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ABSTRACT: Hydro-chemical numerical modeling is performed to understand groundwater flow characteristics
due to back-filling and concrete lining in the abandoned mine and to predict and analyze the transport of contaminants
eluted from the filling material. Numerical modeling result for representative environments and physical properties
shows that contaminant is confined during several years when groundwater rapidly flows into the unsaturated filling
material. Then it leaks to the outside of concrete liner by diffusion and mechanical dispersion and transports along
with groundwater flow within the bedrock for a long period. For selecting the back-filling method and designing
the concrete liner parameters, a sensitivity analysis was performed for six factors on the groundwater environments
of the aquifer, characteristics of the concrete liner, and the properties of bedrock and filling material. The travel
distance of the contaminant primarily depends on the hydraulic conductivity of the bedrock and is also sensitive
to the hydraulic gradient and location of the saturation/unsaturation zone. Although the thickness and hydraulic
conductivity of the concrete liner also affect the contaminant transport, their influence is relatively small. The travel
distance of the contaminant is most insensitive to the hydraulic conductivity of the filling material. Therefore, it
is more important to consider the hydraulic properties of the surrounding bedrock rather than the concrete liner
to inhibit the transport of contaminant eluted from the filling material under the given conditions.
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Hrt ol23t ZARES sty et okt
QF5o] ATET Ao} grosi, ofaky o]
< ARl AE 355 e S22 54 (backHill-
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2009; Tesarik et al., 2009; Thompson et al., 2012).
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tidimensional hybrid Lagrangian-Eulerian finite
element model) 24| B3t 2|4 29} FAE 7}
At mehgrst B2 Mol e,
0 shajrhga A2 ohRlek A e WelAel @
T o|&F |l §-5(density-dependent ground-
water flow) ¥ THJE 82 o5 (multicomponent
solute transport) @A 22 -S4 E-4F
Z(precipitation-evapotranspiration-infiltra-
tion-seepage) A= 42| 2 o1& 4= Qict.
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15me] FHo2 5P| 712 5m, A2 5m, &
o] 5 me| HFAE 571 st loH, 11 FHO
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I BPEE A Yo R A4E 2USHEE FAH
AUCHE 1d). DA G ol vlshA Zp=1 o] FA|7}
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Fig. 1. Modeling domain of the aquifer system with (a) filling material, (b) concrete liner, (c) bedrock (limestone),
and (d) grid elements. (e) The filling material, concrete liner, bedrock, and (f) spatial distribution of the pressure
head and groundwater table for the base case on the vertical section, which passes the center of the filling material.
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A= (saturated hydraulic conductivity)=
el 127t tir(log) OB o]F 1T i
B U E 22 A A th(Bear, 1972; Freeze
and Cherry, 1979; Domenico and Schwartz, 1990;
Fetter, 1994, 1999; Korea Highway Corporation,
1996; Viswanathan et al., 2008). £3] 7]4telel A
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Fig. 2. Schematic diagram with grid elements on the horizontal plane, which passes the center of the filling material
for (a) 50 mm, (b) 100 mm (base case), (c) 150 mm, and (d) 200 mm thickness of the concrete liner.

Table 1. Representative hydrological and chemical properties of the media.

Property gﬁig;fgne) Concrete liner Filling material
Porosity 0.03 0.05 0.10
Saturated hydraulic conductivity [m/sec] 1.000 x 10” 1.000 x 10" 1.000 x 10
Molecular diffusion coefficient [m*/sec] 1.000 x 10” 1.000 x 10” 1.000 x 10°
Longitudinal dispersivity [m] 1.92 1 1

Transverse dispersivity [m] 0.192 0.1 0.1
Compressibility of medium [m”/N] 1.000 x 10™" 2.000 x 10” 1.000 x 107
Tortuosity 0.41 0.41 0.41
Residual water saturation 0.15 0.15 0.15

van Genuchten's (1980) hydraulic parameters

ay [1/m] 3.6 3.6 3.6

ny 1.56 1.56 1.56
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A 5271 2 2 F EEY 353 5% 1.00]
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Table 2. Hydrological conditions of the aquifer system, characteristics of the concrete liner, and hydrological proper-
ties of the bedrock and filling material for different cases. Cases A-2, B-2, C-2, D-3, E-3, and F-2 have same config-

uration with the base case.

