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FOREWORD

This document presents the Remedial Investigation Work Plan for the field work to
be conducted as part of a remedial investigation/feasibility study (RI/FS) to be carried out at
dJ-Field, Aberdeen Proving Ground, Maryland, pursuant to the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), as amended. The RI/FS is to be
conducted for the U.S. Army under the direction of the Directorate of Safety, Health, and
Environment, Aberdeen Proving Ground. This report is one in a series of documents being
prepared by Argonne National Laboratory to define the plans for RI/FS activities at J-Field.
Other documents in this series include a Field Sampling Plan (Benioff et al. 1995); a Quality
Assurance Project Plan (Prasad et al. 1995); and a Work Plan for the Focused Feasibility
Study of the Toxic Burning Pits Area (Biang et al. 1995). Two other documents — an
Ecological Risk Assessment Work Plan and a Work Plan for the Feasibility Study — are in
preparation.
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NOTATION

The following is a list of abbreviations and acronyms, chemicals, and units of
measure used in this document. Some acronyms used only in tables are defined in those

tables.

ABBREVIATIONS AND ACRONYMS

AEC
ANL
AOC
APG
ARAR

BDAT
BRA

CERCLA

CFR
CLP
COE
COMAR
CRP
CTR
CWA

DANC
DQO
DSHE

ECC
EMD
EP
EPA
ERA
ERT

FFS
FR

FS
FSP
FwWQC

HE
HEAST
HSO
HSP

U.S. Army Environmental Center

Argonne National Laboratory

area of concern

Aberdeen Proving Ground

applicable or relevant and appropriate requirement

best demonstrated available technology
baseline risk assessment

Comprehensive Environmental Response, Compensation, and
Liability Act (as amended)

Code of Federal Regulations

Contract Laboratory Program

U.S. Army Corps of Engineers

Code of Maryland Regulations

Community Relations Plan

contract technical representative

chemical warfare agent

decontaminating agent, noncorrosive
data quality objective
Directorate of Safety, Health, and Environment (U.S. Army)

environmental chemistry coordinator

Environmental Management Division (Aberdeen Proving Ground)
extraction procedure

U.S. Environmental Protection Agency

ecological risk assessment

emergency response team

focused feasibility study
Federal Register

feasibility study

Field Sampling Plan

federal water quality criterion

high explosives

Health Effects Assessment Summary Tables
health and safety officer

Health and Safety Plan

xi



IRDMS
IRIS
IRP

MCL
MCLG
MDE
MSL

NCP
NPL

OB
OD
O&M
OSHA

PAOC
PARCC
PB
PRG

QA
QAO
QAP;P
QC

RCP
RCRA
RFA
RfD
RI
RI/FS
RME
RPDG
RPTS

SAP
SBDG
SBT
SMCL
SWMU
SWQS

TAL
TBC
TBP
TCL

Installation Restoration Data Management System
Integrated Risk Information System
Installation Restoration Program

maximum contaminant level

maximum contaminant level goal
Maryland Department of the Environment
mean sea level

National Contingency Plan
not detected
National Priorities List

open burning

open detonation

operations and maintenance

Occupational Safety and Health Administration

potential area of concern

precision, accuracy, representativeness, completeness, and comparability
Prototype Building

preliminary remediation goal

quality assurance

quality assurance officer
Quality Assurance Project Plan
quality control

Riot Control Burning Pit

Resource Conservation and Recovery Act (as amended)
RCRA Facility Assessment

reference dose

remedial investigation

remedial investigation/feasibility study

reasonably maximally exposed

Robins Point Demolition Ground

Robins Point Tower Site

Sampling and Analysis Plan

South Beach Demolition Ground

South Beach Trench

secondary maximum contaminant level
solid waste management unit

state water quality standard

Target Analyte List

to be considered

Toxic Burning Pits
Target Compound List

xii



TDS total dissolved solids

TSCA Toxic Substances Control Act

USAEHA U.S. Army Environmental Hygiene Agency
USATHAMA U.S. Army Toxic and Hazardous Materials Agency
USGS U.S. Geological Survey

UXO unexploded ordnance

WPP White Phosphorus Burning Pits

CHEMICAL SYMBOLS AND ABBREVIATIONS

BNA base neutral and acid extractable organic compounds
C2H3CL vinyl chloride

C6H6 benzene

CHCL3 chloroform

CK cyanogen chloride

CN chloroacetophenone

CS o-chlorobenzylidene malononitrile

DANC decontaminating agent, noncorrosive

DCE dichloroethylene

11DCE 1,1-dichloroethylene

12DCE 1,2-dichloroethylene

trans-12DCE trans-1,2-dichloroethylene

DDD dichlorodiphenyldichloroethane

DDE dichlorodiphenyldichloroethylene

DDT dichlorodiphenyltrichloroethane

DM adamsite

DNT dinitrotoluene

FM titanium tetrachloride

FS sulfur trioxide/chlorosulfonic acid

GA O-ethyl-N,N-dimethylphosphoramidacyanidate (tabun), a nerve agent
GB isopropyl methylphosphonofluoridate (sarin), a nerve agent
GD pinacolyl methylphosphonofluoridate (soman), a nerve agent
GF cyclohexyl methylphosphonofluoridate, a nerve agent
MIBK methyl isobutyl ketone

PAH polyaromatic hydrocarbon

PCB polychlorinated biphenyl

PETN penta-erythritol tetranitrate

PwWPp plasticized white phosphorus

RDX hexahydro-1,3,5-trinitro-1,3,4-triazine

xiiL



TCE trichloroethane

111TCE 1,1,1-trichloroethane

112TCE 1,1,2-trichloroethane

TCLEA 1,1,2,2-tetrachloroethane

TCLEE tetrachloroethylene

TKN total Kjeldahl nitrogen

TOC total organic carbon

TOX total organic halogen

TRCLE trichloroethylene

VOC volatile organic compound

VX o-ethyl S-(2-diisopropylaminoethyl methylphosphonothioate) =

methylphosphonothioic acid, a nerve agent

WP white phosphorus

UNITS OF MEASURE

°C - degree(s) Celsius

Ci curie(s)

pCi picocurie(s)

d day(s)

dB(A) decibel(s) (A-weighted)
°F degree(s) Fahrenheit
ft foot (feet)

ft? square foot (feet)

g gram(s)

ng microgram(s)

mg - milligram(s)

kg kilogram(s)

h hour(s)

in. inch(es)

L liter(s)

Ib pound(s)

m meter(s)

mi mile(s)

ppb part(s) per billion

PpPm part(s) per million
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1-1
1 INTRODUCTION

1.1 BACKGROUND

The Environmental Management Division (EMD) of Aberdeen Proving Ground
(APG), Maryland, is conducting a remedial investigation and feasibility study (RI/FS) of the
J-Field area at APG pursuant to the Comprehensive Environmental Response, Compensation,
and Liability Act, as amended (CERCLA). J-Field is within the Edgewood Area of APG in
Harford County, Maryland (Figure 1.1). Since World War II, activities in the Edgewood Area
have included the development, manufacture, testing, and destruction of chemical agents and
munitions. These materials were destroyed at J-Field by open burning® and open detonation
(OB/OD).

Considerable archival information about J-Field exists as a result of efforts by APG
staff to characterize the hazards associated with the site. Contamination of J-Field was first
detected during an environmental survey of the Edgewood Area conducted in 1977 and 1978
by the U.S. Army Toxic and Hazardous Materials Agency (USATHAMA) (predecessor to the
U.S. Army Environmental Center [AEC]). As part of a subsequent USATHAMA
environmental survey, 11 wells were installed and sampled at J-Field. Contamination at
J-Field was also detected during a munitions disposal survey conducted by Princeton Aqua
Science in 1983. The Princeton Aqua Science investigation involved the installation and
sampling of nine wells and the collection and analysis of surficial and deep composite soil
samples. In 1986, a Resource Conservation and Recovery Act (RCRA) permit (MD3-21-002-
1355) requiring a basewide RCRA Facility Assessment (RFA) and a hydrogeologic assessment
of J-Field was issued by the U.S. Environmental Protection Agency (EPA). In 1987, the
U.S. Geological Survey (USGS) began a two-phased hydrogeologic assessment in which data
were collected to model groundwater flow at J-Field. Soil-gas investigations were conducted,
several well clusters were installed, a groundwater flow model was developed, and
groundwater and surface water monitoring programs were established that continue today.

While APG was pursuing the investigation of J-Field under RCRA corrective action,
the Edgewood Area was added to the National Priorities List (NPL) on February 21, 1990.
Because of that listing, an RI/FS is required for the entire Edgewood Area pursuant to
Modification 2 of the RCRA Permit and a March 1990 Federal Facility Agreement between
EPA Region III and the Department of the Army. The corrective action requirements of
RCRA have been preempted, and J-Field is being evaluated under CERCLA.

1 Pursuant to Title 40, Code of Federal Regulations (40 CFR), Part 260.10, "open burning" means the
combustion of any material without the following characteristics:
(1) Control of combustion air to maintain adequate temperature for efficient
combustion,
(2) Containment of the combustion-reaction in an enclosed device to provide sufficient
residence time and mixing for complete combustion, and
(8) Control of emission of the gaseous combustion products.
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J-Field is almost flat and is covered by open fields, woods, and nontidal marshes.
It encompasses about 460 acres at the southern end of the Gunpowder Neck Peninsula
(Figure 1.2). The peninsula is surrounded by tidal estuaries on three sides — Gunpowder
River to the west, Chesapeake Bay to the south, and Bush River to the east. For the
purposes of the RI/FS, J-Field has been divided into eight geographic areas or features that
are designated in this report as areas of concern (AOCs): the Toxic Burning Pits (TBP), the
White Phosphorus Burning Pits (WPP), the Riot Control Burning Pit (RCP), the Robins Point
Demolition Ground (RPDG), the Robins Point Tower Site (RPTS), the South Beach
Demolition Ground (SBDG), the South Beach Trench (SBT), and the Prototype Building (PB)
(Figure 1.3). These AOCs correspond to the eight solid waste management units (SWMUs)
identified in the RCRA Facility Assessment, Edgewood Area, Aberdeen Proving Ground, MD
(Nemeth 1989). Several subareas within these AOCs could represent discrete sources of
contamination. The AOCs and their associated subareas are as follows:

¢ Toxic Burning Pits (TBP) AOC

- Main Burning Pits (consisting of a northern burning pit and a

southern burning pit)
- Methylphosphonothioic Acid (VX) Burning Pit
- Mustard Burning Pit
- Pushout Area
- Liquid Smoke Disposal Pit
- Demolition Area
- Storage/Unloading Area
- Square Pit

¢ White Phosphorus Burning Pits (WPP) AOC

- Principal Burning Pits (consisting of a northern burning pit, a
southern burning pit, and an associated bermed depression that

received runoff from the northern burning pit)
- Pushout Area

- Mounded Areas
- Historic White Phosphorus Disposal Area (located south to southeast

of the existing principal burning pits)
¢ Riot Control Burning Pit (RCP) AOC

- Burning Pit
- Pushout Area

¢ Robins Point Demolition Ground (RPDG) AQOC

- Active Area
- Inactive Area

+ Robins Point Tower Site (RPTS) AOC
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¢ South Beach Trench (SBT) AOC
e South Beach Demolition Ground (SBDG) AOC
¢ Prototype Building (PB) AOC

Although most of the AOCs are no longer used for OB/OD, a portion of the RPDG is
currently active and is operating with interim status under RCRA. A RCRA Part B permit
application was submitted in November 1988. An amended permit application is being
prepared to update the November 1988 submittal. An open burning pan located 50 m west
of the PB and an open detonation area at the WPP AOC are also being used for emergency
disposal operations.

1.2 SITE HISTORY

The extent of activities at J-Field before World War II is unknown; however, a
terrain map from the 1920s-1930s era indicates that some areas of J-Field were cleared at
that time. These cleared areas may have been used for test activities (Nemeth 1989;
U.S. Army Corps of Engineers [COE] 1923). During World War II, J-Field was used to test
high explosives (HE) and chemical munitions. In addition, chemical agents, chemical wastes,
and HE were burned or detonated in open pits or buried under several feet of soil. The
depths of the pits were maintained by pushing burned soil and ash out toward the nearby
marshes. In the case of the TBP AOC, this procedure moved the edge of the adjacent marsh
eastward more than 100 ft (Sonntag 1991). Also during World War II, steel-reinforced
structures (such as bunkers, buildings, and slab walls) were built at J-Field to use as targets
for conventional munitions.

Available information indicates that chemicals disposed of at J-Field have included
nerve agents (such as VX), blister agents, riot control agents, white phosphorus, chlorinated
solvents, and drummed chemical wastes generated by research laboratories, process
laboratories, pilot plants, and machine and maintenance shops. Between 1946 and 1971,
limited testing of lethal chemical agents continued at J-Field (Nemeth 1989). Open-air
testing of lethal chemical agents stopped in 1969 (Nemeth 1989). Disposal activities at
various J-Field locations are summarized in Table 1.1.

