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

3.2.1. Headspace Analysis

Field sampling included the collection of representative headspace samples from each
sampling area of concern. Soil samples were collected at periodic depths for headspace analysis
to provide a rough indication of the vertical extent of VOC contamination within each soil core.
Headspace samples were placed into individual sealable plastic bags. Then, 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 sample headspace.

3.2.2. Soil Sampling Strategy and Identification

A continuous soil sample was collected from each borehole for sample description.
Sampling interval for laboratory analysis was three: 0~2 m, 2~4m and 10~12m respectively.
The first two samples were to see if any chemicals associated with surface activities, and the last
was to see if any chemicals might be associated with groundwater which is close to the
groundwater table.

Each soil sample has a unique identification number that is consistent with borehole and
monitoring well IDs used in previous investigation. The sample identification format provides
general information about the boring type, year of investigation, and depth interval. The sample
identification number used in this project follows this format: B09-XXX-S#, where

B indicates that the sample came from a soil boring

09 is the year in which the soil boring was drilled (i.e. 2009)

XXX is the sequential soil boring number

S indicates soil sample

# is the sequential sample number, from top-down in the boring

MW instead of S# indicates monitoring well converted after completion of XXX boring

3.3.  Groundwater Monitoring Well Construction.

3.3.1. Monitoring well construction
Moenitoring wells were installed after completion of borehole drilling using a GeoProbe.
The depth of the wells and the length of the screen intervals varied depending on the site specific
characteristics observed during soil sampling. The well locations were chosen based on their
location relative to known groundwater contamination as well as getting additional areal
coverage in relation to the existing monitoring wells.

A 12-cm diameter air percussion hammer was used to drill the hole as slightly larger
diameter (14-cm) temporary steel casing is pushed and hammered into the subsurface to hold
back the overburden. After the hammer has reached the target depth, it was removed from the
hole. The monitoring well casing matertal was then placed inside the temporary steel casing.
The steel casing was gradually removed from the hole as the annulus was filled with medium

grained sand filter pack, bentonite, and grout.

Groundwater monitoring well construction materials include 5.04 cm inside diameter
(ID) threaded Schedule 40 polyvinyl chloride (PVC) solid pipe and slotted screen. Solid 5.04 ¢cm

e ry
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ID schedule 40 PVC pipe with threaded ends was used from approximately 10 cm below ground
surface (bgs) to a depth of approximately 5 meter above the level when groundwater encounters
first during drilling. A 0.254-mm slotted PVC well screen was threaded onto the bottom of the
solid well-pipe to the base of the borehole. A PVC well point was screwed to the bottom of the
well screen and a well cap was secured to the top of the well pipe. The annular space around the
well from the bottom of the borehole to a minimum of 50 cm above the top of slotted section was
filled with clean medium-grained silica sand (0.4-1.2 mm). A 50 cm thick seal of bentonite
pellets was placed above the sand pack, and the bentonite pellets are hydrated either by water
inside using a known clean water source. The remainder of the hole was filled with a Portland
Type 1 cement grout to just below the frost line. Once the grout cured, concrete was used Lo fifl
the rest of the annulus around the well pipe. The wells were then completed with a flush-mount
and concrete pad. Groundwater monitoring well location is presented in Figure 3-1. The
Appendix 1I presents the well construction log.

3.3.2. Monitoring Well Development.

After instatiation, all wells were fully developed. The objectives of well development
were to (1) remove sediment that had settled inside the well during construction; (2) remove all
water that may have been introduced during drilling and well installation; (3) 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 (4) improve the flow into the well from the
adjacent formation, thus yielding a representative groundwater sample and an accurate water
level measurement.

Well development consisted of surging by a surge block and pumping out the turbid
water using BEC’s 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 and continued until the water was visually clear or the site geologist determined that no
further development is practical. Groundwater parameters were measured during well
development to see the variation of the parameter, Table 3-2 presents the measurement result of
the groundwater parameters. Temperature of groundwater ranges from 13.3°C to 16.7°C and the
pH ranges from 6.0 to 60.4.

3.3.3. Groundwater Sampling.

The groundwater sampling was conducted in accordance with the protocol described in
the project Work Plan. Prior to sampling, wells are checked for the presence of any floating
product with an electronic oil/water level indicator probe. Then, the well was purged by
removing a minimum of three times the standing volume of static water present in the well.

A low pressure pump was utilized for micro purging and sampling from the monitoring
wells. The groundwater parameters such as pH, temperature, specific conductance and turbidity
of the removed water were monitored during the purging and sampling process. Groundwater
stabilizing criteria were adopted established in American Society for Testing and Materials
(ASTM) D6671-02: pH +/- 0.2, specific conductance +/- 3%, temperature +/- 0.5°C, and
turbidity +/- 3%. The groundwater was sampled using a low pressure bladder pump and
dedicated tubing for each well sampled. Table 3-2 summarizes the groundwater parameter
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measured during sampling activity. Temperature of groundwater ranges from 16.1°C to 16.5 °C
and the pH ranges from 6.3 to 7.3.

The collected water samples were placed into laboratory-grade, specially cleaned 40 ml
sample containers with HCI preservative, and then placed immediately into a cooler with ice for
preservation below 4 °C prior to arrival to the analytical laboratory. All samples were
transported to the laboratory accompanied by chain-of-custody sheets thru the priority mail
service company.

3.4. Topographic survey

The FED survey section performed a location and topographic survey using a SOKKIA
set 2C Total Station survey instrument. The survey inctuded the ground surface elevation at
each monitoring well location, the top of well riser pipe for each monitoring well, and, if
necessary, the elevations of buildings and any significant utilities. All elevation measurements
were expressed in meters above mean sea level (AMSL), and World Geodetic System 84
Universal Transverse Mercator (WGS 84 UTM) Zone-52 grid system was applied for longitude
and latitude systems. The accuracy of survey elevation for top of the casing measurements was
to the nearest 3 mm. Ground surface elevations were made to the nearest centimeter. Table 3-3
presents the monitoring well coordinates surveyed.

3.5. Investigation Derived Wastes

Waste materials or investigation-derived wastes (IDW), that required management and
disposal during the ESI field work included concrete and asphalt debris, used disposable
sampling equipment, well development water, decontamination water and used personal
protective equipment (PPE). There are no specific Korean regulations applicable to the small
guantities of IDW that were generated during the course of this project. The IDW generated
during the course of this investigation was placed in woven synthetic bags while development
water was placed in 55-gallon drums. The bags were segregated by their contents and stored on
site until transported to BEC’s field facility located in Yojoo, Kyeonggi-Do at the end of well
construction period for treatment and disposai.

There was very little concrete or asphalt debris generated during the course of the ESI
field work. The concrete and asphalt that was generated in order to expose the underlying soil
was bagged along with the soil cuttings from the respective borehole. BEC personnel then
transported the bags to their field facility for disposal.

3.5.1. Contaminated soil
All soil cuttings retrieved during boring were bagged on-site in tight knit, woven
synthetic bags. Apparent petroleum contaminated soils in the cuttings were not scgregated from
uncontaminated soils. Therefore all soil waste generated during this investigation was
considered petroleum impacted and transported for treatment at BEC’s off-site remediation
facility located in Yojoo, Kyeonggi-Do. A non-hazardous waste manifest was used to document
the transport of the contaminated soil to the treatment facility.




ESI at Former Vehicle Catting Yard, Camp Carroll g AUGUST 2011

3.5.2. Well Development and Decontamination Water

Water from decontamination activities was pumped into a BEC vacuum truck at the end
of each day and disposed of at the oil/water separator system at the Land Farm of Camp Carroll.
Groundwater generated during well development and pump test activities was pumped into
BEC’s larger pump truck, and also disposed of at the same system.

3.5.3. Site Restoration

Borings were backfilled with bentonite pellets and the surfaces sealed with concrete
which was backfilled flush to the existing surface grade. Monitoring wells installed during the
project were flush-mounted and pose no impediment to vehicular or foot traffic. All mud and
soil cuttings generated in the vicinity of each boring and monitoring well were cleaned up by
field personnel immediately following the completion of the task.

3.6. Additional Site Characterization Sampling

A test was performed on the aquifer matrix to determine the saturated and air
permeability of the impacted aquifer material present at the site. In addition, soil samples were
collected for chemical and microbial analysis that are useful for determining whether the present
physical/chemical/biological condition of the aquifer is conducive for natural degradation of
VOCs contamination present at the sites,

3.6.1. Slug Test

The hydraulic characteristics of the aquifer underlying the site were determined by
performing slug tests on the monitoring wells both existing and new. The hydraulic
conductivity, K, of the aquifer was calculated using slug tests recovery measurements that were
performed on all monitoring wells. After the completion of well purging work, a slug with an
approximate volume of 2.5 liter was put in the wells. The drop down water level after the slug
was put into the wells was recorded using a pressure transducer data logger. Also the rise in
water level after removing the slug from the wells was recorded in same way. Measurements
were collected until the water level within the monitoring well returned to within approximately
3 centimeters of the original water level. The original water level in the well prior to the tests
was measured with a Solinst electronic oil/water interface prove. Appendix ITI presents the
summary of test procedure and slug test result.

3.6.2. Air Permeability Test.

Air Permeability is an integrated measure representing the complex relationship between
the geometry of the pore system and hydraulics of the flow of air through that system.
Permeability is not measured directly; rather, it is calculated by inverting an assumed model
populated with measured state data (i.e. flux and pressure). For this investigation, permeability
was determined by applying a pressure gradient across the project site by use of a vacuum truck
on 12 November 2009.

In situ air permeability test data were performed at the site by placing a blower on a
setup monitoring well and measuring the time varying pressure responses at monitoring wells
adjacent to that central well. The decision was made to perform the air permeability test by
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blowing out of the well by applying a vacuum rather than injection to prevent the spread of any
contaminants due to air introduction into well,

A constant pressure was applied fo the injection well for no longer than 25 minutes, and
changes in pressure at adjacent wells were recorded at various time intervals on a roughly
logarithmic basis. The measured changed in air pressure at the various monitoring wells spaced
varying distance from the injection well were evaluated using analytical solutions for aquifer
pumping tests that have been modified for vapor flow conditions.

3.6.3. Nutrient and Microbial Sampling

A total of seven soil samples were collected, respectively, from each borehole. The
samples were submitted to the National instrumentation Center of Environmental Management
(NICEM) at Seoul National University. The samples were analyzed for biological and chemical
properties relevant to potential the potential for natural attenuation.
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Table 3-1. Project Chronology of ESI at VCY of Camp Carroell.

Task Date Performed

Request a site digging permit and get approval .~ i February 6, 2009 -

Drilling and groundwater monitoring well installation March 2 ~3, 2009

Well development ' ' S March 34, 20~23, 2009
Water level measurements March 20 & May 19~22, 2009
Groundwater Sampling = =~ - . ] May 19+20, 2009 ¢

Air permeability test November 12, 2009
Hydrologic slug test ' U November 9~12, 2009

Table 3-2. Groundwater Parameters Measured During Well Development and Grondwater

Sampling.
Electric Dissolved Oxxdatx_on e
. Reduction Turbidity
Temperature © conductivity Oxygen pH Potential (NTUA)
Well ID (mS/cm) (mg/L) (mV)

‘WD*| GWS* | WD | GWS | WD | GWS WD GWS| WD |GWS WD  GWs

B05-180MW | 133 165 10.024 ), 0080 { 76 89 | 60 73 | 282 | 219 16 | 76.7

BO9-223MW | 149 | 161 | 0.423 | 0.068 | 851 92 [ 64| 63 | 277 | 154 | 287 | 202

B09-225MW | 16.7 161 ;0110 0079 | 82 89 | 63 | 63 | 308 | 287 74 ¢ 530 |

* values measured during Well'Developinént on 23 March 2009
% values measured during Gloundwater Sampimg on 22 May 2009

" Nephelometric Turbidity Units

Page 3784
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Table 3-3. Coordinate of Borehole and Groundwater Monitoring Wells at VCY of Camp
Carroll.

Borehole and Easting Northing Elevation Top of Pipe Remark
Monitoring well (above (above mean sea

mean sea | level, m)

level, m)
B09-223MW 447006.07 | '3982991.55| - 4651 i~ 4646 | monitoring well
B09-224 446989.66 | 3982993.26 46.53 borehole
B09-225MW 446964.45 | 3982990.40 | 4657 - 46.63 I monitoring well
B09-226 446949.29 | 3982989.04 46.69 borehole
B09-227 446939.21 1 3983016191 46,51 1 o d'borehole Lo
B09-228 446973.37 | 3983009.60 46.78 borehole
B09-229 | 447013.86 | 3983010211 46,53 .1 L borehole
B(O5-180MW 447017.90 | 3982954.80 41.43 41.33 existing well
B05-181MW 446993.60 | 3982938401 - 41,23 | 4107 | existing well
B0S-182MW 446968.40 | 3982936.10 41.23 41.09 existing well
B05-183MW 446987.80 | 3982974.70 1 - 41.59 1 4141 . | existing well
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Figure 3-1. Location of Borehole and Groundwater Monitoring Wells at VCY.
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4. ESI Investigation Results

4.1. Laboratory Analysis.

All laboratory analysis was performed using US EPA published methods. The laboratory
that performed the analysis is accredited by the National Environmental Laboratory
Accreditation Conference (NELAC) for the analytical procedures specified for this project.

Soil and groundwater samples collected in this ESI were submitted to the NCA-Korea
Laboratory in Anyang, Korea. The contract laboratory shipped the samples for VOCs and PAHs
to the NCA laboratory in the United States since the NCA-Korea lab has only certified TPH and
VOCs. Soil samples collected from soil borings were analyzed for gasoline, diesel-range TPH
by Ultrasonic extraction GC/FID methods EPA3550/8015. Purge & Trap GC/MS methods
EPA5030/8260 were used for VOCs analysis of soil and water samples. PAHs were analyzed by
GC/MS SIM (Selective Ion Monitoring: EPA 8270). Table 4-1 to Table 4-3 present the
analytical result of soil and Table 4-4 presents those of groundwater.

4.2.  Summary of Investigations

A total of 18 soil samples were retrieved from a total of seven boreholes and described
and screened for VOCs using a PID.  All samples were submitted to the NCA-Korea for TPH,
PAH and VOCs analysis. Chemical analytical results for soil are listed in Tables 4-1, 4-2 and 4-
3. The summary of laboratory reports is provided in the compact disk (CD) separately.

4.2.1. Subsurface Soil

4.2.1.1.Subsurface geology

FED personnel characterized subsurface soils from each of the seven boreholes at the
site. No bedrock was encountered during borehole drilling. The soil types encountered in
boreholes were silty gravel with sand (fill), dark red high plasticity fat clay (residual soil), and
clay to silty sand (residual soil). Fill material was generally less than 50cm thick. Fat clay was
encountered beneath the fill and encountered various depths between 0.5 m and 5 m bgs. The
clayey and silty sand of residual soil was encountered beneath the fat clay. Groundwater was not
encountered in any of the seven boreholes during soil boring.

4.2.1.2. Total petroleum hydrocarbons

Soil test results produced by the analytical laboratory during this investigation
demonstrate subsurface soil contamination by diesel range organics (TPH-DRO) and residual
range organics {TPH-RRO). Gasolinc range organics (GRO) were not identified in any soil
samples. One sample appears consisting of the mixture of 'TPH DRO and RRO. TPH-DRO
concentrations in soil samples range from not detected (ND) to 26.3 mg/kg and RRO from ND to
103 mg/kg. The sum of each TPH range in soil samples varies the concentration from ND to
129.3 mg/kg. Table 4-1 presents the TPH test result. Figure 4-1 depicts the TPH analytical result.

4.2.1.3.Volatile Organic Compounds
A total of eighteen soil samples were submitted to the analytical laboratory for VOCs
analysis. Table 4-2 presents the analytical result of VOCs in soil sample.

N
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A total of six chemicals were reported the concentrations above the practical
quantification limit (PQL), while the concentrations of the other chemicals appeared below the
PQL but the quantitation was estimated. The detection mostly occurred between 0 to 4 m bgs.
Benzene and methy! tert-butyl ether (MTBE) considered to be a major component of gasoline
were not reported above the PQL.. Ethylbenzene and xylenes were reported from one sample
(B09-227-82). The chemicals reported are summarized as below:

I,1- dichloroethylene: 11 ugrkg
Methylene chloride: 51pg/ke to 180ug/ke
Cthylbenzene: 31 pg/kg

Naphthalene: 3.1ug/kg

Toluene: 87pg/kg to 140 pg/kg

Xylenes: 85 pg/kg

4.2.1.4. Polyaromatic Hydrocarbons
A total of eighteen soil samples collected were submitted to the laboratory for PAH
analysis. None of the sample concentrations were reported above the PQL. Table 4-4 presents
the summary of analytical results of PAHs for soil samples.

4.2.2. Groundwater Contamination

4.2.2.1.Groundwater Level Measurement Result

Only three wells out of total six wells around the site were used to measure the
groundwater levels during this project due to the current site activities. Water levels were
measured two times in March and September 2009 from each well with an oil/water interface
probe. The measurement of 20 March 2009 is assumed to be a representative water level as a
dry winter season. There was no water in B05-180MW during the measurement of 1st
September 2009. The water level measured during this project ranges from 11.0 m bgs to 16.1 m
bgs. Table 4-2 summarizes the water level measurement result.

Based on the result of groundwater ievel measurements, the groundwater flow direction
was analyzed as depicted the result of 20 March 2009 in Figures 4-2. A groundwater flow
direction is generally toward southwest and south from the monitoring well B09-223MW within

the area of concern.

4,2.2.2 . Groundwater Chemical Test Result

A total of three groundwater samples were collected from the monitoring wells at VCY
and submitted to the laboratory for VOCs analysis. The analytical results are presented in Table
4-5 and depicted in Figure 4-2. A range of quantified VOC concentrations in groundwater
samples are generally lower than the laboratory practical quantitation limit (PQL). Some
reported values are also below the PQLs but just estimation or associated with method blank
contamination. PCE was identified (rom all groundwater samples ranging from 5.6 pg/L to 9.5
pg/l.. The concentrations above the PQLs are summarized as below:

¢ B05-180MW
Chloroform: 1 ug/L
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Tetrachloroethylene (PCE): 5.4 pg/L.

s B09-223MW
Cis-1,2-Dichloroethylene (DCE): 5.6 pg/L
PCE: 9.5 pg/LL
Trichloroethylene (TCE): 1.1 pg/L

s B09-225
PCE: 7.4 ng/L
Toluene: 10 pg/L

4.3. Data Quality Control/Assurance

Field and laboratory quality control (QC) samples were collected and analyzed in
accordance with USACE and industry standard methods and practices. The FED Eavironmental
chemist (Dr. performed a data review on soil and groundwater samples collected from
the VCY site. The data review was performed in accordance with the project work plan and
Chemical Quality Assurance for Hazardous, Toxic, and Radioactive Waste (HTRW) Projects
(USACE, EM 200-1-6, 1997). The accuracy, precision, representativeness, and completeness of
the data were evaluated by performing analytical data quality and field quality assurance (QA)
/QC data quality review. Accuracy was evaluated using the laboratory sample receipt
information, analyses requested, technical holding times, and laboratory QC data (method blank,
laboratory control sample (LCSYLCS duplicate, matrix spike (MS)/MS duplicate, and surrogate
recoveries).

