario became 
known as the "China syndrome," because the melted core would presumably be heading through the earth toward China. 
Other possible dangers of a core meltdown were that the molten fuel would breach containment by reacting with water to 
cause a steam explosion or by releasing elements that could combine to cause a chemical explosion. The precise effects of 
a large core melt were uncertain, but it was clear that the results of spewing radioactivity into the atmosphere could be 
disastrous. The ACRS and the regulatory staff regarded the chances of such an accident as low; they believed that it would 
occur only if the emergency core cooling system (ECCS), made up of redundant equipment that would rapidly feed water 
into the core, failed to function properly. But they acknowledged the possibility that the ECCS might not work as designed. 
Without containment as a fail-safe final line of defense against any conceivable accident, they sought other means to 
provide safeguards against the China syndrome. 

The Emergency Core Cooling Controversy 

At the prodding of the ACRS, which first sounded the alarm about the China syndrome, the AEC established a special task 
force to look into the problem of core melting in 1966. The committee, chaired by William K. Ergen, a reactor safety expert 
and former ACRS member from Oak Ridge National Laboratory, submitted its findings to the AEC in October 1967. The 
report offered assurances about the improbability of a core meltdown and the reliability of emergency core cooling designs, 
but it also acknowledged that a loss-of-coolant accident could cause a breach of containment if ECCS failed to perform. 
Therefore, containment could no longer be regarded as an inviolable barrier to the escape of radioactivity. This represented 
a milestone in the evolution of reactor regulation. In effect, it imposed a modified approach to reactor safety. Previously, 
the AEC had viewed the containment building as the final independent line of defense against the release of radiation; even 
if a serious accident took place the damage it caused would be restricted to the plant. Once it became apparent that under 
some circumstances the containment building might not hold, however, the key to protecting the public from a large release 
of radiation was to prevent accidents severe enough to threaten containment. And this depended heavily on a properly 
designed and functioning ECCS. 

The problem facing the AEC regulatory staff was that experimental work and experience with emergency cooling was very 
limited. Finding a way to test and to provide empirical support for the reliability of emergency cooling became the central 
concern of the AEC's safety research program. Plans had been underway since the early 1960s to build an experimental 
reactor, known as the Loss-of-Fluid-Tests (LOFT) facility, at the AEC's reactor testing station in Idaho. Its purpose was to 
provide data about the effects of a loss of coolant accident. For a variety of reasons, including weak management of the 
test program, a change of design, and reduced funding, progress on the LOFT reactor and the preliminary tests that were 
essential for its success were chronically delayed. Despite the complaints of the ACRS and the regulatory staff, the AEC 
diverted money from LOFT and other safety research projects on existing light-water reactor design to work in the 
development of fast-breeder reactors. A proven fast breeder was an urgent objective for the AEC and the Joint Committee; 
Seaborg described it as "a priority national goal" that could assure "an essentially unlimited energy supply, free from 
problems of fuel resources and atmospheric contamination." 

To the consternation of the AEC, experiments run at the Idaho test site in late 1970 and early 1971 suggested that the 



ECCS in light-water reactors might not work as designed. As a part of the preliminary experiments that were used to design 
the LOFT reactor, researchers ran a series of "semiscale" tests on a core that was only nine inches long (compared with l44 
inches on a power reactor). The experiments were run by heating a simulated core electrically, allowing the cooling water to 
escape, and then injecting the emergency coolant. To the surprise of the investigators, the high steam pressure that was 
created in the vessel by the loss of coolant blocked the flow of water from the ECCS. Without even reaching the core, about 
90 percent of the emergency coolant flowed out of the same break that had caused the loss of coolant in the first place. 

In many ways the semiscale experiments were not accurate simulations of designs or conditions in power reactors. Not only 
the size, scale, and design but also the channels that directed the flow of coolant in the test model were markedly different 
than those in an actual reactor. Nevertheless, the results of the tests were disquieting. They introduced a new element of 
uncertainty into assessing the performance of ECCS. The outcome of the tests had not been anticipated and called into 
question the analytical methods used to predict what would happen in a loss-of-coolant accident. The results were hardly 
conclusive but their implications for the effectiveness of ECCS were troubling. 

The semiscale tests caught the AEC unprepared and uncertain of how to respond. Harold Price, the director of regulation, 
directed a special task force he had recently formed to focus on the ECCS question and to draft a "white paper" within a 
month. Seaborg, for the first time, called the Office of Management and Budget to plead for more funds for safety research 
on light-water reactors. While waiting for the task force to finish its work, the AEC tried to keep information about the 
semiscale tests from getting out to the public, even to the extent of withholding information about them from the Joint 
Committee. The results of the tests came at a very awkward time for the AEC. It was under renewed pressure from utilities 
facing power shortages and from the Joint Committee to streamline the licensing process and eliminate excessive delays. At 
the same time, Seaborg was appealing--successfully--to President Nixon for support of the breeder reactor, and controversy 
over the semiscale tests and reactor safety could undermine White House backing for the program. By the spring of 1971, 
nuclear critics were expressing opposition to the licensing of several proposed reactors, and news of the semiscale 
experiments seemed likely to spur their efforts. 

For those reasons, the AEC sought to resolve the ECCS issue as promptly and quietly as possible. It wanted to settle the 
uncertainties about safety without arousing a public debate that could place hurdles in the way of the bandwagon market. 
Even before the task force that Price established completed its study of the ECCS problem, the Commission decided to 
publish "interim acceptance criteria" for emergency cooling systems that licensees would have to meet. It imposed a series 
of requirements that it believed would ensure that the ECCS in a plant would prevent a core melt after a loss-of-coolant 
accident. The AEC did not prescribe methods of meeting the interim criteria, but in effect, it mandated that manufacturers 
and utilities set an upper limit on the amount of heat generated by reactors. In some cases, this would force utilities to 
reduce the peak operating temperatures (and hence, the power) of their plants. Price told a press conference on June 19, 
1971 that although the AEC thought it impossible "to guarantee absolute safety," he was "confident that these criteria will 
assure that the emergency core cooling systems will perform adequately to protect the temperature of the core from 
getting out of hand." 

The interim ECCS criteria failed to achieve the AEC's objectives. News about the semiscale experiments triggered 
complaints about the AEC's handling of the issue even from friendly observers. It also prompted calls from nuclear critics 
for a licensing moratorium and a shutdown of the eleven plants then operating. Criticism expressed by the Union of 
Concerned Scientists (UCS), an organization established in 1969 to protest misuse of technology that had recently turned 
its attention to nuclear power, received wide publicity. The UCS took a considerably less sanguine view of ECCS reliability 
than that of the AEC. It sharply questioned the adequacy of the interim criteria, charging, among other things, that they 
were "operationally vague and meaningless." Scientists at the AEC's national laboratories, without endorsing the alarmist 
language that the UCS used, shared some of the same reservations. As a result of the uncertainties about ECCS and the 
interim criteria, the AEC decided to hold public hearings that it hoped would help resolve the technical issues. It wanted to 
prevent the ECCS question from becoming a major impediment to the licensing of individual plants. 

The AEC insisted that its critics had exaggerated the severity of the ECCS problem. The regulatory staff viewed the results 
of the failed semiscale tests as serious but believed that the technical issues the experiments raised would be resolved 
within a short time. It did not regard the tests as indications that existing designs were fundamentally flawed and it 
emphasized the conservative engineering judgment it applied in evaluating plant applications. But the ECCS controversy 
damaged the AEC's credibility and played into the hands of its critics. Instead of frankly acknowledging the potential 
significance of the ECCS problem and taking time to fully evaluate the technical uncertainties, the AEC acted hastily to 
prevent the issue from undermining public confidence in reactor safety or causing licensing delays. This gave credence to 
the allegations of its critics that it was so determined to promote nuclear power and develop the breeder reactor that it was 
inattentive to safety concerns. 

Nuclear Power and the Environment 

By the time that the ECCS issue hit the headlines, other questions about the environmental effects of nuclear power had 
eroded public support for the technology. The problem of industrial pollution and the deteriorating quality of the natural 
environment took on growing urgency as a public policy issue during the 1960s. The increasing public and political concern 
with environmental protection, occurring at the same time that demand for electricity was doubling every ten years or so, 
placed utilities in a quandary. As an article in Fortune magazine put it: "Americans do not seem willing to let the utilities 



continue devouring...ever increasing quantities of water, air, and land. And yet clearly they also are not willing to 
contemplate doing without all the electricity they want. These two wishes are incompatible. That is the dilemma faced by 
the utilities. 

Utilities increasingly viewed nuclear power as the answer to that dilemma. It promised the means to meet demand for 
power without causing air pollution, and environmental concerns were a major spur to the growth of the great bandwagon 
market. Environmentalists recognized the benefits of nuclear power compared to fossil fuel, but they were more equivocal 
in their attitudes toward the technology than were industry representatives. Their ambivalence was perhaps best 
summarized by the statement of a leading environmental spokesman in 1967: "I think most conservationists may welcome 
the coming of nuclear plants, though we are sure they have their own parameters of difficulty." 

Officials of the AEC actively promoted the idea that nuclear power provided the answer to both the environmental crisis and 
the energy crisis. Seaborg was especially outspoken on this point. Although he acknowledged that nuclear power had some 
adverse impact on the environment, he insisted that its effects were much less harmful than those of fossil fuel. In 
comparison with coal, he once declared, "there can be no doubt that nuclear power comes out looking like Mr. Clean." 

Thermal Pollution 

The view of nuclear power as beneficial to the environment relative to conventional fuels was undermined in the late 1960s 
by a major controversy over the effects of waste heat from nuclear plants on water quality, widely known as "thermal 
pollution." Thermal pollution resulted from cooling the steam that drove the turbines to produce electricity in either a fossil 
fuel or nuclear plant. The steam was condensed by the circulation of large amounts of water, and in the process the cooling 
water was heated, usually by 10 to 20 degrees fahrenheit, before being returned to the body of water from which it came. 
This problem was not unique to nuclear plants but it was more acute in them, largely because fossil plants used steam heat 
more efficiently than nuclear ones. The problem of thermal pollution created more anxiety than previously during the 1960s 
because of the growing number of plants, the larger size of those plants, and the increasing inclination of utilities to order 
nuclear units. 

Thermal pollution caused concern because it was potentially harmful to many species of fish. It could also disrupt the 
ecological balance in rivers and streams, allowing plants to thrive that made water look, taste, and smell unpleasant. 
Technical solutions to deal with thermal pollution were available, but they required extra costs in the construction and 
operation of steam-electric plants. Cooling towers of different designs or cooling ponds, for example, would greatly alleviate 
the release of waste heat to the source body of water. Utilities resisted adding cooling apparatus to the plants they planned 
to build, however, because of the expense and an appreciable loss of generating capacity. 

Advocates of stronger federal action to protect the environment in the news media, Congress, and state and federal 
agencies urged the AEC to require its licensees to guard against the effects of thermal pollution. The AEC refused on the 
grounds that it lacked the statutory authority to impose regulations on hazards other than radiation. It argued that the 
1954 Atomic Energy Act restricted its regulatory jurisdiction to radiological dangers, a view the Department of Justice and 
federal courts upheld. This did not placate the AEC's critics, who accused it of ignoring a serious problem that nuclear plants 
exacerbated. Several members of Congress introduced legislation to grant the AEC authority over thermal pollution but the 
agency opposed those measures unless fossil fuel plants had to meet the same conditions. The AEC feared that nuclear 
power would be placed at a competitive disadvantage if plant owners had to provide cooling equipment that was not 
required in fossil-burning facilities. 

The AEC came under increasing criticism for its position. The most prominent attack appeared in a Sports Illustrated article 
in January 1969. It assailed the AEC for failing to regulate against thermal pollution and attributed its inaction to a fear of 
the "financial investment that power companies would have to make...to stop nuclear plants from frying fish or cooking 
waterways wholesale." The article was a distorted and exaggerated presentation, but it contributed to a growing perception 
that instead of being a solution to the dilemma of producing electricity without causing serious environmental damage, 
nuclear power was a part of the problem. 

Eventually the controversy over thermal pollution died out. One reason was that Congress passed legislation that gave the 
AEC authority to regulate against thermal pollution and that applied to most fossil fuel plants as well. A more important 
reason was that utilities increasingly took action to curb the consequences of discharging waste heat. Although they initially 
resisted the calls for cooling equipment, they soon found that the costs of responding to litigation, enduring postponements 
in the construction or operation of new plants, or suffering a loss of public esteem were less tolerable than those of building 
cooling towers or ponds. By 1971, most nuclear plants being built or planned for inland waterways (where the problem was 
most acute) included cooling systems. But the legacy of the thermal pollution debate lingered on. It undermined confidence 
in the AEC and wakened public doubts about the environmental impact of nuclear power. It played a vital role in 
transforming the ambivalence that environmentalists had demonstrated toward the technology into strong and vocal 
opposition. As a result of the thermal pollution issue, the AEC and the nuclear industry frequently found themselves 
included among the ranks of enemies of the environment. 

