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Unsaturated multifield-coupled numerical simulation and parametric analysis for
geological repository of high-level radioactive waste
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Abstract: In order to evaluate the safety of the repository ( disposal container, buffer material and surrounding rock) , an unsaturated
Thermo-Hydro-Mechanical (THM) fully coupled numerical model was built to conduct the unsaturated multifield-coupled numerical
simulation. Based on the Comsol Multiphysics platform, the high-level radioactive waste repository was simulated for 500 years, with
the basis of experimental data from the candidate area of the Beishan high-level radioactive waste repository in China and the Gaomiaozi
bentonite. Results of the coupled simulations were compared with those of uncoupled simulations, and the parametric sensitivities of
permeability, heat transfer coefficient and underground water depth were analyzed. The results show that temperature in coupled
simulation is 13 degrees Celsius higher than that in uncoupled simulation. When the water table rises from 0 m to 1,000 m, the time it
takes to fully saturate the buffer material will fall from 703 to 28 years. The saturation time of the buffer material will increase from 28
years to 250 years when the permeability of the surrounding rock decreases by five orders of magnitude. Each physical field is coupled
to each other, which affects the long-term stability of the repository.

Key words: high-level radioactive waste ; repository; safety evaluation; multifield coupling; unsaturated ; parametric sensitivity analysis

R B R A 2GR RS (AL B RS G R I LS ) WAL PR AT IR LR PR
SEANZ AL R AR o A EE PR ST 7 W) ik R T A L % 8 b A R R 1 A AL AR 52 i A P Y 2 A TR RE
F T A P P 2 R T AR RS 1) 52 2 P, T Ak ) 38 0 A P A R, A X A 2 AT A
TAIE i1 7] (thermo-hydro-mechanical , THM ) Z2 554 &3 B H 70 Mr , #F 52454~ S 200t 2 i 5 952 i

EETE . WLI9E HARME L4 (20202BABL214052) 331l 3k K¢ RHIFE 828 2% 98 B35 H (NTF21046)

PEZ B B2 (1989—) 55, B Wi+, EE G T TREGIAPIT . E-mail:hmhou@ stu. edu. cn

SIRARS: Bl B, IR 55 @ UR WAL & AR 2 R A& BUERL S S EUMT )] W 24 ( HAARLA ) ,2022,50
(5):111-117.
HOU Huiming,HU Dawei,ZHAO Xiaohua,et al. Unsaturated multifield-coupled numerical simulation and parametric analysis for

geological repository of high-level radioactive waste[ J]. Journal of Hohai University( Natural Sciences) ,2022,50(5) :111-117.



12 ERCPNE N 450

B, A REMERR T AN AL B R R B R G i 2 A bERe

FHI, A A B R THM 23R & ) BT B0 [ N AD #3200 s AT 25 JR A 1Y
FEAZEERONE , X b B PR A 76T T THM 25 AL, MR 45 I 55 ) 38 T 400 ) 25 0 i o 1 v A
TER TR A RN (1045 1) SR 50005 B8 AR S AR VR G A2 5 1) R P I A h LSS T THM 48
A AR R0 405 DX A 7 A8 A R o IR A6 5 T AL B A T - B i IR A AR )
KA [ B IR (1 AV AR o o T e A5 AR ) P 5 8 B 14 v ik T T A S Wl in < R
FEAM T AR ERE, &3S W T b i LK R S T B A RBGEI A  G
%, Zhang P B T Callovo-Oxfordian I8 7 78 AS [A] 5 BE A% K & F 9 J1 22 PE R, Nguyen-tuan 251 %t
THM Z 3 & A Iy BEIEAT T S EUBURIE T, S0 BT T A S B0 1R 22 XS5 R A 52, Hu 551 gy
T THM Z 56 R080, J TA SRR BRI 5 T A% RHAL & 2 P s KGR RS MU, Favero %51 IR BB 5E T
Opalinus Y& 7E TR B AN SR8 & VR FH T A PR RS (v S 5 2 AR LR . Crisei 551 RSG5 T 31K
JZ Opalinus Y87 B K— TR G4 ME

2k LRk, HRTRESE 24 e 5 —Br IR R SR 2 0 5 RV, 58058 22 D e 3R G0 I 0 22 SR 5 2800, OF L
ZARTTERL AU LAF BRI ST W UK WAL B 22 T B 2R 48 (e 2 b A BRI LS ) ARHR AN THM 22
Gkl & SO ) ROBERE AR AN 583 . PRI AR SCRAFR I AU 1L i A 8 OB W A 8 P 0 PN 52 1 v i I
T RS 2 ST AR A AT THM 223805 &5 B A, M A COMSOL Multiphysics Xt #4158 1 4b 8 371
PEATEEASY, WFFEAL & RT3 500 a IR EE AR AN EE A8 A 72, JF X BRI S0 (L BB E A8 b kLS
IERBON I T AR EE ) FEATRURAE 70 A, 20 BT 254> S 500k Ak e P2 i 88 0 6 0 8 VA 19 52, LU RE SR 6 [ 75
R AL & B ek BT R PG R S