4.4. Hydrologic Characteristics of the Site

Two slug tests were performed for the monitoring wells of B09-223MW and B09-
225MW at the VCY site. The monitoring wells selected for slug testing was subject to the
presence of groundwater and the site accessibility. Measurements of water level versus time,
along with other relevant aquifer and well characteristics were then used to determine a value for
hydraulic conductivity of the site. The calculations were performed with AQTESOLYV aquifer
test analysis sofiware. An anisotropy ratio (Kz/Kr) was assumed in the analysis and the
analytical solution developed by Bouwer and Rice (1976) for an unconfined aquifer system was
used to calculate the hydraulic conductivity. Hydraulic conductivity (K) was obtained by manual
fitting using AQTESOLV (Figure 4-3). The calculated K values for the monitoring wells at the
VCY area are from !.2E-04 to 4.2E-04 cm/sec, which belongs to semi-pervious characteristics
consisting of very fine sand and clay.

4.5. Air Permeability Test

The layout of the test was determined based on the location of groundwater monitoring
wells, which can be focused on the center of the project site. B09-288 was installed as an air
monitoring well, use as an air extraction well. The two groundwater monitoring wells of B09-
223MW and B09-225MW were used as observation wells. The extraction well was hooked up
to the vacuum pump to control the air flow rate. The extraction valves and measurement devices
were securely attached and sealed at the top of each well pipe to prevent introducing any ambient
air. Table 4-5 presents the well information used for the air permeability test.

Page :5? 7
19




ESI at Former Vehicle Cutting Yard, Camp Carroll

AUGUST 2011

Field data were obtained from extraction and observation wells. While the extraction
vacuum was mainfained at a constant, the observation wells were measured if any pressure
change occurs. Field test was lasted for approximately 20 minutes with the air flow rate of 30
cubic meter/hour. The extraction vacuum used during the test was about 10 to 30 kPa. There
was no response identified during this test, probably due to the long distance between the wells
or due to the very low air permeability by the site subsurface geology.
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Table 4-1. TPH Test Results of Soil Samples from the VCY of Camp Carroll,

" Borchole Sample | Sample Total Petroleum Hydrocarbons (mg/kg)
ID iD Interval
GRO* (C7-12).§ DRO**(C10-24) .| RRO*** (C20-40)
B09-223 | S1 0~2m Sk 26.3 103
S2 4 2~4m - e e 12.6
S3 10~12m - - -
B09-224 | S1 0~2m - - -
82 2~dm - - -
S3 10~12m - e -
B09-225 181 0~2m - 14.1 -
S2 2~4m - 179 -
S3 10~12m - - -
B09-226 : S1 0~2m - -
S2 2~4m - - -
S3  110~12m - - . -
B09-227 | S1 0~2m - - -
S2 2~4m - - - -
S3 10~12m - - -
B09-228 | S1 0~2m - - -
S2 2~4m - - -
53 10~12m - - -
B09-226 | Sl 0~2m - - 16.8
S2 2~4m - e .
S3 10~12m - - -

*. gasoline range organics, **- diesel range organics, ***. residual range organics

*%%_ not detected above the practical quantitation limit.
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Table 4-2. VOC Test Results for Soil Samples from the VCY of Camp Carroll

B(09-223 B0%-224 B09-225 B09-226 B(9-227 B09-228 B(09-229
Component Unit 21 ] 82} 83 [ S1 |52 | 83 [SFjS24 83 |81 82| 83 {8 |82 83 /8j |82 | 83 ;81 | 82] 83
(EPA 8260b} O~ {24 | 10~1 [ O~} 2~ | 1O~ ] O~ § 2~ J 1O~1 ] O~ § 2~ 1 10~8 | O~ | 2~ | 10~1 | O~ | 2~ | 101 [ 02 | 24 | 10~}
Zm i om 2Zm {2m [4m ] 2m [ 2m |4m | 2m | 2m |4m | 2m [2m{d4m | 2m {2m [4m | 2m m m Zm
cig-1,2- pgk 260*
Dichlorocthene | g - * - - 19] - - . - ’ - - - R - . -
1,I- gk 84176
Dichlorocthene E - B R T 10J
Hek 200 | 3t | 281
Ethylbenzene | g J10 ) 250 § 243 F30J | 330 265 [ 291 | 258 ) 30J | 18] | 34) | 28] . 330|390 265 [26) ] 281 | 20)
Methylene ng'k 12 0 | IS ass | 51 | a9
chioride i S4) 1160 | 110 | ¢ 14911 50 145014701 52 1 0 1 0 ] 1o @™ 59T F 581 | 544 | 180§ S04 | 56]
gk 29 31 34 ) 47126
Naphibalene g - | iB - - - - - - - - - J | - - - JB|JB
ug/k 1.5 LT
Styrenc g - - - 1 - - ~ - - - - - ) ) LS - J - - - -
Tetrachloroeth | pp/k a5
ene (PCE) g 260 | 3 o888 - {18)] - - - - |- - . ) - 1 - - - - -
nek 81| M 9o
Tolucne g 243 1273 | 243 [35) 1361 [ 6GJ | 92 | 56F 1 60} |17} 135] | 221 4 641 | 88 § 48] | B7 | 401 F 99
i,2,3-
Trichlorobenze | pglk 181 - - - 201
ne g - B - - - - - - - - - - - - - - B
1,24~
Trichlerobenze | pgk 13 - -
ne g - - - - - - - - - - - - - - - - -
m-Xylene & p- | ngk o6t | 85 1 761
Kylene 2 70| 561 | 621 r66) | 78) | 65) [ 7583 ) a63) | 73 |52 | T} 63) N 913 §84) | 65) | 651 1721 | 73)
ughk 173 73174 6.4 7.2
o-Xylene 2 ] - I J - - - 174 - - - i ) ) - - 16811 - -

# 13- method blank contamination, the associated method blank contains the target analyte ai a reporiable level.

*# . the quan{itation is an estimation,
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Table 4-3. PAH Test Result for Seil Samples from the VCY of Camp Carroll.

Component (EPA | Uit B09-223 B09-224 B(9-225 B(9-226 B09-227 B(9-22§ B{9-229
8270C) N S2[(83isSiS}|sS S S|S|S8S|S|S $18
st' |21t dvjalafst sz 3]st |23 1{293[s 12][3]st]|s2

ughk 0.61

Acenaphthylene g - - - - -] - - ] - - R - - - - -
pgk § 0351} - 0.41 0.47

Benzo(a)anthracene | g * - 1-1-1- - J - - -l -] -1-]- - - - 1 -

Beanze{b)luoranthe | ng/k 0.67

ne g 2} N N R - LI - I by -1- - - - p14di -
ng'k

Benzo(ghilperylene | g 1.7 { - - i-1-1- - - - - N - -] - - -
ngk

Benzo(a)pyrene 2 0.591 | - - 1-1-1- - - - - I - -] - -
gk (.54 0.45

Chrysene 2 0.80) | - RN ENE - 1.6 | - ] - i -1 -1-1- ] - - 11 -
pe’k 0.37 0.52

Fluoranthene g ] - L e I J 29 -4ty - bl B PEHE -] -] 14) I

Indenc(1,2,3- ugtk 0.64

cd)pyrene g 0B84} - | - - F- |- - - - - - f-d-]1-1- - - | - J
netk 0.46 0.78 0.54

Phenanthrene £ 06131 - | - | -]-1- - 241 - J R EEERE J o J -
gk

Pyrene g 0721 | - 4 - | -|-1]- - {2y - |08 ) - ]-|-1-]-f1d}-1-185] -

i- sample from 0~2m, 2~ depth interval from 2-4 m, 3- depth interval from 10~12 m.
* J- The quantitation is an estimation. **- not detected above the practical quantitation limit,
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ESI at Former Vehicle Cutting Yard, Camp Carroll g AUGUST 2011

Table 4-4. VOCs Test Result for Groundwater at the VCY Area,

Chemical Parameter (pg/L) Unit | BO5-180MW | B09-223MW | B09-225MW

Benzene ng/l - - -

Bromobenzene BRI g/l b e SR

Bromochloromethane pg/L - - -

Bromodichloromethane ' S 1177 O ORI R EE RSO I

Bromoform pg/L - - -

Bromomethane B 17/ JA R N e A

2-Butanone (MEK) ng/L - . -

- n-Butylbenzene ' SR gl e e

sec-Butylbenzene pg/l. - - -

tert-Butylbenzene ' B Y7 O IR E T

Carbon disulfide pg/l. - - -

Carbon tetrachloride . " g/l o e

- Chlorobenzene ng/L - - -

- Dibromochloromethane -~ tebpg/Do | e e

Chloroethane pg/L - - -

Chloroform S ipg/ll - 1o 08 038

Chloromethane pg/L - - -

2-Chlorotoluene T kgl b e e
4-Chlorotoluene ng/L ) N -

1,2-Dibromo-3-chloropropane (DBCP) . ipg/L | . = L plo oo

1,2-Dibromoethane (EDB) ng/L - - -
Dibromomethane -~~~ g/l e e

1,2-Dichlorobenzene ug/L - - -
1,3-Dichlorobenzene -~ - ootpg/Lopooe e R R A
1,4-Dichlorobenzene ug/L - - -

Dichlorodifluoromethane (Freon 12) -~ lug/L 1 = i T el s
1,1-Dichloroethane ng/L - - -
1,2-Dichloroethane . g/l h e
cis-1,2-Dichloroethylene ug/L 0.2 5.6 -
trans-1,2-Dichloroethylene =~ jpg/l § =i oo
1,1 —Diéhioroethy]ene pg/L - - -
- 1,2-Dichloropropane ' Cobpg/lL p o e e T i
1,3-Dichloropropane pg/l. - - -

A
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ESI at Former Vehicle Cutting Yard, Camp Carroll g AUGUST 2011

Table 4-4. VOCs Test Result (Continued).

Chemical Parameter (pg/L) Unit | BOS-180MW | B09-223MW | B09-225MW
2,2-Dichloropropane - R R TT7 S0 R B I
cis-1,3-Dichloropropene ug/L - - -
trans-1,3-Dichloropropene g/l e
I,1-Dichloropropene pg/L - - -
Ethylbenzene S T Ciug/lob . 0 T T IR
Hexachlorobutadiene ug/L - - -
2-Hexanone ' L o pg/l e -
Isopropylbenzene ng/l - - -
- p-Isopropyltoluene ' g/l e S e ' -
Methylene chloride pg/L o - -
4-Methyl-2-pentanone (MIBK) - Cohpg/L e e -
Naphthalene ug/l - - .
- n-Propylbenzene ' B 177/ DS R T T S S R R
Styrene ug/L. - - -
1.1,1,2-Tetrachloroethane ' ' 4 ug/L T R R T I
1,1,2,2-Tetrachloroethane png/L - - -
Tetrachloroethylene (PCE) Cipg/Lob 54 98 74
Toluene ng/L 16B*** | 13B 10
' 1,2,3-Trichlorobenzene ) ng/l e T D
1,2,4-Trichlorobenzene ug/L - - -
1,1,1-Trichloroethane lpg/l = e .
1,1,2-Trichloroethane png/L - - -
Trichloroethylene (TCE) : ' g/l 041B - - 1.1 -
Trichlorofluoromethane (Freon 11) ug/L - - -
1,2,3-Trichloropropane - pg/L [ERSET T EE ECE SEAERE N -
1,2,4-Trimethylbenzene pg/L - - -
1,3,5-Trimethylbenzene ' - pg/L e R -
Vinyl chloride pg/L - - -
m-Xylene & p-Xylene | opg/L . . -
o-Xylene pe/l - - -
* . not detected above the sample quantitation limit. : R R S
*# J- the quantitation is an estimation.

**¥B. method blank contamination, the associated method blank contains the target analyte at a reportable level.

297
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ESI at Former Vehicle Cutting Yard, Camp Carroll

AUGUST 2011

Table 4-5. Monitoring Well Information used for Air Permeability Test at the VCY area.

Purposc WeHl 1D Well Depth Water level Inter-well
(m) Distance
Extraction Well | B09-288 152m ot 124mbgs* b - 0 -
Air Monitoring B(09-223MW I8.5m 13.5 m bgs 37m
Air Monitoring B09-225MW 19.5m “158Tmbgs 27m
*below ground surface
¢ s
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ESI at Former Vehicle Cutting Yard, Camp Carroll g AUGUST 2011

Figure 4-1, TPH Analytical Result (only detection) in Soil Samples from the VCY.
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ESI at Former Vehicle Cutting Yard, Camp Carroll

AUGUST 2011

Figure 4-2. Groundwater Flow Direction and Chemical Test Result in Groundwater

Sample at the VCY.
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ESI at Former Vehicle Cutting Yard, Camp Carroll

E AUGUST 2011

Figure 4-3. Curve Fitting Results against Elapsed time during the Slug Test at the VCY
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ESI at Former Vehicle Cutting Yard, Camp Carroll E AUGUST 2011

Appendix I: Soil Borehole Logs
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ENVIRO-EXPLORATION L.OG 08-037E B565 CP CARROLL.GPJ USACE SKOREA.GDT 7/8/11

US Army Corps EXPLORATION LOG

Of Engineers

Far East

Ho.eno. B09-223MW

District

PROJECT: Environmental Site Investigation at VCY Area

be
hé

LOCATION: Camp carroll G&EE NO.: 08-037E INSPECTOR:
DATE STARTED: 02 Mar 09 FINISHED: 02 Mar 09 DRILLER: L
DRILLING METHOD/EQUIPMENT: GeoProbe 6600
DRILLING AGENCY: Far East District HOLE DIAMETER; Jem TOTAL DEPTH: 19.0 m
OVERBURDEN THICKNESS: DEPTH DRILLED: 19.0m WATER DEPTH:
COORDINATES: N: 3,982.991.5 E: 447.006.1 GROUND ELEV.. 46.51 m DATUM; MSL
GROUND COVER: Grass CONTAMINATION:
TYPE OF HOLE: [ Piezometer £ Monitoring Well [ TestPit [ AugerHole [ other
w -
5 o -
2 |t leo H 2
- u:% e = O % < DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
<% 1gd|a B = | 2| as
G5 |25 |%ck S | 53| 82
ook |z |odp & Bz | Dn
o .{J‘( CH FAT CLAY WITH SAND: brown; mois!; subangular fine to %Recovery = 90
46~ ] °, GP -\medéum Sand (max.2mm}; medium plasticity; megium; il FGC=F4
/ CH materal{CH); no. FC =51%
POORLY GRADED GRAVEL WITH SAND: gray; dry; \FC=F3 f
2 subangular medium to coarse gravet (max.4cm); subangular] | Y%aRecovery =80
o fine to coarse Sand (max.4.8mm); ne plasticity; mediumm; fill PID = 1.3ppm
aterial(GP); no. %Recovery = 85
44— 83 EAT CLAY: maderate red; moist; subangulfar megium PID = 1.6ppm
Sand {max,2mm); high plasticity; stiff; alluvial; no.
%Recovery =95
£ / PID = £.7ppm
— / %Recovery = 80
42| 85 PiD = 2.4ppm
ML SILT: dark yellowish orange; moist; subangular fine to ) =
. medium Sand (max.2mmy}; low plasticity; medium; residual; F/}J:[Seﬂczv:ry 80
§ - w 2.4ppm
no; contain MICA
—6 %Recovery = 90
40--1 57 PID = 1.5ppm
%Recovery = 90
s8 PID = 2.8ppm
—8 %Recovery = 90
38 24 PID = 3.7ppm
%Recovery = 80
510 PID = 3.3ppm
1) 7 =
sRecovery = 80
36 st PID = 3.9ppm
%Recovery = 100
512 PID = 4.3ppm
12 %Recovery =0
24— 513 PIE = Gppm
%Recovery = 40
54 PID = 1.2ppm
14 %Recovery = BG
32 5i6 PID = 3ppm
CH SANDY FAT CLAY: yellowish brown; moist; subangular %Recovery = 100
596 fine to medium Sand {max.2mm); high plasticiy; soft; PID = 1.7ppm
© CH \residual; no; contain MICA. /A
™ ML EAT CLAY: moderate red; moist; subangular fine to % Recovery = 100
30— 817 medium Sand (max.2mm); high plasticity; soft; residuai; no; PiD = 1.1ppm
contain MICA.
SANDY SILT: yvellowish brown; moist; subangular fine to
medium Sand (max.2mm); fow plasticity, medium; residual;
no; contain MICA.
—18
28
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ENVIRO-EXPLORATION LOG 08-037E B585 CP CARRILL.GPJ USACE SKOREA.GDT 7/6/11

Of Engineers voe nvo. B09-224 District
PROJECT: Environmental Site Investigation at VCY Area
LOCATION; Camp carroll G&EE NO.: 08-037E INSPECTOR:
DATE STARTED: 02 Mar 09 FINISHED: 02 Mar 09 DRILLER: Aé
DRILLING METHOD/EQUIPMENT: GeoProbe 6600
DRILLING AGENCY: Far East District HOLE DIAMETER: Jem TOTAL DEPTH: 12.0 m
OVERBURDEN THICKNESS: DEPTH DRILLED: 12.0 m WATER DEPTH:
COORDINATES: N: 3.982.993.3 E: 446,989.7 GROUND ELEV: 46.53 m DATUM: MSL.
GROUND COVER: Grass CONTAMINATION;
TYPE OF HOLE: [ Piezometer 7] Monitoring Welf CITestPit [ AugerHole [ other
w ol .
: |t Z 3
E T F 5% »x('?- % § % - ,f(.. DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
oEZ 185 (Sus B LE |82
988 |33 |389 3 |53 | B
n 7 CH SANDY FAT CLAY: brown; moist; high plaslicily; soft; fif “%Recovery =70
46— st P ~I\] GP malerial{CH); no. PID = 3.2ppm
cH POORLY GRADED GRAVEL WITH SNAD: brown; moist; [ FC=F4
] RAE, subanguiar medium gravel (max.2.5cm); no plasticity; F{LFC = 51
s L medium; fill materia{GPY; no. FC = F3
_, CR | YEAT CLAY: brown: moist; high plasticity, stif. fil C=F4
matenial GH); no. %Recovery = 100
44— 55 / SILT: brown, moist; (ow plasticity; medim; ,E'CDszprm
/ aterial(ML); no. . _ G = F3
- o %a%r 521?1\‘:1?):; Tg-lsl; low plasticity; medium; fill l‘ ;{; gef%"aery 55
- L \EAT CLAY; cark yellowish orange; moist; high plasticiy; [ R - ppTgo
) siiff; fill material(GH); no, D = 2 3rom {
42— 8 SILT: moderale red; moist; low plasticity; sté#; residual; no. TR v pp~
bRecovery = 90
\PID = 2.6ppm {
S5 “Y%Recovery = 80
PID = 2.1ppm
—6 %Recovery = 80
40— 57 P = 2.ippm
%Recovery = 100
e PID = 1.4ppm
8 %Recovery =
3Gt 3 PID = Oppm
Y%Recovery = 50
s SM SILTY SAND: yellowieh brown; moiel; medium plasticity; PID = 2.1ppm
b0 dense; residual; no. T Recovery = B0
o Ty
36— st PID = 0.8ppm
%Recavery = 100
512 PID = 2.8ppm
12
CEPOF-ED-G PAGE 10f 3
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Z7E B565 CP CARROLL.GPJ USACE SKOREA.GDT 7/4/11

