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Impact Analysis of Earthquake-Induced Cracks in Deep Geological
Repositories for Nuclear Waste Fuel

Jui-Hung Chang* Wei-Hsing Huang Jou-Jih Liao Jen-Hung Lu Bo-Sheng Jeng

ABSTRACT Based on the concept of deep geologic repositories, high-level radioactive waste will be stored in
deep deposition holes away from the ground surface. The heat generated by the waste will induce both significant
stress increments and ground water seepage in a multiple geologic barrier system. The long-term ability of a barrier
system is significantly impacted by coupling between the thermal, hydrological, and mechanical processes. The sta-
bility of a system may also depend particularly upon unanticipated factors such as the development of
post-earthquake macrocracks. Therefore, this study investigates the three-dimensional transient and long term ther-
mo-hydro-mechanical behavior of a barrier system. The results can be used for future reference in practical engineer-
ing design.

Key Words : Spent nuclear fuel, deep geologic repositories, macrocracks, THM coupling effect.
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Fig.2 Schematic diagram of the deposition area
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Fig.3 Decay function of the spent nuclear fuel
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Fig.4 Finite element mesh for the plane strain model
considered

Comparison of numerical results at two reference points (plane strain case)

H () Mﬂ%/sav;i ctal, 1997 A (FF) KEFF?%/Ser:ﬁiﬁ;ai ctal, 1997 T (FF) mﬂ%s.elva(ifrai ctal., 1997
70 50.5/50°C 55 2.68 /2.5 MPa 55 14.9/15 MPa
St 5000 58.6/55°C 100 2.03/2.1 MPa 10000 18.6/19 MPa
10000 51.9/51°C 10000 0.05/0.05MPa
70 1.92/2°C 55 1.05 /1 MPa 55 9.5/9.8 MPa
s 5000 21.5/22°C 10000 12.4 /12 MPa




K PR ER > 45(1), 2014 71

W=500m ~ 155 20 m([&] 2) » FHETTCE 5880 {EEEHHHE » BH—1%/E
THIEE 2 WIAR T BB N B B o = (2) Pl 5 ¥k %
H B AR IR T S HRVR— A A i 7 20F
HIEITR R EEE Y (Selvadurai et al., 1997) » AHFFTARIELFFAE
REEGR DR B SERSTE B PR IG HAE A B R TR B B
0.685W/m’ « HIK » £ 55 E [ EE 240 2 SRR 5 T > FHFYE
B RS R R e 5 HoSR R A EEEY H i SR R AR
> fEIEEE Ry 8000mx8000mx4000m (& 5) » KSRk < i
22 (Selvadurai et al. (1997) » 5R¥G 72 A (2005)) » EEFEIL R ~T
T FERRE T RSO R RS ME - PEON - TR AR EN Y
Ry T RES A R G R R B S L s B TR I i — R A
PR EE L AR » 3% 0E TR I IR B35 5 T
a4 HExExm B2 Pl Ry Ixvwxd » DUN RS %4
REIRSTH R T 28T - BEHIER 8 -

EAAnit . TR RS THM o3 B - AREJeiE T2
HESHT  SHERERES 2% » B NETEIL KBS
B RER SR B EE - HETTARE AT » ST RFLBEKIR KA
B I E -

