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higher fluid elevations to lower fluid elevations); however, this flow may be disrupted by
any non-homogeneous nature of the rock media. During drilling activities, no major
fractures or faulting was observed in the svil cores. Thus it is anticipated that
groundwater flow beneath the site will be in the general direction of the observed

hydraulic gradient.

Groundwater depths have been observed to vary over time at the site, however, the
hydraulic gradient and direction of groundwater flow has remained relatively constant
over the approximately four month period monitored during the field activities for this
project. The observed variations in water table elevation are presumed to result from
large quantities of infiltrated rainwater during storm events and seasonal periods of
higher precipitation. The reasonably low storage capacity typical of igneous rock
aquifers allows rapid increases in water level with increased rates of recharge.

In general, groundwater level contour maps prepared for each of the sites depict the
groundwater gradient and presumed direction of groundwater flow directed towards the
west. For illustration purposes, water table maps prepared for April 28, 2003 (Area 41)
and April 25, 2003 (Area D) are depicted on the CSMs. These maps represents general
ground-water gradient conditions at the Site and show that for each of the two sites,
contaminants dissolved in groundwater will travel predominantly to the west. If
additional groundwater level information becomes available from other locations within
or in the vicinity of the Site, the interpreted groundwater flow patterns may requite

modification.

The conceptualized movement of groundwater and dissolved conlaminants are depicted
with directional arrows on the CSMs. It is anticipated that soil-bound contaminants arc
leaching vertically downward to the groundwater table with infiltrated rainwater. When
rcaching the groundwater, the dissolved chemicals are migrating laterally with the
ground water at the site. At the location of the observed soil and groundwater
contaminant plumes, the groundwater gradient is directed to the west, and dissolved
contaminants will travel preferentially in this direction when rock permeability is

available with this orientation.

In summary, the identified groundwater gradient at each of the two sites investigated is

directed toward the west. It appears that aqueous phase contaminants originating in

5-5
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shallow soils may have migrated downward through the vadose zone to the groundwater
table, and then laterally to the west with groundwater flow. The observed presence of
similar contaminants in groundwater wells located Lo the west of Area 41 (Monitoring
Well MW-14) and Area DD (Monitoring Well MW-23) are consistent with this scenario.

5.2 PRELIMINARY SCREENING EVALUATION

This section documents the results of a Human Health Preliminary Risk Evaluation
(PRE) of potential human exposure associated with chemical compounds present at the
Camp Carroll Area 41 and Area D sites. The purpose of the PRE is to identify sites that
do not warrant further consideration in the site evaluation process and sites that require
immediate remedial actions or further studies to address concerns related to elevated

concentrations of chemicals in environmental media.

Approach

The approach for this human health PRE is based on the USEPA Risk Assessment
Guidance for Superfund (RAGS). Volume 1 - Human Health Evaluation Manual (Parts A
and B) (USEPA 1989, 1991). The Risk Assessment process is conducted in two phases.
The first phase is the initial conservative screening PRE conducted using USEPA Region
9 PRGs (USEPA 2000). This phase is followed, when necessary, by a site-specific

Haseline Risk Asscssment. A bricf overview of the risk assessment process is presented

below.

The initial screening PRE is performed when the complete or potentially complete
exposure pathways of concern and pathway-specific exposure parameters are the same as
those used in the development of the standards in which they are compared, For this
preliminary assessment, the preliminary screening criteria are the United States Forces
Korea Environmental Governing Standards (USFK EGS) and the USEPA Region 9
Preliminary Remediation Goals (PRGs) (1ISEPA 2000). USFK EGS drinking water
MCT s are applicable to sites in which groundwater is used as a drinking water source,
PRGs are health-hased remediation goals developed by USEPA Region 9 for soil,
groundwater, and ambient air. USEPA Region 9 has developed soil PRGs for both
cesidential and industrial land use scenarios. If pathways not addressed in the PRGs or
USFK EGS are complete or potentially complete at the Site, or if site-specific exposure
factors differ from those used in the development of the PRGs or USFK EGS, a

5-6
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site-specific baseline risk assessment may be performed.  Additionally, if the
conservative screening PRE results indicate potentially significant health risks, a

site-specific baseline risk assessment is performed to derive more realistic risk cstimates.

As stated above, the use of screening values for estimating human health risks requires
that the exposure pathways and exposure assumptions used in the development of PRGs
or USFK EGS are consistent with the exposure pathways and exposure assumptions for
the Site. In using PRGs or USFK. EGSs to estimate potential health risks, the screening
PRE essentially adopts the exposure pathways and exposure parameter values used to
develop the standards. Therefore, the screening PRE does not use any site-specific
information, other than media chemical concentration data. The underlying assumptions

used in the development of PRGs or USFK EGSs relevant to the Camp Carroll Site are

sunnmarized below:

PRG Exposure Pathways — Industrial Land Use  Soil Media

. Incidental ingestion

» Inhalation of particulates

. Inhalation of volatile compounds
. Dermal absorption

Fxposure Pathways — Industrial Land Use Groundwater Media

. Incidental ingestion

The exposure parameters used to develop Region 9 Industrial Soil PRGs are presented

below.,
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PRG Exposure Parameter Values - Industrial Land Use ~ Soil

. Target cancer risk
. Target hazard quotient

. Adult worker body weight

. Exposed adult skin surface area

. Adult worker soil adherence factor

. Dermal absorption factor in soil (svocs)

. Adult worker respiration (inhalation) rate
. Adult worker soil ingestion rate

. Exposure frequency

. Exposure duration adult

. Lifetime

. Volatilization factor for soil

. Particulate emission faclor
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Methodology

The steps involved in performing a sercening PRE are as follows:

. identification of relevant data sets and chemicals of potential concem

. exposure pathways analysis and development of a conceptual evaluation model
(CEM)

. estimation of exposure point concentrations (EPCs)

. calculation of screening cumulative health risks

. evaluation of health effects posed by lead, if necessary

. evaluation of the screening PRE results

Identification of Relevant Data Sets and Chemicals of Potential Concern

Before performing a screening PRE, a review of the analytical data is performed to
identify the appropriate impacted area(s) of concern and to develop an understanding of
three-dimensional contaminant distributions. If environmental samples are analyzed for a
chemical using more than one analytical method, the most reliable results (as indicated
by data validation qualifiers or laboratory data qualifiers) that provide representative
epvironmental concentrations are selected. To conservatively protect human health, the
screening PRE focuses on data from the impacted area(s) within the study Sile.
Chemicals not included in the screening PRE are compounds that are not regulated under
the Comprehensive Environmental Response, Compensation, and T.iability Act
(CERCLA) and contaminants that do not have available USFK EGS or USEPA Region 9
PRGs.

Exposure Pathways Analysis and Development of a CEM

In accordance with USEPA (1989), human health PREs are intended to address only
contaminants Tor which there is a complete or potentially complete exposure pathway
under current and future land uwse conditions. The first step in the exposure pathway
analysis is the identification of possible human receptors. The identification of possible

human receptors considers both current and future land uses of the Site and may include

5-9
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adult and child residents, workers, recreators, trespassers, and other receptors as
appropriate. Relevant exposure pathways are then evaluated to determine their
completeness based on receptor characteristics, fate and transport considerations, the
types of chemicals detected in site media, and other site-specific factors.

An exposure pathway consists of four distinct elements: (1) a source and mechanism of
release, (2) a retention medium or transport mechanism, (3) a point of potential contact
with a receptor, and (4) an exposure route (USEPA 1989). Each of these four elements
must be present for a given exposure pathway in order for the pathway to be complete.
In the absence of a complete exposure pathway, there is no exposure and consequently no
risk to human health, The purpose of the exposure pathways analysis is to evaluate
whether a possible exposure pathway is complete, potentially complete, incomplete, or
insignificant. A potentially complete exposure pathway is one that either could be
complete in the future if certain conditions are met, or could be complete under current
conditions if certain conditions are present but for which data are inadeyuate for making
a definitive determination. Potentially complete exposure pathways are addressed in the
PRE in the same manner as complete exposure pathways. An exposure pathway may be
complete, but insignificant, if the degree of exposure is found to be insignificant as
compared to other exposure pathways. Risks are generally not estimated for insignificant

exposure pathways.

Estimation of Exposure Point Concentrations

Exposure point concentrations arc defined by USEPA as the chemical concentirations a
receptor may contact at a location over the exposure period (USEPA 1989). Exposure
point concentrations may be estimated using direct measurement data (i.e., soil
concentrations from the sampling and analytical programs) or a combination of direct
measurement data as well as fate and transport modeling results. Direct measurement
data are appropriately used when there is human contact with the media sampled, such as
ingestion of or dermal contact with soil or groundwater. For these direct contact
pathways, site-specific measured chemical concentrations arc used to cstimale exposure
point concentrations. For pathways where exposure points are spatially separate from the
media sampled, or where contact media are not sampled, fate and transport modeling is

used in conjunction with site-specific direct measurement data to estimate exposure point
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concentrations. Examples of this method include estimating onsite (or offsite) chemical

concentrations in air or groundwater from onsite soil data.

Calculation of Screening Cumulative Health Risks for Soil

Potential health risks are calculated using reasonable maximum exposure (RME) point
concentrations, chemical-specific cancer and noncancer PRGs, and the cancer and
noncancer target risk values. Since the USEPA Region 9 PRGs are defined as the
cencentrations of chemicals in environmental media that correspond to an excess cancer
risk of one-in-one-miltion (1E-06) or a noncancer hazard index (HI) of 1, the cancer and
noncancer target risk values are 1E-06 and 1, respectively. As illustrated in the following
equations, potential excess cancer risks and noncancer Hls for each chemical detected in
each media at the Site are estimated using the ratio of the exposure point concentration

and the carcinogenic or noncarcinogenic PRG, respectively.

For noncancer risk, the hazard index is calculated as:

I = EPC
PRGne

Where,
HI = Hazard Index (unitless)
EPC = Exposure Point Concentration (mg/kg)

PRGne = Preliminary Remediation Goal based on noncancer effects

The estimated excess cancer risk is calculated as:

Risk = TR( EPC J

PRGc

5-11
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Where,

Risk — Excess Cancer Risk (unitless)

TR = Target Risk Level upon which the PRG is based (1 x 10°%
EPC = Exposure Point Concentration (mg/kg)

PRGc = Preliminary Remediation Goal based on cancer (mg/kg)

Assuming that the effects posed by differeni confaminants are additive (1., that no
synergistic or antagonistic interactions occur) and that chemical concentrations and other
exposure parameters remain constant throughout the exposure period (USEPA 1989),
cumulative excess cancer risks and His are estimated by adding the contributions from
each chemical. Thus, the cumulative excess cancer risk for the Site is the sum of the
estimated excess cancer risks for each chemical, and the cumulative H} for the Site is the

sum of the estimated His for each chemical.

Evaluation of Heaith Effects Posed by Lead in Sotl

Because there is no discernible, safe threshold for lead exposure, an HI for lead cannot be
determined by employing the approach used for other chemicals. Thus, the cumulative
HI reported in the screening PRE does not include a gquantitative HI estimate for lead,
T.ead is evaluated separately in the screening PRT hy direct comparison to TISTIPA
Region 9 PRGs. USEPA Region 9 cutrently proposes an industrial PRG for lead of 750
mg/kg in soil.