The Radiation Debate 



The thermal pollution question was the first but not the only debate over the effects of nuclear power that aroused 
widespread public concern in the late 1960s and early 1970s. A major controversy that arose over the effects of low-level 
radiation from the routine operation of nuclear plants also fed fears about the expanding use of the technology. Drawing on 
the recommendations of the National Committee on Radiation Protection, the AEC had established limits for public exposure 
to radiation from nuclear plants of 0.5 rem per year for individuals. To determine the allowable release of radioactive 
effluents from a plant, it assumed that a person stood outdoors at the boundary of the facility 24 hours a day, 365 days a 
year. Licensees generally met the requirements easily. In 1968, for example, releases from most plants measured less than 
three percent of the permissible levels for liquid effluents and less than one percent for gaseous effluents. 

The conservative assumptions of the AEC and the performance of operating plants did not prevent criticism of the AEC's 
radiation standards. A number of observers suggested that, in light of the uncertainties about the effects of low-level 
radiation, the AEC's regulations were insufficiently rigorous and should be substantially revised. This first emerged as a 
widely-publicized issue when the state of Minnesota, responding to questions raised by environmentalists, stipulated in May 
l969 that a plant under construction must restrict its radioactive effluents to a level of about three percent of that allowed 
by the AEC. 

The adequacy of the AEC's radiation standards became even more contentious in the fall of 1969, when two prominent 
scientists, John W. Gofman and Arthur R. Tamplin, suggested that if everyone in the United States received the permissible 
population dose of radiation, it would cause 17,000 (later revised to 32,000) additional cases of cancer annually. Gofman 
and Tamplin worked at Livermore National Laboratory, funded by the AEC, and their position as insiders gave their claims 
special credibility. They initially proposed that the AEC lower its limits by a factor of ten and later urged that it require zero 
releases of radioactivity. 

Gofman and Tamplin not only argued that the existing standards of the AEC and other radiation-protection organizations 
were inadequate but also challenged the prevailing consensus that the benefits of nuclear power were worth the risks. 
Gofman was especially harsh in his analysis; he insisted that in its radiation protection regulations, "the AEC is stating that 
there is a risk and their hope that the benefits outweigh the number of deaths." He added: "This is legalized murder, the 
only question is how many murders." 

The AEC denied Gofman's and Tamplin's assertions on the grounds that they extrapolated from high doses to estimate the 
hazards of low-level exposure, and that, furthermore, it was impossible for the entire nation to receive the levels of 
radiation that applied at plant boundaries. Most authorities in the field of radiation protection agreed with the AEC that the 
risks of effluents from nuclear power were far smaller than Gofman and Tamplin maintained. Nevertheless, in an effort to 
provide an extra measure of protection, reassure the public, and undercut the appeal of its critics, in June 1971 the AEC 
issued for public comment new "design objectives" for nuclear plants that would, in effect, reduce the permissible levels of 
effluents by a factor of about one hundred. This action elicited protests from industry representatives and from radiation-
protection professionals, but it did not impress many critics, who expressed doubt that the AEC would enforce the new 
guidelines. The controversy focused public attention, once again, on the effects of low-level radiation, but it did little to 
clarify a complex and ambiguous issue. 

NEPA and Calvert Cliffs 

In addition to the objections that its positions on thermal pollution and radiation standards stirred, the AEC provoked sharp 
criticism for its response to the National Environmental Policy Act (NEPA). The law, passed by Congress in December 1969 
and signed by President Nixon on January 1, 1970, required federal agencies to consider the environmental impact of their 
activities. The measure was in many ways vague and confusing and it gave federal agencies broad discretion in deciding 
how to carry out its mandate. The AEC acted promptly to comply with NEPA, but its procedures for doing so brought 
protests from environmentalists. The agency took a narrow view of its responsibilities under NEPA. In a proposed regulation 
that it issued in December 1970, it included, for the first time, non-radiological issues in its regulatory jurisdiction. But it 
also stipulated that it intended to rely on the environmental assessments of other federal and state agencies (rather than 
conducting its own), it agreed to consider environmental issues in licensing board hearings only if raised by a party to the 
proceeding, and it postponed any review of NEPA issues in licensing cases until March 1971. 

The AEC declined to take an expansive view of its responsibilities under NEPA for several reasons. One was the conviction 
that the routine operation of nuclear plants was not a serious threat to the environment and, indeed, was beneficial 
compared to burning fossil fuel. The major products of nuclear power generation that affected the environment, radiation 
releases and thermal discharges, were covered by other legislation. Furthermore, implementation of NEPA might divert the 
AEC's limited human resources from tasks that were more central to its mission. The regulatory staff was "all but 
overwhelmed" by the flood of reactor applications and did not relish the idea of having to spend large amounts of time on 
environmental reviews. Most importantly, the AEC feared that weighing environmental issues other than radiation and 
thermal releases would cause unwarranted delays in licensing plants. The time required for evaluating applications was 
already increasing and the AEC worried that NEPA could force a "quantum leap" in the length of the process. It sought to 
strike a balance between environmental concerns and the need for electrical power in framing its regulations. 

Environmentalists complained that the AEC had failed to fulfill the purposes of NEPA and took the agency to federal court 
over the application of AEC's regulations to the Calvert Cliffs nuclear units, then under construction on the Chesapeake Bay 



in rural Maryland. On July 23, 1971, the United States Court of Appeals for the District of Columbia handed down a ruling 
that was a crushing defeat for the AEC. The court sternly rebuked the agency in its most widely-quoted statement: "We 
believe that the Commission's crabbed interpretation of NEPA makes a mockery of the Act." The Calvert Cliffs decision was, 
in the words of Nucleonics Week, a "stunning body blow" to the AEC and the nuclear industry. 

The Calvert Cliffs decision was another in a series of setbacks for the AEC and nuclear power. It was apparent by the 
summer of 1971 that public distrust of the AEC was growing and support for nuclear power was declining. The cumulative 
effect of controversies over ECCS, thermal pollution, radiation standards, NEPA, and other issues eroded public confidence 
in the AEC's commitment to safety and raised doubts about the benefits of nuclear power. Antinuclear activists capitalized 
on growing uneasiness about the health and environmental effects of the technology. Some of the critics were well-
informed and responsible in their arguments, but others were one-sided and inaccurate. Attempts by nuclear proponents to 
correct a plethora of misleading and exaggerated stories, advertisements, speeches, and other presentations inevitably 
failed to win as much attention or produce the same effect. To make matters worse for the AEC, it suffered from the 
general disillusionment with the government, established institutions, and science that prevailed by the late 1960s, largely 
as a result of the Vietnam war. One college student summarized the situation after listening to a debate between Victor 
Bond, a radiation expert from Brookhaven National Laboratory, and a vocal AEC critic: "Dr. Bond sounds good but we can't 
believe him. He works for the government." 

Schlesinger's Response to Calvert Cliffs 

By the summer of 1971, the AEC was an embattled agency, largely though not exclusively because of regulatory issues. 
Seaborg, after serving as chairman for ten years, resigned his post in July 1971 and Nixon appointed James R. Schlesinger, 
assistant director of the Office of Management and Budget, to take his place. Schlesinger was determined to make the AEC 
more responsive to environmental concerns and to improve its tarnished public image. As an important first step in those 
efforts, he and William O. Doub, who took a seat on the Commission at the same time that Schlesinger assumed the 
chairmanship, concluded that the AEC should not appeal the Calvert Cliffs ruling, and, after considering the alternatives, 
their colleagues agreed. The AEC announced its decision on August 26, 1971. 

The AEC's response to the Calvert Cliffs decision brought a storm of protests from utilities who feared long delays in the 
licensing of plants that were nearly ready for operation. Schlesinger explained the AEC's new position in a speech he 
delivered to a meeting of industry groups in Bal Harbour, Florida on October 20, 1971. He told his audience that although 
the long-term outlook for nuclear power appeared "bullish," the pace of development depended on two variables: "first, the 
provision of a safe, reliable product; second, achievement of public confidence in that product." Schlesinger declared that 
the AEC's policy of promoting and protecting the industry had been justified to help nuclear power get started, but since the 
industry was "rapidly approaching mature growth," the AEC must redefine its responsibilities. "You should not expect the 
AEC," he announced, "to fight the industry's political, social, and commercial battles." Rather, he added, the agency's role 
was "primarily to perform as a referee serving the public interest." The message of Schlesinger's speech was 
unprecedented; it proclaimed a sharp break with the AEC's history and a new direction in the agency's approach to its 
regulatory duties. 

Schlesinger's efforts to narrow the divisions between nuclear proponents and critics and to recover the AEC's regulatory 
credibility produced, at best, mixed results. Many environmentalists were pleased with the AEC's acceptance of the Calvert 
Cliffs ruling and with Schlesinger's Bal Harbour speech. Their guarded optimism about Schlesinger's attitudes was perhaps 
best summarized by the title of an article about him in National Wildlife magazine: "There's a Bird Watcher Running the 
Atomic Energy Commission." But major differences between the AEC and environmentalists remained; many of the same 
issues that had aroused concern before Schlesinger's arrival continued to generate controversy. 

The ECCS Hearings 

One of those issues was the reliability of emergency core cooling systems. In light of the objections to the interim 
acceptance criteria for ECCS that the AEC had published in June 1971, the agency decided to hold a rulemaking hearing on 
the issue that would apply to all licensing cases. It hoped that this would avoid repeating the same procedures and 
deliberating over the same questions in case- by-case hearings and that generic hearings would provide a means to resolve 
issues common to all plants. The ECCS hearings got underway in early 1972 and stretched into 135 days over a period of a 
year and a half. When they ended, the transcripts of the proceedings filled more than 22,000 pages. The ECCS hearings led 
to a final rule that made some small but important revisions in the interim criteria. They also produced acrimonious 
testimony and front-page headlines that often reflected unfavorably on the AEC's safety programs and that further 
damaged its credibility. 

Radioactive Waste Disposal 

Another issue that undermined confidence in the AEC in the early 1970s was its approach to high-level radioactive waste 
disposal. The growth of the nuclear power industry made the safe disposal of intensely radioactive spent fuel rods and other 
waste materials an increasingly urgent matter. The AEC had investigated means of dealing with reactor wastes for years, 
but had not found a solution to the problem. As early as 1957, a scientific consensus had concluded that deep underground 



salt beds were the best repositories for long-lived and highly radioactive wastes. In 1970, in response to increasing 
expressions of concern about the lack of a policy for high-level waste disposal from scientific authorities, members of 
Congress, and the press, the AEC announced that it would develop a permanent repository for nuclear wastes in an 
abandoned salt mine near Lyons, Kansas. It aired its plans without conducting thorough geologic and hydrologic 
investigations, and the suitability of the site was soon challenged by the state geologist of Kansas and other scientists. The 
uncertainties about the site generated a bitter dispute between the AEC on the one side and members of Congress and 
state officials from Kansas on the other. It ended in 1972 in great embarrassment for the AEC when the reservations of 
those who opposed the Lyons location proved to be well-founded. 

The End of the AEC 

In addition to debates over ECCS and high-level waste disposal, questions over reactor design and safety, quality 
assurance, the probability of a major reactor accident, and other issues fueled the controversy over nuclear power. The 
number of contested hearings for plant licenses steadily grew. The ongoing controversy frustrated Schlesinger's hopes of 
increasing public confidence in the AEC and of defusing the conflicts between opposing views. By highlighting the issues on 
which the AEC's performance was suspect, it also obscured the requirements that the regulatory staff imposed over the 
protests and against the wishes of the nuclear industry, the high standards that it demanded in the design and construction 
of nuclear plants, and the conservative assumptions that it applied in evaluating plant applications and formulating 
radiation- protection regulations. 

As the nuclear power debate continued, the AEC came under increasing attacks for its dual responsibilities for developing 
and regulating the technology. This became a major argument that nuclear critics cited in their indictments of the AEC; it 
was, said one, "like letting the fox guard the henhouse." The question of creating separate agencies to promote and to 
regulate the civilian uses of nuclear energy had arisen within a short time after passage of the 1954 Atomic Energy Act, but 
in the early stages of nuclear development it had seemed premature and unwarranted. It gained greater support as both 
the industry and antinuclear sentiment grew, and it took on greater urgency after the Arab oil embargo and the energy 
crisis of 1973-74. One of President Nixon's responses to the energy crisis was to ask Congress to create a new agency that 
could focus on, and presumably speed up, the licensing of nuclear plants. After much debate, Congress divided the AEC into 
the Energy Research and Development Administration and the Nuclear Regulatory Commission in legislation it passed in 
1974. The Energy Reorganization Act, coupled with the 1954 Atomic Energy Act, constituted the statutory basis for the 
NRC. The new agency inherited a mixed legacy from its predecessor, marked both by 20 years of conscientious regulation 
and by unresolved safety questions, substantial antinuclear activism, and growing public doubts about nuclear power. 

