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FOREWORD 

The process used to determine installations for closure or realignment was 
identified in the Defense Base Closure and Realignment Act of 1990 (Public Law 
101-510, 104 Statute 1808). Installations recommended for closure or realignment 
were selected based on force structure provided by the Joint Chiefs of Staff and 
criteria established by the Secretary of Defense. These criteria were approved 
by Congress and published in the Federal Register. A consolidated Department of 
Defense (DOD)-wide list was submittedby the Secretary of Defense to a bipartisan 
commission appointed by the President and confirmed by the Senate. This, 

f-J 
Commission evaluated the Secretary's recommendations and sent its finding to the 
President. In 1993, the Commission recommended the closure of Naval Training 
Center (NTC), Orlando, Florida. 

Pertinent environmental legal provisions with jurisdiction at Base Realignment 
and Closure (BRAC) installations include the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA) of 1980, amended by the 1986 
Superfund Amendments and Reauthorization Act (SARA), the Resource Conservation 
and Recovery Act (RCRA), and the 1984 Hazardous and Solid Waste Amendments. The 
DOD conducts an Installation Restoration (IR) program for evaluating and 
remediating problems related to releases and disposal of toxic and hazardous 
materials at DOD facilities. The Naval Assessment and Control of Installation 
Pollutants (NACIP) program was developed by the Navy to implement the IR program 
for all Naval and Marine Corps facilities. Southern Division, Naval Faciliities 
Engineering Command (SOUTHNAVFACENGCOM) has the responsibility for administration 
of the Navy IR program in the southeastern United States. 

This Project Operations Plan (POP) has been developed by ABB Environmental 
Services, Inc. (ABB-ES), to ensure proper conduct of work at NTC, Orlando.. The 
POP has been designed to incorporate the requirements of a Quality Assurance 
Project Plan, Health and Safety Plan, and elements of a Field Sampling Plan (FSP) 
related to sampling equipment, procedures, and sample handling and anal.ysis. 
Other FSP elements, including sampling objectives and sample location and 
frequency, will be addressed in task-specific workplans. 

This POP is a dynamic document, and will be modified as necessary during the 
course of investigations at NTC, Orlando. A revision block has been included at 
the top of each page to track subsequent generations of the document. ABB-ES has 
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prepared this document to include specific procedures that are standards for ABB- 
ES and subcontractors selected for the NTC, Orlando effort. 

Questions regarding this plan should be addressed to the Southern Division BRAC 
Environmental Coordinator (BEC) for NTC, Orlando, Mr. Wayne Hansel, at (407) 646- 
5294 or the Southern Division Engineer-in-Charge, 
743-0566. 

Ms. Barbara Nwokike at (803) 

. 
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1.0 PROJECT DESCRIPTION AND RATIONALE 
n 

1.1 PURPOSE. This Project Operations Plan (POP) has been prepared as a 
component of Contract Task Order 107 under Navy Contract N62467-C-0317 as 
guidance for the conduct of environmental investigations under Base Realignment 
and Closure (BRAC) 1993. The purpose of this plan is to define responsibilities 
and authorities for data quality, and to prescribe requirements for assuring that 
the field exploration activities undertaken by all consultants at Naval Training 
Center (NTC), Orlando, Florida, are planned and executed in a manner consistent 
with SouthernDivision, Naval Facilities Engineering Command (SOUTHNAVFACENGCOM), 
U.S. Environmental Protection Agency (USEPA) Region IV Environmental Compliance 
Branch Standard Operating Procedures and Quality Assurance Manual (ECBSOPQAM) 
(USEPA, 1991c), and Florida Department of Environmental Protection (FDEP) quality 
assurance (QA) program objectives. 
guidelines will be followed. 

In the event of a conflict, USEPA Region IV 
This POP includes specific elements of a Sampling 

and Analysis Plan (SAP) and Health and Safety Plan (HASP). The USEPA (1984) has 
prepared guidance on the preparation of a POP in Guidance for Preparation of 
Combined Work/QualityAssurance Project Plans for Environmental Monitoring. The 
guidance was designed to eliminate the necessity for preparation of multiple, 
redundant documents. 

This POP provides guidance and specifications to ensure that: 

. samples are obtained under controlled conditions using appropriate and 
documented procedures; . 

. samples are identified uniquely, and controlled through sample tracking 
systems and chain-of-custody (COC) protocols; 

. field determinations and laboratory analytical results are of known 
quality and are valid and consistent, through the use of certified 
methods, preventive maintenance, calibration and analytical protocols, 
quality control (QC) measurements, review, correction of out-of-control 
situations, and audits; 

. calculations and evaluations are accurate, appropriate, and consistent 
throughout the project; 

. generated data are validated and their use in calculations is 
documented: 

. safety is maintained by requiring that health and safety staff are 
included in the project organization; and 

. records are retained as documentary evidence of the quality of samples, 
applied processes, equipment, and results. 

The requirements of this POP apply to all consultant and subcontractor activities 
related to the collection of environmental measurements at NTC, Orlando. The POP 
adheres to the requirements and guidelines contained in the USEPA Region IV 
ECBSOPQAM and Comprehensive Quality Assurance Plan, Florida Operations and CLEAN 

r"; Operations, September 1993 (ABB Environmental Services, Inc. [ABB-ES], 1993) for 
collection and analysis of samples. Installation of borings and monitoring 
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wells, and land survey locations will be consistent with SOUTHNAVFACENGCOM I---% 
Guidelines for Groundwater Monitoring Well Installation (Appendix A) and USEPA 
Region IV ECBSOPQAM guidance. In the event of a conflict, the USEPA specifica- 
tions will be followed with the exception of the use of well materials (see 
Appendix A, Part 5). 

The organizational responsibilities and interactions outlined in Chapter 2.0 
extend to all quality-related controls and activities. The QC and QA elements 
described in each subsequent chapter are designed to prevent systematic or random 
deviations in quality from the prescribed protocols and to document the quality 
of all data. 

The laboratory analytical program will be conducted by an FDEP and Naval Energy 
and Environmental Support Activity (NEESA)-approved Contract Laboratory Program 
(CLP) laboratory. Samples will be analyzed by USEPA-approved methods and will 
be subject to QA and QC requirements specified by USEPA. 

The HASP has been prepared in conformance with Occupational Safety and Health 
Administration (OSHA) Regulations 29 Code of Federal Regulations (CFR), Part 
1910.120, and NTC, Orlando safety requirements. The HASP references appropriate 
information contained in previous investigative documents from NTC, Orlando. 

1.2 PROJECT DESCRIPTION. The objective of the overall project at NTC, Orlando 
is to perform site screening (SS) surveys, Site Investigations (SIs), and 
Remedial Investigations (RIs) in accordance with all relevant State and USEPA* 
guidance. Preliminary Assessment activities are summarized in the Environmental f-% 
Baseline Survey (EBS) for NTC, Orlando (ABB-ES, 1994a). 

The SS/SI/RI program can include, 
basic elements: 

but is not limited to, any of the following 

. monitoring well installation and groundwater sampling, 

. soil boring and soil sampling, 

. test pitting and soil sampling, 

. geophysical surveying, 

. soil gas sampling, 

. surface water and sediment sampling, 

. surface soil sampling, 

. unexploded ordnance clearance surveying, 

. water level measurement and aquifer testing, 

. TerraProbe% (d- erect push) soil sampling, 

. field gas chromatograph (GC) and immunoassay analyses, 

NTC-Orl.POP 
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. geotechnical laboratory testing, 

. investigation-derived waste management, 

. chemical analysis, 

. elevation surveying, 

. site characterization, and 

. public health evaluation and environmental assessment. 

Samples from a variety of environmental media will be collected during the NTC, 
Orlando field program. Media to be sampled include surface soils, subssurface 
soils, surface water, sediment, and groundwater. These samples will be analyzed 
for a variety of inorganic and organic chemicals. Analyses may include: 

. volatile organic compounds (VOCs); 

. 
1 

l 

. 

. 

semivolatile organic compounds (SVOCs); 
. 1 

An. 
total petroleum hydrocarbons (TPH); 

inorganic compounds; 

pesticides and polychlorinated biphenyls (PCBs); 

herbicides; 

radionuclides; 

explosives; 

Toxicity Characteristic Leachate Procedure (TCLP) for specific 
elements; 

Resource Conservation and Recovery Act (RCRA) waste characterization 
parameters (ignitability, reactivity, and corrosivity); 

total organic carbon (TOC); 

anions and cations such as chloride, sulfate, and non-specific nitrate 
plus nitrite; and 

. water quality parameters such as pH, hardness, alkalinity, and total 
suspended solids. 

1.3 FACILITYBACKGROUND. NTC, Orlando encompasses 2,072 acres inorange County, 
Florida, and consists of four discrete facilities: Main Base, Area "C", Herndon 
Annex, and McCoy Annex (Figures 1-l and l-2). 

f? 1.3.1 Facilitv Location and Land Use The Main Base occupies 1,095 acres lalcated 
approximately 3 miles east of Interstate 4 and north of State Road 50 (Figures 

NTC-OrLPOP 
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1-2 andl-3). The Main Base is surrounded by urban development, including single 
and multi-family housing, schools, and commercial buildings. Land uses directly 
west and northeast of the area are primarily residential. Small areas of 
commercial development occur to the southwest. Herndon Airport is located 1.5 
miles south of the Main Base. No industrial facilities exist adjacent to the 
Main Base, with the exception of automotive repair facilities along Bennett Road 
on the southwest property line. 

-\ 

Area "C" occupies 46 acres and is located approximately 1 mile west of the Main 
Base off Maguire Boulevard (Figure l-3). Area "C" is surrounded by urban 
development with multi-family residential development to the north, an office 
park to the east, single family residences to the west and south, and a single 
family residential development to the north, across Lake Druid. No industrial 
facilities exist adjacent to Ares "C". 

Herndon Annex occupies 54 acres approximately 1.5 miles south of the Main Base 
(Figure l-3), within the confines of the general aviation Herndon Public Airport 
and on the fringe of a major residential area. 

The McCoy Annex includes 877 acres and is located 12 miles south of the Main 
Base, west of Orlando International Airport (Figure l-4). The western boundary 
of the McCoy Annex is flanked by industrially zoned property. The zoning allows 
heavy industry and aviation related development, although the area is not 
currently developed. The Beeline Expressway, a major highway running east and 
west through Orange County, forms the northern boundary of the Annex. The 
property north of the Beeline and within 0.75 mile of the McCoy Annex is used.. 
primarily by businesses directly related to the airport, such as rental agencies, ,/"L 
hotels, and restaurants. Adjacent to the southern boundary are undeveloped 
woodlands (C.C. Johnson, 1985). 

1.3.2 History of Operations The land use history of NTC, Orlando dates to the 
construction of the original Orlando Municipal Airport prior to 1940. In August 
1940, the municipal airport was taken over by the Army Air Corps. Shortly 
thereafter, the construction program for Orlando Air Base began, culminating in 
its official opening on December 1, 1940. During the following 2 years, the Army 
Air Corps acquired additional property, and auxiliary landing fields were built 
in the surrounding area. The Army Air Corps conducted operations at the Main 
Base and Area "C" from 1940 to 1947. 

In 1947, the Air Force assumed command of the facilities as the Orlando Air Force 
Base (OAFB). The base was deactivated on October 28, 1949, and remained on 
standby status until January 1, 1951, when it was reactivated as an Aviation 
Engineers' training site. Other Air Force units arrived, and the Military 
Airlift Command (MAC) assumed full jurisdiction of the base in 1953. 

The Navy began moving its Training Device Center from Port Washington, New York, 
to OAFB on September 15, 1965, and finished the move in June 1967. In 1968, the 
Air Force ceased operations at OAFB, Area "C", and Herndon Annex. The property 
was commissioned as the Naval Training Center Orlando on July 1, 1968. 

The history of McCoy Annex dates to 1941 with the construction of Orlando 
Municipal Airport No. 2 in Pinecastle, Florida. The new airport was needed due 
to the acquisition of the original municipal airport for construction of Orlando 
Air Base to the north. Prior to construction of the new airport, the property 

.,- 
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was undeveloped swampland. In 1942, the city leased the Pinecastle property to 
\ the Army Air Corps to construct Pinecastle Army Air Field with acquired 

additional lands. The field was ready for operation in April 1943. At the end 
of World War II, the base was deactivated and the property returned to the City. 
The terms of the property transfer included a "reverter for reactivation" clause 
in case of a national emergency. This clause was exercised in 1952 during the 
Korean Conflict and the base was reopened as Pinecastle Air Force Base. The base 
was renamed McCoy Air Force Base in honor of Colonel Michael N.W. McCoy on May 
7, 1958.' On August 5, 1959, the Capehart Housing project, a large construction 
program consisting of 668 family quarters for officers and airmen, was begun. 
The last unit was completed in March 1961. The Air Force retained command of the 
base until its closure in 1973. At that time, NTC, Orlando acquired title to 
part of the property and changed the name to McCoy Annex. McCoy Annex was 
acquired to serve as a community support annex for NTC, Orlando. The majority 
of the property, including runways, aircraft hangars, and maintenance facilities 
previously used by the Air Force, was never acquired by the Navy. Currently, 
that property is owned and used by the Orlando International Airport (ABB-ES, 
1994b). 

1.3.3; durrent‘^Operations 
, .I 
The stated mission of NTC, Orlando is to exercise 

command over, and coordinate the efforts of, the assigned subordinate activities 
in recruit training of enlisted personnel; provide initial skill, advanced, 
and/or specialized training for officer and enlisted personnel of the regular 
Navy and Naval Reserve; and to support other activities as directed by a higher 
authority (ABB-ES, 1994b). 

, 

!-? 
The Main Base is~ comprised primarily of operational and training facilities. 
Area "C" mainly serves as a supply center for NTC, Orlando, and includes a dry 
cleaner and the Defense Reutilization and Marketing Office (DEMO). 

The Herndon Annex provides research, design, development, testing, evaluation, 
procurement, fabrication, maintenance, and logistic support for naval training 
devices and equipment. The Herndon Annex includes a computer center, flight- 
training building, uniform supply warehouse, and several office buildings. 

The McCoy Annex serves primarily as a housing and community support activity for 
NTC, Orlando (C.C. Johnson, 1985). 

1.4 ENVIRONMENTAL SETTING. The four discrete land areas comprising what is now 
known as NTC, Orlando, located in the city of Orlando, Florida (Figures l-3 and 
l-4), have functioned as military facilities since 1940. During that time, the 
city has developed and surrounded NTC, Orlando. The following paragraphs 
describe the climate, topography, surfacewater, drainage, geology, hydrogeology, 
and potential environmental receptors associated with NTC, Orlando. 

1.4.1 Climate The climate of Orange County is subtropical, with an average 
annual temperature of about 72 degrees Fahrenheit ("F). Orange County receives 
an average of 52 inches of rainfall each year. More than 50 percent of this 
precipitation is received fromJune through September, during thunderstorms that 
occur an average of 83 days per year (Lichtler and others, 1968). 

-* i 
1.4.2 Toponraphy, Surface Water, and Drainage NTC, Orlando is situated in 
central Orange County, Florida, part of the Atlantic Coastal Plain physiographic 

NTC-OWOP 
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province as defined by Meinzer (1923). Most of the city of Orlando, as well as 
the NTC, Orlando facilities, are considered to be in the highland topographic 

F--%4 

region of the county, where elevations are generally greater than 105 feet above 
mean sea level (msl). The topography of this region is characterized by closed 
depressions and sinkhole lakes, which commonly facilitate groundwater recharge 
(Lichtler and others, 1968). 

The topography in the Orlando area is generally flat, with elevations ranging 
from approximately 65 feet to 125 feet above msl. The lakes in the area are 
prone to flooding. Regional drainage is poorly developed, but generally flows 
toward the south. All surface waters in the vicinity of NTC, Orlando 'are 
classified by the State of Florida as Class III waters suitable for fish and 
wildlife propagation and water contact sports (Department of Navy [DON], 1992). 

The area of the Main Base varies in elevation from approximately 125 feet above 
msl at the Recruit Training Command to approximately 91 feet above msl at Lake 
Baldwin. Surface water runoff from th mainbase flows through the storm drainage 
system and small intermittent streams to Lake Susannah and Lake Baldwin, and 
eventually to the Little Econlockhatchee River, approximately 3 miles east of the 
Main Base (DON, 1992; Figures l-2 and l-3). 

Area "C" land surface elevations range from approximately115 feet above mslnear 
the southeast corner of the facility to 99 feet above msl along Lake Druid, which 
receives most of the surface water runoff from the area (U.S. Geological Survey 
[USGS], 1980a). 

The Herndon Annex land surface slopes from a high of approximately 120 feet above I--+x 
msl at the southwest corner to its low point of about 93 above feet msl at the 
northeast corner, adjacent to Lake Barton. Surface water runoff flows into Lake 
Barton or to a closed depression with a small sinkhole lake located on the east 
side of the area (USGS, 1980b; Figure l-3). 

The land surface at McCoy Annex is generally flat, with a very gentle slope from 
north to south. The land surface elevations range approximately from 85 feet to 
95 feet above msl. Surface water flows south through drainage canals into Boggy 
Creek Drainage Basin, approximately 4 miles south of McCoy Annex. Surface water 
from Boggy Creek then flows into East Lake Tohopekaliga approximately 12.5 miles 
south of McCoy Annex (DON, 1992; Figure l-2). 

1.4.3 Repional HvdropeoloPv 

1.4.3.1 Soils and Geology The surface and near-surface deposits in the Orlando 
area range from unconsolidated sands to well indurated limestones and dolomites. 
The soil at the Main Base and Area "C" is primarily of the Lakeland-Eustis- 
Blanton-Orlando type and is excessively to moderately well drained (Figure l-5). 
The soil at the McCoy and Herndon Annexes is primarily of the Leon-Immokalee- 
Pomello-St. Johns type, which is generally poorly drained. The surface soil at 
NTC, Orlando consists of clayey sands with limestone deposits underneath. Soil 
conditions are favorable for development and do not pose any constraints to 
development. However, sinkholes have been known to develop in the Orlando area. 
No sinkholes have been found on NTC, Orlando property to date (DON, 1992). 
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The geologic units of interest in the vicinity of NTC, Orlando are, in descending 
order: undifferentiated sediments of Recent and Pleistocene age, the Miocene-age 

A---h 

Hawthorn Group, and the Eocene-age Ocala Group, Avon Park Limestone, and Lake 
City Limestone (see Figure l-6). The Recent and Pleistocene sediments occur at 
a thickness of 0 to 200 feet and consist predominantly of quartz sand with 
varying amounts of clay and shell (Lichtler and others, 1968). 

The Hawthorn Group in the study area consists of gray-green, clayey, quartz sand 
and silt; phosphatic sand; and buff, phosphatic limestone, mostly near the base 
of the unit, and may include shell or gravel beds (Lichtler and others, 1968). 
Included in the Hawthorn Group are, in descending order, the Peace River 
Formation and the Arcadia Formation (Scott, 1988). This group varies in 
thickness from 0 foot (not present) to 200 feet (Lichtler and others, i968). 

The Ocala Group consists of cream to tan, fine- to medium-grained, soft to hard, 
limestone, which is locally dolomitic. This unit varies in thickness from 0 feet 
(not present) to 125 feet (Lichtler and others, 1968). 

The Avon Park Limestone is composed of an upper section of cream to tan, granular 
limestone with abundant cone-shaped foraminifera and a lower section of mostly 
dense, hard, brown, crystalline dolomite. In total, this unit ranges from 400 
to 600 feet in thickness (Lichtler and others, 1968). 

The Lake City Limestone consists of alternating layers of dark brown crystalline 
dolomite and chalky, fossiliferous limestone. The total thickness of this unit 
exceeds 700 feet (Lichtler and others, 1968). , 

/-% a 
1.4.3.2 Aquifer Systems Three aquifer systems are present in the Orlando area: 
the surficial aquifer system, an intermediate aquifer, and the Floridan aquifer 
system. The surficial aquifer system is composed of Recent, Pleistocene, and 
Pliocene-aged sediments. The Floridan aquifer system is composed of carbonate 
rocks of the Eocene Epoch (Miller, 1990). The Hawthorn Formation forms an 
intermediate aquifer between these two systems. The relationship between the 
geologic units and the hydrostratigraphic units in the area is presented 
schematically in Figure l-6. 

The surficial aquifer system extends to depths of 70 feet below land surface 
(bls) (Figure l-6) and is composed primarily of quartz sands with varying amounts 
of clay and shells. The lower part of the surficial aquifer system contains 
predominantly marine sediments. Water is generally found at depths of 3 to 9 
feet bls. Depth to water in the surficial aquifer system varies with the seasons 
and proximity to discharge areas. Seasonal fluctuations range from a few feet 
in eastern Orange County, where the topography is predominantly flat, to 
approximately 15 feet in the western highland areas (Board of County Commission- 
ers [BOCC], 1991). The direction of groundwater flow in the surficial aquifer 
is variable (Figures l-7 and l-8) and generally follows topography, according to 
data collected from very limited areas during the previous investigations (see 
Section 1.5 of this document). 

The Hawthorn Formation underlies the surficial aquifer system throughoutmost of 
the region. The thickness of the Hawthorn Formation varies from zero (not 
present) in northwest Orange County to 200 feet thick in southeast Orange County. - 
The thickness at NTC, Orlando is approximately 85 feet (C.C. Johnson, 1985). 
Lithology of the Hawthorn Formation is highly variable, ranging from interfin- 
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gered sands, clayey sands, and sandy clays in the upper parts to limestones and 
dolomites in the lower part of the unit. 

,c*a 
Variable amounts of clays and sands are 

also present with the carbonate rocks. The sandy layers comprise an intermediate 
artesian aquifer within the clayey confining beds. The Hawthorn Formation, where 
present, is also considered an upper aquitard for the Floridan aquifer system 
(BOCC, 1991). 

The Floridan aquifer system lies below the Hawthorn Formation and is the 
principal water supply source for Orange County. The Floridan aquifer system is 
over 1,400 feet in thickness and consists primarily of limestones and dolomites. 
Three major rock units make up the Floridan aquifer system. These are the Ocala 
Group, the Avon Park Limestone, and the Lake City Limestone. 

At NTC, Orlando, two major water producing zones are present in the Floridan 
aquifer system. The two zones correspond to the Avon Park and Lake City 
Limestones (Figure l-6). The upper zone lies approximately 150 feet to 600 feet 
bls, and the lower zone lies approximately 1,100 to 1,500 feet bls. The lower 
zone is the primary water supply source in the vicinity of NTC, Orlando (BOCC, 
1991). 

Recharge to the Floridan aquifer system in Orange County has been divided into 
four areas based on the estimated amount of recharge likely to occur in 1 year. 
These areas have been defined as: (1) generally no recharge, (2) very low 
recharge (less than 2 inches per year), (3) low to moderate recharge (2 to 10 
inches per year), and (4) high recharge (up to 20 inches per year). The Main 
Base is located in an area of high recharge and the McCoy Annex is in an area of. 
low recharge (BOCC, 1991). ,f---% 

1.4.4 Potential Human Receptors NTC, Orlando is located within the Orlando 
Standard Metropolitan Statistical Area (SMSA), which is composed of Orange, 
Osceola, and Seminole Counties, and has been one of the fastest growing 
population centers in Florida in recent years. From 1984 to 1990, the population 
in the SMSA increased from 818,721to 960,000 people. Orange County is the most 
populated county in the SMSA (ABB-ES, 1992). 

The following subsections describe the land use, population characteristics, and 
potential human and ecological receptors that may be exposed to contamination at 
the four distinct facilities that comprise NTC, Orlando (Main Base, McCoy Annex, 
Herndon Annex, and Area "C"). Unless indicated otherwise, the information 
contained in the following subsections was obtained from the NTC, Orlando Hazard 
Ranking System II (HRS II) scoring document (ABB-ES, 1992). 

1.4.4.1 NTC, Orlando Land Use The Main Base occupies approximately 1,095 acres 
within the Orlando city limits and is comprised mainly of operational and 
training facilities. These facilities are used for training new and recently 
graduated recruits, as well as enlisted and officer personnel in the nuclear 
engineering program. Land use at the Main Base is dominated by barracks, 
training facilities, administrative buildings, drill fields, and recreational 
areas. The population near the Main Base is transitional because of the influx 
of military personnel for temporary (1 to 3 years) periods of time. There are 
approximately 15,820 enlisted personnel onsite at the Main Base at any given 
time, along with an average of 4 dependents, with approximately 50 children F-+x 
attending the day care facility each day. There are two lakes within the Main 
Base property (Lakes Baldwin and Susannah) and four lakes (Spier, Forest, 
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Shannon, and Gear) located in the residential areas adjacent to the facility 
(Figure 1-3) (ABB-ES,, 1992). 

The McCoy Annex occupies 877 acres and is located adjacent to Orlando Interna- 
tional Airport, approximately 12 miles south of the Main Base and outside of the 
Orlando city limits (Figure l-4). There are two elementary schools located 
within 1 mile west of the McCoy Annex. Between 1974 and 1984, approximately 
12,000 military and 2,600 civilian personnel were assigned to the McCo:y Annex 
(C.C. Johnson, 1985). At McCoy Annex, there are approximately 676 ealisted 
personnel and 1,900 dependents. The golf course at the Annex is used by 
approximately 2,500 to 3,000 people per month (ABB-ES, 1992). 

Area "C" covers approximately 46 acres and is located approximately 1 mile west 
of the Main Base. This region mainly serves as a supply center for the NTC, 
Orlando installation. 

.~ 
I' / Herndon Annex, a S4-acre parcel of property, is located approximately 1.5 miles 

south of the Main Base, adjacent to the Herndon Public Airport. This developed 
parcel of property is used to provide a variety of support services for the Navy, 
including research, development, design, and logistics support. 

1.4.4.2 Water Supply Both the Main Base and McCoy Annex facilities obtain their 
potable water supplies from the Orlando Utilities Commission and Winter Park 
Utilities. Potable water is supplied by numerous wells completed in the Floridan 
aquifer system. The Orlando Utilities Commission operates one of these supply 
wells at the southeast corner of the Main Base, obtaining water from a depth of, 
1,400 feet bls. There are 10 utility companies in Orange County providing 
potable water to residents and businesses. There are 10 irrigation wells at the 
Main Base and 3 at McCoy Annex. None of these wells are used for potable water 
and each of them draws water from a depth of 500 feet bls, within the Avon Park 
Limestone unit, which is the upper of the two producing zones of the Floridan 
aquifer system. 

A wellhead protection program is being established in Orange County through the 
utility companies in cooperation with the South Florida and St. Johns River Water 
Management District offices. An interim Wellhead Protection Plan is currently 
being. enforced by the Orange County Planning Department, but no wellhead 
protection areas have been delineated. 

Regional drainage is poorly developed but generally flows toward the south to the 
canals and tributaries leading to the Kissimmee River. Surface water drainage 
at the Main Base is directed to Lake Susannah and Lake Baldwin, which are used 
for fishing and recreation. The most likely contaminant migration pathway to 
these lakes is through small intermittent streams and the storm drainage system 
at the facility. Water from each of these lakes eventually flows into the Little 
Econlockhatchee River and then to the St. Johns River. Both of the lakes are a 
source of fish and wildlife habitat, and may be habitats for endangered or 
threatened species. 

. 

All surface waters in the vicinity of NTC, Orlando are classified by the State 
of Florida as Class III waters suitable for fish and wildlife propagation and 
water contact sports. 
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1.4.4.3 Ecological Setting NTC, Orlando is within the Florida section of the 
Atlantic Coastal Plain; the four areas at NTC, Orlando all share similar 

,*a, 

ecological features (C.C. Johnson, 1985). Of the 2,072 acres of land at NTC, 
Orlando, approximately 100 acres (5 percent of the total area at NTC, Orlando) 
is undeveloped. Although not extensive, these undeveloped areas may provide 
habitat for a variety of terrestrial and aquatic ecological receptors. 

Terrestrial and Wetland Vegetative Cover. In addition to a variety of ornamental 
plantings, three species of native flora are predominant at the Main Base: live 
oak (Quercus virginiana), slash pine (Pinus elliottii), and cabbage palm (Sabal 
palmetto). These native woody species are also found at Area "C", along with a 
non-native tree, Australian pine (Casuarina equisetifolia). Virtually all 
undeveloped land at Area "C" occurs in the areas bordering Lake Druid (Figure 
l-3). The limited undeveloped areas at the McCoy Annex include uplands dominated 
by slash pines and live oak, as well as wetland habitat dominated by bald cypress 
(Taxodium distichum) (C.C. Johnson, 1985), 

Aouatic Flora and Fauna. Lake Baldwin and Lake Susannah are both located 
partially within the boundaries of NTC, Orlando. Lake Baldwin is approximately 
196 acres in size. Several other smaller lakes are located adjacent to the 
installation. Lakes Baldwin and Susannah are infested with an invasive weed, 
Florida elodea (Hydrilla verticillata) (C.C. Johnson, 1985). Fish species 
occurring in the lakes at NTC, Orlando include bass (Micropterus salmoides), 
bluegill (Lepomis macrochirus), redear sunfish (Lepomis microlophus), 'golden 
shiner (Notemigonus crysoleuca), yellow bullheads (Ictalurus natalis), and 
killifish (Fundulus spp.). According to the NTC, Orlando Master Plan Update. 
(SOUTHNAVFACENGCOM, 1985), grass carp (Ctenopharyngodon idella), an oriental i-*c---$ 
species, have been introduced into several of the larger lakes at NTC, Orlando 
to control Florida elodea. 

Fauna. Limited information is available regarding fauna1 ecological receptors 
at NTC, Orlando. It is likely that the invertebrate biomass at the installa- 
tion's few undeveloped sites serves as a forage base for fish and wildlife 
species, including amphibians, reptiles, birds, and mammals. 

Amphibians that may occur at NTC, Orlando include several species of mole 
salamander (Ambystoma spp.) that spend at least part of the year in woodlands. 
A number of other salamanders, frogs (including members of the genera Phyla, Rana, 
and Pseudacris), and toads (Bufo spp.) may also occur at NTC, Orlando. Several 
lizard species and various colubrid snakes may also occur in the pine forest 
communities at the installation (Ashton and Ashton, 1988). Turtles and other 
aquatic reptiles may occur in Lake Baldwin and some of the other lakes in the 
vicinity of NTC, Orlando. 

Small mammals that may occur at the site include the cottontail rabbit 
(Sylvilagus floridanus), hispid cotton rat (Sigmodon hispidus), and cotton mouse 
(Peromyscus gossypinus). Predatory mammals such as the red fox (Vulpes vulpes) 
and gray fox (Urocyon cinereoargenteus) may feed on small mammals at NTC, 
Orlando. In wetland regions at the installation, mammals such as the raccoon 
(Procyon lotor) and beaver (Castor canadensis) may occur. 

Birds of prey such as the black vulture (Coragyps atratus), turkey vulture - 
(Cathartes aura), red-tailed hawk (Buteo jamaicensis), and red-shouldered hawk 
(B. lineatus) may search for prey items in the more open regions at NTC, Orlando, 
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and granivorous birds such as the mourning dove (Zenaida macroura) are likely to 
occur in the grassy cover type habitats at the facility. Other avifauna that may 
occur at NTC, Orlando include the brown-headed cowbird (Molothrus ater), brown 
thrasher (Toxostoma rufum), bobwhite quail (Colinus virginianus), mockingbird 
(Mimus polyglottus), common grackle (Quiscalus quiscula), killdeer (Charadrius 
voviferus), northern cardinal (Cardinalis cardinalis), blue jay (Cyanocitta 
cristata), rufous-sided towhee (Pipilo erythrophthalmus), common flicker 
(Colaptes auratus), and red-bellied woodpecker (Centurus carolinus). Birds that 
may occur in wetland regions at NTC, Orlando include swamp sparrow (Melospiza 
georgiana), Carolina wren (Thryothorus ludovicianus), northern cardinal, and 
common yellowthroat (Geothlypis trichas), as well as waterfowl such as the 
mallard duck (Anas platyrhynchos). 

Rare and Endangered Species. Limited information is currently available 
regarding rare and endangered species at NTC, Orlando. Additional information 
will be requested from State and Federal authorities and will be included in 
revised versions of this POP. Based on information contained in the 1985 Master 
Plan Update (SOUTHNAVFACENGCOM, 1985) and in the Initial Assessment Study (IAS) 
(C.C. Johnson, 1985>, the following rare and endangered species may currently 
exist (or have historically occurred) at NTC, Orlando. 

Scientific Name Common Name 
Status 

Federal State 

Florida mouse Podomys floridanus c2 ssc 

Southeastern kestrel Falco s. spa/verb c2 T 

Short-tailed snake Stilosoma extenuarum c2 T 

Eastern indigo snake Drymarchon corais T T 
couperi 

Gopher tortoise Gopherus poiyphemus c2 ssc 

American alligator Alligator mississippiensis TWA) ssc 

Notes: SSC = Species of Special Concern (Florida Game and Freshwater Fish Commission 
[FGFWFC], 1991). 
T = threatened (FGFWFC, 1991). 
C2 = Federal candidate species. 
T(S/A) = threatened, rare to similarity of appearance. 

. 

1.5 SUMMARY OF PREVIOUS INVESTIGATIONS. The Defense Environmental Restoration 
Program (DERP) requires the Department of Defense (DOD) to expeditiously 
remediate environmental contamination from hazardous substances due to past 
practices. The Installation Restoration (IR) program, a subcomponent of DERP, 
is designed to identify, investigate, and cleanup contaminated sites in a manner 
that is consistent with the Comprehensive Environmental Response, Compensation, 
and Liability Act (CERCLA). The IR program is conducted in multiple phases. To 
date, the IR program has identified 10 potentially contaminated sites at NTC, 
Orlando (Table l-l). Investigation or remedial action has been implemented at 
some of these sites. In addition to the IR program sites, other sites have 
undergone contamination assessment and/or remedial action. Results of 
investigations conducted under IR and non-IR programs formed the basis for future 
SS/SI/RI activities to be conducted under BRAC through the IR program. 
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Table l-1 
Summary of installation Restoration Program Sites 

Project Operations Plan for Site Investigations 
and Remedial Investigations 

NTC, Orlando, Orlando, Florida 

I AS 
Site No. 

POI Name 
Period of 
Operation 

Expected Waste Types 
Estimated 
Quantities 

Current Use 

1 North Grinder 1958 to 1967 Film, photographic chem- 194,000 cubic Training opera- 
Landfill icals, paint thinner, yards of waste, tions, administra- 

perchloroethene still bot- one-third of which tive functions, 
toms, garbage from mess was removed and housing. 
halls, cardboard boxes, during dormitory 
biological wastes (syring- construction. 
es from hospital), paper, 
plastic, tree limbs, and 
construction materials. 

2 Filled WWTP 1977 to 1978 WWTP sludge, tree limbs, Unknown None 
Lagoons yard wastes, dirt, sand, 

asphalt, demolished 
building debris, and 
stainless-steel mixing 
tank. 

3 McCoy Annex 1960 to 1978 Paint, paint thinner, > 1 ,OOO,OOO cubic Golf course 
Landfill asbestos, transformers yards of waste 

(possibly with transformer 
oil containing PCBs), 
hospital wastes (syringes, 
dressings, blood, and 
urine), radioactive waste, 
automobile batteries, 
steel cable, airplane parts, 
brick, fire hoses, para- 
chutes, trees leaves, pa- 
per, plastic, scrap wood, 
scrap metal, sections of 
pipe, and waste oil. 

4 Disposal Area 1968 to 1969 Yard wastes (tree limbs Site was a pit 30 None 
Near the Main and grass clippings). feet in diameter 
Base Magazine and 8 or 9 feet 
No. 123 deep. 

5 Old Laundry ? to 1972 Asbestos containing ma- Unknown Demolished in 
Boiler Building terials. 1979; building 

was used to 
house boilers for 
the laboratory. 

6 McCoy Annex 1984 to Used motor oil, anti- 1,000-4,000 gal- Drum and trans- 
DRMO present freeze, hydraulic fluid Ions estimated to former storage. 

(containing PCBs), and have been spilled. 
Soilax Liquid ‘S’ Plus 
Multipurpose Cleaner 
(containing NaOH and 2- 
butoxy ethanol). 

See notes at end of table. 

, 
r---k 
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Table 1-l (Continued) 
Summary of Installation Restoration Program Sites 

Project Operations Plan for Site Investigations 
and Remedial Investigations 

NTC, Orlando, Orlando, Florida 

I AS 
Site No. 

POI Name 
Period of 
Operation 

Expected Waste Types 
Estimated 
Quantities 

Current Use 

7 Barracks Burial 1968 Building debris Unknown Barracks were 
Area demolished and 

bulldozed into a 
quarry at the 
southwestern 
end of McCoy 
Annex. 

8 Old Pesticide Early 1950’s Chlordane, phenyl mercu- At least 300 gal- Grassy area on 
Storage Area to 1972 ric compounds, baygon, Ions were buried perimeter of golf 

diazinon, anticoagulant, when the building course (building 
malathion, pyrethrum, was demolished: was demolished 
diron, 2.4-D, monuron, -62,000 gallons in 1981). 
dieldrin, paraquat, and -46,000 
kepone, endothall, naled, pounds of pesti- 
mineral oils, arsenic, tides were used 
dchlorvos, hydrothol, and per year (based 
dimethoate. on 1970 data). 

9 Lake Baldwin Early 1960’s Drainage from building Unknown Recreational 
I to 1978 2089 of film, photograph- fishing, boating, 

ic developers, fixers, and and swimming 
activators, by Navy person- 

nel and the 
public. 

10 McCoy Annex Unknown Iron, manganese, sulfate, Unknown Demolished 
WWTP nitrate, arsenic, and zinc 

Source: Hazard Ranking System II (ABB-ES, 1992) and Initial Assessment Study (IAS) (C.C. Johnson, 1986). 

Notes: WWTP = wastewater treatment plant. 
PCBs = polychlorinated biphenyls. 
DRMO = Defense Reutilization and Marketing Office. 
NaOH = sodium hydroxide. 
2,4-D = 2,4-Dichlorophenoxyacetic acid. 
POI = points of interest. 
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1.5.1 Installation Restoration Sites The first phase of the IR program at NTC, 
Orlando was the IAS conducted in 1985 (C.C Johnson, 1985). This program included 
an archival search and site walkovers at all four parcels of NTC, Orlando. Nine 
potentially contaminated sites were identified. The IR program sites are all 
located on one of three parcels: Main Base, McCoy Annex, or Area "C". The sites 
included two trench and fill landfills (Sites 1 and 3), a wastewater treatment 
sludge lagoon (Site 2), a yard waste disposal area (Site 4), a boiler room with 
extensive asbestos-containing material (Site 5), the former Defense Property 
Disposal Office (DPDO) (now the DRMO, Site 6), a demolition debris landfill (Site 
7), a pesticide storage building (Site 8), and Lake Baldwin (Site 9). A site 
verification study was recommended for Sites 1, 3, 6, 8, and 9. The verification 
study was performed in 1986 and an additional IR program site (Site 10, a 
wastewater treatment plant at McCoy Annex) was identified (Geraghty & Miller, 
1986). 

The verification study suggested that the contamination at Lake Baldwin (Site 9) 
did not represent a significant risk to human health or the environment, although 
a risk assessment was not performed (Geraghty 6 Miller, 1986). The study also 
determined that the spillage noted in the IAS at the former DPDO at McCoy Annex 
(Site 6) had not contaminated the soil. The former landfill at the Main Base 
(Site 1), the former landfill at McCoy Annex (Site 3), the pesticide storage 
building (Site 8), and the wastewater treatment plant at McCoy Annex (Site 10) 
were recommended for additional investigation. A brief workplan for the RI of 
these four IR program sites was prepared in 1987; however, the workplan has not 
been implemented (ABB-ES, 199413). 

. 
1.5.2 Non-Installation Restoration Program Sites Non-IRprogram sites that have 
involved remedial actions include the dry cleaning facility and DEMO, both 
located in Area "C"; and the Rusk Memorial Chapel (Building 250) at the Main 
Base. 

Both the DRMO and the dry cleaning facility had perchloroethylene (PCE) spills 
in 1989. In each case, the soils containing greater than 1 part per million 
(ppm) PCE were excavated. Contaminated soil from the DRMO spill was disposed at 
a hazardous waste disposal facility by DRMO. Contaminated soil at the dry 
cleaning facility was disposed at a hazardous waste landfill by the consultant 
responsible for the spill. Prior to May 1989, a spill of PCB-contaminated oil 
from an electrical transformer occurred in the uncovered (outdoor) mechanical 
room of Rusk Memorial Chapel. Contaminated soil was excavated, containerized, 
and removed by DRMO. Laboratory analyses detected approximately 68 ppm PCBs in 
the remaining soil. No regulatory concurrence of cleanup has been obtained (ABB- 
ES, 1994b). 

Three other non-IR program sites involved petroleum spillage or leakage from 
underground storage tanks (USTs). A detailed discussion of these sites can be 
found in the BRAC Cleanup Plan (ABB-ES, 1994b). 

1.5.3 Installation-Wide Source Discovery and Assessment Status There have been 
two installation-wide environmental assessments conducted after the IAS. The 
first survey, performed as part of the general permit application process for a 
National Pollution Discharge Elimination System (NPDES) stormwater discharge 
permit, was conducted by Post, Buckley, Schuh, & Jernigan, Inc. (PBS&J), in 1993 
to identify potential illicit (i.e., non-stormwater) discharges from the 
stormwater discharge system at the facility. The second survey is the EBS, part 
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of the bottom-up program review for all BRAG installations (ABB-ES, 1994,~). The 
field component of the EBS, which involved the inspection of more than 600 
buildings, is complete. These results were used to identify points of interest 
(POIS) , defined as base properties that are potentially contaminated and may 
require further investigation prior to transfer. Investigation and potential 
remedial actions at these POIs will be conducted in accordance with this 
document. 

PBS&J investigated stormwater outfalls at all four parcels that comprise the 
installation. For the purpose of the EBS, the sources of illicit discharges to 
the outfalls were considered to be POIs that may require further investigation. 
The POIs that were identified from a review of the PBS&J report include the Fire 
Training Facility (Building 200), the Automotive Hobby Shop, the Pest Control 
Facility, and the Bulk Fuel Storage Area on the Main Base. At McCoy Annex, the 
Motor Pool and the fuel storage area of the Construction Battalion are suspected 
of discharging petroleumproducts to discharge ditches and swales (ABB-ES, 1994b) 

Approximately 85 properties have been identified by the EBS as areas where 
potential environmental concerns are present. 
that are POIs have been assigned to 

Properties surveyed in the EBS 

guidance for EBS: 
a category based on the following DOD 

. Category 7 (G-y), properties requiring further investigation, 
excluding those sites that have been assigned this category only 
because of the presence of an UST or an aboveground storage tank (AST); 

. 

f-3 l 

Category 6 (Red), properties where a release of hazardous substances 
has occurred excluding those sites that have been assigned this 
category only because of the presence of damaged friable asbestos; and 

. Category 5 (Yellow), properties where storage, release, disposal, 
and/or migration has occurred, and action is underway, but not final. 