Lvaluvation of the Screening PRI Results
The human health PRE decision tree for all chemicals except lead is described below.
1. If the site has been adequately characterized:

. No further action 1s recommended when the cumulative excess cancer risk
based on the maximum detected concentration is less than or equal to 1E-06 and the HI is

less than or equal to 1, and if there are no adverse ecological impacts.

5-12 é};/ @
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. A site-specific baseline risk assessment is performed when the screening
cumulative excess cancer risk based on the maximum detected concentration is greater

than 1E-06 and/or the HI is greater than 1.

. For lead, a site-specific risk assessment may be performed if maximum

and/or RME lead concentrations are greater than USEPA Region 9 PRGs.

In other cases, it may be determined that additional data are needed in order to better

evaluate the site.
5.2.1  SCREENING HUuMAN HEALTH PRE vOR THE CAMP CARROLL SITE

This screening human health PRE was performed to assess potential human health risks if

remedial actions are nol taken al the Camp Carroll Site.
Development of a Conceptual Evaluation Model (CEM)

A CEM describes the interrelationships between all potential receptors, exposure points,
transport pathways and contaminant sources at a site. Development of a site-specific
CEM and determination of relevant potential exposure pathways evaluated in the PRE
must consider historical and current site use as well as potential future land use

conditions.
Historical and Current Land Use Conditions

A detailed description of past and current aperations at Camp Carroll is provided in

Section 1.

Future Land Use Conditions

Use of both the Area 41 and Area D sites are proposed to remain industrial in the {uture.

The water table aquifer will continue to be a nonpotable water supply.

CEM Development and Exposure Pathways Analysis

Based on sources of contaminants at the Camp Camoll Site, possible complete or
potentially complete exposure pathways associated with soils include incidental ingestion

of and dermal contact; incidental ingestion, dermal contact, and inhalation of scil-derived

5-13 ? f’/
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fugitive dusts; inhalation of volatile compounds in soils. The complete and potentially
complele exposure pathways identified in this analysis for soil are consistent with those
used by USEPA to develop PRGs. Therefore, use of PRGs for estimating soil exposure

risks s appropriate.

Potentially complete exposure pathways between groundwater and human receptors exist
via the ingestion or dermal contact with groundwater during industrial activities and
through the inhalation of chemicals that may volatilize fo air. Only the drinking water
pathway has been evaluated in this PRE. Other pathways may be evaluated in site-

specific baseline risk assessment if deemed appropriate.

Other potential exposure pathways not included in this PRE are the consamption of fish,
beef or other livestock that may have been impacted by the site, ingestion of fruits or
vegetables grown on the site, migration of contaminants to an underlying potable aquifer,
inhalation of volatiles that may have migrated mto building and ecological puthways.
Based on the results of the screening PRE, these potential pathways may be
recommended for evaluation in a comprehensive baseline risk assessment or ecological

risk assessment.
Identification of Relevant Patasets

This study is focused on the nature and extent of target COPCs for the impacted soil and
groundwater at the Site. Soil and groundwater at the Site were analyzed for VOCs,
SVOCs, metals, dioxins and furans (dioxing), chlorinaled pesticides and tolal petroleum
hydrocarbons (TPH). The compiete list of chemicals analyzed is provided in Table 5-1.
All surface soil samples, subsurface soil samples and groundwater samples were
collected from within the geographic boundaries of the Site. Soil samples were limited to
“open” areas within the study boundary. “Open” areas within the study boundary are
defined as any arey, paved or unpaved, thal were readily accessible to feld personnel and
sampling equipment. Groundwater was sampled from monitoring wells within the study
houndary.  AH analytical data collected during the Site assessment were evaluated for
inclusion in the PRE. TPH and petroleum hydrocarbon fractions were not evaluated
using Region 9 PRGs because PRGs have not been published for these chemical groups.
However, available TPH data, was compared to Hawaii State TOALs. TOALs are not
risk-based values, but are remediation level goals endorsed by the State of Hawaii. It is

514 o

¥/2



Camp Carrell Arca D and Area 41 Site Investigation Section: 5
Date: July 2004 Page: 5 of 28

important to note that TOALs are not de facto cleanup standards and do not have to
applied as such. TOALs are helpful in providing long-term targets to use during the
analysis of different remedial activities. I TPH values onsite exceed State of Hawail
TOALs, a site-specific risk analysis may be conducted to determine potential health risks.

Because Area 41 and Area D were historically used for different purposes and the levels
of chemicals in soil and groundwater may differ, the Screening PRE has evaluated the
two sites separately. Comparison of analytical soil data with USEPA Region 9 PRGs for
Area 41 and Area D sites are provided in Tables 5-2 and 5-3. Groundwater comparison
with USFK EGS for Area 41 and Area D sites are provided in Tables 5-4 and 5-5.

Methodology for Determining EPCs

For the Camp Carroll PRE, the maximum detected concentration was deemed appropriate
for use as the RME concentration. The RME is a conservative estimate of exposure and
when used to calculate potential health risks, are protective of the high end of the
population distribution (USEPA 1989, USEPA 1992a).

5.2.2 Screening PRE Results

Soil Results

in the screening PRE, cumulative risks were estimated using the RME point
concentration (maximum concentration detected) and USEPA Region 9 PRGs. Resuits
are sllown in Tables 5-2 und 5-3. PRGs are vol directly applicable W subsuiface suil daty,
however, for the purposes of the screening PRE, surface and subsurface soil data were
conservatively evaluated as a single dataset. In this discussion, the term “risk drivers” is
used to refer to chemicals with concentrations exceeding their respective industrial soil
PRGs and contributc approximatcly 10 percent or morc of the cumulative cxcess cancer
risk or HI. Since there are no differences in the screening PRE approaches for current
and Tuture indusirial workers, the scenario evaluated is referred to as “current and future

industrial land use.”

Current and Future Industrial land Use

For soil, the cumulative excess cancer risk and HI based on the RME exposure point

concentration for Area 41 are 2E-05 and 4.2E-02, respectively, as shown in Table 5-2,

5-15
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Cumulative excess cancer risk and HI for Area D are 2E-05 and 5.7E-01, respectively, as
shown in Table 5-3. The excess cancer risks for both areas are greater than the point-of-
departure risk of 13-06, but within the USEPA upper bound acceptable cancer risk level
of 1E-04. The His are less than the target value of 1.

Carcinogenic risk drivers for Area 41 are arsenic, Dieldrin, 4,4’-DDD, 4,4’-DDT,
gamma-Chlordane, and Benzo(a)pyrene. Carcinogenic risk drivers for Area D are
arsenic, 4,4°-DDT, and Trichloroethene. The above screening PRE results do not include
the health risk due to lead exposure. The RME lead concentration detected in soil at
Area 41 and Area D are 38 and 48.3 mg/kg, respectively. Lead concentrations detected
in surface and subsurface soils are less than the USEPA Region IX indusirial soil PRG of
750 mg/kg.

5-16
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Tabie 541
Analyte List

Camp Carroll Area 41 and Area D
Compound Soil Groundwater

METALS

Arsenic

Barium

Cadmium

Chromium

Lead

Mercury

Selenium

Silver

CHLORINATED PESTICIDES
alpha-BHC

beta-BHC

delta-BHC

gamma-BHC (Lindane)
Hepatochlor

Aldrin

Hepatochior epoxide
Endosuifan {

Dieldrin

4,4-DDE

Endrin

Endosuifan i

4,4-DDD

Ezndosulfan sulfate

4 4'-DRY

Methoxychlor

Endrin Kelone

Endrin Aldehyde
alpha-Chlordane X
gamma-Chlordane
VOCS/SVOCs
1,2,3-Trichlorohenzene
2-Chlorototuone
4-Chlorotoluene
Chigrobenzena
cis-1,2-Dichloroethene
trans-1,2-Dichloroethene
Tetrachloroethene
Toluene
Trichioroethene
2-Methynaphthalene
2-Methylphenol (o-Cresaol)

P A 4
> X

KX XXX HK XX XX

HHHHAHXHXHKHHEHK XXX XX XX

MK K =X >
HOXH MM X XX XX

MR MK X
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Compound Soil Groundwater
3&4-Methyiphenol {(p&m-Cresol) X
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(bMiuoranthene
Benzo{g,h,i)perylene
bis(2-Ethythexyl)phthalate
Chrysene
Fluoranthene
Indeno(1,2,3-cd)pyrene
Phenanthrene
Pyrene
1,1,1,2-Tetrachlorosthane
1.1,2,2-Tetrachloroethane
1,1,2-Trichloroethane
1,1-Dichloroethane
1,1-Dichlarnethens
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
1,4-Dichlorobenzene
Acetone
Benzene
Carbon disulfide
Chlorgethane
Chloroform
Ethylbenzene
Isopropylbenzene (Cumene)
Methylene chloride
Naphthalene
n-Propylbenzene
G-Xylane
P & M -Xylene
Vinyl chioride
1,4-Dichlorobenzene
Acenaphthene
Benzyl alcohol
Butylhenzyiphthalate
Liethyiphthalate
Napthalene
Phencal
DIOXINS/FURANS
Total TEQ X
TOTAL PETROLEUM HYDROCARBONS
Gasoline Range X
Diesel Range X X
Qil Range X

P A b (A I P

PR XX KX XK XK KX X 23X XXX XXX

>
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Table 5-2
PRG Screening and COPC Selection
Current Industrial - Surface Soit Exposure Pathway
Camp Carroll Area 41

PRG,, PRG,; RME Concentration {mg/kg)

Campound > .
{malkg)  (mglkg) EPC > PRG,,? PRG,.? ECR % HI %
METALS
Arsenic 1.6E+00 2.6E+02 8.24E+00 YES No 5E-06 2t 32E-02 75
Barium - 6.7TE+04 2.35E+02 No No 3.5E-03 8
Cadmium - 4.5E+02 5.86E-01 No No 1.3E-03 3
Chromium 4.5E402 - 7.99E+01 No No 2E-07 <%
Lead - 7.5E+02 3.80E+01 No No
Mercury - 6.2E+01 1.28E-02 No No 21E-04 <1
Selenium - 5.1E+03 4.44E-01 No No 8.7E-05 <1
Silver - 5.1E+03 5.60E-02 No No 1.1E05 <1
CHLORINATED PESTICIDES
alpha-BHC 3.6E-01 - 8.04E-04 No No 2E08 <1
heta-BHC 1.3E+00 - 4.79E-03 No No 4 E-09 <1
delta-BHC - - 8.56E-01 No No
gamma-BHC (Lindane} 1.7E+00 - 3.90E-03 No No 2 E-09 <1
Hepatochior 3.8E-01 - 3.48E-03 Nao No 9E-09 <1
Afdrin 1.0E-01 - 1.54E-02 No No 2E-07 <1
Hepatochlor epoxide 1.9E-01 - 1.05E-02 No No 6 E-08 <1
Endosulfan | - 3.7E+03 B.44E-02 No No 23E.05 <t
Dioldrin 1.1E01 - 5.01E-01 YES No 5 C-06 19
4,4-DDE 7.0E+00 - 2.65E+00 No No 4 E-07 2
Endrin - 1.8BE+02 3.69E-02 No No 21E-04 <1
ndosulfan {i - 3.7E+03 2.07E-03 NG No 5.6E-07 <1
4,4-DDD 1.0E+01 - 217E+01 YES No 2 E-06 3
Endosulfan sulfate - 3.7E+03 1.46E-01 No No 3.8E-05
4,4'-DDT 7.0E+00 - 4.30E+01 YES No 6 E-06 25
Methoxychlor - 3.1E+Q3 6.63E£-03 No No 21E-06 <1
Endrin Ketone - 1.8E+02 1.21E-01 No No a.76-04 2
Endrin Aldehyde - 1.8E+02 2.88E-03 No nNo 16E-05 <1
gamma-Chlordane G.5E+00 - B.GOE+00 YES No 1E-0G 5
VOCS/SVOCs
1.2,3-Trichlorobenzene - 3.0E+03 1.93E-02 No No 6.4E-06 <1
2-Chlorotoluene - 5.6E+02 1.93E-02 No No 3.4E-05 ~1
A-Chiorotoluens 5.6E+02 1.63E 02 No No 34E-05 <1
Chiorobenzene - 5.3E+402 1.83E-02 No No 3.6E-05 <t
cis-1,2-Dichloroethene - 1.5E+02 1.93£-02 No No 1.3E-04 <1
Tetrachloroethene 3.4E400 - 5.02E-01 No No 1E-07 <1
Teluene - 5.2E+02 8.75E-02 No No 17E-04 <«
Trichloroethene 1.1E-01 - 1.54E-02 No No 1E-07 <1
5-19
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Results Table 5-3

