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1. Introduction

This report describes the findings of an environmental investigation conducted at
Building 326 located on Camp Carroll within United States Army Garrison (USAG) Daegu in
the Republic of Korea (ROK) [Figure 1-1]. Personnel from the US Army Corps of Engineers
(USACE) Far East District’s (FED) Geotechnical and Environmental Engineering Branch
performed intrusive field sampling in order to determine the vertical and lateral extents of
petroleum-related contamination present at the site.

The field work was based on the scope of work in the document titled “Work Plan for
Environmental Site Investigation/Risk Assessment (ESI) at Six Sites of Camp Carroll’ dated
January 2009. This ESI report was developed in accordance with industry standards and US
Environmental Protection Agency (EPA) guidelines and Engineering Manual (EM) 200-1-3
(USACE, 2005) for sampling and analysis. All field and analytical work was conducted by
USACE FED personnel in accordance with health and safety and sampling protocol developed
specifically for this investigation (USACE FED, 2009).

1.1. Project objectives

The presence of soil contamination (primarily total petroleum hydrocarbon [TPH] and
solvents) at the sites was identified during previous environmental sampling conducted by the
USACE FED (USACE FED, 2004). These environmental investigations were prompted by
documented fuel releases at the sites. The lateral extent of contamination at the site was not
determined during this prior investigation. The overall objective of the current project was o
perform an environmental investigation at the site to delineate the current extent and magnitude
of contaminants of interest (petroleum-related and solvent contamination) at the site that may

affect human health.
The following issues were addressed while performing this ESI:

* Obtain data of sufficient quality and quantity to describe the physical and chemical
propertics of site soil and groundwater. The site characterization work included
collection and analysis of deep (greater than three meters below ground surface [bgs])
soil samples, as well as groundwater samples, in order to quantify the levels of residual
petroleum and solvent contamination present at the sites.

* Determine the nature and extent of contamination. Soil boreholes and groundwater
monitoring wells were advanced in areas surrounding Building 326 in an attempt to
identify the source of the contamination as well as delineate the vertical and lateral
extents of the plume.

1.2. Regulatory Considerations

The release of hazardons suhstances by Dol activities to the environment has potential
implications for health and well-being of DoD personnel (including dependants) on the
installation and the public living and working adjacent to the installation. The Department of
Defense (DoD) Directive 4715.1E titled “Environment, Safety, and Occupational Health (ESOH)”
establishes policies for all DOD components world-wide regarding environment, safety, and
occupational health (DoD, 2005). DOD 4715.1E states it is DoD policy to protect DoD
personnel from accidental death, injury, and occupational illness and to protect the public from

Page 1 B



Report of ESI at Building 326 of Camp Carroll AUGUST 2011

risk of death, injury, illness, or property damage because of DoD activities. Consequently,
installations have an obligation to identify potential effects to DoD personnel and the public
when a release of hazardous substances is discovered. Once the nature of the contamination is
determined DoD Instruction 4715.8 titled “Environmental Remediation for DoD Activities
Overseas™ describes the policy and procedures for remediation of environmental contamination
on DoD installations and facilities located outside the US (DoD, 1998). According to this
document, remediation of environmental contamination is required when

1. A known imminent and substantial endangerment to human health and safety due to
environmental contamination that was caused by DoD operations and that is located on or
is emanating from a DoD installation or facility.

2. After consultation with the Do) Environmental Eecutive Agent, the in-thater commander
of the DoD Component determines additional remediation of environmental
contamination is required to maintain operations or protect human health and safety.

3. International agreements require the United States to fund environmental remediation.

In Korea, DoD Instruction 4715.8 is implemented through US Forces Korea Regulation 200-1
titled “United States Forces Korea Remediation Regulation”. Other regulatory guidance for
environmental standards in Korea is contained in US Forces Korea Pamphlet 200-1 titled
“Environmental Governing Standards.”

Pagez géﬁé”{
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2. Site Description and History

2.1. Camp Carroll

Camp Carroll is a part of US Army Garrison (USAG)-Daegu, and serves as
Headquarters, U.S. Army Material Support Center and functions as a staging ground for U.S.
military operations on the Korean Peninsula. The primary mission of the base is to serve as a
staging facility and a storage and maintenance depot. USAG-Daegu consists of a series of
installations within the greater Daegu metropolitan area, comprising a population of 2.5 million.
In addition to Camp Carroll, the installations within USAG-Daegu include: Camp Henry, Camp
Walker, and Camp George.

Camp Carroll was constructed in 1959 and is located one hour north of Taegu in the
village of Waegwan. It is situated on 546 acres (668,355 pyeong, 2.2 square km), and located in
the Nak Tong River Valley, approximately one-quarter mile east of the historic Nak Tong River
(Figure 2-1). The terrain is primarily hilly, with surrounding mountains and forested areas
bounding the base on the north and east, agricultural fields (mostly rice paddies) bordering the
camp on the northeast and the south. Though a small community, Camp Carroll maintains a full
service Fitness Center (with indoor and outdoor pools), a small Commissary, PX, Shoppette,
Food Court, and All Ranks Club. The total population of Camp Carroll is approximately 2,700.

Of that, US military personnel number approximately 1,200, or 44 percent of the base population.

Other members of the community include Department of Defense (DoD) civilians, Korean
National employees, Korean Augmentation to the US Army (KATUSA) soldiers, and non-
command sponsored family members. Camp Carroll is used to house millions of dollars in war
reserve stocks, including everything from tanks to tools. Giant garages house repair facilities
where wheeled equipment weighing several tons can be disassembled, or a sensitive electronic
circuit board can be checked for invisible cracks.

2.2. Building 326

Building 326 is a machine shop that was built in 1964. Used tank and truck engines have
been rebuilt and cleaned at this facility. Solvents have been used at the facility and used oil has
been generated from cleaning the engines. Several oil-water separators have been located outside
the building. Two aboveground fuel storage tanks are located on the west side of the building,
Drums containing sodium hydroxide, TCE, Solvent #6850-00-285-8011, hydraulic fluid,
calibration fluid, CARC paint, lube o0il and grease stored on a concrete pad on the west side of
Building 326 near the drainage ditch were ohserved at the site during a site visit conducted hy
Woodward-Clyde i [992. Former employees indicated that sotvent wastes may have been
disposed of on the ground behind the building, but they could not recall having observed suclh
incidents. In 1992, monitoring well MW-17 was installed to the south side of Building 326 and
sampled. In September 2000, a small amount of fuel was observed leaching into an open ditch
located west of the building. Subsequent line pressure tests did not indicate a problem with the
lines associated with the two aboveground luel storage tanks at the site. The ground outside
Building 326 is covered by concrete. The Camp Carroll DPW environmental office has been
concerned about the apparent release of petroleum product from the storage tanks located behind
the building.” (USACE FED, 2004). Figure 2-2 depicts the location of the project site within
Camp Carroll.
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2.3.  Summary of Previous Investigations

The environmental condition of the project site has been previously evaluated during a
Preliminary Site Assessment (PSA) conducted by the FED in 2004. After requests from USAG-
Daegu DPW, site visits by FED environmental personnel were conducted in mid-September
2008 to early November 2008 to plan the current investigation, to identify areas of potential
environmental concern, and to determine optimal borehole locations.

In 1992, monitoring well MW-17 was installed on the south side of Building 326 and
sampled. The VOC compounds TCE and 1,2-DCE were detected in the ground-water sample
collected from MW-17. In September 2000, a small amount of fuel was observed leaching into
an open storm ditch located west of Building 326. However, subsequent line pressure tests did
not indicate a problem with the fuel lines associated with the two aboveground fuel storage tanks
which are located on the west side of Building 326. The Camp Carroll DPW environmental
office has been concerned in the past about the apparent release of petroleum product from the
storage tanks located adjacent to this building.

In 2004, the USACE FED identified fuel and solvent contaminated soil to the southwest
of Building 326. Field and laboratory analyses identified high levels of fuel contamination
southwest of Building 326 in the subsurface. Fuel contamination is primarily diesel and gasoline,
and to a lesser extent JP-8. Total petroleum hydrocarbon concentrations were detected as high as
16,000 mg/kg for diesel-range and 4,400 mg/kg for gasoline-range hydrocarbons. Elevated
levels of BTEX were also detected in subsurface soils.

2.4. Identification of Data Needs

The site was previously investigated by the FED in 2004. The previous environmental
investigation determined the nature and extent of contamination present at the site. However,
there are certain data gaps in the existing information that were identified by this previous
investigation. The scope of work developed through correspondence between DPW and USACE
FED personnel in January 2008 was based on these identified data needs.

The previous environmental sampling at Building 326 had discovered elevated levels of
fuel-related contamination over a significant area which was not completely characterized. The
current investigation will drill boreholes to the south, east and west of Building 326 in order to
delineate the extent of petroleum contamination. This ESI will also evaluate whether the site
poses a threat to human health and the environment. The chemicals of concern at the site are
TPII GRO and DRO, BTEX, polycyclic aromatic hydrocarbons (PAHs) and VOCs in soil, and
BTEX, PAHs and VOCs in groundwater.

Figure 2-1. Location of Camp Carroll in Republic of Korea.
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3. Field Activity
3.1. Field Activities

The field characterization work was conducted at the site from February to September
2009. Soil sampling was conducted between February and September 2009, Groundwater
sampling was conducted in August 2009. The schedule of field work conducted at the site is
summarized in Error! Reference source not found..

FED personnel completed all excavation/drilling permits required by USAG-Camp
Carroll DPW prior to starting intrusive, sub-surface activities at the site, FED personnel
coordinated with the Signal Corps and DPW to obtain all available information about
underground communication lines, electric cables, water lines, sewer lines, and fuel pipelines at
the ESI site. This phase of work involved reviewing all sub-surface maps and drawings of the
investigation area provided by the government, as well as reviewing utility drawings provided by
telephone, natural gas, power, and cable companies. Field personnel then evaluated surface
features present at the site, such as manholes, utility vaults, and pavement patching, which
indicate the potential presence of underground utilities. The approximate locations of
underground utilities and the locations of the proposed boreholes were marked on the ground
with brightly colored spray paint.

An electromagnetic toner was then waved across each proposed borehole location to
check for the presence of nearby sub-surface metallic utilities. The installation personnel in
charge of the utilities of concern (fuel, communication, and power) were notified and came to the
site to verify that the proposed drilling areas were clear of known sub-surface utilities, prior to
the initiation of sub-surface drilling activities.

3.2.  Borehole drilling and soil sampling

Discrete sub-surface soil samples were collected via direct-push drilling using a 6.4-cm
diameter hollow stem sampler equipped with one-meter long acetate sampling tubes that were
driven directly into the ground. Soil boreholes were typically drilled to a couple of meters below
the underlying groundwater table, to a maximum depth of 13 meters bgs (but no deeper than the
depth at which basement rock was encountered) at the investigation site. Soil samples were
recovered from the boring at approximately one meter depth intervals. The first interval sampled
for chemical analysis was collected from approximately one to two meters above the estimated
depth of the shallow groundwater table at the site. Additional samples were collected at
approximately one meter depth intervals down o @ inaximum depth of 13 meters bgs in the
deepest borehole. The specific depth of samples chosen for laboratory analysis was determined
by field personnel based on visual observation of the recovered soil corcs upon removal from the
drili casing. As a general rule, one sample was collected for analysis within the upper one meter
of the ground surface and another from near the groundwater capillary fringe. If significant
contamination was encountered, an additional one or two soil samples were collected from areas
within the soil core that were visibly stained, had an odor, and/or in which an elevated PID
reading (greater than 50 parts per million [ppm]) was measured in the corresponding headspace
sample. If no staining or odor was encountered in a particular borehole, the sample for analysis
was collected from the center of a selected tube interval (every two meters for deeper boreholes).
Actual sample depths varied depending upon field observations and/or contamination
encountered.

Page 7 — ﬁ@ P ?
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Upon withdrawal from the soil borehole, soil cores were sealed in the acetate sampling
tubes with rubber caps. When ready, field personne! exposed the soil core within the tube and
selected samples based on the criteria stated above. Soil samples were then transferred into
laboratory-provided sampling containers specific to the required analysis. Samples to be
analyzed for volatile contaminants were placed into methanol and pure water-preserved 40
milliliter (mL) vials using laboratory-provided, disposable soil plungers to prevent minimal
disturbance and exposure to air.

All samples were labeled with the sample identification information described below,
transferred into individual re-sealable plastic bags, and then placed into insulated coolers filled
with ice for preservation. The samples were chilled and maintained at a temperature of 4  2°C
and managed under chain-of-custody protocol and documentation until they were picked up by
personnel from the primary or secondary Korean analytical laboratories, SGS Testing Korea
(SGS) and NCA Labs Korea (NCA), respectively.

3.2.1. Headspace Analysis

Field sampling included the collection of headspace samples from each sampling area of
concern. Soil samples were collected at periodic depths for headspace analysis to provide an
indication of the vertical extent of VOC contamination within each soil core. Headspace
samples were placed into individual re-sealable plastic bags, agitated, and then exposed to direct
sunlight to allow volatile contaminants to vaporize from the soil. After about 15 minutes, the
probe tip of a PID was inserted into the plastic bag to take a reading of the concentration of
volatile contaminants present in the headspace of the plastic bag. The PID readings were
recorded by field personnel in the field notebook and uitimately transferred to the electronic
borehole logs (Appendix A).

3.2.2. Soil Sample Identification
The soil sample identification format was recommended by USACE FED personnel to
assure that each sample had a unique identification number that was consistent with the
borehole/monitoring well identification system used in previous investigations at Camp Carroll.
The USACE FED sample identification format provided general information about the borchole
type, year of investigation, and sample depth interval. The USACE FED recommended sample
identification number had the following general format:

B09-mmm-S1

where,
B signifies that the sample was collected from a soil borehole;
09 is the year in which the soil borehole was drilled (i.e., 2009);
mmm is the sequential soil borehole number (i.e., starting with 202 at the Camp Carroll site);
S1 signifies the range of depth of the sample (S1 signifies 0-1 meter bgs, S2 signifies 1-2
meters bys, ete.).

The following information was placed on cach sample container label:

Project identification;

Sample date and time;

Sample collector’s name;

Sample identification number; and

P 8 % ;
age g@gé}
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o Required laboratory analyses.

The primary and quality assurance/quality control (QA/QC) soil samples collected from
the ESI site that were submitted for laboratory analysis are summarized in Table 3-2.

3.3.  Groundwater Monitoring Well Construction

3.3.1. Monitoring well construction

The well casings and slotted screens were constructed of flush-threaded, 5.04-cm
diameter, schedule 40 polyvinyl chloride (PVC) piping. The depth of the wells and the length of
the screen intervals varied depending on the site-specific characteristics observed during soil
sampling. In general, the tops of the well screens were not placed within one meter of the
ground surface and the depth to the bottoms of the wells was set to assure that they extended to
at least one meter below the measured water level. Filter pack material of medium-grained sand
was packed from the bottom of the well up to a depth of 0.5 meter above the top of the screened
section. A bentonite pellet seal was placed above the filter pack to within 0.5 to 1.0 meter of the
ground surface. Above the bentonite pellet seal, the remaining 0.5 to 1.0 meter of open annular
space was sealed with a concrete grout around a 17.8-cm diameter steel well vault to allow for
access to the well casing.

Monitoring wells were instalied utilizing the same boreholes used to collect sub-surface
soil samples. When a borehole was completed as a monitoring well, the well identification was
assigned by placing an “MW? at the end of the identification sequence (as detailed in Section
3.4.2). The boreholes selected to receive monitoring wells were chosen based on their location
relative to known groundwater contamination as well as their potential to map the hydraulic
gradient at the site. Once drilling had reached the target depth for soil sampling, the 12-cm
diameter air percussion hammer was removed from the borehole. A 14-cm diameter hollow out-
casing was then driven into the borehole to widen it and any soil trapped in the out-casing was
flushed out with water. The depth of the borehole was then measured using a weighted
measuring tape to ensure that all slough was removed from the out-casing and that the borehole
could accommodate the chosen casing length, The well casing was then assembled and lowered
into the borehole through the hollow out-casing. Once the casing was set at the proper depth,
filter sand was poured into the annular space between the well casing and the inside of the
hollow out-casing to the prescribed depth above the screened section. The out-casing was slowly
raised during this operation to allow the sand pack to fill in outward to the borehole walls. Once
the sand pack was placcd at the proper depth and no further settling of the filter pack sand was
evident, the remaining annular space was sealed with bentonite pellets, concrete grout, and
{inally a flush-mounted 17.8-cm diameter well vault. The construction details of thie monitoring
wells installed at the ESI site are summarized in Table 3-3 below.

3.3.2. Monitoring Well Development.

After installation, all wells were fully developed. The objectives of well development
were 10 remove sediment that had settied inside the well during construction; remove all water
that may have been introduced during drilling and well installation; remove very fine grained
sediment in the filter pack and nearby formation so that groundwater samples would not be
turbid and well silting does not occur; and improve the flow into the well from the adjacent
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formation, thus yielding a representative groundwater sample and an accurate water level
measurement.

Well development consisted of surging using a surge block and pumping out the turbid
water using a vacuum truck until a noticeable reduction in sediment occurred in the discharged
water. This development continued for a minimum of five well volumes of pumped water until
the water was visually clear or the site geologist determined that no further development was

practical.

3.3.3. Groundwater Sampling.

Groundwater sampling was conducted in accordance with the protocol described in the
project WP. After allowing the monitoring wells to settle and the concrete and bentonite to
harden for at least one week, the depth to water was measured with a Solinst electronic water
level tape and the wells were developed. A surge block was then manually plunged up and down
the interior of each monitoring well for a minimum of 15 minutes. The fine-grained material that
entered the monitoring well during construction and surging activities was then removed by
slowly lowering a dedicated flexible hose (attached to a vacuum truck) to the bottom of each
well. In most cases, the liquid and solid contents of the wells were entirely removed. The
suction was then turned off and formation water was allowed to enter the well until the water
level within the well recovered to at least 50% of its original level within the well. The suction
was then reapplied and all water and entrained sediment were removed. This operation was
repeated once more, for a total of three times. The rate of water level recovery was monitored
after the completion of surging to provide an estimate of the hydraulic conductivity of the aquifer
formation (Section 3.10.1).

