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Drafi Report for Land Farm Investigation at Cp Carroll (07-053E)

Figure 2, Current Borehole Locations with the 2005 Boreholes and 2007 Monitoring wells.
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Table 1. Summary of Soil Sampling Resulis.

| B04-186~191| M07-217~221| B07-615~629] BO(7-630~635
VOCs 8260 O O O O
0-2m  JOC Pesticides] 8081 O O O O
Metals/Hg [6020/7471 O O O O
VOCs 8260
2-4m JOC Pesticides] 8081 O O O O
Metals/Hg 16020/747] O O O O
VOCs 8260 0
4-6 m §OC Pesticides| 8081 O O
Metals/Hg |6020/7471 O O
VOCs 8260 O
6-8.4 m JOC Pesticides; 8081 O
Metals/Hg |6020/7471 O

* three sampling intervals: 0~2.4 m, 3~4.8 m and 6~8.4 m,
* organo phophorous pesticides were analyzed in 2004 but not dected at that time.

4. CHEMICAL TEST RESULTS.

4.1. Laboratory Analysis and Comparison Criteria.

A total of 115 soil samples were submitted to TestAmerica Inc. (formerly STL)
laboratory in Seattle, United States for chemical analysis. The discussion on the chemical test
results below did not include the data that appeared lower than the reporting detection limit.

The test results are compared with respect to the residential action level (calculated
concentration for considering direct exposure to humans) by EPA Region IX Preliminary
Remediation Goals (PRG) for Superfund Sites http://epa-prgs.ornl.gov/. The PRG's role in site
"screening" is to help identify areas, contaminants, and conditions that require further attention at
a particular site. Chemical concentrations above the PRG would not automatically designate a
site as "dirty™ or trigger a response action; however, exceeding a PRG suggests that further
evaluation of the potential risks by site contaminants is appropriate. PRGs are also useful tools
for identifying initial cleanup goals at a site. In this case, PRGs provide long-term targets to use
during the analysis of different remedial alternatives.

The chemical test results are presented in Table 2.

/it Do

5

i



Draft Report for Land Farm Investigation at Cp Carroll (07-053E)
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Table 2. Chemical Test Result for the Land Farm Soil Samples.
Anal EPA pu(f BG7-221 B07-615 BO7-G16 BO7-617
Chemical Parameter mclho-d unit Res. S | 1na 5 52 by 56 51 52 Sl 82 b | 52
’ . ~2m_{ 2~4m | 4~6mi ~2m 2-4m | ~2m | 2~4m | ~2m | 2~4m
alpha-BHC 8081A | muke ¥ X*F X X X X X x 0.00
beta-BHC 8081A | mgke - X X 510 023 X X X 0.00
delta-BHC 8081A | mg/kg - X X X X X b % 0.00
gamma-BHC (Lindane} | 8081A | mgke| 044 170 - x x x x 160 012 004 000
4,4'-DDD 8O81A | mpke| 240 1000 - 012 700 21000 1000 0.59 033 022 000
4,4'-DDE 808tA | mghkg| 1.70 7.00 - 002 110 460,00 2200} 019 0I2] 028 000
4,4'-DDT B081A | mghg| 170 7.00 - 002 390 5500 5901 690 480 170 000
Dieldrin 8081A {mgkg] 003 0.11 - X X X X X X % X
Endosuifan 8081A | mgke| 370 3,700 - X X X X b X X b
Endosulfan I 8081A | mpke - X X X X b X X X
Endosulfan sulfate B081A | mefkg - * X X X X bt X X
Endrin 8081A | merke| 1800 18000f - x x 86.06 490 065 030| 027 o0
Endrin aldehyde S081A | mghks - b b X X X bt X X
Heptachlor 8081A mg/kgl 31.00 310.00 - % b X X b1 X X X
alpha-Chlordane 8081A | mgkg X X b X X X X X
gamma-Chiordane 8081A | mgkpt 160 6,50 - X X 80.00 300§ x X X 0.00
Chioromethane 82608 | mg/kg 47 160 X - - 0.01 - 0.03 - 0.01 -
Vinyl chloride 82608 | meike 39 X - - 0.01 - 0.03 - X -
1,1-Dichloroethens 82608 | mekg 120 410 X - - 0.01 - 0.00 - X -
Acelone 8260B | me/kg| 14,000 54,000 X - - - ; - 0.02 -
Methylene Chloride 826083 { mg/kgl 2,000 9,300 X - - X - - X -
trans-},2-Dichlorocthene | 82603 | mgke 69 230 X - - 0211 - - X .
cis-1,2-Dichloroethene 82003 | mpfke 43 150} 33.00 - - 1.60 - 110 - 0.04 -
Benzene 82608 | meke 33 120 X - - 2.60 - 0.02 - 0.00 -
4-Methyl-2-pentanone 82608 | meke X - - 0.04 - % - X -
Toluene 82608 | mg/kg| 660 2200 1.90 - - 90.00 - 0.00 - X -
Chlorobenzene 8260B | mgkg| 150 530 X - - 16.00 - 0.13 - X -
Ethylbenzene 826083 | mghkgj 1,900 7,400 2.60 - - 23.00 - 0.1 - X -
m-Xylene & p-Xylene 82608 | mghkg} 270 oG] 1200 - - 130.00 - 0.28 - b -
o-Xylene 8260B | mp/kg| 270 900 $.00 - . 42.00 - 0.02 - bt -
Isopropylbenzene 82608 { mg/kg 3.40 . - 1.40 - 0.01 - X -
N-Propylbenzene 8260613 | mg/kp 9.50 - “ 2.80 - 0.0% - X -
1,1,2,2-Tetrachlorocthane | 82608 | mpAke] :0uu 4,000 320 - - X - X - X -
1,3,5-Trimethylbenzene 82008 | mgikg 2t 70F 3600 - - i3.00 - 0.04 - X -
1,2 4-Trimethylbenzene 8260B | mgfkg 52 1701 900 - - 3300 - 0.09 - 0.00 -
sec-Butylbenzene 82608 | mg/ka| 450 1,600 6.10 - - 1.70 - 0.00 - X -
1,3-Dichterobenzene 826083 | mg/ke| 530 2,100 x - - 250 - 0.01 - X -
4-Isopropyitoluene 82608 | mgke 880 - - 320 - 0.00 - X -
Trichlorocthene 82608 mg,‘kgf 16 e 57000 - - 2000 - 0.04 . 0.04 -
[.4-Dichlorobenzene 8260B | mpke X - - 16.00 - 0.09 - X -
1.2-Diichlorobenzene 8260B { mgdkg| 1,600 10,000 ¥ - - 1100 - an? - bt -
1,24-I'richlorobenzene | 82608 | mghkg 62 220 X - - 156.00 - 0.06 . 0.0u -
1,2 3~Trichlorabenzene 82008 | mgkg X - “ 13.00 - 0.0l - X -
Naphthatene 826013 | myky 17.00 . - 150,00 - n27 - fni -
Tetrachloroethene 82008 | mp/kp 33 130 45.00 - - 1,300.00 - .30 - 6.80 -
Arsenic 6020 mg/kg 22 260 - 620 330 6.60 640§ 740 7.20 5.30 4.50
Barium 6020 mg/kg| 5,430 67,000 - - - 10000 78.00'1 85.00 81001 110.00 8200
Cadmium 6020 mg/kg 37 450 - 036 0.1l 036 020% 016 0.18 0.30 (.40
Chromium 6020 mglkg 30 64 - 740 440 34.06  970| 640 6.10 4.50 520
Lead 6020 mg/kg 460 B0 - 4200 780 47.00 2100]2000 17.00| 1400 1700
Selenium 6020 mg/kg 390 5,100 - - - 018 016 028 025 0.18 0.23
Stbver 6020 mg/kg 380 5,100 - - - 0.51 0121 012 0.06 0.12 .05
Mercury T4TIA | mg/ket 610 6200 - 003 x 002 001 X X X X

$- TPA Repion TX preliminary remediation goal, $%- residential arca, $£%- industrial arca

CEmpty cell in PRG indicates that there has been set up no PRG concentration for the chemicals yet,

*. cheracals were not requested 1o analyze, ** not detected above sample reporting limit.