Table 5-3
PRG Screening and COPC Selection

Camp Carol Area D

Current Industrial - Surface Socil Exposure Pathway

Compound

METALS
Arsgnic
Barium
Cadmium
Chromium
Lead
Mercury
Selenlum
Silver

CHLORINATED PESTICIDES

aipha-BHC

beta-BHC

deita-BHC
gamma-BHC (Lindane)
Hepatochlor

Aldrin

Hepatochlor epoxide
Endosulfan |

Dieldrin

4,1' DDE

Endrin

Endasulfan fl
44'-DDD

Endosulfan sulfate

4,4 D07
Methoxychior

Endrin Ketone

Endrin Aldehyde
gamma-Chiordane
VOCS/SVOCs
1,2.3-Trichiorobenzene
2-Chiorotoluene
4-Chiorotoluene
Chlorobenzene
cis-1,2-Dichloroethene
Tetrachloroethene

PRG,, PRG,; RME Concentration {mg/kg)
{mglkg) (mglkg) EPC > PRG.,? PR;M? ECR % Hi %
1.6E+00  2.6E+02 2.07E+ YES No 1E-05 61 8.0E-02 14
- 6.7E+04 2.11E+02 No No 3.1E-03 <1
- 4 5E+02 2.87E+00 No No 6.4E-03 1
4.58+02 - 1.56E+01 No No JE08 <t
- 7.5E+02 4.83E+01 No No
- 6.2E+01 1.46E-02 No No 24E-04 <1
- 5.1E+03 3.85E-01 No No 75606 <1
- 5.1E+03 4.72E-01 No No 9.3E-05 <«
3.6E-01 - 1.65E-03 No No 5 E04 <1
1.3E+00 - 2.62E-03 No No 2E-08 <1
- - 1.83E-03 No No
1.7E+00 - 3.91E-02 No No 2E-08 <1
3.8E-01 - 1.10E-01 No No 3 E-07 1
1.0E-01 - 8.82E-04 No No 9E-09 <1
1.9E-31 - 1.10E-01 No No 6 E£-07 3
- 3.7E+03 8.00£-02 No No 22E05 <t
1.1E-G1 - 511€-03 No No 5E-08 <1
7.0E+Q0 4.82E 02 No No TEQ0 1
- 1.8E+02 1.10E-01 No No 6.1E-04 <1
- 3.7E+03 146E-03 No No J0E-07 <1
1.0E+01 - 5.16E-01 No No 5E-08 <1
- 3.7E+03 1.10E-01 No Ne 3.0E-05 <1
7.0E+00 - 2.93E+01 YES No 4E-08 20
- 3E+03 1A0E-01 No No 3hk-Ubh <1
- 1.8E+02 1.10E-01 No No 6.1E-04 <1
- 1.8E+02 1.10E-01 No No 6.1E-04 <1
6.5E+00 - 3.33E-03 No No BE-10 <t
- 3.0E+03 3.47E-02 No No 1.26-05 <1
- 5.6E+02 5.28E-01 No No 94E-04 <1
- 5.6E+02 1.93E+00 No No 3.4E-03 <1
- 5.3E+02 6.10E-02 No No 1.2E-04 <t
- 1.5E+02 2.04E-01 No No 14E-03 <1
3.4E+00 - 2.00E+00 No No 6 E-07 3
5 {D
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Groundwater Results

The following table summarizes (he results for Area 41 groundwaler samples that
exceeded EGS screening criteria.  USFK EGS values are analogous to United States
MCLs. Exceedances in the EGS require remedial actions if groundwater is to be used as

a drinking water source.

Table 5-4
Summary of EGS Exceedances
Area 41 Groundwater Samples
Sample ID Analyte Conc. (mg/L) EGS (mg/L)
CC0O53WS01 tetrachloroethene 0.192 0.005
CCO54WS01 tetrachloroethene I1.1 (.005
CCO66WS01 tetrachloroethene 0.504 0.005
CCMI4WS01 tetrachloroethene 0.0926 0.005
CC053WS01 trichloroethene 0.0237 0.005
CC054WS01 trichloroethene 0.171 0.005
CCO66WS01 trichloroethene (.325 0.005
CCMI14WS01 trichloroethene 0.0126 0.005
CCO54WS01 1,2-dichioroethene (.0305 0.005
Notes:
EGS = USFK Environmental Governing Standards
mg/L= milligrams per liter

The following table summarizes the results for Area D) groundwater samples that
exceeded EGS screening criteria.

5-23
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Table 5-8
Summary of EGS Exceedances
Area D Groundwater Samples
Sample 1D Analyte Conc. {mg/L) EGS (mg/L)

CCO0IWSO01 | tetrachioroethene 0.00888 0.005
CC024WS01 | tetrachloroethene 0423 0.005
CCO37TWS0] | tetrachloroethene 0.35 0.005
CCO38WS01 | tetrachloroethene 0.0247 0.005
CCO39WS01 | tetrachloroethene 0.203 0.005
CCI3TWS01 | tetrachloroethene 0.343 0.005
CC237WS01 | tetrachloroethene 0.427 0.005
CCO24WS01 | trichloroethene 0.361 0,005
CCO37WS01 | trichloroethene 0.949 0.005
CCO39WS01 | trichloroethene (.0754 0.005
CC137wWS01 | wichloroethene 0,941 0,005
CC237WS01 | trichloroethene 1.4 0.005
CCO12WS01 | cis-1,2-dichloroethene 0.00966 0.005
CCO24WS01 I cis-1,2-dichloroethene 0.386 0,003
CC037WS01 | cis-1,2-dichloroethene 1.32 0.005
CCO39WSO01 | cis-1,2-dichloroethene 0.122 0.005
CCI137TWS01 | cis-1,2-dichloroethene £21 0.005
CC237WS01 | cis-1,2-dichloroethene 1.67 (.005
COMZIWS0L | cis-1,2-dichloroethene QOIS (K
CCLITWS0T | trans-1,2-dichloroethenc 0.0398 0.005
CC237WS01 | trans-1,2-dichloroethene 0.0376 0.005
CC037WS01 | benzene 0.00691 0.005
CCO39WS01 | benzene 0.014 0.005
CCI37WS01 | benzene (.00692 0.005
CC2A7WSOL | benzene 0.006493 0.005
CCO12WSO01 | Lindane o114 | 0002
CC024WS01 | Lindane 8.76 0.002
CCO39WS01 | Lindane 0.362 0.002
CCO024WS01 ; alpha-Chlordane 0.05 0.002
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Notes:

EGS = USFK Environmental Governing Standards
mg/L= milligrams per liter

A review of the above tables indicates detected compound concentrations that exceeded
EGS values for groundwater are limited to VOCs and pesticides. A baseline groundwater
investigation conducted by Woodward Clyde Consultants (WWC 1992b) reported
relatively widespread contamination of the aquifer throughout the base. The most
comnon contaminants identified were the chlorinated solvents trichloroethylene,

tetrachloroethylene, and 1,2-dichloroethylene. These contaminants were detected in 15 of
18 groundwater monitoring wells sampled and in 8 of 10 water supply wells sampled
during the survey in April 1992, Subsequent detections of chlorinated solvents at the
subject sites may reflect the widespread aquifer contamination rather than location-
specific impacts. In addition, the widespread surface application of pesticides may result

in increased background levels of these compounds.

Monitoring well M03-471 (grid cell 53) is located on the eastern side of Area 41 and was
intended to provide background chemical information for this sitc. The detection of
VOCs and dioxins in this well may indicate elevated background concentrations of these

compounds in the area.

Monitoring well M03-468 (grid cell 38) is located on the north and eastern side of Area
D and was intended to provide background chemical information for this site. The
detection of TPH and VOCs in this well may indicate elevated background

concentrations of these compounds in the ared.

Despite potential elevated background VOC levels, several groundwater samples
contained relatively high concentrations of chiorinated solvents that suggest a local
source. In particular, sample CC054WS01 obtained from meonitoring well M03-470 in
Area 41 contained a reported tetrachloroethene concentration of 11.1 mg/L and sample
CC237W501 obtained in monitoring well M03-465 in Areca D contained a reported
richlorocthene concentration of 1.4 mg/l. Cis-1,2-dichloroathene concentrations were
also greater than 1.2 mg/l. in monitoring well M03-465 (samples CCO37WS01,
CC137WS01, and CC237WS01). In addition, sample CC024WS01 in Area D contained

the pesticide Lindane with a concentration of 8.76 mg/L.

Uncertainty Analysis
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Uncertainties in the risk estimates are related primarily to the methodologies and
parameter values used in estimating exposure and toxicity in humans. They are also the
product of many factors affecting each component of the risk assessment process, namely
data collection/evaluation and selection of COPCs, exposure assessment, and toxicity
assessment. These factors generally include, at a minimum, measurement errors,
conservative exposure and modeling assumptions, and uncertainty and variability of the
values used in the assessment. The compounding effects can be at least two orders of
magnitude or more. This section presents a qualitative discussion of the uncertainties,

assumptions, and limitations as well as the scientific basts and rationale for the PRE.

Uncertainties associated with the exposure assessment in this PRE involve, at a minimum,
those associated with the estimation of exposure point concentrations, identification of

complete or potentially complete pathways, and use of upper-bound exposure paramelers.

Another source of unceriainty in estimating exposures is the assumption that individuals
within a particular receptor population (or subpopulation) will receive the same intake
doses. Variability in parameters such as absorption rates, ingestion rates, dermal contact
rate, skin surface area, frequency and duration of exposure, body weight, and activity
pattern will exist even in a narrowly defined age group or identified sensitive
subpopulation. To account for such variability in the development of PRGs, which
implieitly incorporate all exposure assumptions, the USEPA uses upper-bound parameter
values. The effect of incorporating multiple upper-bound values into the PRG
calculation results in a substantial overestimation of the reasonable maximum exposure,
On the basis of the information discussed above, the net averall uncertainty assaciated

with assessing exposure is moderate to high with a bias toward overestimation of risk.

