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Report for RI/FS at Land Farm and Area I}, Camp Carroil | 2011

A total of twenty-two groundwater samples were collected including the six supply wells
for VOCs analysis. Table 4-11 summarizes the VOCs chemical test result. VOCs were detected
above the reporting limit from ail the groundwater samples analyzed. A total of twenty-six
chemical components of VOCs were reported from the samples. Groundwater samples from the
six supply wells contained thirteen chemical components of VOCs. A majority of groundwater
samples including those of the supply wells contains cis-1,2-Dichloroethene, Methylene chloride,
Tetrachloroethene, Toluene and Trichloroethene. A couple of more VOC components appear
during the 2" or 3 sampling event in the cases of B03-465MW and B03-466MW. Figures 4-7,
4-8 and 4-9 present the distribution of Toluene, PCE, and TCE.

4.4. Hydrologic Characteristics of the Site

Figure 4-10 presents the groundwater monitoring well locations used for air permeability
and hydrologic field test.

4.4.1. Slug Test

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

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

4.4.2. Pumping Test

A review of the pumf)ing test results indicates that the calculated transmissivity (T)
values ranged from 0.07 cm“/sec to 9.03 cin’/sec. The T value is generally higher during water
level drawdown than recovery. The K values during pumping test obtained ranging from 9.81E-
05 cm/sec to 5.28E-02 cm/sec, with an average of 1.29E-02 cm/sec. The K values obtained
during pumping test were quite higher than those during slug test. This high K value during
pumping test might reflect the existence of high K interval within the well screened interval
during purnping test. Table 4-13 presents the resull of pumping Lest.

4.4.3. Air Permeability Test

An air permeability test were conducted on 17 March 2010, to evaluate subsurface air
flow patterns and radius of influence at LF-Area D of the Camp Carroll. The layout of the
permeability test was determined based on the location of existing groundwater monitoring wells
and the pre-installed air permeability test well. Air permeability test was conducted at four wells
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Report for RI/FS at Land Farm and Area D, Camp Carroll § 2011

(as a set) consisting of one air extraction well (B03-465MW) and three observation wells (B03-
464MW, B09-195, B03-466MW). Figure 4-10 presents the well layout of air permeability test at
LF-Area D.

The extraction well was attached to a vacuum pump to control the air extraction rate.
The extraction valves and measurement devices were securely attached and sealed at the top of
each well pipe to prevent introducing any ambient air. Upon starting the vacuum pump for
subsurface air extraction, field measurement data was collected from both extraction and
observation wells. During the entire air permeability test, the extraction vacuum was maintained
at a constant rate and the monitoring wells’ down pressure was monitored indications in change
of pressure. Conclusively, the observation wells (B09-195, B03-466MW and B03-464M W) did
not respond during the permeability test probably due to the well Tocations are beyond the radius
of influence.

4.4.4. Nutrient and Microbial Sampling

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

4.5.  Summary of Laboratory Experiments for removal of VOCs and OC-
Pesticides in Soil for LF-Area D

A laboratory scale experiments were conducted to assess the removal efficiencies by
varivus methods for VOCs and OC-Pestivides in soil samples of Area D. The laboratory
experimental process and the results are presented in Appendix #.

4.5.1. Kinetic tests for VOCs.

Conceptually the VOCs in soil can remove via air injection, which means the VOCs
removal rate can be proportional to the exposure time to the air (see detail at Appendix #, Section
3-3). The result is shown in Figure 4-11. VOCs concentration decreased according to time
elapsed. During 10 hours from the begging of the experiment, VOCs concentration was
distinctly decreased to about 1 mg/kg till 24 hrs. After 24 hours, the variation is very limited.

4.5.2. Fenton Oxidation for OC-Pesticides

There were two comparisons to apply Fenton oxidation methods in terms of controlling
pH of the solution at 3 and non-adjusted in order to remove OC-Pesticides in soil. Also there
was a comparison for the variable concentration of Fe?* at an identical concentration of hydrogen
peroxide. Table 4-15 summarizes the experimental result. The addition of 1.5mMol
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Fe'/1 .0%H>072 solution without pH control was the best for OC-Pesticides removal, also

injection of H20, without pH control can be effective as well.
Table 4-16 shows the result of column experiment for OC-Pesticides contaminated soil

by 1% of H,O,. The experimental condition was based on the batch experiment which is no pH
control and only H,O, injection. According to this experiment, approximately 2 pore volume of
H>0, injection was most effective at this experiment.

4.5.3. Surfactant Flushing

Surfactant flushing is a technology to remove the adsorbed contaminants in the soil by
transferring to a frec-phase (micelle) and then the contaminanis can be easily degraded by
physico-chemical and biological processes. Surfactants used in this study were Tween 80, Triton
X-100, SDS (Sodium Dodecyl Sulfate). Ethanol was also used for comparison.

Table 4-17 summarizes the removal efficiencies by each surfactant. SDS showed 88% of
OC-Pesticides removal efficiency, which was more effective than those of Triton X-100, Tween-
80 and Ethanol.

4.5.4. Zero Valent Iron (ZVI]) Treatment

To test the removal efficiency of OC-Pesticide in soil ZVI dosage was used. The
removal efficiency was the highest at 0.4g ZVI/g-soil (about 89%), which was close 1o those by
Fenton oxidation and surfactant flushing. Table 4-18 presents the result of ZVI treatment for

OC-Pesticides removal.
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Table 4-1. Seil Sample Information versus the Chemical of Concern from each Borehole.
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4-bim:

*- indicates sample was collected for the analysis,

** not collecled.
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1106

1107
1108
139
1110
111

Chemicals

B03-467TMW

B03-468MW

BO7-21 7MW

(ng/l)

st

and

e

Tst

Tond:

12nd

3,Td X [E et

r

0.0331 PG

0.038] PG

00241 "

kelone

alpha-BHC -G - - - R
gamma: -4 Q05PG - R 0.6 024 PG 00438 - » 270,061 0,0181: 5 0.033). 0 L0 016)
BHC ¢ g hesid " SRS 1 S S IS Rt
Heptachlor | - - - - - - - . 000761 PG | - -
beBHC 0PGRS RE T 0g T T : : T GOBIRG G
delta-BHC 4310140 0.22 " . I - - B 0.
Heptachlor | § =" it - - = P - Se TR 0.0 210
Cgpoxide. i MR s e D ey e gy T s 4
Endosuifan | - . - - - - - - R - -
Cganmmas s Y - - : 0 - - 00153 PG 1 0:
‘Chiordane - : B T PN TR B
alpha- - - - - - - - - - 0022} PG | O
Chlordane

A4DDE . |- - : B S N . 00088 0
Dieldrin - - - B - - 10.0096) |- 0.
Endrin i ERSRTRIEER: IR CERREE B - ERL R X LR
44DDD |- . - - - B - - 6110
44DDT ] - - | 0.0173. 4 0
Endosulfan | - - - - - .3 R N N 0
sulfate

Endrin " : ':;: B N SR AR - EORSRNE i .

It



1113

14

Chemicals (pug/l)

BO7-219MW

BO7-220MW

BO7-221MW

T

“dond. ':._5.‘;."3'11:1': o

A2nd

S

TR

alpha-BHC

0.041] PG

0.G251

0,032}

ganima-BHC

0054

0.043) 0.046

0.15:47:0.098 -

20,15

o2

40012750 150.014)

Heptachlor

beta:BHC

0384027

o1

06

0.0351PG 1 0,0077.

0.024]

delta-BHC 0.065 0047 | 0059 |- 0.012 - -
Heptachtor epoxide * w1t D 0.00541 e 00120 - e N R
Endosulfapn § - 0.00611 PG 0.049 PG | - - 0021 - - -
gamina-Chiordane | - R I O B ~ T T0.018I PG - : -
aipha-Chiordanc : 1~ 001G |- : : : : .
‘Léf‘D.DE I ' s RSO ’ . - . R I mk e
Dietdrin 612 0287 044 . - 0.0621 |- . :
Endrin < 000541 1 00IAT PG - - BN

44-DDD - - - - - 00061 |-

44PDT TS S 00079F R T T

Endosulfan sulfate

Endrin ketone ;" - -

0.0067] PG




Report for RI/FS at Land Farm and Area D, Camp Carroil E 2011

1115 Table 4-10 VOCs Chemical Test Result for Groundwater of LF¥-Area I).

1116
Component (pg/1.) B03-463MW B03-464MW B03-465MW B03-466MW BO3-467MW

cilstoind ) 3rd st dnd b 3ed o dstoofoOnd of 3nd st 2nd b 3ed o Ist o 2nd s 3nd
Acelone - - -q 3.4 - - - - - 4.4] - -q 15 11 -
‘Benzetie 0 T 0971 e LT 0ASE e 080 L 9.3 00981 A2 LT A3 82
2-Butanone (MFK) - - - 0.6} - - - - - - - - 0.771 | 0.38] -
“Carbonidisulfide o i el e b s b e s e e T s s e e 10.24)
Chlorobenzene 491 1351 19 - - - - 5.4 53 2.8 15 5911 6.1 3 i1
-Chlorosthane = b ERTIEE IR SRt B RPN ST v b Bo5 Sfic k-5 S Rt BRRiben s i et /X (B8 BRI SV NS I
Chloroform 1.7 1481 147 ¢ 0391 ¢ 0.22) | 0.48] - 0.42) | 0.47) 0.68F 1.2 £6] | 0.62F 1 0.23) | 0.29)
Chisrametbane | T T o [T
2-Chlorotoluene - - 1039 - - - 9.2} 19 14 0.099J 1.9 - [ 0.73F | 0.0857 | 0.46)
“-Chlorotoluene - [ - b= doie b e 0T D054 e 0890 - 0S3T ] e ] 0,14):
1.2- chhiorobenzene - - 0.721 - - - - - - - 0.28J - - - -
“1:3=Dichlorobenzene |- e S e b s s s e L 028) T e T 0. 8
1,4-Dichlorobenzene - 1}
'ﬁchhlm odtﬂuoromciha': IR S
i 1 chhlorﬂclhdne 2] 251 1.7} - - - 11} 11 12 0.31 0.421 - 74 5.6 18

“1i2-Diehjoroethane o s p s bl b e s b e e 0080 e e b b e 031

cig-1,2- D[chlorocthcne 95q 98 | 160E { 0.21T } 057 | 0.631 § 1100q ; 1100E | TI00E I5 54 26 7.7 7.7 29
Tiransl 2 S pa) .-0651,; E L e R TN o EV R e 7 TS B T S | : HE
ﬁfchh!oroelhene SRR B EE b R R
1,1-Dichloroethene - - 0. 3]

1,2-chlli0r0pr0pane- _':_'_ - - I _ : .:_._.55 ., _:.:._;.:'.E.. __ _ [ ARSI FHRTARIA THTER
Ethytbenzene - - - 0.32] - - - - - 027
Tsopropylbenzene L e p e ] e s sl e b e e e 04T 0.8

p-Isopropylioluene - - - - - - - - - -
‘Methylene chloride - f <o [AS 12 b B30 34 3 0610
Maphthalene - - - 0.35) - - R w R .
Tetrachiorocthene | 110G | 1201 160E |23 | 40| "30 1231 | 27 |21 | 13 | 200 [ 180 [ 22 | 0.941.] 0313
Toluene 33 1511 8.1 21 0.7 6.9 491 2.2 22 14 480E | 8.8]1 ¢ 34B 1.4 7.3

-I 2’5—"1r:chlorobc,nzene'-- ok T A M I R i e B e

1,2, 4-Trichlorobenzenc ] - 0.4F - - - - - - - 0.53] - - - 0.19)

Tiebloroetane | || e

Trichloroethene

'::'I’nchloroﬂuoromelhan R

] 24- . - - - 0.323 - - - - - - 1.1 1.4) t 0.14) - 0.44)
Trlmelllylbenzenc

13,50
:-.Trlmeﬂlylbc!azcne R SRR e
Vinyl chloride - - 2.6 - - - 18] 57 32 - 52 - 2.8 26 6.7
“m-Xyletie & pXylene | w1 = = ] 00F | e e P e L 020 L6 e 0220 s 08T

o-Xylene 5 . STTos T : : - B O T VA T NNV B % T Y
Sampling al 150 May 1113, 2009 at 2nd August 31-Scp 2, Sep14+16,2000: at 3rd: Dec 1215, 2009 1 © L+ T

Page /5%
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Report for RI/FS at Land Farm and Area D, Camp Carroll ¢ 2011

PG- the percent difference between the original and confirmation analyscs is grcatm than 40%.

Je Esurnaled result. Result is less than reporting Himit." Sl L e

Q- Llevated reporting limit. The reporting limit is elevated due 1o llig,h analyle ]eve]s

'Eg,-:I_lh_av_a_tgd reporting limit. ‘The reporting limit is _e]evaled_ dueto matux_lmcrf_.'crenqg.__; e T LT I L L I
1117

1118
1119




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

1120  Table 4-10 VOCs Chemical Test Result (Continued).
1121

Component {ug/L) BO3-468MW BO7-217TMW BO7-218MW
Cdsti g o2nd v 3rd o Astepo2nd of drd st f2nd . 3ed .y It 2ed i 3ed 4Tt 2nd o3ed
Acetlone - Ny - 2.6] - -q | 23] - -q - - -q -q - -q
SBenzene:: iy e U e T 034) e S 028 i B R L e s
2-Butanone (MEK) s - - T - M . P B “ - A B - -
Chlorobenzene - - - (1.353 - - - - - - 0.52] - - - -
Thioroethane . 2 B - B e et T £ e GENCR! S Koo Rous
Chloreform 0.86

BO7-219MW BO7-220MW

0.6} 3.7 271 {3711 048] - - - 493 - 43 {181y L2]

J J
Chioromethane SR
Q-Ch!orotoluene - - - - - - - - - - R - - . -
4-Chloretoluene .15 - oS i T e e b e - g
1,2-Dichlorobenzene - - - . - - - - - . . - - - .
“1.3-Dichlorobenzene: o DI et b e b R e e e e T e e e . . :

1,4-Dichlorebenzene - -

“Bichlorodifluoromethane: =7 - -

1,1-Dichlorocthane - -

e T

cis-1,2-Dichloroethene - 0.1}

S Dichiofoethene. . .| e | o

1,1-Dichloroethene - - - ; . N " : iy

s1.2:Dichloropropane e bl e e e e s e e e e e e
Ethylbenzene - - - 0.2] - - 0.21) - - - - - - - -
Tsopropylbenzenie © e T T T T T T T

p-Isopropyltoluene - - - - . . - .
Methylene'chforide ~ " RO A7 TS ] - - e |23 [ o e s
Naphthalenc - - - 0.271 - - 0.4] - - - - _ ~ - -
“Tetrachloroethene "7 1 140g71 707 | 160E | 130K {180 1280 1327 {78 1 21071 590q  ['270E |'410°186 ] 4171320
Toluene 11§ 095 | 58 17 i 17 foeeafrml 1y | 22 pe3l 19 - 5.3

i,Z,B-Tuclﬂorobenzene s R R e R e e T P Tmlapriie e
1,2.4-Trichlorobenzene - - - - - - - - .