Prior to groundwater sampling, the well was purged by removing a minimum of three
times the standing volume of static water present in the monitoring well. The pH, temperature,
specific conductance, and turbidity of the removed water were monitored during the course of
purging after removal of the following approximate volumes of water from a 5.08-cm diameter
well: 1, 3, 5,7, 10, 15, 20, and 25 liters. Purging was considered complete when the well water
quality from three successive water quality measurements had stabilized within the following
criteria established in D6771-02 of the American Society of Test Methods (ASTM, 2002): pH
+0.2, specific conductance +3%, temperature +0.5°C, and turbidity +3%. The wells were purged
and sampled using a peristaltic pump and dedicated tubing for each well sampled. While
sampling the well, the water was removed from the well at a rate no greater than one liter per

ninute.

'The recovered groundwater samples were placed in the appropriate sample jars provided
by the analytical laboratory. 'I'he jars were then properly labeled and placed on ice to ensure that
the temperature of the collected samples remained below 4°C prior to arrival at the analytical
laboratory. The recovered groundwater samples were then transported to the analytical
laboratory as quickly as possible.

The groundwater samples were collected from the site on 31 August 2009. See Table 3-4
for the groundwater sampling summary. The groundwater samples were assigned the name of
the associated monitoring well identification established during this or previous investigations,

for example:

Page
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B09-mmm-MW
where,

B signifies a soil borehole;

09 is the year in which the monitoring well was installed (i.e., 2009);

mmm reflects the approximate number of geotechnical soil borings, environmental
boreholes, and monitoring wells that had been installed at the Camp Carroll site by
USACE FED and their contractors prior to installation of the monitoring well; and

MW signifies that the groundwater sample was collected from a monitoring well.

3.4. Topographic survey

The location and elevation of the ground surface, the top of casing, and the top of the
well cover were surveyed by surveying personnel from the FED in September 2009. The
northing and easting coordinates and elevation of each borehole and monitoring well were
determined using traditional surveying methods relative to local survey benchmarks that had
been established on the installation by FED. The FED surveyors utilized the Universal
Transverse Mercator (UTM) World Geodetic System of 1984 (WGS84) datum Zone 52N. The
survey data provided by the FED for the ESI site is summarized in Table 3-5.

3.5. Investigation Derived Wastes

Waste material, or investigation-derived wastes (IDW), that were generated during the
ESI field work included concrete and asphalt debris, petroleum-contaminated soil, well
development/purge water, decontamination water, used disposable sampling equipment, and
used personal protective equipment (PPE).

There are no specific Korean regulations applicable to the small quantities of IDW that
were generated during the course of this project. The water was placed in 55-gallon drums. The
minor amounts of concrete and asphalt debris that was generated in order to expose the
underlying soil was bagged. The bags were segregated by their contents and stored on-site until
they were transported to BEC’s off-site remediation facility located in Yeoju, Gyeonggi-Do for
treatment and disposal.

3.5.1. Contaminated Soil
All drilling soil cuttings were bagged on-site in tight knit, woven synthetic bags.
Apparent petroleum-contaminated soils in the cuttings were not segregated from uncontaminated
soils. Therefore, all soil waste generated during this investigation was considered pelroleum-
impacted. A waste manifest was used to document the transport of the soil to BEC’s treatment
Lacility.

3.5.2. Well Development and Decontamination Water

Water from decontamination aclivilies was pumnped into a BEC vacuum truck and
transported to the treatment facility. Groundwater generated during well development, purging,
and pump test activities was pumped into BEC’s larger pump truck, and also transported for
disposal at their treatment facility. The results of project groundwater monitoring samples were
used to determine disposal options for the well development/purge, bail test, and
decontamination water. Results from the soil samples were also considered in determining
disposal options for the water. Following receipt and review of the soil and groundwater sample
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analytical results, IDW water was disposed of in accordance with applicable regulations at the
BEC treatment facility.

3.5.3. Site Restoration

Borehole locations were backfilled with bentonite pellets and the surfaces sealed with
concrete, which was finished flush to the existing surface grade. Monitoring wells installed
during the project were flush-mounted and pose no impediment to vehicular or foot traffic.

Vaults in roads were traffic-rated. All mud and soil cuttings generated in the vicinity of each soil
borehole and monitoring well were cleaned up by BEC personnel immediately following the
completion of the respective task. Significant site damage did not occur during this investigation,
thus the level of site restoration required was minimal.

3.6. Additional Site Characterization

Tests were performed on the aquifer matrix to determine the saturated and air
permeability of the impacted aquifer material present at the ESI sites. The saturated permeability
measures the ability of the aquifer to transmit water, which is useful for evaluating the
effectiveness of remedial technologies that require the extraction of water from the aquifer
system as well as the potential for significant lateral migration of groundwater contamination

The hydraulic characteristics of the shallow aquifer in the areas of contamination were
determined by performing slug tests on the monitoring wells installed during this study. The
hydraulic conductivity, K, of the aquifer was calculated using slug test recovery measurements that
were performed on all monitoring wells at the completion of well purging. Hydraulic conductivity
is a measure of the aquifer’s capacity to transmit water and governs groundwater flow and
contaminant transport in the subsurface. Hydraulic conductivity is measured in units of distance per
unit of time, typically meters/day. Typical values measured in aquifer systems range from 10
meters/day (m/day) for clay dominated aquifers to up to 10° m/day for aquifers composed of coarse
gravel material.

At the completion of the well purging work, the water in each monitoring well was
completely removed using BEC's vacuum truck. The rise in water level in the purged wells
(recovery) was recorded manually using a Solinst clectronic water level indicator. Measurements
were collected until the water level in the monitoring well returned to within approximately five cm
of the original water level. The original water level in the well, prior to well development was also
measured with a Solinst electronic water level indicator. Two slug tests were performed at the
Camp Carroll site at the two wells that were accessible to the vacium ek and that contained water.
The two wells that were slug tested were wells B09-207MW and B09-212MW.

Measurements of water level versus time, along with other relevant aquifer and well
characteristics, were then used to determine a value for the hydraulic conductivity of the shallow
aquifer. The calculations were performed using Aqtesolv aquifer test analysis software. An
isotropic system (i.e., where the hydraulic conductivity in the vertical and horizontal direction is the
same) was assumed in the analysis and the analytical solution developed by Bouwer and Rice (1976)
for an unconfined aquifer system and the Hvorslev method was used to calculate the hydraulic

conductivity.

Shug test data sheets for the Camp Carroll site and graphical analyses can be found in
Appendix C, and a presentation of the hydraulic conductivity results can be found in Section 4.4 of
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the report. The average K value is 2.78 X 10 %cm/sec at B09-207MW and 1.76 X 107 cm/sec
respectively.
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Table 3-1. Project Chronology of ESI at Building 326 of Camp Carroll.

Project Field Work Milestone

Soil borehole drilling

Completion Dates

23-28 Febroary 2009

Soil sampling

23-25 February 2009;
16-19 September 2009

Monitoring well casing installation

3 March 2009

Monitoring well grouting and vault installation

3 March 2009

Monitoring well and soil borehole survey

March 2009

Monitoring well development

3 March 2009

Groundwater sampling

31 August 2009

Groundwater level measurements

1 Seplember 2009
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Table 3-1: Soil Sampling Summary

IB';, rehofe lS;mpIe {():‘F:& rs bgs) g;:‘ep(!; Analytes Remarks
1309-202 5-6 PS TPH-DRO, TPH-GRO, TPH-RRQ, BTEX, VOCs, PAHs
BG9-203 57 6-7 PS TPH-DRO, TP1#-GRO, TPH-RRO, BTEX, VOCs, PAHs
509204 811 [0-11 PS TPH-DRO, TPH-GRO, TPH-RRO, BTEX, VOCs, PAHs
513 12-13 PS TPH-DRO, TPH-GRO, TPH-RRO
1309-205 87 6-7 PS TPH-DRO, TPH-GRO, TPH-RRO
SN 10-11 Ps TPH-DRG, TPH-GRO, TPH-RRO, BTEX, VOCs, PAHs
B09-206 84 34 P§ TPH-DRO, TPH-GRO, TPH-RRO, BTEX, VOCs, PALEs
S5 4-5 Ps TPH-DRO, TPH-GRO, TPH-RRO
S6 5-0 HE) TPH-DRO, TPH-GRO, TPH-RRO, BTEX, VOCs, PAHs
B09-207 87 6-7 IS TPH-DRO, TPH-GRO, TPH-RRO
58 7-8 PS TPH-DRG, TPH-GRO, TPH-RRO
89 7-8 QC TPH-DRO, TPH-GRO, TPH-RRO QC Dup of B09-207-58
L 0-1 s TPH-DRO, TPH-GRO, TPH-RRO
309-208 S6 5-6 PS TPH-BRO, TPH-GRO, TPH-RRO, BTEX, VOCs, PAHs
87 5-6 QC BTEX, VOCs, PAHs QC Dup of B09-208-56
BU9-209 87 6-7 P3 TPH-DRO, TPH-GRO, TPI-RRC, BTEX, VOCs, PAHs
B0%-210 89 89 P§ TPH-DRQ, TPH-GRO, TPH-RRO, BTEX, VOCs, PAlls
B309-211 88 7-8 s TPH-DRO, TPH-GRO, TPH-RRO, BTEX, VOCs, PAHs
S5 4-5 Ps TPH-DRO, TPH-GRO, TPH-RRC
B09-219 56 5-6 rs TPH-DRO, TPH-GRO, TPH-RRO
510 9-10 PS TPH-DRO, TPH-GRO, TPH-RRO, BTEX, VOCs, PATLs
811 10-11 PS TPH-DRO, TPH-GRO, TPH-RRO
B09-213 S310 9-10 PS TPH-DRO, TPH-GRO, TPH-RRO, BTEX, VOUs, PAHs
84 3-4 rs TPH-DRO, TPH-GRO, TPH-RRO
B09-214 85 4-5 P8 TPH-DRO, FPH-GRO, TPH-RRO, BTEX, VOCs, PAHs
86 5-6 PS TPH-DRG, TPH-GRO, TPII-RRO
S7 6-7 P8, QC | TPH-DRO, TPH-GRO, TPH-RRO
B09-214
S8 6-7 QC TPH-DRO, TPH-GRO, TPH-RRO QC Dup of BOY-214-57
55 4-5 PS TPH-DRO, TPH-GRO, TPH-RRO, BTEX, VOCs, PAls
B09-215 byl 6-7 PS TPH-NDRO, TPH-GRO, TPH-RRD
S35 4-5 P5,QC | TPH-DRO, TPH-GRO, TPH-RRO, BTEX, VOCs, PAHs
B809-216 86 56 s TPII DRO, TPH-GRO, TPH-RRO
87 4-5 QC BTEX, VOCs, PANs QU Dup of BO9-216-55
B08-217 59 89 PS TPH-DRO, TPH-GRO, TPH-RRO, BTEX, VOCs, PAHSs
BUY-214 bl 5-0 'S TPH-DRO, TPH-GRQ, TPH-RRO, BTEX, VOUs, PAHs
56 5-6 PS,QC  { TPH-DRO, TPH-GRO, TPH-RRO, BTEX, VOCs, PAHs
B09-219 S10 56 QC TPH-DRO, TPH-GRO, TPH-RRO QC Dup of BG9-219-36

DREO/RRQ by NCA Labs Korea and VOUs and PAHs by TesiAmerica West Sacramento,

PS: Primary sample. QC: Quality control duplicate of former P§ listed, submitted to FS laboratory wunder different 1D. PS and (C samples were analvzed for 1PH-
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Table 3-2: Monitoring Well Construction Details

Screen Cement Bentonite | Sand Total Depth
{meters) (meters) {meters) | (meters) | {(meters)

Diameter

[ Monitoring
Well

B09-203-MW 6.6 8.4 . 0.5 10.00 15.0
B09-207-MwW 5.08 6.34 8.4 3.7 0.5 10.54 14.8
BO9-212-MW 5.08 6.8 8.4 43 0.6 10.60 15.5

Vawlt diameter for all wells is 17.8 cm.
0.15 meter PVC well point extending below the screen on each well..

Table 3-3: Groundwater Sampling Summary

Sample ID Sample Type(s) Analytes Remarks
B09-203MW PS BTEX, VOCs, PAHs No water in well
B0%-207MW Ps BTEX, YOCs, PAHs

BO9-212MW PS BTEX, YOCs, PAHs

P§: Primary sample. GC: Quality contral duplicate of former PS listed, submitted fn
PS8 laboratory ander different ID. P8 and QC samples were analvzed for VOCs and
PAHY by SGS Testing Karea.
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Table 3-4: Boreheole and Monitoring Well Survey Data

Borehole / Monitoring | Northing (WGS84 Easting Elevation (meters)
Well Number meters) {(WGS84 meters) Top of Well Ground
Casing Level
Monitoring Wells
B09-203-MW 3983524 .637 447300.540 39.402 39393
B09-207-MW 3983527.711 447245.582 39.140 39.240
B09-212-MW 3983402.644 447264.643 38.924 39.005
Bereholes
B09-202 3983544.36 447304.20 - 39.30
B09-204 3983488.38 447276.42 - 38.82
B09-205 3983494.89 447256.86 - 39.10
B0%-206 3983508.92 447240.52 - 39.15
B09-208 3983548.16 44724715 - 39.24
B09-209 3983568.02 447250.41 - 36.32
B09-216 3983481.19 447250.89 - 3794
B09-211 398347547 44727075 - 37.98
B09-213 3983498.05 447245.56 - 39.09
B09-214 3983518.85 447242.08 - 39.17
B09-215 3983538.57 44724531 - 39.23
B09-216 3983558.16 44724855 - 39.26
B09-217 3983486.88 44728818 - 38.63
B09-218 3983493.21 447297.09 - 38.70
B09-219 3983505.11 44729690 - 39.22

Coordinate system nsed is Universal Trausverse Mercator (UTM) World Geodetic Systent of 1984 (WGS84) datum Zone

52N,
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Figure 3-1. Location of Boreholes and Groundwater Monitoring Wells at Building 326 of
Camp Carroll,
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4. ESI Investigation Results
This section presents the analytical results of the soil and groundwater samples collected
at Building 326.

4.1.  Summary of Analytical Results: Soil

A total of 18 boreholes were drilled at the Building 326 site during the course of the ESI
investigation. Soil samples were collected from all of these boreholes for chemical analysis;
subsequently three of these boreholes were converted into permanent groundwater monitoring
wells. Laboratory chemical report will be provided a separate compact disk with this document.

4.1.1. Total Petroleum Hydrocarbon

A total of 35 soil samples, collected from various ocations and depths at the site, were
analyzed for TPH-GRO (C7-C12), TPH-DRO (C10 to C24), and TPH-RRO (C24 to C40).
Figure 4-1 depicts the highest concentrations of these various TPH constituents detected in site
soils. The lateral extent of soil contamination was estimated to be at least 3,617 m” based on an
area calculation of the extent of contamination depicted on Figure 4-5. The TPH analytical
results for soils are presented in Table 4-1.

TPH-GRO was detected in 27 of the 35 soil samples, ranging from 22 mg/kg to 3,620
mg/kg. TPH-DRO was detected in 25 of the 35 samples, ranging from 13 mg/kg to 6,370 mg/kg.
TPH-RRO was detected in eight of the 35 samples, ranging from 13 mg/kg to 108 mg/kg.

4.1.2. Volatile Organic Compounds

A total of 20 soil samples, collected from various locations and depths at the site, were
analyzed for volatile organic compounds (VOCs). At least one VOC was detected in all 20 soil
samples at concentrations ranging from 0.0019 mg/kg to 120 mg/kg, The detected VOCs
included benzene, hexachlorobutadiene, naphthalene, ethylbenzene, styrene, 1,1,1,2-
tetrachloroethane, 1,2,4-trichlorobenzene, toluene, trichloroethene, total xylenes, and viny!l
chloride. Table 4-2 shows chemical results for VOC analysis for site soils, Figure 4-2 and Figure
4-3 depicts the BTEX and other VOC concentrations measured in site soils.

There were also persistent exceedances of acetone and methylene chloride in ten and 16
of the samples, respectively, which are potentially due to laboratory contamination. Therefore,
they were not reported and depicted in figures as contaminants related to the site. Detections of
dibromo-fluoro-methanc and 2-butanone in 18 and 20 of the soil samples, respectively, were also
not considered due to their being suspected [aboratory contaminants. The USEPA-CLP (1994)
lists the following chemicals as common laboratory contaminants: methylene chloride, acetone,
2-butanone, bis-2 ethylhexyl phthalate n-butyl phthalate, diethyl phthalate n-octyl phthalate,
benzyl phthalate, and chloroform.

4.1.3. Polynuclear Aromatic Hydrocarbon Compounds

A total of 20 soil samples, coliected from various locations and depths at the site, were
analyzed for 19 PAH compounds. The field samples that were believed to contain the highest
levels of contamination (based upon headspace measurements) were typically selected for PAH
analysis. Table 4-3 lists and Figure 4-4 depicts the PAH concentrations measured in site soils.
Seventeen of the 19 PAH compounds were detected in at least one of the samples at
concentrations ranging from 0.00041 mg/kg to 3.7 mg/kg.
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4.2.  Summary of Analytical Results: Groundwater

A total of three monitoring wells were installed at the site during the course of the ESL
Groundwater samples were collected from only two of the three new monitoring wells (B09-
207MW and B09-212MW) because the third new monitoring well (B09-203MW) contained no
water on the day of sampling. Figure 3-1 depicts the locations of the groundwater monitoring
wells installed at the sites during the current ESI. Figure 4-9 depicts the estimated minimum
lateral extent of groundwater contamination at Building 326, which is estimated to be
approximately 1,618 m.

