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Woo-Hyun Jeon, Jin-Yong Lee, Yu-Chul Park, Seong-Chun Jun and Jeong-Yong Cheon, 2017, High density
contaminants distribution at different depths by changes in groundwater levels. Journal of the Geological
Society of Korea. v. 53, no. 3, p. 467-476

ABSTRACT: Trichloroethylene (TCE) is commonly found contaminant as a in groundwater around industrial
complex. We estimated contaminant distribution in different depth by changes of groundwater level in TCE
contaminated aquifer for operating pump and treat system. The two pumping wells (KDPW7 and KDPWS) and
five monitoring wells (KDMW?7, KDMW8, KDMW9, KDMW 10 and SKW2) assigned along the groundwater
flow direction were installed in the Road Maintenance Office of Gangwon Province. The changes of water levels
and TCE concentrations had been monitored from June 13, 2011 to December 11, 2013. The median of TCE
concentration decreased from the upper wells to the lower wells by direction of flow of groundwater in the main
contaminated area. All median of TCE concentration showed decreasing distribution characteristics, even though
it gradually increased then decreased or decreased then increased with increasing of depth. Generally, TCE
concentrations decreased when the depth increased. Therefore, the depths that show high contaminants maintain
water levels and then operating pump and treat system is the most efficient.
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1. ME

BI718A 5 1 Ardstel g @l (trichloroe-
thylene, TCE)2 AHATA| oM F2 T == 1
= 2 FEZo|tHLenczewski et al., 2003; Baek and
Lee, 2010; Park et al., 2011; Cheon et al., 2016). &
378 A= A @A 2 55 1 STk
A, EetolEld D AlE, 718A1A, HMAAIE B4t
Sof] ArgE t}H(Jackson, 1998). G347 8 A= 42
T EYSHE R o] Fstal YR Bl JEsh 7]
s4rlol] maslE Surh UEt 74 ]l g
£ BR52S U] WA ol A A
(Oolman ef al., 1995; Chown et al., 1997, Chambers
et al.,, 2004). o]2|gt H3H{7|-BAIE AAS= H&F
A2l B o2 X2 H(pump and treat)o]
o ©7]7F Wof| B2 Fo LS AAT =
O} R I tailing effect) E 55 AA5(rebound)
59 SHAIE S 7HA] 2 ItH(Oostrom et al., 1999).
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SEUAAE 20010 RARAE ogrAe)
AP E Al2he.2 2009910] o=@ Kjof 7folo}
T2 E(GAIA Project) 9] ¥gto 2 Hshi7]-84]
LA Bl et @ Aol 25t
tH(Baek and Lee, 2010; Yang et al., 2012; Lee et al.,
2013a, 2013b). & A2 ol el FH A28
= -85t 2@ (plume) 9] ZHit A D A=
sl o 717 -2go W2 vt B 5
7iR12] AR 0] HHBE Sl T Lee
et al. (2013a)2 () OFAHEAE A (Asphalt Lab) H
HolA 7| FrAl S 6L 739 A|ske &
=2 BEX EXS HIISIHT Lee et al. (2013b)
2 EFFTIFE EYAA, FeAY T o A
% 71e Aol Hestel TCE oJAAA 2 5
LHH O RE SRS 5L A7 2 E
2L 53l TCE A< H715t%t. Jeon et al. (2013)
2 201EE FLAA LY 29717 52 A5
et L HEE FE HIE 97 9 A7) disf B
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Fig. 1. Location map of the study area showing the pumping (KDPW7 and KDPW8) and monitoring wells (KDMW7,
KDMW8, KDMW9, KDMW 10 and SKW?2). Distribution of water levels (m, amsl) measured in January 2011.