Uncertainties in this PRE are also related to the use of USEPA-derived toxicity values.
For chemical rigk drivers, animal data served as the principal basis of the toxicity values
used to develop PRGs. Extrapolation from animals cxposcd to high doscs to humans
potentially exposed to much lower doses is a major source of uncertainty influencing
chemical toxicity and, consequently, the evaluation of risks. Furthermore, the use of
uncertainty factors, typically ranging from 100 to 1,000, in the derivation of USEPA
reference doses introduces additional uncertainty, biased toward overstating the actual
toxic potential. Similarly, the vse of the UCL 95 on the slope of the linear dose-response

curve for carcinogens introduces additional uncertainty, biased toward overstating the

5

-26 6/52 %



Camp Carrell Area D and Area 41 Site Investigation Section: 5
Date: July 2004 Page: 27 of 28

actual {oxic potentizl. On the basis of the information discussed above, the net overall
uncertainty associated with the toxicity values is moderate to high with a bias toward

overestimation of risk.

The summation of RME risks across pathways is also conservative, According to the
USEPA (1989}, multiple-pathway RME risks could be best presented by a combination
of a single-pathway RME and other average risks. As a result of compounding
conservatism, the actual risks, if any, are likely to be less than the RME estimates
presented in this PRE (USEPA 1989).

Based on this evaluation of uncertainty, it can be concluded that the overall uncertainty
associated with the risk estimates presented in this PRE are moderate to high with a bias

toward overstating actual risks.
5.2.3 PRE CONCLUSIONS AND RECOMMENDATIONS

Exceedances in USEPA Region 9 Industrial Soil PRGs were observed for several
chemicals found at the Area 4] and Area D sites. Although exceeding industrial
screening risk criteria, under industrial use scenarios, screening RME carcinogenic risks
for both Area 41 and Area D site soils were within USEPA regulatory levels of concern
(1E-04 to 1E-06). Carcinogenic risk drivers for Area 41 were Dieldrin, 4,4°-DDD, 4,4°-
DDT, gamma-Chiordane, and Benzo(a)pyrene. Carcinogenic risk drivers for Area D
were arsenic, 4,4-DDT, and Trichloroethene. Dioxin concentrations found at the site
were below repulatory risk criteria. The maximuim dioxin/Turan TEQ coneeniralions
detected in Ares 41 and Area D were 2.34 parts per trillion (ppt) and 1.05 ppt,
respectively. The industrial soil PRG for 2,3,7,8 TCDD is 16 ppt. The USEPA OSWER
directive cleanup level goal for dioxin and related compounds is 5-20 ppb TEQ.

Screening RME noncarcinogenic risks for site soils do not exceed USEPA’s upper bound
risk lovel of 1.0. The maximum concentration of lead in surface and subsurface soils was
also below the screening risk values. Noncancer health effects are not expected to ocour

from exposures assumed in this preliminary risk assessment,

Groundwater at the Area 41 and Area D sites are not drinking water sources.
Consequently, a comparison of groundwater concentrations to USFK EGS drinking water
standards is not appropriate. The drinking water exposure pathway is incomplete. This
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PRE makes such a comparison only to confirm that groundwater at the site not be used
for drinking water. The data indicates that exceedances in groundwater were limited to
VOCs and pesticides. As reported above, previous groundwater investigations report
relatively widespread contamination of the aquifer throughout the base.

Based on the results of this PRE, the foliowing conclusions can be made:

. Estimated potential carcinogenic risks associated with current and future
industrial exposures to site soils are within USEPA’s target risk range (1E-6 to
1E-4).

. Under current and future industrial site use scenarios, hazard indices associated
with receptor exposure to site soils are below 1, indicating that there is litile

potential for noncarcinogeitic health effects to occur given current site conditions.

. Although exceedances in BEGS drinking water standards were observed,
comparison of these standards to the data collected at the site is inappropriate.
Groundwater at the Area 41 and Area D sites are not drinking water aquifers. The
ingestion pathway is incomplete. Furthermore, previous groundwater
investigations report relatively widespread contamination of the aquifer

throughout the base. Background chemical contributions are probable,

. No remedial actions are recommended at this time.
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SECTION 6
REMEDIAL ALTERNATIVES EVALUATION

The sections above show that the material disposed of in Area D has impacted both soils
and groundwater to some extent. The soils contain several compounds that were detected
at concentrations less than the health risk guidelines evaluated in the PRE. Groundwater
in the vicinity of Area D contains dioxins, VOCs, and other compounds. Some
groundwater contaminant concentrations exceed the respective BEGS values, however,
because the water table aquifer is not used for drinking water purposes, the EGS values
are overly conservative and not applicable as cleanup standards under anticipated site
usage, On the basis of the PRE results, no remedial actions are currently recommended at
the site. However, recommended additional site characterization may reveal contaminant
concentrations that exceed risk guidelines. This section evaluates potential remedial

alternative actions that may be applicable in the future.

Groundwater contamination is understood to be a site-wide issue. The evaluation of
remedial alternatives to treat groundwater directly is beyond the scope of this report.
Rather, the remedial alternatives selected for evaluation were reviewed for their ability to
reduce potential human health risk caused by exposure to contaminated soil, and for their

ability to reduce continuing impacts to groundwater from (he contuminated soil.
Four remedial alternatives were evaluated. The four alteratives include:

1) no remedial action;

2} capping with a geosynthetic liner;

3) capping without a geosynthetic liner; and,

4} removal of contaminated material,
These actions are discussed in more detail below.

It should be noted that the full extent of contaminants in the soil in Area D is not known.
In particular, clean samples were not obtained to the north-west and south-west; and the

area to the north-east is also not fully defined. We have made reasonable assumptions on

-1
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the extent of impacts beyond the samples taken; but additional delineation is

recommended.
0.1 NO REMEDIAL ACTION

For this action, nothing is done to the site. There is no capital cost and no operations and
maintenance cost. Precipitation will continue to leach contaminants from the soil into the
underlying groundwater. Unprotected site workers will continue to be exposed to
impacted soils. To prevent exposure to site contaminants, site access would need to

restricted to workers wearing appropriate personal proteciive equipment (PPE).
6.2 CAP WITH A GEOSYNTHETIC LINER

For this option, the site will be contoured to direct run-off away from the impacted area
by adding clean fill material. A geosynthetic cap, meeting RCRA Title 35 Subtitle C
criteria, will be constructed over the impacted site. This cap will likely consist of a 6 to
12 inch thick leveling and bedding layer; an impermeable geosynthetic liner, a drainage
geocomposite, an 18 thick vegetative support layer and a 6" layer of topsoil. Grass will

be established in the topsoil layer.

Cap with Geosynthetic Liner

iillll_llll_lll‘llil_il!iIIIEilllllllliiillil‘ill}ll Grass

A & Topsed

18" Voeoekbve
Lupport Laye

T Drainage Heocomposits
imgeimeabley Geosyvathetic
{irsee

46wy 12" Leveling Layar
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Operations and maintenance (O&M) will consist of mowing the grass, preventing
intrusive work in the area, and occasional repairs to the topsoil layer to maintain surface

contours. Groundwater monitoring should also be performed regularly.

This option will provide a boundary to prevent human contact with the contaminaied

soils. No precipitation infiltration will occur; therefore, there will be no leaching of

contaminants to groundwater.

Construction is relatively straightforward, and poses little additional risk to workers.
Capital costs are estimated at $179,000, and O&M costs are estimated at $2,650 per year.

6.3 CAP WITH A CLAY LINER

This option is simikar (0 Oplion 2 above, except that a clay lHner is substituted for the
geosynthetic liner, and the cap is not designed to meet RCRA Title 35 Subtitle C criteria.
The site will be contoured to direct run-off away from the impacted area by adding clean
fill material. A clay cap will be constructed over the impacted site. This cap is assumed
to consist of a 24” thick low-permeability clay layer, a 6” thick vegetative support layer,
and a 6” layer of topsoil. Grass will be established in the topsoil layer.

Operations and maintenance will consist of mowing the grass, preventing intrusive work
in the area, and occasional repairs to the topsoil layer to maintain surface contours.

Growndwater woniloring should also be performed regularly.
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Cap with Clay Liner

Ly Giaas

5 Topsc
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1 Supgard Layer

247 Lonw Ponvnnahiding

Clay Layer

This option will provide a boundary to minimize human contact with the contaminated
soils. Precipitation infiltration will be greatly reduced (but not completely stopped);

therefore, there will be only minimal feaching of contaminants to groundwater.

Construction is relatively straightforward, and poses little additional risk to workers.
Capital costs are estimated at $105,000, and O&M costs are estimated at $2,900 per year.

6.4 REMOVAL OF CONTAMINATED SOILS

For this option, the dioxin-impacted soils in Area D will be excavated and hauled off site
for treatment and/or disposal. 1t is estitnated that approximately 57,950 cubic yards will
be excavated for offsite disposal and treatment (see Figure 6-1). It is assumed that
excavated materials will be disposed of by shipment o the United States followed by
thermal treatment (due to the presence of dioxins). Following excavation, clean fill will
be pluced back into the excavation and contoured. Once the excavation is complete, no
O&M is required.

This option will eliminate the potential for human contact with the contaminated soils.
There will be no leaching of contamination to groundwater, since all soil contamination

will be removed,
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The execution of the remedial action is relatively complicated, with significant handling
of contaminated materials, There is an increased risk of exposure to workers during
excavation and trucking. Capital costs are estimated at $93,800,000, and no O&M costs

are anticipated.
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SECTION 7
CONCLUSIONS AND RECOMMENDATIONS

Cenclusions and recommendations for the SI conducted at Area 41 and Area D of Camp

Carroll are presented in the following sections.
7.1 CONCLUSIONS

This S1 was initiated to investigate possible soil and groundwater contamination
assoctated with a former hazardous waste drum storage area (Area 41) and a temporary
landfill (Area D). The SI was designed to evaluate the nature and extent of existing
contamination, to determine groundwater flow patterns and potential contaminant

migration pathways, and to evaluate several potential remedial alternatives.

The SI included the following field activities: Site reconnaissance; geophysical survey,
exploratory trenching, exploratory drilling; installation monitoring wells; soil and
ground-water sampling; water level monitoring in wells; and aquifer testing. Soil and

groundwater samples were analyzed at offsite analytical laboratories.

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

acquired during the SI:
Geology and Hydrology

. The site is underlain by granitic bedrock which is covered by varying
thicknesses of weathered granitic bedrock material (saprolite) and fill soils
derived from a similar source rock. Fractures and faulting were not

observed in soil cores during the drilling activities.

. The measured groundwater level within the monitoring wells at Area 41 is
approximately 13 feet to 33 feet (4 1o 10 melers) bgs, at elevations of
approximately 95 feet to 115 feet (29 to 35 meters) msl. The measured
groundwater level within the monitoring wells at Area D is approximately
23 feet to 33 feet (7 to 10 meters) bgs, at elevations of approximately 131
feet to 141 feet (40 to 43 meters) msl. The groundwater gradient at each of

7-1
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the two areas investigated is directed to the west. If additional
groundwater level information becomes available from other locations
within or in the vicinity of the site, the interpreted groundwater tlow

patterns may require modification.

. On the basis of the available site data, groundwater and aqueous phase
contaminants will tend to flow toward the west with the groundwater
gradient when the subsurface lithology is permeabile in that direction. On
the basis of groundwater contaminants measured in existing monitoring
wells located to the west of Area 41 and Area D, a preferred westward

nyigration pathway 1s consistent with the observed data at each Site.