EEVEE ST (RBREHIEE > FHERS IR
ZAIEIRIEREE Ky 20°C B [Ajt N ZEAH 100m f -5 3°C (&
DISCEEN > 2000) - 728 S GRFITVERSY » S EHREER &
20°C ; Al R JE SR < FAE B 5L b A BB R AR B
I RTFEH B R B ORI EIF R EB TR (& 5) - HiRA
BT £ BT S B IR EE AR IR BT - TEARRE AR S 8
DR B RS~ BRI E R0 FIRAV B R R 1T
5 HEEA RS it 2 & AT R RE 2 8
(BEAE2010); MEEGEAIZESHEBRMR 2 HEWE GR
HaZmE N 0 2005) 5 AN - RUEEAEEE T RE IR S E - TR
B EANFEE - BT LAFLRE By FHG  EARI RS Rt B 2 SR
& HEEEE LGSR B S EIMEE YR 2 - DIT
IR ARBRZGIRRE (FAY) (F RS8R » AR ENR
BRSTZTN B S EARENERET » St fEEE L
SRR 2 B o R i AR 2 I e T 22T - R 2 S8 )
DUREME TARESENE | ZORERETRME 100°C KR - 51
F R R B Ry =PEEE » B—PEEE (55 0 -2 100 £F)
WSS E Ry 0.4 4F ~ SEFEEE (56 100 4E 2 1000 4F) Ky
15 4F ~ S =F&EL (55 1000 £ 10000 4F) £y 300 4F » 4K
o MR E CERE R BK -

ERBIEORBZGIRRE T 25T REER DI 2B R E
UL » B 6 Fon Ryak Bion S a2 S LEl - hai R
R EEERT (GEAE 0 2010) ZHEIMREE (Q0=0.685

22 LEWEEFL RSO
Table 2 Thermal properties of the multiple geologic
barrier system

k(W/m,K) G, (Vkg-K) p (kg/m)
(FoREEs) 234 730 2600
TREWE (15 25 1600 3275
e 0.025 2000 1.01

—_

]

)
T

2 | e
£ 80
¥
- q,=0.685 W/m’
40 2
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Fig.6 Temperature vs time at the center of the deposi-
tion area (uncracked case)
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Fig.5 Schematic diagram of the cracked multiple geo-
logic barrier system
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Fig.7 Temperature distribution on the y-z cross section
passing through the reference point (uncracked
case, 85th year)
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Fig.8 Temperature distribution on the y-z cross section
passing through the reference point (85th year)
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Table 3 Mechanical and Hydraulic properties of the
multiple geologic barrier system
RINEEE FREE 2
E (GPa) 356 20 02
Y 0.14 0.3 0
C (MPa) 349 — —
¢ 57° — -
B (GPa) 50 50 0.04
u 0.0004 0.001 0.005
ke (1/s) 4.1x10™ 2x10™ 3x10*®
a(1/°C) 5%10° 8.6x10° 0.0013
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Table 4 Hydraulic results at the center of the deposi-

tion area

2215 Ixwxd (m) Max Au,, (MPa) SRR ()
(@) 0x0x0 (JFAY) 5.18 32
) 50x40x125 427 46.4
?3) 50x40%250 324 51.6
“) 50x40x375 2.72 54.8
o) 50x40x475 2.33 492
©6) 50x40x500 1.25 212
(@) 25x40x500 1.40 24.1
®) 100x40x500 1.05 174
©) 50x30x500 1.37 225
(10) 50%x50x500 1.17 19.7
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Fig.9 Pore pressure distribution at different time
(uncracked case)
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Fig.11 Ao°max Vs time at the center of the deposition area
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Table 5 Results of the effective stress increments under
different cracked cases

%51 Ixwxd AC ax A’ Ac’yy A%,

(m) (MPa)  (MPa)  (MPa)  (MPa)

(1)  0x0x0 (JF#Y) 10.35 10.35 9.21 3.58
?2) 50x40x125 13.91 13.91 11.59 2.02
3) 50%40x250 14.19 14.19 12.06 1.96
4) 50%40%375 14.78 14.78 12.54 2.05
(5)  50x40x475 15.19 15.19 12.87 2.06
6) 50x40x500 16.10 16.10 13.90 2.11
7 25x40%x500 14.20 14.20 13.70 2.81
(8)  100x40x500 19.10 19.10 13.98 2.05
) 50%30x500 16.30 16.30 13.30 221
(10)  50x50x500 15.90 15.90 14.60 1.25
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Table 6 Comparison of numerical results from two
crack models (case(6))

Max ¢ (°C) Max Au,, (MPa) Max Ac’mx (MPa)

SERMERAHERY 99.2 125 16.10
2R 98.8 121 1630
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