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GLOSSARY 

Acid trepanning 

Aluminum powder 

Ammonium nitrate 

Black powder 

Blasting caps 

Composition C 

Composition C-3 

Composition C-4 

Cycionite (RDX; 
trimethylene 
trinitramine) 

The application of strong acids (nitric or sulfuric acid) to the protective hull of an 
ordnance in order to access and subsequently extract (via steaming) and detonate an 
explosive device. 

Frequently added to explosives and propellants in order to improve their efficiency. 

The most important raw material in the manufacture of industrial explosives. 

A mechanical mixture of potassium nitrate, sulfur, and charcoal, which is mostly 
pressed, granulated, and classified into definite grain fractions; is classified as a “low’ 
explosive. 

Initiators of explosive charges consisting of a cylindrical copper and aluminum capsule 
containing a primary charge of an initiating explosive and a secondary charge of a high- 
brisance explosive. 

A Military explosive consisting of cyclonite (RDX) and a plasticizer, which itself may or 
may not be explosive. 

A military plastic explosive consisting of RDX (78%) and an explosive plasticizer (22%). 

Military plastic explosive consisting of RDX (90%) and polyisobutylene (10%). 

Probably the most important high brisance explosive. Its brisant power is high due to 
its density and high detonation velocity. 

Cyclotetramethylene 
tetranitramine (HMX); 
octogen; 
homocyclonite Military explosive; appears in four modifications, of which only the p modification 

displays a particularly high density and hence also a particularly fast detonation rate. 

Detonating cord Consists of a PETN core (about 12 g/m) with wound hemp or jute threads and a plastic 
coating around it. 

Glycerin Raw material for manufacture of nitroglycerine. 

H-6 Shot A mixture of RDX (45%), TNT (30%), aluminum (20%), and Wax (5%) [USA]. 

HBX Pourable mixture of TNT, RDC, and aluminum containing phlegmatizing additives. 

Magnesium 
powder Used in pyrotechnics. 

Molotov cocktails A crude bomb made of a bottle filled with flammable liquid, such as gasoline, usually 
filled with a wick that is ignited just before the bottle is hurled. 
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M-Scope 

Nitroglycerine 

Electric water level indicator. 

One of the most important and most frequently used components of explosive materials 
including gelatinous industrial explosives, powders, and solid rocket propellants. 

Nitroguanidine Can be incorporated into nitrocellulose powder, nitroglycerine powder, or diglycol 
dinitrate powder; these “cold” (calorie-poor) powders erode gun barrels to a much 
lesser extent than do conventional powders. 

Nitrocellulose Commonly employed designation for nitric acid esters of cellulose (cellulose nitrates). 

Pentaerythriiol 
tetranitrate One of the most powerful and most brisant explosives; used in high-efficiency blasting 

cap fillings and detonation cords. 

Potassium nitrate Used as a component in pyrotechnical compositions, in industrial explosives, and in 
black powder. 

Propellant Solid or liquid material with low rate of combustion which will burn smoothly at uniform 
rate after ignition without depending on interaction with atmosphere. 
Single Base Consists primarily of matrix of nitrocellulose. 
Double Base Contains nitrocellulose and nitroglycerine. 
Multibase (Composite) Contains oxidizing agent in a matrix of binder. 

Red phosphorus Used for pyrotechnics and for manufacturing of incendiary shells, smoke bombs, and 
tracer bullets. 

Sodium nitrate Used in industrial explosives and in B-black powder as an oxidizer. 

Thermite An incendiary composition consisting of 2.75 parts of black iron oxide (ferrosoferric 
oxide) and 1 .O part granular aluminum. 

Trinitrotoluene The most important explosive for blasting charges of each kind of weapon; also an 
important component of industrial explosives. 
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ACRONYMNS 

ARARs 

ASTM 

CAP 

CLEAN 

cot 

COMPD 

CT0 

EDM 

EOD 

EODS 

EPA 

FOL 

FSAP 

ft AMSL 

Halliburton NUS 

HASP 

HMX 

IDW 

IED 

Applicable and Relevant or Appropriate Requirements. 

American Society for Testing and Materials. 

Corrective Action Permit. 

Comprehensive Long-Term Environmental Action Navy. 

Chain of Custody. 

Ammonium picrate. 

Contract Task Order. 

Electronic distance meter. 

Explosive Ordnance Disposal. 

Explosive Ordnance Disposal School. 

United States Environmental Protection Agency. 

Field Operations Leader. 

Field Sampling and Analysis Plan. 

Feet above mean sea level. 

Halliburton NUS Corporation. 

Health and Safety Plan. 

Cyclotetramethylene tetranitramine; Octogen; Homocyclonite. 

Investigative Derived Wastes. 

Improvised Explosive Devices. 

IHDIVNAVSURFWARCEN Indian Head Division, Naval Surface Warfare Center. , 

IOD Inert Ordnance Disposal. 

NAVEODTECHDIV Naval Explosive Ordnance Disposal Technology Division. 

NAVSCOLEOD Naval School Explosive Ordnance Disposal. 

NC Nitrocellulose. 
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NEESA 

NG 

NQ 

OVA 

PCBs 

PETN 

PID 

PVC 

QA/QC 

RBCs 

RCRA 

RDX 

Semi-VOCs 

SOP 

SWMU 

TAL 

TCL 

TH3 

TKN 

TNT 

TOC 

TOX 

TPH 

uses 

VI/RF1 

vocs 

Naval Energy and Environmental Support Activity 

Nitroglycerine. 

Nitroguanidine. 

Organic vapor analyzer. 

Polychlorinated biphenyls. 

Pentaerythritol tetranitrate. 

Photo-ionization detector. 

Polyvinyl chloride. 

Quality Assurance/Quality Control. 

Risk-Based Concentrations. 

Resource Conservation and Recovery Act. 

Cyclonite; trimethylenetrinitramine. 

Semivolatile organic compounds. 

Standard operating procedure. 

Solid Waste Management Unit. 

Target Analyte List. 

Target Compound List. 

Thermite. 

Total Kjeldahl nitrogen. 

2,4,6-Trinitrotoluene. 

Total Organic Carbon. 

Total organic halides. 

Total petroleum hydrocarbons. 

Unified Soil Classification System. 

Verification Investigation/RCRA Facility Investigation. 

Volatile organic compounds. 
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1 .O INTRODUCTION 

This Work Plan presents the investigative approach that will be used and the planning documents that will 

be followed to determine whether environmental contamination is present at four solid waste management 

units (SWMUs) within the Naval Explosive Ordnance Disposal Technology Division (NAVEODTECHDIV), 

Stump Neck Annex, Indian Head, Maryland. NAVEODTECHDIV is a tenant activity at the Indian Head 

Division, Naval Surface Warfare Center (IHDIVNAVSURMIARCEN). The following four SWMUs within 

NAVEODTECHDIV are the focus of the investigation: 

0 Range 6 (SWMU 5) 

0 The Improvised Explosive Devices (IED) Site (SWMU 26) 

0 The Inert Ordnance Disposal (IOD) Site (SWMU 27) 

0 Area 8, the Underwater Ordnance Training Area (SWMU 25) 

The primary goal of the verification investigation is to collect information necessary to determine if 

remediation may be necessary at these SWMUs and to formulate a cost estimate for remediation, if 

necessary. The principal mission of NAVEODTECHDIV is to provide Explosive Ordnance Disposal (EOD) 

technology and logistics management for the joint U. S. military services and to develop war essential 

elements of intelligence, equipment, and procedures to counter munitions, both domestic and foreign, as 

required to support the United States Department of Defense and the peacetime securii needs of other 

agencies. 

A major tenant organization of IHDIVNAVSURPWARCEN Naval School Explosive Ordnance Disposal 

(NAVSCOLEOD) conducted training exercises at Range 6, the IED, the IOD, and Area 8. Active military 

personnel were trained at these sites to perform Explosive Ordnance Disposal (EOD) operations. The 

NAVSCOLEOD is scheduled for relocation. IHDIVNAVSURPWARCEN is responsible for identifying and 

addressing any potential environmentally impacted sites caused by the NAVSCOLEOD. 

Environmental investigations are being conducted at Range 6, the IOD, the IED, and Area 8 because of the 

planned NAVSCOLEOD relocation and because Range 6 is included in a Resource Conservation And 

Recovery Act (RCRA) Corrective Action Permit (CAP) for the Stump Neck Annex. (The investigation will be 

referred to as the Verification Investigation throughout this Work Plan.) The permit (Corrective Action Permit 

Number MD 417 009 0001) was issued in January, 1991, by Region III of the United States Environmental 

Protection Agency (EPA). In response to the Corrective Action Permit, the Navy developed and submitted 
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a Verification Investigation/RCRA Facility Investigation (VI/RFI) Work Plan (Ensafe, Allen, and Hoshall, July 

1991). The Navy is awaiting comments on the VI/RF1 Work Plan. The specifications of theVI/RFI Work Plan 

were considered in the preparation of this Work Plan. The IED, the IOD, and Area 8 have been identified 

for possible inclusion in the Corrective Action Permit. 

This Work Plan includes a Quality Assurance/Quality Control (QA/QC) Plan and a Health and Safety Plan 

(HASP), which establish quality assurance and safety protocol for the investigative activities specified in the 

Work Plan and Field Sampling and Analysis Plan (FSAP). The results of the environmental investigations 

will be documented in a Verification Investigation Report. 

Authorization for Halliburton NUS Corporation (Halliburton NUS) to preform the tasks identified in this Work 

Plan was provided by the Northern Division of the Naval Facilities Engineering Command via Contract Task 

Order (CTO) Number 222, under the Comprehensive Long-Term Environmental Action Navy (CLEAN) 

Contract Number N62472-99-D-1298. 

1.1 SITE LOCATION AND DESCRIPTION 

The IHDIVNAVSURFWARCEN is located near Indian Head, Maryland, in the west-central portion of Charles 

County, approximately 30 miles south-southwest of Washington, D.C., as illustrated in Figure l-l. This 

facility occupies two peninsulas of land along the eastern shore of the Potomac River. The 

NAVEODTECHDIV, which operates as a tenant of the IHDIVNAVSURFWARCEN, is located on 1,100 acres 

situated on the southwest portion of the peninsula known as Stump Neck Annex (Stump Neck). All four sltes 

being addressed by this Work Plan are located on Stump Neck. Stump Neck is separated from the main 

side (IHDIVNAVSURFWARCEN) peninsula by Mattawoman Creek. The locations of IHDIVNAVSURFWARCEN 

and Stump Neck are illustrated in Figure l-2. The four sites addressed in this Work Plan (Range 6, the IED, 

the IOD, and Area 8) are all located on Stump Neck and are a controlled by the NAVEODTECHDIV. The 

sites are located as noted in Figure l-3. The following paragraphs provide a description of each site. 

1.1.1 Range 6 (SWMU 5) 

As described in the July 17, 1991 VI/RF1 Work Plan for the Stump Neck Annex (Ensafe, Allen, and 

Hoshall, July 1991), Range 6 is located at the end of Archer Avenue, on a point of land extending into the 

Potomac River and Chicamuxen Creek. Water surrounds the site on three sides, the Potomac River to the 

northeast and the Chicamuxen Creek to the southwest. Archer Avenue, an asphalt road, bisects the site 

terminating close to the water’s edge. Access to Range 6 is controlled by fencing and a gate located on 

Archer Avenue. The site lies completely within the loo-year flood plain and is approximately 11 acres in size. 
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Range 6 is sparsely vegetated and surrounded by wetlands. The terrain is generally flat and gently sloping 

toward the surrounding water bodies. The location and general features of Range 6 are displayed in 

Figure l-4. 

1.1.2 The Improvised Explosive Devices (IED) Site (SWMU 26) 

The IED is located south of Archer Avenue in the vicinity of Buildings 2119, 2118, and 2090. The site 

encompasses 51.42 acres; however, most training exercises occurred in an area approximately 300 feet by 

300 feet. This area is often referred to as the VIP demonstration area. Important features of the IED are the 

incendiary demonstration area, a demonstration area located in front of a set of bleachers, Building 2118 

(used for mixing chemicals), and the detonation demonstration area. Access to the site is controlled by 

fencing and a gate located on Archer Avenue. No wetlands exist in the immediate vicinity of the site. The 

location and general features of the IED are displayed in Figure l-5. 

1.1.3 The Inert Ordnance Disposal (IOD) Site (SWMU 27) 

The IOD is located off a dirt road in the vicinity of the intersection of Archer Avenue and Lewis Road. The 

site consists of a deteriorating concrete pad measuring approximately 18 by 12 feet. Two circular manholes 

exist in the top of the concrete pad, which is located on the slope of a steep hill. A 4- to 5-foot depression 

exists immediately below the concrete pad. Discarded inert ordnance (e.g. fuses) can be seen underneath 

the pad directly below the circular opening on the left side of the pad (looking down the hillside). Access 

to the IOD is controlled by a gate located on Archer Avenue. Wetlands and Chicamuxen Creek are located 

downgradient of the site. The location and general features of the IOD are displayed in Figure 1-6. 

1.1.4 Area 8 (SWMU 25) 

Area 8, the Underwater Ordnance Training Area, is an active training area located on Roach Road. Access 

to the site is controlled by fencing and a gate located on Archer Avenue. Significant features of the site are 

Buildings 2104 and 2125, a pond (approximately 1 acre in size), and numerous water-shot and air-shot test 

locations. A student would be 30 feet and 75 feet from the Area 8 water-shot and air-shot locations, 

respectively, during a training exercise. 

Area 8 is approximately 9.6 acres in size. In comparison to Range 6, the IOD, and the IED, the terrain at 

Area 8 is very steep and the site is heavily wooded. Two acres of wetlands have been identified on this site. 

The water table is very shallow as evidenced by marshy areas and groundwater springs. Chicamuxen Creek 
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is an important environmental receptor located downgradient of Area 8. The location and general features 

of Area 8 are displayed in Figure l-7. 

1.2 SITE OPERATIONS AND HISTORY 

The following paragraphs provide a summary of site operations historically or currently conducted at 

Range 6, the IED, the IOD, and Area 8. The NAVSCOLEOD may have begun operations at these site as early 

as the 1950s. The NAVSCOLEOD is expected to cease operations at Stump Neck in 1997. 

1.2.1 Range 6 

Range 6 consists of five ranges historically used for open detonation training. Range 6 was identified in the 

Notice of Decision for RCRA Corrective Action Permit EPA I.D. No. MD 417 009 0001 (January 24, 1991 

through January 23, 2001) as Solid Waste Management Unit number five (SWMU 5). 

The Range 6 training ranges operated from the early 1950s until early in 1988. The frequency of training 

exercises at this site depended on the number of recruits (students) requiring training at any one given time. 

It is estimated the training ranges were used weekly. The following list of chemicals and materials are 

among those used at Range 6: 

Trinitrotoluene 0 HBX 

RDX 0 PETN 

Composition C-4 0 COMPD 

Composition C-3 0 TH3 (Thermite) 

Nitric acid 0 Sulfuric acid 

Nitrocellulose 0 Nitroquanidine 

Blasting caps 0 H6 shot 

Single base, double base, multibase propellants 

Small amounts (less than two to three pounds) of explosives were used during the training exercises 

conducted at Range 6. Based on this estimate, approximately 100 pounds of ordnance were used each 

year. Most of the actual detonation work during the training exercises occurred within the sparsely 

vegetated lowland area to the south of Archer Avenue. However, other related training activities, such as 

acid trepanning, occurred to the north of Archer Avenue. Acid trepanning involved the application of strong 

acids (nitric or sulfuric acid) to the protective hull of an ordnance in order to access and subsequently 

extract (via steaming) and detonate an explosive device. Based on the personnel interviews which occurred 4 
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on June 20 and 21,1995, a burn pit and heavy used demolition area may have existed at Range 6 as shown 

on Figure l-4. Waste materials at Range 6 are also likely to include small quantities of shrapnel and castings 

from the detonation of explosives. 

The Range 6 training ranges are currently inactive, and there is minimal visual evidence of their actual 

location and size. (Five small white wooden placards [numbered 1 through 51 were noted at Range 6 during 

the site visit conducted on July 20 and 21, 1995. These placards may indicate the approximate locations 

of the 5 test ranges.) It is unlikely that Range 6 will ever be used for training purposes again. The unit has 

been phased out since this portion of the Explosive Ordnance Disposal School (EODS) relocated to Florida 

in 1988. 

Background documents available for the Stump Neck Annex indicate that in 1956/l 957, approximately 1500 

to 2000 pounds of arsenic powder contained in plastic bags were buried in a pit located within Range 6 and 

measuring 40 feet deep and 6 feet in diameter. It should be noted that the RCRA Corrective Action Permit 

for Stump Neck does not mention of the arsenic disposal pit. The Indian Head Base drawing 

(Dwg. No. 15455-A) indicates that SWMU 5 is only 300 feet by 300 feet and does not indicate the location 

of the arsenic pit. Two possible locations for the arsenic pit have been indicated on Figure 14. One 

location was noted on Figure 10 of Revision No. 0 of the Ensafe/Allen & Hoshall Work Plan dated July 17, 

1991. The second location was identified during the June 20/21, 1995 interviews. The information regarding 

the existence and location of an arsenic pit at Range 6 is tentative and difficult to verify. 

1.2.2 The Improvised Explosive Devices (IED) Site 

The IED is used to test and demonstrate the explosive potential of chemical mixtures. The site was first 

used in November of 1957 and is still an active training/demonstration area. Activities at the site are 

performed year round, and it is estimated that approximately 10 pounds (net explosive weight) of ordnance 

is used in this area each year. The following list of chemicals/explosives are among those used at the IED 

training area: 

0 Sulfuric acid 0 Black powder 

0 Potassium chloride 0 Red phosphorus 

0 Potassium permanganate 0 Sodium peroxide 

l Sodium chloride 0 Hydrogen peroxide 

0 Gasoline 0 Magnesium powder 

0 Aluminum powder 0 Calcium hypochlorite 

l Nitric acid l Potassium nitrate 
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l Glycerin l Ammonium nitrate 

l Detonation cord 0 Ferrous oxide 

Molotov cocktails were also used during some of the training demonstrations. This information is based on 

historical records maintained by the Explosive Safety Officer, which are considered accurate and complete 

dating back to January 1990 (Indian Head Naval Surface Warfare Center, February 1995). 

1.2.3 The Inert Ordnance Disposal (IOD) Site 

Minimal background information is available to date regarding historical activities at the IOD. The building 

originally atop the concrete pad at the IOD may have been Building 2061. At one time, an aircraft fuselage 

may have been situated atop the IOD and may have been used in training exercises (i.e., the training 

exercise would have simulated the deactivation of unexploded ordnance aboard a downed aircraft). Based 

on visual inspection of the site, IOD was used for the disposal of inert ordnance. Inert ordnance (e.g., 

pieces of fuses) can be seen underneath the concrete pad covering the disposal site. In the 198Os, concrete 

was poured into the hole in the concrete pad covering the IOD. It is not an active disposal site. 

Area 8, the Underwater Ordnance Training Area, is an active facility used to train military personnel to the 

defuse explosive devices. Training exercises at Area 8 are performed 10 months out of the year. It is 

estimated that approximately 50 to 75 pounds (net explosive weight) of ordnance are used at this training 

facility each year. No more than 0.5 pound of explosives is used at the air- or water-shot locations during 

training exercises. At the water-shot locations, the explosive is placed 2 to 5 feet below the water surface. 

At the air-shot locations, the explosive is suspended (on wire) approximately 2 feet above ground. The type 

of ordnance used includes TNT (2,4,6-trinitrotoluene) block, pentaerythritol tetranltrate (PETN), military 

dynamite, blasting caps, detonation cord, and similar devices. 

Area 8 is defined by numerous water- and air-shot locations, a stagnant water hole, and a pond (Figure l-7). 

The stagnant water hole has been inactive since 1993. The water-shot and air-shot locations have been the 

primary locations for training and testing activities. The water-shot locations consist of depressions 

measuring a few feet in diameter and 6 to 9 feet deep. Surface water 4 to 5 feet deep fills these 

depressions. Those shot locations appearing to the left of Archer Avenue on Figure 1-7 will be referred to 

as “B-side” locations, those to the right of Archer Avenue will be referred to as “A-side” locations. B-side 

Locations 5, 6, 7, 8, 9, and 22 are the most used water-shot locations, whereas B-side locations 24 and 38 

are the most used air-shot locations. A-side water-shot location 7 is the closest location to Chicamuxen 
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Creek. This information is based on historical records maintained by the Explosive Safety Officer, which are 

considered accurate and complete dating back to January 1990 (Indian Head Naval Surface Warfare Center, 

February 1995). 

1.3 PHYSIOGRAPHY 

The Naval Surface Warfare Center is located at Indian Head, Maryland. As noted previously, the facility 

consists of two peninsulas, approximately 3,500 acres in area, which are both located on the eastern shore 

of the Potomac River. The northern and larger peninsula is designated the IHDIVNAVSURFWARCEN. The 

southern, and smaller peninsula, is designated as Naval Ordnance Station, Stump Neck Annex. The 

NAVEODTECHDIV is located on the Stump Neck peninsula and is approximately 1 ,100 acres in area. 

The southwestern area of the Stump Neck peninsula is bounded by Chicamuxen Creek, the northern area 

by the Potomac River and the northeastern area by Mattawoman Creek. The Stump Neck Peninsula has 

a flat to slightly rolling topography. Most of the land adjacent to Chicamuxen and Mattawoman Creeks are 

wetlands with slopes of three percent or less. The inland portion of the peninsula has slopes of five percent 

or more in many places. Elevations at the Stump Neck peninsula range from mean sea level to 143 feet 

above mean sea level (ftAMSL). Elevations along the creek boundaries are generally 30 ftAMSL with the 

exception of a few bluffs along the Mattawoman Creek that are 50 to 60 ftAMSL. 

1.4 CLIMATE 

The climate at the facility is a temperate, continental type that is influenced by the facility’s proximity to the 

Chesapeake Bay and the Potomac River. The region experiences well-defined seasons with warm summers 

and cold, wet winters. The average summer high and winter low temperatures are 89” and 21 OF, 

respectively (Ensafe, Allen, and Hoshall, July 1991). 

The mean annual precipitation for Charles County, Maryland, is 47 inches (Ensafe, Allen and Hoshall, 

July 1991). The mean annual frozen precipitation is 19 inches. The average wind speeds are 9 miles per 

hour, and the prevailing wind direction is northwest becoming more southerly during the summer months. 

1.5 SURFACE DRAINAGE 

Surface waters for Area 8, the IOD, and IED drain to marsh and wetland areas and then into Chicamuxen 

Creek or directly into the creek. Approximately half of the surface water flow at Range 6 is toward 

Chicamuxen Creek and remaining drainage is toward the Potomac River. 
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1.6 SOILS 

Three different soil associations have been identified at the NAVEODTECHDIV (Ensafe, Allen, and 

Hoshall, 1991). These soils are the Evesboro-Keyport-Elkton Association in the western area, the Bibb-Tidal 

Marsh Swamp Association in the central area and the Beltsville-Exum-Wickham Association in the eastern 

area of the facility. 

The Evesboro-Keyport-Elkton Association soils range from sandy, excessively drained soils to loamy, poorly 

drained soils that are underlain by clayey subsoils. These soils are level to moderately sloping. 

The Bibb-Tidal Swamp Association soils are miscellaneous, poorly drained soils located in unclassified 

wetland and major flood-plain areas. These soils are generally wet, unstable, and subject to flooding by 

brackish or saline waters. 

The Beltsville-Exum-Wickham Association soils are generally very silty with dense fragipan. These soils are 

typically moderately sloping and situated on elevated areas. These soils are highly erodible on moderate 

slopes and are moderately dissected by major rivers and streams in this area. 

GEOLOGY 

The Indian Head and Stump Neck peninsulas lie within the Atlantic Coastal plain physiographic province. 

The general topography of the area consists of rolling terrain, marshlands, swamps, and the shoreline of the 

Potomac River, Mattawoman Creek, and Chicamuxen Creek. The geology of the area consists of 500 to 

600 feet of unconsolidated fluvial and marine deposits overlying much older Precambrian igneous and 

metamorphic bedrock. The unconsolidated sediments strike northeast and dip to the southeast at 

approximately 50 feet per mile. 

The unconsolidated deposits underlying the site are of the Potomac Group, which consist of (in descending 

order) the Patapsco, Arundel, and Patuxent Formations. The Patapsco Formation is a sequence of gently 

dipping, unconsolidated layers of clay, silt, sand, and gravel deposits. The average thickness of the 

Patapsco Formation is approximately 200 to 300 feet (Tech International, 1988; Aware, 1982). 

The Patapsco Formation is underlain by the Patuxent-Arundel Formations, which consist of clays and sandy 

to silty clays with occasional, thin sand layers. These thin sand units within the otherwise clay dominated 

formation are not laterally continuous, and generally pinch out within 2 miles or less (Tech 
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International, 1988). The average thickness of the Patuxent-Arundel Formation in the vicinity of Indian Head 

is approximately 300 feet. 

In some areas on the Indian Head and Stump Neck peninsulas, the Upper Potomac Group sediments were 

eroded by the ancestral Potomac River system, which deposited paleo-channel and fluvial (river) sediments 

on top of the Potomac Group. Along the eastern side of the Indian Head peninsula these Quaternary age 

fluvial sediments extend to approximately 75 feet below sea level (Hiortdahl, 1990). In other areas, the 

Potomac Group is overlain by younger sedimentary layers which may include the Aquia Greensand, the 

Columbia Formation, and other deposits. On Stump Neck, the paleo-channel deposits average from about 

80 feet to 100 feet deep. 

1.8 HYDROGEOLOGY 

The Potomac Group aquifer system is the major confined aquifer for the area around Indian Head and 

Stump Neck, Maryland. Localized shallow aquifers (e.g., water table aquifers) may exist in the Quaternary 

fluvial sediments which overlie the Potomac Group, but in this area these aquifers are not used for potable 

water (Hiortdahl, 1990). The Potomac Group aquifer is a multi-aquifer system which contains several 

confined aquifers within the Patapsco and Patuxent Formations (Figure l-8). These confined aquifers consist 

of saturated, poorly consolidated sand and gravel deposits that generally range from 1 to 20 feet in 

thickness (Hiortdahl, 1990). These water-bearing units are interbedded with clay and fine-grained units that 

confine and isolate the sand units. 

The Potomac Group produces water of good quality, and has supplied all of the ground water withdrawn 

from production wells in the Indian Head and Stump Neck area. The Patapsco Formation contains several 

water-bearing sand layers, which have been extensively tapped. Three zones within this formation have 

been encountered which contain significant permeable units; the Upper Sand, Middle Sand, and Lower Sand 

zones. In the Indian Head area, the Upper Sand zone is thin or absent and is not a significant water 

producer. The Middle Sand zone occurs between 50 and 200 feet below MSL and is not as productive as 

the Lower Sand zone. The Lower Sand zone generally yields the most water and is encountered between 

200 and 300 feet below MSL (Greenhorn and O’Mara, 1990). 

The transmissiviiy of the Lower Sand zone at the Indian Head area ranges from 270 V/day to 535 V/day, 

with the combined transmissivity of the entire Patapsco Formation estimated at about 1,070 ft’/day. The 

clay-rich aquitards of this formation have very low vertical hydraulic conductivities, in the range of 

2 x lo” ft/sec to 2 x lo”’ ft/sec (Tech International, 1988). Coefficients of storage for the Patapsco 
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Formation range from 0.0004 to 0.0002 feet per vertical foot (ftp). The average well yield for wells in this 

area is approximately 250 gallons per minute (gpm) (Greenhorn and O’Mara, 1990). 

The deeper Patuxent Formation contains mostly clay-rich units, although the main base production wells 

tap the permeable sand layers (some of which are in the Patuxent Formation), which are interbedded with 

these units. The sand units are not laterally continuous, and most wells find sufficient water yields within 

the overlying Patapsco Formation. 

The IHDIVNAVSURFWARCEN is the largest water user in the Indian Head region, with 15 production wells 

from the Patapsco Formation which together pump more than 1.3 million gallons per day (gpd). Thirteen 

of the fiieen production wells are located on the Indian Head peninsula, and the remaining two are located 

on the Stump Neck Peninsula. Eight of the production wells are screened exclusively in the Lower Sand 

zone, with seven wells screened in the Upper and Middle Sand zones as well as the Lower Sand zone. The 

screened interval extends into the Patuxent Formation at some locations. Extensive pumping has occurred 

at these wells for several decades, and potentiometric water levels around the Indian Head peninsula for the 

deep aquifer system have declined more than 85 feet over the last 80 to 90 years because of pumping (Tech 

International, 1988; Aware, 1982). 
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2.0 OBJECTIVES OF THE INVESTIGATION/INVESTIGATIVE APPROACH 

The objectives of the Verification investigation planned for Range 6, the IOD, the IED, and Area 8 are 

twofold: 

0 Determine if environmental contaminants are present at Range 6, the IOD, the IED, and Area 8 

at concentrations exceeding chemical specific Applicable and Relevant or Appropriate 

Requirements (ARARs) or at concentrations of public or environmental health concern. 

0 Collect analytical data of a quality that will meet requirements established in the RCRA Corrective 

Action Permit for Stump Neck. 

In overview, these objectives will be achieved by: 

0 An environmental sampling program that targets areas that, based on historical information 

regarding each site of concern, are most likely to demonstrate environmental contamination, if 

it exists. 

0 Collection, analysis, and validation of analytical data per protocol acceptable to the Navy and 

Region III of the Environmental Protection Agency (i.e., acquisition of data in accordance with 

the specifications of the RCRA Corrective Action Permit for Stump Neck). 

This section identifies data needs for the Verification Investigation and presents the investigative approach 

to accomplish the objectives of the Verification Investigation. Work tasks for the investigative approach were 

developed following a site visit and several discussions with the Navy, and after a review of currently 

available background documentation. Table 2-1 summarizes work task activities proposed for the 

environmental investigation. The primary goal of the environmental investigation is to collect the information 

necessary to determine if remediation may be necessary and to formulate a cost estimate for remediation, 

if necessary. 

2.1 INVESTIGATIVE APPROACH FOR RANGE 6 (SWMU 5) 

As detailed in Section 1 .O, Range 6 is an inactive training area located at the end of Archer Avenue on the 

western edge of the Stump Neck Annex. The unit, which operated as early as 1953, was phased out in 1988 

when the demolition range of the Explosive Ordnance Disposal School (EODS) moved to Florida. The 

location and general features of Range 6 were presented in Figure l-4. The unit (approximately 11 acres 
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in size) consisted of five training ranges. The exact locations of the training ranges are not known at this 

time. However, large placards numbered 1 through 5 do exist in the lowland area to the south of Archer 

Avenue. 

Explosive charges of less than 2 to 3 pounds were used during training exercises conducted within Range 6. 

Unexploded ordnance was opendetonated in place. Composition C-3, Composition C-4, COMPD 

(ammonium picrate), nitric acid, and sulfuric acid were among the chemicals used at the training ranges. 

COMPD (ammonium picrate) has been used as an explosive in military charges. 

2,4,6-Trinitrotoluene (TNT), cyclotetramethylene tetranltramine (HMX), and cycle-1,3,5-trimethylene-2,4,6- 

trinitramine (RDX) are target analytes specifically identified in the Corrective Action Permit for Range 6 at 

Stump Neck. TNT is an important military and industrial explosive. HMX and RDX are also military 

explosives. 

The environmental investigation proposed for Range 6 is described in the following paragraphs. 

2.1.1 Site Background Information Research 

The site background information presented in this workplan was gathered as a result of the review of 

available background documents and through interviews with military/civilian personnel familiar with 

operations conducted at Range 6. This work task was necessary because there was (and still is) limited. 

documented information available regarding the operations conducted at Range 6. For example, although 

the approximate site location is known, the exact location and dimensions of the five training ranges within 

Range 6 have not been identified in any of the documents reviewed by Hallibutton NUS Corporation to date. 

Interviews of military/civilian personnel took place during a site visit which occurred on June 20 and 

21, 1995. The questionnaire used in the interviews is provided in Exhibit 2-1. This work task is likely to 

continue until the field investigation work for the project has begun. 

2.1.2 Soil Sampling and Analysis 

Soil sampling and analysis will be conducted to determine whether there is any evidence of soil 

contamination at Range 6 and to optimize the placement of a groundwater monitoring well. In overview, 

surface soil samples will be collected and analyzed using a field screening test kit that targets explosive 

residues (TNT, RDX, HMX). Additionally, monitoring-well soil samples will be collected and sent to a fixed 

base laboratory for an extensive list of analyses. It should be noted that the Range 6 soil sampling program 

is designed to determine whether there is evidence of soil contamination. (Specifically, is there evidence of 
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explosive residues in the surface soils at Range 6.) The program is not designed to identify all potential 

hazardous waste source areas within Range 6, to completely characterize the vertical and horizontal extent 

of contamination, or to provide all the information necessary to evaluate all possible remedial alternatives, 

if contamination is present. The program is also not designed to investigate the arsenic disposal pit alleged 

to exist at Range 6. 

Field screening test kiis procured from D-Tech Corporation will be used to screen approximately 25 surface 

soil samples collected within Range 6 (Figure 2-l). (For purposes of this Work Plan, a surface soil sample 

is defined as a sample collected at the soil interval 0 to 2 feet below ground surface.) Literature on the use 

and limitations of the proposed field screening test kits is provided in Appendix C. Unless information 

gathered during the interviews described in Section 2.1 .l identifies the location of one or more of the training 

areas within Range 6, the surface soil samples will be collected at locations established by a grid 

(approximately 100 foot-centers). (Based on visual observation of the study area and interviews conducted 

to date with military/civilian personnel, it appears that the Range 6 testing ranges were located on the 

Chicamuxen Creek side of the Stump Neck Annex. Thus, the grid will be located in the Range 6 area 

between Archer Avenue and Chicamuxen Creek.) Surface soil samples collected at three background 

sampling locations will also be analyzed using the field screening test kits. The field screening test kits 

target the following analytes: 

0 2,4,6-Trinitrotoluene (TNT) 

0 Cyclotetramethylene tetranitramine (HMX) 

0 Cycle-1,3,5-trimethylene-2,4,6-trinitramine (RDX) 

TNT, HMX, and RDX are among the explosives potentially used during the training exercises conducted at 

Range 6 and Area 8. They are the only explosives specifically identified in the Corrective Action Permit for 

Range 6 at Stump Neck. Risk based concentrations (RBCs) established by Region III of the Environmental 

Protection Agency (EPA) are available for these explosives. These RBCs are available for water, assuming 

domestic consumption of a water resource, and for soils, assuming industrial or residential land use 

scenarios. (A copy of the March 7, 1995 version of the EPA Region III Risk Based Concentration Table is 

provided in Appendix E.) Table 2-2 compares the available RBCs to detection limits achievable using the 

D-Tech Corporation field screening test kits. The comparison indicates that the detection limits achievable 

by the field test kits are lower than or within the same order of magnitude as the RBCs. 

Two soil samples will be collected during the drilling of a Range 6 monitoring well described in the following 

paragraph. One of the monitoring well samples will be collected from the 0- to 2-foot depth interval. This 

sample and the field test kit screening samples will be used to determine whether surface soil contamination 
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is present. The second monitoring well soil sample will be collected at the soil interval 2 to 5 feet below 

ground surface or the soil interval just above the water table if the water table is very shallow (i.e., less than 

15 feet below ground surface). This sample will be collected to determine whether site related contaminants 

are migrating or are present at the soil-groundwater interface. 

The monitoring well soil samples will be analyzed at a fixed-based laboratory for the following parameters: 

Method 8330 Explosives (Table 2-3) 

Nitrocellulose (NC) 

Nitroguanidine (NQ) 

Nitroglycerine (NG) 

Pentaerythritol tetranitrate (PETN) 

Target Analyte List (TAL) metals and tin 

Cyanide 

Appendix IX volatile organic chemicals (VOCs) 

Appendix IX semi-volatile organic chemicals (Semi-VOCs) 

Total organic carbon (TOC) 

Nitrate-nitrite 

Ammonia-nitrogen 

The analyses for explosives and propellants, metals, and the full complement of Appendix IX VOCs and 

semi-VOCs is necessary to determine whether contamination of public or environmental health significance 

is present in the soils. The Method 8330 Explosives, NC, NQ, NG, and PETN are propellants and explosives 

potentially used in training exercises conducted at Range 6 and/or Area 8. TNT, HMX, RDX, the metals, the 

Appendix IX VOCs, and the Appendix IX semi-VOCs are target analytes listed for soils in the Final Corrective 

Action Permit for the U.S. Naval Explosive Ordnance Disposal Technology Center, Stump Neck Annex, 

Indian Head, Maryland (EPA I.D. No. MD 417 009 0001). Nitrates/nitrites and NG are among the list of 

target analytes specified in the Statement of Work (SOW) for Navy Contract Task Order (CTO) No. 222. 

Parameters such as TOC are selected analytes because they are often indicators of gross levels of 

contamination and are often used in contaminant fate- and transport-analysis and in the evaluation of 

remedial alternatives. 

2.1.3 Hydroqeoloqical Investiqation/Groundwater Sampling 

One monitoring well will be installed at Range 6 to determine whether there is evidence of groundwater 

contamination in the shallow water table aquifer. Given the topography and location of Range 6, 
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groundwater may be encountered as shallow as 15 to 20 feet below ground surface. The monitoring well 

will be located based on the results of field test-kit screening of soils and any historical information 

developed for the site as a result of the implementation of this Work Plan. The well location will be checked 

for the presence of underground utilities prior to beginning drilling operations, and the locations modified 

as necessary to avoid any utilities present. The shallow monitoring well will be installed in accordance with 

the specifications described in Section 3.0 of this Work Plan. 

One groundwater sample will be collected from the Range 6 monitoring well and analyzed at a fixed-based 

laboratory for the following parameters: 

Method 8330 explosives (Table 2-3) 

Nitrocellulose (NC) 

Nitroguanidine (NQ) 

Nitroglycerine (NG) 

Pentaerythritol tetranitrate (PETN) 

Target Analyte List (TAL) metals and tin (filtered, unfiltered) 

Cyanide 

Appendix IX VOCs 

Appendix IX Semi-VOCs 

Total organic carbon (TOC) 

Total organic halides (TOX) 

Nitrate-nitrite 

Ammonia-nitrogen 

Total Kjeldahl nitrogen (TKN) 

Total phosphate 

Sulfate 

The analyses for explosives and propellants, metals (unfiltered and filtered samples), and the full complement 

of Appendix IX VOCs and semi-VOCs is necessary to determine if contamination of public or environmental 

health significance is present in the groundwater. TNT, HMX, RDX, the metals, the Appendix IX VOCs, and 

the Appendix IX semi-VOCs are target analytes listed for groundwater in the Final Corrective Action Permit 

for the U.S. Naval Explosive Ordnance Disposal Technology Center, Stump Neck Annex, Indian Head, 

Maryland (EPA I.D. No. MD 417 009 0001). Nitrates/nitrites and NG are among the target analytes specified 

in the Statement of Work (SOW) for Navy Contract Task Order (CTO) No. 222. Parameters such as TOC 

and TOX are selected as target analytes because they are gross indicators of contamination and are often 

used in contaminant fate- and transport-analysis. Parameters such as sulfate, total phosphate, nitrate-nitrite, 
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ammonia-nitrogen, and total kjeldahl nitrogen are general indicators of water quality and are often used in 

contaminant fate-and-transport analysis and in the evaluation of remedial alternatives for groundwater. 

A slug test will be performed on the Range 6 monitoring well to determine permeability characteristics of 

the aquifer. Synoptic water-level measurements will also be collected. 

It should be noted that the groundwater investigation for Range 6 is not designed to completely characterize 

the vertical and horizontal extent of groundwater contamination at Range 6, to profile all aquifer 

characteristics, or to provide all the information necessary to evaluate possible remedial alternatives, if 

contamination exists. The objective of the investigation is determine whether shallow groundwater 

contamination exists at a location of known soils contamination based on the results of the field screening 

of soil samples. 

2.2 INVESTIGATIVE APPROACH FOR THE IED (SWMU 26) 

Summarizing from Section 1 .O, the Improvised Explosive Devices (IED) site is located off Archer Avenue in 

the vicinity of Buildings 2119, 2118, and 2090. The site was used to test the explosive potential of chemical 

mixtures. Although test areas may exist throughout the IED site, the most likely test areas include, the 

incendiary demonstration area, the detonation demonstration area, Building 2118 (used for mixing 

chemicals), and the area in front of the bleachers. 

2.2.1 Site Background Information Research 

The site background information presented in this workplan was gathered as a result of the review of 

available background documents and through interviews with military/civilian personnel familiar with 

operations conducted at the IED. This work task was necessary because limited documented information 

was (and still is) available regarding the operations conducted at IED. For example, although the principal 

demonstration/test areas have been identified, the exact number of areas and their locations are still 

unknown. Interviews with military/civilian personnel took place during a site visit which occurred on 

June 20 and 21, 1995. The questionnaire used in the interviews is provided in Exhibit 2-1. This work task 

is likely to continue until the field investigation work for the project has begun. 

2.2.2 Soil Sampling 

The proposed soil sampling program for the IED site is limited to the sampling and analysis of surface and 

subsurface soil samples collected from four soil borings and three monitoring well installations. The objective 
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of the investigation is to determine if contaminated soils are present at suspected demonstration/ test areas. 

The program is not designed to identify all potential hazardous waste source areas, to completely 

characterize the vertical and horizontal extent of contamination, or to provide all the information necessary 

to evaluate possible remedial alternatives, if contamination is present. 

Two soil samples will be collected from each of the three soil borings installed at the IED. One of the soil 

samples will be collected at the 0- to 2- foot depth interval. The second soil sample will be collected from 

the soil interval 2- to 5-feet below ground surface or the soil interval just above the water table if the water 

table is very shallow (i.e., less than 15 feet below ground surface). This sample will be collected to 

determine whether site-related contaminants are migrating or are present at the soil-groundwater interface. 

Boring locations (See Figure 2-2) are based on background information gathered for the site from the 

following locations: 

0 The center of the incendiary demonstration area, 

0 The center of the suspected drainage area serving the chemical mixing building (Building 2118) 

0 The area in front of the bleachers, and 

0 The center of the detonation/demonstration area. 

Surface and subsurface soil samples will also be collected during the drilling of the three monitoring wells 

described in the following paragraph. One of the monitoring well soil samples will be collected from the O- 

to 2- foot depth interval. The second monitoring well soil sample will be collected from the soil interval 2- 

to !&foot below ground surface or the soil interval just above the water table if the water table is very shallow 

(i.e., less than 10 to 15 feet below ground surface). The monitoring well soil samples and soil boring 

samples will be analyzed at a fixed-based laboratory for the following parameters: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Method 8330 explosives (Table 2-3) 

Nitrocellulose (NC) 

Nitroguanidine (NG) 

Nitroglycerine 

Target Analyte List (TAL) metals 

Cyanide 

Appendix IX VOCs 

Appendix IX Semi-VOCs 

Total organic carbon (TOC) 

Nitrate-nitrite 

Total petroleum hydrocarbons (TPH) 

2-7 CT0 222 



FINAL 

0 Target Compound List Polychlorinated biphenyl compounds (PCBs) 

0 Ammonia-nitrogen 

The rationale for these target analytes is similar to that presented for the analytes proposed for Range 6 

except that, given the activities conducted at the IED, a limited number of samples, only, will be analyzed 

for the energetics because they are not anticipated to be significant contaminants of concern. As noted in 

Section 1, a variety of inorganic and organic compounds were included in the tests and demonstrations 

conducted at the IED. Thus, the analyses for the full complement of Appendix IX VOCs and semi-VOCs, 

metals, polychlorinated biphenyls (PCBs) is necessary to determine if contamination of public or 

environmental significance is present in soils at the IED. Appendix IX VOCs and semi-VOCs, and metals are 

also target analytes listed in the RCRA Corrective Action Permit for the Stump Neck Annex. TPH is included 

as target analytes because fuels could have been used at the IED. 

2.2.3 Hydroqeoloqical Investiqation/Groundwater Sampling 

Three monitoring wells will be installed at the IED to determine whether there is evidence of groundwater 

contamination in the shallow water table aquifer. One monitoring well will be installed upgradient of the IED. 

Background soil and groundwater samples will be collected from this monitoring well. The locations of the 

other monitoring wells are based on background information gathered for the site: 1) immediately 

downgradient of the incendiary demonstration area, and 2) immediately downgradient of the detonation 

demonstration area (Figure 2-2). Monitoring well locations will be checked for the presence of underground 

utilities prior to beginning drilling operations, and the locations modified as necessary to avoid any utilities 

present. The shallow monitoring wells will be installed in accordance with the specifications described in 

Section 3.0 of this Work Plan. 

One groundwater sample will be collected from each of the IED monitoring wells and analyzed at a fixed- 

based lab for the following parameters: 

Method 8330 explosives (Table 2-3) 

Nitrocellulose (NC) 

Nitroguanidine (NQ) 

Nitroglycerine (NG) 

Target Analyte List (TAL) metals and tin (filtered, unfiltered) 

Cyanide 

Appendix IX VOCs 

Appendix IX Semi-VOCs 
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Total organic carbon FOC) 

Total organic halides (TOX) 

Nitrate-nitrite 

Ammonium-nitrogen 

Total Kjeldahl nitrogen (TKN) 

Total phosphate 

Sulfate 

Target Compound List PCBs 

TPH 

Ammonia-nitrogen 

The rationale for these analytes is similar to that presented for the analytes proposed for Range 6 except 

that given the activities conducted at the IED, a limited number of samples, only, will be analyzed for 

energetics because they are not anticipated to be significant contaminants of concern. TPH is included as 

target analytes because fuels could have been used at the IED. 

A slug test will be performed at each of the IED monitoring wells to determine permeability characteristics 

of the aquifer. Synoptic water-level measurements will also be collected. 

It should be noted that the groundwater investigation for IED is not designed to completely characterize the 

vertical and horizontal extent of groundwater contamination at the IED, to profile all aquifer characteristics, 

or to provide the information necessary to evaluate all possible remedial alternatives, if contamination exists. 

The objective of the investigation is to determined whether site-related groundwater contamination is present 

based on the analysis of groundwater quality in the vicinity of known or suspected test locations. 

2.3 INVESTIGATIVE APPROACH FOR THE IOD (SWMU 27) 

The IOD is located off a dirt road in the vicinity of the intersection of Archer Avenue and Lewis Road. 

Summarizing from Section 1.0, the IOD is a pit (approximately 4 to 5 feet deep) underlying a circular 

opening (approximately the size of a manhole) in a concrete pad (approximately 18 feet by 12 feet). Inert 

ordnance (e.g., fuses) were discarded into the pit over a period of many years. The environmental 

investigation proposed for the IOD is described in the following paragraphs. 
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2.3.1 Site Background Information Research 

The site background information presented in this workplan was gathered as a result of the review of 

available background documents and through interviews with military/civilian personnel familiar with 

operations conducted at the IOD. This work task was necessary because there was (and still is) limited 

documented information available regarding the operations conducted at IOD. For example, although 

discarded fuses can be seen in the disposal area, very limited information is available regarding other 

materials that may have been discarded into the pit. Interviews with military/civilian personnel took place 

during a site visit which occurred on June 20 and 21, 1995. The questionnaire used in the interviews is 

provided in Exhibit 2-1. This work task is likely to continue until the field investigation work for the project 

has begun. 

2.3.2 Soil Samplinq 

Soil sampling will be conducted at the IOD to determine whether there is evidence of soil contamination in 

the vicinity of the IOD. Soil samples will be collected from two locations in the depression immediately 

downgradient of the disposal area. The soil samples will be collected at 0 to 2 feet below ground surface 

interval. The soil boring samples will be analyzed at a fixed-based laboratory for the following parameters: 

0 Method 6330 explosives (including TNT, HMX, and RDX) 

0 Nitrocellulose (NC) 

0 Nitroguanidine (NQ) 

0 Nitroglycerine (NG) 

0 Pentaerythritol tetranitrate (PETN) 

0 Target Analyte List (TAL) Metals 

0 Cyanide 

0 Appendix IX VOCs 

0 Appendix IX Semi-VOCs 

0 Total organic carbon (TOC) 

0 Nitrate-nitrite 

The rationale for these analytes is the same as that presented for the Range 6 target analytes. 
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2.4 INVESTIGATIVE APPROACH FOR AREA 8 (SWMU 8) 

Area 8, the Underwater Ordnance Training Area, is located along Roach Road in the vicinity of 

Buildings 2104 and 2125. As described in Section 1, this training area is defined by numerous water-shot 

and air-shot location, and by a pond (approximately one acre in size) used over the years to train military 

personnel to defuse bombs. Approximately 12 classes use the training course each year. Approximately 

50 to 75 pounds of explosives are consumed per year. Explosive materials used at Area 8 include 2,4,6- 

trinitrotoluene (TNT), military dynamite, and PETN. B-side locations 24 and 38 are the most used air-shot 

locations, whereas B-side locations 5, 6, 7, 8, 9, and 22 are the most used water-shot locations. A-Side 

location 7 is the water-shot location closest to Chicamuxen Creek, an important environmental receptor 

adjoining and downgradient of Area 8. The environmental investigation suggested for Area 8 is described 

in the following paragraphs. 

2.4.1 Site Background Information Research 

The site background information presented in this workplan was gathered as a result of the review of 

available background documents and through interviews with military/civilian personnel familiar with 

operations conducted at Area 8. This work task was necessary because there was (and still is) limited 

documented information available regarding the operations conducted at Area 8. For example, while all 

water-shot and air-shot locations are known (see Figure l-7), there is minimal information about the training 

frequency of each shot location. Interviews with military/civilian personnel took place during a site visit 

which occurred on June 20 and 21, 1995. The questionnaire which was used in the interviews is provided 

in Exhibit 2-l. This work task is likely to continue until the field work investigation work for the project has 

begun. 

2.4.2 Soil Sampling 

Soil sampling will be conducted at Area 8 to determine whether there is any evidence of soil contamination 

at the site and to optimize the placement of groundwater monitoring wells. The Area 8 soil sampling 

program is limited and is not designed to identify all potential hazardous waste source areas, to completely 

characterize the vertical and horizontal extent of contamination, or to provide all the information necessary 

to evaluate possible remedial alternatives. The proposed soil sampling program for Area 8 involves soil 

sampling and analysis using field screening test kits and sampling and analysis of surface and subsurface 

soil samples collected from soil boring and monitoring well installations. 
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Soils (or sediments) from a maximum of 25 water- or air-shot locations will be collected and analyzed for 

TNT, HMX, and RDX using field screening test kits purchased from D-Tech Corporation. Three surface soil 

samples will be collected at background locations. Shot locations for screening were selected based on the 

information gathered as a result of interviews with military/civilian personnel familiar with historical and 

current operations at Area 8. At a minimum soils or sediments from the following shot locations will be 

screened using the field screening test kits: 

l B-side air-shot locations 24 and 38 

0 B-side water-shot locations 5, 6, 7, 8, 9, and 22 

0 A-side water-shot location 7 

0 The pond 

Two soil samples will be collected from each of three soil borings installed at Area 8. One of the soil samples 

will be collected at the 0- to 2-foot depth interval. The second soil sample will be collected from the soil 

interval 2- to 5-feet below ground surface or the soil interval just above the water table if the water table is 

very shallow (i.e., less than 15 feet below ground surface). One boring will be installed in the vicinity of air- 

shot locations 24 or 38, the most used air-shot locations. The locations of the remaining two borings will 

be determined based on the results of the field screening for explosive residues. 

Surface and subsurface soil samples will also be collected during the drilling of the three Area 8 monitoring 

wells described in the following paragraph. One of the monitoring well soil samples will be collected from 

the 0- to 2-foot depth interval. The second monitoring well soil sample will be collected from the soil interval 

2- to 5-feet below ground surface or the soil interval just above the water table if the water table is very 

shallow (i.e., less than 15 feet below ground surface). The monitoring well soil samples and soil boring 

samples will be analyzed at a fixed-based laboratory for the following parameters: 

Method 8330 explosives (including TNT, HMX, and RDX) 

Nitrocellulose (NC) 

Nitroguanidine (NQ) 

Nitroglycerine (NG) 

Pentaerythritol tetranitrate (PETN) 

Target Analyte List (TAL) metals and tin 

Cyanide 

Appendix IX VOCs (selected samples only) 

Appendix IX semi-VOCs (selected samples only) 
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0 Total organic carbon (TOC) 

0 Nitrate-nitrite 

l Ammonia-nitrogen 

The rationale for these analytes is the same as that presented for the Range 6 target analytes. 

2.4.3 Hydroqeoloqical Investiqation/Groundwater Samplinq 

Three monitoring wells will be installed at Area 8 to determine whether there is evidence of groundwater 

contamination in the shallow water table aquifer (See Figure 2-3). Given the of existence of wetlands and 

Chicamuxin Creek in the immediate vicinity of Area 8, groundwater may be encountered as shallow as 15 

to 20 feet below ground surface in many portions of Area 8. Monitoring wells will be installed (1) upgradient 

of Area 8, (2) in the vicinity of B-side water-shot locations 5, 6, 7, 8, and 9, and (3) in the vicinity of 

Chicamuxen Creek (A-side location 7). Background soil and groundwater samples will be collected from 

the upgradient monitoring well. Analytical results for groundwater samples collected from the monitoring 

wells will characterize groundwater quality in the vicinity of the most used water-shot location and at an 

important receptor location (i.e., Chicamuxen Creek). Monitoring well locations will be checked for the 

presence of underground utilities prior to beginning drilling operations, and the locations modified as 

necessary to avoid any utilities present. The shallow monitoring well will be installed in accordance with the 

specifications described in Section 3.0 of this Work Plan. 

One groundwater sample will be collected from each of the Area 8 monitoring wells and analyzed at a fixed- 

based lab for the following parameters: 

l 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Method 8330 explosives (including TNT, HMX, and RDX) 

Nitrocellulose (NC) 

Nitroguanidine (NQ) 

Nitroglycerine (NG) 

Pentaerythritol tetranitrate (PETN) 

Target Analyte List (TAL) metals and tin (filtered, unfiltered) 

Cyanide 

Appendix IX VOCs 

Appendix IX semi-VOCs 

Total organic carbon (TOC) 

Total organic halides (TOX) 

Nitrate-nitrite 
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0 Ammonia-nitrogen 

0 Total Kjeldahl nitrogen (TKN) 

0 Total phosphate 

0 Sulfate 

The rationale for these analytes is the same as that presented for the Range 6 target analytes. 

A slug test will be performed at each of the Area 8 monitoring wells to determine permeability characteristics 

of the aquifer. Synoptic water level measurements will also be collected. 

It should be noted that the groundwater investigation for Area 8 is not designed to completely characterize 

the vertical and horizontal extent of groundwater contamination at Area 8, to profile all aquifer characteristics, 

or to provide all the information necessary to evaluate possible remedial alternatives, if contamination exists. 

The objective of the investigation is to characterize background groundwater quality and to determined 

whether site-related groundwater contamination is present based on the analysis of groundwater quality in 

the vicinity of the most used water-shot locations and in the vicinity of an important environmental receptor 

(Chicamuxen Creek). 

2.4.4 Surface Water/Sediment Sampling 

Surface water and/or sediment samples from a maximum of 25 water-shot locations will be collected and 

analyzed for TNT, HMX, and RDX using field screening test kits purchased from D-Tech Corporation. The 

analytical results will be used to characterize Area 8 surface water and sediment quality and to target 

sampling locations for fixed based laboratory analysis. 

Surface water and sediment samples will be collected from the following Area 8 sampling locations and sent 

to a fixed based laboratory for analysis: 

0 The most used water-shot location (5, 6, 7, 8, 9, or 22) 

l A water-shot location to be determined based on the results of the field screening 

0 An upstream location on Chicamuxen Creek 

0 Chicamuxen Creek immediately adjoining Area 8 (in the vicinity of A-side location 7) 

Samples from the water-shot locations will be used to characterize Area 8 surface water/sediment quality 

at the most used test locations and to confirm the field screening results. Because surface water and 

sediment contamination is most likely present at the most used water-shot locations, this approach should 
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indicate the maximum contaminant concentrations for Area 8. Surface water samples sent to the fixed- 

based laboratory will be analyzed for the following parameters: 

Method 8330 explosives (including TNT, HMX, and RDX) 

Nitrocellulose (NC) 

Nitroguanidine (NQ) 

Nitroglycerine (NG) 

Pentaerythritol tetranitrate (PETN) 

Target Analyte List (TAL) metals and tin (f.iltered, unfiltered) 

Cyanide 

Appendix IX VOCs 

Appendix IX semi-VOCs 

Total organic carbon (TOC) 

Total organic halides (TOX) 

Nitrate-nitrite 

Ammonia-nitrogen 

Total Kjeldahl nitrogen (TKN) 

Total phosphate 

Sulfate 

The rationale for these analytes is the same as that presented for the Range 6 target analytes. 

Sediment samples sent to the fixed-based laboratory will be analyzed for the following parameters: 

Method 8330 explosives (including TNT, HMX, and RDX) 

Nitrocellulose (NC) 

Nitroguanidine (NQ) 

Nitroglycerine (NG) 

Pentaetythritol tetranitrate (PETN) 

Target Analyte List (TAL) metals and tin 

Cyanide 

Appendix IX VOCs 

Appendix IX semi-VOCs 

Total organic carbon (TOC) 
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The rationale for these analytes is the same as that presented for the Range 6 target analytes. 
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TABLE 2-1 

INVESTIGATION MATRIX 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 

STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

Data Needs Investigative Technique Location 
Number 

of 
Samples 

Analytes 

RANGE 6 

D Information on site and 0 Review records/interview military/civilian personnel regarding NA NA NA 
source areas of operations conducted at Range 6 (June/July 1096). 
contamination. 

m Soil concentrations 0 Establish soil grid at Range 6. Collect a maximum of 25 soil 
samples (maximum depth interval 0 to 2 feet below ground 
surface) and analyze using field test-kits. 

a Collect monitoring-well soil samples during the drilling of the 
Range 6 monitoring well. 

Grid points at Range 6 
(See Figure 2-l) 

Range 6 monitoring well 
(Location based on results of 
field test kits) 

25 2,4,6-Trinitrotoluene (TNT) 
Cyclotetramethylene tetranitramine (HMXI 
Cycle-1.3.5.trimethylene-2,4,6-trinitramine (RDX) 

2 Explosives, Method 8330 
Nitrocellulose (NC) 
Nitroguanidine (NQ) 
Nitroglycerine (NG) 
Pentaelythrital tetranitrate (PETN) 
Target Analyte List (TAL) metals and tin 
Cyanide 
Appendix IX volatile6 IVOCs) 
Appendix IX semivolatiles (Semi-VOCS) 
Total organic carbon (TOC) 
Nitrate-nitrate 
Ammonia-nitrogen 

D Groundwater 
concentrations 

0 Install one monitoring well. The location of the monitoring well Based on field fast kit results. 1 Explosives, Method 6330 NG 
will be based on the results of the analysis of soil samples using TAL metals/tin (Unfiltered) NQ 
field screening test kits. Collect groundwater sample. The TAL metals/tin (Filtered) PETN 
monitoring well location will be surveyed. Appendix IX VOCs Cyanide 

Appendix IX Semi-VOCs TOC 
Ammonia-nitrogen TOX 
Nitrate-nitrite Sulfate 
Total Kjeldahl nitrogen (TKN) 
Total Phosphate 

D Physical and hydro- 
geological character- 
istics of ths aquifer 
(PRELIMINARY 
INVESTIGATION) 

l Collect synoptic water level upon the completion of the Range 6 Range 6 monitoring wall NA NA 
monitoring well. 

0 Perform slug test at the Range 6 monitoring well. (Results of 
slug tests will be used to establish groundwater hydraulic 
conductivity.) 



TABLE 2-l (Continued) 
INVESTIGATION MATRIX 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 
STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

Data Needs Investigative Technique Location 
Number 

of 
Samples 

Analytes 

THE INERT ORDNANCE DISPOSAL (IOD) SITE 

s Information on site and 
source areas of 
contamination. 

a Review records/interview military/civilian personnel regarding 
operations conducted st IOD (June/July 1996) 

NA NA 

s Surface/subsurface soils 
concentrations 

l Collect two soil/sediment samples in the depression immediately 
downgradient of IOD. Samples will be collected at 0 to 2 feet 
below ground surface. 

Immediately downgradient of 
the IOD. 

Explosives, Method 6330 
TAL metals and tin 
Appendix IX VOCs 
Appendix IX Semi-VOCs 
Nitrate-nitrite 
Ammonia-nitrogen 

NC 
NG 
NQ 
PETN 
Cyanide 
TOC 

2 

THE IMPROVISED EXPLOSIVES DEVICES IIED) SITE 

B Information on site and 
sourcs are*8 of 
contamination 

a Review records/interview military/civilian personnel regarding 
operations conducted at IED (June/July 1995) 

NA NA NA 

6 

6 

) Surface/subsurface soil 
concentrations. 

Explosives, Method 8330 
NC 
NG 
NQ 
TAL metals and tin 
Cyanide 
Appendix IX VOCs 
Appendix IX Semi-VOCs 
Total petroleum hydrocarbons (TPH) 
Polychlorinated biphenyl compounds (PC&) 
TOC 
Nitrate-nitrite 
Ammonia-nitrogen 

a Install 4 soil borings at suspected source-area locations. The 
target areas were selected based on site background 
information and additional information gathered June/July 1096. 

a The incendiary 
demonstration area. 

a The French Drain Area at 
Building 2 118. 

a The detonation 
demonstration srsa. 

a The area in front of the 
bleachers. (See Figure 2-2) 

Collect 2 samples per boring: 
1) 0 to 2 feet below ground surface 
2) The 2- to &foot interval (or top of water table) 

@ Collect soil samples during the drilling of 3 monitoring wells. 
Collect 2 soil samples per monitoring well: 
1 I 0 to 2 feet below ground surface 
2) The 2- to &foot interval (or top of water table) 

4s noted in groundwater 
nvestigation 

c 



TAI #LE 2-1 (Continued) 
INV ISTIGATION MATRIX 
VEI llFlCATlON INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 
STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

Data Needs 

a Groundwater 
concentrations 

l Background 
groundwater 
concentrations 

s Physical and 
hydrogeological 
characteristics of the 
aquifer 

l Collect synoptic water levels upon completion of the As noted for groundwater 
3 monitoring wells. investigation 

a Perform slug test at each IED monitoring well. (Results of slug 
tests are used to establish groundwater hydraulic conductivity.) N 

L 
CD AREA 8 - THE UNDERWATER ORDNANCE TRAINING AREA 

Investigative Technique 

s Install 3 monitoring wells. 
Collect groundwater samples from each monitoring well. 

s 

i 

D Information on site and 
source areas of 
contamination 

D Surface/subsurface soil 
concentrations 

D Background soil 
concentrations 

a Review records/interview military/civilian personnel regarding 
operations conducted at Area 8 (June/July 1996). 

a Collect soils samples from a maximum of 25 water/air -shot 
locations. Samples will be analyzed using field screening test 
kits for explosives (TNT, HMX, RDX). 

s Install 3 soil borings; collect 2 samples from each boring: 
1 I 0 to 2 feet below ground surface 
2) The 2- to 5-foot interval for top of water table) 

B Collect soil samples during the drilling of 3 monitoring wells. 
Collect 2 samples per monitoring well: 
1) 0 to 2 feet below ground surface 
2) The 2- to &foot below ground surface interval (or top of 

water table) 

Location 

0 Upgradient of IED. 
l Downgradient of incendiary 

demonstration area). 
0 Downgradient of detonation 

demonstration area (See 
Figure 2-2). 

NA 

To be determined. Locations 
already selected include: 

(1 I Water-shot location 6, 6, 
7. 8. 9. and 22 

(2) Air-shot location 24 
and 36 

(3) Water-shot location 7 
(Figure 2-3) 

Locations selected based on 
the results of the field 
screening test kits. 
(One location will be the most 
used air shot location No. 24.) 

As noted in groundwater 
investigation 

Number 
of 

Samples 

3 

NA 

NA 

26 

6 

6 

Analytes 

TAL metals and tin 
(Filtered, Unfiltered) 

Appendix IX VOCs 
Appendix IX Semi-VOCs 
Total phosphate 
Nitrate-nitrite 
Ammonia-nitrogen 
Cyanide 
Explosives Method 8330 
TPH 

PCBs 

Sulfate 
TOX 
TOC 
TKN 
NC 
NO 
NQ 

NA 

NA 

TNT 
HMX 
RDX 

Explosives, Method 8330 
TAL metals and tin 
Appendix IX VOCs 
Appendix IX Semi-VOCs 
Nitrate-nitrite 
Ammonia-nitrogen 

NC 
NO 
NO 
PETN 
Cyanide 
TOC 



TABLE 2-l (Continued) 
INVESTIGATION MATRIX 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 
STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

Number 
Data Needs Investigative Technique Location of Andy&es 

Samples 

a Groundwater a Install 3 monitoring wells. Collect groundwater samples. - Upgradient of Area 8 3 Explosives, Method 8330 NO 
concentrations - Vicinity of water-shot TAL metals and tin (Unfiltered) NC 

e Background locations 5, 8, 7, 8, 9 TAL metals and tin (Filtered) NQ 
groundwater - Adjoining Chicamuxen Appendix IX VOCs PETN 
concentrations Creek (See Figure 2-3) Appendix IX Semi-VOCs Cyanide 

Ammonia-nitrogen TOC 
Nitrate-nitrite TOX 
Total Kjeldahl nitrogen (TKN) Sulfate 
Total phosphate 

k Physical and a Collect synoptic water levels upon the completion of the As noted for groundwater NA NA 
hydrogeological 3 monitoring wells. investigation 
characteristics of the 

a Perform slug test at each Area 8 well. (Results of slug tests will As noted for groundwater 
aquifer. 

be used to establish groundwater hydraulic conductivity.) investigation 

k Surface water/sediment l Surface water/sediment samples from a maximum of To be determined. Locations 25 TNT 
concentrations. 25 water-/air-shot locations will be analyzed using field already selected include water- HMX 

I Background surface screening test kits for explosives (TNT, HMX, RDXI. shot locations 5, 6, 7, 8, 9. RDX 
water concentrations and 22, the pond. 
for Chicamuxen Creek. 

l Collect 4 surface water/sediment samples. Two locations along s 2 water-shot locations 4 Surface Waters: NG 
Chicamuxen Creek will also be sampled. (based on results of field Explosives, Method 8330 NC 

test kit screening) TAL metals and tin fUnfiltered NQ 
a Upstream location on TAL metals and tin (Filtered) PETN 

Chicamuxen Creek. Appendix IX VOCs Cyanide 
s Chicsmuxen Creek location Appendix IX Semi-VOCs TOC 

immediately adjoining Ammonia-nitrogen TOX 
Area 8. Nitrate-nitrite Sulfate 

Total Kjeldahl nitrogen ITKNj Total phosphate 

Sediments: NG 
Explosives, Method 8330 NC 
TAL metals and tin NO 
Appendix IX VOCs PETN 
Appendix IX Semi-VOCs Cyanide 
Nitrate-nitrite TOC 
Ammonia-nitrogen 

4 - Not Appkcabla. 



TABLE 2-2 

COMPARISON OF RISK BASED CONCENTRATIONS (RBCs) AND 
FIELD SCREENING DETECTION LIMITS 

VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 
STUMP NECK ANNEX, INDIAN HEAD DIVISION 

INDIAN HEAD, MARYLAND 

RBC’ Groundwater 
Compound Groundwater Detection Limit 

RBC’ Soil Soil Detection 

WL) WL) 
@w/Kg) Limit (mg/Kg) 

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) 1800 150 3900 0.5 

Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 0.61 5 5.8 0.5 

2,4,6-Trinitrololuene 2.2 5 21 0.5 

1 Risk-Based Concentration Table. January - June 1995. EPA Region III, March 17, 1995. 

Values calculated assuming long term exposure to compounds in soil or groundwater. Exposure 
assumptions reflective of a residential land use scenario were used to calculate the RBCs presented. 
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TABLE 2-3 

SW-848 METHOD 8330 TARGET ANALYTES 
NITROAROMATICS AND NITRAMINES BY HIGH PERFORMANCE 

LIQUID CHROMATOGRAPHY (HPLC) 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 

STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

Compound Abbreviation CAS No’ 

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine 

Hexahydro-1,3,5-trinitro-1,3,5-triazine 

HMX 2691-41-o 

RDX 121-82-4 

1,3,5-Trinitrobenzene 

1,3-Dinitrobenzene 

TNB 99-354 

DNB 99-65-o 

Methyl-2,4,6-trinitrophenylnitramine I-- Tetryl I 47945-8 

Nitrobenzene 

2,4,6-Trinitrotoluene 

NB 98-95-3 

TNT 118-96-7 

2,CDinitrotoluene 

2,6-Dinitrotoluene 

24DNT 121-l 4-2 

26DNT 606-20-2 

o-Nitrotoluene 

m-Nitrotoluene 

2NT 88-72-2 

3NT 99-08-l 

pNitrotoluene 4NT 99-99-o 

’ Chemical Abstracts Service Registry number 

059521 /P 2-22 CT0 222 



FINAL 

EXHIBIT 2-1 

SITE BACKGROUND INFORMATION RESEARCH QUESTIONNAIRE 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 

STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

1) Describe site operations to the best of your recollection. 

2) List chemicals used or disposed of at the site. If possible, please do not use code names or 
abbreviations - use actual chemical names, if known. 

3) Did any chemical/waste releases occur at the site? Quantity? When? 

4) Can you provide a start and/or end data for site operations? Within that time period, how often was 
the site used? 

5) Can you provide accurate site dimensions/boundaries? 

6) To your knowledge, has any environmental testing occurred at the site? 

7) Can you provide any maps/reports which depict/describe past or current site operations or 
environmental conditions? 

8) Who on-base or off-base is most knowledgeable about historical activities/environmental conditions 
at the site? 
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3.0 FIELD SAMPLING AND ANALYSIS PLAN 

3.1 FIELD OPERATIONS 

3.1.1 Field Operations Summary 

The field investigation to be performed at the Stump Neck Annex will consist of multimedia environmental 

sampling at Area 8, the IOD site, the IED site, and Range 6. The scope of services for the field investigation 

will include installation and sampling of seven groundwater monitoring wells and seven soil borings, surface 

water and sediment sampling, field test-kit screening, groundwater monitoring, well development, aquifer 

testing, groundwater monitoring-well tagging, and surveying services. 

A total of seven groundwater samples, four surface water samples, four sediment samples, and 28 soil 

samples will be collected during this investigation. In addition, a maximum of 25 field screening samples 

(each) will be collected at Area 8 and Range 6 prior to the initiation of the investigation at these sites. Site- 

specific groundwater monitoring well, soil boring, and analytical sampling activities are summarized in the 

following tables. 

PROPOSED NUMBER OF GROUNDWATER MONITORING WELLS AND SOIL BORINGS 

Wells/Borings Area 8 IOD Site IED Site Range 6 Total 

1 No. Groundwater Monitoring-Wells 1 3 1 0 1 3 I 1 I 7 I 

Number of Soil Borings 3 0 4 0 7 

Total 6 0 7 1 14 

PROPOSED NUMBER OF ANALYTICAL SAMPLES 

Types of Samples 1 Area 8 1 IOD Site 1 IED Site 1 Range 6 I Total 

Groundwater Samples 3 0 3 1 7 

Monitoring Well Soil Samples 6 0 6 2 14 

Soil Boring Samples 6 0 8 0 14 

Shallow soil samples 0 2 0 0 0 

Surface Water Samples 4 0 0 0 4 

Sediment Samples 4 0 0 0 4 

Field Screening Samples 25 (max) 0 0 25 (max) 50 (max) 

Total Number of Samples 48 2 17 28 95 
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3.1.2 Mobilization/Demobilization 

Following approval of the VI Work Plan, Halliburton NUS Corporation will prepare drilling specifications, 

obtain a drilling subcontractor, and begin mobilization activities. All field team members will review the Work 

Plan, Health and Safety Plan (HASP) (Appendix A) and Quality Assurance/Quality Control (QA/QC) Plan 

(Appendix C). In addition, a field team orientation meeting will be held to familiarize personnel with the 

scope of the field activities. 

The Field Operations Leader (FOL) will be responsible for the day-today operations regarding all site 

activities. The FOL will coordinate the mobilization activities upon arrival at the facility. The FOL will also 

make any equipment purchases required to conduct the field investigation. The equipment required for the 

field activities will be driven to the site by the FOL and a technician/geologist. After field activities are 

completed, project personnel will demobilize the equipment. Identification and responsibilities of other key 

personnel are provided in the QA/QC Plan (Appendix C). 

3.1.3 Field Test-Kit Screening 

Field test-kit screening will be part of the environmental investigations to be conducted at Range 6 and’Area 

8. Field test-kit screening is a time-efficient means of gathering field chemistry data for large sites or sites 

where little information is presently available. The results of the field test-kit screening will be used to assist 

in the placement of soil borings and groundwater monitoring wells at Range 6 and Area 8. 

The purpose of the field test&ii screening at Range 6 will be to investigate the near-surface soils for the 

presence or absence of TNT, HMX, and RDX. Near surface soils samples will be collected at the O-to 2-foot 

below ground surface (ft bgs) soil interval. Soil samples will be collected following procedures detailed by 

the test-kit manufacturer’s operations manual (Appendix C). 

A site specific sampling reference grid will be established prior to the collection and screening of the near 

surface soils at Range 6. Proposed sample locations will be staked across a portion of the site located to 

the south of Archer Avenue at approximately 100 foot centers using labelled wire-pin flags. These staked 

locations will then be tied to the existing base grid system (ii available) using a transit and electronic 

distance meter (EDM). The reference grid will facilitate accurate mapping and delineation of each sampling 

location and accurate reoccupation of a sampling location, if necessary. One field test-kit screening sample 

will then be collected at each of the staked locations for a total not to exceed 25 samples for Range 6. The 

results of the field test-kit screening will then be overlain onto a digital CADD base map for presentation 

purposes. 
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Field test-kit screening will also be performed at Area 8. The field test-kit screening at Area 8 will investigate 

for the presence or absence of TNT, HMX, and RDX in surface water, soil, and sediment samples collected 

at Area 8 water-shot and air-shot locations. Water-shot and air-shot locations will be selected for screening 

based upon historic documentation available for Area 8 and based upon information received during 

interviews with personnel familiar with Area 8. The air-shot and water-shot locations (a maximum of 25) 

most actively used during training classes will be screened. The twenty-five field test-kit screening locations 

will be staked with labelled, wire-pin flags. If necessary, key staked locations will then be tied to the existing 

base grid system (if available) using a transit and electronic distance meter (EDM). The results of the field 

test-kit screening will then be overlain onto a digital CADD base map for presentation purposes. 

3.1.4 Sediment and Subsurface Soil Samples 

3.1.4.1 Sediment Samples 

Four sediment samples will be collected at Area 8. Two sediment samples will be collected at water-shot 

locations and two at locations along Chicamuxen Creek as discussed in Section 2.4.4. The purpose of these 

samples will be to determine the presence/absence of contamination at the water-shot location depressions 

and at locations along Chicamuxen Creek. The selection of the water-shot locations for sampling will be 

based upon historic documentation regarding usage of specific areas of this site and upon the results of the 

field test-kit screening. The sediment samples will be analyzed for parameters using analytical methods 

outlined in Table 3-9. Sediment sampling will be conducted in accordance with Halliburton NUS Standard 

Operating Procedures (SOP) SA-1.2 Section 5.4, included in Appendix C. 

Sediment characteristics shall be noted on the sample log sheet for each sediment sample. Samples from 

sediments underlying the surface waters of water-shot locations or Chicamuxen Creek will be taken using 

stainless-steel sampling trowels or hand augers from a depth of 0 to 6 inches below the bottom of the 

surface water. Investigative Derived Wastes (IDW) generated during the sampling activities will be managed 

in accordance with procedures outlined in Section 3.1.9. 

