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EXECUTIVE SUMMARY

The U.S. Army Corps of Engineers, Far East District (FED), has contracted with
Samsung Corporation under Contract Number DACA81-00-D-0049 to perform a Site
Investigation (SI) at Camp Carroll Area D and Area 41, located in the Republic of Korea.
The investigation was initiated as a response to potential contamination in the subject

arcas.

Camp Carroll, depicted on Figure -1, is a U.S. Army Installation Jocated adjacent to the
village of Waegwan, in the south-central portion of the Republic of Korea (ROK). The
present investigation comprises two study areas at Camp Carroll, Area 41 and Area D.
Area 41 is located near the southwest boundary of the base, to the south of Building 620,
and between the Wash Rack and Building 674. The study area includes approximately
39,375 square feet (3,658) square meters) of flat-lying gravel-covered area in a triangular
shape. Area D) is located near the southeast boundary of the base, northeast of the Dog
Training Area and due south of the Fire Shed. Area D is comprised of approximately
125,000 square feet (11,613 square meters) of a (currently) paved and gravel-covered
area {(Woodward-Ciyde Consultants, WWC 1992a).

SiTE HISTORY

Camp Carroll serves as the Headquarters, U.S. Army Material Support Center, Korea,
and functions as a staging ground for U.S. military operations on the Korean peninsula
and in the Far East. The primary mission of the base is to serve as a staging facility and a

storage and maintenance depot.

Various transport vehicles including trucks, trailers, jeeps, tanks, personnel carriers, and
other military vehicles are stored and maintained ut the base. Supplics and matcrials,
mncluding but not limited to, armaments, vehicle engines and parts, electronic equipment
and components, generators, electrical equipment, fuels, chemicals, and medical items,
are received and stored at the base. Hazardous materials and wastes, including solvents,
petroleum oils and lubricants (POL), pesticides, herbicides, and other industrial
chemicals have been nsed and stored onsite for over 40 years. A number of potential
sources of soil and groundwater contamination exist at the base, and the presence of
contaminated groundwater has been documented (WWC 1992a).
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A baseline groundwater investigation conducted by Woodward Clyde Consultants
(WWC 1992b) reported relatively widespread contamination of the aquifer throughout
the base. The most common contaminants identified were the chlorinated solvents
trichloroethylene, tetrachloroethylene, and 1,2-dichjoroethylene. These contaminants
were detected in 15 of 18 groundwater monitoring wells sampled and in 8 of 10 water

supply wells sampled during the survey in April 1992,

Cultural activities practiced in an area may resulf in increased background concentrations
of some compounds. The common practice of incinerating wastes in Korea may result in
elevated background concentrations of dioxins in surface soils through air transport and
deposition. The widespread surface application of pesticides may result in increased
background levels of these compounds. Therefore, all detections of these compounds
may not necessarily reflect isolated site conditions and should also be reviewed with

respect to local background conditions.

Area 41 has been identified as a former drum storage area. According to interviews with
onsite personnel, drummed (or otherwise containerized) hazardous materials were stored
in Area 41. The drums contained a variety of chemicals including pesticides (including
DDT), herbicides, solvents, vehicle fluids (battery acid and antifreeze), POLs, other
hydrocarbons, and other chemicals. Numerous spill events reportedly occurred in this
area between 1976 and 1981. Eye-witness accounts describing soil discoloration and
localized ponding of liquids indicate that a significant amount of leakage and spillage of

materials had apparently occurred in the vicinity of stored containers.

Area D has been identified as a former hazardous waste landfill. Numerous hazardous
materials were disposed in this landfill between the years of 1977 and 1982. Personnel
interviews indicated that many drammed hazardous materials were transported (o Area D
from Arca 41, The drums contained a variety of chemicals including pesticides (including
DDT), herbicides, solvents, and over 100 other detected chemicals. The landfill
dimensions were approximalely 500 feet by 250 feet in area; and 20 to 30 feet deep.
Reportedly, much of the landfill material and surrounding soil was excavated between
1982 and 1983 and placed into 55-gallon drums. The fate of the excavated drums is
unknown. Despite the removal activily, residual amounts of contaminated material may
have remained. No visual evidence of landfilling, such as soil discoloration, dead
vegetation, or hummocky terrain, was observed during a 1992 site inspection performed
by a Woodward-Clyde Consuitants (WWC) field team.
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ScorE AND OBJECTIVES

The purpose of this investigation was to assess two related, but discretely located,
harardous and toxic waste (HTW) contaminated areas at Camp Carroll. The two sites are
identified as Drum Storage Yard (Area 41) and the Hazardous Waster Landfill (Area Dy,

respectively.
The specific objectives of this remedial investigation and remedial design were to:

» Locate, map, and inventory past occurrences of contamination where HTW has
been identified or is suspected o have been spilled onto the ground.

e Locate, map and inventory past and present HTW contamination sources that

serve as past and/or continuing sources of groundwater contamination.

e Collect sufficient data to provide a baseline from which to assess future cleanup

actions,
¢ Determine the sources of contamination and migration pathways.

s Map and determine the extent and amount of surface and subsurface soil

contamination.
INVESTIGATION ACTIVITIES

This SI was initiated to investigate possible soil and groundwater contamination
associated with a former hazardous waste drum storage area (Area 41) and a prior landfiil
(Area D). The SI was designed to evaluate the nature and extent of existing
contamination, to determine groundwater flow patterns and potential contaminant

migration pathways, and to evaluate several potential remedial alternatives.

The SI included the following field activities: Site reconnaissance; geophysical survey,
exploratory trenching, exploratory drilling; installation monitoring wells; soil and
ground-water sampling; water level monitoring in wells; and aquifer testing. Soil and
groundwater samples were analyzed at offsite analytical laboratories. A Human Health
Preliminary Risk Evaluation (PRE) was conducted to evaluate the impact of detected

contaminant concentrations.

ES.3 :)-ﬂ‘;a e
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RESULTS

The following conclusions concerning the site have been developed based on the data

acquired during the SI:

Geology and Hydrology

» The site is underlain by granitic gneiss which is covered by varying

thicknesses of weathered granitic bedrock material (saprolite) and fill soils
derived from a similar source rock. Fractures and faulting were not observed

in soil cores during the drilling activities.

The measured groundwater level within the monitoring wells at Area 41 is
approximately 4 fo 10 meters bgs, at elevations of approximately 29 to 35
meters msl. The measured groundwater level within the monitoring wells at
Area D is approximately 7 to 10 meters bgs, at elevations of approximately 40
to 43 meters msl. The groundwater gradient at each of the two areas

investigated is directed to the west.

On the basis of the available site data, groundwater and aqueous phase
contaminants will tend to flow toward the west with the groundwater gradient

when the subsurface lithology is permeable in that direction,

Assessment of Soil and Groundwater Impacts

On the basis of a geophysical survey and exploratory trenching conducted at
Area D, it is considered likely that buried drums containing hazardous

materials at the site have previously been excavated and removed.

Soil samples obtained from Area 41 contained concentrations of numerous
contaminants including TPH-G, TPH-D, TPH-0, VOCs, SVOCs, pesticides,
Resource Conservation and Recovery Act (RCRA) regulated metals, and
dioxins. Several soil contaminant concentrations exceeded PRG screening
criteria, however, contaminant concentrations are less than the risk criteria
evaluated in the PRE. Groundwater samples obtained from Area 41
monitoring wells contained concentrations of TPH-G and TPH-D, VOCs,
RCRA Metals, and dioxins. Detected concentrations thal exceeded EGS

ES-4 '"'/&{(7‘ =y
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values for groundwater are limited to VOCs. EGS values are not considered
appropriate cleanup criteria for the site because the water table aquifer is not

used for drinking water purposes in the area.

¢ Soil samples obtained from Area D contained concentrations of numerous
contaminants including TPH-G, TPH-D, TPH-O, VOCs, SVOCs, pesticides,
RCRA metals, and dioxins. Several soil contaminant concentrations exceeded
PRG screening criteria, however, contaminant concentrations are less than the
risk criteria evaluated in the PRE. Groundwater samples obtained from Area
D monitoring wells contained concentrations of TPH-G and TPH-D, VOCs,
SVOCs, pesticides, RCRA Metals, and dioxins. Detected concentrations that
exceeded EGS values for groundwater are limited to VOCs and pesticides.
EGS values are not considered appropriate cleanup criteria for the site because
the water table aquifer is not used for drinking water purposes in the area.

» Contaminants identified in existing groundwater monitoring wells located to
the west of Area 41 and Area D are consistent with a westward direction of
groundwater flow and migration of aqueous contaminants at each of these

arca.

Conceptual Site Model

» The subsurface environment appears to be comprised of weathered granitic
bedrock and fill materials derived from similar source rock. No preferred
fracture orientations were observed during drilling activities. The direction of
groundwater flow and migration of dissolved contaminants are presumed to be

consistent with the hydraulic gradient.

e The identified groundwater gradient at each of the two sites investigated is
directed toward the west. It appears that dissolved contaminants originating in
shallow soils may have migrated downward through the vadose zone to the
groundwater table, and then laterally towards the west with groundwater flow.
The observed presence of similar contaminants in groundwater wells located
to the west of Area 41 (Monitoring Well MW-14) and Area D (Monitoring
Well MW-23) are consistent with this scenario.
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REMEDIAL ALTERNATIVES

The four remedial alternatives selected for evaluation were reviewed for their
ability to reduce potential human health risk caused by exposure fo
contaminated soil, and for their ability to reduce continuing impacts to
groundwater from the contaminated soil. Alternatives to address groundwater

remediation were not included in this remedial alternatives evaluation.

The remedial alternatives include no action, capping with a geosynthetic liner,

capping with a clay liner, and removal of contaminated material.

No Action: No remedial activities are implemented at the Site. No
costs are associated with this remedial alternative. Sile workers will

continue to be exposed fo impacted soils.

Cap with Gegsynthetic Liper: The geosynthetic cap will likely consist
of a 6 to 12-inch thick leveling and bedding layer; an impermeable

geosynthetic liner, a drainage geocomposite, an 18” thick vegetative
support layer and a 6” layer of topsoil. Grass will be established in the
topsoil layer. The cap will provide a boundary to prevent human
contact with the contaminated soils. No precipitation infiltration will
occur; therefore, there will be no leaching of contaminants to
groundwater. Capital costs are estimated at $179,000, and O&M costs
are estimated at $2,650 per year.