TLLISTrichlorosthane 0oL T
Trichloroethene 6.1 1.7
PRI N, SiistRt Boonas Rrge

£,2.441 rlmc.thy |benzene _ - .

I,3,5—’aneihylbenzene e R e RAIER PRI Rt ) < EPRTE B . RISRE
Vinyl chloride - - - - - - - - - - - - - . .

meXylene & p-Xylene o v fie b e Tab s 0520 s e QBT e e e AN e
o-Kylene - - - 0.24] - - 0.23] - - - - - - - .

Page /‘;Q()
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Report for RI/FS at Land Farm and Area D, Camp Carroll | 2011

%,

1122  Table 4-10 VOCs Chemical Test Result (Continued).
Component (ug/L) B07-221MW B07-222MW B09-17T6MW B09-177MW B09-178MW

“Isted-2nd 103rd | 1st)20d o 3ed[3st i 2nd L 3rd o Tst ] 2nd | - 3rd o ndst ol 2nd - 3rd

Acetone - g - - - - - 2.1 - - - - - 2.6)

AN KR st SRR It RIS INEERT NIRRT SUUSPOR BECRRTE RN B T R R IR RIS SRR o

2-Butanone (MEK) - - - “ “ - - - - - - - 0.52 - -

“Carbonidisulfide 1 e b e e e e e e e e e s S
Chlorobenzene - - - - - - - “ - - -
“Chlorogthane - .o ifie o foo doele fod b Lk T
Chloroform 5.2 - 1045) 53 1027 - |021

2-.C111(.)r0tdiuene - - - - - - - - . - . . R
A-Chlorotoliiene - f = eo [ b s i s e ] e e e e
1,2-Dichlorobenzene - - - - - - - - - - . . -

1,3—chhlor0benzene DO "'___: B .. - ... .. '__:..:_'15:'_ SERLRE] B SRRRTSRERERS IR BRI S :-.:é . :f':‘-f:' G f_:-_-:fg';
1,4-Dichlorobenzene - - - - - - - - - - . . - . N

DlCthI’OdiﬂUOl‘Oil’ieﬂlane SHARNET EITEEIN IRESNE R SERSIIN R _ I _ p :_1..'.:_ B .5 AT S I ;"__:':::_ .j.é":": FiiG B ER e
I, 1-Dichloroethane “ - - - - - - - - - - . - - R

-j.g;i;g.;pjc},]o'rde_thgne.:'-ZZ 3;_5.-'& BEERE RRURTE EU St Rt TEE Rk R R EAe W SR SN B (RIS SRR SR R S SR B
cis-1,2-Dichloroethene 52 058 3.7 51 1.2 | 4] 101710351 0.12] - - - 0.13 - -

strans-1;2-Dichloroethene - § 0.97 | 10140 L2N o s - e e e e e e e

];l.-Di(.:l.lioro.ethcne - . - 0.29 - - - - - - - - . - - -

p-Isopropyltoluene - - - - - - - - . - . . - N _
_:Mé'tﬁy'iéﬁé;;(::lﬂoﬁ_de B . o . e —

Toluene - T2 e L 1T e 111 1 56 |96

<152;3-Trichlorobenzene 11T IR s R L L L e e
1,2.4-Trichlorobenzene - - - - - - - - 031J -

T Trichloroethane =) - f b R e T ] e e e s
Trichloroethene 99 10371 7.1 | 96 | 51 | 73] 068 0961 0997 | 067 | - - s - -

1.2.4-Trimethylbenzene - - - . M PO R M 778 S R R S




5
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]
1.3,5-Trimethylbenzene -~ 1 -0 1 - - - e I e - - : -
Vinyl chloride - - - - - - - - - - -
‘m-Xylene & p-Xylene - = -1.0.37 | - - - S RLRE NS BN b 089 e e 10230 e
e E30k T SERURS VRIS NI B ) e X B P RS £ HER (NI ST TS SR
0-Xylene - - - - - - - - - 0.24 - -
I

1123
1124

Page
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Report for RI/FS at Land Farm and Area DD, Camp Carroli § 2011

1125  Table 4-10 VOCs Chemical Test Result (Continued).

1126

Component (pg/L)

B09-193MW

B09-221MW 12-247 13-279

st

~3rd

Card O rdsto Eand ol Bed kst ond i

T2 Dichiorogthane

Acetone - - -q - - - - 5.11 - - 4.5) -
Benzene : - 3 R 025] ; - B 5 S g S _ -
2-Butanone (MEK) - - - - - - - - - - - -
Carbonidisulfide -1 s S B - - - - - i P B
Chlorobenzene - 0.22} - - - - - . . - . _
.Chloroethane I R e e e I e - .
Chloroform 3.3] 2.3 241 | 0571 | 0.32) | 0.24] 1.1 0.65] 0.351 1.8 1.2 11
“Chloromethane -« o L I N e e 9.6 -
2-Chlorotoluene - - - 0.38]) - - - - - . - -
A-Chlorofoluenc AR S N O N W IR P i iy :
1,2-Dichlorobenzene - 0.33] - - - - - - - - - -
1,3-Dichlorobenzene . . e 02) mi - - - - : 2 :
1.4-Dichlorobenzene - - - - - - - - - - . .
Dichlorodifluoromethanie = 0 fs e e - e - R I
1,1-Dichloroethane - 0.17] - - - - 0.5] 1 0.17] 0.3] - 0.15)
" IR B a . - T3E037) - el R 10.93) 0,79

cis-1,2-Dichloroethene

‘trans:1;2-Dichloroethene .

1,1-Dichloroethene - 0.27] - - - . .
1,2—D1chloropropanc R o : :'T: L Ny ;::-5 S R L IRTRIT Bohi et i _ B "
Ethylbenzene - - - 011 - - - - - - - -
sopropylbenzene . -~ ] sriinales e - - - - - - -
p-Isopropyltoluene - - - - - - - - - - - -
‘Methylene chloride : 0 S22 041014 1.5 1.8 w097 14 = G120
Naphthalene - - - - - - - - - - - 0291 B

Tetrachloraethene : o

Toluene

1,2,3-Trichlorobenzene 7~ w0

RS RS SR Y V5 Y DO B

- - o3| - -

0-Xylene

1,2,4-Trichlorobenzene - - - - -
1,1,1-Trichloroethane - & +owoodo et b b ceb036) |16 058 0 06531 s 027)
Trichloroethene 170 § 260E { 240 | 2.7 4.8 - 69 21 59 39
Trichlorofluoromethaniel 1% 00wl e e g - = 10261 -
1,2,4-Trimethylbenzene - - - - - - - - - - -
1,3,5-'I‘rlmethy1benzene ....... _ JRE T g TR ; T " T = 5 _
Vinyl chloride - - . - - - . - - - - -
“m-Xylenie & pXylene s ras JRe R 15 (e % S B B = B o z

1127
1128
1129

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

1130 Table 4-10 VOCs Chemical Test Resuit (Continued).
1131
Component (pg/L) 14-283 15-286 16-289 17-290 20-575
Tst|-20d} 3rd | Ist f-2nd-|3rd 1 dst |2nd:i3rdiof st 2nd o 3rd | Ist7{ 2nd {3rd:

Acetone 221 - - - - -g 1231 4 - 251 7.1 - - - -

Benzene - . e T

2-Butanone (MEK) - - - - - - - - - - - - - - .

Carbon disulfide. . o] m e e e e e s e
Chlorobenzene - - - 0.12 - - - - - - - - - - -

Chloroethane |- oo Lo o o TR e o e e e
Chloroform 037073 | 0.46] | 0831076 | 0.5 | 0.58 | 0.57 | 0.5] | 0.58 | 0.54 051|056 077} 0.7

Chioromethane | =L 61 |- [ FEIS ] ni b R0 e e 26 e e e
2-Chlorotoluene - - - - - - - - - - - - - - 1024

“4-Chlorotoluene "7 1 -

1,2-Dichiorobenzene

1;3-Dichlorobenzene - - - L s -

1,4-Dichlorobenzene
Dichlorodifluoromethane - { =
1,1-Dichloroethane

S0 |13 | 20 [ 17 | 17| 17
Dichiorosthene | 022 {012 |~ | L1 {131} 10 |37 1018 0213 [ 27 {029 1.1 | 0.19 }.0.12 } 027
1,1-Dichloroethene 34 1 32 2.5 17 17 18 17 1 4.5 54 18 1 39 ¢ 11 - - -

T2 Dichioroethane |- | - |
cis~1,2-Dichloroethene

p-Isopropyltoluene - - ~ - - - - - o - . - - - -
‘Methylene chloride” {13 fos Dol 19 e S b s e 12 2 - 1090 143 12
Naphthalene - - 0.29) - - - 0297 - - 0194 - - - - -

“Tetrachloroethene .~ - .= 173.61{-24 1 22 ] 67139 e N T L B R B (T B o I 1 e i L
Toluene 32 1261 9.1 30 {2971 75 | 30 {19 | 84 320 2 | 853 26 % 13§13

T A nehlorobenmens. | < e T T T e s e

1,2,4-Trichlorobenzene - - - - : 0.7) { 0.15 - 0. 1 5 - - - - -

Trichlorosthene 177 | 66 1 63 | 80E | 53
T i e B GRS T TS

1 ,2,4-Trimethylbenzene - - - - - - - - - - - - - - -

Page /5 2/
58 ' '
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1,3,5-Trimethylbenzene |« |- [ woafen Foo T - SR R S 2
Vinyl chloride - 036: - | 049 . - 1043 - . -

J ] ]
m-Xylene & p-Xylene * = . S R e = - - - Ll e
o-Xylene - - - - - - - - - -

1132
1133
1134

Page
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1135
1136

1137
1138
1139
1140

Table 4-12 Slug Test Result at LF-Arca D.

well 1D

Activity

Bouwer and Rice (1976)

- K(misec)

7 Average K(cm/sec)

B03-464

Injection

7.70E-04

Withdrawal .-

CUUT60ER04

7.65E-04

303-465

Injection

5.60E-04

Withdrawal

AR

5.10E-04

B03-466

Injection

3.30E-04

‘Withdrawal

- 2.206-04 - .

2.75E-04

B0O7-217

Injection

6.80E-05

Withdrawal = |

~ 8.60E-05

7.70E-05

B07-218

Injection

1.70E-05

1.80E-05

BO7-219

Injection

1.30E-04

280B04

2.05E-04

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

Monitoring Well

Status

Levei of

Displacement

(m)

T
(cm2/sec)

K
(cm/sec)

Average
K

~(em/sec)

Pumping
welll

BO7-
217

Drawdown

Recovery

1.956

0.088

0.41

5.44E-04

110486

10.07

9BIEGS

3215-04

Observation
Well |

BO7-
218

Drawdown

0.031

0.007

5.02

2.81E-02

2.87E-02

n. | BO3-

Drawdown

009 1 170

T oooa |

008

a0

5.28E-02.

Obsefvéﬁon
Well 3

B07-
220

Prawdown

Recovery -

"0.022

0.056

6.64

7.42E-04

4 1.0.026 1

S1.41

1.63B:03

1.19E-03

Observation
Well 4

BO7-
221

Drawdown

0.164

0.014

2.53

5.85E-03

5.85E-03

'K = hydraulic conductivity [m/day], T= transmissivity[m2/day],Q = pumping capacity [m3] "5

As= Slope of the straight part of the drawdown on a semi-logarithmic graph (m)

1141
1142
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1143
1144

Table 4-14 Microbe and Total CNP Analytical Result of Soil at LF-Area D.

BH ID

Total Microbe
(CFU*/g)

Oil Disintegrated
Microbe (MPN**/g)

Total
Carbon (%)

Total Nitrogen
(%)

Total Phosphorous

(mg/kg)

'B09-192-83. 1

1 99x10% 1

S 25810% ] D

B09-193-52

3.12x10°

3 12x10“

0.0106

B09-194-81

S 535x10° |

59le0

B09-195-83

4.50x10°

not detected G\}D)

0.0081

B09-196-83

RECTEE

- 0.0106

BO9 I97 S1

520%10°

ND

0.0065

fBO9 198 S3

- 8.00x10° |

~330x10™

s |

B09-199-S1

8.28x10°

4.49%10°

0.0151

BOOQOOSL .

167x10° [

522x107

B09-201-S1

3.39x10°

5.17x10°

B09-220-83 |-

2.13x10° 0}

4.40x10% 0.

B09931.52

1.49x10°

s 75'x10'3

:;1309 222 sz.'i*

C327xI0% ]

* CFU- co!ony forming unit, ¥* MPN- most p;obabfe number

11435
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Table 4-15 Fenton Oxidation Baich Test Result for Soil at LE-Area D,

Condition

Initial
coneerntration

(182.3 mg/kg)

Fe? (mMol):H,0a (%)

- 0:01

Controlled at
pH 3

Concentration

38.85

Removal [
:_efﬁcxency (%) B

787

pH not
controlled

Concentratlon

‘Removal - . ‘;;;
'eff.CIGHCY () L

41.47

1149
1150
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Table 4-16 Fenton Oxidation Column Experimental Result for Soil at LF-Area D.

Initial conc. (55.87 mg/kg)

1 pore volume

2 pore volume

3 pore volume

Concentration measured

13.74

1.95

2.05

Removal efficiency (%)

75.4

96.5

96.3

Table 4-17 Surfactant Removal Experimental Resukt for Seil at LLF-Area D.