The majority of the sites identified by the EBS as requiring additional 
investigation are those that have been assigned a grey classification (74). Some 
properties identified in the EBS are IR program sites where no restoration has 
occurred (e.g., Site 1, the North Grinder Landfill). Ten properties have been 
tentatively assigned a classification of red (release of a hazardous substance 
has occurred and no remedial action has been taken) (ABB-ES, 1994b). All sites 
identified as requiring additional investigation will be evaluated through the 
SS/SI/RI process. 
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2.0 PROJECT ORGANIZATION AND RESPONSIBILITIES 

This portion of the POP addresses project organization, and specifically outlines 
QC coordination and responsibilities. Those individuals assigned to a project 
or task (i.e., the project team) are responsible for conducting project work by 
using the resources assigned by the project management organization. In this 
way, resources are available to each task, but responsibility for initiating 
services and for ensuring acceptable results remains within the project 
organization. This responsibility carries with it the authority to initiate, 
modify, and, if necessary, stop activities as appropriate for the assurance of 
project quality. It is the QA Manager's (QAM) role to assist the Task Order 
Manager (TOM) in meeting project goals while providing an independent evaluation 
of product quality to the TOM. 

2.1 PROJECT STAFFING AND RESPONSIBILITIES. 

2.1.1 BASE REALIGNMENT AND CLOSURE (BRAC) ENVIRONMENTAL COORDINATOR. The BRAC 
Environmental Coordinator (BEG) for NTC, Orlando is Mr. Wayne Hansel. Mr. Hansel 
is the Navy representative on the BRAC Cleanup Team (BCT) 'and the primary project 
contact. He is responsible for the execution of all environmental cleanup 
programs related to the transfer of NTC, Orlando's real property. This 
responsibility includes acting as the liaison and coordinator with appropriate 
NTC, Orlando and SOUTHNAVFACENGCOMpersonnel, andnegotiating appropriate cleanup 
and abatement actions with USEPA and FDEP BCT members. . 

2.1.2 Southern Division, Naval Facilities Enzineerina. Command (SOUTHNAVFACENG- 
COM) Engineer-in-charge (EICI The SOUTHNAVFACENGCOM EIC, Ms. Barbara Nwokike, 
is responsible for the technical and financial management of the IR program 
activities at NTC, Orlando. She prepares the,project statement of work; manages 
the project scope, schedule, and budget; and provides technical review and 
approval of all deliverables. Ms. Nwokike will be responsible for approving 
changes in the IR program scope of work. 

2.1.3 Consultant Task Order Mananer (TOM) The consultant TOM for BRAC 
activities at NTC, Orlando is Mr. Jim Manning. Mr. Manning is responsible for 
evaluating the appropriateness and adequacy of the technical and engineering 
services provided. He is responsible for financial and schedule management and 
for ensuring that the project fulfills and remains within the contracted scope 
of work. Mr. Manning will be responsible for identifying necessary changes in 
the scope of work. Mr. Manning is also responsible for the daily conduct of 
work, including integration of input from supporting disciplines and subcontrac- 
tors and will serve as the primary project contact. 

2.1.4 Project Review Committee Mr. Ken Busen, P.G., will serve as chairman of 
the review committee. The function of this group of senior technical and 
management personnel is to provide guidance and oversight on the technical 
aspects of the project. This is accomplished through periodic reviews of the 
services provided to ensure they: represent the accumulated experience of the 
firm, are being produced in accordance with corporate policy, and live up to the 
objectives of the program as established by ABB-ES and the client. 

f-7 
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2.1.5 Quality Assurance Manager (QAM) The TOM is supported by a QAM. The QAM, .-.,. 
Mr. Thomas Campbell, will oversee the implementation of appropriate NEESA, USEPA, 
and FDEP protocols. The QAM will also work with the TOM to establish QA 
procedures. 

2.1.6 Health and Safety ManaPer The Health and Safety Manager, Ms. Cynthia 
Sundquist, is responsible for project team compliance with corporate health and 
safety requirements and the NTC, Orlando project HASP. Conformance with safety 
protocols will be assessed through periodic site visits and daily supervision by 
the site leaders. 

. 
.-, 

- 
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3.0 QUALITY ASSURANCE OBJECTIVES 

Data quality objectives (DQOs) have been developed for the NTC, Orlando project 
to ensure that analytical data collected during the field investigations will be 
of sufficient quality to support the data's intended use. Specific objectives 
will be addressed in the applicable task-specific workplans. Task-specific 
questions such as how the data will be used and how much data are required will 
be considered when developing DQOs. 

3.1 GENERALIZED SCOPE OF WORK. The SS, SI, and RI field efforts will involve 
several activities relative to the acquisition of physical and chemical data. 
Each investigation will involve a task-based approach that will allow the 
decision-making process to modify future investigative and remedial tasks. The 
DQOs for soil, groundwater, surface water, and sediment sample collection and 
analysis performed in the field will be applicable to the confirmation of the 
presence or absence of contamination and the nature and extent of any contamina- 
tion encountered in those media. TerraProbe= sampling and field GC, infrared, 
and immunoassay analyses will, in some instances, be the initial chemical data 
gathering task. Field analysis will not be used alone to evaluate a study area. 
The results of these field analyses will be used to confirm or modify the 
proposed sample locations from which samples will be collected for laboratory 
analysis. 

, 
3.2 DATA QUALITY OBJECTIVES. DQOs are qualitative or quantitative statements 
developed by the data user to specify the quality of data needed from a 
particular data activity to support specific decisions. The DQOs are the 
starting point in the design of the investigation. The DQO development process 
matches sampling and analytical capabilities to the data targeted for specific 
uses and ensures that the quality of the data does not underestimate project 
requirements. The USEPA has identified five general levels of analytical data 
quality as being potentially applicable to field investigations conducted at 
potential hazardous waste sites under the CERCLA. These levels are summarized 
as follows. 

(1) Level I, Field Screening. This level is characterized by the use of 
portable instruments that can provide real' time data to assist in the 
optimization of sampling point locations and for health and safety 
support. Qualitative data can be generated regarding the presence or 
absence of certain contaminants ( es ecially volatiles) at sampling p 
locations. 

Level I sampling requirements include the use of equipment and sampling 
containers that are clean (soap and tap water), visibly free of contami- 
nation, and free of analytes detectable by the screening method employed 
(USEPA, 1991c). 

cd ’ Level 'II, Field Analysis. This level is characterized by the use of 
'portable analytical instruments that can be used onsite or in mobile 
laboratories stationed near a site. Depending on the types of contami- 
nants, sample matrix, and personnel skills, qualitative and quantitative 
data can be obtained. 
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Level II sampling and equipment requirements include the use of sampling 
equipment constructed of material that is compatible with the parameters f---N 

being analyzed (e.g., polyvinyl chloride [PVC] for inorganic parameter 
analyses, or chrome-plated material for organic parameter analyses) and 
field cleaning procedures that include a potable water and soap scrub 
followed by a potable water rinse (or steam cleaning or high pressure 
washing) (USEPA, 1991c). 

(3) Level III, Laboratory analysis. This level is characterized by the use 
of methods other than the CLP Routine Analytical Services (CLP-RAS). 
This level is used primarily in support of engineering studies using 
standard USEPA-approved procedures. Some procedures may be equivalent to 
the USEPA CLP-RAS, without the CLP requirements for documentation. 

Level III field methods, decontamination procedures, and sampling 
equipment construction materials are as specified in the USEPA ECBSOPQAM 
(USEPA, 1991c). Cleaning of down-hole drilling or excavation equipment 
must be performed as with Level IV requirements with the exclusion of the 
deionized water rinse, the double rinse with pesticide grade isopropanol, 
and the rinse with organic-free water. All other cleaning and decontami- 
nation guidance must be followed. 

When wells are constructed using materials that are not inert with 
respect to the contaminants being analyzed, data collected from those 
wells are DQO Level III or lower for those incompatible analytes, even if 
DQO Level IV analytical procedures are used. , 

-Y 
Level III QA/QC sampling blank requirements include: 

. a minimum of one equipment rinsate blank per week for each week 
sampling equipment is field cleaned; 

. if samples are preserved, a preservative blank must be collected 
and analyzed at the beginning and end of the study; and 

. a blank of the rinse water must be collected and analyzed prior to 
beginning the study and at the end of each week that sampling 
equipment is field cleaned. 

A minimum of 5 percent of samples collected for, DQO Level III analysis 
will be split for DQO Level IV analysis. These samples must be represen- 
tative of all samples submitted for Level III analysis (USEPA, 1991c). 

(4) Level IV, Laboratory Analysis CLP-RAS. This level is characterized by 
all requirements for Level III, plus more rigorous QA/QC protocols and 
documentation, and provide qualitative and quantitative analytical data 
(USEPA, 1991c). 

(5) Level V, Non-standard methods. This level includes analyses that may 
require modification and/or development. CLP Special Analytical Services 
(SAS) are considered Level V (USEPA, 1991c). 
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NEESA has adopted three of these levels, C, D, and E, as QA requirements, that 

t-7 correspond with USEPA Levels III, IV, and V (NEESA, 1988). For the purposes of 
this document, the USEPA nomenclature (Levels I through V) will be used. 

3.2.1 Task Specific DQOs Tasks for the SS/SI/RI at NTC, Orlando will involve 
data collection with DQOs expected to range from Level I through Level IV.. The 
following discusses the typical SS/SI/RI tasks for NTC, Orlando and the 
associated DQO level. The tasks performed for each PO1 will be specified in the 
task-specific workplans. 

. Air Quality Monitoring, Level I: Readings from an organic vapor 
analyzer (OVA) or photoionization detector (PID) and MSA Model 260 
02/Explosimeter will constitute Level I field analytical data. 

. Geophysical Survey, Level I: Terrain conductivity (TC), magnetometer, 
or ground-penetrating radar (GPR) surveys will be used to define 
potential or suspected contaminant plumes. Data generated as a result 
of the surveys will indicate the presence or absence of metallic 
objects and the relative subsurface conductivity. Data requirements 
are primarily qualitative. 

. Soil Sample Screening, Level I: TerraProbe= soil samples and split- 
spoon samples from discrete depths in soil borings will be screened in 
the field with an OVA or flame ionization detector (FID) and a PID 
providing Level I data concerning the presence or absence of volatile 
compounds. A field GC may be used to augment field screening methods. . 

. Field Parameter Analysis, Level II: More sophisticated instrumentation 
(such as the HNu Model 311 GC and the Mach Portable Infrared Spectrome- 
ter) used for onsite analysis of volatiles and total petroleum 
hydrocarbons will generate Level II analytical data. These data are 
supported by more extensive logbook documentation, calibration, and 
quality control. Immunoassay test kits may also be used for Level II 
analytical data. These analyses will be performed in accordance with 
the manufacturers' and USEPA recommendations for quality control. 

. Passive Soil Gas Survey, Level II: Passive soil gas samples will be 
analyzed at an offsite laboratory. The data conform to Level II DQOs 
and are used to provide a preliminary survey of the presence and 
distribution of shallow VOC contamination. 

. Soil Headspace and Active Gas Screening, Level II: Soil gas will be 
collected from TerraProbe% soil borings (onsite) using headspace and 
active gas methods. The resulting data will conform to Level II DQOs. 

. Grain-Size Distribution Analysis, Level II: Subsurface soil samples 
will be collected for grain-size distribution analysis. These data 
will conform to Level II DQOs. 

. Total Organic Carbon Analysis, Level III: Soil and sediment samples 
will be collected for TOC analysis. These samples will be collected 
and analyzed to conform to Level III DQOs. , .'., f . 
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. Soil., Sediment, Surface. Water, and Groundwater Analysis, Level III: 
Environmental samples obtained during site 

- 
screening investigations 

will be collected and analyzed to conform to Level III DQOs. These 
data will be used to further characterize the presence and extent of 
contamination at each POI. 

. Characterization and Confirmatory Sampling, Level IV: Groundwater and 
soil samples collected from monitoring wells and split-spoon soil 
samples will be collected and analyzed in accordance with Level IV DQOs 
for confirmatory investigations. Surface water and sediment samples 
collected during RI-stage field programs will be collected and analyzed 
to conform to Level IV DQOs. 

. Treatability Studies, Level III: Samples collected to evaluate the 
effectiveness and feasibility of selected remedial alternatives will be 
analyzed to conform to Level III DQOs. 

. Remedial Monitoring and Confirmatory Sampling, Level IV: Samples 
collected to monitor or confirm the input and output of treatment 
methods and samples collected to confirm the effectiveness of remedial 
actions will be analyzed to conform to Level IV DQOs. 

Risk Assessment, Levels II, III, and IV: Levels II, III, and IV data may be used 
in preliminary risk screening evaluations. For more quantitative risk 
assessments, Level III and Level IV data are preferred. 

. 
The sampling approaches presented in Chapter 4.0 of this POP and the laboratory .-""Sk 
analytical procedures described in Chapter 7.0 have been selected to meet the 
applicable DQOs. 

3.3 QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) APPROACH. The approach to 
providing reliable data that meet the DQOs will include QA/QC requirements for 
each of the analytical data types generated during the field investigation. The 
details of field measurement QA/QC are included in Chapter 4.0 of this POP where 
sample collection techniques are presented. The QA/QC efforts for laboratory 
analyses will include collection and submittal of QC samples and the assessment 
and validation of data from the subcontract laboratories. . 

DQOs are based on the premise that different data uses require different levels 
of data quality. Data quality refers to a degree of uncertainty with respect to 
precision, accuracy, representativeness, completeness, andcomparability (PARCC). 

Parameters used within the data validation process to evaluate data quality 
include determination of PARCC. The achievable limits for these parameters vary 
with the DQO level of the data. The limits used for laboratory analytical data 
in this program will be those set by the CLP for Level IV DQOs and as specified 
in the USEPA methods for Level III DQOs. These parameters are defined here and 
methods of calculation are shown. 

Precision. Precision is defined as the agreement among individual measurements 
of the same chemical constituent in a sample, obtained under similar conditions. 

:- * 
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Field precision will be expressed as relative percent difference (RPD) of field 
duplicates using the formula: 

i RpD= 1x2-x21 
(x1+x2) /2 x1oo 

(1) 

where 
RPD = relative percent difference between duplicate results, 
Xl and X2 = results of duplicate analyses, and 
I Xl - X21 = absolute difference between duplicates Xl and X2. 

Field duplicates take into account the level of error introduced by field 
sampling techniques, field conditions, and analytical variability. The RPD of 
field duplicates will be calculated during the data validation process to 
evaluate the sample precision. 

Accuracy. Accuracy is defined as the degree to which the analytical measurement 
reflects the true concentration level present. Accuracy will be measured as 
percent recovery for matrix spikes as the primary criteria and for surrogate 
spikes as a secondary criteria. 

A matrix spike is a sample (of a particular matrix) to which predetermined 
quantities of standard solutions of certain target analytes are added prior to 
sample extraction, digestion, and analysis. Samples are split into replicates, 
one replicate is spiked and both aliquots are analyzed. 

I 

r""l 
Accuracy can also be evaluated using the recovery of surrogate spikes in the 
organic analyses. These spikes consist of organic compounds that are similar to 
the analytes of interest in chemical composition, extraction, and chromatography, 
but that are not normally found in environmental samples. These compounds are 
spiked into all blanks, standards, and samples prior to analysis. 

Percent recoveries of the surrogate, blank spike, and matrix spikes will be 
reported by the laboratory for all analytes associated with the samples. 
Variations from 100 percent recovery may be due to matrix interferences, 
laboratory spike handling procedures, or sample heterogeneities between 
replicates. The percent recovery of the spikes can be calculated from the 
following equation: 

Percent recovery = x 100 (2) 

where 
X = measured amount in sample after spiking, 
B = background amount in sample, and 
T = amount of spike added. 

Accuracy is difficult to evaluate for the entire data collection activity, 
especially the sampling component. Field and trip blanks will be used in 
addition to the matrix and surrogate spiked samples to evaluate data accuracy in 
the investigations. 

? Renresentativeness. 
/ \ 

Representativeness .is defined as the degree to which the 
, data accurately and precisely represents the true environmental condition / 
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existing at each POI. Representativeness is accomplished through proper 
selection of sampling locations and sampling techniques and collection of a 
sufficient number of samples. 

The sampling locations in this SS/SI/RI will be chosen in a biased approach based 
on previous analytical data, screening data collected in the field, and apparent 
and measured flow directions. 

Representativeness of samples will be achieved to the greatest degree possible 
by adhering to the applicable task-specific workplan and the sampling procedures 
described in Chapter 4.0. 

Completeness. Completeness is a measure of the amount of valid data obtained 
compared to the amount of data originally specified in the workplan. Complete- 
ness will be evaluated by carefully comparing project objectives with the 
proposed data acquisition and resulting potential shortfalls in needed 
information. The completeness goal for DQO Level III and IV has been chosen as 
80 percent, which is consistent with the CLP requirement of 80 to 85 percent. 

Field activities performed at DQO Levels I and II are onsite measurement 
techniques that provide information in real-time or after minimal delay. The 
completeness achieved for these methods may be more variable than those for 
standard analytical methods. A higher degree of completeness may be achieved 
because measurements can be readily repeated. However, site conditions may 
constrain the use of some techniques, resulting in fewer valid analyses than 
anticipated. l 

,-T 
“: 

Comparability. Comparability expresses the confidence with which one set of data 
can be compared with another. Quantitatively, comparability can be assessed in 
terms of the precision and accuracy of two sets of data. Qualitatively, data 
subjected to strict QA/QC procedures will be deemed more reliable than data 
obtained without the use of these procedures. To maintain comparability, proper 
sampling methods, COC protocols, CLP analytical methods, and strict QA/QC 
procedures will provide the basis for uniformity in all data collection and 
analysis activities. 
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4.0 FIELD PROGRAM PROCEDURES AND REQUIREMENTS 

lillLlld, 

4.1 FIELD SAMPLE NUMBERING. Samples, other than those collected for in situ 
measurements or analyses, will be identified by using a sample label attached to 
a sample container. Each sample label will be numbered to correspond with.the 
appropriate sample(s) to be collected. 

Samples collected for laboratory analysis during the field investigationwillbe 
labeled in accordance with the standard sample identification (ID) protocol 
describedbelow. Specific sample numbering schemes will be includedinworkplans 
for individual tasks. 

The standard sample identifier consists of four fields, each containing a code. 
These fields, including their length in characters, are: 

1. site identifier, 2 characters (alphanumeric, characters 1 and 2); 

2. sample type, 1 character (alphabetic only, character 3); 

3. sample location number, 3 characters (numeric only, characters 4 
through 6); and 

4. sequence or qualifier indicator, 2 characters (alphanumeric, characters 
7 and 8). 

. 
A data dictionary for these fields follows. 

.' r_'-' '" 
1. Site identifier: an identifier for the largest area of interest within a 

base; 
number. 

for instance, a PO1 number, a building number, or a study area 

2. Type of sample being taken, including information about media, matrix, and 
field quality control samples. Categories and codings include: 

H = groundwater, filtered 
G = groundwater, unfiltered 
X = surface water, filtered 
W = surface water, unfiltered 
S = surface soil 
B = soil boring 
D = sediment 
A = air 
Q = TerraProbe, water 
P i= TerraProbe, soil/sediment 
M = microbiological 
Y = organic-free water source 
E = plant tissue 

I = test pit 
F =i field blank 
T = trip blank 
R = rinse blank 
C = blind sample 
N = animal tissue 
L = sludge 
U- toxicological 
J = potable water source 
K- tap water source blank 
V- soil vapor 

blank Z = other 

3. Sample location number within the site and matrix. This number would be 
unique within a site and matrix, i.e., the first surface water sample taken 
would be 001, the fifth groundwater sample would be 005, and the first soil 
boring would be 001. The last available sample location number is '999. 

NTC-Orl.POP 
MVL07.94 4-1 



“...t/L”A I”“.&, KeVlJlan Nu.- 0 
Date July 13, 1994 , Page 2 of 70 - 

4. Sequence or qualifier indicator: a project specific (but consistent within ,-Y,. 
a project) indicator. The intended use is a sequential indicator of 
relative depth (or height) of a sample, relative to other samples of the 
same type at the same sample location, if appropriate. With this use, the 
sample closest to the land or water surface will be coded as 01; the sample 
that is ninth closest to the land or water surface will be coded as 09. 
Using this convention, if depth or height of sample has no meaning (plant 
tissue, for example), the sample may be coded as 00 (zero, zero). 

Project specific coding in this field is acceptable. Any such project- 
specific coding must be documented in permanent records. 

Duplicates, matrix spikes, and matrix spike duplicates will be indicated by 
appending a 'ID," "MS," or "MSD" (respectively) to the end of this basic 
sample identifier. 

4.2 PREPARATION OF SAMPLE CONTAINERS. For the majority of sampling episodes, 
ABB-ES will obtain sample containers from a subcontract laboratory with an FDEP- 
approved Comprehensive Quality Assurance Plan (CompQAP). However, there may be 
instances when sample containers will be obtained in a pre-cleaned condition from 
a commercial source. The origin of sample containers for each project will be 
noted in the project field log. The consultant may obtain sample containers from 
suppliers that provide USEPA certification. Records of pre-cleaned bottles and 
the certification paperwork for each bottle lot will be maintained by the 
consultant's equipment manager. 

In general, sample container selection will be based on the following standards 
for water: 

. TeflonN septum-sealed glass vials for volatile compounds, 

. amber glass bottles with Teflon @-lined lids for organic constituents 
other than volatiles, and 

0 polyethylene bottles for inorganic analytes. 

For soil and sediment samples, wide-mouth glass bottles will be used. All sample 
bottles will be prepared in accordance with the procedures specified in the 
Florida and Comprehensive Long-termEnvironmental Action, Navy (CLEAN) Operations 
CompQAP (ABB-ES, 1993). 

A summary of specific containers and representative sample volumes is provided, 
by parameter, in Table 4-l along with preservationandholding time requirements. 

4.3 DECONTAMINATION. The following methods of decontamination will be 
implemented to prevent cross contamination between sampling points and 
exploration locations. All sampling, drilling, and excavation equipment will be 
decontaminated before arriving and prior to leaving the base, and between each 
exploration location. 

, 
/--I 
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Project Operations Plan for Site Investigations 
and Remedial investigations 

NTC, Orlando, Orlando, Florida 

Parameter Matrix 
Holding Time (from 

Container Preservative 
Minimum 

time of collection) Sample Size’ 

Volatile organic aromatics Water 14 days Two 40 ml vials 4 drops concen- 40 ml 
with TeflonTM-lined trateci HCI, 4 OC 
caps 

Soil 14 days Glass with Teflon”“- 4 “C 109 
lined septum 

Volatile organic 
halogenated 
compounds 4 OC 

Water 

Soil 

14 days 

14 days 

Two 40 ml vials 4 drops concen- 40 ml 
with TeflonTM-lined trated HCI, 4 OC 
caps 

Glass with Teflon”- 4 OC 109 
lined septum 

Extractable organics Water 

Soil 

7 days extraction 
40 days analysis 

14 days extraction 
40 days analysis 

1 0 amber glass 
with Teflon” liner 

Amber glass jar 
with TeflonN liner 
or core tube 

4 *c 1,000 ml 

4 “C 50 9 

Acrolein 40 days analysis Water 14 days Glass with TeflonTM- 0.008% Na,S,Os 40 mll 
lined septum adjust pH to 4 to 

5,4oc 

Organophosphorus 
pesticides 

Soil 

Water 

14 days 

7 days extraction 
40 days analysis 

Glass with Teflon”- 4 “C enough to fill 
lined septum Z-40 ml vials 

1 P borosilicate Adjust pH to 6.0 1,000 ml 
glass to 8.0 with H2SOa 

or 10 N NaOH, 4 
“C 

Chlorinated 
herbicides 

Organochlorine 
pesticides and PCB 

Soil 

Water 

Soil 

Water 

Soil 

7 days extraction 
30 days analysis 

7 days extraction 
30 days analysis 

7 days extraction 
30 days analysis 

7 days extraction 
30 days analysis 

7 days extraction 
30 days analysis 

1 0 borosilicate 
glass 

1 P borosilicate 
glass 

1 0 borosilicate 
glass 

1 0 borosilicate 
glass 

1 0 borosilicate 

gl= 

Metals (other than chro- 
mium Vl and mercury) 

Water 

Soil 

180 days 

180 days 

Polyethylene or 
glass 

Polyethylene or 
glass 

4 oc loo!3 

4 oc 1,000 ml 

4 QC 1wcl 

4 oc 1,000 ml 

Adjust pH to 6.0- log 
8.0 with 1:l 
H2S04 or NaOH, 
4 oc 

HNOs to pH ~2’ 100 mll 

4 “C 10 9 

See notes at end of table. 
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Table 4-l (Continued) 
Sample Container and Preservation Requirements 

Project Operations Plan for Site Investigations 
and Remedial Investigations 

NTC, Orlando, Orlando, Aorida 

Parameter Matrix 

Chromium VI Water 

Holding Time (from Minimum 
time of collection) 

Container Preservative 
Sample Size’ 

24 hours Polyethylene or 4 oc 100 ml 
glass 

Soil 24 hours Polyethylene or 
glass 

4 oc log 

Mercury Water 28 days Polyethylene or 
glass 

HN03 to pH <2’ 100 ml 

Soil 28 days Polyethylene or 
glass 

4 oc log 

Cyanide Water 14 days Polyethylene or 
glass 

0.6 g ascorbic 
acid, NaOH to 
pH > 12,4 “C 

100 ml 

Soil 14 days Polyethylene or 
glass 

Dioxins/furans Water 7 days extraction Glass 4 oc 1,000 ml 
40 days analysis 

Soil/waste 14 days extraction Core tube 4 oc 509 
40 days analysis 

Petroleum hydrocarbons 
as gasoline 

Petroleum 
hydrocarbons as diesel 

Water 14 days Two 40 ml vials 4 OC, HCI to pH 40 ml 
with Teflon’“l liners ~2 

Soil/waste 14 days Core tube 4 DC 50 9 

Water 14 days extraction Glass 4 oc 500 ml 
40 days analytical 

Soil/waste 14 days extraction Core tube 4 oc 56 9 
40 days analytical 

Total Petroleum 
hydrocarbons (TPH) 

Water 28 days 

Soil 28 days 

Glass 

Glass jar with Tef- 
lonTM liner or core 
tube 

4 -2, HCI to pH 
<2 

4 OC 

1,000 ml 

50 cl 

Oil and grease Water 28 days Glass bottle Adjust pH to 1,000 ml 
~2.0 with H,SO,, 
4 oc 

Soil 28 days Glass jar with Tef- 4 OC 509 
lonTM liner 

Residue, settable Water 48 hours Polyethylene or 4 oc 1,000 ml 
glass bottle 

Residue, all others (TSS, Water 7 days Polyethylene or 4 oc 500ml 
VSS, TDS) glass bottle 

See notes at end of table. 
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Table 4-l (Continued) 
Sample Container and Preservation Requirements 

Project Operations Plan for Site Investigations 
and Remedial Investigations 

NTC, Orlando, Orlando, Florida 

Parameter Matrix 
Holding Time (from 
time of collection) 

Container Preservative 
Minimum 
Sample Size’ 

Biochemical oxygen 
demand 

Chemical oxygen 
demand 

Water 

Water 

48 hours 

28 days 

Polyethylene or 
glass bottle 

Polyethylene or 
glass bottle 

4 oc 1,000 ml 

Adjust pH to 1,000 ml 
~2.0 with H,SO,, 
4 oc 

Metals (ICP) Water 6 months Polyethylene HNO, to pH <2 100 ml 

Soil 6 months Core tube or glass 4 OC log 
jar 

Arsenic (GFAA) Water 6 months Polyethylene HN03 to pH <2 100 ml 

Soil/waste 6 months Core tube or glass 4 OC 10 9 
j= 

Mercury (CVAA) Water 28 days Polyethylene HN03 to pH ~2 100 ml 

Soil/waste 28 days Core tube or glass 4 “C log 
jar 

Selenium (GFAA) Water 6 months Polyethylene HNOI to pH <2 loo ml 

Soil/waste 6 months Core tube or glass 4 OC 109 
jar 

Thallium (GFAA) Water 6 months Polyethylene HNO, to pH <2 1001 

Soil/waste 6 months Core tube or glass 4 OC ‘0 9 
jar 

Lead @FAA) Water 6 months Polyethylene HNO, to pH ~2 100 ml 

Soil/waste 6 months Core tube or glass 4 OC log 
jar 

Chromium (VI) Water 24 hours Polyethylene 4 oc 100 ml 

Soil/waste 24 hours Core tube or glass 4 OC log 
jar 

Cyanide Water 14 days Polyethylene or 0.6 g ascorbic 100 ml 
glass acid, NaOH to 

pH 2,124 “C 

Soil/waste 14 days Polyethylene or 4 oc log 
glass bottle 

Coliform, fecal and total Water 6 hours Polyethylene or 0.08% Na,S,O, 500 ml 
glass bottle 4 oc 

Fecal streptococci Water 6 hours Polyethylene or 0.08% Na,S,O, 500 ml 
glass bottle 4 oc 

See notes at end of table. 
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Table 4-l (Continued) 
Sample Container and Preservation Requirements 

Project Operations Plan for Site Investigations 
and Remedial Investigations 

NTC, Orlando, Orlando, Florida 

Parameter 

Nitrogen, organic and 
Kjeldahl 

Matrix 

Water 

Holding Time (from 
Container Preservative 

Minimum 
time of collection) Sample Size’ 

28 days Polyethylene or Adjust pH to 500 ml 
glass bottle ~2.0 with H,SO,, 

4 oc 

Nitrate Water 48 hours Polyethylene or 
glass bottle 

4% 125 ml 

Nitrate + nitrite 

Phosphorus, total 

Sulfate 

Water 

Water 

Water 

28 days 

28 days 

28 days 

Polyethylene or 
glass bottle 

Polyethylene or 
glass bottle 

Polyethylene or 
glass bottle 

Adjust pH to 125 ml 
~2.0 with H,SO, 

Adjust pH to 125 ml 
~2.0 with H,SO, 

4% 125 ml 

Sulfide Water 7 days Polyethylene or 
glass bottle 

Adjust pH to 500 ml 
>Q.O with zinc 
acetate plus 
NaOH, 4 “C 

Surfactants Water 48 hours Polyethylene or 
glass bottle 

4% 1,000 ml 

Radiological tests: alpha, Water 6 months Polyethylene or Adjust pH to 
beta, radium glass bottle c2.02 

Total organic Soil 28 days Polyethylene or Adjust pH to 10 9 
carbon glass bottle c2.0 

4oc 

Total organic 
halogens 

Water 28 days Glass with TeflonTM- Adjust pH to 40 ml 
lined cap c2.0 

4% 

’ Additional sample must be collected for matrix spike or matrix spike duplicate samples. 
’ Must be presented in the field at time of collection. 

Notes: ml = milliliter. 
HCI = hydrochloric acid. 
OC = degrees Celsius 
g = gram. 
P = liter. 
HNOs = nitric acid. 

Na2S203 = sodium thiosulfate. 
NaOH = sodium hydroxide. 
H,SO, = sulfuric acid. 
TSS = total suspended solids. 
VSS = visible suspended solids. 
TDS = total dissolved solids. 
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To assure that analytical results*r&fle&t the actual concentrations present at 
sampling locations, chemical sampling and field analytical equipment must be 
properly decontaminated prior to the field effort, during the sampling program 
(i.e., between sampling points), and at the conclusion of the sampling program. 

This section addresses the decontamination procedures for chemical sampling and 
field analytical equipment as well as for drilling equipment. These cleaning 
procedures are based on USEPA Region IV Standard Operating Procedures (SOPS) 
(USEPA, 1991~). To clarify the decontamination procedures, the following 
definitions have been used. 

Detergent will be a standard brand of phosphate-free laboratory detergent such 
as Alconox 41" or Liquinox". 

Acid solution will be made from reagent-grade nitric acid and deionized water. 

Tap or potable water will be treated water from any municipal water supply 
system. 

Deionized water will be tap water that has been treated by passing through a 
standard deionizing resin column to remove cations and anions. 

,. I 

Organic-free water will be tap water that has.been treated with activated carbon 
and deionizing units. It should contain no detectable pesticides, herbicides, 
extractable organic compounds, and less than 5 micrograms per liter @g/R) of 
purgeable organic compounds as measured by a low level gas chromatograph/mass e 
spectrometer (GC/MS) scan. This organic-free water will be used for blank 
preparation and for final rinse in decontamination (where applicable). The 
consultant may use an onsite generated source of organic-free water. 

Solvent will be pesticide-grade isopropanol. 

4.3.1 In-House Cleaning Procedures Prior to transport to the field, sampling 
equipment will be decontaminated using the procedures described below. To the 
extent feasible, enough sampling equipment will be made available to conduct a 
sampling episode without field decontamination. All decontamination procedures 
conducted in-house will be documented in an equipment room logbook. 

The following subsections describe cleaningprocedures for sampling, pumping, and 
measurement equipment thatwillbe conducted "in-house" prior to transport of the 
equipment to the field. 

4.3.1.1 Teflonw or Glass Sampling Equipment (Trace Organics and/or Metal 
Analyses) In-house decontamination procedures for TeflonTY or glass sampling 
equipment used to collect samples for trace organic and/or metal analysis are 
listed below. 

1. Wash and scrub equipment thoroughly with laboratory detergent and hot 
water. 

2. Rinse thoroughly with hot tap water. 

3. Rinse with at least a 10 percent nitric acid solution. 

NTC~Orl.POP 
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4. Rinse thoroughly with tap water. 

5. Rinse thoroughly with deionized water. 

/ 6. Rinse twice with solvent (pesticide-grade isopropanol). 

7. Air dry for at least 24 hours. 

8. Wrap equipment in aluminum foil. Roll the edges into a "tab" to allow 
easy removal. Seal the foil-wrapped equipment in plastic and date. 

9. After use in the field, rinse the equipment thoroughly with tap water 
as soon as possible, if full field decontamination procedures are not 
used. 

4.3.1.2 Stainless-Steel or Metal Sampling Equipment (Organic and/or Metal 
Analyses) In-house decontamination procedures for stainless-steel or metal 
sampling equipment used to collect samples for trace organic and/or metal 
analysis are listed below. 

1. Wash and scrub equipment thoroughly with laboratory detergent and hot 
water. 

2. Rinse thoroughly with hot tap water. 

3. Rinse with deionized water. 

4. Rinse twice with solvent (pesticide-grade isopropanol). 

5. Air dry for at least 24 hours. 

6. Wrap equipment in aluminum foil. Roll the edges into a "tab" to allow 
easy removal. Seal the foil-wrapped equipment in plastic and date. 

7. After use in the field, rinse the equipment thoroughly with tap water 
as soon as possible, if full field decontamination procedures are not 
used. 

4.3.1.3 Submersible Pumps and Hoses In-house decontamination procedures for 
submersible pumps and hoses used for purging monitoring wells are listed below. 

1. Pump a sufficient amount of soapy water through the hose to flush out 
any residual purge water. 

2. Using a brush, scrub the exterior of the contaminated hose and pump 
with hot soapy water. Rinse the soap from the outside of the hose with 
tap water. Next rinse the hose with deionized water and recoil onto 
the spool. 

3. Pump a sufficient amount of tap water through the hose to flush out 
soapy water. 

4. Pump a sufficient amount of deionized water through the hose to flush f--x 

out the tap water. 

NTC-OrLPOP 
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5. Rinse the outside of the pump housing and hose with deionized water 
(approximately l/4 gallon). 

6. Equipment will be placed in a polyethylene bag or wrapped with 
polyethylene film to prevent contamination during storage or transit. 

4.3.1.4 Sampling and/or Filtering Tubing 
for Teflon"", 

In-house decontamination procedures 
PVC, stainless-steel, and glass tubing used for groundwater sampling 

and/or filtering are listed below. In-line disposable filter cartridges should 
be rinsed with tap water and disposed. 

4.3.1.5 Teflon" Tubing Use only new, food-grade Teflon' tubing. 
is not pre-cleaned, 

This tubing 
but should be stored and transported in its original 

container or wrapped in polyethylene to prevent contamination. Tubing should be 
flushed in the field with the sample medium before sample collection to remove 
any residues. Tubing will not be reused. 

4.3.1.6 Polyvinyl chloride (PVC) Tubing Use only new PVC tubing. PVC is not 
to be used for samples being submitted for organics analyses. This tubing is not 
pre-cleaned, but should be stored and transported in its original container or 
wrapped in polyethylene to prevent contamination. Tubing should be flushed in 
the field with the sample medium before collection to remove any manufacturing 
residues. 

4.3.1.7 Stainless-Steel Sampling Tubing Pre-clean tubing as follows. 

1. Wash and scrub equipment thoroughly with laboratory detergent and hot 
water. 

2. Rinse thoroughly with hot tap water. 

3. Rinse with deionized water. 

4. Rinse twice with solvent (pesticide-grade isopropanol). 

5. Air dry for at least 24 hours. 

6. Wrap tubing and cap ends with aluminum foil and seal in plastic to 
prevent contamination during storage and transport. 

4.3.1.8 Glass Tubing Use only new glass tubing, pre-cleaned as follows. 

1. Wash equipment thoroughly with laboratory detergent andhotwater using 
a brush to remove any particulate matter or surface film. 

2. Rinse equipment thoroughly with hot tap water. 

3. Rinse equipment thoroughly with deionized water. 

4. Rinse equipment twice with solvent and allow to air dry at least 24 
hours. 

5. Wrap tubing and cap ends in aluminum foil and seal in plastic to 
prevent contamination during storage and transport. 
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4.3.1.9 Well Sounders and Groundwater Measurement Tapes In-house decontamina- 
tion procedures for Teflon", PVC, stainless-steel, and glass tubing used for 
groundwater sampling are listed below. 

1. Wash with laboratory detergent and tap water. 

2. Rinse with tap water. 

3. Rinse with deionized water, 

4. Wrap equipment in aluminum foil. Roll the edges into a "tab" to allow 
easy removal. Seal the foil-wrapped equipment in plastic and date. 

4.3.1.10 Ice Chests and Shipping Containers In-house decontamination procedures 
for ice chests and shipping containers are listedbelow. Noticeably contaminated 
containers should be thoroughly cleaned and properly disposed. 

1. Wash inside and out with laboratory detergent and tap water. 

2. Rinse with tap water. 

3. Air dry. 

4.3.1.11 Field Parameter Measurement Probes Field parameter measurement probes, 
(e.g., pH or specific ion electrodes, geophysical probes, or thermometers) that 
come in direct contact with the sample will be decontaminated using the. 
procedures listed below, unless manufacturer's instructions indicate otherwise. F---h 
Probes that make no direct contact (e.g., OVA equipment) will be wiped with clean 
paper towels. 

1. Rinse with tap water. 

2. Rinse with deionized water. 

3. Solvent rinse, if obvious contamination remains after rinsing and if 
solvent will not damage probe. 

4. Rinse with deionized water. 

4.3.2 Organic-Free Water Containers New containers that will be used to store 
and transport organic-free water will be cleaned as follows. 

1. Wash containers thoroughly with hot tap water and laboratory detergent, 
using a bottle brush to remove particulate matter and surface film. 

2. Rinse containers thoroughly with hot tap water. 

3. Rinse containers with at least 10 percent nitric acid. 

4. Rinse containers thoroughly with tap water. 

5. Rinse containers thoroughly with deionized water. 

6. Rinse twice with solvent and allow to air dry for at least 24 hours. 
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7. Cap with aluminum foil or Teflon"^ film. 

8. After using, rinse with tap water in the field, seal with aluminum foil 
to keep the interior of the container wet, and return to the 
laboratory. 

Used containers will be capped with aluminum foil immediately after being used 
in the field. The exterior of the containers will be washed with laboratory 
detergent and rinsed with deionized water if necessary. The interior of the 
container will be rinsed twice with solvent. The interior of the container will 
be thoroughly rinsed with organic-free or Milli-Q'water. The container will be 
filled with organic-free or Milli-Q" water and capped with aluminum foil for 
storage. 

4.3.3 Field Decontamination Procedures When practical, sufficient equipment 
should be staged in the field so that the entire study can be conducted without 
the need for field cleaning. However, when this is not possible, the following 
USEPARegion IV field decontamination procedures will be followed (USEPA, 1991c). 

I 
4.3.311 '-Sampling Equipment for Classic Water Quality Parameters Sampling 
equipment for classic water quality parameters (dissolved oxygen [DO], biological 
oxygen demand [BOD], TOC, etc.) including, but not limited to, Kemmerers, 
buckets, DO dunkers, and dredges, will be cleaned in the field prior to use and 
between sampling locations as follows. 

1. Rinse and scrub with water to be sampled or tap water. . 

2. Rinse with deionized water'. 

4.3.3.2 Sampling Equipment for Organic and Metal Analysis TeflonN, stainless- 
steel, glass, or metal sampling equipment used to collect samples for organic and 
metal analysis will be cleaned between sample locations as listed below. 

1. Wash and scrub equipment thoroughly with laboratory detergent and tap 
water. 

2. Rinse thoroughly with tap water. 

3. Rinse thoroughly with deionized water. 

4. Rinse twice with solvent (pesticide-grade isopropanol). 

5. Rinse with organic-free water and allow to air dry as long as possible. 

6. If organic-free water is not available, allow equipment to air dry as 
long as possible. Do not rinse again with deionized or distilled 
water. 

4.3.4 Large Equipment Decontamination 
backhoes, augers, drill pipe, casing, 

Large equipment (e.g., drill rigs, 
and screen) will be cleaned prior to use 

and between sample locations in accordance with USEPA Region IV SOPS as outlined 
below. 
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4.3.4.1 Cleaning Procedures Prior to Initiation of Field Work All equipment to -, 
be used onsite will be in good working order and free of leaks. Any part of the 
drill rig or backhoe that will be over the borehole or sampling location (e.g., 
kelly bar or mast, backhoe buckets, drilling platform, hoist or chain pulldowns, 
spindles, cathead, etc.) will be decontaminated prior to arriving at the site as 
described below. 

1. Steam clean and wire brush to remove soil and rust. 

2. Inspect to assure that seals and gaskets are intact and that there are 
no residual oils, grease, or hydraulic fluids that could drip into the 
sample location. 

3. If necessary, use TeflonN string to tighten drill stem. 

4. Steam clean the drill rig prior to drilling each borehole. 

4.3.4.2 Cleaning Procedures for Downhole Equipment Drilling, sampling, and 
associated equipment that will come in contact with the downhole sampling medium 
will be cleaned as outlined below. 

1. Wash and scrub with tap water and laboratory-grade detergent. 

2. Steam clean and/or high pressure wash, if necessary, to remove soils. 
The steam cleaner or high pressure washer should be capable of 
generating a pressure of at least 2,500 pounds per square inch (psi)' 
and producing hot water and/or steam (200 degrees "F and above). If it ,-- 
is necessary to steam clean PVC well materials, care must be taken to 
control steam temperature so as to maintain the integrity of the PVC. 

3. Rinse thoroughly with tap water. 

4. Rinse thoroughly with deionized water. 

5. Rinse twice with solvent (pesticide-grade isopropanol). Note: do not 
rinse PVC materials with solvent. 

6. Rinse thoroughly with organic-free water and allow to air dry. Do not 
rinse again with deionized or distilled water. 

7. If organic-free water is not available, allow equipment to air dry. Do 
not rinse again with deionized or distilled water. 

8. Where appropriate, wrap with aluminum foil to prevent contamination 
during storage. Augers, drill stems, casings, and other large items 
can be wrapped in clean plastic if necessary. 

9. If caked mud, rust, and/or paint is present that can not be removed by 
steam or high pressure wash, the downhole equipmentwillbe sandblasted 
prior to step number 1 above, and prior to arrival onsite. 