Cap with a Clay Liner: This remedial alternative is similar to the
alternative described above, except that a clay liner is substituted for
the geosynthetic liner, and the cap is not designed to meet RCRA Title
35 Subtitle C criteria. The non-geosynthetic cap will likely consist of
a 24” thick low-permeability clay layer, a 6” thick vegetative support
layer, and a 6” Jayer of topsoil. Grass will be established in the fopsoil
layer. This cap will provide a boundary to minimize human contact
with the contaminated soils and precipitation infiltration will be
greatly reduced (but not completely stopped), therefore, there will be
only minimal leaching of contaminants o groundwater. Capital costs
are estimated at $105,000, and O&M costs are estimated at $2,900 per

year.
ES- o i
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Removal of Contaminated Soils: The dioxin-impacted soils will be
excavated and hauled off site for treatment and/or disposal
(approximately 57,950 cubic yards) and excavation areas wil} be
backfilled with clean fill materials. It is assumed that excavated
materials wiil be disposed of by shipment to the United States
followed by thermal treatment (due to the presence of dioxins). This
remedial alternative will eliminate the potential for human contact
with the contaminated soils. There will be no leaching of
contamination to groundwater, since all soil contamination will be
removed. Significant handling of the contaminated soils will be

required for this alternative which would pose an increased risk of
exposure to workers during excavation and trucking activities. Capital
costs are estimated at $93,800,000, and no O&M costs are anticipated.

RECOMMENDATIONS

On the Basis of the information and analytical data obtained during the site investigations
performed in Area 41 and Area D, the recommendations to address COPCs at Camp

Carroll include:

* Additional groundwater investigation is recommended at both Area 41 and Area
D to further evaluate the highly elevated concentrations of chlorinated solvents. A
1992 baseline groundwater investigation of the Site (WWC 1992b) reported
relatively widespread contamination of the aquifer throughout the base.

¢ Additional soil investigation is recommended at Area D to further define the
limits of impacted soil and the boundaries of the former landfill.

» No remedial actions are recommended at this time. In the event that additional site
characterization indicates that contaminant concentrations exceed risk criteria in
Area D, it is anticipated that capping of the landfill area using a clay cap will be
the preferred method to provide a barrier to human contact with impacted soils

and to Timit infiltration through the impacted soils.
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bgs below ground surface

CEM Conceptual Evaluation Model

CERCLA Comprehensive Environmental Response, Compensation, and
Liability Act

CSM Conceptual Site Model

cocC Chain of Custody

COCs Contaminants of Concern

CT&E CT&E Environmental Services, Inc. of Anchorage, Alaska
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SECTION 1
INTRODUCTION

The U.8. Army Corps of Engineers, Far East District (FED), has contracted with
Samsung Corporation under Contract Number DACAS81-00-D-0049 to perform a Site
Investigation (8I) at Camp Carroll Area D and Area 41, located in the Republic of Korea.
The investigation was initiated as a response to potential contamination in the subject

areas.

The following sections present background information on the Camp Carroll site,
including site history, a summary of previous investigations, and a description of

investigation objectives.
1.1 SITE HiSTORY AND CONTAMINANTS
1.}1.1 General Site Description

Camp Carroll, depicted on Figure 1-1, is a U.S. Army Installation located adjacent to the
village of Waegwan, in the south-central portion of the Republic of Korea (ROK). Camp
Carroll is bounded by urban areas on the northwest, west, and southwest. Hilly forested
areas bound the base on the north and east sides. Agricultural fields (mostly rice paddies)
border the base on the northeast and to the south. The Naktonggang River flows nearby
to the southwest of the base. The base is built around a discontinuous north-south
trending ridgeline which splits the base into eastern and western halves. Extensive
regrading has occurred throughout the base to produce level lots suitable for large
warehouse buildings. In the two valleys located in the central and westemn portions of the
base, the original terraced terrain has been leveled by the addition of up to 20 feet of fill

material,

The present investigation comprises two study areas at Camp Carroll, Area 41 and Area
D. Area 41 is located near the southwest boundary of the base, to the south of Building
620, and between the Wash Rack and Building 674. This study area includes
approximalely 39,375 square feet (3,658 square meters) of flat-lying, gravel-cavered area
in a triangular shape. Area D is located near the southeast boundary of the base, northeast
of the Dog Training Area and due south of the Fire Shed. Area D is comprised of

%
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approximately 125,000 square feet (11,613 square meters) of a (currently) paved and
gravel-covered area (WWC 1992a),

1.1.2  Site History

Camp Carroll serves as the Headquarters, U.S. Army Material Support Center, Korea,
and functions as a staging ground for U.S. military operations on the Korean peninsula
and in the Far East. The primary mission of the base is to serve as a staging facility and a

storage and maintenance depot.

Various transport vehicles including trucks, trailers, jeeps, tanks, personnel carriers, and
other military vehicles are stored and maintained at the base. Supplies and materials,
including but not limited to, armaments, vehicle engines and parts, electronic equipment
and components, generators, electrical equipment, fuels, chemicals, and medical items,
are received and stored at the base. Hazardous materials and wastes, including solvents,
petroleum oils and lubricants (POL), pesticides, herbicides, and other industrial
chemicals have been used and stored onsite for over 40 years. A number of potential
sources of soil and groundwater contamination exist at the base, and the presence of

contaminated groundwater has been documented (WWC 1992a).

A baseline groundwater investigation conducted by Woodward Clyde Consultants
(WWC 1992b) reported relatively widespread contamination of the aquifer throughout
the base. The most common contaminants identified were the chlorinated solvents
trichloroethylene, tetrachloroethylene, and 1,2-dichloroethylene. These contaminants
were detected in 15 of 18 groundwater monitoring wells sampled and in 8 of 10 water

supply wells sampled during the survey in April 1992.

Cultural activities practiced in an arca may result in increased background concentrations
of some compounds. The common practive of incinerating wastes in Korea may result in
elevated background concentrations of dioxins in surface soils though air transport and
deposition. The widespread surface application of pesticides may result in increased

background levels of these compounds.

Area 41 has been identified as a former drum storage area. According to numerous
personnel reports, drummed (or otherwise containerized) hazardous materials were stored
in Area 41, The drums contained a variety of chemicals including pesticides {including
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DDT), herbicides, solvents, vehicle fluids (battery acid and antifreeze), POLs, other
hydrocarbons, and other chemicals. Numerous spill events reportedly occurred in this
area between 1976 and 1981. Eye-witness accounts describing soil discoloration and
localized ponding of liquids indicate that a significant amount of leakage and spillage of

listed materials had apparently occurred in the vicinity of stored containers.

Area D has been identified as a former hazardous waste landfill. Numerous hazardous
materials were disposed in this landfill between the years of 1977 and 1982. Personnel
interviews indicated that many drummed hazardous materials were transported to Area D
from Area 41. The drums contained a variety of chemicals inchuding pesticides (including
DDT), herbicides, solvents, and over 100 other detected chemicals. The landfill
dimensions were approximately 500 feet by 250 feet in area; and 20 to 30 fect deep.
Reportedly, much of the landfill material and surrounding soil was excavated between
1982 and 1983 and placed into 55-gallon drums. The fate of the excavated drums is
unknown. Despite the removal activity, residual amounts of contaminated material may
have remained. No visual evidence of landfilling, such as soil discoloration, dead
vegetation, or hummocky terrain, was observed during a 1992 site inspection performed
by a Woodward-Clyde Consultants (WWC) field team.

1.1.3 Existing Conditions

Areadl

Area 41 is currently comprised of a relatively flat-lying, graded lot. The lot is presently
vacant with the exception of some stored metal plates in the north-western portion that
were previously used to cover the surface soils at the site. The ground surface is unpaved
and composed of decomposed granitic bedrock and filt soils derived from the same type
of materials. The site appears to have been a former hill that was flattened for use by
scrape and fill methods. Arca 41 is slightly higher than the adjoining lots to the north and
is separated from them by a drainage ditch. Mature locust and willow trees exist to the
west of the graded area. The southern and western portions of the site descend in a steep
vegetated hillside that abuts a concrete-lined drainage ditch. The asphalt-paved Oregon
Avenue is located to the south of the drainage ditch. One groundwater monitoring well
(MW 14) was previously installed within the paved lot adjacent to the southwest portion
of Area 41 by WWC in 1992. The well extends to a depth of approximately 29 feet below
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the existing ground surface (bgs). Groundwater samples obtained from this well in April
1992 contained tetrachloroethylene (PCE) at a concentration of 7 parts per billion (ppb),
1,2-dichloroethylene (1,2-DCE) at a concentration of 7 ppb, lead at a concentration of 4
ppb, and nitrate at a concentration of 90 ppb. This well was accessed again during the
current investigation to measure groundwater levels. The elevation of the wellhead is
approximately 10 feet below that of the graded portion of Area 41. The well was noted to

be located near a current hazardous materials storage area.

Area D

Area D is comprised of a predominantly flat-laying graded lot. Portions of the lot are
paved with asphalt. The ground surface in unpaved portions is composed of fill soils
derived from decomposed granite. The southern and western edges of the level portion of
the site are bounded by concrete-lined drainage ditches. Beyond the ditches, grass-
covered slopes extend down to the grade level of the adjacent lot. The graded area is
currently used to store materials and equipment in large metal containers. A number of
the coniainers were lemporarily moved to facilitate this investigation. One groundwater
monttoring well (MW23) was previously installed adjacent to the southwest portion of
Area D by WWC in 1992. The well extends to a depth of approximately 50 feet Bbelow
the existing ground surface (bgs). Groundwater samples obtained from this well in April
1992 contained nitrate at a concentration of 90 ppb and barium at a concentration of 150
ppb. This well was accessed again during the current investigation to measure

groundwater levels and obtain a groundwater sample for analysis.
1.1.4 Centaminants of Concern

The contaminants of concern (COCs) are comprised of listed chemicals that have been
known to have been stored or landfilled at the site or have been detected in soil or
groundwater samples collected during previous cnvironmental investigations. These
COCs include volatile organic compounds, semivolatile organic compounds,
organochlorine pesticides, polychlorinated biphenyls (PCBs), chlorinated herbicides,

petroleum hydrocarbons, and metals.

14 should be noted that widespread contamination of the aquifer by chlorinated solvents
has been documented at the base (WWC 1992b). Detected levels of these compounds

may reflect the overall base-wide contamination rather than a location specific problem.
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1.1.5 Potential Contaminant Sources

The potential contaminant sources identified for Area 41 are comprised of containers of
harardous materials previously stored at the site. Leaks and spills of the stored materials
reportedly occurred in the past. Currently, all such containers have been removed from
the site and any source materials remaining are likely to consist of residual contaminants

in the soil and groundwater underlying the site.

The potential contaminant sources identified for Area D are comprised of containers of
materials previously buried at the site. One origin of the buried containers may have been
the materials previously stored at Area 41. Reportedly, the buried containers were later
excavated and removed from the site to an unknown destination. Source materials
remaining at Area D are likely to consist primarily of residual contaminants in the soil
and groundwater underlying the site, however, some of the buried containers may still be

present in the previous landfiil area.