Site

{nitial

Triton X-100

SDS

Tween-80

Ethanol

concentration
(182.3 mg/kg)

oow |

AreaD

concentration
extracted

62.16

21.29

25.91

(0C-

- Pesticide)

| iy |

Table 4-17 Removal Experimental Result for Soil at LF-Area D.

Site

Initial Conc.

ZV1 dosage (g/g-soil)

(mg/kg)

T B

1823

Area D

oc |

Pesticide) |-

51.04

37.27 31

16
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1167  Figure 4-1. Toluene Concentration in Soil at LF-Area D of Camp Carroll.
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1171  Figure 4-2. PCE Concentration in Soil at LF-Area D of Camp Carroll.
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Figure 4-3 4’,-4 DDT in Soil at LF-Area D of Camp Carroll.

of Engineers®

Bosges |
BOT:2185

i

¥

Legend
v 2008 DDT (mglkg)
MWW Bxisting 0-5
BH_2009 5-10
Helii Pad
Firing Range




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

1177  Figure 4-4. Supply Well and Groundwater Monitoring Well Locations in the Vicinity of
1178 LF-Area D of Camp Carroli.
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1180  Figure 4-5 Correlation among the Groundwater Level Measurement Results at LE-Area D
1181  of Camp Carroll.
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1187  Figure 4-6 Groundwater Flow Direction at LF-Area D of Camp Carroll.
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Figure 4-7 Toluene in Groundwater of LF-Area D of Camp Carroll.
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1193  Figure 4-8 PCE in Groundwater of LF-Area D of Camp Carroll.
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1196  Figure 4-9 TCE in Groundwater of LF-Area D of Camp Carroll.
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1202  Figure 4-10 TCE in Groundwater of LF-Area D of Camp Carroll.
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1205  Figure 4-11 Kinetic Aeration Experiment for VOCs of LF-Area D of Camp Carroll.
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5. Environmental Hazard Evaluation

An environmental hazard evaluation is presented for LF-Area ID of Camp Carroli. The
risk assessment utilizes soil and groundwater analytical data collected between February 2009 to
March 2010, The risk analysis utilizes Environmental Screening Levels (ESLs) found in the
Pacific Basin Edition of the document titled Evaluation of Environmental Hazards at Sites with
Contaminated Soil and Groundwater which was last updated in October 2008 (Guam EPA, 2008;
http://hawaii.gov/health/environmental/hazard/pacificbasin.html). Table 5-1 presents the
maximum concentration detected in the site soil samples with comparison to the Pacific Basin
ESL criteria, and Table 5-3 for groundwater sample result.

The ESL values were determined largely based upon published USEPA toxicity factors,
water standards and recently promulgated Regional Screening Levels (RSLs). These screening
levels 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. The detection of a chemical in soil and groundwater at concentrations below
the corresponding Tier 1 ESL can be assumed to not pose a significant long-term or “chronic”
threat to human health and the environment.

A more detailed Tier 2 screening analysis was conducied by the project scientist for those
analytes that exceeded the Tier 1 ESL. For soil contamination, the construction worker scenario
was evaluated during the Tier 2 analysis due to the specific site characteristics of the LF-Area D
site. Generally, the project site is covered with asphalt or uncovered dirt area, therefore the
outdoor worker considered in the commercial/industrial land use scenario would have a 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.

5.1.  Summary of Environmental Findings from Investigations

The site characterization data obtained from LF-Area D site during the current
investigation was previously provided. The findings during the current RI can be summarized as

followings:

1) Boreholes were drilled in a roughly 20,000 square meters area in the vicinity of the
LF-Area D at Camp Carroll.

2) The soil and groundwater samples were collected and analyzed. TPH, VOCs, metals
and OC-Pesticides were reported from soil samples: TPH up to 236 mg/kg, Toluene
up to 1,300 mg/kg, PCE up to 24 mg/kg and TCE up to 0.07 mg/kg; 4,4’-DDD up to
24 mg/kg and 4,4°-DDT up to 54 mg/kg, etc.

3) VOCs were detected in the groundwater samples; cis-1,2-DCE up to 1,100 pg/L, PCE
up to 590 pg/L, Toluene up to 460 pg/L, etc. The VOCs were also reported from the
samples collected from the supply wells.

4) OC-Pesticides were detected in the groundwater samples: alpha-BHC up to (.37
ng/L, Lindane up to 4.9 pg/L, beta-BHC up to 0.73 pg/L, delta-BHC up to 1.1 mg/L.
and Dieldrin up to 0.44 mg/l., etc.

5} The average groundwater level during the investigation was about 7.8 m bgs, and
about 1 meter variation among the measurement events.
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Other relevant information other than investigation findings about the LF-Area D site
includes:
* There are supply wells located within Camp Carroll Facility, six of those are
located approximately 500 m from the LF-Area D.
o There are no documented sensitive ecological habitats at or adjacent to the Site.

5.2. Conceptual Site Model for LF-Area D

DPW’s suspicions are based on the fact that contaminated soil and waste materjals, such
as one-gallon cans were uncovered during excavation and construction of Land Farm Bed #1 in
1995 (northwest corner of Bed #1). The Land Farm is also located very close to Area D. Area D
is a site identified as a landfill where hazardous waste from Area #41 was disposed of between
the years of 1977 and 1982, but reportedly removed between 1982 and 1983. In 2008
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.

Environmental concerns resulting from the historic use of the site include following:

e The origin of the environmental contamination present at the site is believed to be
from the buried waste either on the Land Farm or the Area D, evidenced by
uncovered buried wastes in 2008,

» Reported VOCs identification at the supply wells in the early 1990 is also
believed to add environmental contamination to subsurface and groundwater from
the LI-Area D.

» The very high concentration of various VOCs such as Toluene and PCE at LF-
Area D (B09-196) is likely to be a burial point of associated wastes.

» Workers at the site may be exposed to elevated levels of soil gas present in the
vadose zone at the site.

Current use of the project site is an open storage container yard and contaminated soil
treatment facility, and the potentially exposed populations include soldiers and excavation
workers at LI'-Area D. The conceptual site model (CSM) of exposure routes for the LF-Area D
project site is presented in Figure 5-1.

Surface soil was not affected by the contaminants, so the exposure pathway thru the
surface soil is unlikely. Other than excavation scenarios for installing underground utilities or
for construction purpose, the exposure to the contaminated subsurface soil is very limited.
Soldiers are generally not involved in site excavation works, so the military activities are not
affected by the subsurface contamination. Potential exposure routes include a construction or
trenching scenario: the construction worker (adult) who is exposed to the COC in (1) subsurface
soil via direct ingestion and dermal contact, (2) subsurface sotl particles and vapors via
inhalation of outdoor air, (3) groundwater via direct ingestion and dermal contact. There are the
supply wells on base; therefore exposure to groundwater is considered a complete pathway for
soldiers and civilians utilizing groundwater at Camp Carroll.

5.3. Target Constituents
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The results from the current and the previous investigations (FED 2003; 2007; 2008)
determined that VOCs and OC-Pesticides are present in the site subsurface of the LF-Area D.
This Environmental Hazard Fvaluation evaluated the risk posed by concentration of the COCs
detected in site soils and groundwater.

5.4. RI Results Compared to Tier I Environmental Action Levels

The soil and groundwater collected during the project period were used to evaluate the
existing environmental conditions of the site. The analytical results from soil and groundwater
samples collected during this RI are summarized in Section 4-2 and included in the separate CD
in this report. The maximum concentration of the various analytes detected in near (< 3 meters)
and deep (> 3 meters) soil and groundwater collected from L.F-Area D are summarized in Tables
5-1 and 5-3 respectively. The maximum values detected at the site were initially screened
against the Tier 1 ESL.

The Tier 1 ESLs for an unrestricted land use scenario were selected for the initial
screening evaluation. Based on the characteristics of the site, the ESL table associated with
“Groundwater is a current or potential drinking water resource, and surface water body 1s not
located within 150 meters of release site” was used.

Soil screening can derive up to four ESL endpoints with assumption of an excavation
scenario. T'wo are human health impacts, including direct exposure to soils and vapor during
trenching and soil excavation. The other impacts are gross contamination, and leaching to
groundwater sources. Intrusion of vapor into buildings is considered as an exposure pathway,
but currently there are no permanent buildings and residence within the project site.

Groundwater screening can derive up to three ESL endpoints with assumption of an
excavation scenario. Direct exposure to groundwater during for construction and trench workers
are incorporated into the Tier 1 ESLs. Two human health impacts are direct contact with
contaminated groundwater and inhalation of vapor during excavation. The other impact is gross
contamination including a presence of free phase product. The Tier I ESL screening compares
the maximum concentrations to the ESL values without consideration of site-specific conditions.
Table 5 3 summarizes the potential environmental hazards by site contamination at LF-Area D
with assumption of trenching or site excavation.

5.4.1. Tier I ESL Screening Result of Soil at LF-Area D

The maximum soil concentrations summarized in Table 5-1 were compared to their
corresponding ESL criteria of the Pacific Basin (Guam EPA, 2008). The chemical results
detected were compared the results with shatlower than 3 meter and deeper than 3 meter with
potential drinking water concern for both unrestricted land use and commercial/industrial land
use purposes. Four oul of the total chientical components in the Table such as PCE, Toluene,
DDD and DDT exceeded the ESL screening level and require addilional sile specific evaluation.

The soil screening results are summarized in Table 5-2. A “yes” in the table denotes that
the maximum soil concentration measured during this R1 exceeded the associated Tier 1 ESL.

5.4.2. Tier 1 ESL Screening Result of Groundwater at LF-Area D
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The maximum groundwater concentrations summarized in Table 5-3 were compared to
their corresponding ESL screening criteria of the Pacific Basin (Guam EPA, 2008). The table
divided results into groundwater samples from monitoring wells and the supply wells. Six
chemical components of the monitoring well samples exceeded the Tier 1 ESL, and six chemical
components of the supply well samples exceeded the criteria. The 1,1-Dichloroethane and cis-
1,2-Dichloroethene commonly exceeded the criteria in the samples both monitoring well and the
supply well. The six VOC components that exceeded the ESL screening endpoints require
further evaluation. The groundwater screening results are summarized in Table 5-4. A “yes” in
the table below denotes that the maximum groundwater concentration measured during this RI
exceeded the associated Tier 1 ESL.

5.5. Site Specific Environmental Hazard Evaluation

The following section provides a more detailed environmental hazard evaluation for this
RI site based upon the site specific conditions present at the site.

5.5.1. Site Specific Environmental Hazard Evaluation for LF-Area D

Based on the data collected during the RI, the initial conservative Tier 1 screening
identifies potential hazards related to the soil and groundwater concentrations measured at the
site. Four chemical components including PCE, Toluene, DDD and DDT in site soils exceeded
Tier I screening levels, while total ten components including benzene, PCE, cis-1,-2
Dichloroethene and Toluene and etc exceeded the groundwater Tier | screening levels.
Therefore, unrestricted future use of the site, for example for residential land development,
would require a remedial effort to be conducted at the site in order to mitigate or remove the risk
posed by the reported chemicals.

« The site is partly paved, mostly open dirt and grass field, but the current site is being
used a container yard and contaminated soil treatment facility, which is likely to minimize the
potential for direct dermal contact or ingestion of contaminated soil for outdoor soldiers and
workers unltess an excavation is ongoing.

*» LF-Area D is an open area and no permanent residential facility so exposure to soil gas
for soldiers/workers is not considered unless an excavation is ongoing.

* There are six known extraction wells to be utilizing within approximately 500 meters
distance from the investigation site, which could be a direct exposure to the dissolved phase
contamination present within the groundwater system at the site.

The most likely future exposure pathway Lo site subsurface soil confamination would be
related to installation of underground utilities or a construction required excavation at the site.
For instance, future construction work at the site could involve some form of trenching or
excavation work in conjunction with putting building foundation, replacement or repair of the
storm drain, sewer, electrical or cable utilities that run through or adjacent to the property. For
this reason, the ESLs developed for the construction/trench worker exposure scenario {Table K-3
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in the ESL Surfer at http://hawaii.gov/health/environmental/hazard/pacificbasin.htm]) were
deemed most relevant for use in the Tier 2 ESL soil evaluation.

5.5.2. Tier 2 BSL Soil Evaluation for LF-Area D

The initial Tier I ESL screening indicated that direct exposure and leaching were
potential hazards associated with the chemicals detected above the Tier 1 in the site soil. The
soil contamination that exceeded Tier | ESLs was encountered both shallow and deep according
to the LISL. category. The maximum soil concentrations summarized in Table 5-5 are compared
to the corresponding construction/trench worker exposure scenario final screening level (FSL at
Table K-3 in the Pacific Basin Surfer spreadsheet). The FFSL in Table K-3 is the lowest of
individual screening levels for carcinogenic effects and non-carcinogenic effects. The saturation
limit for the carcinogenic effects are not available was used as the upper limit for VOCs that are
liquid at ambient conditions.

Note the trench/construction worker FSL for Toluene is based on the saturation limit, not
health risks. The maximum Toluene concentration measured at LF-Area D site is higher than the
trench/construction worker FSL. The presence of Toluene above the saturation limit indicates
that there may be an inhalation risk to free product that cannot be accurately predicted with the
EPA’s soil exposure model.

5.5.3. Tier 2 Groundwater Evaluation at LF-Area D of LF-Area D

The initial Tier 1 ESL screening indicated that thermal contact, direct vapor ingestion and
gross contamination were potential hazards associated with the chemicals detected in the
groundwater. There are six supply wells within 500 meters away from the site, and Camp
Carroll utilizes the groundwater for multipurpose uses such as taking shower, cleaning, washing
car and etc. Thus, there are viable exposure pathways for personnel utilizing the groundwater
from the supply wells, and for site workers involved an excavation work at LF-Area D site as
well.

Table 5 6 presents the summary of the chemical data comparison result with the Guam
Criteria for drinking water quality for human toxicity. Also the primary maximum contaminant
levels (MCL) for each chemical are presented together for comparison. A total of nine chemicals
out of VOCs exceeded the drinking water screening for human toxicity, and six chemicals are
exceeding the primary MCL.

The depth to groundwater of 2.6 to 10.8 meters bgs (seasonal variation and variation due
to the site topography) of the site suggests that the risk of exposure due to vapors originating
from volatilization of contaminants in the shallow groundwater is minimal. Polential direct
exposure to groundwater for construction/trench workers should be addressed and safety controls
should be implemented to avoid dircet contact with groundwater during a construction scenario.