Procedures for open burning in J-Field pits involved placing 3-4 ft of wood dunnage
in a pit, placing the materials to be burned on top of the dunnage, adding fuel oil, and
igniting it. Scrap metal items were removed and reburned in the same manner in a reburn
pit. Large metal items were recovered and disposed of as scrap.

Decontamination procedures included the use of a chlorinating agent known as
"decontaminating agent, noncorrosive" (DANC). DANC is an organic N-chloroamide
compound in solution with 1,1,2,2-tetrachloroethane (TCLEA) that was used to decontaminate
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TABLE 1.1 Summary of Disposal Activities at J-Field

Site Name

Period of Use

Activity

Toxic Burning Pits
(originally

5 separate pits;
only 2 remain)

White Phosphorus
Burning Pits

Riot Control
Burning Pit Area

Robins Point
Demolition Ground

South Beach
Demolition Ground

Prototype Building
Area

Robins Point Tower
Site

South Beach
Trench

1940-1980

Late 1940s-1980;

occasional emergency disposal
of white phosphorus

Late 1940s to early 1970s;
riot control agent disposal,
1960s to early 1970s

Late 1970s-present
Late 1950s-1970s

During World War II

Late 1950s-1960s

Late 1950s

OB/OD of HE in southeastern portion.
Disposal of HE-filled munitions, nerve
agents, mustard, liquid smoke,
chlorinated solvents, and radioactive
chemicals.

OB/OD of white phosphorus, PWP,?
other chemicals. Potential for disposal
of CN® and trichloroethylene.

OB of chemicals, chemical-filled
munitions, riot control agents (CS,°
CN).

OD of explosive materials, sensitive
and unstable chemicals.

OD of HE.

Stored wastes and HE munitions.
Possible storage of solid wastes in
building or nearby. Building used to
test bombing effects. Pericdically used
for storage since World War II.

Potential test burn of radicactively
contaminated wood.

Unknown.

2 Plasticized white phosphorus.

b Chloroacetophenone.

c

o-Chlorobenzylidene malononitrile.

Sources: Adapted from Nemeth (1989); EPA and U.S. Department of the Army (1990).
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mustard, lewisite, and VX. It typically contained 90-95% (by weight) TCLEA. If recovered
scrap materials were decontaminated with DANC in the pit before being removed, the
oxidizing agent would degrade. The most significant impact from this procedure would have
been the introduction of TCLEA into the environment. Available information indicates that
the use of DANC at J-Field was widespread and common (Nemeth 1989).

Disposal of radioactive waste is known to have occurred at J-Field. The TBP area
was used for disposal of small amounts of radioactively labeled chemicals. In addition, test
burns of contaminated wood wastes, including wood contaminated with radium and
strontium-90, may have been conducted at the RPTS (Nemeth 1989).

J-Field has had only limited use since 1980. However, the RPDG and the WPP
AOQCs are still occasionally used for the destruction of explosives-related materials (Nemeth
1989).

1.3 OBJECTIVE AND SCOPE OF THE REMEDIAL
INVESTIGATION WORK PLAN

The purpose of an RI/FS is to characterize the nature and extent of the risks posed
by contaminants present at a site and to develop and evaluate options for remedial actions.
The overall objective of the RI is to provide a comprehensive evaluation of site conditions,
types and quantities of contaminants present, release mechanisms and migration pathways,
target populations, and risks to human health and the environment. The information
developed during the RI provides the basis for the design and implementation of remedial
actions during the FS.

The purpose of this RI Work Plan is to define the tasks that will direct the remedial
investigation of the J-Field site at APG. Tasks are based on the procedures developed by the
EPA in Guidance for Conducting Remedial Investigations and Feasibility Studies under
CERCLA, Interim Final (EPA 1988).

1.4 REPORT ORGANIZATION

Section 1 presents the purpose and scope of the RI Work Plan. Section 2 summarizes
the site background, environmental setting, and previous and ongoing investigations
conducted at J-Field. Also included in Section 2 is an overview of available information about
the nature and extent of contamination at each AOC, the types of waste present, and the
potential pathways of contaminant migration. The environmental setting includes site
topography, geology, soils, surface water, groundwater, climate, and ecology.

Section 3 presents the work plan rationale and discusses data requirements and data
quality objectives (DQOs) for the various disciplines involved in completing the RI. Section 3
also discusses applicable or relevant and appropriate requirements (ARARs) (including
promulgated rules and regulations to be considered) and the role of remediation objectives
and goals.
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Tasks to be carried out in the RI for J-Field and the project schedule are described
in Section 4. An overview of administrative responsibilities is presented in Section 5, and
references cited in this report are listed in Section 6. A list of preparers of the RI Work Plan
1s presented in Section 7. Appendix A provides a summary of EPA analytical levels, and
Appendix B discusses potential areas of concern (PAOCs) at J-Field. Tables of analytical
methods and quantitation limits for various chemical compounds are provided in Appendix C,
and a schedule for the Installation Restoration Program at APG is provided in Appendix D.
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2 SITE SETTING AND BACKGROUND

2.1 ENVIRONMENTAL SETTING

2.1.1 Surface Features

J-Field is nearly flat, with a maximum relief of about 10 ft. The ground surface
slopes gently toward marshy areas or toward Chesapeake Bay and on-site surface water. In
some places, wave erosion has formed short, steep cliffs (2-10 ft high) along the shore
(Hughes 1993).

Surface water occurs in demolition craters, in marsh areas, and in a few open ponds
within the marshes. Between December and May water collects in wooded areas where
drainage is poor because the low-permeability soils slow the rate of infiltration. Figure 2.1
shows the overall topography of the site.

2.1.2 Climate

The climate in the area of APG is temperate and moderately humid and is moderated
by the presence of Chesapeake Bay. The average annual precipitation of 45 in. is distributed
relatively uniformly during the year. The average annual temperature is about 54°F
(Nemeth 1989; Hughes 1993).

2.1.3 Geology and Soils

The stratigraphy of J-Field consists of Quaternary (Talbot) sediments underlain by
Cretaceous (Potomac Group) sediments. The Quaternary sediments constitute a fluvial,
estuarine, and marginal marine unit of sand, gravel, and silty clay. The Cretaceous
sediments are a sand and clay unit of fluvial origin.

The Quaternary sediments can be divided into three units. The surface unit consists
of interbedded sand and clay about 30-40 ft thick; the middle unit is silty, sandy clay and
organic matter about 36-107 ft thick; and the base unit is gravelly sand and clay about
13-50 ft thick. The Cretaceous sediments consist of interbedded layers of fine-grained sand
and massive clay. The top of this layer is at a depth of 110-160 ft. Metamorphic bedrock
underlies the sediments at depths ranging from 200 to 900 ft.

2.1.4 Surface Water

The southern and eastern shores of J-Field are covered by an extensive marsh
system (Figure 2.2). The marshes may be flooded during storms and very high tides but are
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not affected by normal tides of 1-2 ft. The water level in the marshes is generally about 2 ft
above high tide in Chesapeake Bay. The disposal pits at J-Field originally drained into these
marshes or into the Gunpowder and Bush rivers. During the 1970s, drainage from the
disposal pits was blocked. Currently, surface water can be 1-2 ft deep in the TBP and the
WPP during the wet season, generally March to June (Hughes 1993). Several ponds and
streams are located within the marshy areas of J-Field (Figure 2.2). The largest pond, which
is about 5 ft deep, is southeast of the TBP. Two streams on the eastern side of J-Field are
the only on-site streams and do not carry much runoff except during storms.

2.1.5 Groundwater

Four major hydrologic units have been identified beneath J-Field — the surficial
aquifer (in the overlying Talbot layer), the leaky confining unit (in the middle layer), the
confined aquifer (in the bottom Talbot unit), and the Potomac Group aquifer. Groundwater
flow in these units is described below on the basis of current knowledge of the aquifers.
Groundwater is currently being modeled in these units. The model results are not yet
available, but will be presented in the RI report with other results of the RI field
investigation.

2.1.5.1 Surficial Aquifer

The surficial aquifer consists of interbedded sand and clay and corresponds to the
surface unit of the Quaternary (Talbot) sediment; it ranges from 25 to 40 ft thick, with
elevations following the surface topography. The steepest hydraulic gradients were found
near the TBP and WPP. Because the closest pumping of this aquifer is about 4 mi to the
west, the major influences on the flow system are recharge, evapotranspiration, and tidal
fluctuations. Recharge is mainly through rainfall, and the system discharges into the
marshes and Chesapeake Bay. Some recharge from Chesapeake Bay may occur during
droughts (Hughes 1993). Figure 2.3 shows the direction of groundwater flow in the surficial
aquifer.

A general downward gradient that occurs between the water table and the leaky
confining layer indicates that the leaky confining unit is recharged primarily by the surficial
aquifer. During the summer, the direction of vertical flow is reversed at some locations.
Groundwater under the marsh and the rivers, which are discharge areas, probably leaks
upward from the leaky confining aquifer into the surficial aquifer.

2.1.5.2 Leaky Confining Unit

The leaky confining unit consists of silty, sandy clay and organic matter and
corresponds to the middle unit of the Quaternary (Talbot) sediments. Vertical leakage from
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the leaky confining unit to the underlying confined aquifer occurs at all sites beneath J-Field
but is probably quite limited offshore. The direction of vertical flow may be reversed in some
offshore areas (Hughes 1993).

Lateral flow in the leaky confining unit is generally the same as that of the surficial
aquifer. In the western part of the site, the unit is 40 ft thick, with a surface elevation 25 ft
below mean sea level (MSL). In the eastern portion of the site, the unit is 107 ft thick and
has a surface elevation of 35 ft below MSL. Hydraulic conductivities range from less than
0.01 to 0.20 ft/d, with a median value of 0.05 ft/d (Hughes 1993).

2.1.5.3 Confined Aquifer

The confined aquifer consists of gravelly sand and clay and corresponds to the base
unit of the Quaternary (Talbot) sediments. In the western part of J-Field, the top of the
confined aquifer is 60 ft below MSL, and the unit is 50 ft thick. In the southeast, this aquifer
dips to a surface elevation of 142 ft below MSL and thins to 15 ft thick. Lateral flow
directions are similar to those in the water table; however, the hydraulic head and lateral
gradients are very small. Groundwater flows away from the TBP toward the marshes and
Chesapeake Bay, and wells show evidence of a tidal influence. Seasonal variations in the

flow direction of the confined aquifer occur for short periods during the summer
(Hughes 1993).

2.1.5.4 Potomac Group Aquifer

The Potomac Group aquifer consists of interbedded, fine-grained sand and massive
clay. This aquifer corresponds to the Cretaceous (Potomac Group) sediments of fluvial origin.
Surface elevations of the Potomac Group aquifer range from 105 ft below MSL in the eastern
part of J-Field to 157 ft below MSL in the western part. The thickness of the aquifer is, in
general, uncertain but may be up to 800 ft. The sediments are underlain by metamorphic
bedrock. Insufficient data are available to determine lateral or vertical flow directions or the
effects of the seasons and tides on the Potomac Group aquifer (Hughes 1993).

2.1.6 Ecology

Gunpowder Neck Peninsula consists primarily of open fields (mowed and unmowed
grass), bare ground, and second-growth woods (dominated by maple, oaks, and sweetgum).
J-Field supports extensive areas of these second-growth woods and freshwater wetlands
(dominated by common reed). A large wetland at the southern end of J-Field (Figure 2.2)
supports extensive areas of reed and includes a large area of open water. All wetlands at
J-Field are separated from the Chesapeake Bay by beach ridges and thus are not directly
influenced by tidal fluctuations except through changes in groundwater levels. A few areas
of bare ground are located on the western and eastern sides of J-Field, particularly in the
vicinity of disposal pits. Additional freshwater tidal and nontidal wetlands occur along the
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periphery of the Gunpowder Neck Peninsula, outside of J-Field. The peninsula is surrounded
by freshwater tidal estuaries — Chesapeake Bay to the south, Gunpowder River to the west,
and Bush River to the east.

Both the TBP and the WPP AOCs are in open areas cleared of natural vegetation.
The area immediately around each pit consists of mowed grass with weeds typical of
disturbed habitats and old fields. The TBP are west of a large wetland at the southern end
of J-Field. Some of the burned material from these pits has, over time, been pushed into the
wetland. The WPP are very close to the Gunpowder River. In 1986, a berm was constructed
to prevent waste material from these pits from entering the river. Such material is now
diverted into a wetland approximately 100 m north of the pits. The RCP has not been used
since the early 1970s; therefore, it is presently overgrown with shrubs and reeds. It is likely
that runoff from the pit enters an adjacent wetland and the Gunpowder River.

The biota at J-Field have not been surveyed in detail; however, common species are
likely to include those typical of other areas of the APG. Mammals likely to be common at
J-Field include the muskrat, raccoon, white-tailed deer, short-tailed shrew, and white-footed
mouse. Common birds could include great blue heron and spotted sandpiper. Because of its
status as a federal endangered species, the bald eagle (known to occur at J-Field) is of
ecological and regulatory interest. Composition of the fish communities in the J-Field
wetlands has not been determined. Common species in the surrounding estuary include
alewife, American shad, Atlantic menhaden, channel catfish, and white perch.

