A Q83|12 A 494 A 2%, p. 275-287, (20139 4Y)
J. Geol. Soc. Korea, v. 49, no. 2, p. 275-287, (April 2013)

ojFg" - HHE® MY - MMM HYE
'Zeicystm x| &8t}
2
(FAI23221
2 <

AGBSATCEE 24 L AR Aokl M 7P 25 HASE 0GB 39 shtolet. & 47
ML AGIADNOR 0 G thpBolAl 2441710) B7| 5T Bo) Selg4e] Bu g Hrhoha £
59 PrFH 5 Py 2 B TCE SENSHE B3] 2GR BRSNS BT SR B
279 TCE SmWBHE 95 A 57} 98 gashgieirl olF Z71hAL, 5.2 2719} vl 4151
e gaste 3FOR Euglt ok ol 2 B 6] MR 0@ T ABE 0 gee] £l
o] ket ch2 A ek Aloleh. 53 £ 799 9504 o] T2 TCE $% Z7Ha o] FRHOE ofF
Sfasio] et 27H8) 24 Basit 3 £ G4E B 2HU SUAEES 1 S Y] v
Aol Mg on] ER SolH o[ L WARA sttt B ATE B WSS o) FH 2 @RT B
HE el 2 5 S BE Sasgti 907} gl

FRO0: 4, LAEE B, Agstel g, e, e
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Simultaneous evaluation of distribution characteristics of hydraulic parameters and groundwater con-
taminants estimated by a short-term pumping. Journal of the Geological Society of Korea. v. 49, no. 2, p.
275-287

ABSTRACT: Trichloroethylene (TCE) is one of the most frequently occurring contaminants in groundwater of
urban and industrial areas. In this study, we evaluated the distribution of hydraulic parameters from a short-term
(24 hours) pumping and that of contaminants using TCE concentrations at the pumping and monitoring wells during
and after the pumping in a TCE contaminated aquifer. The changes in TCE concentrations at the wells were classified
into 1) partly decrease during pumping and increase after pumping stop, 2) sustained like the initial values and
3) decrease during and after the pumping. These different behaviors at each well can be attributed to existence
of high or low concentration plumes at nearby areas. Especially, the distinct increasing trends of TCE concentrations
in the right region of the study area require an additional investigation for its outer region. In the meanwhile, hydraulic
conductivities estimated the pumping results revealed neither significant difference with the analysis methods nor
distinctive anisotropy. This study is meaningful because we have simultaneously evaluated both the distributions
of the hydraulic parameters and the contaminants using the single short-term pumping.

Key words: Pumping, contaminant distribution, trichloroethylene (TCE), hydrological parameter, industrial complex
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7 1-8A 53] A3t DA (TCE)2 A AlA
o2 =A 9 A So A 71 3] B w4
3l 2 FGEA 9 slfolcHRivett ef al., 2001; Moon et
al., 2002; Lenczewski et al., 2003; Heo et al., 2007;
Baek and Lee, 2010; Kim et al., 2011). ©]& @3-+
7| 8Al= ER T E7t AA A st =g &
E5g @S 7R AL RS 5 Aok &
3] T ik(fractured rock)S TH} OjA] GE4 0
2 AT F3prt w9 ojFok LG X|sk= Ast
71€9] AZR=o=2 A HI Y= vl FAA =
A W F3h718A LAk Aok 21
AI7] 7P =12 8771« A9 st oofsial
Sth(Kavanaugh and Rao, 2003; McCarty, 2010).

shel ©2lLbero) 79 20010 BAEEE 0@
A 9] QoA S AlFte = e JEF] et F3rt
2A3E] L 0]¢} HEo] LEEY H3|erd
of) thet BT} TR H2; 2 F U eH(Lee and Lee,
2004). £3] 1992 AJ2RE A7 s/Atd (€78 G7
Z 2R E)3} o] % B HIARFA|AL(2003-2008
)2 53l LAEY A3l7|sel gt 7127} ot
o, @A EFA|sk Hofof] §3HH Ffolof =
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3t 9 ARG 7o) WA 43Et 7195 5FA
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A)Regel AsE gten E @549 A
a7 |s i A9 gt B Ao] 24
of| 7Hth. 20099 0] Hoj Ao F2h7|-8A L FA
shofl thgt @ Q37| soldel 2t th(Baek
and Lee, 2010; Yang et al., 2012).