CHAPTER 3 -- THE NUCLEAR REGULATORY COMMISSION AND THREE MILE ISLAND 

The Mandate of the NRC 

The Nuclear Regulatory Commission began its operations as a separate agency in January 1975. In many ways, it carried 
on the legacy inherited from the AEC. It performed the same licensing and rulemaking functions that the regulatory staff 
had discharged for two decades. It also assumed some new administrative and regulatory duties. The NRC, unlike the AEC's 
regulatory staff, was the final arbiter of regulatory issues; its judgment on safety questions was less susceptible to being 
overridden by developmental priorities. This did not mean that the NRC acted without regard to industry concerns or that its 
officials always agreed on policy matters, but it did mean that the agency's statutory mandate was clearly focused on 
ensuring the safety of nuclear power. 

The NRC devoted a great deal of attention during its first few months to organizational tasks. At the same time it carried 
out a variety of regulatory responsibilities. It continued to review plant applications and to issue construction permits and 
operating licenses for new units. The NRC deliberated over a number of pressing problems shortly after its establishment. 
One issue that received particular notice, both within and outside of the NRC, was the safeguarding of nuclear materials. 
The term "safeguards" applied to the prevention of theft, loss, or diversion of nuclear fuel or other materials or the 
sabotage of nuclear plants. This question took on greatly increased importance and visibility in the early 1970s because of 
growing apprehension about the activities and intentions of terrorist groups. There was a wave of terrorist bombings, 
assassinations, hijackings, and murders at that time, perhaps the most shocking of which was the murder of Israeli athletes 
at the 1972 Olympics. 

The increase in such attacks around the world raised new concerns that terrorists would be able to build an atomic bomb, 
which was underscored by the well-publicized warnings of some nuclear experts that making a bomb was not terribly 
difficult for anyone who obtained the necessary materials. As a result, the AEC, and after its abolition, the NRC, 
substantially strengthened regulatory requirements for the transportation of nuclear materials and for nuclear plant 
security. The NRC also devoted considerable attention to the export of nuclear materials to foreign countries. The United 
States was by far the leading supplier of nuclear fuel and other materials for the production of nuclear power abroad, and 
the NRC exercised important responsibilities for ensuring that nuclear exports did not encourage the proliferation of nuclear 
weapons or make them available to terrorists. 

The Browns Ferry Fire 



Despite the prominence of safeguards problems, the central issue for the NRC at the time of its creation remained reactor 
safety. There were two events in the early months of the NRC's existence that commanded the particular attention of the 
agency and the public. The first was a major fire at TVA's Browns Ferry nuclear plants near Decatur, Alabama in March 
1975. In the process of looking for air leaks in an area containing trays of electrical cables that operated the plants' control 
room and safety systems, a technician set off the fire. He used a lighted candle to conduct the search, and the open flame 
ignited the insulation around the cables. The fire raged for over seven hours and nearly disabled the safety equipment of 
one of the two affected units. The accident was a blow to the public image of nuclear power and the recently- established 
NRC. It focused new attention on preventing fires from threatening plant safety and on the possibility of "common-mode 
failures," in which a single cause could initiate a chain of events that incapacitated even redundant safety features. 

The Reactor Safety Study 

The second source of unusually extensive discussion and considerable controversy shortly after the NRC began operations 
was the publication of the final version of the "Reactor Safety Study" that the AEC had commissioned in 1972. The purpose 
of the study was to estimate the probability of a severe reactor accident, an issue that the AEC had never found a 
satisfactory means of addressing. To direct the study the AEC had recruited Norman C. Rasmussen, a professor of nuclear 
engineering at MIT. Rasmussen, assisted by AEC staff members, applied new methodologies and sophisticated "fault-tree" 
analyses to project the likelihood of a serious nuclear accident. The final Rasmussen report, released in October 1975, 
concluded that in comparison to other risks, including fires, explosions, toxic chemicals, dam failures, airplane crashes, 
earthquakes, tornadoes, and hurricanes, those from nuclear power were very small. 

The Rasmussen report, while hailed as a pioneering effort that enlightened a complex subject, also drew criticism from both 
inside and outside the NRC. Some authorities suggested that the study failed to account for the many paths that could lead 
to major accidents. Others complained that the data in the report did not support its executive summary's conclusions 
about the relative risks of nuclear power. After considering the arguments on both sides of the issue, the Commission in 
January 1979 issued a policy statement that withdrew its full endorsement of the study's executive summary. 

Three Mile Island 

Within a short time, discussion of severe nuclear accidents ceased to be strictly a matter of theoretical projections. On 
March 28, 1979, an accident at Unit 2 of the Three Mile Island nuclear station near Harrisburg, Pennsylvania made the issue 
starkly and alarmingly real. As a result of a series of mechanical failures and human errors, the accident (researchers later 
determined) uncovered the reactor's core and melted about half of it. The immediate cause of the accident was a pressure 
relief valve that stuck open and allowed large volumes of reactor coolant to escape. The reactor operators misread the signs 
of a loss-of-coolant accident and, for several hours, failed to take action to cool the core. Although the plant's emergency 
cooling systems began to work according to design, the operating crew decided to reduce the flow from them to a trickle. 
By the time that the nature of the accident was recognized and the core was flooded with coolant, the reactor had suffered 
irreparable damage. 

The credibility of the nuclear industry and the NRC fared almost as badly. Uncertainty about the causes of the problem, 
confusion about how to deal with it, conflicting information from government and industry experts, and contradictory 
appraisals about the level of danger in the days following the accident often made the authorities appear inept, deceptive, 
or both. Press accounts fed public fears and fostered a deepening perception of a technology that was out of control. Walter 
Cronkite told television viewers that as a result of the accident, "the danger faced by man for tampering with natural forces, 
a theme from the myths of Prometheus to the story of Frankenstein, moved closer to fact from fancy." Newspapers ran 
headlines warning, for example of a "RACE WITH NUCLEAR DISASTER" and "RISK OF MELTDOWN." Long after the 
technological dangers had subsided, the psychological effects of the TMI accident lingered on. 

In some ways, the TMI accident produced reassuring, or at least encouraging, information for reactor experts about the 
design and operation of the safety systems in a large nuclear plant. Despite the substantial degree of core melting that 
occurred, containment was not breached. From all indications, the amount of radioactivity released into the environment as 
a result of the accident was very low. One estimate suggested that of 66 million curies of iodine-131 in the reactor at the 
time of the accident, only 14 or 15 curies escaped. Further, the emergency core cooling systems worked effectively once 
plant operators allowed them to run according to design. 

Those findings were overshadowed by the unsettling disclosures of TMI. It focused attention on possible causes of accidents 
that the AEC/NRC and the nuclear industry had not considered extensively. Their working assumption had been that the 
most likely cause of a loss-of-coolant accident was a break in a large pipe that fed coolant to the core. But the destruction 
of the core at TMI had resulted not from a large pipe break but from a relatively minor mechanical failure that operator 
errors had drastically compounded. 

Perhaps the most distressing revelation of TMI was that an accident so severe could occur at all. Neither the AEC/NRC or 
the industry had ever claimed that a major reactor accident was impossible, despite multiple and redundant safety features 
built into nuclear plants. But they had regarded it as highly unlikely, to the point of being nearly incredible. The TMI 
accident demonstrated graphically that serious consequences could arise form unanticipated events. This enhanced the 



credibility of nuclear critics who had argued for years that no facility as complex as a nuclear plant could be made fool-
proof. Public opinion polls taken after TMI showed a significant erosion in support for nuclear power. One survey found for 
the first time that the number of respondents who opposed building more nuclear units exceeded those who favored new 
plants. At the same time, the polls indicated that the public did not want to abandon nuclear power or close existing plants. 

The NRC's Response to Three Mile Island 

The NRC responded to TMI by re-examining the adequacy of its safety requirements and imposing new regulations to 
correct deficiencies. It placed much greater emphasis on "human factors" in plant performance in an effort to avoid a repeat 
of the operator errors that had exacerbated the accident. The agency developed new requirements for operator training, 
testing and licensing, and for shift scheduling and overtime. In cooperation with industry groups, it promoted the increased 
use of reactor simulators and the careful assessment of control rooms and instrumentation. In addition, the agency 
expanded its resident inspector program to station at least two of its inspectors at each plant site. 

The NRC devoted greater attention to other problems that had received limited consideration before TMI. They included the 
possible effects of small failures that could lead to major consequences, such as happened at Three Mile Island. The agency 
sponsored a series of studies on the ways in which "small breaks and transients" could threaten plant safety. A second area 
on which the NRC focused was the evaluation of operational data from licensees. It established a new Office for Analysis 
and Evaluation of Operational Data to systematically review information from and the performance of operating plants. This 
action reflected the belated recognition that malfunctions similar to those at TMI had occurred at other plants, but the 
information had never been assimilated or disseminated. 

The NRC undertook other initiatives as a result of TMI. It decided to survey radiation protection procedures at operating 
plants in order to assess their adequacy and to look for ways to improve existing regulations. It expanded research 
programs on problems that TMI had highlighted, including fuel damage, fission-product release, and hydrogen generation 
and control. In light of the confusion and uncertainty over evacuation of the areas surrounding TMI during the accident, the 
NRC also sought to upgrade emergency preparedness and planning. Those and other steps it took in the wake of the 
accident were intended to reduce the likelihood of a major accident, and, in the event one occurred, to enhance the ability 
of the NRC, the utility, and the public to cope with it. 

Chernobyl 

While the NRC was still deliberating over and revising its requirements in the aftermath of TMI, another event shook the 
industry and further undercut public support for nuclear power. This time, the NRC was a distant though interested observer 
rather than a direct participant. On April 26, 1986, unit 4 of the nuclear power station at Chernobyl in the USSR underwent 
a violent explosion that destroyed the reactor and blew the top off it. The explosion and subsequent fire in the graphite core 
spewed massive amounts of radioactivity into the environment. The accident occurred during a test in which operators had 
turned off the plant's safety systems and then lost control of the reactivity in the reactor. Without emergency cooling or a 
containment building to stop or at least slow the escape of radiation, the areas around the plant quickly became seriously 
contaminated and a radioactive plume spread far into other parts of the Soviet Union and Europe. Although the radiation 
did not pose a threat to the United States, one measure of its intensity in the Soviet Union was that levels of iodine-131 
around Three Mile Island were three times as high after Chernobyl than they were after the TMI accident. 

The design of the Chernobyl reactor was entirely different than that of U.S. plants, and the series of operator blunders that 
led to the accident defied belief. Supporters of nuclear power emphasized that a Chernobyl-type accident could not occur in 
commercial plants in the United States (or other nations) and that American reactors featured safety systems and 
containment to prevent the release of radioactivity. But nuclear critics pointed to Chernobyl as the prime example of the 
hazards of nuclear power. A representative of the Union of Concerned Scientists remarked: "The accident at Chernobyl 
makes it clear. Nuclear power is inherently dangerous." A popular slogan that quickly appeared on the placards of European 
environmentalists was: CHERNOBYL IS EVERYWHERE. The Chernobyl tragedy was a major setback to the hopes of nuclear 
proponents to win public support for the technology and to spur orders for new reactors. U.S. utilities had not ordered any 
new plants since 1978 and the number of cancellations of planned units was growing. "We're in trouble," conceded a 
spokesman for the Atomic Industrial Forum. "If the calls I have received from people in the industry are a good indication, 
they are all very worried." 

Licensing New Plants 

The Chernobyl accident added a new source of concern to long- standing controversies over the licensing of several reactors 
in the United States. In the aftermath of Three Mile Island, the NRC had suspended the granting of operating licenses for 
plants that were in the pipeline. The "licensing pause" for fuel loading and low-power testing ended in February 1980. In 
August 1980 the NRC issued the first full-power operating license (to North Anna-2 in Virginia) since TMI. In the following 
nine years it granted full-power licenses to over forty other reactors, most of which had received construction permits in the 
mid-1970s. In 1985 it authorized the undamaged Three Mile Island Unit 1, which had been shut down for refueling at the 
time of the TMI-2 accident, to resume operation. 