2.2 BACKGROUND OF J-FIELD AREAS OF CONCERN

The following sections summarize the past disposal operations conducted at each
AOC at J-Field. General descriptions of the hydrology and soils in the vicinity of J-Field are
also included. PAOCs are addressed in Appendix B.

2.2.1 Toxic Burning Pits AOC

The TBP AOC is located on about 9 acres in the southern portion of J-Field
(Figure 1.3). Disposal operations at the TBP area began in the 1940s and have continued
until the present. The pits were used most extensively between the late 1940s and the 1960s.
Items disposed of included chemical agents, bulk chemical wastes, drummed chemical wastes,
HE (by OB/OD), nerve agents, incapacitating agents (also known as riot control agents),
chlorinated solvents, and blister agents (Nemeth 1989).

Information from interviews, sampling, and magnetic surveys indicates that five
disposal pits were used at the TBP area. The two existing (or main) burning pits (each
covering about 4,500 ft2) were the pits most actively used for the disposal of various chemical
agents and explosives. Three other burning pits, now covered, were used to dispose of VX,
dichlorodiethyl sulfide (mustard), and the primary components of liquid smoke — titanium
tetrachloride (FM) and sulfur trioxide/chlorosulfonic acid (FS).
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The VX pit and mustard pit are about 100 and 150 ft long, respectively. The liquid
smoke disposal pit is fairly small, covering an area of about 24 ft2. Liquid smoke was
probably disposed of by placing it on the ground and allowing it to vaporize into the
atmosphere. HE munitions were also disposed of by detonation in an area along the
southeastern edge of the TBP area (Nemeth 1989).

Storage and handling areas have been identified (in aerial photographs) at the upper
end of both the VX burning pit and the mustard burning pit. In addition, a square pit
approximately 4 ft by 4 ft and 3 ft deep has been identified at the current tree line south of
the main burning pits. These storage and handling areas and the pit could be additional
sources of contamination in the TBP AOC.

The TBP area is bounded to the northeast by marsh and to the south and southeast
by woods and marsh (Nemeth 1989). Because the elevation of the ground surface is highest
in the northwestern portion of the TBP area, surface water probably drains toward the south-
southeast into the marsh area. The direction of groundwater flow in the surficial aquifer is
probably also toward the marsh. Soils are brownish-yellow silty fine sand at the surface,
grading to bluish-gray silty fine sand below a depth of 14 ft (Princeton Aqua Science 1984).

2.2.2 White Phosphorus Burning Pits AOC

The WPP AOC is located near the Gunpowder River in the western portion of J-Field
(Figure 1.3). The area contains two pits that were used for disposal (by detonation and
burning) of white phosphorus (WP), plasticized white phosphorus (PWP), munitions filled
with WP, and materials contaminated with WP. After materials were burned and reburned
in the pits, debris and soil were pushed out. Some of the materials disposed of at this site
probably contained other types of waste in addition to WP. The types and quantities of these
other wastes are unknown, although personal interviews indicate that riot control agents may
have been disposed of here (Nemeth 1989).

The WPP area has been used as a disposal site since the late 1940s or early 1950s.
Aerial photographs show that in 1951, disposal operations were conducted in the
southeastern portion of what is currently the open disposal area. The two existing pits were
constructed sometime between 1951 and 1957 (Nemeth 1989).

During the late 1950s, the pits were extended to the Gunpowder River. Pushout
from the pits was pushed into the river. In 1986, a ditch was excavated to drain water from
the pits. The ditch from the northern pit extends north toward a bermed depression that was
constructed to hold the water. The ditch associated with the southern pit ends at what is
assumed to be a pushout area. During wet weather, water collects in the pits and the
bermed depression, even though surface runoff does not enter the pits (Nemeth 1989;
Sonntag 1991). As previously noted, the WPP is considered an active emergency disposal
facility. As a result, the existing pits and areas potentially affected by emergency disposal
operations have been excluded from the RI/FS and are deferred pending the relocation of
emergency disposal operations. However, aerial photograph interpretation indicates that two
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suspect burning areas may have existed northwest and southwest of the WPP and that a
storage area may have existed southeast of the WPP. These areas could represent sources
of contamination and are not likely affected by current operations. As a result, these areas
will be addressed in this RI.

Surface water drainage from the WPP area flowed west into Gunpowder River. The
direction of groundwater flow in the surficial aquifer is also probably toward Gunpowder
River to the west (Nemeth 1989). Soils are brownish-yellow silty fine sand at the surface,
grading to bluish-grey silty fine sand below a depth of 14 ft (Princeton Aqua
Science 1984).

2.2.3 Riot Control Burning Pit AOC

The RCP AOC is located in a heavily wooded area in the southwestern portion of
dJ-Field (Figure 1.3). Except for a small area in the northeastern part of the site, the area is
overgrown with vegetation. About 30 ft of an access road has been eroded, and the presence
of several fallen trees about 10 ft offshore indicates that this area is rapidly being eroded by
wave action.

Disposal operations in the pit began in the late 1940s and continued until operations
at the site ceased in the early 1970s. The area immediately east of the access road to the
South Beach was probably part of the site and may have been used for burning operations
during the 1950s. A trench was excavated in the area sometime between 1957 and 1960 and
was later extended southwest to the Gunpowder River to provide drainage from the pit.
Between 1960 and the early 1970s, the trench was used for burning riot control agents,
munitions filled with riot control agents, and material contaminated with these agents
(Nemeth 1989). The main agent disposed of was the tear agent o-chlorobenzylidene
malononitrile (CS); some chloroacetophenone (CN) was also disposed of there (Sonntag 1991).

Surface water drainage from the RCP area flows toward the southwest into a small
marsh area and the Gunpowder River. The direction of groundwater flow in the surficial
aquifer is probably toward the marsh and Gunpowder River to the west-southwest. Shallow
soils are predominantly clayey sandy silt (Nemeth 1989).

2.2.4 Prototype Building AOC

The PB AOC is located in the southwestern portion of J-Field, northwest of the TBP
area and north of the RCP area (Figure 1.3). The building, constructed during World War
II, is an open-sided, three-level reinforced concrete structure. It was originally used for
testing the effectiveness of bombs. Since World War I1, the PB and the areas to the west and
north have been intermittently used for temporary storage of solid waste (Nemeth 1989).
Two suspect burning areas have also been identified — one northeast and one west of the
PB — on the basis of a review of archival information.
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The area around the PB is fairly flat; surface water drains primarily west toward a
marsh area (Nemeth 1989) but may also flow north-northwest toward the Gunpowder River.
The direction of groundwater flow in the surficial aquifer is probably toward Chesapeake Bay.
The shallow soils are predominantly silty, clayey sand with greater amounts of clay and silt
near the surface (Nemeth 1989).

2.2.5 South Beach Demolition Ground AOC

The SBDG AOC was located along the southern beach of J-Field (Figure 1.3). The
area was used as a demolition site for HE munitions during the 1960s and 1970s, and
possibly during the 1950s (Nemeth 1989). Munitions were detonated either on the surface
or under several feet of soil. It is reported that remnants of munitions detonated in this area
are currently visible about 100 ft offshore during low tide. At high tide, most of the
demolition ground area is 1-2 ft below water. A few demolition craters, which are
assumedly remnants of the SBDG operations, are visible just inland from the shoreline and
east of the end of Rickett’s Point Road.

Surface water from the remnants of the SBDG most likely drains south toward
Chesapeake Bay. The direction of groundwater flow in the surficial aquifer is probably
toward the bay as well. The nature of the shallow soils in the SBDG is undocumented;
however, they are most likely composed of clayey sandy silt, similar to the SBT area.

2.2.6 South Beach Trench AQC

The SBT AOC is located near the southern beach of J-Field, southeast of the RCP
area (Figure 1.3). The trench, about 75 ft long and 12 ft wide, was excavated between 1957
and 1960. It may have been a borrow pit for nearby demolition activities. Aerial
photographs from the 1960s reveal a road leading into and out of the SBT. No information
has been found regarding past chemical or hazardous material disposal in this area; however,
chemical analyses of soil samples collected from the trench during the RFA showed low levels
of chlordane and naphthalene (Nemeth 1989).

Surface water drainage from the SBT is primarily west toward a marsh area
(Nemeth 1989), but surface water may also flow south toward Chesapeake Bay. Groundwater
in the surficial aquifer probably flows toward Chesapeake Bay. Shallow soils are
predominantly clayey sandy silt (Nemeth 1989).

2.2.7 Robins Point Demolition Ground AQOC

The RPDG AOC is in the eastern portion of J-Field close to the Bush River
(Figure 1.3). The site was first used during the late 1970s for the destruction of HE and
HE-filled munitions. The site was also reportedly used during the 1980s for destruction of

small amounts of sensitive and unstable chemicals by detonation with explosives (Nemeth
1989).
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The original site, now inactive and considered an AOC for the purposes of the RI/FS
activities, was a small clearing near the edge of the adjacent marsh. In 1985, the clearing
was enlarged, and a berm was built on the western edge of the clearing. Later demolition
activities occurred in an area west of the berm; the berm prevented surface runoff from
entering the marsh (Nemeth 1989). The area west of the berm has remained active and
continues to be used for disposal operations.

Before 1985, surface water drainage from the RPDG flowed directly into the adjacent
marsh to the east. The berm constructed in 1985 now prevents runoff from directly entering
the marsh. However, water that ponds west of the berm seeps through the berm to the
inactive portion of the RPDG. Groundwater in the surficial aquifer probably flows to the east
toward the marsh. Shallow soils in the RPDG consist predominantly of clayey silt
(Nemeth 1989).

2.2.8 Robins Point Tower Site AQC

The RPTS AOC is located near Robins Point at the southeastern tip of the
Gunpowder Peninsula (Figure 1.3). The wooden observation tower was built between 1957
and 1960. The road connecting Robins Point with Rickett’s Point Road has existed since
about 1917, when APG became an army installation. However, aerial photographs suggest
that the area was not used until the 1950s. The Robins Point area was used for launching
and observing rockets (Nemeth 1989).

Around 1959, the Robins Point area may have been used for at least one test burn
of wood contaminated with radioactive material (including radium and strontium). According
to Nemeth (1989), the test burn was to be conducted in a trench (20 ft long, 5 ft wide, and
5 ft deep), with not more than 500 b of material to be burned in small increments. A 1959
U.S. Army Environmental Hygiene Agency (USAEHA) report recommended that the routine
burning of radioactively contaminated materials be conducted in a closed incinerator;
correspondence in the USAEHA project file indicates that this recommendation was accepted
(Nemeth 1989). The possibility remains, however, that a test burn of radioactively
contaminated wood did occur at either the RPDG or the RPTS. Records do not indicate which
site was used. However, it is likely that the RPTS was used because the site of the
demolition ground was wooded and not yet in use in 1959. In addition, aerial photographs
from the 1960s show no roads or open areas at the site of the RPDG.

Surface water from the RPTS probably flows east toward Bush River and south
toward the adjacent marsh. Groundwater in the surficial aquifer probably also flows toward
Bush River and the marsh. The shallow soils are predominantly sand, with sandy clayey silt
near the surface (Nemeth 1989).
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2.2.9 Other J-Field Sites

Pursuant to the requests of the Maryland Department of the Environment (MDE),
investigative activities have been expanded beyond the eight specified AOCs to include all
of J-Field. As a result, a protocol was developed to identify other suspect areas, referred to
as PAOCs, on the basis of a review of archival information and walkover surveys. The
process used to identify the PAOCs and the sampling activities proposed for the PAOCs are
described in Appendix B.

2.3 PRELIMINARY EVALUATION OF J-FIELD AREAS OF CONCERN

Several investigations have been conducted at J-Field to characterize contamination
from past operations, install monitoring wells, and characterize the estuarine sediments
around the peninsula. Table 2.1 provides a chronological summary of these studies. An
overview of the results of these studies is presented in the following sections. These sections
present data for J-Field that were collected through January 1993. All data corrected during
the RI will be presented in technical updates and the RI report.

2.3.1 Toxic Burning Pits

2.3.1.1 Types of Waste Present

The TBP were used to dispose of HE-filled munitions, nerve agents, mustard agents,
chemical warfare agents (CWAs), decontaminating agents, liquid smoke, chlorinated solvents,
and radioactive chemicals. In addition, fuel was used to ignite materials placed in the pits.

2.3.1.2 Types of Contaminants Present

A hydrological assessment of J-Field was carried out in two phases by the USGS.
Phase I was conducted from 1987 to 1992 to select locations for establishing monitoring wells
at the TBP and WPP areas. It was assumed that the pits and the open burning grounds
around them were the primary sources of contamination in the area. The goal of Phase II,
conducted in 1992, was to determine the extent of contamination in the area of the TBP,
sample the RCP area, and determine if contaminated groundwater was moving into
Chesapeake Bay (Hughes 1993). The following subsections discuss the findings relative to
the nature and extent of contamination in the TBP area.

