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Numerical simulation of groundwater flow in LILW Repository site:l.
Groundwater flow modeling
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Abstract

Based on the site characterization works in a low and intermediate level waste (LILW)

repository site, the numerical simulations for groundwater flow were carried out in order to

understand the groundwater flow system of repository site. To accomplish the groundwater flow
modeling in the repository site, the discrete fracture network (DFN) model was constructed using
the characteristics of fracture zones and background fractures. At result, the total 10 different
hydraulic conductivity(K) fields were obtained from DFN model stochastically and K distributions

of constructed mesh were inpuited into the 10 cases of groundwater flow simulations in FEFLOW.

From the total 10 numerical simulation results, the simulated groundwater levels were strongly

governed by topography and the groundwater fluxes were governed by locally existed high

permeable fracture zones in repository depth. Especially, the groundwater table was predicted to

have several tens meters below the groundwater table compared with the undisturbed condition

around disposal silo after construction of underground facilities, After closure of disposal facilities,

the groundwater level would be almost recovered within 1 year and have a tendency to keep a

steady state of groundwater level in 2 year.
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Fig. 8. Conceptual model for local scale groundwater flow
modeling in LILW repository site

Fig. 9. Grid resolution of local scale groundwater flow
modeling
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Borehole % Borehole % Borehole Y%
KB-1 13,95 KB-13 11,19 DB1-5 2.14

TTKB2 1.26 KB-14 8,16 DB1-6 273
KB-3 10,91 KB-15 1110 DBI7 415
KB-6 1527 | KB-162 15.23 DB1-8 S48 |
KB7 | 1618 | DBI1 374 DB2-2 1432 |
KB9 | 927 DBl2 | 109 DB2-3 320
KB-10 | 7.87 DBI-3 | 7.0% DB24 1075 |
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Table 2. Calibrated recharge rate using the numerical simulation

Initial Calibrated Initial Calibrated
Borehole value value Borehole value value
(X104 m/day) | (x104m/day) (X104 m/day} | (x104m/cay)
KB-1 4.79 7.2 DB1-1 1.28 0.6
KB-2 4.33 6.5 DB1-2 3.64 18
KB-3 3.75 5.6 DB1-3 2.42 3.6
KB-6 5.24 2.6 DB1-+4 2,77 1.4
KB-9 3,18 1.6 DB1-5 2,94 44
KB-10 2,70 4.1 DB1-6 3.75 5.6
KB-13 3.84 5.8 DB1-7 4,86 7.3
KB-14 2,80 4.2 DB2-2 492 7.4
KB-15 3.81 5.7 DB2-3 1.10 0.5
KB-16-2 5.23 2.6 DB24 3.60 2.3
DB2-8 263 4
s [~
= [
H] : »
£
g
LS
2
g
b
i

Fig. 11. Estimated recharge rate and calibrated recharge
rate; calibrated values were obtained from numerical
calculation
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t} (Table 3). el AE T e 2d AAL A|ZF
AN HEH 5L ol g3t muloy =2 59|
oto] HA3} 34L& S thA| B AE A%
= 9-& o] 83149, PEST software (ver, 9.0)=
8-23) trial-and-error W2 53] 373 FedE
T EBE EAS =& 0 (12,131

. A 45 2ed a3t
@ AA 2 A 45 AA
- A8} (Hydraulic head) X

28 2o AFA (steady state) A|FHF F5 &

Table 3. Calibrated hydraulic conductivity of HSD

Initial value| Model Average calibrated value (m/s)
(m/s) case Kx Ky Kz

CASE1 | 1.15%10%| 2.05x10% | 6.77x 107

CASE2 | 1.17x10%| 2.34x 109 | 6.87x107

CASE3 | 1.20x10°| 2.54x10° | 6.67 X107

HSD 1 CASE4 | 1.21x10%] 2.64x10°] 6.57x 107
Soil | 4dox106 | _CASES 1.16x10° | 2.20x10° | 6.82x 107
domain) ) CASE6 | 1.21x10°]2.59x10%( 6,62x107
CASE7 | 1,20x10°]2.50x10%]{7.10x 107

CASES | 1.18x10°%] 2.28x10°|6.93%107

CASE9 | 1.12x10° ] 2,34x10%] 6.50x 107

CASE 10 | 1,16x10° | 2.46x10° | 6.56x 107

CASE1 | 1.16x10°| 2.45%10° | 5.95x 107

CASE2 | 1.16x10°| 2.44x10° | 6.12x 107

CASE3 | 1,18x10%°] 2.35x10° | 6.43x 107

HSD 2 CASE4 | 1.17x10°] 2.25% 102 6.33x107
(Weatheri | 2.61% 10 CASE5 | 1,16x10° z,45x106 6.02x107
ng z0m€) ) CASE6 | 1.18x10°|2,30x10%| 6.38x 107
CASE7 | 1.16x10%] 2.30x10% | 6.40x 107