Emergency Planning 

Although many of the licensing actions aroused little opposition, others triggered major controversies. The two licensing 
cases that precipitated what were perhaps the most bitter, protracted, and widely publicized debates were Seabrook in New 
Hampshire and Shoreham on Long Island, New York. The key, though hardly the sole, issue in both cases was emergency 
planning. The Three Mile Island accident had vividly demonstrated the deficiencies in existing procedures for coping with an 
off-site nuclear emergency. The lack of effective preparation had produced confusion, uncertainty, and panic among 
members of the public faced with the prospect of exposure to radiation releases from the plant. After the accident, the NRC, 
prodded by Congress to improve emergency planning, adopted a rule that required each nuclear utility to come up with a 
plan for evacuating the population within a ten mile radius of its plant(s) in the event of a reactor accident. The rule applied 
to plants in operation and under construction. It called for plant owners to work with state and local police, fire, and civil 
defense authorities to put together an emergency plan that would be tested and evaluated by the NRC and the Federal 
Emergency Management Agency (FEMA). The NRC expected cooperation between federal, state and local government 
officials to upgrade emergency plans and provide better protection for the public if a serious nuclear accident occurred. 

The NRC did not, however, anticipate that state and local governments would try to prevent the operation of nuclear plants 
by refusing to participate in emergency preparations. That was precisely what the states of New York and Massachusetts 
sought to do in the cases of Shoreham and Seabrook. In New York, Governor Mario M. Cuomo and other state officials 
claimed that it would be impossible to evacuate Long Island if Shoreham suffered a major accident. Although plant 
proponents pointed out that emergency plans did not require the evacuation of all of Long Island if a serious accident 
occurred, the state refused to join in emergency planning procedures or drills. The NRC granted Shoreham a low-power 
operating license, but the state and utility, Long Island Lighting, eventually reached a settlement in which the company 
agreed not to operate the plant in return for concessions from the state. 

A similar issue arose at Seabrook, though the outcome was different. The plant is located in the state of New Hampshire, 
but the ten mile emergency planning zone extended across the state line into Massachusetts. By the time that construction 
of the plant was completed, Massachusetts governor Michael S. Dukakis, largely as a result of Chernobyl, had decided that 
he would not cooperate with emergency planning efforts for Seabrook. New Hampshire officials worked with federal 
agencies to prepare an emergency plan, but Massachusetts, arguing that crowded beaches near the Seabrook plant could 
not be evacuated in the event of an accident, refused. As a result of the positions of New York regarding Shoreham and 
Massachusetts regarding Seabrook, in 1988 the NRC adopted a "realism rule," which was grounded on the premise that in 
an actual emergency state and local governments would make every effort to protect public health and safety. Therefore, in 
cases in which state and/or local officials declined to participate in emergency planning, the NRC and FEMA would review 
and evaluate plans developed by the utility. On that basis, the NRC issued an operating license for the Seabrook plant. The 
arguments that raged over emergency planning and other issues at Shoreham and Seabrook attracted a great deal of 
attention, spawned heated controversy, and raised anew an old question of the relative authority of federal, state, and local 
governments in licensing and regulating nuclear plants. 

One-Step Licensing 

The lengthy and laborious licensing procedures that applicants had to undergo in the cases of Shoreham (which had 
received a construction permit in 1973), Seabrook (which had received a construction permit in 1977), and other reactors 
stirred new interest in simplifying and streamlining the regulatory process. It seemed apparent that the complexity of the 
licensing process was a major deterrent to utilities who might consider building nuclear plants. By the late 1980s, the 
nuclear option looked more appealing to some observers, including some environmentalists, because of growing concern 
about the consequences of burning fossil fuel, especially acid rain and global warming. Furthermore, nuclear vendors were 
advancing new designs for plants that greatly reduced the chances of TMI-type and other severe accidents. 

One way that the NRC proposed to facilitate licensing procedures was to replace the traditional two-step process with a 
one-step system. This would ease the burden on applicants, but it raised a vitally important question: what level of detail 
would the NRC require in applications for advanced plants in order to satisfy its concerns about their safety? The agency 
had never required the detailed technical information in construction permit proposals that it expected in operating license 
applications, but in a one-step licensing process it was unclear how much data would be needed to evaluate and certify 
safety designs. 

After long discussions that reflected differing views among commissioners, staff, and nuclear vendors, the NRC reached a 
decision on what constituted an "essentially complete design." It established a "graded approach" in which the level of 
detail that an applicant would be required to submit varied according to the system's, structure's, or component's 
relationship to plant safety. The objective of the NRC's action was to ensure safety while providing flexibility for the 
development of new designs. 

Radiation Standards 

While the NRC was deliberating over a number of new regulatory procedures and problems, it was also reviewing some old 
issues. The most prominent of those questions was radiation standards. The NRC had begun work on revising its radiation 



protection regulations in the aftermath of Three Mile Island. Although the AEC had issued "design objectives" that in effect 
reduced the permissible levels of radioactive effluents from nuclear plants in the 1970s, the basic regulations for 
occupational and population exposure had remained unchanged since 1961 (an average of 5 rem per year for radiation 
workers and 0.5 rem annually for individuals in the general population). Based upon new recommendations of the NCRP 
and the ICRP and upon new research findings, the NRC tightened its regulations in several regards, the most prominent of 
which was to restrict population exposure to 100 (rather than 500) millirem per year. 

Despite new scientific information and epidemiological studies, the health effects of low-level radiation remained a source of 
uncertainty and controversy. Some studies provided results that were very reassuring about the hazards of radiation 
emissions from nuclear plants. A major survey conducted by the National Cancer Institute, for example, found no increased 
risk of cancer in 107 counties of the United States located near 62 nuclear power plants. But other evidence was more 
disquieting, such as a cluster of cancer cases near the Pilgrim reactor in Massachusetts and a high incidence of leukemia in 
children around the Sellafield reprocessing plant in Britain. 

Below Regulatory Concern 

None of the studies on the effects of low-level radiation was, or claimed, to be, definitive. The subject continued to be a 
source of interest to and debate among scientists. It also continued to be a source of considerable anxiety to the public. The 
most graphic evidence of public apprehension about radiation was the reaction to the NRC's announcement of a new policy 
on radiation levels that were "below regulatory concern" (BRC). In June 1990, the NRC published a policy statement 
outlining its plans to establish rules and procedures by which small quantities of low-level radioactive materials could be 
largely exempted from regulatory controls. The agency proposed that if radioactive materials did not expose individuals to 
more than 1 millirem per year or a population group to more than 1000 person-rem per year, they could be eligible for the 
exemption from full-scale regulatory control. This would not be granted automatically; the NRC would consider requests for 
exemptions for sites that met the dose criteria through its rulemaking or licensing processes. It intended that the BRC 
policy would apply to consumer products, landfills, and other sources of very low levels of radiation. The NRC explained that 
the BRC policy would enable it to devote more time and resources to major regulatory issues and thereby better protect 
public health and safety. 

The NRC's announcement of its intentions on BRC was greeted with a firestorm of protest from the public, Congress, the 
news media, and antinuclear activists. Some critics suggested that the agency was defaulting on its responsibility for public 
health and that BRC would allow the nuclear industry to discard dangerously radioactive wastes in public trash dumps. It 
was, alleged one antinuclear group, "a trade-off of people's lives in favor of the financial interests of the nuclear industry." 
In public meetings that the NRC held to explain BRC, aroused citizens called repeatedly for the resignation of the 
commissioners or their indictment under criminal charges. Eventually, the Commission decided to defer any action on the 
BRC issue. The outcry over BRC underscored the difficulty of even attempting to sponsor a calm and reasoned discussion on 
the subject of radiation hazards. 

The uproar over BRC was one of several indications of how the regulatory environment had changed since the passage of 
the 1954 Atomic Energy Act made possible the development of nuclear power for electrical generation. A public that had 
welcomed the growth of nuclear power in the 1950s had become skeptical of the technology and suspicious of those 
responsible for its safety. Nuclear plants had become larger, more complicated, and more costly to build. The longest 
running nuclear plant until its closure in 1992, Yankee Rowe in Massachusetts, had a capacity of 175 electrical megawatts 
and was constructed for about $39 million. By comparison, for example, Seabrook had a capacity of 1150 electrical 
megawatts and cost over $6 billion to build. The length and complexity of the licensing process had grown commensurately. 
The owners of Yankee Rowe applied for a construction permit in 1956 and received an operating license in 1960 without a 
murmur of protest. Seabrook's owners applied for a construction permit in 1973 and received an operating license in 1990 
after long legal proceedings and many angry demonstrations. The contrasts between Yankee Rowe and Seabrook were 
results of a series of inter-related technological, administrative, and political developments that shaped the history of 
nuclear regulation. 

CHAPTER 4 -- NEW ISSUES, NEW APPROACHES 

The focus of the NRC’s activities gradually shifted away from licensing requirements for new plants to overseeing the safety 
of operating plants. Since it received no applications for construction permits after 1978 and had completed work on most 
operating license applications a decade later, it devoted much less attention and fewer resources to its licensing 
responsibilities. During the first half of the 1980s, the NRC’s deliberations and policy decisions were in large measure a 
response to Three Mile Island. By the latter part of the decade, however, the agency was addressing a wide range of new 
questions relating to the safety of the about 100 plants in operation. Not surprisingly, the issues it considered often raised 
difficult and divisive questions for which there were no ready answers. 

Plant Maintenance 

One of the first and most important issues that the NRC tackled as it turned its attention to the regulation of operating 
nuclear plants was maintenance. It estimated in 1985 that more than 35 percent of the "abnormal occurrences" that it had 



reported to Congress over the previous ten years were directly attributable to maintenance deficiencies. Many of the 
problems arose from human errors, such as failing to follow procedures, installing equipment incorrectly, or using the wrong 
parts to make repairs. The need for improvements in maintenance was underscored when an incident at the Davis-Besse 
plant in Ohio resulted in the loss of all feedwater in 1985. Failures in feedwater pumps, including auxiliary pumps that had 
not been tested or maintained, caused what could have produced a major accident. 

The nuclear industry was well aware of shortcomings in maintenance programs and took steps to make improvements. The 
NRC applauded the efforts of the industry but insisted that licenses still "had a long way to go in the maintenance area." 
Therefore, in June 1988 the Commission directed the NRC staff to draft a maintenance rule as a matter of "HIGHEST 
priority." In June 1991, despite industry objections that a rule was not necessary, the Commission voted to issue a 
regulation that required adequate maintenance programs of all commercial nuclear plants. It acknowledged the substantial 
improvements that many licensees had made, but it concluded that an industry-wide regulation was still necessary. The 
NRC worked with the industry to establish procedures for monitoring the effectiveness of maintenance programs. 

Decommissioning 

Another key issue that the NRC considered was the decommissioning of plants, the final step of the life cycle for operating 
facilities. Between 1947 and 1975, a total of 50 nuclear plants, including five small experimental power reactors, were 
decommissioned. In the late 1970s, this experience gave the NRC confidence that decommissioning of nuclear plants would 
not present major problems when their licenses expired. In response to an investigation by the U.S. General Accounting 
Office, congressional hearings, and a petition from environmental organizations, however, the NRC took a closer look at the 
subject. In 1984, the staff reported to the Commission that existing regulations covered decommissioning in a "limited, 
vague, or inappropriate way and are not fully adequate." As a result, the NRC drafted a rule that required licensees to 
specify how they planned to ensure that sufficient funding was available to clean up the sites on which their plants were 
located and to make certain that radiation levels at decommissioned sites were low enough to allow the land to be used for 
other purposes. After soliciting public comments and making modest revisions in the draft, the NRC published a final rule in 
1988. 

The decommissioning rule was much more comprehensive than earlier NRC regulations but it did not resolve all of the 
issues that arose on the subject. Within a short time after the rule became final, the agency faced an unprecedented and 
unanticipated question--what to do about funding for "prematurely shut down reactors." Three plants, including Shoreham, 
closed well before their operating licenses expired, which raised questions about how to pay for costs of decommissioning 
reactors that had not operated long enough to accumulate adequate funding. This issue was underscored by the costs of 
decommissioning the Yankee Rowe plant, which ran much higher than projected. While the NRC wrestled with this question, 
it also deliberated over the level of radiation that should be permitted at the sites of decommissioned plants. This issue 
generated opposing views and sometimes sharp differences between the NRC and the Environmental Protection Agency. 

License Renewal 

As decommissioning issues were debated, the NRC devoted considerable attention and resources to the question of license 
renewal. While some utilities were closing reactors long before their 40-year operating licenses expired, others were 
weighing the possibility of extending the lives of plants beyond 40 years. The 40-year licensing period for nuclear plants 
was a rather arbitrary compromise written into the 1954 Atomic Energy Act that was not based on technical grounds or 
operating experience. In the late 1970s, industry groups closely examined the issue of plant life extension for the first time. 
The Electric Power Research Institute, for example, concluded that reconditioning of old plants offered potentially major 
benefits, but it cautioned that the benefits depended on financial considerations as well as on technical assessments, 
environmental issues, and projections of power availability. Those uncertainties were compounded by industry’s concern 
that the NRC was not prepared to address the issues surrounding license renewal promptly and knowledgeably. 