Highlighted ones are exceeding the concentration of the PRG residenttal area.
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Table 2 (Continued)
Anal. EPA PRG B07-618 B§7-619 B37-620 B307-621
Chemical Paramefer unit S1 52 S1 S2 51 52 S1 52
method Res. | Ind.
~2m § 2~4m | ~2m { 2~4m | ~2m | 2~4m | ~2m | 2~4m
alpha-BHC 8081A | mg/kg ¥ % X b X X X .00
bela-BHC 8081A | mg/hkg 0.00 0.64 X 0.00 0.00 Q.00 0.00 0.00
delta-BHC 8081A | mghkg X X X 0.00 X 000 000 000
gamma-BHC (Lindane) | 8081A | mg/hkg| 044 170 000 X 000 000 0.00 000 000 0.00
4,4'-DDD BOBIA | mg/kg|l 240  1000{ 000 230 000 X X 0.00 0.02 0.00
4,4'-DDE 8081A | mg/kp) 1.70 7.00 0.00 3501 000 X 0,00 0.00 .00 X
44'-DDT 8081A | mg/ke 170 7.00 0.05 1.00 | 0.00 X 0.00 0.00 0.0 0.00
Dieldrin 8081A { mgks| 003 011 000 x 0.00 x .00 x 0.00 x
Endosulfan S081A | me/kg]l 370 3,700 x X x X X X X X
Endosulfan H 8081A | ma'kg X x x X X X X X
Endosulfan sulfate 8081A | mg/ke X b X X X X X X
Erdrin 8081A mgfkgf 1800 18000} x x X X x Q00 000 x
Endrin aldehyde 8081A | mg/kg X X X X X X X x
Heptachlor 8081A | mg/kg| 3100 31000] 045 | «x x x X 006 x
alpha-Chlordane BO81A | mg/kg X X x X X X 0.00 X
gamma-Chlordane 8081A | mp 1.60 6.50 X X X X X X 0.00 %
Chloromethane 826083 | mg/kg 47 160} 0.01 - X - 0.00 - 00t -
Vinyl chioride 82608 | ma/ky 39 x - X ~ X - X -
i, E-Dichloroethene 82608 | mp/ky 120 410 % - X - X X -
Acetone 8260B | mp/ke] 14,000 54,000 X - X - X X -
Methylene Chloride 82603 | mp/kg| 2,000 9,300f x X - X - X -
trans-1,2-Dichloroethene | 8260B | mg/ks &9 230 X X X % -
cis-1,2-Dichleroethene 82608 | me/ke| 43 150 X - X X - 0.0 -
Benzene 82608 | mg/kg 33 120 X - X X - X -
4-Methyl-2-pentanone 82608 | mgike X - X - X - X -
Toluene 8260B { mg/kel 660  2200] 6.10 - % - X - x
Chlorobenzene 8260B | mg/kg| 150 530 X - X - X - X -
Ethylbenzene 82008 | mg/hkgt 1,900 7400 x - X - X - X -
m-Xylene & p-Xyicne 82608 § mg/kg] 270 a0l x X - X - X -
o-Xylene 82608 | mglkg) 270 ann x X - x X .
Isopropylbenzene 8260B | mg/kg 0.01 - X X X -
N-Propylbenzene 82608 | mghke X - % - % X -
1,1,2,2-Tetrachloroethane | 82608 { mg/fhkegi 1,000 4,000 X - X - X - b -
1,3,5-Frimethylbenzene 82608 | mg/kg 21 T0p x - X - X - X -
1.2, 4-Trimethylbenzene 8260B | mg/kg| 52 170 X - X - X - X -
sec-Butylbenzene 8260B | mpkel 450 tevu]  x - x - X - X -
1,3-Dichiorobenzene 8260B | mg/ket 530 2,100 X - X - X - X
4-Isupropy loluene 82608 | myky X - X - X - X
Trichlorocthene 82608 mg/kgl 16 110 X X - X - X -
[ 4-Dvichlorobenzene 82608 | myfky ¥ ¥ - ¥ - x -
1,2-Dichlorobenzene 8260B | meg/kpd 1,600 10,000 x - X - X - X -
1,2,4-Trichlorobenzene { 8260B { mag/kpl 62 220 X - % X - 000 -
1,2,3-Trichlorobenzene 8260B | mgkg x - X X X -
Naphthalene R260B | mefkg X - % % X -
Tetrachiorocthene 82608 | mp/ke 38 130 .02 - 0] - X - (101 -
Arsenic 6020 mgke 22 2601 27.60 880 260 8.50 4.90 4.50 4.80 4.90
Barium 6020 mgket 5430 67,000] 88.00 7400 8100 81.00 ] 100.00 9200 | 12000 84.00
Cadmium 6020 | mg/kg 37 450] 0.15 0401 005 032 007 006 0.18 0.14
Chromium 6020 | me/ky 30 641 500 450 4350 3.00 470 510 440 530
Lead 6020 | mg/kg] 400 800 1200 1700 87 100 1700 1400 1500 14.00
Selenium 6020 | me/ks 390 51001 0.16 020} 0.2t 0.21 0.16 027 .22 0.15
Silver 6020 | mpske 390 5,100) 0.03 009t 002 0.03 002 002 0.05 0.06
Mercury 7471A | mgfkg| 610 6200} x X X X b X % X
FF o g
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Table 2 (Continued)
EPA PRG B07-622 B07-623 BO7-624 BO7-625
Chemical Parameter n'::;‘ :)' 4 unit Res Ind S1 S2 81 82 51 52 81 52
) Sl ~2m b 2~dm | ~2m | 2~dm | ~2m | 2~dm | ~2m | 2~4m
alpha-BHC 8081A | mghkg X 000 000 x X X X X
beta-BHC 8081A | mgike X 000) 000 00| 000 0OOY 000 000
delta-BHC B081A | mg/kg X 000§ 000 x X 0.00 0.00 X
gamma-BIC (Lindane) | 8081A | mg/kp| 044 170 | x 0614 0oz 000 GO0 0.00 0.00 X
4,4'-DDD 8081A | ma/ke| 240 1000 | 000 x G04  000| 001 000] 000  x
4,4'-DDE 8081A | ma/ke 170 7.00 | 0.00 0.00] 0.03 0.00] 001 X 001 0.00
44-DDT 8081A fmpkg 170 7.00] x 006 | 001 00t 028 Q00| 004 x
Dieldrin 8081A |mgkg| 003 Q.11 X X 000  x 001 x 0.01 x
Endosulfan 1 8081A Fmp/kgl 370 3,700 X X x X 0.00 X X X
Endosulfan If 8081A mgkg X x 0.0l % X x X X
Endosulfan sulfate 8081A [ mgkg X x X X x x X X
Endrin 80814 |meke| 1800 1000) x x | x X} 005 x 001 x
Endrin aldehyde 8081A | mp/kg X X X X X X x X
Heptachior 8081A | mgkg 3100 31000 | x x ] x oz x x x X
alpha-Chiordane 8081A { mg/kg X be 065 x 0.00 x 0.00 x
gamma-Chlordane B081A mgﬁﬂd 160 650] x X 0.11 X 0.00 X 0.00 x
Chloromethane 82608 | mg/kg 47 160 | 0.01 - 0.01 - 0.00 - X
Vinyl chloride 82608 | ma/kg 39 X - X - X - X
1,1-Dichloroethene 82608 | mg/kg| 120 410] x - X X - X
Acctone 82608 | mp/kg| 14,000 54,000 x - X X - X -
Methylene Chloride 8260B {mgkgl 2,000 9,300 X - X X - X -
trans-1,2-Dichlorocthene | 8260B | mg/kg 69 230 % - X X - be -
cis-1,2-Dichloroethene 8260B [ mp/kg 43 150 =x - X X - X -
Benzene 82608 | mp/kg) 33 120 X - X x - X -
4-Methyl-2-pentanone 82608 | mp/ke X - % x - %
Toluene 82603 { mg/kg| 660 22001 0.01 - X - X - X -
Chlorobenzene 82608 |mgkg] 150 330 x X - X X -
Ethylbenzene 82608 | mg/ked 1,900  7400] «x x - x X -
m-Xylene & p-Xylene 82601 | ma/ke| 270 900 X X X X -
o-Xylene 8260B | me/kg| 270 900 x - X - X .
Isopropylbenzene 82608 | mg/kg x - X - X x -
N-Propylbenzene 82608 [ mg/ke X - X - X - b -
1,1,2,2-Tetrachloroethanc | 8260B | mg/kg} 1,000 4,000 | x - X - X - X -
1,3,5-Trimethylbenzene 82603 | mp/ky 21 wE ox - X - x . X -
1,2,4-Trimethylbenzenc 8260R | mg/kg 52 Hr [l B - x . x - X -
sec-Butylbenzene 82608 {mgkg| 450 1,600 X - X - b - X -
-1 ehlorobenzene 26008 | mglkgl 530 2,100 x - X - X - X -
4-Isopropyltaluene 2608 | meikg x - X - X - x -
Trichloroethene 826013 mg.’kg’ 16 110 X - % - X - X -
1,4-Dichlorobenzene 82608 | mg/kg X - X - X - X B
1,2-Dichlorobenzene 82608 | mg/kgl 1600 100007 x - X X - X -
1,2,4-Trichlorobenzene | 82608 | mgkg 62 220 X - X X - X -
1,2,3-Trichlorobenzene 82608 | mg/kg x - X X - X
Naphthalene §260B | ma/kg X - X X - x -
Tetrachloroethene 82608 | mp/ke 38 130 % - X - 004 - X -
Arsenic 6020 | mp/kg 22 2601 370 190 | 480 600) 390 830 3.90 G0
Barium 6020 [ mg/kg| 5430 67,0600 | 58.00 8400 | 83.00 76.00]90.00 10000 j120.00 99.00
Cadmium 6020 | ma/kg a7 4501 003 065)| 008 019 007 0.81 0.13 0.79
Chromium 6020 | mg/kg 30 6411500 280 400 370{ 520 3.80 500 220
Lead 6020 | ma/kg 400 800 | 790 2400111.00 19.00§ 1300 29.00 11.00  36.00
Selenium 6020 | mg/kg 380 5100) 016 0.19§ 0.15 c.16] 036 0.19 0.20 0.22
Silver 6020 | mgkgl 390 5100) 0062 005F 003 004 003 0.05 0.05 0.2
Mercury TANA | mgikgl 610 6200 X 0.01 | _0.01 X X X X 001
fdoy
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Table 2 (Continued)
EPA PRG B07-626 B07-627 BO7-628 B07-629
Chemical Parameter n[:tl::)'d unit Res Ind 81 82 Si 52 S1 S2 81 52
’ "l ~2m i 2dm | ~2m | 2~4m | ~2m | 2-dm | ~2Zm | 2~4m
alpha-BHC 8081A | mg/kg 0.00 x 000 0.00 X X X X
beta-BHC 8081A | mgkg 003 000y 000 Q.00 X 0.00 b 0.00
dehta-BHC BOSTA | mglkg 0.00 X 0.00 X X x x 0.0¢
gamma-BHC (Lindane) | 8081A | mg/kg! 044 1,70 000 06G| 000  0QO00f 000 000 x 0.06
44-DDD 8081A | mg/kg| 240 1000 008 X 0.00 X bY 0.00 0.00 X
4,4'-DDE 8081A | mg/hkg| 170 T00F 009 X X X 0.00 6.00 0.60 0.0¢
4,4-DDT 8081A | mg/kg| 170 JOOF RAG X 0.00 X X 0.01 0.01 0.00
Dieldrin BOBIA | mp/kgi 0.03 0.1 002 x X X x 0.00 000 0.00
Endosulfan I B8081A § mgke[ 370 3,700{ 000 X X X x X x X
Endosulfan 11 8081A | mgfkg X X x X X X x X
Endosulfan sulfate 8081A | mgke X X 0.00 X X % X X
Endrin 8081A | mg/ke] 1800 18000 019  x x X x o0o00o| oo x
Endrin aldehyde 8081A | mgkg 0.00 X X X 0.00 X X X
Heptachor 8081A | mke| 3100 31000] «x x ] 000 x x % x X
alpha-Chlordane 8081A | mg/kg 0,00 X X X X X X x
_gamma-Chlordane 8081A | mg/kg] 160 63501 000  x X x X X X X
Chloromethane 8260B | mg/kg 47 1601 00 - .00 - 0.00 - 0.00 -
Vinyl chloride 8260B | mg/ksg 19 X - x - X - X -
1,1-Dichloroethene 82608 | mghks 20 410 X - x % X -
Acetone 82608 | mg/kg| 14,000 54,000 x - X - x - X -
Methylene Chloride 82608 | mg/kg| 2,000 9300 «x - X - b - X -
trans-1,2-Dichlorocthene | 8260B | mg/kg 69 2361 x - X - X - X -
¢is-1,2-Dichloroethene 82608 | mg/kg 43 156 «x - X - X - X -
Benzene 82608 | mg/ke 33 1201 = - X - X - X -
4-Methyl-2-pentanone 8260B | mg/kg X . X - X - X -
Toluene 82608 | mg/kgl 660 2,200] 001 X - X - X -
Chlorobenzene 82608 | mgkpt 150 530 «x - X - X - X -
Ethylbenzene 82608 | mg/ke| 1900 7,400 x - X - X - X -
m-Xylene & p-Xylene 82608 | mg/ke! 270 900] «x - x - X - X -
o-Xylene 8260B | mp/kg| 270 900{ - X - X - X -
Isopropylbenzene 82608 | mp/ke X - X - X - x -
N-Propylbenzene 82603 | mg/kg X - X - X - X -
1,1,2,2-Tetrachloroethane | 826013 | mgkg| 1,000 4.000] x - X - X - X -
1,3,5-Trimethylbenzenc 82608 | mg/kg 21 70 x - X “ X - X -
1,2, 4-Trimethylbenzenc 82608 | mg/kg 52 170 x - X - X - X -
sec-Butylbeene 8260B | wp/ky| 450 1,600 x - X - x - x -
1,3-Dichlorobenzene 8260B | mg/kg] 530 2,100 x “ X - X - X -
4-Isopropyltoluene 82603 | mg/ke X . X X x
Trichlorocthene 826013 mg/kg[ 16 11e] 000 - X - X - X
1,4-Dichlorobenzene RGOR | mghkg X - X - X - X -
1,2-Dichlorobenzene 82608 | mp/kg| 1600 10,000 x - X - X - X -
1,24-Trichlorehenzene | 8260B | mg/kg 62 2200 =« - X - X - X -
1,2,3-Trichlorobenzene 8260B | mg/kg X - X - X - X -
Naphthalene 8260B | mgkg x - x - X - x -
Tetrachloroethene 82608 | me/kp 38 130 001 - X - X - X -
Arsenic 6020 } mg/kg 22 260 610 1200F 330 1800 370 7.60 350 11.00
Barium 6020 mg/kg| 5430 67,000 9200 9700} 73.00 88.00 | 7400 806.00 } 11000 87.00
Cadmium 6020 | mp/ke 37 450 0.15 034§ 0407 028 0.15 .17 0.19 0.59
Chromium 6020 mg/kg 30 64| 430 530 670 3901 420 4.80 390 4.60
Lead 6020 me/ke| 400 800 | 1300 2700F 980 2400} 1500 1500 880 13.00
Selenium 6020 | mg/ke| 390 5,100f 045 027 020 032 021 0.25 020 018
Silver 6020 mg/ke 390 5,100F 061 005 | 0.02 004§ 002 0.05 .03 0.05
Mercury T471A {mefkg) 610 62001 002 X X x X X 003 x
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Table 2 (Continued)
Anal. EPA PRG B07-630 B07-631 B07-632
Chemical Parameter method unit Res Ind S1 82 83 Sl 52 83 81 52 83
- Ci~2m] 2~4m | 4-6m| ~2m | 2~4m | 4~6m | ~2m | 2~dm | 4~6m
atpha-BHC 8081A | mp/kg - x b3 - % X - X X
beta-BHC 8081A | mpikg - X 600 - 0.00 X - b X
delta-BHC 8081A | mglke - X X - X X - X X
gamma-BHC (Lindanc) | 8081A | mp/kgt 044 170 - 000 000§ - X X X b
4,4'-DDD 8081A | mp/ke| 240 1000 - .02 X - X X X X
4 4'-DBE 808EA § mgikp| 1.70 7.00 - 003 X - X 0.00 X X
44'-ppT 808IA | mefkel 170 700} - 010 x 000  x X b
Dieldrin 8081A | mg/kgl 003 G.11 - X X X b - X X
LEndosul{an BO8IA | meske 370 3,700 - X X X X - X X
Endosulfan I} 8081A | mg/kp - X X . X X - x X
Endosul{an sulfate 8081A | mp/ke - x x - X X - X x
Endrin 8081A | mekg) 1800 18000 | - 0o x X x - x x
Endrin aldehyde B081A | mg/kg - X X - X X - X b3
Heptachlor 8081A mg/kgl 3100 31000 - X X - X 0001 - X X
alpha-Chlordanc 8081A | mg/ke - X X - X x - X X
gammna-Chlordane 8081A | me/ke] .60 6.50 - X X - X X - X X
Chloromethane 82608 | mg/ky) 47 160 001 000 001 00 000 00t 4{ 000 0H0 000
Vinyl chloride 82608 | mp/kel 39 X x b X X X X X X
1,1-Dichloroethene 8260B § mg/kgl 120 410 x X X X X X X X X
Acctong 82608 | ma/ke] 14,000 54,000 X X 0021 x b 0.02 X X 0.03
Methylene Chloride 8§260B | mg/kg] 2000 9300} x X 000§ x X b X X X
trans-I,2-Dichloroethene | 8260B | mp/kgl &9 230 x X X b b X X % X
cis-1,2-Dichloroethene 82608 | me/kgl 43 156 x X X X X X X X X
Benzene 82608 | ma/ke| 33 120 x x X X X X X b X
4-Methyl-2-pentanone 32608 | mp/ke X X X X X X X b4 X
Tokluene 82608 | me/kel 660 2200 | 001 b 001 ] 005 0.01 0.0t 1 0.00 .00 X
Chlorobenzene 826013 | mg/kgl 150 530 | x X X x b X X X X
Ethylbenzene 826013 | mpskp] 1900 74001 x X X X X X X X X
m-Xylene & p-Xylene 8260B { mg/kgl 270 9001 x X X x X X X X X
o-Xylene 8260B | me/kg| 270 900 | «x x X X X X X X b
Isopropylbenzene 82603 | mgiky x X X X X X X X b
N-Propylbenzene 32608 | mg/ke X X % X X X b x X
1,1,2,2-Tetrachlorocthane | 8260B | mg/kgl 1,000 4,000 X b b X X X X X X
1,3,5-Trimethylbenzene 8260B | mp/ke| 21 70 X X X X X X X X X
1,2,4-Trimethylbenzene 82608 | mg/kg 52 176 | x X X X X X X X X
sec-Butylbenzene 8260B | me/kgl 450 1,600 X X X X X X X X X
1,3-Dichlorcbenzens 82608 | mgskg] 530 2100 | x % X X X X x X X
4-Isopropylteluene 8260B | mg/kg b x X X X X ® X X
Trichlorocthene 3260B | mpke] 16 110 005 x o00| 002 x X X x X
1,4-Dichlorobenzene 82003 | mg/kg X x X X x X x X X
1,2-Dichlorobenzenc 826013 § mp/kgl 1,600 10000 | = X X X X X X X X
1,2, 4-Trichlorobenzene | 82608 | makea 62 220 | 0.0 X X 0.01 X X X X X
1,2.3-Trichlorobenzene 8260B | mg/kg X X X X X X * X X
Naphthalenc 8260B | ma/ke, X X X X X X X X X
Tetrachlorpethenc 8260B | mg/kel 38 130 | 002 X X 0.03 X X 002 X X
Arsente 602G | mp/kel 22 260 - 8.80 4.60 - 3.60 320 - 5.00 4.50
Barium 6020 § mpfkpl 5430 67,000 - 9300 8300 - 110,00 77.00 - 93.00 74.00
Cadmium 6020 } mp/ke| 37 450 - 039 010 - 0.23 £.20 - 033 0.21
Chromium 6020} mp/ke| 30 64 - 360 390 - 350 630 - 340 440
Lead 6020 me/kgl 400 800 - 12.00 5.50 - 1500 11.00 - 12.00 13.00
Selenium 0020 | meskp| 390 5,100 - 025 0le| - 012 011 - 012 0.4
Silver 6020 mg/kgl 390 5,100 - 0.09 0.04 - 0.03 0.04 - 0.05 0,05
Mercury T47T1A | mp/kgl 610 6200 - 0.05 X - X X " X X

[LO7
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Table 2 (Continued)
Anal. EPA PRG BO7-033 BO7-634 BYT-635
Chemical Parameter method unit Res. | Ind. S1 S2 53 S1 S2 53 s1 52 53
~2m] 2~dm | d~6m | ~2m | 2~dm | d-6m ] ~2m | 2~4m | 4-6m
alpha-BIC 8081A { mg/kg - x X - X X - X b
beta-BHC 8S08EA § mg/kg - X 0.00 - 000  0.00 - 0.00 0.00
delta-BIHC 8081A | mg/ke - X 000) - X X - 0.00 X
gamma-BHC (Lindane} | 8081A | mg/kgl 044 1.70 - 0.01 000§ - 000 0.00 - 0.00 X
4,4'-DBD 8081A | mg/k 240 1000 - 0.14 G600 - X 0.00 - 0.00 0.00
44'-DDE 8081A | mg/k 1.70 7.00 - 0.0] ® - 0.00 0.00 - 0.00 0.00
44'-DDT 8081A | mg/k 1.70 7.00 - 0,03 0.00 0.00 0.01 - 0.00 0.00
Dieldrin B081A | mg/kg 003 011 - X X - % X - 000 000
Endosulfan 1 8081A | mgik 370 3700 | - X X - X x - X X
Endosulfan 11 80B1A | mg/kg - b be - X X - X X
Endosulfan sulfate BO81A | ma/k - % x - X X - X X
Endrin 8081A | mg/ky 18.00 180.00 - 0.01 X - X 0.00 - X X
Endrin aldehyde 8081A | me/ke - x X - X X - X X
Heptachior 8081A | markg] 3100 31000 - X x | - X x - x x
alpha-Chlordane B08IA | ma/kg - X X - X X - X X
gamma-Chlordane S081A | mg/k 1.60  06.50 - X X - X X - X by
Chloromethance 82608 | mg/k 47 160 | ©.00 0.00 000§ 0.00 0.00 Q.00 1 0.03 0.01 G0l
Vinyl chloride 8260B | mg/k 39 X X X X X X X X X
1,1-Dichlorocthene 82008 | mg/k 120 410 X X X x x X % X X
Acetone 82608 | ma/kgl 14,000 54,000 | 0.04 x X X X X X X X
Methylene Chloride 82608 | mg/kg 2000 9300 | 0.00 x X x 0.00 X 000 x X
trans-1,2-Dichforoethene | 82608 | mp/k 69 230 x X X X x X x X X
cis-1,2-Dichioroethene 82608 | mgfk 43 150 ] 0.18 X X X X b X X b
Benzene 8260B | mg/k 33 120 006 x x x X X x X X
4-Methyi-2-pentanone 82608 | mg/kg X X X X X x X X X
Toluene 8260B | mg/k 660 2200 0.15 0.00 001 X X X 0.00 4 0.3
Chiorobenzene 82608 | me/k 150 530 | .05 X X X X X b X X
Ethylbenzene 82603 § mg/kgl 1,900 7400 0.00 X X X X X X X X
m-Xylene & p-Xylene 82603 | ma/k 270 900 | 0.01 X X X X X X X X
o-Xylene 82608 | mg/k 270 900 | x X X X X X X X X
Isopropylbenzene 82608 | mgfkg X 000 x X X X X X X
N-Propylbenzenc 82603 | mgfkg n.m x % % X X x % X
1,1,2,2-Tetrachloroethane | 82608 | mg/kpt 1,000 4,000 X X X X X X X .00 X
1,3,53~Trimethylbenzene 82608 | mg/k 21 70F 003 000 x X X X X X X
1,2,4-Frimethylbenzene 82608 § mg/k 52 70 | 0.05 0.00 X X X % % X X
sec-Butylbenzene 820083 | mg/k 450 1,600 | 0.01 0.00 X X ¥ X X X X
|,3-Dichlorobenzene 826083 | mp/k 530 2,100 1 000 X X b b X b X X
4-Isopropyltolucne 82608 | mp/kg 0.01 X X X X X X X %
Trichloroethene 82608 {mgkd 16 wmofo1d 0o x | x 19 x| x o000 oo
1,4-Dichlotphenzene B26013 | merkg 006 X X x X X % 0.00 ¥
1,2-Dichlnrohenzene 826013 | mg/kg 1,600 10000 | 601 X X X X X X X X
1,2, 4-Trichlorobenzene 8260B | mg/k; 62 2201 0.01 X X X X X X X X
1,2,3-Trichlorobenzene 8260B { mg/kg X X x x x X X X X
Naphthalene 82060B | mg/kg 0.02 X X X X X X X 0.00
Tetrachloroethene 8§260B | mp/k 38 130 ] 0.07 002 «x X X X (.02 X X
Arsenic 6020 | mg/k 22 260 - 110 3.50 - 700 350 - 4.50 540
Barum o020 I mg/kgd 5430 67,000 - .00 81.00 - NG00 89.00 - 99.00 100.00
Cadmium 6020 { mg/k 37 450 - G.17 008 - 0.37 G.15 - 0.18 0.10
Chromium 6020 | mg/k 30 641 - 430 630 - 490 500 - 3.60 6.70
Lead 6020 | mgfk 400 800 - 10,00 1200 - 13.00 9.30 - 14.00  11.00
Selenium 6020 | mg/k 390 5100 - 611 0I9| - 024 CI7] - 009 014
Silver 6620 | me/k 390 5100 - 0.04 0.04 - 0.05 G.06 - 0.04 .04
Mercury TATIA |mp/kpl 630 6200 - X % - x X - X 0.01
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4.2. OC Pesticides (By EPA Method 8081A)

Pesticides were identified in 21 out of total 22 boreholes. The only exception was
borchole B07-632. From the samples submitted to the laboratory, sixteen varieties of pesticides
were determined to be above the sample reporting limit. Out of the sixteen identified pesticides,
six exceeded the EPA PRG residential criteria in 5 out of total 22 boreholes. The borehole and
chemicals exceeding the PRG are presented in Table 2, and summarized as follows:

M07-221: 4.4°- DDD and 4,4’-DDT

B(7-615: 4,4°- DDD, 4,4°-DDE, 4,4°-DDT, Endrin, gamma-Chlordane
B07-616: Lindane, 4,4° DDT

B0O7-617: 4,4°-DDT

B07-618: 4,4°-DDE

Figure 3 shows the distribution of the pesticide exceeding the residential criteria of the
EPA PRG. The concentrations above the PRG appear mostly around B07-615 and M07-221
down to 4 meters below ground surface.