Modified from Cheon et al. (2016).
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AFET Qlto] AR ERellelae) (Foka
TEAYANA ol AT E A7 T AFo] 434
AL A & {57842 FAHT X2 2 o] A
TCE 289] 4 ¥2lo 2 2)&=|jrhBaek and Lee,
2010; Yang et al., 2012, 2014). =2 H-2|AFH 4 FH
ofl= i aLE 205 m9| f-FAko] Qlom HollA &
wapo 2 YR ol Aol 1Y 1). A3}
2 WaE A go] ujet 2o delo] gl (7)ot

ENHA AR B A} BABE AH HEo|
ARG F5gkolth TCE 5% w2+ A A
o] £E]7] o)) 2010 (FORABEAFA 7
£ orol SKW30A 15591 13.15 mg/LE K
o, Aol 58 WL et BAR o KDMW7OA
9] FEE269 mg/LE BFT Z2IFAAL F
£ 529 KDPW6ol A 0.57 mg/Lo] k& Kol 5}
SR 252 TCE i olRehag 2). Bt
A7A|}o] T TCE 2@ Zohejet ohy
2t 23| X|5k] ol ARG L2 "ot Q=
Ao 2 &dA Qrk(Yang et al., 2012).
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Fig. 2. Distribution of TCE concentrations in groundwater of the study area in 2010 (unit: mg/L). Modified from

Cheon (2013).
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BAgto 2 ul&B3lc}(Park et al., 1989). o FH £
9] BH1Y} =282 ARY 4 97 =7 Ao YX|et
BH29| A|F2t2E 19 39 Yehligleh BH1 8t
H 23 m7}A] 20 cm FA| 9] OfATE Z(asphalt) T}
EEZ(reclamation) 2.2 o]FojF oW o] EEZ2
o1Fg o) £ett AEY B2 T4l 3]
oF. 312 6 m7H] 23 BN B g BB
(weathered soil)o]™ 1 o}2f| 29 m7HA|= 229
&S5t mH2 A" T3¢ weathered rock)o]
o E2 34 m sP7kA 2 9 el e we
o5& 23} SIS H 7]uigle] AR 20| gle.
™ 71 o= S2Repdete] 7hkete] ehdt). BH2
LR 4 m7lA] ol Re ZAS HE See A
AE 9% A2 49 B 84 AHAZ A5

22 Z(alluvial)o]™ T £ 9 m7kR] 29| &-{3t
F8}=o|t}. EE 21 m SHE7HR] 23} S-S T
£ AEE 22 H F3ekoln 25 m o]
B S22 3P71¢k0] 7]yketo] Uehdt

22 SUEE U 3152

FEAYA TS G5t s gk B W
3} TCE 5= BES nefdto] G2 2o| 75
3 A=Z ot 7 43 KDPW73 KDPWS &
AT P4 A PAALAN B
2271203 mg/L oJsh 0.2 Hale & wpREglc) o
Z20] KDMW7-2 2|51 &2 Hlgko]| A AR
A2 =% on SKW2E |23t KDMW8, KDMW9,
KDMW10 242 312 o] A= Q). kA7t

BH1 BH2
Depth e .
(m) Zone bar Description Core Zone bar Description Core
0 *#$8%%¥ (cclamation/ #alluvial soll,
L #466664 fill soil, dark brown,
e R asphalt wet, silty
4 7 (thickness =] sand with a
T 'y y
4 - - of 20 cm), |- Po. e e small
dark brown, |J? ‘s« - ;|\ amount of
8 A s wet, silty sy ] gravel
8 . % sand with a weathered
i ™ small < 4 soil, gray
12 4 |, amount of " c|\ and brown,
i . ravel L a
. “ 1| weathered -
16 — |~ v soil, brown & weathered
i " and gray, 3 <« | rock, brown
" wet, silty > and gray,
20 < sand, N . he wet, silty
a < medium to - sand, poorly
117 " fine sand . x graded sand
24 & 4 | weathered ~ %+ x| soft rock,
rock, brown, gray,
414 ‘ wet, silty + + moderately
A s| sand to fine weathered,
. € _ sand * * slightly
4] = X", soft rock, + + fractured,
30 | & » | dark brown + +|| undulating
= L + + h
' J weathered /| ¥ t
36 4 L 4 + 4+ slightly
o + - + +| weathered,
+ + slightly
40 4 |F + fractured,
J - - + 4| undulating
e + + + rough
44 —
+ + hard rock, * +
T+ gray, + +
48 — + + slightly + +
1 " weathered i "
52 P | L 1
1 +
+ -
56 4 |, +
1 + -
60 &

Fig. 3. Vertical geologic section from the logging data of the BH1 and BH2 boreholes.
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237 A7ro 2 Eof QI 1| 4). FAAAH
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S=9IHStA S Ato] oshE S| A E = 8.74x10°
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FEA A 2RE 2011 o] 1447, 20129
109947t 183 20139 e 116U3F EF=3ich 1
2|31 20119 69HE 12971X] 5xfe|o] 2A %3
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m’/day 2 o451k 2012412 492 E 129747
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Fig. 4. Specifications of pumping and monitoring wells used in the study area.
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Table 1. Summary of the pilot tests periods and pumping rates.