10. Printing and/or writing on well casing, screens, tremie tubing, etc., 
will be removed with emery cloth or sand paper prior to arrival onsite. 
Where possible, materials without printing or writing will be ordered. 
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4.3.4.3 Decontamination Staging Area and Fluid Disposal Cleaning and 
3 decontamination of all equipment will occur at a designated area at each PO1 or 

study area that is downgradient and downwind (prevailing wind direction) of the 
clean equipment drying and storage area. The cleaning and decontamination area 
will contain an excavated pit, lined with heavy duty plastic sheeting, for 
containment of washwater and waste. The decontamination area will be designed 
such that washwater will drain into the pit. Solvent rinsates will be collected 
in separate containers. Large portable equipment (drill rods, auger flights, 
well casing and screen, etc.) will be cleaned on saw horses or other supports 
constructed above the plastic sheeting. 

The water will be pumped into 5S-gallon drums and the sediment will be collected 
in separate drums. The plastic sheeting will be washed and the washwater will 
be containerized as contaminated washwater. The plastic sheeting will then be 
properly disposed. The pit will be backfilled with the originally excavated 
material. 

The drums containing waste will be properly labeled, sealed, and staged for 
storage until laboratory analytical results are received. Drum labels will 
include the contents (medium), the PO1 or study area of origin, the investigation 
location ID, and the date of generation. The contaminated material will be 
treated as discussed in Section 4.10. 

4.4 FIELD INVESTIGATION TECHNIQUES AND PROCEDURES. 
, 

minimize project delays at 4.4.1 Mobilization To streamline field tasks and 
commencement of field activities, the following mobilization tasks will be 
implemented prior to initiating field investigative activities. 

1. A central office facility (e.g., trailer or permanent structure) will 
be established to function as headquarters for field program activi- 
ties. The field office will, at a minimum, have electrical 'power, 
sanitary sewage, public water, and telephone communication. Addition- 
ally, based on the size of the field program, the field office may 
contain a two-way radio base station, portable computer, and copy 
machine. The office will also serve as the location for field project 
files and field equipment storage. 

2. Subcontractor drilling and excavation equipment and supplies are to be 
staged in a designated location during mobilization, prior to the 
initiation of subsurface exploration activities. The equipment will be 
decontaminated prior to arrival onsite as prescribed in Section 4.3. 

3. A temporary, centrally located decontamination pad trill be constructed 
during drilling and excavation equipment mobilization and prior to the 
initiation of field activities (see Section 4.3). 

4. All sampling and health and safety equipment and materials will be 
staged in the field office. 

:-> 

5. Team meetings will comprise the final phase of mobilization. Meetings 
will focus on project health and safety requirements, installation 
policies and procedures to be followed (e.g., utility clearances), 
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field sampling procedures, site preparation and access requirements, - 
and drilling requirements (e.g., decontamination, waste handling, and ' '. 
well installation). 

6. During field programs, morning health and safety meetings will be held 
prior to commencement of the day's field activities. 

4.4.2 Unexploded Ordnance Clearance Survey Unexploded ordnance (UXO) clearance 
surveys will be conducted by a qualified UXO consultant or Navy explosive 
ordnance disposal (EOD) personnel to determine the location of UXO located both 
within the surface and subsurface of a POI. Clearance surveys will be conducted, 
prior to any field exploration activities, at POIs that have been designated as 
potential UXO sites. The clearance survey consists of conducting records review, 
visual sweeps, and geophysical survey sweeps of designated areas. Results of the 
survey will be used to assess the need of removing UXO from any exploration 
location, including borehole clearance during drilling. 

4.4.2.1 Records Review The UXO consultant will initially collect all pertinent 
data available including (1) review of base records and (2) conductance of 
interviews with appropriate base personnel. The information will be evaluated 
and combined with the actual onsite clearance data to evaluate the levels, types, 
and boundaries of potential UXO within designated POIs. 

4.4.2.2 Visual Sweep Survey A surface, 
minimum of two EOD trained specialists, 

visual sweep team, consisting of a 
will conduct a visual search and 

clearance of the designated areas. Hazardous UXO items visually located by the s 
sweep team will be marked with stakes. Removal of hazardous UXO items will be f--k 
conducted by either the UXO consultant or EOD installation personnel. Hazardous 
UXO items that can be safely moved will be collected and placed at a designated 
ordnance holding area. 

4.4.2.3 Geophysical Sweep Survey Following the visual sweep survey, the UXO 
consultant will perform a geophysical sweep survey of designated areas. 
marking stakes and lines, as necessary, 

Using 
the UXO specialist will mark the outer 

perimeter of each survey site. The geophysical survey team will conduct a 
subsurface electromagnetic search of the survey area using a military-approved 
ordnance locator. This hand-held unit is the most recent military-approved 
locator currently in use for detecting subsurface ordnance items by the U.S. 
Military EOD forces. An ordnance locator uses two fluxgate magnetometers that 
are aligned and mounted a fixed distance apart to detect changes in the earth's 
ambient magnetic field caused by ferrous metal or disturbances caused by soil 
conditions. 

The EOD specialist will use the ordnance locator and move along each line of the 
survey grid. When a subsurface anomaly is detected, the specialist will check 
the ground with his hand to determine if the contact is on, or just below, the 
surface. If the contact is buried, the UXO consultant will mark the spot and 
continue until the fade out zone is established for each contact. 

Any excavation deemed necessary will be completed by hand, or with hand tools, 
in accordance with EOD procedures. Items located by the UXO team will be marked 
and subsurface diagnosis will be performed by an EOD team with non-sparking 
tools. An EOD technician will be present to ensure safety and to verify all 
excavations. The items will then be recorded on the survey grid data sheets. 
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4.4.2.4 Borehole Clearance 
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Prior to any drilling activities in UXO designated 
areas, the EOD specialist will surface sweep the access to the boring sites. The 
sweep wili encompass a minimum access way of 25 feet and a drilling site area of 
approximately 70 feet in diameter and 10 feet deep at designated boring 
locations. Both ferrous and nonferrous locators will be used to achieve a high 
effectiveness of the surface sweep. At designated sites, boreholes may be 
cleared at the surface and every 5 feet thereafter by removing the augers and 
inserting the probe of the ordnance locator to the bottom of the borehole. This 
procedure will be followed to a minimum depth of 10 feet. 

4.4.3 Surface Geophysical Survey Geophysical sumeys can be used to identify 
buried objects or features such as utility lines or pipes, former d:isposal 
trenches or pits, buried drums, and/or waste material. Geophysical techniques 
commonly used as part of field investigations include GPR, magnetometry, and TC. 
Using more than one individual survey technique in a given area provides for 
correlation of anomalous features and a more comprehensive interpretation. 

4.4.3.1 Magnetometry Magnetometers can be used to locate buried steel 
containers, define boundaries of pits or trenches filled with ferrous debris, and 
locate ferrous underground utility pipes and electrical conduits. Magnetometers 
me&ure the'i,ntensity of the earth's magnetic field. 
cause variations in the magnetic field, which, 

Buried ferrous objec:ts can 
in turn, can be detected by the 

magnetometer. 

Measurements can be collected at individual stations located on a grid, or 
continuously along traverse lines. Presentation of the data is typically limited 0 
to profile lines or contour maps showing the location of the magnetic anomaly. 

The magnetic gradiometer consists of a pair of total field magnetic sensors 
mounted on a survey pole. The sensors are designed to measure magnetic field 
strength. Simultaneous readings from each sensor with the survey pole held 
vertically provides the gradient value by calculating the difference in total 
field strength between each sensor. The magnetometer thus provides both total 
field and magnetic gradient values at the same time. The unit is equipped with 
a portable data logging device to record individual gradient and total field 
strength readings. The particular advantage of this surveying technique is that 
it is fully portable and self contained. Access limitations associatedwith some 
geophysical surveying methods (e.g., cables and the need for field support 
vehicles) need not be considered with this form of geophysical survey. 

Data will usually be collected at pre-established grid nodes within a survey 
area. The grid nodes will be marked in the field with flagged stakes for 
collecting data and locating interpreted magnetic anomalies later. Data stored 
in the portable data logger is down-loaded to a personal computer for processing. 
Processing includes establishing a uniform grid data set over the area sumeyed 
and contouring the results. At the completion of the survey, interpretation of 
the contoured gradient and total field data will be conducted and anomalies 
marked in the field with labeled flagged stakes. Surveying limitations may occur 
in areas where interference from fences, railroad tracks, power lines, and 
surficial ferrous metal debris exist. These areas will be avoided, where 
possible, during the survey. 

The magnetometry method requires a two-person crew consisting of one instrument 
operator to collect data at the designated survey nodes, and an assistant to 
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maintain field mapping notes on observed landmarks and surficial features that 
may affect magnetic readings. Field maps will be used as an integral part of the 

‘J-5 

interpretation of magnetic anomalies. A magnetic base station will be 
established and total magnetic field data collected periodically to monitor 
diurnal variations in the earth's magnetic field so that corrections to the total 
field data from the survey can be made if necessary. 

4.4.3.2 Ground Penetrating Radar GPR uses electromagnetic waves in the 
frequency range of 80 to 1,000 megahertz to define subsurface stratigraphy. With 
the GPR technique, electromagnetic energy is radiated downward into the 
subsurface from an antenna that is pulled slowly across the ground at speeds 
varying from about 0.25 to 5 miles per hour (mph), depending on the amount of 
detail desired and the nature of the target. The radio wave energy is reflected 
from surfaces where there is a contrast in the electrical properties of 
subsurface materials. These surfaces may be naturally occurring geologic 
horizons (e.g., soil layers, changes in moisture content, voids, and fractures 
in bedrock) or manmade (e.g., buried utilities, tanks, drums, or dunnage). The 
reflected energy is processed and displayed as a continuous strip chart recording 
of distance versus time, where time can be thought of as 
proportional to depth. 

approximately 

specific, 
The depth of penetration of a GPR system is highly site 

and generally depends on the soil types at the site (clean sands are 
best), moisture conditions (dry is best), and the frequency of the antenna (the 
lower the frequency, the deeper the penetration and the less the resolution). 

The GPR unit will generally be operated from a utility vehicle with the remote 
transmitter and receiver antenna towed either manually or behind the vehicle. l 

Reflected radar signals, transferred to a graphic strip chart recorder on the GPR L-+-b 
unit, will be interpreted directly in the field. Interpreted reflectors will be 
marked at the surface with flagging or spray paint during the survey. 

Several factors may adversely affect the quality, and the ability to collect 
interpretable data. They include: physical access limitations for both the 
utility vehicle and towed antenna, contrasts in electrical properties between 
soil and subsurface targets (clay pipe and concrete tanks are more difficult to 
locate than metallic objects because of the lower contrast), the size and depth 
of subsurface objects (deeper and smaller objects are more difficult to locate), 
and the clay content and degree of water saturation of soils. 
soils 

Wet, clay-rich 
can significantly attenuate the radar signal making interpretation 

difficult and sometimes impossible. 

Proposed survey lines will be concentrated in areas where the targets are likely 
to exist for better resolution. 
collection, 

Because of the inherent flexibility in data 
actual GPR survey lines can be easily modified in the field based on 

preliminary interpretations. Survey line spacings will be increased or decreased 
in response to success of data collection efforts at the time of the survey. The 
survey will generally be conducted by a two-person crew. 

4.4.3.3 Terrain Conductivity (TC) TC surveys have traditionally been used in 
mineral exploration for tracing conductive ore bodies (i.e., massive sulfides). 
More recently, TC surveys have been widely used not only for tracing conductive 
contaminant plumes in groundwater, but for mapping landfill boundaries and zones 
with high concentrations of metal, 
conductive soil. 

as would occur in a drum repository, and 
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Because the instrument never comes in contact with the ground, data acquisition 
is quite rapid. However, quantification of conductivity data to yield a layered- 
earth solution as is commonly done with earth resistivity techniques yields only 
simple solutions that should be regarded as approximate. 

This instrument consists of a transmitter and receiver. When a measurement is 
made, the transmitter is energized by an alternating current that produces a 
primary magnetic field. This artificial magnetic field induces small electric 
currents to flow in the earth, which, in turn, produce a secondary magnetic field 
made up of two components: the quadrature-phase and in-phase components. The 
secondary magnetic field is related to the transmitter and receiver separation 
and to the operating frequency of the transmitter, both of which are selected by 
the operator. The ratio of the quadrature phase of the secondary field to the 
primary field is linearly proportional to the terrain conductivity. This ratio 
is measured by the receiver and converted into conductivity values in units of 
millimhos per meter. 

Field measurements may be recorded on a digital data logger, which is capable of 
recording simultaneously both the quadrature-phase andin-phase components of the 
induced' magnetic field. The quadrature-phase component gives the ground 
c,onductivity value in millimhos per meter. The in-phase component is signifi- 
cantly mdre sensitive to metallic objects and may be useful for rough screening 
for buried metal objects. Data from the in-phase component may be thought of as 
being equivalent to a metal detector survey. Data will be logged continuously 
along survey lines yielding conductivity profiles, or at selected grid nodes. 
In either case, data will be down-loaded from the data logger and processed into l 

a map to provide for a comprehensive interpretation of conductivity anomalies. 

Physical access is generally not a problem because of the inherent portability 
of TC equipment. Surficial features, such as chainlink fences, automobiles, 
buildings, and railroad tracks can, however, cause significant interference in 
TC data. Areas possessing these types of features will be avoided, to the extent 
practical, during surveying. 

The survey method is commonly conducted by a two-person crew. One person 
operates the TC unit and data logger; the other logs surface landmarks and 
reference points on a hand-drawn map. The map is used in conjunction with 
processed TC data to provide a more accurate interpretation of anomalies.. The 
map will also be used to assist in flagging areas in the field where TC anomalies 
have been identified. 

4.4.3.4 Seismic Refraction Profiling Seismic refraction profiling is an 
indirect means of determining the thickness and velocity values of the various 
seismic layers underlying a site. There is often a direct correlation between 
geologic strata and the layers defined during a seismic refraction investigation. 

The basis for the interpretation of data is the amount of time required for 
elastic waves, generated at a point source, to travel to a series of sensitive 
listening devices called geophones, or seismometers. Geophones are placed at 
known intervals along a straight line on the ground surface and connected by 
special multi-conductor cables to the seismograph. The cables are known as 
seismic spread cables and the array of geophones and cables is called a seismic 
spread. The seismograph is the device that records the elastic wave arrivals 
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from the energy source along the seismic spread, acquiring separate data for each 
geophone position. 

The seismic waves detected in a seismic refraction survey and used for depth 
calculations and the identification of materials are rtPW (compressional) waves. 
This wave travels through earth materials as a series of compressions and 
rarefactions. Just as sunlight bends when it passes through a glass prism 
(refraction), so sound waves bend as they travel deeper into the earth through 
the various layers of soil and rock. Because they are bent, they eventually 
return to the surface as refracted seismic waves. Careful measurement of the 
transit times between the energy source and each geophone enables interpretation 
of subsurface structure. The thickness and velocity values of various soil and 
rock layers can be computed. In the same manner, seismologists have learned 
about the interior of the earth by carefully measuring the arrival of seismic 
waves generated by distant earthquakes. 

Field Procedure for Data Acsuisition. Seismic spread cables, which have 
pre-measured shotpoint and geophone locations, are positioned along the lines of 
investigation. Geophones, which have a spiked base to provide good ground 
contact, are positioned at measured locations along the seismic spread cables. 
Either a weight impact (sledge hammer) or small buried charges of explosives 
provide the seismic energy source. If explosives are necessary, shotholes are 
usually prepared with a driven rod (not excavated) to ensure good ground 
coupling. The blaster tamps the explosives tightly and notes the depth and 
amount of explosives in each shothole. 

Seismograms are obtained using a portable signal enhancement seismograph. This ,"- 
instrument records the wave arrivals from the energy source along the seismic 
spread, acquiring separate data for each geophone position. Timing lines across 
the entire recording allow direct reading of wave arrivals to an accuracy of .l 
millisecond. The signal enhancement capability refers to the ability of the 
instrument to record the seismic waves from several impacts (or explosions), add 
them electronically, and retain these data in its internal digital memory for 
later processing and interpretation. The enhanced signal improves data quality 
and greatly simplifies interpretation. 

Generally, the field party will obtain several recordings (seismograms) along 
each seismic spread. Seismograms are generated with the energy source at each 
end, and others may be obtained by energy generation in the middle, and at other 
positions along an individual seismic spread as necessary. 

Continuous profiling is accomplished by having an end shotpoint of one seismic 
spread coincident with an end or intermediate position shotpoint of the 
succeeding spread. The length of each spread is determinedby the required depth 
of penetration. Seismic spreads of varying lengths can be used in a study; the 
deeper the required penetration, the longer the spread must be. 

Interpretation. The data are interpreted by first accurately measuring the 
individual transit times at each geophone position, then constructing a graph of 
these times versus their distance from the energy source. The geophysicist then 
determines by inspection of the time-distance graphs the number of subsurface 
seismic layers present. Straight line segments of best fit are drawn onto the 
graphs with each layer represented by a line of different slope. The inverse of 
the slope of each line is the (apparent) velocity value for each layer. The 
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distance, x, 

1"1 

from the energy source to the "crossover point" between two layers 
is proportional to the thickness, D, of the overlying layer. 

Depth calculations are made using standard critical distance formulae of the form 

. . . (3) 

where D, is the thickness of the nth layer, %+I, and is the critical distance for 
the dee'pest refractor, 
v 

designated as the nil layer of se?smic velocity value 
n+l* - 

There are several limitations, discussedbelow, of seismic refraction exploration 
that should be restated whenever such a study is planned so that expectations are 
reasonable. 

Accuracy. The accuracy of any measurement or calculation (depth, velocity, or 
critical distance) is generally limited to within plus or minus 10 to 15 percent 
of its "true" value. For example, if a depth to a refractor (bedrock) is. 
calculated from refraction measurements to be 50 feet, then one might reasonably 
expect that if one were to confirm the depth to rock through drilling, that 
bedrock would be encountered at a depth of 50 plus or minus 5 to 7.5 feet, or 
42.5 to 57.5 feet bls. 

Layer Thickness and Velocity Relationships. 
refraction, 

To be detected by seismic 
a target refractor must have 

contrast with overlying layers. 
sufficient thickness and velocity 

A general guideline that can be used is that a 
target refractor should have a seismic velocity value of at least 1.2 to 1.5 
times the velocity of the overlying layer and a thickness of from 0.5 to 1.0 
times the combined thickness of the overlying layers. The greater the contrast 
invelocity between the target refractor and the overlying layer, and the greater 
its thickness, the more accurately it canbe mapped.' Conversely, the smaller the 
contrast in velocity and the thinner the target refractor, the less likely that 
it will be mapped accurately. In fact, as the velocity contrast or thickness 
approaches smaller and smaller values, there is a point at which the layer will 
no longer be detected by seismic refraction. 

Seismic Velocity Increases with Depth. Interpretation and data processing of all 
seismic refraction data make the assumption that the velocity value at which 
sound waves travel through subsurface 
Generally, 

materials will increase with depth. 
this assumption is both reasonable and valid, although there are 

notable exceptions. When seismic refraction measurements are made on asphalt or 
concrete surfaces, the asphalt or concrete "layer" 
than the underlying fill or soil materials. 

is always of higher velocity 
These data must be usedwith caution 

and with the knowledge that sometimes such data will not be useable. Refraction 
surveys in karst terrain with limestone deposits underlain by shale or weathered 
bedrock would also fall into this category. 
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Uneven Terrain and Crooked Traverses. There are many pitfalls to the successful 
interpretation of seismic data that are not controllable, but two common pitfalls 

F---x 

that are controllable are avoiding uneven terrain and avoiding unnecessary bends 
along seismic traverses. Uneven terrain along a traverse causes otherwise flat- 
lying layers to behave as if they were dipping alternately in one direction, then 
in the other, depending on which side of a slope the observer is. If traverses 
canbe positioned generally parallel to topographic contours, interpretationwill 
generally be more reliable. 

For crooked seismic traverses, the measured distance between geophones and the 
energy source will be different (shorter) from that of a straight traverse. This 
will shorten the arrival times between the energy source and each geophones. 
Traverses with significant bends will need to be time-corrected in accordance 
with the geometric relationships between the energy source and each geophone. 

Low Velocity Effects from Organic Surface Materials. Care must be taken to 
position individual 'geophones (generally fitted with a spiked base) such that 
root matter and peat zones are avoided. Each foot of low velocity surface 
material through which seismic waves travel is equivalent to perhaps 5 to 10 
times an equivalent thickness of saturated overburden materials. Not accounting 
properly for these time delays can lead to erroneous interpretation. The 
identification of various materials can be made with a knowledge of seismic 
velocity values based on other engineering studies, and on correlations with 
various test borings taken near seismic lines. 

4.4.4 Test Pits Test pits may be excavated to collect subsurface soil samples. 
and characterize shallow subsurface soil conditions. The following discussion F-3. 
outlines test pit excavation procedures: collection of test pit soil samples is 
outlined in Paragraph 4.5.1.2. Test pit excavation will be directedby the field 
geologist. 

To expedite the sampling and record keeping efforts and to minimize periods of 
potential exposure during the excavation of test pits, the sampling crew will 
have sufficient tools and equipment to sample each pit prior to requiring 
decontamination. The backhoe, bucket, and boom will be decontaminated before 
each new test pit in accordance with procedures outlined in Subsection 4.3.4. 

The actual layout of each test pit, temporary staging area, and spoils pile will 
depend on site conditions and wind direction at the time the test pit is made. 
During excavation, sampling, and logging of each test pit, the backhoe operator 
and all site personnel will remain upwind or crosswind of the test pit and spoils 
pile. Wind direction will be monitored by means of a wind sock or other banner 
located in a prominent position visible to all personnel. 

Preselection and the use of hand and horn signals is important during completion 
of test pits due to noise levels around the machine. The sampling crew and 
backhoe operator will rehearse appropriate signals ahead of time and be 
thoroughly familiar with their meaning. 

Test pits will be logged by the field geologist as they are excavated. Records 
of each test pit will be made on prepared forms or in a field book (Figure 4-l). 
If the log is made in a field book, it will be transcribed to prepared forms. 
These records include plan and profile sketches of the test pit showing all 
materials encountered and their depth and distribution in the test pit and sample 
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locations. 

n information. 
These records will also include safety and sample screening 

label counts. 
This format provides a cross check with COC records and sample 
Photographic logs will be recorded in the field logbooks. 

The actual depth of samples obtained from each test pit will be selected at the 
time the test pit is excavated. Additional samples of each residue phase and any 
fluids encountered in each test pit may also be collected. 

Before the test pit is excavated, the backhoe and backhoe bucket will be 
decontaminated as discussed in Subsection 4.3.4. Test pits will be excavated in 
the following manner. 

1. The sampler and subcontractor (including the backhoe operator) will 
plan the excavation. 

2. After the area to be excavated has been cleared, the backhoe operator 
will excavate the test pit proceeding in increments as planned by the 
sampler and subcontractor. 

3. After each increment, the operator willwaitwhile the sampler inspects 
the test pit to decide if conditions are appropriate for sampling. . 

4. If conditions are suitable for sampling, discrete samples from 
appropriate intervals may be collected from the bottom or sides of the 
test pit with the backhoe bucket. Normally, test pits are not entered 
by any personnel for sampling. Test pits must never be entered unless' 
the excavation conforms to OSHA requirements (see Volume II, Appendix J> . Note proper depths and locations of sample collection in the field 
log. 

5. The backhoe operator, who will have the best view of the test pit, will 
immediately cease digging if: 

. any fluid phase or groundwater seepage is encountered in the test 
pit, 

. any drums or other potential waste containers are encountered, 

. distinct changes of material are encountered, or 

. the field geologist directs the operator to cease digging. 

This action is necessary to permit proper sampling of the test pit and to prevent 
a breach of safety protocol. For instance, should any fluids or seepage be 
encountered, they could, after suitable screening and monitoring, be sampled. 
Waste and sludge deposits could likewise be sampled before proceeding. Should 
uncollapsed drums be encountered, the test pit will be terminated, backfilled 
carefully to- avoid damage from rocks, etc., flagged to identify the location of 
the buried drums, and redug at an adjacent location. Under no circumstances will 
any personnel open and/or sample any buried drums. The field investigation task 
leader will immediately notify the project manager and other personnel, as 
appropriate, so that a course of action, 

F ations, 
including health and safety consider- 

may be initiated. 
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Test pits will be secured, when open, during the day and backfilled at the end - 
of each day. Cleanup procedures at the conclusion of a test pit exploration 
include proper disposal of cuttings, decontamination of the backhoe and sampling 
equipment, removal of plastic sheeting, and completion of the field logbook 
and/or data sheets. 

4.4.5 TerraProbe% Surveys The TerraProbe% system can be used to conduct soil 
vapor, soil, and groundwater surveys. These 
information that can be used to optimize 

surveys provide screening 
the location of soil borings and 

monitoring well installations and to assess VOC contamination in the vadose zone. 

The TerraProbe% system consists of a hydraulic ram unit with the capability of 
driving 3/4-inch diameter rods and stainless-steel sampling probes into the 
subsurface for sample collection. The entire system is mounted in, and operates 
out of, a standard cargo van. The system is unfolded from the rear of the van 
and the steel probe assembly is advanced to the desired depth. The closed probe 
point is then released using internal rods, allowing the point to recede into the 
probe when it is advanced further. To obtain a soil sample, the probe is then 
advanced another 12 inches, collecting a sample inside the tube. Water samples 
are collected by allowing formation water to flow into a slotted probe tip. 
Water within the probe is then purged and sampled using a low flow rate sampling 
pump or a bailer. The collection of groundwater samples via the TerraProbe= 
method is dependent on sufficient saturated thickness of overburden soils and an 
adequate rate of inflow through the probe tip. For soil vapor, a vacuum is 
applied to the drive rods and a sample is collected in a syringe. 

Soil gas surveys are performed by driving a probe into unsaturated soil to a 
designated depth (i.e., 5 feet). Probe depth depends on site-specific factors 
such as type of soils, depth to groundwater, location of underground utilities, 
and potential source and type of contamination anticipated. After the probe is 
in place, a soil gas sample is extracted and analyzed using an FID or PID and an 
electron capture detector. 

As an alternative to sampling gaseous soil organic vapors, soil samples may be 
obtained from discrete depths in the vadose zone and GC screened. An extraction 
will be performed on the soil samples in the field laboratory and each sample GC 
screened using purge and trap techniques (see Section 4.6). The purge and trap 
soil screening will improve data quality while assessing the distribution of VOC 
contamination in the vadose zone. 

Groundwater and soil samples may be field analyzed according to the field 
laboratory analyses outlined in Section 4.6 (see Paragraph 4.5.1.3 for 
TerraProbe% sampling procedures). 

4.4.6 Exoloratory Drilling Soil borings will most often be drilled using 
hollow-stem auger (HSA) drilling and split-spoon sampling techniques where 
confirmatory soil and groundwater sampling is needed and where exploration depths 
exceed 5 feet. If conditions are encountered where the HSA method cannot be used 
(i.e., caving or running sands), 
investigative techniques, 

or another method becomes advantageous, other 

be used. 
such as mud or air rotary or cased borehole methods may 

Split-spoon samples will be collected either continuously (i.e., the 
0- to l-foot interval, then every 2 feet thereafter to the water table) or at 5- 
foot intervals, depending on site-specific data needs. 
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A qualified drilling subcontractor will supply the necessary type and number of 
drilling rigs capable of performing the drilling technique appropriate for the 
existing subsurface conditions. 
Plan, 

Prior to implementing the proposed drilling 
the drilling subcontractor will: 

. secure and comply with any required boring or well drilling permits, 

. arrange drill sites (e.g., the drilling subcontractor will have 
containment materials on hand) to minimize the potential for the 
possibility of spills and leaks from the drilling operation entering 
the borehole, 

. clean drilling equipment prior to movement to the site (see Section 
4.3), and 

. store well drilling equipment and well installation supplies in the 
staging area. At each drill location, clean equipment and supplies 
will be temporarily stored on sheets of disposable polyethylene 
sheeting to eliminate contamination from the native soils at the well 
location. 3 

Soil borings will be used to obtain characterization and confirmatory samples for 
laboratory analyses. A geologist will be present during the drilling of borings 
and installation of monitoring wells. The geologistwillmaintain drilling logs, 
collect appropriate samples, and be equipped as required to perform this task 
appropriately. Subsurface split-spoon soil samples will be collected and logged* 
using the Unified Soil Classification System (USCS). Typically, soil samples 
will be collected in accordance with Level III or IV DQOs, depending on the 
requirements of the task. In general, samples collected for laboratory analyses 
will be selected based on previous field screening results, field monitoring 
results (i.e., elevated PID, FID, or GC readings), visual examination, and/or at 
pre-designated depth intervals. Most soil boring locations will correspond with 
monitoring well installations. Soil borings not used for monitoring well 
installations will be abandoned and grouted to ground surface. 

Drilling of shallow borings will be conducted using 4.25-inch inside diameter 
HSAs.. If the site geologist determines that due to geologic conditions, augers 
cannot be used, borings will be advanced using an alternative method. If a 
boring is to be completed as a bedrock monitoring well, a surface casing will be 
placed through the overburden to the bedrock surface, followed by mud rotary 
drilling until the desired depth has been attained. 

. Potable water for drilling and decontamination will be obtained from a 
source that has been approved by the Navy (Section 4.3). 

. Drilling will be conducted by an approved drilling consultant. 

. Drilling tools and rigs will be steam-cleaned prior to being delivered 
onsite. Drilling rigs and tools will be decontaminated in accordance 
with procedures outlined in Subsection 4.3.4 prior to beginning any 
borings, and between borings and well installations. 

. Well screen and riser will be cleaned prior to installation. Well 
materials will be ,cleaned at the decontamination area in accordance 

NTC-OrlPOP 
MVL07.94 4-25 



Chapter No.4, Revision No. 0 
DateJulv 13, 1994, Pagexofa 

with Section 4.3, and wrapped in plastic sheeting prior to transport to 
the drill site. All surfaces coming into contact with decontaminated 

f---k 

well materials will be covered with plastic sheeting. 

Drill cuttings and drilling fluids will be inspected visually for discoloration 
or other indications of contamination and screened with a PID or FID every 5 feet 
drilled or at every split spoon collected, whichever is more frequent. Drilling 
fluids or cuttings will be contained and disposed as described in Section 4.10. 

The boring methods employed at a given site are selected on the basis of 
subsurface conditions. The Consultant will prepare detailed drilling.specifi- 
cations that govern the drilling subcontractor's effort. These specifications 
will be modified on a site-specific basis to reflect the needs of each project. 

4.4.6.1 Auger Borings With this technique, HSAs are advanced into the soil. 
Drill cuttings are compressed laterally and carried upwards on the auger flights. 
The bottom opening in the hollow stem of the auger is blocked with a plug while 
the auger is advanced. When the desired sampling depth is reached, the plug is 
removed and a sample is obtained from below the bottom of the auger. The 
advantages of the HSA technique include: 

. simplicity of procedure, 

. low risk of personnel exposure, 

. can be used to obtain soil samples from a wide range of subsurface l 

conditions, 

. drilling fluids are generally not required, and 

. availability of equipment. 

The disadvantages of the HSA technique include: 

. difficulty in penetrating excessively cobbled or bouldered soils, and 

. difficulty in sampling granular soils below the water table because, 
without drill fluids, there are no practical means to maintain 
hydrostatic equilibrium in the borehole. When the plug is withdrawn, 
water and sediment from outside the augers may enter the borehole, 
potentially causing contamination and difficulty in sampling undis- 
turbed soil below the bottom of the augers. 

4.4.6.2 Water Rotary Drilling fluid is pumped down the drill rods and through 
a bit that is attached to the lower end of the drill rods. The fluid circulates 
back to the surface by moving up the annular space between the drill rods and the 
wall of the borehole. At the surface, the fluid discharges through a pipe and 
enters into a segregated or baffled sedimentation tank. The settling tank 
overflows into a suction tank where a pump recirculates the fluid back through 
the drill rods. The advantages of this drilling technique are: 

. simplicity of procedure, 

. low risk of personnel exposure, 
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can be used to obtain soil samples from a wide range of subsurface 
conditions, 

. can be used to obtain samples from depths greater than 100 feet, and 

. availability of equipment. 

The disadvantages arise from the need to use a drilling fluid. The drilling 
fluid used will be from an approved water source. Drilling additives will not 
be used unless soil pore-pressures or other down-hole conditions require a 
heavier drilling fluid. The drilling fluids and cuttings removed from the 
borehole will require collection, containerization, and transportation to a 
suitable onsite disposal or staging site. 

In sediments such as limestone, loss of drilling fluid circulation may occur, 
necessitating other rotary drilling techniques, such as air rotary. This 
procedure is essentially identical to water rotary, except pressurized air is 
pumped through the drill rods and drill bit, forcing formation water and drill 

'cuttings up the annulus to land surface. L. , 

4.4.6.3 Monitoring Well Installation Monitoring wells will be constructed of 
materials in accordance with National Sanitary Foundation (NSF) Standard 14 and 
SOUTHNAVFACENGCOM Guidelines for Groundwater Monitoring Well Installation 
(Appendix A), and installed in accordance with USEPARegion IV ECBSOPQAM (USEPA, 
1991c) guidelines. The reader is also referred to Statement On Use of Alternate 
Monitoring Well Materials (Appendix A, Part 5). In the event of a conflict, the, 
USEPA specifications will be followed with the exception of the use of well 
materials. Care will be used in steam cleaning well materials to ensure 
integrity is maintained. 

A geologistwillbe present during monitoring well installation to record details 
of the well installation. Monitoring wells will be installed in borings .unless 
the lithology requires abandoning the boring. Abandoned borings will be grouted 
in the presence of the site geologist. 

For purposes of well abandonment or monitoring well installation, grout will 
initially be mixed to consist of 20 parts Portland Type II or V cement to one 
part bentonite by weight, with a maximum of 8 gallons of approved water per 94- 
pound bag of cement; however, these proportions may be modified to meet field 
conditions, with Navy approval. This grout mixture will also be used as 
necessary for backfilling soil borings not completed as wells. All grout 
materials will be combined in an above-ground rigid container or mixer and 
mechanically, not manually, blended onsite to produce a thick, lump-free mixture 
throughout the mixing vessel. The mixed grout will be recirculated through the 
grout pump prior to placement. Grout will be placed using a grout pump and 
tremie pipe. The grout pump for recirculation and placement will be a 
commercially available product specifically manufactured to pump cement grouts. 
The tremie pipe will be of rigid, not flexible, construction. Drill rods, rigid 
PVC, or metal pipes are acceptable tremies. Hoses and flexible PVC are 
unacceptable. Grout placement, via gravity and the grout head, using an elevated 
grout tank is expressly prohibited. 

!“““I All well installations will begin immediately after boring completion. Once 
begun, they will continue uninterrupted, to the extent possible, until 
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completion. In all cases, the well screen and casing will be cleaned in 
accordance with procedures described in Subsection 4.3.4. All well screens will 

f--x 

have a bottom plug. 

The following materials will be used in monitoring well construction. 

. Two-inch inside diameter, Schedule 40, threaded, flush-jointed, PVC 
screen and riser pipe will be used. No PVC solvent will be used. The 
well screen will be factory-slotted, with a slot width of 0.010 inch. 
A loose-fitting PVC cap will be used to cover the top of the well riser 
and to allow equilibrationiof the well water level with atmospheric 
pressure. Water table well screen lengths will typically be 10 to 15 
feet in length. Monitoring well depths and screened intervals will 
depend on POI-specific data objectives. Whenever possible, shallow 
wells will be installed so that the screen will intersect the water 
table during all seasons. 

. Clean silica sand'used in the filter envelope around the well screen 
will be selected to be compatible with both the screen slot size and 
aquifer materials. The sandpack will extend a maximum of '2 feet below 
the bottom of the well screen to 2 feet above the top of the screen. 

. A minimum of 2 feet of bentonite pellets or slurry will be used in the 
seal, and will be a commercially available product designed for well 
sealing purposes. The bentonite or slurry seal will be allowed to 
hydrate for the manufacturer's recommended hydration time. As an. 
alternative, fine-grained sand may be used in place of hydrated n 
bentonite for monitoring wells that straddle the water table. The 
decision to use bentonite or fine-grained sand will be made on a case- 
by-case basis. 

. A cement-bentonite grout will be placed in the annular space above the 
seal layer. The cement-bentonite grout seal will extend from the top 
of the bentonite seal to ground surface. Grouting will be completed as 
a continuous operation in the presence of the field geologist. The 
grout will be pumped into the annular space under pressure using a 
tremie pipe placed at the top of the bentonite seal to ensure a 
continuous grout seal. The protective casing will be sealed in the 
grout. 

. At least one sample each, 0.5 pint in volume, of the granular backfill, 
bentonite, mud, or other material used as part of a well installation 
will be taken from each shipment of materials and stored with the soil 
samples. 

. Monitoring wells will either be flush-mounted with protective steel 
casing at ground surface or will have aboveground protective casings to 
protect the well riser. Aboveground wells in high traffic areas will 
be surrounded by four protective steel posts. Protective steel casings 
will be equipped with locking covers. The same key will be used for 
all padlocks that will be placed on new monitoring wells at HTG, 
Orlando. A concrete seal and concrete pad will be placed from the top 
of the grout to the ground surface around each protective casing to 
secure the casing, prevent surface runoff from entering the borehole, 
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and to direct runoff away from the casing. 
measure 3 foot by 4 foot by 6 inches. 

The concrete pad shall 
The aboveground parts of both 

the well riser and protective casing will be vented. The protective 
casing will have two weep holes near ground level to allow water to 
drain from inside the casing. A reference mark will be placed on each 
PVC monitoring well riser pipe for water level measurements. Wells 
will be permanently and properly identified as specified in SOUTHNAV- 
FACENGCOM guidance (Appendix A) and USEPA ECBSOPQAM guidance (USEPA, 
1991c). 

. A sketch of the well installation will be included with the boring log. 
It will show, by depth, the bottom of the boring, screen location, 
granular backfill, seals, grout, water level, cave-in, and height of 
riser above ground surface. 
seals, 

The actual composition of the grout, 
and granular backfill will be recorded on each sketch. 

4-2 illustrates a typical well installation diagram. 
Figure' 

. Well sketches will include the protective casing detail. 

Modifications to monitoring well installation requirements may be necessary if 
the depth to groundwater is shallow. The bentonite seal and sand-pack extension 
may be reduced, though it is preferred that the bentonite seal be not less than 
2 feet. Modifications to installation requirements will only be implementedwith 
prior approval from the Navy. 

4.4.6.4 Monitoring Well Development The development will be performed as soon' 
as practical after well installation, but not sooner than 24 hours after grout 
set time and optimally after the protective casing installation. 
data will be recorded during well development : 

The following 

. well designation; 

. date and time well installation completed; 

. date and time of development; 

. static water level before and after development, including depth to 
water and depth to well bottom; 

. quantity of drilling fluid lost during drilling; 

. quantity of standing water in well and filter pack (30-percent porosity 
assumed for calculation) prior to development; 

. specific conductivity, temperature, turbidity, and pH measurements 
taken and recorded during development after removal of each well volume 
(calibration standards will be run prior to and after each day's 
operation in the field); 

. screen length; 

. sy rom top of well casing to top of sediment inside well, before 
and after development; 
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DEPARTMENT OF THE NAVY 

SOUTHERN DIVISION 

NAVAL FACILITIES ENGINEERING COMMAND 
CHARLESTON. SC. 

kfF’ L CQNSTRUCTIQN nFTAIL 

WELL NUMBER: 

DATE OF INSTALLATION: 

L Height of Casing above ground: _ 

2. OeDth to first CouDlinO _ 

CouDiing Interval DeDths: _ 

3. Tot& Lmglh of Riser Pips - 

4. Type of Riser Pipe: 

5. Length of Screens _ 

6. Type of Screen: 

7. Length of Sump: _ 

6. Tolet OeDlh Of Boring - 

9. Diameter of Boring _ 

10. Depth lo Bottom of SUeen: - 

IL Type of Screen Filter: - 

Ouanlity Used: - Size: _ 

(2. Depth to TOD of Filter: - 

13. fyoe of Seat: - 

Ouantity Used - 

14. DeDth to Top of Seat - 

15. Type of Grout: 

Grout uiiturt: 

Uethod of Placement: - 

l6. Tot. Depth of S in. Steel Casingz - 

COMMENTS ON INSTALLATION 

WELL CONSTRUCTION DETAIL 

9-03 940308WEM 

Y----x , 

n 
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.  physical character of removed water, including changes during devel- 
,,opment in clarity, color, particulates, and odor; 

. type, size, and capacity of pump and/or bailer used; 

. height of well casing above ground surface; and 

. quantity of water removed and time for removal. 

This information will be documented on a Well Development Record (Figure 4-3) 
and/or in the field log book. Well development will be performed using a bailer, 
hand pump, air-activated surge pump, or electric-powered submersible pump. 
Bailers will be used to develop wells only where the recharge rate of the well 
is so slow that other development methods are clearly inappropriate. The pump 
will be periodically raised and water in the piping allowed to drain back into 
the hole in order to induce flow out through the well screen. A surge block may 
be used, in instances where field personnel expect that development may be 
improved by its use. Generally, neither water or air will be added to the well 

However, to aid in development. if deemed appropriate, water jetting and 
simultaneous pumping may be used if the water source is known to be free from 
contamination. All well development equipment will be decontaminated prior to 
use in the next monitoring well (see Section 4.3). Development fluids will be 
containerized and handled as described in Section 4.10. 

A well is considered to be fully developed when all the following criteria are 
met: . 

. the well water is visually clear to the unaided eye and/or field 
parameters of pH, specific conductance, and temperature have stabilized 
to within 10 percent; and 

. the total volume of water removed from the well equals five times the 
standing water volume in the well (including the well screen and casing 
plus saturated annulus, assuming 30 percent porosity) plus five times 
the volume of drilling fluid lost. 

The well must be allowed to stabilize a minimum of 24 hours after well 
development before groundwater sampling. 

4.4.7 Soil Gas Surveys Soil gas analysis can be performed using different 
methodologies, each with unique DQOs. The methods to be used will be soil 
headspace analysis, active soil gas collection, and passive soil gas collection. 
The TerraProbe% or other push-probe technology may be used for obtaining soil gas 
samples at discrete intervals. Where the target soil horizon is greater than 20 
feet below ground surface, a passive soil gas collection technique will be used. 

Soil-gas surveys can be targeted to identify the area1 extent of waste deposition 
and to define areas for sample collection. Soil headspace samples and soil gas 
samples maybe collected and analyzed using an onsite GC. All soil gas analyses 
will be performed in accordance with Level II DQOs. Soil gas sampling points 
should be selected based on information about historical practices at a site and 
any other information that suggests where subsurface contamination might be 

f-! 
expected. 
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Project 

cliint: 

Welt/Site I.D.: 

Volume of Driffing fluid Los! (@) 

Well Installation Date and Time: 

Well Deveiopment Data and Time: 

Wqathec 

Volume of Water in Weft 
and Filter Pack (gat.) 

LDgged by: 

Start Data: 

Start lime: 

Project No. 