4.2.2. Target Metals

All target metals were detected above the reporting limits in all samples except for
mercury (Table 2). Mercury was detected in 9 out of a total of 22 boreholes. Two samples
exceeded the EPA PRG (Table 2): Arsenic in B07-615 and Chromium in B07-618 (Figures 4 and
3).

Figure 4 shows a comparison of chemical test result for Arsenic. Arsenic concentration
that exceeds the EPA PRG appears relatively deep, at approximately 8.4 m bgs, according to the
chemical test results from 2004.

4.2.3. Volatile Organic Compounds (VOCs)

A majority of VOCs were detected from the samples taken at B07-221, B07-615 and
B07-616. Out of all the VOCs detected, three compounds exceeded the EPA PRG criteria (Table
2): Trichloroethene (TCE), 1,2,4-Trichlorobenzene and Tetrachloroethene (PCE).

Figure 6 shows the horizontal and vertical extensionof PCE in association with the EPA
PRG criterion of 0.48 mg/kg. The high concentration above the PRG criteria appeared generally
limited within 2 m bgs, while TCE concenirations above the crileria extended down to 8.4 m bgs
(Figure 7).

ey
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Figure 3. DDT/DDD/DDE Distribution at the Land Farm Bed#1 of Camp Carroll.
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Figure 4. Arsenic Distribution at the Land Farm Bed#1 of Camp Carroll
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Figure 5. Chromium Distribution at the Land Farm Bed#1 of Camp Carroll.
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Figure 6. Tetrachloroehene (PCE) Distribution at the Land Farm Bed#1 of Camp Carroll.
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Figure 7. Trichloroethene (TCE) Distribution at the Land Farm Bed#1 of Camp Carroll.
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5. CONTAMINATION STATUS OF THE CAMP CARROLL LAND FARM.

5.1. Summary of Chemical Test Results

Chemicals that exceeded the EPA PRG Region IX criteria for residential areas were
identified from soil samples collected at the land farm bed #1 and around the holding pond
during this IZSA.

Among the target metals analyzed, the concentrations of arsenic and chromium were the
only ones to exceed the EPA criteria. Chromium concentration above the EPA criteria appeared
limited at the top soil layer. Arsenic concentration above the EPA criteria appeared close to the
surface of the soil sample and again at 6 to 8.4 m bgs.

Among the VOCs analyzed, the concentrations of TCE, 1,2,4- Trichlorobenzene and PCE
exceeded the EPA criteria. The VOCs exceeding the EPA criteria mostly appeared in the
northern half of bed #1 and around the holding pond. Since the soil samples for VOCs were not
retrieved from 2~4 m interval during Qctober 2007, the vertical extension of VOCs
contamination is not certain. However, having encountered a chemical odor and a chemically
affected sample liner during soil sampling at B07-615, indicates the vertical extension could be
deeper than 4 m bgs. Also the vertical extension of VOC contamination around the holding pond
could possibly be deeper than the data presented here indicates, since a chemical odor was
reported at 8 m bgs during the groundwater monitoring well construction project in 2007
(referred to Appendix 1}.

Pesticides such as DDD, DDT, DDE, Endrin and gamma-chlorodane exceeding the EPA
criteria were identified. Figure 8 presents the arcas that exceed the EPA PRG criteria at the site.

5.2. Volume Estimation of Contaminated Soil

To estimate the volume of soil that exceeds the EPA PRG criteria, Figure 8 graphically
provides a simplification based on the actual distribution diagrams. As indicated on the figure,
the arcas excecding the EPA Region (X residential crieteria mostly appear at the northern half of
the bed # 1 and around the M07-221. Therefore, the volume of soils that exceeds the EPA PRG

criteria at bed #1 and around M07-221 is as below:

1) For the northern half of the bed #1:
30 meter X 17 meter X 4 meter (deep) = 2,040 cubic meter

2) For the holding pond area:
10 meter X 13 meter X 6 meter (deep) = 780 cubic meter

3) Total volume of soil that appear the EPA PRG criteria = 2,820 cubic meters.
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Figure 8. Summarized Presentation using in Volume Estimation of Contaminated Soil at

the Land Farm Bed#1 of Camp Carroil.
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Appendix 1. Report of Groundwater Monitoring Well Instaliation at Land Farm of Camp Carroll
in 2007.
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Executive Summary
Groundwater Monitoring Well Installation at Land Farm Area,

Camp Carroll,
Korea G&E 06-075E/E07-44

1. PURPOSE.

The installation of five groundwater monitoring weils at Camp Carroll was initiated to
determine if contaminated soils that are treated at the land farm facilities have released any
chemicals of concern into the groundwater at the site that could pose a threat to human health.
The scope of the project did not include the determination of any horizontal or vertical extent of
the suspected contamination but only provides the information needed to evaluate if any
contaminants have been released from the land farm into the groundwater. The monitoring wells
were also used to determine groundwater gradients for the determination of flow directions and
other hydrogeologic properties of the area.

2. SUMMARY OF FINDINGS.

The site subsurface geology consists of fairly permeable overburden soiis of filled material
consisting mainly of sand and gravel (clayey/silty sand, clayey sand and gravel fill material and
some clayey sand) underlain by a weathered biotite granite bedrock. The thickness of the
overburden soils at the site ranged between 8 and 11 meters. Wooden chips, pieces of metal and
vinyl were identified from the samples at M07-221. Ground water at the site of concern occurs
within the overburden soils and generally flows westward within the land farm facility.

Soil samples: Metal concentrations did not exceed 1).8. Environmental Protection
Agency (USEPA) Preliminary Remediation Goals (PRGs) for residential soil. Concentrations of
six volatile organic compounds (VOCs) including Tetrachloroethene (PCE) and Trichloroethene
(TCE) exceeded USEPA PRGs for residential soil. The detected VOCs were predominantly
solvent-related chemicals. Concentrations of six organochlorinated (OC) pesticides exceeded
residential USEPA PRGs. Mixed total petroleum hydrocarbons ( TPH) of JP-8, diesel and oil
were identified from one soil boring with the concentration of 10,000 mg/kg. Chemicals
exceeding UJSEPA PRGs concentration were identified mostly from M(7-221 which was drilled
hesides the water holding pond at the site of concern. As wood chips and pieces of metals were
encountered while drilling M07-221, there could be a buried source for the chemicals.

Groundwater: Concentrations of five VOCs including PCE, TCE and cis-1,2-
Dichloroethene (cis-1,2-DCE) exceeded the USEPA PRGs for tap water. Arsenic and lead in
groundwater samples exceeded USEPA PRGs for tap water. Seven OC-pesticide concentrations
exceed USEPA PRGs for tap water.

Solvent-related VOCs were detected in both soil and groundwater samples at levels that
exceeded USEPA PRGs. Findings during this study indicate that VOCs, arsenic and pesticides
contamination exist in site soil and groundwater and the levels could contribute to the
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contamination of the underlying groundwater. Site groundwater contamination could pose a
threat to human health, because groundwater supply wells located down gradient are used for
Camp Carroll’s potable water supply. The extent of subsurface contamination has not been fully
characterized at the land farm site. The findings of this assessment indicate more extensive
subsurface contamination at the land farm than was originally anticipated.

3. RECOMMENDATIONS.

Since Camp Carroll utilizes the supply wells for portable water supply, current findings
of site ground-water contamination at Land Farm area by PCE, TCE and heavy metals could
pose a threat to human health. Following recommendations are made

1) Approximately 20 soil borings are recommended on the bed #1 to evaluate and
delineate the chemicals of concern,

2) Six to eight soil borings are recommended at east of the water holding pond of the
Land Farm to evaluate and delineate the source area for the chemicals of concern,

3) Based on groundwater analytical resuits of 2003 and 2007, it is recommended that
wells with detected contamination be sampled and analyzed to identify any significant
groundwater changes, especially for PCE, TCE, OC pesticides and metals.

4) It is highly recommended that the removal of the source(s) of the chemical
contamination be conducted immediately, once the area has been delineated, to protect the
groundwater from further release or migration of contamination

5) Groundwater investigation for the area between the Land Farm and the six supply
wells (Figure 1} at 500 m west of the Land Farm is highly recommended to identify the possible

impact to the supply water by the chemicals of concern.
6) Provide this report to the appropriate medical authority to determine if the identified

soil and groundwater contaminations pose a known imminent and substantial endangerment to s
human health (KISE). :

JYE 2O
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Groundwater Monitoring Well Installation At Land Farm Area,
Camp Carroll,
Korea G&E 06-075E/E07-44

1. GENERAL

1.1. Authority

On 11 Sep 2006 the United States (UiS) Army Support Activity, Area IV Directorate of
Public Works (DPW) of US Forces Korea (USFK) requested (MIPR6MEN00000T) the US
Army Corps of Engineers, Far East District (FED) to install groundwater monitoring wells and
collect soil/water samples for chemical analyses from the land farm area located at Camp
Carroll.

1.2. Scope of Work (SOW)

This project included the installation of groundwater monitoring wells and collection of
soil and groundwater samples from the land farm area located at Camp Carroll. The purpose of
the groundwater monitoring wells was to determine if contaminated soils being treated at the
land farm facilities have released any chemicals at the site of concein that could pose a threat to
human health. The monitoring wells were also used to find groundwater gradients to determine
flow directions and for hydrogeologic properties of the area. However, the complete
determination of horizontal and vertical extent of ground-water contamination, if it existed at the

site was beyond the scope of this project.

1.3. Project Organization, Information Gathering and Objectives

1.3.1. Field Work.

The U.S. Army Corps of Engineers Far East District (FIED) personnel performed the
subject project under the supervision of Dr. ich included field work and
writing this Report. However, drilling and installing of some monitoring wells was conducted by
Beautiful Environment Construction Company (BEC) in places where the FED’s drill rig did not
have access. The field work consists of soil boring, soil sample collection, monitoring well
installation and groundwater sampling.

1.3.2. Laboratory Analvsis.

In addition to the Environmental Testing Laboratory (1T1.) of the FED, STL
Environmental Services, Inc., from Seattle performed laboratory analyses. The FED’s ETL
analyzed total petroleum hydrocarbons (TPH) and the STL laboratory analyzed volatile organic
compounds (VOCs), pesticides and metals.

1.4, Project Tasks

1.4.1. Site Visit. "

On 17 October 2007, Dr, #fmm the FED G&F, Fnvironmental Section
conducted a site visit and had a meeling with Mr. f Camp Carroll’s
Department of Public Works (DPW). During the was discussed, as well as
available information relevant to the site was gathered and a visual inspection of the site was

1 i F e i
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conducted. The site visit evaluated potential sources of contamination, preferred pathways for its
migrationand appropriateness of locating soil borings and monitoring wells. Five monitoring
well locations were determined during this visit in agreement with the Camp Carroll DPW
personnel

1.4.2. Records Search.

A records search was conducted to obtain the sites facility and utility maps from the data
present at the FED and the DPW. Historic documents were reviewed to gather background
information identify past and current site use. Geotechnical borehole and environmental logs
were also reviewed for subsurface geological and hydrogeological information.

1.4.3 Field Work, Sample Collection and Sample Analyses.

Soil boring and monitoring welis were drilled to collect soil samples, which were
analyzed for chemicals of concern to address known or presumed uses of the subject site using
U.S. Environmental Protection Agency (USEPA) analytical methodology. FED surveyed each
borehole using a SOKKIA Set 2C Total Station survey instrument. The survey includes the
coordinates, ground surface and top of well riser elevations at each monitoring well location.
Groundwater samples were collected for chemical analyses after all the wells had been fully
developed.

1.4.4. Report of Findings.

Finally, this report was completed focusing on the findings of the field work and
laboratory analyses performed for collected soil and groundwater samples. It provides a
discussion of the presence or absence of contamination by chemicals of concern in subsurface
soil and groundwater samples at the site of concern. The report also discusses the possible
contaminant migration direction.

2. BACKGROUND INFORMATION

2.1. Location of Camp Carroll

Camp Carroll is an U.S. Army Installation located adjacent to the city of Waegwan,
Republic of Korea (Figure 1). It is surrounded by urban areas on the northwest, west and
southwest, Hilly, [orested areas bound the base on the north and east. Agricultural fields
(mostly rice paddies) border the camp on the northeast and the southand the Naktong River
flows north-south approximately 0.5 kilometers west of Camp Carroll.

2.2. Land Farm Description and Historical Information

The land farm at Camp Carroll is located south of the Small Arms Firing Range and
along the lower half of the castern boundary of the Camp (Figure 2). The land farm consists of
three engineered units. Two of the units are treatment beds, referred to as Bed #1 (East Bed) and
Bed #2 (West Bed) and the third is a water retention pond (Figure 2). The dimensions ofeach
treatment bed, which are bounded by berms, 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 site is approximately 9,100 square meters.

DPW environmental personnel of Camp Carroli suspect that contaminated soil and
material from Area #41 (see the figure 1) were disposed of in the area now occupied by the land
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farm. The suspicions are based on the fact that contaminated soil and waste materials, such as -
gallon cans were uncovered during excavation and construction of Bed #1 in 1995. The land
farm is also located very close to Area ID which is identified as a land fill where hazardous waste
from Area #41 was disposed of between the years of 1977 and 1982, but reportedly removed
between 1982 and 1983. In 1992, monitoring well MW-23 was constructed approximately 140
meters west of the fand farm facility. No volatile organic compounds (VOCs), semi volatile
organic compounds (SVOCs) or organophosphorus pesticides were detected in the ground-water
sample collected from the monitoring well in 1992.

FED conducted an Environmental Assessment (EA) for 4 sites at Camp Carroll including
the land farm area in 2004. The EA identified solvent-related VOCs, a few pesticides, metal, and
dioxin/furan compounds from the subsurface soils of the land farm.