5.6. Summary of Risk Assessments Results

The subsurface soil contamination present at the LF-Area D of Camp Carroll does not
pose an immediate risk to human if left undisturbed. The Tier 1 screening identified potential
hazards related to the subsurface soil and groundwater measured at the LF-Area D site,
Specifically, for soil concentrations of PCE, Toluene and DDT exceeded the Tier 1 ESLs for
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both the unrestricted land use and the commercial/industrial land use. Therefore, future land use
of the site would require soil excavation and {reat contaminated groundwater.

Several constituents of concern in groundwater exceed the ESLs and drinking water for
human toxicity and the primary MCL such as benzene, cis-1,2-DCE, PCE and Toluene, etc, this
assessment determined that groundwater is a complete exposure pathway because there are
known supply water wells in the area. The findings of VOCs constituents in the groundwater
both groundwater monitoring well and the supply wells strongly suggest that the LF-Area D can
be a very possible continuing source of VOCs contamination.
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Table 5-1. Tier 1 Comparison with the Maximum Concentration detected in Soil Sample at
LF-Area D of Camp Carroll according to the Guam EPA in 2008.

Chemical
Parameter

Maximum
Sample

concentration

(mg/kg)

BH I

Shallow <3 m, GW is
potential drinking
water

Deep >3 m, GW is
potential drinking
water

Dep | 'Unrestri
th cted

Land
Use

(mg/kg)

Commerci
al/
Industrial
Land Use
Only

(mg/kg)

2 .
Unrestric

ted
Land Use

(mg/kg)

Commerci
al/
Industrial
Land Use
Only

(mg/ke)

TPH Diesel | -

554

1OE+02

LOEH2 |

'1 01:+02' :

TPH oil

171

5.0E+02

1.0E+03

1.0E+03

1.0E+03

Tetrachlm oethy

‘lene

S e

oE02

25E-01 |

TOE02 |

25E01

1300

3.4E+00

34E+00

3.4E+60

3.4E+00

92 2 0B+

72B4H00° | 82B401 |

1.4E+00

4.0E+00

3.7E+01

3.7E+01

40E+00 :

73Bi00 |

73B400

Arsenic

2.0E+0]

2.0E+01

8.9E+01

8.9E+01

- Barlum

s o

E+02 | 156403

(25EH03 | 4

3E+03

Cadmium

0.87

1.2E+01

1.2E+01]

3.7E+02

3.7E+02

Chromiun | 54

65EH01 |

Lead

2.0E+02

8.0E+02

8.0E+02

8.0E+02

* nghhghted ones denote that EXCEED the assomated criteria.
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Table 5-2. Tier 1 ESL Screening Summary of Subsurface Soil at LI-Areca D.

Analyte

Human

Health

T Diret
- Exposure:

Gross
Contamination

Terrestrial
Habitats

TPH Diesel - - - -
TPHoil. = i - G it S
Tetrachloroethylene yes yes yes .
Tolene . | yes Vou yos ;
DDD yes yes yes -

DDT

Mercury

Arsenic . E %
Barium - - - -
Cadmium- . e it __
Chromium - - - .
Tead S : .

yesTindicates "exceeding”the Tier I ESL criteria. . oo
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Table 5-3. Tier 1 Comparison with the Maximum Concentration Detected in Site
Groundwater at LF-Area D of Camp Carroll according to the Guam EPA in 2008.

Chemical parameter

Highest
Detect*(ng/L)

Monitoring
Well_ID

Highest
Detect**

(ng/l)

Supply
Well ID

Screening
Level

(ng/L)

Acetone

15

B03-467TMW

1.5E+03

Benzene

ST

ok

Bromomethane

1.6

8. TEA00

(Chlorobenzene

| BO3:466MW |

" 2.5E+01 -

Chloroethane

B03-467TMW

3.9E+00

Chloroform

T (BormiMw |

5

13279

TAEHOL -

Chloromethane

61.0

14-283

1.8E+00

1,1-Dichloroethane . 1o

| B03-467TMW

-9.5

15286

T2ABH00

1,2-Dichloroethane

I.1

13-279

5.0E+00

cis-1.2-Dichloroethene |~ 1100

B03-465MW-

1600 -

15286 |

STOEH01

trans-1,2-Dichloroethene

BO3-465MW

3.7

16-289

1.OE+02

LI Dichioroethens |

o0

15-286.

- T.0E+00

Ethylbenzene

B03-466MW

3.0E+01

S B03-465MW.

iRy

20575

C4.8E+00

Naphthalene

1.7E+01

“1,1,2,2-Tetrachloroethane | =

Tl blolo

BO3-466MW

o180

12-247 |

G7E0

Tetrachloroethene

500

77.0

5.0E+00

Toloene = =

480

320 -

14283

CA0EH0]

I,1,1-Trichloroethane

13.0

15-286

6.2E+0]

Trichloroetheéne

B09-193MW

71000

113279 |

5OEF02

Vinyl chloride

57

B03-465MW

I 2.0E+00

*. highest concentration from the monitoring wells; **- those from the supply wells.
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Table 5-4. Tier 1 ESL Screening Summary of Groundwater at LF-Area D,

Analyte

Human Health

Gross

Contamination

Terrestrial
Habitats

Acetone - - - -
Benzene 5o yes. yes .yes
Bromomethane - - - -
Chlorobenzene : IR : i

Chloroethane

Chloroform

Naphthalene

Chloromethane yes yes yes -
1;1-Dichloroethane - yes: yes yes -
1,2-Dichloroethane - - - -
¢is-1,2-Dichloroethene yes. yes. yes:
trans-1,2- i i ) )
Dichloroethene
I Ditlorosthena T S B I T _
Ethylbenzene - - - .
Methylene chloride - IR AL AL D

¥ Tetrach’loroethane

Sy e

Tetrachloroethcne

yes

: Toluene B

fyés' o

1,1,1 Triohloroethane _

Vinyl chloride

yes

“Trichlorocthene ey u -
yes -

"ves! indicates "exceeding” the Tier VESL criteria,
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1461  Table 5-5. Tier 2 Screening by Final Screening Level (FSL.) for Subsurface Soil Data
1462  Exceeding the Tier 1 ESL.

1463
Component Héihjf l)]it BH ID | Depth Final Screening Level (img/kg)
gre Concentration Basis
Tetrachloroethylene | 24 - ['B09-196 1 46 m:| - ":032° " | " carcinogenic effects
Toluene 1300 B(09-196 : 4-6 m 925 saturation limit
" DbD | 24 |B09196[02m| | 604 | carcinogeniceffects
DDT 54 B09-196 | 0-2 m 191 noncarcinogenic effects
Final Screening Level published by Guam EPA in 2008 based on the excavation work scenario. -
1464
1465
1466
1467
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1469  Data for Exceeding the Tier 1 ESL.

1470
Component (ug/l.) Momlot mg WclE Supply Well *Drinking Water for | **Primary Toxicity I
- .Hg/L CD ] gl D Human Toxicity MCL
Benzene 1 B03-467MW - 5.0 5.0 Drinking Water
Chloromethane < Sl 14283 18 R 1 ‘Drinking Water
1,1-Dichloroethane 18 B03 467MW 9.5 15-2806 2.4 Drinking Water
1,2-Dichloroethane .~ BRI SEEU 32279 S0 5.0 | Drinking Water
cis-1,2-Dichlorocthene 1100 B03 465MW 160.0 15-286 70.0 70.0 Drinking Water
trans-1.2-Dichloroethene .5+ 28 7 1 R03465MW 10371 16289 - 100.0 -100.0. -~ Drinking Water
1,1-Dichloroethene 5 1303-465MW 18.0 15-286 7.0 7 0 Drinking Water
11,1;2,2-Tetrachloroethane . e b S8 7] 12247 AN -1 Drinking Water
T(,irachlorocthene 590 BO'." 219MW T7.0 5.0 5 0 Drinking Water
Tofuene [77aRG T BOSAGEMW | 320 | 74283 10000 | 1000.0. | Gross Contam
Tr 1chlorocthcnc 460 B0%9-193MW 100.0 13-279 5.0 5.0 Drinking Water
“Vinyl chiotide - ST BOA6SMW ] S QA 22,0000 Drinking Water

*Lowestof g groundwalcr Gross Contamination, Vapor Inhusmn and Aquatlc Ilabltat screening levels. Used to develop soil leaching leve
protection of groundwater quality.

“THuman Toxicity: Based of primary maximum conceniration Jovels (MICLS). of cquivalent. Considered protoctive of nman heaith.

** Maximum concentration level (MCLs) by EPA 20066.

SAquatic Habitat: Goal: Addrcsses potcnnal drschargc of groundwatel 10 estuarine aquatic habitat and subsequent impact on aguatic fife.’

BGross Contamination: Odm threshold, 1/2 solubility or 50000 pg/L maximum, whichever is lower. Intended to limit general groundwats

resource degradation,

The highlighted ones indicate the concentration excecds:the drinking water for human toxicity concentraiion”

1471
1472
1473

/S &




1474
1475

1476
1477

1478
1479
1480
1481
1482
1483
1484
1485
1486
1487

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

Figure 5-1. Conceptual Site Model based on the currently available site information.
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6. Screening of Potential Remedial Alternatives

In this Chapter, potential remedial options are addressed for VOCs and OC-Pesticides
contaminated soils and groundwater present at the LF-Area D site. The overall levels of
contamination measured in soils and groundwater at the site varies over the project site from
having greater than the Tier 1 and 2 screening concentrations to non-detected. The limited
lateral extent of the site subsurface soil contamination is likely due to the waste burial point
might not be associated directly with groundwater. However, the limited spreading over the area
occurred over the year, probably by precipitation passing through the wasted burial point due to
unpaved the site ground condition. A leaching process by the precipitation or the elevated of
groundwater level during monsoon season is likely to affect the site groundwater quality, even o
the supply well systems over the year.

A conservative remedial action scenario would be to initiate clean-up all soils and/or
groundwater that exceed the Tier I and Tier 11 ESLs as identified in this report. The efficacy of
various remedial alternatives for treating VOCs and OC-Pesticides contamination addresses in
this Chapter. As discussed in the environmental hazard evaluation, the site subsurface soil
contains chemicals that exceed the Tier I and 1l ESLs, but not poses a risk to site workers or
passers-by due to site-specific conditions (i.¢. depth to contamination and current site use, etc.)
unless the site is determined to excavate. By the health evaluation, the groundwater was
identified the VOCs concentration exceeding Tier T and Ii ESLs, and drinking water standards as
well which could cause a direct exposure to human being to utilize the groundwater at Camp
Carroll unless the source is completely removed or the groundwater is treated before distributing

to the buildings.

6.1. Remedial Action Objectives

Remedial action objectives serve as remedial technologies established for protecting
human health and the environment at the site. The objective of any remedial action undertaken
is to reduce risks tv human health to acceptable levels for the current and reasanahly anticipated
land use. As discussed above, the conservative Pacific Basin Tier 1 and Tier ESLs (Guam, 2008)
were used as the criteria for determining the extent of soil and groundwater contamination at this
RI site that may potentially require remediation.

6.2. Identification of General Response Actions

General Response Actions are those actions that can potentially achieve the Remedial
Action Objectives as described in the Project objective of this project. The remedial actions are
intendcd to: (1) mitigate potential exposute to, (7) control the wigration of, and/or (3) remediate
the VOCs and OC-Pesticides contamination present at the site,

6.3. Screening of Remedial Action Alternatives

The preliminary Tier 1and Tier 1l environmental hazard evaluation conducted for the site
suggests that some remedial actions are required at the site due to potential risk to human
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6.3.1. No Action Alternative
The No Action Alternate assumes that no remedia] activities will be conducted at the

Advantages:
* Involves no handling of contaminated materias which could put workers at risk,
+ No site disturbance, 1o capital costs,

Disadvantages:

» Risk that contaminants may migrate to sensitive receptors before being attenuated,

* Regulatory and public acceptance is low due to perception of "do-nothing" option.

* May significantly increase the treatment cost when it is fiecessary due to a migration of
contaminants over to the adjacent area,

- Cannot be a permanent solution,

6.3.2. Monitoring Natural Attenuation (Intrinsic Bioremediation)

Natural attenuation (also known as Intringic Bioremediatinn) is the conversion of
environmental pollutants into haimless forms through the innate capabilities of natyra| site
processes. These processes May include dilution, volatilization, biodegradation, adsorption, and
chemical reactions. The intrinsic ability of the in-situ biologic community to mefabolize the site
contamination needs to be further evaluated at the laboratory ang at field scale before the use of
this technology can be implemented. The bioremediation is ope of the most commonly
implemented innovative treatment technologies at National Priority List (NPL) sites of EPA, and
there is increasing interest in using intrinsic bioremediation following more active actions, such
as source removal and soil vapor extraction. Bioremediation has been suceessfully implementeq
at sites containing petroleum related contamination throughout the Us, The petroleum
hydrocarbon contaminant acts as an electron donor ang naturally occurring groundwater
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1602
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Advantages:

* Involves no handling of contaminated materials which could put workers at risk.
* No site disturbance, no capital costs,

* Limiting contaminant migration,

* Reducing long term risks.

» Can be a permanent solution,

Disadvantages:

6.3.3. Excavation and Off-site Disposal Alternative

Contaminants:
» Non-halogenated volatiles and semi-volatiles, fue] hydrocarbons, halogenated volatiles,
semi-volatiles, pesticides and PCBs,

Advantages;:

* Facilitates unrestricted future use of site
+ Eliminates contaminant migration,

* No Jong term risks.

* Can be a permanent solution.
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Disadvantages:

» Involves handling of contaminated materials which could put workers at risk.

- High cost

» Does not directly address the existing groundwater contamination at each site.

+ Require proper facility to dispose of contaminated soil excavated.

+ Require an installation of water treatment facility in the case of encountering
contaminated groundwater.

