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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