The approximate locations of these potential sources are depicted on Figure 1-2. The

evaluation processes regarding these potential sources are presented in Section 2-2.
1.1.6 Summary of Existing Site Data

One groundwater monitoring well (MW14) was installed adjacent to the southwest
portion of Area 41 by WWC in 1992. The well extends to a depth of approximately 29
feet below the existing ground surface (bgs). Groundwater samples obtained from this
well in April 1992 contained tetrachloroethylene (PCE) at a concentration of 7 parts per
billion (ppb), 1,2-dichioroethylene (1,2-DCE) at a concentration of 7 ppb, lead at a
concentration of 4 ppb and nitrate at a concentration of 90 ppb.

One groundwaler monitoring well (MW23) wus installed adjacent 0 the southwest
portion of Area D by WWC in 1992. The well extends to a depth of approximately 50
feet below the existing ground surface (bgs). Groundwater samples obtained from thig
well in April 1992 contained nitrate at a conceniration of 90 ppb and barium at a

concentration of 150 ppb.
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1.2 Score AND OBJECTIVES

The purpose of this investigation was to assess two related, but discretely located,
harardous and toxic waste (HTW) contaminated areas at Camp Carroll. The two sites are
identified as Drum Storage Yard (Area 41) and the Hazardous Waster Landfill (Area D),

respectively.
The specific objectives of this remedial investigation and remedial design were to:

¢ Locate, map, and inventory past occurrences of contamination where HT'W has

been identified or is suspected to have been spilled onto the ground.

+ Locate, map and inventory past and present HTW contamination sources that

serve as pasi and/or contlinuing sources of groundwater contamination.

» Collect sufficient data to provide a baseline from which to assess future cleanup

actions.
¢ Determine the sources of contamination and migration pathways.

e Map and determine the extent and amount of surface and subsurface soil

contamination.
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SECTION 2
SITE INVESTIGATION ACTIVITIES

Site investigation activities were conducted in accordance with procedures presented in
the Sampling and Analysis Plan (SAP) [Samsung 2003a), the Quality Assurance Project
Plan (QAPP) [Samsung 2003b], and the Site Safety and Health Plan (SSHP) [Samsung
2003c] for the Camp Carroll Area D and Area 41 Site Investigations, Any significant
deviations from those procedures are described in the following sections.

2.1 GEOGRAPHIC ORGANIZATION

2.1.1 Site Reconnaissance

A preliminary field reconnaissance was conducted in March 2003 to establish a grid
system for the geophysical survey and determine site clearance for field activities and
continued on April 1, 2003 to determine and mark sampling locations. The field team
used available maps to locate and mark approximate locations of surface water drainage,
general topography, cultural features, proposed soil sampling locations, and the location
of existing and proposed monitoring wells. Access to proposed drilling and trenching
locations were evaluated. A copy of the field logbook detailing the investigation

activities is presented in Appendix B.
2.1.2  Grid Location System,

To facilitate sampling activities, a rectangular grid system was marked on the ground
surface within each of the two investigation areas (Area 41 and Area D). Each grid
compartment selected for exploratory activities was identified by a number (i.e., grid
numbers 1 through 41 and 80 for Area 1); and grid numbers 51 through 70 for Arca 41).
The respective grid location identifier was subsequently used as part of the soil and
groundwater sample identifiers during sampling activities. The grid system used is

depicted on Figure 2-1 and Figure 2-2.
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2.1.3 Sample Nomenclature

Each sample container sent to the laboratory was assigned a unique identifier. The

following format of aabecddee was used.
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Where,

aa

cC

dd

ce

a two letter acronym designating the site location (*CC” was used to

indicate the Camp Carroll Site);

a one digit numeral designating the sample purpose (“0” indicating a
primary sample, “1” indicating a QC duplicate sample, and “2” indicating

a QA duplicate sample};

a two digit numeral designating the soil grid location where the sample
was collected (“01” through “40” or “80” for Area D and “51” through
“70” for Area 41);

matrix identifiers (88" for surface soil samples, “BS” for subsurface

(boring) soil samptles, and “WS” for groundwater samples);

a two digit chronological number from a particular sampling location for
each event or sampling depth (e.g., during the first samping round at a
particular well, all groundwater samples were identified with “01”. During
subsequent sampling events, all samples collected from the same well will

receive the next chronological digit, “02)”.

For example, primary and duplicate groundwater samples collected during the first round

of sampling from a monitoring well located within grid cell 25 would be labeled
“CCO25WS01” and “CC125WS017, respectively.

2.2 POTENTIAL SOURCE EVALUATION CRITERIA

Features that were identified as potential sources of hazardous waste releases were

selected and evaluated on the basis of the following criteria:

Records of known releases, prior environmental investigation results, or

visible evidence of potential releases (such as visual soil staining).
Presence of subsurface geophysical anomalies (Area ID).

Identification of soil or groundwater impacts.
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. Presence of potential migration pathways to identified soil or groundwater

impacts.

Potential sources were evaluated on the basis of visual observation of site conditions and
geology, physical evidence of potential release (such as staining or odor), evaluation of
geophysical data, exploratory subsurface trenching, analytical results of groundwater

samples, and consideration of potential contaminant migration pathways.
2.3 EXISTING MONITORING WELLS

One groundwater monitoring well (MW i4) was previously installed within the paved lot
adjacent to the southwest portion of Area 41 by WWC in 1992, The well extends to a
depth of approximately 29 feet below the existing ground surface (bgs). Groundwater
samples obtained from this well in April 1992 contained tetrachloroethylene (PCE) at a
concentration of 7 parts per billion (ppb), 1,2-dichloroethylene (1,2-DCE) at a
concentration of 7 ppb, lead at a concentration of 4 ppb, and nitrate at a concentration of
90 ppb. This well was accessed again during the current investigation to measure
groundwater levels and obtain a groundwater sample for analysis. The elevation of the
wellhead is approximately 10 feet (3 meters) below that of the graded portion of Area 41.
The groundwater level on Apnl 3, 2003 was measured as 21.234 feet (6.472 meters)
below the top of well casing. The well was noted to be located near a hazardous materials

storage area.

One groundwater monitoring well (MW23) was previously installed adjacent to the
southwest portion of Area D by WWC in 1992, The well extends to a depth of
approximately 50 feet below the existing ground surface (bgs). Groundwater samples
ohtained from this well in April 1992 contained nitrate at a concentration of 90 ppb and
barium at a concentration of 150 pph. This well was accessed again during the current
investigation to measure groundwater levels and obtain a groundwater sample for

analysis.
2.4 GEOPHYSICAL SURVEY

A geophysical survey was conducted al Ares D in March 2003, The purpose of the
survey was to evaluate the potential presence of buried metallic containers and obtain

information regarding the approximate depth to bedrock in the former landfill area. The
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survey location was determined on the basis of information regarding the former landfill
boundaries provided by the Department of Public Works (DPW)} of Camp Carroll. A
direct current (DC) electrical resistivity survey comprised of 4 survey lines and a
horizontal loop electromagnetic (HLEM) survey comprised of 12 survey lines were
conducted at Area . An ABEC Terrameter SAS 300C system was used to conduct the
resistivity survey and an EM31-MK2 system was used to conduct the HLEM survey. The
results of the geophysical report are presented in Appendix A and summarized in Section
34

2.5 EXPLORATORY TRENCHING

Exploratory trenching activities were conducted at Area D during the first week of April
2003. Approximately 40 trenches were excavated to depths ranging between
approximately 3 to 10 feet (1 to 3) meters below the ground surface (bgs) using a rubber-
tired backhoe to identify and locate potential buried objects. The trenching locations were
selected on the basis of the soil sampling grid, visual observations, and the results of the
geophysical survey. The results of the exploratory trenching are summarized in Section
3.5. The approximate trenching/sampling locations are depicted on Figure 2-1 and Figure
2-2.

2.6 DIRECT-PUSH DRILLING

Direct-push drilling activities were conducted between April 1 and April 4, 2003, Eight,
i-inch diameter soil borings (B-6, B-10, B-17, B-18, B22, and B-26 through B-28)) were
completed in Area D and 17 borings (B-51, B-52, B-55 through B-65, and B-67 through
B-70} were completed in Area 41. The approximate boring locations are depicted on
Figure 2-1 and Figure 2-2, Borings were advanced to depths ranging from approximately
23 feet to 33 feet (7.0 meters to 10.0 meters) at Area D and from approximately 3 feet to
16 feet (0.9 meter to 5.0) meters bgs at Area 4}. Each borehole was advanced using a
hydraulic direct-push drill rig mounted on an all-terrain track. Because the pesticide
compound malathion was omitted from the original laboratory analyses, a number of the

boring locations were revisited and resampled in June 2003.

Continuous core soil samples were collected using a split-spoon core barrel fitted with an
acrylic sleeve. Core samples were visually inspected for evidence of staining and

monitored for volatile organic vapors using an organic vapor meter (OVM) equipped

iy
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with a photo-ionization detector (PID). In addition, the lithology and other properties
(¢.g., hardness, staining, and degree of weathering) were documented. Descriptions were
recorded on boring logs (Appendix C). Selected cores were photographed (Appendix D).
Sampling equipment was decontaminated prior to each sampling effort. The borings were
filled with bentonite peliets and hydrated with potable water following logging and

sampling activities,
2.7  ROTARY BOREHOLE DRILLING

Rotary borehole drilling activities were conducted between April 8 and April 15, 2003. A
rotary drill rig was used to reach greater depths than feasible with direct-push technology
and to facilitate the installation of groundwater monitoring wells. Seven soil borings
(B03-463 through B03-469) were completed in Area D and three borings (B03-470
through B03-472) were completed in Area 41. The approximate boring locations are
depicted on Figure 2-1 and Figure 2-2. Borings were advanced (o depths ranging from
approximately 33 feet to 49 feet (10 meters to 15 meters) bgs. Each borehole was
advanced using a hollow stem auger until refusal. When refusal was encountered, air or
water rotary methods were employed to continue drilling. The borings were advanced by
FED using a CME drill rig.