M AFA LGRSk A eRA FeA
(pump and treat)-2 o2 A% (tailing and/ or re-
bound effects)oll = E7-5}321(Oostrom ef al., 1999),
AR s @ AH-8Ado] woh(Park et al,
2011; Lee et al., 2012). o]¥ Syl a3
299 Slai o tho) B4 9 ogEae) &
2ol thgt o] a7} Ad 3= ofof Fth(Young et al., 1999;
Lee et al., 2012). o]& 3l Rivett et al. (1990),
Bockelmann et al. (2001), Bauer et al. (2004), Zeru
and Schifer (2005) G- =7 oA FAIZol w
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S £A8H = sFaTt.
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= 2]

o
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2 o] RATE AR 58 AT (PokrBE
AR 74 $718418 g A4
Ale] BT Hel7 2 2o TCE 9 @e] 229 %
SR A& = Ytk Gangwon Province, 2005; Yu ef
al., 2006; Baek and Lee, 2010; Jo et al., 2010; Yang
and Lee, 2012; Yang et al., 2012). @A & X9 &
71847 L gAskrel thet A g2 el
chFe @AFI 2AF ST 90w (Yang
etal, 2012), ZAAT 2 08, L ARE D 2 5=
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oJti3E 1). 23 UL T RE AHF 1.5 mE AleJsar 1
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Fig. 1. Location of the study area also showing the layout of the pumping (IW) and monitoring wells (MW series)
and the water level contours (m, amsl) measured before start of the pumping.
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Table 1. Well completions, and hydraulic conductivity (K) and flow velocity (v) for each well estimated from slug

tests and flowmeter tests, respectively. The flowmeter data are from Hwang (2012).

Elevation

Depth

Screen length

Water level

Test wells (m) (m) (m) (m, bes) K (cm/sec) v (m/day)
W 137.71 6 4.5 0.65 5.76x10™ 1.95
MW1 137.70 6 45 0.65 451x10™ 3.78
MW2 137.68 6 45 0.73 6.89x10™ 2.30
MW3 137.71 6 45 0.57 2.76x107 1.95
MW4 137.67 6 45 0.64 8.51x107 2.69
MWS5 137.76 6 45 0.76 3.51x10™ 1.36
MW6 137.75 6 45 0.66 6.81x107 1.75
MW7 137.73 6 45 0.64 5.68x10™ 3.13
MW8 137.70 6 45 0.97 3.93x10” 423
MW9 137.67 15 9 0.67 433107 -
KDMW3 137.69 30 27 0.65 1.92x10° -
Mean 137.71 9 6.9 0.69 5.14x10™ 2.57
Median 137.70 6 45 0.65 8.51x107 2.30
; 94 (Solinst, Canada)E ©|-&3t3th. &4t A
. Ste) e} g el G o] AR E o]&-
_ 2 st K YA EE, T: F43FA15, S A
% 3 FAT)E A el 283 sl sie o
B e 355 AA 43 (unconfined aquifer) 22 A%
5 i 3} AL 3= Theis ¥(1935)3 Cooper-Jacob 2|4
I Weathered rock

W MW1 MW2 MW3 MW4 MW5 MW6 MW7 MWs

Fig. 2. Simplified geologic section constructed from the
logging data of the pumping and monitoring wells.
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Fig. 3. TCE concentrations and groundwater levels during pumping and after cessation of the pumping at each well.
Pumping started at 12:05, October 25 of 2011.