Checked by: 

Finish Data: 

Finish 5me: 

Installed Depth From Top of Well Casing to Bottom of Weft: 

_ 
initial Depth to Water (11): lnitii Depth to Well Bottom: 

Water Level during Initial Pumpinq/Purging (ft): 

Depth to Water at Termination of FUmpingrRaging (ft): Dapth to Well Bottom at Termination of Pumping/Purging (ft): 

BEGINNING OF WELL DEVELOPMENT 

Time Temperature PH Condwtivity Turbidity Other 
Appgmste 

y-$,,ny 

END OF WELL DEVELOPMENT 

Notes: (hciude Physfcal chsracter of mmoved water, typs and ske of pump, volume of water removed.) 

Well Developer’s Signature 

EXAMPLE WELL DEVELOPMENT RECORD 

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA 
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Other methods for manually collecting soil gas samples include creating a %-inch 
diameter hole using a manual slide-hammer sampler or other impact hammer. The 
hole will be opened to a predetermined depth generally between 2 and 5 feet below 
ground surface. Samples are collected using a hollow k-inch diameter stainless- 
steel probe with perforations in the bottom 0.5 foot. The probe is placed in the 
hole and is pushed or driven until the end of the probe is embedded approximately 
0.5 foot into undisturbed soil at the bottom of the hole. So'il gas is extracted 
using a portable PID or FID through a Teflon"' transfer tube attached to the 
sampling probe. As soil gas is extracted from the hole, total VOC concentrations 
are monitored on the PID or FID. When readings are observed to stabilize (i.e., 
measurements fluctuate by <12 ppm), the PID or FID measurement is recorded and 
soil gas is collected through a septum in the transfer line, using a glass gas 
syringe. The sample is transferred immediately to an onsite GC for ana:Lysis. 

Passive soil gas techniques involve placement of a gas collector at a prescribed 
depth. After a period of time (1 to 2 weeks), the collectors are retrieved and 
analyzed for the presence of volatiles. Several types of collectors are 
available. One type uses one or more adsorbents to collect VOCs. This method 
relies on thermal or chemical desorption of VOCs in the laboratory, followed by 
analysis of the desorbed vapor. A second type of collector uses a permeable 
membrane surrounding a glass sampling container. VOCs pass through the membrane 
by gaseous diffusion. Upon retrieval, the vial contents are analyzed by gas 
chromatography. 

Sampling probes will be decontaminated before use at each sampling point by 
washing with approved decontamination water. Care will be taken to ensure that. 
the perforations are clear of residual soil particles. 

4.4.8 Ecological Surveys To identifypotentialreceptors andexposure pathways, 
ecological communities at and in the vicinity of the POIs will be identified 
through literature review, consultation with known experts in the field (i.e., 
U.S. Fish and Wildlife Service, Florida Game and Freshwater Fish Commission 
(FGFWFC), Florida Natural Heritage Program, local government, and non-profit 
environmental organization sources), and review of relevant information sources 
including maps andhistorical records. Information previously gathered regarding 
ecological receptors at NTC, Orlando will be supplemented with additional data 
from the information source review, and from consultation with local, State, and 
Federal aquatic, wetlands, and terrestrial authorities. Existing information 
sources related to flora, fauna, and ecological communities at the installation 
will be reviewed and standard taxonomic sources and references will be 
identified. 

Following the information review, a qualitative field reconnaissance prograamwill 
be initiated to characterize aquatic, wetland, and terrestrial habitats at and 
in the vicinity of selected POIs at NTC, Orlando. This qualitative field program 
will involve a site walk-over by a two person team consisting of a terrestrial 
biologist and wetland-aquatic specialist. Ecological receptors in the vicinity 
of the POIs that could potentially be exposed to contaminated environmental media 
will be identified. Any possible site-specific exposure pathways through which 
ecological receptors could be exposed to contaminated media will be evaluated, 
and possible signs and symptoms of stress on biological receptors at the site 
will be observed. 
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If necessary, a qualitative aquatic survey will be conducted to examine the 
macroinvertebrate communities associated with aquatic and wetland systems at 
selected POIs to determine whether or not environmental contamination from the 
installation is resulting in any gross community level impacts. Depending on the 
habitats present at the site, macroinvertebrate fauna will be collected with a 
benthic dredge, surber sampler, aquatic dip net, and/or seine net upstream, 
within, and downstream of identified sites (see Subsection 4.5.4). 

A terrestrial survey will identify and verify major vegetative cover types and 
dominant taxa at the various areas of concern at the installation. This will 
include a qualitative walkover survey to confirm ecologicalhabitattypes, flora, 
and fauna at and in the vicinity of each selected POI. Belt and/or line transect 
surveys of community types in the upland and wetland communities associated with 
the selected POIs will be conducted. Evidence of ecological stress in plant 
species (e.g., yellowing, wilting, or insect infestations) and animal species 
(e.g., disease, parasitism, dear-h, and reduced diversity or abundance) will be 
noted. Any State or federally listed rare and endangered plants encountered at 
the installation will be documented. 

When appropriate, habitat types present at the site, including wetlands, will be 
field mapped onto existing base maps (not-surveyed-to-scale); however, no 
flagging of wetlands or jurisdictional determinations regarding wetlands will be 
made, unless specifically required by the Navy (see Subsection 4.4.10). When 
appropriate, lists of flora and fauna encountered or expected at the site will 
be generated. Observations of plants, fish, invertebrates, amphibians, reptiles, 
birds, and mammals, and their sign will be'noted for each habitat present and* 
mapped. -. 

If necessary, quantitative ecological programs (i.e., macroinvertebrate survey, 
biomonitoring studies, small mammal trapping) will be conducted at NTC, Orlando. 
Separate workplans will be prepared for any required quantitative ecological 
programs. Information collected in the ecological survey will be used in risk 
or threat evaluations at NTC, Orlando. 

4.4.9 Public Health Surveys A public health survey will consist of site 
reconnaissance, interviews, and records search to evaluate regional land use at 
and in the vicinity of NTC, Orlando. Selected POIs will be studied to evaluate 
current and foreseeable future land uses. During the public health survey, 
populations that may come into contact with contamination and exposure pathways 
through which human receptor exposure could occur will be identified. If 
necessary, contacts will be made with local authorities (i.e., board of health) 
and relevant files of local authorities will be reviewed. Information collected 
in the public health survey will be used in risk or threat evaluations at NTC, 
Orlando. 

4.4.10 Wetlands Delineation If requiredby the Navy, wetlands will be delineated 
at selected POIs at NTC, Orlando. The primary objective of this task will be to 
identify and delineate wetlands in the known contaminated regions at selected 
POIS. Wetlands at these selected POIs will be identified and delineated in 
accordance with applicable Federal and State guidelines, rules, and regulations. 

The Florida wetlands boundary will be defined according to Chapter .17-301, 
Florida Administrative Code, and the FDEP (formerly Florida Department of 
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Environmental Regulation [FDER]) regulations on Surface Waters of the State. 
These regulations state that: 

"The line demarcating the landward extent of surface waters, as defined by 
Section 403.031, F.S., shall be established for any water body, pursuant to 
Section 403.817, F.S., by dominant plant species. Dominance shall be 
determined in a plant stratum (canopy, sub-canopy, or ground cover). The 
canopy is composed of all woody plants with a trunk 4 inches or greater in 
diameter at breast height (dbh). DBH is measured at 4.5 feet above the 
ground. The subcanopy is composed of all woody plants with a trunk or stem 
and bet‘ween 1 and /i inches and a height greater than 3 feet. The ground 
cover includes all other plants..." 

If required, the Federal wetlands boundary will be determined using criteria for 
hydric soils, hydrophytic vegetation, and wetland hydrology as provided in the 
1987 U.S. Army Corps of Engineers (USACE) Wetlands Delineation Manual (Environ- 
mental Laboratory, 1987). This manual presents technical guidance for 
identifying wetlands and for distinguishing wetlands from aquatic habitats and 
other non-wetlands. 

When required, wetland and upland boundary stations will be flagged with orange 
surveyor's flagging or staked with surveyor's pin flags. 

4.5 SAMPLING TECHNIQUES. The procedures described in the following subsections 
of Section 4.5 will govern the collection of samples. Additional detail. 
regarding sample collection methods is described in the CLEAN Operations CompQAP 
(ABB-ES, 1993) and USEPA Region IV ECBSOPQAM (USEPA, 1991c). 

4.5.1 General Soil Samplinp. Methodoloa The soil sampling program at NTC, 
Orlando has been developed to define the location, nature, and concentration of 
contaminants in surface and subsurface soils at the site. Development of a soil 
sampling plan to evaluate the distribution and magnitude of contamination at a 
specific site requires at a minimum: 

. an assessment of the site conditions, including site topography and 
surface drainage; 

. evaluation of site waste disposal practices; 

. consideration of site soil types, geology, and hydrogeology; 

. evaluation of the methodology and results of any previous sampling and 
analysis programs that may have been completed at the site; and 

. definition of the scope and objectives of the project. 

A number of techniques have been developed to obtain samples fromvarious depths 
below the ground surface. The techniques described hereinhave been selected to 
provide a practical and efficient means of obtaining samples in a manner 
consistent with safety protocols and QA/QC requirements. Additionally, they 
employ equipment that is normally available for use. 
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The selection of sampling techniques to be employed at a given site is based upon ,- 
the depth from which samples must be obtained, the types of exploration, and/or 
the nature of the soils to be sampled. The sampling techniques are categorized 
by the depths or the types of explorations from which they are obtained: 

. shallow soil samples, from depths of less than approximately 5 feet, 
usually less than 2 feet (surface soil is defined as samples from the 
0- to l-foot interval); 

. test pit samples from depths up to approximately 15 feet; 

. subsurface soil samples from test borings and TerraProbe= explorations 
at variable depths; and 

. sediment samples from depths of less than 6 inches. 

Maintaining proper records is an important aspect of sample collection. All soil 
samples collected will be logged in the field at the time of sampling by the 
field geologist. Soils will be classified in accordance with the USGS. Soil 
samples will be described fully on the appropriate sampling logs. The 
descriptions for intact samples (e.g., undisturbed split spoons or test pit 
walls) 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

will include the following parameters: 

general description; 

USCS symbol; . 

secondary components and estimated percentages; 

color; 

plasticity; 

consistency and density; 

relative moisture content; 

texture, fabric, and bedding; 

grain angularity; and 

depositional environment or formation (unit) name, if appropriate. 

If disturbed samples must be described (e.g., auger flight samples, wash saniples, 
or backhoe bucket samples), the parameters outlined above will be used to the 
extent practical. In general, a substantially reduced level of detail will be 
appropriate for disturbed samples. 

If required, soil pH will be measured in the field and will be recorded on the 
Sample Data Sheet. A minimum of approximately 25 grams of soil will be placed 
in a clean glass jar or beaker. An approximately equal volume of organic free 
water will be added to the soil. The mixture will be vigorously stirred or 
shaken and then allowed to stand for approximately 1 minute before measurement. ~r-5. 

Soil pH will be measured with a calibrated pH meter or with pH paper. 
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Measurements will be made within 24 hours after sample collection, and as soon 

f-f 
after collection as practical. 

4.5.1.1 Surface Soil Sampling Soil samples will be collected to determine the 
nature and extent of near-surface contamination. For the NTC, Orlando program, 
surface soil is defined as soil from the 0- to l-foot interval. Where 
appropriate, surface soil samples will be based on a sampling grid established 
in the field. A grid system will be laid out within the POI. Grid systems will 
be established by staking the corners of each individual grid block and labeling 
the stake with the appropriate distance from the origin. Right-angle prisms may 
be used to facilitate grid set-up. Origin points for grids will be determined 
in the field, and recorded in the field notebook. A compass and 200-foot cloth 
tape will be used in the grid setup to ensure that stakes are located along 
straight lines and that the lines are perpendicular. The 200-foqt cloth tape 
will be used to locate the stakes at the proper distances from one another. The 
stakes will be appropriately marked and flagged. 

.- , _ " * 
Surface soil samples will be collected using a decontaminated stainless-steel 
trowel, hand auger, tulip bulb planter, or stainless-steel spoon. Stones and 
vegetation will be carefully removed from the sampling location surface; these 
materials will also be removed from the sample prior to laboratory analysis. The 
soil will be mixed prior to filling sample containers, with the exception of 
containers for volatiles. These containers will be filled first, prior to 
blending, to minimize loss of volatile constituents. The soil samples will be 
placed in pre-labeled sample jars and sent for laboratory analysis. Appropriate 
sample containers are described in Section 4.2. Information regarding sample l 

location, depth, and character will be recorded on a Surface Soil Sample Record 
(Figure 4-4) and/or the bound field logbook. Further data and some of the 

.preliminary COG information will be recorded on the Surface Soil Sample Field 
Data Record (Figure 4-5) and/or the bound field logbook. 

Surface soil samples from any ditches, swales, 
. 

or trenches will typically be 
collected from the center line of the ditch and in sequence from the least to the 
most contaminated point. Surface soil samples collected from any spill or 
release areas will typically be collected from the outer extremities of the 
stained area towards the heavily contaminated area. 

In the event that it is necessary to remove asphalt to collect the sample, a 
pickaxe or jackhammer may be used. All sampling and asphalt-removal equipment 
will be decontaminated between sample collections as described in Section 4.3. 

4.5.1.2 Test Pit Sampling To sample the test pit from the ground surface, two 
methods may be used. The method will be selected in the field at the time the 
test pit is sampled. 

. Samples can be obtained from the backhoe bucket. The sampler or work 
site geologist will direct the backhoe operator to remove material from 
the selected depth or location within the test pit. The bucket will be 
brought to the surface and moved away from the pit. The sampler will 
approach the bucket and monitor its contents with the FID or PID and 
record the reading in the log. If granular or loose soils and/or 
uniform materials are encountered, the sample will be obtained directly 
from the bucket. - The sample will be collected from the center of the 
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Point of Interest 
Grid Element: Date; Time: St., End. 

Sample Component Loss 
Sketch Map of Grid Element , -Description- -Monitoring 
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EXAMPLE SURFACE SOIL SAMPLE RECORD 

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA 
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Project: 
Project Numbec 
Sample Location IO: 
Time: Start: End: 

Site: 
Date: 

Signature of Sampler: 

SOIL SAMPLE EOUIPMENT USED FOR COLLECTION: 
I IMNDAUGER 
11s..%spvTsPooN 

DEPTH OF SAMPLE 
i jSHOVEL 
I IHANDS’OON 
[ 1 MlJMlNLJTA PANS 
I 1sssUtm 
I I i JHNO,S~LL~ON 

NPE OFWPLE CDLLECTED: 
I ] POTABLE WATER 

I ID-m 
[ JNONE 

[ lcoMPosTE SotL TYPE: 

DECONTAMINATION FLUIDS USED: 
4 AUUSED 
1 1 miffI. ALCOHOL 
( 125% MEWANOlJ 75% ASTM NPE II WATER 
[ ] DEIONIZED WATER 
[ I LKKllNoX SoLmIoN 
I 1sxAuE 

SAMPLE 03SERVATlONS: 
I Imy 

[ IOWR 
I IsAND 

[ ]coLOR 
I I 

! fz%F 

FIELD GC DA-k [ ] FIELD DUPLICATE COLLECTED SAMPLE LoCATiON SKETCH: 
DUPUCATE ID 

FIGURE 4-5 

EXAMPLE SURFACE SOIL SAMPLE 
FIELD DATA RECORD 

PROJECT OPERATIONS PLAN 
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bucket and placed in sample jars using a clean trowel or spatula. 
Appropriate sample containers will be used as described in Section 4.2. 

,- 

If cohesive soils or multiphase conditions are encountered (e.g., the 
bucket contains a mixture of soil and sludge) so that obtaining a 
sample from the bucket is not practical, the sampler may direct the 
backhoe operator to empty the bucket onto the ground. The sampler will 
then obtain the sample from the interior of soil clods or lumps of 
sludge using a clean trowel or spatula. 

Samples can be obtained directly from the test pit. This is necessary 
when soil conditions preclude obtaining suitable samples from the 
backhoe bucket (e.g., caving or excessive mixing of soils or wastes 
within the test pit) or when samples from relatively small discrete 
zones within the test pit are required. In these circumstances, 
samples will be obtained by means of extendable handle tools: 
scrapers, trowels, spoons, or cups. The face of the test pit will be 
scraped to remove the smeared zone that has contacted the backhoe 
bucket. The material to be sampled, if a solid, will then be removed 
from the test pit wall by means of long handled scoops or trowels. 

4.5.1.3 Subsurface Soil Sampling Sampling procedures for obtaining subsurface 
soil samples for the different drilling techniques are presented in the following 
subsections. 

Soil Test Borings. The field geologist will collect soil samples for physical. 
and analytical testing and geologic classification at predetermined boring 
locations. The soil samples will be collected from pre-determined sampling 
intervals or whenever subsurface conditions warrant. The latter condition will 
be determined by the field geologist. 

The samples for laboratory analysis will generally be collected using a 3-inch 
outside diameter (OD) by 24-inch long split spoon that is driven with a 300 pound 
hammer. If necessary, a thin-walled tube sampler or solid wall sampler in 
conjunction with direct push technology will be used for sample collection. 

Samples collected for geologic classification will be collected in accordance 
with American Standards and Test Methods (ASTM) D-1586 Standard Penetration 
Testing using a 2-inch OD by 24-inch long split-spoon sampler driven with a 140 
pound hammer. The collection of the samples will be in accordance with the 
following procedures. 

. The appropriate number and type of laboratory-cleaned samples bottles 
will be available for use at the boring location. Refer to Section 4.2 
for a summary of bottle requirements. 

. Sample labels will be placed on the sample bottles prior to, or at the 
time of sample collection. The sample labels will be filled out using 
waterproof, permanent ink and will include sample identification, 
location, date and time, as well as the initials of the sampler and the 
analysis to be performed. Clear plastic tape will be placed around the 
sample label to ensure its integrity. r--% 
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. The split spoon will be advanced ahead of the auger at the appropriate 
depth using the 140 pound hammer. Blow counts will be recorded by the 
inspecting geologist for every 6 inches the split spoon is advanced. 

. The driller will remove the split spoon from the borehole and unscrew 
the ends, slowly and carefully opening the split spoon as the in- 
specting geologist monitors the sample with an ambient air monitoring 
device. The geologist will quickly collect and place the sample in the 
appropriate jars using a clean stainless-steel spatula. During this 
process, the geologist will note lithologic changes observed in the 
sample. The boring lithology will be recorded on a Soil Boring Log 
(Figure 4-6) and/or the bound field logbook. Soil boring logs will be 
transmitted to the Navy upon completion of the written report. 

The split spoons and stainless-steel sampling trowels will be decon- 

1 l .*. : .̂  , 
'taminated between samples using procedures outlined in Section 4.3. 

TerraProbe% Sampling. The TerraProbe% sampling system will be used to obtain 
discrete soil, groundwater, or soil gas samples that can be screened with an FID 
or PID, onsite field GC, and/or submitted for laboratory analysis to determine 
the presence or absence of contaminants in unsaturated soils. The TerraProbe% 
system is described in Section 4.4.5. Samples will be collected and documented, 
employing the procedure outlined below. 

. Following removal of the assembly from the hole, the sample will be 
extracted and placed within the appropriate sample bottles. . 

. The appropriate number and type of laboratory-cleaned sample bottles 
will be available for use at the boring location. Refer to Section 4.2 
for a summary of the bottle requirements. 

. If additional soil volume is required, then the procedure will be 
repeated at a depth immediately beneath the previous sample. 

. Sample labels will be placed on the sample bottles prior to, or at the 
time of sample collection. The sample labels will be filled out using 
waterproof, permanent ink and will include sample identification, 
location, date and time, initials of the sampler, and analysis to be 
performed. Clear plastic tape will be placed around the sample to 
ensure its integrity. 

Immediately after the TerraProbe% samples are collected, all labeled vials and 
jars will be checked for completeness and COC procedures will be initiated. 
TerraProbe% explorations will be documented on the field data record (Figure 4-7) 
and/or in the bound field logbook. Field laboratory analyses are described in 
Section 4.6, 

Shelbv Tube Sampling. Collecting and transporting soil samples in a nearly 
"undisturbed" state is required for certain treatability, hydraulic, and 
geotechnical tests. It is recognized that this cannot be done without some 
degree of sample disturbance, but care will be taken to minimize disturbance. 

P Shelby tube sampling is a common'method of "undisturbed sampling." As ap;plied 
herein, Shelby tube sampler refers to any open-drive sampler consisting of thin- 
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contrector: Date Startfd 
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FIGURE 4-6 

EXAMPLE SOIL BORING LOG 
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Project 

Point of Interest 

- 

Sample ID Matrix Date Time Depth Cobction Method 

0 Water cl Inches a Soil Probe 

Q Soil Q Surface Soil 
9 Sediment 0 Feet 0 Bail for Water 

Observations r-0, COIN. CM. EZ) Sample Collected for. 
0 labora!ory Analysis 
0 Field Analysis 

I 

Sample ID Matrix Date Time Depth Coilection Method 
, 

0 Water Oln&es 0 sOi1 Probe 

Q soil 0 Surface Soil 
D Sediment 0 Feet Cl Bail for Water 

Observations (laxwe. tola. O&r. Ea.) Sample Collected for: 
Q L8bOWOfy Analysis 

0 Feld Analysis 
I 

Sample ID WiX oao Time 0-h Collection Method 

a W8ter Q inches 0 Soil Probe 

0 soil 0 Surface Soil 

0 Sediment 0 Feet Cl Bail for Water 

Observations (Terra*. coia. odor. Ea.) Sample Collected for: 
0 Laboratory Analysis 
5 Field Analysis 

Sample ID Matrix Date lima Devth Collection Method 

0 Waler I&,&~~ I3 Soil Probe 0 s0a D Surface Soil 
0 Sediment OFeet 0 Bail for Water 

Observations (7~~0, cd0f. ~ODC Elc) Sample Collected fdr: 
0 Laboratory Analysis 

0 Field kI8iYSiS 
I 

Signature Date I I -w- 

5. . . 

PROJECT OPERATIONS PLAN 
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walled seamless steel tubing with a sharp and drawn-in cutting edge, that can be K-h& 
connected to a sampler head or adaptor containing a check valve and vents for 
escape of air and water. (Thin-walled refers to a wall thickness typically less 
than 2.5 percent of the diameter of the sampler.) Shelby tubes are disposable 
samplers that are used for sample collection and transportation, and typically 
for testing as well. 

Whenever possible, the Shelby tube will be forced into the soil by rapid, 
uninterrupted pushing. A heavy drop hammer will be used where pushing provides 
insufficient penetration. In both cases, care will be taken to minimize inter- 
ruptions during sampler penetration and to eliminate rotation of the sampler. 
Total penetration should not exceed the net length of the sampler (i.e., the 
sampler should not be underdriven or overdriven). 

To allow full development of adhesion and friction between the sample and the 
sample tube, it is helpful to wait 10 to 20 minutes before beginning sample 
withdrawal. The drill rods should be rotated through two or three full 
revolutions to separate the sample from the subsoil, immediately after which the 
sampler should be withdrawn slowly and smoothly. 

The Shelby tube will be marked with the sample ID and date and with an indication 
of which end of the tube is the stratigraphic top. Aluminum foil will be placed 
against the soil at both ends of the tube; bubble-wrap or other suitable 
cushioning material will be inserted between the foil and the end of the tube (if 
the sample does not entirely fill the tube), and plastic caps will be secured by 
tape over both ends of the tube. Wax seals may be used only if provisions are l 

made to prevent contact between the wax and the soil. The samples will be kept L--x 

upright at all times. 

Shelby tube samples will be stored and transported in a framework that supports 
them in an upright position and cushions them from vibrations. 

4.5.1.4 Geotechnical Testing Samples will be obtained from selectedborings for 
geotechnical laboratory testing. The purpose of geotechnical testing will be to 
verify field soil classifications and to support the characterization of geologic 
units encountered during the field investigation. Specific tests may include, 
Atterberg limits, particle size analysis, andvisual-manual description of soils. 
This section describes sample collection and standard geotechnical testing to be 
performed. 

The test methods to be used do not require "undisturbed" samples; therefore, 
special drilling procedures to limit sample disturbance will not be necessary. 
The primary method for obtaining geotechnical test samples will be with split 
spoons driven in accordance with the Standard Penetration Test procedure (see 
Paragraph 4.5.1.3). Shallow test pit sampling and/or other sampling techniques 
may also be employed. Immediately after opening the split spoon, an FID or PID 
reading will be obtained from the sample and recorded on the boring log. 
Following field identification and logging of the sample, a representative 
portion will be selected and placed in a clean, standard 12-ounce reference jar. 
A minimum sample size of 8 ounces will be obtained for all three types of 
geotechnical tests to be performed. A label will be fixed to the side of each 
jar that shows plainly, the project number, the boring and sample numbers, the - 
depth of the sample below ground surface. and the number of blows for each 6 
inches of penetration or fraction thereof. FID or PID readings shall be obtained 
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within the sample jar (head space), 
?- 

1 to 2 hours after placement in the jar and 
recorded on the jar label and the boring log. 

Soil jars will be tightly closed to minimize moisture loss and to protect from 
freezing. No other sample preservation requirements will be necessary. The 
samples will be shipped to the geotechnical laboratory with appropriate packing 
to prevent damage during shipment. Field boring logs will be sent to the 
laboratory along with the instructions for testing for each sample. Upon 
completion of the testing, the geotechnical laboratory will ship back to 
Consultant the unused or residual portions of the samples. The Consultant will 
dispose of the residual material within one drill cutting drum used during the 
field investigation. 

All geotechnical testing will be-performed in accordance with ASTM standard 
procedures. Atterberg limit tests (ASTM D4318) will generally be perfo.rmed on 
soils exhibiting some degree of plasticity (i.e., clays and silts). Particle 
size analyses (ASTM D422) will generally be performed on granular soils or soils 
with appreciable amounts of sand and gravel material. Visual soil classification 
will be performed on selected samples of cohesive and granular soils. The 
classifications will be performed in accordance with ASTM D2488, S i&UlCkd 

Practice for Description and Identification of Soils, Visual Manual Procedure. 
The determination of samples to be tested will be made in the field by the field 
geologist. 

4.5.2 General Water Sampling Methodology The water sampling program at NTC, 
Orlando has been developed to define the location, nature, and concentration of * 
contaminants in site surface water and groundwater. The location and distribu- 
tion of contaminants at a given site are governed by many factors, including: 

. site operation or waste disposal practices, 

. site design, 

. site closure, 

. waste characteristics, 

. site topography and surface drainage, 

. flow rate, 

. climate, and 

. site hydrogeology. 

Development of a water sampling plan that will effectively reveal the distri- 
bution and magnitude of contamination at a specific site requires: 

. an assessment of the factors listed above, 

. an evaluation of the methodology and results of any previous sampling 
and analysis program completed at the site, and 

. a definition of the scope and objectives of the project. 
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4.5.2.1 Surface Water Sampling Surface water is defined as water that flows 
over or rests on land and is open to the atmosphere. Surface water samples may 
be collected from streams, ponds, lakes, and ditches at NTC, Orlando to determine 
the extent of contaminant migration via surface water and runoff. Sampling will 
begin at the location farthest downstream and proceed upstream. 

Each surface water sample will be collected in the following manner. 

1. The sampler will collect the sample from the surface water body by 
immersing a sample collection device, or sample bottle, below the 
surface of the water to avoid collecting floating debris. If the 
surface water sample is collected from a moving water body, the 
inverted collection container will be turned upright and pointed 
upstream. The sampling equipment and the individual collecting the 
sample should always be positioned downstream of the sampling location. 
For surface-water sampling from specific depths in the water column, 
samples will be collected using a Teflon"" bailer; a submersible pump 
and tubing; a specialized sampling device such as a Van Dorn, Kemmerer, 
or Nansen bottle; or other suitable device. Reusable samplers will be 
decontaminated with approved decontamination water before each 
successive sample is collected. The sample will be collected from a 
location in the water body that is, in the judgment of the sampler, 
well mixed and, therefore, representative of the water body. Water 
samples to be analyzed for dissolved inorganic compounds will be pumped 
through a 0.45-micron, high capacity, inline disposable filter. 

. 
2. The appropriate sample containers, as outlined in Section 4.2, will be 

directly filled from the sampling device if needed. Pre-preserved 
containers will not be used as surface water collection containers. If 
samples must be preserved, the preservative will be added to the 
container after the sample is collected. For VOC samples, free air 
bubbles adhering to the sides of the sample container will be removed 
prior to capping. If possible, VOC samples will be capped under water. 

3. The sampler will measure the following parameters, if possible, in the 
water body, not the sample: 

. PID or FID reading, above the water; 

. temperature; 

. PH; 

. specific conductance; and 

. any other site-specific field measurements required. 

If direct measurement is not possible, the sampler will measure these 
parameters from water remaining in the sampling device or another 
sample bottle. This information will be recorded on the sample data 
record, sample labels will be completed, and COC procedures will be 
initiated. 
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. . 
4. The sampler will complete a Surface Water and Sediment Sample Field 

Data Record (Figure 4-8) or record the information in the bound field 

', logbook. 

At surface-water sampling locations where surface water maynotbe present at the 
time of sampling, sumps may be dug for collecting samples of shallow groundwater. 
Sumps will be dug by hand to below the water table, and the sumps will be left 
to stabilize for at least 24 hours before sample collection. 
before sampling, 

During the period 
the sumps will be covered to minimize the introduction of 

surface soil and debris. 
containers. 

Samples will be collected by direct immersion of sample 
If the sump is too deep for direct immersion, stainless-steel or 

Teflon"l sampling equipment may be used to collect and transfer the water to the 
sample containers. Digging tools and sampling equipment will be decontaminated 

. prior to each use, as described in Section 4.3. .,a* 

4.5.2.2 Groundwater Sampling The groundwater sampling of all monitoring wells 
(or, under special circumstances, well points) will be conducted to delineate the 
distribution of chemicals and to quantify, to the extent possible, the chemicals 
in the aquifer(s) underlying the POIs. 
are as follows: 

The products of monitoring well sampling 

. groundwater samples from each well; 

. measurements of specific conductance, temperature, turbidity, and pH; 
and 

. 
. depth to static water level at each new, and designated existing, well., 

,l 
: The purging and sampling techniques outlined below help to ensure the collection 

of representative groundwater samples. 

Samnling Preparation Activities. Groundwater sampling equipment will be 
decontaminated prior to use in accordance with the procedures outlined in 
Section 4.3. Calibration of the sampling equipment will be in accordance with 
the manufacturers' suggested procedures andwillbe completed prior to each day's 
sampling activities. Daily instrument calibration data will be recorded on a 
Field Instrumentation'Quality Assurance Record (Figure 4-9) or in the bound field 
logbook. 

Groundwater samples will be collected from each monitoring well using one of the 
procedures described in the following paragraphs. Data generated during ground- 
water sampling will be recorded on the Groundwater Sample Field Data Record 
(Figure 4-10) or in the bound field logbook. Groundwater Sample Data Re'cords 
will be submitted to the Navy upon completion of the written report. 

Sampling of groundwater wells will proceed from the upgradient (background) wells 
to the downgradient (contaminated) wells as best as can be determined, based on 
existing data. 

Pre-purzinz Activities. The following activities will be performed immediately 
prior to purging each well. 
sampling method used. 

These activities will be conducted regardless of the 

1. Check the well for proper identification and location. 
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FIGURE 4-8 
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Project 
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I+ SC+ Lot No. 
HCL Lot No. 
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FIGURE 4-9 
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ANDMATERlALOUAUTYRECORD 
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FIGURE 4-10 

EXAMPLE GROUNDWATER SAMPLE 
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2. _ Measure and record the height of protective casing. 
,. 

3. -' 
. . 

After unlocking the well and removing any well caps, measure and record 
the ambient and well-mouth organic vapor levels using the FTD or PID. 
If the ambient air quality at breathing level reaches 5 ppm, the 
sampler will use the appropriate safety equipment as described in the 
HASP. 

4. Measure and record the distance between the top of the well casing and 
the top of the protective casing. 

5. Using the electronic water level meter, measure and record the static 
water level from the reference point to an accuracy of 0.01 foot. Upon 
removing the water level wire, rinse it with water from an approved 
water source. 

6. Inspect the well head for any signs 
invalidate the sampling data. 

of forced entry which could 

Groundwater purging and sampling may be completed using one of several methods. 
Two methods, referred to herein as the standard method and the low-flow method, 
are described below. The standard method has been widely used and accepted for 
many years. The low-flow method has developed out of a decade of research 
supportedby USEPA and others (e.g., Puls and Powell, 1992), which indicates that 
excess disturbance of formation water during well purging and sampling 
potentially compromises data quality. Use of a low-flow purge and sample method 
is becoming increasingly commonplace andhas been adopted as a standard procedure 
by some regulatory agencies (e.g., USEPA, 1993). 
methods are described below. 

Both sampling and purging 
Selection of a groundwater sampling method will be 

made on a case-by-case basis and specified in the appropriate workplans. 

Purging and Sample Collection, Standard Method. Wells will be purged prior to 
sampling of groundwater to remove stagnant water so that a representative sample 
can be collected. The following steps outline the purging and sample collection 
activities using pumps and bailers. 

1. The sampler wil d calculate the volume to be purged, assuming a total 
of three to five well volumes. Well volume includes the volume of 
standing water in the well, plus the volume of water in the filter pack 
(assume 30 percent porosity). 

2. In all shallow water table wells, the sampler will lower a submersible 
pump intake to just below the top of the water column and begin purging 
three to five well volumes. 
the top of the well screen. 

The pump intake will not be lowered below 

enter the formation, 
If the well screen is dewatered, air may 

altering the chemistry of the aquifer. 

3. In all deep aquifer wells, the sampler will place the pump intake at 
the static water level and begin purging three to five well volumes. 
The pump intake will not be lowered below the top of the well screen. 
In both water table and deep aquifer wells, low permeability formations 
may require the pumping rate to be reduced to allow continuous pumping. 
In this situation, the pumping rate will be reduced to allow the five- 
volume purge without depressing the water level drastically. If the 

NTC~Orl.POP 
MVL07.94 4-51 

, 



Chapter No.4, Revision No.L 
Date July 13, 1994 , Page 52 of 70 

.;’ .,I’ 

. ., 
.,. ...’ 

pumped flow rate drops below 1 gallon per minute, modifications to the 
standard purging procedures may be necessary. 

4. Purging is considered complete when three to five well volumes have. 
been purged and when the in-situ parameters (pH, specific conductance, 
turbidity, and temperature) vary by less than approximately 10 percent. 
For wells in low permeability locations (i.e., less than 1 gallon per 
minute recharge), the well will be purged of one volume and then 
sampled. Purging of less than five volumes, and sampling before 
stabilization of in-situ parameters, will only be done with prior 
approval of the ABB-ES onsite geologist or if the well purges dry. 

5. The sampler will record the in-situ parameters (pH, specific conduc- 
tance, turbidity, and temperature), once for every volume purged, on a 
Groundwater Sample Field Data Record (Figure 4-10) or in the bound 
field logbook. Redox potential may be monitored and recorded at the 
completion of purging activities. 

6. After purging and pump removal, the sampler will lower a TeflonTY, 
stainless-steel, or polypropylene bailer to the middle of the screened 
interval or midpoint of the static water level. 

7. The sampler will collect the sample(s) in appropriate containers as 
listed in Section 4.2. Samples will be placed directly from the bailer 
into the appropriate containers. VOC sample containers will be filled 
with as little agitation as possible. Water samples to be analyzed fore 
dissolved inorganic compounds will be pumped through a 0.45-micron, f--x 

high capacity, inline disposable filter. Sample preservation methods 
are discussed in Section 4.2. 

8. The pump assembly and bailer will be removed from the well. 

9. Using the electronic water level meter, measure and record the static 
water level from the reference point and the depth of the well to an 
accuracy of 0.01 foot. Rinse the water level wire with water from an 
approved source. 

10. The sampler will record sampling data on a Groundwater Sample Field 
Data Record (Figure 4-10) or the bound field logbook. 

11. The well cap and lock will be secured. 

12. Pumps and discharge lines used to purge the monitoring wells will be 
decontaminated between wells, as described in Section 4.3. 

Purning and Sample Collection, Low-flow Method. Collection of groundwater 
samples from monitoring wells is required to characterize the nature and extent 
of contamination. Because of concerns about turbidity in the wells and the 
effects on metals sampling results, the low-flow purge and sample method may be 
used. 

The low-flow method creates less disturbance and agitation in the well; 
therefore, excess turbidity is not generated during the purging and sampling 
process. The result is a more rapid stabilization of turbidity and other 
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parameters (pH, temperature, 
F-Y 

specific conductivity, dissolved oxygen, and(&) and 
a sample more representative of conditions in the formation is collected. 

The low-flow purge and sample method consists using a submersible or peristaltic 
p,ump to purge the well at a very low flow rate (less than 1 liter per minute 
[R/min]). The pump intake is set approximately in the middle of the well screen, 
with a stagnant water column over the top of the pump. The well is purged at the 
low-flow rate until the field parameters (temperature, pH, specific conductance, 
turbidity, dissolved oxygen, and Eh) have stabilized. The sample is then 
collected directly from the pump discharge at a low-flow rate. The following 
steps outline the purging and sampling activities. 

1. 

2. 

3. 

4. 

5. 

6. 

The sampler will attach and secure the Teflon'" -lined polyethylene tubing to 
the low-flow submersible or peristaltic pump. As the pump is slowly 
lowered into the well, secure the safety drop cable, tubing, and elec,trical 
lines to each other using nylon stay-ties placed approximate 5 feet #apart. 

The pump should be set at approximately the middle of the screen. Be 
careful not to place the pump intake less than 2 feet above the bottom of 
the well as this may cause mobilization of any sediment present in the 
bottom of the well. Start pumping the well at less than 1 R/min. 

The water level in the well should be monitored during pumping and, 
ideally, the pump rate should equal the well recharge rate with little or 
no water level drawdown in the well (the water level should stabilize for 
the pumping rate). There should be at least 1 foot of water over the pump * 
intake so there is no risk of the pump suction being broken or entrainment 
of air in the sample. Record the pumping rate adjustments and depth(s) to 
water in the logbook. If the recharge rate of the well is very low and the 
well is purged dry, then wait until the well has recharged to a sufficient 
level and collect the appropriate volume of sample with the pump. 

The well should be purged at a low-flow rate (less than 1 R/min). During 
purging, monitor the field parameters (temperature, pH, turbidity, specific 
conductance, dissolved oxygen, and Eh) approximately every 3 to 5 minutes 
(or as often as practical) until the parameters have stabilized to within 
10 percent (plus or minus 5 percent) over a minimum of three readings. 
Turbidity and dissolved oxygen are typically the last parameters to 
stabilize. Note: once turbidity readings get below seven nephelometric 
turbidity units (XTUs), then the stabilization range can be amended to 20 
percent (plus or minus 10 percent) over a minimum of three readings. 

The sampler will record the in-situ parameters (pH, temperature, specific 
conductance, turbidity, dissolved oxygen, and Eh), along with the 
corresponding volume purged, on a Groundwater Sample Field Data Record 
(Figure 4-10) or in a bound field logbook. 

Once the field parameters have stabilized, the sampler will collect the 
samples directly from the end of the tubing. The bottles should be 
preserved and filled according to the procedures specified in Section 4.2. 
All sample bottles should be filled by allowing the pump discharge to flow 
gently down the inside of the bottle with minimal turbulence. Cap each 
bottle as it is filled. Volatiles and analytes that degrade by aeration 
must be collected next. Volatile samples will be collected by shutting off 
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7. 

8. 

9. 

10. 

11. 

12. 

the pump, disconnecting the tubing, holding a thumb over the end of the n 
tubing, and withdrawing the tubing from the well. The sample containers 
will be filled by removing the thumb and allowing groundwater to flow, by 
gravity, into the containers containing preservatives. 

Filtered samples should be collected for approximately 10 percent of the 
wells sampled using the low-flow method for which metals analyses will be 
conducted. The remaining wells will only have unfiltered metals samples 
analyzed. The filtered metals samples will be collected by pumping the 
sample through a high-capacity, 0.45 micron, inline filter and collecting 
the filtrate in an appropriate sample container (Section 4.2). Document 
all field procedures used and any pertinent field observations. 

Samples will be preserved, labeled, and placed immediately into a cooler 
and maintained at 4 degrees Celsius ("C) throughout the sampling and 
transportation period. Samples should be labeled, recorded on the COC, and 
shipped according to the procedures specified elsewhere in Chapter 4.0. 

The pump assembly should be carefully removed from the well. The TeflonN- 
lined polyethylene tubing will be dedicated to each well, wherever 
possible. The tubing should be placed in a large plastic garbage bag, 
sealed, and labeled with the appropriate well identification number. The 
tubing will be stored onsite until the next round of sampling. me pump 
and discharge lines will be decontaminated between wells as described in 
Section 4.3. 

, 
The sampler will measure and record the static water level from the 

-. 

reference point and the total depth of the well, using an electronic water 
level meter. Rinse the water level wire with water from an approved 
source. 

The sampler will record all sampling information on a Groundwater Sampling 
Record (Figure 4-10) or in a bound field logbook. 

The sampler will secure the well cap and lock. 

4.5.3 General Sediment Sampling Methodolonv Sediment samples will generally be 
collected in conjunction with surface water samples to help define partitioning 
of chemicals between the sediment and water. The shape, flow pattern, 
bathymetry, and water circulation patterns must all be considered when selecting 
sediment sampling sites. Sediment samples will be preferentially collected from c 
depositional areas, rather than areas with net erosional losses. In areas with 
moving water, sediments will be collected from downstream locations prior to 
upstream locations. 

All sediment sample locations will be noted on a base plan or aerial photograph 
and marked in the field with flagging and a 4-foot wooden stake or temporary 
buoy. The stake will be labeled with an identification number. 

When both water and sediment samples are to be collected at a given sampling 
location, the water samples will be collected prior to the sediment sample. The 
sediment samples will be collected in the following manner. . -. 
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1. The sampler will select the sample location, identify it on a site map 
or aerial photograph, and set the wooden stake, as close as practica- 
ble, onshore. For offshore sampling locations, temporary buoys may be 
set. Sediment samples will be collected from depositional areas. 

2. Sampling devices include scoop samplers, core samplers, gravity corers, 
and dredge samplers. A gravity corer, stainless-steel spoon, or dredge 
will generally be used to collect river and pond samples. If the water 
is shallow enough, the gravity corer will be pushed directly into the 
substrate until approximately 1 inch (25 centimeters) or less of the 
core is above the sediment-water interface. If the substrate is hard 
or coarse, the corer will be gently rotated while it is pushed to 
facilitate greater penetration, and reduce core compaction. The corer 
or spoon will be gently removed from the sediment to avoid losing the 
sample, and raised to the surface so the sample may be retrieved. 
Dredges will generally be used when samples cannot be obtained with 
coring devices. Three major types of dredges may be used at NTC, 
Orlando: Peterson, Ekman, and Ponar dredges. 

3. For collection of sediment samples beneath deep water and/or where 
recovery of sediment and substrate is intended, a vibratory coring 
system may be employed from a boat or floating platform. The system 
will use a high frequency vibratory drive. Sediment-substrate core 
will be collected in a core tube with a butyrate, acrylic, or poly- 
ethylene liner. The sediment core and liner will be removed from the 
core tube and willbe logged by a geologist on a Sediment Core Log * 
(Figure 4-11) or the bound field logbook. 