Continuous core soil samples were collected using a split-spoon core barrel. Core
samples were visually inspected for evidence of staining and monitored for volatile
organic vapors using an organic vapor meter (OVM) equipped with a photo-ionization
detector (PID). In addition, the lithology and other properties (e.g., hardness, staining,
and degree of weathering) were documented. Descriptions were recorded on boring logs
(Appendix C). Selected cores were photographed (Appendix D). Sampling equipment
was decontaminated prior to each sampling effort. Borings not selected for groundwater
monitoring well installation were filled with hentonite pellets and hydrated with potable

water following logging and sampling activities.
2.8 MONITORING WELL INSTALLATION

Each rotary borehole (with the exception of B03-469) was completed as a monitoring
well to facilitate monitoring of fluid levels and sampling of groundwaler and free product,
if encountered. FEach monitoring well was constructed of 2-inch diameter
polyvinylchloride (PVC) casing with a 20-foot long 0.01-inch slotted screen section. The
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annular space adjacent to the screen was filled with silica sand and sealed with a
bentonite plug above the perforated section. The upper portion of the annular space with
filled with a bentonite and Portland cement grout. Surface casings were capped and
concrete pads were constructed at ground surface to prevent surface water infiltration
along the casings. Following well completions, an airlift pump was used to develop each

well. Well completion and development logs are presented in Appendix C.

TABLE 2-1
Summary of Newly Installed Wells
Camp Carroll Area 41
Monitoring Well ID | Grid Cell Identifier Elevation Well Depth
(feet TOC) (feet bgs)
MQ3-470 #54 39.30 43.7
M03-471 #066 39.36 49.0
MO3-472 #53 39.61 39.5

Notes: TOC = top of well casing, bgs = below ground surface.

TABLE 2-2
Summary of Newiy Installed Wells
Camp Carroll Area D

Monitoring Well ID | Grid Cell 1dentifier Elevation Well Depth
(feet TOC) (feet bgs)
M03-463 #24 48.55 39.5
MO3-464 #001 49.79 43.0
MO3-465 #37 50.90 42.5
M03-466 #39 49.58 40.5
M03-467 #12 49.79 40.5
MO03-468 #38 51.41 44.0

Notes: TOC = top of well casing, bgs = below ground surface.
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2.9  Groundwater Sampling

Groundwater samples were collected from each of the newly installed monitoring wells
in Area D and Area 41. The samples were delivered to analytical laboratories under chain
of custody (COC) procedures. The custody documents are provided in Appendix F. A
summary of the groundwater samples collected s provided in Table 4-1,

Six groundwater samples were obtained from Area 1D monitoring wells (B03-463 through
BO3-468) on May 27 through June 2, 2003. Three groundwater samples were obtained
from Area 41 monitoring wells (B03-470 through B03-472) on June 3 through June 4,
2003, In addition groundwater samples were obtained from previously installed
monitoring wells MW-23 and MW-14 on June 2 and June 4, respectively. Prior to
sample collection, the wells were purged in accordance with EPA protocol to facilitate
collecting representative groundwater samples. Samples were collected using a

submersible pump.
2,10  GROUNDWATER LEVEL MEASUREMENTS

An electronic water level meter was used to measure the ground-water elevation within
the newly installed monitoring wells (M03-463 through M03-472) and in the existing
groundwater monitoring wells MW-14 and MW-23. Fluid level measurements were
conducted on a number of occasions between April 10 and August 20, 2003. The resuits

of the groundwater monitoring for these wells are presented in Section 3.3.4.
2.11  AQUIFER PUMPING TESTS

Nine aquifer tests were conducted by Samsung to obtain information regarding the
aquifer characteristics in the vicinity of the newly installed monitoring wells (M03-463
through M03-468 and M03-470 through MU03-472). Inierpretation of the well recovery
tests provides estimates for aquifer parameters such as hydraulic conductivity,
transtnissivily, and storativity. The tests were conducted as single well recovery tests on
April 26 through Apnl 28, 2003. Each test consisted of pumping a volume of
groundwater from the respective monitoring well at a controlled rate for a specified time
period and then monitoring the recovery of the water level within the well, The results of

the pumping tests for these wells are presented in Section 3.3.3.

2-10 o i
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2.12  LABORATORY ANALYSES

Primary and duplicate soil and groundwater samples were analyzed at CT&E
Environmental Services, Inc. {CT&E) of Anchorage, Alaska. QA groundwater samples
were analyzed at Severn Trent Laboratory (STL) of Seattle, Washington.

Seventy-six primary and nine duplicate QC soil samples were submitted to CT&E for
analyses. Nine duplicate QA soil samples were submitted to STL for analyses. Eleven
primary and one duplicate QC groundwater samples were submitted to CT&E for
analyses. One duplicate QA groundwater sample was submitted to STL for analyses.
Selected samples were analyzed for TPH (gasoline, diesel and oil ranges) in accordance
with EPA Method 8015/8020B, VOCs in accordance with Method 8260B, SVQCs in
accordance with Method 8270, pesticides in accordance with Method 8081A, PCBs in
accordance with Method 8082, herbicides in accordance with Method 8151, malathion in
accordance with Method 8141, eight RCRA metals in accordance with Methods
SW6020/SW7471A, and dioxins in accordance with EPA Method 8290. The results of
the laboratory analyses are discussed in Section 4. Laboratory data reports are presented

in Appendix F.
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SECTION 3
PHYSICAL CHARACTERISTICS

The physical characteristics of the Camp Carroll site, including information regarding
geology, surface water hydrology, and groundwater hydrology, are presented in the

following sections.
31 GEOLOGY AND SOILS

The basement rock underlying Camp Carroll is composed of Precambrian granitic gneiss
(WWC 1992b) and Mesozoic granite. Siliceous dikes intrude the gneiss without any
observed dominant regional trend. In the northern part of the nearby town of Waegwan,
thin beds of quartzite, calcarious-schist, and limestone have been reported, On the basis
of drilling logs from 11 groundwater wells located in the southem portion of Camp
Carroll, the bedrock in this part of the base is composed largely of granitic gneiss and
granodiorite. The upper 100 to 200 feet is weathered, with the degree of weathering
decreasing with depth. Calcarious-schist and limestone were reportedly encountered near
the bottom of some of the deeper wells. The overburden in the vicinity of these wells
varies from 20 to 40 feet in thickness and ranges in composition from silty clays to

gravel-rich sandy silts.

The soils observed during drilling and irenching activities for this project can be
generally described as moist, medium dense, strong brown (7.5YR 5/6), silty to clayey,
fine to coarse sand (SM to SC), with approximately 20 percent to 40 percent gravels and
cobbles. The soils are predominantly derived from weathered granitic materials. Detailed

boring logs are provided in Appendix C.

3.2 GENERAL SiTE HYDROLOGY

3.2.1 Precipitation

Most of the annual precipitation at Camp Carroll occurs during the summer monsoons
(June, July, August, and September) and less than 5% occurs in the dry season
(December, January and February). Field work for this project occurred in April through
early June, 2003. The rainfall at the site for the period between April 1 through June 17,

3-1
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2003 was 437.5 mm. The rainfall at the site for the period from April 1 through August
20 totaled 1198.8 mm. A table summarizing the daily temperature and rainfall events for

this period is provided in Appendix E.

3.2.2 Hydrologic Setting

The general hydrology near the site is described in this section, based on a review of

topographic maps and the results of the site reconnaissance conducted during April 2003.

Area D is comprised of a relatively flat, graded lot. The ground surface is predominantly
unpaved and composed of fill soils derived from decomposed granite. The southern and
western edges of the level portion of the site are bounded by concrete-lined drainage
ditches, Beyond the ditches, grass-covered slopes are formed that extend down to the
level of the adjacent lot. The graded area is currently used to store materials and
equipment in large metal containers. Surface runoff would exit the site via the drainage

ditches to the south and west.

Area 41 is comprised of a relatively flat, graded lot. The ground surface is unpaved and
comprised of decomposed granitic bedrock and fill soils derived from the same type of
materials, The site appears to have been a former hill that was flattened for use by scrape
and fill methods. Area 41 is slightly higher than the adjoining lots to the north and is
separated from them by a drainage ditch. Mature locust and willow trees exist to the west
of the graded area. The southern and western portions of the site descend in a steep
vegetated hillside that abuts a concrete-lined drainage ditch. The asphalt-paved Oregon
Avenue is located to the south of the drainage ditch. Surface runoff would exit the site

via the drainage ditches to the south and west.

33 GROUNDWATER HYDROLOGY

3.3.1 Water Table Aquifer

Based on groundwater elevation measurements obtained from within 18 monitoring wells
installed in 1992 by Woodward-Clyde Consultants {WWC), the groundwater table
elevation beneath Camp Carroll ranged from approximately 51 feet to 123 feet msl on
April 16, 1992, with water in one well in the northern portion of the site at approximately
191 feet msl. The overall groundwater flow direction beneath the Camp Carroll base is to

3—2 P w7y
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the south and southwest. The north-south trending ridgeline may act as a groundwater
divide, since the groundwater gradient is to the southwest in portions of the base to the
west of this ridge and to the southeast in portions to the east of the ridge (WWC 1992b).

3.3.2 Agquifer Permeability

The granitic gneiss bedrock underlying Camp Carroll has low primary porosity. Fractures
forming secondary porosity probably contribute to the storage and transmittal of
groundwater through the aquifer. The uppermost, more weathered portion of the gneiss
may be somewhat more permeable and probably contributes the majority of the water to
the wells. Water wells drilled on the base are generally extended to depths of 200 to 350

feet. Specific capacities for these wells are typically low.

The movement of groundwater in the subsurface materials may be limited by the
character and orientation of interconnected fractures in the bedrock. Groundwater and
contaminants tend to flow in the direction of the hydraulic gradient (i.e., from higher
fluid elevations to lower fluid elevations); however, this flow may be disrupted by the

non-homogeneous nature of fractured rock media.

3.3.3 Aquifer Testing

Nine aquifer tests were conducted by Samsung to obtain information regarding the
aquifer characteristics in the vicinity of the newly installed monitoring wells (M03-463
through M03-468 and M03-470 through M03-472). Interpretation of the well recovery tests
provides estimates to aquifer parameters such as hydraulic conductivity, transmissivity,
and storativity. The tests were conducted as single well recovery tests on April 26
through April 28, 2003. Each test consisted of pumping a volume of groundwater from
the respective monitoring well at a controlled rate for a specitied time period and then
monitoring the recovery of the water level within the well. A one horsepower
submersible pump was placed in each well at a depths ranging from approximately 40
feet to 50 feet (12.2 to 15.1 meters) below the well top of casing (TOC). Depth to water
measurements were collected during the subsequent recovery period using an electronic
waler level meter. Maximum observed drawdown in the wells ranged from 2.23 feet to
15.60 feet (0.68 meters to 3.84 meters). Pumping duration ranged from 2 minutes to 70
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minutes for the various wells, and recovery periods monitored ranged from 20 minutes to

70 minutes. The pumping test data is presented in Appendix E.