280 oxlE - HE®
137
py - 136.98
o
E
p |
o
5 - 136.96
c
3
c L
=]
Q
8
o -136.94
0 ——— — 136.92
0 20 40 80 80
Elapsed time (hours)
0.1 - 136.72
(i) MW8
r

TCE

TCE concentration (mg/L)

Elapsed time (hours)

136.96

(k) KDMW3

TCE concentration (mg/L)

04— 77—

136.88

20 40 60

Elapsed time (hours)

Fig. 3. Continued.

80

(1swe ‘w) [9Aa] 18380
TCE concentration (mg/L)

(Iswe ‘w) jana| so3ep

(1swe ‘w) [aA8) Jo1BM

S8 - HMH - HES
0.12 YT

TCE concentration (mg/L)

Elapsed time (hours)

04

(i) MW9

80
Elapsed time (hours)

137.02

- 136.96

136.94

136.92

136.9

136.86

136.84

(Iswe ‘w) |93 193epA

(1swe ‘w) |aAs)| J9)ep



|48 S8 22las o

Kot QHEE XY SA|EVt 281

Table 2. Correlation between TCE and groundwater levels, and variation trends of the TCE levels identified using
a non-parametric analysis (Mann-Kendall test) for each well. The p is the probability that the parameters are

un-correlated.

Test wells Correlation () p Trend Confidence
W 0.473 0.012 Up 99.9%
MWI 0.374 0.207 Up 99%
MW?2 0.042 0.892 Up 99%
MW3 0.342 0.253 Down 99.9%
MW4 0.283 0.349 Down 95%
MWS35 0.272 0.368 Down 99%
MW6 0.003 0.991 Down 99.9%
MW7 0.484 0.093 Down 99%
MW8 0.117 0.704 Up 90%
MW9 0.039 0.899 Up 99.9%
KDMW3 -0.175 0.567 Down 99.9%

(Yang et al., 2012)& W ZH(activation)A|Z] ZA3}o]
AU T2 A IFE LAY A MW3 H
10.348 mg/L, MW4 2|11 24.767 mg/L)2] J&&F<
2 2 % 9k Jel A4EA) ootk Swoy
WAL 7Pso] B e 0w AfREr, g 244
AT g FRAS U e we &
£2 TCE $EE A5alglon] 44 55 F 534
2ol Fol(4 AR 5 77417 A A S
(5442 mg/L)E 3| E319 Tt

Askesi Fot i ME g myon
(94 1A17F ol 215 m 817), 1% wlulet WS
solt g Fekat 37l 3417k ol o] A <] 3% 5
Ah2.1 m 3E). Fu| 2 AL Ast=$iet TCE
e} golulgh oFo] AFIA(r=0.473 at p=0.012;
2)2 Relthe Holth 2 5917k Eow TCE
T7t =3 97 RO W TCE 5%7} Rt o= ¢
Ao 2 sl Tgo] FrdFE i FHET @
=7t =2 ARRTHA71RE YAIA 5= A9
31, Bockelmann et al., 2001). 2=} 2 ok o] =
Hol| A L 5E(MW3~5)2 Ae= B (AE &
o] MW2 |11 0.027 mg/L, KDMWS3 1.696 mg/L,
MWT1 0.033 mg/L, MW6 2.114 mg/L)o] EA| =] o]
9101 sh 4ol TheeatAl L gre.