6.3.4. Bioslurping Alternative

Bioslurping involves the simultaneous application of vacuum enhanced
extraction/recovery, vapor extraction, and bioventing to address light non-aqueous phase liquid
(LNAPL) contamination. Vacuum extraction/recovery is used to remove free product along with
some groundwater, vapor extraction is used to remove high volatility vapors from the vadose
zone, and bioventing is used to enhance aerobic biodegradation in the vadose zone and capillary
fringe

The bioslurping system is made up of a well into which an adjustable length “slurp tube”
is installed. The slurp tube, connected to a vacuum pump, is lowered into the LNAPL layer, and
pumping begins to remove free product along with some groundwater vacuum enhanced
extraction/recovery). The vacuum-induced negative pressure zone in the well promotes LNAPL
flow toward the well and also draws LNAPL trapped in small pore spaces and bedrock fractures
above the water table. When the LNAPL level declines slightly in response to pumping, the slurp
tube begins to draw in and extract vapors (vapor extraction). This removal of vapors promotes
air movement through the unsaturated zone, increasing oxygen content and enhancing aerobic
bioremediation (bioventing).

When mounding due to the introduced vacuum causes a slight rise in the water table, the
slurp cycles back 1o removing LNAPL and groundwater. This cycling minimizes water table
fluctuations, reducing “smearing” associated with other recovery techniques. Liquid (product
and groundwater) removed through the slurp tube is sent to an oil/water separator, and vapors are
sent to a liquid vapor separator.

Aboveground water and vapor treatment systems may also be included, if required.
However, in some cases, system design modifications have allowed discharge of groundwater
and vapor extracled via bioslurping without treatment. Results of field tests of bioslurping
systems have shown that LNAPL and vapor recovery are directly correlated with the degree of
vacuum. A comparison of bioslurping to conventional methods of LNAPL recovery reported
that bioslurping achieved the greater recovery rates than either skimming or dual-pump methods.
In order for this technology to be effective, the site should have fine to medium grained
overburden materials; however, has also been effective at some sites with medium Lo coarse
grained material and in fractured rock. The ability of this technology to remediate the
contamination present at the site is typically evaluated by conducting a pilot scale demonstration
project. The contaminants for which this technology can be applied as well as this technology’s
advantages and disadvantages are summarized below:

Contaminants:
+ Oil and gasoline hydrocarbons (LNAPL).
« Chlorinated solvents.
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» Trichloroethylene.

Advantages:

. Lower project cost than excavation due to minimization of storage, treatment, and
disposal costs.

- AHows direct discharge without treatment by keeping extraction rates to a minimum by
maintaining vapor concentrations below regulatory limits.

. Fluctuations in the elevation of the water table, and associated smearing, are minimized
since product moves horizontally toward bioslurping wells.

« Recovery of residual hydrocarbons in the vadose zone is enhanced by the partial
vacuum induced during bioslurping.

» Limit plume migration through hydraulic lift.

« Can easily be converted for standard bioventing activities following free product
removal and groundwater remediation activities.

- Well design can be modified to expose contamination below water table.

« Bioslurping technology can minimize disruption of the gas station operation during

technology implementation.

Disadvantages:

- High-velocity pump systems tend to form emulsions, especially when diesel is part of
recovered fluids.

- Biofouling of well screens is possible due to active aeration of bioslurping wells.

- Bioslurping does not treat residual contamination in saturated soils.

- Fuel extraction efficiency strongly depends on the bedrock fracture system and

hydrologic connectivity.

6.3.5. Soil Vapor Extraction Alternative

Soil vapor extraction (SVI), also known as "soil venting" or "vacuum extraction", is an
in situ remedial technology that reduces concentrations of volatile constituents adsorbed to soils
in the unsaturated (vadose) zone. In this technology, 4 vacuurn is applied through wells near the
source of contamination in the soil. Volatile constituents of the contaminant mass "evaporate"
and the vapors are drawn toward the extraction wells. Extracted vapor is then treated as
necessary (commonly with carbon adsorption) before being released to the atmosphere. The
increased air flow through the subsurface can also stimulate biodegradation of some of the
contaminants, especially those that are less volatile. In areas of high groundwater levels, water
table depression pumps may be required to offset the effect of upwelling induced by the vacuum.
High moisture content in soils can reduce soil permeability and, consequently, the effectiveness
of SVE by restricting the flow of air through soil pores. In order for this technology to be
effective, hydrogeologic conditions, soil structure and stratification need (o be evaluated. The
ability of this technology to remediate the contamination present at the site is typically evaluated
by conducting a pilot scale demonstration project. The contaminants for which this technology
can be applied as well as this technology’s advantages and disadvantages are summarized below:

Contaminants:
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- VOCs and certain semi-volatile organic compounds (SVOCs) found in petroleum
products.

« Not effective for diesel fuel, heating oils, and kerosene, which are less volatile than
gasoline, or non-volatile lubricating oiis.

Advantages:

« Proven performance; readily available equipment; casy installation.

« Minimal site operations disturbance.

« Can be applied at sites with free product, and can be combined with other technologies.

Disadvantages:

« Concentration reductions greater than 90% are difficult to achieve.

- Effectiveness less certain when applied to sites with low-permeability soil or stratified
soils.

» May require costly treatment for atmospheric discharge of extracted vapors.

« Air emission permits generally required.

+ Only treats unsaturated-zone soils.

+ SVE generally not appropriate for sites with a groundwater table located less than three

Teet below the land surface.

6.3.6. Ex-Situ Treatment of Excavated Soil

This remediation alternative involves excavation and on- or off-site treatment of the
contaminated media present at the property. Examples of potential ex-situ treatment
technologies include the construction of vented biopiles, thermal desorption, enhanced
biodegradation, and phytoremediation. The ability of these technologies to remediate the
contamination present at the site is typically evaluated by conducting a pilot scale demonstration
project.

Contaminants:
+ Non-halogenated volatiles and semi-volatiles, fuel hydrocarbons.
- Less effective for some halogenated volatiles, semi-volatiles, and pesticides.

Advantages:

» Better oxygen delivery to less permeable formations.

» Easier to track progress of remediation.

« Allows the use of a number of innovative remediation technologies.

Disadvantages:

« Extensive site disturbance, moderate capital costs.

- Need to isolate contaminated soils being treated from coming into human contact.

- Not effective in highly layered, clay, or bedrock sub-surfaces.

- Not effective at sites with high concentrations of heavy metals, inorganic salts, or
chlorinated organic.

- Remediation may take several months to years.

page /S S

93



1752

1753

1754
1755
1756
1757
1758
1759
1760
1761
1762
1763
1764
1765
1766
1767
1768
1769
1770
1771
1772
1773
1774
1775
1776

1777

1778

1779
1780
1781
1782
1783
1784
1783
1786
1787
1788
1789
1790
1791
1792
1793
1794
1793

Report for RI/FS at Land Farm and Area D, Camp Carroil ; 2011

6.3.7. Surface Capping (Iincapsulation)

This technology involves construction of a surface cap at the project site. An
impermeable ground cover is constructed in order to isolate the contaminants from the surface
(and potential exposure to human receptors) and redirect surface water and resulting percolation
away from the contaminated soil.

Surface caps are typically made of synthetic membranes, soil-bentonite mixtures, clay,
asphalt or concrete. An extension of surface capping is encapsulation where impermeable
barriers are extended vertically around and sometimes underneath the contaminated soils to
redirect groundwater around the contaminated soils.

Contaminants:
« All types.

Advantages:

« Easily installed.

- Reduces exposure/contact of public to contaminants.
« Low operation/maintenance (O/M} costs.

Disadvantages:

- Long term liability.

+ Periodic maintenance and monitoring may be required.
+ Vapor controls built-up may be needed.

« Groundwater controls may be needed.

« Not a permanent solution.

6.3.8. Pump and Treat for Contaminated Groundwater

When contaminated groundwater is extracted from the subsurface by pumping, it needs
to be treated before it is discharged. Hence this method is referred to as pump-and-treat. This is
the most common form of groundwater remediation. It is often associated with treatment
technologies such as Air Stripping and Liquid-phase Granular Activated Charcoal. Treatment
systems are described separately.

The well design, pumping system, and treatment are dependent on the site characteristics
and contaminant type. It is not uncommon to find many wells extracting groundwater at the same
time. These wells may be screened at different depths to maximize effectiveness. A major
component of any groundwater extraction system is a ground water monitoring program to verify
its effectiveness. Monitoring the cleanup allows the operator to make adjustments to the system
in rcsponse to changes in subsurface conditions.

A major issue for a pump-and-treat system is determining when to turn the system off.
For contaminants regulated by the EPA, levels established under the Safe Drinking Water Act
are usually the prevailing levels that groundwater has to meet. Termination requirements are
based on the cleanup objectives defined in the initial stage of the remedial process, combined
with site-specific aspects revealed during remedial operations.
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Contaminants;
- Non-halogenated volatiles and semi-volatiles, fuel hydrocarbons, explosive compounds

and dissolved metals.

Advantages:

* Proved technology for contaminated groundwater treatment

» One of the known most efficient to remediate contaminated groundwater.

- Easier to track progress of remediation.

» Enhance biodegradation process by dewatering and supplying oxygen to the capillary
fringe.

Disadvantages:

« Normally take a very long time fo meet cleanup goals depending upon the extent of area
of concern and the hydraulic properties of the aquifer.

« Pumping depresses the groundwater level, leaving residuals sorbed to the soil.

» After the groundwater level returns to its normal level, contaminants sorbed onto soil
become dissolved (rebound effect).

« Should rebound tests be performed frequently after a system is turned off, and after

major rain or flooding events.

6.4. Remedial and Monitoring Recommendations

The recommended remedial and monitoring requirements for Camp Carroll installation
are summarized in Table 6-1. The levels of contaminants in the site soil and groundwater do
exceed the Tier I and I1 ESLs of Guam EAP Standards, which was identified exposure pathways
to human being that could pose an imminent health risk since the camp utilizes the groundwater.
As an initial remedial measure, it is recommended that a buried waste be removed from the site
subsurface (Figure 6-1)

With respect to contaminant source removal, it is recommended that groundwater be
treated prior to uptaking from the supply wells or before distributing to buildings. In addition,
periodic groundwater and soil sampling at the site is recommended to evaluate whether natural
attenuation and contaminant degradation is occurring.
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Table 6-1. Recommended Remedial Approach and Site Monitoring at LF-Area D.

Recommended Remedial / Monitoring
Approach

Rationale for Decision

Remove the source of soil and groundwater
gcontamlnation OﬂleI‘WlSe it’ 8, gomg 10 _be a

S ;éontammatlon exceeds the human heaith risk
| guideline by Guam EPA ESLs. . )

| Allows the site can be utilized and help the ==

allation mission gets suceeed without a
cntai ‘concern. Removal activity:
cur because the: level of subsurface

Treat the contaminated groundwater.,

by US EPA.

Tier I and 11 screenings indicate the site
groundwater utilizing in the installation
exceeds the level of human toxicity, and some
chemicals exceed the drinking water standard

'{P}an on penod groundwatcr and 3011

| further. spfeadmg of contammahon
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Report for RI/FS at Land Farm and Area D, Camp Carroli | 2011

1836  Figure 6-1. The Suspected Waste Burial Area to Be Removed at LF-Area D of Camp
1837  Carroll.
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1861

Page / §(§ g’”

99



1862
1863
1864
1865
1866
1867
1868
1869
1870
1871

Report for RI/FS at Land Farm and Area D, Camp Carroil

2011

Appendix IIT: Slug Test Result

Page
100

/S b6

E



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

1872
1873
1874
1875
1876
1877
1878
1879
1880 Appendix IV: Pumping Test Result
1881

Page /56 ?

101



Report for Ri/FS at Land Farm and Area D, Camp Carroll g 2011

1882
1883
1884
1885
1886
1887
1888
1889
1890 Appendix V: Air Permeability Test Result
1891
1892
1893

Page /Céy

102



DEPARTMENT OF THE ARMY
U.S. ARMY CORPS OF ENGINEERS, FAR EAST DISTRICT
Unit #15546
APO AP 96205-5546

REPLY TO
ATTENTION OF:

CEPOF-ED-GE 25 May 2011

MEMORANDUM FOR Deputy Commander, Eighth Army (Brigadier General David J. Conboy),
APO AP 96204

SUBJECT: Review of Existing Dioxin Analytical Results in Soil and Groundwater Samples,
Camp Carroll, Korea

1. Enclosed is the summary of historical test results for dioxin in soil and groundwater samples.
Special attention is focused on 2,3,7,8-tetrachlorodibenzodioxin (TCDD) due to the very high
toxicity of this compound. The results were excerpted from the previous and on-going
investigation projects at Camp Carroli conducted from 2004 to 2011 by Geotechnical and
Environmental Engineering Branch, US Army Corps of Engineers, Far East District (FED).

2. A total of 106 soil samples and 4 groundwater samples were tested for dioxins and furans
using Method 8290 of United States Environmental Protection Agency (USEPA). The summary
of analytical results is presented in the attached table. The attached figure shows the general
location of samples with detected 2,3,7,8-TCDD in the Area 41, Area D, Landfarm, and BEQ Hill
areas. There were two investigation events in both Area D and Area 41 where 2,3,7,8-TCDD
was detected.

3. Summary of Findings:
a. The 2,3,7-8-TCDD was not detected in any of the groundwater samples.

b. Two (2) soil samples collected in 2004 were reported to have detectable concentrations of
2,3,7,8-TCDD. One sample collected at the Landfarn site had 0.304 pg/g 0£2,3,7,8-TCDD, and
the other sample collected at Area 41 had a concentration of 0.244 pg/g as an estimated maximum
possible concentration (EMPC). EMPC is an estimated value provided when the target
compound is mixed with other components, but estimated as maximum under the assumption that
the concentration only originated from the target compound.

c. Three (3) soil samples collected in 2011 were reported to have 2,3,7,8-TCDD. There is
one sample from Area 41 with a concentration of 0.070 pg/g, and two samples from Area D with
0.074 and 0.030 pg/g respectively. These detected levels were less than the quantitation limit of
the testing laboratory. Consequently, the concentrations were reported as estimated values.
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d. The International-Toxic EQuivalent (I-TEQ) scheme weighs the toxicity of the less toxic
compounds as fractions of the toxicity of the most toxic TCDD. There are two methods for
calculating the I-TEQs for soil samples using the I-Toxic Equivalent Factors (TEF). The first
method uses the measured concentrations of dioxins and furans detected equal to or higher than
the Method Detection Limit (MDL), and one-half the detection limit for the compounds not
detected. For the second method, the I-TEQs can be calculated in a manner similar to the above,
but uses a zero value for the compound if it was not detected. In the draft version of 2011 FED
report, FED calculated the I-TEQ as 1.9 pg/g by using the first method for Area D samples, and
recalculated the I-TEQ value as 1.7 pg/g using the second method.