2.3. Generalized Subsurface Geology and Hydrogeologic Conditions of Camp Carroll

Zighteen borings were drilled during the 1992 baseline ground-water investigation at
Camp Carroll. The depths of these borings ranged from 1.5 to 26 meters deep. Granitic rock
was the type of bedrock encountered in all the borings. The bedrock was covered by less than 1
meter to as much as 10 meters of fill and colluviums throughout the camp where boring were
drilted. Borings located on the valley floors within the camp typically had the greatest thickness
of overburden, while borings located on ridges or hills had relatively thin overburden. A
noticeable exception was encountered at the Bachelor’s Enlisted Quarters (BEQ) Hill site where
excavation fill provides a thick overburden immediately adjacent to a hilltop where bedrock is
exposed or covered by a thin layer of unconsolidated soils. Silty sand with gravel and cobbles
are commonly encountered within the first few meters of ground surface, below which the
material grades into silty sand and residual soil. The overall groundwater flow direction at the
camp is to the south and southwest. Groundwater occurs within the overburden in some areas of
the camp; however, much of it occurs within the highly weathered bedrock and fractures within
the competent bedrock,

Pl
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Figure 1. Geographic Location and Background Informatien at Camp Carroll.
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Figure 2. The Existing Monitoring Well Locations Installed in 2003 around the Land Farm
Facility of Camp Carrolk
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2.4, Borehole Location Rational and Drilling Method.

2.4.1. Borehole Location Rationale.

Borehole locations were based on data developed during the scoping visit for the project.
The basic rationale for each borehole location was to place them based on known information,
spatial coverage, and suspected contaminant migration direction. Two boreholes were drilled on
a topographically higher elevation and the other three were placed on the lower side to detect
something migrating from higher side. The one borehole on the higher side is located on the
boundary berm of the two beds, and the other is located on the east of the water retention pond.
All the boreholes were subsequently converted to groundwater monitoring wells after soil
samples were collected. The location of these boreholes (monitoring wells) is presented in Figure

3.

2.4.2. Borehole Drilling.
Two boreholes were drilled using a CME75 power auger drill rig capable of advancing
I.5-m flights of hollow-stem auger (16.8 cm outer diameter and 8.3 cm inside diameter). Three
boreholes were drilled using a 6000 series GeoProbe owned by the BEC contractor capable of
advancing I m rods (7.5-cm outer diameter). Boreholes were drilled to the depth at which
weathered bedrock or groundwater was encountered. The soil borehole logs are presented in the

Appendix L.

2.5. Subsurface Soil Sampling.

2.5.1. Sample Collectionby CME7S.

A split spoon sampler (5 cm diameter and 70 cm length for CEM75) was used to collect
soil samples. The soil sampler was hammered through the center of the auger to the bottom of
each sample interval and then retrieved back to the surface. Continuous samples were collected
from surface to weathered bedrock or final collection depth for chemical analysis and description
of the subsurface material such as soil type, color, moisture content, staining, odor, fill material
etc. The auger was continuously advanced to the top of each soil sample collection interval.

2.5.2. Sample Collection by GeoProbe.

Subsurface soil samples were also coliected with a track-mounted soil-probing machine
at the places where the CME75 did not have access. The soil probing machine minimized
cuttings and created a smaller diameter borehole that was easily grouted/filled after ail
subsurtace soil samples were collected. Using the soil-probing machine, continuous soil cores
were collected from the surface fo the target depth. Subsurface soil sample cores were colliected
by advancing an open barrel sampler with a plastic sample liner (3.7 cm inner diameter) through
the samplc interval cquivalent to the barrcl length or less (normally about 0.9 m). After the
barrel sampler was pushed through the desired depth interval, the sampler was extracted from the
hole and the plastic liner, containing the soil sample, was removed from the barrel sampler. The
discrete soil sample required for chemical analyses (e.g., VOCs, Metals and TPH) was collected
from the desired depth by retrieving it from the appropriate interval of the removed plastic liner.
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Figare 3. Monitoring Well Location at Land Farm of Camp Carroll.
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2.5.3. Sampling Interval.

Sampling interval was determined based on the previous investigation results in 2004.
Each soil sample was a composite of soil from each horizon, with exceptions of VOCs samples
that were not composite soil. VOC samples were collected from 0.6-meter to 1.2-meter or from
l-meter to 2-meter interval at each borehole (0-meter to 0.6-meter interval was considered as a
surface soil in this study). Sample collection intervals and analysis parameters are presented in
Table 1.

Table 1. Analysis Parameters and Soil Sample Information Collected from Land
Farm of Camp Carroll.

MS/MSD

54 1.8-3.0 X X X Duplicate of S5
S5 1.8-3.0 X X X Duplicate of 54
S10 5.4-6.6 X X X

S2 1-2 X

S3 2-3 X X X

S6 5-6 X X X

82 1-2 X

S3 2-3 X X X

S6 5-6 X X X

S2 1-2 X

S3 2-3 X X X

S4 3-4 X

56 5-6 X X X

1-Volatile organic compounds, 2-Organochlorine, and 3-Organophosphorous

2.6. Groundwater Monitoring Wells

2.6.1. Monitoring Well Construction,

‘The tive boreholes were converted into groundwater monitoring wefls after completion of
soil sample collection. The monitoring wells were constructed to evaluate the groundwater
system within overburden soil formation in the area of concern such as groundwater gradient,
flow direction, and an indication of any impact to groundwater system by chemicals of concern

Monitoring wells were installed in boreholes dritled using the CMET7S and the BEC
Model 6600 Modified Direct Push & Air Percussion track-mounted drill rig. A 12-cm diameter
air percussion hammer was used to drill the hole as slightly larger diameter (14-cm) temporary
steel casing was pushed and hammered into the subsurface to hold back the overburden. After
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the hammer had 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 filter pack, bentonite, and grout.
The monitoring wells were between 9.5 and 12 meters deep.

Ground-water monitoring well construction materials included 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 ground-water
encountered 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
siotted section was filled with clean silica sand (¢.4-1.2 mm). A 30-cm thick of seal of bentonite
pellets was placed above the sand pack, and the bentonite pellets were 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-mounted and concrete pad. Appendix 11 presents the
monitoring well construction logs.

2.6.2. Monitoring Well Development.

After 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 silting of the well does not occur; and (4) to 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 bailing out using a stainless
bailer 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 Well development log is presented in Appendix 111

2.6.3. Groundwater Sampling.

Prior to samp ling, wells were checked for the presence of any floating product with an
electronic oil/water level indicator probe. Purging and sampling activities were conducted at
least two weeks after each monitoring well had been installed and developed to allow for
groundwater stabilization.

Disposable bailers were used tor purging and sampling trom the monitoring wells. Water
samples were collected into laboratory-grade, specially cleaned sample containers, and then
placed immediately into a cooler with ice for preservation. Groundwater samples were analyzed
for VOCs, pesticides and metals. All samples were transported to the laboratory accompanied by
chain-of-custody.

i éi uE
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2.6.4. Water Level Measurement.
Water levels in the monitoring wells were measured with an electronic oil-water interface
probe. The depth to water was conducted using a surveyed reference point located at the top of
PVC well pipe.

2.7. Equipment Decontamination Procedures.

All non-dedicated sampling equipment was decontaminated prior to use and between
sample collections. Decontamination consisted of first scraping away any loose soil, followed
by washing in a bucket of warm detergent {e.g., Alconox) solution and a second bucket of clean
water rinse. Potable water was used for the detergent wash and clean water rinse. The
equipment was then allowed to air dry or was dried with clean white paper towel. When
equipment was too bulky to be cleaned by hand in buckets, a power washer was used to clean the
equipment between sample locations.

2.8. Survey of Site, Boreholes and Monitoring Wells.

FED personnel performed a site survey using a SOKKIA Set 2C Total Station survey
instrument. The survey included the determination of ground surface elevation at each borehole
location and the top of well PVC casing for each monitoring well. All elevation measurements
are in meters above mean sea level, and WGS 84 UTM Zone 52N grid system is used for
longitude and latitude systems. The accuracy of survey elevation for top of the casing
measurements was to the nearest mm. Ground surface elevations were determined to the nearest

+/- 0.001 meters.

2.9. Samples and Analytical Methods.

A total of 39 normal, 1 duplicate, 1 field blank, and MS/MSD soil samples were
submitted to the STL contract laboratory in Seattle. Six ground water samples including one
duplicate and one trip biank were also submitted to the laboratory for chemical analyses. ST1.
performed the analytical work for metals, VOCs and pesticides in soil and groundwater samples.
STL performed the following analyses: target metals (SW 6020 and SW7471), organochlorinated
(OC)-pesticides (SW8081A), organophosphorus (OP)-pesticides (SW8041) and VOCs (SW
8260B). Table 1 summarizes the sample information. Reported chemical test resuits included
data below the method reporting limit, but above the detection limit. These data results are
qualified as estimated concentrations. Appendix I'V presents the chemical test results from STL.

FED’s Environmental Testing Laboratory (ETL) performed total petroleum hydrocarbon
(TPH) analyses for six soil samples. Appendix V presents the chemical test result for TPH by
FED's BESL. Appendix V1 presents data quality discussion.

2.10. Comparison Criteria for Soil Data

In the following discussions and data analysis, rcported sample chemical concentrations
are compared with the U.S. Environmental Protection Agency (USEPA) Preliminary
Remediation Goals (PRGs) for residential soil and tap water for Superfund Sites. Important
details related with the PRGs are documented by the EPA at their web site: http:/USEPA-
pregs.oml.gov/. The PRG's role in site screening is to help identify areas, contaminants, and
conditions that require further attention at a particular site. Chemical concentrations above the
PRGs would not automatically designate a site as "dirty" or trigger a response action; however,
exceeding a PRGs suggests that further evaluation of the potential risks by site contaminants is
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appropriate. PRGs are also useful tools for identifying initial cleanup goals at a site. In this role,
PRGs provide long-term targets to use during the analysis of different remedial alternatives.

3. FINDINGS AND DISCUSSIONS
3.1. Subsurface Soil Samples

3.1.1. Subsurface Geology.

A total of five boreholes were drilled to a depth of approximately 12 meters bgs at the
land farm. Highly weathered biotite granite was encountered at about 8 meters bgs within the
sampled area during this assessment. Approximately 4 to 6.5 meter thick layer of residual soil
consisting of fat clay and clayey/silty sand covers the bedrock. Fill materials of clayey/silty sand
and clayey sand with gravel were encountered in boreholes with thicknesses ranging from 3 to 6
meters. Depths to groundwater ranged from 2.96 to 9.6 meters in drilled boreholes with the
deepest level measured in the monitoring well M07-218. Fat clays were encountered in three of
five boreholes ranging in depth from 5.5 to 8 meters bgs. No fat clay was encountered in
boreholes M07-217 and M07-218. A strange chemical odor was detected in return cuttings from
boreholes M07-221 between 1 and 9 meters bgs. Pieces of metal, wood and vinyl were
recovered from depths between | to 3 meters deep while drilling soil boring at M07-221 (Figure
4).

Figure 4. Materials Brought from Subsurface (1~3 m) at M07-221 During Soil Boring.

0 /93y




Installing Monitoring Well at Land Farm of Camp Carroll, Korea, G&E 06-075¢
8/9/2007

3.1.2. Volatile Organic Compounds.

VOCs were detected in soils collected from four out of five boreholes. Table 2
summarizes the test result for VOCs in soil samples. Soil sampies collected from M07-220 do
not contain any VOCs in the analytical list. Toluene was identified from four boreholes except
M07-220. Trichloroethene (TCE), Tetrachloroethene (PCE) and naphthalene are reported in two
samples from M07-219 and M07-221. Styrene was only identified in the sample from M07-219.
Soil sample from M07-221 contains 15 different VOCs. The concentrations of VOCs were the
highest in the vicinity of borehole M07-221. The concentrations of TCE, PCE, 1,1,2,2-
Tetrachloroethane, 1,3,5- Trimethylbenzene, 1,2,4- Trimethylbenzene and 4-Isopropyltoluene
reported from M07-221 exceeded their USEPA PRGs for residential soil. The concentrations of
VOCs exceeding the USEPA PRGs in the soil samples of land farmare:

PCE 45,000 ug/kg at M0O7-221;
TCE 570,000 vg/kg at M07-221;
1,1,2,2-Tetrachloroethane 3,200 ug/kgat M07-221;
1,3,5-Trimethylbenzene 36,000 ug/kgat M07-221;
1,2,4-Trimethylbenzene 96,000 ug/kg at M07-221;
4-1sopropyltoluene 8,800 ug/kg at M07-221;

Figure 5 shows the distribution of PCE in soil. The highest concentration of PCE
appeared at M07-221 located close to the water holding pond.

Table 2. Chemical Test results for VOCs in Soil Samples From Land Farm of Camp

Carroll.

Dichlorodifluoromethane - -

Chloromethane ng'kg - - - - - 77
Vinyl chloride ug/kg - - - - - 3}

Bromomethane ug/kg - - - - - 390
Chiloroethane uglkg - - . - - 390
Trichlorofluoromethane ugrkg - - - - “ 77
1,1-Dichlorvethene ugtkg - - - . - 31

Carbon disulfide ug/kg - ~ - -~ - "
Acelone uglkp - - - - . 390
Methylene Chloride ug/kg - - - - - 77
trans-1,2-Dichloroethene ugkg - - - - - 77
1,1-Dichloroethane ug’kg - - - - - 77
2,2-Dichloropropane up/kg N - - - - 77
2-Butanone up/kg - - - - - 390
cis-1,2-Dichloroethene ug'kg - - - - 33.000 43,000 77
Chlerebromomethane ugrkg - - - - - 77
Chloroform ug’kg - - - - . 7
1,1,1-Trichlorocthane ug'kg - - - - “ 31

Carbon tetrachloride ug/kg - - - - - 31

1,1-Dichlorepropene ugrkg - - - - - 77




Installing Monitoring Well at Land Farm of Camp Carroll, Korea, G&FE 06-075e
8/9/2007

Tabte 2. Continued (VOCs in Soil)

Benzene ug/kg - - - - - 15

1,2-Dichlorocthane ug/kg - - - - - 77
Trichloroethene ug/kg - - 69 - 570,000 530 3]

1,2-Dichloropropane ug/ke. - - - - - 15

Dibromomethane ug/kp - - - - - 77

Dichlorobromomethane ug/kg - - - - - 77

c¢is-1,3-Dichloropropene uglkg - - - - " 77
4-Methyl-2-pentanone ughkg - - - - - 390
Toluene ug/kg 26 26 690 - 1,900 521,000 77
trans-1,3-Dichloropropene ug/ke - - - - - 7
1,1,2-Trichloroethane ug/kp - - - - - 77
Tetrachloroethene up’kg - - 27 - 45,000 484 48
1,3-Dichloropropane up/kg - - - - - 31

2-Hexanone ug’kp - - - - - 390
Chlorodibromomethane ug/kg - - - - - 77
Ethylene Dibromide ugtkg - - - - - 77
Chlorobenzene uglks - . - - - 77
Ethylbenzene up/kp - - - - 2,600 | 1,864,000 i
1,1,1,2-Tetrachloroethane ug/kg - - - - - 77
m-Xylene & p-Xylene ug/kg - - - - 12,000 270,000 77
o-Xylene ug’kg - - - - 9,000 270,000 77
Styrene ug/kg - - 27 - - 1,700,000 77
Bromoform ugrkg - - - - - 77
Isopropylbenzene ugke - - - - 34001 572,000 77
Bromobenzene ug'ke - - - - - 77
N-Propylhenzene up/kg - - - - 9,500 ] 240,000 77
1,1,2,2-Tetrachloroethane ug/kp - - - - 3,200 408 13
1,2,3-Trichloropropane ug/kg - - - - - 77
2-Chlorotoluene ug/kg - - - - - 77
1,3,5-Trimethylbenzene ugtkg - - - - 36,000 21.200 77
4-Chlorotoluene up/ke - - . - - 77
tert-Butylbenzene ug/kg - - - - - 77
1,2,4-Trimethylbenzene ug/kg - . - - 96,000 77
sec-Butylbenzene ug’kg - - - - 6,100 220,000 77
1,3-Dichlorobenzene ug/ke - - - - . Fes
4-Isopropylioluene ug/kg - - - - 8,800 77
L4-Dichlorobenzene ug/kg - - - - - 77
n-Butylbenzene ug/kg - - - - - 77
1,2-Dichlorobenzene ug/ke - - - - - 77
1,2-Dibromo-3-Chloropropandug/kg - - - - - 77
1,2,4-Trichlorobenzene ug’kg - - - - - 77
1,2,3-Trichlorobenzene up/kg - - - - - 77
Hexachlorobutadiene ug’kg - - - - - 77
Naphthalene ugrkg - - 310 . 17,000 55916 | 77

*-For Residential area by EPA Region 9 Preliminary Remediation Goals (PRG) for Superfund Site, 2004
¥* SRL- sample reporting Hmit, *-' indicates Non-Detected above SRL
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Figure 5. Distribution of PCE in Soils of Land Farm at Camp Carroll
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3.1.3. Target Metals.

