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Numerical simulation of groundwater flow in LILW Repository site:Il.
Input parameters for Safety Assessment
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Abstract

The numerical simulations for groundwater flow were carried out to support the input

parameters for safety assessment in LILW repository site. As the input parameters for safety

assessment, the groundwater flux into the underground facilities during construction, flow rate

through the disposal silo after closure of disposal silo and flow pathway from the disposal silo to
discharge area were analyzed using the 10 cases groundwater flow simulations. From the total 10

numerical simulation results, the statistics of estimated output were similar to among 10 cases. In

some cases, the analyzed input parameters were strongly governed by locally existed high

permeable fracture zone at radioactive waste disposed depth. Indeed, numerical simulation for well

scenario as a human intrusion scenario was carried out using the hydraulically severe case model.

Using the results of well scenario, the input parameters for safety assessment were also obtained

through the numerical simulation.
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4. Constructed mesh for the disposal silo

Table 1. Average groundwater flow rate into the underground facilites related to the Gyeong-Ju LILW disposal site(Q; m3/day)

Natioriml Construction \7 Silo
N i I R R R B R
Case 1 | 1208 335.3 468 | 385 | 479 | 85 | 551 | 711
Case2 | 1305 361.1 59,2 94.1 492 53.2 S14 | 542
| Case3 | 1082 302.8 41.6 3.2 41.0 8.5 451 53,1
“Cased | 135.1 3495 56,4 57.9 724 59.9 423 68.4
Cases | 136.9 3351 44.2 44.0 61.0 4.2 57.0 3.0 |
Case6 | 1191 307.7 35.8 71.0 50.7 62.5 50,0 51,7
Case7 | 1215 312.9 41.7 69.1 40.1 51.1 49.1 76.6
Case 8 | 115.4 297.5 45,8 S1.1 489 62.3 59.3 9.0
Case9 | 1371 331.3 75.6 49.2 8.6 67.5 55.4 50.8
Case 10 | 1266 292.8 0.6 63.1 499 45.3 52.9 67.7
average | 1251 3226 487 59.1 52.0 59.3 51.8 621 |
sid. 9.8 232 11.6 16.1 9.7 12.8 5.3 10.6
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Table 2. Total groundwater flow rate into the underground facilites related to the Gy

g-Ju LILW disposal site (Q; m3)

National Fonbtrucuon ‘ Silo
tmet | T [z [ 3 [ 4[5 [¢®
Case1 |BS,184.0 | 2447325 | 34134.8 | 280685 | 34052.4 | 42719.6 | 402449 | 36283.0
Case2 | 952650 | 203603.0 | 43216.0 | 68707.6 | 35923.3 | 38828,7 | 37551.2 | 39587.9
Case3 17898601 2210075 {30392.9 | 38306.8 | 29930.0 | 64605.0 | 32949.3 | 387353
Cased |98623.0 2550350 | 41154.4 | 42264.1 | 528615 | 43755.5 | 30866.6 | 49898.4
Case5 | 99937.0 | 2446230 | 32285.0 | 321419 | 44508.6 | 32239.0 | 41600.5 | 38676.9
Case 6 | 86943.0 . 2246210 | 261683 | 51820.5 | 36981.1 | 45614.8 | 36500.7 | 37707 4
Case7 | 88,6905.0 1 2284170 | 304173 | 50419.6 | 29284.0 | 372709 | 356841.5 | 559063
Case 8 | 84,242.0 [ 217,175.0 | 33412.8 | 372848 | 35719.6 | 45442.5 | 43304.3 | 503817
Case & |100,083.0) 2418125 | 55187.3 | 350489 | 42741.5 | 49239.2 | 40431.1 | 37092.8
Case 10 | 924180 | 213707.5 | 36925.2 | 46028.0 | 364058 | 33050.8 | 38627.2 | 494108
average | 91,337.6 | 2354834 | 363294 | 43149.1 | 37930.8 | 43276.6 | 37791.7 | 45368,0
Sid, | 7,143.4 1607.9 | 83653 | 11757.0 | 70643 | 9320.8 | 38803 | 7757.0
@ A9 AH (Undisturbed condition) 2 Ro| Ao {5Fd vla 28 ke E #E
F AT PAAANE AR Az FRel e, ol ZHH FF Amu}—b—z}?ﬂ
28Hr frede Hrbshr] flste], 94 A A A 2.2]9] Casedl] hgh &F Hicel EAlsh= B4 &
@ A e Abele Pl A RERA tE  dol J19IE Ao HA B (Table 3
107} cases2] AF-E Table 39| A A5} e}, & A} @ AE ANA H T A
© A A5, AR Aol A= Aol ARY Ao F - A AT E ARG A
2 @99l digk Askr FE5ES UEhgley, o FTEol AR e H7)E AA TAE s
AP A8 A o] HAE 53] ol whodE Azt frh Afeles 12A 3% FA L 8 o5 2
S vla Am2AM 888 Aot & 3 EaelEL] FehAyor FASEEY,
Table 39 M= vhsh @o] /) AP 9128 B3k o] AR EE Aol Adtel meh B, e