ENVIRO-EXPLORATION LOG 080

US Ay Cors EXPLORATION LOG Far East
Of Engineers oeno. B09-225MW District
PROJECT: Environmental Site Investigation at VCY Area
LOCATION: Camp carrell G&EE NO.; 08-037E INSPECTOR:
DATE STARTED: 02 Mar 09 FINISHED: 02 Mar 99 DRILLER:
DRILLING METHOD/EQUIPMENT: GeoProbe 6600
DRILLING AGENCY: Far East District HOLE DIAMETER: 3em TOTAL DEPTH; 20.0 m
OVERBURDEN THICKNESS: DEPTH DRILLED: 20.0m WATER DEPTH:
COORDINATES: N: 3,982.990.4 £: 446,964.5 GROUND ELEV 46.57 m DATUM: MSL
GROUND COVER: Grass CONTAMINATION:
TYPE OF HOLE:  [] Piezometer {J Monitoring Well ClTestPit [ AugerHole [ ] other
: |E(LE 3
E o luxle & B w < DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
SIS 132z g = 2 | a%
o E*é’ 3 %‘ % ol 3 -3 a5
not [ G2 |3298 = 52 | 8L
¢ CH SANDY FAT CLAY: brown; moist; medium plasticily; sofi; %Recovery = 80
46 O L mp—\ill materiat{CHY, no, { PID = 3.3ppm
/7 it | FOORLY GRADED GRAVEL: brown; moist; subangufar FC=F4
/ medium gravel (max.3cmy, no plasticity; medium; fii FC = NFS
@ / malerial{GPY; no. FC = F3
o - \;»:‘I: :;I;%\‘::atli:arrli;.yeilowish orange; moist; high plasticity; p :f)i;ge‘foz\a'gg) :190
44 83 SILT WITH SAND: moderate red; moist: low plasticity: “%Recovery = 100
stiff; residual; no, PID = 3.3ppm
%Recovery = 90
S4 P = 2.3ppm
4 %Recovery = 90
42— Y PID = 2.7ppm
%Recovery = 80
s6 PID = 3,1ppm
-6 %Recavery = 100
40— C ] _ PID = 3ppm
AR SM SIETY SAND: vellowish hrown; moist; low plasticity;
e medium; residual; no. SRecovery = 100
58 PID = 2.8ppm
8 %Recovery = 80
35 s PID = 2.9ppm
YRecovery = 9G
S10 PID = 2.3ppm
10 %Recovery = 100
36— 813 PID = 1.3ppm
SM SILTY SAND: yefiowish brown; residual.
—12
34_,“
1
32—
—16
30—
[--18
28—

CEPOF-ED-G T PAGE 10f5

%
e



ENVIRC-EXPLORATION LOG 08-037E BSES CP CARROLL.GPJ USACE SKOREA.GDT 7/6/11

EXPLORATION LOG
Hoteno. B09-226

Far East

District

PROJECT: Environmental Site Investigation at VCY Area

LOCATION: Camp carrell G&EE NO.: 08-037E INSPECTOR: bfﬁ
DATE STARTED: 03 Mar 09 FINISHED: 03 Mar 89 DRILLER; bé
DRILLING METHOD/EQUHPMENT. GeeProbe 6600
DRILLING AGENCY: Far East District HOLE DIAMETER: 3em TOTAL DEPTH: 120 m
OVERBURDEN THICKNESS: DEPTH DRILLED: 12.0m WATER DEPTH:
COORDINATES: N: 3,982.989.0 E: 446,949.3 GROUND ELEV.: 46.69 m DATUM: MSIL.
GROUND COVER: Grass CONTAMINATION;
TYPE OF HOLE: [ Piezometer [] Monitoring Well [ Test Pit {1 Auger Hole [ other
2 |5 l. B 2
E_— |wk |8 Z 3 o < DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
SEE gl B = | 3| g%
G & *g = = 3ozl 8 =2 B
mat [oz 688 & &2 25
0 GP-GC fy PQO) GRADED GRAVEL WiTH CLA D SAND; Y%Recovery = 90
st GH dark brown; moist; subangular medium to coarse gravel PID = 2.5ppm
46— / CH {max.4cm}; bow plasticity; loose; fill material{GP-GC); no; FC = F2
lcontain MICA. FC = F4
E) / \FS)ANDY FAT CLAY; dark yellowish orange; moist; medium [ FC = £3
lasticity, medium; fill material(CH); no. %Recovery = 100
-2 WL FAT CLAY: moderate red; moist; high plasticily; mediurn; \PID = 2.2ppm {
53 \alluvial; na. [ %Recovery = 80
44 SILT; dark yellowish orange; moist; low plasticity; medium; PiD = 24ppm
residuai; no. %Recovery = 60
s4 PID = 2.1ppm
4 Y%Recovery = 90
s PID = 2.2ppm
42—
%Recovery = 90
6 PID = 1.8ppm
6 %Recovery = 90
40— BT PID = 3.1ppm
“%Recovery = 60
] PID = 2.5ppm:
-8 %Recovery =70
5% SM SAND WITH SILT; yellowish brown; moist; low plasticity; PID = 2ppm
38~ dense; residual; no.
%Recovery = 8¢
s10 PID = 2.1ppm
10 ‘. %Recovery = 70
s11 . PID = 1.7ppm
36— S
£ YeRecovery = 100
12 _::, PID = 1.9ppm
12 <
CEPOF-ED-G PAGE10of3




ENVIRO-EXPLORATION LOG 08-037E B565 CP CARROLL.GPJY USACE SKOREA.GDT 7/6/1%

US Army Corps EXPLORATION LOG Far East
Of Engineers noeno. B(09-227 District
PROJECT: Envirenmental Site Investigation at VCY Area
LOCATION; Camp carroll G&EE NO.; 08-037E INSPECTOR: bé
DATE STARTED: 03 Mar 09 FINISHED: 03 Mar 09 DRILLER: ) 9é
DRILLING METHOD/EQUIPMENT: GeoProbe 6600
DRILLING AGENCY: Far East District HOLE DIAMETER; Iem TOTAL DEPTH: 120m
OVERBURDEN THICKNESS: DEPTH DRILLED: 12.0 m WATER DEPTH:
COORDINATES: N: 3.983.016.2 E: 446,939.2 GROUND ELEV.: 46.51 m DATUM: MSL
GROUND COVER: Grass CONTAMINATION:
TYPE OF HOLE: [ Piezometer (] Monitoring Well [ TestPit [ AugerHole [ other
iy [#]
: €| B 2
8 -~ w fﬁ g % 8 % <L DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
=E2 |lzEo g [E] = 2 | a%
Ghi |32 |29kl & | 388
mok vz ([OO3 @ (=S Sw
0 SC CLAYEY SAND WITH GRAVEL: brown; moist; subangular & %Recovery = 100
46~ 81 CH fine to medivm gravel (max.1cm); subangular fine to coarse r PID = 2.3ppm
SM Sand {max.4.8mm); low plasticity; dense; fill material{SC}; FC=F3
ML | fino. FC=F4
® |EATCEAY WITH SAND: moderate red; moisl; subanguiar FC=F3
fine to medium Sand {max.2mm}; medium plasticity; C=F4
2 edium; fill material[CH); no, TRecovery = 70
44— 5 SILTY SAND: yetiowish brown; moist; subangular fina to PID = 2.6ppm f
coarse Sand (max.4.8mm); low plasticity; soft; {3 J YaRecovery = 100
ateriai(SM); no; confain MICA. \PID = 2.6ppm ,'
54 SANDY SILY: dark yellowish orange; meist; subanguiar %Recovery = 100G
fine to medium Sand {max.2mm); low plasticity; medium; fili  { PID = 2.9ppm
4 material{ML); no. %Recovery = 100
42— 85 PID = 2 1ppm
ML SANDY SILT: dark yellowish orange; moist; subangular %Recovery = 100
S6 fine to medium Sand (max.2mm); jow plasticity; medium; PID = 2.6ppm
residual; no.
6 %Racovery = 90
40— 57 PID = 2,2ppm
Y%Recovery = 100
=) PID = 2 1ppr
-8 %Recovery = 90
38~ 59 PO = 2.4ppm
%Recovery = 100G
S0 PID = 24ppm
10 %Recovery = 100
A5 1 PID = 1.9ppm
%Recovery = 100
512 Pil = 2.3ppm
—12
CEPOF-ED-G PAGE 10f 3




US Army Corps EXPLORATION LOG Far East
Of Engiﬂeefs HOLE NO. B09-228 District

PROJECT: Environmental Site Investigation at VCY Area

LOCATION: Camp carroli G&EE NO.: 08-037E INSPECTOR:

DATE STARTED: 03 Mar 09 FINISHED: 03 Mar 09 DRILLER:

DRHILING METHOD/EQUIPMENT: GeoProbe 6600

PRILLING AGENCY: Far East District HOLE DIAMETER: 3 em TOTAL DEPTH: 11.0m
OVERBURDEN THICKNESS: DEPTH DRILLED: 11.0m WATER DEPTH:
COORDINATES: N: 3,983.009.6 E: 4469734 GROUND £LEV.: 46.78 m DATUM: MSI1,
GROUND COVER: Grass CONTAMINATION:

TYPE OF HOLE: {71 Piezometer [ Monitoring Well [ TestPit {1 AugerHole ] other

ENVIRO-EXPLORATION LOG 08-037E BS65 CP CARROLL.GP) USACE SKOREA.GDT 7/6/11

[a]
- w @l &
] F Z 3
i:_:: TF w % % g &% % - ,‘E DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
g, 0 ]
ohi |32 (30l B | 5¥ | §¢
mnk Bz |00 i} nz 37
o SC CLAYEY SAND WITH GRAVEL: dark brown; moist; %Recovery = 100
51 CH B subangular fine gravel (max.1cm); subzangular fine to coarse[ PID = 0.9ppm
46— ML Sand (max.4.8mmy), low plasticity; soft; filf materialf SC); no. FC=F3
ML FAT CLAY WITH SAND: moderate red; moist; subangular \iC =F4
] fine to medium Sand (max.2mm); medium plasticity; FG=F4
» fimedium; fill material(CH); no. Y%Recovery = 100
|SILT WITH SAND: dark yellowish orange; moist PID = 1ppm
53 |subangular fine to medium Sand {(max.2mm); fow piasticity; | |FC # F4
44— \siiﬁ; residual; no; contain MICA. %Recovery = 100
SILT WITH SAND: dark yelfowish orange; moisf; PID=12ppm
Ll subanguiar fine to medium Sand {(max.2mm}; low plasticity; S%Recovery = 100
|4 stiff; residual; no; contain MICA. PID = £.5ppm
%Recovery = 80
55 PO = 1.7ppm
42—
“%Recovery = 160
56 PID = 1.7ppm
—6 % Recovery = 100
st PID = 2,1ppm
40—
ML SNADY SILT: yeiowish brown; moist; subangufar fine to %Recavery = 100
50 medium Sand {max.2mm); low plasticity; medium; residual, PIE = 1.6ppm
no; confain MICA,
8 %Recovery = 100
59 PID = 1.5ppm
38—
%Recovery = 100
510 PID = 1.3ppm
it %Recovery = 90
511 PID = 1.3ppm
36—
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US Amy Corps EXPLORATION LOG Far East

ENVIRO-EXPLORATION LOG GB-037E BS65 CP CARROLL.GPS USACE SKOREA.GOT 7/6/11

Of Engineers no,eno. B(9-229 District
PROJECT: Environmental Site Investigation at VCY Area
LOCATION: Camp carroll G&EE NO.; 08-037E INSPECTOR:
DATE STARTED: 03 Mar 09 FINISHED: 03 Mar 09 DRILLER:
DRILLING METHOD/EQUIPMENT: GeoProbe 6600
DRILLING AGENCY: Far East District HOLE DIAMETER: Jem TOTAL DEPTH: 12.0m
OVERBURDEN THICKNESS: DEPTH DRILLED: 12.0 m WATER DEPTH:
COORDINATES: N: 3.983.010.2 E: 447.013.9 GROUND ELEV.: 46.53 m DATUM: MSL.
GROUND COVER: Grass CONTAMINATHON:
TYPE OF HOLE: [T Piezometer (1 Monitoring Well [ TestPit [ AugerHole [ other
o )
: (&£ B &
8 —~ |weig [§ 3 W < DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
<ES a8l [ 2 3 | ag
& gﬁ 3= ozl 8 | 2 | 82
naE |2 088 & Gz 47
= W/ SC CLAYEY SAND WITH GRAVEL: hrown; moist; subangular %Recovery = 100
46— 51 : g fine gl_'avel {max.1cm); medium plasticity; medium; fill PID = 1ppm
H \malenai(SC); no. [ FC=F3
BOORLY GRADED GRAVEL WITH SAND: dark brown; FC = NFS
w / moist; subangular medium gravel {max.3cm); no plasticity; FC = F4
aoft; fill materiafGP); no. %Recovery = B0
2 / FAT CLAY WITH SAND: dark yellowish orange; moist; \PID = 2.1ppm /
44 53 / high plasticity; stiff; fill malesial{CH}; no. %Recovery = 100
Pk = 2.3ppm
/ Y%Recovery = 65
s L ST WITH SAND: modarate red; moist; fow pIastcy, PID = 1.8ppme
g stiff; residual; no; contain MICA.
%Recovery = 80
42— s6 PID = Z4ppm
Y% Recovery = 100
% PID = 1.9ppm
—6 %Recovery = 80
40— 57 8 = 1.6ppm
Y%Recovery = 80
58 PID = 2,1ppm
-8 %Recovery = 90
38— 58 P = 2.2ppm
%Recovery = 100
s10 PID = 1.8ppm
=10 %Racovery = 90
36— s11 PiD = 1.6ppm
SeRecovery = 90
512 PID = 2ppm
4
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MONITORING WELL LOG 08-D37E B5E5 CP CARROLL.GPJ USACE SKOREA.GDT 7/611

US Army Corps

MONITORING WELL LOG
Of Engineers wew no. B09-223MW District

Far East

PROJECT: Environmental Site Investigation at VCY Area

LOCATION: Camp carroll G&EE NO.; 08-037E INSPECTOR: M)é?
DATE STARTED: 02 Mar 09 FINISHED: 02 Mar 09 DRILLER: b@
DRILLING METHOD/EQUIPMENT: GeoPrebe 6600
DRILLING AGENCY: Far East District HOLE DIAMETER: Jcom TOTAL DEPTH: 19.6 m
OVERBURDEN THICKNESS: DEPTH DRILLED:; 19.0m WATER DEPTH: i35m
COORDINATES: N: 3,982,991.5 E: 447,006.1 GROUND ELEV.: 46.51 m DATUM: MSIL.
GROUND COVER: Grass TOP of WELL RISER CASING ELEV.: 46.46 m
‘Z"‘ WELL GRAPHIC
2 [ WELL CONSTRUCTION
Eo 2 . w FIELD DATA DETAILS
= b g ] é Ao
Gl g S2| 82 | 25 |oum
o |4 | Dw nz (m)
Protective PROTECTIVE CASING
¢ Diameter: 20 cm
Elevation: 46.46 m Type: Manhole
Interval: -0.02 to 0.18m
i h_ CH %Recovery = 80
46— 7 ! FC=Fd LL RISER CASING
2 FC = F3 _JI  Diameter: 2incn
| o / 2 %Recovery = 80 Type: Schedule 40 PVC
PID = 1.3ppm .o
44— % a oRocovory S 85 Interval: -0.01 to 10.6m
PID = 1.6ppm
- Coment Grout / 4 #Recovery = 95 WELL SCREEN
g 4 PID = 1.7ppm T
1] 5 %Recovery = B0 Diameter: 2 inch
é - PIC = 24ppm Type: 0.01 Siot Sch 40
[ : Y%Recovery = 80 t : . .
y Well Casing s PID = 24p0m Interval: 10610 18.2m
5 6 YhRecovery = 90
40— 7 PID = 1.5ppm WELL POINT
% Recovery = 50 Type: Schedule 40 PVC
Bentonite Seal 8 PID = 2.8ppm inferval: 18.2 to 18.35m
8 i 4 %Recovery = 90
38— 9 FID = 3.7ppm
= s CONCRETE PAD
10 PID = 3.3p0m Diameter: 0.3m
10 X e 10 TiRerovery = 86 Intervat:  -0.05 10 0.15m
36— Y O A 1 PID = 3.8ppm
%Recovery = 100 GROUT
12 =
12 12 PID = 4.3ppm Type: Portland Type |
YRecovery =0 Interval: 0.0 fo 7.0m
341 13 PID = Oppm R
. Quantity: 9 bags of 20 kg
% Filter Pack aRecovery = 40
“ PID = 1.2ppm
~—14 14
%Recovery = 80 SEAL
37— Well Screen | 15 PID = BDW,,,,,,,M,,,‘HW ——Type: Bentonile
y /. cH %Recovery = 100 Interval: 7.0 to B.0m
16 P = 1.7 ppm o
|16 CH 16 Quantity: 2.5 gal
ML %Recovery = 100
30- 7 PID = 1.1ppm
SAND PACK
® Typo:  medium sand
- - .
- 8 % iz~ Well Botiom interval: 8.0 to 18.5m
Borehole Bottom Quantity: 135kg
Grain Size: 0.4-1.2 mm
Remarks: Note:
" ¥ Ground-water fevel at completion: of borehole 03/03/08 caved
¥ Ground-water lavelon  13.5m
A Product ievef on
¥ i
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MONITORING WELL LOG 08-037E 3565 CP CARRILL.GPJ USACE SKOREA.GDT 7/6/11