Assessment of Soil and Groundwater Impacts

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

materials at the site have previously been excavated and removed.

. Soil samples obtained from Area 41 contained concentrations of numerous
contaminants including TPH-G, TPH-D, TPH-O, VOCs, SVOCs,
pesticides, RCRA metals, and dioxins. Several soil contaminant
concentrations excecded PRG screening criteria, however, conlaminant
concentrations are less than the risk criteria evaluated in the PRE.
Groundwater samples obtained from Area 41 monitoring wells conlained
congentrations of TPH-G and TPH-D, VOCs, RCRA Metals, and dioxins.
Detected concentrations that exceeded EGS values for groundwater are
limited to VOCs. EGS values are not considered appropriate cleanup
criteria for the site because the water table aquifer is not used for drinking

water purposes in the area.

. Soil samples obtained from Area D conlained concentrations of numerous
contaminants including TPH-G, TPH-D, TPH-O, VOCs, SVOCs,
pesticides, RCRA metals, and dioxins. Several soil contaminant
concentrations exceeded PRG screening criteria, however, contaminant
concentrations are less than the risk criteria evaluated in the PRE.

Groundwater samples obtained from Area D monitoring wells contained

7.2
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concentrations of TPH-G and TPH-D, VOCs, SVOCs, pesticides, RCRA
Metals, and dioxins. Detected concenirations that exceeded EGS values
for groundwater are limited to VOCs and pesticides. EGS values are not
considered appropriate cleanup criteria for the site because the water table

aquifer is not used for drinking water purposes in the area.

Contaminants identified in existing groundwater monitoring wells located
to the west of Area 41 and Area D are consistent with a westward
direction of groundwater flow and migration of agueous contaminants at
each of these areas. However, a baseline groundwater investigation
conducted by Woodward Clyde Consultants (WWC 1992b) reported
relatively widespread chlorinated solvent contamination of the aquifer
throughout the base. The detection of VOCs in wells localed hydraulically
upgradient of each site investigated may indicate elevated background

concentrations of these compounds in the area.

Despite potential elevated background VOC levels, several groundwater
samples contained relatively high concentrations of chlorinated solvents
that suggest a local source. In particular, sample CCO54WS01 obtained
from monitoring well MO03-470 in Area 41 contained a reported
tetrachlornethene concentration of 11.1 mg/L. and sample CC237TWS01
obtained in monitoring well M03-465 in Area D contained a reported
trichloroethene concentration of 1.4 mg/L. Cis-1,2-dichloroethene
concentrations were greater than 1.2 mg/l. in manitoring well M03-465
(samples CCO37WS0!, CCI37WS01, and CC237WS01). In addition,
sumple CCO24WS01 contained the pesticide Lindane with a concentration
of 8.76 mg/L.

Conceptual Site Model

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

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

scenario.
7.2 RECOMMENDATIONS

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

Carroll include:

» Additional groundwater investigation is recommended at both Area 41 and Area
D to further evaluate the observed concentrations of chiorinated solvents. A 1992
baseline groundwater investigation of the Site (WWC 1992b) reported relatively

widespread contamination of the aquifer throughout the base.

e Additional soil investigation is recommended at Arca D to further define (he
limits of impacted soil and the boundaries of the former landfill.

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

and to limit infiltration through the impacted soils.
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1. Introduction

Area D (Figure 1) in Camp Carroll has been identified as a former hazardous waste landfill.
Numerous hazardous materials were disposed in this landfill between the years of 1977 and 1982,
Personnel interviews indicated that many drummed hazardous materials were transported from Area
41, The landfill dimensions were approximatety 500 feet by 250 feet in arca; and 20 to 30 feet deep
(Figure 2). Reportedly, much of the filled materials and surrounding soil was excavated between
1982 and 1983 and placed into 55-galfon drums. Despite the removal activity, residual amounts of

contaminated material may have remained.

Figure I An overview of Area I} in Clamp Carroll

In this project, two different geophysical approaches have been made to characlerize the landfill
site. The objectives of geophysical survey can be summarized by following two; 1) defining the
ihickness of the land (il or the depth w the bedrock, and 2) locating the buried metallic objects such
as drums, if they still remains. Two different approaches have been made for each objective; DC
resistivity method for the funmer, and horzoatal Toop electromagnetic (HLEM) method for the {atter,

Electrical properties of a medium are mainly dependent on the ion contents of pore fluid as well
as clay contents of the soil (Keller, 1988}, Typical waste disposal site shows three-fnyered structure;
the landfill on top, residual soil on the middle, and the bedrock on the bottom. Usually the
resistivity of the landfill and the residual soil is smaller to the bedrock. Residual soil shows lowest

resistivity among them. Residual soils commonly contain much of clay rather than sand. The
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fandfill, however, commonly contains plenty of sand other than clay, which makes its resistivity
larger than that of the residual soils underneath the landfill, DC resistivity method shows very

strong features to map the layered carth model (Dobrin, 1976).
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Figure 2. Site map of Camp Carroll landfill area

Flertromagnetic (FM) survey, horizontal loop FM (HLEM), can give us an useful information
about the location of the metallic objects, if they are within the landfill. The depth of investigation
of HLEM ranges up to 20 m depending on the frequency it uses and the conductivity of the medium
(Song et al., 2001).

By irlegrating the wo methods in this project, geo-electrical structures for the fandfill site as well

as the position of potential buried metallic objects (e.g., drums or other containers) can be identified,



2. Theories & Methods

2.1 Horizontal Loop Electro-Magnetic method (HLEM)

HLEM transmits HF band (kHz ~ tens of kHz) electromagnetic waves, The transmitted primary
electromagnetic (EM) fields induce the eddy currents in the metaliic (conductive) objects beneath
the earth. The eddy currents, in turn, make secondary EM fields as shown in figure 3. Measuring the
secondary field with small loops on the surface, one can figure out the location of the anomalous

body as well as the conductivity of the ground.
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Iigure 3. Theory of horizontal Joop electromagnetic (HLEM) methud.

Figurc 4 and Figure 5 shows lypical IILEM survey procedure and typical responses of buried
metallic sphere, respectively. FM31 provides two types of measurements; i.e., horizontal coplanar
{HCP) and vertical coplanar (VCP) arrays. Apparent conductivity can be calculated from both
modes but HCP configuration is a little more sensitive to the buried targets than VCP configuration
(Frischknecht ef al., 1991), Note that the minimum or maximum peaks at the right position of the
buried objects.
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Figure 4. Schematic diagram for typical HLEM survey. The survey can be either the horizontal co-

ptanar (HCP) or the vertical co-planar (VCP)} configuration.
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Figurc 5. Schematic diagram for typical HLEM suivey. The survey can be either the horizontal

coplanar (HCP) or the vertical coplanar (VCP} configuration,

Apparent resistivity ( 0, } can be calculated from hath configurations hy
1

[—-

Py :)rz x (Quardrature reading) (1)
“a (4

where, @ is angular frequency, (,is magnetic permeability in free space, and r is the distance

between the transmitter and the receiver.



2.2 DC resistivity (dipole-dipole) survey

Dipole-dipole survey needs two current electrodes and two potential electrodes. The potential
induced by transmitted current is disturbed by underground inhomogeneities (Figure 6). Dipole-
dipole survey measures the potential distribution on the surface with fixed current/potential
electrode spacing. The bigger the separation between the current electrodes and the potential
electrodes is, the deeper information the data carries. With moving the potential electrodes with
fixed separation, normalized potential with applied current (AV /1) is measured (Figure 7). The
measured data is converted to apparent resistivity by multiplying the geometric factor (G):

AV
P=C 2
G=-2x(n-Dn(n+Ha

The geometric factor is dependant on the electrode spacing (a) and the spread number (71)

illystrated In Figure 7. ‘two-dimensional resistivity image can be gathered by inversion process

using the apparent resistivity. A commercial software Diprod Win was used for inversion of the data.




Stacking will improve signal to noise {3/N) ratio. Maximizing transmitting power (current} is
another good way of improving S/N ratio. ABEM Terrameter (nmodel SAS300C) provides 2mA to
500mA transmitting currents selectable depending on the resistivity of the earth. In most of cases,

20mA of currents were transmitted in this survey.



3. Geophysical survey design

Twelve HLEM survey lines were set up to from two-dimensional grid on the surface as shown in
Figure 8. The main purpose of the HLEM survey is to detect any metallic objects (drums) beneath
the earth. When plotting 2-dimensional contours of the resistivity measured, closed contours will be

concentrated on the right place where a metallic objects is buried,

Tegneh

Figure R. Survey lines for HLEM {blue) und DC resistivity method (red)

At every survey line, the HLEM data have been coltected at every 2m for both vertical co-planer
(VCP) and horizontal co-planer (HCP) configuration of {he suurce and receiver coils. Though, in-
line configuration of the coils (the TX coil and RX coils are in-line with the survey lines) was used
to minimize the interferences by the containers and by the fences around the survey area, they will
inevitably affect the data near to them.

Four D resistivity survey lines are set up to find out the depth to the residual soils and/or
bedrock; two of them are in N-8 directions and the other two are perpendicular to them (red lines in
Figure 8). The dipole spacing for Line-1 and Line-2 are set to 5m, and for Line-3 and Line 4 to 3m,

of which maximum penetration depth is 25m and 15m, respectively.
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4. Results and Interpretations
4.1 DC resistivity (dipole-dipole) survey

Figure 9 shows the inversion results of the four DC resistivity surveys. Generally speaking, the
resistivity sections show the characteristics of the two-layered earth. The top layer shows high
resistivity and the bottom shows relatively low resistivity for all the four sections. The top layer
with high resistivity {ranged from 100 ~500 ohm-m) can be the landfill material over the
groundwater level, while the bottom layer with lower tesistivily (below 100 ohmt-m) can be the
residual soil befow the groundwater level. They say that the area used {o be an agricultural field
before the landfill. The residual soil in agricultural fields shows the characteristics of fine-grained,
low permeability, high water contents, and thus low resistivity. Estimated boundary between the
landfill materials and the residual soils are overfain in each resistivity sections. The boundary shows

almost flat except for Line-3 and the thickness of the landfill ranges 3 to 7 m.

Figure 9. Resistivity sections from DC resistivity survey for the four lines shown in figure 8.

High resistivity below 10m (a few hundred ohm-m} can be the bedrock undemeath the residual
soils. Note that it appears only at the left side in Line-2 and at the center of Line-3. One cannot find

such layer from Line-1 and Line-4. The bedrock can lic deeper than 20 m in Line-1 and Line-4.
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The resistivity of groundwater normally shows from about 50 ohm-m to a few hundreds ohm-m
depending on its mineral contents. The more the groundwater contains the metallic mineral, the
smaller the resistivity of the groundwater, From the extra-ordinarily low resistivity of the second
layer (especially at around 70m in Line-1), which shows 30 ~80 ohm-m, we have a doubt that the
groundwater may contains various kind of metallic mineral or be contaminated.

Figure 10 shows a 3-D view of the DC resistivity results, Note that high resistivity zone of 3
layer is concentrated to the NW part of the site. We assumed that this high resistivity zone indicates
the bedrock. The bedrock is seated deeper than 20 m in SE part, while at around 10m in NW part of

the survey area (marked A in the figure).
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Figure 10. 3-D view of clectrical resistivity distribution from DC resistivity survey
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4.2 HLEM survey

Figure 11 shows the apparenl resistivily contours from the HLEM survey. Apparent resistivity
contours from VCP and HCP shows very similar results, except for the resistivity values. VCP
shows slightly high apparent resistivity vahues than HCP.