e F FEES 15.260 m/dayR REHY, &
AL Z (silo 1, silo 3, silo 5)0ll B|3] B x
AR (silo 2, silo 4, silo G)fA] v Be AEer)
FEshe Aog BAdEn o
-130 m (EL) A EA3he=
Ak, ZA AR 5 AALY)

A ¥t &3] Case 29] /\}O‘i 2, Case
4 Case 78] AFLE 69] ¢ 11’3]'-’?4

Table 3. Daily groundwater flow rate through the disposal
silo in undisturbed condition (Q; m3/day)

Silo
Case

1 2 3 4 5 6
1 1.38 1,10 2,83 2,05 1.96 371
2 3.06 4,04 2.41 2.33 2,94 2,16
3 1.83 243 2,00 4.98 235 3,02
4 1.42 2.26 3.54 3.29 2.26 3.75
5 2.18 211 2,55 2,09 1.94 3.12
6 1.30 2,68 2,98 2.81 2,34 2,41
7 2.22 273 2.01 2,19 1.53 4,24
8 139 2,79 2,70 2.85 3.03 2.30

9 3.37 232 2.67 3.06 2.87 2,
10 272 2.11 2,45 1,57 195 2,97
average 2.09 2.51 2,01 272 232 3,01
Stel, 0,75 0,89 0,45 0.95 0.50 0.71
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28 5o d9E 89 5 gleny, A&
o] A Y| Aol Aol vjs] 2~3u o] B2 {3
S 2 AEHAUTY A& AL RZE FiE A FEF
7.08~9.72 m3/day®] £X5 Ho|n], 24¢1 Ae] oA
AE AMLRE 32 A3y go] EE ] Al
2o HjF HE AlARoM E oz BEAHD
(Table 3, Table 6),

HHA ool Y QIAEA AE AlAR ] A
HolA] A3k & f-8 (Darcy £5, q = KDAEE
Aty -5 ZloA FAFH o ©EF 4 A9
2} case @ 67]9] A& Ald 2o ujgl o} E ghol =&
=, 3 22 AldReMEte £ kel B4
ztolol o3 A o2 thekslt £XE Bt} ulg)
A, ABle] @ R3S AA Aol e =&
I 3E A e Be A E oplEd S Jon
2, B &A= A3k £-5% (Q = KiA) (Table 4,
Table 6)o] gk A2 E 0] &3}, 7} Al R4 gt
HA (4,908 m2)9] W& R3] R HHoz 7}
A3k, 1078 Aol g HT A5 99 /=
(Darcy £5)& £23} %t} (Table 5, Table 7).
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AR F2) 9] AslE fr-F S0l whah A& AHR
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d2e] HAF F=Q] FEFLOW (ver, 5.2)0)A] A &3}
= UA5A 7)) (particle tracking method)< ©]&
staTt [0l gt 52 240 o] &€ 2] 2d

p—

Table 4. Daily groundwater flow rate through the disposal
silo after closure of disposal facilities; K of engineering
barrier : 3 x 101'm/s (Q; m3/day)
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& BF F - AEY PAAATE AR Ao A4
&, 3% 3154 YEde] £993 38 e
AB+E &5 EAd st A (steady state) 2]
2d Adte]n, YAFAHIHE H83te] FYAH
oA 2 AHL2AA Y At fF5 F2 L AR
AFdZ oA Wl ER) 7R o] RSk GEARE BA

Table 5. Darcy velocity at boundary of disposal silo after
closure of disposal facilities; K of engineering barrier : 3 x

10'* m/s (q; m/sec)