Target metals were detected in all soil samples collected from the boreholes drilled at the
land farm (Table 3). Mercury was detected in two soil samples from M07-217 and M07-221.
Soil samples did not exceed the metal concentrations of the USEPA PRGs. The concentration

ranges of the target metals are:

Arsenic
Cadmium
Chromium
Cobalt
Copper
Lead
Nickel
Zinc
Mercury

Arsenic concentration in soil samples is presented in Figure 6. The concentration is

1.8~13 mg/kg;
0.12~0.36 mg/kg;
3.1-12 mg/kg;
1.5~8.6 mg/kg;
2.4~8.0 mg/kg;
7.6~-42 mg/kg;
2.0~4.6 mg/kg;
11~56 mg/kg;

0.023~0.028 mg/kg;

generally higher towards the west while lead concentration appeared to be higher in the eastern
side of the area of concern around M07-221 (Figure 7).

T

Ie 3. Chemi

4.2 9.9 4.2 4.9 38 1311 12138176] 74 144 210 0.21
5.5 8.6 6.7 7.9 48 1471631421 15] 46 4.5 1380 0.2]
4.1 3 0.3 7 64 147 149]136]24] 77 167 3128 0.21
18 30 19 18 7.6 12 | 4197111 ] 42 1738 400 0.2]
2.5 3.9 29 3.4 23 2 146124136} 35 {23 1564 0.21
42 31 51 56 49 44 1 20| 34 ) i1} 50 1 37| 23463 0.52
- 0.023 - - - - - - - [0.028] - 23.3 0.017

*_For Residential area by EPA Region 9 Preliminary Remediation Goals (PRG) for Superfund Site, 2004
*#% SRL- sample reporting Hmit, " indicates Non-Detected above SRL
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Figure 6. Distribution of Arsenic in Soils of Land Farm at Camp Carroll
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Figure 7. Distribution of Lead in Soils of Land Farm at Camp Carroll
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3.1.4. OC-Pesticides
Reportable concentrations of OC-pesticides were identified in all soil samples (Table 4).
The samples identified as containing pesticides were mostly collected from 2-meter to 3-meter
soil horizon. The soil sample of M07-221 was identified containing 10 different pesticides. The
pesticide 4, 4’-DDT was identified from four boreholes except M07-220. Six pesticides were
detected at concentrations greater than their USEPA PRGs for residential soil. The
concentrations exceeding the USEPA PRGs are:

Aldrin 0.42 vg/kg at MO7-217;

4.4*-DDD 120 ug/kg at M07-221;

4,4°-DDE 24 ug/kg at M07-221;

4,4°-DDT 2.9~15 ug/kg at all boreholes except M07-220;
Dieldrin 2.4 ug/kg at M07-221;

Gamma-Chlordane 2.8 ug/kg at M07-221;
The 4,4’-DDT concentration in soil samples is presented in Figure 8. The highest

concentration appeared at M07-221 close to the water holding pond.

Table 4. Chemical Test results for OC-Pesticides in Soils From Land Farm of Camp
Carroll.

*-For Residential arca by EPA Region 9 Preliminary Remediation Goals (PRG) for Superfund Site, 2004
** SRL- sample reporting limit, *-' indicates Non-Detected above SRL
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Figure 8. Distribution of 4,4’-DDT in Soils of Land Farm at Camp Carroli
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3.1.5 OP-Pesticides.
None of soil samples from the land farm detected OP-pesticides above the SRL (Table 5).

Table 5. Chemical Test results for OP-Pesticides in Soils From Land Farm of Camp
Carroll

- - 110
- - - - - - - - - 35

- - 35

- - 75

- - - - 35

- - 73

- - - - - - - - - 35
- - - - - - 46
- - - - - - 35
- - - - - - - - - 35
- - - 15
- - - - - - - - “ 43

- - - . - - - - - 35
- - - - - - - - - 73

- - - - - - - - - 35
- - - - - - - - - 35
- - 35
- - - - - - 35
- - 54
- - - - - - - - - 35
- - - - 35
- - 85
- - - - - - - - - 35
- “ 54
- - - - - - “ - - 41

y - - - - - - - - - 35
*-For Residential area by EPA Region 9 Preliminary Remediation Goals (PRG) for Superfund Site, 2004

** SR1.- sample reporting limit, *-' indicates Non-Detected above SRL
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3.1.6 Total Petroleum Hydrocarbons (TPH).

A total of 6 soil samples were submitted to FED’s ESL for TPH analysis (Table 6). Only
one sample collected from M07-221 indicated TPH with the concentration of 10,000 mg/kg, The
sample contained three different fuel types: 2,200 mg/kg of IP-4 of Cy.12, 1,700 mg/kg of diesel
of Ci3-20, and 6,600 mg/kg of motor oil of Cyj4p.

TFable 6. Chemical Test results for TPH in Soils From Land Farm of Camp CarrolL

img/ke ND | ND ND | ND ND 10,000 36
* Mixture of three different fuels such as
2000 mg/kg of JP-4 of C,_j, 1,700 mg/kg of diesel of C,5_,4: 6,300 mg/kg of motor off 0f Cy 4.
*+ SRL- sample reporting limit, - indicates Non-Detected above SRL
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3.2. Groundwater Samples

3.2.1. Groundwater Level Measurement and Flow Direction

Groundwater levels were measured using an oil/water interface meter after well
installation, before well development and before groundwater sampling. The result of water
level measurements obtained after well installation are mentioned in the monitoring well logs in
Appendix Il1, and the other two measurements are presented in Table 7. Figure 9 presents the
contour diagram showing the groundwater gradient at the land farm area based on the
measurement on 17 May 2007. Groundwater gradient at the site is apparently gentle within the
treatiment beds area, but gets relatively steep close to the M07-218. The groundwater flows
westward, but it is divided into northwest and southwest at the western margin of the treatment
bed #2. The lowest water level of 42.119 m above means sea level (msl) was found in M07-218,
and the highest level of 48.275 m above msl is found in M07-219 located on the berm between

the treatment beds.

Table 7. Water Level Measurement Results at Land Farm of Camp Carroll.

447789.227F 3983349.441 . .

447775.802) 3983384.332] 51.774 9.655 42.139 42.119
447828.371| 3983386.251 55.408 7.135 7.133 48.273 48.275
447789 885] 3983304.562] 49.732 3.610 3.055 46.122 46.677
447826995 3983324752 54.586 6.690 6.729 47.896 47.857

* be!dw ground surface, **- mean sea level.
Measurement before well development in 18 April 2007
Measurement before groundwater sampling in 17 May 2007
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Figure 9. Groundwater Gradient Contour Diagram Based on the Measurement on 17 May
at Land Farm of Camp Carroli
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3.2.2. VOCs.

VOCs were detected in groundwater samples collected from ali the monitoring wells
installed at the land farm. Table 8 summarizes the test result for VOCs. The cis-1,2-DCE, TCE
and PCE were identified from all the monitoring wells at the site of concern. Some of VOCs
except those for M07-218 have concentrations that are exceeding their USEP A PRGs for
residential soil.

The concentration ranges of VOCs exceeding USEPA PRGs in the groundwater samples
of land farmare:

PCE 160~460 ug/L;
TCE 100~450 ug/L;
cis-1,2-DCE 86~110 ug/L.;
Chloroform 0.082~16 ug/L;

1,4-Dichlorobenzene 0.51~0.54 ug/L;

Figures 10, 11 and12 show the distribution of PCE, TCE and cis-1,2-DCE concentrations
in the groundwater samples of the land farm. PCE concentration in Figure 10 show that
concentrations are generally higher within the treatment beds and decrease towards M0G7-217 and
M07-218. The patterns of TCE and cis-1,2-DCE in Figures 11 and 12 are different from PCE
but similar to each other as the plume seems to have originated from around M07-221 and
currently the highest concentration appeared at M07-217.

Table 8. Chemical Test resubts for VOCs in Groundwater From Land Farm of

A ] 0.25 ] 395 5

- . - - 5

0.43 - - - 19.8 5

- - ; - 5
- - 25

R . - 5

i - ) i 5

: N i 5
- - . - 25
; ; ] 8 . 5
2.9 0.22 0.95 0.78 1.7 121.7 5
; ) ; . - 5
. ) ) . 5
- - - - - 25
110 38 57 36 86 60.8 5
- - - - - 5
33 - 0.82 4.1 16 0.166 | 5
- - ) } 5

- - ; ; 5

Camp Carroll.
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Table 8. Continued (VOCs in Groundwater).

ug/L 450 1.8 100 180 396 28

ug/L. - 0.09 - - - 723

ug/L 260 75 460 160 360 104

ug/l. - - 1.5 - - 106
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ug/L. - - 0.21 0.05 - 182.5

ug/L, 0.51 - - 0.15 0.54 0.502
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ug/L - - - 0.18 - 370
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ug/L - - - 0.12 0.31 7.157
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1 ug/L - - - - 0.85 6.203

*-For Tap Water hy FPA Region 9 Preliminary Remediation Goals (PRG) for Superfund Site, 2004
** SRL- sample reporting limit, ' indicates Non-Detected above SRL
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Figure 10. Distribution of PCE in Groundwater of Land Farm at Camp Carroll
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Figure 11, Distribution of TCE in Groundwater of Land Farm at Camp Carroll
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Figure 12. Distribution of cis-1,2-DCE in Groundwater of Land Farm at Camp Carroll
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3.2.3. Target Metals,

Target metals were detected in most samples from the monitoring wells installed at the
land farm (Table 9). Mercury was detected in two water samples from M07-220 and M07-221
above the SRL. The concentrations of arsenic and lead in groundwater samples exceeded the
Tap water PRGs by USEPA Region 9. The concentration ranges of the target metals exceeding
the USEPA PRGs for tap water are:

Arsenic 0.41~2.5 ug/L;
Lead 0.24~5.1 ug/L;

Lead concentration in water samples is presented in Figure 13. Lead in water appeared
only limited area around M07-219,

Table 9. Chemical Test results for Metals in Groundwater From Land Farm of
Camp Carroll.

0.52 0.41 2.5 0.43 - 2
ug/L  0.12 0.35 0.12 0.15 0.076 18.25 2
ug/lL|  0.38 - 0.39 0.29 0.41 109.5 2
ug/L | 037 0.6 2.6 0.17 1.1 730 2
ug/L | 0.23 0.098 7.3 0.3 0.21 1460 2
ug/L.{  0.24 - 5.1 0.14 0.3 0.004 2
ug/L 1.5 8 2.7 0.28 0.66 730 2
ug/L 2.6 2.2 25 6.5 4.4 10950 5
ug/L - - - 0.1 0.064 - 0.2

29

JyS o

*For Tap Water by EPA Region 9 Preliminary Remediation Goals (PRG) for Superfund Site, 2004
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Figure 13. Distribution of Lead in Groundwater of Land Farm at Camp Carroll
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3.2.4. OC-Pesticides,
Reportable concentrations of OC-pesticides were identified in most groundwater samples
(Table 10). The groundwater samples from M07-218 and M07-219 identified most items in the
OC-pesticide analytical list. Six pesticides in the list were detected from all the groundwater
samples submitted for analysis. Dieldrin was detected in all samples with concentrations greater
than their USEPA PRGs for tap water. Five other pesticides were also detected above USEPA
PRGs for tap water in one or two samples each. The concentration ranges of OC-pesticides

exceeding USEPA PRGs are:

Aldrin 0.0041~0.01 ug/L. at M07-218 and M07-219;
Gamma-BHC 0.055~0.68 ug/L. at M07-217 and M07-219;
Dieldrin 0.0056~0.084 ug/L at all samples;
Heptachlor 0.033 ug/L. at M07-219;

Heptachlor epoxide  0.019 ug/L at M07-218
Gamma-Chlordane 0.024 ug/L at M07-218;

Figure 14 shows the distribution of dieldrin concentration in groundwater samples from
the Jand farm. The distribution pattern of dieldrin in groundwater suggests that the migration
occurred to west at M07-218 from cast of the highest concentration of M07-219, while the other
two wells (M07-220 and M07-221) at south were not affected.

Table 10. Chemical Test results for QC Pesticides in Groundwater From Land
Farm of Camp Carroll

ug/L - 0.01 0.0041 - 0.004 | 0.6095
ug/l] 0.048 0.023 0.076 0.025 0.09 (.0095
ug/Li 0.0038 0.026 0.025 0.017 0.0054 0.019
ugfly 0,027 0.024 0.16 0.024 0.066 1.0095
ug/Lt  0.055 0.013 0.68 0.02 0.032 | 0.0517 | 0.0095
ug/L| 0.0037 (.23 0.0035 - 0.022 0.28 0.019
ug/L - 0.019 0.0033 - - 0.198 1 0.019
ug/L - 0.035 0.011 - 0.0087 0.198 § 0.019
ug/l] 0.017 0,05 0,084 0.0082 ¢ 0.0056 | 0.0042 § 0.019
ug/L - 0.015 V.0037 - - 0.019
ug/L! - 0.0038 0.016 - - 0.019
ug/L] 0.0088 0.055 0.066 0.007] 0.0043 0.019
ug/L) - 0.0098 - - - 10.95 | 0.019
ug/L - 0.024 0.0093 - - 0.048
ug/L]  0.007 0.0028 0.033 0.004 0.0097 | 0.0149 | 0.0005
ug/L - 0.019 0.0066 - - 0.0074 | 0.0095
ug/L - 0.022 0.0049 - - 182.5 | 0.095
ug/L - 0.0043 0.012 - - 0.019
ug/L - - - - - 0.95
ug/L - 0.021 0.0032 - - 0.0095
e : upg/L) - 0.024 - - - 0.0095

*-For Tap Water by EPA Region 9 Preliminary Remediation Goals (PRG) for Superfund Site, 2604
*¥ SRL- sample reporting limit, - indicates Non-Detected above SRL
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Figure 14. Distribution of Dieldrin in Groundwater of Land Farm at Camp Carroll

Legend

B Monitesing Well r\l

— WL AMSL in 17May07 2‘%‘;}

Dieldiin in Water (ug/L) \\ﬁ%
¥ High: 0.09

Meters
0 10 20 40




Installing Monitoring Well at Land Farm of Camp Carroll, Korea, G&E 06-075¢
8/9/2007

3.1.5 OP-Pesticides

None of groundwater samples from the land farm detected OP-pesticides above the SRL.
Table 11 presents the test result of OP-pesticides.

Table 11. Chemical Test results for OP-Pesticides in Groundwater from Land Farm

of Camp Carroll.
gl - - -1 - - 0.48
g/L] - - - - - 0.48
g/l - - - - - 0.48
g/l - - - - - 0.48
/1 - - - - - 0.48
/L] - - - - - 0.48
o - - - - - 0.48
g/L - - - - - 0.48
/1] - - - - - 0.48
g/l - - - - - 0.57
/1) - - - - - 0.48
/1) - - - - - 0.48
g/1] - - - - - 0.48
Hug/L - - - - - 0.48
g/l - - - - - 0.48
g/1] - - - - - (.48
o/l - - - - - 0.48
g/1) - - - - - 0.48
/1 - - - - - 0.48
gL - - - - - 0.48
Jug/l - - - - - 0.48
Jug/lJ - - - - - 0.48
/L - - - - - (.48
gl - - - - - 0.57
/L - - - . - 047
Coumaphos. Jug/LJ - - - - - 0.57
** SRL- sample reporting limit, '-' indicates Non-Detected above SRL

.
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4. CONCEPTUAL SITE MODEL.

The site subsurface conditions are comprised of fairly permeable overburden soils of
filled materials of silty sand and sand with gravel (clayey/silty sand, clayey sand and gravel fill
material and some clayey sand) and weathered bedrock, which is biotite granite. The thickness
of the overburden soils at the site ranged between 8 and 11 meters. Wooden chips, pieces of
metal and vinyl were identified from the soil samples at M07-221. Ground water at the site of
concern occurs within the overburden soils and generally flows westward within the land farm

facility.