The HLEM metheds are very sensitive to the nearby metallic objects. Note that the fences and
the containers affect the HLEM data and appear as low resistivity anomalies (below 100 ohm-m)
surrounding the survey area. Excluding them, any conductive anomaly couldn’t be found within the
region. This, in turn, implies us that no more metallic drums are exists within the survey area.
Overall apparent resistivity of the ground lies at around 100 ohm-m.

Note the high resistivity anomaly at the marking point (A). This high resistivity anomaly is
consistent with the high resistivity zone in DC resistivity survey above. As mentioned in DC
resistivity section, the bedrock seems to lie in shallow depth (about 10 m) at the marking point A,

Shaliow bedrock will affect the HLEM data and appears as high resistivity anomaly,
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Figure 11. Apparent resistivity contours from HLEM survey

4.3 Tntegraied interpretations

Backhoe excavation has been carried out on two spots indicated in Figure 2. Fipure 12 shows the
resistivity sections from two different geophysical methods, HLEM and DC resistivity, with the
pictures after the excavation. As expected in Trench I, the residual soil came out at the depth of
about 4~ 4.5 m from the surface, which is right depth where it shows low resistivity anomaly m
resistivity section of Tine-3 as indicated in the figure. The upper part of the residual snil (the
landfill) showed almost homogeneous sand layer, which forms the high resistivity top lavers in
resistivity sections. Residual soils, however, has not been found in Trench 2 through about Sm from
the surface. As can be seen from the resistivity scction from Ling-4, the boundary to the residual
soil layer lies in around 6m in depth, which is somewhat deeper than at Trench 1.

Any drums or metallic objects could not been found, which, in turn, shows us why any

conductive anomaly did not appear in HLEM data.
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Figure 12, Integrated interpretation of geophysical methods (HLEM and DC resistivity) with

backhoe excavation.




5. Conclusions and remarks

Horizontal loop electromagnetic method (HLEM) and DC resistivity survey has been carried out
to characterize the landfill and potential buried drums or metallic objects. Both of the geophysical
data showed very consistent results with each other. The resistivity of the landfill ranges from 100 ~
250 ohm-m, while that of residual soils is a few tens of chm~m. The bedrock in this area seems fo
reach deeper than 20m in most parts of the area. An exception is NW part, where the bedrock depth
seems to be within 10 m.

Two-dimensional resistivity section clearly showed the boundary between the landfill and the
residual soils. The boundary lies between 3 to 6 m in depth. Backhoe excavation also confirmed it.
No conductive anomaly by any buried metallic objects was found in 2-dimensional apparent
resistivity contour map from HLEM survey. Ground resistivity showed homogeneous feature all
through the area.

Though we couldn’t find any proofl that metallic drums are still remaing within the landfill,
careful attention should be paid to the extra-ordinal low resistivity anomaly (below 50 ohm-m) in
the resistivity scction from DC resistivity survey, see 70m from left in Line-2 section in Figure 9.
This can be either some kind of conductive objects including metallic droms or the groundwater
contaminated by various ionic solutions as well as heavy metallic ions. The latter is more consistent
with a-priori information of the site as well as geophysical interpretation in following two reasons;

1) The anomaly doesn’t appear within the Tandfill layer, but in depth over 15m below the
residual soils. There is no reason that metallic drums are buried within the residual soil
layer.

2) The anomaly only appears in DC resistivity, The HEEM method, which is more
sensitive to the concentrated metallic objects than DC resistivity, couldn’t show (he
anomaly. In HLEM data, the resistivity in that pant shows slightly lower than other
parts instcad. This suggests us that the anomaly is not any concentrated body but

spread widely.
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Field Logbook and Notes
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Appendix C

Boring Logs, Well Completion Diagrams, Well Development Logs,

and Groundwater Sampling Logs
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6.GDT 16/9/03

BORING LOG METRIC UNITS CAMP CARROLL AREA D 2ND AREA 41.GPJ ACE 18

BOREHOLE /WELL LOCATION SKETCH MAP
PAGE 1 OF 2 N
PROJECT NO. PROJECT NAME
Camp Carroll Area D and Area 41 Rl
LOCATION DATE & TIME STARTED
Camp Carroll, Taegu, Republic of Korea 4/14103 15:22
LOGGED BY REVIEWED BY DATE & TIMF FINISHED
F hle 4/15/03 09:00
DRILLING CONTRAGTOR / DRILLER DRILLING METHOD COORDINATES
FED { b G Hoflow-Stem Auger
SAMPLING METHOD HAMMER TYPE SI2E / TYPE OF 8iT SURFACE ELEVATION DATUM
Split-Spoon Sampler Hydraulic Hammer 6" mean sea level
WELL INSTALLED? CASING MATERIAL / DIAMETER SCREEN
YES w No Sch40 pvC /2 Type: Siotied Malerial, PVC Lengt: 6.1 m Diameter; 2" Siot Size:
ELEVATION CF WELL COVER TOP OF WELL CASING TOP & BOTTOM CF SCREEN PRODUCT SURFACE GROUNDWATER SURFACE DATE
msh) m/ m 4/15/2003
~ - o = o SURFACE CONDITION: - WELL CONSTRUCTION DETAILS
b=d - [T w o s o
L = 3| vw - o] ki o T o
Feiof| 22 |25 2in g £y g ég Ee
weldg QF (38| 5z - |ugi g |29 LITHOLOGIC DESCRIPTION we
AN EREHER ISR 8 2
E xk = =TT
SC CLAYEY SAND (SCJ. reddish yelload7.5YR 65), ~70% VG Top Cap
T - i d, ~30% fines, moist; madi R SR
At focosas e medivm 1o coarse san b fings, maist; medium dense.
—s— BAN0/2]0.6008 /85 14 5n JiRE] " SITY, CLAYEY SAND (SM): reddich yellout7 5V 66) 30%  F=—t=m
ek ] grades to light browva (7.5YR 613, —70% sard, ~30% fines,
- - b Tod dense. 1
. . SEeds . 142" Dia. Bentonile
2120162260061 104 T 3 Pellsts
= - - - T R 3 - ]
] SN
7 2 BRy 2
L 18123725 10,6098 / 67} ] L o BN M
XA SR I N I AN
+] ] e .
T XN L A Bl B
2EIIT/540.6008 / 52 rj.\. R 1)
—— 1 RER o [N
ale 1"+
- — ik S = A
540/41/530.6098 1 B7] Bk et
YN
L = — — V) o O S = AR
- - - A SITY, CLAYEY SAND (CLE igh yellowish brown (SOVR &), + - P
. PP ——— B A ~20% very fing 10 fing sand, ~80% fines, maist. ; A = ¥
! : 1 osM RRhY  SILYY SAND (SM): reddish yeloa7 5YR 66) 40% grades lo T ey
- o o] T NN v roddish yaion? SYR 5/8), 0% medum b coarse sand, - N e Y
F Fofo g v tnes, wel; very dense; increased sand at 9.1 melers bgs ¥ == ¥
- ] SIB3 (R san, 20% fngs) L o)
M50 p.e0os/ 404 SR s WyE o
I - S o I O == 0k
— XK N=
5 5 'P‘ ] ‘:“: 5 .."1 —
- — e - by ) . N :e-_ —
23R o =
- " - - e 10 3 Jd 13
- - R0 =
. . X o X
0 b ] K ¥
A H— o] | ]
R
B hn [~ “ l‘- h ‘! L) - 7 J +]
T A b 1575 R x
—— —— =.'.: ‘: oo 7] :‘:ﬂ-——‘ Fiiter Pack
“J.\“ \‘u“ “i“
- L & - RER
_ . = - ::; ‘: - . N j-—%lotted PVC Casing
L 50 1524710 T N ] ]
b & -:.. I.‘:
8 8 :': 3 & :‘-‘
M :
= = - - L B ™ 't
- 4 RRD L EER
Py, \ % 44
[y I .
R E— Ry L
X0 3y
'!hisbgispanofmeremtprepa_radforﬂ'eran'ned mammmmmmmmfmmmmam ﬂ\issmmmyapmesmlya{mebcaﬁondsﬁsbom'glweﬁammm
time of drifing. Subsurface condiions may difer at other lecations and may change at this location with the passage of fime. The dala presenfed is a simpiiication of actual condtions encourtersd.
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LOG OF WELL AREA 41 #53

PROJECT NAME

ot

GCamp Carroll, Taegu, Republic of Korea
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LOGGED BY

LQOCATION

ai
TINYS
av

(% 1 s19jow)
AHIACOTH
/3AMQ

0.i524

FAKC
/ SMQT8

{ALdd}
did

?.mnw_wﬁﬁ_._%u._wh_mw.._,_u___
1 1 1

a7

mm_mw___nmm

b

TN UORNE T JUUNS TN SN SUNE RN SO N S 0 A S A VOOV T BT I

H1d30

time of difing. Subsurface condtions may difier atofher locations and may change at this location with the passage oftime. The data presented isa simpiification of actual condiions encountered.
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BORING LOG MEYRIC UNITS CAMP CARRCLL AREA [ AND AREA 41.GPJ ACE_4836.GDT 15/9/03

