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Abstract — Handling of the large quantity of oil, generation of heavy metals at the military blasting range and outworn
facilities could cause the environmental accidents. Pollution levels of the former five U.S military bases located in
Uijeongbu, Gyeonggi-do were measured. Soil contamination by TPH (Total Petroleum Hydrocarbons), BTEX (Benzene,
Toluene, Ethylbenzene, Xylene), and heavy metals and groundwater contamination were detected. In order to purify
contaminated soil, a variety of technologies including soil vapor extraction, slurping, landfarming and soil washing were
applied. Contaminated soils of five target bases were purified and the results were suitable for the legal standards.
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Fig. 1. Location of target sites.
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Table 1. General information of target sites
Division Camp A Camp B Camp C Camp D Camp E
. .. . Ganeung-dong, Uijeongbu-dong,
Location Geumo-dong, Uijeongbu-si Uijeongbu-si Uijeongbu-si
Area (m?) 136,473 113,989 207,644 135,607 27,873
Weapon company, Facilities maintenance
Use Battalion of TKP terminal Combat unit Helicopter force unit
maintenance corps of engineers
Soil TPH TPH, BTEX, Zn, Pb TPH, BTEX TPH, BTEX, Zn, Ni TPH, B(;Ff)}ii)Zn, N
Pollutant TPHB .
, Benzene,
Underground water - Xylene, Phenol TPH, Benzene, Xylene - TPH
Land farming 11007 obioek 19 mx1ooom, ok 5100 Sblock 15 m<100 m, Zblock Tra“Sfe?pm“’ss
“geth‘)?}s g 15 mx70 m, 1block g g (Camp C)
or soi
treatment ) . O O O O O
Soil washing 25 m/hr Transfer process 24 m/hr Transfer process Transfer process
(Camp A) (Camp A) (Camp C)
Underground water O O O O O
pollution purify 300 m’/day 300 m*/day 460 m*/day 100 m*/day 80 m*/day
.. Soil vapor extraction - - o - -
Pre-stabilization -
Slurping o o - o -

O: The methods for soil purification were applied.
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RO}, 3~5 m ARl = FFEo llen], Hi 7o 29
11,545 mg/kgo13lth. TPH} 7152 Z2398h= LAH 4 AAE4]
2] 39.4%el| NF3IATE BTEX A2 12 A 5 170 24
75E 2B on, #HubEe] AT 90.58 mekgO ® UEL
SEH10-12].

A B 79, fdel 23k 292 0~8 m ATolA] gkl
RO}, 2~5 m A Eel & FFE o] qllon, Hil 7o 29
36,781 mg/kgo]th. TPHF 7155 298k QWA AAH4
2] 38.5%°] Gt BTEXe 23t @42 1,658 m?, 2%
ETLS 1,943 mlol] D= A 02 FALE|QIYH10,11,13].

AEL O S, Adel 2Ft 292 0~8 m ATolA] gkl
ot 2~5 m AEe) FE FFE] Jdglen, H1 7o o9
32,713 mg/kel3Ith. TPH} 7158 238k 294 AAH 3]
9] 38.8%°l aFsIAtt. BTEX 555 719 mgkgel3oH, &
SW9E TPHE 298 WIS F33Ioit) B4t BAAR2) oF
85%7} L7 ES ISl o MARA G 2 A] FESFAL o]
Q19AQl 2%d0] opd Ao F yheTi10,11,14].
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Ao}, 0~3m TRkl 2.930] T2 FTEoH, Ha 420 9%
6,297 mg/kgl] AT}, TPH/} 7152 sk LW AAas
9] 7.97%0ll ekt BTEX #1155 958.74 mgkge] it
[10,11,15].