Soil Gas

During Phase I of the hydrological assessment, the USGS sampled 37 locations
around the TBP for soil-gas concentrations of trichloroethylene (TRCLE), tetrachloroethylene
(TCLEE), alkanes, combined hydrocarbons, and simple aromatics. The relative contours for
all contaminants except the alkanes show a broad band of contamination that extends across
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the eastern end of the pits from the marsh on the north to the marsh on the south
(Figure 2.4). The alkanes appear to be limited to the area south of the TBP, and the data
suggest a plume of contamination moving into the marsh at the southern edge (Figure 2.5)
(Hughes 1993).

Additional soil-gas samples were collected during Phase II from wooded and marshy
areas north and south of the TBP and from 15 locations along Chesapeake Bay. Samples
were analyzed for combined dichloroethylenes (DCEs) and trichloroethanes (TCEs), combined
TRCLEs and TCLEESs, phthalates, and heavy aromatic hydrocarbons (Hughes 1993).

Relative values and contours for concentrations of combined DCE and TCE and of
combined TRCLE and TCLEE show a similar distribution, with elevated contamination to
the southeast of the TBP. Figure 2.6 shows contours for combined TRCLE and TCLEE. The
DCE plus TCE contamination south of the pits is somewhat more extensive, with elevated
values extending to the shore of Chesapeake Bay. The concentration contours, when
combined with contours from Phase I analyses, suggest that plumes of contaminated
groundwater are moving downgradient under the marshes both on the northern and southern
sides of the TBP. This hypothesis is supported by the relative contours for heavy aromatics
(Figure 2.7), which show locations with more extensive contamination, including along the
shore. The data also suggest that contaminated groundwater may be moving beneath, and
possibly discharging into, the bay, or that contaminated surface water from the marshes may
be moving into shore sediments (Hughes 1993).

Soil

In 1983, soil samples were collected during the installation of monitoring wells at the
TBP. Four composite samples were collected at depth intervals of 5 ft. The samples were
analyzed for metals, cyanide, phenols, total phosphorus, volatile organic compounds (VOCs),
pesticides, polychlorinated biphenyls (PCBs), and herbicides. Some of the results are listed
in Table 2.2. The data showed elevated concentrations of lead, zinc, nitrate, and petroleum
hydrocarbons in each of the samples. It should be noted that the background samples also
contained somewhat elevated concentrations of petroleum hydrocarbons.

During the 1986 RFA (Nemeth 1989), surface soil samples were collected from
20 locations in the TBP and the debris pushout area (Figure 2.8). All of the samples were
analyzed for metals, extractable metals, and explosives-related compounds. The results, as
summarized in Table 2.3, show that the surface soil in and around the TBP contain elevated
levels of metals, especially lead (up to 2.6% in the pushout area [location 12]); mercury (up
to 10.8 mg/kg in one of the pits [location 8]); and cadmium (16.6 mg/kg at location 20).
Samples from locations 7 and 12 exceeded the RCRA extraction procedure (EP) limit of
5.0 mg/L for lead (40 CFR 261).
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TABLE 2.2 Analytical Results for Analysis of Soil
Samples from the Toxic Burning Pits AOC Main
Burning Pits, January 1983

Parameter Concentrations
(mg/kg except as noted)

Parameter® Background® Pit 1° Pit 2°
Arsenic <0.481 3.56 <0.53
Barium 110 247 257
Cadmium 0.84 4.46 2.19
Chromium 74.70 413 192
Iron 6,000 18,900 17,000
Lead 76.90 717 281
Manganese 153 169 206
Mercury 0.034 0.080 0.008
Potassium 857 1,450 1,650
Zinc 250 - 1,510 810
pH (standard units) 6.30 8.50 8.80
Nitrate 295 316 249
Total phosphorus 9.00 <0.50 <0.25
Cyanide <0.50 <0.50 <0.50
Petroleum 113 800 850

hydrocarbons
Phenols 0.37 <0.13 0.31
Toluene (ng/kg) <20.00 32.00 28.00
Ethylbenzene (pgrkg) 20.00 <20.00 <20.00

& Table lists all parameters detected at least once.
b Tocations of background samples not given.

¢ Based on available information, it is inferred that Pit 1 is
the northern main burning pit and Pit 2 is the southern
main burning pit.

Source: Adapted from Princeton Aqua Science (1984).
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TABLE 2.3 Analytical Results for Analysis of Soil Samples J1-J20 from the Toxic
Burning Pits, 1986

Parameter®  J1 Job J3 J4 J5 J6 J7 J8 J9
Total Metals (mglkg)
Arsenic 54.8 25.2 215 405 185 9.7 473  25.7 43.9
Barium 592 277 313 905 134 <60 488 172 296

Cadmium 8.13 4.57 2.52 4.88 1.58 2.20 17.3 8.64 6.10
Chromium 75.5 544 45.9 95.9 70.8 10.7 73.3 76.0 53.3

Lead 472 548 378 85.3 60.3 38.5 2,998 720 1,369
Mercury 0.78 0.87 0.46 0.15 0.22 0.17 2.16 10.8 7.29
Silver 14.0 <5.0 <5.0 12.1 <5.0 <5.00 15.2 7.01 <5.0

Extractable Metals (mg/L)
Cadmium <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 0.228 <0.10 <0.10

Lead <0.50 <0.50 <0.50 <0.50 <050 <0.50 523 <050 <0.50
Silver <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <050 <0.50
J10 Ji1 J12 J13 Ji14 J17 J18 J19 J20
Total Metals (mglkg)
Arsenic 32.2 12.6 24.1 8.26 28.7 15.9 6.5 9.74 12.3
Barium 208 101 855 107 256 <60 814 <60 <60
Cadmium 4,75 0.27 3.57 1.01 1.47 5.02 <0.20 5.38 16.6
Chromium 58.0 12.1 80.1 19.2 30.4 63.9 6.65 15.4 13.5
Lead 4,101 158 26,040 41.8 1,522 203 12.1 140 1,622
Mercury 6.10 0.11 0.77 0.11 0.59 0.20 <0.10 0.28 3.40
Silver <5.0 <5.0 <5.0 <5.0 . <5.0 8.64 <5.0 <5.0 <5.0

Extractable Metals (mg/L)
Cadmium <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 0.112
Lead <0.50 <0.50 31.2 <050 <0.50 <0.50 <0.50 <0.50 <0.50
Silver <0.50 <0.50 <0.50 <0.50 0.154 <0.50 <0.50 <0.50 <0.50

2 Includes parameters that were detected in at least one soil sample.

b VOCs were measured in sample J2 only; 1,000 pg/kg TRCLE and traces of other VOCs
were found.

Source: Nemeth (1989).
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Composite samples from locations 1 and 2 contained 13,000 pg/kg heptachlor epoxide
and lower concentrations of other pesticides. Aroclor 1248 (a PCB) was detected at a
concentration of 230,000 pg/kg. Composites from locations 3 through 5, 7 through 10, 19, and
20 (near the PB) also contained pesticides — 1,000 ng/kg each dichlorodiphenyldichloroethane
(DDD), dichlorodiphenyldichloroethylene (DDE), and dichlorodiphenyltrichloroethane (DDT)
(in locations 19 and 20 only); and 3,700 pg/kg PCBs (locations 3 through 5 only).
Hughes (1993) states that detection of pesticides in samples containing PCBs may represent
false positives. PCBs reportedly were used as heat-transfer fluids at the Edgewood Area and
disposed of at J-Field (Nemeth 1989). Trace concentrations of organic compounds were also
detected in samples: TRCLE (at 1,000 pg/kg) and traces of other VOCs in the sample from
location 2, the only sample analyzed for VOCs.

Soil samples were collected by the USGS from depths of approximately 1 ft below
land surface at 36 sites in J-Field, including the TBP area (Figure 2.9). The samples were
analyzed for indicator parameters, metals, VOCs, semivolatile compounds, and explosives
(Hughes 1992). The results of these analyses, except for explosives, are presented in
Table 2.4. Soil samples showed some metals contamination, especially at locations 39 and
30, north of the Mustard Pit. Traces of organic compounds were also detected in some
samples.

Soil samples were also collected in the TBP area by Weston in October 1992
(Figure 2.10). The samples were collected at depths of 2, 4, and 6 ft in the pits; and at depths
of 3in. and 1 ft in the marshes and pushout areas. Tables 2.5 and 2.6 summarize the
analytic results for parameters detected in some of these samples.

The highest concentrations of organic compounds were found in the area of the
Mustard Pit: TCLEA, up to 3,270,000 ngrkg at 6 ft; 1,1,2-trichloroethane (112TCE), up to
8,500 pg/kg at 6 ft; TCLEE, up to 25,700 pg’kg at 6 ft; and trichloroethene, up to
263,000 pg/kg at 6 ft. Organic compounds, including TCLEA, 112TCE, acetone methylene
chloride, and TRCLE, were detected in the main burning pits (see Table 2.6). High levels of
PCBs were detected in the southern main pit (up to 143,000 ng/kg at 2 ft), the mustard pit
(up to 178 pg/kg at 6 ft), the southern marsh (up to 3,200 pg/kg at 1 ft), and the pushout area
northwest of the main pits (up to 3,800 ng/kg at 1 ft). The highest concentrations of lead
were found in the southern main pit (340 mg/kg at 2 ft), the mustard pit (121 mg/kg at 6 ft),
the southern marsh — (542 mg/kg at 1 ft), the marsh east of the main pits (79,800 mg/kg at
3 in.), and the pushout area northwest of the main pits (1,180 mg/kg at 3 in.).

Surface Water

Surface water samples (J15 and J16) were collected from the TBP area as part of the
1986 RFA (Nemeth 1989). Sampling locations are shown in Figure 2.8. Samples were
analyzed for metals, explosives-related compounds, inorganic compounds, gross alpha, gross
beta, radium-226, radium-228, VOCs, semivolatile compounds, and PCBs. - The results are
summarized in Table 2.7 for locations J15 and J16.



2-24

76° 18’ 76° 17"

|

}

) LEGEND
S e Surface soil
| 39° 18 sampling location | —|
N - = = Boundary
before 1986
feet
0 500 1000
-t
0 150 300
meters
Gunpowder River
(J "
Phosphorus Demolition
Prototype 7.8/ Burning Pits Area

Building Bush
River
J7,18
Tl .
~ ! Robins Point
" Tower Area

I Riot Control

39° 17" Burning Pt 155ic Burning
Pits T mem——a

l Chesapeake Bay I -’

FIGURE 2.9 Locations where Soil Samples Were Collected by the USGS in 1991
(Source: Adapted from Hughes 1992)



2-25

(2661) sAydny :90inog

'6°g 9AN3L UL UMOYS 218 SUONBIOT o

‘pazAieue 10U = YN Po3eojep 10U = (N

aN aN aN aN aN aN iz LE 8¥ 0% LST aN aN usgdojey vruedio [eI0],

010‘T  3SL 018t 1.8 061 06T°1 0€9°'T 065t 08L'1 06T1°T 0€9°'1 0652 896 uogaed druedio [0,

A 689 0EL'T 080T 239 88Y S09 LE€9 L¥e 6¥% $69 0¥8'% 0¥0'1 uagdoxjru [Yeplaly [e1o],
(F4/8w) 3y

aN an 001z ON aN 1147 0g¥ aN aN aN 00581 000°L £9¢ proe srozuag

aN dN aN aN aN aN 08¢ N 0L aN aN 869 aN orereyyd [zusqiing
(Fy81) spunodwo)) nuvsaQ apnolomuwag

aN aN aN aN an aN aN a1 aN aN aN aN aN QUIAYJR0LO[YIIL],

VN VN VN VN VN ov's VN . ¥ VN VN VN VN VN QUBAYJROIO[YII(- T -S10

aN an 018 aN ¥35 88’y L1 086 GL'9 891 £L'9 6€1 68'S 9U0)Y
(Fy81) spunoduwo)) nunii() 3110104

aN aN aN aN 6% aN 096°L (N LS1 96 0% aN aN ourz

aN dN aN aN aN aN 0311 aN aN aN aN aN aN KLuourjuy

61 ¥ (i1 LT 491 256 001°L8 399 8¢ 187 ¥1 oy LI pea]

LI ov a1 11 4 8p 98. £6% 61 A4 o1 09 12 Iaddopy

LT LT gl g1 21 9¥ 131 Lg qr 91 9'9 11 b1 WnIwoIy)

aN aN an aN aN aN 91 ¥ aN aN aN aN aN unimpe)

ze 99 g'e €e 9% 1% 6y 8L 44 i 4 aN 44 L'e JIUASIY
(345w spojap

9¢ 129 €e o€ 1€ 0g 66 8¢ LG 9¢ g6 (4 €3 FEIEINACE |

quorTeoo sfdureg jrog Aq uorjeIIUI0UC)

¢1661 [1dy ‘eoxy s)ig Suiuang oixof, oY) woyy sojdweg [{og jo sIs[euy JI0J S)NSY [eonifeuy 33 ATAVL