US Army Corps MONITORING WELL LOG
Of Engineers werevo. B09-225MW
PROJECT: Environmental Site Investization at VCY Area
LOCATION: Camp carroll G&EE NO.; 08-037E INSPECTOR:
DATE STARTED: 02 Mar 09 FINISHED: 02 Mar 09 DRILLER;
DRILLING METHOD/EQUIPMENT: GeoProbe 6600
DRILLING AGENCY: Far East District HOLE DIAMETER: Jem TOTAL DEPTH: 20.0 m
OVERBURDEN THICKNESS: DEPTH DRILLED:; 20.0 m WATER DEPTH: 158 m
COORDINATES: N: 3,982,990.4 E: 446,964.5 GROUND ELEV.; 46.57 m DATUM: MSIL.
GROUND COVER: Grass TOP of WELL RISER CASING ELEV.: 46.63 m
-Z_ WELL GRAPHIC
o] ONSTRUCTIO
’E g % - ﬁ:,, w % FIELD DATA WELL CDENI'A-I;FSU TION
3t 8 Eo| g5 | &8
i g 53| 25 | 22 joeen
Protactive PROTECTIVE CASING
casing T R Ve BRSNS
Diameter: 20 cm
Elevation: 46.63 m Type: Manhole
Interval:  -0.02 to 0.18m
Vi CH %Recovery = 80
46— 7 GP ! PID = 3.3ppm WELL RISER CASING
TH FC=F4 " ,
5 FC = NFS Diameter: 2 inch
5 / 2 fC =Fs Type: Schedule 40 PVC
it WL 5 ey =90 Interval: -0.01 to 11.4m
%Rec%vgfy =100
4 PID = 3.3ppm
R = WELL SCREEN
s Cement Grout : 4 p,,;,efg‘_’;?g,mgo Diameter: 2 inch
42— %Re_covery =90 Type: 0.01 Stot Sch 40
' R R fnterval 11.4 to 19.3m
5 - Well Casing 6 PID = 3.1ppm
40— - 7 g;ge:g‘;%?: 0 wELL POINT
SiRecovery = 100 Type: Schedule 40 PVC
8 PID = 2.6ppm fnterval:  19.3to 12.45m
8 8 TR —
. aRecovery = 90
38— Bentonite Seal 9 PID = 2.9ppim
NN %Recovery = 80 CONCRETE PAD
N O 10 PID = 2. 3ppm Diameter: 0.3m
10 10 Ty Recovery =100 Interval:  -0.05 o 0.15m
36— " PID = 1.3ppm
SM GROUT
12 19 ] Type: Portland Type H
s Intervai: 0.0t0 8.2m
Quantity: 11 bags of 20 kg
14 - Fifter Pack 141 SEAL
32 Type: Rantonite
el Well Screen lnterval: 8.2 f0 8.8m
16 h 3 16 Quaniity: 2.5 gal
30—
SAND PACK
Type: medium sand
18 . 18 Interval: 8.8 to 19.5m
28— 2 Quantity: 180kg
I;'-E'%—}_Weii Bottomn Grain Size: 0.4-1.2mm
L e Borehole Bottorn
Remarks: ; Note:
¥ Ground-water level at completion of borehole 03/03/09 no waler
¥ Ground-water fevel on  15.8m
A, Praduct tevel on

EPOF-ED-G g Ry PA
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Appendix I11: Field Experiment Result- Slug Test
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1. INTRODUCTION

1.1 Project Background

BEC has prepared this report for the FED under contract NO. W912UM-07-D-0001, Task Order
No.0014. This report summarizes the result to analyze for slug 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"). Kinds of field test are
slug and air permeability tests. The project site is a former vehicle-cutting yard (building 563) in
Camp Carroll.

Hydrologic field experiments such as slug and pumping, and air permeability tests were
conducted at the project site. Pumping test and air permeability tests were due to not sufficient
water level draw down and no response during field experiments.

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 volame 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 (c.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).

3
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Bouwer and Rice’s expression for hydraulic conductivity (K) is:

7 In(RJ/R) R
2L, T H,

Where;

K = hydraulic conductivity [ft/sec]

R, = filter pack (borehole) radius [fi]

R = screen radius [{t]

¥, = casing radius [ft]

L, = length of open screen (or borehole)(ft]
Hy = drawdown at t= 0

H, = drawdown att = H,

The simplest 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),

¥2 In(L/R)

-L/R > 8
2L, for

K=
Where:

K = hydraulic conductivity [fi/sec]

r = casing radius [ft]

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

R = filter pack (borehole) radius {fi]

T, = Basic Time Lag [sec]; value of t on semi-logarithmic

plot of H-WH-HO vs. t, where H-WH-H = 0.37 0

H = initial water level prior to removal of slug
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Hy= water level at t =0

# = 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 a 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 ).

Table 1. Information of slug test is performed wells

Well information

Site Well No. Time Dumm Remark
e y D" (in) WR? (mm) NG (m)

1015 injection
B09-223

VCY (B563) 1027 withdrawal
B09-225 1006 injection
i 1027 withdrawal

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

18.50 51 13.502

19,54 51 15.805

3.2 Description for the slug test at Sites

Generally, groundwater 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 shug test analyzed the range of groundwater
was assumed in the aquifer

The diagrams are plots of injection and withdrawal during the slug test at the site. Each plot of
injection and withdrawal is the head (H/HO) against the elapsed time. The plot is drew the fitting
line above interval which is consistent on head (H/HO). 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 slope (as) to need analysis can obtain from fitting line is drew on
drawdown of water level.




3.2.1 Vehicle Cutting Yard

The slug test conducted B09-223 and B09-225 in the VCY site. The groundwater level of
MW(monitoring wells) was checked from 13.50m to 15.81m and the depth of MW is from 18.50
mto 19.54m respectively.

i
Slugf tests
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Figure 1 Location of Monitoring well conducted the slug test in the B365.
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Figure 2 Curve-fitting results against elapsed time at constant shug tests in the B365.
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3.3 Result

3.3.1 Slug test
The hydraulic conductivity(K) is calculated by the Hvorslev and the Bouwer & Rice methods:

e 2.68E-04 / 2.62E-04 cm/sec in the VCY

Table 2 Hydraulic conductivity (K) estimated from the slug test using the Horvslev and Bouwer &
Rice method

K{m/sec)  K{m/sec) K(n/day} K(w/day) :

Site Well Dummy ooy (B&R)  (Horvsley)  (B&R)
Injection 1.0E-06 9.7E-07 0.08875 0.08366
B09-223
ey withdrawal ~ L.3E-06 12506  0.11189  0.10548
' injection 42E-06  4.2E-06  0.36696  0.36308
B09-225

withdrawal 4.1E-06 4. 1E-06 (1.35765 0.35387

&7 39
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Report for ESE at Land Farm and Area D, Camp Carroll August 2011

Executive Summary

This Environmental Site Investigation (ESI) was conducted at the Land Farm and Area D
(LE-Arca D) located within Camp Carroll of the United States Army Garrison (USAG) Daegu,
Republic of Korea (ROK) during February 2009 to March 2010. Previous investigations
conducted at the area showed the presence of hazardous substances in soil and groundwater from
previous burial of drums of hazardous substances. The ESI at the site was conducted to better
delineate the lateral extent of subsurface soil and groundwater contamination and the levels of
chemicals of potential concern of the LF-Area D. 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 DoD) Instruction 4718.5 for determining the need for remediation of

environmental contamination.

Thirteen boreholes were completed during this ESI. A total of 49 soil samples were
collected to a depth of 6 meters at 2 meter increments. All 49 samples were submitted to the
analytical laboratory for analysis volatile organic compounds (VOCs) and organo-chlorinated
pesticides (OC-pesticides). Twenty-six samples (0 to 2 meters and 2 to 4 meters) were
submitted for analysis of total petroleum hydrocarbon (TPH), semi-VOCs, and dioxin-furans.
Thirteen samples (0 to 2 meters) were submitted for analysis of metals and polychlorinated
biphenyls (PCBs). Groundwater samples were collected from 16 groundwater monitoring wells
and 6 water supply wells. Those samples were analyzed for VOCs and/or OC-pesticides.

VOCs were detected in some soil samples collected from each of the borehole drilled at
the Area D. Toluene; 2,4-chlorotoluene; tetrachloroethene; and trichloroethene were detected in
site soil samples. Other VOCs are mostly below the practical quantitation limit (PQL). Toluene
was detected in 23 soil samples out of total 49. Tetrachloroethene was detected in 5 soil sample
out of total 49. The 2,4-chlorotoluene and trichioroethene were detected in only one sample.

OC-pesticides were detected in soil samples collected from each of the boreholes drilled
af the Area D. Lindane, 4,4’-DDE, DDD and DDT were the chemicals detected above the PQL
with 4,4-DDD and DDT being the most common pesticides identified in soil samples.

A total of 26 soil samples were tested for diesel range (DRO) and residual range (RRO)
petroleum hydrocarbons. Four samples were identified containing petroleum hydrocarbons. The
samples with detected petroleum hydrocarbon were the shaliow sample depths, indicating
incidental releases from vehicle operations rather than a release from a storage tank.

No target SVOCs were detected above the PQL in soil samples collected from boreholes
drilled at the Area D. Table 4-4 presents the chemical test result for SVOCs.,

Twenty-six soil samples were submitted for dioxin/furan analysis. Various dioxin-furan
congeners were detected in soil samples. No 2,3,7,8-TCDT) was detected in soil. The
International-Toxic Equivalent Factors (I-TEF) for dioxins and furans were used to calculate the
International-Toxic Equivalent (I-TEQ) for each soil sample The I-TEQ is expresses the detected
concentration of dioxin-furans with respect to the toxicity 0f 2,3,7,8-TCDD and 1,2,3,7,8-
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PeCDD. The I-TEQ calculated for each of the soil samples collected at the site ranges from 0.03
o 1.73.

Target metals were detected in ali 13 soil samples collected from the borcholes drilled at
the Area D, but the detected concentrations of metals were close to the results from a site
background sample. According to the comparison with the site background sample, the metal
concentrations of site soil samples have not been affected by historic activities.

No PCBs were detected in soil samples collected from boreholes drilled at the LF-Area
D,

Page ii
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Acronyms

ASTM: American Society for Testing and Materials
BEC: Beautiful Environmental Construction (BEC)
CD: Compact disk

COPC: Chemicals of Potential Concern

CSM: Conceptual Site Model

DDD: dichlorodipheny! dichloroethane

DDT: dichlorodipheny! trichloroethane

DPW: Directorate of Public Works
EM-Engineering Manual

EPA: Environmental Protection Agency

ESA: Environmental Site Assessment

ESEL: Environmental Site Investigation

FED: Far East District

HTRW: Hazardous, Toxic, and Radioactive Wasle
IDIQ: Indefinite Delivery and Indefinite Quantity
1IDW: Investigation-derived wastes

I-TEF: International-Toxic Equivalent Factors
I-TEQ: International-Toxic Equivalent

LCS: Laboratory Control Sample

LF-Area D: Land Farm and Area D

LNAPL: Light Non-Aqueous Phase Liquid

MS: Matrix Spike

ND: Not detected

NELAC: National Environmental Laboratory Accreditation
Conference

O/M: Operation and Maintenance

OC-pesticide: organo-chlorinated pesticides

PCB: polychlorinated biphenyl

PCE: tetrachloroethylene

PID: Photo Ionization

PQL: Practical quantitation limit

PSA: Preliminary Site Assessment

QA Qualily Assurance

QC: Quality Control

ROK: Republic of Korea

SI: Site Investigation

SSHP: Site Safety and Health Plan

SVE: Soil Vapor Extraction

TCE: trichloroethylene
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TPH: total petroleum hydrocarbon
TPH-D: diesel range TPH

TPH-G: gasoline range TPH

TPH-O: oil range TPH

USACE: US Army Corps of Engineers
USAG-Daegu: US Army Garrison Daegu
USFK.: US Forces Korea

UTM: Universal Transverse Mercator
VOCs: volatile organic compounds
WGS: World Geodetic System

WP: Work Plan

ZV1: Zero Valent Iron
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1. Introduction

This report describes the work results obtained from the Environmental Site Investigation
(ESI) conducted for the Land Farm and Area D, which are located at the central eastern portion

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 and 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 were conducted according to the Work
Plan (WP) and Site Safety and Health Plan (SSHP) developed by FED for this project.

1.1. Project Authority.

FED was authorized by the US Army Garrison Daegu (USAG-Daegu) Directorate of
Public Works (DPW), US Forces Korea (USFK) to conduct work on 30 April 2008 at Land Farm
and Area D through MIPR 8GDBPENV06.

1.2. Project objectives

The overall objective of this ESI was to delineate the nature and extent of contamination
that had a potential to affect human health. The project objectives were developed based upon
the previous investigation result by Samsung 2004. The chemicals of interest were selected
based on those reported in the 2004 result.

The following specific objectives were addressed during this ESI for Land Farm and
Area D:

¢ Assess the presence of total petroleum hydrocarbons (TPH), volatile organic
compounds (VOCs), semi-VOCs, polychlorinated biphenyl (PCB), metals,
dioxins, and organochlorinated pesticide (OC-pesticide) in subsurface soil, and
VOCs and semi-VQCs for groundwater.

» Assess the potential migration of VOCs from groundwater at the site to nearby
operating drinking water supply wells.

1.3 Regulatory Considerations

The release of hazardous substances by DoD 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). DO 4715.1F states it is Dol policy to protect DoD
personnel from accidental death, injury, and occupational iliness and to protect the public from
risk of death, injury, illness, or property damage because of DoD activities. Consequently,
installations have an obligation to identify potential effects to DoID personnel and the public
when a release of hazardous substances is discovered. Once the nature of the contamination is

2750
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determined DoD Instruction 4715.8 titled “Environmenial Remediation for DoD Activities
Overseas” describes the policy and procedures for remediation of environmental contamination
on DoD instailations 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
“Environmenial Governing Standards.”
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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. Iilly, forested areas 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 Land Farm and Area D
sites are located at the central eastern installation boundary Camp Carroll, next to the H805
helipad. Figure 2-2 presents the location of Land Farm and Area D at Camp Carroll.

2.2, Land Farm

The Camp Carroll Land Farm consists of three engineered units for treatment of
contaminated soil. Two of the units are treatment beds, referred to as Bed #1 at east and Bed #2
at west and the third unit is a water retention pond. The dimensions of each treatment bed, which
is bounded by a berm, are approximately 70 meters by 30 meters. The dimensions of the water
retention pond are approximately 30 meters by 20 meters. The total Land Farm facility is
approximately 9,100 square meters.

Camp Carroll envirommental DPW personnel suspect that contaminated soil and material
from Area 41 were disposed of in the area now occupied by the Land Farm. Their suspicions are
based on the fact that contaminated soil and waste materials, such as one-gailon cans were
uncovered during the excavation and construction of Bed #1 in 1995 (northwest corner of Bed
#1). The Land Farm is also located near to Area D.

2.3. Area D

Area D is a former hazardous waste disposal area. Numerous hazardous materials were
disposed in this disposal arca between the years of 1977 and 1982. Personnel interviews
indicated that numerous drums of hazardous materials were transported to Area D from Area 41.
The drums contained a varicty of chemicals including pesticides (including DDT), herbicides,
solvents, and over 100 other detected chemicals. The disposal area dimensions were
approximately 150 meters (m) by 75 m in area; and 6 m to 9 m deep.

Reportedly, much of the disposal area material and surrounding soil was excavated
between 1982 and 1983 and placed info 55-gallon drums. The fate of the excavated drums 1s
unknown. Despite the removal activity, residual amounts of contaminated material may have
remained. No visual evidence of hazardous waste disposal, such as soil discoloration, dead
vegetation, or hummocky terrain, was observed during a 1992 site inspection performed by a
Woodward-Clyde Consultants field team.
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2.4. Summary of Previous Investigations

The two areas to be investigated have been previously evaluated for environmental
conditions during an environmental site assessment (ESA) and preliminary site assessment
(PSA) as follows:

Land Farm:

ESA by FED in December 2004

Groundwater monitoring well construction in Land Farm in 2007.

Soil sampling to.support of construction of treatment bed by FED in February 2008

Excavation of buried construction wastes, drums and cans during excavation for
constructing a new treatment bed by the contractor in March 2008

Area D:
Woodward Clyde in 1992

Site Investigation by Samsung in July 2004

2.4.1. Land Farm
In 1992, monitoring well MW-23 was constructed by Woodward-Clyde personnel
approximately 140 meters west of the Land Farm facility. Groundwater sample was collected
from the well, No VOCs, SVOCs or organophosphorus (OP)-pesticides were detected in the
groundwater sample collected from the well in 1992.

In 2004, results of soil sampling during the ESA showed site soils were contaminated
with VOCs. Most of the detected VOCs were solvent-related chemicals. VOC contamination
was detected as deep as 6 to 8 meters befow ground surface. In addition, several pesticide,
metal, and dioxin/furan compounds were also detected in site soils. Arsenic was detected in one
soil sample at a concentration greater than the EPA guidance level for protection of ground
water, Preliminary findings indicate that VOC and arsenic contamination exist in site soils and
the levels could contribute to the contamination of the underlying groundwater. Groundwater
contamination could pose a threat to human health, because ground-water supply wells are used
for Camp Carroll’s potable water supply.

In 2007, soil and groundwater were sampled and analyzed by FED to determine the level
of chemicals potentially from the use of treatment facilities, Results showed there were no
chemicals released into the environment from the treatment bed in use. However, results of soil
sampling showed that concentrations of VOCs were present, including PCE and TCE. Mixed
TPH of IP-8, diesel and oil was identified from one soil boring with the concentration of 10,000
mg/kg. Groundwater sampling result indicate the presence of VOCs, including PCE and TCE.
Concentrations of arsenic, lead and OC-pesticide were also detected in groundwater samples.

2 ?\ﬁwg'x& !
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In 2008, during soil excavation in support of a new treatment bed #2, approximately
2,200 cubic meters of contaminated soils with various chemicals were excavated and stockpiled
within the Land Farm facility. In association with the contaminated soil, buried materials were
uncovered such as 5S5gallon drums, 5 gallon cans and construction debris. Most 55 gallon drums
were crushed and empty. Despite the removal and excavation activities, residual amounts of
contaminated material likely remained. Figure 2-3 to 2-4 summarizes the previous investigation
resulis at Land Farm.

2.42. AreaD

In 2004, Samsung Co. conducted site investigation (SI) at Area D, and reported that the
soil contained numerous contaminants including TPH-G, TPH-D, TPH-0O, VOCs, SVOCs,
pesticides, metals, and dioxins. The investigation reported that several soil contaminant
concentrations exceeded EPA Region IX Preliminary Remedial Goal screening criteria,
Groundwater samples obtained from Area D) monitoring wells contained concentrations of TPH-
G and TPH-D, VOCs, SVOCs, pesticides, metals, and dioxins. Figure 2-5 summarizes the
previous investigation results at Area D.

2.5. Identification of Data Needs

2.5.1. Land Farm

Previous environmental investigations at the site found concentrations of VOCs, OC-
pesticides, and metals in soils from the site subsurface soil and groundwater. During excavation
in support of treatment bed #2 construction, buried drums and cans were uncovered from the bed.
Although no chemical data are available, the removal activities of buried drums and cans
containing various chemicals are to be believed as a source for soil and groundwater
contamination. Groundwater quality is a primary concern for the installation because it is the
source of drinking water. Table 2-1 summarizes the groundwater test results available for TCE
collected from the supply wells and some buildings following treatment by the aeration tower
that was installed in the early 1990. The concentration ranged from not detected (ND) to 1,229
ug/Liter. The highest concentration was found at the Well #15-286 located about 400 meters
west of the Land Farm and Area D. Based on the distribution of TCE detected in the supply
wells, the TCE contamination in supply wells is not likely to be a single common source. Figure
2-6 shows the location of supply wells with the chemical test data (the highest number) presented
in Table 2-1 at Camp Carroll.