3.1.4.2 Soil Boring/Monitoring Well Soil Samples/Shallow Soil Samples 

Fourteen soil samples will be collected during the installation of seven groundwater monitoring wells and 

14 soil samples will be collected during the installation of seven soil borings. Soil samples will be obtained 

from two intervals at each monitoring well and soil boring location. Soil samples will be collected at depths 

of 0 to 2 feet below surface and from 2 feet to 5 feet below surface if shallow groundwater is not 

encountered during the installation of the monitoring well or soil boring. If the water table is shallow, (e.g. 
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less than 15 feet below surface) and groundwater is encountered during the installation of the well or boring, 

soil samples will be collected at the 0 to 2 foot interval and from the soil interval immediately above the 

water table. Two shallow soil samples (0 to 2 feet below surface) will also be collected at the IOD sfte using 

a hand auger. 

A drilling subcontractor will be utilized during installation of the groundwater monitoring wells and the 

excavation of the soil borings. Hollow-stem auger methods will be used for advancing the soil borings. Soil 

samples will be collected using split-spoon sampling techniques and following American Society for Testing 

and Materials (ASTM) Method 1586 procedures. Drilling fluids will not be used during soil boring activities. 

Split-spoon samplers will be decontaminated between samples as described in Section 3.1.8. Sample 

handling and chain-of-custody requirements are addressed in Sections 3.2.4 and 3.2.5. All pertinent field 

data will be recorded using the appropriate sample log sheet and the field log book. 

A lithologic description will be completed for each split-spoon sample and a complete log of each boring 

will be maintained in accordance with Halliburton NUS SOP GH-1.5, Sections 5.2, 5.4, and 5.5. A sample 

Soil Boring Log is attached in Appendix B. At a minimum, the boring log will contain the following 

information: 

0 Sample numbers and types 

l Sample depths 

0 Standard Penetration Test data 

l Sample recovery/sample interval 

0 Soil density or cohesiveness 

0 Soil color and moisture 

0 Unified Soil Classification System (USCS) material description and symbol 

In addition, depths of changes in lithology, depth to water, OVA/HNu readings (ii appropriate), drilling 

methods, and total depth of each borehole will be included on each boring log. Soil samples not used for 

analytical testing will be retained in an a-ounce glass jar (to be provided by the drilling subcontractor), 

labeled, and the pertinent data recorded by the field geologist. The driller will prepare a separate, wriien, 

boring log for each boring drilled, to be submitted to the field geologist at the conclusion of the field 

activities. All activities will be recorded within field log books maintained by site personnel. 

Tables 3-2, 3-3, 3-5, and 3-7 summarize the surface and subsurface soil sampling program. Samples will 

be preserved in accordance with Hallibutton NUS SOP SF-1.2. Sample handling and preservation 

requirements are shown in Table 3-10. 
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3.1.5 Monitoring Well Construction 

3.1.5.1 Groundwater Monitoring Well Installation 

Seven groundwater monitoring wells will be installed during the environmental investigation of Range 6, the 

IED, and Area 8. All regulatory requirements will be met concerning the application for, permitting of, 

construction of, and completion of all monitoring wells. The State of Maryland has issued a document 

updated September 1, 1991, establishing special standards for monitoring wells. Maryland 

Regulation 26.04.04 contains standards applicable to well construction. Section 26.04.04.07.m(6) states that 

“the approving authority may specify special construction standards for wells installed for the sole purpose 

of monitoring water quality or water levels.” Following is a discussion of how these requirements will be met 

during monitoring well construction and where variances are requested. A typical well is shown on 

Figure 3-l. 

Well Installation/Permits 

The monitoring wells will be installed by a Maryland-licensed well driller. The well driller will apply for and 

obtain permits from the Charles County Health Department prior to well installation. 

Well Casing/Screen Construction 

Maryland specifications require that groundwater monitoring well casings and screens be constructed of 4- 

inch I.D. pipe. The groundwater monitoring wells will be constructed of 4-inch I.D., schedule 40 polyvinyl 

chloride (PVC), flush-joint threaded, riser pipe and well screens. Reduction fittings will not be used. 

Connections will not have protrusions or restricted diameters, which could cause a pump or bailer to 

become stuck in the well casing. 

Slotted PVC well screens will be used for this project. The slot size for the screens for this project are to 

be 10 (thousandths of an inch) and will not exceed 20 (thousandths of an inch). 

Screened Interval 

Well screens will be 10 feet in length. The groundwater monitoring wells will be installed such that the 

screened interval approximately straddles the water table. It is anticipated that the total well depth of the 

screened interval will be approximately 12 to 15 feet below ground surface. After the borings are drilled to 
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the desired depth the well screen and riser pipe will be installed through the augers or temporary casing to 

the desired depth. 

Boring Diameter 

Well borings will be drilled at a minimum of a-inches in diameter to allow adequate annular space between 

the well screen/casing and borehole sides. This will allow sufficient space for proper placement of the sand 

pack, bentonite pellet seal, and cement-bentonite grout. 

Centralizers 

Centralizers will not be used for the well installations. Due to the shallow depths of the wells (estimated 

maximum 15 feet) the use of centralizers is not necessary to ensure proper alignment of the wells in the 

borings. 

Annual Space Packing 

The annulus of the boring around the well screen, and 1 to 2 feet above the well screen, will be backfilled 

with clean silica sand (No. 20 to 30 U.S. Standard Sieve size or as determined by the site geologist). A 

bentonite pellet seal with 2-foot minimum thickness will then be installed above the sand pack and allowed 

to hydrate as per the manufacturer’s recommendations. 

Annular Space Grouting 

The remainder of the boring annulus, from the seal to the ground surface, will then be backfilled with 

cement/bentonite grout placed using a tremie pipe. The depths of all backfill materials will be constantly 

monitored during the well installation process by means of a weighted stainless steel or plastic tape. Due 

to the anticipated shallow depth to groundwater and the resulting shallow depths of the wells, the 

thicknesses of the backfill materials above the well may require adjustment in the field. 

Well Protection 

A minimum 6-inch diameter protective steel casing equipped with a locking steel cap will be installed around 

each well. The casings will be grouted a minimum of 3 feet into the ground, will have at least one drain hole 

positioned approximately 0.5 feet above the ground surface, and will extend approximately 2 feet (2 0.5 feet) 

above the top of the surrounding concrete pad. A 0.5-foot thick concrete apron measuring 3 feet by 3 feet 
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will be constructed, equally portioned around the casing of each well, with the base set at least 3 inches 

below ground surface. Upon completion of groundwater sampling from monitoring wells, the protective 

casing will be painted glow-orange. All monitoring wells will be locked and will be identically keyed. 

3.1.5.2 Well Development 

The groundwater monitoring wells will be developed after installation to remove fine textured material and 

sediments from the area around the well screens and to remove drill cuttings and residual fluids from the 

area around the monitored interval of the boring. Wells will be developed by bailing and surging, or by 

pumping, as determined by the field geologist. Wells will be developed until water removed is visibly clear 

of suspended solids or until approved by the field geologist. Disposal of development and purge water 

removed from monitoring wells will be performed as discussed in Section 3.1.9. 

3.1.5.3 Water Level Measurements 

One complete round of water level measurements will be obtained from all monitoring wells. This round will 

be obtained either during high tide or during low tide conditions. The round of water level measurements 

will be taken within a 2-hour period of consistent weather conditions to minimize atmospheric/precipitation 

effects on groundwater levels. Measurements will be taken with an electronic water level indicator using a 

marked or notched location on the top of the well casing as the reference point for determining depths to 

water. Water level measurements will be recorded to the nearest 0.01 foot in the appropriate field logbook 

and on Groundwater Level Measurement Forms (attached in Appendix B). 

3.1.5.4 Groundwater Sampling 

One round of groundwater samples will be obtained from the seven newly installed groundwater monitoring 

wells. All groundwater wells will be sampled in accordance with Halliburton NUS SOP SA-1 .l, included in 

Appendix C. 

Prior to obtaining samples, water levels will be measured and the wells will be purged using a dedicated 

bailer or a suction pump. Approximately three to six well volumes will be purged. If the wells are purged 

dry with less than three well volumes removed, the water level in the well will be allowed to recover to at 

least 70 percent of the original level prior to sampling. In the event that recovery is slow, samples will be 

collected within 24 hours of purging. Field measurements of pH, temperature, and specific conductance 

will be taken for each well volume during purging according to Halliburton NUS SOP SF-1.1, Section 5, 

included in Appendix C. Stabilization of the above parameters is defined as follows: temperature j: 1 “C, 
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pH f 0.2 units, specific conductivii f 5 percent. If these parameters do not stabilize after three volumes, 

up to six volumes may be removed, as determined by the field geologist. Dedicated stainless-steel or 

disposable PVC bailers with dedicated polyethylene rope as bailing line will be used for sample collection. 

Groundwater samples will be poured directly from the bailer into the appropriate sample bottles for analysis. 

All pertinent field data shall be recorded using the appropriate sample log sheet and the field log book (see 

Halliburton NUS SOP SA-6.3, included in Appendix C). A Monitoring Well Log Sheet is attached in 

Appendix B. 

Tables 3-1, 3-4, and 3-6 summarize target analytes for groundwater sampling programs for Range 6, IED 

Site, and Area 8, respectively. Samples will be preserved in accordance with Halliburton NUS SOP SF-l .2, 

included in Appendix C. Sample handling and preservation requirements are shown in Table 3-l 0. Chain-of- 

custody requirements are discussed in Section 3.2.4 and in the Quality Assurance/Quality Control (QA/QC) 

Plan attached as Appendix D. 

3.1.5.5 Aquifer Testing 

Monitoring wells will be used for aquifer testing to determine the groundwater flow conditions in the water- 

bearing zone penetrated by each well. The data generated from these tests will be used to define the water- 

yielding characteristics of the formation, develop groundwater velocity values, and estimate rate of 

groundwater movement for the aquifer in the vicinity of the monitoring wells that are tested. In-situ hydraulic 

conductivity testing (slug tests) will be performed at all monitoring wells including the background well. 

Procedures for performing slug tests will be in accordance with Halliburton NUS SOP GH-2.4, attached in 

Appendix C. Pressure transducers and data loggers will be used for data collection. Random checks of 

water levels will be made manually using an electric water level indicator (M-Scope). At a minimum, the 

following information will be collected for each well during slug tests: 

0 Well number/depth/screened interval/inside diameter of the screen/diameter of the sandpack. 

0 Static water level. 

0 Method of including water level change. 

0 Time/recovery data. 

0 Total time of test. 

Data recorded during slug testing will be recorded on the Hydraulic Conductivity Testing Data Sheet 

attached in Appendix B. Hydraulic conductivities will be calculated upon return from the field using methods 
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applicable for the material and aquifer characteristics at the site. The locations of the wells will be in a 

format useable by the Public Works Department at Indian Head (i.e., wells will be located using the Maryland 

Plane Grid Coordinate System). 

3.1.5.6 Well Tagging 

All wells will be tagged with the well construction permit number clearly visible from the outside of the well. 

Well completion reports will be completed for each well installed, and a copy of the well completion report 

forms will be submitted to the Charles County Health Department and to the State of Maryland within 30 

days of well completion. A project summary describing the installation procedure will accompany the copies 

of the completion reports, and will contain an accurate map depicting the precise location of all wells 

installed at the site in relation to known landmarks; a detailed description of the construction of the wells 

installed including casing, screen, gravel pack and grout intervals; the elevation of the top of the concrete 

pad installed at the base of the protective outer well casing; the top-of-casing elevation; and both the static 

and pumping water levels to the nearest 1 /lOOth of a foot. 

3.1.5.7 Well Abandonment Procedures 

In the event it becomes necessary to abandon any groundwater monitoring well, it will be filled and sealed 

in such a way that it will not act as a channel for the interchange of waters of undesirable quality with waters 

of desirable quality and will not present a hazard to humans or animals. Any abandoned well will be sealed 

by or under the supervision of a well driller licensed by the Maryland State Board of Well Drillers. 

Materials for sealing wells will comply with COMAR 26.04.04.11 (E). Procedures for sealing wells will comply 

with the requirements of COMAR 26.04.04.11 (F). Placement of material used in abandoning wells will 

comply with COMAR 26.04.04.11 (G). 

3.1.6 Surface Water Sampling 

Four surface water samples will collected from Area 8. Two samples are to be collected from water-shot 

locations and two sample are to be collected from Chicamuxen Creek. Sampling will be performed in 

accordance with procedures outlined in Halliburton NUS SOP SA-1.2, Section 5. Table 3-8 details the 

proposed chemical analyses and analytical methods for this site. 
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3.1.7 Surveying 

All monitoring well and soil boring locations, and key test-kit screening locations, sediment sampling 

locations and surface water sampling locations will be surveyed following installation. Existing survey 

monuments and site grids within NAVEODTECHDIV will be utilized as reference points if applicable. The 

horizontal locations of all points will be surveyed to the nearest 0.1 foot. Vertical elevations will be 

referenced to the 1929 North American Datum. For monitoring wells the elevation shall be surveyed to the 

nearest 0.01 foot at the measuring point where the uncapped riser pipe is notched. Ground surface 

elevations will also be surveyed to the nearest 0.01 foot. 

3.1.8 Decontamination of Equipment 

The equipment involved in field sampling activities will be decontaminated prior to and during drilling and 

sampling activities. This equipment includes drilling rigs, downhole tools, augers, well casing and screens, 

and all sampling equipment (with the exception of the dedicated bailers and rope used to obtain 

groundwater samples). 

3.1.8.1 Major Equipment 

All downhole drilling equipment and sampling tools shall be steam cleaned prior to beginning work, between 

well borings, any time the drilling rig leaves the site prior to completing a boring, and at the completion of 

the drilling program. In addition, well casing and screens shall be steam cleaned prior to being installed into 

the borings. 

These decontamination operations will consist of washing the equipment using a high-pressure steam wash. 

All decontamination activities will take place at a location determined during mobilization. It is assumed that 

the facility will provide a suitable location for decontamination operations along with potable water and 

electricity. Halliburton NUS will coordinate with site personnel several months in advance of field operations 

to determine the appropriate location of decontamination operations. If a decontamination site is set up at 

each of the four sites, then the water generated from the steam cleaning process can be returned to the site. 

However, if a central decontamination site is set up, then the water must be containerized, labeled as to its 

content, and dated using indelible ink. Additional requirements for drilling equipment decontamination can 

be found in Halliburton NUS SOP GH-1.6, Section 5 attached in Appendix C. 
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3.1.8.2 Sampling Equipment 

With the exception of the dedicated bailers and rope used to obtain groundwater samples, all equipment 

used for collecting samples will be decontaminated both prior to beginning field sampling and between 

samples. The following decontamination steps will be taken: 

Potable water rinse 

Alconox or liquinox detergent wash 

Potable water rinse 

Distilled/deionized water rinse 

Nitric acid rinse 

Distilled/deionized water rinse 

Methanol double rinse 

Distilled/deionized water rinse 

Air dry 

Field analytical equipment such as pH, conductivity, and temperature instrument probes will be rinsed first 

with analyte-free water, then with the sample liquid. Decontamination of sampling equipment will be done 

in accordance with Halliburton NUS SOP SF-2.3, Section 5. Halliburton NUS will provide all decontamination 

fluids except potable water for rinsing. All wash and rinse water shall be containerized, labeled as to its 

contents, and dated using indelible ink. 

3.1.9 Handling of Investigative Derived Waste 

All development and purge liquids will be collected, containerized, and stored in a central location at each 

site in DOT-approved (Specification 17-C) 55-gallon drums (provided by the Drilling Subcontractor). All drill 

cuttings will also be collected and stored on site in the DOT-approved drums. All drums will be sealed and 

labeled with site location, drum contents, well/boring number, and date in indelible ink. The Navy will take 

possession of the drums upon project completion, provide a storage area for these drums, and will 

determine whether offsite disposal and/or treatment is required after receiving analytical results from the 

sampling. Personnel of Halliburton NUS, the Naval School Explosive Ordnance Disposal, NAVEODTECHDIV, 

and IHDIVNAVSURFWARCEN will coordinate regarding the management of investigation derived waste prior 

to initiation of field activities. 
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3.1.10 Field Equipment Calibration and Maintenance 

Field equipment, such as pH, temperature and specific conductance meters or organic vapor analyzers 

(OVA) and photo-ionization detectors (PID’s) will be calibrated and maintained according to the 

manufacturer’s SOP. Field equipment for which SOP’s are not available will be calibrated and operated in 

accordance with the manufacturer’s recommendations. 

3.2 SAMPLE HANDLING AND ANALYSIS 

3.2.1 Sample Analysis Summary 

Samples collected during the field investigation will be submitted for analysis as presented in Tables 3-1 

through 3-10. These tables include the analytical parameters, preservation methods, holding times, bottle 

requirements and analytical method for each sample. The majority of the samples collected will be analyzed 

by the analytical laboratory using a thirty (30) day turnaround time. Quality assurance samples (e.g., 

duplicates, trip blanks, equipment blanks, etc.) will be collected and analyzed per NEESA requirements. 

Additionally, environmental samples collected for TNT, RDX, and HMX will be screened using field test-kits 

to obtain rapid sample results. 

3.2.2 Sample Handling 

Each sample collected during the field operation will be assigned a unique sample tracking number. The 

sample tracking number will consist of a four-segment, alpha-numeric code that identifies the (1) site 

number, (2) sample medium, (3) location, and (4) the sample depth (in the case of sediment and soil 

samples). Any other pertinent information regarding sample identification will be recorded in the field 

logbooks and on sample log-sheets. 

3.2.2.1 Sampling Identification System 

The alpha-numeric coding to be used in the sample numbering system is explained in the following diagram 

and the subsequent definitions: 

Sfte Number 1 Sample Type 1 Sample Location 1 Sample Depth I 
I I 

NNN AA I NNN NN 1 
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Character type: 

A = Alpha 

N = Numeric 

Site Number: 

S25 = Area 8 

S27 = IOD Site 

S26 = IED Site 

SO5 = Range 6 

Sample Type: 

SB = Soil boring sample 

SS = Surface soil sample 

SD = Sediment sample 

MW = Groundwater monitoring well sample 

SW = Surface water sample 

TB = Trip Blank 

FB = Field Blank 

RB = Equipment Rinsate Blank 

Sample Location: 

Sample station locations of a given medium will be numbered sequentially beginning with “001” for all media. 

Sample Depth: 

Sample depths will represent the horizon from which the sample was obtained. For example, if ten split- 

spoon samples were collected from a boring, they would be numbered 01 through 10. This field will also 

be used for the designation of filtered and unfiltered samples. An unfiltered groundwater sample shall be 

designated as 1 U. The corresponding filtered sample shall be designated as 1 F. 

Ten percent of all samples sent to the fixed-based laboratory for analysis shall be submitted as field 

duplicates to monitor precision of sample acquisition and laboratory analysis techniques. Field duplicates 

will be submitted with blinded identification. 

3.2.2.2 Example of Sample Labeling System 

The following are examples of sample identification schemes: 

0 The second sediment sample collected from Area 8 (SWMU 25) would be labeled: S25-SD-002 

l The first monitoring well soil sample collected at Range 6 (SWMU 5) would be labeled: 

S05-MW-001 

0 The soil sample collected from the first soil horizon from the soil boring location at the IOD Site 

(SWMU 27) would be labeled: S27-SB-001-01. 
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3.2.3 Quality Control Samples 

In addition to regular calibration of field equipment and appropriate documentation, quality control (QC) 

samples will be collected or generated during environmental sampling activities. QC samples include trip 

blanks, field duplicates, field blanks, and equipment rinsate blanks. Tables 3-l through 3-9 present the type 

and number of required QC samples. Each type of field QC sample is defined as follows: 

0 Trip Blanks. Trip blanks are used to determine whether contamination of the sample or 

bottleware has occurred during transit or storage. Trip blanks consist of analyte-free water taken 

from the laboratory to the site, and returned. Trip blanks are taken at the rate of one per cooler 

of samples slated for VOCs analysis and will be analyzed for Appendix IX volatile organic 

compounds (VOCs) only. 

0 Field Duplicates. Field duplicates are two samples collected either: (1) independently at a 

sampling location in the case of groundwater or surface water; or (2) as a single sample split 

into two portions in the case of soil or sediment. Duplicates are obtained during a single act of 

sampling and are used to assess the overall precision of the sampling and analysis program. 

Ten percent of all samples for each media shall be field duplicates. Duplicates shall be analyzed 

for the same parameters in the laboratory as the original sample. 

0 Equipment Rinsate Blanks. Equipment rinsate blanks are obtained under representative field 

conditions by running analyte-free waterthrough sample collection equipment (split-spoon, corer, 

etc.) after decontamination and placing it in the appropriate sample containers for analysis. 

Equipment rinsate blanks will be used to assess the effectiveness of decontamination procedures 

and are analyzed for the sample suite of parameters as the associated samples. Equipment 

rinsate blanks will be collected for each type of non-dedicated sampling equipment used and will 

be submitted at a frequency of one per day per media. However, only the equipment blanks 

obtained every other day will be analyzed. Those not analyzed will be retained by the laboratory 

until completion of field activities. It will be the responsibility of the FOL to communicate to the 

laboratory whether an equipment blank is, or is not, to be analyzed as stated above. 

l Field Blanks. Field blanks are obtained by sampling the water(s) used for decontamination 

during the field investigation. Samples consist of source water used in (1) steam cleaning of 

large equipment; and (2) analyte-free water used for decontamination of sampling equipment. 

Field blanks will be used to confirm the effectiveness of decontamination procedures and to 

determine whether the analyte-free water or the potable water (used for steam cleaning) may be w 
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contributing to sample contamination. Field blanks will be collected for each type of water used 

for decontamination and will be submitted at a frequency of one per sampling event. Field 

blanks are analyzed for the entire suite of parameters (as applicable) identified in the project. 

3.2.4 Sample Custody 

Custody of samples will be maintained and documented at all times. Chain of custody begins with the 

collection of the samples in the field. A sample is in custody if: 

l It is in the field investigator’s or the transferee’s actual possession; 

l It is in the field investigator’s or the transferee’s view, after being in his/her physical possession; 

0 It was in the field investigator’s or the transferee’s physical possession and then secured to 

prevent tampering; 

l It is placed in a designated secure area. 

A chain-of-custody record form shall be used to record the custody of all samples collected and maintained 

by Halliburton NUS personnel. The chain of custody (COC) also serves as a sample logging mechanism 

for the laboratory. Section 5.3 of Halliburton NUS SOP SA-6.1, contained in Appendix C, provides a 

description of the COC procedures that will be followed. An example of the COC record form is included 

in Appendix B. 

Samples will be packaged and shipped in accordance with Standard Operating Procedure SA-6.2, contained 

in Appendix C. The field operations leader will be responsible for contacting the laboratory for notification 

of shipment and will report the following: 

0 Site name/code 

0 Number(s), matrix, and concentration(s) of samples shipped 

0 Method of shipment (e.g., hand delivered, overnight carrier) 

0 Date of shipment 

0 Suspected hazards associated with the samples or site 

059521/P 3-15 CT0 222 



FINAL 

3.2.5 Samplinq Forms 

3.2.5.1 Sample Labels 

One label will be filled out for each sample container sent for onsite and fixed-base laboratory analysis. The 

sample label description and procedures for completion are found in Halliburton NUS SOP SA-6.1 Sec- 

tion 5.2 (see Appendix C). 

3.2.5.2 Chain-of-Custody Record 

The chain-of-custody record form accompanies a sample (or group of samples) as it is transferred from 

person to person. This form must be used for any sample collected for chemical or geotechnical analysis, 

whether on site or off site. An example of the chain-of-custody record form is included in Appendix B. 

Procedures for using this form are contained in SOP SA-6.1 (see Appendix C). At the completion of field 

activities, the chain-of-custody record form will be placed in the project file. 

3.2.5.3 Custody Seal 

The Custody Seal is a l-inch by 3-inch adhesive backed label. It is part of a chain-of-custody process and 

is used to prevent tampering with samples after they have been collected in the field. It is used whenever 

samples are shipped to an offsite laboratory with an accompanying chain-of-custody record form. 

Procedures for using chain-of-custody seals are described in SOP SA-6.1 (see Appendix C). 

3.2.5.4 Sample Logsheet and Logbook 

A sample logsheet will be filled out for each sample collected during the field investigation. The data 

, recorded on these sheets are useful in describing the sample as well as pointing out any problems 

encountered during sampling. Sample information, such as container source and description, sample 

description type, and disposition, as well as time, date, and sample method, are recorded on this form. All 

QA/QC samples (duplicates, rinsates, trip blanks, and field blanks) will have separate sample log sheets 

listing sample date and time, sample location, and any other important sample data. Appendix B contains 

an example of a sample logsheet for various sample media. The sample logsheets are sequentially num- 

bered when placed in the sample logbook, and the sample number and logsheet page numbers are 

recorded in the sample logbook table of contents (placed at the front of the logbook) for easy reference and 

access. At the completion of field activities, the sample logbook containing all sample logsheets will be 

placed in the project file. 
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3.2.5.5 Equipment Calibration Log Form 

Each Halliburton NIJS field instrument requiring calibration will have a separate equipment calibration log 

form (see Appendix B) which documents that the manufacturer’s instructions were followed for calibration 

of the equipment, including frequency and type of standard or calibration device. The information placed 

on the form documents the accuracy, precision or sensitivity of the measurement, and, if necessary, will be 

used to determine if correction should be applied to the readings. A separate form will be established and 

maintained for each of the. field instruments used during this sampling activity. Field monitoring and 

measuring equipment will be calibrated daily (at a minimum) and as needed if calibration problems with the 

instruments are noted. All forms will be maintained in a secured central file. At the completion of field 

activities the notebook containing the forms will be placed in the project file. 
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TABLE 3-1 

GROUNDWATER SAMPLING PROGRAM FOR RANGE 6 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 

STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

No. of No. of Trip 
No. of No. of 

Analysis Analytical Method Equipment Field 
No. of Totaf No. of 

Sampler Blanks” 
Blsnkcm Blanks” 

DLplicab’ Sampler 

ENERGETICSO 

I Nitroglycerine (NG) 

1 Pentaerythritol Tetranitrate (PETN) 

Method 8330 Explosives” 

DRGANlCSffNDRGANlCS 

1 Appendix IX, Semivolatile@’ 

Cyanide 

INDICATOR PARAMETERS 

I Sulfate 

ITotal Kjeldahl Nitrogen 

IAmmonia Nitrogen 

1 UFO5 1 I 0 I 1 1 1 I 4 I 

~ uw29 1 0 1 1 1 4 

SW-84618330 1 0 1 1 1 4 

SW-84618330 1 0 1 1 1 4 

SW-84618330 1 0 1 1 1 4 

CLP SOW ILM02.1, 2 0 1 1 1 5 
SW/7870 

SW-846/8240 1 1 1 1 1 5 

SW-84618270 1 0 1 1 1 4 

CLP SOW ILM02.1 
SW/7870 

SW-84619035 1 0 1 1 1 4 

EPA 365.1 1 0 1 1 1 4 

sw-846/9020 1 0 1 1 1 4 

SW-846/9060 1 0 1 1 1 4 

EPA 353.3 1 0 1 1 1 4 

EPA 351.3 I 1 IO I 1 I 1 I 1 I 4 I 
I I I I I I 

EPA 350.3 1 0 1 1 1 4 

1 Trip Blanks - Samples which originate from analyte-free water taken from the laboratory to the sampling 
site and returned to the laboratory with the volatile organics (VOC) samples. One trip blank per each 
cooler containing VOCs. Trip Blanks are analyzed only for VOCs. 

2 Equipment Rinsate Blank - Samples obtained by pouring analyte-free water over sample collection 
equipment (trowels, etc.) after decontamination. Assesses the effectiveness of field decontamination 
procedure. Obtained at a frequency of 1 /day/media/analysis, but only samples taken every other day 
of sampling will be analyzed unless positive detection are recorded. Number of samples reflects the 
number of actual laboratory analyses performed. 

3 Field Blank - Samples consisting of the source water used in (1) steam cleaning and/or (2) 
decontamination. Obtained at a frequency of 1 /event. 

4 Duplicates - A single sample split into two portions during a single act of sampling. Assesses the overall 
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TABLE 3-1 (Continued) 
GROUNDWATER SAMPLING PROGRAM FOR RANGE 6 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 
STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

precision of the sampling and analysis program. Obtained at a frequency of 10 percent of the number 
of samples. 

5 The following nitroaromatics and nitroamines are Method 8330 target analytes: 

I Compound Abbrev 1 CAS No.“’ 1 

Octahydro-1,3,5,-tetranitro-1,3,5,7-tetrazocine HMX 

Hexahydro-1,3,5-trinitro-1,3,5-triazine RDX 

2691-41-o 

121-82-4 

1 ,3,5-Trinitrobenzene 

1,3-Dinitrobenzene 

TNB 99-35-4 

DNB 99-65-o 

Methyl-2,4,6-trinitrophenylnitramine 1 Tetryl 1479-45-8 1 

Nitrobenzene 

2,4,6-Trinitrotoluene 

NB 98-95-8 

TNT 118-96-7 

2,CDinitrotoluene 

2,6-Dinitrotoluene 

24DNT 121-l 4-2 

26DNT 606-20-2 

o-Nitrotoluene 2NT 

m-Nitrotoluene 3NT 

p-Nitrotoluene 4NT 

(a) Chemical Abstracts Service Registry number 

88-72-2 

99-08-l 

99-99-o 

Pentaerythritol tetranitrate (PETN) and nitroglycerine (NG) will be analyzed as “add-ons” to 
Method SW-846/8330. 

6 The metals target analyte list consists of the following: aluminum, antimony, arsenic, barium, beryllium, 
cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese, mercury, nickel, 
potassium, selenium, silver, sodium, thallium, tin, vanadium, and zinc. 

7 Method Reference 40 CFR 261; volatile organic compound (VOC) analysis using Method SW-846/8240. 
Appendix IX VOC target analyte list consists of the following: acetone, acetonitrile, acrolein, acrylonitrile, 
benzene, bromodichloromethane, bromomethane, carbon disulfide, carbon tetrachloride, chlorobenzene, 
2-chloro-1,3-butadiene, chlorodibromomethane, chloroethane, chloroform, chloromethane, 
3-chloropropene, 1,2-dibromomethane, dibromomethane, trans-1,4-dichloro-2-butene, 
dichlorodifluoromethane, 1 ,l dichloroethane, 1,2-dichloroethane, 1,l dichloroethylene, trans- 
1,2-dichloroethylene, dichloromethane, 1,2-dichloropropane, cis-1,3-dichloropropene, trans- 
1,3-dichloropropene, 1,4dioxane, ethyl benzene, ethyl cyanide, ethyl methacrylate, 2-hexanone, 
iodomethane, isobutyl alcohol, methacrylonitrile, methyl ethyl ketone, methyl methactylate, 4-methyl- 
2-pentanone, pentachloroethane, styrene, 1 ,l ,1,2-tetrachloroethane, 1 ,1,2,2-tetrachloroethane, 
tetrachloroethylene, toluene, tribromomethane, 1,l ,l -trichloroethane, 1 ,1,2-trichloroethane, 
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TABLE 3-l (Continued) 
GROUNDWATER SAMPLING PROGRAM FOR RANGE 6 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 
STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

trichloroethylene, trichloromonofluoromethane, 1,2,3-trichloropropane, vinyl acetate, vinyl chloride, and 
total xylenes. 

8 Method Reference 40 CFR 261; semivolatile organic compound (SVOC) analysis using 
Method SW-846/8270. Appendix IX SVOC target analyte list consists of the following: acenaphthene, 
acenaphthylene, acetophenone, 2-acetylaminofluorene, 4-aminobiphenyl, aniline, anthracene, aramite, 
benz(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(ghi)perylene, benzo(a)pyrene, 
benzyl alcohol, bis(2chloroethoxy)methane, bis(2-chloroethyl)ether, bis(2chloroisopropyI)ether, 
bis(2-ethylhexyl)phthalate, 4-bromophenyl phenyl ether, butyl benzyl phthalate, p-chloroaniline, 
2-chloronaphthalene, 4-chlorophenyl phenyl ether, chrysene, dibenzo(a,h)anthracene, dibenzofuran, 
1,2-dibromo-3-chloropropane, di-n-butyl phthalate, m-dichlorobenzene, o-dichlorobenzene, 
p-dichlorobenzene, 3,3’-dichlorobenzidine, diethyl phthalate, 0,OdiethyL0-2-pyrazinyl phosphorothioate, 
p-dimethylaminoazobenzene, 7,12dimethylbenz(a)anthracene, 3,3’dimethylbenzidine, alpha, alpha- 
dimethyl-phenethylamine, dimethyl phthalate, mdinitrobenzene, 2,4-dinitrotoluene, 2,6dinitrotoluene, 
di-n-octyl phthalate, diphenylamine, di-n-propylnitrosamine, ethyl methanesulfonate, fluoranthene, fluorene, 
hexachlorobenzene, hexachlorobutadiene, hexachlorocyclopentadiene, hexachlorodibenzo-pdioxins, 
hexachlorodibenzofurans, hexachloroethane, hexachlorophene, hexachloropropene, 
indeno(l,2,3-cd)pyrene, isophorone, isosafrole, methapyrilene, 3-methylcholanthrene, methyl 
methanesulfonate, 2-methylnaphthalene, naphthalene, 1,4-naphthoquinone, 1 -naphthylamine, 
2-naphthylamine, m-nitroaniline, o-nitroaniline, p-nitroaniline, nitrobenzene, 4-nitroquinoline 1 -oxide, 
N-nitrosodi-n-butylamine, N-nitrosodiethylamine, N-nitrosodimethylamine, N-nitrosodiphenylamine, 
N-nitrosomethylethylamine, N-nitrosomorpholine, N-nitrosopiperidine, N-nitrosopyrrolidine, !%nitro- 
o-toluidine, pentachlorobenzene, pentachlorodibenzo-p-dioxins, pentachlorodibenzofurans, phenacetin, 
phenanthrene, p-phenylenediamine, 2-picoline, pyrene, pyridine, safrole, 1,2,4,5-tetrachlorobenzene, 
2,3,7,8-tetrachlorodibenzo-pdioxin, tetrachlorodibenzo-pdioxins, tetrachlorodibenzofurans, o-toluidene, 
1,2,4-trichlorobenzene,O,O,O-triethyl-phosphorothioate,sym-trinitrobenzene,2-sec-butyl-4,6dinirophenol, 
p-chloro-m-cresol, 2chloropheno1, meta-cresol, ortho-cresol, para-cresol, 2,4dichlorophenol, 
2,6-dichlorophenol,2,4dimethylphenol,4,6dinitro-o-cresol,2,4-dinitrophenol,2-n~rophenol,4-n~rophenol, 
pentachlorophenol, phenol, 2,3,4,6-tetrachlorophenol, 2,4,5-trichlorophenol, and 2,4,6-trichlorophenol. 
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TABLE 3-2 

SOIL SAMPLING PROGRAM FOR RANGE 6 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 

STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

ENERGETICS 

Analysis Analytical Method 
No. of No. of Trip 

No. of No. of 
No. of Total No. of 

SfNllpl~S Blanks”’ 
Equipment Field 

Blanl@ BlanksLP 
Duplicrtes~ SSr@S 

Nitrocellulose (NC) UFO5 2 0 1 1 1 5 

Nitroguanidine (NQ) uw29 2 0 1 1 1 5 

Nitroglycerine (NG) sw--84618330 2 0 1 1 1 5 

Pentaerythritol tetranitrate (PETN) SW-646/6330 2 0 1 1 1 5 

Method 6330 Explosive@ sw-a-84618330 2 0 1 1 1 5 

ORGANlCSlfNORGANlCS 

Metals” CLP SOW ILM02.1, 2 0 1 1 1 5 
swpa70 

Appendix IX Volatiles” sW-&46/a240 2 1 1 1 1 6 

Appendix IX Semivolatilesm SW-846 ja270 2 0 1 1 1 5 

Cyanide CLP SOW ILM02.1, 2 0 1 1 1 5 
SW/7870 

INDICATOR PARAMETERS 

Total Organic Carbon 1 sw-a46/9060 2 0 1 1 1 5 I 

Nitrate-Nitrite EPA 353.3 2 0 1 1 1 5 

Ammonia-Nitrogen EPA 360.3 2 0 1 1 1 5 

1 Trip Blanks - Samples which originate from analyte-free water taken from the laboratory to the sampling 
site and returned to the laboratory with the volatile organics (VOC) samples. One trip blank per each 
cooler containing VOCs. Trip Blanks are analyzed only for VOCs. 

2 Equipment Rinsate Blank - Samples obtained by pouring analyte-free water over sample collection 
equipment (bailer, etc.) after decontamination. Assesses the effectiveness of field decontamination 
procedure. Obtained at a frequency of l/day/media/analysis but only samples taken every other day 
of sampling will be analyzed unless positive detection are recorded. Number of samples reflects the 
number of actual laboratory analyses performed. 

3 Field Blank - Samples consisting of the source water used in (1) steam cleaning and/or (2) 
decontamination. Obtained at a frequency of 1 /event. 

4 Duplicates - A single sample split into two portions during a single act of sampling. Assesses the overall 
precision of the sampling and analysis program. Obtained at a frequency of 10 percent of the number 
of samples. 
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SOIL SAMPLING PROGRAM FOR RANGE 6 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 
STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

5 The following nitroaromatics and nitroamines are Method 8330 target analytes: 

Compound Abbrev 1 CAS No.’ 

1 Octahydro-1,3,5,-tetranitro-1,3,5,7-tetrazocine 1 HMX I2691 -41-O 

1 Hexahydro-1,3,5-trinitro-1,3,5-triazine I RDX 1121-82-4 1 

I 1,3,5Trinitrobenzene I TNB 19935-d I 

1,3-Dinltrobenzene 

Methyl-2,4,6-trinitrophenylnitramine 

DNB 99-65-o 

Tetryl 479-45-8 

I Nitrobenzene 1 NB 198-95-8 1 

I2,4,6-Trinitrotoluene 1 TNT Ill 8-96-7 ~~ I 
2,CDinitrotoluene 

2,6-Dinitrotoluene 

24DNT 121-14-2 

26DNT 606-20-2 

o-Nitrotoluene 

m-Nitrotoluene 

2NT 88-72-2 

3NT 99-08-l 

I p-Nitrotoluene I 4NT 199-99-o I 

a Chemical Abstracts Service Registry number 

Pentaerythritol tetranitrate (PETN) and nitroglycerine (NG) will be analyzed as “add-ons” to 
Method SW-846/8330. 

6 The metals target analyte list consists of the following: aluminum, antimony, arsenic, barium, beryllium, 
cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese mercury, nickel, 
potassium, selenium, silver, sodium, thallium, tin, vanadium, and zinc. 

7 Method Reference 40 CFR 261; volatile organic compound (VOC) analysis using Method SW-846/8240. 
Appendix IX VOC target analyte list consists of the following: acetone, acetonltrile, acrolein, acrylonitrile, 
benzene, bromodichloromethane, bromomethane, carbon disulfide, carbon tetrachloride, chlorobenzene, 
2-chloro-1,3-butadiene, chlorodibromomethane, chloroethane, chloroform, chloromethane, 
3-chloropropene, 1,2-dibromomethane, dibromomethane, trans-1,4-dichloro-2-butene, 
dichlorodifluoromethane, 1 ,l dichloroethane, 1,2-dichloroethane, 1,l dichloroethylene, trans- 
1,2-dichloroethylene, dichloromethane, 1,2-dichloropropane, cis-1,3-dichloropropene, trans- 
1,3dichloropropene, 1,4dioxane, ethyl benzene, ethyl cyanide, ethyl methacrylate, 2-hexanone, 
iodomethane, isobutyl alcohol, methacrylonitrile, methyl ethyl ketone, methyl methacrylate, 4-methyl- 
2-pentanone, pentachloroethane, styrene, 1 ,l ,1,2-tetrachloroethane, 1 ,1,2,2-tetrachloroethane, 
tetrachloroethylene, toluene, tribromomethane, 1 ,l (1 -trichloroethane, 1,1,2-trichloroethane, 
trichloroethylene, trichloromonofluoromethane, 1,2,3-trichloropropane, vinyl acetate, vinyl chloride, and 
total xylenes. 

8 Method Reference 40 CFR 261; semivolatile organic compound (SVOC) analysis using 
Method SW-846/8270. Appendix IX SVOC target analyte list consists of the following: acenaphthene, 
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TABLE 3-2 (Continued) 
SOIL SAMPLING PROGRAM FOR RANGE 6 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 
STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

acenaphthylene, acetophenone, 2-acetylaminofluorene, 4-aminobiphenyl, aniline, anthracene, aramite, 
benz(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(ghi)perylene, benzo(a)pyrene, 
benzyl alcohol, bis(2-chloroethoxy)methane, bis(2-chloroethyl)ether, bis(2-chloroisopropyI)ether, 
bis(2-ethylhexyf)phthalate, 4-bromophenyl phenyl ether, butyl benzyl phthalate, p-chloroaniline, 
2-chloronaphthalene, 4-chlorophenyl phenyl ether, chrysene, dibenzo(a,h)anthracene, dibenzofuran, 
1,2-dibromo-3-chloropropane, di-n-butyl phthalate, m-dichlorobenzene, o-dichlorobenzene, 
p-dichlorobenzene, 3,3’dichlorobenzidine, diethyl phthalate, O,O-diethyl-0-2-pyrazinyl phosphorothioate, 
p-dimethylaminoazobenzene, 7,12dimethylbenz(a)anthracene, 3,3’-dimethylbenzidine, alpha, alpha- 
dimethyl-phenethylamine, dimethyl phthalate, mdinitrobenzene, 2,4dinitrotoluene, 2,6-dinitrotoluene, 
di-n-octyl phthalate, diphenylamine, di-n-propylnitrosamine, ethyl methanesulfonate,fluoranthene, fluorene, 
hexachlorobenzene, hexachlorobutadiene, hexachlorocyclopentadiene, hexachlorodibenzo-pdioxins, 
hexachlorodibenzofurans, hexachloroethane, hexachlorophene, hexachloropropene, 
indeno(l,2,3cd)pyrene, isophorone, isosafrole, methapyrilene, 3-methylcholanthrene, methyl 
methanesulfonate, 2-methylnaphthalene, naphthalene, 1 ,Cnaphthoquinone, 1 -naphthylamine, 
2-naphthylamine, m-nitroaniline, o-nitroaniline, p-nitroaniline, nitrobenzene, 4-nitroquinoline l-oxide, 
N-nitrosodi-n-butylamine, N-nitrosodiethylamine, N-nitrosodimethylamine, N-nitrosodiphenylamine, 
N-nitrosomethylethylamine, N-nitrosomorpholine, N-nitrosopiperidine, N-nitrosopyrrolidine, 5-nitro- 
o-toluidine, pentachlorobenzene, pentachlorodibenzo-pdioxins, pentachlorodibenzofurans, phenacetin, 
phenanthrene, p-phenylenediamine, 2-picoline, pyrene, pyridine, safrole, 1,2,4,5-tetrachlorobenzene, 
2,3,7,8-tetrachlorodibenzo-p-dioxin, tetrachlorodibenzo-pdioxins, tetrachlorodibenzofurans, o-toluidene, 
1,2,4-trichlorobenzene,O,O,O-triethyl-phosphorothioate,sym-trinitrobenzene,2-sec-butyl-4,6din~rophenol, 
p-chloro-m-cresol, 2-chlorophenol, meta-cresol, ortho-cresol, para-cresol, 2,4dichlorophenol, 
2,6-dichlorophenol,2,4dimethylphenol,4,6-dinitro-o-cresol,2,4din~rophenol,2-n~rophenol,4-n~rophenol, 
pentachlorophenol, phenol, 2,3,4,6-tetrachlorophenol, 2,4,5-trichlorophenol, and 2,4,6-trichlorophenol. 
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TABLE 3-3 

SOIL SAMPLING PROGRAM FOR THE INERT ORDNANCE DISPOSAL (IOD) SITE 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 

STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

Analysis Aaslytieal Method 
No. of No. of Trip 

Samples Blanks”’ 
I I I 

ENERGETICS 

Nitrocellulose (NC) UFO5 2 

Nitroguanidine (NQ) 

Nitroglycerine (NG) 

uw29 

sw-a46fa330 

2 

2 

0 

0 

0 

0 0 3 

0 3 

Pentaeryfhritol tetranitrate (PETN) SW-646/6330 2 1 0 

Method 6330 Explosivese SW-646/6330 2 0 1 0 

ORGANlCSllNORGANlCS 

Metal@ CLP SOW ILM02.1, 2 0 1 0 0 3 
swf7870 

No. of No. of 
Equipment Field 
Blanks! Blanks” 

-++ 

No. of Total No. 

I I 
Duplicates” of Samples 

I I 

Appendix IX Volatilesm sw-84618240 2 1 1 0 0 4 

Appendix IX Semivolatilese sw-84618270 2 0 1 0 0 3 

I Cyanide 
I 

CLP SOW ILM02.1 
SW17870 *I 2 I O I ’ I”Io131 

INDICATOR PARAMETERS 
w 

TOC sw-846/9060 2 0 1 0 0 3 

Nitrate-Nitrite ‘ EPA 353.3 2 0 1 0 0 3 

&n-r-monia-Nitrogen EPA 350.3 2 0 1 0 0 3 

1 Trip Blanks - Samples which originate from analyte-free water taken from the laboratory to the sampling 
site and returned to the laboratory wlth the volatile organics (VOA) samples. One trip blank per each 
cooler containing VOCs. Trip Blanks are analyzed only for VOCs. 

2 Equipment Blank - Samples obtained by pouring analyte-free water over sample collection equipment 
(trowels, etc.) after decontamination. Assesses the effectiveness of field decontamination procedure. 
Obtained at a frequency of l/day/media/analysis but only samples taken every other day of sampling 
will be analyzed unless posltive detection are recorded. Number of samples reflects the number of actual 
laboratory analyses performed. 

3 Field Blank - Samples consisting of the source water used in (1) steam cleaning and/or (2) 
decontamination. Obtained at a frequency of l/event. Field blanks are included on soil sample table. 

4 Duplicates - A single sample split into two portions during a single act of sampling. Assess the overall 
precision of the sampling and analysis program. Obtained at a frequency of 10 percent of the number 
of samples. 
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TABLE 3-3 (Continued) 
SOIL SAMPLING PROGRAM FOR THE INERT ORDNANCE DISPOSAL (IOD) SITE 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 
STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

5 The following nitroaromatics and nitroamines are Method 8330 target analytes: 

Compound 

Octahydro-1,3,5,-tetranitro-1,3,5,7-tetrazocine 

Hexahydro-1,3,5-trinitro-1,3,5triazine 

1,3,5Trinitrobenzene 

1,3-Dinitrobenzene 

Methyl-2,4,6-trinitrophenylnitramine 

Nitrobenzene 

2,4,6-Trinitrotoluene 

2,4-Dinitrotoluene 

2,6-Dinitrotoluene 

o-Nitrotoluene 

m-Nitrotoluene 

p-Nitrotoluene 

26DNT 1606-20-2 1 

2NT 188-72-2 1 

3NT 199-08-l 1 

4NT 99-99-o 

a Chemical Abstracts Service Registry number 

Pentaerythritol tetranitrate (PETN) and nitroglycerine (NG) will be analyzed as “add-ons” to 
Method SW-846/8330. 

6 The metals target analyte list consists of the following: aluminum, antimony, arsenic, barium, beryllium, 
cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese, mercury, nickel, 
potassium, selenium, silver, sodium, thallium, tin, vanadium, and zinc. 

7 Method Reference 40 CFR 261; volatile organic compound (VOC) analysis using Method SW-846/8240. 
Appendix IX VOC target analyte list consists of the following: acetone, acetonitrile, acrolein, acrylonitrile, 
benzene, bromodichloromethane, bromomethane, carbon disulfide, carbon tetrachloride, chlorobenzene, 
2-chloro-1,3-butadiene, chlorodibromomethane, chloroethane, chloroform, chloromethane, 
3-chloropropene, 1,2-dibromomethane, dibromomethane, trans-1,4-dichloro-2-butene, 
dichlorodlffuoromethane, 1 ,l dichloroethane, 1,2-dichloroethane, 1,l dichloroethylene, trans- 
1,2-dichloroethylene, dichloromethane, 1,2-dichloropropane, cis-1,3-dichloropropene, trans- 
1,3dichloropropene, 1,4dioxane, ethyl benzene, ethyl cyanide, ethyl methacrylate, 2-hexanone, 
iodomethane, isobutyl alcohol, methacrylonitrile, methyl ethyl ketone, methyl methacrylate, 4-methyl- 
2-pentanone, pentachloroethane, styrene, 1 ,l ,1,2-tetrachloroethane, 1 ,1,2,2-tetrachloroethane, 
tetrachloroethylene, toluene, tribromomethane, 1 ,l ,l -trichloroethane, 1,1,2-trichloroethane, 
trichloroethylene, trichloromonofluoromethane, 1,2,3-trichloropropane, vinyl acetate, vinyl chloride, and 
total xylenes. 

8 Method Reference 40 CFR 261; semivolatile organic compound (SVOC) analysis using 
Method SW-846/8270. Appendix IX SVOC target analyte list consists of the following: acenaphthene, 
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TABLE 3-3 (Continued) 
SOIL SAMPLING PROGRAM FOR THE INERT ORDNANCE DISPOSAL (IOD) SITE 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 
STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

acenaphthylene, acetophenone, 2-acetylaminofluorene, 4-aminobiphenyl, aniline, anthracene, aramite, 
benz(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(ghi)perylene, benzo(a)pyrene, 
benzyl alcohol, bis(2-chloroethoxy)methane, bis(2-chloroethyf)ether, bis(2chloroisopropyI)ether, 
bis(2-ethylhexyl)phthalate, 4-bromophenyl phenyl ether, butyl benzyl phthalate, p-chloroaniline, 
2-chloronaphthalene, 4-chlorophenyl phenyl ether, chrysene, dibenzo(a,h)anthracene, dibenzofuran, 
1,2-dibromo-3-chloropropane, di-n-butyl phthalate, m-dichlorobenzene, o-dichlorobenzene, 
pdichlorobenzene, 3,3’-dichlorobenzidine, diethyl phthalate, O,O-diethyl-O-2-pyrazinyl phosphorothioate, 
p-dimethylaminoazobenzene, 7,12dimethylbenz(a)anthracene, 3,3’dimethylbenzidine, alpha, alpha- 
dimethyl-phenethylamine, dimethyl phthalate, mdinitrobenzene, 2,4dinitrotoluene, 2,6dinitrotoluene, 
di-n-octyl phthalate, diphenylamine, di-n-propylnitrosamine, ethyl methanesulfonate, fluoranthene,fluorene, 
hexachlorobenzene, hexachlorobutadiene, hexachlorocyclopentadiene, hexachlorodibenzo-pdioxins, 
hexachlorodibenzofurans, hexachloroethane, hexachlorophene, hexachloropropene, 
indeno(l,2,3-cd)pyrene, isophorone, isosafrole, methapyrilene, 3-methylcholanthrene, methyl 
methanesulfonate, 2-methylnaphthalene, naphthalene, 1,4-naphthoquinone, 1 naphthyfamine, 
2-naphthylamine, m-nitroaniline, o-nitroaniline, p-nitroaniline, nitrobenzene, 4-nitroquinoline 1 -oxide, 
N-nitrosodi-n-butylamine, N-nitrosodiethylamine, N-nitrosodimethylamine, N-nitrosodiphenyfamine, 
N-nitrosomethylethylamine, N-nitrosomorpholine, N-nltrosopiperidine, N-nitrosopyrrolidine, 5-r&o- 
o-toluidine, pentachlorobenzene, pentachlorodibenzo-pdioxins, pentachlorodibenzofurans, phenacetin, 
phenanthrene, p-phenylenediamine, 2-picoline, pyrene, pyridine, safrole, 1,2,4,5tetrachlorobenzene, 
2,3,7,8-tetrachlorodibenzo-p-dioxin, tetrachlorodibenzo-pdioxins, tetrachloroclibenzofurans, o-toluidene, 
1 ,2,4-trichlorobenzene,O,O,O-triethyl-phosphorothioate,sym-trinitrobenzene,2-sec-butyl-4,6dinirophenol, 
p-chloro-m-cresol, 2-chlorophenol, meta-cresol, ortho-cresol, para-cresol, 2,4dichlorophenol, 
2,6-dichlorophenol,2,4-dimethylphenol,4,6-din~ro-o-cresol,2,4din~rophenol,2-nitrophenol,4-nitrophenol, 
pentachlorophenol, phenol, 2,3,4,6-tetrachlorophenol, 2,4,5trichlorophenoI, and 2,4,6-trichlorophenol. 
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TABLE 3-4 

GROUNDWATER SAMPLING PROGRAM FOR THE IMPROVISED EXPLOSIVE DEVICES (IED) SITE 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 

STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

ENERGETICS 

Analyrir Analytical Method 
No. of 

No. of No. of 
“X;aykT$p Equipment Field 

No. of Total No. of 
Samples 

Blanksm Blanksm 
Dlplicare# Samplae 

Nitrocellulose (NC) 

Nitroguanidine (NO) 

Nitroglycerine (NG) 

Pentaerythritol Tetranitrate (PETN) 

Method 8330 Explosives 

13101 1 loI cl I41 

UW29 3 0 1 0 0 4 

swM6/a330 3 0 1 0 0 4 

sw-846/8330 3 0 1 0 0 4 

SW-646f 8330 3 0 1 0 0 4 

ORGANlCS/lNGRGANlCS 

Metals’ 

Appendix IX, Volatiles” 

CLP SOW ILM02.1, 6 0 1 0 0 7 

SW/7870 

SW-646/6240 3 1 1 0 0 5 

Appendix IX, Semivolatiles” sw-84618270 3 0 1 0 0 4 

Target Compound List/PCBs” sw-a46faoao 3 0 1 0 1 5 

Cyanide 

PETRGLEUM 

TPH 

INDICATOR PARAMETERS 

CLP SOW ILM02.1, 3 0 1 0 0 4 
SW/7870 

EPA 416.1 3 0 1 1 1 6 

Sulfate SW-646/9035 3 0 1 0 0 

Total Phosphate EPA 365.1 3 0 1 0 0 

4 

4 

TOX SW-84619020 3 0 1 0 0 

TOC SW-646/9060 3 0 1 0 0 

4 

4 

Nitrate-Nitrite EPA 353.3 3 0 1 0 0 

Total Kjeldahl Nitrogen EPA 351.3 3 0 1 0 0 

4 

4 

Ammonia Nitrogen EPA 350.3 3 0 1 0 0 4 

1 Trip Blanks - Samples which originate from analyte-free water taken from the laboratory to the sampling 
site and returned to the laboratory with the volatile organics (VOC) samples. One trip blank per each 
cooler containing VOCs. Trip Blanks are only analyzed for VOCs. 

2 Equipment Rinsate Blank - Samples obtained by pouring analyte-free water over sample collection 
equipment (bailer, etc.) after decontamination. Assesses the effectiveness of field decontamination 
procedure. Obtained at a frequency of l/day/media/analysis but only samples taken every other day 
of sampling will be analyzed unless positive detection are recorded. Number of samples reflects the 
number of actual laboratory analyses perfqrmed. 
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TABLE 3-4 (Continued) 
GROUNDWATER SAMPLING PROGRAM FOR THE IMPROVISED EXPLOSIVES DEVICES (IED) SITE 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 
STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

3 Field Blank - Samples consisting of the source water used in (1) steam cleaning and/or (2) 
decontamination. Obtained at a frequency of 1 /event. 

4 Duplicates - A single sample split into two portions during a single act of sampling. Assesses the overall 
precision of the sampling and analysis program. Obtained at a frequency of 10 percent of the number 
of samples. 

5 The metals target analyte list consists of the following: aluminum, antimony, arsenic, barium, beryllium, 
cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese, mercury, nickel, 
potassium, selenium, silver, sodium, thallium, tin, vanadium, and zinc. 

6 Method Reference 40 CFR 261; volatile organic compound (VOC) analysis using Method SW-846/8240. 
Appendix IX VOC target analyte list consists of the following: acetone, acetonitrile, acrolein, acrylonitrile, 
benzene, bromodichloromethane, bromomethane, carbon disulfide, carbon tetrachloride, chlorobenzene, 
2-chloro-1,3-butadiene, chlorodibromomethane, chloroethane, chloroform, chloromethane, 
3chloropropene, 1,2-dibromomethane, dibromomethane, trans-1,4-dichloro-2-butene, 
dichlorodifluoromethane, 1 ,l dichloroethane, 1,2dichloroethane, 1 ,l dichloroethylene, trans- 
1,2-dichloroethylene, dichloromethane, 1,2-dichloropropane, cis-1,3-dichloropropene, trans- 
1,3dichloropropene, 1,4dioxane, ethyl benzene, ethyl cyanide, ethyl methacryiate, P-hexanone, 
iodomethane, isobutyl alcohol, methacrylonitrile, methyl ethyl ketone, methyl methacrylate, 4-methyl- 
2-pentanone, pentachloroethane, styrene, 1 ,l ,1,2-tetrachloroethane, 1 ,1,2,2-tetrachloroethane, 
tetrachloroethylene, toluene, tribromomethane, 1 ,l (1 -trichloroethane, 1 ,1,2-trichloroethane, 
trichloroethylene, trichloromonofluoromethane, 1,2,3-trichloropropane, vinyl acetate, vinyl chloride, and 
total xylenes. 

7 Method Reference 40 CFR 261; semivolatile organic compound (SVOC) analysis using 
Method SW-846/8270. Appendix IX SVOC target analyte list consists of the following: acenaphthene, 
acenaphthylene, acetophenone, 2-acetylaminofluorene, 4-aminobiphenyi, aniline, anthracene, aramite, 
benz(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(ghi)perylene, benzo(a)pyrene, 
benzyl alcohol, bis(2-chloroethoxy)methane, bis(2-chloroethyl)ether, bis(2-chloroisopropyl)ether, 
bis(2-ethylhexyl)phthalate, 4-bromophenyl phenyl ether, butyl benzyl phthalate, p-chloroaniline, 
2-chloronaphthalene, 4-chlorophenyl phenyl ether, chrysene, dibenzo(a,h)anthracene, dibenzofuran, 
1,2-dibromo-3chloropropane, di-n-butyl phthalate, m-dichlorobenzene, o-dichlorobenzene, 
p-dichlorobenzene, 3,3’dichlorobenzidine, diethyl phthalate, O,Odiethyl-O-2-pyrazinyl phosphorothioate, 
p-dimethylaminoazobenzene, 7,12dimethylbenz(a)anthracene, 3,3’dimethylbenzidine, alpha, alpha- 
dimethyl-phenethylamine, dimethyl phthalate, mdinitrobenzene, 2,4-dinitrotoluene, 2,6dinitrotoluene, 
di-n-octyl phthalate, diphenylamine, di-n-propylnitrosamine, ethyl methanesulfonate, fluoranthene, fluorene, 
hexachlorobenzene, hexachlorobutadiene, hexachlorocyclopentadiene, hexachlorodibenzo-pdioxins, 
hexachlorodibenzofurans, hexachloroethane, hexachlorophene, hexachloropropene, 
indeno(l,2,3-cd)pyrene, isophorone, isosafrole, methapyrilene, 
methanesulfonate, 

3-methylcholanthrene, methyl 
2-methylnaphthalene, naphthalene, 1,4-naphthoquinone, 1 -naphthylamine, 

2-naphthylamine, m-nitroaniline, o-nitroaniline, p-nftroaniline, nitrobenzene, 4nitroquinoline 1 -oxide, 
N-nitrosodi-n-butylamine, N-nitrosodiethylamine, N-nitrosodimethylamine, N-nitrosodiphenylamine, 
N-nitrosomethylethylamine, N-nitrosomorpholine, N-nitrosopiperidine, N-nitrosopyrrolidine, 5-nitro- 
o-toluidine, pentachlorobenzene, pentachlorodibenzo-pdioxins, pentachlorodibenzofurans, phenacetin, 
phenanthrene, p-phenylenediamine, 2-picoline, pyrene, pyridine, safrole, 1,2,4,5-tetrachlorobenzene, 
2,3,7,8-tetrachlorodibenzo-p-dioxin, tetrachlorodibenzo-pdioxins, tetrachlorodibenzofurans, o-toluidene, 
1 ,2,4-trichlorobenzene,O,O,O-triethyl-phosphorothioate,sym-trinitrobenzene,2-sec-butyl-4,6dinirophenol, 
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TABLE 3-4 (Continued) 
GROUNDWATER SAMPLING PROGRAM FOR THE IMPROVISED EXPLOSIVES DEVICES (IED) SITE 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 
STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

p-chloro-m-cresol, 2-chlorophenol, meta-cresol, ortho-cresol, para-cresol, 2,4dichlorophenol, 
2,6dichlorophenol,2,4-dimethylphenol,4,6-dinitro-o-cresol,2,4-din~rophenol,2-nitrophenol,4-n~rophenol, 
pentachlorophenol, phenol, 2,3,4,6-tetrachlorophenol, 2,4,5-trichlorophenol, and 2,4,6-trichlorophenol. 

8 Method Reference 40 CFR 261; PCBs analysis using Method SW-846/8080. Target Compound List PCBs 
list consists of the following: Aroclor-1016, Aroclor-1221, Aroclor-1232, Aroclor-1242, Aroclor-1248, 
Aroclor-1254, and Aroclor-1260. 
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TABLE 3-5 

SOIL SAMPLING PROGRAM FOR THE IMPROVISED EXPLOSIVE DEVICES (IED) SITE 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 

STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

Analysis Aaslytical Method 
No. of No. of Trip 

No. of No. of 
No. of 

Total No. 

Samplrr Blanks”’ 
Equipment Field 
Blank8 Blanks” 

Duplioatsrrq 
of 

Samples 

ENERGETICS 

Nitrocellulose (NC) UFO5 4 0 1 0 1 6 

Nitroguanidine (NC) UW29 4 0 1 0 1 6 

Nitroglycerine (NG) SW-646/6330 4 0 1 0 1 6 

Pentaerythritol Tetranitrate (PETN) SW-646/8330 4 0 1 0 1 6 

Method 6330 Explosives SW-646/6330 4 0 1 0 1 6 

ORGANICSANGRGANICS 

I Metalsa 
I 
;gLPSC’J ILM02.1,1 14 1 0 1 1 1 0 1 1 1 16 1 

Appendix IX Volatiles* SW-646/8240 14 2 1 0 1 18 

Appendix IX Semivolatile@ sw-84618270 14 0 1 0 1 16 

Target Compound List (TCL)/PCBs’ SW-646/8060 14 0 1 1 2 ia 

Cyanide CLP SOW ILM02.1, 14 0 1 0 1 16 
swj7870 

PETROLEUM 

TPH EPA 416.1 12 0 1 1 2 16 

INDICATOR PARAMETERS 

Total Organic Carbon SW-646/9060 12 0 1 0 1 16 

Nitrate-Nitrite SW-846j9.020 12 0 1 0 1 16 

Ammonia-Nitrogen EPA 350.3 12 0 1 0 1 14 

1 Trip Blanks - Samples which originate from analyte-free water taken from the laboratory to the sampling 
site and returned to the laboratory with the volatile organics (VOC) samples. One trip blank per each 
cooler containing VOCs. Trip Blanks are analyzed only for VOCs. 

2 Equipment Rinsate Blank - Samples obtained by pouring analyte-free water over sample collection 
equipment (bailer, etc.) after decontamination. Assesses the effectiveness of field decontamination 
procedure. Obtained at a frequency of l/day/media/analysis but only samples taken every other day 
of sampling will be analyzed unless positive detection are recorded. Number of samples reflects the 
number of actual laboratory analyses performed. 

3 Field Blank - Samples consisting of the source water used in (1) steam cleaning and/or (2) 
decontamination. Obtained at a frequency of 1 /event. 
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TABLE 3-5 (Continued) 
SOIL SAMPLING PROGRAM FOR THE IMPROVISED EXPLOSIVES DEVICES (IED) SITE 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 
STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

4 Duplicates - A single sample split into two portions during a single act of sampling. Assesses the overall 
precision of the sampling and analysis program. Obtained at a frequency of 10 percent of the number 
of samples. 

5 The metals target analyte list consists of the following: aluminum, antimony, arsenic, barium, beryllium, 
cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese, mercury, nickel, 
potassium, selenium, silver, sodium, thallium, tin, vanadium, and zinc. 

6 Method Reference 40 CFR 261; volatile organic compound (VOC) analysis using Method SW-846/8240. 
Appendix IX VOC target analyte list consists of the following: acetone, acetonitrile, acrolein, acrylonitrile, 
benzene, bromodichloromethane, bromomethane, carbon disulfide, carbon tetrachloride, chlorobenzene, 
2-chloro-1,3-butadiene, chlorodibromomethane, chloroethane, chloroform, chloromethane, 
3-chloropropene, 1,2-dibromomethane, dibromomethane, trans-1,4-dichloro-2-butene, 
dichlorodifluoromethane, 1 ,l -dichloroethane, 1,2dichloroethane, 1 ,l -dichloroethylene, trans- 
1,2-dichloroethylene, dichloromethane, 1,2-dichloropropane, cis-1,3-dichloropropene, trans- 
1,3-dichloropropene, 1 ,Cdioxane, ethyl benzene, ethyl cyanide, ethyl methacrylate, 2-hexanone, 
iodomethane, isobutyl alcohol, methacrylonitrile, methyl ethyl ketone, methyl methacrylate, 4-methyl- 
P-pentanone, pentachloroethane, styrene, 1 ,l ,1,2-tetrachloroethane, 1 ,1,2,2-tetrachloroethane, 
tetrachloroethylene, toluene, tribromomethane, 1 ,1 ,l -trichloroethane, 1,1,2-trichloroethane, 
trichloroethylene, trichloromonofluoromethane, 1,2,3-trichloropropane, vinyl acetate, vinyl chloride, and 
total xylenes. 

7 Method Reference 40 CFR 261; semivolatile organic compound (SVOC) analysis using 
Method SW-846/8270. Appendix IX SVOC target analyte list consists of the following: acenaphthene, 
acenaphthylene, acetophenone, 2-acetylaminofluorene, 4-aminobiphenyl, aniline, anthracene, aramite, 
benz(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(ghi)perylene, benzo(a)pyrene, 
benzyl alcohol, bis(2-chloroethoxy)methane, bis(2-chloroethyl)ether, bis(2-chloroisopropyl)ether, 
bis(2-ethylhexyl)phthalate, 4-bromophenyl phenyl ether, butyl benzyl phthalate, p-chloroaniline, 
2-chloronaphthalene, 4-chlorophenyl phenyl ether, chrysene, dibenzo(a,h)anthracene, dibenzofuran, 
1,2-dibromo-3-chloropropane, di-n-butyl phthalate, m-dichlorobenzene, o-dichlorobenzene, 
pdichlorobenzene, 3,3’dichlorobenzidine, diethyl phthalate, O,Odiethyl-0-2-pyrazinyl phosphorothioate, 
pdimethylaminoazobenzene, 7,12dimethylbenz(a)anthracene, 3,3’dimethylbenzidine, alpha, alpha- 
dimethyl-phenethylamine, dimethyl phthalate, mdinitrobenzene, 2,4dinitrotoluene, 2,6-dinitrotoluene, 
di-n-octyl phthalate, diphenylamine, di-n-propytnitrosamine, ethyl methanesulfonate, fluoranthene, fluorene, 
hexachlorobenzene, hexachlorobutadiene, hexachlorocyclopentadiene, hexachlorodibenzo-pdioxins, 
hexachlorodibenzofurans, hexachloroethane, hexachlorophene, hexachloropropene, 
indeno(l,2,3-cd)pyrene, isophorone, isosafrole, methapyrilene, 3-methylcholanthrene, methyl 
methanesulfonate, 2-methylnaphthalene, naphthalene, 1 ,4-naphthoquinone, 1 naphthylamine, 
2-naphthylamine, m-nitroaniline, o-nitroaniline, p-nitroaniline, nitrobenzene, 4-nitroquinoline 1 -oxide, 
N-nitrosodi-n-butylamine, N-nitrosodiethylamine, N-nitrosodimethylamine, N-nitrosodiphenylamine, 
N-nitrosomethylethylamine, N-nttrosomorpholine, N-nitrosopiperidine, N-nitrosopyrrolidine, 5nitro- 
o-toluidine, pentachlorobenzene, pentachlorodibenzo-p-dioxins, pentachlorodibenzofurans, phenacetin, 
phenanthrene, p-phenylenediamine, 2-picoline, pyrene, pyridine, safrole, 1,2,4,5tetrachlorobenzene, 
2,3,7,8-tetrachlorodibenzo-pdioxin, tetrachlorodibenzo-p-dioxins, tetrachlorodibenzofurans, o-toluidene, 
1,2,4-trichlorobenzene,O,O,O-triethyl-phosphorothioate,sym-trin~robenzene,2-sec-butyl-4,6dinirophenol, 
p-chloro-m-cresol, 2-chlorophenol, meta-cresol, ortho-cresol, para-cresol, 2,4dichlorophenol, 
2,6dichlorophenol,2,4dimethylphenol,4,6din~ro-o-cresol,2,4-dinitrophenol,2-nitrophenol,4-nitrophenol, 
pentachlorophenol, phenol, 2,3,4,6-tetrachlorophenol, 2,4,5trichlorophenoI, and 2,4,6-trichlorophenol. 
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SOIL SAMPLING PROGRAM FOR THE IMPROVISED EXPLOSIVES DEVICES (IED) SITE 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 
STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

8 Method Reference 40 CFR 261; PCBs analysis using Method SW-846/8080. Target Compound/PCBs list 
consists of the following: Aroclor-1016, Aroclor-1221, Aroclor-1232, Aroclor-1242, Aroclor-1248, 
Aroclor-1254, and Aroclor-1260. 

059521 /P 3-32 CT0 222 



FINAL 

TABLE 3-6 

GROUNDWATER SAMPLING PROGRAM FOR AREA 8, 
THE UNDERWATER ORDNANCE TRAINING AREA 

VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 
STUMP NECK ANNEX, INDIAN HEAD DIVISION 

INDIAN HEAD, MARYLAND 

ENERGETICS 

Analysis Analytical Method 
No. of No. of Trip 

No. of No. of 

Equipment Field 
No. of Total No. of 

SIlllpl~B Blanks”’ 
Blankam Blanks” 

Duplicates” Samplas 

Nitrocellulose (NC) UFO5 3 0 1 0 0 4 

Nitroguanidine (NQ) uw29 3 0 1 0 0 4 

Nitroglycerine (NG) sw-84618330 3 0 1 0 0 4 

Pentaerythritol tetranitrate (PETN) SW-846/8330 3 0 1 0 0 4 

Method 8330 Explosives” SW-84618330 3 0 1 0 0 4 

ORGANlCS/lNORGANlCS 

Metal@ CLP SOW ILM02.1, 6 0 1 0 1 8 
SW/787Q 

Appendix IX, Volatilesm SW-m/a240 3 1 1 0 0 5 

Appendix IX, Semivolatiles’ SW-046 f 8270 3 0 1 0 0 4 

Cyanide CLP SOW ILM02.1, 3 0 1 0 1 5 
SW/7870 

INDICATOR PARAMETERS 

1 Trip Blanks - Samples which originate from analyte-free water taken from the laboratory to the sampling 
site and returned to the laboratory with the volatile organics (VOC) samples. One trip blank per each 
cooler containing VOCs. Trip Blanks are analyzed only for VOCs. 

2 Equipment Rinsate Blank - Samples obtained by pouring analyte-free water over sample collection 
equipment (trowels, etc.) after decontamination. Assesses the effectiveness of field decontamination 
procedure. Obtained at a frequency of 1 /day/media/analysis but only samples taken every other day 
of sampling will be analyzed unless positive detection are recorded. Number of samples reflects the 
number of actual laboratory analyses performed. 

3 Field Blank - Samples consisting of the source water used in (1) steam cleaning and/or (2) 
decontamination. Obtained at a frequency of 1 /event. 
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4 Duplicates - A single sample split into two portions during a single act of sampling. Assesses the overall 
precision of the sampling and analysis program. Obtained at a frequency of 10 percent of the number 
of samples. 

5 The following nitroaromatics and nitroamines are Method 8330 target analytes: 

Compound Abbrev 1 CAS No.’ 

1 Octahydro-1,3,5,-tetranitro-1,3,5,7-tetrazocine 1 HMX I2691 -41-O 

Hexahydro-1,3,5-trinitro-1,3,5-triazine 

1,3,5-Trinitrobenzene 

RDX 121-82-4 

TNB 99-35-4 

1,3-Dinitrobenzene 

Methyl-2,4,6-trinltrophenylnitramine 

DNB 99-65-O 

Tetryl 479-45-8 

Nitrobenzene 

2,4,6-Trinitrotoluene 

NB 98-95-8 

TNT 118-96-7 

2,4-Dinitrotoluene 

2,6-Dinitrotoluene 

24DNT 121-14-2 

26DNT 606-20-2 

I o-Nitrotoluene I2NT 188-72-2 I 
I m-Nitrotoluene I 3NT 199-08-l 1 

1 p-Nitrotoluene I4NT 199-99-O 1 

a Chemical Abstracts Service Registry number 

Pentaerythritol tetranitrate (PETN) and nitroglycerine (NG) will be analyzed as “add-ons” to 
Method SW-846/8330. 

6 The metals target analyte list consists of the following: aluminum, antimony, arsenic, barium, beryllium, 
cadmium, calcium, chromium, cobalt, copper, lead, iron, mercury, magnesium, manganese, nickel, 
potassium, selenium, silver, sodium, thallium, tin, vanadium, and zinc. 

7 Method Reference 40 CFR 261; volatile organic compound (VOC) analysis using Method SW-846/8240. 
Appendix IX VOC target analyte list consists of the following: acetone, acetonitrile, acrolein, acrylonitrile, 
benzene, bromodichloromethane, bromomethane, carbon disulfide, carbon tetrachloride, chlorobenzene, 
2-chloro-1,3-butadiene, chlorodibromomethane, chloroethane, chloroform, chloromethane, 
3-chloropropene, 1,2-dibromomethane, dibromomethane, trans-1,4-dichloro-2-butene, 
dichlorodifluoromethane, 1 ,l dichloroethane, 1,2-dichloroethane, 1 ,l dichloroethylene, trans- 
1,2-dichloroethylene, dichloromethane, 1,2-dichloropropane, cis-1,3-dichloropropene, trans- 
1,3dichloropropene, 1,4dioxane, ethyl benzene, ethyl cyanide, ethyl methacrylate, 2-hexanone, 
iodomethane, isobutyf alcohol, methacrylonitrile, methyl ethyl ketone, methyl methacrylate, 4-methyl- 
2-pentanone, pentachloroethane, styrene, 1 ,l ,1,2-tetrachloroethane, 1 ,1,2,2-tetrachloroethane, 
tetrachloroethylene, toluene, tribromomethane, 1 ,l ,l-trichloroethane, 1 ,1,2-trichloroethane, 
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trichloroethylene, trichloromonofluoromethane, 1,2,3-trichloropropane, vinyl acetate, vinyl chloride, and 
total xylenes. 