2-26

'VVVVVYVVVVVVV\‘VVV‘VVVVVVVVY"\‘V’VVV‘IVVYVVVVV‘ v LA L A
VVVVVVVV\‘VVVVVVVVVYVVVVVVVVVVVVVVVVVV
a4 LTI 2" 2 L7 LT MM Y Y VWYY Y Y Y Y YT Y Y Y Y Y YN Y W oy oy g
v v VWY VY Y Y Y Y Y Y Y Y Y SN Y Y Y oYYy oy oy oy oy
> v AR A A T Y Y
v v : VVVY’(VVVVVYVVVV‘(’VV’VVVVVVVVVV
Py v VWY Y Y Y Y Y Y Y Y Y Y Y Y Y Y YN Y Y oy oy oy oy oy
w v ‘9 R A A Y R R R R Y e R R v oYY v
i -— A e . T L
v v s NNV NN Y YN Y Y Y Y YN YN Y Y Y Y YT YN owow
b v QO » A I I T T R R RV VP
v v (o] Pei] T A A N Y R R
pe v - 15 A A A L MY Y Y Y Y Y Y Y Y oy oy
v v c,( VY Y Y Y Y Y Y Y Y Yy AN N L Iﬂ
v v = v v v - v v v v v o v v e YOV s
e v a o 9 Yy v MY YN Y Y Y Y Y Yy oY ooy D v v v v v v
v v o LA A VWY Y Y Y Y Y Y Y Yoy oy L -
TR EE 1] - VY Y Y YN VY Y Y Y ow v v v v -
- w QO « @ [ ARSI IR IR AR IR IR IR IR AR I A A
- v pd Q — VYN Y YV Y Y Y Y Y Y Y Y Y Y Y Y Yooy oy -
by w o Qg =3 £ v w v VMY Y Y Y e oy v oeow
v v - V@ © O [vv v v v v w0 v v v v v v v e ¢ o,
s v O « 5 o =2 v v ey v v ow v w
v i E E — A v v [ev} oo » R v v [ ]
v 3 = B)._ T o v v v v v v (YRR v v v D RY
v - > x VYNV Y Y Y el VY Y Y YN Y Y Yo ow v v e vy
by o) Ee _Cg v o L B - F D R A T A 2 L RS v
v Pt cQu)o- v v v v v e VWYY Y Y Y Y Y Y Y Y Y Y Y Y VoY oy
e« Q o= - 9 v v v ow QOrvwvwwwvw v v v v v v
v v Q 59 4§ % v e v @ ¥ VYN VYN Y VY Y Y Y ey
by <mm EUJ v v v v Y Y Y v oW R AL IR IRV + o BV RV RIVY
v v ~— v v v vy @ vy oy v v ]
I - v v v . e - v oo -
v v VY Yy Y L A A A A hd v oY v
Pe w - IR A IR IR A T A I R R el
- q ® A " IV V) o
VWYYV Y Y Y Y Y Y YUY ¥y
v v o vV Y v v v v oo v
LR R R R VR Vv v v v

- @
F
(@]
3=
g .
[ J
m ]
£
© @
= &
= 3] 3
& e o5 O
=5 e c
23 =
a & a
L2 0 w
(eI x 0
o % > a
<X
o E ©
E X Q -
v g a
- & a <l <
= o o s
2 «© - [a
g 2
C,L’. - '&
2 o .
N - v
J & o)
[x+] - v v v
3 & i vvvvvvvu
v
o) o = I
g 9 @ '_,. vvvvvvvvvvvv
- Q a. a Y] vvv v v vvu
© g a <] m AR
. O m -5 vv v vvv v v vvv‘
v v v v
[ ] - I Y
. Vv vvvvvvvvvv vvvvvu
vvvvvvv A VvvvvvvvvaM
o’ v v v ¥ A
0‘ v MY Y Y Y Y Y Yoy v
A 4 LA A
. LA L d MY Y e
VYV Y ¥y Y ¥ ¥y Y v v N
L VY Y Y Y Y v

100

|
<
<
<
<
<
<
<
<
<
<
<
<
<
<
L

fest
50
I
meters
~
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<

o4 A A T

A A T R T R R R VR VR VR V]

FIGURE 2.10 Locations of Soil Sampling Conducted by Weston in 1992 in the Toxic Burning Pits AOC (Source: Adapted

from Mazelon 1993)



2-27

aN aN aN aN aN 1444 N aN ¥G¢l ooty

aN aN (IN aN (N aN 081°1 000°S¥T 8¥C1 101000y
sgod
aN aN aN aN N aN aN 08¢ : Jualhg
anN aN dN aN aN aN aN aN SUBYII0I0[ OB
aN aN an aN aN aN aN 1LY suafeydeu[AYON-z
spunodwo)) o1ups.i() ajprjoaruag
aN aN aN N aN aN aN v'el saua[Ax
aN aN aN aN (N aN aN aN apLIOIYD [AULp
aN ave 8¢l N aN aN aN 1°'8% QUBAY}9010[YDLL],
aN 0'8L aN aN (N aN aN aN SUAAYIB0IO[YII([-7 [-Sues}
N aN aN aN aN aN aN aN suenjo],
anN daN N N N aN aN aN SUIAYIB0IO[YIRIII],
Vel (474 Ga'8 £0’L 0g'9 aN €69 aN 9pLIOTYD dudIAYIDIN
aN daN dN anN aN danN aN N ULLIojoIo1Y)y
aN daN aN anN aN aN aN N OPLIOTYIEII] uoqLe])
aN dN aN N aN N anN aN suszusg
aN 1441 N aN 911 L'vy g€e 791 U030y
aN (N aN dN N aN aN N JUBYIS0IO[YIL(-Z T
aN aN aN N aN aN aN aN SUIAYIo0I0[YIII-T ‘T
aN aN (N N aN aN aN aN UBYIP0IO[YOI(I-TT
daN G08 aN aN aN daN aN aN AUBYJBOIOYILLT,-Z T T
9°Go 0021 68 LIT N aN pdN YL'9 SUBYJI0I0YOBIID), ‘G T T

spunodwo)) anuvsiQ aj1v1oA

(9)asr (¥dAasr (OIXAF C(PIXAr (PIeddr (9F-zddr (HIA-TdAe  (DI-Tddr ey (1O

uonedo] sfdweg flog Aq (8¥/8d) suorjerjussuo)

83661 ‘S)d Buruang orxog,
oy} wioy sojdweg [10§ Pajraleg Ul sajljeuy )s1] punodwo)) j98ae], 103 s)NSIY [ed13A[euy <¢'Z T I9V.L



2-28

‘portodar st onjea JOYINY oy ‘sesA[eue ojeordnp yam sojdues 10] ‘patrodox sae selheur paoolep A[uQ

"pedRep Jou = AN
‘sosoyjuared ur umoys yjdep ejduweyg

511 punodwo)) j88ae], = TOL

aN aN 091‘g 00L'T aN (N 2 TARRY Bl R
N aN aN aN 8LT (N 8¥¢1 J0[p0ry
sqg0d
aN aN aN aN aN aN auaxlg
UN aN 86¥ aN 8¢9 N SUBYIV0IOTYOBXIH
aN aN aN aN aN aN suspeyydeuAqIPN-g
spunodwo)) apund.iQ ajpypvjoarway
aN aN aN aN aN aN soua[dyY
(N N N aN ¢0g g1¢ SPLIO[YY [AUip
daN L1 00092 98 000°89% 08L'9 9UOTAYIR0IOTYIL],
aN 709 aN aN 022t 098°¢ UBLAYJP0LO[YII(]- T-SUBL)
aN aN aN aN daN aN auanjoy,
aN aN (N aN 00L°92 (N QUIAY}S0IO[YIRIID],
aN 2'9¢ aN 1'9¢ A 8 74 6'Vvy apLIOTYD JUIAYIBIN
N aN aN N vy 1441 WI0J0.101Y )
N aN aN aN G¢LT T'LT IPpLIO[YIB.IIR] Uoq.Ie))
aN anN anN aN T'€8 161 oudzZUdYy
aN {44 (N SLG g1t LLT U090y
aN N aN aN ¥'¢9 oy SUBYIR0IO[YII(I-5'T
AN anN aN aN 9°LL 18 UIAYIR0IOTYII(I-T'T
aN aN anN aN 66’8 aN CLLA LN 156) T L
(N ¢ 08 aN 0’19 0¥5'8 001°2 AUBYIS0IO[YILL],-Z 1T
002's1 003°eT 09%°1 4 000°0L5°E 000°'68% FUBYIA0IO[YORIR-E G T'T
spunodwio)) nunii() ajvIoA
(Ddg-wagar (.e)I-IWddr (DV-Nddr (EV-INddr (9)dadr (ydaur aeuy IO

uonyeoory ojdureg (08 4q (3y/8d) uoneryuasuoy)

(‘uo)) ¢z AIAVL



2-29

(£661) UOPZRIY :92IN0G
‘pa399tep j0u = (IN b

‘sosoyjuared ur umoys yjdep sjdweg

IST] ah[euy JdIR], = TV, 4

"panaodau st onfea 1YYy oY) ‘sosdjeur ojrorjdnp yim sajdwes 1oy (pagtodaa aae sojh[eue papejep LuQ e

6'9% 000°T 819 069 962 1'5g 831 urz
(AN 008°6L ovs 4! 131 G0t e'8 pea]
LLY 128 z68 50¢ ga1 aN aN Teddo))
aN 179 aN aN aN aN aN eqo)
94T ¥eg 6'L9 8'LE [ 847 611 (4] wmiwe.ryn
aN ¥6'S G09 62 £6°L aN N warpey
868°0 6£€°0 €9¢°0 ¥EV0 80%°0 LSv'0 aN wnijjdieg
89'¢ 6¥'L e 08y 629 v6'€ aN JTues.Iy
aN L'ET aN aN dN aN aN Auowryyury
(Dg-Nddr  GOIWddr  (DV-IdAr  (OV-INddr  (9ddaHr (Pdaar  (9)ddsr  oM[euy v,
uoryeso] opdueg [rog Aq (3x/8ur) uoTyBIIUIIUO))
Gl T'E1 868 g9L ¥'v6 &3l 0%3'1 iz
LE'E 9¢ S0t €96 661 g0t )23 peo]
aN aN an 101 g8'9 101 872 Toddop)
aN aN aN aN aN aN ¥9's HEqoH
60% gr'e g€'9 L'gl (34! ¢'81 9°9¢ WINTWOIYT)
(N (N aN aN aN aN 15¢ wnipe)
aN aN N 08€°0 8260 8970 60€°0 wnijdteg
8¢€'1 aN 61T EEC 0g9'¢ 81y 09 dluasxry
(N aN aN aN aN pUN 809 Auownyuy
(v)dasr (IXAr (PdXAr  (WF-eddr  (2)F-eddr (NI TdIr  (@d-1ddr af[euy qIVL

uorjedor] sjduweg 10§ 4q (8y/Sw) UOTYEIIUIIUO))

eG661 ‘s11d Suruang o1xoj, oY) woy
sejdureg 10§ Pajod[ag Ul sojd[euy jsr] ajd[euy jodae], 10] s)nsay [eonheuy 97 ATAVL



2-30

TABLE 2.7 Analytical Results for Surface
Water Samples from the Toxic Burning
Pits Area, 1986

Location
Parameter? J15 J16

Dissolved Metals (ug/L)

Cadmium <1.0 2.0

Lead 40 104

Mercury 0.60 <0.20
Inorganic Compounds (ug/L)

Nitrate and nitrite as N <30 60

Sulfate 12,000 16,000

Chloride 3,000 4,000

Total dissolved solids NAP 34,000
Radioactivity (pCi/L)

Gross alpha <0.8 7.0

Gross beta 5.7 15

Radium-226 NA 0.50

Radium-228 NA 1.4

8 Includes parameters that were detected in one
or more samples. No detection limits given for
VOCs, semivolatile compounds, and PCBs.

b NA = Not analyzed.
Source: Nemeth (1989).

The surface water contained some lead contamination. The lead concentration at
location 16 was above the primary drinking water standard (50 pg/L.). The gross alpha
radionuclide was also slightly elevated at location 16. The radioactivity measurements were
consistent with results from a field radiation survey of the TBP for materials emitting beta
and gamma radioactivity. No radiation above background levels was detected (Nemeth 1989).

The USGS collected nearshore surface water samples from the Gunpowder River
(9 locations) and the Chesapeake Bay (11 locations) at low tide. One sample was collected
onshore in a drainage ditch. Sampling locations are shown in Figure 2.11. Filtered and
unfiltered samples were analyzed for water quality parameters, metals, and a few organic
compounds. Nitrate concentrations in samples from locations 3, 7, and 13 ranged from 280
to 400 pg/L. The metals data showed the presence of lead (from not detected [ND]! to

1 The detection limits for analyses were not reported.
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28 ng/L) and zinc (50-133 pg/L) at locations 1 through 4. Lead and zinc concentrations at the
other locations ranged from ND to 2.68 and 48 ug/L, respectively. Mercury and nickel
concentrations were slightly elevated at location 1 (0.54 and 33.7 ng/L, respectively). No
evidence was found of elevated concentrations of arsenic, barium, or chromium. Comparison
of results from filtered and unfiltered samples showed that the elevated metals concen-
trations may be associated with the suspended solids in the samples (Hughes 1993).