Silo
Case
1 2 3 4 5 6
1 |1.51x10M(1,62x10"11.36x10" 1.41x10™(9.17x10°122.52x 10"}
2 [2.65x10M]1,89x10172,08x10™1%] 2.28x101 1.67x 10113 30 107!
3 [2.08x10"]1.40x10™11,55x10™7% 1.82x1011 1. 75x10713, 70 107!
4 [1.81x10"]1,53x1011,86x10™ 1.61x 10" [1.40x10713 23 x 10!
5 |2.03x10™1,47x107Y2,02x101Y 2.27x101 |1.67x 1011 2. 27 x 107!
6 [1.70x101111,93x1012.19x10™Y 1,37x10?1 1,80x 10113 48x 107!
7 12.32x10M11.43x1012.07x101 1,93x1071 [1.54x 10713 07 x 10
8 11.19x10™[1.38x1071.86x101] 1.76x1071[1,49x 103 41 x 107!
9 12.49x10M[1,47x1012,13x10™] 1.68x107! [1.73x107112,38x 10"
10 12.48x10™[1.50x10772,40x10" 1.79x1071 1,57 %102 85 x 107
average| 2.02x101[1.56x1011.95x101 1.79x1071[1.55x 10 3.02x 10
Std, | 4.72x10™[1,94x1043,09x 101 3.09x1072[2,55x 10124, 94 x 10"

Table 6. Daily groundwater flow rate through the disposal
silo after closure of disposal facilities; K of engineering
barrier : 1 x 10“m/s (Q; m3/day)

Silo

Case 1 7 3 i 5 3
1 6.15 5.36 6,53 8.86 8.31 12,00
2 8.55 13,01 9,22 8.44 8.92 8,71
3 5.80 7.88 6.36 13.27 6.45 8,18
4 7.34 8.13 11,06 8.28 6.47 10.56
5 6.32 6.29 8,71 6.31 8.14 8.00
6 5,12 10.14 7.24 9.50 7.14 8.11
7 6,10 10.72 5.45 7.01 7.01 11.76
8 6.25 7.73 7.13 9.75 8.90 10,34
9 11,66 7.04 8.65 9.49 8.06 8.30
10 7.51 9.44 6.55 6.33 7.70 11,28
average 7.08 8,57 7.69 8.72 7.71 9.72
Std, 1,88 2.28 1.69 2,05 0.91 1.63

Table 7. Darcy velocity at boundary of disposal silo after
closure of disposal facilities; K of engineering barrier : 1 x
10*m/s (q; m/sec)

Case Silo Case Silo
1 2 3 4 5 6 1 2 3 4 5 6

1 |3.20x10%(3,43x 107|2.88 X 107] 3,00 X 107 |1.94 X 107]5,35 x 103 1| 2.90x10°|2,53x10%|3.08x10%| 4.18x10% |3,92x10®|5.66x10®
2 15.62%x10°%|4,01 X 10%]4,41 X 10%] 4,84 X 10? |3,54 X 103]6,99 % 10? 2 | 4.03x10%]6.13x10%] 4.35x10°) 3.98x10% |4.20x10®|4.11x10®
3 4.41x10(2,97 X 107]3,28 X 10%] 3,86 X 10?3 71 X 10?| 7,85 X 10° 3 12.74x10%]3.72x10%]3.00x10%] 6.26x10° |3.04x10%|3.86x10°
4 13.83%10%3.25X10%3.95% 10%] 3 41 X 10° |2.97 X 10°|6,85 X 10 4 13.46x10%]3.83x10%]5,22x10%] 3.90x10% | 3.05x10% | 4,98x10°
5 [4.30%x10%|3,11X10%|4.28 % 10%] 4.82 X 10° |3,54 X 103(4,81 X 103 5 | 2.98x10%]2,97x10%]4.11x10®] 2.98x10% |3.84x10%|3.77x10°
6 |3.60X10%4.08X10?%4.63 X 107 2,91 X 104 |3 81 X 103(7.37 X 103 6 | 2.42x10%] 4.78x10%3,41x10®] 4.48x10% | 3.37x10%|3.82x10°
7 |4.91x10%[3.03x 107 4.38x 10%] 4.09 X 10°*]3.26 X 10?[6, 51 x 10° 7 ]2.87x10%]5.06x10%2.57x10®| 3.31x10"* | 3,31x10®|5.55x10°
8 {2.53%10%2.93%103|3.94x10% 3,73 X 103,17 X 103|7.23 X 10? 8 | 2.95x10%3.64x10%]3.36x10®| 4,60x10° | 4.20x10® | 4,87x10°
9 [5.28x10%/3,13x 10%4.52 x 10%| 3,56 x 10°[3.67 x 10°]5,05 x 10? 9 {5.50x10" | 3.32x10% 4.08x10®| 4.48x10° | 3.80x10% |3 92x10°®
10 [5.25x10%[3.19x1075.10x 10%] 3.79x 10% |3.32 X 10%/6,03 X 10° 10 | 3.54x108]4,45410%]3.00x10®] 2.98x10° |3.63x10%]5.32x10®
average|4.29x 10%[ 3,31 x 10?]4.14 X 10%] 3,80 X 10?{3.29 X 10%|6,40 x 10° average| 3.34x10% ] 4.04x10%(3.63x10%| 4,11x10% |3,64x10® | 4,59x10°
Std, |1.00x10%4.11x10%6,55% 107 6,56 X 10* [5,41 X 10| 1,05 % 10 Sid, | 8.88x107 [1,08x10%]7.96x10°] 9.66x10? |4.30x10|7.68x 10
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BhAE, gt kg kel e AREA] AR A}
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%71 Y&+ Table 89l 8.9k} T}
@ A3} 45 F=
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AR AARE G9E 3% AzkrY g A9e
T183}7] 8] Table 89] A} 1x|oA kel ¢}