4. Laboratory reports for the samples in which 2,3,7,8-TCDD was detected are attached. The
POC for this matter is Ms. Sarah Woo at 721-7739.

DN c=US, 9=US. Goverpment, cu=DoD, ou=PKj,
ou=LUSA, 70273285
hi’ Date: 201405, DT + M TY

Ll
Encl Y.
eI, Geotechnical & Environmental Engineering

Branch
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Table- Summary of Dioxin Test Results
-Soil and Groundwater Samples of Camp Carroll-

. Project Year and

ocation.
BEQ Hill 7 21 - - 0.179-2.02 -
2004 FED
Landfarm 6 18 1 sample 0.304 0.482-0.962 -
Area 41 4 4 1sample | 0.244 EMPC® | 0.717-2.04 - 0.00017 - 0.00336
2004 — : . - —
Samsung No " e R )
AreaD borehole 6 - 0.0026 - 0717 0.00001 - 0.00097
Area4d1 13 31 1 sample 0.070 JQ%® 0.001-1.33 .
2011 FED 0.074 JQ -
Area D 13 26 2sample s 0.03-1.73
0.030 JQB®*® -

*international Toxic Equivalent calculated using Internationai-89 Toxicity Equivalent Factors based on 2,3,7,8-TCDD.

** samples were collected using a backhoe.
$ - Estimated Maximum Possible Concentration.

$$- I the quantitation is estimated, Q: QC parameter out of acceptable range
$5%- B: indicates the analyte is found in a blank assaciated with the sample
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Figure - Summary of 2,3,7,8-TCDD Test Result.

Legend MAP OF CAMP CARROLL
[ Buildings -RESULT OF2,3,7,8-TCDD- BEQ Hill
£ Supply Well 2.3,7.8-TCDD
Asphatt Paved Road -Not detected
-~ Fence Hne
Alrfield

/
y
Firing range / [&

4 Small Arm
1 Firing Range

Landfarm

2,3.7.8.TCOD
Detacted

2.3.7.8-TCDD
-Detected
Area 4

2.37.8-TChD
- Detected
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2,3,7,8-TCDD Data Sheet
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2004 Samsung - Arvea 41

Tabie 4-8
Summary of Diexin Detections: Soil

Appendix

Sample ID§ CCO515501 § CC0555801 | CCO66BS0T | CCOB65S01 | CCOB7SS01 | CCTRIBS0T | CCO01SS01 | CCO045501 | CCO0BBS02
lab IDf 1033224003 | 1033224004 | 1032224002 | 1032224001 | 1033224005 | 1031902006 | 103182003 | 103182002 | 103182017
Location Area 41 Area 41 Area 41 Area 41 Area 41 Area 41 Area D Area D Area D
Une __ (po'y) (pgfg} {pafa) {pg/g} {pg/9) (pgfa) {pg/g) {pgig) {pg/g)
2.3.7,8-TCDD ND ND ND EMPC=0.244 ND ND ND ND ND
1.2,3,7,8-PeCDD EMPC=0.268 ND ND EMPC=0.253 ND ND ND ND ND
1.2,3,4,7,8-HxCDD EMPC=0.559 ND ND EMPC=0.278 ND ND ND ND ND
1,2,3,6,7,8-HxCDD 1.74 ND ND 0.594 ND ND ND ND ND
1,2,3,7.8,9-HxCDD 1.1 ND ND EMPC=0.467 ND ND ND ND ND
1,2.3,4,6,7.8-HpCDD 54.5 1.14 0.378 11.8 0.865 0.926 0.607 0.394 a.627
QCDD 793 40 4.15 111 30.2 5.7 26.1 18.7 8.5
2,3,7,8-TCDF EMPC=0.318 ND ND 0.235 ND 0.107 ND ND ND
1,2,3,7,8-PeCDF 0.493 ND ND 0.131 EMPC=0,119 ND ND ND ND
2,3,4,7,8-PeCDF 0.25 ND ND 0.278 0.0956 ND ND ND ND
1.2,3,4,7 8-HxCDF 0.766 ND ND 0.393 EMPC=0.110 ND ND ND ND
1,2.3,6,7,8-HxCDF EMPC=0.555 ND ND EMPC=0.341 0.119 ND ND 0.0522 ND
2,3,4,5,6,7-HxCDF 0.584 ND ND 0.414 ND ND ND ND ND
1,2,3,7,8,9-HxCDF ND ND ND ND ND ND ND ND ND
1,2,3,4,6,7,8-HpCDF 10.5 0.312 ND 4,53 0.336 EMPC=0.118 |EMPC=0.0883 0.106 0.0988
1,2,3,4,7.8,9-HpCDOF 0.859 ND ND 0.382 ND ND ND ND ND
OCDF 23.1 1.08 ND 11.3 EMPC=0.559 ND QMPC=U.136 ND NP
[Total TCDDs ND ND ND ND ND ND ND ND ND
Tatal PeCDDs 0.557 NE ND 0.223 ND ND ND ND ND
[Total HxCDDs 7.62 ND ND 0.594 ND ND ND ND ND
Total HpCDDs g9r.7 2.52 0.737 21.1 2 3.01 1.44 1.14 0.627
[Total TCDFs 2.6 ND ND 0.64 ND 0.188 ND ND ND
[Total PeGDFs 4.55 ND ND 2.4 0.0956 ND ND ND ND
Total HxCDFs 11.8 ND ND 7.14 0.224 ND ND 0.0522 ND
Total HDCDFs 282 0.312 ND 13 0,732 NI} N 0106 0.186
ITEF TEQ(ND = () 204 0.0556 0.00793 0.596 0,102 0.0717 0.0322 0.0289 0.0458
ITEF TEQ (ND = 1/2) 2.34 0.584 0.436 0.825 0.492 0.362 0.331 0.293 0.323
Notes:
poefy = picograms per gram
ND = not detecled
na = not analyzed
4-64




Appendix

2004 FED - Landfarm Paradigm Analytical Labs
Methed 8290
1042930024
8GS Environmental
Analytical Data Summary Sheet
Analyte Amount EDL EMPC RT Ratio Qualifier
(rg/e) (refg) (re/®) {min.)

2,3,7.8-TCDD 0.304 31:17 0.82 A
1,2,3,7.8-PeCDD 0.240 34:07 1.37 A
1,2,3,4,7,8-HxCDD 0.232 36:42 1.13 A
1,2,3,6,7,8-HxCDD EMPC 0.500 0.732 36:47 1.02 A
1,2,3,7,8,9-HxCDD EMPC 0.500 0.388 nm 1.60 A
1,2,3,4,6,7,8-HpCDD 210 40:06 1.02
OCDD 339 44:23 0.85
2,3,7,8-TCDF 1.47 30:36 0.79 A
1,2,3,7,8-PeCDF 0.851 33:19 1.53 A
2,3,4,7,8-PeCDF 0.628 33:56 1.57 A
1,2,3,4,7,8-HxCDF 1.55 35:59 1.15 A
1,2,3,6,7,8-HxCDF EMPC 0.500 0.915 36:06 1.05 A
2,3,4,6,7,8-HxCDF 0.748 36:35 1.21 A
1,2,3,7,8,9-HxCDF ND 0.500
1,2,3.4,6,7,8-HpCDF 6.84 38:51 1.06
1,2,3,4,7,8,9-BpCDF 0.787 40:48 0.97 A
QCDF 28.2 o 44:41 0.81 |
Total TCDDs 1.52 2.66
Total PeCDDs 1.7
Total HxCDDs 429 6.33
Total HpCPDs 42.1
Total TCDFs 7.68 12.8
Total PeCDFs 7.27 846
Total HxCDFs 9.25 10.2
Total HpCDFs 17.0
ITEF TEQ (ND=0) 1.83 2.04
ITEF TEQ (ND=%) 1.93 2.06
Client Information Sample Information
Project Name: Cp Carroll 03-07%¢ Report Basis: Dy Weight

Matrix: Soil
Sample ID: 1042930024 Weight / Volume: 05.52 g

Solids / Lipids: 20.6 %

Original pH : NA
Laboratery Information Ratch 1 WG1H036]
Project 1D: G552-81
Sample ID; G552-81-208B Filename: a07jun04b_7-8
Collection Date/Time: 17-May-04  12:50 Retchk: a07junf4b _6-14
Receipt Date: 29-May-04 Begin ConCal: a07jun04b_6-14
Extraciion Date; 03-Jun-04 End ConCat: a07jun04b _7-14
Analysis Date: 10-Jun-04 Initial Cal: m8290-122203b
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Appendix
2011 FED - Area 41

NCA Labs Korea Co, Ltd.
Sample ID: B09-191-52

Trace Level Organic Compounds

SW846 8290
Lot - Sample #,...; G9J100225 - 018 Work Order #....:  LMD842AG Matrix....: SOLID
Date Sampled....; 10/07/09 Date Received...:  10/14/09 Dilution Factor:  0.98
Prep Date....: 11/05/09 Analysis Date...:.  11/07/09 Percent Moisture; 13
Prep Bateh # ... 9309558 Instrument ID....: 3D5
Initiai Wgt/Vol : 1021 g Analyst ID....; Grandfield 8. Virginia

REPORTING ESTIMATED

PARAMETER RESULT LIMIT DETECTION LIMIT UNITS
2,3,74-TCDD 0.670 1Q L1 0.036 peie
Total TCDD 0.076 1.1 0.036 peig
1,2,3,7,.8-PeCDD ND 56 0.057 pe/E
Total PeCDD ND 5.6 (.057 pe/s
1,2,3,4,7,8-HxCDD 0.054 JQ 56 0.039 pe'e
1,2,3,6,7,8-HxCDD 0.059 JQ 56 0.032 pe/e
1,2,3,7,8,9-HxCDD 0,040 J 56 0.033 Pe's
Total HxCDD 0.22 56 0.034 pe/y
1,2,3,4,6,7.8-HpCDD 0.7¢ JB 5.6 0,058 pefe
Taotal HpCDD 1.4 5.6 0.058 pg/e
ocHn 10 JB 1 0.15 peig
2,3,7.8-TCBF 0.096 J 1.1 0.026 pefe
Total TCDF 0.17 1.1 0.026 pe/s
1,2.3.7,8-P¢CDF ND 5.6 0.041 pefe
2,3.4.7,8-PeCDF ND 56 0.043 Pe/z
Total PeCDF ND 56 0.043 ryE
1,2,3,4,7,8-HxCDF 0.068 J 5.6 0.023 peis
1,2,3,6,7,8-HxCDF 0.031 JQ 5.6 0.020 pgle
2,3,4,6,7.8-HxCD¥ 0.056 J 5.6 0.022 peie
1,2,3,7,8,9-HxCDF 0.046 J 56 0.024 pele
Total HXCDF 0.29 56 0.022 pe'g
1,2,3,4,6,7,8-HpCDF 0.21 J 5.6 0.036 pg/e
12,3,4,7,8,9-HpCDF 0.055 JQ 56 0.043 pele
Total HpCDF 0.42 5.6 0.039 pe/z
OCDF 0.081 JQ 1 0.079 pele

/S7b L (o
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Appendix

2011 FED - Area D

NCA Labs Korea Co, Lid.
Sample 1D; B09-198-S1

Trace Level Organic Compounds

SWS846 8290
Lot - Sample #....: (91240378 - 020 Work Order #....:  LLF3Q2AQ Matrix....: SOLID
Date Sampled....: 09/22/09 Date Received....:  §9/25/09 Dilution Factor;  0.95
Prep Date....: 10/21/09 Analysis Date...;  [0/29/09 Percent Maoisture: 8.1
Prep Batch # ....: 9294334 Instrument ID....:  3D5
Initial Wgt/Vol : 105¢ Analyst ID....: Sonia Ouni

REPORTING ESTIMATED

PARAMETER RESULT LIMIT DETECTION LIMIT UNITS
2.3,7.8-TCDD 0,030 JOB L0 0.026 pgle
Total TCDD 0.030 1.6 0.026 (.0
1,2,3,7,8-PcCDD ND 52 0.057 re/e
Total PeCDD ND 5.2 0.057 pE/E
1,2,3,4,7,8-HxCDD ND 52 0.027 Pe/g
1,2,3,6,7,8-HxCDD 8.036 JQ 5.2 0.022 pe'e
1,2,3,7,8,9-HxCDD 0.079 JQ 52 0.023 pe/e
Total HxCDD 617 5.2 0.024 pEE
1,2,3.4,6,7.8-HpCDD 0.56 JB 5.2 0.043 pgle
Total HpCDD 1.6 5.2 0.043 pe'e
OCDD 26 B 10 0.12 pe/e
2,3,7.8-TCDF 0.14 JB 1.0 0.023 pPE/E
Total TCDF 0.22 1.0 0.023 pe/e
1,2,3,7.8-PeCDF ND 5.2 0.031 pe/e
2,3.4,7 8-PeCDF ND 5.2 0.032 pe/g _
Total PeCDF ND 5.2 0.033 pee @
1,2,3,4,7,8-HxCDF 0.067 JQ 5.2 0.015 pelg
1,2,3,6,7,8-HxCDF 0.048 JIQ 52 0.014 pe/e
2,3,4,6,7,8-HxCDF 0.036 IQ 5.2 0.014 pglg
1,2,3,1,8,9-HxCDF 0.044 J 52 0.016 pa/g
Totai HxCDF 0.22 52 0.015 pelg
1,2,34.6,7,8-HpCDF 6.14 JQ 52 0.026 pele
1,2,3,4,7,8,9-HpCDF ND 32 0.030 p/e
Total HpCDF 0.14 52 0.028 L
OCDF 0.14 IQB 10 0.040 pgle

- s IR, /202009
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2011 FED - Area D

Lot - Sample #....:
Date Sampied....:
Prep Date....:
Prep Batch #....:
Initial Wgt/Vel :

PARAMETER

2,3,7.8.TCDD

Total TCDD
1.2,3,7.8-PeCDD
Total PeCDD
1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCBD
1,2,3,7,8,9-HxCDD
Total HxCDD
1,2,3,4,6,7,8-HpCDD
Total HpCDD
acbp
23,7,8-TCDF