The results of the recovery tests were evaluated using two different algorithms. Each
algorithm or model is a simplified approximation of the anticipated conditions of the
aquifer, and each is subject to different assumptions and limitations. The resulting
estimates of aquifer parameters, such as saturated hydraulic conductivity, transmissivity,
and storativity, are limited in value to the degree that the respective model agrees with
the physical conditions in the aquifer. In practice, none of the approximations perfectly
fit the aquifer conditions and a selection of models is generally applied to evaluate
different aspects or possibilities for the system. The resulting range of estimated aquifer
parameters provide bounds to the anticipated aquifer behavior. The software program
AQTESOLYV was used to apply the algorithms.

The first algorithm applied to the recovery data is a solution developed by Moench in
1997 for an unconfined aquifer. This model can be used to approximate a constant-
discharge test in a single well that partially penetrates the aquifer. It is based on a curve-
fitting method that takes the storage capacity of the well and delayed gravity response
into account. The method was designed to interpret drawdown data obtained during the
pumping portion of an aquifer test, but can be used to evaluate the residual drawdown of
the recovery period when image-well theory is applied. When the pumping well has not
reached a steady state condition, the projected further drawdown from continued
pumping must be extrapolated. When the appropriate conditions are met, the Moench
solution facilitates estimation of the hydraulic conductivity, transmissivity and storativity
of the aquifer. The assumptions that apply to the use of this solution include: the aquifer
has infinite areal extent, the aquifer is homogeneous, isotropic and of uniform thickness,
the aquifer is unconfined, and flow is unsteady. The Moench solution was applied to

evaluate each of the nine pumping tests conducted.

The second algorithm applied to the recovery data is a line-source solution developed by
Neuman in 1974 and enhanced by Moench in 1993 and 1996. This model can be used to
approximate a constant-discharge test in a single well that partially penetrates an
unconfined aquifer. It is based on a mathmatical method that takes delayed gravity
response into account but does not consider well bore storage. When the appropriate

conditions are met, the Quick Newman solution facilitates estimation of the hydraulic
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conductivity, transmissivity and storativity of the aquifer. The assumptions that apply to
the use of this solution include: the aquifer has infinite areal extent, the aquifer is
homogeneous, isotropic and of uniform thickness, the aquifer is unconfined, flow is
unsteady, and the diameter of the pumping well is very small so that well bore storage
can be ignored. The Quick Neuman solution was applied to evaluate two of the pumping

tests conducted.

The aquifer parameters calculated using the Moench solution for the nine wells resulted
in hydraulic conductivity values ranging from 2.88E-03 meters per day (m/day) to 4.12E-
01 m/day with a mean value of 1.67B-01; transmissivity values ranging from 1.833E-02
meters squared per day (mzlday) to 1.605E00 mz/day with a mean value of 7.143E-01
m?/day; and storativity values ranging from 1.204E-03 to 3.704E-02 with a mean value of
1.409E-02.

The aquifer parameters calculated using the Neuman solution for two of the wells (M03-
465 in Area D and M03-471 in Area 41) resulted in hydraulic conductivity values of
1.28E00 m/day and 7.61E-01 m/day; transmissivity values of 4.745E00 1112/day and
6.049E00 m*/day; and storativity values of 1.606E-02 and 1.888E-02, respectively.

The pumping test data and calculated aquifer parameters are presented in Appendix E,

The calculated aquifer parameters are summarized in Table 3.1.

3.3.4 Groundwater Elevations and Gradients

An electronic water level meter was used to measure the ground-water clevation within
the newly installed monitoring wells (M03-463 through M03-472) and in the existing
groundwater monitoring wells MW-14 and MW-23. Fluid level measurements were
conducted on a number of occasions between April 10 and August 20, 2003. The results
of the waler level measurements are summarized in Appendix . A series ol ground-
water fable elevation maps were prepared from water level measurements made in
monitoring wells at the site and are presented as Figures 3-1 through 3-6. A review of the
four maps depicting the groundwater table beneath Area 41 (Figure 3-1 through 3-4)
indicates that the groundwater depths vary somewhat with time and rainfall events, while

the groundwater flow direction remains relatively constant. Figurc 3-1 depicting the
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Table 3-1
Summary of Calculated Aquifer Parameters
Aquifer Pumping Tests Area D and Area 41
Monitoring Analysis Saturated Hydraulic Transmissivity | Storativity
Well Method Thickness conductivity {m2/day)
(m) {in/day)

AreaD

M03-463 Moench 6.136 2.99E-03 0.01833 0.00909
MO03-464 Moench 5416 2.80B-01 1.519 0.00659
M0(3-465 Moench (1) 4.637 7.07E-02 0.328 0.02839
MO3-465 Moench (2) 3.706 2.22E-03 0.00824 7.90E-06
MO03-465 Quick 3.706 1.28 4745 0.01606

Neuman

M03-466 Moench 4.637 6.56E-02 0.3041 0.03433
MG3-467 Moench 4.227 1.03E-01 0.4342 0.3704
M03-468 Moench 4,094 3.92E-01 1.605 0.00123
Area 41

M03-470 Moench 3.342 4.12E-01 1,378 0.00268
M03-471 Moench 7.952 2.88E-03 0.02291 0.00651
M03-471 Quick 7.952 7.61E-01 6.049 0.01888

Neuman
M03-472 Moench 4.828 1.70E-01 08188 0.0012
Notes:

m = meters

m/day = meters per day
m2/day = square meters per day
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groundwater table on April 18, 2003 shows an average gradient of 0.8018 vertical foot
per horizontal foot (ft/ft) {0.2444 meters per meter (m/m)) directed S§7W in the central
portion of the site. During this measurement period, the groundwater elevation ranged
from 94.8 feet to 115.5 feet (28.9 to 35.2 meters) msl. On April 28, 2003 (Figure 3-2) the
gradient has changed slightly to 0.7802 ft/ft (0.2378 m/m) directed due West, with 3,90
inches {99 millimeters (mm)} of precipitation recorded for this 10-day time interval. The
groundwater elevation now ranges from 9.7 feet to 116.1 feet (29.1 to 35.4 meters) msl.
By June 3, 2003 (Figure 3-3), the average groundwater gradient is 0.6873 fi/ft (0.2095
m/m) directed S89W, with 7.86 inches (197.2) mm of precipitation recorded for this 36-
day time interval. The groundwater elevation ranges from 97.4 feet to 116.5 feet (29.7 to
35.5 meters) msl. Finally, by August 20, 2003 (Figure 3-4) the gradient has decreased to
0.5551 ft/ft (0.1692 m/m) directed N87W, with 32.10 inches (815.3 mm) of precipitation
recorded for this 78-day time interval. The groundwater elevation for this time ranges
from 10.4 feet to 117.8 feet (31.1 o 35.9 meters} ms! in the central portion of the site.
The groundwater gradient flattens markedly to the west of the newly installed monitoring

wells.

The variations in water table elevation are presumed to resuit from large quantities of
infiltrated rainwater during storm events. The site is bounded on three sides by concrete-
fined drainage ditches. While the ditches are designed to divert water from the site, it is
also possible that leaks in the storm-drain system may contribute periodic influxes of
water, changing the local groundwater gradient. The overall effect of rainfall events at
the site appears to be the increase of groundwater elevations over the site, with greater
increases in the western portion. The groundwater flow direction remains relatively

constant, flowing from east to west,

A review of the two maps depicting the groundwater table beneath Area D (Figure 3-5
and 3-6) also indicates that the groundwater depths vary with tinme and rainlall events,
while the groundwater flow direction remains relatively constant. Figure 3-5 depicting
the groundwater table on April 25, 2003 shows a relatively flat water table beneath the
flat-lying portion of the former landfill with a steep hydraulic gradient to the west
beneath the topographic slope. The greatest mapped groundwater gradient is in the
vicinity of monitoring wells M03-564 and MW-23. The gradicnt herc is approximately
0.2772 fi/ft (0.0845 m/m) directed due West. The groundwater elevations range from
134.0 feet to 137.7 feet (40.85 meters msl to 41.975 meters) msl beneath the former
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landfill area and were measured at 123.23 feet (37.56 meters) msl in MW-23 in the
adjoining lot. The groundwater map for August 20, 2003 (Figure 3-6) depicts a similar
groundwater flow pattern. The groundwater elevations for this date are approximately 4.9
feet to 5.2 feet (1.5 meters to 1.6) meters higher in each monitoring well. The greatest
mapped groundwater gradient is approximately 0.2723 fi/ft (0.0830 m/m) directed due
West. There are no groundwater monitoring wells Jocated to the south of the former
landfill, however, the data suggests that the groundwater flow may mimic the topography
in this area and have a component of flow directed to the south and southwest.

3.4 Geophysical Survey

The results of the DC resistivity are consistent with a two-layer geologic model, with the
top layer of higher-resistivity materials consisting of unsaturated sandy soils overlying a
lower-resistivity zone interpreted to be the saturated zone of the water table aquifer. The
bedrock depth was not identified on the profiles, and is anticipated to be greater than 66
feet (20 meters). The resistivity of the saturated zone was noted to be approximately 30 to
80 ohm-meters. These low resistivity values may indicate that dissolved metals or other
contaminants are present in the groundwater, Two anomalous zones of low resistivity are
also visible on the plots for Line 3 and Line 4. These anomalies are consistent with the
signature for buried metallic objects and were targeted for exploratory trenching

activities.

The results of the HLEM survey are in general agreement with the DC resistivity survey.
Line 8 of the HLEM survey contains a linear anomaly that could be caused by buried
metalilic objects such as a pipeline or series of metallic drums. The anomalous zone was
coincident with one of the resistivity anomalies and was targeted for exploratory

trenching aclivities .
3.5 Exploratory Trenching

Exploratory trenching activities were conducted during the first week of April 2003,
Approximately 40 trenches were excavated to depths ranging between approximately 3 to
10 feet (1 to 3 meters) below the ground surface (bgs) using a rubber-tired backhoe. The
trenching locations were selected on the basis of the soil sampling grid, visual
observations, and the results of the geophysical survey. Approximately 26 trenches were

excavated in Area D and 13 trenches were excavated in Area 41 to evaluate shallow soil

3-8
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conditions and collect surficial samples. Two additional trenches were excavated to
evaluate geophysical anomalies observed in Area D. The approximate trenching locations

are depicied by the numbered grid cells on Figure 2-1 and Figure 2-2.

The soils observed during trenching activities can be generally described as moist,
medium dense, strong brown (7.5YR 5/6), silty to clayey, fine to coarse sand (SM), with
approximately 20 percent to 40 percent gravels and cobbles. Wood fragments and small
metallic debris were observed i some locations. Buried drums or other containers were

not encountered during the trenching activities.

3-9
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SECTION 4
ASSESSMENT OF POTENTIAL IMPACTS

Section 4 presents the overall findings of the SI regarding the nature and extent of
contamination at the Site. The term “nature” refers to the type and concentration of

contamination, while the term “extent” refers to the spatial distribution of contamination.