In 1985, the NRC, prodded by Chairman Nunzio J. Palladino, undertook a careful analysis of license renewal. The agency 
had sponsored research on the critical question of the safety effects of plant aging for years, but many technical questions 
remained to be answered. License renewal also raised complex legal and policy issues. The NRC staff cited the "central 
regulatory question" that plant life extension presented: "What is an adequate licensing basis for renewing the operating 
license of a nuclear power plant?" 

The NRC deliberated over this issue and its corollaries for several years. Eventually, it decided that the maximum length of 
an extended license would be 20 years. It also concluded that using the existing regulatory requirements governing a plant 
would offer reasonable assurance of adequate protection if its license were renewed, provided that the "current licensing 
basis" was modified to account for age-related safety issues. In 1991, the Commission approved a regulation on the 
technical requirements for license renewal. After considering ways to evaluate the environmental consequences of license 
renewal, the NRC elected to develop a generic environmental impact statement that covered effects that were common to 
all or most nuclear plants. In April 1998, Baltimore Gas and Electric became the first utility to apply for license renewal for 
its Calvert Cliffs plants on the Chesapeake Bay. Duke Energy Corporation followed suit in July 1998 when it sought license 
extensions for its Oconee nuclear units in South Carolina. 



Risk Assessment and Nuclear Safety 

As the NRC considered its policies on license renewal, representatives of the nuclear industry expressed concern that the 
costs and uncertainties of the regulatory process would negate the potential advantages of plant life extension. This was 
consistent with strong industry criticism of the NRC’s regulations or the ways in which they were implemented. A report 
prepared for an industry group, for example, concluded in 1994 that the NRC’s policies and practices represented a "serious 
threat to America’s nuclear energy resource" by distracting plant management, undermining public trust in nuclear power, 
and "pricing nuclear power out of the competitive energy marketplace." Industry protests about regulatory burdens were 
nothing new, of course, but they had taken on increased urgency and intensity by the early part of the 1990s. Industry 
officials complained that NRC regulations were in many cases intrusive, excessive, and potentially counterproductive. They 
particularly objected to the agency’s numerical ratings of plant performance, which they found to be arbitrary and 
inconsistent. In September 1998, the Commission indefinitely suspended the "Systematic Assessment of Licensee 
Performance" program, which the agency had created in the wake of the Three Mile Island accident to evaluate and score 
management practices in several different categories of plant operation. In June 1999, it began a pilot program to test 
methods of providing more consistent and predictable plant evaluations. 

As a part of its reexamination of the regulatory process, the NRC evaluated the role of risk assessment and performance 
indicators. The benefits of risk assessment had been debated since the Rasmussen report without making a major impact 
on the formulation or enforcement of the NRC’s rules. Nuclear industry representatives complained that the NRC relied too 
heavily on "prescriptive" regulations. They urged the agency to place greater emphasis on non-prescriptive performance-
based assessments that would recognize the significant improvements that industry had achieved since Three Mile Island. 
This would allow licensees greater leeway to determine how to accomplish regulatory goals and presumably cut costs 
without sacrificing safety. In 1991, the Commission instructed the agency staff to investigate the feasibility of using more 
performance-based regulations that focused on a "result to be obtained, rather than prescribing to the licensee how the 
objective is to be obtained." This initiative received strong support from Ivan Selin, chairman of the NRC from 1992 to 
1995, from his successor, Shirley Ann Jackson, chairman from 1995 to 1999, and from their colleagues on the Commission. 

The effective employment of performance-based regulation was closely tied to informed analyses of risk. In 1995, the 
Commission unanimously approved a policy statement that encouraged the application of probabilistic risk assessment "as 
an extension and enhancement of traditional regulation." The agency believed that risk analysis would enable it to "focus on 
those regulated activities that pose the greatest risk to the public" and to ease "unnecessary burdens on licensees." The 
industry and the NRC agreed on this general objective, but many uncertainties about how to apply the concept of risk 
assessment in practice had not been resolved. The industry was concerned that the NRC gave unwarranted emphasis to the 
redundant "defense-in-depth" approach that had been applied since the earliest days of the nuclear power industry. Those 
concerns were magnified in 1997 when the Commission voted to require a containment spray system in a new 
Westinghouse plant design even though risk assessments indicated that the design was "safe enough" without the spray 
system. Despite this affirmation of the importance of defense-in-depth, the NRC continued to search for ways to use 
probabilistic risk assessment to improve the regulatory process. 

The Millstone Controversy 

Although risk-informed regulation offered many potential benefits for evaluating the technical performance of nuclear 
plants, it was not a reliable way to detect safety issues that could generate acute public concern. In that regard, it was not 
necessarily a useful means of building public confidence in nuclear power technology or the NRC. This was amply 
demonstrated when a series of problems arose at the Millstone nuclear station, which included three plants located on the 
northern side of Long Island Sound in Connecticut. The safety issues at Millstone required attention, but they were not so 
serious that risk analysis was likely to identify them as priority matters. As Commissioner Nils J. Diaz commented in 1997, 
of the many issues raised about Millstone, "only a handful appear to have been safety-significant." Nevertheless, the 
failures at Millstone created a great deal of controversy and a barrage of criticism of the NRC. 

The uproar over Millstone began in the early 1990s when several plant employees claimed that they were harassed, 
intimidated, and/or dismissed from their jobs by the owner of the plants, Northeast Utilities, for calling attention to safety 
problems and violations of NRC regulations. The NRC investigated the concerns raised by the "whistle-blowers" and 
determined that the safety issues they raised were not of major significance and had been corrected. But the agency also 
concluded that the utility had harassed employees and assessed it a fine of $100,000, the maximum amount allowed by 
law. This did not satisfy the dissidents at Millstone and elsewhere, who insisted that the NRC was neither prompt nor firm in 
dealing with the issues they cited or in protecting them from retaliation by their employers. As a result of the complaints 
from Millstone and other plants, the agency reexamined and eventually tightened its policies in order to provide better 
protection to whistle-blowers who contacted it about safety issues. 

Meanwhile, new revelations at Millstone generated increasing NRC scrutiny. It also commanded growing media attention, 
much of which was sharply critical of the NRC. In 1993 and again in 1994 the NRC fined Northeast Utilities for procedural 
violations that the agency viewed as serious lapses in the management of the Millstone units. The utility pledged to improve 
its performance and "to resolve issues raised by [its] employees." Nevertheless, another issue raised by company 
employees soon triggered new reservations about safety at Millstone and the effectiveness of the NRC’s enforcement 
policies. In this case, the whistle-blowers objected to the company’s practice of placing the entire nuclear core into the 



spent fuel pool at Millstone Unit 1 during refueling operations. The plant’s "final safety analysis report," which provided the 
basis for the its operating license, specified that only one-third of the spent fuel rods would be moved into the pool. But 
Millstone-1 had performed "full-core off-loads" for years as an "emergency" procedure with the knowledge of the NRC. 
Finally, after employees questioned the practice, Northeast Utilities applied for a license amendment that expressly 
permitted full-core off-loading, and in November 1995 the NRC granted its approval. 

By that time, the utility and the NRC were the subjects of extensive and unflattering coverage in the local media. In March 
1996, the criticism reached a new level of visibility when Time magazine ran a cover story on the whistle-blowers who had 
"caught the Nuclear Regulatory Commission at a dangerous game." It suggested that an accident in a spent fuel pool posed 
the hazard of "releasing massive amounts of radiation and rendering hundreds of square miles uninhabitable." It charged 
that the NRC "may be more concerned with propping up an embattled, economically straitened industry than with ensuring 
public safety." NRC chairman Jackson conceded that the Time article demonstrated that "not all aspects of nuclear 
regulation or nuclear operations in certain places are as they should be," but she strongly denied the implication that "the 
Millstone situation borders on an impending TMI- or Chernobyl-type disaster." 

Amid the growing criticism, the NRC conducted its own reviews to identify and correct errors that the Millstone experience 
brought to light. An internal task force reported in September 1996 that the "safety significance of Millstone’s refueling 
practices was low." Nevertheless, it recommended a series of procedural, informational, and management improvements. 
The agency also undertook a careful study of a frequently-used provision in its regulations that allowed licensees to make 
changes in their plants without NRC permission under certain conditions. In 1999, after considerable debate over the 
threshold for permitting such changes, the Commission approved revisions designed to clarify the rule and provide guidance 
on when NRC consent was necessary within a risk-informed framework. 

While the NRC examined its own regulations and procedures, it conducted an expanding probe of the Millstone plants. In 
May 1996 the NRC’s inspector general faulted the agency for failing to recognize the problems at Millstone and impose 
corrective actions much earlier. When the NRC’s investigations, along with those conducted by the utility, turned up 
hundreds of performance and procedural deficiencies, the agency took the unusual step of stipulating that the three plants, 
all of which had been shut down, would not be allowed to restart without a formal vote of the Commission. Eventually, after 
the utility made management changes, took a series of steps to address its shortcomings, and decided to permanently close 
Millstone-1, the Commission authorized the restart of units 2 (in 1999) and 3 (in 1998). The series of problems at Millstone 
underscored the general difficulties that the NRC had encountered with plants that did not perform up to standards and did 
not correct their deficiencies promptly or effectively. The Commission devoted a great deal of energy to dealing with the 
many aspects of encouraging or forcing improvements in plants that did not fully meet its requirements. 

Nuclear Materials Safety and Safeguards 

Although reactor safety issues captured a lion’s share of public notice, the NRC also devoted substantial resources to a 
variety of complex matters in the area of nuclear materials safety and safeguards. The protection of nuclear materials from 
theft or diversion remained a major agency concern, though it did not command the level of public attention it had received 
in the 1970s. In cooperation and sometimes in conflict with other government agencies, the NRC evaluated the safety 
problems involved in building and operating repositories for high-level and low-level radioactive waste. Despite federal 
legislation that attempted to provide the means for establishing permanent waste sites and the efforts of federal and state 
officials, scientists, engineers, and other professionals, the disposal of radioactive wastes remained a source of intense 
public concern and bitter political controversy. The NRC also considered its role in regulating certain medical uses of 
radioactive materials. Although it exercised only limited responsibilities in the field of "radiation medicine," it sought to 
ensure that patients received the proper doses of radiation from procedures under its regulatory authority. Its rules elicited 
protests from medical practitioners and organizations who complained about regulatory overkill that intruded into physician-
patient relationships. 

The issues surrounding the regulation of nuclear materials, the problems at Millstone, and the use of risk assessment 
underscored patterns in the history of nuclear regulation over a period of four decades. The nuclear industry and materials 
licensees often asserted that regulatory requirements were too burdensome, too inflexible, and too strict. Nuclear critics, on 
the other hand, frequently lamented that regulatory requirements were too lax, too sympathetic to industry concerns, and 
too inattentive to public safety. The NRC, and the AEC before it, attempted to find a proper balance between essential and 
excessive regulation, but this was a difficult and uncertain task that usually elicited complaints from one side or all sides of 
regulatory issues. The NRC sought to separate valid criticisms from those that were exaggerated or ill-informed, but this 
process won few plaudits from its different (and frequently competing) constituencies. "The bane of the regulator," a senior 
agency official remarked in 1998, "is to feel unloved." The ongoing effort to promote the safe use of nuclear materials and 
the safe operation of nuclear power plants without imposing undue burdens on licensees ensured that nuclear regulation 
would remain a complex and controversial public policy issue. 
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RECORD OF DECISION 
NAVAL AIR STATION JOINT RESERVE BASE WILLOW GROVE 

SITE 2 - ANTENNA FIELD LANDFILL  
OPERABLE UNIT 5 AND OPERABLE UNIT 9 

 
PART I — DECLARATION 

 
I. SITE NAME AND LOCATION 

 

Naval Air Station Joint Reserve Base (NAS JRB) Willow Grove 

Site 2 - Antenna Field Landfill 

Operable Unit (OU) 5, Soil and OU 9, Groundwater 

Horsham Township, Montgomery County 

Pennsylvania  

ID Number: PAD987277837 

 

II. STATEMENT OF BASIS AND PURPOSE 
 

This Record of Decision (ROD) presents the selected remedy (No Remedial Action) for OU 5, soil and 

OU 9, groundwater at Site 2, the Antenna Field Landfill, at NAS JRB Willow Grove, located in Horsham 

Township, Montgomery County, Pennsylvania.   

 

This remedial action decision was made in accordance with the Comprehensive Environmental 

Response, Compensation, and Liability Act (CERCLA) of 1980, as amended by the Superfund 

Amendments and Reauthorization Act (SARA) of 1986, and the National Oil and Hazardous Substances 

Pollution Contingency Plan (NCP).  This decision document explains the factual and legal bases for 

selecting the remedy and is based on the Administrative Record for OU 5 and OU 9.  Reports and other 

information used in the remedy selection process are part of the Administrative Record (AR) file for OU 5 

and OU 9.  Copies of these reports are available in the information repository at the Horsham Township 

Library, 435 Babylon Road, Horsham, Pennsylvania.  