Case Factor Case 1 Case 2 Case 3 Case 4
Case A Average groundwater table [m] 20 7.5 3.75 -15
Case B Hydraulic gradient 0.10 0.05 0.01 0.00
Case C Thickness of concrete liner [mm] 50 100 150 200

Case D
Case E
Case F

Hydraulic conductivity of the bedrock [m/sec]
Hydraulic conductivity of the filling material [m/sec] 1.000 x 107 1.000 x 10®  1.000 x 10”

Hydraulic conductivity of the concrete liner [m/sec] 1.000 x 10° 1.000x 10" 1.000x 10™ 1.000 x 10"

1.000 x 107 1.000x 10®  1.000 x 10° 1.000 x 10

b 7212 A% Ao trial-error W] 0 &2 4=21# ]
X RIS THEA 0 2 =3ste] A 7HA 1}
AIZE A7 AF3E =&AL ol8 H83tath
2] meg)o] & 7|7k 1009 0.2 27]9) A7k 17k
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A3kt o] 3 37 THA 0 2 FH 0= 1007t
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714keko] 48] M & & (Case E)= 1.0 x 107 m/sec ~
1.0 x 10" m/sec] WSlo|A ¥] 712 92 17
At 3] 7ukte] fElHEErt 2 H9ol &
d EA9 o]F0] YT FHE HojAA Hoi o
Aol tistel 29 B4 o|F Wgoz 3 md
g g9 Zdolg FAste] S +HstAct A
A9 E|AEE(Case E)= 1.0 x 107 m/sec ~
1.0 x 107 m/sec] Hjel A Al 7H2] A2 mes}
k. ZH 7ol tigh W40l AL & 20] FElH

of lek



234 EIoVE=S
3. X5t fE ¥ 29 2T 0|5 £3 2
28 24

3.1 CHE HR(base case)0il CHSH =X| ZRIE! 240}

A8t f5 A BdE Aiks 33k 9]
A A2A7F AR7A] A skeA7F 2 e 39 A
sl 2 ol F ol meba] =9 AskerF A2 A
UZ O 2 {EoHA HIlshs S Boath(a
9 3a, 3c). o|AL A EF 242 A2A7L EX
o] YRI5t FE 7)1F W3 Ee FET S
o oJste g x| Fo] A2 PN BE 7t
A3t Zolh. e FRFor A FHA
4% 8 7 BAE @S, Alzto] e
of wetA oleft HAL FHAH o E FadTt
WO 339 Zsl 2A7ER] (B A4 H) A=A el
A9 9= FAAH R I EE, 1 9|9 Z}o]

7} -1 mo] o] 2 717k oF 274, -0.1 7RI oF

(a)

6.46.66.87.07.27.47.67.

(c)

824, -0.01 m7}A = oF 28.7d 0] A QHETh )3k
7h 24 QhE o] AGAZ FYE S AL AR
gash) wrhe s3] Zajdielq A5 Lo
U, chek AR A ol AR e 4917+ 0.2
mef o2 oF 534 o] Folli= ojefat £ A3k
o £} e mejxn, Fue] Aaks BEE A
o A4} Aefo] 71 Fek. 1004 ol ol B4
AEE 283k B3 M EAHQ wsks
oA EE1 Lhehtnl, 48] S70) B3] 4lo]
Ag00] 9 2FA AL WA AZo|HE 4
She e A HolETHLH 3b, 3d). X3HR0) &
52 ool EAISHH A 1 ulvh ke A
o 48] (Y S + 91X 45) 2] B 9Ive
P4 A o2 WA Hid) oA AeA 3
o N3H0) FE G Aol Mg AL B
obX 53 ofulateh, ARHA 02 X3k §5
AN Q) e A4e o] o] g e

(b)

6.46.66.87.072747.67.88
c

on
—— grou
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Fig. 5. Recovery time for reaching specific differences (-0.1 m, -0.5m, -0.2m, and —0.1m) in the pressure head at
the center of the filling material with respect to (a) average groundwater table (Case A), (b) hydraulic gradient (Case
B), (c) thickness of concrete liner (Case C), (d) hydraulic conductivity of the concrete liner (Case D), (e) hydraulic
conductivity of the bedrock (Case E), and (f) hydraulic conductivity of the filling material (Case F).
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