8 Method Reference 40 CFR 261; semivolatile organic compound (SVOC) analysis using 
Method SW-846/8270. Appendix IX SVOC target analyte list consists of the following: acenaphthene, 
acenaphthylene, acetophenone, 2-acetylaminofluorene, 4-aminobiphenyl, aniline, anthracene, aramite, 
benz(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(ghi)perylene, benzo(a)pyrene, 
benzyl alcohol, bis(2-chloroethoxy)methane, bis(2-chloroethyl)ether, bis(2-chloroisopropyI)ether, 
bis(2-ethylhexyl)phthalate, 4-bromophenyl phenyl ether, butyl benzyl phthalate, p-chloroaniline, 
2-chloronaphthalene, 4-chlorophenyl phenyl ether, chrysene, dibenzo(a,h)anthracene, dibenzofuran, 
1,2-dibromo-3-chloropropane, di-n-butyl phthalate, m-dichlorobenzene, o-dichlorobenzene, 
p-dichlorobenzene, 3,3’dichlorobenzidine, diethyl phthalate, O,Odiethyl-0-2-pyrazinyl phosphorothioate, 
p-dimethylaminoazobenzene, 7,12-dimethylbenz(a)anthracene, 3,3’-dimethylbenzidine, alpha, alpha- 
dimethyl-phenethylamine, dimethyl phthalate, m-dinitrobenzene, 2,4dinitrotoluene, 2,6dinitrotoluene, 
di-n-octyl phthalate, diphenylamine, di-n-propylnitrosamine, ethyl methanesulfonate,fluoranthene, fluorene, 
hexachlorobenzene, hexachlorobutadiene, hexachlorocyclopentadiene, hexachlorodibenzo-pdioxins, 
hexachlorodibenzofurans, hexachloroethane, hexachlorophene, hexachloropropene, 
indeno(l,2,3-cd)pyrene, isophorone, isosafrole, methapyrilene, 3-methylcholanthrene, methyl 
methanesulfonate, 2-methylnaphthalene, naphthalene, 1 ,Cnaphthoquinone, 1 -naphthylamine, 
2-naphthylamine, m-nitroaniline, o-nitroaniline, p-nitroaniline, nitrobenzene, 4-nitroquinoline 1 -oxide, 
N-nitrosodi-n-butylamine, N-nitrosodiethylamine, N-nitrosodimethyiamine, N-nitrosodiphenylamine, 
N-nitrosomethylethylamine, N-nitrosomorpholine, N-nitrosopiperidine, N-nitrosopyrrolidine, 5-nitro- 
o-toluidine, pentachlorobenzene, pentachlorodibenzo-p-dioxins, pentachlorodibenzofurans, phenacetin, 
phenanthrene, p-phenylenediamine, 2-picoline, pyrene, pyridine, safrole, 1,2,4,5-tetrachlorobenzene, 
2,3,7,8-tetrachlorodibenzo-p-dioxin, tetrachlorodibenzo-p-dioxins, tetrachlorodibenzofurans, o-toluidene, 
1,2,4-trichlorobenzene, O,O,O-triethyl-phosphorothioate, sym-trinitrobenzene,2-sec-butyl-4,6-dinitrophenol, 
p-chloro-m-cresol, 2-chlorophenol, meta-cresol, ortho-cresol, para-cresol, 2,4dichlorophenol, 
2,6-dichlorophenol,2,4dimethylphenol,4,6-dinitro-o-cresol,2,4-dinitrophenol,2-nitrophenol,4-nitrophenol, 
pentachlorophenol, phenol, 2,3,4,6-tetrachlorophenol, 2,4,5-trichlorophenol, and 2,4,6-trichlorophenol. 
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No. of 
No. 01 No. of 

Analysis Analytical Method N~a~k~,ip Equipment Field 
No. of Total No. of 

Srmplrr 
Blenksm Blanke” 

Duplicatrrm Samples 

ENERGETICSs 

Nitrocellulose (NC) UFO5 12 0 2 0 1 15 

Nitroguanidine (NQ) uw29 12 0 2 0 1 15 

Nitroglycerine (NG) SW-84618330 12 0 2 0 1 15 

Pentaerythritol tetranitrate (PETN) SW-846/8330 12 0 2 0 1 15 

I Method 8330 Explosives*’ 1 SW-846/8330 1 12 1 0 1 2 1 0 1 1 1 15 1 

Metake CLP sow ILM02.1, 12 0 2 0 1 15 
SW/7870 

Appendix IX, Volatilesm SW-646/6240 4 1 1 0 1 7 

Appendix IX, Semivolatilesmr sw-a46/a270 4 0 1 0 1 6 

Cyanide CLP SOW ILM02.1, 12 0 2 0 1 15 
SW/7870 

INDICATOR PARAMETERS 

Nitrate-Nitrite EPA 353.3 12 0 2 0 1 15 

Total Organic Carbon SW-S46/9060 12 0 2 0 1 15 

Ammonia Nitrogen EPA 350.3 12 0 2 0 1 15 

1 Trip Blanks - Samples which originate from analyte-free water taken from the laboratory to the sampling 
site and returned to the laboratory with the volatile organics (VOC) samples. One trip blank per each 
cooler containing VOCs. Trip Blanks are analyzed only for VOCs. 

2 Equipment Rinsate Blank - Samples obtained by pouring analyte-free water over sample collection 
equipment (bailer, etc.) after decontamination. Assesses the effectiveness of field decontamination 
procedure. Obtained at a frequency of 1 /day/media/analysis but only samples taken every other day 
of sampling will be analyzed unless positive detection are recorded. Number of samples reflects the 
number of actual laboratory analyses performed. 

3 Field Blank - Samples consisting of the source water used in (1) steam cleaning and/or (2) 
decontamination. Obtained at a frequency of 1 /event. 

4 Duplicates - A single sample split into two portions during a single act of sampling. Assesses the overall 
precision of the sampling and analysis program. Obtained at a frequency of 10 percent of the number 
of samples. 
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5 The following nitroaromatics and nitroamines are Method 8330 target analytes: 

Compound Abbrev CAS No.’ 

Octahydro-1,3,5,-tetranitro-1,3,5,7-tetrazocine HMX 2691-41-O 

Hexahydro-1,3,5-trinitro-1,3,5-triazine RDX 121-82-4 

1,3,5-Trinitrobenzene TNB 99-35-4 

I 1,3-Dinitrobenzene 1 DNB 199-65-O I 
I Methyl-2,4,6-trinitrophenylnitramine I Tetryl 1479458 I 

I Nitrobenzene I NB 198-95-8 1 I 2,4,6-Trinitrotoluene ITNT 1 118-96-7 

2,CDinitrotoluene 

2,6-Dinitrotoluene 

24DNT 121-14-2 

26DNT 606-20-2 

o-Nitrotoluene 

m-Nitrotoluene 

2NT 88-72-2 

3NT 99-08-l 

p-Nitrotoluene 4NT 99-99-o 

a Chemical Abstracts Service Registry number 

Pentaerythritol tetranitrate (PETN) and nitroglycerine (NG) will be analyzed as “add-ons” to 
Method SW-846/8330. 

6 The metals target analyte list consists of the following: aluminum, antimony, arsenic, barium, beryllium, 
cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese, mercury, nickel, 
potassium, selenium, silver, sodium, thallium, tin, vanadium, and zinc. 

7 Method Reference 40 CFR 261; volatile organic compound (VOC) analysis using Method SW-846/8240. 
Appendix IX VOC target analyte list consists of the following: acetone, acetonitrile, acrolein, acrylonitrile, 
benzene, bromodichloromethane, bromomethane, carbon disulfide, carbon tetrachloride, chlorobenzene, 
2-chloro-1,3-butadiene, chlorodibromomethane, chloroethane, chloroform, chloromethane, 
3-chloropropene, 1,2-dibromomethane, dibromomethane, trans-1,4-dichloro-2-butene, 
dichlorodifluoromethane, 1,l dichloroethane, 1,2dichloroethane, 1 ,l dichloroethylene, trans- 
1,2-dichloroethylene, dichloromethane, 1,2-dichloropropane, cis-1,3-dichloropropene, trans- 
1,3-dichloropropene, 1,4dioxane, ethyl benzene, ethyl cyanide, ethyl methacrylate, 2-hexanone, 
iodomethane, isobutyl alcohol, methacrylonitrile, methyl ethyl ketone, methyl methacrylate, 4-methyl- 
2-pentanone, pentachloroethane, styrene, 1 ,l ,1,2-tetrachloroethane, 1 ,1,2,2-tetrachloroethane, 
tetrachloroethylene, toluene, tribromomethane, 1 ,l ,l -trichloroethane, 1 ,1,2-trichloroethane, 
trichloroethylene, trichloromonofluoromethane, 1,2,3-trichloropropane, vinyl acetate, vinyl chloride, and 
total xylenes. 

8 Method Reference 40 CFR 261; semivolatile organic compound (SVOC) analysis using 
Method SW-846/8270. Appendix IX SVOC target analyte list consists of the following: acenaphthene, 
acenaphthylene, acetophenone, 2-acetylaminofluorene, 4-aminobiphenyl, aniline, anthracene, aramite, 
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benz(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(ghi)perylene, benzo(a)pyrene, 
benzyl alcohol, bis(2-chloroethoxy)methane, bis(2-chloroethyl)ether, bis(2-chloroisopropyI)ether, 
bis(2-ethylhexyl)phthalate, 4-bromophenyl phenyl ether, butyl benzyl phthalate, p-chloroaniline, 
2-chloronaphthalene, 4-chlorophenyl phenyl ether, chrysene, dibenzo(a,h)anthracene, dibenzofuran, 
1,2-dibromo-3-chloropropane, di-n-butyl phthalate, m-dichlorobenzene, o-dichlorobenzene, 
p-dichlorobenzene, 3,3’-dichlorobenzidine, diethyl phthalate, O,Odiethyl-O-2-pyrazinyl phosphorothioate, 
p-dimethylaminoazobenzene, 7,12-dimethylbenz(a)anthracene, 3,3’dimethylbenzidine, alpha, alpha- 
dimethyl-phenethylamine, dimethyl phthalate, mdinitrobenzene, 2,4dinitrotoluene, 2,6dinitrotoluene, 
di-n-octyl phthalate, diphenylamine, di-n-propylnitrosamine, ethyl methanesulfonate, fluoranthene,fluorene, 
hexachlorobenzene, hexachlorobutadiene, hexachlorocyclopentadiene, hexachlorodibenzo-p-dioxins, 
hexachlorodibenzofurans, hexachloroethane, hexachlorophene, hexachloropropene, 
indeno(l,2,3-cd)pyrene, isophorone, isosafrole, methapyrilene, 3-methylcholanthrene, methyl 
methanesulfonate, 2-methylnaphthalene, naphthalene, 1 ,Cnaphthoquinone, 1 -naphthylamine, 
2-naphthylamine, m-nitroaniline, o-nitroaniline, p-nitroaniline, nitrobenzene, 4-nitroquinoline l-oxide, 
N-nitrosodi-n-butylamine, N-nitrosodiethylamine, N-nltrosodimethylamine, N-nitrosodiphenylamine, 
N-nitrosomethylethylamine, N-nitrosomorpholine, N-nitrosopiperidine, N-nitrosopyrrolidine, ti-nitro- 
o-toluidine, pentachlorobenzene, pentachlorodibenzo-pdioxins, pentachlorodibenzofurans, phenacetin, 
phenanthrene, p-phenylenediamine, 2-picoline, pyrene, pyridine, safrole, 1,2,4,5-tetrachlorobenzene, 
2,3,7,8-tetrachlorodibenzo-p-dioxin, tetrachlorodibenzo-pdioxins, tetrachlorodibenzofurans, o-toluidene, 
1 ,2,4-trichlorobenzene,O,O,O-triethyl-phosphorothioate,sym-trinitrobenzene,2-sec-butyl-Q,6-dinirophenol, 
p-chloro-m-cresol, 2-chlorophenol, meta-cresol, ortho-cresol, para-cresol, 2,4dichlorophenol, 
2,6-dichlorophenol,2,4-dimethylphenol,4,6-din~ro-o-cresol,2,4din~rophenol,2-nitrophenol,4-nitrophenol, 
pentachlorophenol, phenol, 2,3,4,6-tetrachlorophenol, 2,4,5-trichlorophenol, and 2,4,6-trichlorophenol. 
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Analysis Analytical Method 
No. of No. of Trip 

No. of No. of 
No. of 

0mlpl08 Blanks”’ 
Equipment Field 

Blank8 Blanksa 
Duplioatcls” 

Total No. 01 
Sampler 

ENERGETICS’ 

ORGANlCSllNORCANlCS 

Metals”’ 

Appendix IX, Volatiles” 

Appendix IX, Semivolatilesm 

Cyanide 

CLP SOW ILM02.1, 8 0 1 0 1 10 
SW/7870 

SW-84618240 4 2 1 0 1 8 

SW-846/8270 4 0 1 0 1 6 

CLP SOW ILM02.1, 4 0 1 0 1 6 
SW/7870 

1 Trip Blanks - Samples which originate from analyte-free water taken from the laboratory to the sampling 
site and returned to the laboratory with the volatile organics (VOC) samples. One trip blank per each 
cooler containing VOCs. Trip Blanks are analyzed only for VOCs. 

2 Equipment Rinsate Blank - Samples obtained by pouring analyte-free water over sample collection 
equipment (trowels, etc.) after decontamination. Assesses the effectiveness of field decontamination 
procedure. Obtained at a frequency of l/day/media/analysis but only samples taken every other day 
of sampling will be analyzed unless positive detection are recorded. Number of samples reflects the 
number of actual laboratory analyses performed. 

3 Field Blank - Samples consisting of the source water used in (1) steam cleaning and/or (2) 
decontamination. Obtained at a frequency of 1 /event. Field blanks are included on soil sample table. 
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4 Duplicates - A singl’e sample split into two portions during a single act of sampling. Assesses the overall 
precision of the sampling and analysis program. Obtained at a frequency of 10 percent of the number 
of samples. 

5 The following nitroaromatics and nitroamines are Method 8330 target analytes: 

Compound Abbrev CAS No.’ 

Octahydro-1,3,5,-tetranitro-1,3,5,7-tetrazocine HMX 2691-41-O 

Hexahydro-1,3,5-trinitro-1,3,5-triazine RDX 121-82-4 

1,3,5-Trinitrobenzene TNB 99-35-4 

1,3-Dinitrobenzene DNB 99-85-o 

Methyl-2,4,6-trinitrophenylnitramine Tetryl 479-45-8 

Nitrobenzene 

2,4,6-Trinitrotoluene 

NB 98-95-8 

TNT 118-96-7 

p-Nitrotoluene 4NT 99-99-O 
I 

a Chemical Abstracts Service Registry number 

Pentaerythritol tetranitrate (PETN) and nitroglycerine (NG) will be analyzed as “add-ons” to 
Method SW-846/8330. 

6 The metals target analyte list consists of the following: aluminum, antimony, arsenic, barium, beryllium, 
cadmium, calcium, chromium, cobalt, copper, lead, iron, magnesium, manganese, mercury, nickel, 
potassium, selenium, silver, sodium, thallium, tin, vanadium, and zinc. 

7 Method Reference 40 CFR 261; volatile organic compound (VOC) analysis using Method SW-846/8240. 
Appendix IX VOC target analyte list consists of the following: acetone, acetonitrile, acrolein, acrylonitrile, 
benzene, bromodichloromethane, bromomethane, carbon disulfide, carbon tetrachloride, chlorobenzene, 
2-chloro-1,3-butadiene, chlorodibromomethane, chloroethane, chloroform, chloromethane, 
3-chloropropene, 1,2-dibromomethane, dibromomethane, trans-1,4-dichloro-2-butene, 
dichlorodifluoromethane, 1 ,l dichloroethane, 1,2dichloroethane, 1 ,ldichloroethylene, trans- 
1,2-dichloroethylene, dichloromethane, 1,2-dichloropropane, cis-1,3-dichloropropene, trans- 
1,3-dichloropropene, 1,4dioxane, ethyl benzene, ethyl cyanide, ethyl methacrylate, P-hexanone, 
iodomethane, isobutyl alcohol, methacrylonitrile, methyl ethyl ketone, methyl methacrylate, 4-methyl- 
2-pentanone, pentachloroethane, styrene, 1 ,l ,1,2-tetrachloroethane, 1 ,1,2,2-tetrachloroethane, 
tetrachloroethylene, toluene, tribromomethane, 1,l ,l -trichloroethane, 1 ,1,2-trichloroethane, 
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trichloroethylene, trichloromonofluoromethane, 1,2,3-trichloropropane, vinyl acetate, vinyl chloride, and 
total xylenes. 

8 Method Reference 40 CFR 261; semivolatile organic compound (SVOC) analysis using 
Method SW-846/8270. Appendix IX SVOC target analyte list consists of the following: acenaphthene, 
acenaphthylene, acetophenone, 2-acetylaminofluorene, 4-aminobiphenyl, aniline, anthracene, aramite, 
benz(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(ghi)perylene, benzo(a)pyrene, 
benzyl alcohol, bis(2-chloroethoxy)methane, bis(2chloroethyl)ether, bis(2-chloroisopropyl)ether, 
bis(2-ethylhexyl)phthalate, 4-bromophenyl phenyl ether, butyl benzyl phthalate, p-chloroaniline, 
2-chloronaphthalene, 4chlorophenyl phenyl ether, chrysene, dibenzo(a,h)anthracene, dibenzofuran, 
1,2-dibromo-3-chloropropane, di-n-butyl phthalate, m-dichlorobenzene, o-dichlorobenzene, 
p-dichlorobenzene, 3,3’-dichlorobenzidine, diethyl phthalate, O,Odiethyl-O-2-pyrazinyl phosphorothioate, 
p-dimethylaminoazobenzene, 7,12-dimethylbenz(a)anthracene, 3,3’dimethylbenzidine, alpha, alpha- 
dimethyl-phenethylamine, dimethyl phthalate, m-dinitrobenzene, 2,4dinitrotoluene, 2,6dinitrotoluene, 
di-n-octyl phthalate, diphenylamine, di-n-propylnitrosamine, ethyl methanesulfonate,fluoranthene, fluorene, 
hexachlorobenzene, hexachlorobutadiene, hexachlorocyclopentadiene, hexachlorodibenzo-pdioxins, 
hexachlorodibenzofurans, hexachloroethane, hexachlorophene, hexachloropropene, 
indeno(l,2,3-cd)pyrene, isophorone, isosafrole, methapyrilene, 3-methylcholanthrene, methyl 
methanesulfonate, 2-methylnaphthalene, naphthalene, 1,4-naphthoquinone, 1 -naphthylamine, 
2-naphthylamine, m-nitroaniline, o-nitroaniline, p-nitroaniline, nitrobenzene, 4-nitroquinoline 1 -oxide, 
N-nitrosodi-n-butylamine, N-nitrosodiethylamine, N-nitrosodimethylamine, N-nitrosodiphenylamine, 
N-nitrosomethylethylamine, N-nitrosomorpholine, N-nitrosopiperidine, N-nitrosopyrrolidine, 5-&o- 
o-toluidine, pentachlorobenzene, pentachlorodibenzo-pdioxins, pentachlorodibenzofurans, phenacetin, 
phenanthrene, p-phenylenediamine, 2-picoline, pyrene, pyridine, safrole, 1,2,4,5-tetrachlorobenzene, 
2,3,7,8-tetrachlorodibenzo-pdioxin, tetrachlorodibenzo-p-dioxins, tetrachlorodibenzofurans, o-toluidene, 
1,2,4-trichlorobenzene,O,O,O-triethyl-phosphorothioate,sym-trinitrobenzene,2-sec-butyl-4,6dinitrophenol, 
p-chloro-m-cresol, 2-chlorophenol, meta-cresol, ortho-cresol, para-cresol, 2,4dichlorophenol, 
2,6-dichlorophenol,2,4dimethylphenol,4,6dinitro-o-cresol,2,4-din~rophenol,2-nitrophenol,4-n~rophenol, 
pentachlorophenol, phenol, 2,3,4,6-tetrachlorophenol, 2,4,5-trichlorophenol, and 2,4,6-trichlorophenol. 
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TABLE 3-9 

SEDIMENT SAMPLING PROGRAM FOR AREA 8, 
THE UNDERWATER ORDNANCE TRAINING AREA 

VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 
STUMP NECK ANNEX, INDIAN HEAD DIVISION 

INDIAN HEAD, MARYLAND 

Analysis 
No. of No. of Trip 

No. of No. of 

Analytical Method 
Samplss Blanks” 

Equipmsnt Field 
No. of Total No. of 

Blanksm Blsnks(P 
Duplicatss” ssmples 

ENERGETICS’ 

I Nitrocellulose (NC) I UFO5 14101 1101 1161 

Nitroglycerine (NG) SW-84618330 4 0 1 0 1 6 

Pentaerythritol tetranitrate (PETN) SW-846/8330 4 0 1 0 1 6 

Method 8330 Explosives” SW-84618330 4 0 1 0 1 I 6 

ORGANlCSllNORGANlCS 

Metals? CLP SOW ILM02.1, 4 0 1 0 1 6 
SW/7870 

Appendix IX, Volatilesm SW-84618240 4 2 1 0 1 8 

Appendix IX, Semivolatile.@ SW-846/8270 4 0 1 0 1 6 

Cyanide CLP SOW ILM02.1, 4 0 1 0 1 6 
SW/7870 

INDICATOR PARAMETERS 

Total Organic Carbon SW-84619060 4 0 1 0 1 6 

Nitrate-Nitrite EPA 353.3 4 0 1 0 1 6 

Ammonia Nitrogen EPA 350.3 4 0 1 0 1 6 

1 Trip Blanks - Samples which originate from analyte-free water taken from the laboratory to the sampling 
site and returned to the laboratory with the volatile organics (VOC) samples. One trip blank per each 
cooler containing VOCs. Trip Blanks are analyzed only for VOCs. 

2 Equipment Rinsate Blank - Samples obtained by pouring analyte-free water over sample collection 
equipment (trowels, etc.) after decontamination. Assesses the effectiveness of field decontamination 
procedure. Obtained at a frequency of 1 /day/media/analysis but only samples taken every other day 
of sampling will be analyzed unless positive detection are recorded. Number of samples reflects the 
number of actual laboratory analyses performed. 

3 Field Blank - Samples consisting of the source water used in (1) steam cleaning and/or (2) 
decontamination. Obtained at a frequency of 1 /event. 

4 Duplicates - A single sample split into two portions during a single act of sampling. Assesses the overall 
precision of the sampling and analysis program. Obtained at a frequency of 10 percent of the number 
of samples. 
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TABLE 3-9 (Continued) 
SEDIMENT SAMPLING PROGRAM FOR AREA 8, 
THE UNDERWATER ORDNANCE TRAINING AREA 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 
STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

5 The following nitroaromatics and nitroamines are Method 8330 target analytes: 

Compound 

Octahydro-1,3,5,-tetranitro-1,3,5,7-tetrazocine 

Hexahydro-1,3,5-trinitro-1,3,5-triazine 

1,3,5-Trinitrobenzene 

1,3-Dinitrobenzene 

Methyl-2,4,6-trinitrophenylnitramine 

Nitrobenzene 

2,4,6-Trinitrotoluene 

2,4-Dinitrotoluene 

2,SDinitrotoluene 

o-Nitrotoluene 

Abbrev 1 CAS No.’ 1 

24DNT 1121-14-2 1 

26DNT 1606-20-2 1 

2NT I 88-72-2 I 
I m-Nitrotoluene ---7iiLTlEiiT-l 

p-Nitrotoluene 4NT 99-99-o 

a Chemical Abstracts Service Registry number 

Pentaerythritol tetranitrate (PETN) and nitroglycerine (NG) will be analyzed as “add-ons” to 
Method SW-846/8330. 

6 The metals target analyte list consists of the following: aluminum, antimony, arsenic, barium, beryllium, 
cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese, mercury, nickel, 
potassium, selenium, silver, sodium, thallium, tin, vanadium, and zinc. 

7 Method Reference 40 CFR 261; volatile organic compound (VOC) analysis using Method SW-846/8240. 
Appendix IX VOC target analyte list consists of the following: acetone, acetonitrile, acrolein, actylonitrile, 
benzene, bromodichloromethane, bromomethane, carbon disulfide, carbon tetrachloride, chlorobenzene, 
2-chloro-1,3-butadiene, chlorodibromomethane, chloroethane, chloroform, chloromethane, 
3-chloropropene, 1,2-dibromomethane, dibromomethane, trans-1,4-dichloro-2-butene, 
dichlorodifluoromethane, 1,l dichloroethane, 1,2-dichloroethane, 1 ,l -dichloroethylene, trans- 
1,2-dichloroethylene, dichloromethane, 1,2-dichloropropane, cis-1,3-dichloropropene, trans- 
1,3-dichloropropene, 1,4dioxane, ethyl benzene, ethyl cyanide, ethyl methacrylate, 2-hexanone, 
iodomethane, isobutyl alcohol, methacrylonitrile, methyl ethyl ketone, methyl methacrylate, 4-methyl- 
2-pentanone, pentachloroethane, styrene, 1 ,l ,1,2-tetrachloroethane, 1 ,1,2,2-tetrachloroethane, 
tetrachloroethylene, toluene, tribromomethane, 1 ,l ,l -trichloroethane, 1,1,2-trichloroethane, 
trichloroethylene, trichloromonofluoromethane, 1,2,3-trichloropropane, vinyl acetate, vinyl chloride, and 
total xylenes. 

8 Method Reference 40 CFR 261; semivolatile organic compound (SVOC) analysis using 
Method SW-846/8270. Appendix IX SVOC target analyte list consists of the following: acenaphthene, 
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TABLE 3-9 (Continued) 
SEDIMENT SAMPLING PROGRAM FOR AREA 8, 
THE UNDERWATER ORDNANCE TRAINING AREA 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 
STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

acenaphthylene, acetophenone, 2-acetylaminofluorene, 4-aminobiphenyl, aniline, anthracene, aramite, 
benz(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(ghi)perylene, benzo(a)pyrene, 
benzyl alcohol, bis(2-chloroethoxy)methane, bis(2-chloroethyl)ether, bis(2-chloroisopropyI)ether, 
bis(2-ethylhexyl)phthalate, 4-bromophenyl phenyl ether, butyl benzyl phthalate, p-chloroaniline, 
2-chloronaphthalene, 4-chlorophenyl phenyl ether, chrysene, dibenzo(a,h)anthracene, dibenzofuran, 
1,2-dibromo-3-chloropropane, di-n-butyl phthalate, m-dichlorobenzene, o-dichlorobenzene, 
pdichlorobenzene, 3,3’dichlorobenzidine, diethyl phthalate, O,Odiethyl-O-2-pyrazinyl phosphorothioate, 
pdimethylaminoazobenzene, 7,12dimethylbenz(a)anthracene, 3,3’dimethylbenzidine, alpha, alpha- 
dimethyl-phenethylamine, dimethyl phthalate, mdinftrobenzene, 2,4dinitrotoluene, 2,6dinitrotoluene, 
di-n-octyl phthalate, diphenylamine, di-n-propylnitrosamine, ethyl methanesulfonate, fluoranthene, fluorene, 
hexachlorobenzene, hexachlorobutadiene, hexachlorocyclopentadiene, hexachlorodibenzo-pdioxins, 
hexachlorodibenzofurans, hexachloroethane, hexachlorophene, hexachloropropene, 
indeno(l,2,3-cd)pyrene, isophorone, isosafrole, methapyrilene, 3-methylcholanthrene, methyl 
methanesulfonate, 2-methyfnaphthalene, naphthalene, 1 ,Cnaphthoquinone, 1 -naphthylamine, 
2-naphthylamine, m-nitroaniline, o-nitroaniline, p-nitroaniline, nitrobenzene, 4-nitroquinoline 1 -oxide, 
N-nitrosodi-n-butylamine, N-nitrosodiethylamine, N-nitrosodimethylamine, N-nitrosodiphenylamine, 
N-nitrosomethylethylamine, N-nitrosomorpholine, N-nitrosopiperidine, N-nitrosopyrrolidine, 5-r&o- 
o-toluidine, pentachlorobenzene, pentachlorodibenzo-pdioxins, pentachlorodibenzofurans, phenacetin, 
phenanthrene, p-phenylenediamine, 2-picoline, pyrene, pyridine, safrole, 1,2,4,5-tetrachlorobenzene, 
2,3,7,8-tetrachlorodibenzo-p-dioxin, tetrachlorodibenzo-pdioxins, tetrachlorodibenzofurans, o-toluidene, 
1,2,4-trichlorobenzene,O,O,O-triethyl-phosphorothioate, sym-trinitrobenzene,2-see-butyM,6dinirophenol, 
p-chloro-m-cresol, 2-chlorophenol, meta-cresol, ortho-cresol, para-cresol, 2,4dichlorophenol, 
2,6dichlorophenol,2,4-dimethylphenol,4,6dinitro-o-cresol,2,4-dinitrophenol,2-n~rophenol,4-n~rophenol, 
pentachlorophenol, phenol, 2,3,4,6-tetrachlorophenol, 2,4,5-trichlorophenol, and 2,4,6-trichlorophenol. 
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TABLE 3-10 

SUMMARY OF BOTTLE REQUIREMENTS, SAMPLE PRESERVATION, AND SAMPLE HOLDING TIMES 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 

STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

ENERGETICS 

Parameter 
I 

Media Contrinsr Material and Samplr Volume Prasarvation 
I 

Holding Tim 
I 

Nitrocellulose (NC) 
Nitroglycerine (NG) 
Nitroguanidine (NQ) 
Method 8330 Explosives’ 
pentaervthritol tetranitrate (PETN) 

Groundwater 

Soil/Sediment 

l-Liter amber glass bottle 

l-pint glass jar 

Cool to 4°C 

Cool to 4°C 

7 days 

7 days 

Target Analyte Metals, plus tin 

Appendix IX Volatiles 

PCBs, Semivolatiles 

PH 

Specific Conductance 

Cyanide 

Groundwater 1 l-Liter plastic bottle 14°C; HNO, to pH 42 16 months; Hg 28 days 1 

Soil/Sediment 1 8-0~. glass jar I cool to 4°C 16 months; Hg 28 days I 

Groundwater 

Soil/Sediment 

Three 40-mL VOA vials 

Two 60-mL VOA vials 

HCI to pH < 2 

cool to 4-C 

14 days 

14 days 

Groundwater 
I 

One 80-0~. amber glass bottle 
with Teflon-lined cap I 

Cool to 4°C I Extract 7 days; analyze 
40 days I 

Soil/Sediment 
I 

Two 60-mL I cool to 4°C I Extract 7 days; analyze 
40 days I 

Groundwater 

Soil/Sediment 

Groundwater 

Groundwater 

Analyzed in the field 

Analyzed in the field 

l-liter plastic bottle 

None 

None 

4%; NaOH to pH > 12 

None 

None 

14 days 

Soil/Sediment I Collected with metals I cool to 4°C 1 14 days I 



TABLE 3-10 (Continued) 
SUMMARY OF BOTTLE REQUIREMENTS, SAMPLE PRESERVATION, AND SAMPLE HOLDING TIMES 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 
STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

Parameter I Media 
I 

Container Material and Sample 
Volume I 

Preservation 
I 

Holding Time 
I 

TPH 

I 

Groundwater 

I 

1 -Liter glass bottle 

I 

HCI to pH c2, 28 days 
Cool to 4OC I 

Soil/Sediment 1 -Liter wide-mouth jar w/teflon Cool to 4OC 28 days 
liner 

INDICATOR PARAMETERS 

Sulphate Groundwater 

TOX Groundwater 

500-mL PE bottle 

1 -Liter PE bottle 

Cool to 4Oc.I 

H,S04 to pH ~2, 
Cool to 4OC 

28 days 

28 days 

Phosphate, TOC, Nitrate/Nitrite Groundwater 500-mL PE bottle H,SO, to pH <2, 
Cool to 4OC 

28 days 

Total Kjeldahl Nitrogen Groundwater 1 -Liter PE bottle H,SO, to pH ~2, 
Cool to 4OC 

28 days 

Ammonia Nitrogen Groundwater 1 -Liter PE bottle H,SO* to pH ~2, 
Cool to 4OC 

28 days 

1 The following nitroaromatics and nitramines are Method 8330 target analytes: 

Octahydro-l,3,5,7-tentranitro-l,3,5,7-tetrazocine (HMX) 
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 
1 ,3,5-Trinitrobenzene (TNB) 
1,3-Dinitrobenzene (DNB) 
Methyl-2,4,6-trinitrophenylnitramine (Tetryl) 
Nitrobenzene (NB) 
2,4,6-Trinitrotoluene (TNT) 
2,4-Dinitrotoluene (24DNT) 
2,6-Dinitrotoluene (26DNT) 
o-Nitrotoluene (2NT) 
m-Nitrotoluene (3NT) 
p-Nitrotoluene (4NT) 
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4.0 VERIFICATION INVESTIGATION REPORTS 

As specified in Task 3 of the Implementation Plan for CT0 No. 222, the results of the environmental 

investigations described in Sections 2.0 and 3.0 of this VI Work Plan will be summarized in a Verification 

Investigation (VI) Report. This section describes the subtasks which will be performed during the preparation 

of the DRAFT and FINAL VI reports. 

4.1 DATA TRACKING AND VALIDATION 

Upon completion of laboratory analysis and receipt of laboratory data by NUS, the analytical data will 

undergo a full data validation quality assurance/quality control review. NUS chemists will validate 

100 percent of the analytical data generated by the fixed-based laboratory. The latest published EPA Region 

III validation protocol will be used to validate the analytical data. 

Data validation is a systemic process of reviewing a body of data to provide assurance that the analytical 

results are adequate for their intended use. This process includes, but is not limited to, the following 

activities: 

0 Auditing measurement system calibration and calibration verification. 

0 Auditing quality control activities 

0 Screening data sets for outliers and assigning applicable data qualifiers 

0 Reviewing data for technical credibility 

0 Checking intermediate calculations 

0 Evaluating data with reference to the results of laboratory and field quality assurance/quality 

control samples 

Data validation chemists will work with the Field Operations Leader to assure that analytical results have 

been received for all samples collected during the field investigation and listed on the chain-of-custody forms 

generated during the field investigation. A complete, validated, and accurate electronic database will be the 

product of this subtask. 
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4.2 DATA EVALUATION/INTERPRETATION 

Data evaluation and interpretation will be initiated upon the receipt of validated data. Data will be 

summarized into a useable format for data manipulation and presentation. Tables will be created to exhibit 

data and contaminant concentrations will be plotted on site maps. Data evaluation and interpretation 

includes, but is not limited to, the following items: 

0 Evaluation/interpretation of the nature and potential extent of environmental contamination based 

on the results of the analysis of groundwater, soil, surface water, and sediment samples 

collected during the field investigation. 

l Evaluation/interpretation of the potential for and/or existence of environmental contamination 

based on field observations and the results of interviews conducted with civilian/military 

personnel familiar with the areas of concern. 

0 Evaluation of hydrogeological data (i.e., water level measurements, results of slug tests) collected 

during the field investigation. 

0 Risk assessment of contaminant concentrations detected in the environmental media sampled 

at each area of concern. The human health component of the risk assessment will be performed 

in accordance with the guidelines established by EPA Region Ill (EPA Region Ill risk based 

concentrations for SW-846 Method 8330 analytes are presented in Table 4-l). The environmental 

health component of the risk assessment will be qualitative only (i.e., a comparison of 

environmental contaminant concentrations to applicable, relevant, or appropriate standards and 

criteria). The environmental component of the risk assessment will be qualitative only because 

of the limited nature of the environmental investigations scoped in Sections 2.0 and 3.0 of this 

VI Work Plan. 

It should be noted that Section II, B, 4.b.(l) of the RCRA Corrective Action Permit (EPA I.D. No. MD 417 009 

0001) states that the permittee must conduct a RCRA Facility Investigation (RFI) if a release of a hazardous 

waste of hazardous constituents from a SWMU to groundwater, surface water, soil, or sediment exceeds: 

0 The Practical Quantitation Limit (PQL) where the PQL is at or below the health-based level, or 

0 The method detection limit where the PQL is greater than the health based limit. 
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An exception is granted where an adequate number of samples have been taken and analyzed to 

demonstrate that concentrations of hazardous waste or hazardous constituents in groundwater, surface 

water, soil or sediment do not exceed health-based levels, and either: 

0 Future releases will not occur, e.g., wastes have been removed from the unit, or 

0 A monitoring program approved by the Regional Administrator has been established. 

Because the VI Work Plan targets the MOST potentially contaminated areas at the IED, the IOD, and Area 8, 

the Navy assumes that this exception will apply to these sites if a risk assessment demonstrates: 

l That constituent concentrations do not exceed background, or 

l That risks incurred by potential human receptors do not exceed a cancer risk level or hazard 

index agreed upon by both the Navy and EPA Region III or ARARs agreed upon by both the 

Navy and EPA Region III. 

Future releases are unlikely to occur because training operations will cease when the NAVSCOLEOD 

relocates. An RFI is already required at Range 6. 

4.3 REPORT PREPARATION 

The results of the data validation, data evaluation, and data interpretation tasks describe in Sections 4.1 and 

4.2 will be presented in DRAFT and FINAL VI Reports. The VI report will: 

0 document the investigative activities conducted during the field investigations conducted at 

Range 6, the IED, the IOD, and Area 8; 

0 consolidate the results of the investigative activities conducted during the field investigations 

conducted at Range 6, the IED, the IOD, and Area 8; 

0 present the conclusions of the data evaluation, interpretation, and risk assessment; 

0 summarize the relevant information obtained from reference documents and interviews with 

civilian and military personnel; 

0 and identify risk assessment, hydrogeological, and engineering data gaps evident at the 

conclusion of the Verification Investigations implemented via this Work Plan. 

The project manager will present the results and conclusions of the VI Report at a meeting with the Navy 

and EPA. 
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TABLE 4-l 

RISK BASED CONCENTRATIONS FOR TARGET ENERGETIC MATERIALS’ 
VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 

STUMP NECK ANNEX, INDIAN HEAD DIVISION 
INDIAN HEAD, MARYLAND 

8 
8 
!!? 
> 

% 

Nitrobenzene (NB) 

2,4,6-Trinitrotoluene (TNT) 

2,4-Dinitrotoluene (24DNT) 

2,6-Dinitrotoluene (26DNT) 

o-Nitrotoluene (2NT) 

m-Nitrotoluene (3NT) 

p-Nitrotoluene (4NT) 

Nitrocellulose (NC) 

Nitroguanidine (NQ) 

Nitroglycerine (NG) 

Pentaerythritoltetranitrate (PETN) 

5OE-04 571E-04 - 3.4” 3gN 

5OE-04 - 3.OE-02 - 2.2c 21C 

2.OE-03 73N 160’ 

l.OE-03 - 37n 78" 

l.OE-02 - 61’ 780' 

l.OE-02 - 61” 780' 

l.OE-02 - 61’ 780' 

1 .OE-01 - 3700N 7800' 
- 

- 

1 
2 

3 
4 

5 

? 6 

7 

Risk-Based Concentration Table. January - June 1995. EPA Region Ill, March 7, 1995. 
RfD,: Reference dose - oral route of exposure. (A reference dose is the dose at which or below which adverse noncarcinogenic health 
effects are not anticipated to occur.) 
RfDi: Reference dose - inhalation route of exposure. 
CPS,: Carcinogenic potency slope - oral route of exposure. (The Carcinogenic potency slope is an indicator of the potency of a 
carcinogenic compound. The CPS is commonly estimated through the use of a linearized, multi-stage mathematical extrapolation model 
applied to animal bioassay results. The value used in reporting the factor is the upper 95 Percent Confidence Limit.) 
CPS,: Carcinogenic Potency Slope - inhalation route of exposure. 
RBC - Drinking Water: Concentrations associated with a cancer risk estimate of 1 case in 1 ,OOO,OOO exposed individuals (for carcinogenic 
compounds) or estimated not to cause adverse noncarcinogenic health effects (for noncarcinogenic compounds). The RBC is calculated 
assuming routine, long-term exposure to a water source. 
RBC - Soil: Concentrations associated with a cancer risk estimate of 1 case in 1 ,OOO,OOO exposed individuals (for carcinogenic 
compounds) or estimated not to cause adverse noncarcinogenic health effects (for noncarcinogenic compounds). The RBC is calculated 
assuming routine, long-term exposure to soil. 
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5.0 PROJECT MANAGEMENT APPROACH 

This section describes the project management and organization and provides a schedule identifying the 

project milestones. 

5.1 PROJECT ORGANIZATION 

The proposed project organization forthe verification investigations at Range 6, the IED, the IOD, and Area 8 

is shown in Figure 5-l. 

The Program Manager, Mr. John Trepanowski, and the Deputy Program Manager, Mr. Daryl Hutson, are 

responsible for the overall quality of work performed under CLEAN Contract No. N62472-90-D-1298. 

Mr. Trepanowski and Mr. Hutson will be responsible for all contract negotiations with the Navy and the 

subcontractors; will maintain client relationships; and will assume overall responsibility for staffing, 

maintenance of schedule, adherence to budget, and quality of technical work performed. They are 

Halliburton NUS’ designated authority to commit resources to this effort. Mr. Trepanowski, Mr. Hutson, and 

the Project Manager are the focal points of all project activities; they will be immediately accessible to the 

Navy. 

Ms. LeeAnn Sinagoga will serve as the Project Manager (PM). The PM has primary responsibility for 

implementing and executing the VI Work Plan. Ms. Sinagoga will coordinate and manage the day-today 

technical aspects of the project and project team activities, and will be responsible for maintenance and 

tracking of project schedule and budget, coordination and preparation of all required reports, assignment 

of technical responsibilities to appropriate Task Leaders and subcontractors, and administrative support 

activities. Her technical responsibilities include overall direction of the staff in the performance of the 

Verification Investigation and associated activities. The Project Manager will also review and/or prepare 

input for Work Plans/proposals and reports, and coordinate with subcontractors, as appropriate, to obtain 

necessary input to analyses and reports. 

Supporting the PM are the Contracting Officer (Mr. Joe Farrell), the Quality Assurance Manager 

(Ms. Debra Scheib), the Health and Safety Manager (Mr. Matt Soltis), the Field Operations Leader (FOL), 

and other techbical staff. 
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Subcontractors will be required for the fieldwork portions of VI Work Plan. The subcontractors required will 

be a driller, a surveyor and an analytical laboratory to analyze the samples collected. The Halliburton NUS 

Program Manager will maintain ultimate control and accountability for the project by means of formal 

subcontract agreements with subcontractors and through directives and communication with the 

subcontractors’ program and project management staff. The Halliburton NUS Project Manager will have 

management and administrative authority for the subcontracts under authority of the Program Manager. 

5.2 PROJECT SCHEDULE AND BUDGET 

Figure 5-2 depicts the schedule of tasks and activities for the VI Work Plan. The schedule for the 

investigation assumes that minimal site restrictions will be encountered and is dependent on Navy and EPA 

approval of this work plan and subsequent deliverables. 

In addition to the milestones shown in Figure 5-2, additional task milestones are as follows: 

Monthly Reports 7th working day of each month 

Summary meeting minutes 5 working days after each meeting 
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FIGURE 5-l 

PROJECT ORGANIZATION CHART 

VERIFICATION INVESTIGATION, THE NAVAL SCHOOL, EXPLOSIVE ORDNANCE DISPOSAL 
STUMP NECK ANNEX, INDIAN HEAD DIVISION 

INDIAN HEAD, MARYLAND 

Health and Safety 

M. Soltis, CIH 

Project Manager 

LeeAnn Sinagoga 

QA/QC 

Deb Scheib 

Field Operations Leader 
Project Geologist 

Dave Yost 

Support Staff 
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l Designers 
l Civil Engineers 
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l Technicians 
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l Word Processing 
l Env. Engineers 
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l Drillers l Surveying and Mapping 
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Subject: 

Prepared by: 

Reviewed by: 

Approved by: 

Verification Investigation Work plan 
Naval School, Explosive Ordnance Disposal 

Naval Surface Warfare Center 
Stump Neck Annex, Indian Head Division 

Indian Head, Maryland 

Standard Operating Procedure 
SOP No. 

STANDARD OPERATING PROCEDURE (SOP) 
UXO SUPPORT FOR THE Verification Investigation activities 

Lead UXO Specialist Date Prepared 

Health & Safety Officer Date 

EFACHES Date 

Project Manager Date 

Field Team Leader 

Explosive Safety 
Specialist 

Date 

Date 

Radiation Safety Officer Date 

Environmental Branch/ 
Environmental Manager 

Date 

Explosive Ordnance 
Disposal Team 

Date 

Department Manager Date 

Explosive Safety Manager Date 

Ass?. Radioactive Safety 
Officer 

Date 
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Attendance Sheet for Hazard Control Brief 

Purpose: Hazard Control Briefing 

Subject: Standard Operating Procedures (SOP) Format/Guidance 

Location: , Stump Neck Annex 

Presenter: 

Objectives: 

1. Example of possible objectives 
2. Overview of test item 
3. Health hazards 
4. Safety hazards 
5. Environmental hazards 

The following are personnel/visitors who have read and were presented the Hazard Control Brief. It is the 
responsibility of the process supervisor to ensure the hazard brief is presented to all persons in the area in 
which the test/operation shall be conducted. 

Additional copies of this page may be attached to accommodate additional signatures. Additional copies 
will be marked a, b, c, etc. 
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WORKER READ AND UNDERSTAND STATEMENT 

Each person performing hands-on ordnance operations under this SOP must sign and date this form. Each 
person must sign and date this form every day prior to the operation, unless it is a continuous ongoing 
operation. In that case, the form will be signed every thirty (30) days. 

I have read and understood my particular operation(s) of the Procedure. I have been briefed on the overall 
process and the hazards involved and have discussed it with my supervisor. My level of certification 
qualifies me to perform the operations contained in this SOP. 

I have conducted drills, practice runs or observed operations to assure that the person whose signature 
appears opposite can perform the operations he/she is assigned in the procedure. 

The certifying authority must be an individual that understands the certification and SOP process and can 
be expected to verify that the one doing the work does have the level of certification required by the SOP. 
This function does not require a specific supervisory level or certification board position. 

Additional copies of this page may be attached to accommodate additional signatures. Additional copies 
will be marked a, b, c, etc. 
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Annual Review 

This SOP must be signed annually (based on approved effective date) by the immediate supervisor of 
ordnance personnel performing the operation. After three annual reviews, a new SOP must be written. 

ld Annual Review: 

Supervisor’s Name Supervisors Signature Date . 

Supervisor’s Name Supervisors Signature Date 

2nd Annual Review: 

Supervisor’s Name Supervisors Signature Date 

Supervisor’s Name Supervisors Signature Date 

3” Annual Review: 

Supervisor’s Name Supervisors Signature Date 

Supervisor’s Name Supervisors Signature Date 

I have read the SOP. I understand it. To the best of my knowledge, the process described within this SOP 
can be done in a safe, healthful, and environmentally sound manner. I have made sure all persons assigned 
to the process are qualified and have read and understand the requirements of this SOP and have signed 
the worker’s statement for this process. I will conduct an annual review of this SOP during recurring 
processes. If deviations from this SOP are necessary, I will ensure that this process is stopped until the SOP 
is revised and approved. If unexpected safety, health or environmental hazards are found, I will make sure 
this process is stopped until the hazards have been eliminated. 

Supervisor’s Name Date Supervisor’s Name Date 
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Subject: Standard Operating Procedure 

REFERENCES 

(4 OP 5, ~01.1, 5th Rev.. subj: Ammunition and Explosives Ashore; Safety Regulations for Handling, 
Storing, Production, Renovation and Shipping 

(b) NAVSEA SW020-AC-SAF-101, Transportation and Storage Data for Ammunitions, Explosives and 
Related Hazardous Materials 

(c) OSHA 29 CFR 1910.120 

(d) Verification Investigation Work Plan, for the Naval School Explosive Ordnance Disposal, Stump Neck 
Annex, Indian Head Division, Indian Head Maryland 

Appendix A: Health & Safety Plan 
Appendix B: Field Forms 
Appendix C: Standard Operating Procedures 
Appendix D: Quality Assurance/Quality Control 
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1.0 GENERAL 

This Standard Operating Procedure (SOP) was prepared as outlined in references (a) and (b) above, for 
conducting the Verification Activities, presented in the Verification Investigation Work Plan (VI), for the Naval 
School Explosive Ordnance Disposal, Stump Neck Annex. The procedures are as described in Section 14 
of this SOP. All personnel conducting operations under this SOP must read and understand applicable parts 
of references (a) through (I) prior to commencing any work described within this SOP. The Verification 
Investigation Work Plan and referenced SOPS submitted for the purpose of accomplishing work covered by 
this SOP are to be considered supporting documents to this SOP. 

2.0 PURPOSE 

The purposes of the VI activities covered by this SOP are: 

a: Collect a maximum of 50 surface soil samples at Area 8 and Range 6. 

b: Collect four surface water samples at Area 8 site. 

c: Collect 4 sediment samples at Area 8. 

d: Install ground water monitors at Area 8, the IED Site and Range 6. 

e: Install soil borings at Area 8, IOD site and the IED Site. 

3.0 APPLICABILITY 

This SOP applies to all personnel performing activities as a part of the VI field activities of the SSP while on 
the Stump Neck facility. This includes personnel of the prime contractor as well as personnel of any 
subcontractor. This SOP also applies to persons who may visit the site during the conduct of this 
investigation. 

4.0 RESPONSIBILITY 

The HNUS Project Manager is directly responsible for seeing that all applicable rules and regulations are 
complied with, and that all necessary safety precautions are taken to conduct operations in accordance with 
this SOP. 

It is the responsibility of the Project Manager to ensure that personnel conducting VI activities in accordance 
with this SOP have the proper training and, if required, the proper certifications for the job being performed. 

The on-site Halliburton NUS Health and Safety Officer will assume these responsibilities in the absence of 
the Project Manager. 
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5.0 LOCATIONS OF OPERATIONS 

The verification investigation activities to be conducted during the site study will be performed at the 
following locations: 

0 Range 6 
0 Improvised Exposive Devices (IED) Site 
0 Inert Ordnance Disposal (IOD) Site 
l Area 8 

Required detailed site background information is provided in the VI Work Plan, and therefore is not repeated 
here. This information includes: 

0 Detailed site descriptions, discussions of known or suspected contamination sources, and 
results of previous studies. 

0 Water surrounds the Ranqe 6 - is located on the eastern tip of the Stump Neck peninsula. 
site on three sides, the Potomac River to the northeast and the Chicamuxen Creek the 
southwest. Access to the site is obtained via an asphalt road named Archer Avenue which 
bisects the site terminating close to the water’s edge at a tidal swampy area. Access is 
controlled by fencing and a gate located on Archer Avenue. The site lies completely within 
the 100 year flood plain. The site consists of approximately 11 acres. This area is 
surrounded by wetlands. An illustration of this site is provided in Figure l-4 of the VI Work 
Plan. 

Range 6 was used as a demolition training area consisting of five ranges which were used 
for open detonation training. Small amounts (less than two to three pounds) of explosives 
were used. The site operated from the early 1950’s until early in 1988. It is not expected 
that this site will ever be used as a training facility again. The amount the site was used 
depended on the number of recruits (students) being trained at any one given time, but it 
is estimated this site was used weekly. Based on this estimate, approximately 100 pounds 
of ordnance was used each year. Ordnance used at this site contained various chemicals 
including COMPD, nitric acid, and sulfuric acid. Wastes also include small quantities of 
shrapmetel and castings from the detonation of explosives. It was repotted that in 
1956/1957 approximately 1500 to 2000 pounds of arsenic powder in plastic bags were 
buried at Range 6 in a pit measuring 40 feet deep and 6 feet in diameter. 

Range 6 was identified in the Notice of Decision for RCRA Corrective Action Permit EPA I.D. 
No. MD 417 009 0001 (January 24, 1991 through January 23, 2001) as Solid Waste 
Management Unit number five (SWMU 5). A Verification Investigation/RCRA Facility 
Investigation Work Plan was prepared by Ensafe, Allen and Hoshall (July 17, 1991), which 
establishes the field work necessary to determine the lateral and vertical extent of 
contamination, if any, in the soil and ground water of Range 6. It should be noted that the 
RCRA Corrective Action Permit does not make mention of the Arsenic disposal pit and that 
the Indian Head Base drawing (Dwg. No. 15455-A) indicates that SWMU 5 is only 300 feet 
by 300 feet and does not include the area where the pit is located. 

0 The Improvised Explosive Devices (IED) Site - The IED is use to test the explosive potential 
of chemical mixtures. The site was first used in November of 1957 and is still in use. 
Activities at the site are performed year round and it is estimated that approximately 10 
pound (net explosive weight) of ordnance is used in this area each year. A list of the 
chemicals tested at this site includes but is not limited to gasoline, glycerin, nitrates, and 
peroxides. Historical records are maintained by the Explosive Safety Officer and are 
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considered accurate and complete dating back to January 1990. 

Figure l-5 of the VI Work Plan shows the major features of the IED Site. 

0 The Inert Ordnance Disposal (IOD) Site - The IOD is located off a dirt road in the vicinity 
of the intersection of Archer Avenue and Lewis Road. Figure l-6 of the VI Work Plan 
illustrates the location of the IOD Site. The site consists of a deteriorating concrete pad 
measuring approximately 18 by 12 feet. The pad is located on the slope of a hill. 
Immediately below the pad is a 4 to 5 foot culvert. Access to the site is controlled by 
fencing and a gate located on Archer Avenue. 

The IOD was used for disposal of inert ordnance. 

0 Area 8 - Area 8, also known as the Underwater Ordnance Training Area, is located on an 
asphalt road named Roach Road which bisects the site. Buildings 2104 and 2125 are 
locate within the boundaries of this site. The site measures approximately 9.6 acres. Access 
to the sfte is controlled by fencing and a gate located on Archer Avenue. Two acres of 
wetlands have been identified on this site. An illustration of this sfte is provided in figure l-7 
of the VI Work Plan. 

Area 8 is used for the training and testing of underwater ordnances. This area is also used 
to train military personnel in the defusing of explosive devices. Activities in Area 8 are 
performed 10 months out of the year and it is estimated that approximately 50 to 75 pounds 
(net explosive weight) of ordnance is used is this area each year. The type of ordnance 
used includes TNT Block, Blasting Caps, Detonation Cord, and similar devices. Area 8 is 
defined by numerous water-shot and air-shot locations, a major stagnant water hole, and 
a large pond, as illustrated in Figure l-7 of the VI Work Plan. The stagnant water hole has 
been inactive since 1993. The water-shot and air-shot locations have been the primary 
locations for training and testing activities. The water-shot locations consist of depressions 
measuring a few feet in diameter and 6 to 9 feet deep. Water 4 to 5 feet deep fill these 
depressions. Location #28 is the most used water-shot and water-shot location #7 is the 
closest location to Chicamuxen Creek. Historical records are maintained by the Explosive 
Safety Officer and are considered accurate and complete dating back to January 1990. 

6.0 PERSONNEL LIMITS 

The activities to be conducted during the Verification Investigation field activities will be conducted in areas 
that do not require maximum personnel limitations. Work will not be permitted unless at least two persons 
are present in the work area. The provisions of 29 CFR 1910.120 concerning personnel qualifications and 
requirements will be followed while working on site. Any personnel limitation requirements that may be in 
force by the Stump Neck Safety Office will be adhered to at all times. 

During all hazardous operations related to searching or screening for unexploded ordnance (UXO) or any 
hazardous UXO/explosive-related service, the “buddy system” (29 CFR 1910.120, Para (d) (3) must be used, 
with one of these persons being a qualified EOD technician. 

7.0 MATERIAL LIMITS 

Explosive materials will not be used during the operations covered by this SOP. Bulk liquids to be used for 
the decontamination of equipment will be in a-gallon containers or less. 
HNUS Command Post. 

MSDSs will be kept on file at the 
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8.0 SAFETY REQUIREMENTS 

The safety requirements that apply to the operations covered under this SOP are: 

a. All applicable Indian Head Health and Safety Programs 
b. OSHA 29 CFR 1910.120 and .134 
C. Stump Neck Verification Investigation (VI) Work Plan with Appendices. 
d. NRC Title 10 Code of Federal Regulations, Parts 19, 20, and 40 

The specific safety requirements of this operations are stated below: 

a. If UXO or suspected UXO is encountered, all operations in the affected area will cease, the 
affected area will be evaluated, and notification will be made in accordance with Section 
10.0 of this SOP. 

b. HNUS UXO specialists (EOD-qualified) will be present during UXO-related operations. 

C. Station-approved communications equipment (two-way communication equipment) will be 
on site during any operations. 

d. SOPS as outlined in the VI Work Plan, will apply. 

9.0 PERSONAL PROTECTIVE EQUIPMENT (PPE) 

The following PPE will be worn by personnel on site. Items marked with an asterisk (*) will be available and 
will be used, if necessary, as determined by the HNUS Site Safety Officer. 

a. 
b. 

Fi: 

;’ 
9. 

Safety glasses 
Safety shoes (and protective overboots/or steel-toe rubber boots*) 
Cotton clothing (with protective coveralls*) 
Gloves (type to be determined by HNUS Site Safety Officer) 
Respiratory protective equipment* (29 CFR 1910.134) 
Hearing protection* 
Hard hats* 

Additional equipment may be required on a site-specific basis. Equipment will be selected by the Site Safety 
Officer (SSO) and the Project Manager in accordance with the VI Work Plan. 

10.0 EMERGENCY RESPONSE AND CONTINGENCY PLANS 

In the event of an emergency, notification will be made to the following in the order presented. 

a. 
b. 

:: 

P’ 
9. 
h. 

Stump Neck, Emergency Fire and Medical Assistance, Phone x 743-4333. 
Stump Neck, Ordnance Officer, x * 

Stump Neck, Explosive Safety Manager, x * 

Stump Neck, Safety Branch, x 
Stump Neck, Emergency Preparedness Coordinator, x .* 
Stump Neck, EOD Office (for UXO items), x * 

Stump Neck, Environmental Office Site Contact, x 7436745 (Shawn Jorgensen). 
Halliburton NUS Site Supervisor, x * 
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i. Rescue Squad x 7434333. 

* Numbers can be filled in by FOL. 

The activities to be performed during the implementation of the VI Work Plan will not be conducted in 
buildings. In the event of an emergency, all site personnel will be evacuated to a predetermined location 
away from the work place. Emergency Response Planning will follow in accordance wfth 29 CFR 1910.38(a). 
Halliburton NUS will utilize Base Fire Protection and Emergency Services in emergencies or potential 
emergencies. Emergency medical services will be provided by Branch Medical Clinic. 

The following contingency plans will be implemented. 

a. Pre-Planning 

Upon arrival at the base, the Hallibutton NUS Field Operations Leader/Site Safety Officer 
(FOL/SSO) will meet with the Base Fire Protection Department, Base Security Personnel, 
and Emergency Services to notify coordinators what activities are to be undertaken and 
where. All site personnel will be required to follow base emergency procedures and will rely 
on base services to handle emergency calls when needed. Medical service will be provided 
by Base Fire Department. 

Hand-held radios will be available at the work site for communication between field teams. 

b. Emergency Escape Procedures and Assignments 

Upon notification of a site emergency that requires evacuation, all site personnel will 
proceed to predetermined locations based on emergency location and wind directions. If 
personnel cannot reach those locations without danger to their lives or health, an alternate 
meeting place will be designated during the daily hazard control brief. Personnel will be 
trained to remain at the refuge location until directed to resume work, or leave the site. 

C. Procedure to Account for Site Personnel 

The site work force will be small enough that accounting for personnel will not be a 
problem. Accounting for personnel will be the FOL’s responsibility. This will be 
accomplished by taking a roll call using the site log book. 

d. Rescue and Medical Duties 

A physician-approved first aid kit, an American National Standard Institute (ANSI) approved 
eye wash station, and a Class ABC fire extinguisher will be readily available on sfte. 

e. Activation of Emergency Response Procedures 

Should any emergency occur which requires the support of outside services, the 
appropriate contacts will be made by the FOL/SSO. A list of the appropriate contacts will 
be posted at the Command 

Post. Hand-held radios will be the primary method of communication. 

f. Airborne Chemical Release Contingency Plan 
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Chemical Release Monitorinq 

Every member of the site team will be responsible for observing and reporting any gross 
chemical releases or conditions that could lead to releases. Air monitoring will be 
performed as described in the Health and Safety Plan (HASP) of the VI Work Plan. 

Response to Measured Airborne Chemical Releases 

The readings obtained on these instruments will be compared to the action levels specified 
in the HASP VI Work Plan for the purpose of protecting the health and safety of on-site 
personnel. 

If the concentrations shown on the instruments suggest that the hazardous materials can 
exceed the following levels at the perimeter of neighboring residential or commercial 
property, the Halliburton NUS FOL/SSO will notify the base fire department (X 7434333). 

Parameter Action Level 

Total Organic Vapors 50 parts per million 

Flammable Vapor 10% of the lower explosive limit 

NOTE: 
SUGGESTED 

LEVELS 
ONLY 

Response to Sudden Airborne Chemical Releases 

If field operations on site result in a release of concentrated vapor from a pressurized 
container (which will normally result in a visible plume), personnel will leave the area for the 
predetermined-upwind reassembly point quickly, but without panic. Halliburton NUS 
FOL/SSO will notify the base fire department (X 7434333) as soon as possible. The 
potential for such an event to occur during planned activities is not considered to be 
significant. 

9. Liquid Release Monitoring 

Every member of the site team will be responsible for observing and reporting any liquid 
chemical releases or conditions that could lead to releases. 

Response to Liquid Releases 

If field operations on site result in a release of liquid chemicals in the absence of vapor, field 
personnel will attempt to contain the liquid by means of berms constructed with available 
equipment. If the work team cannot control the spill, they will leave the area for the 
reassembly point quickly, but without panic. The Halliburton NUS FOL/SSO will notify the 
base fire department (X 7434333). Due to the nature of planned activities, this is not 
considered to be a significant potential event. However, in the unlikely instance that it 
should occur, field personnel may effect defensive efforts such as these, providing that such 
a response does not appear to present a chemical overexposure or other personal health 
or safety concern. 

11.0 SAFETY POINTS OF CONTACT - Stump Neck, 

a. Stump Neck, Explosives Safety Manager, Phone x * 

b. Stump Neck, Safety Management Branch, Phone x * 
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z: 
e. 

Stump Neck, Ordnance Officer, Phone x * 

Stump Neck, Assistant Radiation Safety Officer, Phone x 
Stump Neck, Environmental Office, x * 

* 

l Numbers can be filled in by FOL. 

12.0 TOOLS AND EQUIPMENT 

Major items of equipment that may be required for the operations covered by this SOP are presented below 
by category. 

a. Protective Equipment 
1. Respiratory Protective Equipment 
2. Dermal (chemical-resistant) protective equipment 
3. Other items (i.e., hard hats, safety glasses, etc.) 

b. Air Monitoring Equipment 
1. Explosive/Oxygen (0,) meters 
2. Direct reading organic vapor instrumentation (Photo Ionization Detection [PID] or 

Flame Ionization Detection [FID]) 

C. Hydrology/Survey Equipment 
1. Water level recorder 
2. Survey equipment as required 
3. pH/Temperature/Conductivfty meter for water samples 

d. UXO Support Equipment 
1. GA-72CV Magnetometer (passive instrument) 
2. MG-220, Magnetometer (for down hole surveys) 

e. Decontaminating Equipment 
As required by the level of protection for each site. 

f. Hand Tools 
As may be required. 

g. Miscellaneous 
As may be required. 

13.0 ENVIRONMENTAL CONCERNS 

The field investigation program covered by this SOP will be performed in such a manner as to minimize the 
effects of pollution of air, water, or land and to control noise and dust within reasonable limits. 

Every effort will be made to: 

a. Protect the land areas and preserve them in their existing condition 

b. Protect water resources, including measures for run-on or run-off controls if applicable. 

C. Implement sediment control measures, where warranted. These measures will also be 
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implemented to control erosion. 

The field investigation program will generate solid and liquid waste requiring proper handling and possible 
off-site disposal. The major types of waste to be generated, their environmental concerns, and their handling 
and disposition are summarized below. 

a. Personnel and equipment decontamination fluid containers will be disposed of according 
to facility regulations for disposal of hazardous waste. 

b. Personal Protective Equipment (PPE) will be double-bagged and will be the responsibility 
of the contractor to dispose of according to applicable regulations. 

It is not anticipated that any chemical releases will occur during these investigative activities. 

The MSDSs for chemicals being brought onto the facility for use in this investigation are located at the Fire 
Department and filed at the HNUS Command Post. 

14.0 PROCEDURES 

a. General 

The proposed field activities for the Verification Investigative Study will include: 

l Installation of ground water monitoring wells using a drilling rig. 

l Installation of soil borings using a drilling rig or hand tools. 

l Collection of multi-media samples. 

The following general procedures apply to the conduct of these activities. 

b. Sampling Procedures 

Sampling will be conducted in accordance with established protocols and methodologies. Site- 
specific sampling requirements are present in Reference (I): VI Work Plan. 

Sites potentially contaminated with UXO will be screened by HNUS UXO specialists prior to 
sampling. A magnetometer will be used to conduct the screening. Based on current information, 
Range 6 is the only site covered by the VI Work Plan which may involve UXO. 

C. UXO Operations 

Due to the potential of unexploded ordnance (UXO) material being encountered during VI field 
activities, UXO support will be provided at Range 6. The UXO support provided will include the 
following: 

1) Base EOD qualified personnel will provide the necessary equipment and support for the 
disposal of UXO items. 

2) HNUS Explosive Ordnance Disposal-qualified Personnel and the necessary equipment for 
UXO support will be available for all activities. 
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3) Screening for UXO will be conducted by HNUS UXO personnel at sampling locations on 
sites where UXO is a potential hazard. 

d. Borehole and Monitor Well Installation 

Downhole magnetometer screening for UXO will be performed at all locations where intrusive work 
is being conducted in boreholes or monitoring well installation. The general procedures to be used 
for downhole magnetometer screening and UXO support are outlined below. 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

10) 

11) 

12) 

13) 

14) 

15) 

Prior to the start of any drilling operation or subsurface sampling, the proposed work area 
shall be swept and cleared of all surface and subsurface UXO that may be detected. The 
work area shall include the off-road access path to the borehole and the area within a 50- 
foot radius of the borehole (areas where vehicles will be operated). 

Using engineering tape and wooden stakes, outline the work area. 

When given clearance, maneuver drill rig as close as practical to the proposed borehole. 
Assistant driver will act as ground guide and direct the driver who backs the drill rig into 
position. 

Position the drill auger over the proposed borehole. Drill to a depth of 2 feet. 

Remove the drill auger from the borehole. 

The drill crew chief will make observations of soil from the core barrel and the soil removed 
from the hole by the drill auger. 

The drilling log and lithologic log shall be maintained in accordance to standard practices. 

Insert a 4-inch PVC pipe in the drill hole. 

Secure the derrick and move the drill rig to a position at least 20 feet from the borehole. 

EOD shall conduct a magnetometer check of the borehole. 

If a UXO is present, abandon the borehole and select another location. The new borehole 
shall be at least 6 feet from the borehole with the UXO. 

If clearance has been given, the drill rig shall be positioned back on the borehole and 
drilling will proceed to the next depth. 

Repeat steps 4-12, at intervals of 2 feet, until a lo-feet depth is reached. At 10 feet, a 
magnetometer reading shall be taken wfth the instrument set on the maximum sensitivity. 

If no objects are detected at the lo-foot reading, standard drilling will be performed until 
desired depth is reached. 

Standard Operating Procedures will be used for the installation of the monitoring well or for 
collecting subsurface soil samples. 

Q59S21 /P A-V-l 4 CT0 222 



FINAL 

15.0 HAZARD CONTROL BRIEF 

A Health and Safety, Hazard Control briefing will be conducted prior to the start of on-site activities. The 
briefing will be detailed and will cover the information contained in this SOP and the HASP (Reference (I), 
VI Work Plan, Appendix B. Refresher briefings will be conducted, as necessary, for specific or unique 
activities. New personnel assigned to the project will receive an in-depth briefing prior to starting work. 

a. Overview of Task to Be Performed 

Verification Investigation field activities for the proposed investigation will include the activities 
presented in reference (I), VI Work Plan. 

Overview of Hazards 

1) Unexploded Ordnance (UXO) Hazards 

Range 6 is a military installation that has been used as a training facility for evaluation and 
disposal of ordnance and/or explosive materials. If UXO is discovered at any time during 
operations at Range 6, the following actions will be taken: 

a. All operations in the affected area will be stopped immediately. 

b. The area will be evacuated. 

C. The location of the UXO will be marked. 

d. Notifications will be made in accordance with Section 10.0 of this SOP. 

The following are hazards associated with UXO: 

* Fire * Jet 
* Blast * Overpressure 
* Heat * Ejection 
* Fragmentation * Propulsion 

These are all produced in varying combinations as a result of the intended or unintended functioning 
of a high or low explosive. The most effective protection from all hazards of explosives is a safe 
separation distance. The risk of exposure to these hazards by personnel conducting UXO 
operations must be kept to the absolute minimum necessary to perform the operation. All other 
personnel must be at or beyond the safe separation distance. This distance will be adjusted by the 
UXO team leader as the situation dictates. 

2) Physical Hazards 

Physical hazards which could be involved in the execution of this scope of work include, 
but are not limited to, the following items: 

l Uneven or unstable terrain (slip/trip hazards) 
0 Strain/muscle pulls from manual lifting 
l Fall from elevated surfaces 
l Exposure to pinch/compression points 
l Water hazards 
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l Natural hazards (e.g., snakes, ticks, mosquitoes, poisonous plants) 
l Inclement weather 
l Heat stress 
l Cold stress 

Efforts to control these potential hazards will encompass and possibly combine the use of proper 
equipment maintenance, guarding, and operation. Additionally, adherence to proper standard work 
practices (Reference (I), VI Work Plan, Appendix B: Health and Safety Plan. 

C. Overview of Standard Work Practices 

The following Standard Work Practices are to be applied in addition to the Health and Safety SOPS: 

Eating, drinking, chewing gum or tobacco, taking medication, and smoking are prohibited 
in the exclusion or decontamination zones, or any location where there exists a possibility 
for contact with site contaminants. 

Upon leaving the exclusion zone, personnel must wash their hands and face thoroughly 
with soap and potable water. Any protective outer clothing is to be decontaminated and 
removed as specified in the Health and Safety Plan (Reference (I)), and left at a designated 
area (identified during the daily Hazard Control Briefing) before personnel enter the clean 
area. 

Contact with potentially contaminated substances must be avoided. Contact with the 
ground or with contaminated equipment must also be avoided. 

No facial hair, which interferes with a satisfactory fit of the mask-to-face seal, is permitted 
on personnel required to wear respiratory protective equipment. 

All personnel must satisfy all training requirements (46hr, 8-hr refresher, site-specific 
training, emergency response training) prior to commencing site activities. 

All personnel must have a working knowledge of this SOP and the HASP, including being 
aware of the action levels for upgrading/downgrading levels of protective equipment, and 
emergency procedures. 

All personnel must satisfy medical monitoring procedures. 

All personnel must complete a medical data sheet to be maintained on site (see Attachment 
D-II of Reference (I), VI Work Plan, Appendix B: Health and Safety Plan). 

All personnel working in sight-restriction areas of heavy vegetation or where the topography 
does not permit line-of- sight contact must utilize the buddy system. 

When lifting or moving equipment or material, use proper Ming techniques. 

All work areas must be kept free of ground clutter. 

No flames, smoking, welding, or open fires will be permitted on site. 

Site personnel must immediately notify Halliburton NUS Health Sciences of all incidents for 
OSHA record keeping purposes. 
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0 If personnel note any warning properties of chemicals (irritation, odors, symptoms, etc.) or 
even remotely suspect the occurrence of exposure, they must immediately notify the SSO 
for further direction. 

0 Site personnel are not to undertake any activity which would be considered a confined- 
space entry. 

0 A full-size copy of the OSHA poster included as Attachment D-IV of the HASP shall be 
conspicuously posted on site. 

0 Any new information must be promptly conveyed to the Project SSO and the Field 
Operations Leader. 

0 All compressed gas cylinders (empty or full) must be stored, secured, and used properly 
to protect them from damage. 

d. Overview of Personnel Training Requirements 

Consistent with OSHA’s 29 CFR 1910/120 regulation covering Hazardous Waste Operations and 
Emergency Response, all site personnel are required to be trained in accordance with the standard. 
At a minimum, all personnel are required to be trained to recognize the hazards on site and the 
provisions of the Health and Safety Plan. 

1) Preassignment and Annual Refresher Training 

Prior to arrival on site, all employees will have met the requirements of preassignment 
training, consistent with OSHA 29 CFR 1910.120 paragraph (e) 3). 

2) Site Supervisor Training 

Consistent with OSHA 29 CFR 1910.120 paragraph (e) (8), individuals designated as site 
supervisors require an additional 8 hours of specialized training. 

3) Training and Briefing Topics 

The following will be discussed by a qualified individual at the site pre-entry briefing(s), as 
well as additional necessary site briefings. 

Training 

Chemical Hazards 
Physical Hazards 
Emergency Procedures 
Site-Specific Hazards 
UXO Hazards 
Radiological Hazards 

It is the responsibility of the Site Health and Safety Officer to ensure these requirements are 
met. 

e. Overview of Emergency Response 
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In the event of an emergency, all site personnel will be evacuated to a predetermined location away 
from the work place. Emergency Response Planning will follow in accordance with 29 CFR 
1910.38(a). Contractor shall notify the Fire Department, extension 7434333 of any emergency. 

1) Pre-Planning 

Upon arrival at the base, the Hallibutton NUS FOL/SSO will meet with the Base Fire 
Protection Department, Base Security, and Emergency Services to notify coordinators what 
activities are to be undertaken and where. All site personnel will be required to follow base 
emergency procedures and will rely on base services to handle emergency situations if 
encountered. 

2) Emergency Escape Procedures and Assignments 

Upon notification of a site emergency that requires evacuation, all site personnel will 
proceed to predetermined locations based on emergency location and wind directions. If 
personnel cannot reach those locations without endangering their lives or their health, an 
alternate meeting place will be selected. Personnel will be trained to remain at the refuge 
location until directed to resume work, or to leave the site. 

3) Procedure to Account for Site Personnel 

The site work force will be small enough that accounting for personnel will not be a 
problem. Accounting for personnel will be the FOL’s responsibility. This will be 
accomplished by taking a roll call using the site log book. 

4) Rescue and Medical Duties 

A physician-approved first aid kit, an ANSI-approved eye wash station, and a Class ABC fire 
extinguisher will be readily available on site. Site personnel will not be authorized to 
participate in emergency rescue operations. 

5) Activation of Emergency Response Procedures 

Should any emergency occur which requires the support of outside services, the 
appropriate contacts will be made by the FOL/SSO. A list of the appropriate contacts will 
be posted at the Command Post. 

f. Location of MSDSs 

The MSDSs for the materials being used will be located at the Command Post. 

16.0 SECURITY 

There are no special security requirements. This operation is unclassified, and normal security measures 
apply in accordance with references (e) and (i). Contractor personnel cannot get on the base without escort 
unless prior arrangements are made. 
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Soil Boring Log 
Monitoring Well Construction Form 
Groundwater-Level Measurement Form 
Hydraulic Conductivity Testing Data Sheet 
Monitoring Well Sample Log Sheet 
Soil Sample Log Sheet 
Surface Water Log Sheet 
Daily Activities Record 
Chain-of-Custody Form 
Equipment Calibration Log 
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1.0 PURPOSE 

The purpose of this procedure is to identify the equipment, sequence of events, and appropriate 
methods necessary to obtain soil, both surface and subsurface, and rock samples during field 
sampling activities. 

2.0 SCOPE 

The methods described within this procedure are applicable while collecting surface and subsurface 
soil samples; obtaining rock core samples for lithologic and hydrogeologic evaluation; 
excavation/foundation design and related civil engineering purposes. 

3.0 GLOSSARY 

Hand Auger- A sampling device used to extract soil from the ground in a relatively undisturbed form. 

Thin-Walled Tube Sampler - A thin-walled metal tube (also called Shelby tube) used to recover 
relatively undisturbed soil samples. These tubes are available in various sizes, ranging from 
2 to 5 inches O.D. and 18 to 54 inches long. A stationary piston device may be included in the sampler 
to reduce sampling disturbance and increase sample recovery. 