4.2.1. Volatile Organic Compounds
A total of two groundwater samples were analyzed for VOCs. Table 4-5 lists the
concentrations and Figures 4-6 and 4-7 depict the locations of VOC concentrations present in the
groundwater at the Camp Carroll Building 326 site.

Fourteen VOCs constituents were detected in at least one of the two groundwater samples,
ranging from 4.5 pg/L to 130 pg/L. The detected VOCs included benzene, toluene,
ethylbenzene, total xylenes, 1-2-dichloroethane, naphthalene, and trichloroethene.

The detections of dibromofluoromethane, 1,2-dichloroethane, 4-bromofluorobenzene,
chloroform and methylene chloride are suspected to be laboratory contaminants due to their
detection at similar levels in the associated trip blank. The analytes that are suspected to be
laboratory contaminants are not shown on the respective figure.

4.2.2. Polynuclear Aromatic Hydrocarbon Compounds
A total of two groundwater samples were analyzed for 20 PAH compounds. Table 4-6
and Figure 4-8 detail the concentrations of the PAH components detected in the groundwater at
the sites.

Seven of the 20 PAH components were detected in the two samples at concentrations
ranging from 0.22 pg/L to 2,200 pg/L, including 2-methylnaphthalene, acenaphthene,
acenaphthylene, anthracene, fluorene, naphthalene, and phenanthrene

4.3. Shallow Groundwater Aquifer Permeability

Slug tests were performed on 9-12 November 2009 at the sites in order to determine the
permceability of the groundwater aquifer. The bail tests were performed at the end of the well
development activities by completely removing all of the water present in the well using a
vacuum truck and monitoring the subseguent rise in water level as water from the surrounding
formation entered the well. The recovery in water levels in two of the groundwater monitoring
wells (M09-207 and M09-212 at Building 326) was monitored at the site. The hydraulic
conductivities measured at the site are generally low (0.24 to 1.52 m/day using the Bouwer and
Rice method and 0.26 to 1.71 m/day using the Hvoslev method). Table 4-8 shows the range in
hydraulic conductivity values measured at the sites. The complete BEC Remedial Evaluation
report is available in Appendix C.
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Table 4-1: TPH Results jmg/kg] in Soil

Analyte TPH-GRO (C7-CI12)* TPH-DRO (C10-C24)* TPH-RRO (C24-C40)*
Borehole ID (mglkg) (mghkg) (mglkg)
B09-202.56 ND (<11) ND (<11) ND (<11)
B09-203-57 ND (<14.3) ND (<10.9) ND (<109
B09-204-511 2,380 6,370 ND (<273)
B09-204-813 2,870 5,930 ND (<597}
B(+9-205-57 2,870 5,730 ND (<454}
B09-205-511 2,200 5,550 ND (<299)
B09-206-54 81 ND (<11} ND (<)
B09-207-55 685 190 ND (<14.7)
B09-207-56 727 78 ND (<14.7)
B09-207-57 1,340 199 ND (<14.8)
B(9-207-58 1,780 759 ND (<146)
B09-207-59 1,700 802 ND (<72.8)
B09-208-S1 2,080 680 ND (<56.9)
B09-208-56 94 13 NB (<10.6)
B(9-209-57 52 ND (<10.1) NB (<10.1}
B09-210-59 35 ND (<11.1) ND (<11.1)
B09-211-88 ND (<10.7} 17 i6
B(9.212-55 22 16 ND (<11.3)
B09-212-56 1,710 3,090 7
B09-212-510 3,620 5470 40.1
B09-212-S11 2,940 4,890 37.6
B09-213-S10 ND (<11) ND (<11.9) ND (<11.9)
B(9-214-54 1,950 613 ND (<10.3)
B09-214-55 894 1,020 ND (<I1)
B(9-214-56 2,550 [,420 108
B09-214-57 2,890 1,830 17
B09-214-88 941 922 18
B09-215-85 2,160 19 ND (<11.1)
B09-215-87 2,630 i7 ND (<11}
B(9-216-85 336 104 13
B09-216-56 356 37 ND (=9.5)
B09-217-89 ND (<10.8) ND (<11.6) ND (<I1.6)
B09-218-86 ND (<10.9) ND (<11.7) ND{<I1.7)
B09-219-S6 ND (<11.7) ND {<11,7} ND {(<11.7)
R{9-219-510 ND (<12) ND (<12) ND (<12)
mg/kg = milligram per kilogram

Page

21 oL e

o iy {:‘ff; el

%” ';
&%
%




Report of EST at Building 326 of Camp Carroll

AUGUST 2011

Table 4-2: VOC Results in Soil

Analyte benzene toluene ethyl-benzene | m,p-xylenes o-xylene ?zg :::;:
Borehole (mglkg) {mg/kg) (mglkg) (mglkg) {mglkg) (mglkg)
B0%-202.56 ND ND ND ND ND ND
B(9-203-57 ND ND ND ND ND ND
B(9-204-511 ND ND ND ND ND ND
B09-205.511 ND ND ND ND ND ND
B(9-206-54 ND ND ND ND ND ND
B09-207-546 0.22 4.4 6.7 30 20 50
B09-208-536 ND ND 0.025 0.1 0.068 0.168
B09-208-87 ND 0.097 0.46 1.9 0.84 2.74
B0%-209-57 ND ND ND ND ND ND
B09-210-89 ND ND ND ND ND ND
B09-211-38 ND ND 0.033 ND 0.068 0.068
B09-212-S10 ND ND ND ND 0.24 0.24
B09-213.510 ND ND 0.023 ND 0,05 0.058
B(9-214-S5 6.53 ND 5.4 ND 27 27
B09-215-85 i ND ND 40 ND 40
B09-216-85 ND ND .13 ND 0.3 0.3
B09-216-57 0.0055 ND 0.12 ND 04 0.4
B(9-217-59 ND ND 0.03 ND 0.069 0.069
B09-218-56 ND ND .024 ND 0057 0.057
B09-219-56 ND ND 0.023 ND 0.059 0.059
ma/kqg = milligram per kilogrom
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Table 4-2: VOC Results in Soil (Continued)

e .
mape  Jaione Jiaors | deoroens [ priier [ o o Joectep. aige
methane nd-d4

Borehole (mglkg) (mpikg) (mglke) {mglkg) {mglkg) (mglkg} {mglkg) (migikg)
B0Y-202-56 . 0. olls

B0-203-87 | 19 0112 G112 ND a5 WD ND D
BO9-204-81F | 27 0 0 1) 4 52 9 NI
BO9-205-511 | 2.1 o 0 0082 3.6 % 2 NI
B0D-206.84__ | 19 0108 0107 N 19 D ND ND
B09-207-56_ | 22 o101 0,165 ND 2 NI 940 ND
B0O-208-86 ] 22 0091 0095 ND 3 D 0013 ND
1509.208-57 | 1.9 0.093 0100 ND 49 ND 0130 )
B00-209-87 | 23 D112 o124 ND 51 ND ND ND
B09-210-80 | 1.6 0,099 0095 ND 10 ND N ND
BO9-211-85 | WD 0.080 0.086 ND 15 ND D ND
B09-212-810 | ND 0.080 G089 ) a3 3.7 9 ND
B09-213-510 | ND G062 0.008 ) w0 ND ND 0.0034
B09-214-55 | ND 007 0.059 ND a1 ND 5.430 ND
B09-215-85__ | ND 0084 G005 ND a4 N 0770 D
B09-216-85__ | ™D o7 008 N B ND 0250 D
B09-216.87 | 6D 0076 G081 ND 18 T ) )
BO9-217-80 | ND 0073 007 ND i ND D )
B09-218-56__| ND 0.081 0.084 ~D 09 ND D D
B09-219-56 | ND 0.050 0086 WD 0 ND 0 )
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Table 4-2: VOC Results in Soil (Continued)

N N . F] hyl-2-

I L P L bl e e ol P el e o R
Borehole (mgikg} (mpikg) {mglkg) (mgikg) (mgllg) (mglkg) (mplkg) {mglkg) {mgikg) (mglkg)
B09-202-56 ND

B0Y-203-57 ND NI NI ND ND NI 0.140 0.013 NI} NI
B0Y%-204-511 NI D ND 0.850 2.1 NI NI 62 13 NI
B0Y-205-51% ND ND ND 0.650 ND ND NI 535 0,530 NI
1309-206-84 ND ND 0.015 NI ND ND o110 0031 ND ND
1309-207-86 ND NI NI 24 0230 ND ND 18 12 ND
B{9-208-56 ND ND NI} 0030 0.0061 ND 0,150 0.049 6,170 NI
B(9-208-57 ND ND ND 0.330 0.09 ND NI 0220 1.9 NI
B(9-209-57 ND NI} ND ND ND ND 0.130 0034 NI NI
B0Y-210-89 ND NI ND ND ND ND 0.130 00i6 WD NI
1300-211-58 ND ND ND ND NI ND 0.260 NI NI NI
B09-212-810 ND ND NI 0.530 14 NI 0220 ND 22z 0.330
309-213-510 | ND ND ND NI ND ND 217 ND 0.004 ND
B{9-2{4-55 ND NI NI A4 0.590 ND 0.330 NI 1.6 59
B09-215-85 ND £1 NI» NI 16 0.200 0.340 NI ND 1.9
B09-216-85 ND NI ND 0.280 0170 NI 0.200 ND 0.045 1.7
B00-216-87 NI ND ND 0350 0110 NI ¢.200 ND 0.033 1.5
B09-217-89 0.0027 N ND NI} NI RN Q82 ND
1309-218-586 ND ND ND N NI 0.170 0.0033 NI
B09-219-56 ND ND NI3 NI 0.180 NI
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Table 4-2: VOC Detected Results in Soil (Continued)

I, E1,2- 1,2,3- 1,2.4- 141 ) trichloro- ) ) )
Analyte tét:'a'chloro- ta:iléi:"lloro- t;iéhloro« tl:ic,hloro- g;"f: rl:)er'o- :g';::ne titzl?::ethy‘l t!r:?r:fethyl- :;:}zi_i de

ethane benzene benzene ethane (Freon { 1) benzene benzene
Borehole {mglkg) (mg/kg) {mgikg) {mglkg} {mgikg) (mglkg) (mglkg) (mgikg) (mglkg)
B09-202-56 ND ND T Jeon ND ND 0 | ND ND
B30%-203-87 ND NI ND ND Q021 ND ND ND ND
B09-204-5841 ND ND NI N[ 0280 NI} 1.2 50 ND
1309-205-S1 | NI ND ND N> 0310 NP 746 NI NBD
BO9-206-54 ND NI ND ND ND ND ND ND ND
B09-207-80 ND NI NI» ND ND ND 26 20 N2
B09%-208-86 NI3 it NBY ND ND NI 13 0450 ND
B30YG-208-57 ND NI ND ND 0.020 ND i3 4.4 NI
B09-200-87 ND ND ND ND 0.023 ND ND NI ND
BO9-210-59 ND ND ND ND NI» ND ND ND ND
BO9-211-58 ND 0027 NI ND ND ND ND ND ND
B09-212-810 NI ND N NI» N ND ND 44 44
B09-213-510 ND 034 ND Ni} NI 0.0066 NI ND ND
B09-2£4-85 ND 1.9 NI» ND ND ND ND 3 13
BO09-215-55 23 ND 71 ND ND ND NI ND 120
BOY-216-53 9.002 0.024 ND N NI NI} NI 59 4.4
1309-216-87 00032 (1038 ND ND N ND N 4.4 37
B(9-217-59 0.0019 0025 9.621 0.017 ND NI ND NI} ND
B09-218-86 ND 0.022 0.016 0.012 ND ND ND NI} ND
B09-219-86 ND 0.023 NI 0.011 NI 0.000% NI» ND ND

gl =milligram per kilogram
Page
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Table 4-3; PAH Results in Soil

benzo(k}

Analyte acenaph-thylene acenaph-thene anthracene benro(a) anthracene ::?::{S:) fluoro- fluoranthene henzo(ghi}-perylene
Barehole Tmelig) m {mglig) {mg
B09-202-56 ND ND NI 4.0021 0,662 NI
B39-203-87 ND ND ND NI anol 0.0031 NiX
309-204-S11 0.200 0830 0.062 NI NI ND N
309-205-81 | 2150 0.230 0.046 NI ND ND Nb
B09-206-54 ND ND ND N Q002 0.0011 ND
B09-207-56 0.007 0.027 0.016 ND ND NI} NI
BE9-208-56 0.00041 0.0025 0.0046 .001 G002 0.0019 00013
B3069-208-57 0.0005% 0.0019 0.0047 00012 6.0013 0.0023 00016
B9-209-87 ND ND NI} Ni) 20013 0.0012 NI
B9-210-89 NI ND ND ND NI} N ND
BO9-211-88 NI} ND ND ND N ND ND
B(9-212-510 0.25¢ 0.330 0.095 NI NI NI ND
BO9-213-510 NI ND NI N ND ND NI
B09-214-85 0.056 0.058 NI ND ND NB NI
BOO-215-55 0.0059 0.018 0.0081 .002 0.0027 ND 0.003¢
B09-216-35 0.0070 0.0 0.0087 0.0014 0.0012 ND 0.0016
B9-216-87 0.0072 0.010 0.0086 0.0011 (3.0012 NI 2.0016
| 309-217-59 ND NiY ND NI ND ) ND
R09-218-56 ND ND NI ND ND NI ND
309-219-86 ND ND ND ND NIX D ND

Page
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Table 4-3: PAH Detected Results {mg/kg] in Soil (Continued)
benzo(al dbenyofahy [ fMuoro- indeno {1,2,3- hen. rene
Analyte pyrenge) chrysene anthracg;e) anthene fluorene cd) pyﬂ(an,e ' raphthalene znthrene »
| Borchale (Mgfke) mghig) {mgrkg) mp/kg) {mp/ke) (mglke) (mpfkg) {mglkg) (mgfks)
B09-202-S6 NI NI ND ND ND ND NI ND ND
B09-203-87 NI ND ND ND ND NB ND ND hik
B09-204-511 NI ND ND ND 0.830 NI 37 G.940 0.030
B49-205-811 NI} 0.0064 N NE) 0.510 NI 2.5 0.600 0.022
1309-206-54 ND ND NI N1 NI N NI ND NI
B09-207-56 ND ND NI 0.GG86 0.140 NI 0.260 0.130 0017
B09-208-54 ND 00012 ND 0042 0.030 ND 04017 0.046 0.0084
BO9-208-57 ND 0.00135 ND 6.0049 0.033 N> 00018 G.047 0.0098
1309-209-37 NI N NI» NI N ND ND NI ND
#309-210-59 ND ND NI} NI ND ND ND N N
i209-211-38 ND ND NI} ND ND ND N 0.00041 NI
B3Y9-212-510 Nk ND N ND G.900 NI 2.6 i1 ¢.041
B09-213-510 ND NI ND ND NI N NI} NI NI
1309-214-85 NI NI ND ND 0.180 ND 0370 0230 ND
B09-215-55 ND {.003 NI} 0.01 0.3170 ND 0.390 0.150 0.025
B09-216-85 0.00092 ¢.0018 NE 0.0049 0.093 ND 0.008 0081 0.012
B09-216-87 0.00074 .00319 ND Q0047 .087 NI 0.0080 0.080 .01
B0G-217-89 ND NI N ND ND NI» Nk ND Nb
BS-218-56 NI NI ND ND NI NI} N[ ND ND
#300-219-56 ND NI ND ND ND NI NI} ND ND
rglkg = miliigrom per kilogrars
....................... Page
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Table 4-4: VOC Results [pg/L} in Groundwater

Analyte

benzene

toluene

ethyltbenzene

m,p-
xylenes

o-xylene

xylenes
(total)*

Monitori
v\;::; oring (ng/L) (vgh) (ug/L) (ug/L) (ng/L) (pgil)
270 860 97 257

B09-207MW 5,200 170
BO9-212MW 1.8 ND ND 6.7 ND 6.7
Trip Blank ND 1.5 ND ND ND ND

N/A = not ovailable; ND (< ) = non-detect {above the indicated iaboratory reporting fimit); ug/L = microgram per fiter

Page
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Report of i8I at Building 326 of Camp Carroll E AUGUST 2011

Table 4-5: VOC Concentrations in Groundwater, continued

T ol 5l N ool R TN oo
Monitering Well | (ug/l) (pg/l) (ug/L) (ugll} {ng/l) [ (gL}
B09-212MW 102 102 95 [R43 18 9.7 4.7

Analyte isopropylbenzene 5:5;’ e;::)pyi— naphthalene :::";F:‘y: trichloroethene Lf;:;:ﬁ;n ethyl- ;g;:;z;m ethyl-
Monitoring Well | (ugil) (ug/l) (pgiy | {ugl) (ugit) {pgiL) (iiglk)

(] 170
59

BOS-200MW | 26 [ v 130 7 ND
B09-212MW 1.5 74 84 4.5 9.7 73
A = not cvailable; ND f< } = non-detect foliove the indicated loboratery reporting limit)h; ygfi = microgror per liter

Page
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Table 4-5: PAH Results [pg/L] in Groundwater

2-methyl- acenaph- acenaph-
Analyte naphthalene | thene thylene anthracene
Monitorin
welt 8| (uglL) (bgiL) (vgiL) (veit)

(/L)

I 58 24
B09-212MW 72 1.7 1.9 0.65
Analyte fluorene naphthalene | phenanthrene | pyrene
Monitoring | (ugiL) (i) (g/L)