312#=A

I9 3(b)~ (k)= F kT SN &

% TCE s&= % Askeglolth. #54 MW1(2
& 3(b), r=2.0 m)-2 TCE %% §lojA] Eo|gt Hi%
OFAFS HojZr) X% TCE =& 0.033 mg/LE
He=E TA71E(0.03 mg/L)2 A 2lshe =
B FFAIRE B =7 s she UREA
HAou 44 T8 F TCE s AKHoE 5
7¥sted 2110.155 mg/L (Y-S 3 29417 H3h
o Zgdh= F SolHES Bk o= MWI1 9%
AFFEMWI-IW 3o MW1 Eoh= A4 as
9] 9 go] U2 AXZITHT Y&l T57 ol ¢l
o] gL BrRsatgth. MW2(13 3(c), r=1.92 m)
O] TCE 5 7ol MW1Z} o9 FARSE A5
Bk H% 0.027 mg/Le] =8 BT P57}
APHHA 2Z sPsl oy G477t 9E $HE
W2 &2 Asste] s 2147e] A8
= = & 559 64ff o142l 0.166 mg/Lof =
a1glck o] EFFMW2 Q17 3FEEof (IW-MW2-MWS
W) A4 ezt e A4S MW8 ] &
%2 %57} 0.096 mg/LE MW2 Xt} 3580} =9k
Th= AR o] o] i3t s 42 | A| gtct.

2% 3(d)= MW3 #&4(r=2.12 m)¢] TCE =
WIS HojEr o] #EAL 7P FAT s=
AE Holtd] 210348 mg/L (HEE 7129] 345
) o] et QFa= 3AI7E "hof] 9F 1/721 1.547 mg/L
2 J3ASHAAL o]F oY) HiE ol R&F S
2 faste] RUE RS SR oF T7AIZE Foll=

R
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0.191 mg/Lojl =E3t3itt. ol= 47| Al B3 (=
3 W 54 MW2~3)3} tf-9- th2 A5 o2 3
=% MW39] FRF(IW-MW3 =)ol w9 A5
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Fig. 4. TCE concentration normalized by the initial value (Co) for each well.



|48 S8 22las o

Bl glol 2 A9 1o S5 THA R
A IFMWL 2,92 H&HE A48 02 52
& QAA S (712 B2 =T ARSI
FAOITHIE 2 ). ol o) 5 TS Fulel(F4:
§ ol UM 2 B9l SRR Mk BEEY o
Qo Y-S AXFATHMWSS] TCE w57t
MW2¢] 52 meh 84 rhs AHlo] o8 %
w3k, £ WA 12(IW, MWS, KDMW3)2 27]
PAIZE B OFZe] = ATt Yot ozt
sjmsteiA HzuThs o WAL HlE SR}
AL S Btk o P FFU o
7 pEAE HEE ASE 3L ua PR
20| gl AAITith. KDMW3 271520} 1]
WHGL 1) MWOL] 27157 s vk AR
o] o] AL FATTH 1Y 1 T AN A
9 79 3() L 3(k) F=X).

3 A A TH(MW5~6) = SHls] 7o
F4e2} @7 TCE 527} st 9% = olst
o ol Wobxl A gk fAlske e Bl
ol o5 SHFER(BAL SR Hrt A5
©0] 912 ANTT. ¥l HA THMWI~4, 7)

O o

X

11 o
(a)
10 —
9 —
T o
T —
6 —
5 T T T T T ‘ 1
10/25/11 10/26/11 10/27/11 10/28/11 10/29/11
10
(c)
8 —
4 6
o
E
o .
Q 4
2 -
0 1
10/25/11 10/26/11 10/27/11 10/28/11 10/29/11

Date (mm/dd/yy)

EC (uSlcm)
N
3
L

ORP (mV)

A3ts 29i2H FESY SAEL 283

FFT Fol = TCE 57k A4 o1 o4
ot oItk ol A s W g
ok B3] e 0] 0 o] ZAFS ekt
7] 1Y ATS tEstel gMHoE Avn
B AR $E(MWI, MW2, MWO)2 o} 22
Ak 4o 1 o] glo] = 4SAFL
B2 HEHMWI-7) Bk A% 2] 5]
& SRS B A0 S|AET) T A
A9 Qg 9l5o] B2 Aol gAY SEAR} glo]
o8 Belst| ofFck. et FF EHS 0
A3k AokE SIIAE MW1 3k AFRo] ths)
A #7129 B2 AAS 53 B2lo] Bastet