%3 (backward particle tracking)& 0]-8&he 43
EALE Faetdnt, AR 10789 A--olA vlanA £
A Bk o) =&, 107] 2] Cases Fol| A
Case 29] 7%, A& AR o] BA] Wgfo g 200~
300 m o} A8 A RN Frakd AshrTt AR AHL
RE AXAM 32x o B8 (Fgure 6(2).
gl dol|A] gkl AElprt AR AR A v
3= olF AIEE vl A, AL olF A
2 gl vjzle] FFEE B8 mETofo} 3lAlt, ol
Aeehg 71502 gheks) B uf) A Al g
sk Alster e e 71ke vlud ke Al g
FA G oz Qs A g FoZ B ET

- At R A v E A H4AA

AR AMLE Jos s 2y Al MiEA G
TH38E7) 918 Table 8] A=}F Y xJollA FubeF ¢
A} A (forward particle tracking) ©]-8-8Fa] 473

\

‘%

Table 8. X, Y, Z coordinate of particles for particle tracking
method

BARE FyEidon, AdR oA FEEE Ask
7 AR 228717149 Ak frEEe 2 3

£ M2 Figure 6(b)2] $-&oll EABFCE, Case 29
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It} (Table 9). B3], £& 5o A8 H&H
o] Al gollr Hat AFHe olF AulE B 2

| o

Silo 2 Silo4  Silo6

P @ ®

m_}{mjﬂr:__

xcord, | yeord, | zcord, [xcord, ycord, | zcord, . . ) _' !
243414 | 247990 |80 (243414 | 245050 | 80 Silo 1 _Silo 3 Silo 5 |
243414 | 247990 | -0 243414 | 248080 | 90 / ) \

Silo 1| 243414 | 247990 | 100 | Silo 2 | 243414 | 248080 | -100 1
243414 | 247990 | -110 [ 243414 | 248080 | -110 |
243414 | 247990 | -120 243414 | 248080 | -120 |
243414 | 247990 | -130 243414 | 248080 | -130
43504 | 247990 | B0 243504 | 248080 | -80 Fig. 5. Layout of disposal silos
243504 | 247990 | 90 243504 | 248080 | 90

) 243504 | 247996 | -100 | 243504 | 248080 | -100

S0 3 1 as0d T 247900 | 110 | 220 % (243504 | 248080 | 110 Table 9. Statistics of travel length of groundwater from
243504 | 247990 | -120 243504 | 248080 | -120 disposal silo to discharge area (Unit: m)
243504 | 247990 | -130 | 243504 | 248080 | 130 Average Stdd, Min Max
243504 | 247990 | -80 .243394 248080 | -80 Silo 1 523,08 784 468,13 577.87
243504 | 247990 | 90 248080 | 90 [ sioz 614.49 2283 564.00 656,71