 

This decision has been selected by the United States Navy (Navy) and the United States Environmental 

Protection Agency (EPA).  The Commonwealth of Pennsylvania Department of Environmental Protection 

(PADEP) has commented on the selected remedy, their comments have been incorporated into this 

ROD, and PADEP concurs with the decision for no action at Site 2.  A review of the public response to 

the OU 5 and OU 9 Proposed Plan is included in the Responsiveness Summary (Part III) of this decision 

document. 

 



III. DESCRIPTION OF THE SELECTED REMEDY

No action is necessary to protect public health or welfare, or the environment, because the site does not

pose any unacceptable risks to human health or the environment under current or potential future land

use and associated exposure scenarios. No remedial action is required for Site 2 to allow unrestricted

current and future land use.

IV. STATUTORY DETERMINATIONS

The selected remedy for Site 2 soil (OU 5) and groundwater (OU 9) is protective of human health and the

environment, is cost effective and will not result in hazardous substances, pollutants or contaminants

remaining at the site in excess of levels that allow for unlimited use and unrestricted exposure. Since no

remedial action is needed or proposed for Site 2 soil and groundwater, no federal or state applicable or

relevant and appropriate requirements (ARARs) apply.

Authorizing Signatures

Lead Agency:

Robert F. Lewandowski
BRAC Environmental Coordinator
Naval Air Station Joint Reserve Base, Willow Grove
BRAC Program Management Office, Northeast

Environmental Protection Agency:

Date

Date
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RECORD OF DECISION 
Naval Air Station Joint Reserve Base Willow Grove 

Site 2 - Antenna Field Landfill  
Operable Unit 5 and Operable Unit 9 

 
PART II - DECISION SUMMARY 

 
I. SITE NAME, LOCATION, AND DESCRIPTION 

 

NAS JRB Willow Grove, Pennsylvania is located in Horsham Township, Montgomery County in 

southeastern Pennsylvania, approximately 20 miles north of the city of Philadelphia.  NAS JRB Willow 

Grove occupies approximately 900 acres of flat to slightly rolling terrain and is generally bounded by State 

Route 611 to the east, Horsham Road to the southwest, and Keith Valley Road to the north (Figures 1 

and 2). 

 

The Antenna Field Landfill is located in the southern portion of the Air Station southwest of the runway in a 

relatively undeveloped section of the Naval Air Station (Figure 2).  The area of the former landfill is generally 

flat, approximately 4 acres in size, with grassy surfaces sloping toward the south and west.  Major earth 

moving activities evident in the 1958 aerial photograph seem to coincide with the installation of an antenna 

array consisting of five antennae.  In the mid 1990s, a new antenna array consisting of five antennae was 

constructed on the site to replace the preexisting antenna array constructed earlier.  Currently, the entire site 

is covered by vegetation, including grass, brush and small trees.  Storm water runoff from Site 2 enters a 

drainage swale, passes under Route 463 toward the southwest, and is directed toward Pennypack Creek, 

approximately 3000 feet south of the Air Station.   

 

II.  SITE HISTORY AND ENFORCEMENT ACTIVITY 

 

The Antenna Field Landfill area was reportedly used between 1948 and 1960 as the principal disposal area 

for solid waste generated by the Air Station.  Landfill activities reportedly consisted of trench excavation with 

subsequent burning and burial of waste material disposed within the trenches.  Upon cessation of disposal 

operations, the landfill was regraded with a soil cover and vegetated with grass that is kept mowed by Air 

Station groundskeepers. 

 
Work undertaken pursuant to CERCLA at NAS JRB Willow Grove Site 2 includes the Initial Assessment 
Study (IAS), the Site Investigation (SI), a Phase I and Phase II (Remedial Investigation) RI, and a post-RI 

Groundwater Confirmation study.  The IAS (also known as the Preliminary Assessment (PA)) was a Base-

wide preliminary study that assessed 17 sites from 1984 through 1988.  Based on IAS findings, SI work was 

performed on 12 of the 17 sites, including Site 2 in 1989.  Remedial Investigation/Feasibility Study (RI/FS) 
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activities have subsequently been completed or are underway at eight sites, of which four are on Air Force 

property and four are on Navy property, including Site 2.  The Phase I RI, performed in 1991, characterized 

the physical and chemical nature of the four Navy sites and identified data gaps requiring further study.  

Recommendations for further investigation led to the Phase II RI activities at Site 2 that began in 1996.  The 

April 1998 draft Phase II RI Report (B&R Environmental, 1998) addressed Site 2 along with three other IRP 

sites at NAS JRB Willow Grove and included a human health risk assessment (HHRA) completed in 1997 

for each site.  After the draft Phase II RI Report was submitted in April 1998, the Navy in agreement with 

EPA and PADEP, delinked the RI reporting process to allow each of the four Navy IRP sites, including Site 

2, to progress independently.  In December 2008, a fifth site, Site 12-South Landfill, was added to the Navy 

program for full RI/FS activities.  Site 12 is in an early stage of investigation. 

 
In April 1999, EPA provided the Navy with a review of Environmental Photographic Interpretation Center 

(EPIC) historical aerial photographs showing unidentified anomalies near the northeastern portion of Site 

2 that turned out to be discarded drums and debris.  In 2003, the Navy performed a field inspection, 

housekeeping cleanup (debris removal) and confirmation sampling effort in the area of the EPIC 

anomalies/discarded debris.  A new Site Screening Area (SSA 12) was defined at that time as the portion 

of Site 2 northeast of the usually dry drainage ditch running through Site 2, roughly cutting Site 2 in half.  

In August 2008, the Navy submitted the draft Site 2 RI Report that was accepted as final by Navy, EPA, 

and PADEP in March 2009 (Tetra Tech, 2009a).  The March 2009 final RI Report included as Appendix 

K, a Technical Memorandum of Risk Assessment Evaluation for Site 2 (Tech Memo) finalized in July 

2006.  The July 2006 Tech Memo supported the 1997 HHRA conclusion indicating that no action is 

required at Site 2.   

 

In 2005, NAS JRB Willow Grove was designated for closure under the authority of the Defense Base 

Realignment and Closure Act (BRAC) of 1990, Public Law 101-510 as amended.  BRAC legislation 

requires that the base closure be in full compliance with CERCLA.  Section 2 (Definitions) of the Federal 

Facility Agreement (FFA) identifies Navy Engineering Field Activity Northeast (EFANE) as the primary 

Navy local contact entity.  The EFANE office was designated for closure under the 2005 round of BRAC.  

CERCLA cleanup responsibilities were assigned to the BRAC Program Management Office Northeast, 

located at the former Philadelphia Navy Shipyard, as the primary local Navy contact office. 

 

In May 2007, Special Legislation was enacted that said, "The Secretary of the Navy shall, notwithstanding 

any other provision of law, transfer to the Secretary of the Air Force, at no cost, all lands, easements, Air 

Installation Compatible Use Zones, and facilities at NAS JRB Willow Grove designated for operation as a 

Joint Interagency Installation (JII) for use by the Pennsylvania National Guard and other Department of 

Defense components, government agencies, and associated users to perform national defense, 
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homeland security, and emergency preparedness missions."  Site cleanup under the FFA is expected to 

continue unabated by the May 2007 Special Legislation. 

 

Further study at SSA 12 in 2007 and 2008 included visual observations of a “hummocky” appearance, 

extensive brush clearing, and performance of an electromagnetic (EM) geophysical survey of subsurface 

conditions.  The EM geophysical survey (Tetra Tech, 2009a) indicated potential subsurface burial of 

waste on the northeast side of the drainage ditch bisecting Site 2.  In December 2008 the Navy, in 

agreement with EPA and PADEP, decided to initiate a separate RI/FS and CERCLA decision process for 

the northeastern portion of Site 2, in the area now designated as Site 12 - South Landfill (Figure 3).  

 

Based on the reduced exposure area of the smaller revised Site 2 boundaries shown on Figure 3 and the 

time since re-evaluation of the 1997 HHRA (Tech Memo) (Tetra Tech, 2006), the Navy prepared an RI 

Report Addendum for Site 2 - Antenna Field Landfill in June 2009 (Tetra Tech, 2009b).  The June 2009 

RI Report Addendum included an updated evaluation of Site 2 risk, incorporating the revised data set 

corresponding to the reduced size of the exposure unit for Site 2, and updated the risk calculations to 

comply with EPA HHRA guidelines current in May 2009.  The June 2009 RI Report Addendum supported 

the 1997 HHRA conclusion that no action is required at Site 2.   

 

Post-RI groundwater confirmation sampling analysis and reporting for Site 2, completed in June 2009 (Tetra 

Tech, June 2009c), confirmed groundwater results obtained in 1997 and also supported the HHRA 

conclusion indicating that no action is required at Site 2.  

 

There have been no cited violations under federal or state environmental law or any past or pending 

enforcement actions pertaining to Site 2. 

 

III.  COMMUNITY PARTICIPATION 

 

Community participation at NAS JRB Willow Grove is facilitated by a Restoration Advisory Board (RAB), 

public meetings, a public Information Repository, and public notices of significant environmental events.  

The NAS JRB Willow Grove RAB is comprised of community leaders, government agency 

representatives, and local citizens who gather quarterly to discuss the progress of environmental 

programs at NAS JRB Willow Grove.  RAB meetings are held to provide an information exchange among 

community members, the EPA, the Commonwealth of Pennsylvania, and the Navy.  A community 

involvement program is sustained through the RAB and public meeting process.  Public input to NAS JRB 

Willow Grove environmental programs is a key element in the decision-making process. 

 

Based on the Site 2 - Antenna Field Landfill Remedial Investigation Report (Tetra Tech, 2009a) and Site 2 

RI Report Addendum (Tetra Tech, 2009b), the Navy prepared the Site 2 Proposed Plan for no action (Tetra 
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Tech, 2009d).  On July 29, 2009, a newspaper notification inviting public comment on the Proposed Plan 

appeared in The Intelligencer newspaper.  The newspaper public notice identified the time and location of 

the public meeting to learn about the Navy’s Proposed Plan.  A public meeting was held on August 5, 2009 

at 6:00 PM in the Community Meeting Room at the Horsham Township Public Library, 435 Babylon Road, 

Willow Grove, Pennsylvania to present the Site 2 Proposed Plan to the public.  Copies of the Site 2 

Proposed Plan were distributed to interested community and RAB members, and it was also made available 

for public review at the public meeting.  A copy of the Proposed Plan and a copy of the Administrative 

Record file are located in the information repository for NAS JRB, at the Horsham Township Public Library.  

In accordance with CERCLA Sections 113(k) and 117(a), a public comment period for the Proposed Plan 

was held from July 29 through September 11, 2009.  More details about the community involvement in this 

ROD are described in the Responsiveness Summary, which is Part III of this ROD. 
 

IV.  SCOPE AND ROLE OF SITE 2 SOIL (OU 5) AND GROUNDWATER (OU 9) 
 

During the early stages of investigation of NAS JRB Willow Grove sites, the Navy and EPA, with agreement 

from PADEP, organized the response at all sites into operable units.  Site 2 was organized into two operable 

units: 

 

• Operable Unit 5: Site 2 soils 

• Operable Unit 9: Site 2 groundwater 

 

This ROD addresses the proposed action for Site 2 soil (OU 5) and groundwater (OU 9).  Based on the 

results of Site 2 investigations, the Navy, EPA, and PADEP concur that OU 5 and OU 9 do not pose any 

unacceptable risks to human health or the environment under current and potential future land use and 

associated exposure scenarios.  No remedial action is required for OU 5 or OU 9 to allow unrestricted 

land use at Site 2.   

 

Site 2 is one of the sites identified in the FFA for NAS JRB Willow Grove.  A list and description of all IR 

Program sites is presented in the NAS JRB Willow Grove Site Management Plan.  Other sites at NAS JRB 

Willow Grove identified as part of the National Priorities List (NPL) include:  

 

• Site 1 - Privet Road Compound (OU 1 - Site 1 soil; OU 3 - Site 1 groundwater) 

• Site 3 - Ninth Street Landfill (OU 6 - Site 3 soil; OU 10 - Site 3 groundwater) 

• Site 5 - Fire Training Area (OU 2 - Site 5 groundwater; OU 4 - Site 5 soil) 

• Site 12 - South Landfill (has not yet been assigned an OU designation) 

 

Sites 3, 5, and 12 are in the RI/FS phase of the CERCLA process.  At Site 1 a soil removal action was 

completed in 1999.  The Site 1 Soil (OU 1) ROD, specifying no further action for Site 1 soil, was accepted 
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by PADEP and signed by the Navy and EPA in September 2006.  At Site 5, a soil removal action was 

conducted in 2006, and the ROD for Site 5 Soil (OU 4) was signed in September 2007, documenting that 

no further action is required for Site 5 soil.  An Interim ROD for Site 1 groundwater (OU 3) was signed by 

the Navy and EPA in September 2008.  The selected interim remedy for OU 3 consists of land use 

controls (LUCs), periodic groundwater monitoring, and five-year reviews.   