Split-Barrel Sampler - A steel tube, split in half lengthwise, with the halves held together by threaded 
collars at either end of the tube. Also called a split-spoon sampler, this device can be driven into 
resistant materials using a drive weight mounted in the drilling string. Astandard split spoon sampler 
(used for performing Standard Penetration Tests) is 2 inches outside diameter (OD) and 1-3/B inches 
inside diameter (ID). This standard spoon typically is available in two common lengths, providing 
either 20-inch or 26inch longitudinal clearance for obtaining l&inch or 24inch long samples, 
respectively. These split-spoon samplers range in size from 2-inch O.D. to 3-l/2-inch O.D., depending 
upon manufacturer. The larger sizes are commonly used when a larger volume of material is 
required. 

Rock Corinq - A method in which a continuous solid cylindrical sample of rock or compact rock-like 
soil is obtained by the use of a double tube core barrel that is equipped with an appropriate 
diamond-studded drill bit which is advanced with a hydraulic rotary drilling machine. 

Wire-Line Corinq - As an alternate for conventional coring, this is valuable in deep hole drilling, since 
this method eliminates trips in and out of the hole with the coring equipment. With this technique 
the core barrel becomes an integral part of the drill rod string. The drill rod serves as both a coring 
device and casing. 

4.0 RESPONSlBlLlTlES 

Field Operations Leader - Responsible for overall management of field activities and ensuring that the 
appropriate sampling procedures are being implemented. 

Site Geolooist - The site geologist directly oversees the sampling procedures, classifies soil and rock 
samples, and directs the packaging and shipping of soil samples. Such duties may also be performed 
by geotechnical engineers, field technicians, or other qualified field personnel. 
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5.0 PROCEDURES 

5.1 SUBSURFACE SOIL SAMPLES 

Subsurface soil samples are used to characterize subsurface stratigraphy. This characterization can 
indicate the potential for migration of chemical contaminants in the subsurface. In addition, 
definition of the actual migration of contaminants can be obtained through chemical analysis of the 
soil samples. Where the remedial activities may include in-situ treatment or the excavation and 
removal of the contaminated soil, the depth and areal extent of contamination must be known as 
accurately as possible. 

Engineering and physical properties of soil may also be of interest should site construction activities 
be planned. Soil types, grain size distribution, shear strength, compressibility, permeability, plasticity, 
unit weight, and moisture content are some of the physical characteristics that may be determined 
for soil samples. 

Penetration tests are also described in this procedure. The tests can be used to estimate various 
physical and engineering parameters such as relative density, unconfined compressive strength, and 
consolidation characteristics of soils. 

The procedures described here are representative of a larger number of possible drilling and 
sampling techniques. The choice of techniques is based on a large number of variables such as cost, 
DQOr, local geology, etc. The final choice of methods must be made with the assistance of drilling 
subcontractors familiar with the local geologic conditions. Alternative techniques must be based 
upon the underlying principles of quality assurance implicit in the following procedures. 

5.1.1 Eaubment 

The following equipment is used for subsurface soil sampling and test boring: 

l Drilling equipment, provided by subcontractor. 

l Split barrel (split spoon) samplers, OD 2 inches, ID l-3/8 inches, either 20-inch or 26 inches 
long. Larger O.D. samplers are available if a larger volume of sample is needed. A common 
size is 3-inch O.D. (2-l/2-inch I.D.). 

l Thin walled tubes (Shelby), O.D. 2 to 5 inches, 18 to 54 inches long. 

l Drive weight assembly, 140-lb. 
of 30 inches ( + 1 inch). 

l Drive weight assembly, 300-lb. 
of 18inches( f 1 inch). 

(2 2 lb.) weight, driving head and guide permitting free fall 

( + 2 lb.) weight, driving head and guide permitting free fall 

l Accessory equipment, including labels, logbook, paraffin, and sample jars. 
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5.1.2 Split Barrel (Split Spoon) Sampling (ASTM Dl586-84) 

The following method will be used for split barrel sampling: 

Clean out the borehole to the desired sampling depth using equipment that will ensure 
that the material to be sampled is not disturbed by the operation. In saturated sands and 
silts, withdraw the drill bit slowly to prevent loosening of the soil around the hole and 
maintain the water level in the hole at or above groundwater level. 

Side-discharge bits are permissible. A bottomdischarge bit shall not be used. The process 
of jetting through an open tube sampler and then sampling when the desired depth is 
reached shall not be permitted. Where casing is used, it may not be driven below the 
sampling elevation. 

Install the split barrel sampler and sampling rods into the boring to the desired sampling 
depth. After seating the sampler by means of a single hammer blow, three 6-inch 
increments shall be marked on the sampling rod so that the progress of the sampler can be 
monitored. 

The 2-inch OD split barrel sampler shall be driven with blows from a 140-lb. ( f 2 lb.) 
hammer falling 30 inches ( f 1 inch) until either a total of 50 blows have been applied 
during any one of the three 6-inch increments, a total of 100 blows have been applied, 
there is no observed advance of the sampler for 10 successive hammer blows, or until the 
sampler has advanced 18inches without reaching any of the blow count limitation 
constraints described herein. This process is referred to as the Standard Penetration Test. 

A 300-lb. weight falling 18inches is sometimes used to drive a 2-l&inch or 3-inch O.D. 
spoon sampler. This procedure is used where dense materials are enountered or when a 
large volume of sample is required. However, this method does not conform the ASTM 
specifications. 

Repeat this operation at intervals not greater than 5 feet in homogeneous strata, or as 
specified in the sampling plan. 

Record the number of blows required to effect each 6inches of penetration or fraction 
thereof. The first 6inches is considered to be seating drive. The sum of the number of 
blows required for the second and third 6 inches of penetration is termed the penetration 
resistance, N. If the sampler is driven less than 18 inches, the penetration resistance is that 
for the last 1 foot penetrated. 

Bring the sampler to the surface and remove both ends and one half of the split barrel so 
that the soil recovered rests in the remaining half of the barrel. Describe carefully the 
sample interval, recovery (length), composition, structure, consistency, color, condition, 
etc., of the recovered soil then put a representative portion of each sample into a jar, 
without ramming. Jars with samples not taken for chemical analysis shall be sealed with 
wax, or hermetically sealed (using a teflon cap liner) to prevent evaporation of the soil 
moisture, if the sample is to be later evaluated for moisture content. Affix labels to the jar 
and complete Chain-of-Custody and other required sample data forms. Protect samples 
against extreme temperature changes and breakage by placing them in appropriate 
cartons stored in a protected area. Pertinent data which shall be noted on the label or 
written on the jar lid for each sample includes the project number, boring number, sample 
number, depth interval, blow counts, and date of sampling. 
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l An addition to the sampler mentioned above is an internal liner, which is split 
longitudinally and has a thin-wall brass, steel, or paper liner inserted inside, which will 
preserve the sample. However, since the development of the thin-walled samplers 
(mentioned below) the split barrel sampler with liner has declined in use. 

5.1.3 Thin Walled Tube (Shelbv Tube) Samplina (ASTM 01587-83) 

When it is desired to take undisturbed samples of soil, thin-walled seamless tube samplers (Shelby 
tubes) will be used. The following method will be used: 

l Clean out the borehole to the sampling depth, being careful to minimize the chance for 
disturbance of the material to be sampled. In saturated materials, withdraw the drill bit 
slowly to prevent loosening of the soil around the borehole and maintain the water level in 
the hole at or above groundwater level. 

l The use of bottom discharge bits or jetting through an open-tube sampler to clean out the 
hole shall not be allowed. Any side discharge bits are permitted. 

l A stationary piston-type sampler may be required to limit sample disturbance and aid in 
retaining the sample. Either the hydraulically operated or control rod activated-type of 
stationary piston sampler may be used. Prior to inserting the tube sampler in the hole, 
check to ensure that the sampler head contains a check valve. The check valve is necessary 
to keep water in the sampling rods from pushing the sample out of the tube sampler 
during sample withdrawal and to maintain a suction within the tube to help retain the 
sample. 

l To minimize chemical reaction between the sample and the sampling tube, brass tubes 
may be required, especially if the tube is stored for an extended time prior to testing. 
While steel tubes coated with shellac are less expensive than brass, they are more reactive, 
and shall only be used when the sample will be tested within a few days after sampling or if 
chemical reaction is not anticipated. With the sampling tube resting on the bottom of the 
hole and the water level in the boring at the groundwater level or above, push the tube 
into the soil by a continuous and rapid motion, without impacting or twisting. In no case 
shall the tube be pushed fanher than the length provided for the soil sample. Allow about 
3 inches in the tube for cuttings and sludge. 

l Upon removal of the sampler tube from the hole, measure the length of sample in the tube 
and also the length penetrated. Remove disturbed material in the upper end of the tube 
and measure the length of sample again. After removing at least an inch of soil from the 
lower end and after inserting an impervious disk, seal both ends of the tube with at least a 
1/24nch thickness of wax applied in a way that will prevent the wax from entering the 
sample. Newspaper or other types of filler must be placed in voids at either end of the 
sampler prior to sealing with wax. Place plastic caps on the ends of the sampler, tape in the 
caps place, and dip the ends in wax. 

l Affix labels to the tubes as required and record sample number, depth, penetration, and 
recovery length on the label. Mark the same information and *up’ direction on the tube 
with indelible ink, and mark the end of the sample. Complete Chain-of-Custody and other 
required forms. Do not allow tubes to freeze and store the samples vertically (with the 
same orientation they had in the ground, i.e., top of sample is up) in a cool place out of the 
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sun at all times. Ship samples protected with suitable resilient packing material to reduce 
shock, vibration, and disturbance. 

Thin-walled undisturbed tube samplers are restricted in their usage by the consistency of the soil to 
be sampled. Often, very loose and/or wet samples cannot be retrieved by the samplers, and soils with 
a consistency in excess of very stiff cannot be penetrated by the sampler. Devices such as Denison or 
Pitcher core samplers can be used to obtain undisturbed samples of stiff soils. Using these devices 
normally increases sampling costs and therefore their use shall be weighed against the increased cost 
and the need for an undisturbed sample. In any case, if a sample cannot be obtained with a tube 
sampler, an attempt shall be made with a split barrel sampler a% the same depth so that at least a 
sample can be obtained for classification purposes. 

5.1.4 Continuous Core Soil Samples 

The CME continuous sample tube system provides a method of sampling soil continuously during 
hollow stem augering. The S-foot sample barrel fits within the lead auger of a hollow auger column. 
The samplng system can be used with a wide range of I.D. hollow stem augers (from 3-l/4-inch to 
&l/dinch I.D.). This method has been used to sample many different materials such as glacial drift, 
hard clays and shales, mine tailigs, etc. This method is particularly used when SPT samples are not 
required and a large volume of material is needed. Also, this method is useful when a visual 
description of the subsurface lithology is required. 

5.2 SURFACE SOIL SAMPLES 

For loosely packed earth or waste pile samples, stainless steel scoops or trowels can be used to collect 
representative samples. For densely packed soils or deeper soil samples, a hand or power soil auger 
may be used. 

The following methodsare to be used: 

l Use a soil auger for deep samples (6 to 24 inches) or a scoop or trowel for surface samples. 
Remove debris, rocks, twigs, and vegetation before collection of soil. Mark the location 
with a numbered stake if possible and locate sample points on a sketch of the site. 

l Use a new or freshly-decontaminated sampler for each sample taken. Attach a label and 
identification tag. Record all required information in the field logbook and on the sample 
log sheet, Chain-of-Custody record, and other required forms. 

e Pack and ship accordingly. 

l When a representative composited sample is to be prepared (e.g., samples taken from a 
gridded area or from several different depths), it is best to composite individual samples in 
the laboratoq where they can be more precisely composited on a weight or volume basis. 
If this is not possible, the individual samples (all of equal volume, i.e., the sample bottles 
shall be full) shall be placed in a decontaminated stainless steel bucket, mixed thoroughly 
using a stainless steel spatula or trowel, and a composite sample collected. 
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1.0 PURPOSE 

The purpose of this document is to establish standard procedures and technical guidance on borehole 
and sample logging. 

2.0 SCOPE 

These procedures provide descriptions of the standard techniques for borehoie and sample logging. 
These techniques shall be used for each boring logged to provide consistent descriptions of 
subsurface lithdogy. While experience is the only method to develop confidence and accuracy in the 
description of soil and rock, the field geologistlcngineer can do a good job of classification by careful, 
thoughtful observation and by being consistent throughout the classification procedure. 

3.0 GLOSSARV 

None. 

4.0 RESPONSlBlLiTlES 

Site Geolwist - Responsible for supervising all boring activities and assuring that each borehole is 
completely logged. If more than one rig is being used onsite the Site Geologist must make sure that 
each field geologist is properly trained in logging procedures. A brief review or training session may 
be necessary prior to the start up of the field program and/or upon completion of the first boring. 

5.0 PROCEDURES 

The classification of soil and rocks is one of the most important jobs of the field geologisvengineer. 
To maintain a consistent flow of information, it is imperative that the field geologist/engineer 
understand and accurately use the field classification system described in this SOP. This identification 
is based on visual examination and manual tests. 

5.1 MATERLALS NEEDED 

When logging soil and rock samples, the geologist or engineer may be equipped with the following: 

l Rock hammer 
l Knife 
l Camera 
l Dilute HU 
0 Ruler (marked in tenths and hundreths of feet) 
l Hand Lens 

5.2 ClASSlFlCAllON OF SOILS 

All data shall be written directly on the boring log (Exhibit 4-l) or in a field notebook if more space is 
needed. Details on filling out the boring log are discussed in Section 5.5. 

4 
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5.2.1 USCS Classification 

Soils are to be classified according to the Unified Soil Classification System (USCS). This method of 
classification is detailed in Exhibit 4-2. Thismethod of classification identifies soil types on the basisof 
grain size and cohesiveness. 

Fine-grained soils, or fines, are smaller than the No. 200 sieve and are of h~o types: silt (M) and clay 
(C). Some classification systems define size ranges for these soil particles, but for field classification 
purposes, they are identified by their respective behaviors. Organic material (0) is a common 
component of soil but has no size range; it is recognized by its composition. The careful study of the 
USCS will aid in developing the competence and consistency necessary for the classification of soils. 

Coarse grained soils shall be divided into rock fragments, sand, or gravel. The terms and sand and 
gravel not only refer to the size of the soil particles but also to their depositional history. To insure 
accuracy in description, the term rock fragments shall be used to indicate angular granular materials 
resulting from the breakup of rock. The sharp edges typically observed indicate little or no transport 
from their source area, and therefore the term provides additional information in reconstructing the 
depositional environment of the soils encountered. When the term ‘rock fragments’ is used it shall 
be followed by a size designation such as (l/4 inch+l/2 inch@)’ or ‘coars+sand size” either 
immediately after the entry or in the remarks column. The USCS classification would not be affected 
by this variation in terms. 

5.2.2 Color 

Soil colors shall be described utilizing a single color descriptor preceded, when necessary, by a 
modifier to denote variations in shade or color mixtures. A soil could therefore be referred to as 
“gray” or ‘light gray” or “blue-gray.’ Since color can be utilized in correlating units between 
sampling locations, it is important for color descriptions to be consistent from one boring to another. 

Colors must be described while the sample is still moist Soil samples shall be broken or split vertically 
to describe colors. Samplers tend to smear the sample surface creating color variations between the 
sample interior and exterior. 

The term “mottled’ shall be used to indicate soils irregularly marked with spots of different colors. 
Mottling in soils usually indicates poor aeration and lack of good drainage. 

Soil Color Charts shall not be used unless specified by the project manager. 

5.2.3 Relative Densitv and Consistency 

To classify the relative density and/or consistency of a soil, the geologist is to first identify the soil 
type. Granular soils contain predominantly sands and gravels. They are noncohesive (particles do not 
adhere well when compressed). Finer grained soils (silts and clays) are cohesive (particles will adhere 
together when compressed). 

The density of noncohesive, granular soils is classified according to standard penetration resistances 
obtained from split barrel sampling performed according to the methods detailed in Standard 
Operating Procedures GH-1.3 and SA-1.2. Those designations are: 
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I Designation 
I 

Standard Penetration 
Resistance (Blows per Foot) I 

Very loose 

Loose 

Oto4 

5to 10 

1 Medium dense 1 11 to30 I 

1 Dense I 31 to50 I 

I I Over 50 1 

Standard penetration resistance is the number of Mows required to drive a split-barrel sampler with a 
2-inch outside diameter 12 inches into the material using a 140 pound hammer falling freely through 
30 inches. The sampler is driven through an Wnch sample interval, and the number of blows is 
recorded for each 6-inch increment The density designation of granular soils is obtained by adding 
the number of blows required to penetrate the last 12 inches of each sample interval. It is important 
to note that if gravel or rock fragments are broken by the sampler or if rock fragments are lodged in 
the tip, the resulting blow count will be erroneously high, reflecting a higher density than actually 
exists. This shall be noted on the log and referenced to the sample number. Granular soils are given 
the USCS classifications GW, GP, GM, SW, SP, SM, CC, and SC (see Exhibit 4-2). 

The consistency of cohesive soils is determined by performing field tests and identifying the 
consistency as shown in Exhibit 4-3. Cohesive soils are given the USCS classifications ML, MH, CL, CH, 
OL, or OH (see Exhibit 4-2). 

The consistency of cohesive soils is determined either by blow counu, a pocket penetrometer (values 
listed in the table as Unconfined Compressive Strength) or by hand by determining the resistance to 
penetration by the thumb. The pocket penetrometer and thumb determination methods are 
conducted on a selected sample of the soil, preferably the lowest 0.5 foot of the sample in the split- 
barrel sampler. The sample shall be broken in half and the thumb or penetrometer pushed into the 
end of the sample to determine the consistency. Do not determine consistency by attempting to 
penetrate a rock fragment. If the sample is decomposed rock, it is classified as a soft decomposed 
rock rather than a hard soil. Consistency shall not be determined solely by blow counts. One of the 
other methods shall be used in conjunction with it. The designations used to describe the consistency 
of cohesive soils are as follows: 

Unc. Standard 
Compressive Penetration 

Str. Tons/Square Resistance 
Foot (Blows per Foot) 

Consistency Field Identification Methods 

Very soft Less than 0.25 Oto2 Easily penetrated several inches by fist 

soft I 0.25 to 0.50 2to4 Easily penetrated several inches by thumb 

Can be penetrated several inches by thumb Medium stiff 0.50 to 1 .o 4to8 

Verv stiff 1 .o to 2.0 8to 15 Readily indented by thumb 

Hard 2.0 to 4.0 1sto30 Readily indented by thumbnail 

Hard More than 4.0 Over 30 Indented with difficulty by thumbnail 
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5.2.4 Weiaht Percentaacs 

ln nature, soils are comprised of particles of varying size and shape, and are combinations of the 
various grain types. The following terms are useful in the description of soil: 

I Terms of Identifying Proportion of the Component I Defining Range of Percentages by Weight I 

trace 

some 

0 - 10 percent 

11 - 30 percent 

1 and or adjective form of the soil type (e.g., “sandy’) 1 31 - 50 percent I 

Examples: 

l Silty fine sand: 50 to 69 percent fine sand, 31 to 50 percent silt. 

l Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11 to 30 percent 
silt. 

l Fine sandy silt, trace clay: 5Oto 68 percent silt, 31 to 49 percent fine sand, 1 to 10 percent 
clay. 

l Clayey silt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand. 

5.2.5 Moisture 

Moisture content is estimated in the field according to four categories: dry, moist, wet, and 
saturated. In dry soil, there appears to be little or no water. Saturated samples obviously have all the 
water they can hold. Moist and wet classifications are somewhat subjective and often are determined 
by the individual’s judgment. A suggested parameter for this would be calling a soil wet if rolling it in 
the hand or on a porous surface liberates water, i.e., dirties or muddies the surface. Whatever 
method is adopted for describing moisture, it is important that the method used by an individual 
remains consistent throughout an entire drilling job. 

Laboratory tests for water content shall be performed if the natural water content is important. 

5.2.6 Stratification 

Stratification can only be determined after the sample barrel is opened. The stratification or bedding 
thickness for soil and rock is depending on grain size and composition. The classification to be used 
for stratification description is shown in Exhibit 4-4. 

5.2.7 TextureIFabridBeddinq 

The texture/fabric/bedding of the soil shall be described. Texture is described as the relative 
angularity of the particles: rounded, subrounded, subangular, and angular. Fabric shall be noted as 
to whether the particles are flat or bulky and whether there is a particular relation between particles 
(i.e., all the flat particles are parallel or there is some cementation). The bedding or structure shall 
also be noted (e.g., stratified, lensed, nonstratified, heterogeneous van&). 
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5.2.8 Summarv of Soil Classification 

In summary, soils shall be classified in a similar manner by each geologist/engineer at a project site. 
The hierarchy of classification is as follows: 

l Density and/or consistency 
l Color 

l Plasticity (Optional) 
l Soil types 
l Moisture content 
l Stratification 
l Texture, fabric, bedding 
l Other distinguishing features 

5.3 CLASSIFICATION OF ROCKS 

Rocks are grouped into three main divisions, including sedimentary, igneous and metamorphic rocks. 
Sedimentary rocks are by far the predominant type exposed at the earth’s surface. The following 
basic names are applied to the types of rocks found in sedimentary sequences: 

Sandstone - Made up predominantly of granular materials ranging between 1/16to 2 mm 
in diameter. 

Siltstone - Made up of granular materials less than l/16 to l/256 mm in diameter. ractures 
irregularly. Medium thick to thick bedded. 

Claystone - Vary fine grained rock made up of clay and silt-size materials. Fractures 
irregularly. Very smooth to touch. Generally has irregularly spaced pitting on surface of 
drilled cores. 

Shale - A fissile very fine grained rock. Fractures along bedding planes. 

Limestone - Rock made up predominantly of calcite (CaCO3). Effervesces strongly upon the 
application of dilute hydrochloric acid. 

Coal - Rock consisting mainly of organic remains. 

Others - Numerous other sedimentary rock types are present in lesser amounts in the 
stratigraphic record. The local abundance of any of these rock types is dependent upon the 
depositional history of the area. These include conglomerate, halite, gypsum, dolomite, 
anhydrite, lignite, etc. are some of the rock types found in lesser amounts. 

In classifying a sedimentary rock the following hierarchy shall be noted: 

. Rocktype 
l Color 
l Bedding thickness 
l Hardness 
l Fracturing 
l Weathering 
l Other characteristics 
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5.3.1 Rock Tvm 

As described above, there are numerous names of sedimentary rocks. In most cases a rock will be a 
combination of several grain types, therefore, a modifier such as a sandy siltstone, or a silty sandstone 
can be used. The modifier indicates that a significant portion of the rock type is composed of the 
modifier. Other modifiers can include carbonaceous, calcareous, siliceous, etc. 

Grain size is the basis for the classification of elastic sedimentary rocks. Exhibit45 is the Udden- 
Wentworth classification that will be assigned to sedimentary rocks. The individual boundaries are 
slightly different than the USGS subdivision for soil classification. For field determination of grain 
sizes, a scale can be used for the coarse grained rocks. For example, the division between siltstone 
and claystone may not be measurable in the field. The boundary shall be determined by use of a 
hand lens. If the grains cannot be seen with the naked eye but are distinguishable with a handlens, 
the rock is a siltstone. If the grains are not distinguishable with a handlem, the rock is a claystone. 

5.3.2 Color 

The color of a rock can be determined in a similar manner as for soil samples. Rock core samples shall 
be classified while wet, when possible, and air cored samples shall be scraped clean of cuttings prior 
to color classifications. 

Rock Color Charts shall not be used unless specified by the project manager. 

5.3.3 8eddina Thickness 

The bedding thickness designations applied to soil classification will also be used for rock 
classification. 

5.3.4 Hardness 

The hardness of a rock is a function of the compaction, cementation, and mineralogical composition 
of the rock. A relative scale for sedimentary rock hardness is as follows: 

l Soft - Weathered, considerable erosion of core, easily gouged by screwdriver, scratched by 
fingernail. Soft rock crushes or deforms under pressure of a pressed hammer. This term is 
always used for the hardness of the saprolite (decomposed rock which occupies the zone 
between the lowest soil horizon and firm bedrock). 

l Medium soft - Slight erosion of core, slightly gouged by screwdriver, or breaks with 
crumbly edges from single hammer blow. 

l Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp edges 
from single hammer blow. 

l Hard - Requires several hammer blows to break and has sharp conchoidal breaks. Cannot 
be scratched with screwdriver. 

Note the difference in usage here of the works “scratch” and ‘gouge.’ A scratch shall be considered 
a slight depression in the rock (do not mistake the scraping off of rock flour from drilling with a 
scratch in the rock itself), while a gouge is much deeper. 
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5.3.5 Fracturinq 

The degree of fracturing or brokcness of a rock is described by measuring the fractures or joint 
spacing. After eliminating drilling breaks, the average spacing is calculated and the fracturing is 
described by the following terms: 

l Very broken (V. 8R.) - Less than 2 in. spacing between fractures 
l Broken (BR.) - 2 in. to 1 ft. spacing between fractures 
l Blocky (BL.) - 1 to 3 ft. spacing between fractures 
l Massive (M.) - 3 to 10 ft. spacing between fractures 

The structural integrity of the rock can be approximated by calculating the Rock Quality Designation 
(RQD) of cores recovered. The RQD is determined by adding the total lengths of all pieces exceeding 
4 inches and dividing by the total length of the coring run, to obtain a percentage. 

‘Method of Calculating RQD 
(After Deere, 1964) 

RQD% F r/lx100 

r = Total length of all pieces of the lithologic unit being measured, which are greater than 
4 inches length, and have resulted from natural breaks. Natural breaks include slickensida, 
joints, compaction slicks, bedding plane partings (not caused by drilling), friable zones, etc. 

I = Total length of the coring run. 

5.3.6 Weathering 

The degree of weathering is a significant parameter that is impomnt in determining weathering 
profiles and is also useful in engineering designs. The following terms can be applied to distinguish 
the degree of weathering: 

0 Fresh - Rock shows little or no weathering effect. Fractures or joints have little or no 
staining and rock has a bright appearance. 

0 Slight - Rock has some staining which may penetrate several centimeters into the rock. Clay 
filling of joints may occur. Feldspar grains may show some alteration. 

l Moderate - Most of the rock, with exception of quartz grains, is stained. Rock is weakened 
due to weathering and can be easily broken with hammer. 

l Severe - All rock including quartz grains is stained. Some of the rock is weathered to the 
extent of becoming a soil. Rock is very weak. 

5.3.7 Other Characteristics 

The following items shall be included in the rock description: 

a Description of contact between two rock units. These can be sharp or gradational. 
l Stratification (parallel, cross stratified) 
l Description of any filled cavities or vugs. 
l Cementation (calcoreous, siliceous, hematitic) 
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0 Description of any joints or open fractures. 
l Observation of the presence of fossils. 
l Notation of joints with depth, approximate angle to horizontal, any mineral filling or 

coating, and degree of weathering. 

All information shown on the boring logs shall be neat to the point where it can be reproduced on a 
copy machine for report presentation. The data shall be kept current to provide control of the 
drilling program and to indicate various areas requiring special consideration and sampling. 

5.3.8 Additional Terms Used in the Descritiion of Rock 

The following terms are used to further identify rocks: 

l Seam - Thin (12 inch or less), probably continuous layer. 

0 Some - Indicates significant (15 to 40 percent) amounts of the accessory material. For 
example, rock composed of seams of sandstone (70 percent) and shale (30 percent) would 
be “sandstone - a shale seams.- 

l Few - Indicates insignificant (0 to 15 percent) amounts of the accessory material, For 
example, rock composed of seam of sandstone (90 percent) and shale (10 percent) would 
be ‘sandstone - few shale seams.’ 

l Interbedded - Used to indicate thin or very thin alternating seams of material occurring in 
approximately equal amounts. For example, rock composed of thin alternating seams of 
sandstone (50 percent) and shale (50 percent) would be ‘interbedded sandstone and 
shale.” 

0 Interlayered - Used to indicate thick alternating seams of material occurring in 
approximately equal amounts. 

The preceding sections describe the classification of sedimentary rocks The following are some basic 
names that are applied to igneous rocks: 

0 Basalt - A fin-rained extrusive rock composed primarily of calcic plagioclase and 
pyroxene. 

0 Rhyolite - A fine-grained volcanic rock containing abundant quartz and orthoclase. The 
fine-grained equivalent of a granite. 

0 Granite - A coarse-grained plutonic rock consisting essentially of alkali feldspar and quartz. 

0 Diorite - A coarse-grained plutonic rock consisting essentially of sodic plagioclase and 
hornblende. 

l Gabbro - A coarse-grained plutonic rock consisting of calcic plagioclase and clinopyroxene. 
Loosely used for any coarse grained dark igneous rock. 

. 
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The following are some basic names that are applied to metamorphic rocks: 

0 Slate - A very fintgrained foliated rock possessing a well developed slaty cleavage. 
Contains predominantly chlorite, mica, quartz, and sericite. 

l Phyllite - A fine-grained foliated rock that splits into thin flaky sheets with a silky sheen on 
cleavage surface. 

l Schist - A medium to coarsc-grained foliated rock with subparallel arrangement of the 
micaceous minerals which dominate its composition. 

l Gneiss - A coarse-grained foliated rock with bands rich in granular and platy minerals. 

l Quartrite - A fine to coarse-grained nonfoliated rock breaking across grains, consisting 
essentially of quartz sand with silica cement 

5.4 A88RMATlON5 

Abbreviations may be used in the description of a rock or soil. However, they shall be kept at a 
minimum. Following are some of the abbreviations that may be used: 

C - coarse Lt - Light YI - Yellow 

Mcd - Medium 8R - Broken Or - Orange 

F - Fine BL - . Blocky 5s - Sandstone 

v - Very M - Massive Sh - Shale . 
51 - Slight 8r - Brown L5- Limestone 

occ - Occasional 81 - Black Fgr - Fine grained 

Tr - Trace 

5.5 BORING LOGS AND DOCUMENTATION 

This section describes in more detail the procedures to be used in completing boring logs in the field. 
Information obtained from the preceeding sections shall be used to complete the logs. A sample 
boring log has been provided as Exhibit 4-6. The field geologist/engineer shall use this example as a 
guide in completing each borings log. Each boring log shall be fully described by the 
geologist/engineer as the borina is beina drilled. Every sheet contains space for 25feet of log. 
Information regarding classification details is provided on the back of the boring log, for field use. 

5.5.1 Soil Classification 

l Identify site name, boring number, job number, etc. Elevations and water level data to be 
entered when surveyed data is available. 

l Enter sample number (from SPT) under appropriate column. Enter depth sample was taken 
from (1 block = 1 foot). Fractional footages, i.e., change of lithology a 13.7feet, shall be 
lined off at the proportional location between the 13 and 14foot marks. Enter blow 
counts (Standard Penetration Resistance) diagonally (as shown). Standard penetration 
resistance is covered in Section 5.2.3. 
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l Determine sample recovery/sample length as shown. Measure the total length of sample 
recovered from the split spoon sampler, including material in the drive shoe. Do not 
include cuttings or wash material that may be in the upper portion of the sample tube. 

l Indicate any change in lithology by drawing a line at the appropriate depth. For example, 
if clayey silt was encountered from 0 to 5.5 feet and shale from 5.5 to 6.0 feet, a line shall 
be drawn at this increment. This information is helpful in the construction of 
cross-dons. As an alternative, symbols may be used to identify each change in Iithology. 

l The density of granular soils is obtained by adding the number of blows for the last two 
increments. Refer to Density of Granular Soils Chart of back of log sheet. For consistency of 
cohesive soils refer also to the back of log sheet - Consistency of Cohesive Soils. Enter this 
information under the appropriate column. Refer to Section 5.2.3. 

l Enter color of the material in the appropriate column. 

l Describe material using the USC5. Limit this column for sample description only. The 
predominate material is described last. If the primary soil is silt but has fines (clay) - use 
clayey silt. Limit soil descriptors to the following: 

e Trace 0 - 10 percent 
w Some 11 - 30 percent 
s And 3 1 - 50 percent 

l Also indicate under Material Classification if the material is fill or natural soils. Indicate 
roots, organic material, etc. 

l Enter USCS symbol - use chart on back of boring log as a guide. If the soils fall into one of 
two basic groups, a borderline symbol may be used with the two symbols separated by a 
slash. For example MUCL or SM/SP. 

l The following information shall be entered under the Remarks Column and shall include, 
but is not limited by the following: 

s Moisture - estimate moisture content using the following terms - dry, moist, wet 
and saturated. These terms are determined by the individual. Whatever method 
is used to determine moisture, be consistent throughout the log. 

.- Angularity - describe angularity of coarse grained particles using Angular, 
Subangular, Subrounded, Rounded. Refer to ASTM 02488 or Earth Manual for 
criteria for these terms. 

- Particle shape -flat, elongated, or flat and elongated. 

- Maximum particle size or dimension. 

- Water level observations. 

- Reaction with HCI - none, weak or strong. 
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0 Additional comments: 

Indicate presence of mica, caving of hole, when water was encountered, difficulty 
in drilling, loss or gain of water. 

Indicate odor and HNu or OVA reading if applicable. 

Indicate any change in lithology by drawing in line through the lithology change 
column and indicate the depth. This will help later on when cross-sections are 
constructed. 

At the bottom of the page indicate type of rig, drilling method, hammer size and 
drop and any other useful information (i.e., borehole size, casing set, changes in 
drilling method). 

Vertical lines shall be drawn (as shown in Exhibit 4.6) in columns 5 to 8 from the 
bottom of each sample to the top of the next sample to indicate consistency of 
material from sample to sample, if the material is consistent. Horizontal lines shall 
be drawn if there is a change in lithology, then vertical lines drawn to that point 

Indicate screened interval of well, as needed, in the lithology column. Show top 
and bottom of screen. Other details of well construction are provided on the well 
construction forms. 

5.5.2 Rock Classif ication 

Indicate depth at which coring began by drawing a line at the appropriate depth. Indicate 
core run depths by drawing coring run lines (as shown) under the first and fourth columns 
on the log sheet Indicate RQD, core run number, RQD percent and core recovery under 
the appropriate columns. 

Indicate lithology change by drawing a line at the appropriate depth as explained in 
Section 5.5.1. 

Rock hardness is entered under designated column using terms as described on the back of 
the log or as explained earlier in this section. 

Enter color as determined while the core‘sample is wet; if the sample is cored by air, the 
core shall be scraped clean prior to describing color. 

Enter rock type based on sedimentary, igneous or metamorphic. For sedimentary rocks use 
terms as described in Section 5.3. Again, be consistent in classification. Use modifiers and 
additional terms as needed. 
described in Sections 5.3.8. 

For igneous and metamorphic rock types use terms as 

Enter brokeness of rock or degree of fracturing under the appropriate column using 
symbols VBR, BR, BL, or M as explained in Section 5.3.5 and as noted on the back of the 
Boring Log. 
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l The following information shall be entered under the remarks column. Items shall include 
but are not limited to the following: 

m Indicate depths of joints, fractures and breaks and also approximate to horizontal 
angle (such as high, low), i.e., 7O’angle from horizontal, high angle. 

- Indicate calcareous zones, description of any cavities or vugs. 
s Indicate any loss or gain of drill water. 
e Indicate drop of drill tools or change in color of drill water. 

l Remarks at the bottom of Boring Log shall include: 

B Type and size of core obtained. 
w Depth casing was set. 
s Type of Rig used. 

l As a final check the boring log shall include the following: 

s Vertical lines shall be drawn as explained for soil classification to indicate 
consistency of bedrock material. 

- If applicable, indicate screened interval in the lithology column. Show top and 
bottom of screen. Other details of well construction are provided on the well 
construction forms. 

5.5.3 Classification of Soil and Rock from Drill Cuttinar 

The previous sections describe procedures for classifying soil and rock samples when cores are 
obtained. However, some drilling methods (air/mud rotary) may require classification and borehole 
logging based on identifying drill cuttings removed from the borehole. Such cuttings provide only 
general information on subsurface lithology. Some procedures that shall be followed when logging 
cuttings are: 

l Obtain cutting samples at approximately 5 foot intervals, sieve the cuttings (if mud rotary 
drilling) to obtain a cleaner sample, place the sample into a small sample bottle or “zip 
lock” bag for future reference, and label the jar or bag (i.e. hole number, depth, date etc.). 
Cuttings shall be closely examined to determine general lithology. 

l Note any change in color of drilling fluid or cuttings, to estimate changes in lithology. 

l Note drop or chattering of drilling tools or a change in the rate of drilling, to determine 
fracture locations or lithologic changes. 

l Observe loss or gain of drilling fluids or air (if air rotary methods are used), to identify 
potential fracture zones. 

0 Record this and any other useful information onto the boring log as provided in 
Exhibit 4-1. 

This logging provides a general description of subsurface lithology and adequate information can be 
obtained through careful observation of the drilling process. It is recommended that split barrel and 
rock core sampling methods be used at selected boring locations during the field investigation to 
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provide detailed information to supplement the less detailed data generated through borings drilled 
using air/mud rotary methods. 

5.6 REVIEW 

Upon completion of the borings logs, copies shall be made and reviewed. Items to be reviewed 
include: 

l Checking for consistency of all logs 
l Checking for conformance to the guideline 
l Checking to see that all information is entered in their respective columns and spaces 

6.0 REFERENCES 

Unified Soil Classification System (USCS) 

ASTM D2488,1985 

Earth Manual, U.S. Department of the Interior, 1974 

7.0 RECORDS 

Originals of the boring logsshall be retained in the project files. 
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BORING LOG NUS CORPORATION 

PROJECT: ..................................................................................................... BORING NO.: ........................................ . 
PROJEff NO.: ..................................... - DAE: ORILLER: ................................................ ._ ............................. 

ELEVATION: ......................................... FIELD GEOLOGIST: .................. ..~........~ ........................................................... 
WATER LEVEL DATA : .................................................................................................. ..~ ............................................... 
(Date, T,m & Con&tioOS) .......................................................................... _ ................................................................... 

I I I I I I I I I I 

\ 
I I I I 

I 

I I I I 

I I I I I 
REMARKS 

BORING 

PAGE- OF- 
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UNIFIED SOIL CLASSIFICATION (USCS) I _ - 
COARSE GRAlNEO SOILS I FINE GRAINED SOILS I 

OENSITY OF GRANUUR SOILS 

ROCK TERMS 

ROCK HARDNESS (FROM CORE SAMPLES) I I ROCK BROKENNESS I 

P 

g 
3 
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Consistency (Blows 
per Foot) 

Unconfined 
Compressive 

Strength 
(ton&quart 

foot by pocket 
penetration 

Field Identification 

Jery soft oto2 

5Oft 2to4 

Medium stiff 4to8 

Less than 0.25 

0.25 to 0.50 

0.50 to 1 .o 

Easily penetrated several inches by fist 

Easily penetrattd several inches by thumb 

Can be penetrated several inches by 
thumb with moderate effort 

Stiff 

Very stiff 

Hard 

8to 15 

15to30 

Over 30 

1 .o to 2.0 

2.0 to 4.0 

More than 4.0 

Readily indented by thumb but penetrated 
only with great effort 

Readily indented by thumbnail 

Indented by thumbnail 
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EXHlBlT 4-4 

BEDDING THICKNESS CLASSIFICATION 

Thickness Thickness (Approximate 
(Metric) English Equivalent) 

Classification 

r 
> 1 .O meter a 3.3’ Massive 

30 cm - 1 meter 1.0’ - 3.3’ Thick Bedded 

lOcm-30cm 4’- 1.0’ Medium Bedded 

3cm- 1Ocm l’-4’ Thin Bedded 

lcm-3cm us- 1’ Very Thin Bedded 

3mm-lcm l/8’ -US’ Laminated 

1 mm-3mm l/32’- l/8’ Thinly Laminated 

<l mm <l/32’ Micro Laminated 

(Weir, 1973 and Ingram, 19S4) 
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EXHIBIT 4-S 

GRAIN SIZE ClASSlFlCAllON FOR ROCKS 

Particle Name 
I 

Grain Size Diameter 
I 

Cobbles >64mm 

I Pebbles I 4-64 mm I 

Granules 

Very Coarse Sand 

2-4 mm 

1-2 mm 

Coarse Sand 

Medium Sand 

0.5-l mm 

0.2545 mm 

I Fine Sand I 0.125-0.25 mm I 

I Very Fine Sand I 0.0625-o. 125 mm I 

I Silt I 0.0039-0.0625 mm I 
After Wentworth, 1922 
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BORlNG LOG NUJ CORPORATION 
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PROJECT. wel%r~ SITS . . 8oRlNG NO :. Mu, sr, 

PROJECTNO.: ., bl9Y 
ELEVATION: 510.01 .‘. 

DATE: %:ilt.dl. . ,. DRILLER: a. 6bUCrW .. 
FlElDGEOLOGlST: .f3 torrT\ .._ 

WATER LEVEL DATA w ma.35 -T.puc .I0 -If-’ 8.3 
(Dat.. Time 3 Condd~OW) 

T 
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PROJECTNO.. 619Y . DATE; + =- 87 . : 
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DRILLER: 8. 6Cwclut 
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WATER LEVEL DATA . 
(Date, Time & COndltfOnS) 

PAGELOFL 
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NUS CORPORATION 

PROJECT: k&BSLKb 3lt.E . . . . . . . . . . 
PROJECTNO.: ..hrg Y 

@ORING NO ..hw3A 
_. . DATE; 9:21-9.7. . ..__ __. DRILLER: 0. GWHU~ 

ELEVATION FIELD GEOLOGW: .a. C-7 \ 
WATER LEVEL DATA . 
(Date. Time 6 C0ndlt~0f-0 . . 

III HI1 
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BORtNG LOG NUS CORPORATION 1 
J 
I 

PROJECT: WEsrLlrJC SITE. BORINGNO.:, M*w 1313 

PROJECT NO.. r13Y 
1ql42.37 .. - 

DATE: t:.T- UT.. _... DRILLER: B ti:csw 

ELEVATION: FlELDGEOLOCJST: s.., LollTr PcJu - MILL 
WATER LEVEL DATA s.srl’ c- s:3oIy T-23-91 T-PVC ACIE(c m-11 
(Data. Time 6 COdltlOfV) _, ._ _.. 

Ib,cct 

BOREHOLE AND SAMPLE LOGGING 

Number 

Revwon 

GH-1.5 

2 

Page 

Effectwe Date 

23 of 26 

05Kw90 

I I H I 
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BORING LOG NUS CORPORAnON 

PROJECT: . ..W*!CTL.(UE sttc . . . . . BORING NO.:... f4:&+OI3 
PROJECT NO.: _.._ h?73y ..__ .._ DATE: . ..7.2- 811. ,........_. ._ ORILLER: ‘c E.m’.SorJ 
ELEVATION: FIELDGEOLOGlST: S.J. tour\ . .._.. 
WATER LEVEL OATA : 
(Date. Time 6 COtMlUO~~~ . . . . . . . . . . . . . . .._... . .._. ,__ . .._ 

I I H I 

REMARKS 5-G Q 4:q)o Frr 

5-a l 8336 f.11 -i-e-g-, 90RlNG MW0’3 

5-o e 10’. 
l&-j 

1 -1. 
j- 

0 
2 PAGE- OF 4 -- 
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1.0 PURPOSE 

The purpose of this procedure is to provide reference information regarding the appropriate 
pro&urs to be followed when conducting decontamination activities of drilling equipment and 
monitoring well materials used during field investigations. 

2.0 SCOPE 

This procedure addresses only drilling equipment and monitoring well materials decontamination, 
and shall not be considercd for use with chemical sampling and field analytical equipment 
decontamination. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBILITIES 

Field Operations Leader - Responsible for ensuring that project specific plans and the implementation 
of field investigations are in compliance with these procedures. 

5.0 PROCEDURES 

To insure that analytical chemical results are reflective of the actual concentrations present at 
sampling locations, various drilling equipment involved in field investigations must be properly 
decontaminated. This will minimize the potential for cross-contamination between sampling 
locations, and the transfer of contamination off site. 

Prior to the initiation of a drilling program. all drilling equipment involved in field sampling activities 
shall be decontaminated by steam cleaning at a predetermined area. The steam cleaning procedure 
shall be performed using a high-pressure spray of heated potable water producing a pressurized 
stream of steam. This steam shall be sprayed directly onto all surfaces of the various equipment which 
might contact environmental sample. The decontamination procedure shall be performed until all 
equipment is free of all visible potential contamination (dirt, grease, oil, noticeable odors, etc.) In 
addition, this decontamination procedure shall be performed at the completion of each sampling 
and/or drilling location, including soil borings, installation of monitoring wells, test pits, etc. Such 
equipment shall include drilling rigs, backhoes, downhole tools, augers, well casings, and screens. 

The steam cleaning area shall be designed to contain decontamination wastes and waste waters, and 
can be a lined excavated pit or a bermed concrete or asphalt pad. For the latter, a floor drain must be 
provided which is connected to a holding facility. A shallow above-surface tank may be used or a 
pumping system with discharge to a waste tank may be installed. 

In certain cases, due to budget constraints, such an elaborate decontamination pad is not possible. In 

such cases, a plastic lined gravel bed pad with a collection system may serve as an adequate 
decontamination area. The location of the steam cleaning area shall be on site in order to minimize 
potential impacts at certain sites. 
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Guidance to be used when decontaminating equipment shall include: 

l AS a general rule, any part of the drilling rig which extends over the borehole, shall be 
steam cleaned. 

l All drilling rods, augers, and any other equipment which will be introduced to the hole 
shall be steam cleaned. 

l The drilling rig, all rods and augers, and any other potentially contaminated equipment 
shall be decontaminated between each well location to prevent cross contamination of 
potential hazardous substances. 

Rinsate samples of well casing and screens may be necessary if specifically required for a given site. If 
required, at least 1 percent, and no more than 5percent of steam cleaned lengths of casing and 
screens combined shall be sampled. 

Prior to leaving at the end of each work day and/or at the completion of the drilling program, drilling 
rigs and transport vehicles used onsite for personnel or equipment transfer shall be steam cleaned. A 
drilling rig left at the drilling location doer not need to be steam cleaned until it is finished drilling at 
that location. 

6.0 RECORDS 

None. 
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1.0 PURPOSE 

This procedure describes methods for proper monitoring well design, installation, and development. 

2.0 SCOPE 

This procedure is applicable to the construction of permanent monitoring wells at hazardous waste 
sites. The methods described herein may be modified by project-rpecific requirements for monitoring 
well construction. In addition, many regulatory agencies have specific regulations pertaining to 
monitoring well construction and permitting. These requirements must be ascertained during the 
development of the investigation and any required permits which may have to be obtained before 
field work begins. Innovative monitoring well installation techniques, which typically are not used, 
will be discussed only generally in this procedure. 

3.0 GLOSSARY . 

Monitorina Well - A well which is properly screened (if screening is necessary), cased, and sealed 
which is capable of providing a groundwater level and groundwater sample representative of the 
zone being monitored. 

Pietometer - A pipe or tube inserted into the water bearing zone, typically open to water flow at the 
bottom and to the atmosphere at the top, and used to measure water level elevations. Pierometers 
may range in size from l/2-inch diameter plastic tubes to well points or monitoring wells. 

Potentiometric Surface -The surface to which water in an aquifer would rise by hydrostatic pressure. 

Well Point (Drive Point) -A screened or perforated tube (Typically l-1/4 or 2 inches in diameter) with a 
solid, conical, hardened point at one end, which is attached to a riser pipe and driven into the ground 
with a sledge hammer, drop weight, or mechanical vibrator. Well points may be used for 
groundwater injection and recovery, as pietometen (i.e., to measure water levels) or to provide 
groundwater samples for water quality data. 

4.0 RESPONSlBlLlllES 

Driller - The driller provides adequate and operable equipment, sufficient quantities of materials, and 
an experienced and efficient labor force to perform. all phases of proper monitoring well installation 
and construction. He may also be responsible for obtaining, in advance, any required permits for 
monitoring well installation and construction. 

Ria Geolwist - The rig geologist supervises well installation and construction by the Driller, 
documents all phases of well installation and construction, and insures that well construction is 
adequate to provide representative ground water data from the monitored interval. Geotechnical 
engineers, field technicians, or other suitable trained personnel may also serve in this capacity. 
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5.0 PROCEDURES 

5.1 EQUIPMENT/ITEMS NEEDED 

Below is a list of items that may be needed while installing a monitoring well. 

l Health and safety equipment as required by the site safety officer. 

l Well drilling and installation equipment with associated materials (typically supplied by the 
driller). 

l Hydrogeologic equipment (weighted engineers tape, water level indicator, retractable 
engineers rule electronic calculator, clipboard, mirror and flashlight - for observing 
downhole activities, paint and ink marker for marking monitoring wells, sample jars, well 
installation forms, and a field notebook). 

l Drive point installations tools (Sledge Hammer, drop hammer, or mechanical vibrator; 
tripod, pipe wrenches, drive points, riser pipe, and end caps). 

5.2 WELL DESlGN 

The objectives for each monitoring well and its intended use must be clearly defined before the 
monitoring system is designed. Within the monitoring system, different monitoring wells may serve 
different purposes and, therefore, require different types of construction. During all phases of the 
well design, attention must be given to clearly documenting the basis for design decisions, the details 
of well construction, and the materials to be used. The objectives for installing the monitoring wells 
may include: 

l Determining groundwater flow directions and velocities. 
0 Sampling or monitoring for trace contaminants. 
l Determining aquifer characteristics (e.g., hydraulic conductivity) 

Siting of monitoring wells shall be performed after a preliminary estimation of the groundwater flow 
direction. In most cases, these can be determined through the review of geologic data and the site 
terrain. In addition, production wells or other monitoring wells in the area may be used to determine 
the groundwater flow direction. If these methods cannot be used, pietometers, which are relatively 
inexpensive to install, may have to be installed in a preliminary phase to determine groundwater 
flow direction. 

5.2.1 Well Depth, Diameter, and Monitored Interval 

The well depth, diameter, and monitored internal must be tailored to the specific monitoring needs 
of each investigation. Specification of these items generally depends on the purpose of the 
monitoring system and the characteristics of the hydrogeologic system being monitored. Wells of 
different depth, diameter, and monitored interval can be employed in the same groundwater 
monitoring system. For instance, varying the monitored interval in several wells, at the same location 
(cluster wells) can help to determine the vertical gradient and the levels at which contaminants are 
present. Conversly, a fully penetrating well is usually not used to quantify or vertically locate a 
contamination plume, since groundwater samples collected in wells that are screened over the full 
thickness of the water bearing zone will be representative of average conditions across the entire 
monitored interval. However, fully penetrating wells can be used to establish the existence of 
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contamination in water bearing zone. The well diameter would depend upon the hydraulic 
characteristics of the water bearing zone. Sampling requirements, drilling method and cost. 

The decision concerning the monitored interval and well depth is based on the following 
information: 

l The vertical location of the contaminant source in relation to the water bearing zone. 

l The depth, thickness and uniformity of the water bcaring zone. 

l The anticipated depth, thickness, and characteristics (e.g., density relative to water) of the 
contaminant plume. 

l Fluctuation in groundwater levels (due to pumping, tidal influences, or natural 
recharge/discharge events). 

l The presence and location of contaminants encountered during drilling. 

l Whether the purpose of the installation is for determining existence or non-existence of 
contamination or if a particular stratigraphic zone is being investigated. 

l The analysis of borehole geophysical logs. 

In most situations where groundwater flow lines are horizontal, depending on the purpose of the 
well and the site conditions, monitored intervals are 2Ofeet or less. Shorter screen lengths 
(1 to 2 feet) are usually required where flow lines are not horizontal, (ie., if the wells are to be used 
for accurate measurement of the potentiometric head at a specific point). 

Many factors influence the diameter of a monitoring well. The diameter of the monitoring well 
depends on the application. In determining well diameter, the following needs must be considered: 

0 Adequate water volume for sampling. 
a Drilling methodology. 
a Type of sampling device to be used. 
. costs 

Standard monitoring well diameters are 2, 4, 6, or Binches. However, drive points are typically 
l-1/4or 2 inches in diameter. For monitoring programs which require screened monitoring wells, 
either a 2-inch or Cinch diameter well is preferred. Typically, well diameters greater than 4 inches are 
used in monitoring programs in which open hole monitoring wells are required. In the smaller 
diameter wells, the volume of stagnant water in the well is minimized, and well construction costs are 
reduced, however, the type of sampling devices that can be used are limited. In specifying well 
diameter, sampling requirements must be considered. Up to a total of 4gallons of water may be 
required for a single sample to account for full organic and inorganic analyses, and split samples. The 
water in the monitoring well available for sampling is dependent on the well diameter as follows: 
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Caring Inside Standing Water Depth to Total Depth of Standing 

Diameter, Inch Obtain 1 Gal Water Water for 4 Gal. 
(fed (feet) 

2 6.13 25 

4 1.53 6 

6 0.68 I 3 

However, if a specific well recharges quickly after purging, then well diameter may not be an 
important factor regarding sample volume requirements. 

Pumping tests for determining aquifer characteristics may require larger diameter wells; however, in 
small diameter wellsin-situ permeability tests can be performed during drilling or after well 
installation is completed. 

5.2.2 Riser Pbe and Screen Materials 

Well materials are specified by diameter, type of material, and thickness of pipe. Well screem require 
an additional specification of slot size. Thickness of pipe is referred to as ‘schedule’ for polyvinyl 
chloride (PVC) casing and is usually Schedule 40 (thinner wall) or 88 (thicker wall). Steel pipe thickness 
is often referred to as “Strength” and Standard Strength is usually adequate for monitoring well 
purposes. With larger diameter pipe, the wall thickness must be greater to maintain adequate 
strength. The required thickness is also dependent on the method of installation;-risers for drive 
points require greater strength than wells installed inside drilled borings. 

The selection of well screen and riser materials depends on the method of drilling, the type of 
subsurface materials in which the well penetrates, the type of contamination expected, and natural 
water quality and depth. Cost and the level of accuracy required are also important. The materials 
generally available are Teflon, stainless steel, PVC, galvanized steel, and carbon steel. Each has 
advantages and limitations (see Attachment A of this guideline for an extensive discussion on this 
topic). The two most commonly used materials are PVC and stainless steel for wells in which screens 
are installed and are compared in Attachment B. Stainless steel is preferred where trace metals or 
organic sampling is required; however, costs are high. Teflon materials are extremely expensive, but 
are relatively inert and provide the least opportunity for water contamination due to well materials. 
PVC has many advantages, including low cost, .excellent availability, light weight, and ease of 
manipulation; however, there are also some questions about organic chemical sorption and leaching 
that are currently being researched (see Barcelona et al., 1983). Concern about the use of PVC can be 
minimized if PVC wells are used strictly for geohydrologic measurements and not for chemical 
sampling. The crushing strength of PVC may limit the depth of installation, but schedule 80 materials 
normally used for wells greater than 50 feet deep may overcome some of the problems associated 
with depth. However, the smaller inside diameter of Schedule80 pipe may be an important factor 
when considering the size of bailers or pumps to be used for sampling or testing. Due to this 
problem, the minimum well pipe size recommended for schedule 80 wells is 4 inch I.D. 

Screens and risers may have to be decontaminated before use because oil-based preservatives and oil 
used during thread cutting and screen manufacturing may contaminate samples. Metal pipe, may 
corrode and release metal ions or chemically react with organic constituents, but this is considered by 
some to be less of a problem than the problem associated with PVC material. Galvanized steel is not 
recommended for metal analyses, as zinc and cadmium levels in groundwater samples may be 
elevated from the zinc coating. 

3334901 



iubrea Number Page 
GH-1.7 6of 17 

GROUNDWATER MONITORING Revlslon 
POINT INSTALLATION 1 

Effective Date 
o5m4no 

Threaded, flush-joint casing is most often preferred for monitoring well applications. PVC, Teflon, 
and steel can all be obtained with threaded joints at slightly more costs. Welded-joint steel casing is 
also acceptable. Glued WC may release organic contamination into the well and therefore should 
not be used if the well is to be sampled for organic contaminants. 

When the water bearing zone is in consolidated bedrock, such as limestone or fractured granite, a 
well screen is often not necessary (the well is simply an open hole in bedrock). Unconsolidated 
materials, such as sands, clay, and silts require a screen. A screen dot sire of 0.010 or 0.02Oinch is 
generally used when a screen is necessary and the screened interval is artificially packed with a fine 
sand. The slot size controls the quantity of water entering the well and prevents entry of natural 
materials or sand pack. The screen shall pass no more than 10 percent of the pack material, or in-situ 
aquifer material. The rig geologist shall specify the combination of screen slot size and sand pack 
which will be compatible with the water bearing zone, to maximize groundwater inflow and 
minimize head losses and movement of fines into the wells. (For example, as a standard procedure, a 
Morie No. 1 or Ottawa sand may be used with a O.Ol&nch slot screen, however, with a 0.02~inch riot 
screen, the filter pack material must be the material retained on a No. 20 to No. 30 U.S. standard 
sieve.) 

5.2.3 Annular Materials 

Materials placed in the annular space between the borehole and riser pipe and screen include a sand 
pack when necessary, a bentonite seal, and cement-bentonite grout The sand pack is usually a fine 
to medium grained well graded, silica sand. The quantity of sand placed in the annular space is 
dependent upon the length of the screened interval but should always extend at least 1 foot above 
the top of the screen. At least one to three feet of bentonite pellets or equivalent shall be placed 
above the sand pack. The cement-bentonite grout or equivalent extends from the top of the 
bentonite pellets to the ground surface. 

On occasion, and with the concurrence of the involved regulatory agencies, monitoring wells may be 
packed naturally, i.e., no artificial sand pack will be installed, and the natural formation material will 
be allowed to collapse around the well screen after the well is installed. This method has been 
utilized where the formation material itself is a relatively uniform grain size, or when artificial sand 
packing is not possible due to borehole collapse. 

Bentonite expands by absorbing water and provides a seal between the screened interval and the 
overlying portion of the annular space and formation. Cement-bentonite grout is placed on top of 
the bentonite pellets to the surface. The grout effectively seals the well and eliminates the possibility 
for surface infiltration reaching the screened interval. Grouting also replaces material removed 
during drilling and prevents hole collapse and subsidence around the well. A tremie pipe should be 
used to introduce grout from the bottom of the hole upward, to prevent bridging and to provide a 
better seal. However, in boreholes that don’t collapse, it may be more practical to pour the grout 
from the surface without a tremie pipe. 

Grout is a general term which has several different connotations. For all practical purposes within the 
monitoring well installation industry, grout refers to the solidified material which is installed and 
occupies the annular space above the bentonite pellet seal. Grout, most of the time, is made up of 
two assemblages of material, i.e., a cement-bentonite grout. A cement bentonite grout normally is a 
mixture of cement, bentonite and water at a ratio of one 9O-pound bag of Portland Type I cement, 
3-5 pounds of granular or flake-type bentonite and 6 gallons of water. A neat cement is made up of 
one ninety-pound bag of Portland Type I cement and 6 gallons of water. 
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In certain cases, the borcholc may be drilled to a depth greater than the anticipated well installation 
depth. For these cases, the well shall be backfilled to the desired depth with bentonite pellets or 
equivalent. A short (l’-2’) section of capped riser pipe sump is sometimes installed immediately below 
the screen, as a silt reservoir, when significant post-development silting is anticipated. This will 
ensure that the entire screen surface remains unobstructed. 

5.2.4 Protective Catinq 

When the well is completed and grouted to the surface, a protective steel casing is often placed over 
the top for the well. This casing generally has a hinged cap and can be locked to prevent vandalism. 
A vent hole shall be provided in the cap to allow venting of gases and maintain atmospheric pressure 
as water levels rise or fall in the well. The protective casing has a larger diameter than the well and is 
set into the wet cement grout over the well upon completion. In addition, one hole is drilled just 
above the cement collar through the protective casing which acts as a weep hole for the flow of 
water which may enter the annulus during well development, purging, or sampling. 

A Protective casing which is level with the ground surface is used inn roadway or parking lot 
applications where the top of a monitoring well must be below the pavement. The top of the riser 
pipe is placed 4 to 5 inches below the pavement, and a locking protective casing is cemented in place 
to 3 inches below the pavement. A large diameter protective sleeve is set into the wet cement around 
the well with the top set level with the pavement. A manhole type lid placed over the protective 
sleeve. The cement should be slightly mounded to direct pooled water away from the well head. 

5.3 MONITORING WELL INSTALLATION 

5.3.1 Monitorincl Wells in Unconsolidated Sediments 

After the borehok is drilled to the desired depth, well installation can begin. The procedure for well 
installation will partially be dictated by the stability of the formation in which the well is being 
placed. If the borehole collapses immediately after the drilling tools are withdrawn, then a 
temporary casing must be installed and well installation will proceed through the center of the 
temporary casing, and continue as the temporary casing is withdrawn from the borehole. In the case 
of hollow stem auger drilling, the augers will act to stabilize the borehole during well installation. 

Before the screen and riser pipe are lowered into the borehole, all pipe and screen sections should be 
measured with an engineers rule to ensure proper well placement. When measuring sections, the 
threads on one end of the pipe or screen must be excluded while measuring, since the pipe and screen 
sections are screwed flush together. 

After the screen and riser pipe are lowered through the temporary casing, then the sand pack can be 
installed. A weighted tape measure must be used during the procedure in order to carefully monitor 
installation progress. The sand is poured into the annulus between the riser pipe and temporary 
casing, as the casing is withdrawn. Sand should always be kept within the temporary casing during 
withdrawal in order to ensure an adequate sand pack. However, if too much sand is within the 
temporary casing (greater than 1 foot above the bottom of the casing) bridging between the 
temporary casing and riser pipe may occur. 

After the sand pack is installed to the desired depth, (at least 1 foot above the top of the screen) then 
the bentonite pellet seal or equivalent, can be installed, in the same manner as the sand pack. At 
least 1 to 3 feet of bentonite pellets should be installed above the sand pack. 
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The cement-bentonite grout is then mixed and either poured or tremied into the annulus as the 
temporary casing or augers are withdrawn. Finally, the protective casing can be installed as detailed 
in Section 5.2.4. 

In stable formations where borehole collapse does not occur, the well can be installed as discussed 
above, and the use of a temporary casing is not needed. However, centralizen may have to be 
install&, one above, and one below the screen, to assure enough annular space for sand pack 
placement. A typical overburden monitoring well sheet is shown. 

5.3.2 Confinina Laver Monitorina Wells 

When drilling and installing a well in a confined aquifer, proper well installation techniques must be 
applied to avoid cross contamination between. Under most conditions, this can be accomplished by 
installing doublNased wells. This is accomplished by drilling a large diameter boring through the 
upper aquifer, 1 to 3 feet into the underlying confining layer, and setting and pressure grouting or 
tremie grouting the outer casing into the confining layer. The grout material must fill the space 
between the native material and the outer casing. A smaller diameter boring is then continued 
through the confining layer for installation of the monitoring well as detailed for overburden 
monitoring wells, with the exception of not using a temporary casing during installation. Sufficient 
time which will be determined by the rig geologist, must be allowed for setting of the grout prior to 
drilling through the confined layer. A typical confining layer monitoring well sheet is shown in 
Attachment C. 

5.3.3 Bedrock Monitorina Wells 

When installing bedrock monitoring wells, a large diameter boring is drilled through the overburden 
and approximately 5 feet into the bedrock. A casing (typically steel) is installed and either pressure 
grouted or tremie grouted in place. After the grout is cured, a smaller diameter boring is continued 
through the bedrock to the desired depth. If the boring does not collapse, the well can be left open, 
and a screen is not necessary. If the boring collapses, then a screen is required and can be installed as 
detailed for overburden monitoring wells. However, if a screen is to be used, then the casing which is 
installed through the overburden and into the bedrock does not require grouting and can be 
installed temporary until final well installation is completed. Typical well construction forms for 
bedrock monitoring wells are shown in Attachment C 

5.3.4 Drive Points 

Drive points can be installed with either a sledge hammer, drop hammer, or a mechanical vibrator. 
The screen is threaded and tightened onto the riser pipe with pipe wrenches. The drive point is 
simply pounded into the subsurface to the desired depth. If a heavy drop hammer is used, then a 
tripod and pulley setup is required to lift the hammer. 
depths exceeding 10 feet. 

Drive points $ypically cannot be driven to 

5.3.5 Innovative Monitorina Well Installation Techniaues 

Certain innovative sampling devices have proven advantageous. These devices are essentially 
screened samplers installed in a borehole with only one or two small-diameter tubes extending to the 
surface. Manufacturers of these types of samplers claim that four samplerscan be installed in a 3-inch 
diameter borehole. This reduces drilling costs, decreases the volume of stagnant water, and provides 
a sampling system that minimizes cross contamination from sampling equipment. These samplers 
also perform well when the water table is within 25 feet from the surface (the typical range of suction 
puwd. Two manufacturers of these samplers are Timco Manufacturing Company, Inc., of 
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Prairie du Sac, Wisconsin, and BARCAD Systems, Inc., of Concord, Massachusetts. Each offers various 
construction materials. 

Two additional types of multilevel sampling systems have been developed. Both employ individual 
screened openings through a smalldiameter casing. One of these systems (marketed by Westbay 
Instruments Ltd. of Vancouver, British Columbia, Canada) uses a screened port and a sampling probe 
to obtain samples and head measurements or perform permeability tests. this system allows sampling 
ports at intervals as close as 5 feet, if desired, in boreholes from 3 to 4.8 inches in diameter. 

The other system, developed at the University of Waterloo at Waterloo, Ontario, Canada, requires 
field assembly of the individual sampling porn and tubes that actuate a simple piston pump and force 
the samples to the surface. Where the depth to ground water is less than 25 feet, the piston pumps 
are not required. The assembly is made of easily obtained materials; however, the cost of labor to 
assemble these monitoring systems may not be cost-effective. 

5.4 WELL DEVELOPMENT METHODS 

The purpose of well development is to stabilize and increase the permeability of the gravel pack 
around the well screen, and to restore the permeability of the formation which may have been 
reduced by drilling operations. Wells are typically developed until all fine material and drilling water 
is removed from the well. Sequential measurements of pH, conductivity and temperature taken 
during development may yield information (stabilized values) that sufficient development is reached. 
The selection of the well development method (shall) be made by the rig geologist and is based on 
the drilling methods, well construction and installation details, and the characteristics of the 
formation that the well is screened in. The primary methods of well development are summarized 
below. A more detailed discussion may be found in Driscoll(l988). 

Overoumoina and Backwashinq - Wells may be developed by alternatively drawing the water level 
down at a high rate (by pumping or bailing) and then reversing the flow direction (backwashing) so 
that water is passing from the well into the formation. This back and forth movement of water 
through the well screen and gravel pack serves to remove fines from the formation immediately 
adjacent to the well, while preventing bridging (wedging) of sand grains. Backwashing can be 
accomplished by several methods including pouring water into the well and then bailing, stating and 
stopping a pump intermittently to change water levels, or forcing water into the well under pressure 
through a water-tight fitting (“rawhiding”). Care should be taken when backwashing not to apply 
too much pressure, which could damage or destroy the well screen. 

Surgina with a Surae Plunaer - A surge plunger (alti called a surge block) is approximately the same 
diameter as the well casing and is used to agitate the water, causing it to move in and out of the 
screens. This movement of water rpulls fine materials into the well, where they may be removed by 
any of several methods, and prevents bridging of sand particles in the gravel pack. There are two 
basic types of surge plungers; solid and valved surge plungers. In formations with low yields, a valved 
surge plunger may be preferred, as solid plungers tend to force water out of the well at a greater rate 
than it will flow back in. Valved plungers are designed to produce a greater inflow than outflow of 
water during surging. 

Corn Dressed Air - Compressed air can be used to develop a well by either of two methods: 
backwashing or surging. Backwashing is done by forcing water out through the screens, using 
increasing air pressure inside a sealed well, then releasing the pressurized air to allow the water to 
flow back into the well. Care should be taken when using this method so that the water level does 
not drop below the top of the screen, thus reducing well yield. Surging, or the “open well” method, 
consists of alternately releasing large volumes of air suddenly into an open well below the water level 
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to produce a strong surge by virtue of the resistance of water head, friction, and inenia. Pumping the 
well is subsequently done with the air lift method. 

Hioh Velocitv Jettinq - In the high velocity jetting method, water is forced at high velocities from a 
plunger-type device and through the well screen to loosen fine particles from the sand pack and 
surrounding formation. The jetting tool is slowly rotated and raised and lowered along the length of 
the well screen to develop the entire screened area. Jetting using a hose lowered into the well may 
also be effective. The fines washed into the screen during this process can then be bailed or pumped 
from the well. 

6.0 REFERENCES 

Scalf, M. R., 1. F. McNabb, W. 1. Dunlap, R. L. Cosby, and J. Fryberger, 1981. Manual of Groundwater 
Samplina Procedures. R. 5. Kerr Environmental Research Laboratory, Office of Research and 
Development, U.S. EPA, Ada, Oklahoma. 

Barcelona, M. J., P. P. Gibb and R. A. Miller, 1983. A Guide to the selection of Materials for Monitoring 
Well Construction and Groundwater Samplina. ISWS Contract Report 327, Illinois State Water Survey, 
Champaign, Illinois. 

U.S. EPA, 1980. Procedures Manual for Groundwater Monitorina of Solid Waste Disposal Facilities. 
Publication SW-61 1, Office of Solid Waste, U.S. EPA, Washington, DC 

Driscoll, Fletcher G., 1986. Groundwater and Wells. Johnson Division, St. Paul, Minnesota, 1989 p. 

7.0 RECORDS 

A critical part of monitoring well installation is recording of significant details and events in the field 
notebook. The Geologist must record the exact depths of significant hydrogeological features screen 
placement, gravel pack placement, and bentonite placement. 

A Monitoring Well Sheet (Attachment C’) shall be used which allows the uniform recording of data for 
each installation and rapid identification of missing information. Well depth, length, materials of 
construction, length and openings of screen, length and type of riser, and depth and type of all 
backfill materials shall be recorded. Additional information (shall) include location, installation date, 
problems encountered, water levels before and after well installation, cross-reference to the geologic 
boring log, and methods used during the installation and development process. The documentation 
is very important to prevent problems involving questionable sample validity. Somewhat different 
information will need to be recorded.depending on-whether the well is completed in overburden, in 
a confined layer, in bedrock with a cased well, or as an open hole in bedrock. 

The quantities of sand, bentonite, and grout placed in the well are also important. The Geologist 
shall calculate the annular space volume and have a general idea of the quantity of material needed 
to fill the annular space. Volumes of backfill significantly higher than the calculated volume may 
indicate a problem such as a large cavity, while a smaller backfill volume may indicate a cave-in. Any 
problems with rig operation or down time shall be recorded and may determine the driller’s final fee. 
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AITACHMENT A 

TABLE 74 RELATlVE COMPAll8lLlTY OF RIGID WELL-CASING MATERIAL (PERCENT) 

Preliminary Rankino of Rigid Materials 
Teflon. 
Stamless Steel 316 
Stainless Steel 304 
PVC 1 
Lo-Carbon Steel 
Galvanoed Steel 
Carbon Steel 
Trademark of DuPont 

REl,,ATlVE COMPAllBlLllY OF SEMI-RIGID OR ELASTOMERK MATEIUALS (PERCENT) 

PVC 

Flexible 
PP 

PE 

Conv. 

PE 

Lmear 
PMM Won- Silicone Neoprene Teflon** 

auffrrrd Weak Add 97 97 100 97 90 92 87 85 100 

Waak Add 92 90 94 96 78 78 75 75 100 

Ym~I4cdilgh lolid, 100 100 100 100 9s 100 78 82 100 

AaueodOrganr Mianira 62 71 40 60 49 78 49 44 100 

Percent owrlll natmg 88 90 84 8% 70 87 72 72 100 
\ 

Prehminary Rankino of Semi-Rtaid or Elastomenc MaterlaIr 
1 Teflon. 
2 Polypropylene (PP) 
3 PVC flexlble/PE linear 
4 Won* 
5 PE ConventIonal 
6 PlextglazRucrte (PMM) 
7 Silicone/Neoprene 
Source: Barcelona etal., 1983 
l Trademark of DuPont 
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AlTACHMENT B 

COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WELL CONSTRUCTION 

Characteristic. Stainless Steel PVC 
I 
Strength Use in deep wells to prevent Use when shear and compressive 

compression and closing of strength not critical. 
scrtcn/riser. 

I 
Weight Relatively heavier Lightweight, floats in water 

I 
COSt Relatively expensive Relatively inexpensive 

. 
Corrosivity Deteriorates more rapidly in Non-corrosive-may deteriorate in 

corrosive water presence of ketpnes, aromatics, alkyl 
sulfides, or some chlorinated HC 

. 
Ease of Use Difficult to adjust size or length in Easy to handle and work in the field. 

the field. 
I 
Preparation for Use Should be steam-cleaned for Never use glue fittings-pipes should be 

organics sampling threaded or pressurefitted. Should be 
steam cleaned if used for monitoring 
wells. 

I 
Interaction with May sorb organic or inorganic May sorb or release organic substances. 
Contaminants* substances when oxidized 

I 
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l See also Attachment A. 
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ATTACHMENTC 

. 
5041NG NO 

Q 

OVERBURDEN 
A Halllbunm Company MONITORING WELL SHEET 

:IELD GEOLOGIST 

sna - UP TOP Of SURFACE CASING; 
sna - UP RISER PIPE : 

TYPE Of SURFACE SEAL: 

BOREHOLE DIAMETER: 

ELEVATION I DEPTH TOP Of SEAL: 

ELEVATION I OEPrn TOP Of SCREEN: 

SLOT SIZE I LENGTH: 

I.D. Of SCREEN: 

rYPE Of SAND PACK: 

ELEVAllON I OtPl’H BOlTOM Of SCREEN: 

ELEVATICM I DEPTH BOWOM OF SAN0 PACK: 
WE Of dAaflU UELOW O@%ERVATION 

PImAnor I OCPTH OF nou: 
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mNUS COFPORATlON 
BORING NO.: 

CONFINING LAYER 
MONITORING WELL SHEET 

DEVELOPMENT 

ELEVATION Of TOP Of PERM. CASING : 
ELEVATlON OF TOP OF RISER PIPE: 

TYPE OF SURFACE SLCU: 

TYPE OF SURFACE CASING: 

BOREHOLE DIAMETER: 

PER&l. CASING I.D. 

ELEVATION I DEPTH TOPCONfINiNG LAYER: 
ELEVATION I DEPTH BOnOM OF CASING: 
ELEVATlON I DEPTH BOT. CONFINING LAYER: 

ELEVATION / DEPTH TOP OF SEAL: 
TYPE OF SEAL: 

DEPTH TOP OF SAND PACK: 

ELEVATION/DEPTH TOP OF SCREEN: 
TYPE OF SCREEN: 

rYPE OF SAND PACK: 

BOREHOLE DIA. BELOW CASING: 

ELEVATION/ DEPTH BOTTOM OF SCREEN: 

ELEVATION I DEPTH EOlTOM OF SAND PACK: 
TYPE OF BACKFILL BELOW OBSERVATION 
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BORING NO.: 

BEDROCK 

Q A--WV 
MONITORING WELL SHEET 

OPEN HOLE WELL 

ROJECT LOCATION- 
ROJECT NO. 