Silo 5 |04 20| AN |, o 243504 | 2800|100 Slos | 4010 | 219 39569 7.0

z 243594 | 247990 | -110 | 7 243594 | 248080 | 110 Silo 4 51378 2238 468,96 565.46
243504 | 247990 | -120 243504 | 248080 | -120 " silos 372,24 291 329,44 441,96
243504 | 247990 | 130 243504 | 248080 | -130 Silo 6 409.13 26,40 365,01 458,50
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(b}

Fig. 6. Flow pathway around Gyeong-Ju LILW site (Case2) ;
Figure (a) demonstrate the pathway from recharge area
to disposal silo and figure (b) describe the pathway from
disposal silo to discharge area. Inner contour is the
hydraulic head distribution at surface level.
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AL EE Tt Askpol v, FHHoz 2
AEE 53 327 ngid yehds zlol2 wet
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® Ao W FF A wF
A& AL ROA BEjA7EA 2] B2 X349
BT A3k G4 A3 T3] A3l Aty o
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olgstelt. 2t A2 ERak Askt AuA
2 52E 5 AR A9 U 54 R
o Feldmxol o5 AYE A5l BT B9 #
2L 230~2,55%108 m/sece] X E Holy
(Table 10), 7 AR M2 =& Ee Aohro &4
fol U@ BRE 24 ge Aoz wA€Y
(Figure 8).
o. AZAY Atz

AE Ao HAE F 2T £ = d/detA]
ok AP tiste] 87 S BAsh A2 Bt
A7 8] FFA AR H ARl g g &
Hste] a3 73 Aot B =EME vl
U A e T Iz A AdEe F A
A A & 4F 7Y AR #rt 84
, vEe] FEo] AR FA| FH $EE HX3}
Frd BS 5U8T L ALETE o) 88=

748t &, A A AvEle T ¢

[e]

v

&

2.

et

ZF $E A

2] & (well scenario) & 7} g FH A H7H) gk
g 25 & A3 F-5ELHE B3t AAEA
B =RdA Mg SEAVEle F 2 Ao
Fe ARAIA H F AMLE Fo FFAol
A HAY, AL EE 52 X3t {59 s 0
ol FrAL AAEL $EANN I TR S5
3= A7 € ¢ Q) o] i, AR d9E &3
e ASkr e WelEs e, hdA B
71e] Y AAE2A] FFA Y ARl w2 ALUE A
Aol o] &9 3 2 A3l o]FAYE &
skt

o o2 £ 2

7 98 AL 2 ¥4 27
A& FA FE A QoA BEEF T FUET

Table 10. Statistics of Darcy velocity of groundwater from

disposal silo to discharge area
unit:(m/sec)
Average Std, Min Max
Silo 1 238x10% | 542x10° | 147x10% 4.42x10%
Silo 2 2.49x10% | 440x107 | 1.85%10® 3.73%10%
Silo 3 250x10° | 6,56x10° | 2.70x107 428x10®
Silo 4 255x10% | 6.64x10° | 1.55x10% 4.80x10%
silo 5 230x10° | 546%10° | 1.22x10% 357 x10°®
Silo 6 2.49x10° | 7.07x10° | 1.20%10® 4.66x10°




Numericdl simulation of groundwater flow in LILW Repository sitell. Input parameters for -

Silo 1

Silo 2
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Fig. 7. Histogram of travel length for groundwater flow from disposal silo to discharge area
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= It} (Table 11),
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e

e g T

A A7 A Qo] dA| = 37t
Holzkg 7H38ke, 43k 50,000 m3
(137 m3/day) @] A&2 7F ol
- Aol A rRE AGES A 2708
AR e e, AL 20 comE 53 $B REE 9
3 Aol et 1m7kA] A A sk, 1 BHRE thE
Aol zg 8 Aa g AAshE AR HE,

Table 11. Description of pumping well

Well

Casing
radius

Borehole,  N(Y) ECD EL (m) depth remarks

Pumping

el 10| 248,032.5

243,608.9|388~-105 10,0m  20cm | 584, KB-9

Pumping

el ) 247 906.3

243%,675.2(19.0~-105] 8,0m | 20cm | GM-1, GM-2
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Fig. 8. Histogram of logarithmic Darcy velocity for groundwater flow from disposal silo to discharge area
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Fig. 9. Location of pumping well for well scenario
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=] (Figure 9).