BOREHOLE / WELL LOGATION SKETCH MAP
PAGE 1 OF 2 N
PROJECT NO. PROJECT NAME
Camp Carroll Area D and Area 41 Ri
LOCATION DATE & TIME STARTED
Camp Carroli, Taegu, Republic of Korea 413103 13:40
LOGGED BY ) [REVIEWED BY DATE & TIME FINISHED
4] 4110103 14:05
DRIELING CONTI LLER {a DRILLING METHOD COORDINATES
FED/ h Hotlow-Stem Auger
SAMPUNG METHOD PLE HAMMER TYPE SIZE / TYPE OF &7 SURFACE EIEVATION DATUM
Split-Spoon Sampter Hydraulic Hammer 8" mean sea level
WELL INSTALLED? CASING MATERIAL FDIAMETER SCREEN
YES m NO Sch 40 PVC { 2" Type: Soted Malesizi: PVC Lengh: 64 m Digmeter: 2° Siok Size:
ELEVATION OF WELL COVER TOP OF WELL CASING TOP & BOTTOM GF SCREEN PRODUCT SURFACE GROUNDWATER SURFACE DATE
{msl} m/m 4/10/2003
[ e 7 SURFACE CONDITION: | WELL CONSTRUCTION DETAILS
B sl gw 3BT Y [gfY,[z8 g g
Gelog| 22 |48s 2ta|F |2t |Fe) 8 |2 Ee
B5|%8 25 [Eo2| -3 AT EREE LITHOLOGIC DESCRIPTION 2
E = xE E © &l
B §C SANDY LEAN CLAY (SC): reecich gray (GLEY1 5/5GY), Y a¥ PVC Fop Cap
L wase |ososs 7 054584 T ~10% gravel, ~30% sand, -60% fines, foose. - § \\\:
- - . = - - :\4{ ;/d
K sC CLAYEY SAND {SGJ: strong brown (7.5YR 4/6) 50% grades to SN
) A/3/6/10 10,6056 / 80 o el reddich yallow(7 5YR 6/6). ~50% medium o coarse sand, —— P4 A
| ~50% finee, looco. \ﬁ \5
1 [reninsinecss - - 1 K4
] 4 Y
2 , —2—] 2t 4 K
W14 ] 04573 sC CLAYEY SAND {SC): strong brown (7.5YR 58), ~60% coarse N \\
L. N L. - sand, ~40% fings, locse. - N ‘\/, §/
- 1 - - S
5154806098 / 70 ;,; ;ﬁ
- - .. JING
< - 1 sc CLAYEY SAND (SC}: ight redish brown(5YR 644) 40% - /4 é
- o] - _ oradac to brown {7.6YTT 6/4), GO coarze lomadisn &%), 5 N N Qs
~40% finas, moks!; medum dense. y §7
- 121157212195 / 80 T b L
“q%
[ 1 1 [
| | ] oM RN SITY SAND (SMy pink (P5YR ), T0% coamselomedum ||
) 4724297310.6098 £ 70 ) SERY s -30% fnes. dense. ) _ ,
A8R i 142" Dia. Bonlonito
T ] L P i Y L Peliets
T I N L
RV
& | ] & L E T i
[ _ L. OM R SILEY 3AND (SM). redde) town{BYR 873) 50% rades to 3 N
K 3 reddish broan(SYR 5i), ~70% ooarse Lo medium sand, ~30%
T sr20ri5h 6098 104 T b I #d  fines, dry; very dense; increased day content 2L 7.6 melers T
h;s :\ L (80% wisnd, 40% finuz).
71— —— K —— 1] ]
3 bR A T P
I — RNE o Bk =5k
R L AR T I s
| .; X Bk e A
- 2550 o197 10d - NN . =t
’ 1 e R o RER
R F o 3
I - AL AN L 4 .
. +d = g
. Y b 3w W
- — - g AN [~ h «
::'\ ‘:_ ::q: \:
- - {21 - R
NiER Sk e LY
This kog is part of the report prepaser for the named project and shouid be fead together with that report for complele information. This summaty apies only at the location of this boring fwell and at the
tme ofdifing. Subsurface condtions may difer a1 other locations and may change at this location with the passage of time. The data presented is a simpiication of actual condiions encountensd.
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BORING LOG METRIC UNITS CAMP CARRO_L AREA D AND AREA 41.GPJ ACE_1836.GDT 16/9/03

BOREHOLE /WELL LOCATION SKETCH MAP
PAGE 1 OF 2 N
PROJECT NO. PROJECT NAME
Camp Carroll Area D and Area 41 Rl
LOCATION DATE & TIME STARTED
Camp Carroll, Taegu, Republic of Korea 4/11/03 08:15
LOGGED BY REVIEWED BY DATE & TIME FINISHFT}
\o(& 4/11/03 16:30
DRILLING CONTRA LLER DRILING METHOD COCRDINATES
FEDf Hollow-Stem Auger
SAMPLING METHOD HAMMER TYPE SIZE  TYPE OF BT SURFACE ELEVATION DATUM
Split-Spoon Sampler Hydraulic Hammer 6" mean sea level
WESL INSTALLED? CASING MATERIAL | DIAMETER SCREEN
YES m NO Sch 40 PVC 2" Type; Stotied Maletial; PVC Lengi: 61 m Diameter: 2" Sl Size:
ELEVATION OF WELL COVER TOP OF WELL CASING TOP & BOTTOM OF SCREEN PRODUCT SURFACE GROUNDWATER SURFACE DATE
imsl} m/ m 41142003
= > E = SURFACE CONDITION; = | WELLCONSTRUCTION DETALS
oI I P2 O S PO I T O "
Fejogl == |25 1224 Eo Eo 8 lig o
B¥l 8 35 (282 % o (H2] 5 g~ LITHOLOGIC DESCRIPTION we
E ©E E © E
S5 SC SANDY LEAN CLAY (SC}: sliong brown (7.5YR 416) 20% y PG Tep Cap
- - LC-066558-04 - -1 des {0 reddish yellow(7.5YR 6/8) and 50% grades to stron - E
244 306098 / 80N gawm(?SYRSu‘B). ~40% r?aecﬁum)iaooarsesgwd. Z600% fnes. s’i $
- -1 - palroleum ocar; odor noted at 0.9 meters bgs. - B \4 34
M - L ] R R
Y3 0.6088/ 50 S»\ ;\\
S—— - o cred 1 /4 4
e ¥
—_— - . &« ,};,
- 214/4/5 $0.6098 / 80 S M \é \é
[ b AR AN EN
o] re] O P2 CLAYEY SILT (CL): fighl yellowish brown {2 5Y 6/4) 60% . “4 4
2045 04573 grades (o light diive brown (2 5Y 54), ~100% fines, pefroleum “ \’4 \’o
] - | odor, st o very sH, odex noked at 13 meters bgs. A ‘\> s;/
= =S KK
SEN
- - 4766111596088 £ 10 - - b/ ;,/:
- - - ¢ d
L] weigmz Jo.so49 10 - L ” ;9‘
L] v 18K
- LCOBESRG - - /,‘ 4
47zl 09146 N ‘\\.
-4 4 4 ;\/ ‘\/
- L - RN AN
- Y
5 1822/2710.6098 1 50 ] SC CLAYEY SAND (SC), dark rodgish brown[SYR ¥2), ~70% 5 t:/ ?,v
| oarse tomedium sand, --30% fnes, no ooor mast; madum 4‘ ("
e - - - . - -4 N g
2" Dia. Benlonite
- . o - 3 T Peliets
] ] I T CLAYLY GANU (30). eatidy ylluniSYR T8, 0% comse | ]
26/31/50 pA573 1 104 to medium sand, ~40% fines, no odor; moist; very densa.
o7 —7—— —7—
I ) L TSC% CLAYEY SAND (SC):fighl brown(75YR ), ~70% coaselo .
medium sand, ~30% fines, maist.
& b2038sd 0.6098 & 8
This log & part of the report prepared for the named project and shoud be read together with that report for complete information. This surmexy apples only at the locaion of this boring fwedl and at the
tme of drifing. Subsface condtions may difer atother locations and may change &t this kication with the passage oftime. The data presented is a simplifcation of actual condtions encountered.
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BOREHCLE /WELL LOCATION SKETCH MAP

WELL CONSTRUCTION DETALS
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BORING LOG METRIC UNITS CAMP CARROLL ARSA D AND AREA 41.GPJ ACE_183E.GET 16/0/03

BOREHOLE /WELL LOCATION SKETCH MAP
PAGE 1 OF 1 N
PROJECT NO. PROGECT NAME
Camp Carroli Area D and Area 41 RI
LOGATION DATE & TIME STARTED
Camp Carroll, Taegu, Republic of Korea 4/4/03 10:10
LOGGED BY REVIEWED BY DATE & TIME FINISHED
‘M‘”‘" AMI03 10:27
DRILLING DRILLING METHOD COORDINATES
Beautiful Environmental Corp Diract-Push
SAMPLING METHOD SAMPLE HAMMER TYPE SIZE / TYPE OF BIT SURFACE ELEVATION DATUM
Geoprobe Sampler mean sea level
WELL INSTALLED? CASING MATERIAL / DIGMETER SCREEN
VES O Type: Maleria; Lengky; Diarmater: Sl Size:
ELEVATION OF WELL COVER TOP OF WELL CASING TOP & BOTTOM OF SCREEN PRODUCT SURFACE GROUNDWATER SURFACE DATE
(ms?)
. — CONSTRUCTION
& = % SURFACE CONDITION: g | WL DETALS
28| o puizET| 4 = g % 8
Lt - 11}
belofl =2 [43p e |Elak |Ew] 8 (&g Eo NOWELL INSTALLED
B8 J& (2583 S ETA R LITHOLOGIC DESCRIPTICN o
E £ E © E
L . L sc CLAYEY SANDH{SC) stongbrown (TSYR58), 5% gravel, L ]
~55% fineie coarse sand, ~40% fines, maisl; dense; il soil.
- o T L
n A 09780 5051530 58 - 4 CL LEAN CLAY (CL): dark grayish brown (t0YR 4/3}, --100% fnes, |, B
04 medium to high, moist; siff.
S b ] oo
sC CLAYEY SAND (SCY: yailowish brown (10YR 56), ~55% fing
= -1 - ] {emedium sand, ~45% fines, moist; dense. 2 7
I 13780 ] -
—2— iR 2
End of Borehole al 2.3 m.
3 b 3uaen e G
6 5 "
7 b o 7 —]

This log 1s pert of the report prepared for the named
tmeof difing. Subsurface condlions may dffer at

project and shouid be read together with that report for complete information. This summary apples only atthe location of $is boring / well and at the
other locations and may change at this location with the passage of fime, The data presertied s a simpification of achal condiions encounterad
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LOG OF BORING AREA 41 B-052

BOREHOLE /WELL LOCATION SHETCH MAP

PAGE 1 OF 1 N

PROJECT MO, PROJECT NAME

LOGATION

Camp Carroll Area D and Area 41 RI

DATE & TIME STARTED
4/3/03 13:30

DATE & TIME FINISHEL

Camp Carroll, Taegu, Republic of Korea
LOGGED BY ‘ REVIEWED BY
-
DRLUNG TDRILER

4{3/03 14:05
DRELING METHOD COORDINATES
Beautiful Environmental Corp Direct-Push
SAMPLING METHOD SAMPLE HAMMER TYPE SZE/TYPE OF BIT SURFACE ELEVATION DATLIM
Geoprobe Sampler mean sea level
WELL INSTALLED? CASING MATERIAL / DIAMETER SCREEN
YES NO Type: Material: Length: Diameler: Siot Size:
ELEVATION OF WELL COVER TOP OF WELL CASING TOP & BOTTOM OF SCREEN PRODUCT SURFACE GROUNDWATER SURFACE DATE
{mst)
= - - o SURFACE CONDITION: o= WELL CONSTRUCTION DETAILS
8| < ow |5E oy 5%, iz8 S:E) g
e |OF 5= |>2n 200 La ke Q g Eg NOWELL INSTALLED
BEie8 SEjEcg| = Zr|ueg| 8 (g UTHOLOGIC DESCRIPTION w2
£ m HE|l * @ £ G E
SC CLAYEY SAND (SC): ( 7.5YR 4,56), ~60% fne lo coarse
b - 85 -1 sand, ~40% fines, moist, densa. 3 E
= 1170 - -
] 052850 - .
e | emnd 1.3 e e BN e s b b s e ot e ey T —— i W s ] [ —vqi
sC CLAYEY SAND (SC);: sirong brown {7.5YR 54), ~H0% fneto
» o - - coarse sand, 4% fines, maoisl; more fiable - -
T 15170 7 ]
| f—2— 7
- - 0.5/50 - -
b 3 e — 3 Ko

26.GDT 16/9/03

Py

Refusal,
End of Borghole at 3.0 m.