Pumping rates (m’/day)

Year Test Period (mm/dd) Duration
(days) KDPW7 KDPWS
I 06/13~06/17 5 3.9 5.7
on 06/21~07/01 11 7.0 6.1
2011 34 07/06~08/06 32 8.4 14.2
4" 08/22~09/06 16 8.2 15.8
5t 09/19~12/07 80 8.2 13.3
I 04/26~06/15 51 11.6 19.9
2012 =
2 10/16~12/12 58 11.8 19.6
I 06/10~08/30 82 16.4 21.3
2013 =
2 11/08~12/11 34 15.9 20.9

Hoj2l 7JAPgel A Lodshs FelTEA(Us 114)0
A A AT 2971711 2011 64 1115
H 201349 124 1171 S48 A345w A2s
ol 83T

3. 20 ¥ E9

3.1 2o 2=

FrA A AT 29717E FF KDPW72H KDPWS
O TCE 5%, 9, €4+% A=E 11 59 yet
Wedck 20119 % 1~32} G717 5 Hd & 2
-2 1286.8 mmo|w KDPW79] =9 7-5-2]
Ao ARE 7|2 02 27]4:9191 148 m A LR
021 m st 127 m2 S o] 717 TCE
-l 297) 0533 mg/LE Holt} 4~53F 247
TR AEAR) S 1~33) o) Hrf 212 7--3H207.6
mm) 2.2 = A&Ho R stk TCE 5=
+ 1~32F 29713k wie} vl Sk 0.516 mg/L
£ Holth dWE o2 TCE =t 794 34oz
WEFE YS HoAN AEHY B FoHY
7HA 917t sl mEt F 7 WokAIA] g2 A
© 2 gorEth(Yang et al., 2012; Jeon, 2013; Cheon
et al., 2016).

201295 12429717 5%t 9= 597185 m,
22 o= Z9kgE 17.3 mE 1.2 m A58l et ol=
1212} 22} 2977k Ato]of 1001.3 mm2] 797} 91
7] Wio|ck. TCE 5= 12}of] 3431 0.355 mg/L,
22} FY%k 0.232 mg/LE Hol 20119 % 297
7t TCE F & X} 2A Z2skgie). o]= 20114

G717 B e A HERE 127~148 m Y
ASATE 2012 ol = 13} =919 FY7= 185 m,
22+17.3 m=Z =97} 2A| sPFsHL FA AL
glo] g what A A A WRE 71203
mg/L) o2 7|EY TCE L HE4 % A= 37| of
Bol A¥=E B} e TCE HEghe Belh E3
20139 % 1~23} 28] 0] Z=akzke 7+7-19.0,19.3 m
2 A% B} o 58kl TCE 39 S93te
Z}7} 0.139, 0.145 mg/ L2 W5H< 7]£4](0.3 mg/L)
oJ8}2 FE=7F okl A& &l 4= Qlrt

KDPW82] 2011l %= 1~32} &9 7|7F 2 9=
AZ2RE SAE 27|49 11.1 moj|A -2 g3
©2 99 m7lA4| 1.2 m A58t TCE = 47k
2 1.289 mg/L=2 22 717+ KDPW7¢] TCE &&=
B 2uf o)) =2 A2 UEhyith o]= KDPWS8
o] 1 42917} 9.9 m= 12.7 mel KDPW74=¢] Rt}
28 m ot 1% TCE LG FI7HA] =971 &
53t Ao 2 wotEch T3 57578419 o L A
2 59 BA 715o| gl FEE% F71= TCE &
ol =2TAFG A Woll ARl 917] thEd] A
© 2 gebdEch(Yang et al., 2012; Lee et al., 2013a).
4~52} G717t &% 9= 27159 111 mojlA
o} 17.1 m7}%] 8}78tc}. TCE S5t 2okt 1.036
mg/Lo| 1~32} uff ®r} ZH4shgict.