Soil contamination was identified in the subsurface soils of the land farm at Camp Carroll.
Laboratory analytical results indicate that the chemicals of contamination in the subsurface soils
are mainly VOCs, metals and pesticides. The depth of soil contamination is a little higher than
groundwater level or close to the seasonal ground-water level, which indicates that the released
chemicals could be dissolved into/ migrated along the water table beneath the site. The source of
the chemicals could be from the historic dumping of such material at the bed #1. The highest
confamination was identified at the southeastern part (M07-221) of the land farm which is next
to the water holding pond. Some of chemicals such as TCE, PCE, OC-pesticides identified from
the subsurface soil samples from the M07-221 were identified exceeding USEPA PRGs for
residential soil. TPH contamination was also identified only in M07-221, with the concentration
of 10,000 mg/kg.

Groundwater contamination was identified in most of the monitoring wells at the land
farm. Laboratory analytical results indicate that the contaminants in the groundwater are mainly
VOCs, metals and pesticides. The relatively high concentration of chemicals in the groundwater
is likely to appear towards the downgradient side, which is towards the west of the land farm.
This is quite different observation from the soil samples since the highest concentrations in soils
were dominantly observed in the east (M07-221). For example, soil samples from M07-217 did
not contain any of PCE and TCE, but in its groundwater sample even TCE is the highest among
the groundwater samples. The dissolved chemicals in groundwater at M07-217 indicate the
source is located at east of the site and migrate through site groundwater. Considering the
occurrence patterns of VOCs in soil and groundwater samples of the land farm, a source of
VOCs or other chemicals is still present in the subsurface fill material. Chemicals existing in the
subsurface formation could be entered into groundwater by leaching out of soil formation during
precipitation, and those gravitationally flow toward lower gradient of the site.

Information Gap

The soil and groundwater sampling work performed for this study was sufficient to assess
the soil and groundwater chemical characteristics. Five groundwater monitoring wells installed
during this study provide an adequate understanding of ground-water flow and quality conditions
at the site of concern. In the course of this project, VOCs and pesticides contamination was
identified in the subsurface soils and groundwater at the site of concern. Hydrogeologic
condition indicates that the source for the chemicals is east of the land farm. However, data
collected for this study is not sufficient to conclusively identify the source areas although the

w 1457




Installing Monitoring Well at Land Farm of Camp Carroll, Korea, G&E 06-075¢
8/9/2007

possible source was found to be around M07-221. Six to eight soil borings would need to be
drilled east of the water holding pond to evaluate and delineate the source area for the chemicals
of concern. Further studies may also be needed to fully delineate the horizontal and vertical

extent of the contaminants.

5. CONCLUSIONS.

Laboratory analysis detected VOCs, metals and pesticides in site soil and groundwater.
There is no direct evidence that the Land Farm bed #2 is releasing chemicals treated into the
subsurface since since the chemicals identified are different from those that used to be treated.
However, the source(s) of chemicals detected in soil and groundwater exists on the site such as

M07-221.

Soil: None of metal concentrations exceeded EPA PRGs for residential soil.
Concentrations of six VOCs, mostly solvent-related chemicals, including PCE and TCE
exceeded USEPA PRGs for residential soil. Concentrations of six OC-pesticides exceeded
USEPA PRGs for residential soil. Mixed TPH of JP-8, diesel and oil was identified from one
soil boring with the concentration of 10,000 mg/kg. Chemical concentrations that exceeded
USEPA PRGs were identified from one location (M07-221) next to the water holding pond of
the site of concern. In association with findings of wood chips and pieces of metals at M07-221,
there may be an unexcavated source for the chemicals.

Groundwater: Concentrations of five VOCs including PCE and TCE exceeded USEPA
PRGs for tap water. Arsenic and lead in groundwater samples exceed USEPA PRGs for tab
water. Concentrations of seven OC-pesticides exceeded USEPA PRGs for tap water.

Solvent-related VOCs were detected in soil and groundwater samples at levels that
exceed USEPA PRG guidance. Findings during this study indicate that VOC, arsenic and
pesticide contamination exists in site soil and groundwater and the levels could contribute to the
contamination of the underlying ground water. Site ground-water contamination could pose a
threat to human health, because ground-water supply wells are used for Camp Carroll’s potable
water supply. The extent of subsurface contamination has not been {ully characterized at the land
farm site. The findings of this assessment indicate more extensive subsurface contamination at
the land farm than was originally antic ipated.

6. RECOMMENDATIONS

Since Camp Carroll utilizes the supply wells for portable water supply, current findings
of site ground-water contamination at Land Farm area by PCE, TCE and heavy metals could
pose a threat to human health. Following recommendations are made

1) Approximately 20 soil borings are recommended on the bed #1 to evaluate and
delineate the chemicals of concern.
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2) Six to eight soil borings are recommended at east of the water holding pond of the
Land Farm to evaluate and delineate the source area for the chemicals of concern.

3) Based on groundwater analytical results of 2003 and 2007, it is recommended that

monitoring wells with detected contamination be sampled and analyzed to identify any
significant groundwater changes, especially for PCE, TCE, OC pesticides and metals.

4) 1t is highly recommended that the removal of the source(s) of the chemical
contamination be conducted immediately, once the area has been delineated, to protect the
groundwater from further release or migration of contamination.

5) Groundwater investigation between the Land Farm and the six supply wells (Figure 1)
at 500 m west of the Land Farm is highly recommended to identify the possible impact to the
supply water by the chemicals of concern.

6) Provide this report to the appropriate medical authority to determine if the identified
soil and groundwater contaminations pose a known imminent and substantial endangerment to

human health (KISE).

w 1457
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APPENDIX I: BOREHOLE LOG
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ENVIRO-EXPLORATION LOG 06-075E, CP CARROLL.GP.) USACE SKOREA.GOT 13/7/07

| US Army Corps
| Of Engineers

EXPLORATION LOG

HOLE NO. M07'2 17

PROJECT: Monitoring Well Construction.

¥

LOCATION: Cp Carroll G&EE NO.: 06-075E INSPECTOR:
DATE STARTED: 03 Apr 07 FINISHED: 03 Apr 07 DRILLER:
DRILLING METHOD/EQUIPMENT: Hollow Stem Auger w/CME-75
DRILLING AGENCY: Far East District HOLE DIAMETER: 18 cm TOTAL BEPTH: 12,0 m
OVERBURDEN THICKNESS: 10.5m DEPTH DRILLED: 12.0m WATER DEPTH: _ 3.41m; AD
CCORDINATES: N:3,983,349.4 E: 447,789.2 GROUND ELEV.: 50,99 m DATUM: MSL
GROUND COVER: Grass area CONTAMINATION: No
TYPE OF HOLE: [ Piezometer [ Monitoring Well {1 TestPit {1 AugerHole  [Jother
-~ 0
w i1 b
=~ a
g ¢ s 2
- o W % Lf) = 8 g fi DESCRIPTICN OF MATERIALS FIELD DATA LAB DATA
<L @ < =
SEE o |z2in |H = 2 0
g == 0z ° =5 oF
Zu% 1330888 2 | 5% | 2%
0 1 1 12 FiLL SILIY SAND: brown; moist; about 75% subangular fine to Y%Recovery = 93
4 FILL coarse Sand (max.4.8mm); about 25% Fines; no plasticily; PID = 9.7ppm
8 medium dense; fill materiat {SM}. FC=F2 /
50— 82 18 29 SILTY SAMD with Gravel: brown; moist; 10cm cobbles; %Reacovery = 65
18 FILL | about 20% subangular fine fo coarse Gravel {max 7omy; PiD = 5.8ppm
s2 erdild 20 about B0% subangular fine 1o coarse Sand {max.4.8mm); \FC =F2 ’
L 5 1% about 20% Fines; no plasticily; medium dense; fili material S%Recovery = 97
4 10 16 (SM). PID = 5.7ppm {
5 SILTY SAND: brown; moist; about 80% subangular fine to FC=F2
S5 12 cearse Sand {max.4.8mm}; about 20% Fines; no plasticity; %Recovery = 63
8
48— q medium dense to lcose; fill material (SM). 1D =10.7ppm
X 2 9 \g’aRecovery =83 /
z 5 10 = 11.5ppm
7 %Recovery = 87
—4 & 3 10 \PID = 16.2ppm l
4 |%Recovery = 87 |
5 6 SC CLAYEY SAND: greenish gray and brown; moist; about \PID = 6.9ppm f
46— 3 65% subangular fine to coarse Sand {max.4.8mm); about Y%Recovery = 97
5 35% Fines; medium plasticity; loose; alluvial soil. \PID = 6.2ppm J
5 6 %Recovery = 70
5 1 sc PID = 7.2ppm
3 15 CLAYEY SAND: vellowish brown; moist; about 70% Y%Recovery = 75
5 subangular fine to coarse Sand (max.4.8mm}; about 30% PID = 5.7ppm
3 Fings; medium plasticity; medium dense; alluvial soil,
44— 5
2
[ 33 SM SILTY SAND: brown; moist; about 80% subangular fine fo %Recovery = 100
L8 O - coarse Sand (max.4.8Bmm); aboul 20% Fines; no plasticity; PID = 13.2ppm
E dense to very dense; residual soil; granite texlure.
L dBed
42 15 75 “%Recovery = 100
33 PID = 6.8ppm
.42
—10
50 50f12cm| ROCK { GRANITE: brown; highly weathered. Y%elevavery = 100
40— S0 2cm PID = 5.3n0m

Nota:

1) Type of Samples
G: Grab
5:SPT
P: Shelby Tube
R: Rock Core

Detector)

2) Groundwaler Encountered After Drilling (AD)

3)PID = Paris Per Million, reading from PID (Photo lonization

[4C /

CEPOF-ED-G
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ENVIRG-EXPLORATION LOG 06-075E, CP CARRCOLL.GPJ USACE SKOREA.GDT 137407

EXPLORATION LOG

| US Army Corps Far East
| Of Engineers moe no. MO07-218 District *
PROJECT. Monitoring Well Construction.
LOCATION: Cp Carroll G&EE NO.: 06-075E INSPECTOR:
DATE STARTED: 03 Apr 07 FINISHED: 04 Apr 07 DRILLER:
DRILLING METHOD/EQUIPMENT: Hollow Stem Auger w/CME-75
DRILLING AGENCY: Far East District HOLE DIAMETER: 18 ¢m TOTAL DEPTH: 123 m
OVERBURDEN THICKNESS: 10.8 m DEPTH DRILLED: 12.3 m WATER DEPTH: 9.66 m; AD
COORDINATES: N: 3,983.384.3 E: 447.775.8 GROUNDELEV.: 51.83m DATUM: MSL
GROUND COVER: Grass area CONTAMINATION: No
TYPE OF HOLE: {1Piezometer X Monitoring Well 3 TestPit 1 AugerHole [ other
=~ 0
w I [
N
g w % 2 = 8 ur < DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
T® o I |2 = s
SE B o % & i =z 7 @ g
W g Z2 | % 8 s 9 5= PE
ok nZ 025 B hz 12
0 S5 9 14 FILL SILTY SAND with Gravel: brown; moist; about 30% %Recovery = 100
3 subangular fine to coarse Gravel (max.7cm); about 50% PID = 3,7ppm
SO N— subanguiar fine to coarse Sand (max.4.8mm); about 20% Pairo Flag = 5.3ppm
sz 7 11 Fines: no plasticity: medium danse; fill material (SM). lFC = F2 J
6 %Recovery = 100
. 5 P 8 FILC CLAYEY SAND: strong brown; moist; subangular; about \PlD = 4.7pp /
50, 5 70% subangular fine to coarse Sand (max.4.8mm); about  [lEelro Flag = 7.4ppm
54 3 5 30% Fines; medium plasticity; joose; fill materiai (SC). %Recovery = 100
3 PIO = 3.9ppm
85 2 5 /eRtro Fla: =6é% m
3 SW | BILTY SAND: yaliowish b d Grown: riotst; Aboul #oRacovery =
% 2 15 80% subangui)':aer fﬁl\nﬁo cczg‘:;r;a;andr?r‘;lvgxm%lfnma); ggout Ple?r; 3[352 pzng Spprm,
48— o g 15 20% Fines; no plasticity; medium dense to very dense; FRecovery = 72
) residuai soll; granite texture, =
3 21D = 5.8ppm
7 Petro
8 lag = 10.1
58 6 28 %;ecovery = gls
7 PID = 5.3ppm
] Petro
46 59 13 42 Flag = 10.0ppm
-6 15 % Recovery = 90
sS40 13 52 PID = 4.1pp
14 Flag = 4.9ppm
19
23
18
a4 811 23 66
8 14
29
a7 |
74
312! &0
42 L 10 !
%Recovery =
o Lt - PID = 4.6ppm
NN ROCK | GRANITE: light brown; highly wozlhorod. COlrQ. EIAg = 4R
L %Recovery = 22
A \PID = 3.7ppm ]
40__12 S_Z\;__\ etro Flag = 4.1ppm

Note:

1) Type of Samples
G: Grab
S: SPT
P: Shelby Tube
R: Rock Core

Detector)

2) Groundwater Encountered Afier Drilling (AD)

3)PID = Parts Per Million, reading from PID {Photo lonization

/46 &

CEPOF-ED-G
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ENVIRO-EXPLORATION LOG 06-075E, CP CARROLL.GPJ USACE SKCREA.GDT 13/7/07

US Army Corps
Of Engineers

EXPLORATION LOG

Hoeno. MO7-219

Far East
District

PROJECT: Monitoring Well Construction.

LOCATION: Cp Carroll G&EE NO.: 06-073E INSPECTOR, b
DATE STARTED; 04 Apr 07 FINISHED: 04 Apr 67 DRILLER: b
DRILLING METHOD/EQUIPMENT: Geoprobe
DRILLING AGENCY: Far East District HOLE DIAMETER: Scm TOTAL DEPTH: 12.0m
OVERBURDEN THICKNESS: DEPTH DRILLED: 12.0 m WATER DEPTH: __7.66 m; AD
COORDINATES: N: 3.983.386.3 E: 447.8284 GROUND ELEV. 55.43 m DATUM: MSL
GROUND COVER: Grass area CONTAMINATION: No
TYPE OF HOLE: [ Piezomeler Monitoring Well  [J TestPit [ AugerHole  [X) other Direct push
= =}
. g Z-
g - 2 2
[ we |2 = 8 w < DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
¥ |FE|Z | = 2 | 9%
Ghi 1231588 8 g3 | G
ok 52 (698 = @2 Sh
0 FILL CLAYEY SAND: strong brown; moist; about 10% fine to %Recovery = 50
D1 coarse Gravel; about 60% subangular fine to coarse Sand PID = 6.5ppm
{max.4.8mmy}; about 30% Fines; medium plasticity; fill FC = F2
material (SC). iRecovery =64
54— 02 PID = 6.8ppm
2 FILL SIELTY SAND: strong brown and browr; moist; about 5% %Recovery = 96
D3 fing {o coarse Gravel; about 76% subangular fine to coarse PID = 2.8ppm
Sand (max.4.8mm); aboul 20% Fines; no plasticity, fil
materiai (SM). ¥ Recovery = 100
52— D4 PID = 4.9ppm
I %Recovery = 98
D5 PID = 6.9ppm
%Recovery = 100
50— i _ PID = 3.7ppm
CH FAT CLAY: brown; maoist; about 20% subangular fine to
6 medium Sand {max.2mm); about 80% Fines; high plasticity;
alluvial soii, %Recovery = 100
PID = 8.5ppm
sC CLAYEY SANE: brown; moist; about 65% subangular fine SLRecovery = 87
48— to medium Sand (max.2mm); about 35% Fines; medium PID = 8ppm
plasticily; alluvial sofi,
e SC CLAYEY SAND: brown; meist; about 70% subangular fine %Recovery = 56
to coarse Sand {max.4.8mm); about 30% Fines; medium PID = 7.4ppm
S ~Dlasticity; residual scif; granite texture.
SILTY SAND: brown; moist; about 80% subangslar fine to HRe =74
46— coarse Sand (max.4.8mm); about 20% Fires; no plasticity; POIDB—C%VSW -
residuai soil; granite texture. = 2.6ppm
10
44—
b ] 2
Note:
1) Type of Samples
G: Grab
S S5PT
P: Shelby Tube
R: Rock Core
2} Groundwater Encountered After Drilling (AD)
3) PID = Parts Per Million, reading from PID (Photo (onization
Detector)
/Y6 3
CEPOF-ED-G ) PAGE 1 of 1
&



ENVIRO-EXPLORATION LOG 06-075E, CP CARROLL GPJ USACE SKOREL GDT 13/7/07

| US Army Corps
. Of Engineers

EXPLORATION LOG

HOLE NO. M07"‘220

Far East
District

PROJECT: Monitoring Well Construction.