Total TCDF
1,2,3,7.8-PeCDF
2.3,4,7,8-PeCDF
Total PeCDF
1,2,3,4,7.8-HxCDF
1,2,3,6,7,8-HxCDF
2,3.4,6,7,8-HxCHF
1.2,3,7.8,9-HxCDF
Totai HxCDF
1,2,3,4,6,7.8-HpCD¥F
1,2,3,4,7,8 9-HpCDR
Total IpCDF
OCDF

G9i240378

G91240378 - 039

Trace Level Organic Comtpounds

NCA Labs Korea Co, Ltd.
Sample iD: B09-194-S2

SW846 8290

Work Order #....:  LLICRIAF

ESTIMATED
DETECTION LIMIT UNITS

Dilution Factor:
Percent Moisture:

Appendix

SOLID
8.97

09/22/0% Date Received....:  09/25/09
10/19/09 Analysis Date.....  16/28/09
9292309 Instrument ID...:  4D35
1027 g Anslyst ID....: Susan X. Yan
REPORTING

RESULT LIMIT

0.074 JQ Lk

0.074 1.1

0.039 J 54

0.45 5.4

0.29 1Q 54

11 J 54

0.86 JB 54

6.5 5.4

38 B 54

74 54

440 B 1

.12 JQ L1

0.35 1.1

0.12 JQ 5.4

0.12 J 54

1.5 54

L3 JB 5.4

0.57 JB 5.4

022 JQ 5.4

ND 5.4

15 54

19 B 54

1.3 J 5.4

80 54

57 B 11

ANV’

0.0039
0.06039

0.014
0.014
0.038
0.032
0.032
0.034
0.26
0.26
6.4¢
0.031
0.6
0.068
0.071
0.069
6.11
0.11
0.11
0.13
9.11
0.24
0.28
6.26
0.23

(4
pefe
pe'e
pee
pg's
pe’s
pe/E
pe/g
pe/e
pefe
pele
pe/e
pg/e
pe/e
pefe
pe/e
pe's
pele
PR/e
pe/s
pele
pels
pele
pL/s
pele

TestAmerica West Sacramento —

o

2

b

1 1/20/2009
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Table - Summary of Dioxin Test Results
Seil and Groundwater Samples of Camp Carroll

Numbers Dsa'?p'es ’:"’. Detection of 2,3,7,8-TCDD 1-TEQ*
Project Year and of 10Xin analysis
Location C trati
Borchole . Ground i . oncentration , "
Soi water Number of Hit (pe/e) Soil (pg/g} |Groundwater (ng/L)
BEQ Hill 7 21 0 - - 0.179 - 2,02 no sample
2004 FED
Landfarm 6 18 0 1 soil sample 0.304 0.482 - 0.962 ne sample
200 Arca 41 4 4 2 1 soil sample| 0.244 EMPC' | 0.717-2.04 | 0.00017 - 0.00336
4
Samsung | Arca D No o** 2 - - 0.0026 - 0.717} 0.00001 - 0.00097
borchole
Arcad! 13 31 0 I soil sample 0.070 JQ° 0.001 - 1.33 no sample
201t FED 0741 ]
AreaD 13 26 0 |2 soil samples 0.074 1Q 3 0.03-1.73 [0 ampe
0.030 JQB no sample

* International Toxic Equivaleat caleulated using infermational-89 Toxicity Equivalent Faclars based on 2,3,7,8-TCDD.
** Samples were collected using a backhoce.

! [istimated Maximum Possible Concentration

21 the quantitation is estimated, Q: QC parameter out of acceptable range.

*B: Indicates the anafyte is found in a biank associated with the sample.
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Figure - Summary of 2,3,7,8-TCDD Test Result.

MAP OF CAMP CARROLL

Legend
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2,3,7,8-TCDD Data Sheet



2004 Samsung - Area 41

Appendix

Table 4-8
Summary of Dioxin Detections; Soil
Sample ID] CC0518S01 | CC0555501 | CCOB6BS01 | CCOB65S01 | CCOB7SS01 | CG161BS0T | CCO015501 | CC0045501 CC006BS02
Lab (D] 1033224003 | 1033224004 | 1032224002 | 1032224001 | 1033224005 | 1031902006 { 103182003 | 103182002 | 103182017
Location] Area 41 Area 41 Area 41 Area 41 Area 41 Area 41 Area D Area D Area [}
Unitf__ (bafg) (pglg) {pgi9) (pgrq) {pgla) {po'g) {pgla) {pgig) {pale)
2,3,7,.8-TCDD ND ND ND EMPC=0.244 ND ND ND ND ND
1,2,3,7,8-PeCDD EMPC=0.268 ND ND EMPC=0.253 ND ND ND ND ND
1,2.3,4,7,8-HxCDD EMPC=0.559 ND ND EMPC=0.278 ND ND ND ND ND
1,2,3,6,7,8-HxCDD 1.74 ND ND 0.594 ND ND ND ND ND
1,2,3,7.8,9-HxCDD 1.1 ND ND EMPC=0.467 ND ND ND ND ND
1.2,3,4,6,7,8-HpCDD 54.5 .14 0.378 "6 0.865 0.926 0.607 0.394 0.627
oCDD 793 40 4.15 111 30.2 51.7 26.1 18.7 385
2,3,7,8-TCDF EMPC=0.318 ND ND 0.235 ND 0.107 ND ND ND
1,2,3.7,8-PeCOF 0.493 ND ND 0.131 EMPC=0.119 ND ND ND ND
2,3,4,7,8-PeCDF 0.25 ND ND 0.278 0.0956 ND MD ND ND
1.2,3,4,7.8-HxCDF 0.766 ND ND 0.383 EMPC=0.110 ND ND ND ND
1,2,3,6,7.8-HxCDF EMPC=0.555 ND ND EMPC=0.341 0.119 ND ND 0.0622 ND
2,3.4,5,8,7-HxCDF 0.584 ND ND 0.414 ND ND ND ND ND
1,2,3,7.8,9-HxCDF ND ND ND ND ND ND ND ND ND
1,2,3,4,6,7,8-HpCDF 10.5 0.3i2 ND 4.53 0.336 EMPC=0.118 |[EMPC=0.0883 0.106 0.0988
1,2,3,4,7,8,9-HpCDF 0.859 ND ND 0.382 ND ND ND ND ND
lOCDF 23.1 1.08 NB 11.3 EMPC=0.559 ND EMPC=0.136 ND ND
Frotal TCDDs ND NI ND ND ND ND ND ND ND
[Total PeCDDs 0.557 ND ND 0.223 ND ND ND ND ND
Total HxCDDs 7.62 ND ND 0.594 ND ND ND ND ND
[Total HpCCDs 97.7 2.52 0.737 21.1 2 3.01 1.44 1.14 0.627
[Total TCDFs 26 ND ND .64 ND 0.186 ND MND ND
Totat PeCDFs 4.55 ND ND 2.4 0.0856 N> ND ND ND
Total HxCDFs 11.8 ND ND 7.14 0.224 ND ND 0.0522 ND
[Total HpCDFs 38.2 0.312 ND 13 0.732 ND ND 0.106 0.188
ITEF TEQ(ND = 0) 2.04 0.0556 0.00793 0.596 0.102 80717 0.0322 0.0289 0.0458
IITEF TEQ (ND = 1/2) 2.34 0.504 0.436 0.825 0.492 0.362 0.331 0.293 0.323
Notes:
palg = picograms per gram
ND = not detected
na = not analyzed
4-64
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Appendix

2004 FED - Landfarm Paradigm Analytical Labs
Method 8290
1042930024
SGS Environmental
Analytical Data Summary Sheet
Anglyte Amount EDL EMPC RT Ratio Qualifier
(re/e) {rg/g) e/ {min}

2,3,7,8-TCDD 0.304 LT 0.82 A
1,2,3,7,8-PeCDD 0.240 34:07 1.37 A
1.2,3,4,7,8-HxCDD 0.232 36:42 1.13 A
1,2,3,6,7,8-HxCDD EMPC 0.500 0.732 36:47 1,02 A
1,2,3,7,8,9-HxCDD EMPC 0.500 0.388 37:02 1.60 A
1,2,3,4,6,7,8-HpCDD 21.0 40:06 1.02
OCDD 339 44:23 0.85
2,3,7,8-TCDF 147 30:36 0.79 A
1,2,3,7,8-PeCDF 0.851 33:19 1.53 A
2,3,4.7 8-PeCDF 0.628 33:56 1.57 A
1,2,3,4,7,8-HxCDF 1.55 35:59 1.15 A
1,2,3,6,7,8-HxCDF EMPC 0.500 0915 36:06 1.05 A
2,3,4,6,7,8-HxCDF 0.748 36:35 1.21 A
1,2,3,7,8,9-HxCDF ND 0.500
1,2,3,4,6,7, 8-HpCDF 6.84 38:51 1.06
1,2,3.4,7.8,9-HpCDF 0,787 40:48 0.97 A
OCDF 28.2 44:41 0.81 o
Totai TCDDs 1.52 2.66
Total PeCDDs 1.71
Total HxCDDs 429 633
Total HpCDDs 42.1
Total TCDFs 7.68 12.8
Total PeCDFs 7.27 8.46
Total HxCDFs .25 10.2
Total HpCDFs 17.0
ITEF TEGQ (ND=() 1.83 2.04
ITEF TEQ (ND='2) 1.93 2.06
Client Information Sample Information
Project Name: Cp Cauroll 03-079¢ Report Basis: Dry Weight

Maitrix: Soil
Sample ID; 1042930024 Weight / Volume: 05.52 g

Soiids / Lipids; 90.6 %

Original pH : NA
Laboratery Informatien Batch ID: WGi0361
Project 1L): G552-81
Sample ID: (G552-81-20B Filename: a07jun04b_7-8
Collection Date/Time: 17-May-04  12:50 Retchk: a07jun04b_6-14
Receipt Date: 29-May-04 Begin ConCal: a07jun04b_6-14
Extraction Date; 03-Jun-04 End ConCal: 307jund4b 7-14
Analysis Date: 10-Jun-04 Initiat Cal: mB290-122203b

/s ¥ 5
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Appendix
2011 FED - Area 41

NCA Labs Korea Co, Ltd.
Sample 1D: B09-191-S2

Trace Level Organic Compounds

SWade6 8290
Lot - Sample #....; G9J100225-018 Work Order #....: LMD842AG Matrix....: SOLID
Date Sampled....; 10/07/09 Date Received...:  10/14/09 Dijution Factor:  0.98
Prep Date....! 11/05/09 Analysis Date.....  11/07/09 Percent Moisture: 13
Prep Batch # ... 9309558 Instrument ID....:  3D5
Initial Wgt/Voi : 1021 g Anzlyst ID....: Grandficld §. Virginia

REPORTING ESTIMATED

PARAMETER RESULT LIMIT DETECTION LIMIT UNITS
2,3,7,8-TCDD 0,070 JQ L1 0.036 pgig
Total TCDD 0.070 1.1 0.036 pele
1.2,3,7,8-PeCDD ND 56 0.057 pe/g
Total PeCDD ND 56 0.057 pe/s
1,2,3,4,7,8-HxCDD 0.054 JQ 5.6 0.039 pe'e
1,2,3,6,7.8-HxCDD 6.059 JQ 5.6 0.032 pelg
1,2,3,7.8,9-HxCDD 0.040 J 56 0.033 pe’e
Tatat HxCDD 0.22 5.6 0.034 rele
1,2,3,4,6,7,8-HpCDD 0.70 JB 5.6 0.058 pe/e
Total HpCDD 1.4 5.6 0.058 pe/g
oCHD 16 IR n 0.15 pefe
2,3,7,8-TCPBF 0.096 J 1.1 0.026 pe/E
Tota} TCDF 0.17 1.1 6.026 pe/g
1,2.3.7.8-PeCDF ND 56 0.041 pR/e
2,3,4,7,8-PcCDF ND 5.6 0.043 pe/s
Total PeCDF ND 5.6 0.043 pefe
1,2,3,4,7,8-HxCDF 0.068 J 56 0.023 pele
1,2,3,6,7,8-HxCDF 0.031 JQ 56 0.020 pg/g
2,34.6,7.8-HxCDF 0.056 J 5.6 0.022 pefe
1,2,3,7.89-HxCDF 0.046 J 56 0.024 pe/a
Total HxCDF 0.29 5.6 0.022 pe'e
1,2,3,4,6,7,8-HpCDF 0.21 J 5.6 0.636 pe/e
1,2,3,4,7,8,9-HpCDE 0.055 iQ 5.6 0.043 pelg
Total HpCDF 0.42 5.6 043y pefe
OCDF 0.081 JQ 13 0.979 pe/e

/S5y

69100225 TestAmerica West Sacramento — 252 of 3758
e




Appendix
2011 FED - Area D

NCA Labs Korea Co, Lid,
Sample ID: B09-198-S1

Trace Level Organic Compounds

SW846 8290
Lot - Sample #....: G91240378 - 020 Work Order K....:  LLF3Q2AQ Matrix....: SOLID
Date Sampled....: 09/22/09 Date Received...:  §9/25/09 Dilution Factor; 0.95
Prep Date....: 10/21/09 Analysis Date....; 10/29/09 Percent Moisture: 8.1
Prep Batch # ... 0264334 Instrument ID....:  3D5
Initial Wgt/Vol : 105¢ Analyst ID....: Sonia Ouni

REPORTING ESTIMATED

PARAMETER RESULT LIMIT PETECTION LIMIT UNITS
2,3,7.5-TCBD 6.030 JQB 1.0 0.026 pele
Total TCDD 0.030 1.0 0.026 pe/e
1,2,3,7,8-PcCDD ND 5.2 0.057 refe
Total PeCDD ND 5.2 0.057 pe/e
1,2,3,4,7,8-HxCDD ND 52 0.027 pe/e
1,2,3,6,7,8-HxCDD 0.036 JQ 5.2 0.022 pele
1,2,3,7,8,9-HxCDPD 6.079 JQ 5.2 0.023 pele
Total HxCDD 0.17 5.2 0.024 pe'g
1,2,3,4,6,7,8-HpCDD 0.56 JB 52 0.043 peg
Total HpCDD 1.6 52 0.043 pele
OoCDD 26 B 10 0.12 pe'g
2,3,7.8-TCDF 0.14 JB 1.0 0.023 pe/g
Total TCBF 0,22 1.0 0.023 pg/e
1.2,3,7 8-PeCDF ND 5.2 0.031 pe/e
2,3.4.7.8-PeCDF ND 5.2 0.032 pe/E
Total PeCDF ND 5.2 4.033 pe/e
1.2,34,7.8-HxCDF 0.067 JQ 5.2 0.015 pelg
12,3,6,7,8-HxCDF 0.048 JQ 5.2 0.014 pee
2,3,4,6,78-HxCDF H.036 J0Q &2 0.014 pg/g
1,2,3.7.8,9-HxCDF 0.044 J 5.2 0.016 pa/g
Totat HxCDF 0.22 52 0.G15 pgle
1,2,34,6,7,8-HpCDF 0.14 JQ 5.2 0.026 pe'e
1.2,3.4.7,8.9-HpCDF NI 5.2 0.030 pe/g
Totsl HpCDF 0.14 5.2 0.028 pele
OCDF 0.14 JOB 19 0.040 pele