Acetone, toluene, phenol, total organic carbon (TOC), and total organic halogen (TOX)
were analyzed in the filtered and unfiltered samples from nine locations. Phenol (ND to
51.9 pg/L), TOC (4,000-7,000 pg/L), and TOX (21.6-30.4 pg/L) were detected in the unfiltered
samples only. The presence of acetone in some of the samples may represent laboratory
contamination. Toluene (3.05 ng/L) was found at location 1 (Hughes 1993).

The data for the nearshore surface water have shown essentially no contamination.
Contaminants appear to be associated with the suspended solids, suggesting that the near-
shore sediments may be contaminated.

In August 1992, the EPA emergency response team (ERT) collected nearshore surface
water and sediment samples at 17 locations around the peninsula — in the Gunpowder and
Bush rivers and in Chesapeake Bay (Figure 2.12). Filtered surface water samples were
analyzed for VOCs, base neutral and acid extractable organic compounds (BNA), Target
Analyte List (TAL) metals, pesticides, PCBs, and inorganic parameters (sulfate, total Kjeldahl
nitrogen [TKN], total phosphorus, and cyanide). The data showed that beryllium, lead, and
mercury were below their respective detection limits of 6,000, 6,000, and 200 ug/L. Zinc
concentrations ranged from 11,000 ug/L at locations 3, 4, and 16 to 96,000 ng/L at location 6.
Nickel concentrations ranged from 28,000 pg/L at most locations to 38,000 pg/L at location 9.
No cyanide, VOCs, pesticides, or PCBs were detected.

Sediment samples, collected at the same locations as the surface water, were
analyzed for CWAs and CWA degradation products, explosives, VOCs, BNA, TAL metals,
pesticides, PCBs, and other parameters (TOC, sulfate, total phosphorus, TKN, and percent
solids). The results indicate that there is essentially no contamination in sediments at these
locations, although lead was detected at concentrations ranging from 2 mg/L at location 11
to 22 mg/LL at location 17. Arsenic and cadmium were also detected: arsenic at
concentrations ranging from 1 to 6 mg/L (at location 6) and cadmium at concentrations
ranging from <0.5 to 3 mg/L (at location 8). The detection limit for beryllium was fairly high,
ranging from 0.5 to 2.6 mg/L. The only VOC detected was acetone, up to 101 ng/kg at
location 7.

Groundwater

Eleven groundwater monitoring wells (TH series) were installed in J-Field during
the 1977 environmental survey. Locations of these wells are shown in Figure 2.13. Only one
well (TH4) was installed in the area of the TBP. Well depths ranged from 20 to 25 ft. The
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wells were screened in the surficial aquifer with 25-ft-long screens (Sonntag 1991). Samples
collected from the wells in 1977 were analyzed for metals, inorganic chemicals, white
phosphorus, mustard degradation products, cholinesterase inhibitors, semivolatile compounds,
and VOCs. Organic contaminants (up to 200,000 ng/L) were found in all of the wells (no data
were given for THT).

Five additional wells were installed around the TBP as part of a munitions disposal
study (Figure 2.13, P series) (Princeton Aqua Science 1984). The wells were screened in the
surficial aquifer from depths of 17-20 ft with 15-ft-long screens (Sonntag 1991). Water
samples collected from the wells in 1983 were analyzed for metals, nitrate, TOX, TOC, radio-
activity, pesticides, herbicides, and secondary drinking water parameters. Two of the five
wells (P4 and P5) contained elevated concentrations of the gross beta radionuclide (140 and
12 pCY/L, respectively). Two wells (P3 and P4) contained TOX (6.6 and 7.1 mg/L,
respectively). Two wells (P2 and P5) contained elevated concentrations of nitrates (12 and
10 mg/L, respectively).
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The P-series wells were sampled again in 1986 as part of the Edgewood Area RFA
(Nemeth 1989). The samples were analyzed for metals, explosives-related compounds,
inorganic compounds, radioactivity, thiodiglycol, VOCs, semivolatile compounds, and PCBs.
The results are summarized in Table 2.8. Elevated concentrations of VOCs were found in
only two wells (P3 and P4), near the area exhibiting soil-gas contamination. The compounds
found include trans-1,2-dichloroethylene (trans-12DCE), up to 8,500 /L in well P4; TRCLE,
up to 6,700 pg/L in well P4; vinyl chloride, up to 550 pg/L in well P3; and TCLEE, up to
420 pg/L in well P3. The data also indicate that the elevated gross beta activity detected in
well P3 was due to naturally occurring potassium-40; however, it is not clear why potassium
concentrations were so much higher in this well than in the others.

Thirty-eight additional monitoring wells were installed by the USGS in 1988 and
1989 (Sonntag 1991; Hughes 1993). Two of these wells, JF1 and JF2, were installed and
screened in the Potomac Group. The 36 other wells were placed in nests of 3 at 12 different
locations (Figure 2.13). Well nests JF3-JF8 were placed in the TBP area. The nested wells
were screened in the confined aquifer, the leaky confining unit, and the surficial aquifer. The
naming convention for the well nests involves a combination of letters and numbers. The
letters with numbers (i.e., JF1-JF12) indicate the location. This location indicator code is
then coupled with the numbers 1, 2, or 3 to indicate the strata being monitored. The confined
aquifer is designated by the number 1, the leaky confining unit by the number 2, and the
surficial aquifer by the number 3.

During 1990, samples from 55 of the 58 existing wells at J-Field were analyzed for
metals, inorganic compounds, VOCs, and semivolatile organic compounds. Several of the
wells were also analyzed for organosulfur, explosives, and radioactive contaminants. Wells
were selected for specific contaminant analyses on the basis of the nature of disposal
activities that had occurred nearby (USGS 1991).

Table 2.9 summarizes the analytical results indicating the presence of metals and
other inorganic compounds. Concentrations of lead (124 pg/L) in well P9 and arsenic
(60 pg/L) in well JF83 exceed maximum contaminant levels (MCLs). Both of these wells are
downgradient from the TBP. Potassium concentrations ranged from not detected to 140 ng/L.
Except for one measurement at well P3, the elevated concentrations of potassium (above
50 pg/L) occurred in the leaky confining unit or the confined aquifer. Movement of sea water
into the groundwater may not be a source of potassium because wells with elevated
potassium do not have elevated chloride concentrations.

The analytical results (summarized in Table 2.10) show that the TBP are con-
taminated with VOCs, and a contaminant plume in the groundwater extends downgradient
to the southeast. This condition is reflected in the elevated concentrations of 112TCE,
1,2-dichloroethylene (12DCE), TCLEA, TCLEE, and TRCLE in well nests JF5, JF7, and JFS8.
The concentrations are highest in the surficial aquifer — up to 7,150 pg/L 12DCE in wells
JF73 and JF83. The data also show that some contamination extends down into the leaky
confining unit and the confined aquifer (1,400 pg/L. TRCLE in the leaky confining unit [JF82]
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TABLE 2.8 Analytical Results for Groundwater from the P-Series
Monitoring Wells, 1986

Concentration by Well

Parameter?® P1 P2 P3 P4 P9
Dissolved Metals (ug/L)
Arsenic <10 <10 24 <10 <10
Cadmium <1 <1 <1 3 <1
Lead <5 <5 <5 90 <5
Selenium <5 9 54 26 <5
Potassium 1,040 733 113,000 1,380 782
Inorganic Compounds (ug/L)
Nitrate/nitrite as N 490 12,000 <50 <50 8,000
Sulfate 54,000 105,000 362,000 93,000 94,000
Chloride 4,800 23,000 304,000 866,000 24,000
Total phosphate as P NAP NA NA NA NA
Total dissolved solids 125,000 328,000 1,403,000 1,087,000 262,000
Radioactivity (pCil/L)
Gross beta 1.3 2.5 100 <4.8 1.4
Potassium-40 NA NA 120 NA NA
Radium-226 NA NA 0.43 NA NA
Volatile Organic Compounds (ugiL)
Benzene ND¢ ND 6.0 ND ND
Chlorobenzene ND ND 980 ND ND
Ethyl benzene ND ND 3.0 ND ND
Toluene ND ND 5.0 ND ND
Chloroform ND ND 7.0 3.0 ND
Carbon tetrachloride ND 5.0 ND ND ND
112TCE ND ND 7.0 130 ND
TCLEA ND ND ND 200 5.0
Vinyl chloride ND ND 550 48 ND
trans-12DCE ND ND 2,220 8,500 ND
TRCLE ND ND 980 6,700 5.0
TCLEE ND ND 420 ND ND

& Includes all parameters that were detected at least once. Metals analyzed but not
detected: barium (<300 pg/L), chromium (<10 pg/L), mercury (<0.2 pg/L), and silver
(<25 pg/Ly).

5 NA = not analyzed.
¢ ND = not detected.
Source: Nemeth (1989).
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and 7,100 pg/L 112TCE in the confined aquifer [JF81]). Because the well screens monitoring
the confined aquifer are at depths of 70 ft or more (well JF81 is screened at a depth of
120-123 ft), VOC contamination extends more than 100 ft deep.

Because TRCLE was detected most often, the TRCLE data were used to create a
contour map of contamination in the surficial aquifer (Figure 2.14). Those contours show that
a plume of contaminated groundwater extends south of the TBP area to the shore and,
possibly, into the bay. Additional data on VOC concentrations in the groundwater at
locations farther south and closer to the shore are needed to determine if the plume in the
surficial aquifer extends into the bay.

Data for the single wells screened in the Potomac Group sediments (JF1 and JF2)
indicate low concentrations of VOC contamination in the deeper strata. Well JF1 contained
2.25 pg/Li 1,1,1-trichloroethane (111TCE) at a depth of 185-190 ft; well JF2 contained 6.7 pg/L
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FIGURE 2.14 Contours of TRCLE Concentrations (pg/L) in the Surficial Aquifer
(contour interval = 200 pg/L) (Source: Adapted from Hughes 1993)
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TRCLE at 208-213 ft. These values are questionable because one of the two blanks
associated with the sampling event contained detectable concentrations of TCLEA, TCLEE,
and TRCLE.

Groundwater samples from a few wells were analyzed for explosives and
organosulfur compounds. Results are summarized in Table 2.11. The data indicate some
contamination with organosulfur compounds (including degradation products of mustard) in
the surficial aquifer downgradient from the TBP. The maximum concentration was 140 ng/L
1,4-dithiane in well P3 just north of the western end of the TBP. No organosulfur
contamination was found in the middle or lower aquifers. Explosives-related compounds were
also found in low concentrations (up to 226 pg/L nitrocellulose) in the water table and the
lower aquifer. Because nitrocellulose is not soluble in water, this value is either lab error or
due to suspended solids in the groundwater sample.

TABLE 2.11 Analytical Results for Organosulfur and Explosives-Related
Compounds in Groundwater from the Toxic Burning Pits Area, 1990

Concentrations of Organosulfur Compounds (pg/l.)

4-Chlorophenyl-  4-Chlorophenyl-

Well methsulfoxide sulfone 1,4-Dithiane  1,4-Oxithiane  Thiodiglycol
P3 ND? ND 140 ND NAP

P4 ND ND 8.28 ND NA
JF53 ND ND 2.11 ND ND
JF63 ND ND 8.21 8.24 21
JF83 ND 20.5 ND ND NA

Concentrations of Explosives-Related Compounds (pg/L)

Nitro- Nitro-
DNT® benzene cellulose PETNY RDX®
P9 ND ND 226 ND 0.496
JF43 ND ND 21.3 ND ND
JF51 ND 0.0889 ND ND ND
JF63 ND ND ND 15.9 ND
JF73 ND ND ND ND 1.18

2 ND = not detected.

b NA = no data available.

¢ DNT = dinitrotoluene.

4 PETN = penta-erythritol tetranitrate.

¢ RDX = hexahydro-1,3,5-trinitro-1,3,4-triazine.
Source: USGS (1991).
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Concentrations of the radioactive species uranium, thorium-230, cesium-137, and
strontium-90 were measured in monitoring wells P1, P3, P4, JF53, JF52, JF51, JF63, and
JF73. Elevated concentrations of cesium-137 (up to 172 pCi/L) and strontium-90 (up to
128 pCi/L), measured as beta radiation, were found in wells P3, JF51, and JF73
(USGS 1991). Ifthese values are confirmed by additional measurements, they would indicate
the presence of radioactive contaminants.

In 1992, the USGS analyzed groundwater collected from wells in the TBP area
(Figure 2.13) for VOCs (Table 2.12). The data indicate that VOCs are present in the three
aquifers underlying J-Field (surficial unit, confining unit, and confined unit); that
concentrations of TRCLE, TCLEE, TCLEA, chloroform (CHCL3), 12DCE, and 112TCE have
increased significantly since 1990 (see also Table 2.10); and that concentrations of
1,1-dichloroethylene (11DCE) have not been detected.