LOCATION: Cp Carroll

G&EE NO.: 06-075E

DATE STARTED: 04 Apr 07

FINISHED: 04 Apr 67

DRILLING METHOD/EQUIPMENT: Geoprobe

INSPECTOR:

“b
DRILLER: __ e

v

DRILLING AGENCY: Far East District HOLE DIAMETER: Scm TOTAL DEPTH: 12.0m
OVERBURDEN THICKNESS: DEPTH DRILLED: 126 m WATER DEPTH: __2.96 m; AD
COORDINATES: N: 3,983,304.6 E: 447,789.9 GROUND ELEV. 49.77Tm DATUM: MSL
GROUND COVER: Grass area CONTAMINATION: No
TYPE OF HOLE: {)Piezometer 3% Monitoring Well [ TestPit  [J Auger Hole other _Direct push
- (]
- ey | -
g f I
B wie 125 2 w < DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
SrE | ZE|E & 2 3| =£
ahd |2=2|328 5 | 53 | G
paE |62 |a9i8 = W= S
o FILL SELTY SAKD: dark brown aad sireng brown; maoist; about %Recovary = 78
o1 5% fine lo coarse Gravel; about 75% subangular fine to PID = 2.5ppm
coarse Sand (max.4.8mm); about 28% Fines; no plasticily; FC = F2
fill material (SM}. SeRecoveTy = 72
D2 PID = 3.6ppm
48—
— FILL CLAYEY SAND: strong brown; moist; about 70% Y%Recovery = 100
o3 subanguiar fine to coarse Sand (max.4.8mm); about 30% PID = 6.9ppm
v Fines; mediur plasticiy; fill material (SC).
FILL SILTY SAND: strong brown; moist; about 86% subangular %Recovery = 80
D4 fine 1o coarse Sand (max.4.8mm); about 20% Fines; no PID = 11.2ppm
46— plasticity; fill material (SM).
|—4 ShRecovery = 94
PID = B8ppm
CH EAT CLAY with Sand: dark greenish gray; moist; about
20% subangular fine to cearse Sand (max.4.8mm); about Y%Recovery = 100
80% Fines; high plasticity; alluvial soil. PiD = 2.7ppm
44—
6 SC CLAYEY SAND: greenish gray; moist; about 65% %Recovery = 80
subangular fine to coarse Sand (max.4.8mm}; about 35% PID = 2.7ppm
Fines, medium piasticity; alluvial soil.
%Recovery = 86
SR SILTY SAND: light brown; moist; about 80% subangular PID = 3.8ppm
42_—8 fine to coarse Sand {max.4.8mm); about 20% Fines; no
\plasticity; residual sofl; granite texiure. /_
40—
—10
38—
—12

Note:

1) Type of Samples
G: Grab
S:SPT
P: Shelby Tube
R: Rock Core

Detectar)

2) Groundwater Encountered After Drifling (AD)

3)PID = Paris Per Million, reading from PID {Photo lonization

[l

'3
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ENVIRC-EXPLORATION LOG 08-075E. CF CARROLL.GPJ USATE SKOFEA.GRT 18/7/07

# US Army Corps
Of Engineers

EXPLORATION LOG
noLeno. M07-221

Far East
District

PROJECT: Monitoring Well Consfruction.

LOCATION: Cp Carroll G&EE NO.: 06-075E INSPECTOR: _ L8
DATE STARTED: 04 Apr 07 FINISHED: 04 Apr 07 DRILLER: Y
DRILLING METHOD/EQUIPMENT: Geoprobe
DRILLING AGENCY: Far East District HOLE DIAMETER: Scm TOTAL DEPTH: 12.0m
OVERBURDEN THICKNESS: DEPTH DRILLED: 120 m WATER DEPTH: _ 6.13 m: AD
COORDINATES: N: 3,983,324.8 £: 447.827.0 GROUND ELEV.. _ 54.61m _ DATUM: MSL
GROUND COVER: Grass area CONTAMINATION: Yes
TYPE OF HOLE: [ Piezometer (X Monitoring Well  [J TestPit  [] Auger Hole other _Direct push
- [
~ oy BB
g | 5 3 ~
s <7 w ﬁ % % 8 W < DESCRIPTION OF MATERIALS FIELD DATA LAB DATA
< ad|a o] &
253 |23 (220 3 | 53| E
neft |§2|c9@ = oz Do
0 FILL SILTY SAND: brown; moist; about 80% subangular fine to %Recovery = 100
D1 coarse Sand {max.4.8mm); about 20% Fines; no plasticity; PID = 572ppm
54 fill material (SM). FC = F2
FEL | 51Ty SAND with Gravel: dark grayish-green; moist; %Recavery = 53
bz about 20% subangular fine to coarse Gravel (max.3cm); PlD = 1816ppm
about 60% subanguiar fine to coarse Sand {max.4.8mm); FC = F2
—2 FILL about 20% Fines; no plasticity; fill material (SM); 1.0 1o 9.0 T
m; whvood, metal chips and vinyl. sirange sme#ito 9 %Re_covefy 50
52— w melers.. PID = 123ppm
SILTY SAND: black; moist; abouf 10% fine o coarse
Gravel; about 70% subargular fine to coarse Sand %Recovery =79
ba {max.4.8mm}; about 20% Fines; no plasticity; fill materiai PID = 174ppm
(SM).
l—4 S{gxsh green and strong brown. W Recovery = 84
50 DS ’ PID = 8.3ppm
5C CLAYEY SAND: dark grayish-green; moist; about 70% %Recovery = 100
SM subangular fine to coarse Sand (max.4.8mm); about 30% PID = 113ppm
Fines; medium plasticity; fill materiaf (SC).
G SILTY SAND: brown; moist; about 80% subangular fine fo =
coarse Sand (max.4.8mm); about 20% Fires; no plasticity; gollge:r;vgry ;178
48— fill material (SM). -bpp
CL LEAN CLAY with Sand: grayish green; moist; about 20% Y%Recovery = 58
SM subangelar fine to madium Sand (max.2mm); about 80% PID = 6.2ppm
R O Fines; medium plasticily; alluvial soil.
8 i SILTY SAND: strong brown; moist; about 80% subangular -
? cH \‘ﬂne to medium Sand (max.2mm); about 20% Fines; no ;’.;ulgef%vgry;‘dﬂ
46— b lasticity; alluvia soil. = 2.0pp
FAT CLAY" dark gray; moist; about 10% subanguiar fine
to medium Sand {max.2mm); about 90% Fines; high
SC plasticity; alluvial soil. %Racovery = 75
Dt CLAYEY SAND: gray; moist; about 70% subangular fine PID = 4.8ppm
~—10 SM 1o coarse Sand (max.4.8mm); about 30% Fines; medium
\asticity: residual soil; grapite texture.
44— SILTY SAND: brown; moist; abowt 80% subangular fine to
coarse Sand {max.4.8mm); about 20% Flnes; no plastlcily
Teriiary soil deposit; granite texture,
—12

Note:

1) Type of Sampies
G: Grab
S: SPT
P: Shelby Tube
R: Rock Core

Detector)

2) Groundwater Encountered After Drilling (AD)

3) PID = Parts Per Million, reading from P (Photo lonization

U6 5
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Report for RI/FS at Land Farm and Area D, Camp Carroll | 2011

Executive Summary

The US Army Corps of Engineers, Far East District (FED) conducted a Remedial
Investigation/Feasibility Study (RI/FS) at the Land Farm and Area D (LF-Arca D) of Camp
Carroll during February 2009 to March 2010. The RI 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-Arca D. The FS was also conducted to evaluate
potential remedial alternatives for the site investigated.

All soil samples submitted to the analytical laboratory were analyzed for Total Petroleum
Hydrocarbon (TPH), volatile organic compounds (VOCs), polyaromatic hydrocarbons (PAHs),
metals, polychlorinated bipheny! (PCB), organochlorinated pesticides (OC-Pesticides) and
Dioxin-Furan. Groundwater samples were collected from groundwater monitoring wells as well
as the supply wells, and analyzed for VOCs and/or OC-Pesticides.

The analytical data collected during this RI was used to prepare an environmental hazard
evaluation (EHE) for the site sampled, which determined whether the contamination present at
the site poses a significant long-term or “chronic” threat to human health and the environment.
The hazard analysis utilized an Environmental Screening Levels (ESLs) that were based upon
published United States Environmental Protection Agency (US EPA) toxicity factors (Guam

EPA, 2008).

A total of four chemicals from the subsurface soil exceeded the Tier 1 ESLs for future
unrestricted land use: tetrachlorocthlyene (PCE), toluene, dichlorodiphenyldichloroethane (DDD)
and dichlorodiphenyltrichloroethane (DDT). The toluene concentration exceeded the Tier 1I
screening level too. A total of ten groundwater samples were identified “exceeding” Tier I ESLs
and nine of those exceeded the Tier II screening level for “drinking water for human toxicity”.
There are exposure pathways to the known receptors (potentially all installation personnel)
whoever uses the groundwater within the installation. Assuming that the site is going to be
under construction such as trenching and foundation excavation, the site worker could be directly
exposed to the subsurface soil contamination.

It is recommended that the suspected waste huried at the site be removed to prevent
further leaching chemicals to the groundwater system. And groundwater should be adequately
treated prior to uptaking from the supply wells or before distributing to the buildings. After
removal of buried waste and contaminated soil, a periodic monitoring of groundwater quality and
subsurface is recommended to evaluate the environmental condition of the site whether change
of the concentration fevel, natural attenuation and contaminant degradation are occurring,.

7Y
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1. Introduction
This report describes the work results obtained from the Remedial Investigation
(R1)/Feasibility Study (FS) conducted for the Land Farm and Area D, which are located at the
central eastern portion of Camp Carroll.

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

(SSHP) developed by FED.

1.1.  Project Authority.

FED was authorized by the US Army Garrison Dacgu (USAG-Daegu) Directorate of
Public Works (DPW), US Forces Korea (USFK) to conduct a “Remedial Investigation” on 30
April 2008 and a “Feasibility Study” on 20 April 2009 at Land Farm and Area D through MIPR
SGDBPENV06 and MIPR 9GDATENV0S, respectively.

1.2. Project objectives

The overall objective of this RI/FS was to delineate the nature and extent of
contamination, assess if the contamination identified at the site posed a threat to human health,
and evaluate reasonable remediation alternatives to address contaminants that pose a significant

threat.
The following specific objectives were addressed during this RI/FS for Land Farm and

Area D.

1) Assess the presence of total petroleum hydrocarbons (TPH), polycyclic aromatic
hydrocarbons (PAHs), volatile organic compounds (VOCs), polychlorinated
biphenyl (PCB), metals, dioxing, and organochlorinated pesticide (OC-pesticide)
in subsurface soil and groundwater.

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

3} Determine the environmental hazard posed by the contamination present by
comparing site data with conservative Environmental Screening Levels (ESLs).

4) Evaluate various potential remedial approaches for any significant threats
identificd at the project site.

1.3 Guidance Considerations

An environmental hazard evaluation was prepared for Land Farm and Area D of USAG-
Dacgu. Since there is no specific guidance to do hazard evaluation in terms of the application of
regulations, there are a couple of considerations about regulatory guide lines to be applied. First,

/YT
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the Soil Environment Preservation Act (SEPA) of the Korean Environmental Standards was
considered (Table 1-1). Since the SEPA warning level considers only for a possible adverse
effect due to existence of contaminants, the use of criteria does not meet the actual hazard
evaluation because it does not consider toxicity data of chemicals when human being or a habitat
is exposed.

Next, for the environmental screening levels (ESLs) of this project, three criteria were
considered: Californian, Guam EPA and Region IX. Those are similar in terms of number for
screening level, with minor differences. One of reason to eliminate the Region IX’s regional
screening level is that the criteria do not deliver the hazard leve! of TPHs which is one of major
chemicals dealing in this project. The Californian criteria are considered too conservative in
comparison with the criteria in SEPA to apply for this project. The hazard evaluation utilizes
conservative ESLs found in the Pacific Basin Edition of the document titied Evaluation of
Environmental Hazards at Sites with Contaminated Soil and Groundwater which was last
updated in October 2008 (Guam EPA, 2008). The risk assessment utilizes the soil and
groundwater analytical data collected during the field work conducted from April 2009.

The ESL values were determined Jargely based upon published USEPA toxicity factors,
water standards and recently promulgated RSLs. The Tier T ESLs selected for these sites are
appropriate for future unrestricted land use of sites containing shallow (<3 meters) or deep (>3
meters) contaminated soils that are underlain by groundwater that is a potential source of
drinking water. Sites that are contaminated greater than Tier | screening levels were evaluated
in greater detail by considering site-specific characteristics during a Tier 2 screening analysis
overseen by the project team risk evaluator.

Table 1-2 lists the Tier 1 default ESLs for the COPC for the unrestricted land use (most
conservative scenario) and construction worker scenarios, where the underlying groundwater is
considered a potential source of drinking water along with the existing Korean soil and
groundwater standards. The construction worker ESLs are presented instead of the
commercial/industrial Iand use ESLs. Generally, the project site is covered with asphalt or
concrete, therefore the outdoor worker considered in the commercial/industrial Jand use scenario
would have very limited contact with surface soils. In such cases, the more relevant commercial
receptor who may come in direct contact with contaminated soils is the construction/trench
worker. Because the exposure time for construction workers is significantly less than a full-time
commercial worker or typical residential user, the construction worker ESLs are less stringent. If
the project site is not mostly covered with asphalt/concrete, it is necessary to consider dircct
exposure to chemicals of concern by cvaluating the commercial/industrial land use scenario and

associated ESLs.

[F23
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306
307

Table 1-1. Soil Criteria of Soil Environmental Preservation Act (SEPA, 2009).

Chemicals

Warning Concentration (mg/kg)

Countermeasure Concentration (mg/kg)

Area 1" |

Area 1" i

Area "2"

1 Area"3"

Cadmium{Cd)

4

12

180

‘Copper(Cu) .-

o180

IS0

T

G000

Arsenic(As)

25

75

150

600

Mercury(Hg)

T T

30

Lead(Pb)

500

G Rt

600

1200

‘Hexavalent chromium -

TS

ZthZn)

300

600

2000

500

1800

5120000

5007

300

600

Fluormc(F)

200 1

400

800

800

800

‘Organophosphorus -

12

Cyanide

Polychlormated Blphenyls

Phenol

TR [

Total BTEX

ST R T

Total Peh oleum
Hydrocarbons

2000

Pex chlm oethyiene (PCE)

]2

B enzopyrene(a)*

07 .

SEPA Area 1", “2" and " %' aﬁel lune ?009 in accordance with "the Record of Land Rbglb[rdllol]

res:dentlal farmland, schools rwers parks, htstoracal s1te kldsoutdoor playground

Area "2" = forest, salt farm, warehouse, stream water intake area, recrcatmnai area, religion area.

';Area “3"' mduqtnai area, parkmg lot, gas station area roads 1ai]roads levee m:htm mqtaliation

industrial area, stream area).

* Benzopyrene is only applicable for the areas that used to store/use toxic chemicals and/or {0 Use a crosstie (ex rallroad park,

308
309
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Table 1-2. Tier 1 Environmental Screening Levels (ESLs) for Unrestricted Land Use of
ROK and U.S. Regulatory Levels for Soil, Groundwater.

TPH-GRO* 2,000 600* 45007 None 100
100 /
TPH-DBRO 2,000 500+ 5007 None 100
100/

TPH-RRO 2,000 2,300% 65000 None 100
Benzene 3 0.3 110 10 5
Toluene 60 3.4 930 700 40
Ethylbenzene 340 1.6 550 300 30
Total Xylene 45 2.3 440 500 20
Total BTEX 448 7.6 2030 1510 95
Anthracene 2.5 77000 None 0.73
Benzo(a)pyrene None 0.15 18 None 0.014
Benzo(a)fluoranthene None 1.5 180 None 0.092
Benzo(k)luoranthene None 1.5 1700 None 0.4
Benzo(a)anthracene None 1.5 180 None 0.027
13enzo{g h,i)perylene None 27 10000 None 0.1
Chrysene None 14 17000 None 0.35
Naphthalene None 0.46 490 None 17
Phenanthrene None 11 10000 None 4.6
Pyrene None 56 7800 None 2

1- Values atter June 2009, 2- concentrations after 2003
*Screening Level for TPH Constituent Based Upon Human Health Direct Exposure Values

+ESL is based on saturation limit, not potential health effects from direct exposure.