---.w.m 

LI 
‘ELU uc 

ORlulNG 
UORINZI 

iVATlON DATE 
METHOD 

’ - - ‘OLOGIST 
WELOPMENT 
METHOD 

I 

GROUND 
EL 

- ELEVATlON Of TOf Of WING: 

- STICK UC OF CASING ABOVE GROUND 
SURfAcE: 

- W9 of SURFACE SEAL: 

I.D. OF CASING: 
’ WPE Of CASING: 

TEMP./PERM.: 

- DUMETER Of HOLE: 

- TYPE OF CASING SEAL: 

- DEfTH TO TOf Of ROCK: 

- DEPTn TO lOnOM WING: 

- DWmROf HOLE IN BEDROCK: 

DESCRIOE IF CORE/ REAMED WITH DIT: 

DESCME JOINTS IN IEDROCK AND DEfTM: 

. ELEVATION I OLPTH OF HOLE: 
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BORING NO.: 

BEDROCK 
MONITORING WELL SHEET 

WELL INSTALLED IN BEDROCK 

ELEVATION OF TOP OF SURFACE CASING : 
ELEVATION OF TOf OF RlSER PIPE: 
ELEVATION TOP OF PERM. CASING: 
TYPE OF SURFACE SEAL: 

El 
I.D. OF SURFACE CASING: 
TYPE OF SURFACE CASING: 

RISER PIPE I.D. 
TYPE OF RISER PIPE: 

BOREHOLE DIAMETER: 

PERM. CASING I.D. 
TYPE OF CASING I BACKFILL: 

ELEVATION/DEPTH TO BEDROCK: 
t ! ELEVATION/DEPTH BOnOM OF C4SJNG: 

BOREHOLE DIA. BELOW CASiNG: 
TYPE OF BACKFILL: 

ELEVATION I DEPTH TOP OF SEAL: 
WPE OF SEAL: 

ELEVATION I DEPTH TOP OF SAND PACK: 

ELEVATlONlOEPTH TOP OF KREEN: 
TYPE OF KREEN: 

TYPE OF SAND PACK : 

ELEVATION I DEPTH BOTTOM OF SCREEN: 

ELEVATION I DEPTH BOTTOM OF SAND PACK: 
TYPE OF BACKFILL BELOW OBSERVATION 
WELL: 

. ELEVATION I DEPTH Of HOLE: 
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AllACHMENT C 
PAGE FIVE 

AkWlikvtonCompiKly 

PROJECT 
PROJECT NO 
ELEVATION 
FIELD GEOLOGIST 

SORING NO 
BEDROCK 

MONITORING WELL SHEET 
WELL INSTALLED IN BEDROCK 

1 
LOCATION DRILLER 

BORING 
DRILLING 

DATE 
METHOD 
OEVELOPMENT 
METHOD 

ELEVARON OF TOP OF SURFACE CASING: 

STICK UP OF CASING ABOVE GROUND 

iROUND CLEVATION TOP OF RISER: 
T’fPE OF SURFACE SEAL: 

I.D. OF SURFACE CASING: 

DIAMETER OF HOLE: 

RISER PIPE I 0.: 
WPE OF RISER PIPE: 

TYPE OF BACKFILL: 

ELEVAT:ON I DEPTh TO@ OF SEAL: 
‘c ELEVATION I DEPTH TOP Of BEDROCK. 

=I 
- WPE OF SEAL: 

I 

ELEVATION /DEPTH TOP OF SAND: 

ELEVATION I DEPTH TOP OF SCREEN: 

1 D SCREEN: 

mPE OF SAND PACK: 

DIAMETER OF HOLE IN BEDROCK: 

CORE I REAM: 

ELEVATION/ OEPTH BOTTOM SCREEN: 
I 

ELEVATION f DEPTH DOmOM OF HOLE: I 
I 
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1.0 PURPOSE 

This guideline is intended to describe procedures for performing in-litu hydraulic conductivity testing 
(slug testing) in boreholes and monitoring wells, and provide a short description of commonly used 
evaluation techniques for the data generated. Slug tests are used to provide data regarding the 
hydraulic properties of the formation tested. A variation of the slug test, called a constant-head test, 
is also briefly describe: 

2.0 SCOPE 

Slug tests are short-term tests designed to provide approximate hydraulic conductivity values for the 
portion of a formation immediately surrounding the screened/open interval of a well or boring. 
These tests are less accurate than pumping tests, as a much more localized area is involved, so a 
number of slug tests are performed and averaged to determine a representative hydraulic 
conductivity value for the formation tested. Slug tests may be preferable to pumping tests in 
situations where handling of large volumes of contaminated water is a concern or when time/budget 
constraints preclude the more expensive and time-consuming setup and performance of a pumping 
test. 

Constant-head tests also are used to determine hydraulic conductivity values and are similar to slug 
tests in regards to the quality of data obtained and time/cost considerations. A disadvantage to 
constant-head tests is that a significant volume of water may be added to the formation, potentially 
affecting short-term water quality. 

3.0 GLOSSARY 

Hvdraulic Conductivitv (Kl - A quantitative measure of the ability of porous material to transmit 
water. Volume of water that will flow through a unit cross sectional area of porous material per unit 
time under a head gradient. Hydraulic conductivity is dependent upon properties of the medium and 
fluid. Common units of expression include centimeters per second (cm/set), feet per day (fVday), and 
gallons per day per foot2 (gpd/fQ). 

Transmissivitv (TJ - A quantitative measure of the ability of an aquifer to transmit water. The product 
of the hydraulic conductivity x saturated thickness. 

Sluq-test - A rising head or falling head test used to measure hydraulic conductivity. A slug test 
consists of instantaneously changing the water level within a well and measuring the rate of recovery 
of the water level to equilibrium conditions. Slug tests are performed by either withdrawing a slug of 
water (rising head test) or adding a slug of water (falling head test), then measuring recovery over 
time. A solid slug of known volume can be used to displace a volume of water, thereby simulating the 
addition or removal of water. 

4.0 RESPONSIBIUTIES 

The project geologist shall evaluate the type(s) and extent of hydraulic testing required for a given 
project during the planning process, and design the field program accordingly. The project geologist 
also shall ensure that field personnel have the necessary training and guidance to properly perform 
the tests, and oversee data reduction activities, including selecting the appropriate evaluation 
techniques and checking calculations for accuracy. 
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The field geologist is responsible for performing the planned field tests as specified in the planning 
documents, or as directed by the project geologist shall the field program require modification, and 
generally assists in the data evaluation process. The field geologist shall be knowledgeable in the 
testing methodologies required and is responsible for obtaining the necessary support equipment 
required to perform the field tests. All applicable data regarding testing procedures, equipment 
used, well construction, and geologic/hydrogeologic conditions shall be recorded by the field 
geologifi. The field geologist shall be familiar enough with testing procedures/requirements to be 
able to recommend changes in methodology, should unanticipated field conditions be encountered. 

5.0 PROCEDURES 

5.1 IN-SITU HYDRAUUC CONDUCITVITY TESllNC IN WELLS 

Slug tests are commonly performed in completed wells. Prior to testing, the well shall be thoroughly 
developed and allowed to stabilize, in order to obtain accurate results. Once the water level within 
the well has stabilized, it shall be quickly raised or lowered and the rate of recovery measured. 

One of the basic assumptions of slug testing is that the initial change in water level is instantaneous; 
therefore, an effort shall be made to minimize the time involved in raising or lowering the water level 
initially. Various methods can be used to induce instantaneous (or nearly instantaneous) changes in 
water level within the well. A rise in water levels can be induced by pouring water into the well. A 
solid slug of known volume, quickly lowered below the water level within the well, will displace an 
equivalent volume of water and raise the water level within the well. The slug can be left in place 
until the water level restabilizes at the static water level, then suddenly removed to create a drop in 
water level within the well. An advantage of using a solid cylinder of known volume to change the 
water level (slug test) is that no water is removed or added to the monitoring well. This eliminates 
the need to dispose of contaminated water and/or add water to the system, which might raise doubts 
regarding the representativeness of future groundwater samples. A bailer or pump can be used to 
withdraw water from the well. (If a pump is used, pumping shall not continue for more than several 
seconds so that a cone of depression is not created which would adversely impact testing results. The 
pump hose shall also be removed from the well during the recovery period, as data analysis 
techniques involve volume of recovery versus time, and leaving the hose within the well would distort 
the calculated testing results by altering the apparent volume of recovery.) Falling head slug tests 
should only be performed in wells with fully submerged screens, while rising head slug tests can be 
performed in wells with either partially or fully submerged screens/open intervals. 

Other methods that can be used to change water )evels within a well include creating a vacuum or a 
high pressure environment within the well. The vacuum method will raise water levels within the 
well, while the pressure method will depress the water level in the well. These methods are 
particularly useful in highly permeable formations where other methods are ineffective in creating 
measurable changes in water levels. Both methods are limited to wells which have completely 
submerged screens. 

Rate of recovery measurements shall be obtained from time zero (maximum change in water level) 
until water level recovery exceeds 90 percent of the initial change in water level. In low permeability 
formations, the test may be cut off short of 90 percent recovery due to time constraints. Time 
intervals between water level readings will vary according to the rate of recovery of the well. For a 
moderately fast recovering well, water level readings at O,O.l, 0.2,0.3,0.4,0.5,0.75, 1.0, 1.25, 1.5,2-O, 
2.5, 3.0,4.0,. . . minutes may be required. With practice, readings at down to 0.05minute (3 seconds) 
time intervals can be obtained with reasonable accuracy, using a pressure transducer and hand held 
readout. For wells which recover very fast, a pressure transducer and data logger may be required to 
obtain representative data. Time intervals between measurements can be extended for slow 
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recovering wells. A typical schedule for measurements for a slow recovering well would be 0, 0.25, 
O.S, 0.75, 1.0, 1.5,2.0,3.0,4.0,6.0,8.0, 10.0, 15.0,20.0,30.0,. . . minutes from the beginning the test. 
Measurements shall be taken from the top of the well casing. 

Water level measurements can be obtained using an electric water level indicator, popper, or 
pressure transducer. Steel tape, coated with chalk or water sensitive paste although very accurate, is 
a slower method of obtaining water levels and is generally not recommended for use due to the 
frequency at which water levels need to be taken during the performance of a slug test. 

The following data shall be recorded when petforming slug tests in wells or borings: 

l Well/boring ID number 
l Total depth of well/boring 
l Screened/open interval depth and length 
l Gravel pack interval depth and length 
l Well and boring radii 
l Well stickup above ground surface 
l Gravel pack radius 
0 Static water level 
l Aquifer thickness . 
l Depth to confining layer 
l Time/recovery data 
l Gravel pack porosity 

A variation of the slug test is a test in which water is added to the well at a measured rate sufficient to 
maintain the water level in the well at a constant height above the static water level, and is called a 
constant-head test. Once a stable elevated water level has been achieved, discharge (pumping) rate 
measurements shall be recorded in place of time/recovery data for approximately 10 to 20 minutes, 
then the hydraulic conductivity calculated from this. This type of test is generally not recommended 
for monitoring wells as large volumes of water may be introduced into the screened formation, 
potentially impacting later sampling events. 

5.2 IN-SITU HYDRAULIC CONDUCllVllV TESTlNG IN BORINGS 

Slug tests can be performed in borings while the boring is being advanced. This permits testing of 
formations at different depths throughout the drilling process. Boreholes to be tested shall be drilled 
using casing, so that discrete depths may be investigated. Various tests and testing methods are 
described below. The most appropriate test and testing method to be used in a situation varies with 
drilling, geologic, and general site conditions and shall be selected after a careful evaluation of the 
above factors. 

Rising head or falling head slug tests can be performed in saturated and unsaturated formations 
during drilling. There are h~o ways that the tests can be performed. One way entails setting the 
casing flush with the bottom of the boring when the desired testing depth has been reached. The 
hole is then cleaned out to remove loose materials, the drill bit and rods are carefully withdrawn from 
the boring, and a few feet of sand (of higher permeability than the surrounding formation) is added 
to the bottom of the boring. After the water level in the boring has stabilized (for saturated 
formations), the static water level shall be measured and recorded. The water level shall then be 
raised (falling head test) or lowered (rising head test) and the change in water level measured at time 
intervals as determined by the field hydrogeologist. Only falling head tests can be performed for 
depth intervals within the unsaturated (vadose) zone. As described for wells, time intervals for water- 
level measurements will vary according to the formation’s hydraulic conductivity. The faster the rate 
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of recovery expected, the shorter the time intervals between measurements shall be. A 
predetermined pattern of time intervals shall be used during each test. The rate of change of water 
level will be used to calculate hydraulic conductivity. The test shall be conducted until the water level 
again stabilizes, or for a minimum of 20 minutes. In low permeability formations, it is not always 
practical to run the test until the water level stabilizes, as it may take a long time to do so. The top of 
the casing shall be used as the reference point for all water level measurements. 

The second method consists of placing a temporary well with a short screen into the cleaned out 
boring, pulling the drilling casing back to expose the screen, allowing the formation to collapse 
around the screen (or placing a sand/gravel pack around the screen), and performing the appropriate 
hydraulic conductivity test in the well, as described for the first method. Again, the test shall be 
conducted until the water level stabilizes or for a minimum of 20minutes. this method allows for 
testing a larger section of the formation and results in more reliable hydraulic conductivity estimates. 

Constant head tests may also be performed in borings. As described for monitoring wells, once a 
stable elevated level has been achieved, the discharge rate into the boring is measured for a period of 
time, usually 10 to 20 minutes, and the hydraulic conductivity calculated from this. This method is the 
most accurate method depicted in this section and shall be given preference over others if the 
materials are available to perform the test and the addition of water to the boring does not adversely 
impact project objectives. Once the test is over, additional information can be gathered by measuring 
the rate of the drop in water level in the boring (for saturated formations). A limitation of the test is 
that foreign water is introduced into the formation which must be removed from the well area by 
natural or artificial means before a representative groundwater sample can be obtained. 

Detailed descriptions regarding the performance of borehole hydraulic conductivity tests and 
subsequent data analysis techniques are provided in Ground Water Manual (1981). 

5.3 DATA ANALYSIS 

There are a number of data analysis methods available for use to reduce and evaluate slug testing 
data. The determination of which method is most appropriate shall be made based on the testing 
conditions (including physical setup of the well/boring tested, hydrogeologic conditions, and testing 
methodology) and the limitations of each test analysis method. Well construction details, aquifer 
type (confined or unconfined), and screen&open interval (fully or partially penetrating the aquifer) 
shall be taken into account in selecting an analysis method. Cooper, etal. (1967), and Papadapulos, 
et al. (1973), have developed test interpretation procedures for fully penetrating wells in confined 
aquifers. Hvorslev (1951) developed a relatively simple analytical procedure for point pierometers in 
an infinite isotropic medium. In Cedergren(1967) Hvorslev presents a number of analytical 
procedures which cover a wide variety of hydrogeologic conditions, testing procedures, and 
well/boring/ pietometer configurations. Bouwer and Rice (1976) developed an analytical technique 
applicable to both unconfined and confined conditions, factors in partial/full penetration, and 
discusses well screen gravel pack considerations. The Ground Water Manual (1981) presents a 
number of testing and test analysis procedures for wells and borings open above or below the water 
table, and for both falling-head and constant-head tests. The methods described above do not 
represent a complete listing of test analysis methods available, but are some of the more commonly 
used and accepted methods. Other methods can be used, at the discretion of the project 
hydrogeologist. 

One consideration to be noted during data analysis is the determination of the screened/open 
interval of a tested well. If a well with a fully submerged screen is installed in a relatively low 
permeability formation, and a gravel pack which is significantly more permeable is installed around 
the screen, the length of the gravel pack (if longer than the screened interval) may be used as the 

D334901 



iubJ@Ct 

IN-SITU HYDRAULIC 
CONDUCTIVITY TESTlNG 

Number Page 
GH-2.4 6of7 

Revwon 
2 

Effectwe Date 05,04/90 

screened/open length, rather than the screen length itself. In situations where the formation 
permeability is judged to be comparable to the gravel pack permeability (within about an order of 
magnitude) this adjustment is not required. 

All data analysis applications and calculations shall be reviewed by technical personnel thoroughly 
familiar with testing and test analysis procedures. Upon approval of the calculations and results, the 
calculation sheets shall be initialed and dated by the reviewer. Distribution copies shall be supplied to 
appropriate project personnel and the original copy stored in the project file. 

6.0 REFERENCES 

Cedergren, H. R., 1967. Seepage, Drainage, and Flow Nets. John Wiley and Sons Inc., New York, 
pp. 78-76. 

Cooper, H. H., Jr., J. 0. Bredehoeft, and I. 5. Papadopulos, 1967. Response of a Finite-Diameter Well to 
an Instantaneous Change of Water. Water Resources Research, V. 3, No. 1, pp. 263-269. 

Hvorslev, M. J., 1951. Time Lag and Soil Permeability in Ground Water Observatiom. U.S. Army Corps 
of Engineers, Waterways Experiment Station, Washington, D.C, Bull. No. 36. 

Papadopulos, I. S., J. D. Bredehoeft, and H. H. Cooper, 1973. On the Analysis of Slug Test Data. Water 
Resources Research, V. 9, No. 4, pp. 1087-1089. 

Bouwer, H. and R. C. Rice, 1976. ‘A Slug Test for Determining Hydraulic Conductivity of Unconfined 
Aquifers with Completely or Partially Penetrating Wells.’ Water Resources Research, 12:423-28. 

United States Department of the Interior, 1981. Ground Water Manual. U.S. Government Printing 
Office, Denver, Colorado. 

7.0 RECORDS 

Field data shall be recorded on the data sheet included as Attachment A’. Any notes regarding 
testing procedures, problems encountered, and general obsenrations not included on the data sheet 
shall be noted in the field logbook. The boring log and well construction diagrams for each 
well/boring tested shall be used as references during testing and data analysis activities. Original data 
sheets shall be placed in the project file, along with the field logbook. 

* If an automated data recorder is used, the data may be displayed using the printer output from 
the unit. Such printouts should be annoted to include the relevant data form, or attached to 
the form shown as Attachment A. 
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1.0 PURPOSE 

The purpose of this procedure is to provide general reference information on the sampling Of 
groundwater wells. The methods and equipment described are for the collection of water sample5 
from the saturated zone of the subsurface. 

2.0 SCOPE 

This procedure provides information on proper sampling equipment and techniques for groundwater 
sampling. Review of the information contained herein will facilitate planning of the field sampling 
effort by describing standard sampling techniques. The techniques described &all be followed 
whenever applicable, noting that site-specific conditions or project-specific plans may require 
adjustments in methodology. 

3.0 GLOSSARY 

None. 

4.0 RESPONSlBlLlllE5 

Site Hvdrooeolooist or Geochemist - responsible for selecting and detailing the specific groundwater 
sampling techniques and equipment to be used, documenting these in the Project Operations Plan 
(POP), and properly briefing the site sampling personnel. 

Site Geologist- The Site Geologist is primarily responsible for the proper acquisition of the 
groundwater samples. When appropriate, such responsibilities may be performed by other qualified 
personnel (engineers, field technicians). 

Site Manaaer- The Site Manager is responsible for reviewing the sampling procedures used by the 
field crew and for performing in-field spot checks for proper sampling procedures. 

5.0 PROCEDURE5 

5.1 GENERAL 

To be useful and accurate, a groundwater sample must be representative of the particular zone of the 
water being sampled. The physical, chemical, and bacteriological integrity of the sample must be 
maintained from the time of sampling to the time of testing in order to keep any changes in water 
quality parameters to a minimum. 

Methods for withdrawing samples from completed wells include the use of pumps, compressed air, 
bailers, and various types of samplers. The primary considerations in obtaining a representative 
sample of the groundwater are to avoid collection of stagnant (standing) water in the well and to 
avoid physical or chemical alteration of the water due to sampling techniques. In a non-pumping 
well, there will be little or no vertical mixing of water in the well pipe or casing, and stratification will 
occur. The well water in the screened section will mix with the groundwater due to normal flow 
patterns, but the well water above the screened section will remain isolated and become stagnant. 
To safeguard against collecting non-representative stagnant water in a sample, the following 
approach shall be followed prior to sample acquisition: 
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All monitoring wells shall be purged prior to obtaining a sample. Evacuation of three to 
five volumes is recommended for a representative sample. In a high-yielding groundwater 
formation and where there is no stagnant water in the well above the screened section, 
evacuation prior to sample withdrawal is not as critical. 

For wells that can be purged to dryness with the sampling equipment being used, the well 
shall be evacuated and allowed to recover prior to sample acquisition. If the recovery rate 
is fairly rapid, evacuation of more than one volume of water is preferred. 

For high-yielding monitoring wells which cannot be evacuated to dryness, there is no 
absolute safeguard against contaminating the sample with stagnant water. One of the 
following techniques shall be used to minimize this possibility: 

A submersible pump, intake line of a surface pump or baiier shall be placed just below the 
water surface when removing the stagnant water and lowered as the water level 
decreases. Three to five volumes of water shall be removed to provide reasonable 
assurance that all stagnant water has been evacuated. Once this is accomplished a bailer 
may be used to collect the sample for chemical analysis. 

The inlet line of the sampling pump (or the submersible pump itself) shall be placed near 
the bottom of the screened section, and approximately one casing volume of water shall 
be pumped from the well at a rate equal to the well’s recovery rate. 

Stratification of contaminants may exist in the aquifer formation, both in terms of a concentration 
gradients due to mixing and dispersion processes in a homogeneous layer, and in layers of variable 
permeability into which a greater or lesser amount of the contaminant plume has flowed. Excessive 
pumping can dilute or increase the contaminant concentrations in the recovered sample compared to 
what is representative of the integrated water column at that point, and thus result in the collection 
of a non-representative sample. 

5.2 SAMPLING, MONITORING, AND EVACUATlON EQUIPMENT 

Sample containers shall conform with EPA regulations for the appropriate contaminants. 

The following equipment shall be on hand when sampling ground water wells: 

l Samole packaaina and shippina eauipment - Coolers for sample shipping and cooling, 
chemical preservatives, appropriate packing containers and filler, ice, labels and chain-of- 
custody documents. 

l Field tools and instrumentation - Thermometer; pH paper/meter; camera and film; tags; 
appropriate keys (for locked wells); engineers rule; water-level indicator; where 
applicable, specific-conductivity meter. 

l PumPs 

- Shallow-well pumps--Centrifugal, pitcher, suction, or peristaltic pumps with droplines, 
air-lift apparatus (compressor and tubing) where applicable. 

m Deep-well pumps-submersible pump and electrical power generating unit, or air-lift 
apparatus where applicable. 
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l Other samDlina eauioment - Bailers and monofilament line with tripod-pulley assembly (if 
necessary). Bailers shall be used to obtain samples for volatile organics from shallow and 
deep groundwater wells. 

l Pails - Plastic, graduated. 

l Decontamination solutions - Distilled water, Alconox, methanol, acetone. 

Ideally, sample withdrawal equipment shall be completely inert, economical, easily cleaned, 
sterilized, and reused, able to operate at remote sites in the absence of power sources, and capable of 
delivering variable rates for well flushing and sample collection. 

5.3 CALCULATIONS OF WELL VOLUME 

To insure that the proper volume of water has been removed from the well prior to sampling it is first 
necessary to know the volume of standing water in the well pipe. This volume can be easily 
calculated by the following method. Calculations shall be entered in the field logbook and on the 
field data form (Attachment A): 

l Obtain ail available information on well construction (location, casing, screens, etc.). 

l Determine well or casing diameter. 

l Measure and record static water level (depth below ground level or top of casing reference 
point). 

l Determine depth of well (if not known from past records) by sounding using a clean, 
decontaminated weighted tape measure. 

l Calculate number of linear feet of static water (total depth or length of well pipe minus the 
depth to static water level). 

0 Calculate one static well volume in gallons (V = 0.163Tr2). 

where : 

v = Static volume of well in gallons. 
T = Thickness of water table in the well measured in feet, i.e., linear feet of static 

water. 
= 

k.163 = 
inside radius of well casing in inches. 
A constant conversion factor which compensates for the conversion of the 
casing radius from inches to feet, the conversion of cubic feet to gallons, and 
pi. 

l Determine the minimum amount to be evacuated before sampling. 
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5.4 EVACUATION OF STATIC WATER (PURGING) 

5.4.1 General 

The amount of flushing a well shall receive prior to sample collection will depend on the intent of the 
monitoring program and the hydrogeologic conditions. Programs to determine overall quality of 
water resources may require long pumping periods to obtain a sample that is representative of a 
large volume of that aquifer. The pumped volume may be specified prior to sampling so that the 
sample can be a composite of a known volume of the aquifer. Alternately the well can be pumped 
until the parameters such as temperature, electrical conductance, and pH have stabilized. Onsite 
measurements of these parameters shall be recorded on the field data form. 

For defining a contaminant plume, a representative sample of only a small volume of the aquifer is 
required. These circumstances require that the well be pumped enough to remove the stagnant 
water but not enough to induce significant groundwater flow from other areas. Generally three to 
five well volumes are considered effective for purging a well. 

The site hydrogeologist, geochemist and risk assessment personnel shall define the objectives of the 
groundwater sampling program in the Work Plan, and provide appropriate criteria and guidance to 
the sampling personnel on the proper methods and volumes of well purging. 

5.4.2 Evacuation Devices 

The following discussion is limited to those devices commonly used at hazardous waste sites. 
Attachment B provides guidance on the proper evacuation device to use for given sampling 
situations. Note that all of these techniques involve equipment which is portable and readily 
available. 

5.4.2.1 Bailers 

Bailers are the simplest evacuation devices used and have many advantages. They generally consist of 
a length of pipe with a sealed bottom (bucket-type bailer) or, as is more useful and favored, with a 
ball check-valve at the bottom. An inert line is used to lower the bailer and retrieve the sample. 

Advantages of bailers include: 

l Few limitations on size and materials used for bailers. 
l No external power source needed. 
l Bailers are inexpensive, and can be dedicated and hung in a well to reduce the chances of 

cross-contamination. 
l There is minimal outgassing of volatile organics while the sample is in the bailer. 
l Bailers are relatively easy to decontaminate. 

Limitations on the use of bailers include the following: 

a It is time consuming to remove stagnant water using a bailer. 
l Transfer of sample may cause aeration. 
l Use of bailers is physically demanding, especially in warm temperatures at protection levels 

above Level 0. 
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5.4.2.2 Suction Pumps 

There are many different types of inexpensive suction pumps including centrifugal, diaphragm, 
peristaltic, and pitcher pumps. Centrifugal and diaphragm pumps can be used for well evacuation at 
a fast pumping rate and for sampling at a low pumping rate. The peristaltic pump is a low volume 
pump (therefore not suitable for well purging) that uses rollers to squeeze a flexible tubing, thereby 
creating suction. This tubing can be dedicated to a well to prevent cross contamination. The pitcher 
pump is a common farm hand-pump. 

These pumps are all portable, inexpensive and readily available. However, because they are based on 
suction, their use is restricted to areas with water levels within 20 to 25 feet of the ground surface. A 
significant limitation is that the vacuum created by these pumps can cause significant loss of dissolved 
gases and volatile organic% In addition, the complex internal components of these pumps may be 
difficult to decontaminate. 

5.4.2.3 Gas-Lift Samplers 

This group of samplers uses gas pressure either in the annulus of the well or in a venturi to force the 
water up a sampling tube. These pumps are also relatively inexpensive. Gas lift samplers are more 
suitable for well development than for sampling because the samples may be aerated, leading to pH 
changes and subsequent trace metal precipitation or loss of volatile organics. 

5.4.2.4 Submersible Pumps 

Submersible pumps take in water and push the sample up a sample tube to the surface. The power 
sources for these samplers may be compressed gas or electricity. The operation principles vary and 
the displacement of the sample can be by an inflatable bladder, sliding piston, gas bubble, or 
impeller. Pumps are available for 2-inch diameter wells and larger. These pumps can lih water from 
considerable depths (several hundred feet). 

Limitations of this class of pumps include: 

l They may have low delivery rates. 
l Many models of these pumps are expensive. 
l Compressed gas or electric power is needed. 
l Sediment in water may cause clogging of the valves or eroding the impellers with some of 

these pumps. 
l Decontamination of internal components is difficult and tim+consuming. 

5.5 SAMPLING 

5.5.1 SamDlina Plan 

The sampling approach consisting of the following, shall be developed as part of the POP prior to the 
field work: 

l Background and objectives of sampling. 

l Brief description of area and waste characterization. 

l Identification of sampling locations, with map or sketch, and applicable well construction 
data (well size, depth, screened interval, reference elevation). 
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l Intended number, sequence volumes, and types of samples. If the relative degrees of 
contamination between wells is unknown or insignificant, a sampling sequence which 
facilitates sampling logistics may be followed. Where some wells are known or strongly 
suspected of being highly contaminated, these shall be sampled last to reduce the risk of 
cross-contamination between wells as a result of the sampling procedures. 

0 Sample preservation requirements. 

l Working schedule. 

0 List of team members. 

l List of observers and contacts. 

l Other information, such as the necessity for a warrant or permission of entry, requirement 
for split samples, access problems, location of keys, etc. 

5.5.2 5amplina Methods 

The collection of a groundwater sample is made up of the following steps: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

HSO or designee will first open the well cap and use volatile organic detection equipment 
(HNU or OVA) on the escaping gases at the well head to determine the need for respiratory 
protection. 

When proper respiratory protection has been donned, sound the well for total depth and 
water level (using clean equipment) and record these data in a well sampling data sheet 
(Attachment A); then calculate the fluid volume in the well pipe. 

Calculate well volume to be removed as stated in Section 5.3. 

Select appropriate purging equipment (see Attachment B). If an electric submersible pump 
with packer is chosen, go to Step 10. 

Lower purging equipment or intake into the well to a short distance below the water level 
and begin water removal. Collect the purged water and dispose of it in an acceptable 
manner. Lower the purging device, as required, to maintain submergence. 

Measure rate of discharge frequently. A bucket and stopwatch are most commonly used; 
other techniques include using pipe trajectory methods, weir boxes or flow meters. 

Observe peristaltic pump intake for degassing “bubbles.” If bubbles are abundant and the 
intake is fully submerged, this pump is not suitable for collecting samples for volatile 
organics. Never collect volatile organics samples using a vacuum pump. 

Purge a minimum of three-to-five casing volumes before sampling. In low permeability 
strata (i.e., if the well is pumped to dryness), one volume will suffice. 

If sampling using a pump, lower the pump intake to midscreen or the middle of the open 
section in uncased wells and collect the sample. If sampling with a bailer, lower the bailer 
to sampling level before filling (this requires use of other than a ‘bucket-type’ bailer). 

D334901 



Subject 

GROUNDWATER SAMPLE ACQUISITION 

Number Page 

SA-1.1 8of 14 

Revwon Effective Date 
2 os/o4no 

Purged water shall be collected in a designated container and disposed of in an acceptable 
manner. 

10. (For pump and packer assembly only). Lower assembly into well so that packer is 
positioned just above the screen or open section and inflate. Purge a volume equal to at 
least twice the screened interval or unscreened open section volume below the packer 
before sampling. Packers shall always be tested in a casing section above ground to 
determine proper inflation pressures for good sealing. 

11. In the event that recovery time of the well is very slow (e.g., 24 hours), sample collection 
can be delayed until the following day. If the well has been bailed early in the morning, 
sufficient water may be standing in the well by the day’s end to permit sample collection. If 
the well is incapable of producing a sufficient volume of sample at any time, take the 
largest quantity available and record in the logbook. 

12. Add preservative if required. Label, tag, and number the sample bottle(s). 

13. Replace the well cap. Make sure the well is readily identifiable as the source of the 
samples. 

14. Pack the samples for shipping. Attach a custody seal to the front and back of the shipping 
package. Make sure that traffic reports and chainof-custody forms are properly filled out 
and enclosed or attached. 

15. Decontaminate all equipment 

5.5.3 Sample Containers 

For most samples and analytical parameters, either glass or plastic containers are satisfactory. 

5.5.4 Preservation of Samples and Sample Volume Requirements 

Sample preservation techniques and volume requirements depend on the type and concentration of 
the contaminant and on the type of analysis to be performed. Procedure SF-l.2 describes the sample 
preservation and volume requirements for most of the chemicals that will be encountered during 
hazardous waste site investigations. Procedure SA-4.3 describes the preservation requirement for 
microbial samples. 

5.5.5 Handlina and Transwrtina Samples 

After collection, samples shall be handled as little as possible. It is preferable to use self-contained 
‘chemical” ice (e.g., “blue ice”) to reduce the risk of contamination. If water ice is used, it shall be 
bagged and steps taken to ensure that the melted ice does not cause sample containers to be 
submerged and thus possibly become cross-contaminated. All sample containers shall be enclosed in 
plastic bags or cans to prevent cross-contamination. Samples shall be secured in the ice chest to 
prevent movement of sample containers and possible breakage. Sample packing and transportation 
requirements are described in SA-6.2. 

5.5.6 Sample Holdina Times 

Holding times (i.e. allowed time between sample collection and analysis) for routine samples are 
given in Procedure SF-l .2. 

r 
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5.6 RECORDS 

Records will be maintained for each sample that is taken. The sample log sheet will be used to record 
the following information: 

l Sample identification (site name, location, project number; sample name/number and 
location; sample type and matrix; time and date; sampler’s identity). 

l Sample source and source description. 

l Purge data - prior to removal of each casing volume and before sampling, pH, electrical 
conductance, temperature, color, and turbidity shall be measured and recorded. 

l Field observations and measurements (appearance; volatile screening; field chemistry; 
sampling method). 

l Sample disposition (preservatives added; lab sent to, date and time; lab sample number, 
EPA Traffic Report or Special Analytical Services number, chain-of-custody number. 

l Additional remarks - (e.g., sampled in conjunction with state, county, local regulatory 
authorities; samples for specific conductance value only; sampled for key indicator 
analysis; etc.). 

5.7 CHAIN-OF-CUSTODY 

Proper chainof-custody procedures play a crucial role in data gathering. Procedure SA-6.1 describes 
the requirements for a correct chain-of-custody. 

6.0 REFERENCES 

U.S. EPA, 1980. Procedures Manual for Ground Water Monitorina at Solid Waste Disoosal Facilities. 
Office of Solid Waste, United States Environmental Protection Agency, Washington, D.C. 

Johnson Division, UOP, Inc. 1975. Ground Water and Wells, A Reference Book for the Water Well 
lndustrv. Johnson Division, UOP, Inc., Saint Paul, Minnesota. 

Barcelona, M. J., J. P. Gibb and R. A. Miller, 1983. A quide to the Selection of Materials for Monitorinq 
Well Construction and Groundwater Samolina. ISWS Contract Repon 327, Illinois State Water Survey, 
Champaign, Illinois. 

Scalf, M. R., J. F. McNabb, W. 1. Dunlap, R. L. Crosby and J. Fryberger, 1981. Manual of Ground Water 
Samplina Procedures. R.S. Kerr Environmental Research Laboratory, Office of Research and 
Development, U.S. EPA, Ada, Oklahoma. 

Nielsen, D. M. and G. L. Yeates, 1985. A Comparison of Samplina Mechanisms Available for Small- 
Diameter Ground Water Monitorina Wells. Ground Water Monitoring Review S:83-98. 
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7.0 ATTACHMENTS 

Attachment A-Well Sampling Data Sheet 
Attachment B - Purging Equipment Selection 
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1.0 PURPOSE 

This procedure describes methods and equipment commonly-used for COlleCting environmental 
sample of surface water and aquatic sediment for either on-site examination and chemical testing or 
for laboratory analysis. 

2.0 SCOPE 

The information presented in this guideline is generally applicable to all environmental sampling of 
surface waters (Section 5.3) and aquatic sediments (Section 5.4). except where the analyte(s) may 
interact with the sampling equipment. The collection of concentrated sludges or hazardous waste 
samples from disposal or process lagoons often requires methods, precautions and equipment 
different from those described herein. 

3.0 GLOSSARY 

Environmental Sample - low concentration sample typically collected offsite and not requiring DOT 
hazardous waste labeling or CLP handling as a high concentration sample. 

Hazardous Waste Sample - medium to high concentration sample (e.g., source material, sludge, 
leachate) requiring DOT labeling and CLP handling as a high concentration sample. 

4.0 RESPDNSIBIUTIES 

Field Operations Leader - has overall responsibility for the correct implementation of surface water 
and sediment sampling activities, including review of the sampling plan with, and any necessary 
training of, the sampling technician(s). The actual collection, packaging, documentation (sample 
label and log sheet, chain-of-custody record, CLP traffic reports, etc.) and initial custody of samples 
will be the responsibility of the sampling technician(s). 

5.0 PROCEDURES 

5.1 INTRODUCDON 

Collecting a representative sample from surface water or sediments is difficult because of water 
movement, stratification or patchiness. To collect representative samples, one must standardize 
sampling bias related to site selection; sampling frequency; sample collection; sampling devices; and 
sample handling, preservation, and identification. 

Representativeness is a qualitative description of the degree to which an individual sample accurately 
reflects population characteristics or parameter variations at a sampling point. It is therefore an 
important quality not only of assessment and quantification of environmental threats posed by the 
site, but also for providing information for engineering design and construction. Proper sample 
location selection and proper sample collection methods are important to ensure that a truly 
representative sample has been taken. Regardless of scrutiny and quality control applied during 
laboratory analyses, reported data are not better than the confidence that can be placed in the 
representativeness of the samples. 
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5.2 DEFINING THE SAMPUNG PROGRAM 

Many factors must be considered in developing a sampling program for surface water or sediments 
including study objectives; accessibility; site topography; flow, mixing and other physical 
characteristics of the water body; point and diffuse sources of contamination; and personnel and 
equipment available to conduct the study. For waterborne constituents, dispersion depends on the 
vertical and lateral mixing within the body of water. For sediments, dispersion depends on bottom 
current or flow characteristics, sediment characteristics (density, size) and geochemical properties 
(which affect an adsorption/desorption). The hydrologist developing the sampling plan must 
therefore, know not only the mixing characteristics of streams and lakes, but also must understand 
the role of fluvial-sediment transport, deposition, and chemical sorption. 

5.2.1 Samplina Prwram Obiectives 

The objective of surface water sampling is to determine the surface water quality entering, leaving or 
remaining within the site. The scope of the sampling program must consider the sources and 
potential pathways for transport of contamination to or in a surface water body. Sources may include 
point sources (leaky tanks, outfalls, etc.) or nonpoint sources (e.g., spills). The major pathways for 
surface water contamination (not including airborne deposition are: (a) overland runoff; (b) leachate 
influx to the waterbody; (c)direct waste disposal (solid or liquid) into the water body; and 
groundwater flow influx from upgradient. The relative importance of these pathways, and therefore 
the design of the sampling program, is controlled by the physiographic and hydrologic features of the 
site, the drainage basin(s) which encompass the site, and the history of site activities. 

Physiographic and hydrologic features to be considered include slopes and runoff direction, areas of 
temporary flooding or pooling, tidal effects, artificial surface runoff controls such as berms or 
drainage ditches (and when they were constructed relative to site operation), and locations of 
springs, seeps, marshes, etc. In addition, the obvious considerations such as the location of man-made 
discharge points to the nearest stream (intermittent or flowing), pond, lake, estuary, etc., shall be 
considered. 

A more subtle consideration in designing the sampling program is the potential for dispersion of 
dissolved or sediment-associated contaminants away from the source. The dispersion could lead to a 
more homogeneous distribution of contamination at low or possibly non-detectable concentrations. 
Such dispersion does not, however, always readily occur. For example, obtaining a representative 
sample of contamination from a main stream immediately below an outfall or a tributary is difficult 
because the inflow frequently follows a stream bank with little lateral mixing for some distance. 
Sampling alternatives to overcome this situation are: (1) move the site far enough downstream to 
allow for adequate mixing, or (2)collect integrated samples in a cross section. Also, 
nonhomogeneous distribution is a particular problem with regard to sediment-associated 
contaminants, which may accumulate in lowsnergy environments (coves, river bends, deep spots, or 
even behind boulders) near or distant from the source while higher-energy areas (main stream 
channels) near the source may show no contaminant accumulation. 

The distribution of particulates within a sample itself is an important consideration. Many organic 
compounds are only slightly water soluble and tend to be absorbed by particulate matter. Nitrogen, 
phosphorus, and the heavy metals may also be transported by particulates. Samples will be collected 
with a representative amount of suspended material; transfer from the sampling device shall include 
transferring a proportionate amount of the suspended material. 



5.2.2 Location of Samplina Stations 

Accessibility is the primary factor affecting sampling costs. The desirability and utility of a sample for 
analysis and description of site conditions must be balanced against the costs of collection as 
controlled by accessibility. Bridges or piers are the first choice for locating a sampling station on a 
stream because bridges provide ready access and also permit the sampling technician to sample any 
point across the stream. A boat or pontoon (with an associated increase in cost) may be needed to 
sample locations on lakes and reservoirs, as well as those on larger rivers. Frequently, however, a boat 
will take longer to cross a water body and will hinder manipulation of the sampling equipment. 
Wading for samples is not recommended unless it is known that contaminant levels are low so that 
skin contact will not produce adverse health effects. This provides a built in margin of safety in the 
event that wading boots or other protective equipment should fail to function properly. If it is 
necessary to wade into the water body to obtain a sample, the sampler shall be careful to minimize 
disturbance of bottom sediments and must enter the water body downstream of the sampling 
location. If necessary, the sampling technician shall wait for the sediments to settle before taking a 
sample. 

Sampling in marshes or tidal areas may require the use of an all-terrain-vehicle (ATV). The same 
precautions mentioned above with regard to sediment disturbance will apply. 

Under ideal and uniform contaminant dispersion conditions in a flowing stream, the same 
concentrations of each would occur at all points along the cross section. This situation is most likely 
downstream of areas of high turbulence. Careful site selection is needed in order to ensure, as nearly 
as possible, that samples are taken where uniform flow or deposition and good mixing conditions 
exist. 

The availability of streamflow and sediment discharge records can be an important consideration in 
choosing sampling sites in streams. Streamflow data in association with contaminant concentration 
data are essential for estimating the total contaminant loads carried by the stream. If a gaging 
station is not conveniently located on a selected stream, the project hydrologist shall explore the 
possibility of obtaining streamflow data by direct or indirect methods. 

5.2.3 Freouencv of Samplinq 

The sampling frequency and the objectives of the sampling event will be defined by the work plan. 
For single-event site- or area-characterization sampling, both bottom material and overlying water 
samples shall be collected at the specified sampling stations. If valid data are available on the 
distribution of the contaminant between the solid and aqueous phases it may be appropriate to 
sample only one phase, although this is not often recommended. If samples are collected primarily 
for monitoring purposes, consisting of repetitive, continuing measurements to define variations and 
trends at a given location, water samples shall be collected at a pre-established and constant interval 
as specified in the work plan (often monthly or quarterly) and during droughts and floods. Samples 
of bottom material shall be collected from fresh deposits at least yearly, and preferably during both 
spring and fall seasons. 

The variability in available waterquality data shall be evaluated before deciding on the number and 
collection frequency of samples required to maintain an effective monitoring program. 
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5.3 SURFACE WATER SAMPLE COLLECTION 

5.3.1 Streams, Rivers, Outfalls and Dtainaae Features (Ditches. Culverts) 

Methods for sampling streams, rivers, outfalls and drainage features at a single point vary from the 
simplest of hand sampling procedures to the more sophisticated multipoint sampling techniques 
known as the equal-width-increment (EWI) method or the equal-discharge-increment (EDI) methods 
(see below). 

Samples from different depths or cross-sectional locations in the water course taken during the same 
sampling episode shall be cornposited. However, samples collected along the length of the 
watercourse or at different times may reflect differing inputs or dilutions and therefore shall not be 
composited. Generally, the number and type of samples to be taken depend on the river’s width, 
depth, discharge and on the suspended sediment the river’s transports. The greater number of 
individual points that are sampled, the more likely that the composite sample will truly represent the 
overall characteristics of the water. 

In small streams less than about 20feet wide, a sampling site can generally be found where the water 
is well-mixed. In such cases, a single grab sample taken at middepth in the center of the channel is 
adequate to represent the entire cross-section. 

For larger streams, at least one vertical composite shall be taken with one sample each from just 
below the surface, at mid-depth, and just above the bottom. The measurement of DO, pH, 
temperature, conductivity, etc., shall be made on each aliquot of the vertical composite and on the 
composite itself. For rivers, several vertical composites shall be collected. 

5.3.2 Lakes, Ponds and Reservoirs 

Lakes, ponds, and reservoirs have as much greater tendency to stratify than rivers and streams. The 
relative lack of mixing requires that more samples be obtained. 

The number of water sampling sites on a lake, pond, or impoundment will vary with the size and 
shape of the basin. In ponds and small lakes, a single vertical composite at the deepest point may be 
sufficient. Similarly, the measurement of DO, pH, temperature, etc., is to be conducted on each 
aliquot of the vertical composite. In naturally-formed ponds, the deepest point may have to be 
determined empirically; in impoundments, the deepest point is usually near the dam. 

In lakes and larger reservoirs, several vertical composites shall be composited to form a single sample. 
These verticals are often taken along a transect or grid. In some cases, it may be of interest to form 
separate composites of epilimnetic and hypolimnetic zones. In a stratified lake, the epilimnion is the 
thermocline which is exposed to the atmosphere. The hypolimnion is the lower, “confined” layer 
which is only mixed with the epilimnion and vented to the atmosphere during seasonal “overturn” 
(when density stratification disappears). These two zones may thus have very different 
concentrations of contaminants if input is only to one zone, if the contaminants are volatile (and 
therefore vented from the epilimnion but not the hypolimnion), or if the epilimnion only is involved 
in short-term flushing (i.e., inflow from or outflow to shallow streams). Normally, however, a 
composite consists of several verticals with samples collected at various depths. 

In lakes with irregular shape and with bays and coves that are protected from the wind, separate 
composite samples may be needed to adequately represent water quality since it is likely that only 
poor mixing will occur. Similarly, additional samples are recommended where discharges, tributaries, 
land use characteristics, and other such factors are suspected of influencing water quality. 

D334901 



ubject Number Page 

SA-1.2 6of 10 
SURFACE WATER AND 
SEDIMENTSAMPLING 

Revslon Effectwe Date 
2 OS/o4190 

Many lake measurements are now made in-situ using sensors and automatic readout or recording 
devices. Single and multiparameter instruments are available for measuring temperature, depth, pH, 
oxidation-reduction potential (ORP), specific conductance, dissolved oxygen, some cations and 
anions, and light penetration. 

5.3.3 Estuaries 

Estuarine areas are by definition zones where inland fresi : :ers (both surface and ground) mix with 
oceanic saline waters. Estuaries are generally categc-. zed into three types dependent upon 
freshwater inflow and mixing properties. Knowledge of the estuary type is necessary to determine 
sampling locations: 

l Mixed estuary - characterized by the absence of a vertical halocline (gradual or no marked 
increase in salinity in the water column) and a gradual increase in salinity seaward. 
Typically this type of estuary is shallow and is found in major freshwater sheetflow areas. 
Being well mixed, the sampling locations are not critical in this type of estuary. 

l Salt wedge estuary - characterized by a sharp vertical increase in salinity and stratified 
freshwater flow along the surface. In these estuaries the vertical mixing forces cannot 
override the density differential between fresh and saline waters. In effect, a salt wedge 
tapering inland moves horizontally, back and forth, with the tidal phase. If contamination 
is being introduced into the estuary from upstream, water sampling from the salt wedge 
may miss it entirely. 

l Oceanic estuary - characterized by salinities approaching full strength oceanic waters. 
Seasonally, freshwater inflow is small with the preponderance of the fresh-saline water 
mixing occurring near, or at, the shore line. 

Sampling in estuarine areas is normally based upon the tidal phases, with samples collected on 
successive slack tides (i.e. when the tide turns). Estuarine sampling programs shall include vertical 
salinity measurements at 1 to Sfoot increments coupled with vertical dissolved oxygen and 
temperature profiles. 

5.3.4 SUrfaCe Water Samdina EauiDment 

The selection of sampling equipment depends on the site conditions and sample type required. The 
most frequently used samplers are: 

l Opentube 
l Dip sampler 
l Hand pump 
l Kemmerer 
l Depth-Integrating Sampler 

The dip sampler and the weighted bottle sampler are used most often. 
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The criteria for selecting a sampler include: 

l Disposable and/or easily decontaminated 
l Inexpensive (if the item is to be disposed of) 
0 Ease of operation 
0 Nonreactive/noncontaminating - Teflon-coating, glass, stainless steel or PVC sample 

chambers are preferred (in that order) 

Each sample (grab or each aliquot collected for compositing) shall be measured for: 

l Specific conductance 
l Temperature 
0 pH (optional) 
l Dissolved oxygen (optional) 

as soon as it is recovered. These analyses will provide information on water mixing/stratification and 
potential contamination. 

5.3.4.1 Dip Sampling 

Water is often sampled by filling a container either attached to a pole or held directly, from just 
beneath the surface of the water (a dip or grab sample). Constituents measured in grab samples are 
only indicative of conditions near the surface of the water and may not be a true representation of 
the total concentration that is distributed throughout the water column and in the cross section. 
Therefore, whenever possible it is recommended to augment dip samples with samples that represent 
both dissolved and suspended constituents and both vertical and horizontal distributions. 

5.3.4.2 Weighted Bottle fampling 

A grab sample can also be taken using a weighted holder that allows a sample to be lowered to any 
desired depth, opened for filling, closed, and returned to the surface. This allows discrete sampling 
with depth. Several of these samples can be combined to provide a vertical composite. Alternatively, 
an open bottle can be lowered to the bottom and raised to the surface at a uniform rate so that the 
bottle collects sample throughout the total depth and is just filled on reaching the surface. The 
resulting sample using either method will roughly approach what is known as a depth-integrated 
sample. 

A closed weighted bottle sampler consists of a stopped glass or plastic bottle, a weight and/or holding 
device, and lines to open the stopper and lower or raise the bottle. The procedure for sampling is: 

l Gently lower the sampler to the desired depth so as not to remove the stopper prematurely 
(watch for bubbles). 

l Pull out the stopper with a sharp jerk of the sampler line. 

l Allow the bottle to fill completely, as evidenced by the absence of air bubbles. 

0 Raise the sampler and cap the bottle. 

l Decontaminate the outside of the bottle. The bottle can be used as the sample container 
(as long as original bottle is an approved container). 
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5.3.4.3 Kemmerer 

If samples are desired at a specific depth, and the parameters to be measured do not require a Teflon 
coated sampler, a standard Kemmerer sampler may be used. The Kemmerer sampler is a brass, 
stainless steel or acrylic cylinder with rubber stoppers that leave the ends open while being lowered in 
a vertical position to allow free passage of water through the cylinder. “Messenger” is sent down the 
line when the sampler is at the designated depth, to cause the stoppers to close the cylinder, which is 
then raised. Water is removed through a valve to fill sample bottles. 

5.3.5 Surface Water Samolina Techniaues 

Most samples taken during site investigations are grab samples. Typically, surface water sampling 
involves immersing the sample container in the body of water; however, the following suggestions 
are made to help ensure that the samples obtained are representative of site conditions: 

The most representative samples are obtained from mid-channel at 0.6 stream depth in a 
well-mixed stream. 

Even though the containers used to obtain the samples are previously laboratory cleaned, 
it is suggested that the sample container be rinsed at least once with the water to be 
sampled before the sample is taken. 

For sampling running water, it is suggested that the farthest downstream sample be 
obtained first and that subsequent samples be taken as one works upstream. Work from 
zones suspected of low contamination to zones of high contamination. 

To sample a pond or other standing body of water, the surface area may be divided into 
grids. A series of samples taken from each grid is combined into one sample, or several 
grids are selected at random. 

Care should be taken to avoid excessive agitation of the water that results in the loss of 
volatile constituents. 

When ok 
tC ?xClUi 

afrer thr 
bubbles. 

ing samples in 40 ml septum vials for volatile organics, analysis, it is important 
air space in the top of the bottle and to be sure that the Teflon liner faces in 
‘s filled and capped. The bottle can be turned upside down to check for air 

Do not sample at the surface, unless sampling specifically for a known constituent which is 
immiscible and on top of the water. Instead, the sample container should be inverted, 
lowered to the approximate depth, and held at about a 45degree angle with the month of 
the bottle facing upstream. 

5.4 SEDIMENT SAMPLING 

5.4.1 General 

Sediment samples are usually collected at the same verticals at which water samples were collected. If 
only one sediment sample is to be collected, the site shall be approximately at the center of water 
body. Generally, the coarser grained sediments are deposited near the headwaters of the reservoir. 
Bed sediments near the center will be composed of fine-grained materials which may, because of 
their lower porosity and greater surface area available for adsorption, contain greater concentrations 
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of contaminants. The shape, flow pattern, bathometry (depth distribution), and water circulation 
patterns must all be considered when selecting sediment sampling sites. In streams, areas likely to 
have sediment accumulation (bends, behind islands or boulders, quiet shallow areas or very deep, 
low-velocity areas) shall be sampled while areas likely to show net erosion (high-velocity, turbulent 
areas) and suspension of fine solid materials shall be avoided. 

Chemical constituents associated with bottom material may reflect an integration of chemical and 
biological processes. Bottom samples reflect the historical input to streams, lakes, and estuaries with 
respect to time, application of chemicals, and land use. Bottom sediments (especially fine-grained 
material) may act as a sink or reservoir for adsorbed heavy metals and organic contaminants (even if 
water column concentrations are below detection limits). It is therefore important to minimize the 
loss of low-density “fines” during any sampling process. 

5.4.2 Samplina EauiDment and Techniaues 

A bottom-material sample may consist of a single scoop or core or may be a Composite of several 
individual samples in the cross section. Sediment samples may be obtained using on-shore or 
off-shore techniques. 

When boats are used for sampling, life preservers must be provided and two individuals must 
undertake the sampling. An additional person shall remain on-shore in visual contact at all times. 

The following samplers may be used to collect bottom materials: 

0 Scoop sampler 
l Dredge samplers 

5.4.2.1 Scoop Sampler 

A scoop sampler consists of a pole to which a jar or scoop is attached. The pole may be made of 
bamboo, wood or aluminum and be either telescoping or of fixed length. The scoop or jar at the end 
of the pole is usually attached using a clamp. 

If the water body can be sampled from the shore or if it can be waded, the easiest and ‘cleanest” way 
to collect a sediment sample is to use a scoop sampler. This reduces the potential for cross- 
contamination. This method is accomplished by reaching over or wading into the water body and, 
while facing upstream (into the current), scooping in the sample along the bottom in the upstream 
direction. It is very difficult not to disturb finegrained materials of the sediment-water interface 
when using this method. 

5.4.2.2 Dredges 

Dredges are generally used to sample sediments which cannot easily be obtained using coring devices 
(i.e., coarse-grained or partially-cemented materials) or when large quantities of materials are 
required. Dredges generally consist of a clam shell arrangement of two buckets. The buckets may 
either close upon impact or be activated by use of a messenger. Most dredges are heavy (up to 
several hundred pounds) and require use of a winch and crane assembly for sample retrieval. There 
are three major types of dredges: Peterson, Eckman and Ponar dredges. 

The Peterson dredge is used when the bottom is rocky, in very deep water, or when the flow velocity 

I is high. The dredge shall be lowered very slowly as it approaches bottom, because it can force out and 
miss lighter materials if allowed to drop freely. 
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The Eckman dredge has only limited usefulness. It performs well where bottom material is unusually 
soft, as when covered with organic sludge or light mud. It is unsuitable, however, for sandy, rocky, 
and hard bottoms and is tw light for use in streams with high flow velocities. 

The Ponar dredge is a Peterson dredge modified by the addition of side plates and a screen on the top 
of the sample compartment. The screen over the sample compartment permits water to pass through 
the sampler as it descends thus reducing the “shock wave” and permitting direct access to the secured 
sample without opening the closed jaws. The Ponar dredge is easily operated by one person in the 
same fashion as the Peterson dredge. The Ponar dredge is one of the most effective samplers for 
general use on all types of substrates. Access to the secured sample through the covering screens 
permits subsampling of the secured material with coring tubes or Teflon scoops, thus minimizing the 
change of metal contamination from the frame of the device. 

6.0 REFERENCES 

Feltz, H. R., 1980. Sianificance of Bottom Material Data in Evaluatina Water Oualitv in Contaminants 
and Sediments. Ann Arbor, Michigan, Ann Arbor Science Publishers, Inc., V. 1, p. 271-287. 

Kittrell, F. W., 1969. A Practical Guide to Water Oualitv Studies of Streams. U.S. Federal Water 
Pollution Control Administration, Washington, D.C., 135~. 

U.S. EPA, 1980. Standard Ooeratina Procedures and Oualitv Assurance Manual. Water Surveillance 
Branch, USEPA Surveillance and Analytical Division, Athens, Georgia. 

U.S. Geological Survey, 1977. National Handbook of Recommended Methods for Water-Data 
Acouisition. Office of Water Data Coordination, USGS, Reston, Virginia. 

7.0 ATTACHMENTS 

None. 
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1.0 PURPOSE 

This purpose of this procedure is to provide information on chain-of-custody procedures to be used 
under the NUS Program. 

2.0 SCOPE 

This procedure describes the steps necessary for transferring samples through the use of Chainof- 
Custody Records. A Chain-of-Custody Record is required, without exception, for the tracking and 
recording of all samples collected for on-site or off-site analysis (chemical or geotechnical) during 
program activities. Use of the Chain-of-Custody Record Form creates an accurate written recoId that 
can be used to trace the possession and handling of the sample from the moment of its collection 
through analyris and its introduction as evidence. This procedure identifies the necessary custody 
records and describes their completion. 

This procedure does not take precedence over region-specific or site-specific requirements for chain- 
of-custody. 

3.0 GLOSSARY 

Chain-of-Custodv Record Form - A Chain-of-Custody Record Form is a printed two-part form that 
accompanies a sample or group of samples as custody of the sample(s) is transferred from one 
custodian to another custodian. A Chain-of-Custody Record Form is a controlled document, provided 
by the regional office of EPA 

The chain-of-custody form is a twopage carbon-copy type form. The original form accompanies the 
samples during shipment, and the pink carbon-copy is retained in the project file. 

Controlled Document - A consecutively-numbered form released by EPA or Program Management 
Office (PMO) for use on a particular work assignment. All unused forms must be returned or 
accounted for at the conclusion of the assignment. 

Custodian - The person responsible for the custody of samples at a particular time, until custody is 
transferred to another person (and so documented), who then becomes custodian. A sample is under 
your custody if: 

l It is in your actual possession. 
l It is in your view, after being in your physical possession. 
a It was in your physical possession and then you locked it up to prevent tampering. 
l It is in a designated and identified secure area. 

Samole - A sample is physical evidence collected from a facility or the environment, which is 
representative of conditions at the point and time that it was collected. 
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4.0 RESPONSlBlLlTlES 

Field Operations Leader - Responsible for determining that chain-of-custody procedures are 
implemented up to and including release to the shipper. 

Field Samolers - Responsible for initiating the Chain-of-Custody Record and maintaining custody of 
samples until they are relinquished to another custodian, to the shipper, or to the common carrier. 

Remedial lnvestioation Leader - Responsible for determining that chainof-custody procedures have 
been met by the sample shipper and analytical laboratory. 

5.0 PROCEDURES 

5.1 OVERVIEW 

The term ‘chain-of-custody’ refers to procedures which ensure that evidence presented in a court of 
law is what it is represented to be. The chainof-custody procedures track the evidence from the time 
and place it is first obtained to the courtroom and, secondly, provide security for the evidence as it is 
moved and/or passes from the custody of one individual to another. 

Chain-of-custody procedures, recordkeeping, and documentation are an important part of the 
management control of samples. Regulatory agencies must be able to provide the chain of 
possession and custody of any samples that are offered for evidence, or that form the basis of 
analytical test results introduced as evidence. Written procedures must be available and followed 
whenever evidence samples are collected, transferred, stored, analyzed, or destroyed. 

5.2 SAMPLE IDENTIFICATION 

The method of identification of a sample depends on the type of measurement or analysis 
performed. When in-situ measurements are made, the data are recorded directly in bound logbooks 
or other field data records, with identifying information. 

5.2.1 Sample Label 

Samples, other than in-situ measurements, are removed and transported from the sample location to 
a laboratory or other location for analysis. Before removal, however, a sample is often divided into 
portions, depending upon the analyses to be performed. Each portion is preserved in accordance 
with the Sampling Plan. Each sample container is identified by a sample label (see Attachment B). 
Sample labels are provided by the PMO. The information recorded on the sample label includes: 

l Project: EPA Work Assignment Number (can be obtained from the Sampling Plan). 

l Station Location: The unique sample number identifying this sample (can be obtained 
from the Sampling Plan). 

0 Date: A six-digit number indicating the day, month, and year of sample collection; 
e.g., 1 U21lB5. 

0 Time: A four-digit number indicating the 24hour time of collection (for example: 0954 is 
9:54 a.m., and 1629 is 4:29 p.m.). 

l Medium: Water, soil, sediment, sludge, waste, etc. 
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l Concentration: The expected concentration (i.e., low, medium, high). 

l Sample Type: Grab or composite. 

l Presentation: Type of preservation added and pH levels. 

l Analysis: VOA, BNAs, PCBs, pesticides, metals, cyanide, other. 

l Sampled By: Printed name of the sampler. 

l Case Number: Case number assigned by the Sample Management Office. 

l Traffic Report Number: Number obtained from the traffic report labels. 

l Remarks: Any pertinent additional information. 

Using just the work assignment number of the sample label maintains the anonymity of sites. This 
may be necessary, even to the extent of preventing the laboratory performing analysis from knowing 
the identity of the site (e.g., if the laboratory is part of an organization that has performed previous 
work on the site). 

5.2.2 Sample Identification Tag 

A Sample Identification Tag (Attachment F) must also be used for samples collected for CLP (Contract 
Laboratory Program) analysis. The Sample Identification Tag is a white, waterproof paper label, 
approximately 3-by-6 inches, with a reinforced eyelet, and string or wire for attachment to the neck 
of the sample bottle. The Sample Tag is a controlled document, and is provided by the regional EPA 
office. Following sample analysis, the Sample Tag is retained by the laboratory as evidence of sample 
receipt and analysis. 

The following information is recorded on the tag: 

Project Code: Work Assignment Number. 

Station Number: The middle portion of the Station Location Number, (between the 
hyphens). 

Month/DayPlear: Same as Date on Sample Label. 

Time: Same as Time on Sample Label. 

Designate - CompIGrab: Composite or grab sample. 

Station Location: Same as Station Location on Sample Label. 

Samplers: Same as Sampled By on Sample Label. 

Preservative: Yes or No. 

Analyses: Check appropriate box(es). 

- 

d 
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l Remarks: Same as Remarks on Sample Label (make sure the Case Number and Traffic 
Report numbers are recorded). 

I 

l Lab fample Number: For laboratory use only. 

The tag is then tied around the neck of the sample bottle. 

If the sample is to be split, it is aliquoted into similar sample containers. identical information is 
completed on the label attached to each split 

Blank, duplicate, or field spike samples shall D& be identified as such on the label, as they may 
compromise the quality control function. Sample blanks, duplicates, spikes, and splits are defined in 
Procedure 946.6. 

5.3 CHAIN-OKUSTODY PROCEDURES 

After collection, separation, identification, and presewation, the sample is maintained under 
chain-of-custody procedures until it is in the custody of the analytical laboratory and has been stored 
or disposed of. 

5.3.1 Field Custodv Procedures 

0 Samples are collected as described in the site-specific Sampling Plan. Care must be taken to 
record precisely the sample location and to ensure that the sample number on the label 
matches the sample log sheet and Chain-of-Custody Record exactly. 

0 The person undertaking the actual sampling in the field is responsible for the care and 
custody of the samples collected until they are properly transferred or dispatched. 

0 When photographs are taken of the sampling as part of the documentation procedure, the 
name of the photographer, date, time, site location, and site description are entered 
sequentially in the site logbook as photos are taken. Once developed, the photographic 
prints shall be serially numbered, corresponding to the logbook descriptions. 

0 Sample labels shall be completed for each sample, using waterproof ink unless prohibited 
by weather conditions, e.g., a logbook notation would explain that a Pencil was used to fill 
out the sample label because a ballpoint pen would not function in freezing weather. 

5.3.2 Transfer of Custodv and Shipment 

Samples are accompanied by a Chain-of-Custody Record Form. Chain-of-Custody Record Forms used 
in EPA Regions I-IV are shown in Attachments A through D. The appropriate form shall be obtained 
from the EPA Regional Office. When transferring the possession of samples, the individuals 
relinquishing and receiving will sign, date, and note the time on the Record. This Record documents 
sample custody transfer from the sampler, often through another person, to the analyst in the 
laboratory. The Chain-of-Custody Record is filled out as follows: 

l Enter header information (project number, samplers, and project name - project name can 
be obtained from the Sampling Plan). 

l Sign, date, and enter the time under ‘Relinquished by’ entry. 

L 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Enter station number (the station number is the middle portion of the station location 
number, between the hyphens). 

Check composite or grab sample. 

Enter station location number (the same number as the station location on the tag and 
label). 

Enter the total number of containers per station number and the type of each bottle. 

Enter either the inorganic traffic report number, the organic trafftc report number, or the 
SAS number for each station number in the remarks column. 

Enter the tag number from the bottom of the sample identification tag in the remarks 
column for each station location. 

Make sure that the person receiving the sample signs the ‘Received by’ entry, or enter the 
name of the carrier (e.g., UPS, Federal Express) under “Received by.’ Receiving laboratory 
will sign “Received for Laboratory by’ on the lower line and enter the date and time. 

Enter the bill-of-lading or Federal Express airbill number under “Remarks,’ in the bottom 
right corner, if appropriate. 

Place the original (top, signed copy) of the Chain-of-Custody Record Form in the 
appropriate sample shipping package. Retain the pink copy with field records. 

Sign and date the custody seal, a I- by 3-inch white paper label with black lettering and an 
adhesive backing. Attachment G is an example of a custody seal. The custody seal is part of 
the chain-of-custody process and is used to prevent tampering with samples after they have 
been collected in the field. Custody seals are provided by ZPMO on an as-needed basis. 

Place the seal across the shipping container opening so that it would be broken if the 
container is opened. 

Complete other carrier-required shipping papers. 

The custody record is completed using black waterproof ink. Any corrections are made by drawing a 
line through and initialing and dating the change, then entering the correct information. Erasures 
are not Permitted. 

Common carriers will usually not accept responsibility for handling Chain-of-Custody Record Forms; 
this necessitates packing the record in the sample container (enclosed with other documentation in a 
plastic zip-lock bag). As long as custody forms are sealed inside the sample container and the custody 
seals are intact, commercial carriers are not required to sign off on the custody form. 

If sent by mail, the package will be registered with return receipt requested. If sent by common 
carrier or air freight, proper documentation must be maintained. 

The laboratory representative who accepts the incoming sample shipment signs and dates the 
Chain-of-Custody Record, completing the sample transfer process. It is then the laboratory’s 
responsibility to maintain internal logbooks and custody records throughout sample preparation and 
analysis. 
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5.3.3 ReCeiDt for SamPIes Form 

Whenever samples are split with a private party or government agency, a separate Receipt for 
Samples Record Form is prepared for those samples and marked to indicate with whom the samples 
are being split. The person relinquishing the samples to the party or agency shall require the 
signature of a representative of the appropriate party acknowledging receipt of the samples. If a 
representative is unavailable or refuses to sign, this is noted in the .Received by’ space. When 
appropriate, as in the case where the representative is unavailable, the custody record shall contain a 
statement that the samples were delivered to the designated location at the designated time. This 
form must be completed and a copy given to the owner, operator, or agent-in-charge even if the 
offer for split samples is declined. The original is retained by the Field Operations Leader. 

6.0 REFERENCES 

U.S. EPA, 1984. User’s Guide to the Contract Laboratory Program, Office of Emergency and Remedial 
Response, Washington, DC. 

7.0 ATTACHMENTS 

Attachment A - Chain-of-Custody Record Form for use in Region I 
Attachment B - Chain-of-Custody Record Form for use in Region II 
Attachment C - Chain-of-Custody Record Form for use in Region III 
Attachment D - Chain-of-Custody Record Form for use in Region IV 
Attachment E - Sample Label 
Attachment F - Sample Identification Tag 
Attachment G - Chain-of-Custody Seal 
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CHAIN-OF-CUSTODY RECORD FORM FOR USE IN REGION II 

(Original is 8 by 10-l/2) 

CHAIN OF CUSTODY RECORD 
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1.0 PURPOSE 

This procedure provides instruction for sample packaging and shipping in accordance with 
U.S. Department of Transportation (DOT) regulations. 

2.0 SCOPE 

Samples collected at hazardous waste sites usually have to be transported elsewhere for analysis. This 
requires that the samples be appropriately preserved to prevent or minimize chemical alteration prior 
to analysis, and be transported to protect their integrity, as well as to protect against any 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 and 
described in the Code of Federal Regulations (49 CFR 171 through 177, in particular 172.402h, 
Packages Containing Samples). In general, these regulations were not intended to cover shipment of 
samples collected at controlled or uncontrolled hazardous waste sites or samples collected during 
emergency responses. However, the EPA has agreed through a memorandum of agreement to 
package, mark, label, and ship samples observing DOT procedures. The information presented here is 
for general guidance. 

This procedure is applicable to all samples taken from uncontrolled hazardous substance sites for 
analysis at laboratories away from the site. 

3.0 GLOSSARY 

Carrier -A person or firm engaged in the transportation of passengers or property. 

Hazardous Material - A substance or material in a quantity and form which may pose an unreasonable 
risk to health and safety or property when transported in commerce (#commerce0 here to include any 
traffic or transportation). Defined and regulated by DOT (49 CFR 173.2) and listed in Attachment A of 
this guideline. 

Hazardous Waste - Any substance listed in 40CFR SubpartD (~261.20 et seq) or otherwise 
characterized as ignitable, corrosive, reactive, or EP toxic as specified under 40 CFR SubpartC 
(~261.20 et seq) that would be subject to manifest requirements specified in 40 CFR 262. Defined 
and regulated by EPA. 

Markinq - Applying the descriptive name, instruction, cautions, weight, or specification marks or 
combination thereof required to be placed outside containers of hazardous materials. 

& - Not otherwise indicated. 

n.o.5. - Not otherwise specified. 

QR&l- Other regulated material. 

Packaainq - The assembly of one or more containers and any other components necessary to assure 
compliance with the minimum packaging requirements of 49CFR 174, including containers (other 
than freight containers or overpacks), portable tanks, cargo tanks, tank cars, multiunit tank car tanks. 

Placard - Color-coded, pictorial sign depicting the hazard class symbol and name to be placed on all 
four sides of a vehicle transporting certain hazardous materials. 
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Reportable Quantitv (RCQ - A parenthetical note of the form .(RQ-1000/454)’ following an entry in 
the DOT Hazardous Materials table (49 CFR 172.101) indicates the reportable quantity of the 
substance in pounds and kilograms. If a spill of that amount or more of the substance occurs during 
transit or storage, a report must be filed with DOT according to ~171.15-15 concerning hazardous 
materials incidents reports. If the material spilled is a hazardous waste, a report must always be filed, 
regardless of the amount, and must include a copy of the manifest If the RQ notation appears, it 
must be shown either immediately before or after the proper shipping name on the shipping paper 
(or manifest). Most shipping papers and manifests will have a column designated ‘HM’ which may 
be ured for this purpose. 

4.0 RESPONSIBILITIES 

Field Operations Leader or Team Samolina Leader - responsible for determining that samples are 
properly packaged and shipped. 

Samolino Personnel - responsible for implementing the packaging and shipping requirements. 

5.0 PROCEDURES 

5.1 lNTRODUCflON 

Samples collected for shipment from a site shall be classified as either environmental or hazardous 
material (or waste) samples. In general, environmental samples are collected off-site (for example 
from streams, ponds, or wells) and are not expected to be grossly contaminated with high levels of 
hazardous materials. On-site samples (for example, soil, water, and materials from drums or bulk 
storage tanks, obviously contaminated ponds, lagoons, pools, and leachates from hazardous waste 
sites) are considered hazardous. A distinction must be made between the two types of samples in 
order to: 

l Determine appropriate procedures for transportation of samples. If there is any doubt, a 
sample shall be considered hazardous and shipped accordingly. 

l Protect the health and safety of laboratory personnel receiving the samples. Special 
precautions are used at laboratories when samples other than environmental samples are 
received. 

5.2 ENVIRONMENTAL SAMPLES 

5.2.1 Packaqinq 

Environmental samples may be packaged following the procedures outlined in Section 5.4 for 
samples classified as ‘flammable liquids’ or ‘flammable solids.’ Requirements for marking, labeling, 
and shipping papers do not apply. 

Environmental samples may also be packed without being placed inside metal cans as required for 
flammable liquids or solids. 
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l Place sample container, properly identified and with a sealed lid, in a polyethylene bag, 
and seal the bag. 

l Place sample in a fiberboard container or metal picnic cooler which has been lined with a 
large polyethylene bag. 

l Pack with enough noncombustible, absorbent, cushioning materials to minimize the 
possibility of the container breaking. 

0 Seal large bag. 

l Seal or close outside container. 

52.2 Marking Labeling 

Sample containers must have a completed sample identification tag and the outside container must 
be marked ‘Environmental Sample.’ The appropriate side of the container must be marked ‘This 
End Up’ and arrows placed appropriately. No DOT marking or labeling are required. 

52.3 Shiwina Pawrs 

No DOT shipping papers are required. However, the appropriate chain-of-custody forms must be 
included with the shipment. 

5.2.4 Trarwortation 

There are no DOT restrictions on mode of transportation. 

5.3 DETERMINATION OF SHIPPING CLASSIFICATION FOR HAZARDOUS MATERIAL SAMPLES 

Samples not determined to be environmental samples, or samples known or expected to contain 
hazardous materials, must be considered hazardous material samples and transported according to 
the requirements listed below. 

5.3.1 Known Substances 

If the substance in the sample is known or can be identified, package, mark, label and ship according 
to the specific instructions for that material (if it is listed) in the DOT Hazardous Materials Table, 
49 CFR 172.101. 

Unt and Company have published the following steps to help in locating a proper shipping name 
from the Hazardous Materials Table, 49 CFR 172.101. 

1. Look first for the chemical or technical name of the material, for example, ethyl alcohol. 
Note that many chemicals have more than one technical name, for example, 
perchloroethylene (not listed in 172.101) is also called tetrachloroethylene (listed 172.101). 
It may be useful to consult a chemist for all possible technical names a material can have. If 
your material is not listed by its technical name then. . . . . . . 
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2. Look for the chemical family name. For example, pentyl alcohol is not listed but the 
chemical family name is: alcohol, n.o.s. (not otherwise specified). If the chemical family 
name is not listed then. . . . . . . . . 

3. Look for a generic name based on end use. For example, Paint, n.o.s or Fireworks, n.o.s. If 
a generic name based on end use is not listed then. . . . . . . . . 

4. Look for a generic family name based on end use, for example, drugs, n.o.s. or cosmetics, 
n.o.s. Finally, if your material is not listed by a generic family name but you suspect or 
know the material is hazardous because it meets the definition of one or more hazardous 
classes, then. . . . . . . . 

5. You will have to go the the general hazard class for a proper shipping name. For example, 
Flammable Liquid, n.o.s, or Oxidizer, n.o.s. 

5.3.2 Unknown Substances 

For samples of hazardous substances of unknown content, select the appropriate transportation 
category according to the DOT Hazardous Materials Classification (Attachment A), a priority system of 
transportation categories. 

The correct shipping classification for an unknown sample is selected through a process of 
elimination, utilizing Attachment A. Unless known or demonstrated otherwise (through the use of 
radiation survey instruments), the sample is considered radioactive and appropriate shipping 
regulations for #radioactive material. followed. 

If a radioactive material is eliminated, the sample is considered to contain ‘Poison A” materials 
(Attachment B), the next classification on the list. DOT defines ‘Poison A’ as extremely dangerous 
poisonous gases or liquids of such a nature that a very small amount of gas, or vapor of the liquids, 
mixed with air is dangerous to life. Most Poison A materials are gases or compressed gases and would 
not be found in drum-type containers. Liquid Poison A would be found only in closed containers; 
however,all samples taken from closed drums do not have to be shipped as Poison A, which provides 
for a ‘worst case’ situation. Based upon information available, a judgment must be made whether a 
sample from a closed container is a Poison A. 

If Poison A is eliminated as a shipment category, the next two classifications are ‘flammable” or 
.nonflammable’ gases. Since few gas samples are collected, ‘flammable liquid’ would be the next 
applicable category. With the elimination of radioactive material, Poison A, flammable gas, and 
nonflammable gas, the sample can be classified as flammable liquid (or solid) and shipped 
accordingly. These procedures would also suffice for shipping any other samples classified below 
flammable liquids in the DOT classification table (Attachment A). For samples containing unknown 
materials, categories listed below flammable liquids/solids on Attachment A are generally not used 
because showing that these materials are not flammable liquids (or solids) requires flashpoint testing, 
which may be impractical and possibly dangerous at a site. Thus, unless the sample is known to 
consist of materials listed as less hazardous than flammable liquid (or solid) on Attachment A, it is 
considered a flammable liquid (or solid) and shipped as such. 