BOO-212MW

9.6 54 6.7

0.22

Table 4-6: Summary of Hydraulic Conductivity Results

Number of Monitoring
Wells Tested

0.24 - 1.71

Hydraulic Conductivity Range (m/day)
Bouwer & Rice - Hvoslev Method

Page
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Figure 0-1: TPH Results [mgflcg] in Soils, Building 326
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Figure 0-2: BTEX Results [mg/kg] in Soils, Building 326
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Figure 0-3: VOC [mglkg] in Soils, Building 326
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Figure 0-4: PAH [mg/kg] in Soils, Building 326
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Report of ESI at Building 326 of Camp Carroil

Figure 0-5: Minimum Lateral Extent of GRO/DRO Soil Contamination at Building 326
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Figure 0-6: BTEX Results [pg/l.] in Groundwater, Building 326
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Figure 0-7: VOC Resuits [ug/L] in Groundwater, Building 326
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Figure 0-8: PAH Results [ug/L] in Groundwater, Building 326
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Figure 0-9: Minimum Lateral Extent of Groundwater Contamination
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EMVIRO-EXPLORATION LOG 08-0323 37E B326 535 CP CARROLLG®J USACE SKOREAGDT 16/22/10

US Army Corps EXPLORATION LOG Far East

Of Engineers woe No. B09-202 District
PROJECT: RIRA at B326 and BS65 Areas '

LOCATION: Camp carroll G&FE NO.:  08-033E and 037 INSPECTOR: |
DATE STARTED: 23 Feb 09 FINISHED: 23 Feb 09 DRILLER: é(g '

DRILLING METHOD/EQUIPMENT: GeoProbe 6660

DRILLING AGENCY: Far East District HOLE DIAMETER: Jcem TOTAL BEPTH: 70 m
OVERBURDEN THICKNESS: DEPTH DRILLED: 7.0m WATER DEPTH: _
COORDINATES: N: 3,983.544.4 E: 447,304.2 GROUND ELEV.: 3030 m  DATUM: MSL
GROUND COVER: Grass CONTAMINATION:
TYPE OF HOLE: [ Piezometer [J Monitoring Wel [ TestPit £ Auger Hole (1] other
o o
5 £ g &
8 - EI
E - ‘&? ﬁ % = O % - 'C_C DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
M <
ahi |23 |29k 8 | 53 | BF
mok | vz G| @ W= 8h
o SW WELL GRADE SAND: dark yellowish orange: moist; YRecovery = 80
s sC subangitlar medium Sand (max. tmmj; no plasticity; fill PID = Oppm
material(SW ), no odor, Petro Fiag = Oppm
CH CGLAEY SAND: dark yeliowish orange; moisl; angutar fine FC =52
SW 1o corase gravel {max. 1.5¢m); (max, tmm); low plastieity; fil [{iFS =F3
36— o malterial{SC); no odor, FC=F3
h o FAT CLAY; dark yellowish orange; moist; (max.G.43mm); %Recovery = 100
» medidm plasticity; very stlf; fill material(CH); no odor. PID = 0-2I3FJ_|'n
WELL GRADE SAND: dark brows; wet; {max.2mm}; no Pgt?glzag =0ppm
© plasticly: fill matenial SW); no odar. F oo
FAT CLAY: dark yellowish orange; moist; (max.C.43rm); 7 R;covery T
LR AL, TArK Y o & a p
high plasticity; stiff; altuvial; no odor. £ID = Oppm
36— \Petro Flag = 1.4ppm‘
Ed SaRaecovery = 90
Pl = Oppm
- M SILLY SAND; yeiowish Drown: moist {max. 1mm); 10 Petro Flag = Dppmn
plasiiciy; medium dense; residual; no odor. o Recovery = 100
85 Pil = ippm
Patro Flag = Oppm
Y%Recovery = 100
34— PID = 1.1ppm
86 Petro Flag = Oppm
o %Recovery = 80
Pily = 0.5ppm
st Pefro Flag = Oppm

CEPOF-ED-G PAGE 10of 3



ARROLL.G2J USACE SKOREA.GDT 16/22/10

<

ENVIRC-EXPLORATION LOG 08-033 37E 2326 585 CP

Of Engineers HOLE NO. B09-203MW DlStnCt
PROJECT: RIRA at B326 and B565 Areas :
LOCATION: Camp carroll G&EE NO.. _08-033E and 037E_ INSPECTOR: bé
DATE STARTED: 23 Feb 09 FINISHED: 23 Feb 09 DRILLER: fo
DRILLING METHOD/EQUIPMENT: GeoProbe 6600
DRILLING AGENCY: Far East District HOLE DIAMETER: Jcem TOTAL DEPTH: 8.0m
OVERBURDEN THICKNESS: DEPTH DRILLED: 80m WATER DEPTH;
COORDINATES: N: 3.983.524.6 E: 447.300.5. GROUND ELEV. 39.39 m DATUM: MSL
GROUND COVER: Grass CONTAMINATION:

TYPE OF HOLE: [l Piezometer {71 Monitoring Well {1 TestPit [ AugerHole {1 other
~ w Bl &
BRI
EE—E- §§ = § g g B% DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
ad | =3 3 0
58 |35(2%f 3 |53 | B
= s C ; : moist; icity; % =
o bragers S\;I' \soft; fill material(CH); nocéirokr.hrown ol ho plastcly /_ ;Ige:l?l‘.!g%m 10
s 5C WELL GRADE SAND: dark yellowish orange; moist; no [ Petro Flag = 78ppm
i olasticity; dense: fill materialfSW); no odor. FC=F3
: i CTraiet: i %R =80
25 Y oH \ggﬂosgﬁigemgag(ér?ae:{g gillggggoc:‘range, moist; no plasticity; /_ PiDe:%‘f?e;%m
FAT CLAY: dark gray; moist; high plasticity; stiff; aliwvial; Petro Flag = 7.2ppm
2 / medium sewage 1.2 fo 1.5m.
2.
s / Patro PP
A - - -— Flag = 12.1ppm
;7/’/( sC CLAEY SAND: yellowish brown; moist; low plasticily; very SiRecovery = 50
36— o dense; residual; no odor. FID = 3.1ppm
84 /:///IJ Petro Flag = Oppm
— // %Recovery =70
- % PID = 2ppm
E 7 Petro Flag = 3.3ppm
772 CH FAT CEAY WITH SAND: dark yellowish brown; moist; fow %Recovery = 60
34— . / =% plasticity; soft; residual; no odor. PID = 2.4ppm
y CLAEY SAND: yelowish brown; moist; low plasticily; very Petro Flag = Oppm
& ///3/'/ foose; residual; no odor.
L Y%Recovery = 50
/ P = 4ppm
st % Petro Flag = 8.4ppm
% g;léec%vsery =80
32— @ / PID = 2.5ppm
L g ﬁ Fl:g;o= 14.4ppr)
CEPOF-ED-G PAGE 10of 3



ENVIRO-EXPLORATION LOG 08033 378 B326 565 CP CARROLL.GPJ JSACE SKOREA.GDT 1022110

US Army Corps EXPLORATION LOG Far East

¢ Of Engineers HOLE NO. B09—204 District
PROJECT. RIRA at B326 and B565 Areas

LOCATION: Camp carroll G&EE NO.. _08-033E and 037K |NSPECT0-5
DATE STARTED: 24 Feb 09 FINISHED: 24 Feb 09 DRILLER: , /2
DRILLING METHOD/EQUIPMENT: GeoProbe 6600

DRILLING AGENCY: ___ Far East District _ HOLE DIAMETER. ___ 3.em . TOTAL DEPTH: 122 m
OVERBURDEN THICKNESS: DEPTHDRILLED: __ 12.2m__ WATER DEPTH:
COORDINATES: N: 3,983,488.4 E: 447.276.4 GROUND ELEV.. _ 38.82m__ DATUM: MSL,

GROUND COVER: Asphalt CONTAMINATION: Yes
TYPE OF HOLE: [J Piezometer {73 Monitoring Well [] Test Pit (] Auger Hole (1 other

DESCRIPTION OF MATERIALS FIELD DATA LABS DATA

SAMPLE TYPE /

ELEVATION/
DEPTH

& | imeters)
NUMBER
GRAPHIC
LOG
CONTAMINATED
BLOW COUNT
N-VALUE

SPT

Asphall concrete cement. “%Recovery =70
SANDY FAT CLAY: dark yellowish orange; moist; PID = 0.8ppm
subanguiar fine gravel (max.0.7cm); subangular; high Petro
38— plasticity; soft; it materiaf{CH); no odor. ?ggm =Fi>2-5ppm
%Recovery = 100
= PID = 1ppm
Petro
-2 \Flag = 51.6ppm /
%Recovery = 60
ML SILT; dark yellowish orange; moist; subangular; low PID = £.1ppm
pasticity; medium soft; residual. Pelro
hFiag = 31.9ppm f
YRecovery = 100
PID = 2. 1ppm
Petro
Flag = 36.4ppm f
%Recovery = 100
ML SANDY SILT: bright brown; moist; subangular; no P = 127ppm
plasticity; stiff; residual; strong fuet 4.4 to 8.0m. Petro
Flag = 789.6ppm e e s

%Recovery =70
PID = 142ppm
Petro
hFag = 2156ppm !
%Recovery = 80
PID = 180ppm
Petro
hFlag = 4550ppm r
Y%Racovary = 60
PID = 200ppm
Petro
CH FAT CLAY: brown; moist; subangutar; low piasticity; \;I;s;i—fmﬁngnm}_,

mediant stiff; residual; strong fuel 8.0 10 8.1m, P‘;De-ngingn

Petro
[\Flag ~ 4508pin ;
SW WELL GRADE SAND: grayish green; moist; subangular; %Recovery = 100
high plasticily; medium; residval; strong fuel 8.1 10 12.2m. PIE = 281ppm
FFetro
L Flag = 13426npm
%Recovery = 100
PiD = 339ppm
Peiro
| Flag = 8050ppm
%Recovery = 100
Pl = 336ppm
Petro
Flag = 9856ppm
Y%Recovery = 100
PID = 360ppm
Petro

lag = 6150ppm

oz | USCS/
L O | STRATA

36—

57

30

S10

51
28—

517

26 4%

CEPOF-ED-G ¢ PAGE 1of4



ARROLL G>J JSACE SKOREAGDT 16/2210

ENVIRO-EXPLORATION LOG 0B-033 37% 3326 565 CP

EXPLORATION LOG
HOLE NO. B09"205

US Army Corps
Of Engineers

Far

District

East

PROJECT: RIRA at B326 and B565 Areas

08-033E and 037E
24 Feb 09

LOCATION: Camp carroli G&EE NO.:
DATE STARTED: 24 Feb 99 FINISHED:
DRILLING METHOD/EQUIPMENT: GeoPrebe 6600

INSPECTOR:
DRHLLER:

DRILLING AGENCY: Kar East District HOLE DIAMETER: Icm
OVERBURDEN THICKNESS: DEPTH DRILLED: 13.0m
COORDINATES: N: 3,983,494.9 E: 447,256.9 GROUND ELEV.: 39,10 m

GROUND COVER: Asphalt CONTAMINATION: Yes

TOTAL DEPTH:

13.0m

WATER DEPTH:
DATUM:

MSL

TYPE OF HOLE: [T] Piezometer {1 Monitoring Well [ Test Pit [T Auger Hole

[ other

DESCRIPTION OF MATERIALS

ELEVATION/
SAMPLE TYPE/
NUMBER
GRAPHIC

LOG
CONTAMINATED
BLOW COUNT
SPT

N-VALUE
USCS/
STRATA,

FIELD DATA

LAB DATA

DEPTH
1 (meters)

IO

~\Asphalt concrete cement.

a

O

SANDY FAT CLAY: dark yellowish crange; moist;

about10% subangular corase gravel {max.2.5cmy); aboul25%
subangular fine to medium Sand {max.2Zmm); ahoit65%
Fines; medium plasticity, medium stiff; fill materia{CH);
slight fuel odor 3.0 to 3.3m.

38—

36~

%Recovery = 70
PID = 2.6ppm
Petro

Flag = 49.5ppm

FC = Fa
%Recovery = 80
PID = 2.5ppm
Petio

Flag = 36.4ppm
%Recovery = 90
PID = 2,3ppm
Petre

Flag = 35.1ppm f

ML SANDY SILT: dark yellowish orange; moisl; low plasticity;

medium stiff; residual, moderaie fuel 3.3 to 4.0m,

S5

%Recovery = 100
PiD = 219ppm
Peiro

\Flag = 3080ppm r
%Recovery = 100
PID = 165ppm

Petro

CH
SM

EAT CLAY: dark yeliowish orange; moist; medium
plasticity; medium soft; residual; strong fuel 4.0 fo 5.2m,
SILTY SAND: bright brown; moist; no plasticily; dense;
residual; strong fuel 5.2 {o 8.0m.

57

WFlag = 462, ippm ¢
%Recovery = 100
PIE = 260ppm

Petro

hFlag = 4362ppm !
“hRecoveary =90

PID = 325ppm

Petro

hFlag = 5300ppm r
%Recovery = 90

PiD = 284ppm

Pelro

ML SANDY SILT: dark gray; moist; no plasticity; stff; residual

strong fuel 8.6 to 13.0m.

&i0

aH

28—
512

512

| Flag = 6300ppm

ZFlag = 7200ppm r
%Recovery = 100
PID = 244ppm

Petro

KFlag = 4862ppm

%Recovery = 80
PID = 281ppm
Patro

Fiag = A100ppm
YRecovery =70
PID = 390ppm:
Petro

eRacovery ~ 50
FID = 36dppm
Palro

Flag = 9000ppm

“%Recovery = 20
PID = 121ppm
Petro

Flag = 540ppm

CEPOF-ED-G

PAGE 1 of4



ENVIRO-EXPLORATION LG 080323 I7E B326 565 CP CARRC.LGP. USACE SKOREAGDT 10/22/10

EXPLORATION LOG

US Army Corps Far East
Of Engineers vote vo. B09-206 District
PROJECT: RIRA at B326 and B565 Areas
LOCATION: Camp carroll G&EE NO.: _08-033E and 637E  INSPECTOR: apf:
DATE STARTED: 24 Feh 09 FINISHED: 24 Feb 09 DRILLER: _ e
DRILLING METHOD/EQUIPMENT: GeoPrebe 6600
DRILLING AGENCY: Far East District HOLE DIAMETER: Jem TOTAL DEPTH;: 7.8 m
OVERBURDEN THICKNESS: DEPTH DRILLED; 7.8 m WATER BEPTH:
COORDINATES: N: 3,983.508.9 E: 447.240,5 GROUND ELEV.: 3%.i5m DATUM: MSL
GROUND COVER: Asphalt CONTAMINATION:
TYPE OF HOLE: [ Piezometer ] Monitoring Well L] TestPi [ AugerHole {1 other
- n ol
g e LK 3
E_o— |wug |2 5 B8 w < DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
e g8 (E & = 3 | ak
nhE 2= 3 @z B I 8
=8E |32 1690 & | 52 | 25
o b AC__ m\Asphalt concrete cement. /7 %eRecovery = TG
s lal\e GP SANB; dark brown; PID = 5.4ppm
s CH™ |\ moist; subangular fine to coarse gravel {max.3cm); no Petro Flag = 12ppm
ML \plasticity; medium; fill material{GP); no. FC=81
36— \ Tyeliowish brown; moist; figh Eg = ij
- plasticily; medium; residual; no. S -
SANDY SILT: yefiowish brown; moist: fow plasticily; stiif; i’;‘;g"fg"gg); 0
-2 \Peiro Fl.ag = 10ppm [
%Recovery = 100
53 PID = 4.7ppm
Petro Flag = 3.6ppm
36— Y%Recovery = 106
PID = 5.4ppm
o Pelro Flag = 2.8ppm
4 SM SILTY SAND: yellowish hrown; maist; no plasticity; dense; YRecovery = 100
rasidual; no. PID = 4.7ppm
s5 Petro Flag = 5.2ppm
34— Y%Recovery = 100
PID = 3.8ppm
6 Petro Flag = Oppm
6 %Recovery = 80
PID = 3.5ppm
s7 Petro Flag = 6.5ppm
- %Recovery = 100
8 PiD = 3.2ppm
Petro Flag = 1ppm

XY

CEPOF-ED-G

PAGE 10of 3



US Army Corps EXPLORATION LOG _ Far East
Of Engineers noe no. B09-207MW District

PROJECT: RIRA at B326 and B565 Areas

N

ENVIRO-EXPLORATION LOG 08-033 372 B3I26_565 CP CARROLL.GPJ USACE SKOREA.GDT 10/22/10

LOCATION: Camp carroll G&EENO.; _08-033E and 037E_ INSPECTOR: (S B/
DATE STARTED: 25 Feb 09 FINISHED: 25 Feb 09 DRILLER: _ JEEEa {
DRILLING METHOB/EQUIPMENT: GeoProbe 6600
DRILLING AGENCY: IFar East District HOLE DIAMETER: Jem TOTAL DEPTH; 7.8 m
OVERBURDEN THICKNESS: DEPTH DRILLED: 7.8m WATER DEPTH:
COCRDINATES: N: 3,983,527.7 E: 447,245.60. GROUND ELEV. 3924 m DATUM: MSL,
GROUND COVER: Asphalt CONTAMINATION: Yes
TYPE OF HOLE: [J] Piezometer [} Monitoring Well {1TestPit [ AugerHole [3 other
AN R
= [&) =
E EE %- g% I 3 g “33 B ;E DESCRIPTION OF MATERIALS FELD DATA LAB DATA
obd |35 |3k S | =5 | 8¢
mwok Uz OS] @ nZ Sw
o AC _ f\Asphall concrete cement. /] %Recovery =90
s GP GRAVEL: dark gray; high moist; PID = 96ppm
CH abott85% subangular fine lo coarse gravel (max.dcm}; Pefro
WL abaut10%; abouts% Fines; no plasticity; medium; fill Flag = 224ppm:
38— Y material{GP); no. FC s 51
© SANDY FAT GLAY- dark yellowish brown: moist aboutod: | HEG = F4
¥ ABOUT30%; about! 0% Fines; high plasticity; medium; fil C=F4
LD material(CH}; no. %Refovery =4Q
SHLT WITH SAND: vellowish brown; meist no plasticity; PID = 82 3ppm
” tiff, residual; no. ::ietmﬁ T
SANDY SILT, yeliowish brown; moist; no plasticlty: S oYy e
residual; moderate fuel 1.0 to 6.7m. SiRecovery = 70
36~ PIE = 829ppm
54 Petro
\flag = 399.6ppm !
4 %Recovery = 160
‘PJD = 1124ppm {
S5 Petro
tag = 233.1ppm
%{Recovery = 90
34— \F‘ID =937ppm ’
5 Petro Fiag = Oppm
%Recovary = 100
g PID = 1126ppm
Petro
St Flag = 399.6ppm
- . T FeCTn T %R =80
R
32 Petro
56 tag = 350ppm
%Recovery =75