E-Y

This log 5 part of the report prepared for the named project and should be read

BORING LOG METRIC UNITS CAMP CARROLL AREA D END AREA 41.GPJ ACE 18

together with that report for complete information. This summaty apples only at the location of this boring fwell and 2t the
fime of diifing. Subsurface condtions may differ at other locations and may change at s location with the passage of time. The: data presermed is & simpification of aciua condiions encountiened.
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BORING LOG METRIC UNITS CAMP CARROLL AREA D AND AREA 4° .GP) ACE_183€.50T 15/9/03

BOREHOLE / WELL LOCATION SKETCH MAP
PAGE 1 OF 1 N
PROJECT NO. PROJECT NAME
Camp Carroll Area D and Area 41 RI
LOCATION DATE & TIME STARTED
Camp Carroll, Taequ, Republic of Korea 414103 10:00
£0GGED (Y REVIEWED BY DATE & TIME FINISHED
ﬂm blo 4/4/03 10:09
DRILLING 1LER DRILLING METHOD COORDINATES
Beautiful Environmental Corp Direct-Push
SAMPLING METHOD SAMPLE HAMMER TYPE SIZE / TYPE OF BT SURFACE ELEVATION DATUM
Geoprohe Sampler mean sea leve}
WELL INSTALLED? CASING MATERIAL / DIAMETER SCREEN
YES Nm Type. Matedal: Length: Drameter: Slot Size:
ELEVATION OF WELL COVER TOP OF WELL CASING TOP & BOTTOM OF SCREEN PRODUCT SURFACE GROUNDWATER SURFACE DAYE
{msl)
- 5 =~ - SURFACE CONDITION: = WELL CONSTRUCTION DETAILS
2l ol gw [GBE( Y (¥ i=2 = z 3
E e Q& gg =52 |2%0 ta E e 8 lig g NOWELLINSTALLED
A2lT8f S5 |zog] = el R N LTHOLOGIC DESCRIPTION g
E o ge] @ “ E © E
T L oL A smovLEANCLAY (CL red (25VR4I6),~30% fato ]
medivm sand, ~70% finas, low, moist; frm; fil soll,
- 07180 M -
5C CLAYEY SAND (SC: yallowish brown (10YR 58), ~56% frie
sl —1— {e medium sand, ~45% fines, moist; densa. 1=
] 15/60 " T S
2 -—o— -
S I v R
End of Barehole at 2.3 m.
—— - 53—

@
@

-y

<

Thislog s part of the report prepared for the named project and should be read together with that report for complete information, This surmmary apples only at the focation of this badng fwell and at he
tme of diling. Subsurface condtions may differ at other iocations and may change at this kocation with the passage of time. The data presented is 2 simplfication of actual conditons encountered.
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BOREHOLE | WELL LOCATION SKETCH MAP
PAGE 1 OF 1 N
PROUECT NO. PROJECT NAME
Camp Carroll Area D and Area 41 RI
tOCATION DATE & TIME STARTED
Camp Carroll, Taequ, Republic of Korea 414103 09:45
REVIEWED BY DATE & TIME 1IN ICD
4/4103 09:57
; DRLUNG METHOD! COORDINATES
Beautifut Environmentat Corp Direct-Push
SAMPLING METHOD SAMPLE HAMMER TYPE SIZE / TYPE OF BT SURFACE ELEVATION DATUM
Geoprobe Sampler mean sea level
WELL INSTALLED? CASING MATERIAL I DIAMETER SCREEN
YES N m Typa: Material; Length; Diamater: Slot Size:
ELEVATION OF WELL COVER TOP OF WELL CASING TOP & BOTTOM OF SOREEN PRODUCT SURFACE GROUNDWATER SURFACE DATE
(mmsl)
"6’: > g o SURFACE CONDITION: g WELL CONSTRUCTION DETAILS
=~ - s HI| [F1] =
LOE ¢ oow - ot} E[Hy a1y | T g
ge|2E 22 |23 |20 [ Eg Q128 e NOWELL INSTALLED
881°8 385|202 s TE|ES S (25 LITHOLOGIC DESCRIFTION e
E EE E @ E
T 51 i ] CLAYEY SAND(SC): yellowish brown (10VR 56}, ~55% e |
- CO565501 to medium sand, 5% fines, moist; dense.
S 0.7/80 T - -
G GLAYEY SAND (SC: strong brown{7 SYR 4.58), ~55% fino 1o
41 . redium sand, ~45% fines, moist; dense. 1—
[ 15180 "] F
- - —T—
End of Barghole al 2.3 m,
o 3 e G

=)

1

(=]

o
Q
@

BORING LOG METRIC LINITS CAMP CARROLL ARSA D AND ARES 41.GPJ ACE 14833.GCT 16/9403

= e - -

This log & part of the report prepased for the named project and should be read together with that report for complete infoamiation. This summary apples ondy at the Jocation of this boring /well and at the
fime: of drifing. meﬁMmdﬁHdWWﬂmwdﬂmmmmmmMﬁa@edWA The data preserted is a simpliication of achual conditions encountered

&%/



35.6CT 18/9/03

BORING LOG METRIC UNITS CAMP CARROL}, AREA D AND AREQ 41.GPJ ACE 18

BOREHOLE / WELL LOCATION SKETCH MAP
PAGE t OF 1 N
PROJECT NG, PROJECT NAME
Camp Carroll Area D and Area 41 Ri
LOCATION DATE & TIME STARTED
Camp Carroll, Taegu, Republic of Korea 4/4/03 10:30
LOGGED BY REVIEWED By DATE & TIME FINISHED
“BM hé 414103 10:40
DRILLING (1 ER DRILLING METHOD COCRDINATES
Beautiful Environmentat Corp Direct-Push
SAMPLING METHOD SAMPLE HAMMER TYPE SEE /) TYPE OF BIT SURFACE ELEVATION DATUM
Geoprobe Sampler mean sea level
WELL INSTALLED? CASING MATERIAL / DIAMETER SCREEN
YES Nm Type: Malesial Lengh: Diameter: Sict Size:
ELEVATION OF WELL COVER TOP OF WELL CASING TOP & BOTTOM OF SCREEN PRODUCT SURFACE GROUNDWATER SURFACE DATE
(rrsl)
) Pogey ) SURFACE CONDITION: | WELL CONSTRUCTION DETALS
3 o gw [SEI W feluyizf] » 18 8
heleE g% %‘%a %%a B |Ee| & ] o NOWELL INSTALLED
B218 35 fxo8ix o ROl I LITHOLOGIC DESCRIPTION wg
E m gegj @ @ £ o E
R b 4055 1 | sc PSR CLAYEY SAND (S0) shong biown (F5VR 56 ~55% fnste £
medium sand, ~45% fines, moist; dense.
L] 07180 I -
CCO5TSS0
- 12 - S
—— e { e —fmmrd
14180 g
—2— . 2 & 2
End of Borshale al 2.0m,
e o] ce 53—
. 5 .
. b e -

This log s part of the report prepared for the named project and should be read together
time of diffing. Subsurface condiions may differ at other lacations and may

with that rzport for complete information. This summary appies only at the: location of this boring / well and at the
change &l this location with the passage of fime. The data presertied is a simpliication of actual condtions encourtered,
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BORING LOG METRIC UNITS CAMP CARRQLL AREA [ AND AREA 41.GPJ ACE_“836 GOT 15/9/03

BOREHOLE / WELL LOCATION SKETCH MAP
PAGE % OF 1 N
PROUECT NOC- PROUECT NAME
Camp Carroll Area D and Area 41 Ri
LOCATION DATE & TIME STARTED
Camp Carroli, Taegu, Republic of Korea 4/4103 09:25
LOGGED &Y REVIEWED BY DATE & TIME FINISHED
_mmb_@ 414103 09:40
JoRIING TORILLER DRILNG METHOD COORDINATES
Beautifui Environmental Corp Direct-Push
SAMPLING METHOD SAMPLE HAMMER TYPE SIZE / TYPE OF BIY SURFACE ELEVATION DATUM
Geoprobe Sampler mean sea level
WELL INSTALLED? CASING MATERIAL / DIAMETER SCREEN
YES Mm Typer Material: Lengh: Diameter: Slot Size:
ELEVATION OF WELL, COVER TOP OF WELL CASING TOP & BOTTOM OF SCREEN PROCUCT SURFACE GROUNDWATER SURFACE DATE
(msh)
= P = SUREACE CONDITION: = WELL CONSTRUCTION DETAILS
& <l g kT w ElS.iz3] % 9
w o~ Li2
helok g% a%g 2o 2 lke]l 2 [R8 & e NOWELLINSTALLED
agl~8& 25598 ~% R E R LITHOLOGKC DESCRIPTION we
El e |7EE E © E
T - Ol [ZZZA saNDY LEANCLAY(CLY red (Z5YR 416}, ~30% feto L
medium sand, ~70% fings, low, moist; firm; /I soil
L 07/80 - -
L. s F .
mmia -C058550 e 1=t — i
[ 06 T C) AYEY SANDH{SC): yelowish brown (10YR &6), ~55% fne | ]
58 to medium sand, ~45% fines, moist; dense.
~ 14180 =™ -]
] 058550 ] "]
2 1 2 o —
I T : S
- b End of Borehole at 2.4 m. - 4
b3 e o 3t
5 5 5]
|7t b7 — 7

This log s part of the report prepared for the named projedt and shoukd be read
time of driling. Subsudace condiions may difer at other locations arxd ray

together with thet repor for complets information. This surmmary apples only at the: kxaon of this boring/ well and at the
change at this location with the passage of time. The data presented is a simpification of act conditions encountened
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BOREHOLE  WELL LOCATION SKETCH MAP
PAGE 1 OF 1 N
PROJECT NO. PROJECT NAME
Camp Carroll Area D and Area 41 Ri
LOCATION DATE & TIME STARTED
Camp Carroll, Taequ, Republic of Korea 414103 10:50
LOGGED RY ] REVIEWED BY DATE & TIME FINISHED
bl 4/4103 11:05
CRILLNG R DRILLING METHOD CODRDINATES
Beautiful Environmental Corp Direct-Push
SAMPUNG METHOD SAMPLE HAMMER TYPE SIZE / TYPE OF BIT SURFACE ELEVATION DATUM
Geoprobe Sampler mean sea level
WELL INSTALLEE? CASING MATERIAL / DIAMETER SCREEN
YES et Type: Matenal Length: Diameler: Siot Size:
ELEVATION OF WELL COVER TOP OF WELL CASING TOP & BOTTOM OF SCREEN PRODUCT SURFACE GROUNDWATER SURFACE DATE
(msi)
- .= o SURFACE CONDITION: ™ WELL CONSTRUCTION DETAILS
23 o ow |ZEZT Y [e{u,[=8] » |8 g
i
hel2El 22 L5v|uzg Safpel o |28 Eg NOWELL INSTALLED
BEl>8 98 12323 HSEEE N EE LITHOLOGIC DESCRIPTION W
E ® ZE E e £
Pt oo CLAYEY SAND (SCJ. strong brown {7.5YR 56}, ~60% frelo
P by o e coarse sand, ~40% fines, moist; dense; fill soil. - -
L. 0.7/80 N -
15 & S CLAYEY SAND {SC): strong brown (7.5YR 58), ~55% finato
Junkiany 11— medium sand, ~45% lines, moist: dense. 11
] 16/80 _ ] ]
—2— R 2
ol - - - End of Borghole at 2.4 m. o -
e e T —

£.GCT 16/9/03
-

-]

-

3

-]

=]

-3

BORING LOG METRIC UNITS CAMP CARROLL ARZA D AND AREA 41.GPJ ACE 183

This log is part of the report preparned for e named project and should be ead together wih that report for complete information. This summary apples only a the location of this boring fwed and at the
tme of difing. Subsufaca condiions may differ at other Jocations and may change al this location with the passage ofime. The data presented is a simpliication of achual condiions encountered
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