11/26/2009
A

é; 510 0f 7876
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Appendix
2011 FED - Area D

NCA Labs Korea Co, Lid.
Sample ID: B09-194-82

Trace Level Organic Compounds

SW8d6 8290
Lot - Sample #....: G91240378 - 039 Work Order #....:. LLICRIAF Matrix...; SOLID
Date Sampled....: 09/22/09 Pate Received....  09/25/09 Dilution Facter:  0.97
Prep Date....: 10/19/09 Analysis Date....:.  10/28/09 Percent Moisture: 9.4
Prep Batch # ... 9292309 Instrument ID....:  4D5§
Initial Wgt/Vol : 10.27 g Analyst ID....; Susan X. Yan

REPORTING ESTIMATED

PARAMETER RESULT LIMIT DETECTION LIMIT UNITS
23,78-TCDD 0.074 iQ 11 0.0039 pefz
Total TCDD 0.074 LI 0.0039 /e
1,2,3,7.8-FeCDD 0.089 J 54 0.014 pefe
Total PeCDD 0.45 54 0.014 pefe
1,2,3,4,7,8-HxCDD 0.29 JQ 54 0.038 pe/e
1,2,3,6,7,8-HxCDD 1.1 J 54 0.032 pRig
1,2,3,7,8,9-HxCDb 0.86 JB 54 0.032 pEe
Total HxCDD 6.5 54 0.034 PE/E
1,2,3,4,6,7,8-HpCDD 38 B 5.4 0.26 pes
‘Total HpCDD 74 5.4 0.26 pele
QCDhD 440 B 1 0.40 pe/s
2,3,7,8-TCDF 0.12 JQ 11 0.031 pele
Total TCDF 0.35 1.1 0.031 pe/s
1,2,3,7,8-PeCDF 0.12 JQ 54 0.668 pefe
2,3,4,78-PeCDF 0.12 J 5.4 0.071 PEie
Total PeCDF i.5 5.4 0.069 pe/e
1,2,3,4,7,8-HxCDF 1.3 JB 54 0.11 peig
1,2,3.6,7,8-HxCDF 0.57 JB 54 6.1 pefe
2.3,4,6,7,8-HxCD¥F 0.22 JQ 54 ¢ peie
1,2.3,7.8.9-HXCLF ND 5.4 0.13 pe/e
Total HxCDF 25 5.4 0.1t pe/g
1,2,3,4,6,7.8-HpCDF 19 B 5.4 0.24 pelg
1,2,3,4,7,8 9-HpCDF 1.3 J 5.4 0.28 pe/e
Total lipCD¥ 80 54 0.26 pefs
OCDF 57 B il 0.23 pele

B! 172072009

691240378 TestAmerica WestSacramento— ‘ bl sy atrors
hio



rs

URS BUY 10} UORRUIWEBILOD (04 U0 pasn

SLD B Jou SeMm UIXOoIp asnessy Ajuo 0g

NN

ns (34) fjoyen ds jo a m@hﬁsﬁsﬁ%mﬁ e

204
J0)

o
U

18]

=

S SN 1EYUY IR LIDnUG
IXOIP m%@w% SED I
O

w
10841p MOJ} J8jeMpPUNO.

éﬁ ?A}m

(Ee5)9i-zig
stjam Addng

ABPRMOUNGISY

I~
O

P
.,



‘esle uliejpueT g ( Baly ik poy sjjom Alddns ee ¢ 9 spediisy punose usssb s1 39d A
H{0LAA Ul Asauns (134) J8jempuno ul{susjAulsoiojyoiad) 394

2

{uBnigoa e

) SEE




eaie wiejpueT g ( 8oty 18 pay siiem Aiddns "ea ¢ g spedijay punoie usasb S| 8UBNIOL A4
{0LAL Ul Asauns 34) 18leMpPUnoUs) L ausnjo}

1S¥9




‘eade uuejpuet) g (g ealy g poy sliem Ajddns e ¢ 9 spedisy punole ussib S I99L 1AL
H{0LA4 Ul Asadns (134) s8leMmpuncss) uy {susiAursociojysl) 391

£

%ﬁégw
ddd s usoig




Tk

BUS[AI@0IDIYOUY 13DL

auaAyIsoIONORIIB] 131

AT JUBLLURIUOD WINWIXEN T1DIA

ETOC 40 183, 11932 DOIBII] 10} SISAJEUR IS
TT07 ARiN 1O PUT 1GT-ZT# B 10§ SISAIRUE JXBN
310N

A L UOHRIRUBIUCD TN LOITRIUADUOD -
SHiRtUsY : ! J91eAA polRRL]
SIOA ‘ ulxoiq
B 694401 /N paissyion QLG0T
ET CoTEL | WN pa1s3] 10N vI561
TN PalsslioN 90711
VEDS 941 301 TN polsey ioN <0701
e A ST 7Y PISEIION 8818
/8Wg 66 301 TN powsaiion 919
: TN Po1s83 10N OETE
T T CTBWMG T gL 6 T9EDL /NG| peaselioN. T . 6891
{893 T-00Z Wed s Ad pannbasjou VBWS | T8dll CORIL | VN | pemeTIN | GRZST
BIE IBIBM MEJ J0} 1S9 SIOA PUB UIXOIG - CA/Bug T30 - y/N | pemeiioN . E8T-YT
e _ __,mm_m_mmmx E.mec_mmm%mﬁmzm, ERY/ TT-E EOT AL Y| pewerion T E T
- | IR R T TY R v pesalioN | Zbe-it
H TIHA UONRIIUBIUOY THA UCIRIIUBIUOY
SHiBiay : : Gt e
S30A | uHaiQ

DV d-WddH D! B0AL Ut Sisfjeue seiem Buniuug

]S






'91IS§}0 PASOdSip pue BaJEe SI1YT Lo
PaleARIXD Ajpaliodal ausm [10S 4G (SU03 09 — Of) 198} 21gN2 0019 Ajpiewixoldde
‘0867 01 66T WOIJ "S[EDIUBYD PIILISP 19UI0 00T JOAC SE {|3M SB S1UBA|0S
pue ‘saplgiay ‘sapioisad papnpul Ajpalicdal S21RUILIBIUGCTY "§/6T Ul
U B=dy Ul PofjipUe] U9Bq aARY O Pa1I0Ua 848M S1IGaP PUR [I0S PRIBUILBILOY 7
U Bady 1e paljij-pue
Alpa1iodas sism eale Syl Wod 10s pue SHGaQ "UONBUIWEIUGD |los pue Sunies)
P31I0T8L SBM 3UBYL "SIUSAJCS pue ‘sepiiqisy ‘sspivisad ‘sjesiwsyd ‘sSuiyy
18410 SUOWE "BUIUIBIUOD T BaJY Ul PIIOIS SJDM SWInJp Jo susquinu adiet, T

/S 93

ABAING PUNOISNORG PUR 3S(| PUBT [BILIOISIH,
sd9audug Jo sducy wodey 7661



e L, o " ]
%Xxfw SIS 1IPTy EEu ey L 1y
pLODC APHY HOURD LLLE T



1S 9%

3212011

17




5t ‘paiinbaz s| dnuess

leuonippe ssajun papuadxs aq jm spuny [EjudiuuoAUe feuoRIppe ou pue ays dNURSID [RIUSWILOIAUD

ue je Buiiojuow Jo juswebeusw aaloe ur sbebus 1eBuoj ou [Im (0oda Yaiym e jujod ayj - Jnosso|s ajg.
‘#19jdWion asuodsoy

SeABIYOE B)is e 20uo psubisap se uonoajosd P8Nuluod ainsus o) uoyoe jeipowsal e 40 8suBUBUIRL

10/pue ‘SUCKIPUOGD BYS Jo MaIADL ‘Bunioyiuow jeyuswiuosAuG 103 p3sn wis) - (N17) uswsbeuepy uusj -6uo.

‘eseyd siy3 bunnp pezieuy

34 }jim sofjewsyos pue ‘sBuimelp ‘suoneoyivads 94l ‘suoyesyisadg pue suejy ieuid - (gy) ubiseq.

"SISIX3 JUSLUUOIAUS BY) lo/pue HHBaYy uewiny o} Jessy; sjerpswiu ue pue Aemuspun

s! eseyd uopebiysaauy O41 uaym uoljoe jeAcwiay/eipatust Aue PNpUOD - {yuj) uonoy Ieipausy wioiul.
204n0s Bulpuny jo ssoipiebay Suohejiejsul Aury e sjeob uonjoe [eipowas pue

SUO0IIOR BA13981102 U0 asuodsal EJUSWHUOHAUS JeUly BL)) $2quossp jey; Juswnoog - {Qa) wsumnon UODISIDSI L.
"Selpawies dnuesio sys ajesdosdde JC UonenjeAs pue uolRUIWEIUOD

30 JU2IX8 pue ainjeu ayj Jo Juslussssse 10} pasn - {g4) Apnig Ayigqiseay f {1u) uosebiyseau; [eIpswoy.

Jeyl saseojas jeijuojod Jo Soses|as sjenjead o) posn - (jg) uonoadsuj alg 7 (vd) judlissessy Aieuiwijoid.

‘uoljeibuu Joyunj usaaid
01 P342A0TSIP S| 10 S4N200 ssealal 2 Jsye Apjeipswiun uaxe; uonoy - uonoy ssuodsay AousBiswz eniug.

ey

N0vs0}y

| 3 | uoRoy asuodsay
ang — Wi vy | au Sy IS/ivd —— KousBiowzyeniug

S8s8ld Asaing 9

15756



74

sy sannsexy jejusluoAUT BY) Oy
payers eoed jeaosdde ue yum Pa108{as 8g 1M Wi/(y ue
{1 uondo) uoioe o osinos BUL BY 01 POUNLLISISD S) Wi J]

i

ZSEL/0EEL Bpig ~ zoosndans

S 10d ~ LOOSNdEDD

BBy BUIND) BIDIYSA ~ QOONMYODY
9Z¢ Bpig ~ S00UNYIDD

g3

i Dag -~

+00

TEISIEY Mn.mw@ww wﬂﬁ%w@mﬂﬁﬂmm ENUETsUng

40 JUSUILIL UMOLY OU S8 BUS SU3 85015 (£ 10 Wi
1npuog (z (3s1M) vu/ay 1onpuos () suondo ssiy) jo suo
3O UORBULLISISN DUR MBIABE 10} ANioy Iy fesipsiy O} Juss
SA M S:4/1d o3 40 synses 'S/1M 8wl jo uonsidwios uodpn

oA GOISSHOONS e A YN

I iy A

e LR

ol

G0Z Gpig — SOOMIVAADD

(Buuoiuow |

peeu) ILE ~ Z00MTYMOD

abpoT AUty ~ LOOYMIVAMDD

(Bpig yoswr) gog, Bpig ~ LOOYSYNDS

(doys jured) 2151 6
(s8snoysiem) 6eri/oepl 6

18/vd

{saye 91} sayig Do nBaeg oven

PIFl - POOSNAEDD
PIg ~ £00S B

LOOY ssucdsey
AousBaswiyeny






Jajuay
uonewro| sbuelQ wwely 2wy uesioy
Z96! 40 196§ aburip Jusbhy zo0e. ‘Anug

SUIOMAT

Ag feung stues usby 0 UOONIDSSY pue uopebnsoal UL 40} 304 NSE | [BUOHBN OIBUIDIOOT [BUCHELLIN

ABiaoums

THYUDI I 10

UOIMOSaU iy BUY IO} DUR B30Y UINOS Ul $8SBq ARy SN abuess weby 10 1BSCdSIp BU JO INSOISID Ny B3I Joj ubledwe
e Buibest aue am wou by easoy UINCE Ui s3seq Aselin SN U1 10 P3Sodsip Auadoidun uasg pey FeUL TUIO] anios 1ef e
abuess waby enaped w SIESHUBYD 0] AuBW USag sey aiay; 1Byl b o) swos SEY § B2U0Y W ANUBLIND A0uUY ABUI ROA m@ﬁ
Z

B30 WInog of 3wod 0} wal Buaw Aigissod pue sienprepul ssoul 10 WIog Bueuo:

W diay Jnok 498S 0] pojuem | ‘abuei weby 1o leung SuLw PaACAUL UBBY JO passaupm saupe Buney se piesuo) swos Buney
S8 DUBMI0) SLUOD SABY IS0 AT URIDIDA ol UBUBISA eyl diene we | sion Suidioy $19A 10 2USqam Su yEnoug
pue ausgas anod ybnosy ] eauoy yinog %.%@mﬁﬂ BRI 51 ul sburiQ ueby 10 reung sy w ped usye; Butaey se puersn
SUGT IR 1R SID S 1) {1D8IU0 D URD JBY] SUOSIICS 10 Bunaeiues 1o sadoy aw uys udeifesed PUZ U W U 20w AJeumn
50 A eunyg abusip weby o UOHIOSaY pue uonebisaau) 10p 33104 3B | 1susHeN Ui 30 peyay uo) nod Duipews-s e

190l Jeas UBSIOM ABB() SIUSURUOD

0'ZZZV0L 0£°50°1402 Uo mﬁwﬁ'

. _ _ uoRELLO| sBuLIO wiaby Zina uealoy
80104 Wse]L jeUCHEN UBSIOY Ynog ‘GoLeL Anul



	0001-Cover Page.pdf
	ANNEX C Pgs 1501-1599.pdf