PID = 919ppm
Petro
lag = 1750ppm

i

CEPOF-ED-G i PAGE 10f 3




ENVIRO-EXPLORATION LOG 08-033 37E BI26_565 CP CARROL_GPJ USACE SKOREA.GDT 10/22/0

US Army Corps EXPLORATION LOG Far East

Of Engineers noteno. B09-208 District
FPROJECT: RIRA at B326 and B565 Areas ——

LOCATION: Camp carroll G&EE NO.: _(8-033E and 037E_ INSPECTOR:
DATE STARTED: 25 Feb 09 FINISHED: 25 Feb (9 DRILLER: 4
DRILLING METHOD/EQUIPMENT; GeoProbe 6600
DRILLING AGENCY: Far East District HOLE DIAMETER: Jem TOTAL DEPTH: 6.0 m
CVERBURDEN THICKNESS: DEPTH DRILLED: 6.0 m WATER DEPTH:
COORDINATES: N: 3,983.548.2 E: 447.247.2 GROUND ELEV.: 39,24 m DATUM:; MSL
GROUND COVER: Concrete CONTAMINATION: Yes
TYPE OF HOLE: [ Piezometer ] Monitoring Well (I TestPit  [J AugerHole {Jother
o 0
: & B %
8 —_— we {2 % 8 W <L DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
<re VHE |z E = S| 5
ahd |25 |33k S |53 | 88
mat |5z 698 2 B =17
o Y%Recovery =70
GC CLAYEY GRAVEL: brown; moist; subangular medium PID = 358ppm
TH gravel (max.3cm); subangular fine to medium Sand Petro
\(max.me): low piasticily; medium; fill materialfGC), no. /— Flag = 663ppm
SW-EM [\ EAT ELAY: dark yeliowish orange, moist; low plasticity; FC=F3
38— medium: fill material(CH); no. FC=F3
WELL GRADED SAND WITH SILT: vellowish brown; FC=F2
moist; no plasticily; [cose; residual; weak fuel 0.9 to 1.0m. % Recovery = 80
2 1PID = 16.6ppm
SW.SM | WELL GRADED SAND WITH SILT; vellowish brown; \Peiro Flag = Oppm ‘
moist; no plasticity; loose; residual; moderate fuel 2.15 to %Recovery = 100
4.5m. PIC = 43.Bppm
hPetro Flag = 6ppm
36— %Recovery = 100
PID = 49.4ppm
Petro Fiag = Oppm
4 %Recovery = 100
PID = 121ppm
aW WELL GRADED SAND: brown; moist: no plasticity; loose; Petro Flag = Oppm
residual; strong fuel 4.5 to 5.7m.
34— %Recovery = 90
PID = 420ppm
Pelro Flag = Oppm
SW WELL GRADED SANDY: brown; moist; no plasiicity; loose;
- \residuaf; strong fuel 5.7 1o 6.0m. 7

L6 5D

CEPOF-ED-G PAGE 10f3
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US Army Corps EXPLORATION LOG Far East

Of Eﬂgineefs HOLE NO. B09—209 District
PROJECT: RIRA ai B326 and B565 Arecas

LOCATION: Camp carroll G&EE NO.: _08-033E and 037E  INSPECTOR: }J -
DATE STARTED: 25 Feb 09 FINISHED: 25 Feb 09 DRILLER: Dﬁ’

DRILLING METHOD/EQUIPMENT: GeoProbe 6600

ENVIRQ-EXPLCRATION LOG 08033 37 B326_585 CF CARROLL.GPJ USACE SKOREA.GDT 13/22/10

DRILLING AGENCY: Far East District HOLE DIAMETER: 3cem TOTAL DEPTH: 15m
OVERBURDEN THICKNESS: DEPTHDRILLED: 75 m WATER DEPTH:
COORDINATES: N: 3,983.568.0 E: 447,250.4 GROUND ELEV.: 3932 m DATUM: MSL
GROUND COVER: Asphalt CONTAMINATION:
TYPE OF HOLE: [ Piezometer {7] Monitoring Well O TestPit [ Auger Hole {] other
o f
> g |
5 ~ 3 B
Eov |4l g E O L DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
S om %]
ahi 133|329l S |53 | B8
g, Gz OO @ nz Do
—0 p-
Gg‘% o POGRLY GRADED GRAVEL WITH CLAY AND SAND: Ef;‘;e_‘}g“e“’ =80
51 C—H brown; moist; subangular fine to medium gravel {max.2cm); = 2ppm 13
S medium piasticity; medium; fill materizl{ GP-GC); no. Eglr_g 'ﬂag = 13ppm
T CLAY: dark yellowish orange; moist; medium FC=F4
3] plasticily; medium; fill material(CH); no. G = F3
a2 SILTY SAND: yveliowish brown; moisl; no plasticity; foose; %Recovery = 100
residual; no. PiD = 4ppm
2 \Petro Flag = Oppm
Y%Recovery = 100
s3 PID = 4.9ppm
Petro Flag = Oppm
YoRecovery = 100
36— s« PID = 3.7ppm
[ Petro Flag = Oppm
4 %Recovery = 80
s |- PID = 4.4ppm
- Petro Flag = Oppm
f-_. :: SW-SM | WELL GRADED SAND WitTH SilCT: yellowish brown; %Recovery = 30
34— U 1505 4 maoist; no plasticity; foose; residual; no. PID = 4.5ppm
el Petro Flag = 3ppm
o :::::: %Recovery = 90
S PID = 4.8ppm
fre ol Petro Flag = 2ppm
A S SELTY SAND: yatowish brown: moish o plastioiy: looe: S Racovery = 100
32 s pSIU GP | \residual no. /1 PID=3.9ppm

brawn; moist; subangular medium gravel (max.2cm); no
lasticity; medium, residual; no; contain guartzite,

\DEOORLY GRADED GRAVEL WITH SAND: yeliowish /’ \Petro Fiag = Oppm _f

CEPOF-ED-G ' PAGE 1 of 3



ENVIRO-EXPLORATION LOG 08-033 37E B326 565 CP CARROL..GPJ USACE SKOREA.GDT 10/22/10

EXPLORATION LOG
Hoteno. B09-210

US Army Corps
Of Engineers

Far East
District

PROJECT: RIRA at B326 and B565 Arcas

LOCATION: Camp carroll G&EE NO.: _08-033E and 037E_ INSPECTOR: St
DATE STARTED: 25 Feb 09 FINISHED: 25 Feb 09 DRILLER: GRS
DRILLING METHOD/EQUIPMENT: GeoProbe 6600
DRILLING AGENCY: IFar East District HOLE DIAMETER: Icem TOTAL DEPTH: 0.0 m
OVERBURDEN THICKNESS: DEPTH DRILLED: 10.0 m WATER DEPTH: _
COORDINATES: N: 3.983.481.2 E: 447,250.9 GROUND ELEV. 37.94m DATUM: MSL
GROUND COVER: Conerete CONTAMINATION:
TYPE OF HOLE: [ Piezomster (1 Monitoring Welf CiTestPit [l AugerHols [T other
- w ] I
g (5|, F 3
==~ 5—*% % = 8 w < DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
X8 o <oz Z | nk
a5d |25 33 & |55 | BE
mak 52 (o498 & wz 25
_0 ched GP POORLY GRADED GRAVEL: dark d lasticit g?gec%vew .70
POORLY GRADED GRAVEL: dark gray; dry; no plasticity; w34
st ML _\medium: fill material(GP); no. gav ey nop Y [ Peiro per
SILY WITH SAND: dark veliowish ; moist; | Flag = 22.1
M Ez_asticily; sofl; resid:;!; ?fmg. oWISh GrAnge: moiss Tow [ F§g= NFS P
SHLTY SAND: yefiowish brown; moist; low plasticity; soft; \FC =F4 I
= residual; no. ",’?:ﬂ 5
o2 Mg
Petro Flag = 16ppm
s %Recovery = 90
PID = 3.1ppm
Petro
\Flag = 16.5ppm J
] %Recovary = 100
PID = 3.9ppm
H— 4 hPeire Flag = Oppm
Y%Recovery = 100
55 PID = 3.4ppm
Petro Flag = Oppm
Yitecovery = 40
PID = 3.3ppm
% Petro Flag » Oppm
32— %Recovery =90
. Pil = 3. 1ppm
57 Petro Flag = Oppm
%Recovery = 100
PID = 3.4ppm
= Petra Fiag = Gppm
08 “%Recovery = 90
PID = 3.7ppm
9 E - Petro Flag = Oppm
ML SILT; vellowlsh brown; molst; low plaslicily; soft; reslduat; G Recavery = GG T
ML ne. ) . ] PID = 1.9ppm
G0 GW SILT: vellowish brown; moist; low plasticity; soft; residual; Petro Flag = Oppm
no.
28— WELL GRADED GRAVEL WITH SAND; brown; moigt; no
lasticily; mediuny; residual; no; contain quartzite. /
iy 2 3
3¢ Sef
CEPOF-ED-G PAGE 1 0f 3



£ CARRCLL.GPJ USACE SKOREA.GDT 10422/10

o

ENVIRC-EXPLORATION LOG 08-033 37E B326 585

EXPLORATION LOG

noeno. B09-211

Far

District

East

PROJECT: RIRA at B326 and B565 Areas

LOCATION: Camp carroll G&EE NO.: _08-033E and 037E_ INSPECTOR:
DATE STARTED: 25 Feb 09 FINISHED: 26 Feb 09 DRILLER:
DRILLING METHOD/EQUIPMENT: GeoProbe 6600
DRILLING AGENCY: Far East District HOLE DIAMETER; 3cm TOTAL DEPTH; 10.0 m
OVERBURDEN THICKNESS: DEPTH DRILLED: 10.8 m WATER DEPTH:
COORDINATES: N: 3,983,475.5 E: 447.270.7 GROUND ELEV.: 37.98 m DATUM: MSL
GROUND COVER: Congcrete CONTAMINATION:
TYPE OF HOLE: [ Piezometer (3 Monitoring Well [1TestPit [ AugerHole [T other
. B OB s
g |t lo B 2
[~ L % Q = 8 g P4 DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
<EE |dajz [ =z 3| as
0 & 8 |23 ze z 5 | £3 | 8¢
et | Bz |69 =& &2 5k
o B Rt %Recovery = 80
. Tt s o - — PID = 2.7ppm
SANDY FAT CLAY WITH GRAVEL: brown; moist; Petro
about20% subargular fine to medium gravel (max.1.5cm); Fiag = 33.6ppm
oo sSC about20%; abowtB0% Fines; low plasticity; stiff; fill EC=F4
o materia{CH}; no. FC=F3
& s CLAYEY SAND: cark gray, molst; low plasticity; medium; S Recovery = 70
36mts oA fill material(SC); medium sewage 0.9to 2.0m. FID = 1.5ppm
. 7 / CH res‘sdﬁal; no.moderate red; moist; high plasticily; medium; \f,eagl 24.2ppm l
ML r%s%u gﬁrrl]( giellowish orange; moisi; no plasticity; soff; gie‘%g%‘.’ggp; 50
\Flag =40.8ppm }
& %Recovery =70
PID = 2ppm
Mg hPetro Flag = 22ppm ¢
%Recovery = 80
85 PID = 2ppm
Petro Flag = 12ppm
N F sy T YR =90
. M rii‘gl: gﬂzgdﬁzlilomsh brown; moist; no plasticity; giDe:ﬁ‘_’g'% m
eirc
Flag = 12.1ppm
32t Y SILTY SAND: yellowish brown; moist; no plasficily; very %Recovery = 90
dense; residual; no. PIG = 2.1ppm
s Petro Flag = 13ppm
%Recovery = 95
PID = 3ppm
. Petro Flag = Dppm
O %Recovery = 100
PID = 2,3ppm
=4 Pelro
Flag = 13.2ppm
%Recovery = 80
PID = 2.9ppm
$10 Pelre Flag = Oppm
24—L—10
o LA W gy
e 58
CEPOF-ED-G PAGE 10f3



US Army Corps EXPLORATION LOG Far East
Of Engineers note no. B09-212MW District

PROJECT: RIRA at B326 and B565 Areas
LOCATION: Camp carroli G&EE NO.: 08-033E and 037E  INSPECTOR:
DATE STARTED: 26 Feb (9 FINISHED: 26 Feb 09 DRILLER:
DRILLING METHOD/EQUIPMENT: GeoProbe 6600

DRILLING AGENCY: Far East District HOLE DIAMETER: Jem TOTAL DEPTH: 10.4 m
OVERBURDEN THICKNESS: _ DEPTHDRILLED: 10.4 m WATER DEPTH:
COORDINATES: N: 3.983.492.6 E: 447.264.6 GROUNDELEV. 39.01 m DATUM: MSL,
GROUND COVER: Asphalt CONTAMINATION: Yes

TYPE OF HOLE: [ Piezometer 71 Monitoring Well [] TestPt  [] Auger Hole [ other

DESCRIPTION OF MATERIALS FIELD DATA LAB DATA

ELEVATION/
DEPTH
SAMPLE TYPE /
NUMBER
CONTAMINATED
BLOW CCOUNT
N-VALUE
UsCs/
STRATA

GRAPHIC
LOG
SPT

ENVIRG-EXPLORATION LOG 08-033 37E B326_565 CP CAFRCLL .CPJ USACE SKOREA.GDT 10/22/10

L | qmeters)

AC I FAT CALY WITH SAND: dark yellowish orange; moist; ;’E’I*Sefg_"g’y =90
51 aboul0%; about20% subangular; aboutB0% Fines; fill = obppm
CH : . Petro Flag = 3.6ppm
malerial{CH); no. £ = P4
EAT CLAY: brown; moist; aboulG%; aboutb% subangular; FC = E3
\abou195% Fines; fill material(CH); no. n -
TR : - e YRecovery = 100
2 FAT CALY WiH GRAVEL. dark yellowish orange; moist; PHD = 3.3ppm
about15% subangular medium gravel {max.2cm); about5% Petro Flag = 6.4ppm
) / subangular; aboutB0% Fines; fill material(CH); no. FC=F4
TN FAT CLAy: dark yellowish orange; moist; subanguiar; FC=F3
\@sidual: no. %Recovery = 90
SILT; dark yellowish orange; moist; subangular; residual; PID = 3.6ppm

3] na. Petro
\Flag =11.2ppm ‘

84 %Recovery = 100

PID = 6ppm

l—a hPetro Flag = B.8ppm /
R SM SILTY SAND: yellowish brown; moist; subangular; %Recovery = 90

e residuai; no. Pil = 86ppm

Petro

\Flag = 359.8ppm ¢

%Recovery = 90

PID = 166ppm

Petro

hFlag = 4064ppm !