This ESI at the Land Farm site will focus on the groundwater quality. To evaluate the
groundwater quality of the supply wells in association with the groundwater quality at the Land
Farm area, three groundwater monitoring wells (estimated 40 meters deep) were installed
hetween the supply wells and the F.and Farm to monitor the gradient of groundwater quality from
the Land Farm to the supply wells. The contaminants of intererst in this ESI at Land Farm are

VOCs in groundwater.

2.52. AreaD

The S1 for Area D by Samsung in 2004 evaluated groundwater conditions and identified
site soil contamination, but did not evaluate the vertical extent of contamination. This ESI at
Area D expanded the SI and determined the vertical and the lateral extent of contamination in the
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subsurface soil. In addition, groundwater monitoring wells were installed to determine the
groundwater condition. The contaminants of interest for this ESI at Area D focuses on TPH,
VOCs, semi-VOCs (SVOCs), OC-pesticides, metals, and dioxins in soil; and VOCs and OC-

pesticides in groundwater.
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Table 2-1 Trichloroethylene (TCE) Concentrations (ug/L) in Groundwater Sample from
the Production Wells at Camp Carroll from 1991 to 1996. Drinking water standard of
TCE at US Army installations is 5 pg/L (USFK 2004).

Collection
Point

28-May-96

23-Apr-96

27-Feb-96

23-Jan-96

4-Dec-95

7-Nov-95
19-Sep-95

11-Jul-95
9-May-95
7-Mar-95
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24-0Oct-94
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Well#8 | <05 - | 05| - - fooofabs oo b o s [0
Well #10 - - - <0.5; - - - - - - - - <0.5 <0.2
12-247 00 12507 - | 24003681 - |- foe |- - - o- - 204,11 116,97
13-279 - - - - - - - - - - - - 12524 1251
""""""" 81 - | I52] 88) - R

1229
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- - - - 11614 -

16-289 1 1222 -] 287 295 -1 bbb o g b
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Well#18 |
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Room . |
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Snack Bar

1.3
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Figure 2-1. Location of Camp Carroll in Republic of Korea.
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Figure 2-2. Location of Land Farm and Area D at Camp Carroll.
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Figure 2-3. Tetrachloroethene (PCE) in the Subsurface Soil at Land Farm by FED in 2007.
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Figure 2-4 Groundwater gradient at Land Farm Area by FED in 2007.
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Figure 2-6 TCE test results for Groundwater of the Supply Wells at Camp Carroll during
1991~1996.
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3. Field Activity

3.1. Field Activities

Field procedures for this ESI followed the description in the project Work Plan. A total
of three groundwater monitoring wells were installed in order to assess a groundwater quality for
Land Farm. A total of thirteen boreholes were drilled for soil sampling at Area D and two of
those were converted to groundwater monitoring wells.

Since the Land Farm and Area D are located physically next o each other, for convenient,
hereafter the project site is referred to “LF-Area D”. All sample collection and analyses were
conducted in accordance with industry standard practice and in strict accordance with the
requirements of the project specific Site Safety and Health Plan. 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 fo 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 based
on the existing available data. During performance of the field work, some proposed borehole
locations were moved to avoid underground and aboveground utilities and for drill rig
accessibility. The number of subsurface soil collection intervals was determined by target depth,
apparent contamination, depth to shallow groundwater, and depth to bedrock. Soil samples
submitted for laboratory analyses were chosen based on field observations and a Photo
lonization Detector (PID) reading to determine the level of concentrations of the chemicals of
concern. Soil samples were collected from every two meters interval to the bottom of each
borehole to describe soil visual properties and to submit the samples to the laboratory. Two
boreholes were converted into groundwater monitoring wells (B09-193MW and B09-221MW).
Those wells are to monitor groundwater quality and to measure the groundwater level.

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 ground 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). Afler 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, 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

. S
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if required except VOCs sample. Soil sample for VOCs a analysis was collected using a Terra
Core kit with fixed 5-g volume, and immediately put in methanol 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.

3.2.1. Headspace Analysis

Field sampling included the collection of representative 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 sealable plastic bags. Then, 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 sample headspace.

After completion of borehole drilling, the top of borehole was plugged to keep the
borehole gas inside the hole and take a measure using a PID. The PID readings were recorded
by field personnel and ultimately transferred to the electronic boring log,

3.2.2. Soil Sample Identification
Each soil sample has a unique identification number that is consistent with borehole and
monitoring well 1Ds used in previous investigation. The sample identification format provides
general information about the boring type, year of investigation, and depth interval. The sample
identification number used in this project follows this format: B09-XXX-S#, where

B indicates that the sample came from a soil boring
09 is the year in which the soil boring was drilled (i.e. 2009)
XXX is the sequential soil boring number

S indicates soil sample
# is the sequential sample number, from top-down in the boring

MW instead of S# indicates monitoring well after soil boring.

3.3. Groundwater Monitoring Well Construction.

3.3.1. Monitoring well construction

A groundwater monitoring well installation was utilized two different rig types
depending upon the well depth. In case of deep well drilling through the bed rock a FED-owned
DESILTECHT40KW  Air Percussion Down-the-Hole Hammer drill rig was utilized for three
monitoring wells (B09-176MW ~ 178MW). Relatively shallow monitoring wells were installed
after completion of borehole drilling using a Direct Push GeoProbe. The depth of the wells and
the length of the screen intervals varied depending on the site specific characteristics observed
during soil boring. The well locations were chosen based on their location relative to known
groundwater contamination as well as getting additional areal coverage in relation to the existing

monitoring wells.
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In case of FED-owned Drill Rig, a 25 centimeter (cm) diameter air percussion hammer
was used to drill the hole as slightly larger diameter (20 ¢cm) temporary steel casing is pushed
and hammered into the subsurface to hold back the overburden and weathered bedrock. After
the hammer has reached the target depth, it was removed from the hole. The monitoring well
casing material was then placed inside the temporary steel casing.

In case of GeoProbe a 12-cm diameter air percussion hammer was used to drill the hole
as slightly larger diameter (14-cm) temporary steel casing is pushed and hammered into the
subsurface to hold back the overburden. After the hammer has reached the target depth, it was
removed from the hole. The monitoring well casing material was then placed inside the
temporary steel casing. The steel casing was gradually removed from the hole as the annulus
was filled with medium grained sand filter pack, bentonite, and grout.

Ground-water monitoring well construction materials include 5.04-cm inside diameter
(ID) threaded Schedule 40 polyvinyl chloride (PVC) solid pipe and slotted screen. Solid 5.04-
cm 1D schedule 40 PVC pipe with threaded ends was used from approximately 10-cm below
ground surface (bgs) to a depth of approximately 3-meter above the level when groundwater
encounters first during soil boring. A 0.254-mm slotted PVC well screen was threaded onto the
bottom of the solid well-pipe to the base of the borehole. A PVC well point was screwed to the
bottom of the well screen and a well cap was secured to the top of the well pipe. The annular
space around the well from the bottom of the borehole to a minimum of 50-cm above the top of
slotted section was filled with clean medium-grained silica sand (0.4-1.2 mm). A 30-cm thick
seal of bentonite pellets was placed above the sand pack, and the bentonite pellets are hydrated
either by water inside the borehole from cascading perched water or using a known clean water
source. The remainder of the hole was filled with a Portland Type I cement grout to just below
the frost line. Once the grout cured, concrete was used to fill the rest of the annulus around the
well pipe. The wells were then completed with a flush-mount and concrete pad. Groundwater
monitoring well location is presented in Figure 3-1 and the construction process was logged and
placed in the Appendix 11.

3.3.2. Monitoring Well Development.

Afier installation, all wells were fully developed. The objectives of well development
were to (1} remove sediment that had settled inside the well during construction; (2) remove all
water that may have been introduced during drilling and well installation; (3) 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 (4) improve the flow into the well from the
adjacent formation, thus yielding a representative groundwater sample and an accurate water
level measurement.

Well development consisted of surging by a surge block and pumping vut the (ubid water
using BEC’s 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 and
continued until the water was visually clear or the site geologist determined that no further

development is practical.
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3.3.3. Groundwater Sampling.

The groundwater sampling was conducted in accordance with the protocol described in
the project work plan. Prior to sampling, wells are checked for the presence of any floating
product with an electronic oil/water level indicator probe. Then, the well was purged by
removing a minimum of three times the standing volume of static water present in the well.

Groundwater samples from the six supply wells were also collected and analyzed for
VOCs. Sampling from the supply wells were conducted after discharging water for about 10
minutes through the sampling tab. A low pressure pump was utilized for micro purging and
sampling from the monitoring wells.

The groundwater parameters such as pH, temperature, specific conductance and turbidity
of the removed water were monitored during the purging and sampling process. Groundwater
stabilizing criteria were adopted established in American Society for Testing and Materials
(ASTM) D6671-02: pH +/- 0.2, specific conductance -+~ 3%, temperature +/- 0.5°C, and
turbidity +/- 3%. The groundwater was sampled using a low pressure bladder pump and
dedicated tubing for each well sampled. Table 3-2 presents the groundwater parameter during
sampling and those during well development were also included. Groundwater temperature
varies during the year, which is the highest during August to September sampling period. The
pH variation shows the relatively high number during August to September, which is likely to be
similar to the groundwater temperature variation. A couple of groundwater samples showed
negative oxidation-reduction potential values during sampling at B03-466MW, B03-467TMW,

14-283 and 15-286.

The collected water samples were placed into laboratory-grade, specially cleaned sample
containers, and then placed immediately into a cooler with ice for preservation below 4°C prior
to arrival to the analytical laboratory. All samples were transported to the Jaboratory
accompanied by chain-of-custody sheets thru the priority mail service company.

34. Topographic survey

The FED survey section performed a location and topographic survey using a SOKKIA
Set 2C Total Station survey instrument. The survey included the ground surface elevation at
each borehole location, the top of well riser pipe for each monitoring well, and, if necessary the
elevations of buildings, any significant utilities and fuel storage tanks. All elevation
measurements were expressed in meters above mean sea level, and World Geodetic System 84
Universal Transverse Mercator (WGS 84 UTM) Zone-52 grid system was applied for longitude
and latitude systems. The accuracy of survey elevation for top of the casing measurements was
to the nearest 3 mm. Ground surface elevations were made to the nearest centimeter. Table 3-3
presents the borehole and monitoring well coordinates surveyed.

3.5. Investigation Derived Wastes

Waste materials, or investigation-derived wastes (IDW), that required management and
disposal during the ESI field work included concrete and asphalt debris, petroleum contaminated
soil, used disposable sampling equipment, well development water, decontamination water 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 IDW

-.\";) rin y
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generated during the course of this investigation was placed in woven synthetic bags while
development water was placed in 55-gallon drums. The bags were segregated by their contents
and stored on site until transported to BEC’s field facility located in Yojoo, Kyeonggi-Do at the
end of each week for treatment and disposal.

There was very little concrete or asphalt debris generated during the course of the ESI
field work. The concrete and asphalt that was generated in order to expose the undetlying soil
was bagged along with the soil cuttings from the respective borehole. BEC personnel then
transported the bags to their field facility for disposal.

3.5.1. Contaminated Soil
All soil cuttings retrieved during boring were bagged on-site in tight knit, woven
synthetic bags. Apparent petroleum contaminated soils in the cuttings were not segregated from
uncontaminated soils. All soil waste generated during this investigation was transported for
treatment at BEC’s off-site remediation facility located in Yojoo, Kyeonggi-Do. A non-
hazardous waste manifest was used to document the transport of the contaminated soil to the
treatment facility.

3.5.2. Well Development and Decontamination Water

Water from decontamination activities was pumped into a BEC vacuum truck at the end
of each day and disposed of at the oil/water separator system at the Land Farm facility of Camp
Carroll. Groundwater generated during well development and pump test activities was pumped
into BEC’s larger pump truck, and also disposed of at the same system.

3.5.3. Site Restoration
Borings were backfilled with bentonite pellets and the surfaces sealed with concrete
which was backfilled flush to the existing surface grade. Monitoring wells installed during the
project were flush-mounted and pose no impediment to vehicular or foot traffic. All mud and soil
cuttings generated in the vicinity of each soil boring and monitoring well were cleaned up by
field personnel immediately following the completion of the task.

3.6. Supplemental Site Characterization

Test was performed on the aquifer matrix to determine the saturated and air permeability
of the impacted aquifer material present at the site. In addition, soil samples were collected for
chemical and microbial analysis that are useful for determining whether the present
physical/chemical/biological condition of the aquifer is conducive for natural degradation of the
diesel and gasoline contamination that is present at the sites.

3.6.1. Slug Test
The hydraulic characteristics of the aquifer underlying the site were determined by
performing slug tests on the monitoring wells installed in the previous investigations and during
this study. The hydraulic conductivity, K, of the aquifer was calculated using slug tests recovery
measurements that were performed on all monitoring wells during 9 ~12 November 2009. After
the completion of well purging work, a slug with an approximate volume of 2.5 liter was put in
the wells. The drop down water level afler slug into the wells was recorded using a pressure
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transducer data logger. Also the rise in water level after removing the slug from the wells was
recorded in same way. Measurements were collected until the water level within the monitoring
well returned to within approximately 3 centimeters of the original water level. The original
water fevel in the well prior to the tests was measured with a Solinst electronic oil/water interface
prove. Appendix IH presents the summary of test procedure and slug test result.

3.6.2. Aquifer Pumping Test

A pumping test was conducted to obtain information regarding the aquifer characteristics
at the site. The aquifer at the site is formed within the open bedrock fractures underneath
overlying soil layers. The pumping test and recovery period measurement was conducted on 24 ~
25 February, 2010. The test was comprised of pumping a volume of groundwater from
monitoring well B07-217MW at a controlled rate varying between approximately 1.2 Liter/min
while monitoring the water levels within the pumping well and four observation wells (BO7-
874MW, B09-252MW, B09-256MW, and B01-788MW). Information was collected during the
pumping test and subsequent recovery period using pressure sensitive transducers connected to
data loggers. Hydraulic head, temperature, and specific conductance of the groundwater were
recorded during the test. The pumping test data was interpreted using the Cooper-Jacob’s
method (1946) method within the computer analysis program AQTESOLV. Appendix I11
presents the summary of test procedure and aquifer pumping test result.

3.6.3. Air Permeability Test.

Air Permeability is an integrated measure representing the complex relationship between
the geometry of the pore system and hydraulics of the flow of air through that system.
Permeability is not measured directly; rather, it is calculated by inverting an assumed model
populated with measured state data (i.c. flux and pressure). For this investigation, permeability
was determined by applying a pressure gradient across the project site by use of a vacuum truck.

In situ air permeability test data were performed at the site by placing a blower on a
setup monitoring well and measuring the time varying pressure responses at monitoring wells
adjacent to that central well. The decision was made to perform the air permeability test by
blowing out of the well by applying a vacuum rather than injection to prevent if any
contaminants spread over due to air introduction into well.

A constant pressure was applied to the injection well for no longer than 25 minutes, and
changes in pressure at adjacent wells were recorded at various time intervals on a roughly
logarithmic basis. The measured changed in air pressure at the various monitoring wells spaced
varying distance from the injection well were evaluated using analytical solutions for aquifer
pumping tests that have been modified for vapor flow conditions. Appendix Il presents the
result of air permeability test at the site.

3.6.4. Nutrient and Microbial Sampling
A total of 13 soil samples were collected, with one sample from each borehole. Those
samples were shipped to the National Instrumentation Center of Environmental Management
(NICEM) at Seoul National University. The samples were analyzed for biological and chemical
properties relevant to potential natural degradation of site contamination.
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Table 3-1. Project Chronology of ESI at LF-Area D of Camp Carroll.

Task Daate Performed

Request a site digging permit and get approval .~ | February 3 and 16,2009 .
Borehole drilling, soil sampling and groundwater February [7~ March 13, 2009
monitoring well installation
Well development @, ..o oo " | February 23 to March 3, 2009
Groundwater Sampling August 31 ~ September 4, 2009
Taeosesheest. T [ Noverba 000,300~
Hydrologic pumping test February 24~25, 2010

Air permeability test . . . |March17,2010

-
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Table 3-2. Topographic Survey Result for Borehele and Monitoring Well at LF-Area D of

Camp Carroll.

Site Location

BH_ID

Fasting

Northing

Elevation*

Top of
Pipe

Year
Constructed

U ETER09S

o a7eMwEE

44754625

Eiss 2009 i

1 B09-177MW

447571.57

398346443

2009

| B09-178MW
Co BO7-21TMW

I BO7-218MW. |

447590,41 |-

2009

447789.23

3983349.44

2007

447775.80 | -

398338433 |

Ta007

' B07-219MW

447828.37

3983386.25

2007

‘B07:220MW

44778989

1398330456 |

L2007

S BOT-221IMW

447827.00

3983324.75

2007

T B0o193MW

| BO3-467MW -
1| B03-468MW

447759.92 |

308320252 1

2009

1 B09-221MW

447671.06

3983334.28

2009

| B03-463MW.

447709.20 -

30832824014

5402004

1 B03-464MW

447705.50

3983364.10

2004

{B0O3465MW

447746401

398336110 |5

| 2008

B03-466MW

447734.10

3983304.60

2004

447718.70

2004

447754.30

3983390.10

2004

o ATTR09-192

398333029 | 4

2009

B09-194

447730.65

3983291.25

2009

1 B09-195

447740.17

308333166 |

1 2000

B09-196

44743 .40

3983353.04

2009

O B09-197

44771586 |

B09-198

447711.56

3983325.59

2009

{1 B09-199

| 447707.79

3983296.07

1z

B09-200

447691.37

3683299.22

2009

| B09-201

144769566

39332608 |

2009

B09-220

447700.44

3983362.88

2009

TBw9Z

447670.59

398330841 |45,

* Elevation above the mean sea level. ** MW indicates monitoring well.
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Figure 3-1. Location of Borcholes and Groundwater Monitoring Wells at LF-Area D of
Camp Carroll.
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4, Findings during ESI Investigation

4.1, Laboratory Analysis.

All laboratory analysis was performed using US EPA published methods. The laboratory
that performed the analysis is accredited by the National Environmental Laboratory
Accreditation Conference (NELAC) for the analytical procedures specified for this project. Soil
and groundwater samples collected in this ESI were submitted to the NCA-Korea Laboratory in
Anyang, Korea. The contract laboratory shipped the samples for VOCs, semi VOCs (SVOCs),
PAlls, dioxin, QC-pesticides, PCB and metals to the NCA laboratory in the States since the
NCA-Korea lab has only certified TPH. Soil samples collected from soil borings were analyzed
for diesel and residual oil range TPH by EPA 8015D, VOCs by 8260B, SVOCs by 8270D, OC-
pesticide by 8081B, PCBs by 8082A, dioxins by 8290A of high resolution mass spectrometry,

metals by 6020A, and mercury by 7471B.