For any hazardous material shipment, utilize the shipping checklist (Attachment C) as a guideline to 
ensure that all sample-handling requirements are satisfied. 
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5.4 PACKAGING AND SHIPPING OF SAMPLES CLASSIFIED AS FLAMMABLE LIQUID (OR SOLID) 

54.1 Packaainq 

Applying the word ‘flammable’ to a sample does not imply that it is in fact flammable. The word 
prescribes the class of packaging according to DOT regulations. 

1. 

2. 

3. 

4. 

5. 

Collect sample in the prescribed container with a nonmetallic, Teflon-lined screw cap. To 
prevent leakage, fill container no more than 90 percent full. 

Complete sample label and sample identification tag and attach securely to sample 
container. 

Seal container and place in 2-mil thick (or thicker) polyethylene bag, one sample per bag. 
Position sample identification tag so that it can be read through bag. Seal bag. 

Place sealed bag inside metal can and cushion it with enough noncombustible, absorbent 
material (for example, vermiculite or diatomaceous earth) between the bottom and sides 
of the can and bag to prevent breakage and absorb leakage. Pack one bag per can. Use 
clips, tape, or other positive means to hold can lid securely, tightly and permanently. Mark 
can as indicated in Paragraph 1 of Section 5.4.2, below. 

Place one or more metal cans (or single l-gallon bottle) into a strong outside container, 
such as a metal picnic cooler or a DOT-approved fiberboard box. Surround cans with 
noncombustible, absorbent cushioning materials for stability during transport. Mark 
container as indicated in Paragraph 2 of Section 5.4.2. 

5.4.2 MarkinaILabelinq 

1. Use abbreviations only where specified. Place the following information, either hand- 
printed or in label form, on the metal can (or l-gallon bottle): 

l . Laboratory name and address. 

0 ‘Flammable Liquid, n.o.s. UN1993’ or ‘FlammableSolid, n.o.s. UN1325.’ 

Not otherwise specified (n.o.s) is not used if the flammable liquid (or solid) is identified. Then the 
name of the specific material is listed before the category (for example, Acetone, Flammable Liquid), 
followed by its appropriate UN number found in the DOT Hazardous Materials table (49 CFR 172.101). 

2. Place all information on outside shipping container as on can (or bottle), specifically: 

l Proper shipping name. 
0 UNorNAnumber. 
l Proper label(s). 
l Addressee and sender. 

Place the following labels on the outside shipping container: ‘Cargo Aircraft Only’ and 
‘Flammable Liquid’ (or ‘Flammable Solid’). .Dangerous When Wet’ label shall be used if 
the solid has not been exposed to a wet environment. ‘Laboratory Samples’ and ‘THIS 
SIDE UP’ or ‘THIS END UP. shall also be marked on the top of the outside container, and 
upward-pointing arrows shall be placed on all four sides of the container. 
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5.4.3 ShiDDina Papers 

1. Use abbreviations only where specified. Complete the carrier-provided bill of lading and 
sign certification statement (if carrier does not provide, use standard industry form, see 
Attachment D). Provide the following information in the order listed (one form may be 
used for more than one exterior container). 

0 ‘Flammable Liquid, n.o.r. UN1993’ or ‘FlammableSdid, n.o.s. UN1325.’ 

0 ‘Limited Quantity’ (or ‘Ltd. Qty.‘). 

0 ‘Cargo Aircraft Only.’ 

l Net weight (wt) or net volume (vol), just before or just after ‘Flammable Liquid, n.0.s.’ 
or l Flammable Solid, n.0.s.; by item, if more than one metal can is inside an exterior 
container. 

0 -Laboratory Samples’ (if applicable). 

2. Include Chain-of-Custody Record, properly executed in outside container. 

3. ‘Limited Quantity’ of ‘Flammable Liquid, n.o.s. . is limited to one pint per inner container. 
For -Flammable Solid, n.o.s.,” net weight of inner container plus sample shall not exceed 
one pound; total package weight shall not exceed 25 pounds. 

5.4.4 Transportation 

1. Transport unknown hazardous substance samples classified as flammable liquids by rented 
or common carrier truck, railroad, or express overnight package services. Do not transport 
by any passenger-carrying air transport system, even if they have cargo-only aircraft. DOT 
regulations permit regular airline cargo-only aircraft, but difficulties with most suggest 
avoiding them. Instead, ship by airline carriers that only carry cargo. 

2. For transport by governmentowned vehicle, including aircraft, DOT regulations do not 
apply. However, procedures described above, with the exception of execution of the bill of 
lading with certification, shall still be used. 

6.0 REFERENCES 

U.S. Department of Transportation, 1983. Hazardous Materials Regulations, 49 CRF 171-177. 

NUS Standard Operating Procedure SA-6.1 - Sample Identification and Chain-of-Custody 

NUS Standard Operating Procedure SA-1.2 - Sample Preservation 

NUS Standard Operating Procedure SF-l.5 - Compatibility Testing 
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DOT HAZARDOUS MATERIAL CLASSIFICATION (49 CFR 173.2) 

1. Radioactive material (except a limited quantity) 

2. Poison A 

3. Flammable gas 

4. Nonflammable gas 

5. Flammable liquid 

6 Oxidizer 

7. Flammable Solid 

8. Corrosive material (liquid) 

9. Poison B 

10. Corrosive material (solid) 

11. Irritating material 

12. Combustible liquid (in containers having capacitiesexceeding 110 gallons [416 liters]) 

13. ORM-B 

14. ORM-A 

15. Combustible liquid (in containers having capacitiesof 110 gallons [416 liters] or less) 

16. ORM-E 
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ATTACHMENT B 

DOT LIST OF CLASS “A” POISON (49 CFR 172.101) 

Material 

I 
Arsine 

r 
Bromoacetone 

Chloropicrin and methyl chloride mixture 

Chloropicrin and nonflammable,nonliquefied 
compressed gas mixture 

Cyanogen chloride 

Cyanogen gas 
L 
Gas identification set 

Gelatin dynamite (H. E. Germaine) 

Physical State at 
Standard 

Temperature 
1 

Gas 

Liquid 

Gas 

Gas 

Gas(>13.1°C) 

Gas 

Gas 

- 

d 
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ATTACHMENT C 
HAZARDOUS MATERIALS SHIPPING CHECKLIST 

I PACKAGING 

1. Check DOT 172.500 table for appropriate type of package for hazardous substance. 
2. Check for container integrity, especially the closure. 
3. Check for sufficient absorbent material in package. 
4. Check for sample tags and log sheets for each sample, and chain-of-custody record. 

SHIPPING PAPERS 

1. 
2. 
3. 

4. 
5. 
6. 
7. 
8. 
9. 

Check that entries contain only approved DOT abbreviations. 
Check that entries are in English. 
Check that hazardous material entries are specially marked to differentiate them from any 
nonhazardous materials being sent using same shipping paper. 
Be careful all hazardous classes are shown for multiclass materials. 
Check total amounts by weight, quantity, or other measures used. 
Check that any limitedquantity exemptions are so designated on the shipping paper. 
Offer driver proper placards for transporting vehicle. 
Check that certification is signed by shipper. 
Make certain driver signs for shipment. 

RCRA MANIFEST 

1. 

2. 
Check that approved state/federal manifests are prepared. 
Check that transporter has the following: valid EPA identification number, valid driver’s 
license, valid vehicle registration, insurance protection, and proper DOT labels for materials 
being shipped. 

3. Check that destination address is correct. 
4. Check that driver knows where shipment is going. 
5. Check that the driver is aware of emergency procedures for spills and accidents. 
6. Make certain driver signs for shipment 
7. Make certain one copy of executed manifest and shipping document is retained by shipper. 
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1.0 PURPOSE 

This procedure describes the process for keeping a site logbook. 

2.0 SCOPE 

The site logbook is a controlled document which records all major on-site activities during a Remedial 
Investigation/Feasibility Study. At a minimum, the following activities/events shall be recorded in the 
site logbook: 

l Arrival/departure of site visitors 
0 Arrival/departure of equipment 
l Sample pickup (chain-of-custody form numbers, carrier, time) 
l Sampling activities/sample logsheet numbers 
l Start or completion of borehole/trencNmonitoring well installation or sampling activities 
l Health and Safety issues 

The site logbook is initiated at the start of the first on-site activity (e.g., initial reconnaissance survey). 
Entries are made for every day that on-site activities take place which involve RUFS contractor 
personnel. One current site logbook is maintained per site. 

The site logbook becomes part of the permanent site file maintained in the RI contractor’s office. 
Because information contained in the site logbook may be admitted as evidence in cost recovery or 
other legal proceedings, it is critical that this document be properly maintained. 

3.0 GLOSSARY 

Site Lo&ook - The logbook is a bound notebook with consecutively numbered pages that cannot be 
removed. Upon entry of data, the logbook requires signature by the responsible site leader (see 
Section 5.1). 

4.0 RESPONSlBlUTlES 

The site logbook is issued by the Regional Manager (or his designee) to the Site Manager for the 
duration of the project. The Site Manager releases the site logbook to the Field Operations Leader or 
other person responsible for the direction of on-site activities (e.g., Reconnaissance Survey Team 
Leader, Sampling Team Leader). It is the responsibility of this person (or his designee) to keep the site 
logbook current while in his possession, and return it to the Site Manager or turn it over to another 
field team. Following the completion of all fieldwork, the site logbook is returned to the Site 

Manager for inclusion in the permanent site files. 

5.0 PROCEDURES 

5.1 GENERAL 

The cover of each site logbook contains the following information: 

l Project Name 
l NUS Project Number 
a RI/FS Contractor and Site Manager’s Name 
l Sequential Book Number 
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l Start Date 
l End Date 

Daily entries into the logbook may contain a variety of information. At the beginning of each day the 
following information must be recorded: 

0 Date 
0 Starttime 
l Weather 
l All field personnel present 
l Any visitors present 

During the day, a summary of all site activities and level of personal protection shall be recorded in 
the logbook. The information need not duplicate that recorded in other field notebooks (e.g., 
sample logbook, Site Geologist’s notebook, Health and Safety Officer’s notebook, etc.), but shall 
summarize the contents of these other notebooks and refer to the page locations in these notebooks 
for detailed information. An example of a site logbook page is shown in Attachment A. 

The sample logsheet for each sample collected (see ProcedureSA-6.6) must be referenced. If 
measurements are made at any location, the measurements and equipment used must either be 
recorded in the site logbook or reference must be made to the notebook and page number(s) on 
which they are recorded (see Attachment A). 

All entries shall be made in black pen. No erasures are permitted. If an incorrect entry is made, the 
data shall be crossed out with a single strike mark, and initialed and dated. At the completion of 
entries by any individual, the logbook must be signed. It must also be signed by the Field Operations 
Leader or responsible site leader at the end of each day. 

5.2 PHOTOGRAPHS 

When movies, slides, or photographs are taken of a site or any monitoring location, they are 
numbered to correspond to logbook entries. The name of the photographer, date, time, site 
location, site description, and weather conditions are entered in the logbook as the photographs are 
taken. A series entry may be used for rapid-sequence photographs. The photographer is not 
required to record the aperture settings and shutter speeds for photographs taken within the normal 
automatic exposure range. However, special lenses, films, filters, and other image-enhancement 
techniques must be noted in the logbook. If possible, such techniques shall be avoided, since they can 
adversely affect the admissibility of photographs as evidence. Chain-of-custody procedures depend 
upon the subject matter, type of film, and the processing it requires. Film used for aerial 
photography, confidential information, or criminal investigation require chain-of-custody 
procedures. Adequate logbook notation and receipts may be used to account for routine film 
processing. Once processed, the slides of photographic prints shall be serially numbered and labeled 
according to the logbook descriptions. 

6.0 REFERENCES 

None. 

7.0 ATTACHMENTS 

Attachment A- Typical Site Logbook Entry 

D334901 



UbJeCt Number Page 
SA-6.3 4of4 

SITE LOGBOOK Rewsion Effectwe Date 
2 05/04490 

ATTACHMENT A 
TYPICAL SITE LOGBOOK ENTRY 

START TIME: DATE: 

SITE LEADER: 
PERSONNEL: 

NUS DRILLER EPA 

WEATHER: Clear, 6B”F, 2-5 mph wind from SE 

ACTIVITIES: 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Steam jenney and fire hoses were set up. 

Drilling activities at well resumes. Rig geologist was 
See Geologist’s Noteboo-1, page 2930, for details of drilling activity. Sam pl; 
No. 123-21-54 collected; see sample logbook, page42. Drilling activities completed at 1150 
and a 4 inch stainless steel well installed. See Geologist’s Notebook, No. 1, page 31, and well 
construction details for well 

Drilling rig No.2 steam-cleaned at decontamination pit. Then set up at location of 
well 

Well drilled. Rig geologist was see 
Geologist’s Notebook, No. 2, page for detarls of drrllrng acbvltres. Sample 
numbers 123-22-51, 123-22-52, and 113-22-53 collected; see sample logbook, pages43, 44, 
and 45. 

Well was developed. Seven 55gallon drums were filled in the flushing stage. The 
well was then pumped using the pitcher pump for 1 hour. At the end of the hour, water 
pumped from well was ‘sand free.” 

EPA remedial project manger arrives on-site at 14:25 hours. 

Large dump truck arrives at 14:45 and is steam-cleaned. Backhoe and dump truck set up over 
test pit 

Test pit dug with cuttings placed in dump truck. Rig geologist was 
. See Geologist’s Notebook, No. 1, page 32, for details of test 

pit activities. Test pit subsequently filled. No samples taken for chemical analysis. Due to 
shallow groundwater table, filling in of test pit resulted in a very soft and wet area. A 
mound was developed and the area roped off. 

Express carrier picked up samples (see Sample Logbook, pages42 through 45) at 17:50 hours. 
Site activities terminated at 18:22 hours. All personnel offsite, gate locked. 

Field Operations Leader 

D334901 



I pgNu= 
CORPORATION 

STANDARD 
OPERATING 

PROCEDURES 

I Effective Date 
I 

Rewon 
05/04/90 2 

ENVIRONMENTAL 
MANAGEMENT GROUP 

I r 
Subject 

ONSITE WATER QUALITY TESTING 

1 Earth Sciences 
. 
Approved 

D. Senovich 

I Number 

I 

Page 
SF-l.1 lof 16 

TABLE OF CONTENTS 

SECTION 

1.0 PURPOSE 
2.0 SCOPE 
3.0 GLOSSARY 

3.1 pH MEASUREMENT 
3.2 SPECIFIC CONDUCTANCE MEASUREMENT 
3.3 TEMPERATURE MEASUREMENT 
3.4 DISSOLVED OXYGEN MEASUREMENT 
3.5 OXIDATION-REDUCTION POTENTIAL MEASUREMENT 
3.6 SPECIFIC-ION ELECTRODE5 MEASUREMENT 

4.0 RESPONSIBILITIES 
5.0 PROCEDURES 

5.1 MEASUREMENT OF pH 
5.1.1 General 
5.1.2 Principles of Equipment Operation 
5.1.3 Equipment 
5.1.4 Measurement Techniques for Field Determination of pH 
5.2 MEASUREMENT OF SPECIFIC CONDUCTANCE 
5.2.1 General 
5.2.2 Principles of Equipment Operation 
5.2.3 Equipment 
5.2.4 Measurement Techniques for Specific Conductance 
5.3 MEASUREMENT OF TEMPERATURE 
5.3.1 General 
5.3.2 Equipment 
5.3.3 Measurement Techniques for Water Temperature 
5.4 MEASUREMENT OF DISSOLVED OXYGEN CONCENTRATION 
5.4.1 General 
5.4.2 Principles of Equipment Operation 
5.4.3 Equipment 
5.4.4 Measurement Techniques for Dissolved Oxygen Concentration 
5.5 MEASUREMENT OF OXIDATION-REDUCTION POTENTIAL 
5.5.1 General 
5.5.2 Principles of Equipment Operation 
5.5.3 Equipment 
5.5.4 Measurement Techniques for Oxidation-Reduction Potential 
5.6 SPECIFIC ION ELECTRODE MEASUREMENTS 
5.6.1 General 
5.6.2 Principles of Equipment Operation 
5.6.3 Equipment 
5.6.4 Measurement Techniques for Inorganic Ions Using Specific Ion Electrodes 

6.0 REFERENCES 
7.0 ATTACHMENTS 



‘ubject Number Page 
SF-l.1 2of 16 . 

ONSITE WATER QUALITY TESTING Revision 
2 

Effectwe Date owo4/90 

1 .o PURPOSE 

This procedure describes the procedures and equipment required to measure the following 
parameters of an aqueous sample in the field: 

l PH 
l Specific Conductance 
0 Temperature 
l Dissolved Oxygen (DO) Concentration 
l Oxidation Reduction Potential 
l Certain Dissolved Constituents Using Specific Ion Elements 

2.0 SCOPE 

This procedure is applicable for use in an on-site groundwater quality monitoring program to be 
conducted during a remedial investigation or site investigation program at a hazardous or non- 
hazardous site. The procedures and equipment described are applicable to nearly all aqueous 
samples, including potable well water, monitoring well water, surface water, leachate and drummed 
water, etc. and are not, in general, subject to solution interferences from color, turbidity and colloidal 
material, or suspended matter. 

This procedure provides generic information for measuring the parameters listed above with 
instruments and techniques in common use. Since instruments from different manufacturers may 
vary, review of the manufacturer’s literature pertaining to the use of a specific instrument is required 
before use. 

3.0 GLOSSARY 

3.1 pH MEASUREMENT 

DH - The negative logarithm (base 10) of the hydrogen ion activity. The hydrogen ion activity is 
related to the hydrogen ion concentration, and, in relatively weak solution, the two are nearly equal. 
Thus, for all practical purposes, pH is a measure of the hydrogen ion concentration. 

pH Pawr - Paper that turns different colors depending on the pH of the solution to which it is 
exposed. Comparison with color standards supplied by the manufacturer will then give an indication 
of the solution pH. 

3.2 SPEQFIC CONDUCTANCE MEASUREMENT 

Ohm - Standard unit of electrical resistance (R). A siemen (or umho) is the standard unit of electrical 
conductance, the inverse of the ohm 

Resistance - A measure of the solution’s ability to oppose the passage of electrical current. For metals 
and solutions, resistance is defined by Ohm’s law, E = IR, where E is the potential difference, I is the 
current, and R is the resistance. 

Conductance - The conductance of a conductor 1 centimeter long and 1 square centimeter in cross- 
sectional area. Conductivity and specific conductance are used synonymously. 

D334901 
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3.3 TEMPERATURE MEASUREMENT 

None. 

3.4 DISSOLVED OXYGEN MEASUREMENT 

Galvanic Cell - An electrochemical cell in which chemical energy is spontaneously converted to 
electrical energy. The electrical energy produced is supplied to an external circuit. 

Electrolvtic Cell - An electrochemical cell in which electrical energy is supplied from an external 
source. This cell functions in much the same way as a galvanic cell, only in the opposite direction due 
to the external source of applied voltage. 

3.5 OXIDATION-REDUCTION POTENTIAL MEASUREMENT 

Oxidation - The process in which an atom or group of atoms loses electrons to achieve an increasing 
positive charge. 

Reduction - The gaining of electrons by an atom or group of atoms and subsequent increase in 
negative charge. 

Oxidation-Reduction Potential (ORP) - A measure of the activity ratio of oxidizing and reducing 
species as determined by the electromotive force developed by a noble metal electrode, immersed in 
water, as referenced against a standard hydrogen electrode. 

3.6 SPECIFIC ION ELECTRODES MEASUREMENT 

Specific Ion Electrode - An electrode which develops a potential difference across a membrane in 
response to the concentration differences for selected ions on either side of that membrane. 

4.0 RESPONSlBlUTlES 

Site Manaaer - in consultation with the Project Geochemist, is responsible for determining which on- 
site water quality measurements can contribute to the RI, when these measurements shall be made, 
and the data quality objectives (DQOs) for these measurements. The Project Operations Plan (POP) 
shall contain details of type, frequency and locations of the desired measurements. 

Proiect Geochemist - primarily responsible for determining the type, frequency and locations for on- 
site water quality measurements as presented in the POP and for interpreting the results, including 
determination of which measurements are unrepresentative. 

Field Ooerations Leader - responsible for implementing the POP, and also for deciding under what 
field conditions a particular on-site measurement will be unrepresentative or unobtainable. 

Field SamolersIAnalvsts - responsible for the actual analyses that take place, including calibration, 
quality control and recording of results, as well as for the care and maintenance of the equipment in 
the field. 
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5.0 GUIDELINES 

5.1 MEASUREMENT OF pH 

5.1 .l General 

Measurement of pH is one of the most important and frequently used tests in water chemistry. 
Practically every phase of water supply and wastewater treatment such as acid-base neutralization, 
water softening, and corrosion control, is pH dependent Likewise, the pH of leachate can be 
correlated with other chemical analyses to determine the probable source of contamination. It is 
therefore important that reasonably accurate pH measurements be taken. 

Measurements of pH can also be used to check the quality and corrosivity of soil and solid waste 
samples. However, these samples must be immersed in water prior to analysis, and specific 
techniques are not described. 

Two methods are given for pH measurement: the pH meter and pH indicator paper. The indicator 
paper is used when only a rough estimate of the pH is required, and the pH meter when a more 
accurate measurement is needed. The response of a pH meter can be affected to a slight degree by 
high levels of colloidal or suspended solids, but the effect is usually small and generally of little 
significance. Consequently, specific methods to overcome this interference are not described. The 
response of pH paper is unaffected by solution interferences from color, turbidity, colloidal or 
suspended materials unless extremely high levels capable of coating or masking the paper are 
encountered. In such cases, use of a pH meter is recommended. 

5.1.2 Princioles of EauiDment Operation 

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity or basicity of 
the solution with the indicator compound on the paper. Depending on the indicator and the pH 
range of interest, a variety of different colors can be used. Typical indicators are weak acids or bases, 
or both. Process chemistry and molecular transformations leading to the color change are variable 
and complex. 

Use of a pH meter relies on the same principle as other ion-specific electrodes. Measurement relies on 
establishment of a potential difference across a glass or other type of membrane in response to 
hydrogen ion concentration across that membrane. The membrane is conductive to ionic species and, 
in combination with a standard or reference electrode, a potential difference proportional to 
hydrogen ion concentration can be generated and measured. 

5.1.3 Eauipment 

The following equipment is needed for taking pH measurements: 

l Accumet 150 portable pH meter, or equivalent. 

0 Combination electrode with polymer body to fit the above meter (alternately a pH 
electrode and a reference electrode can be used if the pH meter is equipped with suitable 
electrode inputs. 

l pH indicator paper, such as Hydrion or Alkacid, to cover the pH range 2 through 12. 

l Buffer solutions of pH 4,7 and 10, or other buffers which bracket the expected pH range. 
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5.1.4 Measurement Techniauer for Field Determination of DH 

1. pH Meter 

The following procedure is used for measuring pH with a pH meter (Standardization is 
according to manufacturers instructions): 

a. The instrument and batteries shall be checked and calibrated prior to initiation of the field 
effort. 

b. The accuracy of the buffer solutions used for field and laboratory calibration shall be 
checked. Buffer solutions need to be changed often due to degradation upon exposure to 
the atmosphere. 

C. Immerse the tip of the electrodes in water overnight. If this is not possible due to field 
conditions, immerse the electrode tip in water for at least an hour before use. The 
electrode tip may be immersed in a rubber or plastic sack containing buffer solution for 
field transport or storage. This is not applicable for all electrodes as some must be stored 
dry- 

d. Make sure all electrolyte solutions within the electrode(s) are at their proper levels and that 
no air bubbles are present within the electrode(s). 

e. Immerse the electrode(s) in a pH-7 buffer solution. 

f. Adjust the temperature compensator to the proper temperature (on models with 
automatic temperature adjustment, immerse the temperature probe into the buffer 
solution). Alternately, the buffer solution may be immersed in the sample and allowed to 
reach temperature equilibrium before equipment calibration. It is best to maintain buffer 
solution at or near expected sample temperature before calibration. 

g. Adjust the pH meter to read 7.0. 

h. Remove the electrode(s) from the buffer and rinse well with demineralized water. 
Immerse the electrode(s) in pH-4 or 10 buffer solution (depending on the expected pH of 
the sample) and adjust the slope control to read the appropriate pH. For best results, the 
standardization and slope adjustments shall be repeated at least once. 

i. Immerse the electrode(s) in the unknown solution, slowly stirring the probe until the pH 
stabilizes. Stabilization may take several seconds to minutes. If the pH continues to drift, 
the sample temperature may not be stable, a chemical reaction (e.g., degassing) may be 
taking place in the sample, or the meter or electrode may be malfunctioning. This must be 
clearly noted in the logbook. 

j. Read and record the pH of the solution, after adjusting the temperature compensator to 
the sample temperature. pH shall be recorded to the nearest 0.1 pH unit. Also record the 
sample temperature. 

k. Rinse the electrode(s) with deionized water. 

I. Keep the electrode(s) immersed in deionized water when not in use. 
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The sample used for pH measurement shall never be saved for subsequent conductivity or 
chemical analysis. All pH electrodes leak small quantities of electrolytes (e.g., sodium or 
potassium chloride) into the solution. Precipitation of saturated electrolyte solution, especially 
at colder temperatures, or in cold water, may result in slow electrode response. Any visual 
observation of conditions which may interfere with pH measurement, such as oily materials, or 
turbidity, shall be noted. 

2. pH Paper 

Use of pH paper is very simple and requires no sample preparation, standardization, etc. pH 
paper is available in several ranges, including wide-range (indicating approximately pH 1 
to 12), mid-range (approximately pH 0 to 6, 6 to 9,8 to 14) and narrow-range (many available, 
with ranges as narrow as 1.5 pH units). The appropriate range of pH paper shall be selected. If 
the pH is unknown the investigation shall start with wide-range paper. 

5.2 MEASUREMENT OF SPECIFIC CONDUCTANCE 

5.2.1 General 

Conductance provides a measure of dissolved ionic species in water and can be used to identify the 
direction and extent of migration of contaminants in groundwater or surface water. It can also be 
used as a measure of subsurface biodegradation or to indicate alternate sources of groundwater 
contamination. 

Conductivity is a numerical expression of the ability of a water sample to carry an electric current. 
This value depends on the total concentration of the ionized substances dissolved in the water and 
the temperature at which the measurement is made. The mobility of each of the various dissolved 
ions, their valences, and their actual and relative concentrations affect conductivity. 

It is important to obtain a specific conductance v -surement soon after taking a sample, since 
temperature changes, precipitation reactions, and at Tption of carbon dioxide from the air all affect 
the specific conductance. 

5.2.2 PrinciDles of EauiDment Operation 

An aqueous system containing ions will conduct an electric current. In a direct-current field, the 
positive ions migrate toward the negative electrode, while the negatively charged ions migrate 
toward the positive electrode. Most inorganic acids, bases and salts (such as hydrochloric acid, sodium 
carbonate, or sodium chloride, respectively) are relatively good conductors. Conversely, organic 
compounds such as sucrose or benzene, which do not disassociate in aqueous solution, conduct a 
current very poorly, if at all. 

A conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may be 
used for measurement of electrical resistance. The ratio of current applied to voltage across the cell 
may also be used as a measure of conductance. The core element of the apparatus is the conductivity 
cell containing the solution of interest. Depending on ionic strength of the aqueous solution to be 
tested, a potential difference is developed across the cell which can be converted directly or indirectly 
(depending on instrument type) to a measurement of specific conductance. 
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5.2.3 EaUiDment 

The following equipment is needed for taking specific conductance measurements: 

l YSI Model 33 portable conductivity, meter, or equivalent 
0 Probe for above meter 

A variety of conductivity meters are available which may also be used to monitor salinity and 
temperatures. Probe types and cable lengths vary, so equipment may be obtained to meet the 
specific requirement of the sampling program. 

5.2.4 Measurement Techniaues for Specific Conductance 

The steps involved in taking specific conductance measurements are listed below (standardization is 
according to manufacturers instructions): 

l Check batteries and calibrate instrument before going into the field. 

l Calibrate the instrument daily when used. Potassium chloride solutions with a specific 
conductance closest to the values expected in the field shall be used. Attachment A may be 
used for guidance. 

l Rinse the cell with one or more portions of the sample to be tested or with deionized 
water. 

0 Immerse the electrode in the sample and measure the conductivity. Adjust the 
temperature setting to the sample temperature. 

l Read and record the results in a field logbook or sample log sheet. 

If the specific conductance measurements become erratic, or inspection shows that any platinum 
black has flaked off the electrode, replatinization of the electrode is necessary. See the 
manufacturer’s instructions for details. 

Note that specific conductance is occasionally reported at temperatures other than ambient. 

5.3 MEASUREMENT OF TEMPERATURE 

5.3.1 General 

In combination with other parameters, temperature can be a useful indicator of the likelihood of 
biological action in a water sample. It can also be used to trace the flow direction of contaminated 
groundwater. Temperature measurements shall be taken in-situ, or as quickly as possible in the field. 
Collected water samples may rapidly equilibrate with the temperature of their surroundings. 

5.3.2 EauiDment 

Temperature measurements may be taken with alcohol-toluene, mercury filled or dial-type 
thermometers. In addition, various meters such as specific conductance or dissolved oxygen meters, 
which have temperature measurement capabilities, may also be used. Using such instrumentation 
along with suitable probes and cables, in-situ measurements of temperature at great depths can be 
performed. 
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5.3.3 Measurement Techniaues for Water Temwrature 

If a thermometer is used on a collected water sample: 

l Immerse the thermometer in the sample until temperature equilibrium is obtained 
(t-3 minutes). To avoid the possibility of contamination, the thermometer shall not be 
inserted into samples which will undergo subsequent chemical analysis. 

l Record values in a field logbook or sample log sheet. 

If a temperature meter or probe is to be used, the instrument shall be calibrated according to 
manufacturer’s recommendations with an approved thermometer before each measurement or 
group of closely spaced measurements. 

5.4 MEASUREMENT OF DISSOLVED OXYGEN CONCENTRATION 

5.4.1 General 

Dissolved oxygen (DO) levels in natural water and wastewater depend on the physical, chemical and 
biochemical activities in the water body. Conversely, the growth of many aquatic organisms as well as 
the rate of corrosivity, are dependent on the dissolved oxygen concentration. Thus, analysis for 
dissolved oxygen is a key test in water pollution and waste treatment process control. If at all 
possible, DO measurements shall be taken in-situ, since concentration may show a large change in a 
short time if the sample is not adequately preserved. 

The method monitoring discussed herein is limited to the use of dissolved oxygen meters only. 
Chemical methods of analysis (i.e., Winkler methods) are available, but require more equipment and 
greater sample manipulation. Furthermore, DO meters, using a membrane electrode, are suitable for 
highly polluted waters, because the probe is completely submersible, and are free from interference 
caused by color, turbidity, colloidal material or suspended matter. 

5.4.2 Principles of EauiDment ODeratiOn 

Dissolved oxygen probes are normally electrochemical cells that have two solid metal electrodes of 
different nobility immersed in an electrolyte. The electrolyte is retained by an oxygen-permeable 
membrane. The metal of highest nobility (the cathode) is positioned at the membrane. When a 
suitable potential exists between the two metals, reduction of oxygen to hydroxide ion (OH) occurs at 
the cathode surface. An electrical current is developed that is directly proportional to the rate of 
arrival of oxygen molecules at the cathode. 

Since the current produced in the probe is directly proportional to the rate of arrival of oxygen at the 
cathode, it is important that a fresh supply of sample always be in contact with the membrane. 
Otherwise, the oxygen in the aqueous layer along the membrane is quickly depleted and false low 
readings are obtained. It is therefore necessary to stir the sample (or the probe) constantly to 
maintain fresh solution near the membrane interface. Stirring, however, shall not be so vigorous that 
additional oxygen is introduced through the air-water interface at the sample surface. To avoid this 
possibility, some probes are equipped with stirrers to agitate the solution near the probe, but to leave 
the surface of the solution undisturbed. 

Dissolved oxygen probes are relatively free of interferences. Interferences that can occur are 
reactions with oxidizing gases (such as chlorine) or with ga= such as hydrogen sulfide which are not 
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easily depolarized from the indicating electrode. If the gaseous interference is suspected, it shall be 
noted in the field log book and checked if possible. Temperature variations can also cause 
interference because probes exhibit temperature sensitivity. Automatic temperature compensation is 
normally provided by the manufacturer. 

5.4.3 Eauipment 

The following equipment is needed to measure dissolved oxygen concentration: 

l YSI Model 56 dissolved oxygen monitor or equivalent. 
l Dissolved oxygen/temperature probe for above monitor. 
l Sufficient cable to allow the probe to contact the sample. 

5.4.4 Measurement Techniaues for Dissolved Omaen Determination 

Probes differ as to specifics of use. Follow the manufacturer’s instructions to obtain an accurate 
reading. The following general steps shall be used to measure the dissolved oxygen concentration: 

l The equipment shall be calibrated and have its batteries checked in the laboratory before 
going to the field. 

l The probe shall be conditioned in a water sample for as long a period as practical before 
use in the field. Long periods of dry storage followed by short periods of use in the field 
may result in inaccurate readings. 

l The instrument shall be calibrated in the field before each measurement or group of 
closely spaced measurements by placing the probe in a water sample of known dissolved 
oxygen concentration (i.e., determined by Winkler method) or in a freshly air-saturated 
water sample of known temperature. Dissolved oxygen values for air-saturated water can 
be determined by consulting a table listing oxygen solubilities as a function of temperature 
and salinity (see Attachment B). 

l Immerse the probe in the sample. Be sure to provide for sufficient flow past the 
membrane, either by stirring the sample, or placing the probe in a flowing stream. Probes 
without stirrers placed in wells can be moved up and down. 

l Record the dissolved oxygen content and temperature of the sample in a field logbook or 
sample log sheet. 

l Recalibrate the probe when the membrane is replaced, or as needed. Follow the 
manufacturer’s instructions. 

Note that in-situ placement of the probe is preferable, since sample handling is not involved. This 
however, may not always be practical. Be sure to record whether the liquid was analyzed in-situ, or if 
a sample was taken. 

Special care shall be taken during sample collection to avoid turbulence which can lead to increased 
oxygen solubilization and positive test interferences. 
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5.5 MEASUREMENT OF OXIDATION-REDUCITON POTENTIAL 

5.5.1 General 

The oxidation-reduction potential (ORP) provides a measure of the tendence of organic or inorganic 
compounds to exist in an oxidized state. The technique therefore provides evidence of the likelihood 
of anaerobic degradation of biodegradable organics or the ratio of activities of oxidized to reduced 
species in the sample. 

5.5.2 Principles of ECWiDWtent Operation 

When an inert metal electrode, such as platinum, is immersed in a solution, a potential is developed 
at that electrode depending on the ions present in the solution. If a reference electrode is placed in 
the same solution, an ORP electrode pair is established. This electrode pair allows the potential 
difference between the two electrodes to be measured and will be dependent on the concentration 
of the ions in solution. By this measurement, the ability to oxidize or reduce species in solution may 
be determined. Supplemental measurements, such as dissolved oxygen, may be correlated with ORP 
to provide a knowledge of the quality of the solution, water, or wastewater. 

5.5.3 EaUiDment 

The following equipment is needed for measuring the oxidation-reduction potential of a solution: 

0 Accumet 150 portable pH meter or equivalent, with a millivolt scale. 
0 Platinum electrode to fit above pH meter. 
l Reference electrode such as a calomel, silver-silver chloride, or equivalent. 

5.5.4 Measurement Techniaues for Oxidation-Reduction Potential 

The following procedure is used for measuring oxidation-reduction potential: 

l The equipment shall be calibrated and have its batteries checked before going to the field. 

l Check that the platinum probe is clean and that the platinum bond or tip is unoxidized. If 
dirty, polish with emery paper or, if necessary, clean the electrode using aqua regia, nitric 
acid, or chromic acid, in accordance with manufacturer’s instructions. 

0 Thoroughly rinse the electrode with demineralized water. 

0 Verify the sensitivity of the electrodes by noting the change in millivolt reading when the 
pH of the test solution is altered. The ORP will increase when the pH of the test solution 
decreases and the ORP will decrease if the test solution pH is increased. Place the sample in 
a clean glass beaker and agitate the sample. Insert the electrodes and note the ORP drops 
sharply when the caustic is added, the electrodes are sensitive and operating properly. If 
the ORP increases sharply when the caustic is added, the polarity is reversed and must be 
corrected in accordance with the manufacturer’s instructions. If the ORP does not respond 
as above when the caustic is added, the electrodes shall be cleaned and the above 
procedure repeated. 

l After the assembly has been checked for sensitivity, wash the electrodes with three 
changes of water or by means of a flowing stream of water from a wash bottle. Place the 
sample in a clean glass beaker or sample cup and insert the electrodes. Set temperature 
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compensator throughout the measurement period. Read the millivolt potential of the 
solution, allowing sufficient time for the system to stabilize and reach temperature 
equilibrium. Measure successive portions of the sample until readings on two successive 
portions differ by no more than 10 mV. A system that is very slow to stabilize properly will 
not yield a meaningful ORP. Record all results in a field logbook, including ORP (to nearest 
16 mV), sample temperature and pH at the time of measurement. 

5.6 SPECIFIC ION ELECTRODE MEASUREMENTS 

5.6.1 General 

Use of specific ion electrodes can be beneficial in the field for determining the presence and 
concentration of dissolved inorganic species which may be associated with contaminant plumes or 
leachate. Thus, electrodes can be used for rapid screening of water quality and determination of 
water migration pathways. 

This procedure provides generic information for specific ion electrodes commonly used in 
groundwater quality monitoring programs and describes the essential elements of a field 
investigation program. Analytical methods using some specific ion electrodes have not been 
approved by the USEPA. In addition, calibration procedures and solutions, interferences and 
conditions and requirements for use for various electrodes vary greatly. Consequently, review of 
manufacturer’s literature is mandatory prior to use. 

5.6.2 Principles of Equipment Operation 

All specific ion electrode measurements involve the use of a reference electrode, a pH meter, and a 
specific ion electrode (SIE). When the SIE and the reference electrode are immersed in a solution of 
the ion to be measured, a potential difference is developed between the two electrodes. This 
potential can be measured by a pH meter and related to the concentration of the ion of interest 
through the use of standard solutions and calibration curves. 

Several different types of SIEs are in use: glass, solid-state, liquid-liquid membrane, and gas-sensing. 
All of the electrodes function using an ion exchange process as the potential determining mechanism. 
Glass electrodes are used for pH measurement. The glass in the tip of the electrode actually acts as a 
semi-permeable membrane to allow solution. Solid-state electrodes replace the glass membrane with 
an ionically-conducting membrane, (but act in essentially the same manner) while liquid-liquid 
membrane electrodes have an organic liquid ion exchanger contained in the pores of a hydrophobic 
membrane. Maintenance of the conducting interface, in combination with a reference electrode, 
allows completion of the electrical circuit and subsequent measurement of the potential difference. 
Gas-sensing electrodes have a membrane that permits the passage of gas only, thus allowing for the 
measurement of gas concentration. Regardless of the mechanism involved in the electrode, most SIEs 
are easy to use under field conditions. The sensitivity and applicable concentration range for various 
membranes and electrodes will vary. 
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5.6.3 EWiDWMMt 

The following equipment is required for performing quantitative analyses using a specific ion 
electrode: 

0 A pH meter with a millivolt scale, or equivalent. 
l The specific ion electrode for the parameter to be measured. A partial list of ions which can 

be measured includes cyanide, sulfide, ammonia, lead, fluoride and chloride. 
l A suitable reference electrode to go with the above SIE. 

Specific electrodes for other ions have also been developed, but are not widely used for field 
investigation efforts at this time. Note that of the specific electrodes referenced above, only fluoride 
and ammonia have analytical methods approved by the U.S. EPA. 

5.6.4 Measurement Techniaues for lnoraanic Ions Usina Specific Ion Electrodes 

Different types of electrodes are used in slightly different ways and are applicable for different 
concentration ranges. Following the manufacturer’s instructions, the general steps given below are 
usually followed: 

l Immerse the electrode in water for a suitable period of time prior to sample analysis. 

l Standardize the electrode according to the manufacturer’s instructions, including 
necessary chemical additions for ionic strength adjustment, etc. Standard solutions 
normally differ by factors of ten in concentration. Constant stirring is needed for accurate 
readings. 

l Immerse the electrode in the sample. Allow the reading to stabilize and record the results 
in a site logbook. Stir the sample at the same rate as the standards. Air bubbles near the 
membrane shall be avoided, since this may cause interference in millivolt readings. 

(NOTE: Each SIE has substances which interfere with proper measurement. These may be eliminated 
using pretreatment methods as detailed by the manufacturer. It is important to know if interferences 
are present so that suspect readings may be noted as such.) 

l If the pH meter does not read out directly, plot millivolts versus concentration for the 
standards and then determine sample concentration. 

6.0 REFERENCES 

American Public Health Association, 1980. Standard Methods for the Examination of Water and 
Wastewater, 15th Edition, APHA, Washington, D.C. 

U.S. EPA, 1979. Methods for Chemical Analysis of Water and Wastes. EPA-600/4-79-020. 

U.S. Geological Survey, 1984. National Handbook of Recommended Methods for Water Data 
Acauisition, Chapter 5: Chemical and Physical Quality of Water and Sediment. U.S. Department of 
the Interior, Reston, Virginia. 
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7.0 ATTACHMENTS 

Attachment A - Specific Conductance of KC1 Solutions at 25 degrees Centigrade 

Attachment B - Variation of Dissolved Oxygen Concentration in Water as a a Function of Temperature 
and Salinity. 
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ATlACHMENT A 

SPECIFIC CONDUCTANCE OF M KCI 
AT VARIOUS TEMPERATURES’ 

\ 

Temperature Specific Conductance 
(‘c) (umhoskm) 

1 Data derived from the International Critical 
Tables l-3-8. 
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Difference/100 mg chloride 

. 

. 

. 

I 

. 

. 

21 9.0 8.6 8.1 7.7 7.3 0.009 

22 8.8 8.4 8.0 7.6 7.1 0.008 
. 

23 8.7 8.3 7.9 7.4 7.0 0.008 
I 

24 8.5 8.1 7.7 7.3 6.9 0.008 
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ATTACHMENT B 
VARIATION OF DISSOLVED OXYGEN CONCENTRATlON 
IN WATER AS A FUNCnON OF TEMPERATURE AND SAUNITY 
PAGE TWO 

I Dissolved Oxygen mgIl 
Temperature ’ I 

or Chloride ( Concentration in Water 

I 
c 

t 
1 Difference1100 mg chloride 

0 1 5,000 1 10,ooo 1 15,000 1 20,000 
1 I 25 1 8.4 1 8.0 1 7.6 1 7.2 1 6.7 1 0.008 I 

26 8.2 7.8 7.4 7.0 I 6. 

77 81 7.7 7.3 

- _- -. 6 1 0.008 I 
a# -. . _ _- . -- 6.9 6.5 0.008 

28 7.9 7.5 7.1 6.8 6.4 0.008 

29 7.8 7.4 7.0 6.6 6.3 0.008 
I 

30 7.6 7.3 6.9 6.5 6.1 0.008 

31 7.5 

32 7.4 

33 7.3 

34 7.2 

35 7.1 

36 7.0 

37 6.9 

38 6.8 

40 6.6 

41 6.5 

43 6.3 

44 6.2 

I 46 1 6-O 1 

I 48 1 5.8 1 
I 49 I 5.7 I I 
I 50 1 5.6 1 I I I I I 
Note: In a chloride solution, conductivity can be roughly related to chloride concenration (and 

therefore used to correct measured 0.0. concentration) using Attachment A. 
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1.0 PURPOSE 

This procedure describes the appropriate containers to be used for samples depending on the 
analyses to be performed, and the steps necessary to preserve the samples when shipped offsite for 
chemical analysis. 

2.0 SCOPE 

Different types of chemicals react differently with sample containers made of various materials. For 
example, trace metals adsorb more strongly to glass than to plastic, while many organic chemicals 
may dissolve various types of plastic containers. It is therefore critical to select the correct container in 
order to maintain the quality of the sample prior to analysis. 

Many water and soil samples are unstable, and therefore require preservation when the time interval 
between field collection and laboratory analysis is long enough to produce changes in either the 
concentration or the physical condition of the constituent(s) requiring analysis. While complete and 
irreversible preservation of samples is not possible, preservation does retard the chemical and 
biological changes that inevitably take place after the sample is collected. 

Preservation techniques are usually limited to pH control, chemical addition(s) and refrigeration/ 
freezing. Their purpose is to (1)retard biological activity, (2) retard hydrolysis of chemical 
compounds/complexes, (3) reduce constituent volatility, and (4) reduce adsorption effects. 

3.0 GLOSSARY 

HCI - Hydrochloric Acid 
H2S04- Sulfuric Acid 
HN03 - Nitric Acid 
NaOH - Sodium Hydroxide 

Normalitv (N) - Concentration of a solution expressed as equivalent per liter, an equivalent being the 
amount of a substance containing one gram-atom of replaceable hydrogen or its equivalent. Thus, a 
one molar solution of HCI, containing one gram-atom of H, is ‘one-normal,’ while a one molar 
solution of HzS04 containing two gram-atoms of H, is #two-normal.. 

4.0 RESPONSIBIUTIES 

Field Ooerations Leader - retains overall responsibility for the proper storage and preservation of 
samples. During the actual collection of samples, the sampling technician(s) will be directly 
responsible for the bottling, preservation, labeling, and custody of the samples they collect until 
released to another party for storage or transport to the analytical laboratory. 

5.0 PROCEDURES 

5.1 SAMPLE CONTAINERS 

For most samples and analytical parameters either glass or plastic containers are satisfactory. In 
general, if the analyte(s) to be determined is organic in nature, the container shall be made of glass. 
If the analyte(s) is inorganic, then the container shall be plastic. Since container specification will 
depend on the analyte and sample matrix types (as indicated in Attachment A) duplicate samples 
shall be taken when both organic and inorganic analyses are required. Containers shall be kept in the 
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dark (to minimize biological or photooxidation/photolysis breakdown of constituent) until they reach 
the analytical laboratory. The sample container shall allow approximately S-10 percent air space 
(‘ullage’) to allow for expansion/vaporization if the sample is heated during transport (1 liter of 
water at 4’C expands by 15 ml if heated to 130°F/55”C), however, head space for volatile organic 
analyses shall be omitted. 

For CLP laboratories, containers will be obtained through the CLP Sample Management Office. For 
Responsible party actions or non-CLP laboratories, the laboratory shall provide containers that have 
been cleaned according to U.S. EPA procedures. Sufficient lead time shall be allowed. Shipping 

’ containers for samples, consisting of sturdy ice chests, are provided by the laboratory of the remedial 
investigation contractor. 

Once opened, the container must be used at once for storage of a particular sample. Unused but 
opened containers are to be considered contaminated and must be discarded; because of the 
potential for introduction of contamination, they cannot be reclosed and saved for later use. 
Likewise, any unused containers which appear contaminated upon receipt, or which are found to 
have loose caps or missing Teflon liner (if required for the container) shall be discarded. 

General sample container and sample volume requirements are listed in Attachment A. Specific 
container requirements are listed in Attachment B. 

5.2 PRESERVATION TECHNIQUES 

The preservation techniques to be used for various analytes are listed in Attachments A and B. 
Reagents required for sample preservation will either be added to the sample containers by the 
laboratory prior to their shipment to the Field or added in the Field. In general, aqueous samples of 
low concentration organics (or soil samples of low or medium concentration organics) are cooled to 
4°C. Medium concentration aqueous samples and high hazard organics sample are not preserved. 
Low concentration aqueous samples for metals are acidified with HN03, while medium concentration 
and high hazard aqueous metal samples are not preserved. Low or medium concentration soil 
samples for metals are cooled to 4°C while high hazard samples are not preserved. 

The following subsections describe the procedures for preparing and adding chemical preservatives. 
Attachments A and 6 indicate the specific analytes which require these preservatives. 

5.2.1 Addition of Acid (HpSO4. HCI, or HNOq) or Base 

Addition of the following acids or bases may be specified for sample preservation; these reagents 
shall be analytical reagent (AR) grade and shall be diluted to the required concentration with double- 
distilled, deionized water in the laboratory, before Field sampling commences: 
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Acid Base Concentration Normality Amount for 
Acidification* 

I-ICI 

HZ=4 

HN03 

NaOH 

1: 1 dilution of concentrated HCI 

1: 1 dilution of concentrated H2SO4 

Undiluted concentrated HN03 

400 grams solid NaOH in 870 ml water 

6N 5-10 ml 

18N 2-5 ml 

16N 2-5 ml 

10N 2 ml** 

l Amount of acid to add (at the specified strength) per liter of water to reduce the sample 
pH to less than 2, assuming that the water is initially at pH 7, and is poorly buffered and 
does not contain particulate matter. 

l * To raise pH of 1 liter of water to 12. 

The approximate volumes needed to acidify one liter of neutral water to a pH of less than 2 (or raise 
the pH to 12) are shown in the last column of the above table. These volumes are only approximate; 
if the water is more alkaline, contains inorganic or organic buffers, or contains suspended particles, 
more acid may be required. The final pH must be checked using narrow-range pH paper. 

Sample acidification or base addition shall proceed as follows: 

l Check initial pH of sample with wide range (O-14) pH paper. 

l Fill sample bottle to within 5-10 ml of final desired volume and add about l/2 of estimated 
acid or base required, stir gently and check pH with medium range pH paper (pH O-6 or 
pH 7.514, respectively). 

a Add acid or base a few drops at a time while stirring gently. Check for final pH using 
narrow range (O-2.5 or 11-13, respectively) pH paper; when desired pH is reached, cap 
sample bottle and sei 

Never dip pH paper 
nirring rod. 

5.2.2 Cyanide Preservation 

al 

ii nto the sample; apply a drop of sample to the pH paper using the 

Pre-sample preservation is required if oxidizing agents such as chlorine are suspected to be present. 
To test for oxidizing agents, place a drop of the sample on KI-starch paper; a blue color indicates the 
need for treatment. Add ascorbic acid to the sample, a few crystals at a time, until a drop of sample 
produces no color on the KI-starch paper. Then add an additional 0.6 g of ascorbic acid for each liter 
of sample volume. Add NaOH solution to raise pH to greater than 12 as described in 5.2.1. If 
oxidizing agents are not suspected, add NaOH as directed. 

5.2.3 Sulfide Preservation 

Samples for sulfide analysis must be preserved by addition of 4drops (0.2 ml) of 2N zinc acetate 
solution per lOOmI sample. The sample pH is then raised to 9 using NaOH. The 2N zinc acetate 
solution is made by dissolving 2209 of zinc acetate in 870 ml of distilled water to make 1 liter of 
solution. 
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52.4 Preservation of Oroanic SamDIes Containina Residual Chlorine 

Some organic samples containing residual chlorine must be treated to remove this chlorine upon 
collection (See AttachmentA). Test the samples for residual chlorine using EPA methods 330.4 or 
330.5 (Field Test Kits are available for this purpose). If residual chlorine is present, add 0.008°~ sodium 
thiosulfate (80 mg per liter of sample). 

5.2.5 Field Filtration 

When the objective is to determine concentration of dissolved inorganic constituents in a water 
system, the sample must be filtered through a non-metallic 0.45 micron membrane filter immediately 
after collection. A filtration system is recommended if large quantities of samples must be filtered in 
the field. The filtration system shall consist of a Biichner funnel inserted into a single-hole rubber 
stopper, sized to form a seal when inserted into the top of a vacuum filter flask equipped with a 
single side arm. Heavy-wall Tygon tubing shall be attached to the single side arm of the vacuum filter 
flask and the suction port of a vacuum pump. The stem of the Biichner funnel shall extend below the 
level of the side arm of the vacuum filter flask to prevent any solvent from entering the tubing 
leading to the vacuum pump. Before filtration, the filter paper, which shall be of a size to lay flat on 
the funnel plate, shall be wetted with the solvent in order to ‘seal’ it to the funnel. Slowly pour the 
solvent into the funnel and monitor the amount of solvent entering the vacuum filter flask. When 
the rate of solvent entering the flask is reduced to intermittent dripping and the added aliquot of 
solvent in the funnel has passed through the filter, the used filter paper shall be replaced with new 
filter paper. If the solvent contains a high percentage of suspended solids, a coarser-sized 
nonmetallic membrane filter may be used prior to usage of the 0.45micron membrane filter. This 
‘prefiltering’ step may be necessary to expedite the filtration procedure. Discard the first 20 to 50 ml 
of filtrate from each sample to rinse the filter and filtration apparatus to minimize the risk of altering 
the composition of the samples by the filtering operation. For analysis of dissolved metals, the filtrate 
is collected in a suitable bottle (see Section 5.1) and is immediately acidified to pH 2.0 or less with 
nitric acid whose purity is consistent with the measurement to be made. Inorganic anionic 
constituents may be determined using a portion of the filtrate that has not been acidified. 

Samples used for determining temperature, dissolved oxygen, Eh, and pli should not be filtered. Do 
not use vacuum filtering prior to determining carbonate and bicarbonate concentration because it 
removes dissolved carbon dioxide and exposes the sample to the atmosphere. Pressure filtration can 
be done using water pressure from the well. If gas pressure is required, use an inert gas such as argon 
or nitrogen. 

Do not filter samples for analysis of volatile organic compounds. If samples are to be filtered for 
analyzing other dissolved organic constituents, use a glass-fiber or metal-membrane filter and collect 
the samples in a suitable container (see Section 5.1). Because most organic analyses require extraction 
of the entire sample, do not discard any of it. After filtering, the membrane containing the 
suspended fraction can be sealed in a glass container and analyzed separately as soon as practicable. 
Total recoverable inorganic constituents may be determined using a second, unfiltered sample 
collected at the same time as the sample for dissolved constituents. 
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6.0 REFERENCES 

American Public Health Association, 1981. Standard Methods for the Examination of Water and 
Wastewater. 15th Edition. APHA, Washington, D.C. 

U.S. EPA, 1984. ‘Guidelines Establishing Test Procedures for the Analysis of Pollutants under Clean 
Water Act.’ Federal Register, Volume 49 (209), October 26, 1984, p. 43234. 

U.S. EPA, 1979. Methods for Chemical Analvsis of Water and Wastes. EPA-600/4-79-020. U.S. EPA- 
EMSL, Cincinnati, Ohio. 

7.0 ATTACHMENTS 

Attachment A - General Sample Container and Preservation Requirements CERCWRCRA Samples 

Attachment B - Required Containers, Preservation Techniques, and Holding Times (3 sheets) 
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1 .o PURPOSE 

The purpose of these procedures is to provide a general methodology, protocol, and reference 
information on the proper decontamination procedures to be used on chemical sampling and field 
analytical equipment. 

2.0 SCOPE 

This procedure addresses chemical sampling and field analytical equipment only, and should be 
consulted when equipment decontamination procedures are being developed as part of project- 
specific plans. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBIUT’IES 

Site Manaaer - responsible for ensuring that project-specific plans and the implementation of field 
investigations are in compliance with these guidelines. 

Field Operations Leader - responsible for ensuring that decontamination procedures for all chemical 
sampling and field analytical equipment are programmed prior to the actual field effort and that 
personnel required to accomplish the task have been briefed and trained to execute the task. 

5.0 PROCEDURES 

In order to assure that chemical analysis results are reflective of the actual concentrations present at 
sampling locations, chemical sampling and field analysis equipment’ must be properly 
decontaminated prior to the field effort, during the sampling program (i.e., between sample points) 
and at the conclusion of the sampling program. This will minimize the potential for cross- 
contamination between sample points and the transfer of contamination offsite. 

This procedure incorporates only those aspects of decontamination not addressed in other 
procedures. Specifically it incorporates those items involved in decontamination of chemical 
sampling and field analytical equipment. 

5.1 ACCESS FOR SAMPLING 

5.1 .l Bailers and Bailina Line 

The potential for cross-contamination between sampling points via the use of common bailer, or its 
attached line, is high unless strict procedures for decontamination are followed. It is preferable, for 
the aforementioned reason, to dedicate an individual bailer and its line to each sample point, 
although this does not eliminate the need for decontamination of dedicated bailers. For 
non-dedicated sampling equipment, the following conditions and/or decontamination procedures 
should be followed. 
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Before the initial sampling and after each succeeding sampling point, the bailer must be 
decontaminated. The following steps should be followed if sampling for organic contaminants: 

l Potable water rinse 
l Alconox or Liquinox detergent wash 
l Scrubbing of the line and bailer with a scrub brush may be required if the sample point if 

heavily contaminated with heavy or extremely viscous compounds 
l Potable water rinse 
l Rinse with 10 percent nitric acid solution* 
l Deionized water rinse 
l Acetone or methanol rinse 
0 Hexane rinse** 
a Distilled/Deionized water rinse 
0 Air dry 

If sampling for organics only, the nitric acid, acetone, methanol, and hexane rinses may be omitted. 
Contract-specific requirements may permit alternative procedures. 

Braided nylon or polypropylene lines may be used with a bailer, however, the same line must not 
come in contact with the sample medium, otherwise, the line must be discarded in an approved 
receptacle and replaced. Prior to use, the bailer should be wrapped in aluminum foil or polyethylene 
sheeting. 

5.1.2 Samdina Pumas 

Most sampling pumps are normally low volume (less than 2 gpm) pumps. These include peristaltic, 
diaphragm, air-lift, pitcher and bladder pumps, to name a few. If these pumps are used for sampling 
from more than one sampling point, they must be decontaminated. 

The procedures to be used for decontamination of sampling pumps compare to those used for a 
bailer except the 10 percent nitric acid solution is omitted. Each of the liquid factions is to be pumped 
through the system. The amount of pumping is dependent upon the size of the pump and the length 
of the intake and discharge hoses. Certain types of pumps are unacceptable for sampling purposes. 

An additional problem is introduced when the pump relies on absorption of water via an inlet or 
outlet hose. For organic sampling, this hose should be Teflon. Other types of hoses leach organics 
into the water being sampled (especially the phthalate esters) or adsorb organics from the sampled 
water. For all other sampling, the hose should be Viton, polyethylene, or polyvinyl chloride (in order 
of preference). Whenever possible, dedicated hoses should be used. 

l Due to the leaching ability of nitric acid, on stainless steel, this step is to be omitted if a stainless 
steel sampling device is being used and metals analysis is required with detection limits less than 
approximately 50 ppb; or the sampling equipment is dedicated. 

l * If sampling for pesticides, PCBs, or fuels. 
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5.1.3 Filterina Eauioment 

Part of the sampling plan may incorporate the filtering of groundwater samples, and subsequent 
preservation. This should occur as soon after sample retrieval as possible; preferably in the field as 
soon as the sample is obtained. To this end, three basic filtration systems are most commonly used - 
the in-line disposable Teflon filter, the inert gas over-pressure filtration system, and the vacuum 
filtration system. 

For the in-line filter, decontamination is not required since the filter cartridge is disposable, however, 
the cartridge must be disposed of in an approved receptacle and the intake and discharge lines must 
still be decontaminated. 

For the over-pressure and the vacuum filtration systems, the portions of the apparatus which come in 
contact with the sample must be decontaminated as outlined in the paragraphs describing the 
decontamination of bailers. (Note: Varieties of both of these systems come equipped from the 
manufacturer with Teflon-lined surfaces for those that would come into contact with the sample. 
These filtration systems are preferred when decontamination procedures must be employed.) 

5.2 FIELD ANALYTICAL EQUIPMENT 

5.2.1 Water Level Indicators 

Water level indicators that come into contact with groundwater must be decontaminated using the 
following steps: 

l Rinse with potable water 
l Rinse with deionized water 
0 Acetone or methanol rinse 
l Rinse with deionized water 

Water level indicators that do not come in contact with the groundwater but may encounter 
incidental contact during installation or retrieval need only undergo the first and last steps stated 
above. 

5.2.2 Probes 

Probes, e.g., pH or specific ion electrodes, geophysical probes, or thermometers which would come in 
direct contact with the sample, will be decontaminated using the procedures specified above unless 
manufacturer’s instructions indicate otherwise; in those cases, the methods of decontamination must 
be clearly described in the FSAP. Probes that contact a volume of groundwater not used for 
laboratory analyses can be rinsed with deionized water. For probes which make no direct contact, 
e.g., OVA equipment, the probe will be wiped with clean paper-towels or cloth wetted with alcohol. 

6.0 REFERENCES 

None. 

7.0 RECORDS 

None. 
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Read all instructions and handling procedures before using this kit. For assistance call the TECHNICAL SERVICE 
HOT LINE l-800-222-0342. 

The D TECHfM TNT on-site and laboratory test kit is designed to provide quick, semiquantitative, and reliable test 
results for making environmental decisions. 
The D TECH TNT Explosives Test Kit can be used on-site for identifying “hot spots”, site mapping, monitoring of 
remediation processes and selecting site samples for laboratory analysis. 
In the laboratory, the D TECH TNT Explosives Test can screen highly contaminated samples that require pre-dilution 
prior to instrumental analysis. 

PRINCIPLE 
The D TECH system for analyzing trace amounts of explosives is based on immunoassay technology. 
An antibody specific for TNT and closely related compounds has been linked to solid particles which are collected on 
the membrane of the cup assembly. 
A color developing solution added to the surface of the cup assembly develops a color inversely proportional to the 
concentration of TNT Equivalents in the sample (less color indicates more TNT present in sample). 
TNT Equivalents are measured at parts per million (ppm) in soil and parts per billion (ppb) in water samples. 

TEST KIT DESCRIPTION 
The D TECH TNT Explosives Test Kit, Item #TK- 1004 1, contains sufficient materials to perform four tests. 
This kit can test water samples or be used with the D TECH TNT/RDX Soil Extraction Pat, Item 
#TK- lOOlS-1, to test soil samples. 
The TNT/RDX Soil Extraction Pat contains only the materials needed to extract TNT from soil for semi-quantitation 
with this D TECH TNT Explosives Test Kit. The results can be obtained by using the enclosed Color Card or the 
DTECHTOR Meter, Item #TK- 100 1 M- 1. 

STOR;\GE .\ND STABILIT1- 
This kit has excellent stability at room temperature and under refrigeration. For expiration datin under these condi- 
tions, see the package label. 

M.I\TERI.ALS PROVIDED 
See tray diagram below. This diagram includes the kit component names and quantity of each item. 

Not shown in diagram 

Used Kit Label (1 

Instruction Guide 

Color Card (I) 

1 

(1) 

Data Labels (4) for Cup Assembly 

Red Dot Labels (4) for identifying 
used Bottle A components 

ACCESSORIES SCPPLIED BI’ USER 
Timing Device (minutes) 
D TECH TNT/RDX Soil Extraction Pat, Item #TK-IOOLS-1 (if testing soil samples) 
the DTECHTOR Meter, Item #TK- 100 1 M- l (optional) 

1 



INSTRUCTION GUIDE 800-222-0342 

components can be left in the package for proper disposal. 
Important: Read all Health/Safety Comments on page 4 prior to use. 

Step 1: Choose corresponding sample 
source to determine the first step. 

WATER SAMPLE: Using a new calibrated 
pipet. transfer 1 ml of sample to Bottle A. 
Snap filter tip on Bottle A. Gently mix. 

SOIL SAMPLE: Using a new calibrated 
pipet. transfer 1 ml of Bottle 2 solution from 
D TECH TNT/RDX Soil Extraction Pac. 
(Item #TK- 100 I S- I ) to Bottle A; snap filter 
tip on Bottle A. Gently mix. Re-cap Bottle 2 
and set aside. 

Note: 77~ viu1.r in the next Tao steps need to 
srand Z minutes c#er dispensing the liquid 
The sohction5 in these vials will remain hazy. 

step 2: Squeeze Bottle A filling the TNT 
Vll to a level between the nh’o tines 
(approximately 13- 14 drops). Gently mix. 

Step 3: Squeeze the contents of Reagent C 
(white cap) to fill the TNT Reference vial to 
a level between the 2 lines. Gently mix. 

Step 4: After 2 ZnZs. pour contents of 
TNT Vial onto the T (test) side of the cup 
assembly. Pour the contents of the Refer- 
ence vial onto the R side of the cup assem- 
bly. Allow liquid to drain completely 

s&p 5: Add approximately 8- I2 drops of 
Reagent D solution (yellow cap) into each 
side of the cup assembly. Drain completely. 

<A 

step 6: Add approximately 5 drops of 
Reagent E solution (blue cap) to each 
side of the cup assembly. Be sure to add this 
solution immediately to the second well after 
addition to the fust well. Dram completely. 

t 
-’ 

Step 7: Read results when color of R (left) 
side of cup assembly matches the color of the 
reference bar of the Color Card. (The color 
development time is approximately IO 
minutes at 70°F. More time is required at 
lower temperatures and less time is required 
at higher temperatures.) 

‘\ ‘+&/ 

COLOR CARL? Match the color on the T 
side of the cup assembly to the Color Card. 

and/or 
the DTECHTOR: Quantitate the result using 
the DTECHTOR Meter (see instrument 
Operators Guide for complete instructions). 

See Interpretation of the Test section (page 3) 
to determine concentration of TNT Equiva- 
lents. Record result on a Cup Assembly 
label and apply to the cup. 

Note: To preserve the colorfor up to 3 hours 
(optiorzal). aa2 uppro.timatel! 8 drops of 
Reagent F solution (red cap) into each side 
of the cup assembly. Drain complete/~. 

r/le DTECHTOR light source5 must be 
calibrated whenever the meter is turned on. 
Calibrators are provided with the meter for 
this purpose. The Calibrator must be clean 
and white to insure valid results. 

Step 1: Insert Calibrator into the Meter 
Head and hold firmly in place. 0 ZERO 

Step 2: Press the Square Button 1 time. 
When calibration is complete 
the meter will display. . . . . . 0 SET 

Step 3: Remove Calibrator and return it to 
its protective carmister. 
Display remains . . . . . . . . . . 0 SET 

Step 4: Press the Square Button I time to 
select meter program #l (Proem 0 SET #I 
to be used for this D TECH test kit). 

Step 5: Insert Cup Assembly (test) into the 
Meter Head and fumly 
hold in place. 0 TEST”’ 

Note: The #I in the upper right comer of the 
display window in Steps 4 & 5 corresponds 
to the meter program number being used to 
obtclin the meter reading. 

Step 6: Press the Square - - - 
Button I time. 0 
Note: if the meter displqs ‘WAIT, remove 
Cup Assembly Allow reference color to 
developfutther and try~ again 

Obtain the meter reading. 
For example. . . . . . _ . 0 46% 

Use the DTECHTOR Table (see page 3) 
and the meter reading to determine the 
concentration of TNT. 

Step 7: Record result then press Square 
Button I time while holding the CIJp 
Assembly in place. 0 ---- 

Step 8: Key in 4 digit Label. (Optiona 

step 9: Remove Cup Assembly. 0 ~3 *I 

step 10: Insert next cup Asemblr (test) 
andrepeatSteps5-9. 

i 
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PERFORMANCE CHARACTERISTICS 

INTERPRETATION OF THE TEST The results from 
the D TECH TNT Explosives Test Kit can be interpreted using 
either the Color Card supplied with the kit or the DTECHTOR 
and the table provided below. If the color of the test does not 
exactly match a panel of the color card. user interpretation is 
required. 

the DTECHTOR Table 

Sample 

Water 

Soil 

the DTECHTOR 
Reading 

LO 
I - 30 

30 - 50 
50 - 75 

HI 

LO 
I - 15 
15 -45 
45 - 60 
60 - 75 

HI 

TNT 
Equivalents 

(wb) 
<5 

s- I5 
15- 25 
25 - 45 

> 45 
(wm) 
<0.5 

0.5 - 1.5 
1.5 - 3.0 
3.0 - 4.0 
4.0 - 5.0 

z-5.0 

SESSITI\.IT\’ The D TECH TNT Explosives Test Kit can 
be used to reliably measure TNT in the following ranges: 

Sample the DTECHTOR Color Card 

Water (ppb) 5 - 45 5 - 60 
Soil (ppm) 0.5 - 5.0 0.5 - 5.0 

The Minimum Detection Limit (MDL) of the test for TNT in a 
water sample is 5 ppb and in soil is 0.5 ppm. The graph below 
is a typical standard curve for the D TECH TNT Explosives 
Test Kit. 

D TECH TNT Explosives 
Test Kit Standard Curve 

IW I 
*i$ 9o on 

0 IO 20 30 40 50 60 70 
TNT Equivalents (ppb) in water 

*Percent Reflectance Relative to Reference 

SL’I~c’IFI~‘II‘\ The D TECH TNT Explosives Test Kit has 
been tested for cross-reactivity with analogues and degradation 
products of TNT and other explosives. The table below 
summarizes the cross-reactivity of these compounds in water 
samples using the DTECHTOR. A positive test result may be 
due to the presence of TNT, cross-reactants or mixtures of 
compounds (TNT Equivalents). Samples testing positive for 
TNT should be confirmed by standard methods. The D TECH 
TNT Explosives Test Kit has been designed to minimize the 
effect of environmental interferences. Sample pH, nitrate. 
nitrite and ammonium do not effect test results. 

Compound ICsOa MDLb Cross- 
(ppb) (ppb) reactivity’ 

TNT (2,4,6-trinitrotoluene) 22 5 NA 
Tetryld 65 15 + 
1,3.5-trinitrobenzene 96 20 + 
2-amino-4,6-dinitrotoluene 200 30 + 
2,4-dinitrotoluene >500 120 + 
4-amino-2.6-dinitrotoluene >500 >500 
2.6-dinitrotoluene >500 >500 
2,6-diaminonitrotoluene >SOO 2-500 
I-nitrophenol >500 >500 
4-nitrophenol >500 >500 
2.4-dinitrophenol >500 >500 
RDXd >500 >500 
HMXd >500 >500 

a The IC5o is defined as the concentration of compound 
required to produce a test response equivalent to 50% of 
the maximum response. 

h The Minimum Detection Limit (MDL) is defined as the 
lowest concentration of compound that yields a positive 
test result. 

c A compound is considered cross-reactive when a 
concentration 100 times the MDL of TNT (500 ppb) 
yields a positive test result. 

d Chemical Names: Tetryl (methyl-2.36trinitrophenyl- 
nitramine). RDX (hexahydro- I .3..5-trinitro- 1.3.5 
triazine). HMX (octahydro-l.3.5.7-terranitro-1.3.5.7- 
tetrazocine) 

NA - Not Applicable 

TESTIXG HIGHER TNT COSCENTR.~TIONS 

TNT concentrations greater than the upper limit of the test may 
be determined by diluting the extract with acetone. For 
example. an extract from a 100 ppm soil sample. processed 
using the D TECHTNT/RDX Soil Extraction Pac. may be 
diluted 125 in acetone and run in the D TECH TNT Explosives 
Test Kit. The concentration of the undiluted sample (100 ppm) 
is determined by multiplying the TNT concentration of the 
diluted sample (4.0 ppm) by the dilution factor (25). For further 
information, please call our technical service hotline l-800- 
222-0342 
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Material Safety Data Sheets (MSDS) have been supplied with the purchase of this product. The MSDS should be read 
before using this test. During the execution of the test, any excess TNT is absorbed into the Cup Assembly absorbant 
plug. It is not retained on the surface of the Cup Assembly. 
In this section we have emphasized health and safety precautions that should be followed when handling these solu- 
tions. 

PROTECT EYES WITH SAFETY GLASSES 
PROTECT SKIN WITH PROTECTIVE GLOVES 

Associated Hazards 
May be irritating to skin, eyes, and mucous membranes. 

Symptoms of Exposure 
May be irritating on contact with skin, eyes, and mucous membranes. 

First Aid Measures 
GET MEDICAL ASSISTANCE FOR ALL CASES OF OVEREXPOSURE 

Skin: Wash thoroughly with soap and water. 
Eyes: Immediately flush with water for at least 15 minutes. 
Inhalation: Remove to fresh air; give artificial respiration if breathing has stopped. 
Ingestion: Get immediate medical attention; if conscious, give water freely. 

All D TECH Test Kits are thoroughly quality controlled and manufactured at Strategic Diagnostics Incorporated’s 
GMP facility. All products undergo extensive validation and field testing to assure accuracy and reliability. 
All lots of product are thoroughly quality controlled to consistently meet the published specification. 

GENERAL UYfTED WARRANTY 
All EM SCIENCE products 
are wananteld to Ineel me 
rwcmcabons set f0rlh on 
meif bb4 only. NI 0th~ WBW- 
antves. expmswd of wnplied. 
lnciudlng me wat-mmcs Of 
MERCHANTABILIN AND 
FITNESS OF USE. are excluded. 
Any change or modificabon 
of a” EM SCIENCE pmducl or 
Of ifs prescribed procedure 
for “se may adversely am.3 
m stated specdlltlon. 

EM SCIENCE shall not be Prices and speclficatlons 
lie I” me event of any are subjec! to danps wth- 
such change or modificahon out nolIce. we reserve me 
0rIoranylndirector ngM lo disconbnue items 
con~~~n(ial damages. All wlmout prior nobce. 
EM SCIENCE products are 
solda7theccedibonlhal 
rney be used and dmpcsed oi 0nb whim me scope 0f 
cunenuy Ncognued cnbcal 
standards related M human health and me physical 
enwronmellt. 

EM SCIENCE/Strategic Diagnostics Inc. 
480 Democrat Road 
P.O. Box 70 
Gibbstown, N.J. 08027 
(800) 222-0342 

D TECHTY is a registered trademark of EM Industries. EM Science is a Division of EM Industries Inc. and an Associate 
of E. Merck, Darmstadt, Germany 
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Read all instructions and handling procedures before using this kit. For assistance call the TECHNICAL 
SERVICE HOT LINE l-800-222-0342. 

The D TECH’” TNT/RDX Soil Extraction Pat is designed to extract TNT and RDX from soil samples. This 
extract is analyzed using the D TECH TNT Explosives Test Kit (Item #TK- 1004- 1). the D TECH TNT/ 
RDX Screening Kit (Item #TK 100 1- I ), or the D TECH RDX Explosives Test Kit (Item #TK- 100.5 1). 

Trinitrotoluene (TNT) and hexahydro- I.35trinitro- 1,3.5-triazine (RDX) are explosives commonly found in 
munitions. The presence of these compounds in soil is an indication of contamination from explosive waste 
residue. TNT and RDX physically bind to soil particles and must be extracted to be analyzed. 

The D TECH TNTPRDX Soil Extraction Pat uses an organic solvent to extract these compounds for analy- 
sis. Following this step, the extracted compounds in the solvent are further prepared for analysis by an 
aqueous dilution. This enables the sample to be tested with the D TECH TM TNT Explosives Test Kit, (Item 
#TK- 1004- 1), the D TECH TNT/RDX Screening Kit (Item #TKlOOl- 1), or the D TECH RDX Explosives 
Test Kit (Item #TK-1005-l). 

KIT DI~SCRIPTION 

The D TECH TNT/RDX Soil Extraction Pat contains sufficient materials to perform four (4) sample 
extractions. 

STOR \(;I: .jSD ST.\BILIIJ 

This kit has excellent stability at room temperature and under refrigeration. For expiration dating under 
these conditions, see the package label. 

See tray diagram below. This diagram includes the D TECH TNT/RDX Soil Extraction Pat component 
names and quantity of each item. 

Bottle 2 (4) 

1 

Bottle 1 (4) 

Soil Sampling Tubes (4) 

0000 

Not shown in diagram 

Used Kit Label ( 1) 

Instruction Guide ( 1) 

Red dot labels (4) 
for used Bottle 2 
components. 
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Material Safety Data Sheets (MSDS) have been supplied with the purchase of this product. The MSDS 
should be read before using this test. 
Included in this section, we have emphasized health and safety precautions that should be followed when 
handling these solutions. 