Y%Recovery = 90

PO = 211ppm

Petro

hFlag = 9202ppm 7

FRecovery = 90

PID = 213ppm

Petro

LWFlag = 8685.6ppm

%Recovery =90

PID = 222ppm

Petra

L Flog = B164.8ppm

YeRacovery = 100

PiD = 242ppm

Peliu

LFlag = 9616.2ppm

%Recovery = 100

PID = 205ppm
Fetro
lag = 5456.7ppm

38 = CH

T T T T

32—

LA
g;f ",
Ut
g
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EXPLORATION LOG Far East

no,eno. B09-213 District
PROJECT: RIRA at B326 and B565 Areas

LOCATION: Camp carrolt G&EE NO.: _08-033E and 837E  INSPECTOR: bé
DATE STARTED: 26 Feb 09 FINISHED: 26 Feb 09 DRILLER: b é’
DRILLING METHOD/EQUIPMENT:  GeoProbe 6600

ENVIRO-EXPLORATION LOG 08033 37E 3328 BGE CP CARRQ_L.GPJ USACE SKOREA.GDT 10/22/10

DRILLING AGENCY: Far East District HOLE DIAMETER: Icm TOTAL DEPTH: 10.0 m
OVERBURDEN THICKNESS: DEPTH BRILLED: 10.0 m WATER DEPTH;
COORDINATES: N: 3,983.498.1 E: 447.245.6 GROUND ELEV.: 3909 m DATUM: MSLE.
GROUND COVER: Asphalt CONTAMINATION:
TYPE OF HOLE: [ Piezometer (1 Monitoring Well iTestPt  [.]AugerHole [} other
al ja
> a .-
g |F 5 3
[ - w E % = O % - ﬁ DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
e |{zo sz 2 | 42
aks (23 (281 S | 53 | gE
ok |z |calpl @ oz Do
o AC %Recovery = 80
T GwW ) WELL GRADED GRAVEL WITH SAND: dark gray; moist; PID = 3.5ppm
st CH about70% subangular medium to coarse gravel {max.3cm); Petro
aboul25% subangutar fine to coarse Sand {max.4.8mm); Flag = 46.8ppm
38 abouts% Fines; no plasticity; soft; fitl materiaf{GW); no. FC =81
FAT GLAY WITH SAND: brown; moist; about0%; FC = F4
=2 aboul20% subangular fine to coarse Sand (max.4.8mm); %Recovery = 60
ML about80% Fires; high plasticity; medium; fill matesial{CH); PID = 4 9ppm
-2 \no; contain MICA, Petra Flag = Oppm
SILT; moderate red; moist; aboutG3%; about10% \FC =F4 }
s3 subanguiar medium Sand (max.2mm); aboutd0% Fines; no %Recovery = 60
plasticity; madium; residual; no. PID = 5ppm
36— \Petro Flag = 4.5ppm
“%Recovery = 80
s PID = 4ppm
Petro Flag = 5.5ppm
—4 —
SM | SILTY SAND: yellowish brown; moist:; about0%; about? 0% :ﬁ;gefg"f“’ . 90
85 subangular fine to medium Saad {max.2Zmm}; about30% Pet -’FI- p:i Spom
Fines; no plasticily; foose; residual; no. etro Flag = 9pp
341 %FRecovery = 100
PID = 4.1ppm
88 Petro Flag = Oppm
6 %Recovery = 80
PID = 4.8ppm
87 Patre Flag = Oppm
32— Y%Recovery = 80
PID = 4.2ppm
S8 Petro Flag = Oppm
3 %Recovery = 90
PID = 4.5ppm
=9 Petro Flag = Gppm
30— YeRecovery = 80
as HIU = 5.1ppm
o Pelro Fiag = Oppm

B
e
¢
&
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EXPLORATION LOG Far East

noLeno. B09-214 District
PROJECT: RIRA at B326 and B565 Areas

[LOCATION: Camp carroll G&EE NO.: _08-033E and 037E_ INSPECTOR: Aé’
DATE STARTED: 26 Feb 09 FINISHED: 26 Feb 09 DRILLER: ¢

DRILLING METHOD/EQUIPMENT:  GeoProbe 6600

ENVIRO-EXPLORATION LOG 08-033 37E B326 3565 CP CARROLL.GP. USACE SKOREA.GDT 10/22/10

DRILLING AGENCY: Far East District HOLE DIAMETER; 3cm TOTAL DEPTH: 7.0m
OVERBURDEN THICKNESS: DEPTH DRILLED: 7.0 m WATER DEPTH:
COORDINATES: N: 3.983,518.8 E: 447.242.1 GROUND ELEV.: 39.17m DATUM: MSL.
GROUND COVER: Concrete CONTAMINATION: Yes
TYPE OF HOLE: [1 Piezometer [T Monitoring Well {3 Test Pi [} Auger Hole [ cther
T =]
~ oy | N
5 |E.le | 3
E P ul % E‘:E) % 0 g - ,'E DESCRIFTION OF MATERIALS FIELD DATA LAB DATA
o
a5g |32 |8el 8 | 5T | g2
ool |wvz|oapl @ G2 Sw
—0 :
o %Recovery = 50
Kk PID = 28.7ppm
s b GCPF__#7 POORLY GRADED GRAVEL WITH SAND: dark gray; Petro
/ CH meist; abouttd% subgangular medium gravel (max.2cm); Flag = 419.9ppm
ML about20% subangular medium to coarse Sand FC =NFS
38 {max.4.Bmm); aboul0% Fires; no plasticity; medium; fl FO = Fd
w aterial(GP); no. C = B4
FAT CLAY WITH SAND: dark yellowish orange; moist; FoRecovery = 40
2 aboutd%; about30% subangular fine to coarse Sand PID = 19.7ppm
(max.4.8mm); aboul70% Fines; ne plasticily; soff; fill Petro
. Sh materiall CH); no. tag = 164.8ppm
SILY WITH SAND: yellowish brown; moist; aboulG%,; %Recovery = 70
about20% subangular fine to medium Sand (max. 2mm); PID = 420ppm
36— about80% Fines; no plasticity; sof; residual; no. Petro
s SILTY SAND: yellowish brown; moist; aboul0%; aboul60% Flag = 187.2ppm
subanguidar fine 1o medium Sand (max.Z2mm}; about40% %Recovery = 100
4 Fines; no plasticity, dense; residual; moderate fuel 2.3 o PID = 1005ppm
7.0m. \Petm Fiag = 50ppm I
£ “YRecovery = 90
PID = 1062ppm
Petro
34— \Flag = 1588.4ppm ,
6 %Recovery = 100
PID = $51ppm
6 Petro
\Flag = 462.5ppm j
7S %Recovery = 90
PIED = 849ppm

Pelro
\Elag = 1336.3ppm I

ey e
R gi;w
:"j;; Eoogus
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ENVIRD-EXPLORATION LOG 08033 57E B325 565 CP CARROLL.GPJ USACE SKOREA.GDT 10/22110

Of Engineers

EXPLORATION LOG
HOLE NO. B09"2 1 5

Far East
District

PROJECT: RIRA at B326 and B565 Arcas
LOCATION: Camp carroil G&EE NQ.: _08-033E and 037E_ INSPECTOR:
DATE STARTED: 26 Feh 09 FINISHED: 26 Feb 09 DRILLER; (, 6
DRILLING METHOD/EQUIPMENT: GeoProbe 6600
DRILLING AGENCY: Far East District HOLE DIAMETER: Jem TOTAL DEPTH: 6.5m
OVERBURDEN THICKNESS: DEPTH DRILLED: 6.5 m WATER DEPTH:
COORDINATES: N: 3,983.538.6 E: 447.245.3 GROUND ELEV. 39.23 m DATUM: MSL
GROUND COVER: Concrete CONTAMINATION: Yes
TYPE OF HOLE: [ Piezometer (2] Monitoring Well CiTestPit [ AugerHole [] other
w a)
Eom |ulb|2 E 3 uo DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
SER 1EZ|B.E 2 | .2 | 8%
3 | 321898 & | 52 | 3%
—0 Y%Recovery = 60
s [efid POORLY GRADED GRAVEL dark gray: moist, aboutdove PID = 55.2ppm
CH subanguiar medium to coarse gravel {max.3cm}; abouti0%; | | Petro Flag = Oppm
SM about(% Fines; no plasticity; loose; fill material{ GF); no. FC = NFS
a5 EAT CLAY WITH SAND: moderaie red; moist; aboulo%; o= J
) about15%; aboulB5% Fines; high piasticily; medium; fill L S——
material{F4); no; contain MICA. /oRe_covery =580
|, SILTY SAND: veiowish brown; moist, aboutovs; ol N
aboulb0%, aboutd0% Fines; ro plasticily; medium; residual; \EWWWQWWWEE,WJ
& SM | \weak fuel 0.8 to 2.3m. E’;'Igefg‘é%fg;ngﬂ
SILTY SAND: dark yellowish ; moist; aboulB%; n =
aboutB0%; abaSerO}:‘z gi":fs; g?;%;aesiil::}w;s.mtaad?uum; residual; Petro Fiag = Oppm
36— moderate fuel 2.3 to 6.5m. g.;geg\'?esrgp? 100
8 Peatro Flag = Oppm
- %Recovery = 100
PID = 1138ppm
85 Petro Flag = Oppm
24 %Recovery = 100
PID = 720ppm
88 Petro Flag = Oppm
0 %%Recovery = 100
87 PID = 604ppm
\Peiro Fiag = Oppm_
oy fg}
\5 & 5
CEPOF-ED-G PAGE 10of 3



ALGDT 10/22/40

ENVIRO-EXPLORATION LOG 0B8-033 37E B326 565 CP CARROLL.GPJ JSACE SKOR

EXPLORATION LOG
roteno. B09-216

US Army Corps
Of Engineers

Far East
District

PROJECT: RIRA at B326 and B565 Areas

LOCATION: Camp carroll G&EE NO.:
DATE STARTED: 27 Feb 09 FINISHED:
PRILLING METHOD/EQUIPMENT: GeoProbe 6660

08-033K and 037E
27 Feb 09

INSPECTOR:
DRILLER:

-—

DRILLING AGENCY: Far East District HOLE DIAMETER: 3cem TOTAL DEPTH: 55m
OVERBURDEN THICKNESS: CEPTH DRILLED: 55m WATER DEPTH;
COORDINATES: N: 3.983,558.2 E: 447,248.6 GROUND ELEV.; 39.26 m DATUM: MSIL,
GROUND COVER: Cencrete CONTAMINATION: Yes
TYPE OF HOLE: [ Piezometer (1 Monitoring Well (1 TestPit ] AugerHole ] other
W [a)
- o BB
5 |F.lo Bl 3
E_—- wr |8 |F &) us < DESCRIFTION OF MATERIALS FIELD DATA LAB DATA
fxy | Y| R = b i T
ahe |35 |29k 8 | 5% | B¢
#iok | vz (020 @ G2 Do
G 3 -
GP-GC /| POORLY GRADED GRAVEL WiTH CLAY AND SAND; fringopt A
51 CH -\dark gray; moist; subanguiar medium grave! (max.2cmy); Patro Fllag = 9.9ppm
subapguiar fine to coarse Sand (max.4.8mm}); medium FC = F1 ’
SW Tplasticity; toose; fill material{GP-GC); no. FC =4
38— FAT CLAY WITH SAND: dark yellowish orange; moist; FC = G2
sz high plasticity, stiff; residual, no; contain MICA, %Recovery = 100
WELL GRADED SAND: grayish green; moisl; no plasticity; PID = 4.9ppm
2 medium; residual; weak fuel 0.8 fo 2.4m. nPetro Flag = Oppm
Y%Recovery = 100
53 SW-SM| WELL GRADED SAND WITH SILT; grayish green; moist; PID = 4.3ppm
no plasticity; medium; residuat; weak fuel 2.4 10 3.7m. Petro Flag = 8.4ppm
%Recovery = 90
36— PID = 60.2ppm
s Petro
SW WELL GRADED SAND: grayish green; moist; no plasticily; Flag = 76.5ppm
—4 dense; residual; sirong fuel 3.7 o 4.0m. %Recovery = 100
PID = 293ppm
5 Petro Flag = Oppm
%Recovery = 100
34— 6 PID = 232ppm

a6 & &

\Petro Flag = 9Gppm f

CEPOF-ED-G
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ARROLL G2J USACE SKOREA.GDT 10/22/10

ENVIRO-EXPLORATION LOG 08033 _37E 8326 565 CP

US Army Corps
: Of Engineers

EXPLORATION LOG

HOLE NC. B09""'2 1 7

Far

East

District "

b

-

PROJECT. RIRA at B326 and B565 Areas
LOCATION: Camp carroll GE&EE NO.: 08-033FE and 037E  INSPECTOR: f
DATE STARTED: 28 FFeb 09 FINISHED: 28 Feb (09 DRILLER: A
DRILLING METHOD/EQUIPMENT: GeoProbe 6600
DRILLING AGENCY: Far East District HOLE DIAMETER: 3com TOTAL DEPTH: 10.0 m
OVERBURDEN THICKNESS: DEPTH DRILLED: 10.6 m WATER DEPTH: .
COORDINATES: N: 3,983.486.9 E: 447,288.2 GROUNDELEV. 38.63m DATUM: MSL
GROUND COVER: Asphalt CONTAMINATION:
TYPE OF HOLE: [ Piezometer {73 Monitoring Well I TestPit [ AugerHole [3 other
-~ B i ind
: |t 0. B 3
E o Juxle [E 8 w < DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
P o) v TV R % ] ™
FE2 %% % olsl & - § 8
8t |32 (828 4 | 52 | 35
™ AC - WELL GRADED SAND WITH CLAY. ;dy; %Recovery = 50
swsC || ERLGRADED SANDWITH CLAY, dack grayi dry, [ gip = 1
wl | ¥ o | P el | [
EAT CLAY WITH SAND: moderale red; moist; high FC = F4
plasticily; medium; i material(CHY); no. \FC =F4 J
2 SILT WITH SAND: dark yellowish orange; moist; low GRecovery = B0
©H \plasticity; medium; residual; no. /7| PID = 2.3ppm
2 FAT CEAY WITH SAND: brown; moist; high plasticity; Petro
/ medium; residual; no. Flag = 21.6ppm
36— s / C=F4
%Recovery = 100
/ PID = 2.4ppm
\Petro ’
a4 / iag = 23.4ppm
/ %Recovery = 80
4 PiD = 2.7ppm
/ \Petro Flag = 23ppm ‘
- 58 %Recovery = 80
* / PID = 2.4ppm
/J \Petso Flag = Oppm 7
T SM SILTY SAND: yvellowish brown; moist; low plasticity; %Recovery = 90
medium; residual; no, PID = 2.8ppm
Pelzo Flag = 8.8ppm
5 %Recovery = 00
PID = 2,1ppm
32— Pelro Flag = 8.4ppm
“ARecovery =80
PiD = 2.1ppm
Petro
Flag = 10.8ppm
8 %Recovery = 90
PID = 3ppm
30—~ Patro Fiag = Oppm
YRecovary = 90
PID = 2.9ppm
i Pelro Flag = Oppm
10 3
IRl o /
CEPOF-ED-G PAGE 1 0f 3



US Army Corps EXPLORATION LOG Far East
Of Engineers noeno. B(9-218 District

B326 565 C= CARRULL.GPJ USACE SKOREA.GDT 10/22M0

ENYIRC-EXPLORATION LOG 08-033 37

PROJECT: RIRA at B326 and B565 Areas
LOCATION: Camp carroll G&EE NO.: _98-033E and 037E  INSPECTOR:
DATE STARTED: 28 Feb 09 FINISHED: 28 Feb 09 DRILLER:
DRILLING METHOD/EQUIPMENT: GeoProbe 6600
DRILLING AGENCY: Kar East District HOLE DIAMETER: Jem TOTAL DEPTH: 70 m
OVERBURDEN THICKNESS: DEPTH DRILLED: 70m__ WATER DEPTH:
COORDINATES: N: 3,983.493.2 £: 447.297.1 GROUND ELEV.: 38.70 DATUM: MSL
GROUND COVER: Asphalt CONTAMINATION:
TYPE OF HOLE: [ Piezometer (] Monitoring Well {3 TestPit [ AugerHofe £ other
5 [a}
s |8 B g
,.9,. o= W (E) = w < DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
ks (L8305 B | .28
E i g E i 8 % 9 E % (=
mox= wZ |oa3] @ Bz oW
R AC - — Y Recovery = 60
7, oF POORLY GRAD!ED GRAVEL WITH SI-\‘ND. brow_'n: nlmxsi; PID = 3
|l e e e [ vt
/ FAT CLAY WITH SAND: moderate red; moisl; high hFG = F4
plasticity; mediuns; fill material(CH}); no. %Regovery T
s / PID = 3.2ppm
Petro Flag + 5.5ppm
2 % %Recovery = 80
s Pi> = 3.8ppm
361 % Petro
Flag = £8.8ppm
7 B
CA A &C CLAYEY SAND: yellowish brown; moist; low plasticity; pem; sem
s LS R\SHIT residual; no. /H Fiag = 15.4ppm
- 7 tH RIZDIKE /] GRecovery = 80
SwSia 3 FALCLAY WITH SAND: dark yeltowish orange; moist; PID = 3.6ppm
34— 85 Wi high plasticity; stiff; residual; no. 7; Pelro Flag = 4ppm
WELL GRADED SAND WITH BILT: dark brown; moist; no
\p_!aszicity; dense; residual; no. VRecovery 80
SILT: yellowish brown; moist; low plasticity; stiff; residual; PID = 4.6ppm
88 no. Petro Flag = Oppm
e SW | SILTY SAND; yellowish gray; moist, low prasticity; dense; ;"lgefi"gg; 90
o] s7 rasidual; no. Petro Fllag = Oppm

CEPOF-ED-G PAGE 1 0f3



ENVIRO-EXPLORATION LOG 08-033 37E B326 565 CP CARIIOLL.GPJ USACE SKOREA.GDT 10422110

US Army Corps EXPLORATION LOG
Of Engineers hoe no. B09-219
PROJECT: RIRA at B326 and B565 Areas _
LOCATION: Camp carroll G&EE NO.: _08-033E and 637E  INSPECTOR: §gE
DATE STARTED: 28 Feb (9 FINISHED: 28 Feb (9 DRILLER:
DRILLING METHOD/EQUIPMENT: GeoProbe 6600
DRILLING AGENCY: Far East District HOLE DIAMETER: Jem TOTAL DEPTH; 8.5m
OVERBURDEN THICKNESS: DEPTH DRILLED: 85m_  WATER DEPTH:
COORDINATES: N: 3,983,505.1 E: 447.296.9 GROUND ELEV.: 39.22 m DATUM: MSL
GROUND COVER: Grass CONTAMINATION:
TYPE OF HOLE: [1 Piezometer [ Menitoring Well [17estPt £ AugerHole [ other
s |8 B s
gx,@ w12 % S 8| = DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
ars | 32|30l 3 |52 |48
mRE [ 32 |6SPH = &2 5h
0 7 CH FAT CLAY WiTH SAND: dark brown; moist; subangular %Recovery = 80
fine to medium Sand {max.2mm); medium plasticity; PID = 4.3ppm
st / medium; fill materialfCH); no. Petro
%
\FC=Fd4 ]
38 %Recovery =70
= Ao 5C CGLAYEY SAND: dark gray; moist; subangular fine 1o PID = 6.1ppm
CH meadivm Sand (max,2mm); low plasticity; medium; fi# Petro
2 material(SC), medium sewage 1.5to 1.7m. Flag = 49.2ppm
FAT CLAY yellowish biown, molst: subangdlar medium FC=F3
88 Sand (max.2mm}; high plasticity; st atuvial; no. £ C=F3 ~
Vi SANDY SHLT: vellowish brown; moist; subangular medium é’afge:%vzery ;50
36— Sand {max.Zrmm); low plasticity; stiff; residual; no. \F‘eiro Fiagg 4dppm {
84 %Recovery = 70
PID = 5.3ppm
=4 Petro
\Flag = 32.4ppm ’
S5 Y%eRecovery = 90
PID = 4.8ppm
hPetro Flag = 28ppm
3 %Recovery = 80
56 PIE = 5.Bppm
Petro Flag = 11ppm
-] %Recovery = 90
7 PID = 4.Bppim
Patio
Flag = 20.4ppm
%Recovery = 90
32 PID = 5.8ppm
88 Petro
Flag = 12,1ppm
—8 % Recovery = 100
88 PID = 4.3ppm
\Petro Flay = Gppm_f
2/ .
663
CEPOF-ED-G PAGE 10of 3