M B2 A, el 23 292 0~4 m A EolA Bkl
o, #Hil 9 292 16,427 mgkeo] o™, TPH/| 7155
ZIERe oGl AE AAAA ) 69.4%0 SiFsIth. BTEX &1
EEE 170.77 mg/kgo]ATH10,11,16].
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Table 2. Distribution status of soil pollutant

Detection density scope (mg/kg) Average density
Pollutant -

Min Max (mg/kg)

TPH ND 36,781 674.75
BTEX ND 958.74 2.926
Cd ND 1.77 0.04
Cu ND 1,069 4.78
Pb ND 423.77 9.675

Zn 0.53 2,553.52 79.365
F 4.16 601.43 69.53
Ni 0.31 255 25.19

=719 (Oilsheen)o] THE| Gl OH, 7] Fdq-0] vz ellA]
5 & 540] I &1tk BTEX AE-2] ¢ v #4
oA AEI o3 o ® AEH I U, sk 747
FTAREET 719)S 28] HEEAE 48T 10-16].

3-2. @YEY M3 Ayt

Eoky= Aleloll &A1= VOCs (Volatile Organic Compounds)
7k28} Ak el Ak A e =3 Aol AAsH
of, 2 Al §-57 7RAE sk 24k b e gl el o o
3L A 5 Bk o8t FUEe S K] flete] BT
71525 (Soil Vapor Extraction)?} &21°8 -5 (Slurping) .= APt
A3 ArlEiler, o1 Ay AR AAAZE F 9 2
Zoll 2 S VOCs 712=2] AT 85% o do] 3Tt

71X 3FA 3= Table 30l 20ks1o] LERYITH2]. 7Z A2)
A, A 5 A A A Aekg] AAN- s V)
O % 3,000 m*] T A (@Y 277020l HEE] F 2962
>gsIlen, &9 T £ 1,7528] VOCs FE5FE 27719 &3
el EUEESIT 19 5% VOCs 7k~ # A4 23.9 kg,
#31 3802.2 kg, & 5% VOCs 7F~22 109,580.5 ke 2lt}.

3 B] 75, 5,200 m*S] vV @A) 2874yl 285 o]
% 1958 J318lom, 9 & F 7763] VOCs =% HUE®
St Ay} 1Y FF VOCs 7h32 3 4] 2.88 kg, #1L 156.1 kg, F
FZ VOCs 7H38- 8.476.13 kgo] 2tk

75z Ce] 739, ARARP 8 4189 TPH 2,000 mg/kg ©17d 1L
SE 2T FolA T vIZke} IFiEe] vl et 5
29e 3oz 1,793 mdE@EAEAA 16704071 2-LEATt F 166
9 298 1 VOCs 535S YUHH 3 47} 1Y 3% VOCs 7}
25k ZHA 226 kg, HaL 175.8 kgolil F FF VOCs 7
25,454 kg© & L}ERH

7022 DO 79, 7142 m*e] oA @ aA] 26702l 21850
% 90Y g3k om, 9 T F 7383 VOCs FE5HS FUEH
3 A3} 19 F3 VOCs 7143 HA 1202 kg, H11 7315 kg, &
3% VOCs 7}~%=2 25,788.1 kgl At}

A EO| -, F3ro] Pashd E&sor 8 2 dKA]7} 714 o)
s 2REte] AV A 7S A7 GlotA] AR EkAl e
A7} AgtE T @E Bk wdk I CE bS] F38Ieit)

EF73 2 (Landfarming) ¥t E9FA 2 (Soil Washing)2] 25l
Aol 285t A, AAARN 2AEE A7 Bt 65.5~96.1%F
BQIeh BEgh 7| Xk @73k S1al et 80~460 m’/day®] %F
= Ak

N AS] A5, A Bl ERAIF 9] 289 TPH 1,500
mg/kg M) £ @9 Eoko 7 Bk Ake] 49 115,259 mA(EH
BEALAHE 98300 W] @ FE S HsEE 1,119 mg/kg,
3P} shnwlo] whed ) ATl EAe 09 R Pt
268 mgkgl ® AAZQ 0% AHES 76.1%E EAE T
EFAF ] - A BES 7IE0E 94,406 mPE Y33
] WIIEE(TPHY= H 8,351 mg/kg, H4 463 mg/ke, 31t 2,634
mg/kgo] o, Felr} ehR o] wEE ul HS7 gl 243 2
AEZ(TPH)E F o 464 mg/kg, 4 EAZ, 1 174 mgkgl =
AAAR 2AFE ATt 93.39%31T .