4. Sediment sampling information will be recorded on a Surface Water and 
Sediment Field Data Record and COC procedures will be initiated 
(Figure 4-9). 

A minimum of 500 grams of sediment will be collected at .each location for 
chemical analysis. Sediment samples will be collected from the saturated zone 
using a stainless-steel spoon or auger. Digging tools and .sampling equipment 
will be decontaminated prior to each use, as described in Subsection 4.3.3. 

4.5.4 Aouatic Macroinvertebrate Samolinq Sampling of aquaticmacroinvertebrates 
is conducted to determine the presence or absence, population density, and 
taxonomic diversity of macroinvertebrate fauna; to perform statistical community 
analysis; to evaluate bioaccumulation and bioconcentration of contaminants; and 
to correlate macroinvertebrate community characteristics with concentrations of 
contaminants found in sediments. 

To meaningfully evaluate biological conditions, sampling stations will be 
selected in comparable habitats (similar water depth and movement, substrate 
c,omposition, and canopy coverage). Otherwise, community differences resulting 
from dissimilar physical habitats may be incorrectly attributed to biological 
degradation from chemical impact. 

Typically, at each sampling station, sample(s) will be collected fromvegetation 
(phytomacrofauna) and from sediment (benthic infauna). Samples will be collected 
in standardized unit areas that are clearly marked immediately prior to the 
commencement of sampling. 
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Many methods are available to obtain macroinvertebrate samples. Sampling devices 
include hand-held corers, dip-nets, grab samplers, dredges, and artificial 
substrates. Phytomacrofauna will typically be collected from the water column 
and from submerged macrophytes with D-frame aquatic dip nets (-600 microns) by 
sweeping the entire marked water column both vertically and horizontally. The 
contents of the dip net will be washed into a number 30 USGS brass sieve. Plant 
matter and other debris will be discarded after removing any attached inverte- 
brates. Material not passing through the sieve will be placed in labeled jars 
containing approximately 70 percent ethanol. 

Benthic organisms will typically be collected, using an E&man dredge or similar 
sampling device, from sampling stations with silt, muck, or sludge substrates. 
The dredge contents will be washed through a number 30 USGS brass sieve. 
Macroinvertebrates and smaller debris not passing through the sieve will be 
placed in labeled jars containing approximately 70 percent ethanol. If 
necessary, the 70 percent ethanol preservative will be replaced.with fresh 
preservative to avoid dilution. 

For each sampling station, the physical attributes of the aquatic habitat 
(including nature of the substrate and vegetative characteristics) and water 
quality parameters (dissolved oxygen, temperature, pH, and conductivity) will be 
recorded. When appropriate, voucher macroinvertebrates specimens will be 
retained for taxonomic analysis. 

4.5.5 Fish Sampling, Fish sampling is conducted for ecological community 
analysis and for pathological analysis. Fish and fish-tissue sampling is also . 
conducted to analyze whole fish and fish fillets for specified contaminants, as 
a basis for determining potential ecological and human health risks. Because 
fish are mobile organisms and contaminants in surface water bodies usually are 
non-point source, fish-sampling locations should represent regions or areas, 
rather than fixed points. Sampling can be conducted during the day and/or at 
night. Target species will be selected based on the nature of the water boldy and 
the following criteria: human fishery utilization, abundance, size, ecological 
importance, position in food chain, metabolism, and the ability to collect suffi- 
cient, duplicate, replicate, and/or laboratory QC samples. 

It is often useful to use a variety of active and passive fishing techniques to 
minimize sample gear bias. Available techniques include electrofishing, seining, 
and trawling (active techniques), and gill netting and trap netting (passive 
techniques). The objective of electrofishing is to stun and immobilize the fish 
for collection. Electrofishing consists of sweeping sampling areas with aboat- 
mounted electroshocking unit (e.g., Coffelt WP-15), using moderate current 
densities (amperes per square centimeter) that maximize the extent of the "'stun" 
field while minimizing the "kill" and "escape" fields. Seines nets vary 
considerably in length and depth. Smaller seines are typically used for 
biological sampling in shallow waters, whereas larger seines are often used in 
ponds and lakes. Entire reaches of streams and shallows of ponds and lakes can 
be sampled with seine nets. Trawls are bag- or funnel-shaped nets that are towed 
through the water by one or more boats for straining fish from the water. l?-Y 
vary in size and can be designed for bottom, midwater, or surface sampling. 
Experimental gill nets are stationary, flat nets, suspended vertically in the 
water, with variable meshes that entangle passing fish as they try to withdraw. 
Trap nets are stationary, long, tapering mesh tubes or funnels, with mesh wings 
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that channel and direct fish into the tube. Fish that reachthe end of the tube 
are unable to turn around and swim out. 

n 

When appropriate, after collection, the fish will be identified to species, 
weighed to the nearest gram, and measured to the nearest millimeter. Fish will 
be checked for external pathological gross abnormalities (e.g., tumors, lesions, 
structural or bone defects) through an evaluation of the conditions of the lips, 
jaws, barbels (if and as applicable), eyes, right gill, fins, urogenital cavity, 
anus, body form, and body surfaces. Field processing will be minimized to avoid 
contamination (e.g., skinning, filleting, etc. will be performed as necessary in 
the laboratory). 

When fish are collected for tissue analysis, after field classification and 
examination, fish will be placed in sealed bags, labeled, and shipped on ice to 
the laboratory via overnight courier. If necessary, separate workplans will be 
developed for fish sampling at NTC, Orlando. 

4.6 FIELD LABORATORY ANALYSES. To develop screening information to aid in the 
placement and selection of boring, monitoring well, and sample locations, 
selected soil, sediment, soil vapor, and aqueous samples will be analyzed in the 
field to evaluate the extent of contamination. Field analyses will be conducted 
in accordance with the procedures and USEPA methods for field screening shown in 
Appendix B. The analytical method references are shown in Chapter 7.0, 
Analytical Procedures. Field screening analytical procedures will always be 
supported by sampling for laboratory analyses. An onsite field laboratory will* 
be set up and used, as appropriate, for the analysis of VOCs, TPHs, PCBs, and 
inorganic analytes. VOCs from the headspace of soil and water samples will be 
measured in the field using a portable GC equipped with an electron capture 
detector and or a PID. The GC target compounds at NTC, Orlando will be: benzene; 
toluene; ethylbenzene; meta-, para-, and ortho-xylene; PCE; and trichloroethene 
(TCE). The target list of VOCs may be modified according to compounds' of 
interest at the individual POIs. Infrared spectroscopy will be used to measure 
TPH concentrations in soil and water samples using a modified version of USEPA 
Method 418.1. PCBs will be measured in soil according to the Draft USEPA Method 
4020. The method is based on the use of immunoassay test kits. X-ray 
fluorescence will be used to measure concentrations of selected inorganics in 
soil and water samples. 

Results of soil and sediment field analyses will be reported in micrograms per 
kilogram dry weight. Liquid results will be reported in micrograms per liter. 

Chemical Standards. Chemical standards will be purchased from Supelco, Inc.; 
Chem Service, Inc.; or an equivalent supplier. All chemical standard preparation 
records will be logged and coded in a project GC run logbook. 

Standards Preparation. All standards will be prepared from neat solutions or 
prepared mixes. Stock standards will be made by diluting neat standards or 
prepared mixes with an appropriate solvent. For standards made from neat 
solutions, the compound density will be used to determine the quantity of neat 
compound to add to the solvent. 
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All calibration standards will be made by serial dilution from stock standards. 
The calibration standard concentrations will be determined by the expected range 
of contaminant concentrations. 

4.6.1 Calibration Prior to analyzing samples, instrument operation conditions 
will be established and recorded in the instrument logbook or on an operation 
conditions record sheet. Standard calibration techniques will be used; a 
detailed description of external standard calibration is found in USEPA Method 
8000 (USEPA, 1986). 

Initial Calibration. At the initiation of each field program, a minimum three- 
point initial calibration curve will be prepared covering the desired concentra- 
tion range of analyses for the site. 

Quantitation of volatile organics may be calculated from a point to point 
calibration curve as described in USEPA Method 8000 (USEPA, 1986), but is not 
required. If the relative standard deviation of response factors is less than 
30 percent for a given target analyte, linear regression may be used for 
determining the concentration detected in samples. 

Continuing: Calibration. Prior to sample analysis, a continuing calibration check 
standard will be analyzed at or near the mid-level each day. The target analytes 
must have percent differences (%D) of less than 30 percent when compared to the 
initial calibration. 

Samples may be run only if nOmore than one compound per detector, or a total of * 
10 percent of the target compounds, exceed the %D criteria of 30 percent. If the 
above criteria are not met, a second standard will be analyzed. If the second 
standard is unacceptable, a new calibration curve will be prepared. Following 
analysis of an acceptable continuing calibration standard, samples can be 
analyzed for a period of 24 hours from the time of standard injection. Sample 
IDS for the continuing calibration standard will be entered into the instrument 
logbook. 

Additional details and procedures concerning instrument calibration can be found 
in the SOPS and USEPA methods for field screening found in Appendix B. 

Method Blanks. A method blank will be analyzed before samples are analyzed. 
Blanks will be analyzed using the same procedures as field samples. Nethod 
blanks will be deemed acceptable if no target compounds are present above the 
detection limits established for the instrument. Samples will not be analyzed 
until an acceptable method blank is run, demonstrating that the instrument is 
free of contamination. 

Cleaning Blank. Blanks will be analyzed after any high-level sample, to ensure 
that carryover is not occurring. A high level sample is defined as being five 
times higher than the highest calibration point. Blanks may be run more often 
based on the judgment of the field analyst. 

4.6.2 Sample Preparation Sample preparation techniques have been adapted from 
protocols outlined in USEPA methods and are specified in the methods found in 
Appendix B. Methods have been modified for the purpose of field application 
where appropriate. Samples will be analyzed after instrument calibration and 
method blank analysis has been completed. 
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Soil Samples. Soil samples include subsurface soils, surface soils, or sediment 
samples. Concentrations in soil samples will be calculated based on the dry 
weight. Percent moisture adjustments will be made to the raw data results. An 
automatic moisture balance may be used to determine percent solid as per the 
manufacturers' instruction. 

4.6.3 Target Compound Concentrations Calculations The concentration of target 
compounds detected in samples will be calculated using either point-to-point 
comparison to the initial calibration curve, or by linear regression (if the 
response factor [RF] is less than 30 percent). 

4.6.4 Field Documentation Procedures A log of all GC analyses will be recorded 
in a bound notebook with sequentially numbered pages. A separate logbook will 
be maintained for each GC instrument used in the field. The logbook will record 
the concentrations for all calibration standards injected, sample run number, 
sample ID, date, standard preparation code, sample volume and /or weight, and any 
additional information particular to the injection. 

After conclusion of the field effort, data will be storaged by the Consultant. 
Raw data includes chromatograms and calibration records from all standard, blank, 
and sample analyses used in the field program. 

4.6.5 Quality Control Procedures In addition to instrument calibration and 
continuing calibration checks, duplicates and MS/MSD samples may be analyzed by 
field screening methods. The number and/or frequency of QA/QC samples will be 
determined and established on a PO1 specific basis dependent on the DQOs required e 
for that particular field measurement. A minimum of 5 percent of samples Y--T 

collected for DQO Level II analysis (field screening) will be split for Level IV 
DQO confirmation. 

The following procedures will be implemented by the field chemist to ensure 
standardization of the operating procedures. 

1. All appropriate standards will be preserved by storing them in a 
refrigerator or cooler. 

2. If a continuing calibration standard does not meet requirements, then 
a second standard will be analyzed. If the second standard does not 
meet requirements, a new initial calibration will be required. 

3. The field chemist will review each sample analysis chromatogram before 
analyzing the next sample. Target compound retention times will be 
compared to calibration standards and carryover potential will be 
evaluated. 

4. Carryover target and non-target analytes: cleaning blanks will be 
analyzed after samples containing high concentrations of target or non- 
target compounds until, in the judgment of the field analyst, carryover 
will not impact subsequent analytical runs. 

Data from all sample analyses and relevant calibration and blank analyses will 
be documented in the project instrument run logbook. ,T-%* 
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4.7 SURFACE WATER HYDROLOGIC MEASUREMENTS. The following subsections describe 
the procedures used to obtain streamflow estimates and surface water elevation 
measurements. 

4.7.1 Streamflow Estimates The flow of a stream or river may be calculated by 
measuring the water velocity and the stream channel cross-sectional area. This 
information is useful in evaluating site-wide surface water characteristics, and 
potentially, the relation of surface water hydrology to groundwater hydrology at 
the site. The transects used to generate velocity profiles will be selected such 
that no surface flow influx features or impediments (i.e., running outfalls, side 
channels, or bridge abutments) are located directly upstream of the profile line. 
The procedure for measuring streamflow and cross-sectional area follows standard 
USGS methods (1982) and is outlined briefly below. 

1. Field personnel will select an appropriate stream reach, preferably 
straight-channeled, with no bars or upstream impediments or surface 
flow sources. The field personnel will identify marker points on 
opposing stream banks that can be used for an elevation and location 
survey. 

2. A tape will be stretched across the stream width and marked into 
15 to 30 equal segments that will define the subsections. Segments 
will be numbered consecutively, starting with 1 at the left bank. 
Total channel width will also be measured and recorded. 

3. Channel depth will be measured at the mid-point of each section. The* 
mid-point verticals will be the point from which velocity measurements 
for each subsection will be made. Total depth times 0.6 will be the 
depth at which velocity measurements will be taken. (Controlled field 
studies have shown that 0.6 times total depth is the point at which the 
average stream velocity occurs.) It is assumed that the velocity 
sample at each vertical represents the mean velocity in a rectangular 
subsection. The subsection area extends laterally from half the 
distance from the preceding observation vertical to half the distance 
to the nest, and vertically from the water surface to the measured 
depth. Measurements will be recorded to the nearest 0.01 foot on data 
sheets. A sample streamflow measurement data sheet is presented as 
Figure 4-12. 

'4. A mechanical current meter will be lowered to the measured depth and 
the meter will be left in place for 60 seconds. Meter counts will be 
recorded on the data sheet. Flow velocity will be interpreted using 
the calibration curve supplied by the manufacturer and recorded on the 
data sheet. At least two, preferably three, flow measurements will be 
collected at each transect. 

5. Discharge (Q=VDW> will be calculated for each channel section using 
channel subsection area and mean flow velocity normal to each subsec- 
tion. Total discharge for the profile is the sum of all subsections. 

(4) 
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TOTAL CHANNEL WIDTH (k): 
TOTAL NO. SEGMENTS (M): 
WIDTH/SEGMENT (w) (ft.): 

DATE 
TiME IN: 
TIME OUT: 
TRANSECT LObATION: 
(Refer to site plan) 

SKETCH OF CHANNEL SECTION: 
m-0 (left bank facing upstream) 

PG -of-- 

EXAMPLE STREAM FLOW MEASUREMENT 
DATA SHEET 

NAVAL TRAINING CENTER 
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.’ 

where 

f+-- 
Q = discharge ft3/min, 
m = total number of segments, and 
i = segment number. 

The discharge for any subsection at vertical i is given by the equation: 

qi = vi 
i 

b(i+lJ - bli-lJ 

2 1 di (5) 

where 
pi = discharge through subsection i, 
vi = measured mean velocity at vertical i, 
b(i-1) = distance from initial point to preceding vertical, 
bi(i+l) = distance from initial point to next vertical, and 
di = depth of water at vertical. 

Direct flow measurements can also be obtained using V-notch weir plates and 
rectangular weir plates. 

4.7.2 Surface Water ElevationMeasurements Surface water elevationmeasurements 
will be taken at selected locations to augment groundwater elevation data 
generated during water level measurement rounds. Because no permanent elevation 
monuments or staff gages will be erected, the following method will be used. 

1. The surveyor will select a suitable surface water measurement location, 
(i.e., near a sampling point, easily accessible and quiet water). 

2. A reference point onshore (e.g., tree, fencepost, or large boulder) 
will be marked and labeled by the surveying team for inclusion in the 
elevation survey. The reference point will be selected such that it, 
along with the water's edge, are readily visible from the surveyor's 
station. 

3. The relative elevation of the reference point will be surveyed to the 
nearest 0.01 foot. The reference point elevation will be referenced to 
the National Geodetic Vertical Datum (NGVD). 

4. The surface water elevation and the reference point will be shot from 
the same station. 

4.8 AQUIFER CHARACTERIZATION. Aquifer testingwillbe conducted to characterize 
groundwater flow patterns and to assess aquifer characteristics. 

4.8.1 Water Levels The depth to groundwater will be measured from a surVeyor's 
mark on the well riser or, in the absence of such mark, from the highest point 
on the rim of the well casing or riser. Water level measurements at the various 
wells will be obtained using an electronic water level meter. The water level 
will be measured to the nearest 0.01 foot. The measured value will be checked 
by raising the probe 1 to 2 feet and remeasuring the water level to obtain a 
precise and accurate measurement. The probe end of the water level meter will 
be properly decontaminated between monitoring wells. 
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The water level elevations will be used to construct groundwater elevation 
contour maps, from which groundwater flow directions will be interpreted. 
Vertical hydraulic gradients can be calculated from water level data at well 
pairs. 

4.8.2 Hvdraulic Conductivitv Testing Permeability testing will be conducted in 
(1) all new monitoring wells representative of each sampling interval and 
(2) specific existing wells, as requested by the Navy. Permeability tests (or 
slug tests) are useful for calculating estimated groundwater flow parameters, for 
evaluating the heterogeneity of the aquifer, for identifying high permeability 
zones, and for determining the viability of various remedial options. Tests will 
be conducted using the following procedures. A PVC slug or compressed air will 
be used to displace water in the well for testing. Compressed air will be used 
only in wells screenedbelow the water table, and care will be taken not to lower 
the water table to the depth of the screen. 

Slug tests can be categorized into falling head and rising head tests. Falling 
head tests are typically performed by introducing a solid "slug" below the water 
level and measuring the rate of water level decrease per time until equilibrium 
conditions are reached (i.e., the rate of recovery). Rising head tests are 
performed by withdrawing a solid "slug" and measuring the rate of recovery. The 
change in water level with time is measured manually with a water level tape or 
electronically with an In-Situ HerrnitTY 1OOOB or 2000 Datalogger“ with lo- or 
20-pound-per-square-inch transducers, or equivalent. Only risingheadtests will 
be performed on water table wells (wells with screened zones extending above the 
water table). Rising and/or falling head tests will be performed on wells that* 
are screenedbelow the water table; however, rising head tests will be preferred. 

- 

By observing the behavior of the recovery as a function of time, an estimate of 
the hydraulic conductivity of aquifer materials surrounding the well can be 
calculated using the Hvorslev (1951) or Bouwer and Rice (1976) technique. The 
slug test data can also be analyzed using a method by Cooper, Bredehoeft, and 
Papadopulus (1967). 

An Aquifer Test Completion Checklist (Figure 4-13) will be completed for each 
test conducted. In addition, a Field Permeability Test Data Sheet (Figure 4-14) 
will be completed for each test. 

Should field conditions render hydraulic conductivity tests using slugs 
ineffective, the following alternate method will be used. A submersible pump 
will be used to remove water from the well. The discharge rate will be measured 
and recorded. Two to three separate discharge rates will be selected to 
adequately stress the aquifer. Changes in water levels will be measured as a 
function of time during both pumping and recovery. By observing the behavior of 
the drawdown, discharge, and recovery as a function of time, an estimate of the 
hydraulic conductivity of the aquifer will be made. 

4.8.3 Groundwater Pumping Tests Pumping tests are employed to measure hydraulic 
characteristics (transmissivity and storativity) over a large aquifer volume. 
They also can determine the area of influence of a pumping well and the location 
of hydraulic boundaries. The test typically consists of pumping water from one 
well at a constant rate while measuring drawdown versus time in that well and in 
observation wells located at various distances from the pumping well. 
Measurements are made both during pumping and after pumping (to observe water- 

NTC-Orl.FOP 
MVL07.94 4-64 



I MONITORING WELL ID 

DATE OF TEST 

TMJE OFl-fSr 

HERMlT NpE/SERSALit 

TEST# 

DATA COLLECTION RATE 

I SERIAL t I I I 

P!sIG ! ! I 
SCALE FACTOR I 
OFFSET 

I INI’UT MODE cToc/SURI I I I 

1 SATXC WATER LEVEL (FT./TOO 1 .I I 

I 
I I 

WELL DEPTH f.X./TOCI I I I 

XD DEPTH m.TOCI 

INITIAL XD REFERENCE 

SLUG DEPTH m./TOCI 

TIME OF SLUG PLACEMENT 

TIME OF WL EQUILIBRATION 

NEWXDREFERENCE 

START TIME OF TEST 

ENDTIMEOFTEST 
I I 

NOTES: 

FIGURE 4-13 
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Project No. Pmject Name: 1 Well No.: 

Performed by. , Date: Type of Test 

1 Borehols Dia. (in.): well eia. I.D. @I.): Total Test 
tie: 

cupttl to static water level (k): Pap-of- 

All Measurements Taken from Top of Riser 

FlELD PERMEABlLlTY TEST DATA SHEET 

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA 

9-03 940321wEM 
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level recovery). Interpretations of the time-drawdown plots will be the basis 
for determining the specific aquifer characteristics. ._ 

Each planned pumping test will be designed to address the specific objectives of 
the test and to reflect anticipated site conditions. A detailed design will be 
included in each task-specific workplan. 

4.9 ELEVATION SURVEY. The elevation and location survey will be conducted by 
a Florida-registered professional land surveyor. Elevations will be referenced 
to the NGVD of 1929 and will be measured to an accuracy of at 0.01 foot for 
monitoring well casings and 0.1 foot for ground surfaces. Horizontal locations 
will be recorded as State Planar coordinates to the nearest 0.1 foot. 

The actual surveying techniques and the required equipment to be employed, and 
the required accuracy and precision, are dependant upon the field conditions and 
the nature of the sampling stations and/or techniques to be employed. All survey 
observations and measurements will be properly recordedby the designatedmember 
of the survey crew in bound field books, in accordance with the requirements of 
these guidelines. 

Any calibrations performed upon surveying equipment in connection with this work 
will be properly documented with regard to personnel, date, instrument number, 
calibration readings, procedures and standards employed, adjustments made, 
comments and/or observations, etc. 

. 
All analyses employed in the reduction of field data, calculations, production 
of maps, etc., will follow commonly accepted professional survey practices that 
are appropriate for the task at hand, including all appropriate procedures for 
QC to check and review the work. Where a computer is used to reduce data, the 
program employed will have first been certified to yield repeatable results 
within the required limits of accuracy. All office calculations, data reduction, 
map making, etc., will be performed in a neat, sequential, and logical order to 
facilitate future review. 

The installed locations of all benchmarks, baselines, and monuments will be 
appropriately documented on a base map to indicate their relative locations. 
Benchmarks will be described with respect to their construction and location, on 
map, in addition to their grid coordinates. 

. 

If required, final maps will be submitted as an original or Mylar", in the 
specified map size. If one sheet is not sufficient, the mapped area may be 
divided into sections, one per sheet, and appropriate references and match lines 
provided. Maps will be of a suitable scale to show appropriate detail clearly. 
Although this varies with the size of the site mapped, appropriate map scales 
generally range from 1 inch equals 50 feet to 1 inch equals 200 feet. The scale 
used will be clearly shown on the map both graphically (e.g., bar scale) and 
numerically (e.g., 1 inch = 50 feet). Each map will also indicate a true north 
meridian, preferably oriented toward the top of the page, and will be provided 
with appropriate borders, legends, title boxes, notes, data references, and means 
of identifying author, checkers, etc. 

The fol,lowing paragraphs summarize specific surveying requirements appropriate 

_4 to various sampling locales. 

NTC-OkFOP 
MVL07.94 4-67 



ChapterNo.4, Revision No.L 
Date Julv 13, 1994, Page 68 of 70 

4.9.1 Borings and Test Pits Horizontal locations and ground surface elevations 
for borings and test pits are indicated on boring and test pit logs and may be 
used to construct geologic sections or profiles. Horizontal locations will be 
staked to the nearest foot, and ground surface elevations measured to 0.1 foot. 
The surveyors may stake the location in advance, indicating the boring number, 
grid coordinates and ground-surface elevation on the stake. They will also have 
one or more tall witness stakes with colored flagging around the staked location 
to make it more readily visible. In paved areas, it is usually more convenient 
to spray paint the location and other information directly on the paving. A 
greater degree of layout accuracy may be required in confined areas, where the 
drilling or excavation must be performed carefully to avoid disturbance of 
underground facilities (i.e., utilities, tunnels, foundations, etc.). 

4.9.2 Monitorinp and Pumping Wells and Piezometers In general, horizontal 
location, well riser elevation, and ground surface elevation criteria for wells 
and piezometers are similar to those of test pits or borings. However, the 
surveyor will measure and mark the elevation of the top of the riser to 0.01 foot 
as this point will be used as a reference to measure precise groundwater 
elevations. The riser elevation will be noted, and also permanently recorded 
directly on the outer protective casing, if possible. The well location and 
ground surface elevation may be surveyed either before or after well installa- 
tion, but the riser (i.e., top of casing) and outer protective casing (optional) 
elevations must always be surveyed afterward. For monitoring wells, pumping 
wells, and piezometers, a permanent mark will be made on the riser, protective 
casing, or other point of reference both for surveying purposes and to enable' 
reproducible depth to water measurements. . 

f-h 
' 4.9.3 Surface Water and Sediment Sampling When grab samples are obtained from 

the edges of surface water bodies, the samplers will install a location stake at 
the shoreline marked with the station number and coordinates, if appropriate. 
This stake may also be used as a reference point for measuring the water surface 
elevation (to an accuracy of the nearest 0.01 foot). In certain cases, this may 
not be required, because the sampler can estimate and mark the appropriate 
location and elevation directly on a site topographic map. Such locations do not 
require great locational accuracy (within several feet), because they are usually 
only indicated graphically on the site map. 

When samples are to be taken within the surface water body away from the 
shoreline, better horizontal control is usually required. Sampling locations 
will be determined by the sampler using on-shore baselines or ranges. 

4.9.4 Surface Soil and Waste Sampling Measurement and layout requirements for 
obtaining a single grab sample of soil or waste are comparable to those for 
obtaining surface water grab samples from the shoreline. Where a composited 
sample is to be collected from a sampling grid, the surveyors will stake out the 
grid and indicate the station number(s), coordinates or orientation of the grid, 
and ground elevation(s) on the stakes. Generally, a precision of no better than 
the nearest foot for location, and 0.1 foot for elevation will suffice from grab 
or grid surface sampling. 

4.10 CONTROL AND DISPOSAL OF INVESTIGATION-DERIVED WASTE (IDW). As part of the 
field activities, a certain amount of IDW material will be generated in 
association with personal protection, sample handling, multimedia sampling, soil 
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boring, well installation, well development, well purging, and decontamination. 
Every effort will be taken to minimize the IDW generated. The majority of the 
material will be uncontaminated, but some material will come in contac:t with 
media suspected to be contaminated. 

The IDW will be segregated by medium (i.e., solids or liquids) and by location 
(i.e., boring or well) into storage containers. Labels will be attached to the 
storage containers that describe the content of the specific container (soil or 
water), the PO1 or Study Area of origin, the specific location (boring or well), 
and the date of generation. The storage containers will be stored on pallets 
that are underlain by plastic sheeting. A tarpaulin will be used to cover the 
storage containers and provide protection from the elements. The tarpaulin will 
be anchored by sandbags or an equivalent tie-down method. The storage area will 
be bermed to contain any potential leakage. The storage containers will be 
segregated by PO1 of origin. The storage container pallets will be arranged so 
as to allow access between them for container inspection. A column and row grid 
numbering system will be used to facilitate the storage and inspection of the 
storage containers. A storage container logbook will be maintained with the 
previous information located in it, as well as a sketch map of the storage area 
showing the location of POI-specific storage containers. The IDW storag:e area 
will be designated by the Navy. To avoid transporting IDW on public roads, each 
discrete NTC, Orlando facility will designate at least one storage area. 
Quarterly inspections of the IDW storage areas will be conducted to determine 
that all of the above requirements are being met and that the integrity of the 
storage containers has not been compromised. 

Liquid IDW will come from three sources: (1) groundwater generated during the ' 
sampling and purging of existing and new monitoring wells, (2) water generated / during decontamination procedures, and (3) drilling fluids. 

Laboratory analysis of groundwater samples from the representative monitoring 
wells will be used to determine if the liquid IDW is acceptable for disposal at 
a suitable treatment facility agreed to by the Navy, the Consultant, and State 
and Federal regulators. These analyses will consist of target compound list 
(TCL) VOCs, SVOCs, pesticides, and PCBs and target analyte list (TAL) inorganics. 
The analyses will be conducted in accordance with Level III or IV DQOs. 

Decontamination fluids will be containerized and a composite sample representing 
each PO1 will be collected and analyzed as described above for groundwater. The 
fluid will be treated in the same manner as the groundwater IDW. 

Solid IDW will come from three sources: (1) the advancement of soil borings, (2) 
the drilling of monitoring wells, and (3) personal protective equipment (PPE) and 
other disposable items (plastic sheeting, disposable equipment, etc.). AILl the 
solid IDW will be containerized as described above. However, heavily soiled 
disposable equipment and PPE waste may be rinsed, with the rinsate collected and 
treated as liquid IDW as described above. The rinsed disposable equipment and the 
PPE will be disposed in a dumpster. The remaining solids will be containerized 
by PO1 and by location of use. The results of the laboratory analyses of the 
samples from the same PO1 will be used to determine the classification of the 
IDW. 

As described in Subsection 4.4.6, as the soil borings are advanced, split-spoon 
samples will be collected either continuously or at 5-foot intervals. For each 
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boring, a minimum of two samples will be analyzed in conformance with Level III 
or IV DQOs (depending on the DQO requirements established for the boring). These 

6-h 

analyses will be used to determine if contaminants exist in the IDW generated 
during the advancement of the respective soil boring. 

For the monitoring well locations where a soil samples will not be collected 
prior to the installation of the well, an analysis of the cuttings generated 
during the drilling of monitoring wells will be performed (in conformance with 
Level II DQOs) to determine if organic contaminants are present in the cuttings. 

The results of the analyses from the solid samples will be used to determine-the 
disposal option for the IDW. If the analytical results for the IDW are less than 
NTC, Orlando background values and less than the TCLP threshold values, the IDW 
will be labeled non-hazardous and the IDW will be considered clean and disposed 
onsite or used elsewhere on the base as clean fill. If the analytical results 
for the 1% are greater r'lan NTC, Orlando background values but less than the 
TCLP thresi:r,ld values, t?:ti IDW containers will be labeled solid waste and the IDW 
will be disposed at a subtitle D landfill or held for remediation-with'the other 
contaminated soils. If the analytical results for the IDW are greater than 'the 
TCLP Tbre,&&& values the IDW containers will be labelled hazardous and the IDW 
will be considered a hazardous waste (unless the storage containers are tested 
for TCLP analysis and are determined to not be a hazardous waste). The IDW will 
be stored at the designated storage areas. After receipt of the laboratory 
analytical results of the samples as described above, a determination on the 
characterization of the storage containers will be made. The storage containers 
will be labeled non-hazardous, solid waste, or hazardous based on this l 

determination. i/l 

A copy of the laboratory analytical results will be stored on base so 
comparisons of the results and IDW classification can be made. 6 

T-' summaries or the analytlcal results, the comparisons to background and TCLP 
threshold values, the rationale used to classify the IDW, and location maps will 
be provided to SOUTHNAVFACENGCOM for distribution to interested parties. ----L- 
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5.0 SAMPLE HANDLING AND CUSTODY PROCEDURES 

This chapter describes a program of sample tracking and COC that is followed 
during sample handling activities in both field and laboratory operations. This 
program, which is compatible with USEPA Region IV ECBSOPQAM (USEPA, 1991c) COC 
requirements, is designed to assure that each sample is accounted for at all 
times. To maintain this level of sample monitoring, sample container labels, 
shipping seal manifests, and COC forms are employed as necessary. Fie:Ld data 
sheets and COC records are also completed by the appropriate sampling and 
laboratory personnel for each sample. 

The objective of the sample custody identification and control system is to 
ensure that: 

. samples are uniquely identified, 

. samples are collected for all scheduled analyses, 

. the correct samples are analyzed for requested analyses and are 
traceable to their records, 

. descriptions of important sample characteristics and field observations 
are recorded, 

. samples are protected from loss and identified if damaged, # 

. alteration of samples (e.g., filtration and preservation) is docu- 
mented, 

. a forensic record of sample custody is established, 

. sample security is maintained, and 

. relevant field information is recorded including location, sample 
number, date and time, identification of field samples, and individuals 
collecting the samples. 

5.1 FIELD CUSTODY. The field COC record is used to record the custody of all 
samples or other physical evidence collected and maintained by field personnel. 
The COC protocol followed by the sampling crews involves the following steps: 

. documenting procedures used and reagents added to samples during 
sample preparation and preservation; 

. recording sample locations, sample site identification, field sample 
number, and specific sample collection procedures on the appropriate 
forms: 

. using sample labels that contain all information necessary for 
effective sample tracking; and 
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. completing standard field data record forms and/or maintaining a bound f--x 
field logbook to establish sample custody in the field before sample ' a 
shipment (see Chapter 4.0). 

Prior to sampling, labels are developed for each sample to be collected. Each 
label is numbered to correspond with the appropriate sample(s) to be collected. 
Samples will be identified using an 8-digit sample ID as described in Sec- 
tion 4.1. A summary of the labels prepared, with space for sample tracking and 
notations, will also be printed. This sample manifest assists sample control in 
the field and will eventually be retained as part of the project file. An 
example of a sample label and an example of a sample tracking form is shown on 
Figure 5-l. Additional information regarding sample tracking can be found in 
Section 8.5. 

The COC record is used to document sample-handling information (i.e., sample 
location, sample identification, and number of containers corresponding to each 
sample number). The following information is recorded on the COC record: 

. project reference; 

. the site name, sample identification number, date of collection, time 
of collection, preservation, and sample type, number of containers, and 
sample matrix; 

. the names of the sampler(s) and the person shipping the samples; 

l serial number of custody seals and shipping cases; r--x 

. the date and time that the samples were delivered for shipping; 

. analyses required; and 

e the names of those responsible for receiving the samples at the 
laboratory. 

An example of a COC is shown in Figure 5-2. Field sample data records, which 
also include pertinent data relative to COC procedures were presented in 
Chapter 4.0 (see Figures 4-5, 4-8, and 4-10). The COC is completed in 
triplicate. One copy accompanies the samples to the laboratory, another is kept 
by the sample crew chief and transferred to the Laboratory Quality Assurance 
Coordinator (QAC), and the last copy is maintained in the project file. 

5.2 SAMPLE PACKING AND SHIPPING. Sample packaging and shipping procedures 
should protect the integrity of the samples and prevent detrimental effects from 
leakage or breakage. Regulations for packaging, marking, labeling, and shipping 
hazardous materials and wastes are promulgated by the U.S. Department of 
Transportation (USDOT) and described in the CFR Parts 171 through 177; in 
particular Part 172.402h, Packages Containing Samples), In general, these 
regulations were not intended to hamper shipment of samples collected at 
controlled or uncontrolled hazardous waste sites or samples collected during 
emergency responses. However, the USEPA has agreed through a memorandum of 
agreement to package, mark, label, and ship samples observing USDOT procedures. 
The information presented here, is for general guidance. 
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SAMPLE ID. 
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I 

SAMPLE MATRIX 
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PRESERVATIVE 

FILTERED (Y/N) 

ANALYSIS 

SAMPLER 
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COMMENTS 

EXAMPLE SAMPLE LABEL 
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Correct packaging, storing, and shipping of environmental samples are necessary 
to: 

. ensure samples remain sealed in original containers, 

. prevent breakage, 

. prevent cross-contamination of individual samples, 

. ensure sample characteristics are preserved, 

. prevent contamination to receiving personnel, and 

. ensure samples are protected against tampering when not in sampler's 
possession. 

Sample containers are generally packed in metal or hard plastic, insulated 
coolers for shipment. Bottles are packed tightly so that no motion is possible. 
Styrofoam, and "bubble pack" are used to protect bottles from breaking. Ziploce 
bags containing ice are added to the cooler along with all paperwork.. The 
paperwork (i.e., COC forms) is sealed in a separate Ziploce bag. The cooler top 
is then taped shut and all openings are sealed with evidence tape. 

The standard procedure followed for shipping environmental samples to the 
analytical laboratory is as follows. 

n. . Shipping of environmental samples collected by field personnel is done 
daily through Federal Express or equivalent overnight delivery semice. 
Receipts are retained as a part of the COC documentation. When samples 
are relinquished to a shipping company for transport, the tracking 
number from the shipping bill or receipt will be recorded on the COC. 

. Prior to leaving for the field, the Consultant's Field Operations 
Leader (FOL) will notify the Laboratory/Data Management Leader of the 
number, type, and approximate collection and shipment dates for the 
samples. If the number, type, or date of shipment changes due to 

program changes, the FOL must notify the Project TOM and Laboratory and 
Data Management Leader of the changes. This notification from the 
field also needs to occur when sample shipments will arrive on 
Saturdays. The FOLwill coordinate sample pick-up with the laboratory. 

. If prompt shipping and laboratory receipt of the samples cannot be 
guaranteed (e.g., Sunday arrival), the samplers will be responsible for 
proper storage and custody of the samples until transportation or 
shipment arrangements can be made. 

. The FOL will notify the appropriate laboratory when samples collected 
by field sampling teams are going to be shipped to the laboratory. 

The Laboratory and Data Management Leader keeps the laboratory and the Project 
Manager informed of all field sampling activities. This communication is 
critical to allow the laboratory enough time to prepare for the sample sh:ipment 

k+- arrival and to keep the Project Manager current on the status of the sampling 
program. 
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During sampling, field samples will be brought to a central sample collection 
location. The COC will be initiated upon receipt of the samples and sample data 

f-55 

records at the collection point. Once the COC form is initiated, when 
transferring possession of the samples, each transferee will sign and record the 
date and time on the COC record. Custody transfers, if made to a sample 
custodian in the field, will account for each individual sample, although samples 
are transferred as a group. Every person who takes custody will fill in the 
appropriate section of the COC record. To prevent undue proliferation of custody 
records, the number of custodians in the chain of possession will be kept as 
small as possible. 

5.3 LABORATORY CUSTODY. COC procedures are also necessary in the laboratory 
from the time of sample receipt to the time the sample is discarded. The field 
samples collected by the sampling team will be submitted to a NEESA-approved 
laboratory. The sample custody procedure will be detailed in the laboratory's 
Quality Assurance Project Plan (QAPP). 
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6.0 EQUIPMENT CALIBRATION AND PREVENTIVE MAINTENANCE 

This chapter describes calibration protocols for laboratory services and field 
instruments that may be used at NTC, Orlando during field activities. 

6.1 CALIBRATION PROCEDURES FOR LABORATORY EQUIPMENT. The procedures used for 
calibration of laboratory equipment are described in the analytical methods. The 
laboratory will keep records on the source of all standards used, and standards 
will be traceable to original sources. Check standards from a second source will 
be used to verify the accuracy of calibration standards. 

6.2 CALIBRATION PROCEDURES AND FREQUENCY FOR FIELD INSTRUMENTS. Each piece of 
field sampling equipment requiring calibration will be calibrated prior to each 
day's use or as specified in the procedures included in Appendix :B. As 
previously discussed in Chapter 4.0, data are re,corded on a form shown as 
Figure 4-9. The procedures described in the following subsections apply to the 
specific instrument noted. 

6.2.1 Salinity, Conductivity, and Temperature Meters A salinity, conductivity, 
and temperature meter consists of a temperature probe and a specific conductance 
meter. 

Temperature Probe: I 

j 
1. Using-a thermometer whose calibration can be traced to a National 

Bureau of Standards-approved thermometer, immerse both probes into a 
beaker of water and note any differences for the field probe. 

2. Recalibrate as necessary. 

Specific Conductance Meter: 

1. Calibrate meter and probe using the calibration control and the red- 
line on the meter dial. 

2. Turn the function switch to read conductivity times 10 and then depress 
the cell test button, noting the deflection. If the needle falls more 
than 2 percent of the reading, clean the probe and retest. 

3. Using at least two solutions of different ionic strength that will most 
likely bracket the expected values for conductivity, note accuracy of 
the probe and clean probe if necessary. 

6.2.2 Specific Ion Meter 
electrode. 

The Specific Ion Meter consists of an ion-specific 

1. Place electrodes and buffer solutions in a water bath at the tempera- 
ture of the water to be sampled. After temperature equilibrium, 
measure temperature and adjust the temperature compensation k&b for 
this temperature. 
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2. If using refillable probes, remove electrode cap and check that filling .n 
solution is above the filling mark. 

3. Immerse the probe in the pH 7 buffer solution and adjust the calibra- 
tion control to read the appropriate pH. Check the pH buffer solution 
for correct pH value at the equilibrated temperature. 

4. Remove the probe, rinse with distilled water, and immerse in either the 
pH 4 or pH 10 buffer solution, depending on the expected pH of the 
sample. 

5. If the meter does not register the correct pH for that buffer solution, 
adjust the calibration knob on the back of the instrument to obtain the 
pH of the buffer. 

6. After rinsing, insert the pH probe into the flow cell and allow the 
probe to come to equilibrium with the sample water. 

7. Store the pH probe either in ambient air or a buffer solution over- 
night, according to the manufacturer's specifications. 

6.2.3 Tripar Analyzer The Tripar Analyzer consists of a temperature sensor, a 
specific conductance sensor, and a pH sensor. 

Temperature Calibration: 

1. Temperature Zero Adjustment. Connect the temperature sensor and select 
,f-Y. 

temperature as the display parameter. Remove the rear access cover 
exposing the sensor calibration potentiometers. 

Prepare an ice water slurry and place the temperature sensor in the 
solution. Allow the temperature sensor to stabilize for approximately 
1 minute while stirring the sensor in the solution vigorously. Using 
the adjustment tool provided in the rear cover, adjust the temperature 
"zero" potentiometer for a reading of 0.00 "C on the system display. 

2. Temperature Span Adjustment. Prepare a test solution to be used for 
temperature calibration. A beaker of water at room temperature works 
well as it will not be changing rapidly in temperature. Place the 
Tripar temperature sensor in the test solution and allow to stabilize 
for approximately 1 minute. Using a precision laboratory thermometer, 
measure the temperature of the test solution. At the Tripar rear 
panel, adjust the temperature "CAL" potentiometer until the Tripar 
display reads the value of the calibration solution. 

Best results will be obtained if the temperature "ZERO" and "SPAN" 
calibration procedures are repeated. 

Conductivity Calibration: 

From time to time, the Tripar conductivity circuit will require calibration. A 
simple two-point calibration procedure is used by first adjusting the conductivi- 
ty zero and then the span. 

f-3 
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1. Conductivity Zero Adjustment. With the conductivity sensor clean, dry, 
and in air, adjust the conductivity "zero" potentiometer for a reading 
of 0000 on the Tripar display. 

2. Conductivity Span Adjustment, Totally immerse the Tripar conductivity 
sensor in calibration solution of known conductance. Note that the 
reading displayed on the Tripar is a temperature corrected value to 25 
"C. Therefore, the value of the standard solution must be calculated 
to 25 "C. Also, the value of the calibration solution should fall in 
the upper 50 percent of the ranges to be calibrated (i.e., adjustment 
of the 1,000 micromhos range should be accomplished with a 500 to 
1,000 micromhos standard). Once the sensor has stabilized in the 
solution for approximately 1 minute, adjust the conductivity "CAL" 
potentiometer at the Tripar rear panel for a reading on the display 
equal to the temperature corrected value of the standard solution. 