20129 % 1~23F L4 7]7F B9t $=9] 9] Zopgre
Z¥7+ 17.1, 18.1 mo]9 TCE = =972 0.688,
0.563 mg/L& 4=¢] s}7}at 3 TCE 5= HAaE
Helok 2013 = 13} 97|17t =9 Y= 17.6
mo|H TCE 529 $47H2 0.29 mg/Lojt}. 23}
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2919] Z943H2 173 mo| ] TCE %
0.382 mg/L=Z & *%7]7F TCE

o} A2 7} shelek. 4902 ) )
of 1FE eHYe] U= B A EE=EFFE T
& 5o 2 97t I 5EH TCE %7} =obit vt
2 +oET 9 Ao AsE B 2FHo] §
= B 5ol g3t slMor FEr) ol 4= Q)
tH(Yang et al., 2012; Jeon, 2013; Jeon et al., 2013;
Lee et al., 2013a; Cheon et al., 2016).
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KDPW7¢] 73-9-16 m Zlo|7HA] @ d-&0f o3t il
T TCE 2g¢0] 913 1 o]&HEE A== TCE
7hpmela gl Ao kErh

KDPW82] TCEL 9~18 m Zo|o] Bx3ith X
Z29m Zo]9 TCE 5% $U%2 0499 mg/Lo|H
0|2 10 m Zolo|A 7F} & TCE 5% 5¢7k<l
1.27 mg/L& Helth 11~13 m Zo|2| TCE $& %
P 2FO0Z 2 FT/E HET T 15m 2]
oA TCE = FU4a A 4% 0497 mg/L
2 29It} 16 m Zolo| A TCE = U472 0.643
mg/L=Z ThA] A58 3 17 m ZQolof|A] 0.385 mg/L
2 743131 18 m Zolof| A thA] A53F0.480 mg/L
o] & Btk o7t S7kgtell wet TCE 5= 5
UH ANHH 0 2 Ak AE 1T 4 9o
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2@ glo] BE3LT o]F 1518 m Zojoliz A% 7
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Fig. 5. TCE concentrations, water levels and precipitation in the pumping (KDPW7 and KDPW8) wells from June

13,2011 to December 11, 2013.
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3t =4 A7 2He TCE= 6~11 m ZHo|of £
FH} 22 6 m 7012 TCE & 97+ 0426 mg/L
oM 7 m Zo|RE A st HiL 5= T
7+ 1.871 mg/LE HIth X5l S5 W3Fe] Ao
x5t KDMW7 #HEAL2 (oA EAYA AE
o F o AHAA A5l w2} o] F5k= TCE
£ A BS55t= AR L2 bE deHolud #5H
B} Ay 02 TCE 527} o} Halges Hel
% 10 m Zlo|7kA] TCE 5% 542 22 1.572,
0.703, 0.585 mg/LE Ho|n Ztasiti7} 11 m Zo]
oA 0.933 mg/LE 27}t KDMW7-& duta o
2 6~11 m Zo]o] 1% TCE $.@gdo] Q= Aoz
ket KDMWSL 8~13 m Zlo]o]] TCE7} B3
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0.627 mg/LZ H]$=3}H o] 10 m Z o)A 0.208
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mg/L 723tk 11 m ZlolojlA TCE ¥&= 44t
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2] 0331, 0.260 mg/L& 723k} k4ol A A
FO TCE L HLES 285} A shFF YIS
KDMW8-2 At © & TCE % =7} vt
KDMW92] TCE:= 13~18 m Z oo &}t 4=
9] 3Pl mhE TCE 5= S a7t F316H
vehdth. KDMW102] TCEX: 18~23 m Zoleof &
2314 18~19 m Zo|ollA TCE 5% F4g> 42
0.052, 0.078 mg/Lo]™ 20 m Z ool 4] 0.172 mg/L
B AAST F oA ek AS E 4 Qo 26k
© 2 KDMW10& Zo|7} Z7}3to] ulet TCE &
TS ST o] sl AL E 4 3
t}. SKW2 4~11 m Z oo TCEZ} B2l 2z
4m /o] TCE 5= FY7t2 0.208 mg/LE 7H
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Fig. 6. Distribution of TCE concentrations with different depths in the wells.
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