 

V.  SITE CHARACTERISTICS 

 
Site 2 is approximately four acres of gently southwest-sloping grass-covered land that is level with the 

surrounding land to the north and east, but with relatively steep embankments at the south and southwest 

boundaries.  There is a normally dry drainage ditch along the eastern boundary of Site 2 that joins a small 

perennial tributary that forms the southern boundary of the site.  The most conspicuous features of Site 2 

are the antenna array situated upon it and the raised (plateau-like) appearance of the site as it is 

approached from the south or southwest. 

 
A. Hydrology 
 

The ground surface at the Antenna Field Landfill generally slopes toward the southwest at a grade of less 

than two percent.  The ground surface is covered throughout most of the area with grassy or woody 

vegetation that, coupled with the relatively flat topography, tends to enhance infiltration of most 

precipitation. 

 

A small ephemeral drainage swale traverses the area immediately southwest of Site 2.  The ephemeral 

drainage flows into an unnamed creek, which then flows off Base approximately 300 feet from the landfill 

area and enters Pennypack Creek approximately 3,000 feet from the Base boundary. 

 

B. Geology 
 

Most of the soil within the boundaries of the Air Station has been disturbed.  In addition, large areas have 

been filled with shale and sandstone mixed earth materials.  These soils, known as made land, vary 

widely in depth and drainage potential and are consistent with much of the soil found at Site 2.  

 

NAS JRB Willow Grove is located within the Triassic Basin of southeastern Pennsylvania.  Bedrock 

underlying NAS JRB Willow Grove consists of the middle arkose (feldspar-rich) sandstone member of the 

Late Triassic Stockton Formation.  The Stockton Formation locally is about 5,000 feet thick and is 

unconformably underlain by Ordovician to Pre-Cambrian basement rocks.  Boreholes and test pits 

completed at Site 2 indicate that the overburden thickness at Site 2 ranged from approximately 4 feet to 21 

feet. 
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Site 2 test pits encountered disturbed earth materials and waste debris from the ground surface to either the 

maximum reach of the backhoe (13.5 feet) or to bucket refusal on large boulders or bedrock.  Most of the 

landfill material consisted of remixed clayey silt and silty clay with sandstone and siltstone fragments.  

Waste debris, consisting primarily of wood stumps and rock cobbles, with lesser amounts of glass, metal 

pipe, wire, and paper was also noted.  Very little waste material was found buried in the test pits. 

 

C. Hydrogeology 
 

The sandstones, shales, and conglomerates of the Triassic Basin generally yield abundant supplies to wells.  

The groundwater ranges from soft to hard, and the average hardness is greater than that of most other 

formations in southeastern Pennsylvania.  The major source of groundwater in the vicinity of NAS JRB 

Willow Grove is the fractured bedrock of the Stockton Formation.  These rocks form a multi-aquifer system 

of relatively discrete water-bearing zones separated by less permeable zones.  Transmissivity and 

groundwater movement within water-bearing zones are greater parallel to bedding than across bedding.  

Groundwater can generally be found between 5 and 25 feet below ground surface (bgs).   

 

Groundwater flow directions calculated for Site 2 indicate that the groundwater within both the shallow and 

intermediate bedrock zones flows towards the southwest.  Analyses of monitoring well drilling logs, borehole 

videotape, and borehole geophysical logs reveal that discrete water-entry zones were either bedding-plane 

partings at lithologic contacts or fractures within a relatively homogeneous lithologic unit.  Typically, both 

types of water-entry zones were present in most boreholes.  The primary porosity of the various lithologic 

units (particularly sandstones) most likely contributed groundwater to each borehole, but the volume or yield 

could not be quantified due to the low volume of groundwater entering through primary pore spaces 

(lithologic unit) relative to the volume entering through secondary openings (bedding-plane partings at 

lithologic contacts and/or fractures).   

 

The United States Geological Survey (USGS) (USGS, 2002) performed a regional water level study that 

found a direct relationship between the pumping of off-Base Horsham Township production well number 26 

and fluctuations in hydraulic head recorded in 02MW01I, located in the southern portion of Site 2 (Figure 3).   

 
D. Nature and Extent of Contamination 
 
The June 2009 RI concluded that the Site 2 Antenna Field Landfill is a probable source of metals and 

polynuclear aromatic hydrocarbons (PAHs).  PAHs, pesticides, and metals were detected in soils at Site 2.  

Iron was found in one surface soil sample at a concentration of 63,200 mg/kg, which was above the 

maximum corresponding background concentration of 17,600 mg/kg.  Arsenic up to 12.6 mg/kg and 

beryllium up to 2.3 mg/kg were found in soil at concentrations above background.  Benzo(a)anthracene up 

to 9,300 mg/kg, benzo(a)pyrene up to 7,400J (estimated) mg/kg, and dibenz(a,h)anthracene up to 1,300J 
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mg/kg were detected mostly in one test pit sample.  Dieldrin was detected in two soil samples at 

concentrations up to 447 ug/kg.  Contaminants adsorbed to soil particles can be transported through erosion 

and runoff to the sediments and surface waters of the intermittent stream. 

 

Surface water and seep samples have shown impacts, particularly in the eastern segment of the tributary 

near the southern side of the site at concentrations potentially of concern for ecological impacts.   

 

VI.  CURRENT AND POTENTIAL FUTURE LAND AND RESOURCE USES 
 
The Antenna Field Landfill is located in a relatively undeveloped section of the Naval Air Station.  The entire 

site is covered by vegetation including grass, brush, and small trees.  Current use is limited by a passive 

antenna array that has dominated the surface of Site 2 since the original array was constructed 

approximately in the early 1960s or earlier.  The original antenna array was replaced by the current antenna 

array constructed in the mid 1990s.  The antenna array historically has required very little human activity, 

limited to infrequent minor maintenance of the structures.  Only Air Station maintenance personnel 

occasionally enter the Site 2 area to cut grass and limit the height of brush in the area adjacent to flight 

operations.  There is no current use of Site 2 groundwater.   

 

Specific reuse plans for Site 2 after Base Closure are not known at this time.  However BRAC law allows 

for the establishment of an enclave for the Air National Guard.  Additionally, it authorized the 

establishment of an Armed Forces Reserve Center for Army Reserve Units relocated to NAS JRB Willow 

Grove by other BRAC recommendations.  Subsequent legislation authorized the transfer of NAS JRB 

Willow Grove property to the Air Force for the establishment of a Joint Interagency Installation for use by 

the Pennsylvania National Guard and other DoD components and government agencies.   
 
VII  SUMMARY OF SITE RISKS 

 

A. Baseline Human Health Risk Assessment  
 

A baseline quantitative HHRA was conducted in 1997 for the Phase II RI (B&R Environmental, 1998) to 

characterize potential risks to human receptors under current and potential land uses.  A limited, revised 

update of the HHRA was performed in 2006 (Tetra Tech, 2006) to address changes in risk assessment 

methodology and risk values that had occurred after the performance of the 1997 assessment.  In June 

2009 the Site 2 RI Report Addendum (Tetra Tech, June 2009b) incorporated the revised data set 

corresponding to the reduced size of the exposure unit for Site 2 and updated technical evaluation of the 

HHRA to reflect current guidance at the time of decision-making.   

 



 

L/DOCUMENTS/NAVY/02014/23496 CTO WE05 II-8

Toxicity screening levels based on the EPA Regional Screening Levels (RSLs) for residential exposures 

to soil were used to select constituents of potential concern (COPCs) for both surface and subsurface 

soil.  In addition, EPA soil screening levels (SSLs) for the transfer of contaminants from soil to air were 

used to determine if the inhalation pathway was potentially significant and required evaluation in the 

updated HHRA.  Chemical concentrations in surface and subsurface soil were compared to the EPA 

SSLs to evaluate potential for the migration of chemicals from soil to groundwater.  EPA SSLs for transfer 

from soil to groundwater were not used to select COPCs for quantitative evaluation of the direct contact 

routes of exposure in the HHRA but were presented to allow a qualitative evaluation of the potential for 

chemical migration from soil to groundwater.  EPA RSLs for tap water and EPA maximum contaminant 

levels (MCLs) were used to select COPCs for groundwater.  A chemical was retained as a COPC in 

groundwater if the maximum detected concentration exceeded the lesser of the EPA RSL and MCL.  Ten 

times the EPA RSLs for tap water and residential exposures to soil were used to select COPCs for 

surface water and sediment, respectively.   

 

COPC selection for surface soil, subsurface soil, groundwater, surface water, and sediment from the June 

2009 Site 2 RI Report Addendum is summarized in Tables 1 through 7.   

 

COPCs for surface soil included semivolatile organic compounds (SVOCs) [benzo(a)anthracene, 

benzo(a)pyrene, benzo(k)fluoranthene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene], 

dioxins/furans [2,3,7,8-TCDD equivalents], one pesticide [Dieldrin], inorganics [aluminum, antimony, 

arsenic, chromium, cobalt, iron, manganese, and vanadium]. 

 

COPCs for subsurface soil included SVOCs [benzo(a)anthracene, benzo(a)pyrene, 

benzo(b)fluoranthene, benzo(k)fluoranthene, dibenzo(a,h)anthracene, indeno(1,2,3-cd)pyrene, and 

naphthalene], and inorganics [aluminum, arsenic, chromium, cobalt, iron, manganese, thallium, and 

vanadium]. 

 

COPCs for groundwater included trichloroethene, bis(2-ethylhexyl)phthalate, arsenic, chromium, and iron. 

 

COPCs for surface water included Dieldrin, arsenic, and manganese. 

 

COPCs for sediment included SVOCs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 

dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene], one pesticide [Dieldrin], and inorganics [arsenic, 

cobalt, iron, lead, and manganese]. 

 

The potential receptors evaluated in the initial HHRA included current occupational workers, current 

adolescent and adult trespassers, future excavation workers, future recreational children, and future 

residents.  The Site 2 RI Report Addendum updated HHRA considered occupational workers and 
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hypothetical residents, since they were identified as the critical receptors in the initial study.  The risk 

evaluation assumed that potential human receptors would be exposed to the COPCs in all Site 2 media 

including soil, surface water and sediment, and groundwater via ingestion, dermal contact while bathing 

or showering, and inhalation of airborne vapors while showering. 

 

The quantitative HHRA evaluated each potential receptor under a reasonable maximum exposure (RME) 
scenario and a less conservative central tendency exposure (CTE).  RME is the exposure that is 

expected to represent a high end, but not worst-case, exposure in a given medium of concern.  CTE 

incorporates input parameters that are representative of an average or median exposure scenario. 

 

Excess lifetime cancer risks were determined for each receptor by multiplying a daily dose by the 

chemical-specific cancer slope factor.  Cancer slope factors have been developed by EPA from 

epidemiological or animal studies to reflect a conservative "upper bound" of the risk posed by potentially 

carcinogenic compounds.  According to the NCP, the maximum acceptable cancer risk range for site-

related exposure is 1 x 10-6 to 1 x 10-4.  This represents an increased chance of from one in one million to 

one in ten thousand that a person will contract cancer as a result of exposure to contaminants at a 

particular site. 

 

The non-cancer risk from a chemical is presented in the form of a Hazard Quotient (HQ), which is 

determined by dividing the daily dose of that chemical by the published reference dose (RfD).  RfDs have 

been developed by EPA and represent a level to which an individual may be exposed that is not expected 

to result in any deleterious effect.  An HQ of less than or equal to 1.0 indicates that a receptor's dose of a 

single contaminant is less than or equal to the RfD, and that adverse non-carcinogenic effects from that 

chemical are unlikely.  The HQs for each of the COPCs that the receptor is assumed to be exposed to via 

a specific pathway are summed to yield the Hazard Index (HI) for that pathway.  A total HI is then 

calculated for each receptor by summing the pathway-specific HIs.  RME and CTE cancer risks and non-

cancer hazard indices are summarized in Tables 8 and Table 9.   

 
Occupational Workers 

 

Occupational workers were assumed to be exposed to only surface soil.  The incremental lifetime 

carcinogenic risk (ILCR) for occupation workers under the RME scenario (6 x 10-6) was within EPA’s 

acceptable risk range of 10-4 to 10-6.  The ILCR for occupational workers under the CTE scenario 

(7 x 10-7) was less than EPA’s acceptable risk range.  The HI for occupational workers under the RME 

(HI = 0.6) and CTE (HI = 0.2) scenarios were less than the acceptable level of 1.   