CASES | 1.16x10%[2,38 x10°| 6.16x 107

CASE9 | 1.05x10%]2.12 x10%]5.80 x107

CASE 10 | 1.11x10%] 2.21x10% | 6.09x 107

ERNRARES

(a) CASE 1

Fig. 12. 3-dimensional head distribution from numerical
simulation (Case 1)
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Fig. 13. Distribution of Darcy velocity from numerical
simulation (Case 1) : (a) surface level, (b) repository
level (EL.-86m)
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14. Distribution of groundwater flux from numerical
simulation {Case 1) : (a) surface level, (b) repository
level (EL.-86m)
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W gy 2 At frEEs @l F
(Figure 14(b)).
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Fig. 15. Numerical boundary condition for the underground
facilities related to the Gyeong-Ju LILW repository
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F42) BEAL v 79 e Bley, =
Ao wet AJsk AdE FH
o] ABkrrE dAsHA ZAatE Qe P <
& 5 gk I FAE AVRE AR A 2d
8 43 #2FA Jehes e 27) £4 1)
3 Al 57.1 m ¢ A3HE JEFAT (Table 4).
107]9) 2129 F Case 19} R lA

N, o

l

Lt 32

Table 4. Drawdown of groundwater level related to construction
of the underground facilities around Gyeong-Ju LILW site
after 2 years ; This result is average value of 10 cases in
borehole.

Observed Simulated Simulated
Borehole value value(initial) | value(afier 2yr) | Drawdown(m)
(EL, m) (EL. m) (EL. m)

KB-1 30.6 26.0 -4.9 -30.9
KB-2 56.9 50.6 39.7 -10.9
KB-3 69.5 68,7 64,0 4.7
KB-6 229 26,1 13.9 -12.3
KB-9 19.4 18.7 -38.5 57.1
KB-10 64.6 49.8 0.1 50,0
KB-13 65.8 53.8 283 25,5
KB-14 52.5 51.6 232 -28.4
KB-15 103.3 9.7 90.4 5.3
KB-16-2 100.7 93.9 90.3 3.6
DBI1-1 7.3 89 5.7 -3.2
DB1-2 1.4 8.6 5.1 3.5
DB1-3 37.3 23.6 12.4 -11.2
DB1-4 6.1 6.3 6.4 -12.7
DB1-5 50.9 40.6 5.5 -40.0
DB1-6 22,8 23.0 -23.0 -46.0
DB1-7 77.4 60.9 55.0 -5.9
DB2-2 60.4 54,2 23.8 -30.4
DB2-3 10.3 257 139 -11.7
DB24 4.9 51.7 40.6 5.2
DB2-8 80.1 6.7 581 -11.6

249500

248000

248500

248000

247500

241500 242000 242500 243000 243500 244000

Fig. 16. Drawdown of groundwater level related to
construction of the underground facilities around LILW
repository site after 2 years (average value of all 10 cases)
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Fig. 17. Drawdown of groundwater level related to
construction of the underground facilities with transient
state flow simulation (Case 1)
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Fig. 18. Velocity vector distribution related to construction
of the underground facilities (Case 1) ; {a) surface level,
(b) repository level (E1.-86m)

EFFoliel Ashs BEe A
w3l glo} MAH oz AF
o (Figure 18), A 1071 ¢
3 g weld v

qe

htd
o
i

i
-~

Jpr

L

.;‘.4
4o My oo fo X oA > oxg

rm

o
o2
ol
ot

2,
R
r:{o

2
>
ol

4 o2

@
im
e
o

o 2
X
\,\AEM

P

O
Loy
2L
tio
E=
)
u
Ho
ol
o

|

o

o
i

12
o
2
rir e
)
il
. F‘io

off
ol
o

)
2
ol
o
2



J. Kor. Rad. Waste Soc.

248500~ A E

247500~

242500 243500 244000

248500—

247500~

T T T *
241500 242000 242500 243000 243500 244000

(b}

Fig. 19. Groundwater flux distribution related to
construction of the underground facilities (Case 1) ;
(a) surface level, (b) repository level (E1.-86m)
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Fig. 20. Recovery of groundwater table after closure of disposal facilities (Case 1)
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Table 5. The range of input parameters for the sensitivity
analysis

Input parameter Range
Recharge rate | Input recharge rate X (0.5 ~ 1.5)
KofHSD  |InputK of HSD x (IX10'~ 1X10'm/s) T
K of engineering

: tKof enginerring barrier = 1 10Mavs ~ 1 X 10%/s
barrier
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