The chemical data table presented in this report are only for those which were detected
above the practical quantitation limit (PQL) or were qualified as estimated by data validation.
The full laboratory reports are provided on the separate compact disk (CD).

4.2. Data Quality Control/Assurance

Field and laboratory quality control (QC) samples were collected and analyzed in
accordance with USACE and industry standard methods and practices. The FED Environmental
chemist (Dr. SC Chon) perforimed a data review on soil and groundwater samples collected from
the LF-Area D site. The data review was performed in accordance with the project work plan
and Chemical Quality Assurance for Hazardous, Toxic, and Radioactive Waste (HTRW)
Projects (USACE, EM 200-1-6, 1997). The accuracy, precision, representativeness, and
completeness of the data were evaluated by performing analytical data quality and field quality
assurance (QA) /QC data quality review. Accuracy was evaluated using the laboratory sample
receipt information, analyses requested, technical holding times, and laboratory QC data (method
blank, laboratory control sample (LCS) / LCS duplicate, matrix spike (MS) / MS duplicate, and
surrogate recoveries). Appendix IV presents the project data quality objectives.

4.3. Subsurface Soil Investigation Result
Soil sampling strategy at LF-Area D is summarized in Table 4-1. The summaries of

chemical test results for soil samples are presented. Figure 3-1 presents the Jocations of the soil
boreholes, groundwater monitoring wells installed both this ESI and the previous investigations.

4.3.1. Subsurface Geology
The subsurface geology of LF-Area D consists mostly of fill materials and residual soils.
Fill materials of clayey/silty sand/clayey sand with gravel were encountered in boreholes with
the thicknesses ranging from 3 to 6 m. The fill material layer is generally about 2~3 m thicker at
Area D than at Land Farm. In some location the fill material at Area D appears thicker than 6 m.
Residual soil consists of fat clay and silty sand underlying the fill materials.

During drilling, field crews noted a chemical odor emanating from the soil samples
collected at 3 meters to 7 meters bgs in boreholes B09-195 and B09-196. The odor was a kind of

2272
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mixture of various chemicals. Soil samples were stained and decolorized to grayish green at this
horizon. Pieces of metal, wood, and vinyl were also recovered from the depths with soil sample.

4.3.2. Chemical Analysis Result for Soil Sample

4.3.2.1.Total petroleum hydrocarbons
A total of 26 soil samples were tested for diesel range (DRO) and residuval range (RRO)
TPH. The test result is presented in Table 4-2. Four samples were identified containing TPH.
One soil sample contains both DRO and RRO at 55.4 mg/kg and 171 mg/kg respectively. Three
other samples contain either DRO or RRO up to 30.7 mg/kg. The samples with detected TPH
ocecur most frequently in shallow sample depths. This finding indicates that the detection of TPH
is likely from incidental releases during vehicle operations rather than a spill from a storage tank.

4.3.2.2.Volatile Organic Compounds

VOCs were detected in some soil samples collected from each of the borehole drilled at
the Area D (Table 4-3). Toluene; 2-, 4- chlorotoluene; and tetrachloroethene (PCE) were
detected in site soil samples. Other VOCs are mostly below the practical quantitation limit (PQL)
or the concentrations were quantitatively estimated by the chemist due fo the very low
concentration. Except the detection of toluene above the PQL, other VOCs normally associated
with TPH such as ethylbenzene and xylenes were not reported from site soil samples above the
practical quantitation limit (PQL). Figures 4-1 and 4-2 present the distribution of toluene and
tetrachloroethene (PCE) in site subsurface soil respectively.

Toluene was detected in 23 soil samples out of total 48. The 2-, 4-chlorotoluene was
detected in only one sample. PCE was detected in 5 soil sample out of total 48. Trichlorocthene
(TCE) was detected in one sample. The highest concentration of VOCs detected was found at
the borehole B09-196 (Figure 4-2). The concentration ranges of VOCs in the soil samples of

LF-Area D are:

e 2-Chlorotoluene: non-detected (ND) ~ 27,000 pg/kg at B09-196
s 4-Chlorotoluene: ND to 89,000 pg/kg at B09-196

e Toluene: ND to 1,300,000 pg/kg

o PCE:ND to 24,000 ug/kg

e TCE: NDto 70 pg/kg

4.3.2.3. Semi-Volatile Organic Compounds.

No target SVOCs were detected above the PQL in soil samples collected from boreholes
drilled at the Area D. Table 4-4 presents the chemical test result for SVOCs.

4324. Target Metals.
Target metals were detected in all soil samples collected from the boreholes drilled at the
Area D (Table 4-5). Selenium and Silver were not detected in soil samples above the PQL. The
concentration of Mercury in soil samples was reported from two samples above the PQL. The
detected concentration of metals was close to the result of the site background sample that was

e

B

- Page 25



Report for ES] at Land Farm and Area D, Camp Carroll August 2011

taken from approximately 30 centimeters deep at about 5 meters easterly away from B09-
193MW. The concentration ranges of target metals in the soil samples of LF-Area D are:

e Arsenic: 4.6 mg/kg to 11 mg/kg (7.3 mg/kg of background)

o Barium: 61.6 mg/kg to 105 mg/kg (98.2 mg/kg of background)

e Cadmium: 0.33 mg/kg to 0.87 mg/kg (0.51 mg/kg of background)
o Lead: 8.9 mg/kg to 23.7mg/kg (18.7 mg/kg of background)

¢  Mercury: 0.044 mg/kg to 0.05 mg/kg (0.011B mg/kg of background- this result
indicates that the analyte is found in a blank associated with the sample)

According to the comparison with the result of the site background sample, the
concenirations of metals in soil samples from the site were not significantly affected by the
historic activities.

4.3.2.5. Polychlorinated Biphenyls.
No PCBs were detected in soil samples collected from boreholes drilled at the LF-Area

4.3.2.6. Organochiorinated Pesticides.

OC-pesticides were detected in soil samples collected from each of the borehole drilled at
the Area D (Table 4-6). Lindane, 4,4’-DDE, DDD and DDT were the chemicals detected above
the PQL. The 4,4’- DDD and DDT were the most commonly identified in soil samples. Soil
samples from B09-196 contained the highest concentration of OC-pesticide out of the detection.
The concentration ranges of OC-pesticide in the soil samples of LF-Area D are:

e Lindane: ND to 4,300 pg/kg

o 4.4-DDE: ND to 42 pg/kg

o 4,4°-DDD: ND to 24,000 pg/kg
o 4.4°-DDT: ND to 54,000 ng/kg

4.4°-DDT was identified in soil samples collected from most of the boreholes. Maximum
detected concentrations of DT were reported from the samples coliected in boreholes B09-196
and B09-201. Figure 4-3 presents the distribution of 4,4’-DDT in (he site subsurface soil at LF-
Area D due to detected in most site soil samples.

4.3.2.7. Dioxins/Furans.

Soil samples were submitted for dioxin/furan analysis (Table 4-7). The International-
Toxic Equivalent Factors (I-TEF) for dioxins and furans were used to calculate the International-
Toxic Equivalent (I-TEQ) for each soil sample according to the Toxics Release Inventory
Program updated April 23, 2009 (http://www.epa.gov/tri/lawsandregs/teq/teqpfinalrule html).
The I-TEQ is expressed with respect to the toxicity of 2,3,7,8-TCDD and 1,2,3,7,8-PeCDD.
Although 2,3,7,8-TCDD was not detected any of the soil samples above the PQL, I-TEQs were
calculated for all soil samples based the 1-TEFs. The I-TEQ calculated for each of the soil
samples collected at the site ranges from 0.03 to 1.73.

270
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4.3.3. Groundwater Contamination

4.3.3.1.Groundwater Level Measurement Result

Five groundwater monitoring wells were newly installed in the vicinity of LF-Area D.
The five wells in association with the six supply wells and the eleven monitoring wells installed
during the previous investigations were used to assess the site hydrogeologic conditions and the
groundwater quality. Figure 4-4 presents the supply and groundwater monitoring well locations
utilized during this project. Table 4-8 summarizes the measurement results of water level in both
below ground surface (bgs) and above mean sea leve] (amsl). Water levels were measured a
total of three times in each well with an ofl/water interface probe. Floating product was not
detected in any borehole.

The water levels were measured total three times before rainy season (May), after
monsoon {August) and dry season (December) to determine if any groundwater level variation
occurs during the year, The groundwater level variation among the measurements is quite
systematic with a linear correlation as shown in Figure 4-5. Based on the result of groundwater
level measurements, the groundwater flow direction was analyzed as depicted in Figures 4-6.
General groundwater flow pattern is dominantly toward western and southwestern direction,
which is similar to the site topographic gradient. The flow direction could be a function of the
volume of water pumped at the supply wells at west, so the groundwater migration further to the
off-post remains to be resolved with more data.

4.3.3.2.Groundwater Chemical Test Result

Groundwater samples were collected three times during this ESI projects: May,
September and December 2010 to see if any variation in groundwater quality during one year.
Table 4-9 presents the groundwater sampling strategy during this project.

4.3.3.2.1. Organochlorinated Pesticides

A total of sixteen groundwater samples were collected from groundwater monitoring
wells installed the LF-Area D area for OC-pesticide analysis. Table 4-10 summarizes the OC-
pesticide chemical test result. An OC-pesticide was detected above the reporting limit in eleven
groundwater monitoring wells during the sampling events. A total of seven OC-pesticides were

detected above the reporting limit as:

Alpha-BHC: 0.046 to 0.37 pg/i.
Gamma-BHC: 0.054 to 4.9 pg/L.
Beta-BHC: 0.072 t00.73 ug/L
Delta-BHC: 0.047 to 1.1 pg/L
Dieldrin: 0.12to 0.44 ug/L
4,4’-DDD: 0.1pg/L at BO7-218MW
4, 4°-DOT: 0.1 pg/l, at BO7-220MW

4.3.3.2.2. Volatile Organic Compounds
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A total of twenty-two groundwater samples were collected including the six supply wells
for VOCs analysis, Table 4-11 summarizes the VOCs chemical test resuit. VOCs were detected
above the reporting limit from all the groundwater samples analyzed. A total of twenty-six
chemical components of VOCs were reported from the samples. Groundwater samples from the
six supply wells contained thirteen chemical components of VOCs. A majority of groundwater
samples including those of the supply wells contains cis-1,2-DCE, methylene chloride, PCE,
toluene and TCE. A couple of more VOC components appear during the 2 or 3 sampling
event in the cases of B03-465MW and B03-466MW. Figures 4-7, 4-8 and 4-9 present the
distributions of Toluene, PCE, and TCE in groundwater.

4.4. Hydrologic Characteristics of the Site
Figure 4-10 presents the groundwater monitoring well locations used for air permeability
and hydrologic field test.

4.4.1. Slug Test

Six slug tests were performed at the LF-Area D. The monitoring wells selected for slug
testing was subject to its relative location within the LF-Area D area. Measurements of water
fevel versus time, along with other relevant aquifer and well characteristics were then used to
determine a value for hydraulic conductivity of the site. The calculations were performed with
AQTESOLYV aquifer test analysis software. An anisotropy ratio (Kz/Kr) was assumed in the
analysis and the analytical solution developed by Bouwer and Rice (1976) for an unconfined
aquifer system was used to calculate the hydraulic conductivity. Hydraulic conductivity (K) was
obtained by manual fitting using AQTESOLV.

The calculated K values for the monitoring wells were similar between injection and
withdrawal. The K values ranged from 1.7E-05 to 7.70E-04 cm/sec for inserting the slug and
from 1.90E-05 to 7.60E-04 c¢m/sec for withdrawal the slug from the monitoring wells. Table 4-
12 presents the hydraulic parameters obtained from the slug test.

4.4.2. Pumping Test

A review of the pumgmg test results mdlcates that the calculated transmissivity (1)
values ranged from 0.07 em*/sec t0 9.03 cm ?/sec. The T value is generally higher during water
Jevel drawdown than recovery. The K values during pumping test obtained ranging from 9.81E-
05 cm/sec to 5.28E-02 cm/sec, with an average of 1.29E-02 cim/sec. The K values obtained
during pumping test were quite higher than those during slug test. This high K value during
pumping test might reflect the existence of high K interval within the well screened interval
during pumping test. Table 4-13 presents the result of pumping test.

4.4.3. Air Permeability Test
An air permeability test was conducted on 17 March 2010, to evaluate subsurface air
flow patterns and radius of influence at LF-Area D of the Camp Carroll. The layout of the
permeability test was determined based on the location of existing groundwater monitoring wells
and the pre-installed air permeability test well. Air permeability test was conducted at four wells
(as a set) consisting of one air extraction well (B03-465MW) and three observation wells (B03-
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464MW, B09-195, B03-466MW). Figure 4-10 presents the well layout of air permeability test at
L.LF-Area D.

The extraction well was attached to a vacuum pump to control the air extraction rate.
The extraction valves and measurement devices were securely attached and sealed at the top of
each well pipe to prevent introducing any ambient air. Upon starting the vacuum pump for
subsurface air extraction, field measurement data was collected from both extraction and
observation wells. During the entire air permeability test, the extraction vacuum was maintained
at a constant rate and the monitoring wells’ down pressure was monitored indications in change
of pressure. Conclusively, the observation wells (309-195, B03-466MW and B03-464MW) did
not respond during the permeability test probably due to the well locations are beyond the radius

of influence.

4.4.4. Nutrient and Microbial Sampling

All soil samples were analyzed for their heterotrophic bacteria content. The following
chemical parameters were also measured on these soils: Total Carbon, Total Nitrogen and Total
Phosphorous (Total C/N/P). The average ratio of Total C/N/P at LE-Area D project site of Camp
Carroll appears to be 83: 8: 9. Fuel disintegration bacteria were counted up to 517,000 Most
Probable Number (MPN)/g in soil. However, the bacteria were not identified in some samples.
The presence of fuel disintegration bacteria and the C/N/P ratio suggest a certain degree of
biodegradation could positively occur within the contaminated soil formation. The biological
and chemical parameters measured on these soil samples are summarized in Table 4-14.
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Table 4-1. Soil Sample Information versus the Chemical of Concern from each Borehole.

Borehole 11} Sample Sample VOCs OC-pest | Dioxins

sSvocC

Metals

D Depth

<
&

SSEl i 0mI 0 0o

UB09-192.0]  S2 2~4m

S 0~2m

B09-193 | 0S2 | c 2mi] g
$3 4~6m - ]

Sl EOE RS 0 0
O -

S2 2~4m

83 Aseme |

S1 0~2m

B09-195 | "82.°1 2-4m

ciojolojoloioisloicio]

53 4~6m

o

SR e2m

B9 [T ] o

51 0~2m

BOO-197 {5820 1 2edm

53 4~6m

s T, |

oidioio

B09-198. | 2 2-4m

o

. S3 : 4‘”61'11 =

S1 0~2m

B09-199 {82 C2Am [

ololoio|oloioicioiolo

53 4~6m

Q'

81 0-2m g

B09-200. | S2 | 2w

St 0~2m

B09-201 |82 2~dm i

st

53 4~6m

s 0sam

olo

B09-221 1Sz b ioam ]

olol

olololoiololoic|oioioicio
o

102

: o ::Q:

*- indicates sample was collecled for the analysis, ¥* not collected.
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Table 4-2. TPH Chemical Test Results for Soil Samples at LF-Area D.

BH_ID

Sample
ID

Sample
Interval

unit

Diesel range
(Cio24)

Residual oil
range

TPH
(mg/kg)

PID

B091 92

81+

O=2m

mglke |

_ (Ca4-40)

COND e

68

S2

2~4 m

mg/kg

ND

ND

3.4

Q1

To2m

meke |

m

36

09193

52

2~4 m

mg/kg

ND

S1

0-2m

TND

A

B09-104

52

2~4 m

mg/kg

ND

11.7

TS

0-2m

mgrkg

B09-195 |

S2

2~4 m

mg/kg

ND

23

ST

C0~2mo

ma/kg

il

T ND

35

BOS-196 |~

52

2~4m

mg/kg

19

391

ST

To2m.

52

2~4 m

mg/kg

' Si

02my

|mekg | ND

S2

24m

mg/kg

0=2m

S2

2~4 m

mg/kg

ERE-S LN

S 0-2m

mgke | N

S2

2~4 m

mg/kg

s

0~2m

ek |

S2

2~4 m

meg/kg

T8

0~2m

[mgke

S2

2~4 m

mg/kg

E =

S 02mo

| mghkg |

TTR07

S2

2~4 m

mg/kg

ND

2 TS

1 02m -

mghkg t OND | NDoo

S2

ND-not detected

2~4 m

mg/kg

ND
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Table 4-3 VOCs Chemical Test Results for Soil Sample at LF-Area D.

Chemicals (ug/kg) B(9-192 B09%-193 B09-194 B09-195 B09-196 B09-197
w8182 S3 LS 82 18381 82 83 T8 82 8 ST 82 88 S 82 “83:
3-Chiorotoluene - - I R U e S B 1601 | 27000 | - | - :
4-Chlorotojuene. .= 0= T - : B IR EIREERN SR F RS s - -1 440 ] 89000 | -
cis-1,2- - - 18§ - 14} | 21 - - - - - - - 1501 - . - -
Dichloreethene o . )
“1;1-Dichioroethene - - = SRS R R H VA B I IR ECTS BT B - - SRS R A BT
Ethylhenzene 321 247 § 331 ] 271 1 200 {253 120 | 25) | 191 § 21) - 28) - - 29F | 24) 201
Methyleng. chloride = 611 S44) 52101 381173310 3T 34) A6 T30 1 A2 ALY sy AT 52T B I e VB B R S
Naphthaleac - - - - - - - - - - - - - - - -
Styrene..: o i e e i E N IO B DS O R S H W A B R BT B i By e Pt
fe!rachlorocthcnc 6.43 57 - 200 | 36F {1101 411 | 45] - - - 58 | 350 24000 - 9] 191
“Folueng -7 -7 BT 34) ] 270 °[21007] 21007230 89105110 R31 27116400 1 4811 16000.1:1300000.] 170 1176 U1 60"
1,2,4- - . P e e - . - - -
Trichlorobcn_zene
“Trichlorogthene v DIERR SE-X) B SESRR BBT3 I S [ 8 B I BN T S RS BT SR B o) (O - s REEES R
m-Xylene & p- 94} 51] 63) | 80) | 601 § 513 | 551 [ 593 | 58] | 471 1 521 | 671 | 74} | 68) - 681 | 63] 601
Xylene
o-Xylene i D TR, S D EE BT I SO B B Wy A B AN - - W TST i - 6,67

B-The dnalyle was found in a blank associated with the sampie

_J - Estimaled Tesult; Result 1s less than reporting Hmit, -

“not detected above the detectmn hamt

Q- Elevated reporting limit, '1 he reporting limit is clevated due o hlgh ana]ylc lcvc]s

G- Elevated reporting limit. : The reporting limit is elevated due o matrix interference, L
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Table 4-3 VOCs Chemical Test Resutlts {Continued).