M

o?.i{-ll;’

I 5= L g T EUEHY 7R 50 @
T WSS HojEr) 94 o] A|He| pHE6~9.6 1
N2 F2 FHoA vl 2 HIFE ERATHIH 5(a)).
o] $=¢Hk-g-(water-rock interaction) 52} A1 2]
A2 o A4 2 5 AAF 83of| ofFt FF
o] 2 302 meltkLee ef al., 2008). £3] KDMW3

](b) LEGEND
1 - W @ MWe

—<— MW1 —&— MW7
—— MW2 —&— MW8
8- MW3 - MwW9
- Mw4 —¥— KDMW3

T 1
10/28/11 10729111

T
10/27/11

10125111

)
400

350

300 —

250

200 —

150

10/25/11 10/26/11 10/27/11

Date (mm/ddlyy)

10/28/11 10/29/11

Fig. 5. Field parameters measured at each well during (shaded region) and after the pumping.



284 0jFE - HYE -

I MW92] -9 27|l 7) pH7} 8.8~9.6 0.2 &
=24 A2 A4S g ey niE 2
Aol AIHE 222 E 5 715 #H7]E5°] 3lo o] ¥
o2 B Ao| elgsirh(Lee ef al., 2008). A2
©2 o 5 pH EEYS7}F FolAl ey ol g
o oJgt aFta = E 4= Qlch

FrA (W)Y pHE S 270 I3 HE
o] JATL6~7 FFolR o FrTH Fof 8~9 Y
A= FA 1ok PP B 5(). ol
pH7} t-¢- &2 KDMW33 MW9 24 A|3}=9]
T FFeE E 4 Qo oleh 2 MW2¢L
MW7~80| X &= JHE|L o]= FHo X} &2
pH X|5}4:0] ke e Ao ArHrt o2 o
ZAHE(MW1, 3~6)2 tiH| 2 7.5~89] 27] pHo||A
o717 B9k AR BTG O o] F T 2
o RAY 2 $9) 2R IEEHe @S BY
. ¥d KDMW3¢] pHE= Eo]4 H3kE Hol=4]
Z710] oF 9 Hr=o] oA Al HojA oF 75 4
o] o]=23 MY HUY. -5 AR Y= =2
pHQI MW99] F&FZ A2 0 2 WighS 79 2.3
B ke g0l o Bsht ek Zez B
of b A2Are] W& pH A3l4o] Y= v A
o2 AR} 7 B2 pHE B MW X3}
£ £7] 9.6014 o]F 9 J=of HgE|o] vlwZ ¢
5 A G W WAL S wejekE B2 pH
2 2l3}e] AAf|(masking)® Ao=2 Bt}

ol

3.2.2 A7|1AE%E(EC)

T8 5(b)= YA TS S EC ¥iskE HofE
t}. ECE A& o2 110~300 uS/cme] HYE &
o|m pH} FARSHA YX|7E Zpol7} v|aLs] At} o
FR(IW) 9] - F712F B GFH~30 uS/cm)
8173t o o] § 27] EC9FH|:3t gho 2 353
ot} MW1~29] A< 25~50 pS/cm F= Hojxj=
S Holu thE BEHEMW3~8, KDMW3)&
A2 mju|gt fEol A A B2 St 5
& H3kE Ho|A &= gttt TCE 529 & Watet
H|5}9S o o]ef 22 ECE] 2R3 H3h= o] 79
o] sk LA o4 o] ofd F2 w54
Saf7 13 HE) o3 A Y2 A AIRITH(Atekwana
et al., 2004).