4.1 SUMMARY OF ANALYTICAL RESULTS

The resuits of the laboratory analyses of soil and groundwater samples collected during the
investigation are summarized below. Soil samples were collected using a number of
different field methods (as discussed in Section 2), including drive sampling in HSA
borings, direct push sampling, and grab sampling from exploratory trenches. Where noted,
analytical results are illustrated on maps of the Site. The maps depicting the results of
various constituents were compiled using a detected concentration of an analyte at each
sample location without regard to sample depth. Thus, the maps may be used to evaluate
the lateral extent of overall Site contamination, but are not specific to a particular depth
interval or geologic horizon. The coliection depths for the samples are presented on the
accompanying summary data tables. To standardize the presentation of laboratory results,
all soil sample analyses (with the exception of Dioxins) are presented using units of
milligrams per kilogram (mg/kg) and all groundwater sample analyses (with the exception
of Dioxins) are presented using units of milligrams per liter (mg/L). The analytical
laboratory data reports and data validation documentation are presented in Appendix F. A
summary of soil and groundwater samples collected and submitted for laboratory analyses
is provided in Table 4-1. A summary of detected contaminants by analytical method is
presented in Table 4-2. The information presented on Table 4-2 was used to prepare the

contaminant maps referenced bhelow,

Two deviations from standard operating protocols (SOPs) were followed during soil
sampling and should be noted. Firstly, due to exceeded holding times or the decision to add
additional laboratory analyses, several sampling locations were visited a second time to

collect soil samples at a later date. These samples were assigned the same name as the
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original sample collected at that location. They may be distinguished in the tables and text
of this report by the unique laboratory reference identifier assigned to them. For example, a
surface soil sample was collected from within grid location 60 on April 4, 2003 and
assigned sample number CC060SS01. This sample was subjected to analyses for TPH-G,
TPH-D, SVOCs, pesticides, PCBs, herbicides, and RCRA metals. Grid location 60 was
sampled again on June 5, 2003 to be tested for malathion. This sample was also assigned
sample number CCO60SS01. The unique laboratory reference numbers for these two
sampling events are 103190204 and 103322406, respectively. Fach such occurrence is
detailed on Tables 4-1 through 4-8. The second deviation from SOPs regards sampling
depths for soil samples listed as “surface soil” and denoted in each sample number by an
“85” designation. In some instances, surface soil samples were collected beneath shallow
fill soils identified by the principal investigator during exploratory trenching activities.
Such surface soil samples may have been collected from an actual depth of 3 feet to 6 feet
(I meter to 2 meters) below the existing ground surface. The actual sample collection

depths are summarized with PID) measurements in Appendix C.

Where appropriate, detected concentrations have been compared to United States Forces,
Korea (USFK) Environmental Governing Standards (EGS) for groundwater and United
States Environmental Protection Agency (USEPA) Region 9 Preliminary Remedial Goals
(PRGs) for soil. Jt should be noted that the PRG values are formulated for industrial use
based on a conservative risk factor of 1.0E-06. These values have been used for screening
purposes, however under CERCLA guidance a risk factor of 1.0E-04 is generally used to
trigger site remedial actions. The subject sites are uiilized for industrial purposes on an

intermittent basis and a risk factor of 1.0E-04 is considered an appropriate criterion.

4.1.1 ARrca 41

The laboratory results for soil and groundwater samples collected within Area 41 are
discussed below. It should be noted that two soil samples collected from within Area 41
were mislabeled when shipped to the analytical laboratory. When the error was noted, the
sample numbers were corrected on the original chain of custody document, however, the
laboratory processed the samples using the incorrect identifiers. The sampies CC0O54BS01
amd CCO548801 thus appear as CC007BS01 and CCO078S01 in the STI, laboratory report
number 113100. In this report, these sample numbers have been corrected to reflect the
actual sample identity and location. Additionally, the labels for two other samples

775
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(CCO80BS0! and CCI81BS01) in this shipment were not readable by the laboratory and
recorded as “Unknown 127.74” and “Unknown 127.90”. Because of this, it is possible that
the reported analytical values for these two samples may be switched. However, since
CCI81BS01 was collected as a QC duplicate of CCO80BSO!, the two samples are

coincident and may be considered interchangeable.

4.1.1.1 Seil Sample Results

Area 4] soil sample results for each laboratory analytical method are presented in this

section.

4.1.1.1.1 Totz] Petroleum Hydrocarbons (TPH)

Selected soil samples obtained from Area 41 were analyzed for TPH-G and TPH-D&O in
accordance with EPA Methods 8015 and 8020B. Fourteen surface soil samples (designated
by “S5” in the sample identifier) and eight subsurface soil samples (designated by “BS” in
the sample identifier) were analyzed for TPH-G and sixteen surface soil samples and eight
subsurface soil samples were analyzed for TPH-D&O. The TPH method analytical results

are summarized in Table 4.2, TPH detections are summarized on Table 4-3.

A review of the laboratory results indicates that TPH-G was detected in one surface soil
sample (Sample CC2568501) at a concentration of 34.5 milligrams per kilogram (mg/kg).
TPH-D was detected in six surface soil samples and in two subsurface soil samples at
concentrations ranging between 41.4 mg/kg and 1,840 mg/kg (Sample CC0665S01). TPII-
O was detected in three surface soil samples and in one subsurface soil sample at
concentrations ranging between 24.5 mg/kg and 78.8 mg/kg (Sample CC0545S01). The
approximate locations of TPH constituents detected within Area 41 are depicted on Figure

4-1.

USEPA Region 9 PRGs are not available for TPH compounds.
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4.1.1.1.2 Volatile Organic Compounds (VOCs)

One surface soil sample and six subsurface soil samples were analyzed for VOCs in
accordance with Method 8260B. The method analytical results are summarized in Table 4-

2. VOC detections are summarized on Table 4-4.

A review of the laboratory results indicates that VOCs were detected in five surface soil
samples. Tetrachloroethene (PCE) was detected in five samples at concentrations ranging
trom 0.012 mg/kg to 0.502 mg/kg (Sample CCO65BS01). A toluene concentration of
0.0875 was reported in Sample CC054BS01. The approximate locations of detected VOCs
within Area 41 are depicted on Figure 4-2.

The reported VOC detections did not exceed USEPA Region 9 PRGs.
4.1.1.1.3 Semivolatile Organic Compounds (SVOCs)

Sixteen surface soil sample and eight subsurface soil samples were analyzed for SVOCs in
accordance with Method 8270. The method analytical results are summarized in Table 4-2.

YOC detections are summarized on Table 4-5.

A review of the laboratory results indicates that SVOCs were detected in three surface soil
samples. The greatest measured SVOC constituent concentration was 2.08 mg/kg
benzo[bjflouranthene (Sample CCO658801). Pyrene and benzo[a]pyrene were also among
the ten detected SVOC constituents. The approximate locations of detected SVOCs within

Area 41 are depicted on Figure 4-3.

The benzo[a]pyrene concentraton of 0.64 mg/kg in surface soil sample CC0658501
exceeded the USEPA Region 9 PRG of 0.21 mgkg for this constituent. The
benzo[b]flouranthene concentration of 2.08 mg/kg in the same sample was slightly below
the USEPA Region 9 PRG of 2.1 for this constituent. Other detected SVOCs in Area 41
soil samples did not exceed UUSEPA Region 9 PRGs.

4.1.1.1.4 Pesticides

Sixteen surface soil samples and cight subsurface soil samples were analyzed for
organochlorine pesticides in accordance with Method 8081A, The method analytical results

are summarized in Table 4-2. Pesticide detections are summarized on Table 4-6,

4-
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A review of the laboratory results indicates that pesticides were detected in fifteen surface
soil samples and seven subsurface soil samples. The greatest measured pesticide constituent
concentration was 218 mg/kg 4,4’-DDT (Sample CC0658S01). 4,4°-DDD and 4,4*-DDE
were also among the eighteen detected pesticide constituents. The approximate locations of

detected pesticides within Area 41 are depicted on Figure 4-4.

The USEPA Region 9 PRG for DDD of 10 mg/kg was exceeded in two surface soil
samples (CC062SS01 and CC0658S01), the PRG for DDT of 7 mg/kg was exceeded in
four surface soil samples (CC054SS01, CCO60SS01, CC0628801, and CC0658801), and
the 0.11 mg/kg PRG for Dieldrin was exceeded in one surface soil sample (CC0658S01).
Other detected Pesticides in Area 41 soil samples did not exceed USEPA Region 9 PRGs.

4,1.1.1.5 Polychlorinated Biphenyls (PCBs)

Fifteen surface soil sample and eight subsurface soil samples were analyzed for PCBs in
accordance with Method 8082. The method analytical results are summarized in Table 4-2.
PCBs were not reported at concentrations greater than the laboratory method detection limit

for Area 41 soil samples,
4.1.1.1.6 Herbicides

Thirteen surface soil sample and eight subsurface soil samples were analyzed for herbicides
in accordance with Method 8151. The method analytical results are summarized in Table 4-
2. Herbicide constituents were not reported at concentrations greater than the laboratory

method detection limit for Area 41 soil samples.
4.1.1.1.7 Matathion

Sixteen surface soil sample and seven subsurface soil samples were analyzed for malathion
in accordance with Method 8141. The method analytical results are summarized in Table 4-
2. Malathion was not reporfed at concentrations greater than the laboratory method

detection limit for Area 41 soil samples.



Camp Carroll Area D and Area 41 Site Investigation Section: 4
Date: July 2004 Page: 6 of 76

4.1.1.1.8 RCRA Metals

Sixteen surface soil sample and eight subsurface soil samples were analyzed for eight
RCRA Metals in accordance with Methods 6020/7471. The method analytical results are

summarized in Table 4-2. Metal detections are summarized on Table 4-7.

A review of the laboratory results indicates that RCRA metals were detected in all 24 soil
samples analyzed. Arsenic was detected in 13 soil samples at concentrations ranging from
0.756 mg/kg to 8.24 mg/kg, barium was detected in 24 soil samples at concentrations
ranging from 374 mg/kg to 235 mg/kg, cadmium was detected in 2 soil samples at
concentrations of 0.0328 mg/kg and 0.586 mg/kg, chromium was detected in 24 soil
samples at concentrations ranging from 2.21 mg/kg to 79.9 mg/ks, lead was detected in 24
soil samples at concentrations ranging from 3.56 mg/kg to 38.0 mg/kg,, selenium was
detected in 2 soil samples at concentrations of 0.388 mg/kg and 0.444 mg/kg,, silver was
detected in 5 soil samples at concenirations ranging from 0.00866 mg/kg to 0.056 mg/kg,
and mercury was detected in 4 soil samples at concentrations ranging from 0.00617 mg/kg

to 0.0128 mg/kg.