o B s = g =

&, 4 29] Zﬂ%f_’. FHol AR E ARRANE
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3} 8.0 m7HR] A x|eh= o=
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ofefe} Zo] A7t F&A 73} ol vhakah of ool 4] <]
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- 5 Aol AR B, Darcy 5%
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b, &8 °‘*"°§§? 34
S5 At S8l =2 PR A& 75 2
oA HE AFdR o)A wE AR Q) AERe
Darcy £5%7F Wz, o] F A el7t gol A& oA
Brtol) 7b EB)etk Case 28 V1FoR BdHE
gatgon, mul JAolx FrA 15} YA 25
ARk} -8 At oo tigh A delel Ask
5 LdgE st & Ao 98 &
3 QA0S }%6} At F= ] FEFLOW (ver, 5.2)
& AHE-3E STt (6
8ol gl 7"-r(dsc 29] Ak fF wdE 4
& QoFatH A<l oA #H7E 9 S}
Aslpe] FEBL 2.33~4.64 mi/daye] HeR
B H M, AL R 4ol A kel 2,33 m¥/day, AM
2 204 4.64 md/daye] Fo2 Z AEdgn &
AE WEo] HHgh A4 HriEdds S8k
A FEFS 3.54~6.99X 103 m¥/daye] Welg
AA Zdefola] A7 E oS Bt Aol #
FFl vlal] AA 3 Zi% A etrgo]l &, Al
R 5 A] & Aghel 3.54 X103 md/day, AFUR 694
6.99% 103 md/daye] HAZ-E etk ol AR
E FoML Qe 23 E A o] Aek Kol
o] i A el o] HE-g ahr] Wl Ao= wk
e, F2eE o] dald Aol 844~13.01
m3/day @] Aet57) 7t Al RE BHsle Aog &
MET, AFLE 4ollA] HaghS, AFdR 2904 Hu)
e e o AdEdn 53, A< Y, 2a¢

e

¢

¢

re il

r{E

2ol gk Agteo] FEFe] A gl %‘iﬂl@g
= 71/‘1 & éﬂ}ﬂ- wmEEEd, ol #H7E 7Y

o)

o] FYAER Aold 719lsteE Aow A
(Table 12),

7hdel it A At el 9
EEA ”E?ﬂE weo] dald &, v
A Vs e Adel odk S G
Az gA w&d Bokvh FA 1004 At
m3e] Bg Gk B, AALE UR 14171“ A3
FAE FHee= 74 5 FrEES 13.30~22.19
m3/daye] W8 BHEP oW, AUR 2004 Hu)
A5 22,19 m3/day, Ard & 3004 13,30 m3/day
o) Ha goe 247} A Y (Table 13). A7)=

T8 BHshe Ak fEEe FFA Nl
S el v & ), 2 R AR HriE
TF-AollA] FrA 1 o] ARAE AS At Aldr
FEFe vEA R F7 HA g, ol ¥
10] Abd R 5, 69 Abolof] f)X|ak=d] 713k 2o
2 BEAEG &, 45AR AR 7k A
25, 6904 A3ty F5Fo] @A FR drH
7 oulmA A Al g 1, 30M s fEage] TaEhA
e},

¥ 2004 A7 50,000 mPe] & Frske A
§-, At g R F21E A2 99E S9se At
F FEEL 12.45~21.80 m¥/daye] WY A5
Ao, AFdZ 2004 Hdl F-E5F] 21.89 m3/day,

11

O

Table 12. Groundwater flux through the disposal silo without
pumping well {m3/day)

Slol | sio2 | sio3 | Siod | Silos | Silo6 |

Uﬁ?ﬁﬁgﬁd 3.06 | 464 | 241 | 233 2.94 ’ 2.16

Aﬁ 35 he s
detexiogtjm 8.55 13.01 9.22 8.44 8,92 871

edore 1S 62107 (4,01 410 |4.4110° |4 84x10% | 3.54x107|6,99x107

Table 13. Groundwater flux through the disposal silo with
pumping well (m%/day)