TR MWI9] 79 ECgE A= At a o =2 of¢- =

om] 7175125 uS/om HE AR
o2 WE-g BT} o= TCES) 5% 453} &
o] Q4] o] B2 & pH (pH~9.6)] That 2]
oz Qe maE, Gt 59 WIER 37
ok ol 2B U 2718 @ GAQYTH T X ek

ol
At

o

o 3%
o g

3.2.3 §2444(DO) 2 433 91 (ORP)

2 50t P BEY Asiee SE
Wt mojze) o] oo §EiAE Qo) o
717k AlsPE 2~5 mg/L M= A= 3714
“geffolct. o™ 7] A= o] A1Y TCES] @714 4
Haj|o] Agtacloz 2835k Qlck(Baek and Lee,
2010). B R4 (IW) 2] B 4717H BtollA 2
245 mg/Lol|A 9 mg/L olo.& m74) Z7}stgrt
7t et ¥ YR FEH T35 mg/L
o7 o7 AT QI TSP SEAATE A
A71ZF Wy 2 H3lglo](Ms +1 mg/L o4 2~5
mg/L& FAsH= A2 Kol i 8FA A F7
£ HI7FEo| T2 YA 7] o= AR EHT

% 5(d)= AR 9] (ORP) & H5-S& HojE
t}. o] 519 ORPA=200~400 mV ]2 ASPSE}E vE
ettt FrR e H 24} S U ST
7+ 3A SR A sk = B
o} T2 BEAHEL 250~350 mV Q2 W &
o 7|17tol = 2 HEo] AYEEA] eksket o MW9
9] 50 mV A =8| vt HAlsgl =T ol= &
ol Al TCE, pH % ECe]l tis}e] g3t vie} o] Q1
A 19 Ak YFo g B Aol gt

33 £ M U BE

32 FPARE B 2 R (ETH
A, | AEE, A-fAS)olct Thies (1935)3&
0] 838}t EZafAl(T) = 0.2395~0.5609 cm’/sec
olo| Wy} ZoFghe 04294 2 0.4421 cm®/sec
2 FAEJCHKDMW3E A5A157F AU A 2]
=] o] BANA AlLlstdom ¥ BAIF). o]E
FATE(K)Z SABHES o Mo 532x10%~1.25
x10° cm/sec, BTt gk 9.54x10* 2 9.82x10™
cm/secE2 Yttt $HH & thE 3)|Ql Copper-Jacob
2] K1 4)(1946) o] &3t AN E FrFAF7t
0.2635~0.3425 cm?/sec, BT} Z4gko] 0.2966 L
0.2959 cm’/sec® ATt} E3F 2a] A EE o



tIg4E S8t talas

285

Table 3. Hydraulic parameters estimated from the groundwater level data for the pumping tests. Unconfined model
was used for the analysis. Abnormally high values were excluded for the mean and median calculation.

Test well Theis (1935) Cooper-Jacob (1946)
€St wells
T (cmz/sec) K (cm/sec) S T (cmz/sec) K (cm/sec) S

MWI1 0.3194 7.10x10™ 0.1732 0.2953 6.56x10™ 0.1445
MW2 0.5399 1.20x107 0.1180 0.2975 6.61x10™ 0.2168
MW3 0.4421 9.82x10™ 0.0777 0.2834 6.29x10™ 0.1062
MW4 0.4421 9.82x10™ 0.0918 0.2834 6.29x10™ 0.1255
MWS5 0.5609 1.25x10° 0.1043 0.3121 6.94x10™ 0.1592
MW6 0.5040 1.12x10° 0.0779 0.2635 5.86x10™ 0.1337
MW7 0.3845 8.54x10™ 0.0471 0.2959 6.58x10™ 0.0426
MWS 0.2395 5.32x10™ 0.0636 0.2959 6.58x10™ 0.0429
MW9 0.4324 9.61x10™ 0.0662 0.3425 7.61x10™* 0.0626
KDMW3 0.7584%* 1.69%107* 0.2806*  0.3089* 6.86x107"* 0.4926*
Mean 0.4294 9.54x10™ 0.0911 0.2966 6.59x10™ 0.1149
Median 0.4421 9.82x10™ 0.0779 0.2959 6.57x10™ 0.1255
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