 

As noted above, occupational workers were only exposed to surface soil.  A hypothetical scenario was 

also evaluated for occupational workers where surface soil had been replaced with subsurface soil that 
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had been brought to the surface as a result of excavation activities.  ILCRs for occupational workers 

exposed to subsurface soil under the RME (2 x 10-5) and CTE (2 x 10-6) scenarios were within the EPA 

acceptable risk range.  HIs for occupational workers exposed to subsurface soil under the RME (HI = 0.2) 

and CTE (HI = 0.07) scenarios were less than 1, indicating that potential adverse non-carcinogenic health 

effects are not anticipated under the defined exposure conditions. 

 

Hypothetical Child Residents 

 

The cumulative HI for a hypothetical child resident (HI = 8) exposed to all media (i.e., surface soil, 

groundwater, surface water, and sediment) under the RME scenario exceeds unity.  HIs developed on a 

target organ basis for exposures to all media also exceed unity for the blood (HI = 2), central nervous 

system (HI = 2), gastrointestinal system (HI = 3), and bone (HI = 2).  Potential exposures to surface soil 

(HI = 6) were the main contributor to the HI for the child resident.  For exposures to surface soil, individual 

target organ HIs for the blood and gastrointestinal system also exceeded 1.  Cobalt (HI = 2) was the only 

contributor to the HI for blood.  Concentrations of metals in one sample from location 02SS05 were the 

major contributors to the HI.  Cobalt was detected at a maximum concentration of 67.5 mg/kg at location 

02SS05.  If sample 02SS05 is not included in the analysis, then the HI for exposures to cobalt in surface 

soil would be 0.5 and the target organ HI for blood would be 0.6, which are within acceptable levels.  

Chromium (HI = 1) and iron (HI = 0.6) were the major contributors to the HI for the gastrointestinal 

system.  Concentrations of chromium and iron were also elevated in the surface soil sample collected at 

location 02SS05.  If sample 02SS05 is not included in the analysis, then the target organ HI for the 

gastrointestinal system would be 0.5, which is within acceptable levels.  The total HI for exposures to all 

media would be 5 if sample 02SS05 is excluded from the analysis.  HIs developed on a target organ 

basis would exceed unity for the central nervous system (HI = 2). 

 

Also, only total chromium data was available; therefore, in accordance with EPA Region 3 risk 

assessment guidance, chromium was evaluated as hexavalent chromium in the HHRA.  If chromium was 

evaluated as trivalent chromium the HI for exposures to chromium in surface soil (including sample 

02SS05) would be 0.003 and the target organ HI for the gastrointestinal system would be 0.6, which are 

within acceptable levels. 

 

The cumulative HI for a hypothetical child exposed to all media includes both site related COPCs and 

non-site related COPCs (chemicals present at background levels).  If sample 02SS05 and non-site 

related COPCs are not included in the evaluation then cumulative HIs developed on a target organ basis 

for hypothetical child residents exposed to all media are less than or equal to 1. 
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The cumulative HI for a child resident (HI = 3) exposed to surface soil, groundwater, surface water, and 

sediment under the CTE scenario exceeds unity, although as shown below, HIs for the individual target 

organs are all less than or equal to 1. 

 

Target Organ Hazard Quotienta 

Blood 0.8 
Central Nervous System 0.5 
Cardiovascular System 0.3 
Gastrointestinal System 1 
Kidney 0.1 
Liver 0.09 
Skin 0.3 
None Reported 0.02 
Bone 0.6 

a – HI calculated using CTE scenario. 

 
Hypothetical child residents are not exposed to subsurface soil.  A hypothetical scenario was also 

evaluated for hypothetical child residents where surface soil had been replaced by subsurface soil that 

had been brought to the surface as a result of excavation activities.  HIs developed on a target-organ-

specific basis for hypothetical child residents exposed to subsurface soil under the RME and CTE 

scenarios are less than 1 indicating that potential adverse non-carcinogenic health effects are not 

anticipated under the defined exposure conditions. 

 

Hypothetical Adult Residents 

 

The cumulative HI for adult residents exposed to all media (i.e., surface soil, groundwater, surface water, 

and sediment) under the RME scenario was 1.  The cumulative HI for adult residents (HI = 0.5) exposed 

to all media under the CTE scenario was less than unity. 

 

Hypothetical Lifelong Residents 

 

The cumulative ILCR of 1 x 10-4 for hypothetical lifelong residents exposed to all media (i.e., surface soil, 

groundwater, surface water, and sediment) under the RME scenario was equal to the upper bound of 

EPA’s acceptable risk range.  The cumulative ILCR for hypothetical lifelong residents (8 x 10-6) exposed 

to all media under the CTE scenario was within EPA’s acceptable risk range. 

 

Hypothetical lifelong residents are not exposed to subsurface soil.  A hypothetical scenario was also 

evaluated for hypothetical lifelong residents where surface soil had been replaced by subsurface soil that 

had been brought to the surface as a result of excavation activities.  The ILCR for hypothetical lifelong 

residents (ILCR = 2 x 10-4) exposed to subsurface soil under the RME scenario exceeds the EPA 
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acceptable risk range.  The ILCR for hypothetical lifelong residents (6 x 10-5) exposed to subsurface soil 

under the CTE scenario is within EPA’s acceptable risk range.  Carcinogenic PAHs were the major 

contributor to the ILCR for the hypothetical resident exposed to subsurface soil.  Concentrations of 

carcinogenic PAHs were elevated in the sample collected at a depth of 5.5 to 6 feet at location TP05.  

The boring logs for this sample indicate that there was a two inch layer of asphalt-like material at a depth 

of 5.75 feet at this location.  Consequently the analytical results are likely representative of asphalt and 

not soil.  If this sample is excluded from the analysis then the ILCR would be 9 x 10-5 under the RME 

scenario, which is within the EPA acceptable risk range. 

 

B. Ecological Risk Assessment 
 
An ecological risk assessment (ERA) was performed for Site 2 to characterize the potential risks from site-

related contaminants to the ecological receptors (the flora and fauna) that inhabit the installation.   

 

Soil screening values used to evaluate potential risks to soil invertebrates and terrestrial vegetation were 

preferentially Ecological Soil Screening Levels (Eco-SSLs) established by EPA.  The lowest Eco-SSL 

among plant, invertebrate, mammal, and avian values was used as the screening value.  EPA Region 3 

Biological Technical Assistance Group (BTAG) soil screening levels were used as screening values for 

chemicals that do not have an Eco-SSL.  Sediment ecological risk screening values (ESVs) used to 

evaluate potential risk to benthic organisms were EPA Region 3 BTAG Freshwater Sediment Screening 

Benchmarks issued in August 2006.  Surface water ESVs used to evaluate potential risk to aquatic 

organisms were EPA Region 3 BTAG Freshwater Screening Benchmarks issued in July 2006. 

 

Tables 10, 11, and 12 present a summary of ecological COPCs.  PAH compounds, pesticides, and metals 

were the contaminants most often detected in surface soil, sediment and surface water samples collected at 

Site 2.   

 

Soil 

 

Surface soil concentrations of ecological COPCs tended to be low in most samples and pose negligible or 

minor potential risks, or risks that are similar to potential risks posed by background conditions.  

Concentrations of metals were elevated in one surface soil sample and PAHs were elevated in one surface 

soil sample.  Since potential risk is primarily limited to the vicinity of these two samples, and since there is 

little possibility of off-site contaminant migration from these areas, overall ecological risk is considered minor 

at worst, and remediation of soil at Site 2 is unnecessary.  No further action related to Site 2 landfill soils is 

recommended.  
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Surface Water and Sediment 

 

Dieldrin was elevated in several sediment samples.  However, it does not appear that dieldrin in sediments 

is due to landfill wastes since dieldrin concentrations in surface soil were within the range of background 

surface soil concentrations, and dieldrin was not detected in subsurface soils.  Dieldrin was not detected in 

sediment samples downstream of Site 2 and Horsham Road, so potential risk to off-Base receptors from 

Site 2 appears to be negligible.  Dieldrin was probably widely used in the past for pest control on the Base 

and off-Base.  

 
Because concentrations of surface water and sediment COPCs were elevated in a few discrete locations 

and do not pose potential risks at other sediment sample locations or in off-Base sediments downstream of 

Horsham Road, and since the intermittent stream in which these samples were collected is a small area that 

does not support a permanent aquatic and benthic community, remediation of sediments at Site 2 is 

considered to be unnecessary, and no further action is proposed for Site 2 surface water and sediment.   

 

VIII. NO ACTION DETERMINATION 
 
Based on the results of the RI, HHRA, and ERA, there are no unacceptable risks to human health or the 

environment in excess of background from unrestricted exposure to site media at Site 2.  The Navy, in 

partnership with the EPA, and with concurrence by PADEP, determines no action is warranted.  The no 

action determination meets the statutory requirements of CERCLA and the regulatory requirements of the 

NCP for protection of human health and the environment.  No remedial response action and no 

restrictions on land use or exposure are necessary at Site 2. 

 
IX. DOCUMENTATION OF SIGNIFICANT CHANGES 
 
No significant changes from the Proposed Plan appear in this ROD. 
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RECORD OF DECISION 
Naval Air Station Joint Reserve Base (NAS JRB) 

Site 2 - Antenna Field Landfill  
Operable Unit 5 and Operable Unit 9 

 
PART III - RESPONSIVENESS SUMMARY 

  
The purpose of this Responsiveness Summary is to review public response to the Proposed Plan for Site 2.  

It also documents the consideration of comments during the decision-making process and provides answers 

to any comments raised during the public comment period. 

 

I. STAKEHOLDER ISSUES AND NAVY RESPONSES  
 

On July 29, 2009, a newspaper notification in The Intelligencer newspaper announced the availability of the 

Proposed Plan for Site 2 OU 5 and OU 9 and invited public comment on the Proposed Plan.  The 

newspaper public notice identified the time and location of the public meeting to be held to present the 

Navy’s Proposed Plan and preferred alternative for Site 2.  In the newspaper notification, the Navy 

explained that a copy of the Proposed Plan, along with a copy of the entire AR file, was available for public 

review at the Navy’s Information Repository, and advertised the time frame for the public comment period as 

well as the address to which written comments could be sent.  The Information Repository is located at the 

Horsham Township Public Library, 435 Babylon Road, Horsham, Pennsylvania.  

 

The public meeting was held on August 5, 2009 at 6:00 pm at the Horsham Township Public Library, 435 

Babylon Road, Willow Grove, Pennsylvania.  At this meeting, representatives from the Navy, EPA and 

PADEP were available to answer questions concerning the Site 2 no action remedy.  At the public meeting, 

the Navy reiterated the time frame for the public comment period and the address to which written 

comments could be sent.  The public comment period ran from July 29, 2009 to September 11, 2009.  No 

additional comments were received. 

 

II. TECHNICAL AND LEGAL ISSUES  

No technical or legal issues have been identified for Site 2 with respect to this ROD. 
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III. COMMENT RESPONSES  

Verbal Comments and Response  

Questions or comments concerning Site 2 OU 5 and OU 9 received from the public at the August 5, 2009 

public meeting and the responses are as follows:  

 

1. One attendee asked if the boundary shouldn’t go right down to the Base property line (referring to 

the projected slide of the Site 2 boundary) all the way to the street (Horsham Road), saying that 

from the beginning he didn’t understand why the red line (site boundary) doesn’t go all the way to 

the fence line.   

 

Response: Mr. Lewandowski and Russ Turner explained that the red line encompassing the area of 

Site 2 on the figure showing Site 2 is conceptual.  Samples taken in soil throughout the area bound by 

the line encountered no real contamination, and sample collection was not limited to the boundary 

noted.  Surface water and sediment samples for instance were collected upstream and downstream 

from the area depicted on the figure referred to.  Also, the boundary shown is somewhat arbitrary.  If 

there had been a landfill there, it probably could not have extended beyond the Navy perimeter road 

inside the fence, although we show the Site 2 boundary line on the fence side of the perimeter road. 

 

2. One attendee asked if the Proposed Plan gets signed or is there another document?   

 

Response: Mr. Lewandowski explained that after the public comment period for the Proposed Plan is 

over, any comments received from the public will be incorporated into the Responsiveness Summary 

in the Record of Decision (ROD) document.  Public comment could change the Proposed Plan, but 

this is not considered a controversial site.  The ROD will be finalized after review by EPA counsel.  

Then PADEP will review the ROD and provide a concurrence letter that will become part of the final 

ROD document if they agree.  Then the EPA and the Navy will sign off on the ROD. 

 

Written Comment and Response  

There were no additional written comments or any other comments received during the Site 2 public 

comment period. 
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