A B 79, B 9 EoFAIF 9] A4l TPH 2,000
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Table 3. Operation result of target sites

o - bt - A -

By - v

Division Slurping Soil vapor extraction Slurping
Camp A Camp B Camp C Camp D Camp E
Area (m?) 3,000 5,200 1,793 7142 -
.. Number of installd tubes (a place) 27 28 16 26 -
?\r,e(;scta:)"lm‘m Total conc. 1095805 847613 25454 25.788.1 -
Min conc. 239 2.88 22.6 120.2 -
Max conc. 3,802.2 156.1 175.8 731.5 -
Block batch 9 (10~12) 7 (9~11) 3(5) 2 (12~14) 1(5)
Total batch 100 69 15 26 5
_ Purification quantity (m®) 115,259 79,504 39,300 33,997 9,429
Land farming . . .
(TPH) Carry pollution soil average density (mg/kg) 1,119 1,084 1,128 1,042 960
Purification out of average density (mg/kg) 268 211 218 242 312
Contamination density reduction rate (%) 76.1 80.5 80.4 76.8 65.5
Note - - - - Transfer process (Camp C)
Purification quantity (m3) 96,406 34,805 81,265 296 13,105
Carry pollution soil average density (mg/kg) 2,634 2,572 2,469 529.5 2,181
Soil washing  Purification out of average density (mg/kg) 174 216 182 57.6 84
(TPH) Contamination density reduction rate (%)  93.39 91.6 92.1 89.12 96.1
Note Transfer process ) Transfer process Transfer process
(Camp A) (Camp A) (Camp C)

mg/kg HIRF] 5 29 EoRo R Eokate] - 79,504 mi (ol
EAFAI2DE 2F85iom, 1] @ EC] Wit ELE 1,084 mg/kg
Rom gst ernro] RkEE wf A5l A g 0 S
e 211 mghkg & AAA Q9 EE A8 80.5%F A5
T} EFAH ] A9 A HE BEOFS 7150 7 34,805 mE A=
oA g3l en Rl ES(TPHYE Hul 8,115 mgkg, 4 788
mg/kg, B3t 2,572 mgkgelS o, F3rt ehnEo] v w A%
7)ol A B3 © A% (TPHYE ol 463 mg/kg, H 4 28 mg/kg,
Bt 216 mgkgOE AR L AEE AES Bt 91.60%%
ERtt.

A Co A, B A 9l EoRAF ] A4 2= TPH 1,000
mgkg P5H] 5 2.9 Eoko® EFEEke] 4 39,300 mA ()
AL A 29l on, Bk @ AR HsEE 1,128 mgkg
o|olom Aslr) ekaylo] WhadE u) AZ7|Hel E4% 0] 5
i et 218 mgkgl 2 AAAQ] 2AFE ATES 804%E &
5]}, BEFAF 2] 9 YARE EUS 710 E 81,265 miE ¥
QeI o, MRS (TPH)= Al 3,615 mg/kg, 4 1,481 gk,
Bt 2,469 mg/kge] 3o, a7t ekmE o] wEd ) 15713l A
BA8 © 9155 (TPHY= Ao 302 mg/kg, H4 32 mg/kg, 31 182
mg/kgl ® AFE A 92.1%% A F ST

N DO A4, Bl 9l EokMF 9] A9l TPH 1,500
mgkg PTH] 57 2 EoFo® B Ate] A9 33,997 mPE
Jalglom, M) QT S] HiFsEis 1,042 mgke|2lom 3}
errlo] W wf 57| ellA] A9 9.9 S et 242 mgkg
o7 AAA L AFE AL 76.8%% EAETh EkA|E 2
A% QAN B2 7507 296 miE S8lglom A AR o]
F3to] Alete. Wl s (TPH)= Al 652.7 mg/ke, 4 406.3
mg/kg, 1t 529.5 mg/kgo] 9.0, e A ST | ol A 48 A}
At 60.1 mg/kg, FA 55.1 mg/kg, Bt 57.6 mgkgS 7 AAZ
2AFE AEL HF 89.12%3A}-

732 E9] 749, B3R Y EkAIX ] 218191 TPH 1,000 mgkg
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