Best results will be obtained if the conductivity ZERO and SPAN proce- 
dures are repeated. 

pH Calibration: 

1. pH Standardization. The pH sensor should be standardized before each 
use after long storage. First, moisten the electrode body with tap 
water and carefully remove the plastic storage cap covering the tip of 
the electrode. Care should be taken not to bend the body of the 
electrode as this can result in damage to the internal element. . 

For first-time use after long storage, immerse the lower end of the 
electrode in tap water for 30 minutes. This hydrates the pH bulb and 
prepares the ceramic wick for contact with test solutions. If air 
bubbles are present in the pH bulb, shake the electrode downward to 
fill the bulb with solution. 

Prepare a small sample of pH 7 buffer solution and measure the tempera- 
ture of the buffer. Rinse the pH electrode with distilled water and 
immerse the pH bulb in the reference buffer. Set the compensation dial 
in the Tripar front panel to the temperature of the buffer, allow 
several minutes for the sensor to reach equilibrium, and stir the 
sensor slightly to dislodge any possible air bubbles from the electrode 
tip. Using the "Standardize" potentiometer, adjust for a reading of pH 
7.00 on the Tripar display. 

2. pH Slope Adjustment. Very infrequently, the pH slope adjustment may 
require recalibration. This adjustment is available at the Tripar 
readout rear panel. To accomplish this adjustment, prepare a test 
solution of pH 4 or 10. Measure the temperature of the solution and 
make the appropriate setting at the pH "Compensation" dial. Rinse the 
pH electrode in distilled water and immerse in the buffer solution. 
Allow several minutes for the sensor to equilibrate and stir the 
electrode slightly. Using the pH "Slope" ,potentiometer available at 
the rear panel, adjust the Tripar readout module for a reading equal to 
the value of the buffer solution. For best results, the pH "Standard- 
ize" and "Slope" adjustments should be repeated at least once. 
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Note that some interference may be seen on the pH reading if the Tripar .- 
conductivity sensor is present in the same test solution as the pH 
sensor. 

6.2.4 Photoionization Meters A number of PID meters are available for field 
use, as described below. 

HNuN -* With the probe attached to the instrument, turn the function switch to the 
battery check position. The needle on the meter should read within or above the 
green battery area on the scale plate. If the needle is in the lower position 
of the battery arc, the instrument should be recharged prior to any calibration. 
If the red LED comes "on," the battery should be recharged. Next, turn the 
function switch to the "on" position. In this position, the ultraviolet (UV) 
light source should be on. 

To zero the instrument, turn the function switch to the standby position and 
rotate the zero potentiometer until the meter reads zero. Clockwise rotation of 
the zero potentiometer produces an upscale deflection, while counter-clockwise 
rotation yields a downscale deflection. 
changed after zero is set, 

If the span adjustment setting is 
the zero should be rechecked and adjusted if 

necessary. Wait 15 to 20 seconds to ensure that the zero reading is stable. If 
necessary, readjust the zero. The instrument is now ready for calibration by 
switching the function switch to the proper measurement range. 

Using nontoxic analyzed isobutylene gas available from the manufacturer in pres- 
surized containers, connect the cylinder with the analyzed gas mixture to the end * 
of the probe with a piece of tubing. Open the valve of the pressurized container .,-, 
until a slight flow is indicated and the instrument draws in the volume of sample 
required for detection. Adjust the span potentiometer so that the instrument is 
reading the stated value of the calibration gas. 

If the instrument span setting is changed, the instrument should be turned back 
to the standby position and the electronic zero should be readjusted, if 
necessary. If the instrument does not calibrate, 
the probe or the lamp connection. 

it may be necessary to clean 

PhotovacN Total Ionizables Present (TIP). The name of this instrument is derived 
from the fact that it measures TIP. Turn power switch on by first pulling knob 
out and then up. Allow the TIP to warm up for 5 minutes prior to use. Turn span 
knob to max (9) and zero knob to "ZERO." Attach "zero air" cylinder to TIP inlet 
using PVC tubing. Zero instrument using zero knob only. (TIP is very sensitive 
so stable reading of absolute zero is difficult and not necessary to achieve.) 
Next, attach isobutylene cylinder to TIP inlet. Use the span knob to adjust TIP 
reading to the concentration number on the isobutylene cylinder (usually 60 ppm). 
Remove cylinder. TIP is now calibrated and ready for use. (Calibration should 
be checked often because TIP has tendency to drift.) When finished, turn power 
off by pulling switch out and down. Recharge instrument overnight. (Battery 
charger must be pushed into place and then screwed into bottom of TIP.) 

MicroTIPW IS-3000. Calibration of the instrument will follow procedures in the 
manufacturer's operation manual. First, zero the instrument. Usually clean 
ambient air will be suitable as zero air. If there is any doubt, use a 
commercial source of zero grade air. Isobutylene at 100 ppm in air is the span 

>-. 
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gas for calibration. To calibrate the instrument, use the calibration kit as 
follows. 

1. Connect the supplied regulator to the span gas cylinder. 
the fittings. 

Hand tighten 
Observe proper handling techniques for all gases. 

2. Open the valve on the gas bag by turning the valve stem fully counter- 
clockwise. 

3. Attach the nut to the regulator. Hand tighten the fittings. 

4. Turn the regulator knob counterclockwise about half a turn to start the 
flow of gas. 

5. Fill the gas bag about half full and then close the regulator fully 
clockwise to turn off the flow of gas. 

6. Disconnect the bag from the adaptor and empty it. 
times with the span gas and then fill it. 

Flush the bag a few 

7. Close the gas bag by turning the valve clockwise. 

8. Press SETUP and select the desired CAL memory with the arrow keys and 
press ENTER. Press EXIT to return to the normal display. 

Note: MicroTIP has 10 CAL memories and can be calibrated with 10 * 
different span gases or response factors if desired. 
cal memory can be used at a time. 

Only one 
Each memory stores a 

different response factor, zero point, and sensitivity. (See 
instruction manual for information on programming thie CAL 
memories). 

9. Press CAL and enter the desired response factor. 
21 of the instruction manual, 

(Use Table 2, on page 
to find the correct response factor for 

the compound of interest). If you are not looking specifically for one 
compound, then enter 1.00. 

Note : The concentration detected by MicroTIP will be multiplied by 
the response factor before it is displayed and logged. 

10. Expose MicroTIP to zero air. Press ENTER and MicroTIP sets its zero 
point. 

11. The MicroTIP is then ready for the span gas concentration 'to be 
entered. Enter the known span gas concentration and then connect the 
span gas bag adaptor to the inlet. 

12. Press ENTER to set the MicroTIP sensitivity. 

13. When MiroTIP display reverts to normal, the MicroTIP is calibrated and 
ready for use. Remove the span gas bag from the unit. 

Organic Vapor Meter (OVMl. An OVM is another variety of PID that will be used 
during this investigation. The calibration procedure for the Therm0 Electron 
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Instruments, Inc., Model 580B OVM is as follows. Refer to the instrument A--% 
operating manual for additional details. 

1. Hit ON/OFF toggle once. 

2. Wait until lamp lights (screen will display "PPM = 2'). 

3. Hit MODE toggle. 

4. Hit -/CRSR toggle until "RESET" to CALIBRATE comes up. 

5. Hit RESET toggle to enter calibration mode. (Screen will display "ZERO 
GAS RESET WHEN READY".) 

6. Hit -/CRSR toggle. 

7. Connect zero gas canister via tube and gauge supplied with OVM. Open 
valve on gauge. 

8. Hit RESET toggle. Screen will display "Model 580 Zeroing." 

9. When zeroing is complete, screen will display "SPAN/PPM = 0000". 

10. Span gas concentration (Isobutylene 100 ppm) is entered by hitting 
RESET and +/INC toggles simultaneously to increment digit above cursor 
or RESET and -/CRSR simultaneously to move the cursor. . 

,.--Y 

11. When correct value has been entered, hit +/INC toggle. (Screen will 
display "SPAN GAS RESET WHEN READY.") 

12. Connect span gas canister via tubing and gauge. Open valve on gauge. 

13. Hit RESET toggle. Screen will display "Model 580 Calibrating." 

14. When calibration is complete, the screen display will return to "RESET" 
to CALIBRATE. If calibration is acceptable, hit MODE toggle to return 
screen to run mode. 

6.2.5 YellowSprinPs Instrument Oxidation-Reduction Potential Electrode Assembly 
(Model 4540) The oxidation-reduction potential (ORP) device consists of an 
electrode assembly and cable designed for use with the YSI 3560 Water Quality 
Monitor System and similar ORP measuring systems. 

1. Place the shorting cap on the pH input jack. Rinse the ORP electrode 
and a temperature sensor with deionized or distilled water and connect 
them to the meter. Pat dry with a laboratory tissue. Follow with a 
rinse of a small amount of reconstituted YSI 3682 Zobell solution. 

2. Pour 3682 Zobell Solution into a sample cup (such as one from the YSI 
3565 Sample Cup Pack) and immerse the ORP electrode and temperature 
sensor in the solution. 

3. Turn on the instrument and allow the sensors to equilibrate in the 
solution. 

NTC~Orl.POP 
MVL07.94 6-6 



Chapter No.6, Revision No.J 
Date July 13,1994, Page 1_ of -& 

4. Set the function switch to the millivolt (mV) mode. Read the temper- 
ature and calculate the correction to 25 "C by adding 1.3 mV for each 
degree below 25 "C, or by subtracting 1.3 mV for each degree above 25 
OC; or determine the correction by use of the table provided in the 
Zobell Solution instrument sheet. A corrected reading within 25 mV of 
the value indicated assures correct electrode function. 

6.2.6 Flame Ionization Detectors (FIDs) A number of FIDs are available for 
field use, as described below. 

Century Model OVA 128 Organic Vapor Analvzer 

1. 

2. 

3. 

Set calibrate switch to X10 and gas select control to 300. 

Adjust meter reading to zero with the calibrate adjust knob. 

Introduce a methane calibration gas of 95 ppm and adjust trimpot R-32 
so the meter reading is 95 ppm. 

4. 

5. 

Turn off hydrogen supply valve to put out flame. 

Leave calibration switch on X10 position and use calibrate adjust knob 
to adjust meter reading to 4 ppm. 

6. Place calibrate switch in Xl position and using trimpot R-31 adjust 
meter reading to 4 ppm. . 

7. Move calibrate switch to X10 position again. Use calibrate adjust 
(zero) knob to adjust meter to a reading of 40 ppm. 

8. Move calibrate switch to Xl00 position and use trimpot R-33 to adjust 
meter reading to 400 ppm. 

9. Move calibrate adjust (zero) knob to adjust meter reading to zero. 

10. Unit is now balanced from range to range, calibrated to methane, and 
ready to be placed in normal service. 

11. Note: Carbon filters are used to distinguish between methane and VOCs. 

12. Note: background corrections are made for measured responses for soil 
borings or split-spoon samples analyzed in ambient air. 

Heath PortaFIDN II OVA-FID. Calibration of the instrument will follow procedures 
outlined in the manufacturer's operation manual. To set up the calibration 
procedure, ignite and run the instrument for approximately 1 hour to stabilize. 
Set the instrument on a flat horizontal surface (the instrument must remain in 
this position throughout the calibration procedure). Now proceed as follows. 

1. The meter needle should be set to zero by adjusting the zero control 
knob. 

2. Depress the 500 ppm range switch. 
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3. There should be no significant drift or movement of the meter needle. i-8 
The needle should remain relatively stable on zero. 

Note: calibration must be conducted in a hydrocarbon-free atmosphere 
(clean air). 

4. Attach calibration kit regulator assembly to calibration cylinder, turn 
calibration cylinder valve knob counterclockwise (one half to one 
turn). Do NOT force the knob all the way counterclockwise (open). 

5. Attach calibration kit outlet connector to the hand-held unit by 
pushing the connector firmly into the sample inlet quick disconnect on 
the housing. 

6. Within 30 seconds the meter needle should start moving upscale. 

7. Allow the unit to run at least 30 seconds before checking the meter. 

8. The meter needle should register within one division of 10 on the 
instrument meter scale. 

9. If an adjustment is necessary to bring the meter to within one division 
of 10 on the 500 ppm scale, an adjusting control is supplied with the 
hand-held unit located inside the bottom rear of the instrument. 

10. Adjust control to the proper level. Calibration is complete. , 
,- 

11. Repeat steps 1 through 8 to verify calibration. 
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7.0 ANALYTICAL PROCEDURES 

Sample analyses conducted during field investigation activities at NTC, Orlando 
range from onsite analytical field screening analyses to CLP laboratory analyses. 
This section addresses the field screening and laboratory analytical methods and 
associated DQO levels for the media to be sampled during the NTC, Orlando 
project. The analytical method references are outlined in Table 7-l. 

Field Screeninp Analvtical Data. Field screening data provide real-time 
qualitative data and quantitative data conforming to Level II DQOs. Screening 
methods will be employed to attempt to define high concentration areas and to 
gain information concerning the horizontal andvertical extent of contamination. 
These analytical results will be evaluated to determine optimal locations for the 
collection of confirmatory soil, groundwater, surface water, and sediment 
samples. A minimum of 5 percent of samples collected for field screening 
analyses will be analyzed at Level IV DQO for confirmation. 

). 
Laboratory Analytical Data. Laboratory analytical data will be used for 
confirmatory sampling. These data will provide qualitative and quantitative data 
concerning type, concentration, and distribution of contaminants. In any level 
of QC and for any PO1 where volatiles and semivolatiles are analyzed by GC/MS, 
the current CLP methods will be used. 

7.1 SELECTION OF PARAMETERS. Based on a review of the NTC, Orlando operational . 
history and previous investigation, samples will be analyzed for a list of 
analytical parameters selected for this investigation. The lists of analytes are 
found in Table 7-l. Additional parameters may need to be added to the list as 
required on a POI-specific basis. 

7.2 LABORATORY AND METHOD CERTIFICATION. Analyses will be performed by an FDEP- 
and NEESA-approved CLP laboratory. CLP methods are available for the analyses 
of vocs, SVOCs, PCBs, and pesticides and inorganics. In the event that 
additional methods are needed where no CLP methods exist, USEPA-approved methods 
will be used whenever possible. 

In addition, soil samples will be collected for geotechnical evaluation. 
Physical soil testing will be conducted on the soil samples using the procedures 
and equipment in compliance with current ASTM standards. The tests to be 
performed include Atterberg Limits, sieve grain size distribution, and assignment 
of USGS symbols equivalent to ASTM D-2.487-69. All samples will be sent, 
following proper COC procedures, to a geotechnical testing laboratory. 

7.3 LABORATORY QUALITY CONTROL PROGRAM. The laboratory subcontractor is 
responsible for generation of a detailed Laboratory QA Plan. This plan will also 
be approved during the NEESA and FDEP certification program. 

The laboratory will submit quality control reports as specified in the laboratory 
QA program. The Consultant will review the control charts periodically to ensure 
that the subcontract laboratory is performing analyses in compliance with CLP 
criteria. 
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Table 7-1 
Laboratory Analytical Program 

Project Operations Plan for Site investigations 
and Remedial investigations 

NTC, Orlando, Orlando, Florida 

Media Analytes Method Reference DQO Level 

Soils TCL volatiles Purge and trap GC/MS CLP Ill or IV 
TCL semivolatiles GC/MS CLP Ill or IV 
TAL inorganics AA/ICP CLP or SW846 Ill or IV 
TCL pesticide and PCBs GC/ECD CLP or SW846 (8080) III or Iv 
TCL herbicides GC/ECD CLP or SW846 (8150) Ill or IV 
TPH SW846 (418.1) Ill or IV 
Total organic carbon Combustion SW846(9060) II 
Grain-size distribution Sieve analysis ASTM D 422 II 
Selected screening volatile GC/ECD/PID SW846-M II 
Selected screening semivolatile GC/ECD/PID SW846-M II 
Selected screening PCBs Immunoassay Test Kit SW846%M (4020) II 
Selected screening inorganics X-ray fluorescence SW846M II 

Groundwater TCL volatiles Purge and trap GC/MS CLP (low level) Ill or IV 
TCL semivolatiles’ GC/MS CLP Ill or IV 
TAL inorganics AA/ICP CLP or SW846 Ill or IV 
TCL pesticides and PCBs GC/ECD CLP or SW846 (8080) Ill or IV 
TCL herbicides GC/ECD CLP or SW846 (8150) Ill or IV 
TPH SW846 (418.1) Ill or IV 
Selected screening volatile GC/ECD/PlD SW846-M II 
Selected screening semivolatile GC/ECD/PID SW846-M II 
Selected screening pesticides and PCBs GC/ECD/PID SW846-M II 
Selected screening inorganics X-ray fluorescence SW846-M II 
Selected radionuclidesgamma scan Scintillation counter (101.1) Ill 
Selected radionuclides-alpha or beta scan Scintillation counter (8310) Ill 

Sediments TCL volatiles Purge and trap GC/MS CLP Ill or IV 
TCL semivolatiles GC/MS CLP Ill or IV 
TAL inorganics’ AA/ICP CLP or SW846 Ill or IV 
TCL pesticides and PCBs GC/ECD CLP or SW846 (8080) Ill or IV 
Total organic carbon Combustion sw846(9060) II 

Surface water TCL volatiles Purge and trap GC/MS CLP Ill or IV 
TCL semivolatiles GC/MS CLP Ill or IV 
TAL inorganics AA/ICP CLP or SW848 (8080) Ill or IV 
TCL pesticides and PCBs GC/ECD CLP or SW846 Ill or IV 

’ To achieve florida maximum contaminant levels (MCLs) for all parameters, selective ion monitoring will be used in 
conjunction with standard CLP methods for detection of pentachlorophenol, hexachlorobenzene, and bis(2ethylhexyl)phtha- 
late. SW846 Method 8310, a high performance liquid chromatography method, will be used to detect benzo(a)pyrene at 
MCLs. 

Notes: DQO = data quality objectives. 
TCL = target compound list. 
GC/MS = gas chromatograph/mass spectrometry. 
CLP = Contract Laboratory Program (USEPA, 1991a; 1991b). 
TAL = target analyte list. 
AA/ICP = atomic absorption/inductively coupled plasma. 
PCBs = polychlorinated biphenyls. 
GC/ECD/PID = gas chromatography/electron capture detection/photoionization detector. 
ASTM = American Society for Testing and Materials. 
M = method for field screening. 
SW846 = Test Methods for Evaluating Solid Waste. , 
TPH = total petroleum hydrocarbons. 
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7.4 HOLDING TIMES. Analyses to be performed for this investigation will be 
initiated within specified time limits (i.e., 
degradation of the parameters being analyzed. 

sample holding times) to avoid 
When required, 

preserved in the field prior to shipment to the laboratory. 
samples will be 

Sample preservation 
and holding time requirements were presented in Section 4.2 (see Table 4-l). 
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8.0 DATA REDUCTION, VALIDATION, AND REPORTING 
,., 

Reliable analytical field measurements of environmental samples require continuous 
monitoring and evaluation of the analytical processes involved. Depending on what 
is required of the analysis, how the results will be used, and what the expected 
results may be, QC requirements necessary to accomplish the objectives can and do 
vary substantially. 

Data collected from investigative activities include survey data, field screening 
data, and laboratory analytical data. To represent data generated from field 
investigative activities in a usable form, a number of steps are required. Raw 
data are "reduced" for final reporting, formatting, and interpretation; "validated" 
when data are reviewed for accuracy; and reported when all parameters and require- 
ments have been met. 

8.1 DATA REDUCTION. Data reduction is the process of converting measurement 
system outputs to an expression of the parameter that is consistent w:ith the 
comparability objective. Analytical results collected from both field and 
laboratory analytical instruments will be reduced to the concentration units 
specified in the analytical procedures using the equations provided in the 
analytical references in Chapter 7.0. Data reduction of laboratory data is 
conducted by the analytical laboratory. Reduction of data collected from field 
analytical instruments will be performed onsite by the analyst. All analysts will 
be trained in the required data reduction procedures required for the measurement.* 

Reduction of data for field measurements made by the OVA with an FID or PID will 
be performed according to the following formula to determine the OVA reading in 
mm: 

Correct OVA Reading = (Direct Instrument Reading of Sample) (6) 
- (Direct Instrument Reading of Sample Using 

An Activated Charcoal Filter) 

The list below identifies the field measurements read directly from the instrument 
in which data reduction is required. 

. direct read instruments include pH meter, Model EP/pH; 

. specific conductivity meter (PI Dsph-1pH); and 

. water level indicator (ORS Interface Probe). 

Analyses in the field will be performed by a trained field engineer or scientist. 
They are responsible for properly documenting and performing calculations of 
results that require data reduction. 

Field activities and data calculations will be documented in hard-bound log books 
that indicate conversions of raw data to qualitative and quantitative results. 
Entries are made describing what samples will be taken and analyzed, the locations, 

f-7 raw data, and calculations. The activities will be performed by environmental 
scientists, field technicians, geologists, and engineers. 
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8.2 VALIDATION. Validation of measurements is a systematic process of reviewing m 
a body of data to provide assurance that the data are adequate for their intended 
use and includes a review of PARCC parameters. Sample results are validated 
through comparison to QA/QC data to assure that analytical results fall within 
acceptable accuracy and precision confidence limits and to eliminate, correct, or 
flag matrix and other interference effects. 

Laboratory Data. All data received from contract laboratories are validated and 
verified. Data validation is performed as soon as the laboratory data are 
received. Data validation will be conducted in accordance with NEESA document 
Sampling and Chemical Analysis Quality Assurance Requirements for the Navy 
Installation Restoration Program (1988). Other applicable guidance documents 
include the USEPA Functional Guidelines for Evaluating Organic Analyses (USEPA, 
1988b) and the USEPA Functional Guidelines for Evaluating Inorganic Analyses 
(USEPA, 1988a). Validation includes a rigorous review of sample custody, holding 
times, sample extraction and preparation, GC/MS Spectrometry tuning, initial and 
daily calibration, surrogate performance, MS/MSD performance, method calibration, 
method, field and trip blank contamination, detection limits and detection limit 
standards, analytical sequences, interferences, laboratory and field duplicates, 
serial dilutions, laboratory control samples, post-digestion spike results, and 
method of standard addition results. 

If data validation is performed by a subcontractor, then 10 percent of all 
validated data will be reviewed for accuracy, completeness, and for conformance 
with validation guidance documents. 

During validation, the COC is reviewed for completeness and the field documentation f---4 
is checked to determine at what point in the sampling sequence the equipment 
rinsate blank was collected, the origin of the field blank water and decontamina- 
tion solvent, the source of the sample bottles, and whether the correct number of 
samples and blanks were collected in accordance with the workplan. During the data 
validation process the data are reviewed for the presence of any obvious anomalous 
values. 

Validated data will be prepared in the following formats representing: 

. laboratory data package as received from the laboratory, tabulated by 
media and analytical fraction; and 

. annotated data resulting from the review process, tabulated in a similar 
format. 

Field Screeninp Data. Field screening data provide real-time qualitative data and 
Level II quantitative data. This information is useful for determining strategic 
sampling locations. Greater variability may be expected from field screening 
methods and, due to time constraints, the field analytical data will not be 
formally validated in the same manner as laboratory data; however, the data will 
be carefully screened and evaluated. 

Before field results are reported, they are subject to review. The field analyst 
has the initial responsibility for proper instrument condition and calibration, for 
the data meeting all acceptance criteria, and for the accuracy of all calculations. 
The analyst has the responsibility to correct all deficiencies at the time that 

f--? 

they are discovered. An independent review is then conducted by a peer analyst, 
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receipt, and validated sample receipt, as well as various steps in the process 
needed to ensure the quality of the electronic data. As each milestone is 
achieved, the sample data manager records the achievement in a sample data 
management database. This database is a secure database backed-up daily on a 14- 
day cycle. The back-up is stored in a fire-safe vault for 2 weeks. At the 
conclusion of the project, the sample data manager archives the database and makes 
two copies to store in separate storage facilities. An example data tzacking 
report form is presented in Figure 8-2. 

Field data management procedures vary depending on the type of data collected. In 
all cases, two hard copies of the data exist. One copy resides in the field 
office, and one copy resides in the home office. Where appropriate, electronic 
field data also exist. The main objectives of the field data manager are t:o store 
the field data and to ensure the integrity of any reproductions of the field data. 
When the project is completed, the data manager ensures that two correct copies of 
all field data exist. The field data manager stores each copy in a separate 
storage facility. 

l 

d”” 
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9.0 INTERNAL QUALITY CONTROL 

QC procedures have been established for both field activities and laboratory 
activities. The number and types of QC samples collected for each PO1 will be 
specified in the task specific workplans. A brief description of the types of 
field and laboratory QC samples and frequency of collection is presented below. 

9.1 FIELD QC ACTIVITIES. Field quality control activities include the use of 
calibration standards and blanks for pH, specific conductance, temperature, and 
photoionization, and flame ionization measurements. Field QC samples to be 
submitted to the laboratory include trip blanks, equipment rinsate blanks, field 
water blanks, and field duplicates. The frequency of field QC samples is 
summarized in Table 9-l. Field QC samples are analyzed in the laboratory as 
samples, and their purpose is to assess transport, decontamination procedures, and 
sampling procedures as possible sources of sample contamination and to document 
overall sampling and analytical precision. Field staff may add blanks or 
duplicates if field circumstances are such that they consider normal procedures 
insufficient to prevent or control sample contamination, or at the direction of the 
Consult&t's project TOM. Abrief description of field QC samples for NTC, Orlando 
and the frequency of collection is shown below. 

Table S-l 
Frequency Requirements for Field QC Samples , 

Project Operations Plan for Site Investigations 
and Remedial Investigations 

NTC, Orlando, Orlando, Florida 

Type Frequency 

Trip Blank (volatiles only) One per cooler containing volatile organic compouncl 
samples 

Equipment Rinsate Blank 

Precleaned Equipment Blank Minimum of one, then at 5 percent of equipment sets 
for all parameters measured. 

Field Cleaned Equipment Blank One per day per sampling event for all parameters 
measured. 

Field Water Blank Two per source for all parameters measured (one at the 
beginning of the project and one at end). 

Field Duplicates 10 percent per sample matrix for all parameters 
measured. 

Background Samples To be specified in the task specific workplans 
- 

9.1.1 Trip Blanks Trip blanks are required for assessing the potential for 
contaminating samples with VOCs during sampling, transit, and storage. The trip 
blank consists of a volatile organic analytes (VOA) sample container which is 
filled with analyte free water at the laboratory and shipped to the site with the 
other VOA sample containers. Preservatives or additives are added to the trip 
blanks during preparation, if required for that parameter group. The trip blanks 
are kept with the investigative samples throughout the sampling event and are 
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packaged and shipped with the investigative samples. A trip blank is included n,, 
with each cooler of water or soil samples scheduled for VOC analysis and will be 
stored and analyzed with the corresponding VOC samples. 

9.1.2 Eauipment Rinsate Blanks An equipment rinsate is a sample of organic-free 
water which has been used to rinse the sampling equipment. This blank is useful 
in documenting adequate decontamination of sampling equipment. Two types of 
equipment blanks will be collected during NTC, Orlando field activities; a 
precleaned equipment rinsate and a field cleaned equipment rinsate. 

A precleaned equipment blank is defined as an organic-free water blank of equipment 
rinsate performed onsite before sampling begins. Contaminants present within the 
sampling equipment are assessedby collecting a sample of organic-free water passed 
through the clean sampling apparatus. In addition, field cleaned equipment 4lanks 
are y;.:Jllected if equipment is cleaned in the field. A field cleaned eq:*.^pment 
bla22: is defined as an organic-free water blank of equipment rinsate performed 
onsite after equipment has been cleaned in the field (i.e., between sampling 
points). Contaminants present within or on soil sampling apparatus where intimate 
contact with the sample occurs (i.e., split spoon, trowel, and Shelby tubes) are 
assessed by rinsing the sampling apparatus with organic-free water following 
decontamination. These equipment rinsate blanks are water samples collected 
directly into the appropriate bottle for each parameter. Preservatives or 
additives must be added to the equipment rinsate, where appropriate, for the 
parameter group. 

Equipment rinsate blanks are prepared for each parameter group sampled when d 
particular piece of sampling equipment is employed for sample collection and F--e 

subsequently decontaminated in the field for use in additional sampling. These 
blanks must be collected and analyzed for all matrices involved in the sampling 
event. Equipment rinsate blanks will not be collected during sampling activities 
using dedicated equipment. 

9.1.3 Field Water Blanks Field water blanks include a complete set of samples 
collected from each water source used in the investigation. One set of samples 
will be collected from each water source used at the beginning of the project and 
one set at the completion of the project. These blanks should account for 
potential artifacts that could be introduced through decontamination procedures. 

9.1.4 Field Duplicates Field duplicates are designed to assess the precision of 
the overall sampling and analytical techniques and the homogeneity of the sampling 
media. These samples will be submitted for analysis of all parameters specified 
for the media sampled. Field duplicate samples will be collected at a frequency 
of 10 percent per matrix. The identity of the duplicate samples will not be 
revealed to the laboratory. 

9.1.5 Backrrround Samples Background samples are collected from areas upgradient 
and away from known or suspected contaminated areas. Several background (also 
called upgradient) samples will be collected from each matrix. The estimated 
number and location of these samples at each PO1 will be presented in the task- 
specific workplans. Background samples allow identification of possible upgradient 
sources and/or confirmupgradient contamination. In addition, background inorganic 
analyses allow the estimation of concentrations for naturally occurring compounds. r---5 
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9.2 LABORATORY QUALITY CONTROL (QC) ACTIVITIES. Laboratory quality controls are 
addressed in detail in the Laboratory QA Plan submitted as part of the laboratory 
approval process. The laboratory QC for chemical analyses is based on criteria 
developed in the CLP and in the specific analytical methods. The analysis of 
control samples (e.g., surrogates and method blanks) is routinely done to monitor 
the performance of each analytical method. 

9.2.1 Matrix Spike and Matrix Spike Duplicate Samples An important element of the 
NTC, Orlando effort will be the collection and analysis of samples to evaluate 
matrix effects on target compound response. Matrix spike and matrix spike 
duplicate samples will be prepared in the laboratory by adding a known amount of 
pure compounds to an environmental sample to simulate background and interference 
found in actual samples. For Level IV analyses the current CLP requirements are 
specified. For methods not defined in the CLP, MS/MSDs will be performed for every 

20 samples of similar matrix. A similar matrix is defined as soil or water from 
the same NTC, Orlando Facility (i.e., the Main Base, McCoy Annex, Herndon Annex, 
and Area "C"). For metals analysis, a laboratory duplicate and a matrix spike are 
required for every 20 samples of a similar matrix. For Level III ana:Lyses, a 
MS/MSDs and a matrix spike duplicate are required forvolatiles, semivolatiles, and 
all GC analyses for every 20 samples of a similar matrix. For metals analyses at 
Level III a laboratory duplicate and matrix spike are required for every 20 samples 
of a similar matrix. 
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lo.0 QUALITY ASSURANCE ACTIVITIES 
j 

Audits are performed to ensure and document that QC measures are being utilized to 
provide data of acceptable quality, and that subsequent calculations, interpreta- 
tion, and other project outputs are checked and validated. Both scheduled and 
unscheduled audits are provided for in the QA program. 

System and performance audits may be conducted by the QAM. The QAM may also 
conduct project audits of calculations, interpretations, and reports which are 
based on the measurement system outputs. Audits of field work and review,s of the 
project assessment elements may also be conductedby the QA Manger. The Laboratory 
QAC will perform systems, methods, and performance audits in accordance with the 
Laboratory QA Plan. A minimum of one internal audit will be scheduled by the QAM 
in coordination with the TOM during the SS/SI/RI activities. Internal audits will 
be performed as outlined in Section 10.3. All audit records, including audit 
plans, reports, written responses and corrective action forms, will be maintained 
with the project files. Sections 10.1 through 10.5 describe the varieties and 
associated requirements of audits. 

In addition to routine audits, project and deliverable review systems will be 
implemented to assess scope compliance and overall technical quality of the 
contracted services. 

10.1 SYSTEMS AUDIT. A systems audit is a review of a specific standard opierating 
procedure or program. It is performed to evaluate the conformance of each activity 

I with requirements. A systems audit may be conducted to determine that proper 
procedures, checks, and documentation are being completed. Systems audits may 
address field, office, or laboratory procedures. 

The types of system audits to be performed are described in this section. 

Facilities and Eauipment. The audit will address whether field equipment and 
analytical instruments are selected and used to meet requirements specified by the 
project objectives stated in the POP or the task-specific workplan. Equipment and 
facilities provided for personnel health and safety may also be evaluated. 
Calibration and documentation procedures for instruments used in the field will 
also be reviewed. 

Analytical Laboratories. Only FDEP- and NEESA-approved and CLP-certified 
laboratories will be contracted to provide services for NTC, Orlando. Systems 
audits may be performed of each laboratory 

Sampling and Samnle Handling: Procedure. An audit of scheduled samples versus 
samples collected versus samples received for analysis may be performed. Field 
documentation may be reviewed. If deemed necessary, a site visit to NTC, Orlando 
will be made to ensure that designated control procedures are practiced during 
sampling activities. 

Data Handling. During a systems audit, the QAM will review data handling 
procedures with the TOM. Accuracy, consistency, documentation, and appropriate 
selection of methodologies will be discussed. 
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For each field or systems audit, a checklist, described in Section 10.3, will be - 
prepared and submitted to the Consultant's TOM. 

10.2 PERFORMANCE AUDIT. These audits are intended primarily for the analytical 
data generation systems. The contracted analytical laboratories are CLP qualified 
and are pre-approved as part of the FDEP and NEESA laboratory certification 
programs. Periodic field performance audits are conducted to determine that 
instrument calibrations, QC checks, and continuing calibration verifications are 
being performed as specified by the appropriate SOPS. Project-specific field 
activities are also compared to the workplan. 

The QAM is responsible for ensuring that routine performance audits are carried out 
as appropriate. Performance audits consist of reviews of logged calibration or 
standardization results and execution of measurement calibration operations, and 
may also consist of analysis of measurements or introduced standards or samples of 
known result. 

10.3 AUDIT COMPONENTS 

Scheduling. Audits will be scheduled by the QAM in coordination with the TOM or 
other responsible manager of the activity to be audited. The necessity and 
frequency of audits will be determined during the workplan development. 

Planning. . 
,"/-9‘ 

1. The auditor will complete an audit plan that includes a checklist with the 
following items: 

Date of Audit: Projected date and actual date. 
Reason for Audit: Scheduled, Requested by, etc. 
Applicable Documents: Workplan, SAP, QAPP, POP, SOPS, etc. 
Scope: Activities to be monitored. 
List: List of items to be checked compiled from applicable documents. 
The list will address such issues as: 

. organization and responsibilities, 

. documentation procedures, 

. sampling procedure, and 

. applicable standard operating procedures. 

2. The auditor will notify the TOM or Line Manager regarding the date and 
scope of the audit. It is the responsibility of the TOM or Line Manager 
to notify all affected personnel. 

3. The auditor will determine if technical specialists are desirable to 
assist in performing the audit. 

Performance. 

1. The auditor(s) will meet with the TOM, or Line Manager, to explain the .-, 
purpose and scope of the audit. 
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2. The auditor(s) will complete the audit checklist by reviewing docu- 
mentation, observing activities, and interviewing field or office 
personnel. A draft audit report consisting of a list of findings and 
observations will be compiled by the auditor(s) prior to the post-audit 
meeting and will be submitted in writing to the leader of the activity 
audited. It will address these items that require corrective action. 

3. At the completion of the audit, the auditor(s) will hold a post-audit 
meeting with the TOM and other responsible personnel to discuss the 
results of the audit. 

The purpose of the post audit meeting is to ensure that all parties 
understand the draft audit observations. Any discrepancies that cannot 
be resolved will be noted on the draft paper. 

4. Any discrepancy or observation that requires correctionwillbe addressed 
either through a Corrective Action Form or, if the integrity of the 
program is threatened, through a Stop Work Notice. 

Reporting. 

1. The final audit report will be prepared by the audit team and will be 
reviewed and approved by the QAM. 

2. A copy of the approved final audit report will be submitted to personnel 
as designated by the TOM: , 

The PM or designee will complete and submit Corrective Action Form(s) to document 
that the problem has been addressed. The CLEAN Task Order Manager has final 
responsibility for resolving any disagreements between the auditor and :project 
personnel. All audit records, including audit plans, checklist reports, written 
responses, and Corrective Action Forms, will be maintained with the project files. 

10.4 PROJECT REVIEWS. Project reviews are scheduled and conducted by the 
Consultant's TOM. The intent of a project review is to a.ssess scope compliance and 
overall, technical quality of the contracted services. A project review is 
appropriate at instances such as (1) sampling design plan finalization, (2) end of 
field program; and (3) determination of conclusion and recommendations. Documenta- 

. 

tion of the project review, especially identified action items and their follow-up, 
is essential to maximizing the utility of these reviews. 

10.5 QUALITY ASSURANCE AUDIT REPORT. QA audits are conducted at the request of 
management or clients and occur less frequently than project reviews. A written 
report of a QA project audit will include the following: 

. an assessment of project team status in each major project area, 

. clear statements of areas requiring improvement or problems to be 
corrected, 
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. recommendations and assistance regarding proposed corrective actions or /"h 
system improvements (if no action is required, the report will state that 
the QA audit was satisfactorily completed), and 

. a timetable for any corrective action required. 

Distribution of the report will be as determined by the TOM. This form will cover 
any field or laboratory audit checklist (internal) or external audit performed. 
The QAM is responsible for the coordination of such audits, the disposition of the 
audit records, and the monitoring of corrective actions. 

10.6 QUALITY REVIEW OF STUDIES AND REPORT PREPARATION. The purpose of quality 
review through the course of studies, designs, and reports is to ensure that the 
service, designs, and documents meet currently accepted p::,.:,fessional standards and 
project requirements. QA reviews will be scheduled on a rsutine basis for the NTC, 
Orlando project. The Project Review Committee will be an integral part of this 
process. 

QA during the preparation of studies and reports relies on documentation of data 
utilized and peer review of conclusions drawn from the assembled data base. This 
allows all data base components to be traced to the primary generator and forces 
a review of data quality as the database is developed. Project personnel are 
responsible for utilization and monitoring of this process; compliance is audited 
by the QAM. Upon completion of the data base, data interpretation, evaluation, and 
report preparation commence. Data evaluation incorporates peer review to provide 
broad-based insight to data correlations and interactions. 

To enhance the professional quality of the company's studies and reports, the 
Project TOM will also (1) require that reports refer to and are consistent in scope 
with the project proposal and contract, and (2) require that report language and 
contents be chosen to foster client understanding of risks and uncertainties by 
distinguishing fact from opinion and identifying risks and limitations in a clear 
and informative manner. 

Implementation of QA for reports involves the use of a review routing and sign-off 
form. Figure 10-l illustrates a Deliverable Review Tracking Form. The Project TOM 
provides final review and release for all deliverables. 
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11.0 PROBLEM PREVENTION 

Problem prevention procedures attempt to control problems before they occur and 
before they have an adverse impact on the project. Program management and project 
personnel are required to plan and implement projects utilizing readiness review, 
project technical reviews, audits, and corrective action measures to anticipate, 
identify, and correct problems. 

Program management and projectpersonnelwill identify events or other signals that 
could indicate development of problems and take early action to implement 
corrective measures. Proper project planning includes the development of technical 
workplans, field sampling and analysis plans, HASPS, and QA/QC project plans. 

At the initiation of a project a review will be conducted to verify proper planning 
for the project. A list of potential topics for review include project organiza- 
tion and staff availability, project funding, subcontracts, schedules, mobilization 
plans, and equipment and supplies. 

11.1 ANALYTICAL INSTRTJXENTATION. The contracted analytical laboratories follow a 
well-defined program to prevent the failure of laboratory equipment or instrumenta- 
tion during use. Preventive maintenance of analytical instrumentation and 
equipment for the contract laboratories will be performed in accordance with the 
CLP requirements and the individual laboratory QA/QC program. 

11.2 FIELD SAMPLING INSTRUMENTS. Preventive maintenance of field sampling 
equipment and instrumentation, which is performed by analysts, field personnel, and 
sample program staging area staff, routinely precedes each sampling event; more 
extensive maintenance is performed by manufacturers on the basis of hours in use. 
Sampling crews report on the performance of the equipment after each sampling 
event. Critical spare parts are kept in stock. At times, it is necessary to 
perform routine maintenance in the field; therefore, each field instrument is 
provided with an operating manual. 

For field analytical instrumentation, preventative maintenance will be performed 
by the analysts according to the procedures delineated in the manufacturer's 
instrument manual. For example, GC injection liners and injector septa are Icleaned 
or replaced on a regular basis. Maintenance is performed routinely as specified 
or when instrument performance begins to decline as evidenced by the decrease in 
peak resolution, shift in calibration curves, decreased sensitivity, or failure to 
meet the quality control criteria. 

Instrument logbooks will be maintained in the field laboratories. They contain 
records of usage, calibration, maintenance and repairs. Adequate supplies of spare 
parts for field analytical instruments such as GC columns, syringes, and septa are 
maintained in the laboratories so that they are available when needed. 
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12.0 DATA ASSESSMENT 

The following items are evaluated prior to assessing PO1 conditions: 

. quality of laboratory data 
acceptable 
provisional 
unacceptable 

. method limitations 
dynamic range 
accuracy 
method detection limit 
practical quantitation level 

- precision 

. sampling/analysis scope and results 
number of replicates at one location 
number of samples for each site/media 
background/downgradient distribution 
consistency/trends of chemical assay data collected at site 
agreement with existing site information 

. use of data 
chemical distribution and transport at the site (generally, order-of* 
magnitude comparisons) 
compliance with standards, regulations, response objectives 
presence or absence of chemical 
treatability 
disposal method for media containing chemicals 
risk assessment 

12.1 PRECISION, ACCURACY, REPRODUCIBILITY. COMPLETENESS AND COMPARABILITY (PARCC) 
PARAMETERS. The purpose of data quality assessment is to ensure that data 
generated under the NTC, Orlando project are accurate and consistent with project 
data quality objectives. 
consistency, 

The data assessmentwillbe based on precision, accuracy, 
and completeness. Data quality assessment will be conducted in three 

phases: 

Phase 1. Prior to data collection, sampling and analysis procedures are evaluated 
with regard to their ability to generate the appropriate, technically acceptable 
information required to achieve project objectives. The POP meets this requirement 
by establishing project objectives defined in terms of parameters, analytical 
methods, and required sampling protocols. 

Phase 2. During data collection, results will be assessed to ensure that the 
selected procedures are efficient and effective and that the data generated provide 
sufficient information to achieve project objectives. The appropriateness of the 
precision and accuracy of selected measurement systems will also be evaluated. In 
general, 

pg 

evaluation of data will be based on performance audits, results of spiked 
laboratory sample analyses, and review of completeness objectives. 
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Phase 3. Following completion of data collection activities, an assessment of the 
adequacy of the data base generated with regard to completing project objectives /---%? 

will be undertaken by the Project TOM and QAM. Recommendations for improved QC 
will be developed, if appropriate. In the event that data gaps are identified, the 
QAM may recommend the collection of additional raw data to fully support the 
project's findings and recommendations. 