US Army Corps EXPLORATION LOG Far East

ENVIRO-EXPLORATION LOG 03-079E FELD 4SITES1.GPJ USACE SKCREA.GDT 28/10/04

Of Engineers - District
HOLE NO.
PROJECT.  Site Assessment of HM/POL Site ‘_
LOCATION:  Camp Carroll G&ENC: 03-079E INSPECTOR:
DATE STARTED: 21 May 04 FINISHED: 21 May 04 DRILLER: . &
PRILLING METHODEQUIPMENT: Hollow Stem Auger w/CME-T5
DRILLING AGENCY: Far East District HOLE DIAMETER: 18cm TOTAL DEPTH: 84m
OVERBURDEN THICKNESS: DEPTH DRILLED: 84m WATER DEPTH; No water; AD
COORDINATES: N:  3,983.545.3 E: 4472544 GROUNDELEV. 39.00 m DATUM; MSL.
GROUND COVER:  Concrete Paved Area CONTAMINATION:  Yes
TYPEOFHOLE: [ Piezometer [ Monitoring Well ] Test Pit PO Auger Hole [ other
- Y
- w = &
& ol El 2
E.w lug |2 B 8 W < DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
FEe |E2|30R 2 | .2 | 8%
moE (52186908 2 | 52 | 95
__O
B | CLAYEY GAND: reddish bown, moist Iow 1 mediim plastoty, ok 0
1 medium S, no fuel odor.
) iReoomry = B2
o 4 g Peiro Fiag = 147ppm
3Bg—1 5 o _ o . ;
P SHLTY SAND: brown o ight brown; moist; loose to mediom dense; heavy
fuel odor 181084 m.
3 . 18~2.4m bgs: Moderate to Hean fusl odor. JeRecovery = 100
w2 | 4 o Petro Flag = 413ppm
6
8
S 4 “aRecovery = 0
53 g 14 Pedin Flag = 387ppm
T 9
Bt
5 RecOmely = 92
+ o 1% . Peiro Flag = 197ppm
13
s
4. 8 3004 bgss, ooy fusl odkr, Tscinedy ~ 100
. 9| =z Peo Fiag= 704ppen
simls 17
T 10 ViRexowery= 100
o ) I Poixo Flag = 1100ppm
ot 36
5
13 Y%Recovery = 00
Frdog . 18 a Petro Flag = 2161 ppm
%
rid

CEPOF-ED.G PAGE 1 of 1



ENVIRO-EXPLORATION LOG 03-079E_FIELD 43ITEST.GPJ USACE SHOREA.GDY 28/110/04

US Army Corps
Of Engineers

EXPLORATION LOG
noeno. B04-201

Far £ast
District

PROJECT:  Site Assessment of IM/POL. Site

LOCATION:  Camp Carroll G&E NO.: 03-079E INSPECTOR:
DATE STARTED: 20 May 04 FINISHED: 20 May 04 DRILLER:
DRILLING METHOD/EQUIPMENT: Hollow Stem Auger w/CME-75
DRILLING AGENCY: Far East District HOLE DIAMETER: i8cm TOTAL DEPTH: 84m
OVERBURDEN THICKNESS: DEFPTH DRILLED: 84 m WATER DEPTH: No water; AD
COORDINATES: N 3.983.537.3 E: 447.256.4 GROUNDELEV: 39.05m DATUM MSL
GROUND COVER:  Conerete Paved Area CONTAMINATION: Yes
TYPE OF HOLE: (3 Piezomeler [ Moritoring Wel ] Test P Auger Hoe £ dher
I:.I [m]
: 15| H &
2 + |lug |2 B 8 w L« DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
AEE I BRI
sBE 1225908 & | &3 | 26
g0 \...o—o.em bgs: Fl materar, Anguiar fock fagmentwilh sily sand. S/
9l
CLAYEY SAND: reckdish brown; Most, medium pasicly, soit i mediom
4 S, heavy fusl odor 0640 1.8 m; . Heavy fusl odorwith unlentied
’ % I chemical ador. TeReavery =92
s 4 8 Petro Flag = 7842ppm
a1 4
8
3 ™ SILTY SAND: gt Drown © Diown, o, looss o dense; heavy fodlodor | YeRecovery = 100
a2 4 9 18084, PeiroFlag = 4456p0m
5
8
2 ] 1 B-8.4m bgs: Heavy fuel arx chemical odor noed from entie sample YeRecovery = 100
6 “ depth Pefro Fag = 296ppm
8
- 9
35_—-4
F] YeRecovery = 100
R 5 12 Petro Flag = 333ppm
- 7
10
o
= 4 YFteoovery = 92
7 7 ® ,’,’m Flag= 544ppm
3
s 15
I = VeRecowry =07
] 2 Peto Fiag = 3722ppm
i 12
16
3 CoRBOINEy = 07
W8 13 0 Prefmy Flag = 70150pm
17
2
CEPOF-ED-G PAGE 1 of 1




US Army Corps EXPLORATION LOG Far East

ENVIRO-EXPLORATION LOG 03-072E FIELD 4SITES!.GPJ USACE SKOREA GDT 28/10/04
e

Of Engineers moeno. B04-202 District
PROJECT:  Site Assessment of HM/POL Site
LOCATION:  Camp Carroll G&E NO.: 03-079E, INSPECTOR;
DATE STARTED: 20 May 64 FINISHED: 20 May 04 DRILLER:
PRILLING METHODEQUIPMENT: Hollow Stem Auger w/CME-75
DRILLING AGENCY: Far East District HOLE DIAMETER; 18 cm TOTAL DEPTH: 84 m
OVERBURDEN THICKNESS: DEPTH DRILLED: 84 m WATER DEPTH: No waters AD
COORDINATES: N:  3,983.531.3 E 4472504 GROUNDELEV: 3897 m DATUM: MSL
GROUNDCOVER:  Concrete Paved Area CONTAMINATION: Yes
TYPEOFHOLE: [ Plezometer 171 Monitoring Wel [ Test Pi Auger Hle [ ofer
w o
z 3 < 2
2 s (ug |2 B g w L« DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
tht |E2 30k B | L2 | 8
cHE |§2 168 8 | 52 | 95
ol
£ CLAYEY SANDY browry, moist; medium plastcity, soft to medium st
sight chemical oo 165008 i
i ; SRecovery = 100
s py 3 5 | SLIY SAND: lght brown b brory, moit; loose (o dense; heavy fustodor | | oo Fag = 1460pm
—1 g 08to84m.
ar] 3 YeRexowery = 75
e 7 ” . 4.2-30m bos: Moderat fued odor with cherical odor. Peiro Fiag= 203ppm
10
R 4 YoRexovery = 97
) 53 g 5 Pefro Flag = 691ppm
- 8
Bl S}
5 YRectvery = 100
4 | . 8 o Petio Flag = 520ppm
11
5
15
“. 9 Recovery ~ 00
. 13 - Petro Flag = 300ppm
18
s 2 . 30~8.4m bgs: Strongyfued and chemial odor
T 7 Crye—
. 15 PotoFhg - 113tpom
el 4 6 » 41
0
15 '%Reoomy =100
St g » Petro Flag = 6625ppm
57 o 48
3

§

36 4

CEPOF-ED-G PAGE 1 of 1




US Army Corps EXPLORATION LOG Far East
Of Engineers noeno. B04-203 District
PROJECT:  Site Assessment of HM/POL Site

LOCATION:  Camp Carroll GEENO. 03-079E INSPECTOR: 7
DATE STARTED: 19 May 04 FINISHED: 19 May 04 PRILER: )
DRILING METHOD/EQUIPMENT: Hollow Stem Auger w/CME-75

ENYIRO-EXPLORATION LOG 03-073E FEELD 4SITES1.GPd USACE SKOREA.GDT 2811004

DRILLING AGENCY- Far East District HOLE DIAMETER: 18 cm TOTAL DEPTH: 84 m
OVERBURDEN THICKNESS: DEPTH DRILLED: 84 m WATER DEPTH: No waler; AD
COORDINATES: N:  3,983.522.8 E: _447.253.4 GROUNDELEV. 3905 m DATUM: MSL,
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ENVIRO-EXPLORATION LOG 03-079E_FIELD 451TES1.GPJ USAHCE SKOREA.GDT 28/10/04

EXPLORATION LOG
Hoeno. B04-204

US Army Corps
Of Engineers

Far East
District

PROJECT:  Site Assessment of HM/POL Site

LOCATION:  Camp Carroll GRENO- 03-079E INSPECTOR. é é
DATE STARTED: 20 May 04 FINISHED: 20 May 64 DRILLER:
DRILLING METHOD/EQUIPMENT: Hollow Stem Auger w/CME-75
DRILLING AGENCY: Far East District HOLE DIAMETER: 18 cm TOTAL DEPTH: 84 m
OVERBURDEN THICKNESS: DEPTH DRILLED: 84m WATER DEPTH: No water; AD
COORDINATES: N:  3.983.5159 E 447.247.5 GROUNDELEV; 3894 m DATUM: MSL
GROUND COVER:  Concrete Paved Axea CONTAMINATION: Yes
TYPEOFHOLE: 3 Piezometer {7 Mongoring Wed {1 Test Pkt Auger Hoe [} oher
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EXPLORATION LOG Far East

ENVIRO-EXPLORATION LOG 03-079E FIELD 4SITES1.3P) USAGE SKOREA.GDT 28/10/04

US Army Corps
Of Engineers HOLE NO. B04—205 District
PROJECT:  Site Assessment of HM/POL Site
LOCATION:  Camp Carroll G&E NO.: 03-079E INSPECTOR;
DATE STARTED: i8 Mayv 04 FINISHED: 19 May 04 DRILLER;
DRILLING METHOD/EQUIPMENT: Hollow Stemn Auger w/CME-75
DRILLING AGENCY: Far East District HOLE DIAMETER: 18 cm TOTAL DEPTH: 84 m
OVERBURDEN THICKNESS: DEPTH DRILLED: 84 m WATER DEPTH: No waler; AD
COORDINATES: N:  3,983.507.8 E: 4472518 GROUNDELEV.: 3898 m DATUM: MSL
GROUND COVER:  Asphalt Paved Area CONTAMINATION; Yes
TYPE OF HOLE: [ Piezometer 3 Monitoring Wl [ Test Pi I Auger Hole {1 other
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SKOREA.GDT 28M10/04

ENVIRO-EXPLORATION LOG 03-07SE_FIELD ASITESY.GPJ USAT

EXPLORATION LOG
Hoeno. B04-206

US Army Corps
Of Engineers

Far East 5
District %

PROJECT:  Site Assessment of HM/POL, Site

LOCATION:  Camp Carroll G&ENO.: 03-079E INSPECTOR:
DATE STARTED: 19 May 04 FINISHED: 19 May (4 DRILLER:
DRILLING METHODEQUIPMENT: Hollow Stem Auger w/CMI-75
DRILLING AGENCY: Far East District HOLE DIAMETER: iScm TOTAL DEPTH: 84 m
OVERBURDEN THICKNESS: DEPTH DRILLED: $.4m WATER DEPTH: No water: AD
COORDINATES: N 3.983.502.5 E: _447,265.1 GROUND ELEV. 3893 m DATUM: MSL
GROUND COVER:  Asphalt Paved Area CONTAMINATION: Yes
TYPEOFHOLE: [ Piezometer [ torstoring el [ Test Pit Auger Hole 3 dther
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ENVIRC-EXPLORATION LOG 03-B79E FIELD 4SITES1.GPJ USACE SKOREA.GDT 28/10/04

EXPLORATION LOG
Hoieno. B04-207

US Army Corps
Of Engineers

Far East
District

PROQJECT:  Site Assessinent of HM/POL, Site

LOCATION:  Camp Carroll G&E NO.: 03-079E INSPECTCOR:
DATE STARTED: 21 May 04 FINISHED: 21 May 04 DRILLER:
DRILLING METHOD/EQUIPMENT: Holiow Stem Auger w/CME-75
DPRILLING AGENCY: Far East District HOLE DIAMETER: 18 cm TOTAL DEPTH: 84m
OVERBURDEN THICKNESS: DEFTH DRILLED; 84m WATER DEPTH: No water: AD
COORDINATES: N 3.983.500.4 £ 447.278.6 GROUNDELEV. 38.81 m DATUM: MSL
GROUND COVER:  Asphalt Paved Area CONTAMINATION: Yeu
TYPE OF HOLE: [ Prezometer £ Monitoring Wedi [] Test Pit Auger Hole 1 other
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Camp Carroll Building 326 Monitoring Well Log

Well ID B09-203-MW BO3-207-MW B09-212-MW
Drilling Start 2/28 1310 HRS 2427 1030 HRS 2/27 1335 HRS
Drifling Complete  2/28 1400 HRS 2/27 1135 HRS 2/27 1435 HRS
Instali Date 3/2/2009 3/2/2008 3/2/2009
Drilling Equipment  BEC Direct Push Rig BEC Direct Fush Rig BEC Direct Push Rig
Oriller Mr.- Mr’ Mr.-
g ol bl
Well Diameter &inch hammer down to 15 m bgs 6 inch hammer down to 15 m bgs & inch kammer down to 15 m bgs
No casing waork No casing work No casing work
2 inch well screen/riser used 2 inch welf screen/riser used 2 inch well screen/riser used
Well Depth 15 meter 14.8 meter 15.5 meter

Cement Grout - | 77 Pack o :
Yop Above groundsurface Above ground surface Above groundsurface
_ Bottom 4.5mbgs N 3.7 m bgs
Beritonite Sea .5 m thick / 0.5 bucket of 55 : f .
Top 4.5 m bgs 3.7 m bgs 4.3 m bgs
‘Bottom 5 m bgs ) 4.2 m bgs 4.2 m bgs

sand Fiter Pack. 16 m ic
Top 5m bgs 4.2 m bgs .9 m bgs
Bottom 15 m bgs 14.74 m bgs 15.5 m bgs

SEEmienan i
Top -0.26 m bgs -0.52 m bgs -0.22 m bgs
6.34 m hgs 6.6 m bas

mlen len f
Top 6.6 m bgs 6.34 m bgs 6.6 m bgs
Bottom 15 m bgs 14.74 m bgs 15 m bgs

Riser:

Bottom 6.6 m bgs

Screen:;

Groundwater Depth



Appendix B
RI/RA Investigation Photographs



Photograph 2 — Drilling activities in the driveway in front of Building 326
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Phetograph 5 — Concrete-lined stream running through Camp Carroll, Building 326
in the background

Photograph 6 — Drainage culvert near Building 326 where sheen was observed in
storm runoff water




Photograph 7 ~ Building 326
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Appendix C
BEC Report — Hydraulic Conductivity (Slug)
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1. INTRODUCTION

1.1 Project Background

BEC has prepared this fianl report for the FED under contract NO. W912UM-07-D-0001, Task
Order No.00I4. This report summarizes the result to analyze for slug, pumping and air
permeability test at Camp Carroll.

1.2 Project Progress

Field tests were performed in the camp Carroll during the period of 9 November, 2009 ~ 13
November, 2009(1st) and 22 February, 2010 ~ 25 February, 2010(2™). The project site is
Building 326 at Camp Carroll. Only slug test was conducted at this site.

2. ANALYSIS MATHOD
2.1 Slug test

The slug test method involves the instantaneous injection or withdrawal of a volume or slug of
water or solid cylinder of known volume. This is accomplished by displacing a known volume of
water from a well and measuring the artificial fluctuation of the groundwater level. The primary
advantages of using slug tests to estimate hydraulic conductivities are numerous. First, estimates
can be made in-situ, thereby avoiding errors incurred in laboratory testing of disturbed soil
samples. Second, tests can be performed quickly at relatively low costs because pumping and
observation wells are not required. Lastly, the hydraulic conductivity of small discrete portions
of an aquifer can be estimated (e.g., sand layers in a clay)(EPA,1994).

The most commonly used method for determining hydraulic conductivity in groundwater
investigation is the Bouwer and Rice slug test shown schematic groundwater level drawdown

zone through withdrawal of dummy(Hanmm et al, 2001).

Bouwer and Rice’s expression for hydraulic conductivity (K) 1s:

7S In(RJR) ! H,
2L, T Hy




Where:

K = hydraulic conductivity [ft/sec]

R, = filter pack (borehole)} radius [ft]

R = screen radius [ft]

r. = casing radius [ft)

L. = length of open screen (or borehole)[ft]
Hy= drawdown att=0

H; =drawdown at 1 > H,

The smmplest interpretation of piezometer recovery is that of Hvorslev(1951). The analysis
assumes a homogenous, isotropic medium in  which soil and water are

incompressible(EPA,1994).

vd In(L/R}

Jor L/R> 8
2LTy

K=
Where:

K = hydraulic conductivity [fi/sec]

r = casing radius [{t]

L = length of open screen (or borehole)[fi]

R = filter pack {borehole) radius [{t]

Ty = Basic Time Lag [sec]; value of  on semi-logarithmic

plot of H-W/H-HO vs. t, where H-h/H-H = 0.37 0
H = initial water level prior to removal of slug
Hy= water level at t= 0

h = recorded water level at t > 0




3. ANALYSIS RESULT

3.1 Information of Monitoring Wells

Next is the information is performed wells each area in camp Carroll. The test is performed by in
9 Nov.~12 Nov and chosen one well that test is possible. The depth, natural groundwater level,
radius, order of wells was checked before the test. Water level measured for time after injected
the dummy using diver. If water level has been stable, withdrew the dummy so water level
measured. Sometimes, rise up with diver when the dummy is withdrew that get tangled fixed
each line of the dummy and diver in well. Also, water level after injected the dummy rose up
more than natural groundwater level. It should pay attention to analysis of test results(Table 2).