The USEPA Region 9 PRG for arsenic (calculated for a cancer endpoint) of 1.6 mg/kg was
exceeded in eleven soil samples, The non-cancer endpoint arsenic PRG of 260 mg/kg was
not exceeded in the samples analyzed. Other detected metals in Area 41 soil samples did

not exceed USEPA Region 9 PRGs,

41.1.1.9 Dioxins

Four surface soil sample and four subsurface soil samples were analyzed for dioxins in
accordance with Method 8290. The methad analytical resulls are summarized in Tablc 4-2.

Dioxin detections are suminarized on Table 1 &,

A review of the laboratory results indicates that dioxins were detected in four surface soil
samples and two subsurface soil samples. The greatest measured dioxin constituent
concentration was 793 picograms per gram (pg/g) OCDD (Sample CC051$801). The

approximate locations of detected dioxins within Area 41 are depicted on Figure 4-5.

o
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The USEPA has established a PRG of 1.6E-05 mg/kg (0.016 pg/g) for the dioxin 2,3,7,8-
TCDD. Total TCDD cencentrations were less than the laboratory method detection limit in

the soil samples analyzed.
4.1.1.2 Groundwater Sample Results

Area 41 groundwater sample results for each laboratory analytical method are presented in

this section.

4.1.1.2.1 Total Petroleum Hydrocarbons (TPH)

Selected groundwater samples obtained from Area 41 were analyzed for TPH-G and TPH-
D&O in accordance with EPA Methods 8015 and 8020B. Four groundwater samples
(designated by “WS” in the sample identifier) were analyzed for TPH-G and TPH-D&O.
The TPH method analytical results are summarized in Table 4-2. TPH detections are

summarized on Table 4-9,

A review of the laboratory results indicates that TPH-G was detected in two groundwater
samples at concenirations of 0.308 milligrams per liter (mg/L) and 2.39 mg/L (Sample
CCO054WS01). TPH-D was detected in one groundwater sample at a concentration of 1.8
mg/L (Sample CCO54WS01). The approximate Iocations of TPH constituents detected in
groundwater beneath Area 41 are depicted on Figure 4-6.

USFK EGS are not available for TPH compounds.
4.1.1.2.2 Volatile Organic Compounds (VOCs)

Four groundwater samples were analyzed for VOCs in accordance with Method 8260B.
The method analytical results are summarized in Table 4-2. VOC detections are

summarized on Tuble 1-10,

A review of the laboratory results indicates that VOCs were detected in all four
groundwater samples. The greatest measured VOC constituent concentration was 11.1
mg/L PCE (Sample CC054WS01). Trichloroethene (TCE) and benzene were also among
the ninc detected VOC constituents. The approximate locations of detected VOCs within

Area 41 are depicted on Figure 4-7.
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The USFK EGS for tetrachloroethene of 0.005 mg/L was exceeded in all four groundwater
samples analyzed. The USFK EGS for trichloroethene of 0.005 mg/L was exceeded in all
four groundwater samples analyzed. The USFK EGS for 1,2-dichloroethene of 0.005 mg/L
was exceeded in one groundwater sample (CC054WS01). It should be noted that some

detected VOC constituents have not been assigned EGS values.
4.1.1.2.3 Semivolatile Organic Compounds (SVOCs)

Four groundwater samples were analyzed for SVOCs in accordance with Method 8270.
The method analytical results are summarized in Table 4-2. SVOC detections are
summarized on Table 4-11. SVOCs were not reported at concentrations greater than the

laboratory method detection limit for Area 41 groundwater samples.

4.1.1.24 Pesticides

Four groundwater samples were analyzed for organochlorine pesticides in accordance with
Method 8081A. The method analytical results are summarized in Table 4-2. Pesticide
detections are summarized on Table 4-12. Pesticides were not reported al concentrations

greater than the laboratory method detection limit for Area 41 groundwater samples.
4.1.1.2,5 Polychiorinated Biphenyls (PCBs)

Four groundwater samples were analyzed for PCBs in accordance with Method 8082. The
method analytical results are summarized in Table 4-2. PCBs were not reported at
concentrations greater than the laboratory method detection limit for Area 41 groundwater

samples.
4.1.1.2.6 Herbicides

Four groundwater samples were analyzed for herbicides in accordance with Mcthod 8151,
The method analytical results are summarized in Table 4-2, Herbicide constituents were not
reported at concentrations greater than the laboratory method detection limit for Area 41

groundwater samples.
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4.1.1.2.7 Malathion

Four groundwater samples were analyzed for malathion in accordance with Method 8141.
The method analytical results are summarized in Table 4-2. Malathion was not reported at

concentrations greater than the laboratory method detection limit for Area 41 groundwater

samples.
4.1.1.2.8 RCRA Metals

Four groundwater samples were analyzed for eight RCRA Metals in accordance with
Methods 6020/7471. The method analytical results are summarized in Table 4-2. Metal

detections are summarized on Table 4-13.

A review of the laboratory results indicates that RCRA metals were detected in all four
groundwater samples analyzed. Barium was detected in 4 groundwater samples at
concentrations ranging from 0.0167 mg/L to 0.204 mg/I. and chromium was detected in 3

groundwater samples at concentrations ranging from 0.00958 mg/L to 0.0806 mg/L.
Detected metals in Area 41 groundwater samples did not exceed USFK EGS.

4.1.1.2.9 Dioxins

Two groundwater samples were analyzed for dioxins in accordance with Method 8290. The
method analytical results are summarized in Table 4-2. Dioxin detections are summarized

on Table 4-14.,

A review of the laboratory results indicates that dioxins were detected in two groundwater
samples. The greatest measured dioxin constituent concentration was 0.00349 nanogranis
per liter (ng/L) 1,2,3,7,8-PeCDF (Sample CCO5S3IWSU1). The approximate locations of

detected dioxins within Area 41 arc depicted on Figure 4-8,

The USFK has established a EGS of 3.0E-08 mg/L for the dioxin 2,3,7.8-TCDD. Total
TCDD concentrations were less than the laboratory method detection limit in the

groundwater samples analyzed.
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4.1.2 AREAD
The laboratory results for soil and groundwater samples collected within Area D are

discussed below.

4.1.2.1 Soif Sampie Results

Area D soil sample results for each laboratory analytical method are presented in this

secfion,

4.1.2.1.1 Total Petroleum Hydrocarbons (TPH)

Selected soil samples obtained from Area D were analyzed for TPH-G and TPH-D&O in
accordance with EPA Methods 8015 and 8020B. Thirty-two surface soil samples and
thirty-seven subsurface soil samples were analyzed for TPH-G and TPH-D&O. The TPH
method analytical results are summarized in Table 4-2. TPH detections are summarized on

Table 4-3.

A review of the laboratory results indicates that TPH-G was detected in two subsurface soil
samples at concentrations of 5.51 mg/kg and 121 mg/kg (Sample CC037BS03). TPH-D
was detected in two surface soil samples and in two subsurface soil samples at
concentrations ranging between 25.1 mg/kg and 62.6 mg/kg (Sample CCOI8SS01). TPH-O
was defected in three surface soil samples and in four subsurface soil samples at
concentrations ranging between 24.5 mg/kg and 199 mg/kg (Sample CC1448S01). The

approximate locations of TPH constituents detected within Area D soils are depicted on

Figure 4-9.
USEPA Region 9 PRGs are not available for TPH compounds,
4.1.2.1.2 Volatile Organic Compounds (VOCs)

Forty-nine subsurface soil samples were analyzed for VOCs in accordance with Method
8260B. The method analytical results are summarized in Table 4-2. VOC detections are

summarized on Table 4-4.

A review of the laboratory results indicates that VOCs were detected in seventeen

subsurface soil samples. The greatest VOC constituent concentration measured was 245
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mg/kg Toluene (Sample CCO37BS03). PCE and TCE were among the eight VOCs reported.

The approximate locations of detected VOCs within Area D are depicted on Figure 4-10.

The USEPA Region 9 PRG for trichloroethene of 0.11 mg/kg was exceeded in one sub-
sutface soil sample (CCO37BS01) at a concentration of 0.165 mg/kg. Other detected VOCs
in Area D soil samples did not exceed USEPA Region 9 PRGs.

4.1.2.13 Semivolatile Organic Compounds (SVOCs)

Thirty-two surface soil sample and thirty-seven subsurface soil samples were analyzed for
SVOCs in accordance with Method 8270. The method analytical results are summarized in

Table 4-2. VOC detections are summarized on Table 4-5.

A review of the laboratory results indicates that SVOCs were detected in two subsurface
soil samples. The greatest measured SVOC constituent concentration was 1,19 mg/kg 3&4-
methylphenol (Sample CC037BS01). 2-Methylphenol and bis(2-ethylhexyl)phthalate were
also detected. The approximate locations of detected SVOCs within Area I are depicted on

Figure 4-11.
The reported SVOC detections did not exceed USEPA Region 9 PRGs.

4.1.2.1.4 Pesticides

Thirty-three surface soil sample and thirty-seven subsurface soil samples were analyzed for
organochlorine pesticides in accordance with Method 8081A. The method analytical results

are summarized in Table 4-2. Pesticide detections are summarized on Table 4-6.

A review of the laboratory results indicates that pesticides were detected in twenty-nine
surface soil samples and eighteen subsurface soil samples. The greatest measured pesticide
constituent concentration was 29.3 my/kg 4,4°-DDT (Sample CCO408801). 4,4°-DDD and
4,4’-DDE were also among the ten detected pesticide constituents. The approximate

locations of detected pesticides within Area ID are depicted on Figure 4-12.

The USEPA Region 9 PRG for DDT of 7 mg/kg was exceeded in two surface soil samples
(CCO0305801 and CC0408801). Other detected Pesticides in Area D soil samples did not
exceed USEPA Region 9 PRGs.

4-11 ? é%{,f/
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4.1.2.1.5 Poiychlorinated Biphenyls (PCBs)

Thirty-two surface soil sample and thirty-seven subsurface soil samples were analyzed for
PCBs in accordance with Method 8082. The method analytical results are summarized in
Table 4-2. PCBs were not reported at concentrations greater than the Iaboratory method

detection limit for Area I soil samples.
4.1.2.1.6 Herbicides

Thirty-two surface soil sample and thirly-one subsurface soil samples were analyzed for
herbicides in accordance with Method 8151. The method analytical results are summarized
in Table 4-2. Herbicide constituents were not reported at concentrations greater than the

Jaboratory method detection limit for Area D soil samples.
4.1.2.1.7 Malathion

Thirty-two surface soil sample and thirty-nine subsurface soil samples were analyzed for
malathion in accordance with Method 8141, The method analytical results are summarized
in Table 4-2. Malathion was not reported at concentrations greater than the laboratory

method detection limit for Area D seil samples.
4,1.2.1.8 RCRA Metals

Thirty-two surface soil sample and thirty-seven subsurface soil samples were analyzed for
eight RCRA Metals in accordance with Methods 6020/7471. The method analytical results

are summarized in Table 4-2. Metal detections are summarized on Table 4-7.