Each phase of the assessment will be conducted in conjunction with appropriate 
project staff. 

PARCC parameters will be assessment of precision and accuracy of analytical data, 
accomplishedvia review of multiple analyses (precision) and surrogate and/or spike 
recovery (accuracy), both in standard water and soil matrices. Accuracy is 
expressed as percent recovery. Precision is expressed as the difference between 
recoveries for data pairs. Documentation of -ubstandard accuracy and precision, 
and corrective action if necessary, is a laboratory responsibility. A review of 
accuracy in the sample matrix must recognize the impact of matrix interferences. 
Precision must be assessed for each sample matrix because distribution of 
contaminants may be nonhomogeneous, especially in non-water matrices. Precision 
in samples must also be reviewed with knowledge of the matrix and level of analyte 
present. 

Each certified method provides QC requirements and acceptance criteria. The QC 
criteria and required QC samples are specified for each analytical method and are 
components of the laboratory QA plan. 

. 
Another important component of Phase 3 Data Assessment is identification of 
laboratory contamination. Methyl ethyl ketone, acetone, toluene, phthalates, and 
methylene chloride are all common laboratory contaminants. Samples associatedwith 
data in which the laboratory blanks contain similar concentrations of these common 
laboratory contaminants will not be corrected. Data will only be corrected during 
validation according to procedures outlined in the USEPA Functional Guidelines for 
Data Review. Documentation of all data correction for nonsite-related contaminants 
will be provided in the project report. 

- i -. 

12.2 CALCULATION OF DATA QUALITY INDICATORS. The equations used to calculate 
precision and accuracy are shown in Section 3.3. 

12.3 EVALUATION OF DATA GAPS. All data will be continually assessed and POIs will 
be evaluated to determine: (1) if contamination is present, (2) if it presents a 
threat, (3) if it has been delineated, and (4) what further action is needed (i.e., 
delineation, interim or early remedial action, or evaluation of remedial 
alternatives). The goal is to eliminate lengthy interim report development and 
review times by allowing continual data assessment and rapid decision making. 
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13.0 CORRECTIVE ACTION 

Corrective or preventive action is required when potential or existing conditions 
are identified that may adversely impact data quantity or quality. Corrective 
action could be immediate or long term. In general, members of the program staff 
who identify a condition adversely affecting quality can initiate corrective action 
by notifying his/her supervisor and the QAM in writing. The written communication 
will identify the condition and explain how it may affect data quality or quantity. 

Refer to Table 13-l for corrective action of field measurements. Inspections, 
tests and operating status checks may be necessary to control the use or 
installation of faulty, substandard, and/or nonconforming items. Controlled items 
may include, but are not limited to field construction and installation items, 
equipment, instruments, and software. The Nonconformance Report (NCR), Figure 13- 
1, provides a mechanism for avoiding the use of items or services that do not meet 
required specifications. These reports can be used to identify and correct and 
item, material, service, or activity that dose not comply with contract, 
regulatory, or other project requirements. In general, NCRs are filed for hardware 
or equipment problems. 

Table 13-1 
Summary of Corrective Action for Field Measurements 

Project Operations Plan for Site Investigations 
and Remedial Investigations 

NTC, Orlando, Orlando, Florida 

. 

Analysis Control item 

Specific conductivity at Check standard 0.00702 
25 OC N potassium chloride 

Acceptanoe Criteria 

* 5 percent 
1000 pmhos/cm 

Corrective Action 

Recalibrate with fresh 
potassium chloride. 

PH pH buffer 4,7, and 10 i.2pH Recalibrate, adjust tern-, 
perature, and check stan- 
dard expiration date. 

Temperature *O.l “C (‘1 Calibrate against NIST 
thermometer. 

’ Precision and accuracy for this method have not been determined. 

Notes: OC = degrees Celsius. 
pmhos/cm = micromhos per centimeter. 
NIST = National Institute of Standards and Technology. 

Any person within the organization may initiate an NCR. The nonconforming item or 
action should be brought to the attention of the activity supervisor and the TOM. 
The TOM will determine if a stop work order is needed. If materials, instrumenta- 
tion, or other items are determined to be out of conformance, they will be clearly 
labelled and, if possible, removed from the site. The TOM will consult with the 
QAM to determine what action is necessary to correct the nonconformance. If items 
are not within specification, and the deviation may impair the quality of the 
project, the items will be rejected and returned to the supplier or disposed. If 
use of the item will not impair the quality of the project, the item may be used, 
if justification is documented. 
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SOSCOh-FOR!IiAXE REPORT (h-CR) 

SCR No.: 
Date: 
Originator: 
Project: 

Manufacturcr/~endor: 
Lot So./Other ID: 

SpeciIied Requirement: 

,Uonconforming Condition: 

Recommended Disposition 
L’se-as-Is 
Rework 

Repair 
Reject/Saap 

Justification (use as is and repair): 

Disposition Approva& 

Project Manager: Date: 
QA Specialin: Date: 
Technical Reprcsentatiw Date: 

Correct&c Action to Prevent Recurrence Yes _ 
see CAP No. 

SO - 

Potential Impact to Other Project% 

Affected Project Documents to be Modified: 

Disposition Completion By: 
Disposition Verification: By (0b.M): 

Date: 
Date: 

EXAMPLE NON-CONFORMANCE REPORT 

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA 

519-03 940tilWEM 
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Actions, procedures, or services that are not in conformance may also be controlled 
through a corrective action notice, a stop work order, or a notice to the file. 
Documentation of the action or justification for non-action will be attached to the 
NCR. If the nonconformance could impact other projects, the PM or the QAM will 
notify responsible managers. 

13.1 IMMEDIATE CORRECTIVE ACTION. Immediate corrective action is usually applied 
to spontaneous, nonrecurring problems (e.g., instrument malfunction). The 
individual who detects or suspects nonconformance to previously established 
criteria or protocol in equipment, instruments, data, or methods, will fix the 
malfunction and reperform the activity. If the measurement system will not go back 
into control, the individual will immediately notify his/her supervisor. The 
supervisor and the QAM will then investigate the extent of the problem and take the 
necessary corrective steps. If a large quantity of data is affected, the 
supervisor must prepare a Corrective Action Form (CAF) (Figure 13-2), an NCR, or 
a memorandum to the Project TOM and QAM. These individuals will collectively 
decide how to proceed. If the problem is limited in scope, the individual will 
decide on the corrective action measure and document the solution in the 
appropriate workbook or log and notify the TOM and the QAM in a memorandum. If 
data loss occurs as a result of the malfunction, the extent of loss will be 
assessed by the responsible manager, and approved by the QAM and the Florida 
Operations Manager or CLEAN Technical Services Manager. All other affected project 
managers wili be informed in writing. 

, 

13.2 LONG-TERM CORRECTIVE ACTION. Long-term corrective action procedures are 
'1 devised and implemented to prevent the recurrence of a potentially serious problem. 

The QAM will be notified of the problem and will conduct an investigation to 
determine the severity and extent of the problem. The QAM will then file a CAF 
with the Project TOM, Florida Operations Manager or CLEAN Technical Services 
Manager. 

Corrective actions may also be initiated as a result of other activities, including 
(1) performance audits, (2) system audits, (3) laboratory and field comparison 
studies, and (4) ongoing project audits. 

The QAM will be responsible for documenting all notifications, recommendations, and 
final decisions. The Project TOM and the QAM will be jointly responsible for 
notifying program staff and implementing the agreed-upon course of action. 'The QAM 
will be responsible for verifying the efficacy of the implemented actions. The 
development and implementation of preventive and corrective actions will be timed, 
to the extent possible, so as to not adversely impact either project schedules or 
subsequent data generation and processing activities. The QAM will also be 
responsible for developing and implementing FDEP and/or NEESA recommended 
corrective actions resulting from performance audits, system audits, validation, 
and data review. Finally, the QAM will also be responsible for developing and 
implementing routine program controls to minimize the need for corrective action. 

Examples of long-term types of actions include: 

. staff training in technical skills or in implementing the QA program, 
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CORRECTIVE AC-I-ION FORM 

Project: 

Project Yo.: 

Problem Description: 

Date: 

Page - of _ 

Cause: 

Proposed Corrective Action(s): 

Project Manager: 

OA: 

Affected Organization: 

Proposed Organization: 

Date: 

Date: 

Date: 

EXAMPLE CORRECTIVE ACTION FORM 

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA 
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CORRECTIVE ACTION FOR-M (Continued) 

Verification Corrective Actions: 

Comments and Recommendations: 

Close out Sipnature: 

Date: 

FIGURE 13-2 (Cont.) PROJECT OPERATIONS PLAN 

EXAMPLE CORRECTWE ACTION FORM 

NAVAL TRAINING CENTER 
ORLANDO, FLORlDA 

I 

19-03 940321 WEM 
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. rescheduling of laboratory routine to ensure analysis within allowed 
holding times, 

ST* 

. identifying vendors to supply reagents of sufficient purity, and 

. revision of Consultant QA system or replacement of personnel. 

For either immediate or long-term corrective actions, steps comprising a closed- 
loop corrective action system are as follows: 

define the problem, 

assign responsibility for investigating the problem, I 

investigate and determine the cause of the problem, 

determine a corrective action to eliminate the problem, 

assign and accept responsibility for implementing the corrective action, 

establish effectiveness of the corrective action and implement the 
correction, and 

verify that the corrective action has eliminated the problem. 

Depending on the nature of the problem, the corrective action employed may be 
formal or informal. In either case, occurrence of the problem, corrective action :-L, 
employed, and verification that the problem has been eliminatedwillbe documented. 
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14.0 REPORTS 

14.1 QUALITY ASSURANCE AND QUALITY CONTROL REPORTS. As noted in previous chapters, 
reports of a variety of QA and QC activities are provided to managers at 
appropriate levels of the project organization. All QA and QC reports are 
available to SOUTHNAVFACENGCOM and FDEP. 

14.2 PROJECT DELIVERABLES. Preparation of each NTC, 
following completion of the contamination assessment. 

Orlando report will begin 
The Draft Report will be 

submitted to the BCT for review. The Consultant will respond to review comments 
through the preparation of a Comment Response Package. Following agreement on 
comments, a Draft Final Report will be prepared and resubmitted to the BCT. 

Preparation of the Final Report will begin when comments on the Draft Final Report 
are received. Comments received from the BCT on the Draft Final Report (if any) 
will be addressed in the Final Report. The Consultant's Task Leader will be 
responsible for developing the Final Report, with oversight by the TOM and the 
Internal Review Committee. 

Report development will involve drafting of text, and compilation of data, tables, 
and figures for geologic, hydrogeologic, chemical, and risk assessment. Draft and 
Draft Final Reports will be prepared under the direction of the TOM, with review 
by the Internal Review Committee. 

. 

14.3 PROJECT RECORDKEEPING. 
Consultant for 

Task Order-specific files will be maintained by the 
the duration of the project and then turned over to 

SOUTHNAVFACENGCOM for long-term maintenance. Specific logs, notebooks, and forms 
for each element of project activity have been described as a component of the 
procedures in Chapter 4.0. 

Summary audit reports may be prepared coincident to the completion of each task to 
inform task staff and management of QA status. The reports will include the 
following: 

. periodic assessment of measurement data accuracy, precision, and 
completeness; 

. results of performance audits and/or systems audits; 

. significant QA problems and recommended solutions for future projects; and 

. status of solutions to any problems previously identified. 

Additionally, any incidents requiring corrective action will be fully documented. 
Procedurally, the QAM will prepare the reports to management. These reports will 
be addressed to the TOM and the Internal Review Committee. The summary of findings 
will be factual, concise, and complete. 
be appended to the report. 

Any required supporting information will 
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SOUTHERN DIVISION NAVAL FACILITIES 
ENGINEERING COMMAND 

GUIDELINES FOR GROUNDWATER MONITORING 
WELL INSTALLATION 

PART 1: GENERAL 

1.1 Introduction 

Groundwater monitoring wells shall be located at sites approved by the Southern 
Division Engineer-In-Charge (EIC) and the Activity Environmental Coordinator (EC). 
All applicable local, state and federal regulations concerning well installations 
or soil borings shall be followed. 

1.2 Applicable Publications 

The publications listed below form a part of this guideline to the extent 
referenced. The publications are referred to in this text by designation only. 
The latest revision of the specifications shall be followed. 

1.2.1 American Association of State Highway and Transportation Officials (AASHTO)' 

Document No. 

M 220 

1.2.2 American Society 

Document No. 

A ,120 

A 312 

B 209 

c 150 

C 778 

Title 

Epoxy Coatings Specifications 

of Testing and Materials (ASTM) 

Title 

Pipe, Steel, Black and Hot-dipped, Zinc coated, welded and 
seamless 

Seamless and Welded Austenitic Stainless Steel Pipe 

Aluminum and Aluminum-alloy Sheet and Plate 

Portland Cement 

Standard Sand 

D 1457 

D 1785 

NTC-OrFOP 
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Polytetrafluoroethylene (PTFE) Molding and Extrusion 
Materials 

Standard Specification of Polyvinyl Chloride Pipe (PVC 
Pipe, Schedules 40, 80, 120) 
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Document No. Title 

D 1586 Method for Penetration Test and Split Barrel Sampling of 
Soils 

D 1587 Practice for Thin Wall Tube Sampling of Soils. 

D 2113 Diamond,Core Drilling for Site Investigation 

F 480 Thermoplastic Water Well Casing, Pipe and Couplings Made 
in Standard Dimension Ratios (SDR) 

F 883 Padlocks 

1.2.3 American Petroleum Institute (API) 

Document No. Title 

13-A Oil Well Drilling Fluid Specifications 

1.3 Submittals 

1.3.1 A completed "Southern Division Naval Facilities Engineering Command 
Groundwater Monitoring Well Installation Report" will be submitted for each wel& 
installation. 

1.3.2 Certificates of Conformance: A certificate of conformance shall be provided 
to the EIC for any of the items below that are used in a well installation. The 
certificate shall describe in detail how the material meets or exceeds the required 
specifications for the following, as appropriate: 

a) Casing 
b) Screen 
c) Grout 
d) Drilling Mud 
e) Gravel Pack 
f) Caps and Plugs 
g) Centralizers 
h) Surface Casing 

i) Well Protective Cover 
j) Flush Mount Protective Cover 
k) Padlock 
1) Protective Post 
m) Well Designation Sign 
o) Epoxy Paint 

1.4 Deliverv and Storage 

All materials shall be delivered in undamaged condition, stored in accordance with 
manufacturer's recommendations (off the ground) and protected from the weather in 
an area designated by the EC. All defective or damaged material will be replaced 
with new material at no cost to the government. 

NTC-Orl.FOP 
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PART 2: PRODUCTS 

2.1 All materials shall conform to the respective specifications and other 
requirements as specified herein. 

2.1.1 Well Casing 

Material type will be approved by the EIC. The material provided will have adequate 
strength to resist external forces both during and after installation. The casing 
threads shall be compatible with the screen listed in 2.2.2. Markings, writing or 
paint strips are not allowable on any of the materials. The casing shall conform 
to the specifications listed below. 

a. PVC, flush threaded joints (schedule 40) ASTM F480 and ASTM D1785 

All PVC flush threaded joints will meet or exceed the water pressure ratings 
(at 73 degrees Fahrenheit) for the size and schedule of PVC pipe used in the 
project, as listed in ASTM D1785: Table X1.2. 

b,- Polytetrafluoroethylene (PT-E), flush threaded joints, ASTM D1457 

Virgin materials shall be used to meet the ASTM specification. Certification 
of compliance and joint evaluation are required. Shall be shipped in sealed 
containers that are capable of preventing contact with any foreign substances. 
PTEF "0" rings are required to seal all joints. 

e 
C. 316 stainless steel, flush threaded joints, ASTM A312 
d. 304 stainless steel, flush threaded joints, ASTM A312 

End fittings shall be double entry flush screw threads. The casing shall be 
cleaned prior to delivery in the following manner: 5-minute immersion in 
static bath of dilute acid, pressure wash with detergent and cool water, rinse 
with warm water and allow to air dry. 

2.1.2 Well Screen 

Material type will be approvedby the EIC. The material provided will have adequate 
strength to resist external forces both during and after installation Water 
velocity through the screen openings shall not exceed 0.1 ft/sec. The opening size 
will be determined from an analysis of the material in geologic formation to be 
screened and/or the size of the filter pack material. Markings, writing or paint 
strips are not allowable on any of the materials. The screens shall conform to the 
specifications listed below. 

a. PVC, flush threaded joints (schedule 40)# slotted, ASTM F480 and ASTM 
D1785 

Two inch I.D. screens will have 3 rows of slots with a spacing of l/8 inch 
between slots. Four inch I.D. screens will have six rows of slots with a 
spacing of l/8 inch between slots, All PVC flush threaded joints will meet or 
exceed the water pressure ratings (at 73 degrees Fahrenheit) for the size and 
schedule of PVC pipe as listed in ASTM D1785, Table X1.2. 

NTC~Orl.POP 
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b. Polytetrafluoroethylene (PTFE), flush threaded joints, slotted, ASTM Dl457 ~ 

Virgin materials shall be used to meet the ASTM specification. Certification 
of compliance and joint evaluation are required. Shall be shipped in sealed 
containers. PTEF "0" rings will be used to seal all joints. 

316 stainless steel, wire wrapped, flush threaded joints, ASTM A312 
304 stainless steel, wire wrapped, flush threaded joints, ASTM A312 

The well screen shall be of a continuous slot, wire wound design. It shall be 
fabricated by circumferentially wrapping a triangularly shaped wire around a 
circular array of internal rods. The configuration must produce sharp outer 
edges, widening inward. PTFE "0" rings will be used to seal all joints. End 
fittings will be welded to the screen body. 

2.1.3 End Plugs 

The end plug shall be flush threaded and shall be constructed of the same type of 
material selected for the screen or casing above. All ASTM specifications that 
apply to the screen and casing materials shall apply to the end plugs. Markings, 
writing or paint strips are not allowable on any of the above materials. 

2.1.4 Well Caps 

The well cap shall be flush threaded and be constructed of the same type of 
material selected for the casing above. All ASTM specifications that apply to the 
casing materials shall apply to the well caps. Markings, writing or paint strips f-% 
are not allowable on any of the above materials. 

2.1.5 Adjustable Centralizers 

The centralizer shall be capable of maintaining the casing and screen straight and 
plumb in the borehole during well installation. The material type shall be the same 
type of material selected for the casing/screen above. No solvents or glues will 
be used. 

2.1.6 Annular Space Fill Materials 

a. Filter pack shall be 98% pure silica, cleaned with potable water, have a 
uniformity coefficient of l-3, and a specific gravity of 2.6 - 2.7. The 
filter pack shall meet ASTM C 775 standard sand specifications. 

b. l/4-inch bentonite pellets shall be 90- montmorillonite clay, with a bulk 
dry density 80 lbs/cu ft, a specific gravity 1.2, and a pH of 8.5-10.5. 

C. Granular bentonite shall conform to API std 13-A for bentonite. - 

d. Portland Cement shall conform to ASTM C 150 Type I. 

NTC~Orl.POP 
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2.1.7 Surface Casing: shall be constructed of steel meeting ASTM A 120 and shall 
have a wall thickness as specified below. 

a. 24 inch diameter 0.25 inch wall thickness 
b. 20 inch diameter 0.25 inch wall thickness 
c. 16 inch diameter 0.25 inch wall thickness 
d. 10.75 inch diameter 0.25 inch wall thickness 
e. 24 inch diameter 0.50 inch wall thickness 
f. 20 inch diameter 0.50 inch wall thickness 
g. 16 inch diameter 0.50 inch wall thickness 
h. 10.75 inch diameter 0.365 inch wall thickness 

2.1.8 Surface Completion: all materials provided for a well surface completion 
shall conform to the specifications listed below. 

a. Locking 16-gauge steel protective well cover, 
length 

round or square and 5-ft in 

b. Flush mount 22-gauge steel, water resistantweldedbox with 3/8-inch steel 
lid, locking device and padlock guard 

C. Concrete pad at ground surface (3' X 4' X 6") ASTM C 150 

d. Padlock (brass, corrosion resistant, keyed alike) ASTM F 883 

e. Steel protective post (4-inch diameter, 6-ft length, l/4-inch thickness,* 
concrete filled) ASTM A 120. 

f. Well designation sign, 
6 inch, 

sheet aluminum, ASTM B 209, l/8 inch by 18 inch by 
anchors and fasteners compatible with sign, designation to be 

provided by EIC, the designation shall be stamped into the plate with 4- 
inch letters and numbers. 

g* High visibility yellow epoxy paint AASHTO M220. 

PART 3: EXECUTION 

3.1 Drilling Method 

The proposed drilling method must be approved by the EIC. Hollow-stem auger methods 
will be given first preference, rotary methods second and any other methods will 
require detailed evaluation by the EIC and written approval. 

3.2 Well Installation 

Well depths, length of screen and sump will be determined on a site specific: basis 
with approval of the EIC. Screen lengths will be limited to 10 feet unless longer 
lengths are specifically approved in writing by the EIC. Two inch well diameters 
will be specified for shallow well installations. Deeper well installations or 
wells that will be converted to recovery wells may require four inch wells. 
Recovery well specifications will be approved by the EIC. 

,#b@--* 
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Well installation shall follow commonly accepted professional drilling procedures. 
The borehole will be logged by a qualified geologist/hydrogeologist as drilling J---5 

proceeds. Soil samples shall be collected according to one of the following 
methods: ASTM D 1586-Method for Penetration Test and Split Barrel Sampling of Soils 
or ASTM D 1587-Practice for Thin Wall Tube Sampling of Soils. Consolidated Rock 
will be sampled according to ASTM D2113 Diamond Core Drilling for Site Investiga- 
tion. 

Gravel pack, seals, and grout will be installed using tremie methods. Bentonite 
seals shall be allowed to hydrate the time period specified by the manufacturer. 
Accurate measurements shall be made to the top of the gravel pack and seals with 
a weighted steel tape and adjusted to reflect the top of casing. 

If water is used in the drilling process, a sample shall be collected from the 
source and analyzed for the parameters specified in the investigation. Results will 
be included in the investigation.report. 

3.3 Well Development 

Well development shall commence no sooner than 24 hours after placement of the 
grout. The development method shall be approved by the EIC. The selected method 
shall be capable of removing all drilling fluids and cuttings from inside the well, 
within the gravel pack and from within the formation. The development method shall 
not introduce any type of contamination into the aquifer. Introduction of outside 
water to the well shall be minimized. Any water introduced into the well shall be 
recovered to the maximum extent d 
possible. A written report will be required describing the reasons why any 
introduced water could not be recovered. 

The development process should result in wells that are sediment free. A well that 
produces turbid water (as defined by the Safe Drinking Water Act PL 93-523) may be 
rejected by the EIC. 

3.4 Material Disposal 

Control and disposal of investigation-derived waste (IDW) is described in Section 
4.10 of this volume. 

3.5 Decontamination 

All down-hole drilling equipment the drill rig, tools, etc.) will be decontaminated 
according to the approved Quality Control Plan prior. to beginning work, between 
each well location and after the last well is completed. The drill rig will be 
placed on lo-mil polyethylene sheeting at each drilling site to contain any 
spillage or leaking of hydraulic fluid or fuel. All of the decontamination waste 
will be handled according to section 3.4 above. 

3.6 Well Protection 

A steel, hinged, locking protective casing will be installed within a 3-ft by 4-ft 
by 6-inch thick concrete pad. The pad will be set level and 4-inches below grade. 
The pad shall be installed so that surface runoff does not pond around the well 
casing and protective cover. The concrete mix shall obtain a minimum 28-day /--%.a 

compressive strength of 3000 pounds per square inch. 
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If designated by the EIC, four steel protective posts will be installed 0.5 foot 
from the corners of the pad but not set within the pad. The post will be 6-feet in 
length, 4-inch in diameter and have a wall thickness of 0.25-inch. The post will 
be filled with concrete and set three feet below grade in a lo-inch diameter hole 
with concrete backfill (as above). 

The protective casing and any protective post installed shall be cleaned, primed- 
and then painted with two coats of high visibility yellow epoxy paint that meets 
the specifications of AASHTO M 200. The protective casing will be locked with a 
Type Pol (Key Operated), Option E (Corrosion Resistant) padlock that conforms to 
ASTM F 883. When multiple wells are installed, the padlocks for each well at an 
activity shall be keyed alike. The original and two copies of all keys shall be 
delivered to the EIC and two copies shall be delivered to the EC. All keys shall 
be tested to ensure performance prior to delivery. 

3.7 Well Designation 

A permanent well designation sign will be attached to the protective casing. The 
sign shall be a 18-inch by 6-inch by l/8-inch thick sheet aluminum plate, bolted 
to l/4-inch studs welded to the casing. The sign shall be stamped with 4-inch 
letters and numbers in accordance with the numbering system in section 4.0 of this 
specification. 

PART 4. INSTALLATION RESTORATION PROGRAM WELL NUMBERING SYSTEM 

The purpose of this well numbering system is to locate a particular <well by 
activity, key it to the Initial Assessment Study (IAS) and sequentially number each 
well at each site. The EIC will provide designations for sites not included in the 
IAS. 

Example: CEF-1-l 
KYW-5-8 

FLORIDA 

Cecil Field 
Ft. Lauderdale 
Key West 
NavHosp Key West 
Homestead 
Jacksonville 
Mayport 
Panama City 
Whiting Field 
Andros Island 
Pensacola 
Saufley 
Correy Station 
Orlando 

Cecil Field, Site 1, Well number 1 
Key West, Site 5, Well Number 8 

CEF 
FLD 

KWH 
HST 
JAX 
MPT 
PCY 
WHF 
AIS 
PEN 
SFY 
CRY 
OLD 
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GEORGIA 

Albany 
Atlanta 
Kings Bay 
Athens 

SOUTH CAROLINA 

Parris Island 
Beaufort 
NavHosp Beaufort 
NWS Charleston 
NS Charleston 

LOUISIANA 

NAS New Orleans 
NSA New Orleans 

MISSISSIPPI 

Gulfport 
NavHome Gulfport 
Meridian 

TENNESSEE 

Memphis 
Bristol 

TEXAS 

Corpus Christi 
Chase Field 
Kingsville 
NAS Dallas 
NWIRP Dallas 
McGregor 

ALB 
ATL 
KBA 
ATH 

PA1 
BFT 
BFH 
NWS 
CSY 

NOA 
NOS 

GPT 
GPH 
MRD 

MPH 
BRT 

CCT 
CAF 
KVE 
DNA 
DWP 
MGR 
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PART 5. STATEMENT ON USE OF ALTERNATE MONITORING WELL MATERIALS 

The Navy accepts the risks associated with the use of alternate materials (other 
than stainless steel) for groundwater monitoring. We understand that USEPA's 
position is that use of alternate materials may cause interference or inaccuracies 
in the chemical analysis of samples from such wells. However, the Navy has 
provided evidence that the use of stainless steel well materials may have the 
potential to introduce more interferences than PVC for full-suite analyses 
(Attachment A). Therefore, risks are associated with the use of either material. 

We understand USEPA has accepted the use of PVC instead of the recommended 
stainless steel for investigations at Naval Training Center, Orlando, Florida. 

USEPA may require reassessment of the use of PVC based on POI-specific conditions. 
We further understand that USEPA reserves the right to refuse groundwater 
monitoring data generated from wells where construction materials other th,an those 
specified in the USEPA Region IV SOP are used and the groundwater data generated 
fails to meet the necessary DQOs. 

. 
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SOUTHERN DIVISION NAVAL FACILITIES ENGINEERING COMihZAND 
GROUNDWATER MONITORING WELL INSTALLATION REP0R.T 

LOCATION 

IDG OF EKXING NO. LOG OF-NO. 

Li MATERIAL DESCRIPTION WELL CONSTRUCTION 
iii 

Boring Completion Date: Boring Diameter: 

Well Completion Date: Ground Elevatiorr: 

Well Development Date: Top of Casing Elevation: 

Driliing Method: Drilter: 

Depth to Water: Logged by: 



. 

DEPARTMENT OF THE NAVY 
-sour”ERN OIV1SION 

NAVAL FACILITIES EHCWEERING COMMANO 

2 155 EAGLE OR.. P. 0. BOX 10066 

CHARLESTON. 5. C. 294 11-0066 

WELL CONSTRUCTlOt DETAILS 

WELL NUMBER 
DATE OF INSTALLATION 

1. Height of Casing abow grwnb - 

2. Depth to first Coupling 

Coupling Intewai Depths 

3. Total Length of Blank Pipe 

4. Type of Blank Pipe - 

5. Length of Screen -. 

6. Type of Screen 

7. Length of Sump 

8. To&l Depth of Boring 

9. Depth To Bottom of Screen 

10. Type of Screen Filter 

Hole Diameter 

. 

Quantity Used Size-- u/c 

11, Depth To Top of Fibr 
; 

12. Type of Seal 

13. 

14. 

CSLlantity Used - 

Depth To Top of Saal 

Type of Grout 

Grout Mixturs - 

tlsthod of Plqcemsnt 

#-T 
COMMENTS ON INSTALLATION: 

k 
,...:. 
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;OUTHERN DMSION NAVAL FACILITIES ENGINEERING COMMAND 
‘GROUNDWATER MONITORING WELL INSTALLATION REPORT 

LOCATION EXAMPLE OF A COMPLETED WELL SHEET 

LOG OF !3ORI.h-C NO. LOG OF W’EIL X0. 
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MATE& DESCRIPTION 

? Wd?lnwj tklledonr ] 

numerous shdls, mok 
to McLm rttonq 

WELL CONSTRUCTION 

56.t 
‘iR c 

Type of FItu Sand 
ffne to biedlum Cr Quart:, 

Boring Completion‘ Date: 

Well Completion Date: 

Wet1 Development Date: 

Drilling Method: 

Depth to Water: 

Boring Diameter: 

Ground Elevation: 

Top of Casing Eievtion: 

Driller: 
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1961). Eurd 5jccSorj of dJu 20,50 or ZOO pL 
wee eqloyed for the ~,a$?= mentioned ajove 
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The MDLis obszined by mukp&tig tSe stttdud 
det<atjon of the replicate ,?e2sG.remcn3 by the 
ap?ro$atc onesided t-stAs=ic co.mspondLi7g to 
n-1 depes of $eedoz 2t t!w 99% cotidexcIevcL 

Ea& stlple diquot wk.S 2 dctezed anrlytc 
concentration above tie.MDLwu axdyzd at fcut 
P&CC .ba.ly?e concentations were based on the 
avenge pe* Se+ fom a stip chart recording. 

Aqueous cali3ration standards for Ag, As, Cd. 
Cr, CU. Fb, Eg and Se were prepared by dihtig 
mo&mg/L cded ztomic absqtion stodc sohi- 
tions Eshu Scientic Co&. A 3a stock stzndzrd 
V.-U made by* &solt5sg a wei&d amount of 
Sa(NO )* a&r, @gent G.-de) h deionked water. f ~odc5~ st~~d.hi~ wmpreprrd b deion- 
:zed water ad&&d t0 2% V/V Witt i-30, (GX). 

Ca&xtions were established by Cetcmkdq 
t+n &%rot coacen~5on 5tmduds in ‘z;pli- 

e 
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Asenh, mercxry, ocftu’ur~ and silver 
TSe detc+natiors for A, I-Z& Se &I .l?g were 

not s~atistic2lly ar,aly& Secase ‘he z2joAty of 
the concmtatiomwerc at orbeiow the establisshed 
MD& Sited on the an2lysis zdwds crtployed, 
none af the well csings carsistently corhbu?ed 

As, Hg or Ag abbe 1% or Se above 2% of *he 3.4 
drinking water cplify level 

DISCUSSION 

Grad water WLS cokM &ox a doxstic 
well system amad stored 5 se&d 2-L +ss Soties 
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TabIe 4. Physica state of sttidess steel $pes after eqoswe to 
gotzad water. 

“Table 3. Ave.ralge m&I concentritiorcs for tSe controls 
based on the groups established by the Crr ~opuIafions 
(Pm. 

2 Avg. 103 020 025 a4 SA 
std. see 0.19 ac32 am a00 029 

3 Avg. 16.P ax 023 a4a Sd 
stb scp. a0 ac21 am a00 13.3 

- SudsdaIly d&rent at the 99% conridencr feel. 
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llnfluence of Casing Materials on Trace-Level 
Chemicals b Well Wder I. ‘_ ~ _I 

sr 

. 

htroducion 
Tae V.S. E~vircnnen~aI ?rotec:ion +pcy’s 

p-4.5) ~cT.4 Ground Wker ,34onitc;ing 7’&rkal 
Ezfcr:tm eat cujdanc= DOCUmeJt (ECD) (U.S. ET.4 
IS]&) RaiCiT tia,ar Ody fhmoczr~cn xsins or siainiess 
net! (S’j) &kg should be used for monitor’,~~voIatile 
orgtzja iz L!X saxrated tone. The cri@al drzft of 3s 
dbcxx:t (U.S. 3.4 r9Esj suggested th2t Tc~~oJ* or 
sukks std :a be used for all pound water rzotizitcr- 
ing ar 3-4 sires. Tbe E?A ws conexmd that many 
of tie czsi~g ,matrrizls csed for gound water zorhx- 
kg cocld ei~$er &ccl the quality of be Found water 
or did zct h-e ;je Iccg-texl strJcuraI &u;suetisiic; 
fey’:‘:d of :CSi rJcnit0rir.g we!%. U%h resgea 10 
L?lC 3.4b 5s cc~crr a xvicw of t!3e litetarure pb- 
kjed ;;icr 10 is86 did Jot rev4 su’cnantial etidezct 
10 sqpn i51e ~csiiicn take3 by t5e E?A in eitier edi- 
rion of *&is docweol (lbker ez al 19239). 



U.Xe f$xse sxdies i3diczte :kar sa@on of some 
orpnia .t.ty je 2 si@k2nt Foble.3 for $?dc cuing 
over *e icng :eq OnIy he, SiUdy 5y Wler (l?SZ) 
examined dtso;;tion during *Je 5~ wo ute:ks. In that 

mdy, he obsc-ed some desopion (;C terc:ar) of the 
:et-acYoroe:hie;e that >ad 3e:a 
tSe ?VC ca&s. 

;re\-iausly sorbed 5y 

casiq ~2re%!!s 4s ay a!sa lea& a varie7 of or3anic 
cubsxazczs. I= :xa studies (Mille. . - -. 
ix 1986) 

- ’ Cm %rk er and Jerk- 
, ati~~+cal Sxetierences it ieac5ates from PVC 

we!l casizcs were rougbt 3ut none wer: found. bran 
and To&a (ISlt) a!sa examined *he Ieackates from 
5ve pIas&. k!vdiq WC 2nd FiE. ‘?hey found thzt 
FE leaded t5e fewest con:aminants and &at non- 
glued PC *~-as a dcse second. %b:le it is ?ossiiole *hat 
organic substank- --e sucS 2s fubrioants used during manu- 
facxre cr inks from +in.g couid lead from nainlen 
or $a& as& no infor;-,aSon currex!y available in 
*he Grerarure co.nZrms this. 

It is inte:e&g IO note that dqite rhe Eterature 
xhat is availabie se3ardiig so@on of organia by 31rt, 
tides have rtcnly been pubhhed that c!rin it is 
superior for szm#ng oganic subsancs (q, STden 
2nd Smirb i%?). 

i%e ?u~ose of the tidies conduczt by t5e autiars 
~2s IO de:e.zine :be suitability of fau: we!l casing RIZIC- 

aIs (PVC ?'I SSW,. and SSS6) for rnoni:or!Ag 
iso:ganjc and organic solures :a 3round wafer. To do 
&is, wurq scprate mdiu were coaductd, one for mar- 
ganios and one for orpics. 

Inorganic Study 
Experimental 

Mixed ae:al soluriox were ?re;a:ed by rpikin3 
_eround waler Gth trsezic (Xs). ca1miu.m (C4), dro- 
mium (CT) and lead (Fb) 21 :wo wnc:xraiiox 53 a.td 
100 pg’L (~75) for As. Cr. zzd 3, i>d 10 and 2 geir, 
for Cd. 'Ilie SigSer con::~:rt!ioix a:e tbe czrr:~: maxi- 
mum c3nce:::ruion 1imi:s se1 ky ;he 2.4 for Crifkkg 
waser (US . f?A ;SSsS). ?:!a: 10 i::2I.~eX. :.5e Found bcy* 
waler used in this srudy ws asalpd azd foczd :o 
contain no de!ecable armotxxs of any of *hese rne:a!s 
ax the sezsi:iviry leve!s used for asalysis. To si.muIare a 
wider raz3: of 3rouzd w21er conditioas, he Tess wer: 

Nn at the zarural $i (7.3) of tSe well xaler $25 a 
lower $3 (5.5) and at itvo leve!s of organic carbcn. XCl 
(reaqerz ,cade) u-as add:4 to iower :Se 75 2nd 5 ::_2;7, 

(pgm) of kzic add was added io raise he orpzic 
czrjon corzerit .A com$c:e (2’) faCoti2.l exykx3 
was used IO ::SI ;he e*-* of :hese t:cZZesS (CO~CX- . . --. 
vation of me:als, pH and orSank carjon cez;:r;l) 

(Table 1). 
aec2use the u-ail ihiCk.lcSSS vtried Se:uZesl the 

pIanic and ;>e IWO ntiniess ned casing. he cmshgs 



, 6.0 ?VC 
Zlfr 

SS3 6 

8.0 PVC 
?FZ 
SS3H 
53316 

;4 .o ?vc, 
TiiZ 
SS304 
ssx 6 

a991 = 
a.999 = 
0.?97 = 
0..09: = 

1.02 = 
0.9% = 
0.9:s = 
0.94 = 

1.00 z 
1.01 = 
0362 = 
0.94 = 

o.ss = 
0.992= 
am = 

. 0.853 = 

1.03 = 
1.02 2 
0.8?1 = 
0.876= 

ac3s 
o.cso 
o.cs7 
O.&V 

0.04 
0.052 
0.063 
0.060 

0.M 
0.098 
o.C57 
0.068 

aw 
a054 
am 
0.080 

0-W 
024 
O.C84 
O-V83 

0.025 

0.01 1 

QC36 
OCl 

O.C3 
0.W 
03 
CA9 

1.01 = 

1.01 = 

1.05 = 
I& = 

123 = 
1.03 = 
1.17 = 
124 = 

1.15 2 
1.03 = 
1.16 = 
130 = 

1.16 = 
1.03 = 
1.12 = 
126 = 

1.16 = 
l.c2 = 
I.03 z 
LX= 

OJ37 
0.0: 6 
o.:* 
OA7 

am 
a017 
0.12 
0.68 

ati9 
c.cz2 
a: 4 
C.56 

i.31 = 
!.Zl = 

: $1 - . - 
l R 
:.;f = 

0.??9 = 

l.Gf = 

a957 =. 
0.921 = 

!.cv = 
0.919 = 
OSi2 = 
o.si2 = 

a01 8 
o.gO7 
0.0; 6 
0.015 

0.013 
O.Oi 1 
d.037 
O.CS2 

0.014 
O.Oi 9 
0.16 
a10 

a01 6 
0.024 
vi7 
0.11 

0.018 
a.013 
0.42 
OJ99 

1.x = 
1.01 = 
I.?3 = 
ass5 = 

1.01 = 
1.-n = 
X3 = 
@.8x = 

0.?99 = 

1.0 = 

1.02 i 

1.01 = 

0.889 = 
0s: = 
d;.s = 
OS3 = 

0.895 s 
0.9s = 
a699 = 
o.sc4 = 

0x8= 
a!?21 = 
n(tS= 
4793 = 

0.X = 
a.399 = 
a:<; - .M - 
$i20 Z 

0.0?9 
OC5 
O.fC?X 
0.r'F 

ac3 
ac: 9 
ac3 
0.03 

OX35 
0.!22 
0.03 
a20 

am 
a010 
as2 
a:9 

a*%4 
ac3 
C.051 
al7 



bJ I I 

. . ss304 

FvC, FfFE 

= “. 
1 c.i- 

,/“, 
Sf 416 

: 
3 I . = i- 

pies that contaixd sttnltss steci cGn3s. U%h the 
excqticn of the fisr set of samples (I = 0.5 5r), the 
relative standard deviations ranged CJom 12 to 15 ?er- 
cent for sazqk contaking SS 304 and from 47 to 
68 ?CiCSt for thCK CO3taitig SS 516. Ill COnm the 

standard deviatio;ls for saxzples containiag PVC ad 
PTFE casings were consistenrly below 6 percent-- 
Because be vaifanct ia the sin& con*3 SS 316 
was so large, ;hc:e uzs no coesismt detectable &cc 
of pH for *&CSC csiny. However, nufam oxidation 
apyared to be *the zzajor source of this mriaace. Wh 
respct 10 tie Sca&iq of metal srabiIii ken PVC - 
pipet, t5e !karzrc Mic2tes that Ion can be a s&a= 
phezmtzexz &at caz be:&czd or elirninttedby ei*Cxr 
wskia3 (with dccqes) or soaking in dilute zkwzii 
arid before use (Tackkm i931). It may be that *AC loss 
of Cd tTc3 ?VC &p cm also be rcdued by a skiJar 
treatsleo& ahhor~ we &d 30t test &is possibility. 
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- .- I C.!C.f Y-3 53 021 0.43 o.oi5 0.47 023 0.3 Of0 02s 
e\?3 yT.3 021 045 O.Oi6 0.4 023 025 024 03 
Y-a yg . e 0.074 s * m m m 

we ‘3 Y3 0.03 0.15 0.‘%6 024 0.10 0.15 O.i7 023 
5-3 Y-2 O.CSO 0.:: 0.04 O.:a O.iO 0.3 a:6 02 
3-D Y-3 O.OSO 0.i5 0.043 a:3 03 a:6 0.~6 013 

l xtiupa Jol ;texz:r- ., * k.ausc of iali:jor.rl icrr of ~oirtik3. ;robrbl~ tesuilinf Lam a bc% Cs? on 1% A. 
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;ag. 
!3 w=~~~ ;k: crgazic nudia c!:;:!y izkated vkat 

37 u-;?s :Se ?OOiCSI cScic Of tbC four We3 C&Zg * .rr 
~alc-:~s :cneA, EiE ctbg~ sorkd 2!l :SC ~tloti~:- . . 
aicd ~~.:=lcus& ad OJC di:oarc:Ziic CXZSCC~~. 2cd 
]csses ci’?X3 aad .MDQ ~C:C ra;id ezcUgb to 5: 
of ~~3c.q for puxd water =onitcr!zS. FVC casiqs 
;:_Cg soijtd SOZC of 5e st.zze colzpxsds, but 2kys 
21 r2ieS :Sbl were ccxidera5!v slow: kin IScse . 
ojse.~ed for FEE caskp. iSC :iLCS of !b:x losses 03 
?\:C we:: sJcu* en oc$ tSat they did 70t 2;;:ar tc be 

- of ;Q;~C:TJ fcr sound water zcnitctin3. ihe:: wa JO 

Icss of 2lzy of :Sc 0:ja.h SolUteS i.? tbe ;rtSe3cr Of 
ei:5er ;?p of SS usir:& 

ibe deso r$on stud\* sbcwed tb2t the ICSS cf . 
orfazics . . %x3 iq~eocs sola;ic3 Is due to a so@03 
;ioc:ss i.521 WtS ::vezsicie, or 2t least ptiaily so. 
P ~eeJ0r;t~c.b . . * - *-~2.‘: wn:a.ziinated caskg could ~otez3iaily 
r:auit ia la!re!y figb cc3~~;-aticX cf tnaiytes if tbe 
CQaCtJi;2ijOlX of iSC 2Z2htts in iSC gCUitd water Were . 
to C-07. 