Chemicals (ug/kg) 1369-198

B09-19%

B09-200

B09-201

B09-220

B09-221

B09-222

81:1:82:1.8371.81

82 83

81

52

83

53

81

52:

8300

51

820

83

Sl

s

83

2-Chlorololuene - - - - - - - . - - - - - - - - - - - - .

4'Chf0rotoluene _:_ T ':— b .. o T ™ . " - i i - = _ - B - i _ ._. _ " - S _ ...

cis-1,2-Dichloroethene - - - - - - - . - - - R R N N . R _ - N

i1:1:Dichloroethene - - DS RS B RSN T A - . VLR R B e S Y R R PR
' 21| 32 24] 201

Ethylbenzene 3571271 1311 26)

28J

26]

21]

Wiethylenc chloride 1 61 | 431 | 453 471 |

1413

467

Naphthalene - - - - - - - - N
Styrene’ o b e e e SO B R I BB KRR P i D
Tetrachloroethene - 15551 8) - - - - 1717 - - . . N .
Toluene i 941054 AT | 42T | 395|493 {421 | 72.57.391::)-391.1. 71 1.201 169 |99
1,2,4-Trichlorobenzene - - - - - - - - - - - - - “ - - - - - - -
Trickloroethene . - coo b - R T T e e e e e e e e T
m-Xylene & p-Xylene 831|701 { 7701 681 | 73 | 751 | 813 | 681 | 62J | 631|613 | 821§ 511|663 | 66¥ | 751 1701705 461 | 547 | 681
i EE T H B A B TR S T B R BN Y (S

oXylens T

R IR TR BER T T

2} 9.601°7.1)

S 5.81146,11 4

J- Estimated result. Result is less than reporting limit.

B-The analyte was found in a blank associated with the sample.

“=* nol detected above the detection fimit.

Table 4-4 SVOCs Chemical Test Results for Seil Sampies of LF-Area D.

“Chemicals (ngkg) | BO9-192 [ B09-163 | BOS-194

B09-195 | B0S-1%6

B09-197

BO09-198

B09-199

1309-200

B09-201

B09-220

B09-221

B09-222

S1.482 |81} 8218182

SITSHE

BT

52

ST

81482

S1.:4:82

e

S2:(:8L

52

81

52

Sl

52,

bis(2-Ethylhexyl) phthatate | - - - - -

1208 | -

- 1 300]

2301

- Estimated result. Result is legs than reporting lmit, " not detected above the. detection limit:
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Tabie 4-5. Metal Chemical Test Result for Soil of LF- Area D.

Chemical
(mg/kg)

AreaD)-
BG*®

B0%S-
192

B(9-
193

B09-
194

B09-
195

B09-
196

B09-
197

B09- | B09- | B09-
200 201 202

B0S-
220

::SI" )

S

ST

TSSO

Arsenic

7.3

8.7

321%

3.5

8.3

6.9

6.7 7.3 11

58

Barim

982

105

65

2714

10200

O T TR A T 99

se10300

Cadmium

0.51

0.86

0.28B

0.48

033

0.43

0.63 0.54 0.87

042

Chromium | .-

380

e

C330

SRR R B v R B

32

Lead

87

22

154 .

20.5 20.4 19.6

Meroury

14.6 12.5 132

Selenjum |kt - i) e DR S BT
Silver ; " . - - : R - - 0.148 | - : 0.15B | 0.13B -
f0.0HB: R 005 DR P S L1 1V A RS et _ L FEERES BTN AN o

&- Background data of Area

D, *- the

anatyte is found in a blank associated with the sample, **- niot detected.
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Table 4-6. OC-Pesticides Chemical Test Results for Soil of LF-Area DD,

Chemical {pzg/kg) B09-192

B09-193

B(9-194

B(9-195

B09-196

B0%-19

7

RS H B TN - B

g1

82

83

Sl

821830

G820

o

82

Ci83 sl 1821

alpha-BHC - - - 07t - - - - - - - - - - - - - N R
gamma-BHC (Lindane) | - FOLSY LT TN L S0 e 341 {0200 o e T 4300 583 2500 4261 | 21| =
beta-BHC ST - B B 7T A S Y7 R R R - - B S N
ST eSS PR ERNTIER SIS WA IO VYTV B BG R T R SO S DY 1) S ST IRNRTEE oG SO N
Heptachlor cpoxide - 1.1 2,91 - - - - - - - - -
PG PG
‘gamma-Chiordane . - :-G'él.'.j 93 1ULORG e RN LTI B R
alpha-Chiordane - 2.9PG 8.5] 23] - - - - - - - - - - - - - -
_ PG
AA-DDE i e BT S T T P05 39 2T S RO AR s SR 30T 28 10 12000 20T T H -
Dieldrin PV B3 B R VTV R I/ N A S s B ' ViE B I R . S N I B

4 DD.

a7

AT

EETS

4ADDT 740 47 | 280

130

197

2.6]

240

260

J- Estimated result. Result is less than reporting fimit,

Q% Elevated reporting limit._ T he reporting 1imit 1s clevated due {0 high anaiytelevels, - .= .

G- Glevated reporting limit, The reporting limit is elevated due to matrix interference.

‘PG: The percent difference between the original and confirmation analyses is greater-than 40%. 1 200
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Table 4-6. OC-Pesticides Chemical Test Results (Continued).

Chemical (pgfke)

B09-198

B09-59 1309-200 B09-20

B09-

220

1309-221

B09-222

S8l

28200

830

S813

152. 33 RN I Sz s:; S] Sz S3

8200

.83

1081

§a

R

ET R RETE

alpha-BHC B T loam |- - . . : . P A : : . R . : T
gainma-BHC (Lindane) | - P Y TRENR RN I A R B TN St Bt IERE RO - N B0 FSE DR B - N EEER REN P
beta BIIC P TR R I R BN ER S IR SR SN RN S R RS M e - g
defta-BHC o0 e = 06TE] - S 0A6) J0A6) o T e ] - ENE -
Heptachler e.[;o.xi.d;z. . - - . .- . -. - - - - - - - - - - - - - . - - - N
g s e B - - - - - 0 NP e ey Ea - - - P
z.iig;ha-ChIorda.nc. - - - - - - - - B - - - - - . - . - -
44-DDE: 2381285105 T 4TI 1 12 T80 or L T 033 1106 2400 1 H3s)s0 291 05T T 46T i
el s : et Mo B el il s el Kt ; : - O
SRR I e s AL e 2801 SEUNETAE IR KRN B B

9.7

360

i2

8.9

4400

72 2200 | 0.68f | 0.53) § 3¢

190

J- Estimated result. Result is less than reporting limit.
" not detected above the detection limit,
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Tabie 4-7. Dioxin-Furan Chemical Test Results for Soil of LF-Area D.

Borehole 1D

Sample
1D

Sample interval {m)

Method

International-89 Toxicity
Equivalent Quantity*®

B09S-192 .

S o B

W0 |

040

52

2~4

SW8290

0.20

:.f’fsil.f1 L

T RO

SW8200 b

S2

24

SW8290

0.11

T R

N

Sweeo |

e T

S2

24

SW8290

1.73

:'309 195'{:.1_}-- T

)

0200

1 SW8290 |

52

24

SW8290

0.06

qBO9e196:f.n;;~-

81

SW8290 T

024 T

S2

.2N4.

SW8290

0.04

;"599:;-1 I

e

S SW8290. p

006

52

2~4

SW8290

0.07

LoosE

o T

TswE90 |

TR

S2

SW8290

0.05

S} P TN

SW8290 |

003

SW8290

0.06

SRS e

006

SW8290

0.33

B09-201.

Tsweze |

0-64

SW8290

0.51

Tswemo

BO9220 |

SW8290

0.14

B09221 ST

SW8290

0.74

SW8290 |

A 077 R

0.48

' TCDD

* 1 TEQ value 'aiculaied usmg International 89 "on1c1ty Equwalent Factors based 011 2 3 7.8
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Tabie 4-8 Water Level Measurement Result at LF-Area D

Proj 1D

Sites

Well
Depth
(m)

Top

Water Level

of

_ 28-Feb-09

T48ep09. ] 164

Pipe
(m)

bgs* | amsl®

bgs | ams]

080355

AreaD.

.B03-463MW | -

118

48,55+

39.6

7.97

40.6 |

B03-464MW

13.0

49.79

9.1 1 40.7

8591|412

| B3 A6sMW

13,0

150,90

1102|407

9.65

41.3 |-

' B03-466MW

12.3

49.58

8.0 | 41.6

7.85 1417

I BO3-467MW

12.3

W]

9.2 1:40.6-

8.64.

412

I B03-468MW

13.4

51.41

10.1 | 41.3

9.42 1 42.0

B09-193MW |

15.5 -

4928

91

402

:;8.00_

4131

T BO9-22 1MW

11.8

43.22

5.1 38.1

6.10 | 37.1

080347

BOT-217TMW.

21140

5092 1

370

328"

47.6 1.

Tand Farm_

-1 BO7-218MW

12.3

5177

10.8 | 41.0

9.27 | 42.5

| B07-219MW.

1.7

55410

73 |

481

7.04 .

48.4 |-

- TBO7220MW

9.2

3.1

2571472

- [BO7RIMW |

11.7 154594 .6

6.9 477

6.1

48,5 7343

T B09-176MW

40.0

8871354

- [BOSITMW | H(#T9

2

52 (004

w29

4]

8.87 | 40.2

Supply Wells

< TB09-178MW

70 B

o A 22287,

73

77

s Tk

20-575

. Not measured !

*- below ground surface; ~- above mean sea level.
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Table 4-9 Groundwater Sampling Strategy at LF-Area D.

Proj 1D

BH 1D

Water level

| BO3-463MW | .

o797

VOCs

OC Pest

- I'B03-464MW

8.59

- [BO3-465MW |

T

1 B03-466MW

7.85

BO3-467MW-|

- B03468MW

942

- TBoeMw | 150 |

500 |

 TB0O9-22IMW

6.10

08-034E

Land Farm |

BO7-217TMW.|

1 BO7-218MW

Bo72ToMwW |

olojo|o|olololoiolo

1 BOT7-220MW

o BO7-22IMW.| oot e s b

olololojojoloiciolojoiolo

 B09-176MW

B09-I77MW

B9 178MW

o o ololo

EET Yy

13-279

15-286

16-289 f

20-575

184

ololololole

-y
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Table 4-10 OC-Pesticides Chemical Test Result of Groundwater at L¥-Area D,

Chemicals (pg/L) B03-463MW BO3.464MW BO3-465MW B0O3-466MW

st 2nd 0 3ed oo st g 2od ) Bed gl 2nd S B s st and e Bed
alpha-BHC 034 | 0353JG | 037 - -1 -1 014PG -G | 0057PG | 0O07PG | 0.067JG | 0.097 PG
‘gamma-BHC 354 490133 1001 - 0,089 001 00,022). 10,039 0 07 021 PG | 0260
Hcp@chiﬁf - - - - - - 0.031J - - - - o
betg-BHC 20,9314 -0.76F PG| 0.52 1 0.0047F | & i 083PG 1 O2TPG [ 026 PG 0,66 [0 TOPG ] 071
delia-BHC i L1 Toes | 060l | - 4 -1 - T 00241 PG | 057 051 051
Heptachlor epoxide - - Gt NN Bt L HE ENERCOm SOOI PG ey e e D01S) PG
Endoselfan - - - - - - - - - 0.017) PG - -
‘gamma-Chlordane. .. - - e TR ETESON i P
al;S]lé-Ci.ﬂordanc - - - - - - - - - - - -
AADDE Pt . £ . R BT - B T R R ROMTREI: BN E
Dieldrin 0.0071 - - - R - 0.0371 PG | D.0281 PG | 0.078] 0.074)
:k.I-:'."dr’j‘.":'ff:: - T e T b 0 B . - : b - ‘ LT
44 -DDD - - - - -] - - - - - - -
AAWDRT e - . " - -
L.:.ﬁ.(l.o.su].fan.s.ulihte - - - - - - - . - - - -
Endrin ketone . .- L (5 - ; SR B - - e - .

Sampling at st May [

~15, 2009: at 2nd August 31-8ep 2, Sepl4~i6, 2009 at 3rd: Déc 12~15, 2009

‘PG the percent difference betwee

n the original and confirmation analyses is greater than 40%. - indicates not-defected above the detection limit. .

1- Estimated wesult. Resaltis tess Qun cepurling, Tmil,

..QT: Elevited zeporting limit. The reporiing fimit is elevated due 1o high analyte I_ével;é.: G

(i- Elevated reporting limit. The reporting limit is elevated due to matrix interference,
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Table 4-10 OC-Pesticides Chemical Test Result (Continued).

Chemicais B03-467MW B03-468MW B07-2: 7MW B07-218MW
(gl Tsetoisie ande et 3ed o st T 2nd o st and | Brd 0 st and e i3

alpha-BHC 0.0331 PG ~G 0.0381 PG - - - 0.028] - 0.024) - 0.0193 -
‘gamma- o I005PG 060l 0,24 PG . - 0.043J 1 == 0,06 4700181 7500333 70,0163 00 00,001 T 0.026]
BHC i e e SRR RS R B e e e PR DO LT
Heptachlor - - - - - - - - 0.0076] PG - - 0.00751
beBHC | 0.PG P OANPG | 0072 | oo ] e ST 0msIPG | 0021 TG. | TOBIATRG
defta-BHC 022 - - - - - - - 0.028} PG 0.012) PG
“Heplachlor:} - A e D013 01T ] 00057T
Eepox'ide:: R ETEPA PN P R v
Endosulfan 1 - - - - - - R - - N . R
gamma-t g - - T 0.00973 ] G.OTIT P
--Cthl‘daﬂei' LT LT IR g : R UEIREE EECEERHEE ISR I
alpha- - - - - - - - - - 00221 PG | 0.009GI PG 3 0.C0BDI PG
Chlordane

‘44-DDE .- - - - CRHEINY DalETUNTE IRC NS FEeutt Ree L FIHUE B - ﬁ'~0.0.09:5..l.:' G.0084F -

Dieldrin - - - - - - 0.0096] - 0.019 0.04] 0.025])

End_l'_in_.f'..-.'- e - - - EIR ERE DR SRR SR IR R RS Sl

44-DDD - - - - - - - - 0.1 0.084]
44'DDT B - - - - - : - e [ .O._OE?J'C- 00,0481

Endosulfan - - - - - - - - - - 0.01) PG -
sulfale

PG- the percent difference between the original and confirmalion analyses is preater than 40%.

J« Estimated result. Result is fess than reporting limit.

B-The analyle was found iz a blank assogiated with the ssmple.

Q- Elevated reporting fimit. The reporting limit is elevated due to high analyte levels.
G- Elevated reporting limét. The reporting lmit is elevated due to matrix interference.
“. ot delected nbove the detection limit,
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Table 4-10 OC-Pesticides Chemical Test Result (Continued).

Chemicals (pa/L) BO7-310MW BO7-220MW BO7-221MW
Ist . 2nd ) Ard TsCoojond. |aid oo st (and o pand
aipha-BHC 0.041T PG | 0.043] 0.046 |- 10.0251] 00321 |0.018) |- :
gamma-BHC 0054|0015 0098 1 0021) 1 Q15| 0200 "} 0.016] {0.0120 .1 0.014)
Heptachlor - " - - - - - - -
betn-BHC. COOde T3S 027 0017 039 0267 L T 0,0357 PG -] 0.00773
delta-BIC 0.065 0047 | 6059 |- 0012l | 00241 | boie) | - X
Heptachior epoxide ] =i 0 0.0054) REENESS SRR I X0) ' ERAN R -
Endosuifan | . 00061JPG | 0.049PG | - - 0021 T- - -
gamma-Chlordane B L D I Aol 00IFPG L s ) -
alpha-Chiordane : : 0aTiIrG | - : : : : :
AEDDE T T - T :
Dicldrin 012 028|044 - - - ; -
Endrn - 000541 | 00I31PG | - :
440D : : : : - 000601
A4DDT - R . Q00790 = oo s 01 oy -
Endosuifan sulfate - - - - - 0.0067) PG | - - -
Tondrin ketong - RVFGETIS B TCECF A R FOR R - -

PG- the percent difference between the original and confitiaation analyses is preaier than 40%.
J- Estimated result. Result is less than reporting limit.
3-The analyte was found in a blank associated with the sample.
Q- Elevated reporting limit, The reporting linmit s clevated duc to high analyic levels.
G Elevated reporting Himit. The reporting limit is elevated due to matrix interference.
“ not detecled above the deteation limit,
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Table 4-11 VOCs Chemical Test Result for Groundwater of LF-Area D.

Componen{ {pp/l.) BO3-463MW B03-464MW B03-465MW BO3-466MW B03-467MW
“st b 2nd 3ed st f2nd - 3@ i) CIst ) 2nd i c3pdofedstni)o2ndoc o 3do st oy 2nd 3
Acetone - - -q 341 - - - - - 443 - -q 15 11 -
Benzene w0 0O B R QS e T OB T L] 08000080 42 H LT Y 430 U8 T2
2- Butanone (MEI\} - - - 0.6} - - - - - - - - 0771 1 0.38] -
Cabondisulfide ] - L T T T T o
Chierobenzene 497 13311 79 - - - - 54 53 28 15 1591 61 3 1
Chloraethane . § = T T T e T e A
Chiloroform 1.9) | 143§ 141 | 0393 | 0.22] | 0.48] - 0421 | 047 1.2 1,61 | 0,621 | 0.23] § 029
..................... 4 028). 1. PR L | =

Chloromethane - L iE e e S ] e Y L s e
2-Chioroloiuene - - 0.393 - - - 19 - 0.73) { 0.085) | 6.46)
“4-Chlorotofuene - " RS B RN RIRUSIRE RERENS RS 0T 05430100 089) - B 0533 - T 014
1,2-Dichlorobenzenc - - 0,723 - - - - - - - 0.28] - -
53-Dichlorobenzene -3 o ab st e P R b L T T 0281} = - e 0,137
- - - - 0261 | 029 0,21 0.73] 103415 041 | 0.59)

L 4-Dichiorobenzene - 1
_chhlorodlﬁuorometha e p e
R SR e L ; E U : [ERNNIE Rt
1L1- chh]oroethane 2] 2501 11 - - . 11 11 12 G.3] 0.42] - 7.4 5.6 18

T2Dichtoroethane - L e L TR T sy T T T e AT
cis-1 2‘Dich]or0clhclzc 95q 98 1 160E | 0.28) § 0.5 | 0.63] | 1100q | 1100E § 1100% 15 54 26 7.7 7.7 29

trans-1,2. ERRIEE R R 065.1" e s e 8E a8 i e s e F024) 1 0.490 010,923
‘Dichlofoethéne Syt : 1o R B e
1, i-Dichioroethene - - 033 - 0.14) | £37 - 4.7 33 - - - - - 0.213
T Digioropropane - § - |- |- | ] e | e T T T T T R0
Ethylbenzene - - - .32 - - . - 1.9 - 0711 D121 | G.26]
Isopropylbénzene - e LI R e T e g T e Uy RE SEHIEN SEAPIE BN

p-Tsepropylioluene - - - . - - - - . - - K N N
“Mothyiene chloride ] - - | 81| 12 1| I3 B A3 b6 ] B Y S KR

Naphthalene - - - 0.35] - - - - R -
“Tetrachloreethene - .1 130G {120 160E 1023 14 0 27300 T F 0233 Vi 22 a0 2l o3l 006 180 1 2.2 ] 00943 -1 0213
Teluene 33 1.55 | 81 21 071 | 69 49] 9.2 14 48GE | B8 1 34B 1.4 73

123 Trichforebenzene | -0 The R e e e s e e S DALE e e

124 Trichlorobenzene | - S VP T T T N - - [T - - B R T

1,1,1-Trichloroethane i L T IS RN RSN REENCRE SRS RGN TR ERMIIE o R MEDCYES RAIPRED Btwt
Trichloroethens £2G 58 89 1.2 12 15 100 210E 150E 20 50 29 2.3 16 13
“Trickloroflnoromethan © |~ PRI B R B IEEE At IR IR IS N EHE SR B b

1,2 4- - - - 0.32) - - - - - - IR [.4) 1 0145 - 0.441
l'mnelhyli)enzene
23,3540 :
'.Tnmclﬁylbuuzcuc : i RS R B eI : L : sl
Vinyl chloride - - 2.6 - - - 18J 57 32 - 5.2 - 28 6.7
‘n-Xylene & p-Xylene |- e Wl 09 e s e R S T 021 e s 10,220 0,280

o-Xylene - - - 037 - - - - - 0.38] | 087 - 1030 0110 | 633
_Samplmg atdst: May 11+13, 2009: at 2nd August 31~Sep 2, Sep14~16, 2009: at 3rd: Dec 12-:15,2000. RSN RE SR PR I PR
PG- lhe pcrccn( d:ﬁ"crcncc be(wcen the orlgmal and confi mmhon anal} ses 15 gTCﬂICI shan 40%. “-“ not detecled above the detection limit.