PROTECT EYES WITH SAFETY GLASSES 
PROTECT SKIN WITH PROTECTIVE GLOVES 

Bottle I (50664) 100% ACETONE 

Associated Hazards 
Extremely Flammable Liquid and Vapor (NO SMOKING OR OPEN FLAME) 
Harmful if Inhaled or Swallowed 
Causes Eye Irritation 

May cause damage to the central nervous system. liver, and kidneys. Chronic exposure during 
pregnancy may be harmful. 

Symptoms of Exposure 
High concentrations or prolonged exposure causes headache. dizziness, nausea, irritation of eyes and 
respiratory tract. narcosis and eventually unconsciousness. 
Prolonged or repeated skin contact may cause irritation. 

First Aid Measures 
GET MEDICAL ASSISTANCE FOR ALL CASES OF OVEREXPOSURE 

Skin: 
Eyes: 
Inhalation: 
Ingestion: 

Wash thoroughly with soap and water. 
Immediately flush with water for at least 15 minutes. 
Remove to fresh air: give artificial respiration if breathing has stopped. 
If conscious. drink water and induce vomiting immediately as directed by medical 
personnel. Never give anything by mouth to an unconscious person. 

Bottle 2 (50663) Buffer Solution 

Associated Hazards 
May be irritating to skin. eyes and mucous membranes. 

Symptoms of Exposure 
May be irritating on contact with skin. eyes or mucous membranes. 

First Aid Measures 
GET MEDICAL ASSISTANCE FOR ALL CASES OF OVEREXPOSURE 

Skin: Wash thoroughly with soap and water. 
Eyes: Immediately flush with water for at least 15 minutes. 
Inhalation: Remove to fresh air: give artificial respiration if breathing has stopped. 
Ingestion: Get immediate medical attention: if conscious. give water freely. 

2 



INSTRUCTION GUIDE. 800-222-0342 

This package is designed to serve as a WORK STATION. At the conclusion of the test, the 
components can be left in the package for proper disposal. 

TEST PROCEDURE 

Sampling 
itep 1: Break up the soil so that it is a uniform Step 2: Dispense the soil into Bottle 1 by position 
#ample. See Sample Preparation Information ing the barrel into the neck of the bottle and firmly 
page 4) for further instructions. Draw back the pushing the plunger. If soil lodges in the neck of 
ioil Sampling Tube plunger until it stops. Push the bottle, use the sampling tube to push it into the 
he Soil Sampling Tube into the soil several times bottle. If soil adheres to the threads of the bottle 
vith a twisting action to firmly pack and fill the neck and cap. wipe clean before placing cap on 
ube. Remove excess soil from external surface of bottle. Cap bottle tightly. p 

ii 

/ I! 

Extraction From Soil 
Step 3: Mix the soil and liquid in Bottle 1 by 
;haking continuously over a 3 minute period. 

Step 4: Allow the soil to settle until a clear. liquid 
layer forms. Some soils will settle more slowly 
than others. 

Muting the Extraction Solution 
Step 5: Remove cap from Bottle 2. Step 8: Dispense the contents of the pipette tip 

into Bottle 2 by placing the pipette tip into the 
Step 6: Place an unused tip on the pipetter. liquid and depressing the plunger. Mix Bottle 2 

thoroughly. Replace the cap tightly on Bottle 1 
Step 7: Fully depress the plunger of the pipetter. and return it to the tray. Place the used pipette tip 
With the plunger fully depressed, place the pipette in the right side tray compartment. 
tip into the clear, liquid layer and slowly release the 
plunger. Take care not to aspirate any soil. Step 9: Use Bottle 2 as a sample in Step I under 

Test Procedure for analysis in the D TECH TNT 
Explosives Test Kit (Item # TK- 1004- 1). the 
D TECH TNT/RDX Screening Kit (Item # 
TK 100 I - 1). or the D TECH RDX Explosives Test 
Kit (Item # TK- 1005- I ). If the last extraction has 

I 

been performed, place the “Used Kit” label on 
Soil Extraction Pat box to seal it shut. 

Helpful Hint: Cap Bottle 2 tightly and return it 
to the tray. Red dot labels have been provided to 
indicate used Bottle 2 components. 
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To achieve a more homogeneous distribution and to insure reproducible test results, the soil sample 
should be mixed thoroughly. Remove all debris, such as sticks, stones and leaves, prior to using the 
D TECH Soil Sampling Tube. Sandy soil may require a scooping action to fill the tube. Squeezing 
the barrel of the Soil Sampling Tube will help to expel a tightly packed sample. Extraction of TNT 
and RDX is more effective if the soil plug is broken into sections during the addition to Bottle I. 

Acetone has been proven to be an efficient TNT and RDX extractant. Due to the volatile nature of 
acetone. bottles should be kept capped to minimize evaporation. 

The D TECH TNT/RDX Soil Extraction Pat measures sample size using an efficient and economi- 
cal volumetric technique. As with weight-based measurements, volumetric measurements of soils 
in field testing applications are not absolute and are subject to the influence of moisture content, 
organic matter content, soil type, etc. Variation in sample size can be minimized by insuring the 
Soil Sampling Tube is evenly filled. The sample size of the D TECH Soil Sampling Tube is 3 
cubic centimeters, which is equivalent to an average of 4.5 grams of dry soil. 

~Il.1’ C’osTHo1. ____ 

All D TECH Test Kits are thoroughly quality controlled and manufactured at Strategic Diagnostics 
Incorporated’s GMP facility. All products undergo extensive validation and field testing to assure 
accuracy and reliability. All products are thoroughly quality controlled to meet the published 
specification. 

GENERAL LIMITED WARRANTY 
All EM SCIENCE products 
are wananted to meet me 
spectf~cattons set forth on 
them label only All other wan- 
antIe*. expressed or ImplIed. 
mludmg the warran,,es of 
MERCHANTABILITY AND 
FITNESS OF USE. are excluded 
Any change or mcdlhcatlon 
01 a” EM SCIENCE product or 
0111s prescribed procedure 
for use may adversely alfect 
IN stated speafication. 

EM SCIENCE shall not be 
Iable I” me event Of any 

PrlCeS and speclflcatlons 
are Sublea 10 change wtlh- 

EM SCIENCE/Strategic Diagnostics Inc. 
such change or modlfxallon out notice. We reserve the 480 Democrat Road 
or lor any mdirect or nghl to dwontmue (terns 
consequential damages All Wlrn0Ut pn0r n0t03 P.O. Box 70 
EM SCIENCE products are 
sold on the condibon that 
they be used and dim 01 
only wIthIn me scope 01 
currently recognized cntlcal 
standards related to human 
health and the physICal 
en”lrOnmenl 

Gibbstown, N.J. 08027 
(800) 222-0342 

D TECHTM is a registered trademark of EM industries. EM Science is a Division of EM Industries Inc. and an Associate 
of E. Merck, Darmstadt, Germany 

Rev l/94 
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I\lPORT.ANT 
Read all instructions and handling procedures before using this kit. For assistance call the TECHNICAL SERVICE 
HOT LINE l-800-222-0342. 

ISTENDED V’SE 
The D TECHrM RDX on-site and laboratory test kit is designed to provide quick, semiquantitative, and reliable test 
results for making environmental decisions. 
The D TECH RDX Explosives Test Kit can be used on-site for identifying “hot spots”, site mapping, monitoring of 
remediation processes and selecting site samples for laboratory analysis. 
In the laboratory. the D TECH RDX Explosives Test can screen highly contaminated samples that require pre-dilution 
prior to instrumental analysis. 

PRINCIPLE 
The D TECH system for analyzing trace amounts of explosives is based on immunoassay technology. 
An antibody specific for RDX compounds has been linked to solid particles which are collected on the membrane of 
the cup assembly. 
A color developing solution added to the surface of the cup assembly develops a color inversely proportional to the 
concentration of RDX Equivalents in the sample (less color indicates more RDX present in sample). 
RDX Equivalents are measured at parts per million (ppm) in soil and parts per billion (ppb) in water samples. 

TEST KIT DESCRIPTION 
The D TECH RDX Explosives Test Kit, Item #TK- 1005 1, contains sufficient materials to perform four tests. 
This kit can test water samples or be used with the D TECH TNT/RDX Soil Extraction Pat, Item #TK- 100 1 S- 1, to 
test soil samples. 
The TNT/RDX Soil Extraction Pat contains only the materials needed to extract RDX from soil for semiquantitation 
with this D TECH RDX Explosives Test Kit. The results can be obtained by using the enclosed Color Card or the 
DTECHTOR Meter. Item #TK- 100 1 M- 1. 

STOR.AGE AND STABILITl 
This kit has excellent stability at room temperature and under refrigeration. For expiration dating under these condi- 
tions, see the package label. 

\I.~TERI.L\LS PRO\.IDED 
See tray diagram below. This diagram includes the kit component names and quantity of each item. 

Not shown in diagram 

Used Kit Label ( 1) 

Instruction Guide ( I ) 

Color Card ( 1) 

Data Labels (4) 
for Cup Assembly 

Red Dot Labels (4) 
for identifying used 
Bottle A components 

,\CC‘ESSORIES SL.PPLIED Bl. I’SER 
Timing Device (minutes) 
D TECH TNT/RDX Soil Extraction Pat, Item #TK- 100 1 S- 1 (if testing soil samples) 
rhe DTECHTOR Meter, Item #TK- 1001 M- l (optional) 
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This package is designed to serve as a WORK STATION. At the conclusion of the test, the 
components can be left in the package for proper disposal. 

Important: Read all Health/Safety Comments on page 4 prior to use. 

step 1: Choose corresponding sample 
source to determine the first step. 

step 5: Add approximately 8- 17 drops of 
Reagent D solution (yellow cap) into each 
side of the cup assembly. Drain completely. 

the DTECHTOR hleter LSet Up 

the DTECHTOR light sources must be 
calibrated whenever the meter is turned on. 
Calibrators are provided with the meter for 
this purpose. The Calibrator must be clean 
and white to insure valid results. 

WATFR SAMPLE: Using a new calibrated 
pipet. transfer 1 ml of sample to Bottle A. 
Snap filter tip on Bottle A. Gently mix. 

SOIL SAMPLE: Using a new calibrated 
pipet, transfer 1 ml of Bottle 2 solution from 
D TECH TNT/RDX Soil Extmction Pac. 
(Item#TK-100lS-1)toBottleA;snapfiter 
tip on Bottle A. Gently mix. Recap Bottle 2 
and set aside. 

A 
I 
CI 

Note: The vials in the ntx-t Tao steps need to 
stwui 5 minutes after dispensing the liquid 
7&e solutions in these rials Will remain hay. 

step 2: Squeeze Bottle A filling the RDX 
Vii to a level between the two lines 
(approximately l3- I4 drops). Gently mix. 

step 3: Squeeze the contents of Reagent C 
(white cap) to fill the RDX Reference vial to 
a level between the 7 lines. Gently mix. 

Step 4: Akr 5 minutes, pour contents of 
RDX Vii onto the T (test) side of the cup 
assembly. Pour the contents of the Refer- 
ence vial onto the R side of the cup assem- 
bly. Allow liquid to drain completely 
through on both sides. 

Step 6: Add approximately 5 drops of 
Reagent E solution (blue cap) to each 
side of the cup assembly. Be sure to add this 
solution immediately to the second well after 
addition to the first well. Dmin completely. 

\ .? 
.-’ 

step 7: Read results when color of R (left) 
side of cup assembly matches the color of the 
reference bar of the Color Card. (The color 
development time is approximately IO 
minutes at 70°F. More time is required at 
lower temperatures and less time is required 
at higher temperatures. ) 

COLOR CARD: Match the color on the T 
side of the cup assembly to the Color Card. 

andfor 
th4 DTECHTOR: Quantitate the result using 
the DTECHTOR Meter (see Instrument 
Operator’s Guide for complete instructions). 

See Interpretation of the Test section (page 3) 
to determine concentration of RDX Equiva- 
lents. Record result on a Cup Assembly 
label and apply to the cup. 

Note: To preserve the color for up to 4 hours 
(optional). add approximately 8 drops of 
Reagent F solution (red cap) into each ride 
of the cup assembly Drain completely. 

step 1: Insert Calibrator into the Meter 
Head and hold fumly in place. 0 ZERO 

Step 2: Press the Square Button I time. 
When calibration is complete 
the meter will display. . . . . . . . 0 SET 

step 3: Remove Calibrator and return it to 
its protective cannister. 
Display remair~s . . . . . . . . . . . 0 SET 

Step 4: Press the Square Button 3, times to 
select meter program #2 (Program 0 Sfl r_ 
to be used for this D TECH test kit 1. 

step 5: Inselt Cup Assembly (test) into the 
Meter Head and firmly 
hold in place. 0 TESTc 4 

Note: The #2 in the upper right comer of the 
disp@v GndoH in Steps 1& 5 corresponds 
to the pr~~~yrwn nwnber being used to obtain 
the meter reading 

step6:Pressthesquare --- 
Button I time. 0 
Note: ff the meter disphp “WAIT”, remo\-‘e 
the Cup Assembly. Allon, the reference color 
IO develop funher and tc again. 

Obtain the meter reading. 
For example . . . . . . . . . 0 46% 

Use the DTECHTOR Table (see page 3 ) 
and the meter reading to determine the 
concentration of RDX. 

Step 7: Record result then press Square 
Button 1 time while holding the Cup 
Assembly in place. 0 ---_ 

step 8: Key in 3 digit Label. (Optional) 

skp 9: Remove Cup Assembly. SET *? 0 d 

Step 10: Insert next Cup Assembly (test) 
andq3eatsteps5-9. 
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PERFORMANCE CHARACTERISTICS 

ISTERPRET.4TION OF THE TEST The results from 
the D TECH RDX Explosives Test Kit can be interpreted using 
either the Color Card supplied with the kit or thr DTECHTOR 
and the table provided below. If the color of the test does not 
exactly match a panel of the color card. user interpretation is 
required. 

the DTECHTOR Table 

Sample 
rhe DTECHTOR 

Reading 

Water LO 
I - 30 

30 - 50 
50 - 80 

HI 

Soil LO 
1 - 20 

20 - 45 
45 - 60 
60 - 80 

HI 

RDX 
Equivalents 

Qvb) 
<5 

5- 15 
15 - 25 
25 - 45 

> 45 

(wm) 
< 0.5 

0.5 - 1.5 
1.5 - 2.5 
2.5 - 4.5 
4.6 - 6.0 

> 6.0 

SESSITIb’ITE’ The D TECH RDX Explosives Test Kit can 
be used to reliably measure RDX in the following ranges: 
Sample the DTECHTOR Color Card 
Water ( ppb) 5 - 45 5- 60 
Soil (ppm) 0.5 - 6.0 0.5 - 6.0 

The Minimum Detection Limit (MDL) of the test for RDX in a 
water sample is 5 ppb and in soil is 0.5 ppm. The graph below 
is a typical standard curve for the D TECH RDX Explosives 
Test Kit. 

D TECH RDX Explosives 
Text Kit Standard Curve 

RDX Concentration in Water (ppb) 

*Percent Reflectance Relative to Reference 

SPECIFICITY. The D TECH RDX Explosives Test Kit has 
been tested for cross-reactivity with various explosives, 
including those found in EPA SW-846 Method 8330. The 
table below summarizes the cross-reactivity of these com- 
pounds in water samples usin, ~7 thr DTECHTOR. A positive 
test result may be due to the presence of RDX. HMX or a 
mixture of these compounds (RDX Equivalents). Samples 
testing positive for RDX should be confirmed by standard 
methods. The D TECH RDX Explosives Test Kit has been 
designed to minimize the effect of environmental interferences. 
Sample pH. nitrate. nitrite and ammonium do not effect test 
results. 

Compound 1c50a h1DL.b Cross- 
(wb) (ppb) reactivityc 

RDXd 21 5 + 
HMXd >500 150 + 
TNTd >500 >500 
Tetryld >500 >500 
1,3,5-Trinitrobenzene >500 >500 
2-amino-4.6-dinitrotoluene >500 >500 
4-amino-2,6-dinitrotoluene >500 >500 
2,4-dinitrotoluene >500 >500 
2.6-diaminonitrotoluene >500 >500 
I .3-dinitrobenzene >500 >5OO 
Nitrobenzene >500 >500 
2-nitrotoluene >500 >500 
3-nitrotoluene >500 >500 
4-nitrotoluene >500 >500 
Nitroglycerin >500 >500 
PETNd >500 >500 

a The ICsu is defined as the concentration of compound 
required to produce a test response equivalent to 50% of 
the maximum response. 

b The Minimum Detection Limit (MDL) is defined as the 
lowest concentration of compound that yields ;1 positive 
test result. 

c A compound is considered cross-reactive when a 
concentration 100 times the MDL of RDX (5 ppb) 
yields a positive test result. 

d Chemical Names: RDX (hexahydro- I ,3,.5-trinitro- 1.3,5- 
triazine). HMXtoctahvdro- I ,3.5.7-tetranitro- I .3.5.7- 
tetrazocine). TNT (tnnitrotoluene) Tetryl (methyl-3.1,6- 
trinitrophenylnitramine), PETN (pentaerythritol tetranitrate) 

TESTING HIGHER RDN CONCESTR.ATIOSS 

RDX concentrations greater than the upper limit of the test may 
be determined by diluting the extract with acetone. For 
example, an extract from a 100 ppm soil sample, processed 
using the D TECH TNT/RDX Soil Extraction Pac. may be 
diluted 125 in acetone and run in the D TECH RDX Explosives 
Test Kit. The concentration of the undiluted sample (100 ppm) 
is determined by multiplying the RDX concentration of the 
diluted sample (4.0 ppm) by the dilution factor (25). For further 
information, please call our technical service hot line l-800- 
222-0342. 
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INSTRUCTION GUIDE 800-222-0342 

Material Safety Data Sheets (MSDS) have been supplied with the purchase of this product. The MSDS should be read 
before using this test. During the execution of the test, any excess RDX is absorbed into the Cup Assembly 
absorbant plug. It is not retained on the surface of the Cup Assembly. 
When all kit components have been used, apply the warning label to seal the box and set it aside for proper disposal. 
In this section, we have emphasized health and safety precautions that should be followed when handling these 
solutions. 

PROTECT EYES WITH SAFETY GLASSES 
PROTECT SKIN WITH PROTECTIVE GLOVES 

Associated Hazards 
May be irritating to skin. eyes, and mucous membranes. 

Symptoms of Exposure 
May be irritating on contact with skin, eyes. and mucous membranes. 

First Aid Measures 
GET MEDICAL ASSISTANCE FOR ALL CASES OF OVEREXPOSURE 

Skin: Wash thoroughly with soap and water. 
Eyes: Immediately flush with water for at least 15 minutes. 
Inhalation: Remove to fresh air; give artificial respiration if breathing has stopped. 
Ingestion: Get immediate medical attention; if conscious, give water freely. 

01'1.11‘1' C'OSTKOL 

All D TECH Test Kits are thoroughly quality controlled and manufactured at Strategic Diagnostics Incorporated’s 
GMP facility. All products undergo extensive validation and field testing to assure accuracy and reliability. 
All lots of product are thoroughly quality controlled to consistently meet the published specification. 

GENERAL LfMfTED WARRANTY 
All EM SCIENCE products 
we warranted to meet me 
speaficabons set forth on 
me,, label only All other warr- 
anbes. expressed or imp&d. 
lnclualng me warranties 01 
MERCHANTABILITY AND 
FITNESS OF USE. are excluded. 
Any change or moddiibon 
01 an EM SCIENCE product or 
of Its prescribed procedure 
for “se may adversely affect 
11s stated speciBcatlon. 

EM SCIENCE shall “01 be 
liable I” the event of any 
such change or mcdf~catm 
or for any ndwect or 
consequental damages. All 
EM SCIENCE prcdwts are 
sold on the condltlon that 
they be used and dr+wed of 
only wdkn ihe sccfx of 
currently recogmzed cntical 
standards related to human 
health and the physlcal 
envmmment. 

Prices and specllKatIons 
are subject to change wth- 
out notice. We reserve the 
nght to dwzontmue rtems 
WlrnolA pnor nqtlce 

EM SCIENCE/Strategic Diagnostics Inc. 
480 Democrat Road 
P.O. Box 70 
Gibbstown, N.J. 08027 
(800) 222-0342 

D TECIP is a registered trademark of EM Industries, inc. EM Science is a Division of EM industries Inc. and an 
Associate of E. Merck, Darmstadt, Germany 
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DTECET"RDXExplosivesField TestKit 

EPA SW-846 Method 405 1 

WX) 

Sensitive 
l 5 ppb RDX in water 
l 0.5 ppm RDX in soil 
Field Tested 
l Results correlated to SW-g-t6 

Method 8330 
l Designed for on-site conditions 
Fast 
l Provides test results for 

Wter or soil samples in less 
than 20 minutes 

Easy-to-use 
l Requires no special training 
Convenient 

Basic kit includes all necessan 
materials for water samples; 
soil samples require D TECH 
TYT ‘RDS Soil Extraction Pat 
(TK-IOOlS-1) 
Kit package is designed for 
use as on-site workstation 
the DTECHTOR meter 
(TK-1001W1) is sold sepa- 
rately for semiquantitative 
results 

Fast 
. E?ctracts RDX and TNT from 

soil samples in five minutes 
Easy-to-use 
l Only six easy steps 
Performance 
l Extraction efficiency > 95% 

RDX (hexahydro-1.3,~~trinitro-1.3,5-triazine) along with TW (2.t.6-uinitn)tol~Imtt) 

are the major components of many militar) munitiom. Their long-tern1 St&lit).. 

widespredd use, and rapid migration chdrJcteristics make these compounds (and 

associated degradation products) a serious contamination issue for both .soil and 

groundwdter. Contamination from these compounds is common at or near nfiq 

installations, munitions manufacturing, depot. destruction (disposal) facilities. and 

b&.stic test ranges. 

Testing water and soil samples for RDX has never been easier or faster. rse the 

D TECH RDX Explosives Field Test Kit to iden@ hot spots. map sites, monitor 

remediation. determine risk, and select field samples for hbordtory analysis. The 

D TECH RDX test kit gives you results in less than 20 minutes to help you make 

on-the-spot decisions in the field. 

The D TECH RDX test kit has been extensively field tested to maximize its 

performance and convenience for on-site applications. The field trial data demon- 

stmte correlation of field results with SW-t)+6 Method 8330 for RDX an:+%s.* 

General Jkzscription 

The basic D TECH RDX kit conUb all the necessary materials to test four (1) 

mter samples. Soil samples require prior e.utnction using the D TECH TW RDX 

Soil E-action Pac. Emdction takes less thdn five minutes. and multiple samples 

can be e.xtmcted simultaneously. 

The D TECH test kit package is designed for use as an on-site workstation. Step 

by-step instructions guide the user through the analysis procedure-previous 

hbOrdtOI)I or field testing experience is not required. 

Methadology 

The D TECH RDX test is based on an Enzyme Linked Immunosorbent Assay 

(ELISA). Immunoassay is a technology recognized by the EPA as a valuable 

field screening tool. For the D TECH RDX test. antibodies specific to RDX are 

linked to latex particles. RDX molecules present in the sample are captured by 

these latex particles and collected on the membrane surface of the collection 

device, then a color-developing solution is added. The presence (or absence) 

of RDX can then be quantitated with a hand-held DTECHTOR meter or. for 

quick screening, with the color comparison card supplied with the kit. The 

working range for the D TECH RDX kit is in parts per billion for RDX in water, 

and in parts per million for RDX in soil. 



Method Correlation 
Based on 262 field and labomtor) samples, the D TECH 
RDX test kit with the DTECHTOR meter. correhtes to the 
El% SX%-+6 HPLC Method 8330. Correlation studies indicate 
that the methods agreed on the presence or absence of 
RDN in the samples in the detectable range of the kit. The 
false positive and We negative results are interpreted 
according to the recommended EPA definitions. 

Specificity 
The D TECH RDX test kit has lwen tested for cross-rcdctivit) 
with various esplosiveh. including those found in EPA Y.K&6 
,Zlethod 83N. A positi1.e tt3 wsult may be due to the presence 
of RDX. cross-reactmts or mti\wres of detectable compounds. 

Compound 

RI)X 
H.tfN 
TNT 
TClpd 
1, j.i-Trimtrobcnzrne 
I-Llmino-+.(,-dinltrotoluene 
+-amino-l.6-dinltrotolu~ne 
L.+dinitrotoluene 
L,h-diammonitrotoluene 
1 ,?-dimtrobrnzene 
Nitrobenzene 
I-nitrotoluene 
3-mtrotolurne 
i-nitrotoluenr 
Nitroglycerin 
PETN 

ClQSS- 
=-my c;:; 

+ 5 
+ 150 

>iOO 
>500 
SO0 
>iOO 
>500 
>500 
GO0 
so0 
>500 
>=a0 
>500 
>SOO 
>iOO 
>iOO 

1 ” EM Science/Strategic 
Diagnostics Incorporated 
480 Democrat Road 

invuonmental De~ec.~~ Syrtem Gibbstown, NJ 08027 
800-222-0342 

D TECH 
RDX Explosivef 
Field Test Kit * 

Order Ko. TK-1005-I 
l Includes materials nece.ssnq’ to test four t-t) ?;l~mples 
l Step-by-step instruction guide 
l Color Comparison card 

Order No. TK-lOOlS-1 
. Includes all materials necessav to perform four (4) 

sample e.xtractions 
l Step-by-step instruction guide 

the DTECHTOR 
Environmental 
Field Test Meter 

The DTECHTOR is a hand-held reflectometer for interpreting 
results of D TECH RDS test samples. It is completely pomble~ 
and powered with 3 Y-volt. plug-in bJtter);. Operation is a 
simple push-button procedure that takes only one minute. 
Readings ~IY displayed in a large. eq’-tomd window, along 

with a .sample ID. date. and time of analysis. Results for up to 
127 samples c:m be stored in memo?. Size: 7’ x 2” x 1.5” 
Weight: 170 gm (6 OZ) with httely 

Order Ko. TK-lOOlEvI-1 
l Includes cdlibmtors, protective anisters. and meter cover 
l Step-by-step instruction guide 
l Maintenance and service manual 

Ordering Information 
D TECH Field Test Products can btt ordered from 
E&f Science by calling toll-free l-800-222-0342 or by 

sending a fax to l-800-336-4422. 

D TECH Field Test Products currently available from 
ELM Science are RDX, TNT, BTEX. PAH and PCB soil and 
wipe test kits. the D TECH Soil Extraction Pats, and the 
DTECHTOR Environmental Field Test Meter. 

For complete technical information on D TECH Field 
Test Products, call the EM Science Technical Support 
Group at l-800-222-0342. 

DTECH ,a rtradtmarkofEMindu~es.Inc.EM Sctence 6aDwslonotEM IndustmsInc..andan AsmateotE.M~~.k.Damstadt GertMW Q 1994.EMSoence. IT- Pnnted fnlhe U.SA 017 fGC@dPW~.DF0006-1 



D TECH@ TNT Explosives Field Test Kit 

Fast 

in ti\,c minutrs 
Easy-to-use 
l Only six easy steps 

Performance 
l Extraction efficiency > %“/u 

Testing uxtc‘r :mcl soil samples for TNT II:I.\ ne\ c’r been c:isicr or f:la-r. 1 Yw 

the D TECH TXT Esplosi\vs Field Test kit to iclentilj. hot sp0t.s. map site. 

monitor rcmtxliation. detcmmine ri.k. and select fielcl saniplc t; x Mx~ixton~ 

an:dy.si~. The D TECH TX test kit gives VOII resdts in Icsh than 20 minutc’h 

to help you mdw on-the-hpot c1ecision.s in the field. 

The I> TECH TNT test kit has ken rstensiwly field tested to masimizc its 

ptdbm:mce ;incl convenience for on-site :tpplications. The field trid ckita 

clemonstrxted corr&tion of field results \vith SW-X-d) ,1Icthocl XjjU for 

TST analysis.’ 

General Description 
The Ixtsic D TECH ??;r kit conrains ~111 the ntxwwr). materials to test few 

(4) nxer samples. Soil samples require prior estraction using the 1) TECH 

TNT IWS Soil Estrxction PAC. Estraction takes less than five minutes. and 

miiltiplc smqdes cm he cstrxwd simukmeoiisl\ 

The D TECH test kit packxge ih clesipntxl for use 3s an on-site \vorkst:ition. 

Step-bv-step instruction,\ quick the Liar throiigh the xnalysix procedure- 

prci-ioiis IdxxNo~~ or field teting experience is not required. 

Methodology 
The I) TECH TNT test is hased on an Enzyme Linked Inln-ulnosorl,tnt ,4ssq 

( ELISX). Itnmunoassa)~ is ;I technology recognized 11~ the EPA as a \du;lhlt’ 

ficlcl xcrecning tool. For the I) TECH TAT test. antibodies specific to mT :w 

linkrcl to solid particles. TW molec~~Ies present in the sample are captuwd 13). 

these solid particles and collected on the memhnlne surfr~cc of the colkction 

ddce. A color &~&ping solution is then xlcled :md the presence (or atxencc) 

ot’ T?;T an Ix2 semiquantitat~d Lvith ;I hand-held DTECHTOK meter or, for 

quick screening purposes. the color in the device can be compared to ;L color 

c:m.l .suppliccl xvith the kit. The waking range for the D TECH TKT kit is in 

parts per billion for T?vT in nuter. 3rd in part5 per million For TkT in soil 



Assay Range 

Method Correlation 
I3asccl on 3-0 field and lalxx1tor). samples. the D TECH 
TNT test kit nith thv DTECHTOR meter correlates to the 
EPA SW-K;+b HI’LC I1Iethocl 8.3.30. Correlation indicates 
that the methods agreed on the presence or :ilwnce of 
73T in the s:~mpics in the dett~~t;lblc rrtngc of the kit. The 
the pobitiw and f:ilse nepati\Y result.5 are interpwted 
affording to the re~ommrndecl EP.4 definitions. 

Specificity 
The D TECH T?J test kit has ken tested for uoss-rtxtivig 
with the fc)II( a\-ing cw~pounct5: 

Compound 

TUT I L.t.O-tr~n~trot(~l~i~n~~ 
TETK’t-L 
L-amino-i.(,-clinitrotc,lurne 
l.~.i-rrlnirrclt,rn2~n~ 
I.t-dinlrrorolLicne 
t-.lmlno-~.(l-dinitrotoILlenc 
I.(,-clinitrotolii~nc 
L.(,-cli,iminonirrotoluenr 
I-nitroplicncd 
i-nirroplicnol 
7.i-clin~rroph~~~ol 
RDN 
I’LWi 

3oss- TNT 
reactivity MDL’ 
rTw (wb) 

\A 
+ 
+ 
+ 
+ 
- 
- 
- 
- 

- 
- 
- I 

i 
Ii 
15 
IO 

120 
> i(N) 
> iO0 
> iO0 
> iI)0 
> iI)0 

> ioo 

> iO0 

> 500 

DTECHTNT 
Ex losives 
Fie d Test Kit Q 

Order No. TK-10&t-l 
l Includes materids necessary to test four (i) samples 
l Step-by-step instrwtion guide 
l Color comparison card 

EM Science/Strategic Diagnostics Incorporated 
480 Democrat Road 
Gibbstown, NJ 08027 
800-222-0342 

D TECH 
TNWRDX sor 
Extraction Pat 

Order No. TK-lOOIS-1 
l Includes materi:dh neccs.b,:i~ to perform 

four c-i) sample extrxtions 
l Step-by-step instruction gili& 

the DTECHTOR 
Environmental 
Field Test Meter 

The DTECHTOR is ;t ha-d-held reflectometer for interpret- 
ing results of D TECH TNT test samples. It is completely 
portatde and po6ud nith ;I 9-volt. plug-in lxitteq. 
Operation is :1 simple push-bucton procedure that t&es 
only one minute. Readings iire displayed in 3 large, 
easy-to-red window. along uith a sample ID, date. and 
time of xulysis. Results for up to 11’ xumplcs an be 
stored in memory;. Size: 7” x 1” x 1.5” 
Weight: 1’0 gm (6 oz) lvith bJttq 

Order No. TK-1001&l-l 
l Includes calibnltors. protecti\v unisters. 3rd meter 

l Step-by-step instnlction.giklt 
l hlaintexine and scwic‘e mand 

Ordering Information 
1) TECH Field Test Products can lx or&red from 
EM Sknce 13~ ding toll-frtx l-800-222-0342 or 
by sending ;I f:is to I-HW-~~b-r-t12. 

D TECH Field Test Products wrrently a\xilable from 
EM Sciene :ue mT (Quntiwtive), RDS. BTEX. and 
PCR test kits. the D TECH Soil Estrxtion Ibcs. and 
the DTECHTOK Erwironmental Field Test hleter. 

For complete technial information on D TECH Field 
Test Products. caL1 the EM Science Techniq‘al Support 
Group at l-800-222-0342. 

0 TECH IS a regIstered trademark 01 EM lndustnes IK EM Swnce 4 a D~vwn of EM Industries. Inc. and an Asswats ol E Merck Darmstadt Germany 0 1995 EM Science Fnnted I” lheU S A -_ Pnmsd on recycled pacer OT-Ml-2 



Environmental DetectIon System5 

EM Science / Strategic Diagnostics Inc. 
480 Democrat Road l P.O. Box 70 
Gibbstown, NJ 08027-0070 
800-W-0342 

APPLICATIONFORMETHOD40xx(TNT) 
CERTIFICATION 

United States Environmental Protection Agency 

Methods Section (5304) 

Office of Solid Waste 

TNT USEPA SUBMISSION 
MAR 1994 

1 
On-Site Sample Screening Has Never Been Easier 



APPLICATION FOR METHOD 40XX CERTIFICATION 
United States Environmental Protection Agency 

Methods Section (5304) 
Office of Solid Waste 

APPLICANT INFORMATION 

Product Name: 

DTECWTNTKit 

Assay Development: 

STRATEGIC DIAGNOSTICS INCORPORATED 
128 Sandy Drive 
Newark, Delaware 197 13 
(302) 456-6789 
(302) 4X-6770 (fax) 

contacts: 
Bob Hudak -- Group Leader, D TECH Development 
Joe Dautlick -- Marketing Manager 

Marketing Group: 

E&i SCIENCES 
480 Democrat Road 
Gibbstown, New Jersey 
(800) 222-0342 

contacts: 
Bruce Crane -- Marketing Manager 
Wayne Sawyer -- D TECH Product Manager 

TNT USEPA SUBMISSION 
MAR 1994 



ASSAY DESCRIPTION AND SPECIFICS 

The D TECIPM TNT kit is based on a latex particle immunoassay format. The antibody is attached 
to a latex particle which is greater than 3 microns in diameter. These particles are lyophilized in a 
glass vial to achieve long term room temperature storage stability. A competition reaction occurs in 
this tube when analyte in the sample and analyte enzyme conjugate compete for antibody binding 
sites. Rapid binding is facilitated by having all reagent suspended in solution rather than affixed to 
the wails of a reaction tube. Separation of bound and unbound reagents is accomplished by 
pouring the reaction mixture through a filter with a 1 micron nominal pore size. Conjugate 
(enzyme marker) bound to latex particles is retained on the filter surface due to the particle’s larger 
size relative to the pore size. A clear chromogenic substrate is added Bound enzyme catalyzes the 
formation of a non-soluble colored compound, whose intensity is proportional to bound enzyme 
conjugate concentration. A reference sample with a known quantity of analyte is processed 
similarly and simultaneously. The inclusion of the reference controls the effect of temperature on 
the test (the rate of the enzyme reaction) while setting the minimum detection limit of the test. 
Color intensity and thus concentration axe determined either by comparison to a color chart or by 
inserting the separation cup into the optional DTECHTOR, a hand held reflectometer. The 
DTECHTOR yields a value for the test sample which is given as percent relative reflectance (%RR) 
to the reference reaction. The %RR can be converted to a concentration range by comparison to a 
look-up chart provided with the kit. 

The D TECH TNT test kit is designed for the semiquantitative determination of TNT with 
reportable concentrations as shown: 

r 
ANALYTE SAMPLE D-IECHTOR COLORCARD 

Soil @pm) 0.5 - 5.0 0.5 - 5.0 

Water (ppb) 5 - 45 5-60 L 

Similar immunoassays have been used for in-vitro diagnostics during the past twenty-five (25) 
years to determine therapeutic drug levels, drugs of abuse monitoring, blood bank screening of 
hepatitis, HIV, etc., and hormone concentrations. Convenient, easy to use unit dose immunoassay 
tests in a format similar to D TECH are commonly used for home pregnancy tests and physicians’ 
office tests. 

The technology employed in these products is not patent protected, however, proprietary 
antibodies, conjugates and buffer formulations are used to deliver the unique performance found in 
this D TECH assay. 

The kit is calibrated against Triniuotoluene (TNT), but because of the antiserum‘s cross reactivity 
characteristics, the results are reported as ppm of TNT equivalents. 

The test kit is a self contained workstation. The base kit provides the materials required to perform 
four (4) analyses. A supplementary D TECH TNT extraction pat, for four (4) soil extractions, is 
dcilgncd for integr,.hon into the: brlse kit to pro\& soil results. 
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The specificity of this method is included in the test kit instruction guide. It indicates the 
compounds the test will detect along with their relative sensitivity as well as compounds of similar 
structure which will not react, 

The method detection level (MDL) of the D TECH TNT kit is 5 ppb in water and 0.5 ppm in soil. 
The reference produces a color equivalent to these concentrations. This reference reaction is set at 
a level that gives 96% cofidence that the MDL is distinguished from zero. 

To assure competent handling of the D TECH kits in the field, all products have been designed 
with the following features: 

1. All materials needed for an assay are included in the kit except for a timing device and 
the optional DTECHTOR. This minimizes error opportunity due to inaccurate, 
mislabeled, or contaminated pipets, glassware or reagents. 

2. Each kit is set up as its own self-contained and preassembled workstation. 

3. Caps are color coded for easy identification. 

4. Each kit contains a fully detailed and diagmmmatic set of instructions. 

5. An 800 toll-free hot line is provided for technical suppoh 

6. Kits are set up with side by side sample and reference processing to assure identical 
processing conditions for both. In addition, the development of the blue color in the 
reference well indicates all assay steps were completed with the appropriate reagent in 
correct order. 

4 
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METHOD 4Oxx 

SOIL SCREENING FOR TRlNlTROTOLUENE (TN77 BY I MUNQASSAY lvl 

1.0 SCOPE AND APPLICATION 

1.1 Method 40XX is a procedure for screening waters and soils to determine 
when Trinitrotoluene is present at concentrations above 0.5 mg/Kg in soil and 5 
pg/L in water. Method 4Oxx provides an estimate of the concentration of TNT by 
comparison with a reference. 

1.2 Using this test, 93% of soil samples containing 0.25 ppm or less of TNT 
will produce a negative result and 99+% of soil samples containing 1 .O ppm or 
greater of TNT will produce a positive result. In addition, 93% of water samples 
containing 2.5 ppb or less of TNT will produce a negative result and 99%+ of 
water samples containing 10 ppb or more of TNT will produce a positive result. 

1.3 In cases where the exact concentrations of TNT are required, quantitative 
techniques (i.e., Methods 8330) should be used. 

2.0 SUMMARY OF METHOD 

2.1 Test kits are commercially available for this immunoassay method. For 
optimal results, the manufacturer’s instructions should be followed. In general, 
the method is performed using an extract of a soil sample. Samples and an 
enzyme-analyte conjugate reagent are added to immobilized TNT antibody. 
The enzyme conjugate “competes” with TNT present in the sample for binding 
to immobilized TNT antibody. The enzyme-analyte conjugate bound to the 
antibody then catalyzes a colorless substrate to a colored product. The test is 
interpreted by comparing the color produced by a sample to the response 
produced by a reference reaction. ’ 

3.0 INTERFERENCES 

3.1 Chemically similar compounds and compounds that might be expected 
to be found in conjunction with TNT contamination were tested to determine the 
concentration required to produce a positive test result. These data are shown 
in Tables 1 and 2. 

TNT USEPA SUBMISSION 
MAR 1994 
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4.0 APPARATUS AND MATERIALS 

4.1 The D TECH TNT test kit or equivalent. Each commercially available kit 
will supply or specify all materials necessary for successful completion of the 
test. 

5.0 REAGENTS 

5.1 The D TECH TNT test contains all the reagents necessary for successful 
completion of four (4) analyses. A supplementary soil extraction pat is required 
for soil analyses. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND TRANSPORTATION 

6.1 See the introductory material to this chapter, Organic Analytes, Section 
4.1. 

6.2 Soil and water samples may be contaminated, and should therefore be 
considered hazardous and handled accordingly. 

7.0 PROCEDURE 

7.1 Follow the manufacturer’s instructions for the test kit being used. Those 
test kits used must meet or exceed the performance indicated in Tables 3-l 3 

8.0 QUALITY CONTROL 

8.1 Follow the manufacturer’s instructions for the test kit being used for 
quality control procedures specific for that test. Additionally, guidance 
is provided in Chapter One. 

8.2 Do not use test kits past their expiration date. 

8.3 Do not use reagents designated for the TNT kit with another kit type. 

8.4 Do not mix reagents from one kit lot with a different kit lot. 

8.5 Use the test kits within their specified storage temperature and operating 
temperature limits. 

TNT USEPA SUBMISSION 
MAR 1994 



9.0 METHOD PERFORMANCE 

9.1 This method has been tested in the laboratory with a wide range of soil and 
water matrices. Spike and recovery studies, matrix effect studies, and real 
world sample analysis have proven this method to be accurate and reliable 
over a wide range of matrix chemistries. See Tables l-13 

10.0 REFERENCES 

1. D TECHTM TNT Users Guide , SDI/EM Sciences 1994 

2. Hutier,L., G. Teaney, and J.W.Stave, “A Novel Field Screening System for TNT 
Using EIA”, in Field Screeening Methods for Hazarms Was&s and Toxic 
Chemicals, Vol 1, Proceedings of the 1993 U.S. EPA/A&WMA International 
Symposium, p.472, 1993. 

3. Teaney,G., J.Melby, L.Hutter and J.Stave, “A Novel FieM Anatytical Method for . 
TNT”, Proceedings of the American Association of Analytical Chemists, 1993 

TNT USEPA SUBMISSION 
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TABLE 1 
CROSS REACTANTS 

METHOD: The compounds listed below were assayed at various concentrations 
and compared against an inhibition cuTve generated using TNT. The 
concentration of the compound required to elicit a positive response at 
the MDL as well as the concentration required to yield 50% inhibition 
compared to the standard curve were determined. The results are given 
below: 

I 2,4-dinitrotoluene 

I 2,6-diaminonitrotoluene >500 >500 <1 

2-nitrophenol 

4-nitrophenol 

2,4-dinitrophenol 

RDXd 

>500 >500 <1 

>500 >500 <I 

>500 >500 cl 

>500 >500 <l 

HMXd I >500 I >500 I <l 

a The Method Detection Limit (MDL) is defined as the lowest concentration of 
compound that yields a positive test result. 

b The ICw is defined as the concentration of compound required to produce a test 
response equivalent to 50% of the maximum response. 

C % Crossreactivity is determined by dividing the equivalent TNT concentration by 
the actual compound concentration at ICSO 

. d Tetryl = methyl-2,4,6-trinitrophenylnitramine 
RDX = hexahydro-l,3,5-trinitro-1,3,5-triazine 
HMX = octahydro-1,3,5,7-tetranitro-1,3,5,74etrazocine 
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TABLE 1A 
CROSS REACTANTS 

Below is the data used to calculate the cross reactivity shown in Table 1. 

Tetryl = methyl-2,4,6+initrophenylnitramine 
RDX = hexahydro-1,3,5-trinitro-1,3,5triazine 
HMX = octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine 

0 TECH %RR = % Relative Reflectance. This is a mathematical ex ression of 
the reflectance of the color produced using the DTECHTOR. % Re ative P 
Reflectance can be calculated using the following formula: 

% RR = 
(sample reflectance) - (reference reflectance) 
__----__------------____________________-------------------- 

x ,OO 

(white) - (reference reflectance) 

where 700 is defined as white for the TNT assay. 
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TABLE 18 
CROSS REACTANTS 

Below is a graphic representation of the cross reactivity data given in Table 1 A 

D TECH TNT CROSS REACTIVITY GRAPH 

i I 

’ ’ - .‘.“I I 

1 10 100 1000 

CONCENTRATION (ppm) 

- TETRYI 
__f_ TNB 
* 2A 
U TNT 
+ DNT 

NOTE: Since the effective working range of the assay is 0 to 75% Relative 
Reflectance when using the DTECHTOR, ICso occurs at 37.5% Relative 
Reflectance. This is the point on the curve from which cross reactivites 
have been calculated. 
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TABLE 2A 
POSSIBLE INTERFERING COMPOUNDS 

NOTE: 

COMPOUND 
I 

Benzene 

Toluene 

Ethylbenzene 

Xylenes 

PAHs 

PCB 1254 

PCP 

Triazine 

PPM ASSAYED D TECH %RR 

100 -9 

100 -9 

100 -a 
100 -7 

100 -7 

100 -6 

100 -7 

100 -5 

Since all % relative reflectances are <o, none of the compounds tested 
are detectable at 100 ppm in the assay. 
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TABLE 3 
D TECH TNT COMPOSITE STANDARD CURVE DATA 

CONFIDENTIAL 

METHOD: Seven (7) standard curves were run by different technicians over the 
course of one week to determine the variance. The results are given 
below. 

TNT CONCENTRATION 
(wb) 

5 

9 

15 

30 

40 565 20 3 

60 635 20 3 

MEAN STANDARD % cv 
REFLECTANCE DEVIATION 

257 25 10 

316 14 5 

337 23 7 

501 28 6 

1 . . . . 

D TECH TNT STANDARD CURVE 

0 10 20 30 40 50 60 

TNT Equivalents (ppb) in water 
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TABLE 4 
D TECH TNT REALWORLD NEGATIVE SOILS 

METHOD: Twenty five (25) real world negative soils were extracted and analyzed 
using the 0 TECH TNT kit to determine the extent of soil matrix 
effects.The results are given below. 

I”, Pokomoke High OM Sand DE co.5 -3 
1 OS 1 l7avificnn Clnv I n-m , YYII”““.. -.-l --a111 GA x0.5 -4 
111 [Shontic Casa Grande Sand AZ 4.5 -1 

, IL , VYVI -.-..-w -.- AZ <0.5 -5 1 

123 Opal Clay SD <0.5 -4 
124 Raub Sift Loam IN <0.5 -3 
125 Rockfield Silt Loam IN co.5 -6 , 
127 Cisne IL co.5 -4 
128 Muscatine Loam IL <0.5 -5 
130 Sandy Brae DE co.5 -6 

NOTE: All soil %RR are less than 0 (the %RR of the MDL) therefore all soils have 
a concentration less than 0.5 ppm (the concentration of the MDL). 
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TABLE 5 
D TECH TNT REALWORLD NEGATIVE WATERS 

ME 

NO’ 

THOD: Thirty (30) real world negative waters were analyzed using the 0 TEC 
TNT kit to determine the extent of water matrix effects. The results are 
aiven below. 

W:er Water type ED TECH Doj?EiH RANGE(ppm) o r 1 
1 Ground Water. Burlinaton IA c5.0 -10 
2 Well Water, Burlington IA c5.0 -1 
3 Surface Water #l, Houston TX c5.0 -4 

4 Unknown Creek, Dartmo,.. . 11th i MA I &E; n __.. _ -.- -1 
5 City Well Water, Ontario CA c5.0 -14 
fi Pacifw fkenn Victnrin CA /E; n 

; I 1 Surface . W”...” Water, W”“M.., 1 .“,W..W Woods Harmony I 1 & 1 I 
.“.” -5 
4j.O -13 ~_ 

-. 
25 
26 
27 

m-w --... .- --w-v 
Lab Sample 20827 
Lab Sample 20643 
Lab Sample 20850 

N/A 
N/A 
N/A 

<5.0 -11 
<5.0 -4 
es.0 ~ ~_ -a 

28 
34 

Lab Sample 20848 
f2mrnd Watar Adrian 

N/A zc; n I -A I 
GA 

A”.” I 
1 

I 

3;; 1 
Y. “V..” . .W.“. ) . .“. .U.. -.. , c5.0 -7 
Ground Water, Adrian 1 GA 1 c5.0 -7 

Tk:Afl soil OmH are less than 0 (the %HH of the Mtk) therefore aif WatefS have a 
concentration less :han 5 ppb (the concen::ation of the MDL). 

:H 
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TABLE 6 
ESTIMATE ERROR RATE FOR MINIMUM DETECTION LEVEL (MDL) IN SOILS 

METHOD: Thirty (30) real world negative soils were spiked with TNT at one-half and 
two times the MDL (0.25 and 1.0 ppm respectively). These samples were 
analyzed in the D TECH assay to determine the error rate of the assay as 
defined by the USEPA. The actual data are given in Table 5A. 

True ppm 0.25 ppm 1.0 ppm 

Positive Rate 
w 

7 100 

Negative Rate 
(%) 

93 0 

TABLE 7 
ESTIMATE ERROR RATE FOR MINIMUM DETECTION LEVEL (MDL) IN WATER 

METHOD: Thirty (30) real world negative waters were spiked with TNT at one-half 
and two times the MDL (2.5 and 10 ppb respectively). These samples 
were analyzed in the D TECH assay to determine the error rate of the 
assay as defined by the USEPA. The actual data are given in Table 5A. 

TNT USEPA SUBMISSION 
h1A.R 1994 

17 



TABLE 6A 
ESTIMATE ERROR RATE FOR MINIMUM DETECTION LEVEL (MDL) IN SOILS 

CONFIDENTIAL 
Below is the actual data used to determine the error rate in soil samples. 

t 123 I 1 1~ 0.5-1.5 123 I 
co.5 I 124 I 6 u.3- 1.3 

4 0.5-l .5 
. I 127 I 7 0.5-l .5 

-1.5 
4 1 0.5-1.5 

1 0.5-1.5 
0.5-l .5 

ioi 
I 

-; 
106 -2 co.5 

14 0.5-1.5 
I 

0.5-l .5 
0.5-l .5 

6 0.5-1.5 , 
0.5-l .5 .“.” -- . - 

t -4 \ 110 
i12 -6 
119 -5 co.5 

I 126 
27 * 

-5 
-7 

28 -4 co.5 28 0.5-1.5 
29 -9 <0.5 29 0 0.5-l .5 
30 -12 <0.5 30 8 0.5-l .5 
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TABLE 7A 
ESTIMATE ERROR RATE FOR MINIMUM DETECTION LEVEL (MDL) IN WATERS 

CONFIDENTIAL 
Below is the actual data used to determine the error rate in water samples. 

TNT USEPA SUBMISSION 
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METHOD: 

TABLE 8 
EXTRACTION EFFICIENCY DETERMINATION 

Ten (10) different soil types (TNT negative soils) were spiked with an 
acetone solution containing approximately 1 .O ppm TNT. This spiking 
solution was later quantitated by method 8330 and found to contain 0.77 
ppm TNT. The spiked soil samples were analyzed three (3) times in the 
D TECH kit to determine the extraction efficiency of the method. The data 
are presented below: 
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TABLE 8A 
CHARACTERIZATION OF SOIL USED IN EXTRACTION EFFICIENCY EXPERIMENT 

METHOD: The ten (10) soils used for the extraction efficiency study were sent to soil testing laboratory for content 
analysis. The data are given below: 

Sample Oh4 (%) pH Ca CU Sand % Silt % Clay % 
ID by LOI @WW df&l Pi%) O’WW m . 

101 1.5 6.0 486.1 111.3 1.7 1.4 61.9 34 46 20 
106 0.1 5.5 67.7 1.2 0.3 0.4 10.8 93 4 3 
108 2.2 6.6 453.8 10.2 0.1 0.5 45.7 31 15 54 
109 2.3 5.4 243.5 105.4 0.1 0.4 167.7 37 12 51 
110 12.1 4.9 1468.9 4.3 5.0 0.7 0.0 88 6 6 
116 2.2 6.8 1154.6 55.5 0.9 2.9 16.5 14 35 51 
117 2.8 7.6 1577.8 99.2 14.1 2.5 18.6 52 30 18 
123 3.6 6.7 2638.3 109.9 1.0 1.5 8.1 11 27 62 
126 5.2 5.2 2587.8 79.3 1.9 1.3 66.8 15 46 39 
128 4.4 6.2 2913.9 14.3 1.4 0.8 1.4 68 68 10 . . 



TABLE 9 
RECOVERY OF TNT SPIKED INTO REAL SOILS 

METHOD: Three (3) soils were spiked at approximately 1 and 3 ppm TNT. Each 
sample was analyzed once by method 8330 and ten (10) times by D 
TECH. The results are given below. 

SAMPLE ID 

106-l 

116-1 

i 28-l 

AMOUNT 
SPIKED 

1.0 

1 .o 

1 .o 

D TECH %RR D TECH (ppm) HPLC 
METHOD 8330 

4 0.5 - 1.5 0.69 
5 0.5 - 1.5 
6 0.5 - 1.5 
3 0.5 - 1.5 
5 0.5 - 1.5 
a 0.5 - 1.5 
6 0.5 - 1.5 
a 0.5 - 1.5 
6 0.5-1.5 
16 1.5 - 3.0 
9 0.5 - 1.5 0.73 
a 0.5 - 1.5 

16 1.5 - 3.0 
12 0.5 - 1.5 
a 0.5 - 1.5 
9 0.5 - 1.5 

11 0.5 - 1.5 
10 0.5 - 1.5 
9 0.5 - 1.5 
16 1.5 - 3.0 
a 0.5 - 1.5 0.75 
9 0.5 - 1.5 
12 0.5 - 1.5 
10 0.5 - 1.5 
11 0.5 - 1.5 
16 1.5 - 3.0 
14 0.5 - 1.5 
10 0.5 - 1.5 
9 0.5 - 1.5 

11 0.5 - 1.5 
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TABLE 9 (cant) 
RECOVERY OF TNT SPIKED INTO REAL SOILS 

20 1.5 - 3.0 
14 0.5 - 1.5 

116-3 3.0 20 1.5-3.0 2.12 
26 1.5-3.0 
28 1.5-3.0 
31 1.5 - 3.0 
24 1.5 - 3.0 
20 1.5 - 3.0 
18 1.5 - 3.0 
16 1.5-3.0 
14 0.5 - 1.5 
19 1.5-3.0 

128-3 3.0 14 0.5 - 1.5 2.07 
16 1.5 - 3.0 
la 1.5 - 3.0 
22 1.5 - 3.0 
25 1.5 - 3.0 
24 1.5 - 3.0 
29 1.5 - 3.0 
21 1.5 - 3.0 
ia 1.5 - 3.0 
19 1.5 - 3.0 

TNT USEPA SUEMISSION 
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TABLE 10 
COMPARISON 0F D TECH WITH METHOD a330 

FIELD TRIAL A 
METHOD: Samples from borings were obtained at a West Coast site using a split 

spoon technique. The samples were homogenized by placing 
approximately six cubic inches of soil into a stainless steel vessel and 
mixing for five minutes with a stainless steel trowel. The soil was 
aliquotted into two (2) six ounce glass bottles, tested on-site using the D 
TECH method and transported to Roy F. Weston (Lionville, Pa) for 
method 8330 analysis. 

SAMPLE ID D TECH %RR D TECH METHOD 6330 
RANGE (PPm) TNT (PPN P 

61-1 4 c 0.2 < 0.09 
1 61-10 1 11 1 c 0.2 I < 0.09 

61-11 0 < 0.2 < 0.09 
61-12 -2 < 0.2 < 0.09 
61-13 -3 < 0.2 c 0.09 

1 61-14 I 5 I < 0.2 I c 0.09 
1 61-15 1 5 1 c 0.2 I c 0.09 

1 61-17 1 -1 I < 0.2 I < 0.09 

61-19 12 c 0.2 < 0.09 
61-2 82 > 1.5 > 3.0 

I 31-20 ---I 4 I < 0.2 I~ < 0.09 
61-21 36 0.5-l .o 2.44 
61-22 11 c 0.2 < 0.09 
61-23 8 c 0.2 < 0.09 
61-24 67 1.0-l .5 1.4 

1 61-25 1 14 1 < 0.2 I < 0.09 
1 61-26 1 9 1 c 0.2 I c 0.09 

1 61-27 1~ 21 ! 0.2-0.5 ! 0.27 

I 61-28 I 1 I < 0.2 I c 0.09 
61-29 2 < 0.2 c 0.09 
61-3 64 1.0-l .5 1.3 1 - 
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TL-6 19 0.2-0.5 0.66 
TL-7 16 0.2-0.5 0.71 
TL-a 36 0.5-1.0 1.46 
TL-9 23 0.2-0.5 0.92 
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FIELD TRIAL B 
METHOD: Samples from borings were obtained at a Western state site using a split 

spoon technique. The samples were homogenized by placing 
approximately six cubic inches of soil into a stainless steel vessel and 
mixing for five minutes with a stainless steel trowel. The soil was 
aliquotted into two (2) six ounce glass bottles, tested on-site using the D 
TECH method and transported to DataChem (Salt Lake City, Utah) for 
method 8330 analysis. 

2 12 < 0.2 c2.0 < 1.0 ~2.25 

3 2 > 1.5 2500 i a.50 2504 . , 
3 4 > 1.5 2.72 < 1.0 2.72-2.97 

3 6 1.0 - 1.5 <2.0 < 1.0 ~2.25 . 
3 a 0.2 - 0.5 <2.0 c 1.0 ~2.25 L 
3 10 0.2 - 0.5 <2.0 c 1.0 <2.25 

3 12 > 1.5 <2.0 7.02 1.76-3.76 

4 2 < 0.2 c2.0 < 1.0 <2.25 

4 4 < 0.2 c2.0 < 1.0 <2.25 I 
4 6 < 0.2 <2.0 < 1.0 <2.25 

4 8 < 0.2 <2.0 < 1.0 <2.25 

4 10 c 0.2 <2.0 c 1.0 ~2.25 
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TNT 
Equivalent 

kmm) 

<2.25 
<2.25 

~2.25 

<2.25 
<2.25 
c2.25 

~2.25 

<2.25 
1.28-3.28 

235 
1104 

26.0 

~2.25 

<2.25 

~2.25 

~2.25 
<2.25 

0.74-2.74 
e2.25 

~2.25 

~2.25 

<2.25 

0.33-2.33 

0.47-2.47 

~2.25 

~2.25 
<2.25 

0.99-2.99 
1.14-3.14 
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21 35 > 1.5 4.20 1.39 4.55 1 
21 40 > 1.5 e2.0 < 1.0 e2.25 

21 45 1.0 - 1.5 c2.0 < 1.0 ~2.25 I 
21 50 0.5 - 1.0 c2.0 < 1.0 e2.25 I 
21 55 c 0.2 <2.0 < 1.0 ~2.25 / 
21 60 < 0.2 c2.0 < 1.0 <2.25 
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23 25 > 1.5 7.57 

23 30 > 1.5 5.12 
23 35 > 1.5 40 
23 40 0.5- 1.0 C2.0 
23 45 0.2 - 0.5 42.0 
23 50 0.5 - 1.0 c2.0 

44.8 18.8 

81.2 25.4 
1.64 0.41-2.41 

2.27 0.57-2.57 
< 1.0 ~2.25 
< 1.0 ~2.25 
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Well # Depth 

23 60 

24 2 

24 4 
24 6 

D TECH 
Range 
(PPm) 
< 0.2 

> 1.5 

> 1.5 
> 1.5 

8330 TNT 
(PPd 

c2.0 

33.5 

2.19 
7.00 

8330 TNB TNT 
(PPfw Equivalent 

(PPm) 
< 1.0 ~2.25 

23.4 39.4 

a.43 4.30 
11.0 9.75 
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8330TNT 
(PPm) 1 "zif"" 1 Eq+!&t 

Well # Depth 

25 50 

DTECH 
Range 
(PPW 

0.2 - 0.5 c2.0 I <l.O I ~2.25 

15 I 55- 1 co.2 c2.0 I <l.O I ~2.25 

r--25 I 60 1 < 0.2 c2.0 I cl.0 I ~2.25 

I26 1 2 I > 1.5 a.04 I <l.O I 8.04-8.29 

I 26 1 I > 1.5 1000 
2.12 

7.49 
2.99 

1001 
2.87 I 26 I 0.5- 1.0 

8.83 1 5.56 1 10.20 

3.64 1 3.20 1 4.44 

3.22 1 10.6 1 5.87 

4.0 la.3 4.58-6.58 
4.0 17.4 4.43-6.43 

I 26 1 10 I l.O- 1.5 

I 26 1 12 1 > 1.5 

I 26 1 15 1 > 1.5 

1 26 1 40 

26 20 

I l.O- 1.5 

> 1.5 

26 25 > 1.5 I 
26 30 > 1.5 r 
26 35 1.0 - 1.5 <2.01 1.96 1 6.49-2.49 

c2.0 I < 1.0 1 ~2.25 

I 26 1 45 1 < 0.2 c2.0 I cl.0 I <2.25 

I 26 1 50 I 0.2-0.5 <2.0 I cl.0 I <2.25 

I 26 ) 55 1 < 0.2 c2.0 I cl.0 I ~2.25 

c2.0 I cl.0 I <2.25 

<2.0 I cl.0 I <2.25 

351 1 5.77 1 352 

26 60 < 0.2 

27 2 0.5 - 1.0 

27 4 > 1.5 
27 6 > 1.5 116 39.2 126 

4.29 3.92 5.27 i 27 18 I > 1.5 

1 27 1 20 I 0.5- 1.0 <20 -I--- . 5.05 --r-i- ~ .26-3.26 

I 27 1 25 1 > 1.5 <2.0 1 12.6 1 3.15-5.15 

I 27 1 30 i > 1.5 <2.0 I 10.7 I 2.68-4.68 

1 27 1 35 I 0.2-0.5 c2.0 I cl.0 I ~2.25 
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< 

TNT 
Equivalent 

hmn) 
~2.25 

<2.25 
c2.0 I < 1.0 

I-- 27 I 45 I < 0.2 c2.0 I < 1.0 

1 27 1 50 1 co.2 4.0 I < 1.0 <2.25 
<2.25 
~2.25 

27 55 c 0.2 
27 60 < 0.2 

c2.0 < 1.0 

C2.0 < 1.0 

I 28 I 2 I c 0.2 c2.0 I < 1.0 I ~2.25 

I 28 I I < 0.2 <2.0 I < 1.0 I ~2.25 
I ~2.25 

<2.25 
I 28 1 I < 0.2 <2.0 I < 1.0 

I 28 I I < 0.2 c2.0 I c 1.0 

< 

4.0 < 1.0 

C2.0 < 1.0 

c2.0 I < 1.0 

I 28 I 20 1 0.2-0.5 <iO 1~ <lO . 

I 28 I 25 I > 1.5 <2.0 I 11.1 

c2.0 I 3.74 
c2.0 I 1.68 

<2.0 < 1.0 

c2.0 < 1.0 

c2.0 < 1.0 

4.0 c 1.0 

4.0 < 1.0 

c2.0 < 1.0 

c2.0 < 1.0 

4.24 c 1.0 

c2.0 1.10 
c2.0 1.28 

c2.0 2.70 

c2.0 10.5 

c2.0 14.1 

c2.0 la.4 

2.78-4.78 

0.94-2.94 

0.47-2.47 

<2.25 

~2.25 

<2.25 

~2.25 

<2.25 

<2.25 

<2.25 

4.24-4.49 

0.28-2.28 
0.32-2.32 

0.68-2.68 

2.63-4.63 

3.53-5.53 

4.6-6.6 

I 28 1 30 1 > 1.5 

I 28 1 35 1 < 0.2 

I 28 I 40 I 0.2-0.5 

28 45 < 0.2 L 
28 50 < 0.2 
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Well # 
I 

Depth DTECH 8330TNT 8330TNB TNT 
Range (PPm) (PPm) Equivalent 
(PPm) (PPm) 
> 1.5 C2.0 56.9 14.2-16.2 I 31 I 20 

I 31 I 25 > 1.5 d.0 45.6 11.4-13.4 . 
>1.5 42.0 67.7 16.9-18.9 

0.5- 1.0 I 4.0 I <l.O I <2.25 1 

I 31 I 40 0.2 - 0.5 C2.0 < 1.0 <2.25 
< 0.2 c2.0 < 1.0 ~2.25 
c 0.2 <2.0 < 1.0 ~2.25 . 
< 0.2 C2.0 < 1.0 e2.25 

I 31 I 45 

I 31 I 50 
31 55 I 
31 60 <0.2 1 c2.0 I < 1.0 I ~2.25 1 

I32 I2 <0.2 I c2.0 I cl.0 I ~2.25 1 

I 32 1 4 co.2 c2.0 < 1.0 <2.25 
< 0.2 C2.0 < 1.0 <2.25 
c 0.2 4.0 < 1.0 ~2.25 

I 32 1 6 
I 32 1 

<o.lm-Im c2.d- I- cl.0 I ~2.25 1 I 32 10 
x2 -7 4.0 I < 1.0 I c2.25 I 

1 32 I 20 <0.2 1 ~2.0 1 < 1.0 I g2.25 1 

co.2 I c2.0 I <l.O I ~2.25 1 I 32 1 25 

I 32 1 30 0.2- 0.5 <2.0 2.78 0.7-2.7 1 
< 0.2 <2.0 < 1.0 <2.25 

1.0 - 1.5 C2.0 < 1.0 <2.25 

< 0.2 x2.0 < 1.0 <2.25 

<0.2 c2.0 < 1.0 <2.25 

I 32 1 35 

I 32 1 40 

I 32 1 45 

I 32 1 50 
I 32 1 55 <0.2 4.0 < 1.0 ~2.25 

< 0.2 C2.0 < 1.0 ~2.25 
< 0.2 c2.0 < 1.0 ~2.25 t-G-t+- 
<0.2- I -<Z-i- I-~~ <LO I <2.25 I 
<0.2 I-~ c2.0 I cl.0 I ~2.25 1 
<0.2 1 ~2.0 1 c 1.0 I e2.25 I 

co.2 I c2.0 I cl.0 I ~2.25 1 

I 33 1 6 

I 33 I 
I 33 I 10 
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8330 TNT 
(wm) 

8330 TNB 
I 

TNT 
(mm) Equivalent 

Well # Depth D TECH 
Range 
(mm) ! iPPm 

I 33 I 12 I < 0.2 <2.0 cl.0 I <2.25 

I 33 I 15 I < 0.2 <2.0 1.61 1 0.4-2.4 

4.0 4.07 1 1.02-3.02 33 20 < 0.2 , 
33 25 0.2 - 0.5 C2.0 3.12 1 O-78-2.78 

I 33 I 30 I 0.2 - 0.5 C2.0 <l.O I <2.25 
<2.0 cl.0 I <2.25 33 35 0.2 - 0.5 

33 40 c 0.2 c2.0 < 1.0 1 <2.25 

I 33 I 45 I <0.2 c2.0 cl.0 I ~2.25 

I 33 I 50 I <0.2 c2.0 cl.0 I ~2.25 

I 33 I 55 I 0.2 - 0.5 <2.0 cl.0 I <2.25 
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TABLE 11 
KIT COMPONENT STABILITY 

METHOD: To determine the stability of the D TECH TNT reagents, kits were stored 
at 37OC and tested over the course of thirty-five (35) days. Two (2) test solutions were 
made in assay diluent on day 0 and run in these kits to determine the stability of the 
reagents at this temperature. The results are given below. 
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TABLE 12 
KIT COMPONENT STABILITY 

METHOD: To determine the stability of the D TECH TNT reagents, kits were stored 
at 22°C and tested over the course of one hundred twenty (120) days. Two (2) test 
solutions were made in assay diluent on day 0 and run in these kits to determine the 
stability of the reagents at this temperature. The results are given below. 
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TABLE 13 
ASSAY VARIABILIIY 

METHOD: Three (3) discrete real world water samples were spiked with TNT at 
different concentrations and run the same day by the same technician to 
determine the Inter-Assay Coefficient of Variation. Discrete sample 
concentrations were determined (for internal assay development 
purposes only) by running a TNT standard curve and using a point-to- 
point curve-fitting data reduction method. 

I I I I I 
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1 .O PROJECT DESCRIPTION 

As requested by the U.S. Navy, Hallibutton NUS Corporation (Halliburton NUS) has prepared this Quality 

Assurance/Quality Control (QA/QC) Plan for field and laboratory work to be performed to support the 

implementation of a Verification Investigations (VI) Work Plan for four sites at the Stump Neck Annex, Indian 

Head Division, Indian Head, Maryland. The four study areas are: 

0 Range 6 

0 The Improved Explosives Devices (IED) Site 

0 The Inert Ordnance Disposal (IOD) Slte 

0 Area 8, the Underwater Ordnance Training Area 

Halliburton NUS has established quality assurance/quality control (QA/QC) measures and a program to 

ensure that these measures are applied to the collection and interpretation of all environmental data obtained 

in support of the VI Work Plan. The QA/QC Plan is designed to assure that the precision, accuracy, 

representativeness, comparability, and completeness (the PARCC parameters) of the data are known, 

documented, and adequate to satisfy the data quality objectives of the study. Accordingly, the plan 

incorporates all QA/QC elements in accordance with U.S. Environmental Protection Agency guidance 

(USEPA, 1980; 1988). 

This plan represents the policies, organization, objectives, data-collection activities, and QA/QC activities 

that will be utilized to ensure that all data collected during, and reported by, these investigations are 

representative of existing conditions. Chemical analyses will be conducted by a subcontracted fixed base 

laboratory. The laboratory will have prior Navy approval. QA/QC procedures for the chemical analyses will 

satisfy Naval Energy and Environmental and Support Activity (NEESA) requirements for Level C as defined 

in the guidelines document “Sampling and Chemical Analysis Quality Assurance Requirements for the Navy 

Installation Restoration Program” (NEESA 20.2-0478; June, 1988). TheVI Work Plan outlines the procedures 

that will be followed for the inventory, control, storage, and retrieval of data collected during the performance 

of the fieldwork. 
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2.0 SCOPE OF WORK 

The field activities will be performed as described in the VI Work Plan. Details of the field activities, such 

as the technical approach, selection of drilling locations, and sample collection activities are found in 

Sections 2.0 and 3.0 of the VI Work Plan. Descriptions of physical features and site history can be found 

in Section 1 .O of the VI Work Plan. 
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3.0 SAMPLE PARAMETERS AND COLLECTION 

As part of the field activities, soil, sediment, groundwater, and surface water samples will be collected for 

chemical analysis. Sampling rationale is presented in Section 2.0 of the VI Work Plan; a listing of the sample 

matrices, frequency of collection, and analysis parameters is found in Tables 3-l through 3-9. Table 3-10 

of the VI Work Plan presents the sample containers, preservatives, and maximum allowable holding times 

for the analyses requested. Sampling protocols to be used for these investigations are provided in 

Appendix C of VI Work Plan. 
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4.0 PROJECT ORGANIZATION AND RESPONSIBILITIES 

Halliburton NUS will be responsible for the overall management of the project, including the field inspection 

and conduct of all drilling and sampling activities. Personnel from the Navy will be actively involved in the 

investigation and will coordinate with personnel from Halliburton NUS in a number of areas. 

4.1 PROJECT ORGANIZATION 

Key personnel, responsibilities, and the chain-of-communication are depicted in Figure D.4-1 and discussed 

in the following sections: 

Mr. Shawn Phillips 
EPA Chesapeake, Naval Facilities Engineering Command 
901 M Street 58 
Building 212, Washington Navy Yard 
Washington, D.C. 20374-2121 

Mr. Shawn Jorgensen 
Naval Surface Warfare Center, Indian Head Division 
Building D-28 
Indian Head, Maryland 206405035 

Halliburton NUS Corporation 
993 Old Eagle School Road, Suite 415 
Wayne, Pennsylvania 19087 
(215) 971-0900 

John Trepanowski, P.E. 
Program Manager 

Halliburton NUS Corporation 
Foster Plaza VII 
661 Andersen Drive 
Pittsburgh, Pennsylvania 15220 
(412) 921-7090 

Daryl Hutson 
Deputy Program Manager 

Debra Scheib 
Quality Assurance/Quality Control Manager 

Matt Soltis 
Health and Safety Manager 
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CLEAN 

DEPUTY PROGRAM 
MANAGER 

FIGURE D.4-1 

PROJECT ORGANIZATION 

1 ~----*----~/~ ,.................._...................................................._..................... I 
CLEAN 

*I . . . . . . . . . . . . . . . . . . . ..-..................... w,,da,,, 
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LeeAnn Sinagoga 
Project Manager 

David Yost 
Field Operations Leader (FOL) 

The Program Manager, Mr. John Trepanowski, and the Deputy Program Manager, Mr. Daryl Hutson, are 

responsible for the overall quality of work performed under CLEAN Contract No. N62473-90-D-1298. 

Mr. Trepanowski and Mr. Hutson will be responsible for all contract negotiations with the Navy and the 

subcontractors; will maintain client relationships; and will assume overall responsibility for staffing, 

maintenance of schedule, adherence to budget, and quality of technical work performed. They are the firm’s 

designated authoriiy to commit resources to this effort. Mr. Trepanowski, Mr. Hutson, and the Project 

Manager are the focal points of all project activities; they will be immediately accessible to the Navy. 

The Project Manager has the primary responsibility for project and technical management. She is the 

primary contact with the Navy Remedial Project Manager (RPM) and is responsible for the coordination of 

all onsite personnel, and for providing technical assistance for all activities that are directly related to the 

attainment of project objectives. The Project Manager assists with subcontractor procurement and is 

responsible for monitoring subcontractor performance. The review of all environmental and hydrogeologic 

data will also be conducted by the Project Manager. If quality assurance problems or deficiencies requiring 

special action are identified, the Project Manager and QA/QC manager (as applicable) will identify the 

appropriate corrective action. 

Responsibilities of the FOL include: 

l Interface with PM and Site Safety Officer 

l Coordinate all onsite activities 

l Provide technical assistance to onsite personnel 

l Coordinate sampling activities 

l Ensure availability and maintenance of all sampling materials and equipment 

l Ensure proper handling and shipping of samples including chain of custody 

l Supervise drilling subcontractor 

l Maintain field documentation *e.g., geologic log, borings log, chain of custody) 
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4.2 FIELD ORGANIZATION 

The Halliburton NUS field investigation team will be organized according to the activity planned. For onsite 

sampling, the sampling team members will be selected based upon the type and extent of effort required. 

The team will consist of a combination of the following personnel: 

0 Field Operations Leader (FOL) 

0 Field Hydrogeologist/Geologist/EOD Specialist 

0 Sampling technicians 

0 Site Health and Safety Officer 

The FOL is responsible for the coordination of all onsite personnel and for providing technical assistance 

when required. The FOL, or his or her designee, will coordinate and be present during all sampling activities 

and will assure adherence to all sample acquisition and handling protocols and the availability and 

maintenance of all sampling materials/equipment. The FOL is responsible for the completion and quality 

assurance review of all sampling, well construction, and chain-of-custody documentation, and will assume 

custody of all samples and ensure the proper handling and shipping of samples. The FOL will interface with 

the QA/QC manager as deemed appropriate. All site personnel are responsible for adherence to all QA/QC 

guidelines as defined in this QA/QC Plan. Strict adherence to these procedures is critical to the collection 

of acceptable and representative data. 

The FOL will also be responsible for providing technical supervision of the drilling subcontractor and for 

maintaining a geologic log of all borings drilled. Copies of the forms to be used in this investigation are 

provided in Appendix B. 

The site Health and Safety Officer is responsible for assuring that all team members adhere to the 

designated health and safety requirements. Additional responsibilities of the site Health and Safety Officer 

are as follows: 

0 Updating equipment or procedures based on new information gathered during the site operation. 

l Modifying the levels of protection based on site observations. 

0 Determining and posting locations and routes to medical facilities, including poison control 

centers, and arranging for emergency transportation to medical facilities. 
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0 Notifying local public emergency officers, including police and fire departments, of the nature 

of the team’s operations and posting these departments’ telephone numbers. 