Silol 1 Silo2 | Silo3 | Silod | Silo5 | Siloé

| After deterioration of
engineering barrier

Pumping well 1 12,91 | 22,19 | 13,30 {1551 | 15.30 | 16,44

855 | 1301922 (844 | 892 | 871

Purnping well 2 1371 | 21.89 1247”14.05 15.73 | 12.45
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AFAZ 6ollA] 12,45 m3/daye] HAgEog 717t 2k&
A} (Table 12). 718 79 533k Ask
9] FEFE FrA JNdol fle FHe) v &
uf, 2+ AE Az HVE FHoA $5A 2 7}
AAE AS, T3k Ak fred2 vFHHo=
Z7F HA el ole F5A 27t & A% A
Az 1, 3,59 7M7) wWiEl Aoz dddd. &,
S5 AgFo R Ik AFAR 1, 3, SollA] A
3t fE5 o] A F18H FR T v 9 AL
AR 2, 4, 69X REol AstA €t

o, %4 Edo] B GHA B A%
G5 EAol meh BAHE FWAY W7} AR F

(b)

Fig. 10. Pathway lysis with pumping well 1 (Case 2) ;
before deterioration of engineering barrier (a), after
deterioration of engineering barrier (b),
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At 2 oj A FA7A AdHFR (groudwater
plume)e] Darcy &% % B % A £&37]
A8, Uzt 37 7|HL o] &3t AHE AFLRZ A
F2EHE 9Alke) Darcy = ¥ olF AE =3
B9t} (Figure 10, Figure 11). 2 ¢HAA H7}e <
A w2 ZIYE Wy g3yt JAPHAS B5
of) 3tAsle] B45199c} (Table 14, Table 15).

4 EA ol W X|3}H9] Darcy $Ev G4
10] AXHRL ) AT Art 7P AR
5, 69lA HT Darcy $57F 8A3] & & Bolx
Atk (Table 14), =3, 54 271 X @ A9 &5
A 29} 77ke YA Y= AN E 1, 3, 591419
Darcy £%7} AFAR 2, 4, 69 ¥|&] FA] =& 5]
kAo ofgt ok AIE Wtk Febd), g
A Az o] Mk Al R ollA =& EHE YAbe] FE o
5 AwlE Table 159} 2o, 53] ALUR 5, 6 Aol
o A% FA 19 A, WA o1 F A} A}
Az 1o Bla) AFAR 20X 2] gho], AMLR 39 H]
g AU 40llx 2] ghol, AFAZE 59) H|F AMUR 6
dlx o] gho] AAF] F& & 5 Utk o= A A
o] RslE F-5 W) A& BN T BFLR
el Aol 7188 Ao dddnh & $F &
o o3t &t F5 k] WE e A e
28 45 wake] W o gk g ARE FE3]

Table 13. Groundwater flux through the disposal silo with
pumping well (m3/day)

Silol | Silo2 | Silo3 | Silo4 | Silo5 | Silo6

A | 855 | 1301 | 922 | 844 | 892 | 871
Pumping well 1 13,91 | 22.19 | 13.30 |15.51 | 15,36 | 16.44
Pumpingwell2 | 1371 | 21.89 | 1274 | 1405 | 15,73 | 12.45

Table 14. Average Darcy velocity with pumping well from

disposal silo to pumping well or discharge area (m/sec)
Silol Silo2 Silo3 Silo4 SiloS Silo6
P‘vl:,zﬁi;’g 5.14x10%| 3.48x10®| 6.83x10° | 4.67x10% 1.34x107|1.31x107
well2 | 3-47x10%| 3.40x10%| 3.71x10®3.70x10%) 3.87x10%| 2,75x10*
Table 15. Travel length of g dwater with pumping well
from disposal silo to pumping well or discharge area (m)
Silol Silo2 Silo3 Silo4 Silo3 Silo6
§ il 2534 | 044 | 1696 | 1740 | 668 | 682
i iz 3146 | 4010 | 2184 | 3426 | 1386 | 297.4
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L

Fig. 11. Pathway analysis with pumping well 2 (Case 2) ;
before deterioration of engineering barrier (a), after
deterioration of engineering barrier (b)
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A=) #A 2w BERAA S22 Qlete] vl A
o2 F7} HA] Frt 53], A& Atz v
R G7}A] Aetre] Darcy S5 2 olF AE A&

& 27, Adzel Aol A BATE AR AL
2olA wl& A G7A FAHE FF Tl HsE
Z 4 9e Aoz Aergdt
A 2

ol ERe FARAAEY BAS 2] JBO
= FYHgon AR FeeR LAY
AN ARG LA 2] AL whgh-e-g w3l o]
AL =20,
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