A review of the laboratory results indicates that RCRA metals were detected in all 69 soil
samples analyzed. Arsenic was detected in 66 soil samples at concentrations ranging from
0.916 mg/kg to 20.7 mg/kg, barinm wag detected in 69 soil samples at concentrations
ranging from 61 mg/kg to 211 mg/kg, cadmium was detected in 46 soil samples at
concentrations of 0.188 mg/kg and 2.87 mg/kg, chromium was detected in 68 soil samples
at concentrations ranging from 1.4 mg/kg to 15.6 mg/kg, lead was detected in 69 soil
samples at concentrations ranging from 3.57 mg/kg to 52.0 mg/kg,, silver was detected in

17 soil samples at concentrations ranging from 0.0285 mg/kg to 0.472 mg/ky, and mercury

4-12 7 gf&"
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was detected in 5 soil samples at concentrations ranging from 0.00947 mg/kg to 0.0146

mg/kg.

The USEPA Region 9 PRG for arsenic (calculated for a cancer endpoint) of 1.6 mg/kg was
exceeded in 64 soil samples, The non-cancer endpoint arsenic PRG of 260 mg/kg was not
exceeded in the samples analyzed. Other detected metals in Area D soil samples did not

exceed USEPA Region 9 PRGs.
4.1.2.1.9 Dioxins

Six surface soil sample and twenty-one subsurface soil samples were analyzed for dioxins
in accordance with Method 8290. The method analytical results are summarized in Table 4-

2. Dioxin detections are summarized on Table 4-8,

A review of the laboratory results indicates that dioxins were detected in five surface soil
samples and eighteen subsurface soil samples. The greatest measured dioxin constituent
concentration was 388 pg/g OCDD (Sample CC0408S01). The approximate locations of

detected dioxins within Area D are depicted on Figure 4-13.

The USEPA has established a PRG of 1.6E-05 mg/kg (0.016 pg/g) for the dioxin 2,3,7,8-
TCDD. A total TCDD concentration of 0.461 pg/g was reported for sample CC027BS02,
however the 2,3,7,8-TCDD concentration was less than the laboratory method detection
limit. Total TCDD concentrations were less than the laboratory method detection limit in

the remaining soit samples analyzed.

4.1.2.2 Groundwater Sample Results

Area D groundwater sample results for each laboratory analytical method are presented in
this section.

4.1.2.2.1 Total Petroleumm Hydrocarbons (TPH)

Selected groundwater samples obtained from Area 41 were analyzed for TPH-G and TPH-
D&O i accordance with EPA Methods 8015 and 8020B. Nine groundwater samples were
analyzed for TPH-G and TPH-D&Q. The TPH method analytical results are summarized in
Table 4-2. TPH detections are summarized on Table 4-9,
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A review of the laboratory results indicates that TPH-G was detected in five groundwater
samples at concentrations ranging between 0.559 mg/l. and 1.63 mg/l. (Sample
CCO39WS01). TPH-D was detected in six groundwater samples at a concentration ranging
between 0.229 mg/L and 0.666 mg/L (Sample CCO39WS01), The approximate locations of
TPH constituents detected in groundwater beneath Area D are depicted on Figure 4-14.

USFK. EGS are not available for TPH compounds.
4.1.2.2.2 Volatile Organic Compounds (VOCs)

Nine groundwater samples were analyzed for VOCs in accordance with Method 8260B.
The method analytical results are summarized in Table 4-2. VOC detections are

summntarized on Table 4-10.

A review of the laboratory results indicates that VOCs were detected in all nine
groundwater samples. The greatest measured VOC constifuent concentration was 1.67
mg/L cis-1,2-dichloroethene (Sample CC237WS01). PCE and TCE were also among the
twenty-eight detected VOC constituents. The approximate locations of detected VOCs
within Area D are depicted on Figure 4-15.

The USFK EGS for tetrachloroethene of 0.005 mg/l, was exceeded in seven groundwater
samples. The USFK BEGS for trichloroethene of 0.005 mg/l. was exceeded in five
groundwater samples. The USFK EGS for cis-1,2-dichloroethene of 0.005 mg/L was
exceeded in seven groundwater samples. The USFK EGS for trans-1,2-dichloroethene of
0.005 mg/l. was exceeded in two groundwater samples. The USFK EGS for benzene of
0.005 mg/L. was exceeded in four groundwater samples. It should be noted that some

detected VOUC constituents have not heen assigned EGS values.
4.1.2.2.3 Semivolatile Organic Compounds (SVOCs)

Nine groundwater samples were analyzed for SVOCs in accordance with Method 8270.
The method analytical results are summarized in Table 4-2. SVOC detections are

summarized on Table 4-11.

A review of the laboratory results indicates that SVOCs were detected in two groundwater

samples. The greatest measured SVOC constituent concentration was 1.7 mg/L
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diethylphthalate (Sample CC237WS01). Napthalene and 1,4-dichlorobenzene were also
among the eleven detected SVOC constituents. The approximate locations of detected

VOCs within Area D are depicted on Figure 4-16.

Detected SVOC concentrations did not exceed EGS values. It should be noted that some

detected SVOC constituents have not been assigned EGS values.

4.1.2.2.4 Pesticides

Nine groundwater samples were analyzed for organochlorine pesticides in accordance with
Method 8081A. The method analytical results are summarized in Table 4-2. Pesticide

detections are summarized on Table 4-12,

A review of the laboratory results indicates that pesticides were detected in four
groundwater samples. The greatest measured pesticide constituent concentration was 8.76
mg/l. gamma-BHC (Lindane) (Sample CC024WSO01). Dieldrin and heptachlor were also
among the seven detected pesticide constituents. The approximate locations of detected

pesticides within Area D are depicted on Figure 4-17.

The USFK EGS for Lindane of 0.002 mg/L was exceeded in three groundwater samples.
The USFK EGS for Chiordane of 0.002 mg/L was exceeded in one groundwater sample. It

should be noted that some detected pesticide constituents have not been assigned EGS

values.
4.1.2.2.5 Polychlerinated Biphenyls (PCBs)

Nine groundwater samples were analyzed for PCBs in accordance with Method 8082. The
method analytical results are summarized in Table 4-2. PCBs were not reported at
concentrations greater than the laboratory method detection limit for Area D groundwater

samples.
4.1.2.2.6 Herbicides

Nine groundwater samples were analyzed for herbicides in accordance with Method 8151,
The method analytical results are summarized in Table 4-2. Herbicide constituents were not
reported at concentrations greater than the laboratory method detection limit for Area D

groundwater samptles.
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4.1.2.2.7 Malathion

Nine groundwater samples were analyzed for malathion in accordance with Method 8141,
The method analytical results are summarized in Table 4-2. Malathion was not reported at

concentrations greater than the laboratory method detection limit for Area D groundwater

samples.
4.1.2.2.8 RCRA Metals

Nine groundwater samples were analyzed for eight RCRA Metals in accordance with
Methods 6020/7471. The method analytical results are summarized in Table 4-2. Metal

detections are summarized on Table 4-13.

A review of the laboratory results indicates that RCRA metals were detected in all nine
groundwater samples analyzed. Arsenic was detected in 2 groundwater samples at
concentrations 0f0.000379 mg/LL and 24.2 mg/L, barium was detected in 9 groundwater
samples at concentrations ranging from 0.101 mg/L to 161 mg/L, chromium was detected
in 5 groundwater samples at concentrations ranging from 0.00434 mg/L to 11.6 mg/L, lead
was detected in one groundwater sample at a concentration of 0.000176 mg/L, selenium
was detected in one groundwater sample at a concentration of 0.00224 mg/L, silver was
detected in one groundwater sample at a concentration of 0.000356 mg/L, and mercury was

detected in 3 goundwater samples at concentrations ranging from 0.000243 mg/L to 0.808

mg/L.

Detected metals in Area D groundwater samples did not exceed USFK EGS.

4,1.2.2.9 Dioxins

Four groundwater samples were analyzed for dioxins in accordance with Method 8290. The

method analytical results are summarized in Table 4-2. Dioxin detections are summarized

on Table 4-14.

A review of the laboratory results indicates that dioxins were detected in two groundwater
samples. The greatest measured dioxin constituent concentration was 0.0119 ngl. OCDD
(Sample CCO37WS01). The approximate locations of detected dioxins within Area D are
depicted on Figure 4-18,
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The USFK has established an EGS of 3.0E-08 mg/L for the dioxin 2,3,7,8-TCDD. Total
TCDD concentrations were less than the laboratory method defection limit in the

groundwater samples analyzed.
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SECTION 5
CONCEPTUAL SITE MODEL AND PRELIMINARY SCREENING
EVALUATION

5.1 CONCEPTUAL SITE MODEL

The Conceptual Site Models (CSMs) for the Camp Carroll site (Figure 5-1 and Figure 5-
2) identify potential sources and migration pathways for contaminanis observed at the
site. The CSM facilitates visualization of potential migration and discharge pathways

associated with the releases, as well as identification of existing impacts.

A number of potential sources for the identified contaminants have been identified.
These include numerous drums of petroleum hydrocarbons and hazardous materials that
were previously stored on the ground surface (Area 41) or buried beneath the surface in a
temporary landfill (Area D). Interviews with former workers at the sites indicate that

spills of the stored chemicals occurred at various times.

A geophysical survey and exploratory trenching were conducted during this study to
evaluate the potential for the continued existence of buried drums within Area D. The
results of the geophysical survey showed some electromagnetic anomalies that suggested
possible buried metallic objects, however when ftrenching was conducted at these
locations only minor quantities of small scrap metal was uncovered. While it is possible
that buried drums may still be located within Area D at depths greater than those
explored, on the basis of the geophysical survey and trenching conducted, it is considered

likely that the original contaminant sources (drums) have been removed.

The remaining sources of contamination are considered to be the residual chemicals
identified in soils at the sites. These contaminants may pose an exposure danger to onsite
personnel or contribute to continued contamination of groundwater beneath the sites. The
areal extents of the various contaminants are depicted on Figures 4-1 through 4-14 and
represented in a generalized manner on the CSMs (Figures 5-1 and 5-2).

The site is underlain by granitic gneiss bedrock. The native rock is covered by both
weathered granitic rock (saprolite) and fill materials derived from the same source. The

movement of groundwater in the subsurface materials is limited by the character and
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orientation of primary and secondary openings in the bedrock and overburden.

Groundwater will attempt to flow in the direction of the hydraulic gradient (i.e., from
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