0 Examining work-party members for symptoms of exposure or stress. 

0 Providing onsite emergency medical care and first aid as necessary. The site Health and Safety 

Officer also has the responsibility to stop any field operation that threatens the health or safety 

of the team or the surrounding populace. 

It is not anticipated that the Health and Safety Officer will be required on site at all times. The FOL or his 

or her designee, will function in this capacity during part of the field investigation and interface with the 

Health and Safety Manager on an as-needed basis. 

4.3 LABORATORY OPERATIONS 

Analyses of all environmental samples will be performed by a Naval Facilities Engineering Services Center 

(NFESC; formerly NEESA) approved laboratory. The laboratory work to support the VI Work Plan field 

activities will be performed as NEESA (20.2-0478, June 1988) Level C which requires use of EPA-approved 

methods and generation of CLP-type deliverables. To achieve/maintain approval status, the laboratory must 

successfully analyze a performance sample, undergo an audit, and correct deficiencies found during the 

audit. 
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5.0 QUALITY ASSURANCE OBJECTIVES 

The overall QA objective is to develop and implement procedures for field sampling, chain-of-custody, 

laboratory analysis, and reporting that will provide environmental monitoring data of known and acceptable 

quality. Specific procedures to be used for sampling, chain-of-custody, calibration of field instruments, 

laboratory analysis, reporting, internal quality control, audits, preventative maintenance, and corrective 

actions are described previously in the VI Work Plan or in later sections of this QA/QC Plan. The purpose 

of this section is to address the data quality objectives in terms of the (PARCC) parameters, quantitation and 

detection limits, and external field quality control measures such as field quality control blanks, duplicates, 

and bottleware cleanliness. 

5.1 DATA QUALITY OBJECTIVES 

Data Quality Objectives (DQOs) are qualitative and/or quantitative statements regarding the quality of data 

needed to support the verification investigation activities. DQO level definitions are contained in the NEESA 

guidelines document (20.2 - 0478, June 1988). Criteria for Level C are shown in Table D.5-1. The sampling 

rationale provided in the VI Work Plan explains the choice of sample locations and media which will supply 

information needed for the Verification Investigation. The use of standardized sampling protocols and EPA- 

approved analytical methodologies is expected to satisfy project data quality needs in accordance with Navy 

and EPA requirements. Sampling SOPS are provided in Appendix C of the VI Work Plan. A summary of 

site-specific environmental samples, related quality control samples and associated analyses is presented 

in Tables 3-l through 3-9 of the VI Work Plan. 

5.2 PARCC PARAMETERS 

The quality of a data set is measured by certain characteristics of the data, namely precision, accuracy, 

representativeness, comparability, and completeness, collectively referred to as the PARCC parameters. 

Some of the parameters are expressed quantitatively, while others are expressed qualitatively. The 

objectives of the VI and the intended use of the data define the PARCC goals. 

5.2.1 Precision 

Precision characterizes the amount of variability and bias inherent in a data set. Precision describes the 

reproducibility of measurements of the same parameter for a sample under the same or similar conditions. 
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TABLE D.5-1 

NEESA DQO LEVEL DESCRIPTION 

Level Definition 

C A site requiring level C QC would be a site near a populated area 
not on the NPL, and not likely to be undergoing litigation. Level C 
QC includes review and approval of the laboratory QA and the site 
work plan. The laboratory must successfully analyze a performance 
sample, undergo an audit, and correct deficiencies found during the 
audit. These audits are administered and evaluated by NFESC. The 
Navy audit and performance sample are required in addition to any 
specified by the EPA Superfund Program. The laboratory that 
performs level C QC must have successfully analyzed the 
performance sample furnished by the Superfund CLP in the past 
year. The laboratory does not need to be receiving CLP bid lots of 
samples. 

Level C allows the use of non-CLP methods but requires that the 
methods be accepted EPA methods. All methods used must be 
EPA methods or be equivalent to EPA methods. 
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Precision can be expressed as a relative percent difference (RPD; the range relative to the mean, expressed 

as a percent) or relative standard deviation (RSD). Range and RPD values are calculated as follows: 

Range = [OR - DRj 

Yo RPD = [ OR - DR 
1/2(OR + DR) 

] x 100 

where 

OR = 

DR = 

original sample result 

duplicate sample result 

Alternatively, RSD involves the statistical comparison of the results of replicate analyses. 

The internal laboratory control limits for precision are three times the standard deviation of a series of RPD 

or range values. RPD values may be calculated for both laboratory and field duplicates, and can be 

compared to the control limits as a quality assurance check. Laboratory duplicates will be analyzed at the 

rate required by the analytical methods specified. Field duplicates will be collected for 10 percent of all 

samples collected. 

5.2.2 Accuracy 

Accuracy is the comparison between a sample result and a known or calculated value expressed as a 

percent recovery (%R). Percent recoveries are derived from analysis of standards spiked into deionized 

water (blank spike recovery) or into actual samples (matrix spike or surrogate spike recovery). Recovery 

is calculated as follows: 

%R = SSR - SR x ,oo 
SA 

where 

SSR = 

SR = 

SA = 

Spiked Sample Result 

Sample Result 

Spike Added 
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Control limits for accuracy are set at the mean plus or minus three times the standard deviation of a series 

of %R values. Organic control limits are set at the mean plus or minus two times the standard deviation of 

a series of %R values. 

Out-of-criteria results will be reviewed for data applicability as a part of data validation. Aliquots of samples 

obtained from the site will be provided for the matrix spike analyses. 

5.2.3 Representativeness 

All data obtained should be representative of actual conditions at the sampling location. The Work Plan and 

QA/QC Plan are designed to ensure this by specifying the use of standard sampling and analytical 

procedures, including the collection and analysis of field quality control blanks. 

5.2.4 Comparability 

Use of standardized sampling and analysis methods and data reporting format will ensure that comparability 

of the data will be achieved. Using consistent units will ensure that data are comparable both within the 

data set and as compared to previous data. Both field and laboratory data will be expressed in Standard 

International Units (SIUs). Results for aqueous organic samples will be reported in pg/L. Organic results 

for solid samples will be expressed in pg/kg for organics and mg/kg for inorganics. Results for wet- 

chemistry parameters will be expressed as mg/L or mg/Kg as applicable per matrix. Additionally, 

consideration will be given to seasonal conditions and other environmental conditions that could influence 

analytical results. 

5.2.5 Completeness 

Completeness is a measure of the amount of valid analytical data obtained compared to the amount 

expected to be obtained. Completeness is typically expressed as a percentage and is determined using the 

following equation: 

complereness (%) = number of samples having valid data 
’ number of planned samples 

The ideal objective for completeness is 100 percent; that is, every sample planned to be collected should 

100 

be collected, and every sample submitted for analysis should result in the generation of valid data. 
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Realistically, samples can be compromised during shipping, handling, preparation, or analysis, and sample 

homogenicity or matrix interference factors can result in data that do not meet QA/QC acceptance criteria. 

Consequently, the completeness objective will be 90 percent on an installation-wide basis with additional 

consideration given to the collection of data at all critical sampling locations. 

5.3 FIELD BLANKS 

Field blanks are obtained by sampling the water(s) used for decontamination during the field investigation. 

Samples consist of source water used in (1) steam cleaning of large equipment; and (2) analyte-free water 

used for decontamination of sampling equipment. Field blanks will be used to confirm the effectiveness of 

decontamination procedures and to determine whether the analyte-free water or the potable water (used for 

steam cleaning) may be contributing to sample contamination. Field blanks will be collected for each type 

of water used for decontamination and will be submitted at a frequency of one per sampling event. 

5.4 TRIP BLANKS 

To determine whether contamination of samples or bottleware has occurred during transit or storage, trip 

blanks will be used. Trip blanks consist of analyte-free water preserved with hydrochloric acid (HCI) taken 

from the laboratory to the site and returned. Trip blanks are taken at the rate of one per cooler of samples 

designated for VOC analysis and, for the purpose of these investigations, will be analyzed for Apendix IX 

VOCs only. 

5.5 EQUIPMENT RINSATE BLANKS 

An equipment rinsate blank consists of the final analyte-free water rinse from equipment cleaning and is 

analyzed to monitor the effectiveness of the decontamination processes. Rinsate blanks are collected daily 

during the sampling event and the rinsate blanks generated from every other day are analyzed for the same 

suite of analyses as the associated samples. 

5.6 FIELD DUPLICATES 

Field duplicates are two samples collected either: (1) independently at a sampling location in the case of 

groundwater or surface water; or (2) as a single sample split into two portions in the case of soil or 

sediment. Duplicates are obtained during a single act of sampling and are used to assess the overall 

precision of the sampling and analysis program (See also QA/QC Plan Section 5.2.1). Ten percent of all 

069501/P D-13 CT0 222 



FINAL 

samples for each media shall be field duplicates. Duplicates shall be analyzed for the same parameters in 

the laboratory. 

5.7 BOTTLEWARE 

NFESC requires specific bottleware cleaning procedures. Precleaned bottles will be used at the Stump Neck 

Annex sites; the required certification will be provided. 

5.8 QUANTITATION AND DETECTION LIMITS 

Quantitation limits are those indicated as Practical Quantitation Limits (PQLs) within each analytical 

methodology. The quantification limits for the metals analyses will be expressed as Contract Required 

Detection Limits (CRDLs), as defined in the current Contract Laboratory Program (CLP) Statement of Work 

(SOW) for Inorganic Analysis. For both PQLs and CRDLs, allowances are made for dilutions and dry-weight 

conversions. 

As required by the Navy, organic method detection limits (MDLs) and inorganic instrument detection limits 

(IDLs), will also be reported. MDLs and IDLs illustrate methodological and instrumental capabilities 

(independent of any sample considerations) and must be less than or equal to the applicable PQL or CRDL. 
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6.0 SAMPLING PROCEDURES 

Sampling performed for the Verification Investigation will be governed by this QA/QC Plan (which considers 

specific EPA regional protocol), the Work Plan, and appended SOPS. If sampling conditions require 

deviations from the Work Plan and SOPS, such deviations will be documented in the field notebook and via 

a Field Task Modification Request (FTMR) in accordance with Section 13.2 of the CLEAN Quality Control 

Management Plan (Halliburton NUS, 1991) (QCMP). Section 7.4 of this QA/QC Plan further details use of 

the FTMR. 

A copy of the approved QA/QC Plan and Work Plan containing all applicable SOPS will be made available 

to all field personnel by secured copies in the field office. As part of the mobilization activity, the Project 

Manager will hold a Fieldwork Orientation Meeting with the field team to review the applicable sampling 

documentation. The requirements of this orientation meeting are provided in CLEAN QA Standard Operating 

Guideline (SOG) QA-5, Training (Halliburton NUS, 1991). 
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7.0 SAMPLE MANAGEMENT 

This section describes the guidelines and procedures to be implemented during the various activities 

involved in managing the samples collected during the VI. The following items are discussed: 

0 Sample Designation 

0 Sample Handling 

0 Sample Packaging and Shipping 

0 Sample Documentation 

l Sample Custody 

7.1 SAMPLE DESIGNATION 

Each sample collected during the VI will be assigned a unique tracking number. The sample designation 

includes the sample or well location number, site number, and an indication of the sample matrix (e.g., soil, 

groundwater, surface water, or sediment). Sample designation procedures are described in Section 3.0 of 

the Work Plan. 

7.2 SAMPLE HANDLING 

Sample handling includes the field-related considerations connected with the selection of sample containers, 

preservatives, allowable holding times, and analyses requested. The USEPA User’s Guide to the CLP 

(USEPA, 1988b), the October 26, 1984 Federal Register (49 FR43260) (USEPA, 1984), and the Resource 

Conservation and Recovery Act (RCRA) Groundwater Monitoring Technical Enforcement Guidance 

Document (USEPA, 1986a) address the topics of containers and sample preservation. Table 3-10 of the 

Work Plan provides a site-specific summary of all sample handling considerations. 

7.3 SAMPLE PACKAGING AND SHIPPING 

Samples will be packaged and shipped in accordance with Halliburton NUS SOPS SA-6.2 and 6.6 

(Halliburton NUS, 1991) which are in accordance with the USEPA User’s Guide to the Contract Laboratory 

Program (USEPA, 1988b). The FOL will be responsible for contacting the laboratory representative for each 

shipment and will report the following: 
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0 Sampler name and telephone number 
0 Site name/code 
0 Number(s), matrix(ces), and concentration(s) of samples shipped 
0 Carrier name and air bill number(s) for the shipment 
l Method of shipment (e.g., overnight) 
l Date of shipment 
0 Suspected hazards associated with the samples or site 

7.4 SAMPLE DOCUMENTATION 

Custody of samples must be maintained and documented at all times. Chain of custody begins with the 

mobilization of sample containers and contaminant-free water. Section 5.3 of Halliburton NUS SOP SA-6.1 

(Halliburton NUS, 1991) provides a description of the chain-of-custody procedures to be followed. 

In addition, a sample log sheet will be completed for each sample collected. This form will contain the 

sample description and will document time and date, location, field measurements, and other pertinent data 

relative to the various samples. One form is specifically used for soil (and sediment) samples, another for 

groundwater samples. An example of these forms can be found in Halliburton NUS SOP SA-6.4 (Halliburton 

NUS1991). 

Separate bound/weatherproof field notebooks will be maintained by each sampling event leader and the 

Site Health and Safety Officer. The FOL, sampling event leader (or designee), and Site Health and Safety 

Officer will record all information related to sampling or field activities. This may include such information 

as sampling time, weather conditions, unusual events (e.g., well tampering), field measurements, and 

description of photographs. 

A site logbook will be maintained by the FOL. The requirements of the site logbook are outlined in 

Halliburton NUS SOP SA-6.3, Sections 5 and 7. This book will contain a summary of the day’s activities and 

will reference the field notebook(s), when applicable. 

Each supervisor of a drilling subcontractor activity must complete a Daily Activities Record Field Investigation 

Report, which documents the activities and progress of the daily drilling activities. The information in this 

report is used for billing verification and progress reports. The driller’s signature is required at the end of 

each working day to verify work accomplished, hours worked, standby time, and material used. An example 

of this form is provided in Halliburton NUS SOP SA-6.5. 

At the completion of field acfivities, the FOL will send the Project Manager all field records, data, field 

notebooks, logbooks, chain-of-custody receipts, sample log sheets, drilling logs, daily logs, etc. The Project 
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Manager will ensure that these materials are entered into the Halliburton NUS document control system in 

accordance with appropriate administrative guidelines. 

Changes in project operating procedures may be necessary as a result of changed field conditions or 

unanticipated events. A summary of the sequence of events associated with field changes is as follows: 

0 

0 

0 

0 

l 

7.5 

The FOL notifies the Project Manager of the need for the change. 

If necessary, the Project Manager will discuss the change with the pertinent individuals (e.g., the 

Navy RPM, Halliburton NUS Quality Assurance Manager) and will provide a verbal approval or 

denial to the FOL for the proposed change. 

The FOL will document the change on a Field Task Modification Request (FTMR) form 

(Halliburton NUS, 1991) and forward the form to the Project Manager at the earliest convenient 

time (e.g., end of the workweek). 

The Project Manager will sign the form and distribute copies to the Navy RPM, Quality Assurance 

Manager, FOL, and project file. 

A copy of the completed FTMR will be attached to the field copy of the affected document (i.e., 

the Work Plan). 

SAMPLE CUSTODY 

Sample custody procedures are designed to provide documentation of preparation, handling, storage, and 

shipping of all samples collected. An example of the chain-of-custody form that will be used during this 

investigation is included in Halliburton NUS SOP SA-6.1 (Halliburton NUS, 1991). 

Samples collected during the verification investigation will be the responsibility of identified persons from 

the time they are collected until they are delivered to the analytical laboratory or entrusted to a carrier. 

Stringent chain-of-custody procedures will be followed to document sample possession. 

7.5.1 Field Custody 

0 The FOL, or designee, is responsible for the care and custody of the samples collected until they 

are delivered to the analytical laboratory or entrusted to a carrier. 
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0 Sample logs and other records will always be signed and dated. 

0 Chain-of-custody forms will be completed to the fullest extent possible prior to sample shipment. 

They will include the following information: project name, sample number, time collected, source 

of sample and location, description of sample location, matrix, type of sample (grab or 

composite designation), preservative, and specific analyses requested. These forms will be filled 

out legibly, using waterproof ink, and will be signed by the sampler or designated custodian. 

Similar information will be provided on the sample label, which will be securely attached to the 

sample bottle. The label will also include the general analyses to be conducted. In addition, 

sampling forms will be used to document collection, filtration, and preparation procedures. 

7.5.2 Transfer of Custody and Shipment 

The following procedures will be used when transferring custody of samples: 

l Samples will always be accompanied by a chain-of-custody record. When samples are 

transferred, the individuals relinquishing and receiving them will sign, date, and note the time of 

the chain-of-custody record. This record documents the sample custody transfer from the 

sampler to the laboratory, often through another person or agency (common carrier). Upon the 

sample’s arrival at the laboratory, internal sample custody procedures will be followed. 

l Prior to being shipped to the laboratory for analysis, samples will be properly packaged. The 

methods of shipment, courier name, and other pertinent information will be entered in the 

remarks section of the custody record. Shipping containers will then be sealed for shipment to 

the laboratory. The original record will accompany the shipment and a copy will be retained 

by the field sampler. Sample packaging and transportation requirements are described in SOP 

SA-6.2. Sample custody procedures are also discussed in Section 3.0 of the Work Plan. 

7.5.3 Laboratory Custody 

When samples are received at the laboratory, the shipping manifest must be signed and dated to 

acknowledge sample receipt. Additionally, the laboratory must: 

l keep a copy of the shipping manifest 

l examine the shipping container’s seal and verify the integrity of all the containers. (Sample 

container breakages or documentation discrepancies must be reported to the Halliburton NUS Project 

Manager.) 
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l review information in the accompanying paperwork (chain-of-custody, airbill, packing list, sample 

labels) to note any discrepancies. 

l check the pH of incoming preserved samples (using hydrion paper) and document on receipt. 

(Improper preservation will be documented as out of control and the Halliburton NUS Project Manager 

notified.) 

7.5.4 Sample Shipment Procedures 

The following procedures will be followed when samples are shipped for laboratory analysis: 

0 

0 

l 

0 

l 

7.5.5 

Samples requiring refrigeration will be promptly chilled with ice or Blue Ice to a temperature of 

4% and will be packaged in an insulated cooler for transport to the laboratory. Ice will be 

sealed in containers to prevent leakage of water. Samples will not be frozen. 

Only shipping containers that meet all applicable State and Federal standards for safe shipment 

will be used. 

Shipping containers will be sealed with nylon strapping tape, and custody seals will be signed, 

dated, and affixed, in a manner that will allow the receiver to quickly identify any tampering 

during transport to the laboratory. 

The field chain-of-custody document will be placed inside the shipping container in a sealed 

plastic envelope after the courier has signed the document. 

Shipment will be made by overnight courier. After samples have been taken, they must be sent 

to the laboratory within 24 hours. 

Field Documentation Responsibilities 

It will be the responsibility of the FOL to secure all documents produced in the field (geologist’s daily logs, 

lithologic and sampling logs, communications) at the end of each workday. 

Only the project FOL or designee may remove field data from the site for reduction and evaluation. 

The FOL will transfer all site records and notebooks to the Project Manager at the conclusion of the field 

activities. 

069501 /P D-20 CT0 222 



FINAL 

The Project Manager will ensure that all records and notebooks are properly docketed into the project file. 

Data generated by the laboratory will be sent to Halliburton NUS, validated, and stored by Halliburton NUS 

until completion and acceptance of the VI investigation report, or initiation of the project file closeout, as 

directed by the Navy. 
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8.0 CALIBRATION PROCEDURES 

8.1 FIELD INSTRUMENTS 

The equipment used for field data collection activities (and health and safety monitoring) will be calibrated 

and maintained according to Hallibutton NUS SOP ME-1 1 and manufacturer’s instructions. Calibration must 

be documented on an Equipment Calibration Log Sheet and an example of this form is included within 

Appendix B. During calibration an appropriate maintenance check must be performed on each piece of 

equipment. If damaged or failed parts are identified during the daily maintenance check, and it is 

determined that the damage could have an impact on the instrument’s performance, the instrument must 

be removed from service until the identified parts are repaired or replaced. Additional details regarding the 

control of measuring and test equipment are provided in Section 13.0 (Preventive Maintenance) of this 

QA/QC Plan. 

8.2 LABORATORY INSTRUMENTS 

Instruments used in the laboratory will be calibrated according to method-specific requirements and the 

laboratory’s quality assurance plan. Tables 3-l through 3-9 of the VI Work Plan list all the analytical methods 

planned for this project. Analytical procedures are also discussed in Section 9.0 of this QA/QC Plan. 
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9.0 ANALYTICAL PROCEDURES 

Environmental samples collected during the field investigation for chemical analyses will be analyzed using 

the appropriate analytical procedures as outlined in Section 3.0 of the VI Work Plan. 

Field analytical measurements for this project include field test kii screening for TNT, HMX, and RDX; and 

testing for temperature, pH, eH, specific conductance, turbidity, and dissolved oxygen. Non-test kii field 

analytical procedures are included within the various fieldwork SOPS. 
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10.0 DATA REDUCTION, VALIDATION, AND REPORTING 

Data reduction, validation, and reporting are basic steps in the control and processing of field and laboratory 

project-generated data. These processes are discussed in detail below. 

10.1 DATA REDUCTION AND COMPUTER STORAGE 

The reduction of field and analytical data will consist of summarizing water-level measurements, soil boring 

logs, well construction and sampling logs, field parameters, and, laboratory analytical results. These data 

will be presented in the form of tables, illustrations, and/or graphs. The original data and reduction forms 

will be maintained by Halliburton NUS as part of the project file. 

Chemical data will be provided to Halliburton NUS in electronic form by the laboratory, and will be stored 

and managed by means of a data-management computer system which utilizes dBase files. Halliburton NUS 

incorporates a rigorous review of programs used for data reporting. Data entry is performed by a 

designated person, keeping access to the data base limited. If data entry is done manually, 100 percent 

of all data entries are checked by the operator and the printouts are checked against the original laboratory 

sets by an independent reviewer. Replicate measurements of a single sample are averaged prior to further 

data reduction for data summary tables; the RPD will be presented in summary tables for review. Ail tables 

generated will include the following: 

l Sample identification 
0 Sample location 
0 Sample matrix 
0 Analyses performed 
0 Analytical results 
0 Relevant notes regarding analyses 

10.2 DATA VALIDATION 

Data validation consists of a stringent review of an analytical chemical data package with respect to sample 

receipt and handling, analytical methods, data reporting and deliverables, and document control. The quality 

of data generated by a laboratory is extremely important; it is an integral part of the investigation and is 

closely tied to the project goals. Data used to develop qualitative trends, for example, will not have the 

same data validation requirements as data used for litigation purposes. All analyses performed in support 

of the VI Work Plan will be conducted as NEESA DQO Level C. 
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A qualified Halliburton NUS chemist will review the analytical data package in accordance with Section 7.3 

of Sampling and Chemical Analysis Quality Assurance Requirements for the Naval Installation Restoration 

Proqram (NEESA 20.2-047B, June 1988). Data validation will also reference the EPA Region III modifications 

to the National Functional Guidelines Protocols (6/92 Organics; 3/90 Inorganics), and method-specific 

quality control criteria. There will be 100 percent data validation of all samples. Data qualifiers will be 

assigned in accordance with the referenced protocols, and letter reports will be generated. The project 

database will incorporate the assigned data qualifiers through the processes discussed in the previous 

section. 

10.3 DATA REPORTING 

As required, a QC data report will be sent to the Navy. The report will indicate the duration and location 

of storage for all raw data, QC charts, corrective action information, sample lists, chain-of-custody forms, 

notebooks, work sheets, and automated data processing system output and calibration. 

A summary of field activities conducted and analytical results generated will be submitted to the Navy in the 

form of a draft final report. The summary of analytical data (included as an appendix to this report) will 

incorporate all results, including nondetected compounds. All trip, field, and rinsate blanks will be marked. 

No subtraction of blank contaminants will be allowed; data will be flagged if blank contamination occurs. 

All data flags will follow the result in the summary. A format approved by the Navy will be used to present 

the data. 

The draft final report will also include a QC summary section, which will discuss issues such as 

subcontractor performance and PARRC parameters evaluation results. 

Field logs and forms will be included in another appendix, as directed by the Navy. 
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11.0 EXTERNAL/INTERNAL QUALITY CONTROL CHECKS 

11.1 EXTERNAL QC CHECKS 

In addition to standardized sample acquisition, handling and shipment procedures, external quality control 

checks will include the generation of field duplicates, field and equipment rinsate blanks, and 

laboratory-prepared trip blanks (see VI Work Plan Tables 3-l through 3-9). A description of the nature, 

frequency, and analyses associated with each of these checks is included in Section 5.0 of this QA/QC Plan. 

Other types of external quality control mechanisms include: 

Proper storage of samples. 

Use of qualified and/or certified technicians. 

Use of calibrated equipment traceable to Hallibutton NUS, Navy, and EPA-approved protocol. 

Use of standardized test procedures. 

Formal independent confirmation of all computation and reduction of laboratory data and results. 

The frequency of each control, the compounds to be used for spikes and the QC acceptance criteria are 

defined by the specific analytical methodology and laboratory quality assurance plan. It is the laboratory’s 

responsibility to document in each data package that all analytical QC criteria have been met, and to detail 

where problems occured during analyses and what corrective actions were taken. 

11.2 INTERNAL QC CHECKS 

Internal quality control checks refer to those procedures existing as specific components of the analytical 

methodology. Internal quality control checks are preferred by the analytical laboratory and include: 

0 Use of surrogate spikes for organic analyses 

0 Performance of matrix spike, laboratory duplicate, and check sample analyses 
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0 Development and use of control charts establishing procedural warning and action levels. 

0 Conduct of corrective actions 
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12.0 SYSTEM AND PERFORMANCE AUDITS 

System audits will be performed periodically, as appropriate, to ensure that the work is being implemented 

in accordance with the approved project plans, SOPS, and in an overall satisfactory manner. 

0 The FOL will supervise and check daily that the monitoring wells are installed and developed 

correctly, field measurements are made accurately, equipment is thoroughly decontaminated, 

samples are collected and handled properly, and fieldwork is documented accurately and neatly. 

0 The data validator will review (on a timely basis) the data packages submitted by the laboratory. 

The data validator will check that the data were obtained through the approved methodology, 

that the appropriate level of QC effort and reporting was conducted, that holding times were met, 

and that the results are in conformance with the QC criteria. On the basis of these factors, the 

data validator will evaluate the data quality and limitations. 

0 The Project Manager will oversee the FOL and data validator and will check that management 

of the acquired data proceeds in an organized and expeditious manner according to established 

systems. 

System audits for the laboratory will be performed regularly in conjuction with the laboratory’s quality 

assurance plan. 

A formal performance audit of the field sampling procedures may be conducted (at the discretion of the 

Navy and the Halliburton NUS Quality Assurance Manager) in addition to the auditing that is an inherent part 

of the daily project activities. If a formal audit is conducted (i.e., if the site is selected to be monitored as 

part of the oversight program), the auditor will check that sample collection, sample handling, 

decontamination protocols, and instrument calibration and use are in accordance with the approved project 

SOPS. The auditor will also check that the field documentation logs and chain-of-custody forms are being 

filled out property. The results of audits will be distributed as described in the CLEAN QCMP. 

The FOL, Project Manager, and CLEAN Quality Assurance Manager will determine and implement corrective 

actions as the need arises. Corrective action for nonconforming conditions is addressed in the CLEAN 

QCMP as QASOG No. 1. 
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Performance audits of chemical analytical laboratories are conducted by NFESC. 
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13.0 PREVENTATIVE MAINTENANCE 

Halliburton NUS has established a program for the maintenance of field equipment to ensure the availability 

of equipment in good working order when and where it is needed. This program consists of the following 

elements: 

The equipment manager keeps an inventory of the equipment in terms of items (model and serial 

number), quantity, and condition. Each item of equipment is signed out when in use, and its 

operating condition and cleanliness checked upon return. 

The equipment manager conducts routine checks on the status of equipment and is responsible 

for the stocking of spare parts and equipment readiness. 

The equipment manager maintains the equipment manual library and trains field personnel in the 

proper use and care of equipment. 

The FOL is responsible for working with the equipment manager to make sure that the 

equipment is tested, cleaned, charged, and calibrated in accordance with the manufacturer’s 

instructions before being taken to the job site. 

Additional guidance covering the control of measuring and test equipment is provided in Halliburton NUS 

SOP ME-l 1 and CLEAN QCMP protocol QA SOG No. 2. 

The analytical laboratory must follow a well-defined program to prevent the failure of laboratory equipment 

and instrumentation. This preventive program includes the periodic inspection, lubrication, cleaning, and 

replacement of parts of the equipment. All preventive maintenance must be documented (auditable). In 

particular, the performance history of all major laboratory equipment must be documented in instrument 

maintenance logs. In addition, equipment used to calibrate analytical equipment must be certified by 

National Institute of Standards and Technology (NIST) and/or calibrated periodically against standards 

having known and valid traceability to recognized standards. The analytical laboratory must also maintain 

an inventory of critical spare parts to decrease instrument downtime. The laboratory’s preventative 

maintenance program is defined in the laboratory quality assurance plan. 
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14.0 DATA ASSESSMENT PROCEDURES 

14.1 PARCC PARAMETERS 

All data generated in the investigations will be assessed for precision, accuracy, representativeness, 

comparability, and completeness as discussed in QA/QC Plan Sections 5.0 and 10.0. 

14.2 DATA VALIDATION 

One hundered percent of the chemical analytical data generated to support this project will be formally 

validated. Validation processes are discussed in Section 10.0. 

14.3 DATA EVALUATION 

Evaluation of data collected during the field investigation will include a comparison of chemical 

concentrations in the hydraulically upgradient groundwater wells (when they exist) versus the chemical 

concentration in the downgradient groundwater wells; chemical concentrations in groundwater versus 

applicable or relevant and appropriate requirements (ARARs) (such as the Safe Drinking Water Act Maximum 

Contaminant Levels) and risk-based concentrations; and chemical concentrations in soils versus background 

and risk-based concentrations. 

Chemical concentrations in hydraulically upgradient groundwater will be compared to those in downgradient 

groundwater. If there is a significant increase in contaminant concentrations, this increase may indicate that 

the site is a source of the contamination. Evidence of groundwater contamination would be considered 

relatively conclusive if there is a significant (one or more orders of magnitude) increase in contaminant 

concentrations from the upgradient wells to the downgradient wells. If the contaminant concentrations are 

neatly identical in the upgradient and downgradient wells, this would indicate that the site is not causing the 

groundwater contamination. Otherwise, the data are inconclusive and the additional rounds of groundwater 

sampling may be necessary to form a conclusion. 

The approach for evaluating contaminant concentrations in soils is different than that for groundwater, since 

most target organics are not naturally found in soils and TAL metals are naturally found in soils. Any 

detectable concentration of organic concentrations may be potentially significant and may be an indication 

of past operations. Contaminant fate and transport properties (using soil/water partitioning calculations) and 
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risk-based calculations will be used to determine if the target organic chemicals in the soils represent a 

significant risk to groundwater (environment) or to human health, If inorganic chemicals are found at 

concentrations above background, a risk assessment will be performed to determine if the concentrations 

represent a significant risk to human health. 

The field sampling program will also include the collection of background soil samples (surface and 

subsurface) at Range 6, the IED, and Area 8. The sample locations will be determined in the field. These 

samples will be taken at locations that have not been impacted by past site operations. 
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15.0 CORRECTIVE ACTION 

The QA program will enable problems to be identified, controlled, and corrected. Potential problems may 

involve nonconformance with the SOPS and/or analytical procedures established for the project, or other 

unforeseen difficulties. Any person identifying an unacceptable condition will notify the Project Manager. 

The Project Manager, with the assistance of the QA/QC Manager, will be responsible for developing and 

initiating appropriate corrective action and verifying that the correction action taken has been effective. 

Corrective actions may include the following: resampling and/or reanalysis of sample, amending or 

adjusting project procedures. As applicable, FTMKs will be initiated as discussed in QA/QC Plan Section 

7.4. If warranted by the seventy of the problem (for example, if a change in the approved Work Plan is 

required), the Navy will be notified in writing and their approval will be obtained prior to implementing any 

change. Additional work that is dependent on a nonconforming activity will not be performed until the 

problem has been eliminated. 

The laboratory maintains an internal closed-loop corrective action system. Acceptability of laboratory data 

is defined by method-specific QC criteria and limits established in the laboratory quality assurance plan. 

Performance oversight and corrective action identification and implementation is the responsibility of the 

laboratory QA coordinator. 
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16.0 QUALITY ASSURANCE REPORTS 

The QA/QC Manager (or designee) will review all aspects of the implementation of the QA/QC Plan on a 

regular basis and will provide regular input to the Project Manager. This information will be incorporated 

into the monthly progress reports for CT0 #222. The reviews will include an assessment of field activities, 

of data quality, and the results of system and/or performance audits. Any significant QA deficiencies will 

be reported and identified, and corrective actions discussed. 

If significant, unsatisfactory problems or trends are identified in laboratory analytical data, the Quality 

Assurance Manager will submit a recommendation for data rejection or payment reduction to the Halliburton 

NUS Contracting Officer. 

The Quality Assurance Manager will maintain a data base of the following factors related to analytical 

services performed in support of the VI Work Plan: 

Source of the sample 
Number of samples analyzed 
Type of analysis 
Parameters measured and sample matrix 
Name of the company where samples were sent for analysis 
Total cost of analysis 
Cost per sample 
Turnaround time for analysis 
QA/QC requirements 
Protocol used 
Acceptance rate of product 

An annual report on these factors, with an overall analysis of the effectiveness of the analytical 

programs/services used, is prepared by the Quality Assurance Manager and submitted to the Navy. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
Region III 

\ms 841 Chestnut Street 
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Philadelphia, Pennsylvama 19107 
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March 7. 1995 

SUBJECT: Risk-Based Concentration Table, January - June 1995 ./’ 

FROM: Roy L. Smith, Ph.D., Senior Toxicologist 
Technical Support Section (3HW 13) 

TO: RBC Table Mailing List 

Attached is the EPA Region UI Risk-Based Concentration (RBC) table, which we have 
distributed quarterly to all interested parties since 1991. Please see below for some important 
announcements concerning changes in the Table and administrative issues with our mailing list. 

Major Changes m this fssue qf the l RBC 

1. IRIS and HEAST have matured, and EP.4 has revised them at a decreasing rate over the 
last few years. Lately, each quarterly RBC update has been virtually the same as its 
predecessor. Meanwhile, the mailing list for the RBC table has expanded exponentially 
and the quarterly mailings have become a substantial burden to the Region. Upon 
reflection, we’ve decided to change to semi-annual distribution. We think this change will 
extend our ability to keep producing the RBC table, while having little effect on the 
table’s usefulness. (For example, there have been no changes to toxicity constants in IRIS 
or HEAST in the three months since the 4th quarter table was published.) 

9 -. The RBC table now includes soil screening levels (SSLs) for protection of groundwater 
and air. Most of the new entries were taken directly from EPA/OSWER’s newly proposed 
SSL guidance document. We’ve added some additional SSLs based on the same proposed 
methodology. Sources of SSLs are noted in the table. SSLs incorporate ail the same 
exposure assumptions as RBCs, plus many additional assumptions needed for inter-media 
extrapolation. SSLs are therefore distinct from RBCs, and should be used only in the 
framework proposed in the OSWER document. If you have not yet seen this proposal, 
you can obtain it from NTIS (703-487-4650, as document numbers 9355.4-1, PB95- 
963530, or EPA540/R-941105). 

Administrative ksues 

Our situation on the administrative front can be summarized in one word--“HELP”!! The 
RBC mailing list now includes more than 1300 recipients and we are experiencing significant 
problems with our current “delivery system.” We would appreciate your suggestions for making 
our future mailings more efficient. We are also exploring the possibility of providing access to 
the RBC through an electronic bulletin board and would like your feedback on that idea. In the 
meantime, we will be ex amining our current mailing list and limiting future mailings to one 
individual per organization; we need your help in distributing the RBC within your organization 
if there are others who would like copies. 
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We have installed a new phone line to help with your questions about the RBC: 2 15-597- 
1116. This is Anna Poulton’s number and it has a voice-mail system to rake your calls if we’re 
not available. Please limit your questions to RBC issues; if you have a question about applying 
rhe RBC to a site, please call the EPA Regional office handling the project. 

Thanks for your patience and cooperation with these administrative issues! 

Minor Changes 

1. As many have requested. the soil ingestion rate for commercial/industrial exposure has 
been revised to include EPA’s national default assumption that only 50% of ingested soil 
is associated with work. The worker soil exposure is now fully consistent with EPA’s 
standard exposure factors for Superfund. 

3 -. Many callers have complained about the lower case ‘e’ and ‘0’ notations on the table, 
which can’t be easily distinguished. All such notations have been capitalized. 

Still the Same 

The table contains reference doses and carcinogenic potency slopes (obtained from IRIS 
through January 1, 1995, HEAST through March 1994, the Superfund Health Risk Technical 
Support Center, and other EPA sources) for nearly 600 chemicals. These toxicity constants have 
been combined with “standard” exposure scenarios to calculate RBCs - chemical concentrations 
corresponding to fixed levels of risk (i.e., a hazard quotient of 1, or lifetime cancer risk of 106, 
whichever occurs at a lower concentration) in water, air, fish tissue, and soil. 

The Region III toxicologists use the table to screen sites not yet on the NPL, respond 
rapidly to citizen inquiries, and spot-check formal baseline risk assessments. The background 
materials provide the complete basis for all the calculations, with the intent of showing users 
exactly how the RBCs were developed. Simply put, RBCs are risk assessments run in reverse. 
For a single contaminant in a single medium, under standard default exposure assumptions, the 
RBC corresponds to the target risk or hazard quotient. 

The RBCs also have several important limitations. Specifically excluded from 
consideration are (1) transfers from soil to air’ and groundwater, and (2) cumulative risk from 
multiple con taminants or media. Also, the toxicity information in the table has been assembled 
by hand, and (despite extensive checking and years of use) may contain enors. It’s advisable to 
cross-check before relying on any RfDs or CPSs in the table. If you find any errors, please send 
me a note. 

Many people want to kngw if the risk-based concentrations can be used as valid no-action 
levels or cleanup levels, especially for soils. The answer is a bit complex. First, it is important 
to realize that the RBC table does not constitute regulation or guidance, and should not be viewed 
as a substitute for a site-specific risk assessment. For sites where: 

1. A single medium is contaminated, 
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7 -. A single contaminant contributes nearly ail of the health risk; 

3. Volatilization or leaching of that contaminant from soil is expected not to be 
significant; 

1. The exposure scenarios used in the RBC table are appropriate for the site; 

5. The tixed risk levels used in the RBC table are appropriate for the site; and 

6. Risk to ecological receptors is expected not to be significant; 

the risk-based concentrations would probably be protective as no-action levels or cleanup goals. 
However, to the extent that a site deviates from this description, as most do, the RBCs would not 
necessarily be appropriate. 

To summarize. the table should generally not be used to (1) set cleanup or no-action 
levels at CERCL4 or RCRA Corrective Action sites, (2) substitute for EPA guidance for 
preparing baseline risk assessments. or (3) determine if a waste is hazardous under RCRA. 

Attachment 
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Background Information I 

&EPA R& L. Smith, Ph.D. 
Senior Tkico&@t 

Febnmy 9, 1995 

Development of Risk-Based Concentrations 

General 

Separate carcinogenic and non-carcinogenic risk-based concentrations were calculated for 
each compound for each pathway. The concentration in the table is the lower of the two, 
rounded to two significant figures. The following terms and values were used in the calcu- 

Exposurr variables 

GenemL- 

Carcinogenic potency slope oral (risk per mg/kg/d): 

Carcinogenic potency slope inhaled (risk per mg/kg/d): 

Reference dose oral (m&/d): 

Reference dose inhaled (mglkgld): 

Target cancer risk: 

Target hazard quotient: 

Body weight, adult (kg): 

Body weight, age 1-6 (kg): 

Averaging time carcinogens (d): 

Averaging time non-carcinogens (d): 

Inhalation, adult (m3/d): 

InhaIation, child (tn3/d): 

Inhalation factor, age-adjusted (mIy/kg-d): 

Tap water ingestion, adult (Ud): 

Tap water ingestion, age 1-6 (Ud): 

Tap water ingestion factor, age-adjusted (L-y/kg-d): 

Fish ingestion (g/d): 

Soil ingestion, adult (mg/d): 

Soil ingestion, age l-6 (mg/d): 

- Soil ingestion factor, age adjusted (mg-y/kg-d): 

Resanabl: 

ErsKwu= frequ-?Y WY): 
Exposure duration, totaI (y): 

Exposure duration, age l-6 Q: 

Vdue Symbol 

l 

. 

. 

l 

le-06 

1 

70 

15 

25550 

ED’365 

20 
12 

11.66 
2 
1 

1.09 

54 

100 

200 

114.29 

CPSO 
CPSi 

RfDo 

RfDi 

-l-R 

THQ 
BWa 

BWc 

ATc 

ATn 

IRAa 

IRAC 

IFAadj 

IRWa 

IRWc 

IFWadj 

IRF 

IRSa 

IRSc 

IFSadj 

350 EFr 

30 EDtot 

6 EDc 
05 K volatilization factor (Lhl3): 
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Value Symbol 

Exposure frequency (diy): 

Exposure duration (y): 

Fraction of contaminated soil ingested (unitless) 

250 EFo 

25 EDo 

OS FC 

l : Contaminant-specific toxicological constants. The priority among sources of toxicological constants was as 
~follows: (1) IRIS, (2) HEASf’, (3) HEAST alternative method, (4) EPA Superfund Health Risk Technical 
Support Center, (5) withdrawn from IRIS or HEAST, and (6) other EPA documents. Each source was used 
only if numbers from higher-priority sources were unavailable. The EPA Superfund Health Risk Technical 
Support Center, part of the Chemical Mixtures Branch of ECAO-Cincinnati, develops provisional RfDs and 
CPSs on request for contaminants not in IRIS or HEAST. These provisional values are labeled ‘E = EPA- 
ECAO provisional” in the table. It is possible they may be obsolete. If one of the “E” constants is important 
to a Superfund risk assessment, consider requesting, through a Regional risk asxssor, a new provisional value. 

Age-adjusted factors 

Because contact rates with tap water, ambient air, and residential soil are different for 
children and adults, carcinogenic risks during the first 30 years of life were calculated using 
age-adjusted factors. These factors approximated the integrated exposure from birth until 
age 30 by combining contact rates, body weights, and exposure durations for two age groups 
- small children and adults. The age-adjusted factor for soil was obtained from RAGS IB; 
the others were developed by analogy. 

Tap water ingestion 

Soil ingestion 

Residential water 

Volatilization terms were calculated only for compounds with a mark in the YOC’ column. 
Compounds having a Henry’s Law constant greater than lo” were considered volatile. The 
list may be incomplete, but is unlikely to include false positives. The equations and the 
volatilization factor (K, above) were obtained from RAGS IB. Oral potency slopes and 
reference doses were used for both oral and inhaled exposures for volatile compounds 
lacking inhalation values. Inhaled potency slopes were substituted for unavailable oral 
potency slopes only for volatile compounds; inhaled RfDs were substituted for unavailable 
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oral RfDs for both volatile and non-volatile compounds. RBCs for carcinogens were based 
on combined childhood and adult exposure; for non-carcinogens RBCs were based on adult 
exposure. 

Carcinogens 

Non-carcinogens 

RBcy= 

Ambient air 

Oral potency slopes and references were used where inhalation values were not available. 
RBCs for carcinogens were based on combined childhood and adult exposure; for non- 
carcinogens RBCs were based on adult exposure. 

Carcinogens 

Non-carcinogens 

RBC$ = 
ZRQ RtDi - BWa. ATn - 1000 2 

E?? - Wtot - ma 

Edible fish 

All RBCs were based on adult exposure. 

Carcinogens 

RBc+f= 7R 9 BWa- ATc 

EEr l Wtot l w . Cpso 
loo0 f 

Non-carcinogens 

RBCff= Tl3Q Redo - BWa- ATn 

El+ * wtot - m 
loo0 f 
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Commercial/industrial soil ingestion 

RBCs were based on adult occupational exposure, including an assumption that only 50% 
of total soil ingestion is work-related. 

--i) 

Carcinogens 

RBCff= IX BWa ATc 

EF’o’EDo~ mSa - FC- CPSo 
106 g 40 

Non-carcinogens 

Residential soii ingestion 

RBCs for carcinogens were based on combined childhood and adult exposure: RBCs for 
non-carcinogens were based on childhood exposure only. 

Carcinogens 

Non-carcinogens 

RBcz= 7HQ RtVo . BWc- ATn 
mr .m. IRSc 

lo6 9 44 

Development of Soil Screening Levels 

General 

In December 1994 the EPA Office of Solid Waste and Emergency Response proposed Soil 
Screening Guidance (Document 93X4-1, PB95-963530, EPM4O/R-94/101, available through 
NTIS at 703-487-4650). This draft document provides (1) a framework in which soil 
screening levels are to be used, (2) a detailed methodology for calculating soil screening 
levels, and (3) soil screening levels for 107 substances. 

Consistent with this new guidance, the risk-based concentration table now includes two 
columns of generic soil screening levels (SSLs). OSWER’s 107 proposed soil screening 
levels have been added verbatim. In addition, the proposed SSL methodology has been 
used to calculate soil screening levels for more substances, which are also included in the 
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new table. The table clearly distinguishes the OSWER SSLs from the “unofficial” ones. 

These SSLS provide reasonable maximum estimates of transfers of contaminants from soil 
to other media. One column contains soil concentrations protective of groundwater quality; 
the other contains soil concentrations protective of air quality. “Protective” is defined in the 
same terms as the risk-based concentrations for tap water and air -- that residential contact 
scenarios will yield a fixed upper bound risk of 10” or a fixed hazard quotient of 1 
(whichever occurs at the lower concentration). 

OSWER’s SSLs should be used oniy within the framework proped in the guidance document. 
77ae additional SSLJ included in the RBC table are intended for the same uses (aithorrgh they 
obviously carry less weight than the formafiy proposed numbers). 

The SSLS are based on the following assumptions: 

Input variables Vduc SymhoP 
Surface soil moisture coatent (g/g) ’ 0.1 w, 

Vadose zone soil moisture content (kg/kg) 0.2 w, 
Surface soil bulk density (g/cm’) 15 Pb 
Vadose zone soil bulk density (kg/L) 1-5 Pbv 
Surface soil particle density (gktn’) 2.65 PI 
Vadose zoae soil particle density (g/an’) 2.65 PI 
Total surface soil porosity (L pore /L soil) 0.43 N, 
Total vadose zoae soil porosity (L pore/L soil) 0.43 N, 
Air-filled surface ioil porosity (L air/L soil) 0.28 8, 

Water-filled surface soil porosity (L water/L soil) 0.15 8, 

Air-filled vadose zone soil porosity (L air/L soil) 0.13 0, 

Water-filled vadose zone soil porosity (L water/L soil) 0.30 0, 

Organic carbon fraction of surface soil (g/g) 0.006 FOC, 

Organic carbon fraction of vadose zone soil (g/g) 0.002 Foe, 

Dispersion factor for 05 acres (drn% per kg/m’) 35.1 Q/C 
Particulate emission factor (m’lkg) 6.79e+08 PEF 

Exposun intetval (s) 95oe+O8 T 

Dilution-attenuation factor (unitless) 10 DAF 

I 
l : Symbols were adjusted, variables were rearranged, and derived and chemical-specificvariables were omitted 
for simplicity and darity. Presentation of the input variabJes in a single table using the same terms as in the 
OSWER SSL document would have been contimg. The terms used here are generally similar to OSWER’r, 
and can easily be compared with the SSL guidanot document. 

With two exceptions described in the following section, SSL calculations were based on the 
same. algorithms presented in the OSWER draft SSL guidance document. For details of the 
calculations (and for general background information on SSIA), I strongly recommend 
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consulting that document. The “unofficial” SSLS were developed under the following 
conditions: 

Soil Screening Levels for Inhalation 

Inhaled reference doses and potency slopes were used if available. If inhalation values were 
not available, oral RfDs and potency slopes were substituted. SSLS were calculated only for 
substances for which aqueous solubility, Koc, Henry’s Law constant, and diffusivity in air 
were available. SSLS were calculated only for substances for which a volatilization factor 
could be calculated. This was done because OSWER’s large proposed particulate emission 
factor rendered it pointless to estimate SSIS for particulate emissions alone. The final 
calculated SSL shown in the RBC table is the smaller of the risk-based SSL and the soil 
saturation concentration. All calculated SSLs were rounded to 2 significant figures. 

The OSWER risk algorithms for inhalation were revised in order to be consistent with the 
rest of the RBC table. Only calculated SSLs were affected by this; SSLS proposed by 
OSWER are presented verbatim. Calculated SSLS for inhalation of carcinogens were based 
on an integrated lifetime exposure rather than adult exposure. SSLS for inhalation of 
noncarcinogens were based on adult exposure for 350 days per year rather than 365 days per 
year. The following algorithms were used to calculate inhalation SSLS: 

Carcinogens 

SSL ff = ZX*ATc 

EEr - lFAa@ .(-&+&.j-C?W 

m 

Non-carcinogens 

sst ff = 2HQ- BWa- ATn- RfDi 

Soil Screening Levels for Groundwater Use 

All algorithms were as proposed by OSWER. MCLs were used as target groundwater 
concentrations if available. If MCLs were unavailable the risk-based concentration in the 
“tap water” column of the RBC table was used as the target groundwater concentration. Ah 
SSLS for groundwater are based on a dilution-attenuation factor (DAF’) of 10. Since these 
SSLs scale linearly with DAR, the SSIS for DAF=l would be ten times lower. They were 
omitted to conserve space. All groundwater SSLS were rounded to 2 significant figures and 
capped at unity. 
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1400 Y 110 N 50 N 76000" 2900 

-‘3740 N 

-- -____--.- 
370 N 140" 200000" ?M)o 

-- -.- --- - .__ -.--_ ___ 

TM N 73 N 27 N 41mN 1600 

370 N 37 N 148l 20000" 

--- 
910 * 91 N UN 



EPA Repn Ill &k-Based Concenlralions: R.L. Smdh (01131195) 

bromodiphcnyl ether 

1.2~Dikomo-khloroplopane %I28 5.7tE-05 I tAOE+OO n 2.42863 n IB 

I ,2-Dibromocthe I%934 5.7tE-05 N 8.5084001 , 7.70E-01 , I& 

Dibutyl plabrlrte 84742 t.WE-01 I 

Dicmb8 t9tWO9 3.WtM2 I 

1,2-Dicllloroba4ac 95501 9.OOE-02 I 4.WE-02 A Igl ___--- 
I ,%DiChl- 541731 8.9OE-02 0 q 

0.2 c 0.016 c 0.0093 c I1 c 1.9 c wr If 
6t N 17 N 14 N 20000” 780 N 

1.5 N 0.15 N 8.0% N 82 N 3.1 N --~ - --~ - 
0.17 c 0.1 c 0.052 c 94 c tbc 

33 N 3.3 N 1.2 N 1800 N 70 Y 54008 2.0 N 

I50 Y 15 N 5.4 Y 1200 N 310 N 120 I 120 N .---~- 
61 u 37 N 14 N 20000” 780 N 

O.Mll c 0.21 N 0.0023 c 4.1 c 0.46 t 1.9 N o.ooo6t N 

0.00075 c o.wat c o.OWO4 c 0.067 c 0.0075 c 0.0058 c O.wo18 N 

3700 Y 370 N 140” 200000” 7ttOOn twc 120 E 

I ttw * tto N 41 N 61000 N 2300 w 

270 N I50 ” 120” tt!~N 7000" 3OOr 6r I--- -. -~-- 

540 N 320 N 120 N t8oooo N 7000” 

I ,4-Dichloro- 
3,3’-Dichhobaxidi 
I ,4-Dicbloro-2-butcna 
Didtlorodlnuolomcth 

I,l-DiCbloroecbrae 
l,2-DkhIoroetbaoe (EDC) 
I .I-Dichloroctbylala 
I,2-Didtloroethykae (cis) 
I&Dichlofoethykna (tmns) 
I ,2-Didtloroctbylate (mixture) 
2.4-Dkbloropbenol 
2,4-Dichl~xyxcetropbeooxyrcaic Acid (2.4-D) 
4-(2,4-Dichlor~)butyric Acid 
I ,2-Didtlolw 
2,Mkhloropropraol 
I,3-~~oropapene 

,Jlwthws 
DkQfol 
D&yclopcntadienc 
DiMin 
Died emissions 

DIetllyl pbthhto 
Dldhylk dycol, monobutyl e(har 
DIetbylQle dy-4 m--w * 
Diahylfor8mide 
Dl(2-ctbyhuyl)adipato 
Dic&yl8tilbutrol 
Difentoqu81 (Avfqc) 
Diflubawuron 

I%467 2.298-01 I 2.4OE-02 n 1 0.44 c 0.26 c 0.13 c 240 c 27 c 1700 t . I 
9INI 4.5OE-01 I 0.15 c 0.014 -- c 0.007 ---_--- c t3.t 1.4 c 52 a 0.01 -- -- 

761410 9.3oeaO n a0 o.wtt c o.WO67 c 
75918 2.WtMt I 5.711-02 A I 390 N 210 N 270” 410000 N t6won 37 Y 1.5 

75343 l.wEbl II I.43861 A q 810 N 520 N td@N MN 7ldoN 9Wo II 

to7012 2.868-03 t 9.tOE-02 I 9.tOE-02 1 m 0.12 c 0.069 c 0.035 c 63 c 7C 0.3 t 0.01 

75354 9.WE63 I 6.WE-01 I 1.75@-01 I W 0.044 c 0.036 c 0.0053 c 9.5 c I.1 c 0.04 t 0.03 

I56592 I .Wt%O2 N w 61 N 37 N 14 N 20000" 7w * t5oor 0.2 

156605 2.001362 I a0 120 N 73 N 27 N 4tOW * 1600” 36OOr 0.3 

54Oi% 9.0008-03 n q 55 N 33 N I2 Y tmo N 7wn 

- 120832 5.00863 I II0 * II * 4.tn 6tW M 230N 4800s 0.5 

94757 l.WE-02 I (81 61 * 37 N 14 N 2OWON 7WN 7OWr 1.7 

94826 B.WE-03 I 290 N 29 N tt N t6owr 6301 

78875 1.148-03 I 6.WE-02 n w 0.16 c 0.092 c 0.046 c MC 9.4 c IIE 0.02 ~- 
616239 3.WE03 I IiO” tt N 4.1 N 6100 N no” 

5427% 3.Wt304 I 5.71843 , t.75E-01 n t.3OE-01 NW 0.077 c 0.048 c 0.018 c 33 c 3.7 c 0.1 c o.wt 

62737 J.OOdU I 1.438-04 I 2.9OEOt I 0.23 c 0.022 c 0.011 c 20 c 2.2 c 3.5 c O.WO72 
115322 4.4OE-01 I 0.15 c 0.014 c 0.0072 c I3 c I.5 c 

77736 3.WE-02 N 5.71@-05 A q 0.42 N 0.21 II 41 N 61000 N 2300” 

60571 5.OOe-05 I 1.6OE+Ol I t.6tE+Ot , 0.0042 c o.OW39 0 0.0002 c 0.36 E 0.04 c 2t o.wt 

t.43E-03 8 52 N 5.2 n 

04662 1.we4t I 29000” 2mN ttbo N t8*66 N 63000 N 52Or II0 / 

II2345 5.7lEO3 II 210 N 21 N 

111900 2.WE+OO n 73000 N 7300" 2700 N t8+66 N 160000” 

617845 t.tQe62 N 400” 40* 15” -II WON 

IO3231 6.WB-01 I t.ZOEO3 I WC 5.2 c 2.6 c 48W c 530 c 

56531 4.70893 n o.oooot c IEW c 78-07 c 0.0612 c 0.00014 c 

432224% 8.00862 I 29OOr 29On tto” t60000N 6300 N 

35367315 2.WEO2 I 730 N 73 N 27 N 41000 N ___-...- -- ---- _ ._ .__~ ____.__ __ ___ . __ --_.-. .-- -..-.-.-.-- -.- !E!!” _ _ ____ ____. 



EPA Region 111 Risk-Based Concentrations: R.L. Smith (01/31/95) 

IUD0 juDi CPSO CPsi ,( 
CAS mglkdd m&/d k&*dhn~ kgdhng ( 

lJ3lb 1.14@+01 I 
1445756 8.WE-02 I 

5529Ob47 2.WOE82 I 
64515 2.WEM I 

119904 1.40e-02~ 
124403 5.7IE.M w 

2I4369b4 5.8oe-oi n 
95681 7.5oEdl n 

121697 2.008-03 8 

II9937 9.20E+OO II 

68122 I.WE-01 n 8.57E-03 I 

57147 2.60@+00 w 3.50EtOO w 

540738 3.7OE+ol w 3.7OmOl1 

lo5679 2we42 I 

5762bl 6.00864 I -.- 
95658 l.Wf!-o3 I 

131113 l.ooe+ol M 
I26616 LOOE-OI I 

528290 I.WEOln 

996% i.eee44 I 
190254 4.0613-n 

131895 2.WE-03 I 
51285 2.00803 I 

b.MB4I 8 

121142 2.96803 I 
bO62W km1343 n 

88857 t.we-03 I 

117840 2.06&02r 
123911 i.ioe42 I - 

917517 3.06E-62 I 
122396 2.39E-02 I 

I22667 8.OOE-ol I 7.70881 I 

85Wi 2.20E-63 I 

i9373n uoE+w n 

26mb2 
16671.66 

29W44 4.WEaJI 
505293 1.6oEm I 

339541 2.9OE-03 I 

2439103 4.~~03 I 
II5297 6.WEO3 I 
145733 2.weo2 I -e-------v.-- 

69OOOu 42ooO u 
29OOn 29ell IlOw 160000~ 6300 II I 

730 Y 73 w 27 II 41600 * 
--.- -- 

7.3 w 0.73 Y 0.27 m 410 * IbOOm I lb Y 
4.8 c 0.45 c 0.23 c 410 c 4bC 

0.21 * 0.021 w .___ 
0.12 c 0.011 c 0.0054 c 9.9 c I.1 c 
0.09 c 0.0013 E 0.0042 c 7.6 c 0.85 c 

73 * 7.3 * 2.7 m 4100 II 160” ___. -~ 
0.0073 c 0.wo68 c 0.00034 c O.b2 c 0.069 c 29 c o.OW39 

37w w 31 Y l4oN 2OOOWw 78Ww 

0.026 c 0.0018 c 0.0012 c 2.2 c 0.25 c ----I_ 
O.Wl8 c O.WOl7 c e.owo9 c 0.15 c 0.017 c 

710 n 73 * 21 w 41000 II l6OOw 54oor 3 
22 w 2.2 * 0.11 Y I200 I( 47 n --.--- -- _ -~_-.__--_--_ 
37 * 3.7 II I.4 II 2090” “ii” 

37OWO w 37000 Y 14000 w lE+O6 w 7WoooM IbOOf 1200 

_ 3700” 370 H l4on 2oooo6n 7W6n _--- 
I5 II I.5 * 0.54 II 820 * 31”~- 

3.7 * 0.37 Y 0.14 II 2W” 7.8 ” 
IS w I.5 * 0.54 N 820 Y 31 I( 

13 Y 7.3 Y 2.7 Y 4100 * IbOW 
73 * 7.3 Y 2.7 M 4100 * IbOW 360” 0.1 

0.099 c 0.0092~ 0.0046 c 8.4 c 0.94 c 
13 II 7.3 * 2.7 m 4106 n IWII I20 8 0.2 

37 II 3.1 * I.4 II 2OWn 78 I( 37or 0.1 

37 * 3.1 * 1.4 * 2OWIl -------_ 

730 * 73 II 27 II 4looo II 

6.1 c O.Jl c 0.29 c 520 c 58 c 
II00 * II0 * 41 * 61044 Y 2300 * 

910 w 91 N wll 5looon 2OWw 
0.084 c O.W81 c 0.0039 -C 1.2 c o.ll e 

80 * all 3* 45oOn 170 Y -~ 
o.w7cl e 0.00073 c 0.00037 c 0.67 c 0.074 c 
e.w83 c e.ooen c o.ooo39 8 0.71 c 0.079 c 

0.0072~ 0.0~67~ 0.00034~ 0.0 a O.W9c 
I.5 II 0.15 * 0.054 48 02 * 3.1 * 

370 H 37 * l4n 2owell 760 ” 

13 * 7.3 * 2.7 u 4lW 1) IbOW --. -- 
I5OW I5 * 5.4 * 82oell 310 II 
220 * 22 * 8.1 Y 12OOON. 470 Y 3 
730 * 27 n 41600 w IbOOM . . -. - - .__. -.2.!!--- ------ _ _ _--. . - -. ,. - - 



EPA Re- 7 III Risk-Based Concenlralrons: R.L. Smith (01131195) 13 

t!tb@ll8 @Oh IllWObutyl d’WX 

EtIlylale oxilla 

Ethylem thioum (@l-U) 
@thyI pnhopboyl pbyiphospborochioate 
Eth@WOSOUlU 
Ett~ylpl~ti~lyl ctbyl glycolate 

l%alamiPtloa 
Fhlometwon 
rlllolide 
Fluoridoae 
Flwprimidol 
FlUlOlMiJ 

Fluvxliaate 
POlpcr 

Foalcwfcll 
Folloros 
PolIMldchyda 
Fonnk Acid 

. Fowlyl-al 
-Furall 

Pumzolidone 
FUlb8l 
FlUhUll 
Furmwyclox 
aufoalnolo-ammoniu 

IdWO 

CA!$ : 
72208 

166690 

106687 

16672870 

563122 

111159 

I lows 
140865 
1599i4 

60297 
97632 

141786 

106414 

109784 

107153 

to7211 

Ill762 

75216 

96457 

2le4645 
759739 

64720 

iei2e 

I2224926 

2164172 

7782414 

19756664 

16425913 

19409945 

133073 

r2t7w2e 

944229 

64186 

19148248 

Ilooe9 

67456 
9Wl I 

531821 
95b8050 

‘7162622 

RfDi CPSO CPSi -0 
ai&/d me/lrg/d krdhtbg krdhng c 

E=EPA ddl sdl Bcrunlnc Lml S=mUrfwmUon --*m I- . . . . -..-. 

3.WE-04 I 
2.WE-03 n 2.86E-04 I 9.90E-03 4 4.2OE-03 8 

5.7IE-e3 Q 

S.WEO3 I 

5.eOeor I 

3.00841 A 

4.WE-01 n 5.7lE-02 , 
4.80E-02 H 

2.5008-02 I 

2.WE-01 I q 

9.008-02 H 

9.WE-OI L 

1.008-01 I 2.868-01 I 

33000 w 33w Y . I200 II I@+06 (I 7OOoO” ____ _ _-.--.- ___ _____----- 
1300”’ looe” 140” 200000” 7800” 

I 

260 L 5 

lleoo ” IIW Y 410” 6lOWOr 23600 I) . 

I .40E+02 w 

3.we+w I 

l.eoEa3 I 

II I( I.1 ” 0.41 ” 610 Y 23 * 

c I 

16 a 0.4 

6.8 c I” 0.32 c 580 c 65 
210 w 

IW II 

I8 Y 

21 Y 

II Y 

I.6 ” 

6.8 Y 
0.68 Y 

l1ooo Y II00 Y 410" 6loooO" 23OW II .~.---- __.____~__._ 
l%oeN 210 ” 540 Y 82eWO w 31OW Y 

1.4 c 0.13 c o.obb c I20 c I3 c 
910 ” 91 II 34 ” 51000 II 2OOe” --- 

I200 II 730 Y 270 ” 41eeeO II 
3300 w 330 Y 120 N 1WeOO w --I 

- 
woe" 
700” 

o.ooe4lJ c o.oWO5 c o.ooW2 c 0.041 c 0.0016 c -_.-~-. 
llom " 11090 " 4lW" lm66" ---I 23OeOO M 

290 ” 29 n II ” 16owll 630 “1 
2.5eE-04 I I 9.1 w 0.91 " 0.34 n 510 Y 20 “I 

1.3oE.62 I 470 II 47 Y I6 * 27eOO II 1000” 

6.Woe-02 I 

6.WEO2 I 
2.WE02 I 

6.WE-O2 , 

1.008~2 I 

I.WEOI I 3.50E03 # 
1.90861 I 

2200 ” 220 II 81" 12oew" 4700” 

2900” 290 II 110” 16OOW” 6300 w 

730 ” 73 Y 27 * 41ooo II 16OOW 
2200 ” 220 ” II w l2oeoo" 4700 II 

370 ” 31 w I4 ” 2OOoow 7W” 

I9 c 1.8 c 0.9 c 16Wc IWC 
0.35 c 0.033 c 0.017 c 30 c 3.4 c 

2.WE-03 I 

2.eeE-ol I 4.55E-02 I 

2.eeE*w n 

3.eemOe I 

I.eee-e3 I 

3.WmeO II 
3.00843 I I.43842 A 

S.WE*OI n 
3.00862 1 

4.WE-04 I 

73 Y 7.3 Y 2.7 II 4lW ” 160 II ~-- 
7300” 0.14 c 270 Y 41eee0 Y MOO” 

73eoow nwll 2700 II IEM ” 1-n 

1leooO ” IIWQ * 4lWn Iw6n 230000” 
37 * 3.7 * 1.4 II 2eeew 76 Y 

0.018 c 0.6016 c 0.00083 c I.5 c 0.17 c 
II0 * 52 II 4.1 Y 6106 II 230 ” --- - -.-. 

0.0013 c 0.OW13 E o.owob c 0.11 c 0.013 c 
22 c 0.21 c 0.11 c I90 c 21 c 
IS " I.5 " 0.54 w 820 Y _---- --- ---_- -CL------ 



EPA Region III Risk-Based Concentrations: R.L. Smith (01131195) 

f wiw 04&r &PA doe-n-a. 
I I I 

I. 
alyphowtc 
Woxyfopmethyl 
-my 
HCH (rlphr) 
JJCH (beta) 
HCH (ptnmr) Lindule 
HCH-technical 
HCptWhl 
Heptwhlt cpoxide 
Hox8hwmohonwe8 
HUUChlorObClIZUN 
Huuchlor&utxdicne 
Hexxchlorocyclopcntrdicnc 
Hexxchbfodibauo-pdioxln mhtum 
H8Xdlloroethtne 
HWCbloWphUlS 

I- Hat* I f.S-IriniIro- I JJ-tfiuinc ,.-L 
l,6-Hcxandhylcne diiwcyxnxte 

I* CAS 
I I \ L-4 CPSi ( 

kgwnlg 4 
765344 4.OOE-04 I 2.86E-04 n 

1071836 I.WE-01 I 

69806402 5.OOE-05 8 

79277273 1.30E-02 I 

319646 6.30E+OO I 6.30E+Oo I 

319857 l.lOE*W I I.OOE*W I -_- ----- 
58099 3.068-04 I i.30E*W H 

608731 l.lOE+OO I I 7’N.i*00 I 

76448 5.0OE-04 I 4.5OE+OO I 4.55E*OO I Q ~- 
1024573 I.M@bl I 9.lOE*OO I 9.lOENMl I Q 

87821 2.OOE-03 8 Q 

118741 s.we4y I IJOE+ I 1.6lE+oO 8 Q -_I___-.-- 
87683 t.WE-04 w 7.8OE-02 I 7.70EQ2 I Q 

77474 7.WE-03 I 2.OOEO5 n Q 

6.206103 I 4.55Et03 a e---w 
I .4%02 I 1.40E-02 I Q 

70304 3.008-04 t 

121624 MOE-03 I l.lOE-01 I --------_ _-- 
822060 2.86E-06 I 

110543 mOe-02 H 5.71862 I pi 

51235042 3.3OfI-02 I 

302012 3.WEM6, 1.71@+01 I 
7647610 2.00803 I 

7783064 3.008-03 I 2.57E-04 I 

123319 4.WE-02 w 

35554440 1.3OE62 * 

,I335377 2.50Ii-01 1 

36734197 4.WEO2 8 

78831 3.OOB-01 8 q 
78591 2.OOEQI I 9.5OE-04 I 

33620536 1.5OEO2 I 

1832548 I.WE-01 I 

82556567 J.WE-62 I 

1435W I.WE+ol c 
7756l634 2.WE-03 I 

330552 2.WE-03 I 

7439932 t.WEb2 c 

63056996 2.WE-Ol I 

121755 2.WEQ2 I 
106316 I.WEOl I J 

15 II In 0.54 * 820 Y 31 * 
3706 Y 370 * l4Om zwooon 7000 * 

1.8 Y 0.10 w 0.066 II IWW 3.9 ” 

470 * 47 Y Ill Y 27W6 m 1won 

0.011 c owo99 c 0.0005 c 0.91 c 0.1 c 09 f 0.0004 

0.037 c 0.0035 c O.WlO c 3.2 c lb.35 c 16 c 0.002 -.- - ---- - ..---__~~_-- 
0.052 c 0.0048 c 0.0024 c 4.4 c 0.49 c 4.2 c 0.006 
0037 c 00035 e owtll c 3.2 t 0.35 c 

0.0023 c 0.0014 c 0.0007 c 1.3 c 0.14 t 0.3 c 006 _---__-- -_-. ---.--- -- 
0.6012 c o.oW69 c o.Wo35 c 0.63 c 0.07 c I f 0.03 

12 * 7.3 Y 2.7 ” 41w * 16on 

0.0066 c 0.0039 c 0.002 c 3.6 c 0.4 c I t 08 -___--..--- Tic - _... -..--___. -- _ _ 
0.14 c O.Olll c 0.04 c 73 c I L 0.1 

0.15 n 0.073 Y 9.5 w 14W6 II 550 * 2r IO 

0.oooO1 c IE-06 c Hi-07 c o.wo9 c 04001 c e-m----- .._._- ._.-_ ._...-.. _ ._._ 
0.75 c 0.4s c 0.23 c 410 c 46.; 49 c 0.2 

II * I.1 n 0.41 * 610 q 23 w 

061 c 0057 c 0.029 c 52 c 5.8 c --_----em ---- .._.~. .-._ -.- 
0.1 Y 0.01 Y 

350 * 210 Y El * I2WO6 Y 4700 * 32 I 13 

I2W Y I20 u 45 Y 67060~ 26Wn __---- 
0.022 c 0.00037 c O.Wll c I.9 c 0.21 c 

73 II 7.3 * 
110 Y 0.94 I 4.1 * 6lW M 230 Y -- 

1500 II I50 Y WI 82owll 3100 Y 

470 * 47 * 10 * 27600 w lowll 

9100 II 910 * 340 * 510000 w 2OoOOn 

15w II 150 * 54* moon 3100 Y 

18W * IIW w 410 m 6loooO II 23000 Y 

71 c 6.6 c 3.3 c 6ow c 670 c 34Wr 0.2 
550 II 55 Y 20 * 31000 II l2W Y 

37w II 370 * 14om 2OWWw 7800 II 

1woIl I60 m 66~ lWWO~ 39WM 

0.0037 c 0.00035 c 040011 c 0.32 c 0.035 c 

73 II 7.3 * 2.7 )I 4lW * Mall 

73 w 7.3 * 2.7 m 41w * MetI 
730 * 73 * 27 m 41000 II l6wll 

7300 Y 730 * 27ON 416000w l6oooIl 
730 * 73 Y 27 m 41000 * 16oou -- - 

3700 * 370 * 14on 2WOWM 78W-i 
1woo I( 1800 * 660 w lE+w Y 39aoow 

i 
0.73 * 0.073 * 0.027 w II * I.6 PI __--.--__---- ----- _-.-- -_--_. -.- -. _.__.__ ___ .._ --. 



EPA Rerlin~ Ill Risk-Based Concentrations: R.L. Smith (01131195) 

4,43kth&sbiaenaeoemrtw 
4,4’-Metbykale bis(N,NdimcIhyl)uliline 
4,4%kthykdiphaiyl iaoq-te 
lwbyl dhyl ketone 
Methyl hydrahe 
Mathyl lwbutyl ketone 
Methyl mdhraylrto 
2-Mc!llyl-5nitr~rrw 
Methyl parathion 
2-Methylphawl @-creW 
3-Metbylpbtnol (maesol) 

i 

44 m 8.57E-05 n 

78488 3.6Oe-05 I 
578311911 6.OOE02 I 

1104% 2.Ooe-03 A 

muu ~ 1.00803~ 5.71843 I 

99592 4.6OE-02 II 

19269 l.we+oo H 

96333 3.ooe-02 A 
636215 1.80801 n 

95534 2.40801 II 

79221 l.oor!+oo w 

94s15 Loow2 I 

94146 5.OOeo1 I 

93652 I.OOE-03 I 
108812 8.57E-oI II 

14953 I.OOE-02 A a 

15092 6.006-02 I 8.57E-01 n 7.50603 I I.64803 I a 
101144 1.00080( n 1.3oE-01 II 1.3OEol II 

lOIll 2.56EOl w 

10161 I 4.6OfM2 I 

10168~ J.llEo1 I a 

18933 6.aoEO1 I 2.86e-01 8 q 
60344 1.10@+00 w 

W8101 I.WEo1 II 2.29E-02 A 

60626 O.OM-02 II 
99558 3.36802 w 

296000 2.50801 I 
95481 5.ooE-02 I 

103394 5.06e-02 I 

I.1 w 0.11 * 0.841 II 61 II 2.3 w 
I.1 II 0.11 * 0.841 I( 61 ” 2.3 M ___----- 

8i-z 
._ ---___ ----. 

2206 * 220 Y 126600 II 4706 w 
3.7 y* 0.73 * 0.14 n 206 ” 7.8 Y 

1.1 Y 0.18 Y 0.06s n loo II z9 w 
lwoo * lwo Y 680 Y IE*O6 N 39OOOw 

37 Y 3.7 n 1.4 II 2006u 18 n 
910 II 91 II 34 w 51000 II ZOOON --- -_------ 
160 Y I8 II 6.8 w lwooll 390 w 41 a 62 E 

13 w 1.3 II 2.1 II 4100 * 160 II 

37 II 21 * I.4 Y 26oOn 76 m _I-- - _--____ ___- -~-.- -__-~. 
I.5 c 0.14 c 0.069 c I20 c I4 c 

37000 II 3166 * Meow lE+O6 w 18000n 
1100 Y II0 II 41 Y 61000 II 2306 II ---___ __-- --_-~. _ 
0.31 c 0.035 c 0.018 c 32 c 3.5 c 
0.28 c 0.026 c 0.013 c 24 c 2.1 c 

31660 II 3106 II 14ooll IEro6W 18wOw ^_-_ 
370 II 37 * 14 II 2wOOM 78Om 

I8 II 1.8 II 0.68 II loooll 39 II 
37 II 3.1 I) 1.4 II 2000* 1: * 

31606 * 3106 * 688 1500 Y 
61 w 37 Y 14 II 2OoOOw 180 * 

4.1 c 3.8 c 0.42 c 160 c 85 c 7r 0.01 t 
0.52 c 0.848 c 0.024 c UC 4.9 c 

0.27 c 0.025 c 0.013 c 23 c 2.6 c 

I.5 c 0.14 c 0.069 c I20 c I4 c 

0.035 * 0.021 II 

I9wr Iwo* mm mo6 * 47OoOn 

O.%I c O.OOJl c 0.0029 a 52 a 0s c 

lloQll UW 1r0.1 WOOW~ 6300 
29OOlo 296ll IIOII 1-n 

2c 0.19 c 0.0% c 17OC 

91” 0.91 * 0.34 II SIO II 

16wll 160 II 66M loo6oQ~ 
1wo * I80 w 68~ IOOOOO~ _--_-_ _ __ -.-- 
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