/475
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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-ceniral portion of Korea (Figure 2-1). Camp Carroll serves as the Headquarters, U.S.
Army Material Support Center and functions as a staging ground for U.S. military operations on
the Korean Peninsula. The primary mission of the base is to serve as a staging facility and a
storage and maintenance depot. Urban areas bound Camp Carroll on the northwest, west and
southwest. Hilly, forested 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 .... Two
of the units are treatment beds, referred to as Bed #1 (east bed) and Bed #2 (west bed) 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 site is approximately 9,100
square meters.

Camp Carroll environmental DPW personnel suspect that contaminated soil and material
from Area #41 (which was ...) 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-
gallon 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.

23. AreaD

Area D is a former hazardous waste disposal area. Numerous hazardous materials were
disposed in this disposal area between the years of 1977 and 1982, Personnel interviews
indicated that numerous drums of hazardous materials were transported to Area DD from Arca 41.
Area 41 was a ... The drums contained a variety of chemicals including pesticides (including
DDT), herbicides, solvents, and vver 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 into 55-gallon drums. The fate of the excavated drums is
unknown. Despite the removal activity, residual amounts of contaminated material may have
remained. No visual cvidence 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.

2.4, Summary of Previous Investigations

Page //C/ 76
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The two areas to be investigated have been previously evaluated for environmental
conditions during an environmental site assessment ((ESA) and preliminary assessment/site
investigations (PA/Sls} as follows:

L.and Farm:
- Woodward Clyde in 19927
- ESA by FED in December 2004
- Soil sampling to support of construction of treatment bed by COEFED in
February 2008
- Excavation of buried construction wastes, drums and cans of unknown
chemicals during excavation for constructing a new treatment bed by the
contractor (IZCO solution) in March 2008
Area D:
- 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. No VOCs, SVOCs or
organophosphorus (OP)-pesticides were detected in the groundwater sample collected from the
monitoring well in 1992.

1n 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 below 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 ground water. Ground-water
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 ...
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, that exceeded EPA Region IX PRGs for residential soil and for tap
water. In addition, concentrations of organochlorinated (OC)-pesticides exceeded EPA Region
IX PRGs for residential soil. Mixed TPH of JP-8, diesel and oil was identified from one soil
boring with the concentration of 10,000 mg/kg. Groundwater sampling result indicates that
concentrations of VOCs including PCE and TCE exceeded USEPA PRGs for tap water.
Concentrations of arsenic, lead and OC-pesticide were detected in groundwater samples
exceeding USEPA PRGs for tab water.

In 2008, during soil excavation in support of a new treatment bed, 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, tons of buried materials were
uncovered such as 55gallon drums, 5 gallon cans and construction debris, Most 55 gallon drums
were crushed and empty; one of them contained petroleum oil lubricant (POL)-like liquid that
was not tested. The 5-gallon cans contained an odorless white-powder, but also were not tested.
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Despite the removal and excavation activities, residual amounts of contaminated material likely
remained. Figure 2-3 to 2-4 summarizes the previous investigation results at Land Farm.

242, AreaD

In 2004, Samsung Co. conducted site investigations at Area D, and reported that the soil
contained numerous contaminants including TPH-G, TPH-D, TPH-O, VOCs, SVOCs, pesticides,
metals, and dioxins. Several soil contaminant concentrations exceeded EPA Region IX
preliminary remedial goal (PRG) 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 that exceeded ESLs in soils from the site subsurface soil and groundwater.
During excavation in support of treatment bed construction, tons of buried drums and cans were
uncovered from the Landfarm bed #1. Although no chemical data are available, the removal
activities of buried drums and cans containing various chemicals are to believed to have been the
source for soil and groundwater contamination. Groundwater quality is a primary concern for
the installation because it is the source of drinking water. The detection of several VOCs in
groundwater from the supply wells. Table 2-1 summarizes the groundwater test results for TCE
collected from the supply wells and some buildings following treatment by the aeration tower
that was installed in early 1990. The concentration ranged from not detected (ND) to 1,229
ug/Liter. The highest concentration was found at the Well #15 located about 500 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 come from a single 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 RI/FS at the Land Farm site will focus on the groundwater quality to evaluate a
threat to human health. To evaluate the groundwater quality of the supply wells in association
with the groundwater quality at the L.and Farm area, three groundwater monitoring wells
(estimated 30 meter deep) were installed between the supply wells and the Land Farm to monitor
the gradient of groundwater quality from the Land Farm to the supply wells. The contaminants
of concern in this RI/FS at Land Farm are VOCs in groundwater.

2.5.2. Area D
The S1 for Area ID by Samsung in 2004 evaluated groundwater conditions and identified
site surface soil contamination, but did not evaluate the vertical extent of contamination. This
RI/FS at Area D expanded the SI and determined the vertical and the lateral extent of
contaminations in the subsurface soil. In addition, groundwater monitoring wells were installed
to determine the groundwater condition. This RI/FS report evaluates whether the soil and
groundwater at the site poses a threat to human health. The contaminants of concern (CoC) for
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444  this RI/FS at Area D focuses on TPH, VOCs, semi-VOCs (SVOCs), OC-pesticides, metals, and
445  dioxins in soil; and VOCs, PAHSs, and OC-pesticides in groundwater.

446

447
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448  Table 2-1 Trichloroethylene (TCE) Concentrations (ug/L) in Groundwater Sample from
449  the Production Wells at Camp Carroll from 1991 te 1996.

450

Collection
Point

28-May-96

23-Apr-96

27-Feb-96

23-Jan-96
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Figure 2-1. Location of Camp Carroll in Republic of Korea.
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457  Figure 2-2. Location of Land Farm and Area D at Camp Carroll.
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461  Figure 2-3. Tetrachloroethene (PCE) in the Subsurface Soil at Land Farm by FED in 2007.
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465  Figure 2-4 PCE in the Groundwater Sample at Land Farm by FED in 2007.
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Figure 2-5 Previous Soil investigation result by Samsung in 2004 around Area D.
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472  Figure 2-6 Historical TCE test result for Groundwater of the Supply Wells at Camp
473  Carroll during 1991~1996.
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3. Field Activity

3.1. TField Activities

Field procedures for this RI/FS followed the description in the project Work Plan. A
total of three groundwater monitoring wells were installed as a groundwater quality assessment
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 to each other, for continent,
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 to the Environmental Action Levels. The project chronology is summarized in Table
3-1.

3.2. Borehole drilling and soil sampling

Borehole locations were chosen prior to actual field work to provide areal coverage 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
Tonization 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 colleeted from the surface to the target depth. Subsurface soil sample
cores were collected by advancing an open barrel sampler with a plastic sample liner (3.7 cm
inner diameter) through the sample interval equivalent w the barrel length or less (normally
about 0.9 m). After the barrel sampler was pushed through the desired depth interval, the
sampler was extracted from the hole and the plastic liner, containing the soil sample, was
removed from the barrel sampler. The discrete soil sample required for chemical analyses (e.g.,
TPH) was coliected from the desired depth by retrieving it from the appropriate interval of the
plastic liner. Figure 3-1 presents the soil boring location, Appendix 1 presents the soil bore logs.

A portion of each recovered soil sample was placed into a sealable plastic bag and the
headspace was analyzed for VOCs with a PID. All soil samples were subsequently placed in
zip-lock bags and kept in an ice-cooler for preservation until field screening tests were performed
if required. Information on the sample container labels included project number, installation
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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 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 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 casc of decp well drilling through the bed rock a FED-owned
DRILTECHT40KW — Air Percussion Down-the-Hole Hammer driil rig was utilized for three
monitoring wells (B09-176MW ~ 178MW). Relatively shallow monitoring wells were installed
after completion of borehole drilling wsing 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.

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

vige /4G5

22



560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586

587

588
589
590
591
592
593
594
595
596
597
598
599
600

601
602
603

Report for RI/FS at Land Farm and Area D, Camp Carroll § 2011

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-cim) 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 ID schedule 40 PVC pipe with threaded ends was used from approximately 10-cm below
ground surface (bgs) 1o 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 | 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 1.

3.3.2. Monitoring Well Development.

After 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 oceur; 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 tubid 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 deterimined that no further

development is practical.

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
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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, B03-467MW,
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 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 included the ground surface elevation at
each borehole location, the top of well riser pipe for each monitoring well, and, il 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
o 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 Rl ficld work included concrete and asphalt debris, petroleum confaminated
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 quantitics 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 scgregated 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.
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There was very little concrete or asphalt debris generated during the course of the RI 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 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. The well development
field log is attached in Appendix Iil.

3.5.3. Site Restoration

Borings were backfilled with bentonite peilets 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. Feasibility Study Sampling

Test was performed on the aquifer matrix to determine the saturated and air permeability
of the impacted aguifer material present at the site. In addition, soil samples were collected for
chemical and microbial analysis that arc useful for determining whether the present
physical/chemical/biological condition of the aquifer is conducive for degradation of the diesel
and gasoline conlamination present al 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
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the wells. The drop down water level afiler slug into the wells was recorded using a pressure
transducer data logger. Also the rise in water level afler 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 IV 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 BO7-217MW at a controlled rate varying between approximately 1.2 Liter/min
while monitoring the water levels within the pumping well and four observation wells (B07-
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 [V
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.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.

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 menitoring 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.

3.6.4. 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 future remedial measures.

Page /(f% 96;‘{

26



732
733

734
733
736

Report for RI/FS at Land Farm and Area D, Camp Carroll | 2011

Table 3-1. Project Chronology of RI/FS at LF-Area D of Camp Carroll.

Task

Date Performed

Request a site digging permit and getapproval

| February 3.and 16,2009

Borehole drilling, soil sampling and groundwater
monitoring well installation

February 17~ March 13, 2009 |

‘Well development -0 i il

Groundwater Samplin

August 31 ~ September 4, 2009

Hydrologic shug'test .00 Ty

| November 9-12,2009 - &

Hydrologic pumping test

February 24~25, 2010

Air permeability test

T Wani7,2000
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737  Table 3-2. Topographic Survey Result for Borehole and Monitoring Well at LF-Area D of
738  Camp Carroll.

Year
Constructed

Site

Location BH_ID Easting Northing Elevation of

0 | B09-176MW | 447546.25 | 3983365.34 -7 44.20 | 4427 12009

| B09-177MW | 447577.57 | 398346443 | 4720 | 47.19 2009

| BO9-178MW | 44759041 3983538.60 | 4912 | 49.09| . 2009

1 BO7-217TMW | 447789.23 | 3983349.44 50.99 50.92 2007

| BO7-218MW | 447775.80 | 3983384.33 | 51.83 | 5177 2007

Land Farm

BO7-219MW | 447828.37 | 3983386.25 5543 55.41 2007

| BO7-220MW | 447789.89 | 3983304.56 | 4974 | 4973 | 2007 .

BO7-221MW | 447827.00 ; 398332475 54.61 54.59 2007

| B09-193MW | 447759.92 | 398329252 | 4927 14928 | 2009 .

S B09-221MW | 447671.06 | 398333428 | 4298 | 46.22 2009

U B03-463MW | -447709.20 -| 398328240 | - 48.74 | 4855 | 2004

| B03-464MW | 44770550 | 398336410 | 4992 | 49.79 2004

 [BO3465MW | 44774640 | 398336110 | 5099 | 5090 | 2004

S| BO3-466MW | 447734.10 | 3983304.60 49.72 49.58 2004

- [BodasMw | 44771870 | 398332600 | 7993 o9 | 200

i B03-468MW | 44775430 | 3983390.10 | 5155 | 514l 2004
17 B09-192" | -447761.76 | 3983330.29 1 : 49.800. 1 b 2009. ¢

o B09-194 447730.65 | 3983291.25 49 40 2009
[ B09:195 | 44774011 | 398333166 | 4956 | . | -

B09-196 44743.40 | 3983353.04

| B09-197 | 447715.86 | 398335947 | 5011 |

B09-198 447711.56 | 3983325.59

 B09-199 | 447707.79"| 398329607 | 49.2

B09-200 447691.37 | 398329922

7 BO9-201 | 447695.66 | 398332608 | 4

 B09-220 447700.44 | 3983362.88

| B09-222 | 447670.59 | 398330841 | 4331 | [ 2000

739
740 : - * Elevation above the mean sea level.

741
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Figure 3-1. Location of Boreholes and Groundwater Monitoring Wells at LF-Area D of
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4. Findings during RI/FS 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 R] were submitted to the NCA-Korea Laboratory in
Anyang, Korea. The contract laboratory shipped the samples for VOCs, semi VOCs (SVOCs),

PAHs, dioxin, OC-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 or at least estimated. Full data table are provided on the
separate compact disk (CD). The laboratory reports are included on the same CD.

4.2. Data Quality Control/Assurance

Field and laboratory QC samples were collected and analyzed in accordance with

USACE and industry standard methods and practices. The FED Environmental chemist (Dr.
erformed a data review on soil and groundwater samples collected from the LF-Area D
stte. 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 compieteness of the data
were evaluated by performing analytical data quality and field quality assurance (QA) /quality
control (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 (1.CS) / LCS duplicate, matrix spike (MS) / MS duplicate, and

surrogate recoveries). Appendix # 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. I'igure 3-1 presents the locations of the soil
boreholes, groundwater monitoring wells installed both this RI 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 {at clay and silty sand underlying the fill materials,

During drilling, field crews noted a chemical odor emanating from the soil samples
coliected at 3 meters to 7 meters bgs in boreholes B09-196 and B09-195. The odor was a kind of
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mixiure 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 residual range (RRO)
TPH. The test result is presented in Table 4-2. Four samples were identified containing TPH.
One s0il 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
occur most frequently in shallow sample depths. This finding indicates that the detection of TPH
is likely from a release during vehicle operations rather than a spill from a storage tank as there
are no known fuel storage tanks around.

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 were detected in
site soil samples. Other VOCs are mostly below the practical quantitation limit (PQL) or the ;
co;centﬁations were quantitatively estimated by the chemist due to 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 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. Trichloroethene
(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:

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

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

PCE: ND 1o 24,000 pg/kg

TCE: NDto 70 ug/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.
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4.3.24. 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. The
concentration ranges of target metals in the soil samples of LF-Area D are:

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

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

Cadmium: 0.33 mg/kg to 0.87 mg/kg (0.51 mg/kg of background)

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 site soil
sample was 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
D.

4.3.2.6. Organochlorinated 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:

Lindane: ND to 4,300 png/kg
4,4-DDE: ND 10 42 pg/kg
4.4°-DDD: ND to 24,000 pg/kg
4,4'-DDT: ND to 54,000 pp/kg

4,4°-DDT was identified in soil samples collected from most of the boreholes. Maximum
detected concentrations of DDT were reporled {rom the samples collected in boreholes B09-196
and B09-201. Figure 4-3 presents the distribution of 4,4°-DDT in the site subsurface soil at LF-

Area D.

4.32.7. Dioxins/FFurans.

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 (1-TEQ) for each soil sample according to the Toxics Release Inventory (TRI)
Program updated April 23, 2009 (http://www.epa.gov/TRI/lawsandregs/teg/teqmodprule.html).
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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, I-TEQs were calculated for all
soil samples based the I-TEFs, the measured concentrations of dioxins and furans detected above
the reporting limit and half the detection limit for compounds not detected. The [-TEQ
calculated for each of the soil samples collected at the site ranges from 0.0236826 to 1.9045.
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4.3.3. Groundwater Containination

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 level (amsl). Water levels were measured a
total of three times in each well with an oil/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 leve! 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.

4.3.3.2.Groundwater Chemical Test Result

Groundwater samples were collected three times during this RI/FS 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/L
Gamma-BHC: 0.054 to 4.9 pg/L
Beta-BHC: 0.072t00.73 pg/L
Delta-BHC: 0.047 to 1.1 pg/l.
Dieldrin: 0.12to 0.44 ng/L
4,4°-DDD: 0.1pg/L at BO7-218MW
4, 4’-DDT: 0.1 pg/l, at BO7-220MW

4.3.3.2.2. Volatile Organic Compounds
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