The highest VOC concentrations were found in well clusters JF5, 6, 7, and 8 in all

three aquifers. The greatest increases in concentrations were found in JF83, which monitors

TABLE 2.12 Analytical Results for Selected VOCs in Groundwater
Samples from the Toxic Burning Pits Area, 1992

VOC Concentrations (ug/L)

Well? 112TCE 12DCE C2H3CL® TCLEA TCLEE TRCLE

P3 ND° 980 600 ND 3,400 570
P4 65 3,300 ND ND ND 3,600
P9 ND ND 10 ND ND ND
JF53 290 10,000 95 4,900 ND 4,200
JF52 1 140 ND 1 ND 3
JF51 ND 210 ND ND ND 97
JF63 ND 120 ND 75 130 4,400
JF62 ND 4 ND ND ND 13
JF61 ND 2 ND ND 2 10
JF73 90 920 ND 9,000 280 5,100
JF71 ND ND ND 2 ND 3
JF83 2,000 12,000 ND 260,000 3,600 41,000
JF82 ND 190 ND ND ND 1,800
JF81 ND 22 ND 5 3 220

2 TBP wells not listed contained no VOCs. No data were obtained for wells
P1, P2, JF43, 42, 41, and JF72.

b C2H3CL = vinyl chloride.
¢ ND = not detected.
Source: USGS (1992).
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the surficial aquifer south of the main burning pits — TRCLE increased from 4,900 pg/L in
1990 to 41,000 pg/L in 1992, TCLEE increased from 1,000 pg/L to 3,600 pg/L, TCLEA
increased from 250 pg/L to 260,000 pg/L, and 12DCE increased from 7,150 pg/L to
12,000 pg/L. Concentrations of 112TCE decreased from 7,100 png/L in 1990 to 2,000 pg/L in
1992 (USGS 1992).

2.3.1.3 Potential Pathways of Contaminant Migration

Existing data indicate that the main pathway of contaminant migration at the TBP
AOC is movement through the vadose zone down into the groundwater and then transport
by groundwater.

Contaminants are apparently moving from their source, down into the groundwater,
and then downgradient into the marshes by surficial aquifer discharge or into the estuaries
by groundwater upwelling, or to locations even farther downgradient.

The direction of groundwater movement in the Talbot aquifers appears to be away
from the TBP AOC toward the low-lying marshes and under the Gunpowder and Bush rivers.
However, the lateral gradients in the lower aquifers are quite small (USGS 1991). The
vertical movement of groundwater appears to be down through the aquifers; however,
offshore there may be upward flow from each of the three Talbot aquifers into the Gunpowder
and Bush rivers. Movement in the surficial and confined aquifers is affected by the tides
(USGS 1991).

Surface water and associated sediment transport may play some role in contaminant
migration in that surface runoff, particularly after intense storms, may carry dissolved and
suspended contaminants from the contaminated areas into the marshes and estuaries.
Surface water percolating through and leaching contaminated soils may be a major pathway
by which contaminants, especially metals and VOCs, move down into the groundwater. Any
contaminants that may have been present in the past in sufficient quantities to exist as free
liquid in the soil would be expected to migrate down, independent of the presence of water.

Because of the generally humid conditions in the J-Field study area, wind transport
of contaminated soil in areas with a good vegetative cover is expected to be minor. Diffusion
of contaminated soil gas into the atmosphere and direct volatilization of contaminants from
the soil are also expected to be minor release mechanisms. However, because portions of the
TBP AOC are unvegetated or are sparsely covered with stressed vegetation, the air pathway
may be significant and will be investigated.
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2.3.2 White Phosphorus Burning Pits

2.3.2.1 Types of Waste Present

The WPP area was used for the disposal of WP, PWP, and other related chemicals.
It is also possible that riot control agents such as CN and TRCLE were disposed of in the
WPP (Nemeth 1989).

2.3.2.2 Types of Contaminants Present

The first phase of the USGS hydrological assessment was conducted to select
locations for monitoring wells at the TBP and WPP. It was assumed that the pits and the
open burning grounds around them are the primary sources of contamination. The following
subsections discuss the findings relative to the nature and extent of contamination in the
WPP area.

Soil Gas

During Phase I of the hydrological assessment, the USGS sampled 35 locations
around the WPP for soil-gas concentrations of TRCLE, TCLEE, combined hydrocarbons, and
simple aromatics. The highest relative flux values of contamination were found north of the
pits and to the west along the shore of Gunpowder River. Isolated areas of contamination
were found to the south. The relative flux contours for TCLEE, shown in Figure 2.15, are
similar to those for the other measured contaminants. However, the simple aromatics
contamination north of the pits is more extensive than is shown in Figure 2.15
(Hughes 1993).

Soil

In 1983, soil samples were collected from each of the four monitor well boreholes at
the WPP (Figure 2.16). For each borehole, one sample was obtained as a composite of
samples collected over 5-ft intervals. The samples were analyzed for metals, cyanide,
phenols, total phosphorus, VOCs, pesticides, PCBs, and herbicides.

The only significant contamination found was lead, at 1,360 mg/kg in the sample
from borehole JBP-4. Arsenic (10 mg/kg), barium (208 mg/kg), and possibly cadmium
(1.33 mg/kg) were found in the same sample. No VOCs were found in any of the samples at
a detection limit of 5 pg/kg. Cyanide was not found at a detection limit of 20 ng/kg. Samples
from the other boreholes showed essentially no contamination (Princeton Aqua Science 1984).
One composite sample was collected from each of the two main pits in the WPP AOC. The
samples from the pits, along with background samples, were analyzed for several chemical
parameters (Table 2.13). The results show significant levels of lead (up to 2,960 mg/kg) and
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FIGURE 2.15 Relative Flux Contours for TCLEE at the White Phosphorus Pits
(Source: Adapted from Hughes 1993)

zine (up to 2,720 mg/kg) in each sample. High concentrations of petroleum hydrocarbons (up
to 5,800 mg/kg) were also detected. The elevated levels of petroleum hydrocarbons in the
background samples (62 mg/kg) indicate that these samples were collected at contaminated

locations. Elevated levels of phosphorus (up to 1,573 mg/kg) were also detected in the WPP
samples.

As part of the 1986 RFA (Nemeth 1989), surface soil samples were collected at two
locations (J31 and J32) in and around the WPP. Figure 2.17 shows the sampling locations.
The samples were analyzed for metals, extractable metals, and explosives-related compounds.
The results, as summarized in Table 2.14, show that the surface soil in and around the WPP
contained elevated levels of metals, especially lead (up to 255 mg/kg), chromium (up to
28.9 mg/kg), cadmium (up to 2.40 mg/kg), and barium (up to 149 mg/kg). Neither of the two
samples exceeded the RCRA EP limits for metals.
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TABLE 2.13 Concentrations of Chemical Parameters in
Soil from the White Phosphorus Pits at J-Field

Concentration® (mg/kg, unless noted)

Parameter? Background® pit 1¢ pit 2¢
Arsenic 146 2.93 0.915
Barium 247 939 525
Cadmium 0.519 6.70 2.74
Chromium 34.3 203 183
Iron 14,800 18,100 17,900
Lead 889 2,960 1,310
Manganese 267 260 197
Mercury 0.042 0.037 0.065
Potassium 2,420 2,260 2,520
Zinc 454 2,530 2,720
pH (standard units) 6.9 7.7 6.8
Nitrate 202 498 136
Total phosphorus 26 220 1,573
Cyanide <0.5 <0.5 0.77
Petroleum hydrocarbons 62 2,260 5,800
Phenols <0.130 <0.134 0.636
Aromatics

Toluene (ng/kg) 45.8 75.6 27.4
Ethylbenzene (ng/kg) <20 <20 51.6

Table lists parameters detected in at least one sample.
Parameters measured but not detected are other aromatics

(<20 ngrkg), VOCs (<10 pg/kg), herbicides (<10 pgrkg), pesticides
(<20 pg/kg), and PCBs (<10,000 pg/kg).

Results are based on composite soil samples taken in
January 1983.

Locations of background samples not given.

Based on available information, it is inferred that Pit 1 is the
northern pit and Pit 2 is the southern pit.

Source: Adapted from Princeton Aqua Science (1984).
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FIGURE 2.17 Locations of Surface Soil (J31 and J32) and Surface Water Samples (J37
and J38) in the White Phosphorus Pits Area (Source: Adapted from Hughes 1993)

The USGS collected soil samples (at approximately 1-ft depths) from 36 sites in
J-Field, including the WPP area (Figure 2.15). The samples were analyzed for indicator
parameters, metals, VOCs, semivolatile compounds, and explosives (Hughes 1992). The
results are presented in Table 2.15. Levels of metals were fairly low, except that at location 1
(Just east of the pits) the concentration of zinc was 942 mg/’kg. No VOCs were detected.

Soil samples were also collected in the WPP area by Weston in October 1992
Samples were collected at depths of 2 and 4 ft in the pits and at depths of 3 in. and 1 ft in
the marshes and pushout areas. Table 2.16 summarizes the analytic results for parameters
detected in some of these samples.
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Surface Water TABLE 2.14 Analytical Results
for Soil Samples J31 and J32

Surface water samples (J37 and from the White Phosphorus

J38) were collected from the WPP area as Pits, 1986
part of the 1986 RFA (Nemeth 1989).
Sampling locations are shown in Parameter® Js1 J32
Figure 2.11. Samples were analyzed for
metals, explosives-related compounds, Total Metals (mglkg)
inorganic compounds, gross alpha and beta, Arsenic 14.1 12.3
. . Barium 141 149
VOCs, BNAs, pesticides, and PCBs. The Cadmium 9.48 2.40
results are summarized in Table 2.17 for Chromium 28.9 18.1
locations J37 and J38. Lead 255 184
Mercury <0.10 0.14
The surface water contained some Silver <1.00 <5.00

lead contamination. Sulfate and total

dissolved solids (TDS) were slightly elevated Extractable Metals (mg/L)

) Barium <10.0 <10.0
in the WPP surface water, and gross alpha Cadmium <0.10 <0.10
was also slightly elevated. None of the Chromium <0.50 <0.50
values for the other radioactive parameters Lead <050  <0.50

was indicative of contamination.
Source: Nemeth (1989)

Surface water samples were
collected by the USGS at low tide close to
the J-Field shore in the Gunpowder River (four locations near the WPP). One sample was
collected onshore in a drainage ditch. Locations are shown in Figure 2.11. Filtered and
unfiltered samples were analyzed for water quality parameters, metals, and a few organic
compounds. A sample taken at location 3 had nitrate concentrations of 380 ng/L. The metals
data showed low concentrations of lead (ND to 28 ng/L) and zinc (50 to 133 pg/L) at locations
1 to 4. Mercury and nickel concentrations were slightly elevated at location 1 (0.54 and
33.7 ng/L, respectively). No evidence was found of arsenic, barium, or chromium
contamination. Comparison of data for filtered and unfiltered samples indicates that the
slightly elevated metals concentrations may be associated with the suspended solids in the
samples. This conclusion is based on the lower concentrations of metals in filtered samples
for the few locations where both filtered and unfiltered data were obtained (Hughes 1993).

A few organic constituents (acetone, toluene, phenol, TOC, and TOX) were measured
in samples from two locations. TOC and TOX were detected in the unfiltered samples only
(4,000 and 21.6 ng/L, respectively). Toluene was found only at location 1 (3.05 ng/L)
(Hughes 1993).

In general, the nearshore surface water samples collected to date show little
contamination. What contamination there is appears to be associated with the suspended
solids. This suggests that the nearshore sediments may be contaminated. Additional data
are needed to evaluate this situation. No data are available on concentrations of pollutants
in surface water or sediments in the marshes on J-Field.