Table 2. Information of slug test is performed wells

Well information

Site Weli No. Time Dununy T 5 5 Remark
D" (m}) WR™ (mm) NG (in)
1103 injection Pet. Oder
M09.207 14.8 51 10.7 '
1133 withdrawal 6 0-360 (8.78~10.36m)
B326 1037 injecti
. jection Pet. Oder
MO9-212 1052 withdrawal 15.10 51 8.610 (8.61~8.63m)
/ Diver up

1027 withdrawal
1) well depth, 2) well radius, 3) natural groundwater level(blg)

3.2 Description for the slug test at Site

Generally, groundwaler level showed a fluctuation by injection and withdrawal of dummy.
Groundwater level data of withdrawal is less than a noise the groundwater level data of injection.
Groundwater level had been stable within minutes beyond the stress (dummy). Some data of
wells are distinct with other trend of wells. When the slug test analyzed the range of groundwater
was assumed in the aquifer

The diagrams are plots of injection and withdrawal that slug test was performed each in the sites.
Each plots of injection and withdrawal is the head (H/HO) against the elapsed time. The Plots is
drew the fitting line above interval which is consistent on head (H/HO0). The analysis for slug test
needs the initial drawdown data of water level, Sometimes, the initial drawdown of water level
have the noise of data to be different with general trend so the initial drawdown is selected by an
analyst is based the hydrogeology. The slop(as) to need analysis can obtain from fitting line is
drew on drawdown of water level.

3.2.1 B326

The ground outside B326 is covered by concrete. The Slug test conducted B09-207 and B09-212
in the B326 site. B09-203 is not groundwater in the well. The Groundwater level(blg) of

w? “f .«-.«my &
St 5 if 4



MW(monitoring wells) was checked from 8.61m to 10.36m and the depth of MW is from
14.86m to 15.10m.

Figure 3 Location of Monitoring well conducted the slug test in the B326.

— MO‘)2{!7 i Injection 1 Withdrawal
E 84| ;
k]
% a W] Y R N 45 BUYY e GLME S X AT
-g &2 08V 0654 9 X - 14351 o
; o
§ 8.8 E, 0.01 |
e : i
5 = : o 0.01 |-
-{é‘ 972 0.001 s ° A
a el e Ay e (e vy 4'>.m(a\'\-x-e ot S
1 t I L 0.0001 b1 : L Ih Y 0.001 PR IR | SR R "
11:02:24 13112 0 400 800 [200 1600 2600 1800 2000 2200 2400 2600
Time Elepsea] Firne{see) Elapsed Titne{se)
84
— M09-232 ! Tnjection = Withdrawal
e g 01y 0.1k N o
: - g 3 %o
4 .
’rg 8.0 e T -‘g 0,01 0.0! N
2 B - - : B
. K rn AT 2* &9,
% 87 |- 0.00F | . G0 [0 = 00642 X1 594900
[w] - - In(Y) = -0.0420 * X\- 0.167%
88 3 { ; ' (11131 R E————— .,* S 0.0001 N T i .
i0:33:36 11:02:24 0 160 200 100 020 040 960 980 1000
Time Elapsed Time{sec) Elapsed Time(sec)

Figure 4 Curve-fitting resunits against elapsed time at constant slug tests in the B326.



3.3 Result

3.3.1 Slug test

The hydraulic conductivity(K} is calculated by the Hvorslev and the Bouwer & Rice methods.

Calculated results of the injection are greater than the withdrawal. In theory, hydraulic
conductivity(K) have to be calculated the same value irrespective of injection and withdrawal of
the slug. This is estimated a condition of the test apparatus or to be the skin effect around test
wells(Lee et al,, 1999, Ham et al.,2001). Also, calculated results using Horvslev method is a little
differences with the Bouwer&Rice method. A correlation coefficient is 0.99 calculated results
using between Horvslev method and the Bouwer&Rice method and it is nearly consistent.

Table 8 Hydraulic conductivity (K) estimated from the slug tests using the Horvslev and Bouwer &
Rice method

o ) K{m/see) | K(m/sec) | K(n/day) | K{m/day)
Site Well Dummy 1 yorvslev) | (B&R) | (Horvsley) | (B&R)
BOY- injection 2.7E-06 2.5E-06 0.23221 0.21585
5326 207MW | withdrawal | 3.3E-06 | 3.0E06 | 028408 | 0.26407
B0Y- injection L.OE-05 1.4E-05 1.35379 120075
2I2MW | withdrawal | 2.4E-05 | 2.1E-05 | 2.06682 | 1.83318
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ESI at Former Vehicle Cutting Yard, Camp Carroll g AUGUST 2011

Executive Summary

This environmental site investigation (ESI) was conducted at the former vehicle cutting
yard (VCY: Buildings 563 and 565) at Camp Carroll within United States Army Garrison Daegu
(USAG)-Daegu. Field activities occurred during the period from February 2009 to November
2009. Building 563 is currently being used as a military antenna site and building 565 as an
outdoor storage by Directorate of Public Works (DPW) of Camp Carroll. The presence of
volatile organic compounds (VOCs) has been identified during the previous environmental
investigation conducted by the FED in 2004 and 2005. The investigation was completed to allow
the installation meet its obligations under DoD Directive 4715.1E to protect DoD personnel and
the public from hazardous environmental substances and provide information to support the
evaluation process in Do) Instruction 4718.5 for determining the need for remediation of
environmental contamination.

The ESI at the site was conducted to delineate and identify the lateral and vertical extent
of soil contamination and the lateral extent of groundwater contamination. Seven borings were
completed across the site and 18 soil samples were collected. All soil samples submitted to the
analytical laboratory were analyzed for total petroleum hydrocarbon (TPH) (gasoline range
organics (GRO), diesel range organics (DRO) and residual range organics (RRO), volatile
organic compounds (VOCs), and polynuclear aromatic hydrocarbon (PAH). Two groundwater
monitoring wells were installed during this investigation. Groundwater samples were collected
from the two new wells and one existing wells. These groundwater samples were analyzed for

VOCs.

The overall levels of TPH contamination measured in soils at the VCY site of Camp
Carroll range from non-detected (ND) above the practical quantitation limit (PQL) to 129.3
mg/kg. VOCs detected in soil samples (with maximum concentrations) are 1,1-
trichloroethylene (11 pg/kg), methylene chloride (180pg/kg), ethylbenzene (31 pgrkg), toluene
{140 pg/kg), and xylenes (85 ng/kg).

In groundwater samples, tetrachloroethlyene (9.5 pg/L), chloroform (1 pg/L) and toluene
(16 pg/L) were detected in all three water samples. Trichloroethylene (1.1 ug/L) and cis-1,2
dichloroethylene (5.6 j1g/L) were detected in two samples. Acetone (2.1 pg/L) was detected in a
single sample.

g o
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1. Introduction

This report describes the work conducted and findings obtained from the Environmental
site investigation (ESI) conducted in the vicinity of Vehicle Cutting Yard (VCY; Buildings 563
and 565) of Camp Carroll.

This ESI project was conducted by US Army Corps of Engineers, Far East District
(FED), with support from FED’s Environmental Indefinite Delivery/Indefinite Quantity (IDIQ)
contractor Beautiful Environmental Construction (BEC). This report was developed in
accordance with industry standards and US Environmental Protection Agency (EPA) guidelines
for sampling and analysis. All field and analytical work was performed according to the Work
Plan (WP} and Site Safety and Health Plan (SSHP) developed by FED.

1.1.  Project Authority.

FED has been authorized by the US Army Garrison Daegu (USAG-Daegu) Directorate of
Public Works (DPW), US Forces Korea (USFK) to perform work on 23 June 2008 on 20 April
2009 at the former vehicle cutting yard (VCY) through MIPR 8GDBPENV06 and MIPR
9GDATENVOS, respectively.

1.2.  Project objectives

The overall objective of this EST was to delineate and identify the current extent and level
of contamination. As a result the scope of work for the project included conducting further site
assessment to characterize the lateral and vertical extent of soil and groundwater contamination
at the site, to determine the concentration levels of chemicals of interest that may affect human
health. The chemicals are gasoline, diesel and residual ranges (GRO, DRO and RRO
respectively) of total petroleum hydrocarbons (TPH), polynuclear aromatic hydrocarbons
(PAHs), and the volatile organic compounds (VOCs) in the site environmental media. The
following specific objectives were addressed during this ESI for the VCY of Camp Carroll:

1} Assessment of the presence of the COPCs in the site subsurface environmental
media. The site characterization work included the collection of soil and
groundwater samples to analyze the concentration s of COPC.

2) Assessment of the presence of volatile organic compounds (VOCs) in subsurface
soils and groundwater, and collect soil-gas from the monitoring wells and analyze
for VOCs.

1.3 Regulatory Considerations

The release of hazardous substances by Dol activities to the environment has potential
implications for health and well-being of DoD personnel (including dependants) on the
installation and the public living and working adjacent to the installation. The Department of
Defense (DoD) Directive 4715.1E titled “Environment, Safetv, and Occupational Health (ESOH)”
establishes policies for all DOD components world-wide regarding environment, safety, and
occupational health (DoD, 2005). DOD 4715.1E states it is DoD policy to protect DoD
personnel from accidental death, injury, and occupational illness and to protect the public from
risk of death, injury, illness, or property damage because of DoD activities. Consequently,
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installations have an obligation to identify potential effects to DoD personnel and the public
when a release of hazardous substances is discovered. Once the nature of the contamination is
determined DoD Instruction 4715.8 titled “Environmental Remediation for Dol Activities
Overseas™ describes the policy and procedures for remediation of environmental contamination
on DoD installations and facilities located outside the US (DoD, 1998). According to this
document, remediation of environmental contamination is required when

1. A known imminent and substantial endangerment to human health and safety due to
environmental contamination that was caused by DoD operations and that is located on or
is emanating from a DoD installation or facility.

2. After consultation with the DoD Environmental Eecutive Agent, the in-thater commander
of the DoD Component determines additional remediation of environmental
contamination is required to maintain operations or protect human health and safety.

3. International agreements require the United States to fund environmental remediation.

In Korea, DoD Instruction 4715.8 is implemented through US Forces Korea Regulation
200-1 titled “United States Forces Korea Remediation Regulation”. Other regulatory guidance
for environmental standards in Korea is contained in US Forces Korea Pamphlet 200-1 titled
“Environmental Governing Standards.”

Page 2 2
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2. Site Description and History
2.1, Camp Carroll

Camp Carroll is a U.S. Army Installation located adjacent to the village of Waegwan in
the south-central portion of Korea (Figure 2-1). Camp Carroll serves as the Headquarters, U.S.
Army Material Support Center and functions as a staging ground for U.S. military operations on
the Korean Peninsula. The primary mission of the base is to serve as a staging facility and a
storage and maintenance depot. Urban areas bound Camp Carroll on the northwest, west and
southwest, Hilly, forested arcas bound the base on the north and east. Agricultural fields
(mostly rice paddies) border the camp on the northeast and the south. The Naktong River flows
north-south approximately 0.5 kilometers west of Camp Carroll. The VCY site is located in the
southern central portion of the camp, east of Nebraska Avenue and south of New York Avenue.
Figure 2-2 presents the VCY site location at Camp Carroll and the areca concern for this project.

2.2.  Former Vehicle Cutting Yard (VCY; Bldg 563 and 565)

The VCY was built as a general-purpose warehouse in 1965. It was used in support of a
Defense Reutilization and Marketing Office (DRMO) metal crushing and cutting operation. The
activities were reportedly run by a DRMO contractor who cut and crushed vehicles. The yard on
the east side of the building was used either to store vehicles awaiting cutting/crushing, to
cut/crush vehicles, or to store materials awaiting final disposition by DRMO. The yard consisted
of bare ground (compacted gravel and soil). The building and yard were used for approximately
20 years to support the DRMO activity. The open area of the yard is approximately 2,000 square
meters. The Camp Carroll DPW environmental office is concerned that solvents or petroleum
products may have leaked directly onto the ground surface during operation of the facility.

2.3, Summary of Previous Investigations

The project site has been previously evaluated for their environmental conditions during
the environmental site investigation by FED as follow:

e FEnvironmental Site Assessment (ESA) by FED in December 2004
¢ Groundwater sampling and analysis by FED in June 2005

In 2004, FED reported the result of ESA around Bldg365 that VOCs are the only
chemicals detected by analyses of the site soils. Six petroleum-related compounds and one
solvent related compound were detected in site soil samples. One solvent-related compound,
tetrachloroethlyene (PCE), was detected in a site soil sample at a concentration greater than the
EPA guidance level for protection of ground water.

In a follow-up groundwater study by FED in 2005, four solvent-related compounds and
one fuel-related compound were detected in groundwater samples. The solvent-related
compound PCE was detected at an up-gradient well location at a concentrate that exceeds the
USFK. drinking water standards. It is not definitive if PCE is migrating from the subsurface soil
at the site to the groundwater because there are other off-site potential source area(s) that might
be contributing to PCE-contaminated groundwater at the site. Other compounds which were
detected in the groundwater but did not exceed regulated levels included chloroform, 1,1-
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Dichloroethylene (1,1-DCE), and cis-1,2-Dichloroethylene (cis-1,2-DCE). Figure 2-3
summarizes the previous investigation resuits at the VCY area (Bldg 565 area).

Recommendations from the previous ESAs included the following:

» Construct groundwater monitoring wells in the vicinity of the VCY (Bldg 563 and
565)

Determine source area of PCE contamination in the northern limit of the site.

» Potential risk of exposure fo human health with the PCE contaminated ground-water
is likely minimal due to as the fact that no installation drinking water wells exist
down gradient of the site. Therefore, ground-water remediation at the site is
unnecessary.

e Potential for off-site migration of PCE contaminated groundwater might exist and
needs to be evaluated.
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Figure 2-1. Location of Camp Carroll in Republic of Korea.
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Figure 2-2. Location of the VCY Site at Camp Carroll.
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Figure 2-3. Summary of the Previous Investigation Results at the VCY Site.

g

SERTES S
PP g

.= _-'-MTBE fmm 805 18”0'2'
and BOS 182

l.egend

Topographe Comtours {m sersl |

@ Bannnsaiells i

Froject1D: G

Figure Description: Ground-$@ater Flow Gradient g
Hased on March 21, 2005 Water-Leve! Measure- I —
bSAmv(mn W Engiere |0ty Budding 565 Cames Carroll G255 W 5 A
Fur Fal Iietrict N tdaters
Fizure Number &

Page 7




ESI at Former Vehicle Cutting Yard, Camp Carroll E AUGUST 2011

3. Field Activity

3.1. Field Activities

Field procedures for this ESI followed the description in the project Work Plan. A total
of seven soil borings were drilled and of those two boreholes were converted to groundwater
monitoring wells. Soil and groundwater sample collection and analyses were conducted in
accordance with industry standard practice and in strict accordance with the requirements of the
project specific SSHP. The resultant data was used to help determine the spatial extent of
contamination and whether significant subsurface contamination with the chemicals of concern
at the site is present in soil and groundwater of the project site. The analytical results were used
to conduct a human health risk assessment with a comparison to the Environmental Action
Levels. The project chronology is summarized in Table 3-1.

3.2. Borehole Drilling and Soil Sampling

Borehole locations were chosen prior to actual field work to provide areal coverage
within the area of concern (Figure 2-2). During performance of the field work, some proposed
borehole locations were moved and cancelled to avoid underground and aboveground utilitics
and for drill rig accessibility. Especially the project site is currently occupied by a military
signal which receives various information thru antennas. The number of subsurface soil
collection intervals was determined by target depth, apparent contamination, depth to
groundwater, and depth to bedrock. Soil samples submitted for laboratory analyses were chosen
based on field observations and photo ionization detector (PID) reading to determine the level of
concentrations of the chemicals of concern.

Borehole drilling for soil samples was conducted using a direct push soil probing
machine (GeoProbe). The GeoProbe minimizes cuttings and creates a smaller diameter borehole
that is easily grouted/filled after all subsurface soil samples are collected. Using a GeoProbe,
continuous soil cores were collected from the surface to the target depth. Subsurface soil sample
cores were collected by advancing an open barrel sampler with a plastic sample liner (3.7 ¢cm
inner diameter) through the sample interval equivalent to the barrel length or less (normally
about 0.9 m). After the barrel sampler was pushed through the desired depth interval, the
sampler was extracted from the hole and the plastic liner, containing the soil sample, was
removed from the barrel sampler. The discrete soil sample required for chemical analyses (e.g.,
TPH) was collected from the desired depth by retrieving it from the appropriate interval of the
plastic liner. Figure 3-1 presents the soil boring location, and Appendix I presents the soil bore

logs.

A portion of each recovered soil sample was placed into a sealable plastic bag and the
headspace was analyzed for VOCs with a PID. All soil samples were subsequently placed in
zip-lock bags and kept in an ice-cooler for preservation until field screening tests were performed
if required except VOCs sample. Soil sample for VOCs analysis was collected using a Terra
Core kit with fixed 5-g volume, and immediately put in methano! preservative 40 ml jar.
Information on the sample container labels included project number, installation name, analysis
required, sample identification number, depth, name of sample collector, and date and time of
collection.
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