Q Elevated repcr!mg llzmt The rc,porlmg, ]unn is elcvalcd due o lngh ana]yle levc]s

G- Elevated reportiang Hoit, The reporting fimit 15 elevated due to matzi feience :
EEstimated result. Result concentration exceeds the calibration range, =50

a‘f
5;@
3
'L/
.

,a’

%7

[
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Table 4-11 VOCs Chemical Test Result (Continued).

Component {g/.) B03-468MW BOT-21 7MW BO7-218MW B07-219MW BO7-220MW
Ist=3-220d 230 Brd o st 2pd f3rd idst ) 2nd U dd | Cist ] 2ad. Brd f st 206 {3
Acetone - - - 2.6] - -q & 23 ~ G - - -q -q " - q
Benzene :: : 00 ciri i Pt 0.3 s 023 e - RS EEREEN B R
2-Butanone (MEK) - - - - - - - - - - - - . -
“Catbon disifide.. R N I R e N R O e e
Chlorebenzenc “ - 0.35] - - - - - - 0.527 . - -
:Chloroethane .~ - B SHHDRN S I B RS ERDPESES B - R DSt S ST
Chlgroform 086 { 0.23 | 0.6) 37 275 1310 ] 0.48) - - - 0.49] - 43 1.8} 1.21
J k]
‘Chloromethane - SRR R . pA - B 5 - - i - - i ..
?-Chinralnfuene - - - - . R - .. . . N
4-Chlorotoluene - - - . = s < - S - E - - - .
1,2-Dichlorobenzene - - - . - - - - . . N
1,3-Dichlotabenzence - ; . - - B B s - - - - B -
1,4-Dichlorobenzene - - - - - - - - - - 0.23) - - - -
‘Dicklorodifluoromethane - - 0,53} R - - P R B 2065 - -
Sl R B w . 5 E
1,1-Dickiorecthane - - - 0.15) 1 ¢.14) - - - - - - - - -
1,2:Dichloroethane . . - EECREE IERCEE DTS ERPS St I R s T R I g D
cis-1,2-Dichloroethene - 041 | 057 § 84E | 130E [ 120 ] 32 42q {1 7% 84 75 96 35 (190 | 120
3
rams-1,2-Dichloroethene. = e ERTER A B I 3710399 1 03813 - -6 1630 1053 1L e
T R N : : SN B E R RS % o : R R
1,1-Dichloroethenc - - - - - - - B - - - - - -
1,2-Dichlaropropane - T - S B : EES O - - - - b i, z
Ethylbenzene - - - 0.2} - - 0213 - - - - - - - -
‘Asopropylbengene. - - ERER B - -] 047 s S " T z o
p-Isopropyliciucne - - - - - - - - - - - - -
Meihylene chibride - - ; FER B I D A R EEER i VR EES K T8 By ETPUties tF T RS SEPERH RS 23 I
Naphthalene - - - 0.27) - - 0.4} - - - - . - - -
Tetrachloroethene 140q 1570 4 160E | 1308 1.:180 1280 1 -32 10 285 1210 15960 I 270E A0 86 1 AT A
Teluene 11 0.95 5.8 17 - T 17 062} 1 7.7] 113 22 163 19 53§
J
1,2,3-Trichlorobenzene . SRR RS - - . « - = . N . - e
t,2,4-Trichiorobenzene - - - - - - - - - - - - 1UB
1.1,1-Trichloroethane " FPES EEDRRT EELINERTS - PRRAE: RIatets BENHEIE D SETS PO RN BT
Trichloroethene 6.1 1.7 11 210E | 350 § 460 | 34 25 {535 150 80 120 § 110 § 230 | 340
“Trichlorofluoremethane - R SRR RSN SRS DN BhRs el e R P - . a
1,2,4-Trimethylbenzene - - - 0.17] . v 0.26F - - - - - - - -
-1,3,5-Triméthylbenzene B - T 2 - IREA T DSt E . - - - . s
Vinyl chloride - - - - - - - - - - - - -
m-Xylene & p-Xyleng s - N ROEPIN Ba - 0613 - S “ - - 0434 - s
o-Xylene - - - 0.24) - - 0.23) - - - . - - B

PG- the percent difference between the original and confirmation analyses is greater than 40%.
- Estimated result. Result is less than reporting limit,
B-The analyte was found in a blank associated with the sample,
Q- Elevated reporting limit. The reporting limit is elevated due to high analyte levels.
G- Elevated reporting timit. The reporting limit is clevated due to malrix interference.

E- Estimated result. Result concentration exceeds the calibration range,

“- aot detected above the detection limit.
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Table 4-11 VOCs Chemical Test Resalt (Continued).

Component (pg/l.) BO7-221 MW B09-176MW B0%-i 77TMW B0S-178MW
SIst:d 2nd o3rd st 2nd 1 SArd sl 2nd ] 3rd o st o] 20d ] rd
Acelone -q - - 2.1) - - - - - 2.6l - -q
Benzene . ... S R R REE S B A = < 02T e
B R : . % BRI SR
2-Butanone (MEX) - - - - - - - - - 052 - -
§
Carbon disulfide - - -. .. - - . N i e K B
Chiorobenzene - - - - - - - - . . R -
Chloroethane == - BEEE BN TR B RE iRy BHINOE L o “ -
Chloreforim 52 - 045021 {018 037] | 0431017 037] | G119 . -
1 ] J ] i
Chloromethane = 1700 B R Or N S N " o % N T B
2-Chloraichienc - - - - - - - - - R . _
4-Chlorotoluene : - . B - R - o i R " N
1,2-Dichlorobenzene - - - - - - . R - - R -
"1,3-Dichlorobenzene =it R CHUSERS i T = - g PRIt o e
1. 4-Dichlorobenzene - - - - - - - - . . - R
Dichlorodifluoromethane - - - - - - N - c R . - . .
1,1-Dichioroethane - - - - - - - - R R . -
1. 2-Dichloroethane - B - N O R -
cis-1,2-Dichloroethene 52 - - 0.13 - -
J
rans-1,2-Dichloroethene .1 0.97 §. - - L - .
1,1-Dichloroethene - - - - - - - - _ N N _
1,2-Dichlosopropane =7 N < - b . ' B L . )
Ethylbenzene - - B - - 047 - -
]
TSOPFOPYIDENZENe . i a i o] f e em ] o g X o -
p-Isopropylioluene - - - - - - - R
Methylere chloride. .. 1541445 S
Naphthalene - - - - - - - -
Tetrachloroethene 74510221 838 T
S S RN Bk N T s
Toluene 23 27 1 60 6.3
J
i1,2,3-Trichlorobenzene - : o N - S
1,2,4-Trichlorobenzene - - - -
L1 Trichloroethane -] iz o TRl N
Trichioroethene 99 1037 7.1 -
J
Trichlorofluoromethane ] - = ) s - = I EaRtE M - - - N
1,2,4-Trimethylberzene - - - . - - 0.27 . - B . -
1,3,5-Trimethylbenzehie - - & - - = b - B ™ : :
Vinyl chloride - - - - - - - - - - . R
m-Xylene & p:Xylene : ez :
e : e :
o-Xylene - - - - .

J- Estimated result. Result is {ess than reporting limit.
B-The analyte was found in a biaitk associaled with (he sample.

o

nol detected above the detection limit,
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Table 4-11 VOCs Chemical Test Result (Continued),

Compenent (pg/l.} BO9-193MW BOO-221 MW 12-247 13-279

Ist 1 -2nd 7F3rd kst tpcZnd f3rdccf o Isto| c2ad 3 UArd el i dst b 2nd o3
Acelone - - -q - - - - 5.1] - - 4.5] -
Bengehie - =000 LT TR B¢ 1.5 1 B (i - [SEOTERT I SN R N Sn -
2-Butanone (MEK) - - - - - . . . - R - -
“Carbon disulfide " XTI REREEH B - = BERDS O - e = R -
Chlorobenzene - 0221 - - . - - - - - - -
‘Chioroethane i« N e T A T = e i S L SRR
Chloroforn: 331 23 (2411057010321} 0241 1.1 106511 G35 18 [.2 il
Chloremethane - o SRSIEE DERTEI BUNESEE SRR DREESI] RERPRREH NH N P DEDIRE s 96 e
2-Chlozotoiuene - - - 0.381 - - - - - - - -
4-Chiorotoluene ="+ - - BRI e - . - - - - - -
1,2-Dichlorobenzene " 0.331 - - . - - - - - - -
“1,3-Dichlorobenzene - - R RV A E - - B - = - : N -
1, 4-Dichlorobenzene - - - - - - - - - - - -
Dichlorodiflucromethane = . - & - & = BSOS b P R e
1,1-Dichloroethane - 0.17] - - - - 0.5} | 0.17) 0.3] - 3151
1:2:Dichlosoethane = - "o S R A B S I 20 s 0930 00.79)
cis-1,2-Dichioroethene 130 | 130E | 140 83 13 10581 3 9 8.7 29 9.1 16
‘tranz-1,2-Dichlorocthenc. A3Vl 13y 02y o o h07sr 054 s b1 053] 0.8)
1,1-Dichloroethene - 0.27] - - - - 138 4.4 2.5 15
1,2-chhlor0propane T B T T T N - T i T T
Lithylbenzene - - - 0.111 - - - - - . - -
Jsopropyibenzene . - - - oY - - o u - -
p-Isopropyltotuene - - - - - - - - - - - -
~Methylene chloride S T 00 R RV TR BEC IO S TS R e OO R o v A Tt R 8 12
MNaphthalene - - - - - - - - - - - 0291 B
“Tetrachloroethene - -~~~ CO9TIIIORT 98 L 178 T 02190 8 e g bR e s ] - 06
Toluene 28 2 6.1] 12 1.6 6 30 1.6 9.5 25 13 8.2
“1.2,3.Tricklorobenzene = PRI ROV PSS NRUERE EISHEEES B R 06T B e e e e
1,2,4-Trichierobenzene - - - - - - - - 0341 B - - -
1.1, 1-Trichloroethane. -~ & LD B S e 0868 e 051 - 065T 027)
Trichloroethene 170 | 260E | 240 + 2.7 4.8 - 69 21 59 100E { 23 39
“Trichloroftuoromethane ... R - S R e 026 B S e -
1.2,4-Trimethylbenzene - - - - - - - - - - - -
1,3, 5-Trimethylbenzene = . - - - - e - - - - -
Vinyl chloride - - - - - - - - - - - -
nm=Aylene & p-Xylene o w0102 - - - - = = = 5
o-Xylene - - - - - - - - - - - -

I- Estiniated resuit. Resuit is less than teporting limit,

B-The analyte was found in a blank associated with the sample.

E- Estimated result. Result concentration exceeds the calibration range.
“-“ not detected above the detection limit.
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Table 4-1F VOCs Chemical Test Result (Continued).

Component (ug/L} 14-283 15-286 16-289 20-575
CEstd 2nd 10 3rd o Ssted 2nd o 3ed e dst 2nd 3w Ssto)2nd o 3rd
Acectone 221 - 43 - - - .
Bengene = o]l _ o - B R R
2-Butanone {MEK) - - - - - - - - - - - -
Carbon disulfide 0] - - - RS . - - - N N Z
Chicrobenzene - - - 0.1z . . . . - - - _
I
:Chloroethane . - N I BESSTRSE SEENSICE RN - - = N S RN
Chloroform 0371073] 046) {083 076} 05] | 0658 {0571 051 {0356 10771{07)
1 I 1 I I i 1 I ]
Chlpromethane - =oel i N ST B B 20 - T Bt T
2-Chlerotoluene - - - - - - - - - - -
:4-Chlorotoluene "4 i s - BT [EPIES Hee - N
1,2-Dichlorabenzene - - - - - - - - - - - N
1.3-Dichlorobenzene = | - - I P - PR = = - T T -
1. 4-Dichlorobenzene - - - - - . . . . - R .
Dichiorodifluorometh |- 4.~ e SN BRLTR ST ISR I S SR ER -
ane o EEEN AR N EETRE T IR Dho i
1,1-Dvichloroethane 024 10183 0227 | 95 57 7.4 92 {0541 094} - - -
} J J
1,2-Dichlorecthane [ - s i . [RORE B SRR IR R B B X -
cis-1,2- 131 20 | 71717
Dichloroethene
frans-1,2- -5 i s A 618 F021T 01 a2 027
‘Dichioroethene RIS [ SRR K I it K Btr: S
|, 1-Dichloroethene . . . 4.5 54 - - -
1,2-Dichloropropane = § i~ - - B 8 B R RN RS B =
Ethytbenzene - - - - - - - - - - - -
Tsopropylbenzene = | - - - - i -_ - B B - 7
p-Isopropytiolucne - - - - - - - - - - B -
Methylene chloride - =53] L= a1 1 s b s e S 1.2 ) gol i3]
Naphthatene - - 0.29] - - - 029 - - - - -
B J
Tetrachloroethene 360102422 ‘67 : I R T e Bt R R R
Toluene 32 126 9.1 30 19 8.4 26 3113
1,23 RER N - - =z - R - NGRS
Trichlorobenzene : S
£,2,4- - - - - - 0.33] - - -
Trichlorobenzene B
1,1,1-Trichloroethane |- 0.72:1:0.58 .1 "0,58) | 13" BT S B SR SRS e -
R RN IR B R R ENRes . e R
Trichtorocthene 22 i6 16
Trichloreftuoremetha [ - z R Bt
ne -
1,2,4- - - - .
Trimethylbenzene
13,5 B S -
Trimethylbenzence .-
Vinyl chloride R - - -
“m-Xylene-& p-Xylene:| - o o - e i e - R s e
o-Xylene - - - - - - - - - - . -

I- Estimated resuft. Resuit is less thar reporting limil.

B-The analyte was found in a blank associated witlt the sampie.
i- stimated resubl, Result concentration exceeds the calibration range.
- not detected above the detection limit.
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Table 4-12 Siug Test Result at LF-Area D.

Bouwer and Rice (1976)
R AT
7.70E-04
1 T60B-04
5.60E-04
4 4.60E-04
3.30E-04
. 2.20B-04
6.80E-05
1 U860E-05
1.70E-05
~190B-05
1.30E-04
) 80B-04:

Well 1D | Activity

“-Average K (cm/sec) |
7.65E-04

B03-464 | Injection
Withdrawal ="
Injection
Withdrawal:
Injection
Withdrawal
Injection
Withdrawal |
Injection
Withdrawal -
Injection
Withdrawal =

B03-465 5.10E-04

B03-466 2.75E-04

B07-217 7.70E-05

B07-218 1.80E-05

B07-219 2.05E-04

Table 4-13 Pumping Test Result at LF-Area D.

Monitoring Well Status Level of Q
Displacement

(m)

Slop T K Average
(cm2/sec) | (cm/sec) K
emiser)

(1113/day)

SA44E-04 | 321604
“9.81E-05

2.87E-02

0.41
5.02

704
o[04
1704

Drawdown 1.956

‘Recovery

Pumping
welll

2.87E-02

Observation Drawdown 0.031

Well 1
ngbservatton' 1B
Well2

| Drawdown | 009 | 1704 | 04 | 328k | 5a8E02

Obselvailon |
Well 3 220

Drawdown

:Recovery

0.022

.} 704.

'0056'

7.42E-04

T |

006 |

b 1963B-03

1.19E-03

Observation
Well 4

Drawdown

0.164

1.704

0.014

5.85E-03

5.85E-03

Ar Slope of the sna1ght part of the drawdown on a semi- logarlthmac graph (m)
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i

Table 4-14 Microbe and Total CNI* Analytical Result of Soil at LF-Area .

BH_ID

Total Microbe
(CFU*/g)

Oi] Disintegrated
Microbe (MPN**/g)

Total
Carbon (%)

Total Nitrogen
%)

Total Phosphorous
(mg/kg)

B09-192-S3 -} ]

1.99x10° © 1

258x10

025 00

B09-193-52

3.12x10°

3. 12x10“

0.08

B09-194-S1

1 535x10°

591x104

B09-195-83

4.50x10°

not detected (ND)

0.03

B09-196-83

1.18x10°,

e

B Y

B09-197-S1

5.22x10°

0.07

B09-198-83 |-

8.00x10°

B09-199-S1

8.28x10°

0.17

B0920051 |

B

B09-201-S1

3.39x10°

0.64

BO9-20-83 |

PRESTIS FEm T

023 .40 0

B09-221-82

1.49x10°

q 75'x1'03

0.18

B09-222:82 |

3. 27x]()

2.88x10%

02

* CFU-colony formmg unit, ¥* MPN- most probable number
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Figure 4-1. Toluene Concentration in Soil at LF-Area D of Camp Carroll.
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Figure 4-2. PCE Concentration in Soil at LF-Area D of Camp Carroll.
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Figure 4-3 4°,-4 DDT in Soil at LF-Area D of Camp Carroll.
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