>e Jcs of bydrcpbobic or&c e~tA~ut.tts ia tSe 
saqies ccct2kk~ ?TZ czsing cccfd he com!ated 
Ui-b :5e sutsia.llce’s Kor mhes. :I’cwwer, 15s ccrre!a- 
;ion cve:es~..6.- -:--r-s Icsres for byd:c~:?iiic organic sut- 
sances. 

Tzer: 2x several eZ:cs tbat z2ke ext-2~0Iati~:g 
e&e ten &ia to a real 3o;Iito;i~S sitUatiOB CiZklc 

e Gsings w:: tested ad 301 seg SCCCX. The rate 
of scqtion could be substtcti2Uy gcater in the 
sce:acd prJ’ons of *be =eti because *c ,wrf;lce uea 
of the scct:ed ?onion would he pates 

* zs ex;:r’,l: es u-is wnducted x&r nztic cc&i- 
303s. iSe :ZeC of so~tion CZdc ::A ccnditiozs . 

wouid je z%gared to sotxe dt& dqcztikq 03 
tbc rate of ex~kan3e cf water berst:a *be aquifer 
2nd weti czs;je 
Grady, docsin3 one cxi53 zz=atcAl for sax$es 

that u-ill Se 2miped for both ~a= zte!aIs and organia 

HVO]VCS ~rxrctise. However, based on *he :tsuiu of 
*AC tests :bat’-be ahon bwe ?erfozed to date, WC 
a,get-s to Se the best corzprorz~e cboicz of tbc four 
cl&g zz2tcA!s tested- 

Fun, 7’: sides d.2 exaimbe ieaC:rg of !JorStie 
2nd c;St’ic solu:rs, *be eflecs of icw dissolved oxy3e;t 
on kmac.io=s 3eWeea the zx*xls md well c&3% 

‘ad l AC sdLLbili7 Of Other mareriais for gmmd water 
~onilor& 
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L4boraroF (CJREL) (it Lyme Rd., Hanorcr; .\‘z 
0 j 755. 1290). She received k 9.~. in mic-obio/ogy 

from rhe Lirivenic of .Vew Hampshire and her .l{,s. 
in Jrood micobiology from :hr DeFarrmtnt of Food 
Scicnu and .\‘urririob at rhc cniversiry of .Wasso. 

charus Her research inrtrtsls in&de tnsironmen& 
miwbiology and chemis+ She is a member of rhe 
A GUT” and ha been aaivc in .cTW Subwmmirrte 
DX8.21 on Ground-Waru and Vbubse Zone Inrarigo- 
n-O% 

plan 3. Hewitt is also a raeurch phybl sc'cnnh 
at CRREL (72 LJmc Rd, Hcnovu; .sH OJif5-1290). 
He bar a E-L in cfiemisq /Fam rhr Ciri%ersic of .Vew 
Hampshire andan MS in &micai occanograph~Jriom 
the t;iiivusi~ of ConnecS@rt His areas of imccsr art 
inoqanic ha:ardauz waste chcmisq and rht chmisq 
of ice and snou 

Thomcu E Ienl;ins is a roeurch &mist aI C.UX.L 
(I2 LTmc Rd, Hanovq .VX 0375X-1290). He rtceiverf 
his E.S in ckmisr~/rom rht L?niversi~ of Sfissouri 
ar St Lmtiq his MS. in chunlst~ a~ de L:nive.dy of 
Colorado, end his PhD. in Anzisq- at rhc Lhivc.&p 
of .\‘e~ Hampshire His ~CICLVCA inm*ar is cnriron- 
menial analpical chemisr- I 
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Agency, Wdingron, DC 

Wikon, D.C. PJ. Young, 3.C Hudson and G. 3aJdu-h. 
1982 La&kg of cad&~x~ 2oc3 pipcored plrso’a; 
in a la&fiU it& CW~~OIUTXII~ S&act m.d TtUjr~l- 
oa* v. lb, 7;. 560-566. 
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DISCUSSION 

Grad water was col?c=ted 503 a dozxst’c 
well systm a.nd stored 5 se&d Z-L $MS So&s 

7 



Table 4.. Physical state of stttiess steel $Tes after eqosme to 
gotzzd water. 

1 2 3 1 5 6 7 8 9 IO :1 12 

Table 5. Ave.rage xeta1 concentntions for tSe con-h 
based on the gzoups established by the Cz populations 
km- 

/ 

. . 

8 



. 

:. 



. 

0 

. 

. 
. . t-x 

10 



1 
2 
3 
1 
2 
2 
I 
7 
; 
1 
2 . 
f 
2 
3 
1 
2 
5 
I 
2 
5 
1 
i 
3 
I 
2 
3 
I 
9 
3 
1 
2 
3 
1 
2 
3 
I 
T 
; 

: 
3 
I 
2 
3 
1 
2 
3 

: 
3 

: 
3 
1 
2 * 
3 
1 
2 
3 

1 
1 

: 
5 
5 
‘0 
20 
20 
40 
40 
40 
I 
1 
s 
5 
5 
3 
29 
20 
20 
40 
40 
43 
1 
1 
1 
5 w 
z 
20 
20 
20 
co 
43 
40 
I 
1 

: 
5 
5 
20 
20 
20 
40 
40 
40 
I 
1 

: 
5 
s 
20 
20 
20 
40 
40 
40 

1 2 
3 

: 
6 
7 
s 
9 
?O if 
:2 
1 
2 
3 
4 
5 
6 
7 
9 
9 
i0 
il 
12 
1 
2 
3 
4 
S 
6 
7 
3 
9 
10 
iY 
12 
1 
2 
3 

: 
6 
7 
s 
9 
i0 
11 
12 
1 
2 
3 
4 
5 
6 
7 

9" 
IO 
11 
12 

< 3' 

e3 

-SD 

CD 

C3 

C3 

*3 

<D 

<3 

<3 

<3 

<D 

<D 

<3 

*3 

a"7 . . 
<3 
<3 

0.1'17 
<3 
<3 
<3 
C3 
CD 

0.1?9 
oxs 
aiTS 

a6is 
ai42 
am 
<D 
SD 
CD 
<3 
CD 
C3 
<D 
<D 
CD 
CD 
<D 
CD 
ac92 
*D 
<D 
40 
<D 
*D 

2629 
02c9 
0.926 
4217 
2930 
a(51 
OS26 
4-6 
0326 

0.:1 021 
GY a:9 
n's 02 
0.40 a35 
a:1 024 
0.21 020 
a:] 03 
a:1 02 
a:9 n 
CA2 020 
0.X 020 
03.3 024 
0.40 (229 
03 03 
a4 ai 
0.43 0.24 
030 021 
a:1 azl 
04 021 
034 a15 
0s a:9 
ai1 021 
an a:6 
a40 026 
2:9 1.;3 
"9 -- 1.40 
Til 1.3 
29 1.5 
24 3 130 
137 afl 
2iY 124 
ati 1.44 
OS4 a,0 
a93 128 
0-3 1.03 
a66 IL? 
a48 12 
OS8 I.23 
- 245 
125 3s 
a96 22Y 
247 3.48 
as0 4.3 
2Sl 5.87 
4.98 539 
297 510 
1.3 42% 
123 L3 
a43 l.;d 
abo 129 
Yl(l ES6 
0s 1Sl 
w 1.69 
035 1s 
150 3.4s 
016 2% 
O=S 330 
0.67 3.:8 
03 134 
x6 2sJ 

93 
;s 

5. I 
s-4 
:9 -. 

:s 
4.9 
4.6 * 
43 
:.a 
43 
9.4 
93 
?.I 
LO 
:z 
LJ 
113 
43 
43 
43 
43 
4. 6 
93 
,‘, 
?.I 
93 
LO’ . 
?S3 

;yJ 
IF.6 
9.1 
9.4 
?S . 
23 
tt 
43 
372 
3;A 
D 

1CZZ 
.W 
643 .. 
573 
772 
723 

. 



i-.
 

.-’
 

. 



..,,. 

I 

hfluence of Casing Materials on Tmce-Level 
Chemicals in Well Water 

Jntroducion 





(hr) pipe . wue . Dc*iorioo .GJuc DeGation WUt DtGntjoo Wuc! DeCatioo 

03 PVC o.?Cl = 0.038 1.01 = 0.02s i.31 = O.018 
p-F2 O.-s3 = 0.020 1.01 = 0.011 !.!+I = 0@7 
cs33 0.9517 = o.cs7 1.05 = o.c35 :.!J I= 0.0; b 
s-i 6 O.??b = o.wl 1.G: = OCl - e :A2 = 0.015 

, LO PVC I.Gz = 0.&5 122 = O.C37 0.??3 =' 0.01 j 
PZZ 0333 = O.C52 1.03 = O.Eb 1.a = O.Oil 
ss:m 0.m = o.c63 1.27 = 0.;5 QEZ7 =. 0-m 
s36 0345 = 0.060 I.24 = CA9 0.33 f 0.052 

E.0 pGc I.03 = a.!%5 1.15 = ^ 0.537 !.W = 0.01 b 
., : m 1.01 =' 0.098 -1.03 = 0.c: 5 0.3e9 5 0.019 

* SzjxLl i.652 = 6:cIbi I.]& = 0 .:: OS2 3 026 
Sszi6 0.34 = 0.068 Ito = 0.47 0.m = aI0 

;: .o pvt. osb= 0-w 1.16 = a& 1.w i QOI 6 
nrl U?32= 0.w 1.03 = (1017 1.01 = 0.024 

SSCM 0.83b = 0.03 I.!2 = 0.!2 123 = 0.37 * I. 
SE16 - 0x3 = O.i%O‘ 156 = 0.68 025 = 0.11 

mm \. I' 0 ?VC I.03 = . O&S I.14 = CC9 i.Cf = 0.01 s 
? J .‘: 39' ~?Ts 1.02 = O.&J IA?2 = cc2 :.33 = 0.013 

ssa om = 0-W I.03 = 0.:p 1-0 - ..-a - 0.42 
=]6 0.82 = 0-w 125~ c.54 OS6 = 0.c3-3 

0.039 = 

1.00 = 

l.G2 = 

1.01 = 

o.es = 
O.fE5 ” 
ok.33 .= 
O.JCb := 

o.sc-3 .= 
OS3 .= 
OSctg= 
0.793 z 

0.73 = 
0239 2 
o.:q - - - 
0.;23 = 

0.X9 

O.C5 

0.028 

OL’s 

a.E-3 

023 

QrtT 

0.07 

0.r’c 

Qrz2 

OX31 

a:0 

am 
aw3 
as2 
03 

@.'& 
0.C~ , 
c.a1 
a.17 



l.i 
1 

@es that wnlaixd s&&s sietl wings. kiti the 
ex+on of rhe fin se1 of sanplcs (I= 03 3r). the 
relative standard detiaziocs ranscd from 12 10 15 ?er- 
c:at for saqIes coarzi;ling SS 304 and tirxz 47 IO 

68 ?erwt for tics+ cm:ahing SS 316. In COPM t.5~ 
naodaxd deviatio;lr for samples cnntaining PVC 2nd 

’ PTE casings were consistently below 6 pertt~t. * 
Bccacse the variance 31 tic samples condning Ss 316 

was SC Iar3c, thcrc uzs no consistc=lt detc=table &ka 
of pi for *&es c&q. ~owevcr, surface oxjdation 
appzard IO be *AC =ajor m3rptc of his va&nct. Wf 
iespect io tse ‘ieadkg of ,seral sIabiE=T ken PVC ,f---y 
pipes, Cx Hear;-e iadicaes bat Ion c2n be a s6ac= 
phezozxzc~ tiar ta= 5e :c&zd or e!imi22Ic4~y ti*brr 

._ 

utig (with 4c:crqezt) or sotkin H 4iIme zixxJ 
add Wore UC (?ackbx 1971). It ~31~ be I!DI -3~ loss 
of Cd fox ?VC cahgs M Ao be reduced by a sk3ar 
ireitzxz~ alOot2~ we ti4 301 icsx this jmssXiiIy 
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0-w . . 
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aii= 
a920 
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a97 
0.?9 
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1.10 038 
I.11 I.00 

035 1.01 
Ldl 1.02 

1.07 1.y 

1.06 1.02 

0.59' 
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a66 
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Ail a=a;y:icri Cc:::miza?ions were .?;aC: 5y 



T.k,.LE i 
Results of Desorptjon Study 

Concenrr;~ion in m& afrtr three days tquifih:ion 
,.-., 

Gring \fare~rl x2x 33 c3cz TDCE >t>-r TCZ cLq o&c3 L .- '-?IDC3 PDC3 

T:lc3 \'a 53 0'3 0.:: o.oi5 a.r7 033 0.23 oto 025 

s3 y3 021 a.:5 0.0% 0.4 02 025 03 Of5 

33 yg m e 0.074 a - m d = 

?VC 33 m 0.073 0.3 0.M 024 020 0.15 0.17 o.:s 

;\'3 '3 o.cso o.:i Qcx6 0.:4 0.10 025 0.16 02 
'3 3-3 0.0&l 0.15 O&3 023 0.11 0.15 0.15 010 
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APPENDIX B 

FIELD METHODS AND PROCEDURES 



AUTIIOR: 

STAHDXRD OFSRXTfYG BROCZDURZS 

CSJCX GGOOWiY 
DA.24 TTiUP??X . 
303 3UXGzR 

ISSUIYG UNI'F: Ma-3S 

SCP : ZmF-OOL-02 
DXTZ: It-20-91 

--. -- 

. 

APPROVZD a2 

i 

!I’ 

TITLZ: 

SCSE: 

. 

. 

Field Screening Analysis 02 Inorgar?ic Compounds 
Fluorescence. 

by x-ray 

, 

These prpctdures describe t3e pregaratfon and analysis of 
cnv~zonmcnta~ samples for lnorqanfc csmpaunds using X-ray 
fluorescence (X32). Elements to be analy,td using tifs 
technique are project specific an& viLL be selected by 
project site chelrfst prior to field scrmninq activities. 
This nethod is used vhen quaritLffcatLon of speciek 
inoqanfc comoaunds at mid-aart per dllfon to percent 
level detection Ls tequL:ed. 



. 

/ L.0 53QUiEFZXTS: 

I 
INSzwrsNTXT?CN: Field go:zable X37 unit (energy dif;ersive) . 

Units can be cc;cippcd vtZS a nuzbe: 02 
:adfoisote;lc dezectazs sources 5s: Ce<ec=ian 
of elenencs across varing sgeczzal rarqes. 

1. SarngLe cup 
I 

I 
1. 

f: 
r,yLa= vindovs 
Spatulas (giaszic oz teflorz csatedl 

:: 
Grlndlng apFasatus (morta:/pesr~e) 
S?cve 

; 6. Slending appratus 
7. Xnalytfc balance 
8. Felqhing pans 
91 Drying oven 
10. Uczo variable pipet (vftS tips) 
13,. lOOn volumetric flasks 
12. Analyt fcal standards 

2.0 CONVZXTIONS . 

rictd screenin activities VfrL follov e*stablfshed guidelines fez 
N ---- ---- -.~~~ _ 

coding standazds, logbook entries, calculations and qaaiify 
assu=ancz/qualify control. Dtvfatior%s, from these guidelines vill 
not be aLloved vithout the fssuance or a vritttn variance o= 
ifeld change request. LoqSook l nt=y(s) detailing th reason(s) 
,,L the deviation(s), and a verbal dfscussion vital. t5e: project 

2.1 CBS~IGAL STANDARDS 

Aqueous cbedcal standazes vflL be puzchased thzougb Sig 
co., Aldr icS Chea. Co., ViZR, or an equivalent su?pLiti. 
Note: Stock aqueous standards a,-t gene:al!.y 1OGC?p 5.1 
concentration and aze Ax or IC? certified. 



l* 

f: 

:: 
6. 

B. 

Vendor name (3 1 
C3nctntzation ol standa:ti(s) 
Df.~UtiOn recO?tis and CalclLations derived fzsrn st7clc 
sundardts) and associated czzcentratiants) . 
Lot number(s) of szandazti(sl 
Code assigned TV scandat:',s a 
Standard(s) exgizstion datt 

SOLIDS: 
--. . e 

2.2 STAXDARDS P.~?AR.ATIONS 

SoLid Wa**-&SnC? ----a-.. - st3nCdr~s vfll be pur=:tascd t,L,z3cgk 
, USGS,CXW~~,X3S,~N~ oz ar, equivalent suggliez. Sift 

and/or mat: Lx spec FfFc standards say be used, CCIVJ vhen accmpanied by analyt’ical data (AA o: IC31 s- 
X;pOZtl the sfte standards concentzatton and rtstoducib!ty. 

AauEOUS: Aqueous vorkFag/caLLSratfon stsndazds vtli 
prt;a=ed from single or multi-element stock be 
solutions purchased f:om aggzovec! succlier. Bd-‘cf~ 
stacdards vill be pze_sarcd at coccrniiations o&?,m 
the exgected range ot’ COntamfndtiOn on stt ,oI 
Standards kill be lahelad, aded .arc! sbor$2 13 
aq?rOprfatt containers. Standard; &%zagat'on- 
mdttZialS vill be cltaced vfth 203 
by t.sree ;SilO3 fiLlo.ied 

consec*Jtfve rinses ~11th tea iI deionf-=A -*w" '4s. - 
Stacdaz? Stacdaz? czdes ar,d suzzary oi s'canda:fs 
pr*gdratlan VLAA De c pregaratlon viLL be l nttzed tnto groject the lo~5ock 
prfor to c' a * prfor to analys!s. 
always be prepared v 

Nev vorkfrtg standa=& vill 
always be prepared vheneves 
standard(s) a=6 tn qr----,,,, standard(s) aze tn question. tSe quli:v of the a 

D 

Note: Shelf life Q aqueous std's) 
1.Stoc.L standards: 2 yrs. 
Z.CalibratLon standaztis: 6 month 

Note: Aqueaus vorkfnq/calib=ation standards should be stored ir: 
level II pre-cleaned, SC==* J tag pLdstfc bottles or 
precleaned (kZfO3/DI 1, snag tag volumetzlc Iasks (&or% ttr=l 
storage). 
USE D 

CA? AHD TICBTZX STXIVDARD SOTTLZS fP!!DIAT%? AZTZR 

Nate: l-23 oi concrztzattd %N03 ox HCL. (eltme.at de-e&ant) PILL 32 ADDED to the vozking/calf5ration star.da=ds d&izg tn;!aL 
preparation, fo.z stanCa:Cs matrix ar.d cocc=---~tfoc a 
sta&LUty. 

w.. -mm * 

3 
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1 
a* '?azchased: Reblend every 4-5 ma~tss. 

2. s?tt FZeF:a:&: 

a. Dry 40-60~~ams 09 sasgle 
b . D fsaqgteqate 

Sieve -8Osezh -- . 
:I 3ILenC: >Lhz 
e. Split GO-3Oqzams) 02: to lab (AA/TC?I 

note : 4 sample min. , 3 lab 3x1s eacS. 

3.0 CXLIXATION 

Prioz to analysts, instzulent operatin corditians vill be 
established .and recorded in sfte logbook. 

Ca:ij:atian of x-23 ViLl be -pXefOZmt?d in tua stezs 
a l 

.- 
Energy Calibration (siczo-channel/ energy alignment) 
(See manuf+ctu=e ~'3 ace:ations sanuai). _ 

StandarCs Calfbratton: One to tSizty standazis can be use to 
calibrate tSi instxment. aCC CaIibzation can be cdmol~tte~ bez'gre 

giiases a nfzh~~~~~ of 
ez the job, denending on time zestaints put f&S. Fox gra:I 

tszee standa=& vill be used fo= instzxe- 
calibration covertnq tae ex;ecteC :ange of csn'mi*za*' . . 
'site. c * 1L3n an 

In addftfan’to instrument calibratfon 
' : 

, contfnufng caIfbration 
checks (one per 24 h: geztad), duolfcatcs,an& HS/HSD say be 
analyzed. The nabber QA/QC sample; vlll be deteznined and 
cs:abllshe< an a sfte specific basis degtzder,t upon; project 
data quality objectives. 
Enczc;y calfbtatton vtLL be done at the start of the project, 
aziov ---- servicing, or ansize c=rnCLt?ons azc Pn question. 





A lag of all analytical runs vill be =ecszdeA tn a 
logbook vLth sequentially numbered pages. 5 -.--A biiiz?E 
vi11 be maintained fa: A-se-a-at* LraL each fnsZtt=lent used fn gbi *': - The ~agboak vi:1 be use4 to recszd aLI stan&z&‘a 

.analyses, sampLe IDS, date of GE analysis and any aCditf inforzatian partLcxla= to t2e anal_ysis (.e Q. sanELe tr 
and veiqht, co102, ado:). . s 

--- -- 
fndtviduaf sec:fans ln thi fzanf of t!ze IaqSaak vi?? be ’ 
designate4 for recordfng infarxaZbon an standazbs We 
prcparatfon, fnstrument zmtntenanc*, and instzuze3t 
bperatinq conditions. . 

8.0 DATA RSVIEB AND DELIVEZXBLES 

Data from all sample analysis and athes relevant 
infomatfan vill be recorded in a dedicated instrument 
specffic logbook. The field operator vill reviev sc=eez?lnS 
data for acturacy'.af continufnq calfbratfan and potential 
L uatrfx intezferencas.' Date sumary table may be genezat& 
as requf=ed for each project. 
technical reviev by the project Data vi11 undergo petiadic 
pr0jtfZ * c!xe$st assigned to the N-h 

. : 

I . 

4 
I.: . . . . L . . . 
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1.0 SCCPE AND APFCICATiON 

1.i Math0 :’ $623 is a ;r3c-.d:fe tzr screening soi 7 5 to determine when; total 
po?ychlcrinzted bipnclnyis (Es Ire present at cxczntratians above 5 my/Kg* 
ffet5ad 43 23 provides an sstimath !C:f th2 cxxtnxrztiao of PCSs 
a standard. 

We' S ppm test canfiguritioa e 

1.3 In cads where the exac: 
quantitatfve technfqces {i .e., Metkgds 

2.0 SUPWRY OF MEW0 

1.2 Using tile test itit fr:a wk+ck t:tis methsd wa 
samples ccntaining 0.523 ppn or less :f PC3s uii? 236 

alcped, 9Ei Z of 
dtive result in 

2.1 Test kits are ccmfsrr:cially 
manuiactwer’ s dl rocti ens shcul d 

__ 

performed us i ng an-extra t c - of a 
d 

For th?s method. The 

jeagent are adcfed tc iwaobilize 
PCEs present fn the-saqla for bi 
test is interpreted by ccmparing tl 
response praducad by testing stand 

. general , the method is 
an enzme conjugate 

&mate ‘ccmpetes” with 
CB antibody. The 

ting a sample to the 

3.0 INTEXFEZENCES 

gh”, be expected’to 
tc~ determilne the 

These data are. shown 

-etiancdf ~the test. 

sfzl ~a:-; 1 et i an 

TEnSys, Inc.), or equivalent. Each conercf al I y 
sumy or sp.'c!?y the qparatus and materials necessary 

ill supply. 
test. 

ar specify the 

, 

Revisicn Draft 1 
Octaber 1342 



7 .a PFiGCE3XE 

auai i ty contrcl pro&tires spcifjc to t52 test ici 
p’rovid?d in Chaptar G:te shou?d bz fsllwed. 

8.5 Us2 of replicate anaiyses, _ _ 
concentrations n2tr the actfcc level, i 
gathered with the kit . 

8.3 00 not use t2sf kits past their expira 

3 .4 Qc not use tuizas or rd 
A 

8.5 Use the test kits with 
operating temperature 1!3fts. 

3.5 kt!?cd t02G is ‘ntenC2d for 
lek&l of qzal!ty* 
document data qua 

d 

!I other kits, 

orage temperature and 

atcry use. The appropriate I 

9 f . A stud*: .I 

Scurat? as tk 

three soil 

ents are acczrat2 

e: are 02% ar,d 82% 

4CZ?-2 Reviston Oraft I 
October I992 
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Inbred Spczoscopy Anaiysis of P:zoieum Eydrcczr3ons by FitiC 
SCZ-Zing 

SCOfEt The. foilowing procedure describes prcpararions and anaiysis for 
pemletm hydrcdarboas by infrared spectroscopy. This me&d is 
adapted from USEPA Metid 418.1, with a m&ikd rnico e:x~:tion 

. for analysis of soils. This field analysis technique is best utiked for 
gross dharacexization of fueis such as JF4, kerosene, No. 2 fix! oil, 

. . . and related hydrocarbons. Detection hits range Zen 50 ppn to 
p&c& levds as total petroleum hydrocarbons. 

REQ-: Appara& and Mareriak 
,. 

. 

a Analysis will be ctone using a mixan ,Zxed filtez iS%.xd de*&on unis . . . ‘bf ‘(u;i equivalent inszxnent The insxment shotAd have capabilities 
for vxiabk wave!ezgth adjustment, a setitiviry adjuszent, range _ ._ _ _ _ . 

L “.. /r 
adjumncnt, siit adjustme% and direr, measuremez’s ‘J1 absorjancr ‘tits 
W/or percent tznsiikzance. 

l test tubes: 16 X 100, scxw czap w/ e3on Iker 

- .,e .,. . _ . . ., -. 
test tuo; rack (2) 

.., .- 
,. 

a pipe=: 1 rnf ogade A volurrr:ti: 



10 rni *=de A volumetic 

I-10 3i zansfe: ryyc (4) 

l-10 xi adjustable pipzre pump 

e syringes: . 10 d, 50 ml, 1 ml, (Slqe!co) 

l additional apipenc 

vorxx 

l reagents: 

anti.ipe 

OVC~ (5% solid) 

aIurninurn pans (lo solids) 

ina@id ba& (ggams to O.Olg) 

lab notebook 

Freon 113 (1,1;2- aictioro--1,&Z 
txifiuoroethane) 

/ -\ 

sodium sulfate (Na,sOJ hydrous, ACS 
grade 

silica gd (40-140 mesh) (rcagern anaiyrEd#) 

water (deionized K,O) . 

0 stadank . n-hexadecane 

(sttxk sul.) isoaczne 

chIorcbenz:nc .e 

COmONS: To aid in oqanizadon, all fidd k=zing tivities wiU foollow st;;,c, 
QMQC gddines for coding standards, logbook entries, &xiadons, 
and quaI@ conuoL Devhions from the &de!ines oudined in this 



b. conc:n~rion of satis ‘prepared 

C. caIctlIa!ions petiotm& in derivjng standard(s) conc:ntrations. 
4 

d. Ioc number of standards 
,. . ‘,_ 

e. code assigned to srandards (e .Jo. FZO10191030~ (FEtdace- 
page-which std on page) 

STssDa2q _ ,.. - 
PREPARATION: Standards may be prqa& fmm stock sokions (neat) purksed 

through an approved suppiier. Working sza&rds may be made by 
.-. diluting neat .standards into Fran 113. Use the cumpmnd(s) dezsicy to 

determine quantity of II= corzpmnd to add to solvent. Glio&.on 
I standards wiU be made by s&i dilutions of the workkq standa&. 
The uIilor.don mdard cmxcations will be det=rmir,ed by the ’ 
expeczd chemical concenuaficns on site. Gene,dy, 10,50,100,30, 
750‘ppm concemations are appropriate. 

0 aiI stoichiomet$? must be e&red into lo&&k as we2 as ;L 
written +s&pdon as to haw calibrarion conc:n&ons were 
made. 

Once insmrmenc has bee3 ztroetl, one at a tine, pour to 5iI line on 
cuvette some of ezch of the dkaion sadards. For eac.L, caBration 
standard record the 5 tmsrnietz7cz or absorbax: from ti: instztmex 
If the RSD is Iess than or quai :3 30% for the calioration ~oinrs,, then 

I 

. 



SAMPLE 
EXTRACTION 
ANALYZATION: 

Rte conkxuing uii5rarion is a mid-level szzr&rd that musr be anaim 
and recorded before tiyzing sampies. If a MV time tie continuing 
caiibrarion dcviazcs more than 30% &km the od&al uiioradon, thea 
iniriai uiioradon sza&rds must be rend-. 

A merhod blank must be run befort annly2.q samDIes. The method 
blank should be prqared as a sampIe and anaQz~ ‘&z tie instrument 
is zeroed. 

EXITWXION (SO&) 

The extraction of soils invoives a.two-foid puss. Firs;, weigh The extraction of soils invoives a .two-foid puss. Firs;, weigh 
2.!g& 0.5 of sample into a I6 x IO0 sczzw cap test tube and record 2.0gt 0.5 of sample into a I6 x e e 

We9 --- - -~ wcght. Add approximately 2 grams ofanhy&us sodium sulfke (Na, 
SO3 ana maruugnt: SO,) and thoroughly mix to a dry, fke-flowing conskuency. Then aid 
10 ml of Freon 113 LO sample, cap MU vo 10 ml of Freon 113 to sampie, cap and vortx for 30 seconds. Next, 
decant off solvent into a - - decant off solven: into a 16 x 100 *at z!be, add aooroximarely 2 pgrams 
of silica ge!, cap, vori ror 3u seconds and c:~E~ge. of silica ge!, cap, vorzx for 30 sez& and c:n&%ge. - - 

.4xNALYSIs .4iNALYSIs 

Pour sampie excac: in quartz cJve5e from (3. I exzac5on). PIace 
cuverrt in unit, and rud. The vaIue wiil be k conczntrarion units. 
Multiply the conczzrazion number by tke dilution f&or; in this case it 
is (5) (2 grams of mpie into IO mIs of &km). Record value in 
10gImok 

mgkg of T’PH = ~conc. fiom I-R Unit s’7lI~~lO m1 rre!Jn) 
(sampie W. 2.Og)(Cec:. % solids) 

W data wiii be dccttqezted in projcc: a,o~&cak The orojec: field 
chemist will review alI notebooks for ac~rzcy, neanes;, and 
=ompIezncss. Sampie data rcsuits will be ,ct!eazd by the field chemist 
D the de.sig& fidd Iezder as reqxs-or!. 

,fc-%a 

isqh.rb 4 



Laborarory agiicadoa data 001.016, mixan fixed film hibomory aria&z (FQX&O), 
monitoring hy-ens in warm. 

A compaxison of methods for m hg total pdc~m hymonr in soil, Nan rhomey, 
David Bxatberc, Applied Earth Skmzs, Inc., Eouson, Texas and Carhe Kalisz, Star 

e Eae+e, Irving, Texas 

. 

. 
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STXNDXR! 

E,utsor : Frances I?. HOZtZett 
Reviewed by: 

Approved by: . 

ISSUiZg L'nit: Tal.l.ahassee 
SO? : 
Dzte : 
Page 1 of 4 

TITLZ: Field Screening of soil and k'afer Sayles for 
vocs us izg Tortable Gas Chroxatoqra~hs 

PURPOSZ: To describe the procedure fcr GC screening of e 
sarqles in the field for volatile organic 
CCC~OUndS, in order to assure consistency of 
tec2n;cq.e between c?eratcrs. - e- 

SCOPE: 

2’ REQUIR$ENTS: 

PROCEDURE: 

This prccecure is applicable to field projects 
. in uhiclh fast, accurate. identification Of 

underground contani&?.nts is necessary in order 
to nake decision&&cerning placement of soil 
borings and noriZ.kZri~~~,wells in the prccess of 
plume deffn?$iGn?:*> This prccedure iS not 
intende-$fo r~e~lq~,e,th~GC operator's nartuals., 

b;C-eTi 's.:. . b. . . z. ". b . . . 7. :'..';3) . .- 
/-qg; .? :': -.. _ 

$--,;+ 7,. = 
Fiq&$ .sc%ree.n.+r,% fo- r volatile organic caqotinds 
byheadsca_ce '-f*echnique requires the operatcrto 
bethor&zF;fiy familiar with the instrument used 
and && careful handling of samples and 
standards. The operator should have an 
uhders:anding of the principles of gas 
cSrczatogra?hy, and should read and understand 
the or=eratcr's nar.ual for the instzunent they 
are uiing. X new GC ogeratcr should a?grentice 
wits an experienced operator for one'week of 
field analysis before working indegqdently. 
The instrtment used should be equipped with a 
photoionization detector (PID).' 

Xeepizg in aind a few general t;cs will help 
the field CC o_serator greatly--in term of 
saved tine and money. These are listed below. 

0 Always Iceep ca,,, y-it= gas flowingthrcug'nthe 
doluzn even when the C-C is not being used. 
The fldv r ate can be decreased to cmseme 
gas when' the instrument is sitting at the 
0 ffice in between field jobs. 

o Never heat ug the even w,i%thout carrier Gas 
' flow thzouglh the colum. 

0 C?.ance the injection se3tW at . . the 
);I *" '- bittinnir,g of 

cl-q so, 
eacS analysis- day. l,efcre 

d tezcortrily tzrn off the 
ca--4 P- a---- gas ilcv at the su;;ly tank, and 



:-. 

allc-4 the gas tz~ bleed tSrsus:l tht lizal, 
before c~ezi.-,g 2.e injectica, r,ors. Try to 
avoid tCl?c': PF ..--"y ': *k 2 inje c 'I i = 7. * am-+ sasza vrb.. 
bare flngezs. 

0 * Get tSe GC .plugged into a ?cver scurce, 
turned on, ar.d 2ani7.c; us as seen as 
possibPe eacS day, as it takes scze tizze 
for the ..- inscr*sent to stab;t;7a 6-e-M. 

Standards 

Standards sSould be 1 
distilled wa'ce: 

;reFared witS deicnized or 
in 40 2iI VOX vials XitS teflcn 

septun cats. The liquid standards shculd be 
prepared An l;;b, lCF,c.b , lOO_cFb, end 1ocoF;b 
(lpy=n) ccncentraticns, J&S a tcta.l liquid 
v0lur;l.e of 30 mls oer viaEP8 h-e starkeris skculd 
be added to eecS\ia I kd$i$j.& the end o-f tke 
syrince needle below'%e$~a 
injec;ing tSe standard%%t 
Cap the vial tig:Stly and 
times. Once a standard v 

P> 
EacS day, after ruling outsysten ant cuipment -id 
contamination tSrougS the analysis of-blanks, 
the 10 ppb standard shculd Se run. tSe standard 
vial should I=2 a11cxed to coze to azbient 
temperature by rezc*/ing it frcz tSe ice ar.d 
allowing it to sit cut for 10 minu=es, c-,side 
down. The standard vial. should then be shaken . vrgorously fo, r cne full minute. After sSaking, 
200 ul of headsgace should be yithdrazn fron 
the vial witS a clean, 250 ul gastight,syringe. 
The withdravn Seadqace should imediately be 
injected onto tSe cSrozzatogr+shic colum. Once 
all of the peaks have eluted and been 
integrated; resgcnse factors &an Se calculated 
by dividing tSe concentration of ezch ccqound 
by its re_sorted resaonse in area couz:ts or 
volt-seconds. 1 c&2= a- c ;r.aPytfng a clean syringe 
blank, the aEa1yst shculd analyze tS2 100 gsb 
standard in tSe saze nanner as abcve. If the 
analyst expects to enccunter saqles vitS izcre 
than 100 gpb of the target corapocnds, tke 1 p,cn 
standard rust !ze ar.alyred, 'at a less sezsitve . garn or attencaticn. XI1 stAnda=;! runs sScuLd 
be taI3uPat2<, reporting 'cczl~cucds, 
retenticrt tfT.:es I C^" ".. 
area 

ceztratio~f, rts~czsa i.a 
cm'-' - rclr.-a t a-T' ..- respcxe fzstcrs 

(conceztraticz + area counts). 21 2~=--7~ * ""Z - - 



. 

standard repcrtinc takl2 is si=c-~7. 52:~;‘. 4 

CCMPOUND RTfSECSl CONC. f??R_J AFZ.1. ITT-3 ‘i RF 'CSNC/.~.?.Z.AI 
benzene 60.2 * 10 1.3 7.63 - 

Samples 

Xli sample analysesmustbeqza-A;;=;-J _ * i ..c--ai=- tC'a1.7s c 
the aqueous standard, vSicS is made to a =-*=I " "Ma 
volume of 30 mls. if C,SP s-2yi.e canzcz ke 
analyzed immediately after collection, t2:tn it 
should be stored cn ice ur,til jcsz ?,ricr tc 
analysis. Samples shccld neve.r ‘52 sre;az2d 
ahead of tir;,e. 

. f 
To pregare liquid saqles, the czerator iXSt 
remcve enough sample so that 30 131s tctal 
volume remains in eecS 40 m!, sazplo vial. This 
can be easily accomplished by using a 30 ml 
"reference vial", a sealed 40 ml VOX vial tSat 
contains 30 mls of water. TSe saz;le vial. can ’ 
be held beside the reference vial, and wits an 
indelible m,grkgr, the 30$?- water level can be ,. f_ 
marked on tSe.sample vialiNW':,ozexve the extra -3 
licuid, ocen the lid .fc;zt%<s&m=le vial and 
"fiick ou<f? 
level in 

SOme of th$~~~&'&&il tie liTdid, 
tSe sarqle v 1 c-*i,ZZ a eke*L k e zark. 

Quickly reca.p tSe vial. ~.~~o~~~.~~~~~s,~-ru!jt be 
carried out 
a minimal amount of time. 

so thattSe sa~p%$pz~i@$ygrr 
Ty &-.h ;'A. . 

-7 & 
To pregare soil sasgles for a:%IyspT 

& 
tse 

operator must weigh the soil cn a s e tSat 
has been calibrated, and tared witS an empty 

40 ml VOA vial. To remove extra soil, opez tSe 
cap and "flick out" tSe excess. Q*=.Lckly :recal 
the vial. The vial should cantain 30 qrrms of 
soil plus or minus 0.5 srax. If tSe G2 ogezator 
receives a soil sariple tSat already contains 
less than 30 g., the analytical 
result must be adjusted to accc*.zt fcr tSe 
dilution. TSfs can be acccmplisSed Sy div:lding 
30 by the number of grams. cf sample, and 
multiplyingthe analvtical res'cllt k? t:le nxz5er 
found. For example, if the sample ~ei:Ss 26 cj. 
and tfie 1 1 ca,cu,ated analytical rtsult fsr 

benzene is 12gpb, then: 



. 

30 +- 26 = 1.15; 12 x l.lS = 15gy=b bsnzene 

Using the 30 ml rafarance ;rial as a quide, TLZ.r!< 
the 30 ml water level on the cutside of the 
soi. sample vial. Open the lid to the sam=le 
vial and carefully add D.I. water until khe 
liquid reac;Ses 
sanple vial. 

tSe 30 ml mark. TigStly cap the 
All of tSis shculd be carried cut 

so tSat the sample vial is open far a minimal 
amcunt of time. 

The prepared lic_=?id or soil sanule shculd be 
shaken viscrc~ly far one full m.inute. If the 
saaple contains soil, it must be rinsed frcm 
the inside of the septum before tSe syringe 
needle is inserted into the headscace, in 
order to avoid clogging the need-e. This can 
usually be accom?lisSed by tlflicking't the vial 
so that liquid splasSes onto the 
Withdray 

S2ptU!X. 
200 ul of headspace frontSe vial hits 

a clean 250 ul qastiT;ht syringe, and 
immediately injec t it onto the chrcnatosrashic 
column. After injecting tSe saqle onto the ~ 
column, watcS the. beqinning of t5e 
chromatogra?hic run for tSe customary injection 
peak. If one is not -<seen, the needle is 
probably classed andth&..':&mple willhaveto be 
rerun. 

200 ul of standard was 

from the sanple run nust be multiplied by fcur. 
Xllsazple analy tical results are arrived at by 
multiplying the area count of the compound of 
interest by the reqonse factor cf the 
correspcnding Feak in tSe standard. 

Compounds in sazql e runs shculd be guantitated 
against tSe corresgonding peak from the 
standard run in .sihicS the peak in question is 
closest in size (according to area counts) to 
the Feak wSicS is-being quantitated. k'henever 
possible, cuan - tFtCons sSould cnly be resorted f--Y 
for peaks whiclh are on scale. In tke event tkzt 
a ga a,titatic;a z.:cst be rezorted for a Fezk e 



i,lfO rzation r2-crt2$ s SSccli inclcde tk2 data 
time I c.Srmatosza;Sic cxditicns sue-i a.2 
texeyature e 
C. - - , gain cr att2z=ation, floV.'rate, 
dne r2tenticn tlzes azd 2 -t; es vu ccc7ts . C! 2 . ar.y 
resorted co~puzds, a:5 ~?i=:l standard r-23 tSe 
sa-,~le was qcantFta:ed a~zI:st. 

Zefors any anaLysis c a .7 52 d--s ~a.-, t?!2 tjyst:tX 
shculd be cSeck2d fcr czn%zFzation bv ruznirq 
a colunn blank. TSis is dszt bv st+r5izc; 

- a chroaatograchic r-:x -/t:&'l ' +-. 
injection. 

rla2xIby any 

Zefore any syringe ctz ?a csed, it shccld k2 

the gastight syringe 
air and then naltinq 
cnto tSe colum. 

To rule out 

All direct injecticx =:st be r&de wits 
qastigSt syriqes. The syrizse 'used s'nculd be 
selected so tSat =ers-~=2~~~ts are net being 
mzde in L+ b,.e tea cr kztfc,, 1 20% of tSe 
Graduations. 'or exe=;:=, Co not use a 100 ul 
syringe to made a;1 izjecric:: cf less than 20 Ul 
cr more t5a.P . 80 u' -. 

‘Syringe blazks must __ _ -.; a.=‘ter all standards, -ml -.v 
and after a11 SC--' 'S C'*,i &..a m are not clean. 
Whenever ~ossible,.~~~~zz sc=;:les s?.ould be run 
before ccnta~l~ate~ sa5.;12s. 



West, Fourth Editicn, 1932 . 
A 

1982 

. 



l, QUALITY 
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Author: Kelly R. Murray 
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Reviewed by: 

Roger Durham, Senior Geologist, Navy CLEAN, UST 

Approved by: 

Jim Williams, Senior Technical Lead, Navy CLEAN 

1.0 TITLE: Gas Chromatographic (GC) Analytical Column Installation 

2.0 PURPOSE: 

3.0 SCOPE: 

4.0 REQUIREMENTS: 

4.1 Knowledge 
of Instrument 

, 

The purpose of this document is to provide the GC 
analyst specific procedures for analytical column 
‘installation. This document will ensure consistency of 
column installation between analysts and therefore 
standardize the quality of sample screening data using 
the GC. 

The column installation procedures described in this 
document will be followed by aI1 Navy CLEAN GC analysts 
performing soil and water screening analyses that require 
the use of a GC equipped with either a packed or a 
capillary cofumn. Installation procedures apply only to 
the HNU Systems Model 311 Portable Gas 
Chromatograph. 

A working knowledge of the HNU Systems Model 3111 GC 
is required prior to the installation of any 
chromatographic column. 

. 

QUALIlY MANAGEMENT PROGRAM MANUAL 
ABB Environmental Services, Inc. 

Revision 1, 10/30/92 
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