2-49

(3661) seysny :e0Inog
"poratep jou = N

aN aN N dN (N dN aN aN aN 088y arereyiyd [Lyng-u-1(q
daN aN adN dN N dN aN daN aN aN poE d10ZULy
aN aN dN daN N dN AN N dN AN oereyIyd [Azusqifing
(Fy/3n) spunodwo)) snruni.aQ) aj1pvioa1Uds
aN aN N dJdN N dN dN aN aN aN audjAyjeolo[yoLL],
aN aN (N JdN (N dN aN aN (N aN U090y
(8y81) spunodwo)) orunSaQ) ajnpoion
9% aN aN dN (N dN 81 N aN ov6 outy
aN aN N JdN (N dN aN aN aN aN Luowrjuy
LT q1 81 a1 8T 61 £'G 18% 1414 aN peor]
66 €9 19 1II Ly 0§ 9'g 0% 8'¢ 474 xaddop)
11 g1 L6 11 8'8 96 6'8 ol ol 91 Wnoayn
aN (N N dN N dN aN aN aN aN wnrupey
6C 6'G dN dN N (N €% 8¢ LG 4 4 ATUBSIY
(Fy/u) spoop
o1 6 8 L 9 g 4 g 4 1 I9jourere g
uonjeoor] sdweg (10§ £q SUOIIRIJUIIUOY)
1661 [lady

‘eaay s)id snaoydsoyd Ny 243 woaj sojdureg [rog J0J s3[nsay [eondfeuy ¢r'z IIdviL



2-50

aN aN ST'9 aN L'gt aN PHOIN
6'LE ¥8¢ L'6T 061 G369 0vg ) outyz
1 4 4 60% 68V 9%'9 L8'8 LE'S peo1
01T 769 aN 0¥'8 £€9'8 S0t Jaddop)
aN aN aN aN aN aN Heqop
£9’L 8¢l £6'Y L91 8'¢CT 9’11 wnturorys
aN 60'C aN aN 9290 aN wntwpen
GEE0 81¢€°0 aN 0¢S°0 96L°0 6LG 0 wniiIag
9¥'e 0’y (N 386 ¥2'6 ¢G'E dTuasry
aN 66'G aN aN aN aN Luowrrjuy
(Fy8w) saplpuy Ty g,
aN aN aN aN aN aN 0921 J0101y
aN aN aN aN aN aN $Qe1 Jo1d0xy
(By81) sqgod
LT°6 1T N aN 991 aN CELE] 1974
daN aN aN aN aN aN UdNO,
q'1e a8t 6'8¢ Qa1 9G1 14534 QUOYY
aN Vet ¢St £9'6 aN oaN 9PLIOTYD SULAYIOIN
(fyj3n) spunodwo)) nruns.iQ 21139104
(DV-INdMmr LEWV-INdML (Pa-zgdmre (BHA-ZIMSL (PA-TdMP &\Nvm-ﬂ% Jojowrereq

uoreso] ojdureg 10§ Aq SUOT}RIIUIIUO))

«3661 ‘$11d snioydsoy g argm

oY} woyy sojdures [10§ PojId[es Ul s)A[eUY TV, PUt TOL 10F SHNSoY [eons[euy 913 ATIV.L



2-51

"pojrodar st onjea 19YIIY Y3 ‘sesA[eur ojeoydnp yim sejdwes 10y ‘pejrodai ale sojd[euE paldRjep A[UQ

‘sogoyjuaaed ul umoys yjdep sjdureg

(£661) UO[RZBI :90aN0g

"Peo9lep jou = (N

LY'6 G996 81’8 LZ'8 9'Yve 080°1 TO¥9IN
LGG 199 6786 60T LG L ¢Sl autz
9¢1 gge 0°¢3e ra4 6%'L 99¢ peor]
86T 60T aN $01 aN It Teddop
aN aN aN aN aN aN Heqo)
£8°6 613 90T Vel LE'8 80¢ WnIuoysy
9,60 ¢o'1 aN aN (N 1'% wniuper)
8080 L9G0 810 125TA ) ¢81°0 6800 wnifjirag
ge’e 6G'E 09°¢c 8¥'¥ 96’1 00¥ ATUBSIY
aN A aN aN aN aN Luowjuy
(By/8w) sakppuy Ty,
aN aN aN aN aN ¢1%g 09¢T L0001y
aN 143 aN aN aN aN FGCT d0100ay
(8y4/5M) sgDd
81T aN aN aN aN 781 saus[AY
¥S6'9 aN aN aN aN or'L auanjof,
8.1 aN 4% anN 144 191 U0y
qe'8 636 16°L 0Lt £€8'G 801 OPLIOYD SUSTAYIDIA
(By81) spunoduwo)) sruniiQ ajnioA
(DOddMr  (8)0-ddmMr  (DV-ddmre  (OV-ddMre  (DO-WdMre (&) INIMP Iajowrered

uonedo] sjdureg 10§ £q SUOIFBIJUIIUO))

(o)) 91°7 A'I9V.L



2-52

TABLE 2.17 Analytical Results for Surface
Water Samples from the White Phosphorus
Pits Area, 1986

Location
Parameter J37 J38

Dissolved Metals (ug/L)

Cadmium <1.0 3.0

Lead 6.0 44

Mercury <0.20 <0.20
Inorganic Compounds (ug/L)

Nitrate and nitrite as N <30 200

Sulfate 160,000 15,000

Chloride 5,000 3,000

Total dissolved solids 388,000 114,000
Radioactivity (pCi/L)

Gross alpha 2.8 4.2

Gross beta 8.0 8.7

Source: Nemeth (1989).

Groundwater

Three monitoring wells (designated TH) were installed at the WPP in 1977
(Figure 2.13) as part of an environmental contamination survey conducted by USATHAMA
(Nemeth 1989). The depth of the wells ranged from 20 to 25 ft. The wells were screened in
the surficial aquifer (Sonntag 1991). Water samples collected from the wells in 1977 were
analyzed for metals, indicator chemicals, WP, mustard degradation products, cholinesterase
inhibitors, BNAs, and VOCs.

Low levels of organic contamination were found in all wells. A mustard degradation
product, 1,3-dithiane, was found at a concentration of 6 pg/L in well TH1 near the WPP.
Aliphatic and aromatic organic compounds were found at levels up to 200 pg/L in most well
samples. Organic compounds introduced by the well construction procedure or possible
sample contamination were found at higher concentrations (e.g., tetrahydrofuran up to
8,000 ng/L).

Four additional wells were installed around the WPP (wells P5-P8 in Figure 2.13)
as part of a munitions disposal study (Princeton Aqua Science 1984). The wells were 17-20 ft
deep and were screened with 15-ft-long screens in the surficial aquifer (Sonntag 1991).
Samples collected from the wells in 1983 were analyzed for metals, nitrate, TOX, TOC,
radioactivity, some pesticides and herbicides, and secondary drinking water contaminants.
Analyses indicated no major concentrations of metals, pesticides, or herbicides.
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Samples collected from these four wells in 1986 as part of an RFA (Nemeth 1989)
were analyzed for metals, explosives-related compounds, indicator parameters, radioactivity,
thiodiglycol, VOCs, BNAs, pesticides, and PCBs. Sulfate, TDS, and TRCLE were the only
parameters that showed any elevated concentrations.

Twelve additional monitor wells were installed at the WPP in late 1988 and 1989 by
the USGS (Sonntag 1991; Hughes 1993). The wells were installed as three-well nests at four
different locations (Figure 2.13). At each site, the three wells were screened in the confined
aquifer, the leaky confined unit, and the surficial aquifer of the Talbot Formation. The
groundwater samples collected from the nested wells were analyzed for metals, other
inorganic parameters, VOCs, and semivolatile organic compounds. Some analyses were
performed for organosulfur, explosives-related, and radioactive compounds. Wells were
selected for these analyses on the basis of their proximity to potential disposal areas for these
materials (USGS 1991).

Potassium concentrations detected in the samples varied considerably, with most
ranging from ND to 10 ng/L. All of the elevated values (above 50 pg/L) occurred in the leaky
confined unit or the confined aquifer. Movement of sea water into the groundwater does not
appear to be the source of the potassium, because wells with elevated potassium
concentrations did not have elevated chloride concentrations.

Low levels of VOC contamination were detected in the WPP. Only one well, P8,
showed contamination by TRCLE (40 pg/L). Some contamination by other VOCs was
detected in wells P7 and JF10-2. (Acetone is excluded because of the possibility that its
presence is a result of laboratory quality control [QC] procedures.)

2.3.2.3 Potential Pathways of Contaminant Migration

Existing data indicate that the main pathway of contaminant migration at the WPP
AOC is movement through the vadose zone down into the groundwater and then transport
by the groundwater.

The direction of groundwater movement in the Talbot aquifers appears to be away
from the WPP AOC toward the Gunpowder River. However, the lateral gradients in the
lower aquifers are quite small (USGS 1991). The vertical movement of groundwater appears
to be down through the aquifers; however, offshore there may be upward flow from each of
the three Talbot aquifers into the Gunpowder and Bush rivers. Movement in the surficial
and confined aquifers is affected by the tides (USGS 1991).

Surface water and associated sediment transport may play some role in contaminant
migration in that surface runoff, particularly after intense storms, may carry dissolved and
suspended contaminants from the contaminated areas into the marshes and estuaries.
Lateral contaminant migration by surface water is expected to be minor (Sonntag 1991).
However, in the past, the surface water pathway may have been more significant because the
pits were operated to allow drainage to flow to the Gunpowder River (Weston 1992). Surface
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water percolating through and leaching contaminated soils may be a major pathway by which
contaminants, especially metals and VOCs, move down into the groundwater. Any con-
taminants that may have been present in the past in sufficient amounts to exist as free liquid
in the soil would be expected to migrate downward, independent of the presence of water.

Because of the generally humid conditions in the J-Field study area, wind transport
of contaminated soil in areas with a good vegetative cover is expected to be minor. Diffusion
of contaminated soil gas into the atmosphere and direct volatilization of contaminants from
the soil are also expected to be minor release mechanisms. However, because portions of the
WPP AOC are unvegetated or are sparsely covered with stressed vegetation, and because at
least part of the WPP AOC is expected to be used for OB/OD, the air pathway may be
significant and will be investigated.

2.3.3 Riot Control Burning Pit

2.3.3.1 Types of Waste Present

The RCP area was used for burning of riot control agents and disposing of munitions
filled with riot control agents and of materials contaminated with these chemicals. The
primary riot control chemicals disposed of in the burning-pit were tear agents (CS and
possibly CN) and items contaminated with those agents.

2.3.3.2 Types of Contaminants Present

Soil Gas

Soil-gas sampling and analysis were conducted during Phase I of the USGS
hydrological assessment. Soil-gas samples collected from 12 locations on a 100-ft grid around
the RCP were analyzed for TRCLE, TCLEE, alkanes, combined hydrocarbons, and simple
aromatics. Relative flux values indicated contamination by chlorinated solvents at areas
north and south of the pits. Contamination by phthalates and heavy aromatic compounds
appeared to be more extensive, with phthalates showing elevated contamination along
Rickett’s Point Road and at one location south of the pit. The highest measured flux value
for aromatic compounds was at a location south of the pit. Figure 2.18 shows the relative
flux contours for heavy aromatics at the pit.

Soil

A soil sample was collected immediately northeast of the disposal trench during the
1986 RFA (Nemeth 1989). That sample contained a significant amount of ash and other
residue from burning operations; analysis showed slightly elevated levels of total cadmium,
chromium, lead, and silver, and very low levels of polyaromatic hydrocarbons (PAHs).
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Soil samples were collected by the USGS at 36 sites at J-Field, including the RCP
area (locations 16 through 20 in Figure 2.9). The samples were collected at 1-ft depths and
were analyzed for indicator parameters, metals, VOCs, semivolatile compounds, and
explosives-related compounds (Hughes 1992). The results of the analyses are presented in
Table 2.18. Soil samples showed some metals contamination, especially at locations 16, 17,
and 18 north of the pit, where lead concentrations ranged from 34 to 68 mg/kg. Zinc was
found at 158 mg/kg at location 16. Organic compounds (acetone, butylbenzyl phthalate, and
benzoic acid) were also detected in some samples.

Soil samples were also collected in the RCP area by Weston in October 1992
(Figure 2.19). The samples were collected at 3-in., 2-ft, and 4-ft depths in the pit and at 3-in.
and 1-ft depths in the marshes and pushout areas. Tables 2.19 and 2.20 summarize the
analytic results for parameters detected in some of these samples. The data indicate that
several areas are contaminated with metals, mainly at the surface (within 3 in. to 2 ft). The
highest concentrations of lead were found in the center of the RCP (up to 339 mg/kg at 3 in.).
Lead concentrations ranged from 31 to 90 mg/kg at the ends of the pit, in the marshes, and
in the pushout areas. Other metals detected include beryllium, up to 0.451 mg/kg in the
marsh east of the RCP; chromium, up to 106 mg/kg at the eastern end of the RCP; copper,
up to 742 mg/kg at the eastern end of the RCP; and zinc, up to 742 mg/kg in the center of the
RCP. Organic compounds were also detected, including benzoic acid, chlorobenzene, di-n-
butyl phthalate, acetone, methylene chloride, styrene, toluene, xylene, and pesticides. PCBs
were not detected.

TABLE 2.18 Analytical Results for Soil Samples from the Riot Control Burning Pit
Area, April 1991

Concentration by Soil Sample Location

Parameter 16 17 18 19 20 21 22

Metals (mglkg)

Arsenic 4.4 3.8 34 2.9 3.7 3.3 ND?
Cadmium ND ND ND ND ND ND ND
Chromium 11 8.6 8.7 7.5 11 8.8 74
Copper 9.5 10 95 54 7.0 7.2 15
Lead 68 41 34 2.1 41 1.7 22
Antimony ND ND ND ND ND ND ND
Zinc 158 ND ND ND ND ND ND
Volatile Organic Compounds (uglkg)
Acetone 7.27 29.6 9.01 6.47 10.2 9.51 245
Trichloroethylene ND ND ND ND ND ND ND
Semivolatile Organic Compounds (ugikg)
Butylbenzl phthalate ND ND 528 ND ND ND 3,700
Benzoic acid 3,400 12,000 ND 1,800 949 654 3,700

2 ND = not detected.
Source: Hughes (1992).
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