1 3EEF1 THM LRSS

1.1 HFEBESHHEE

A THM 2550 5 R AR A Z2 1L B R Z A0 R G0, A4 - S0 IBORE AR A, SR TR A I
RIEFE R ARALBR , LB i sl . FLBR A A SN 0 55 T KRR, IR K8, Br LLZBS S 8 . AR
it SR PO B, ARAEA THM 2 35480 5 [m) R A 40 3 A4 5 72 (FLBUK B BT s ~F A 0 R 2L B
RESE ST R RS PR ) Fl— RN A, 3 AP A SEORE WL SCk[ 1822,

AEHUFN THM 2235500 5 A i o0 7 FR2H I B i AR 4 v B0 MR
TREE A I A PR DA A S0 Lk — A A B, IR 3L IST
1ty — ANl B (PRI 1) R Ak P R A R E T RARAN [y
1000 m , B~ B BT o4 T FELIE: 70 9 0 e A 0 T O A o z Lt o
100°CHYMRHI OB T B, th FREBE AR BIEAEA 2 > S
JrRRTRR ), B LA S A KPS o e gk PHT VTR Wf*jé 2
ST T 1 AR R S 3°C /100 m, b T FE ML F 0L {l B (e
H15°C  BRAOTRE S 1200 m, HF LU R AR AG LI 2 51°C , b TlE 20 i
BRI AL 45°C . BURIHIIOA T A PR IR SIC A, B W8 510 g
ANIBIK TEBORHF 15C AL, HARFF— R RS EAAE, X 4000
T2 B TR A P T, A 0 30 S5 e i s e 1 SHEY A B R
RGNS JU{AEEY (B . mm)

a. PRI PFLBRK B R R e, FLBR/KI A S, 5 1L Fig.1 Axisymmetric geometric model of
Bk K P R & [23] KR ¢ MXTB B R B AR high-level waste geological repository (unit: mm)
1

() ] o

1 P=0

Sl _ar

705 _01-: [1 +




55 5 3] W], 5% R AL B AR A 2 A RS 2 8 i 113

B (Sl . gr) " [1 - (ﬂj } P <0
Cm - - l_m 6 _0 0 _0 (2)
a(i) s r s r
pe o P=0

S -6 S —6)"]"M?2
kl_{(ej_eﬂ O L v N N R .
1 P=0
X0, IFAKARBUN G 0, JEFLBUK RIS AR T o ARS8 p, KBS BE 3 ¢ TR Sy ik
JFEsm Bl on WEC HIWEE m=1-1/n, 6..60, .«.n 1 HERZSEC R 2 A CE 6, =0. 403 .6,=0 a=
8.0x107m™ .n=1.61=0.5,
b. K REL, KZERAY BURE D, SELBK R S, A 3¢, i ilie4h Kl i S5 515
FIRBOCR "™

Dy, 0.3<S5<0.7
1-S
D.. ( lj S > 0.7
Dy, =1""00.3 ‘ (4)
S
D (7') S, <0.3
Tvb 0‘3 1

X Dy, WEEARY BREGBE R 1.0x10™ ' m? /s,
c. ML, FRAE (pe)
(pc) . =@Spie, + (1 = @)p.c, (5)
e MM B E R AT s p G 0P AR SERUE B @ HALBR A, o oK I L 3RAS BUIE
4200J/ (kg + °C) se, R THRGE WA BT LEIRAS  HUE 900 1/ (kg - °C) 5p, A AL T2 L

e oA EHALBR AR 0. 403, W LRI AT B 0. 270, SR B 51 £1 EMHRESREY
FEER SRR IR (R 1) . BUARR AL &SRS G AR 5 Table1 Heat transfer coefficient of
B ERA 570 591 R 82 GPa 200 GPa 500 MPa A 37 GPa, JA¥A b 435l K buffer material
0.3.0.3.0.3 F10.25, % /%M 2.8 g/em® 7.8 g/em® 1.4 g/em® Fl — iy, e TR

2.67 /e’ I HBBERSMHN 1.0x10 m> 1.0x107° m> 4.0x _(g-em™) (W- (m-K)™)

107 m® F11.0x107" m?®, 4 K 2 5043 1R 1.0x 10°C ™" | 1. 64 x o o
107°C™ 1.0x107°C ' Al 1.0x107°°C™" , [ERBE R AL B 24 FA Y 1.4 0.616 0.97
SHAEEMNN1.2W/ (m - K) 53W/(m - K) 2.8W/(m - K) ,#4% 1.000 .19
S35 0.96 kI/ (kg - °C) 0. 46 kJ/ (kg - °C) 1. 0kJ/ (kg - °C) . gj;g ‘l’f‘o)
1.2 HHTR 1.6 0:616 1:30

SR ZZ PO R I B R A T R A R R L A 1.000 .51
BRI B A SR R s e sg g, o0 o
O A PR L AR LA e A7 7E K 2 BRI B, 1000 200

I A R B A BB 1.0x10™ m® A6 R A A A B
BARA 1.0x10™m? , P LA A B9 A BB RN 1.0x107 " m? (FE 601 1) M — AR ifES G, 4% 1. 0x
107" m?* (Z840] 2-1) A1 1. 0x 107" m? (Z2 401 2-2) THE FlE B9 [ A7 8 15 A0 A Bt B R 58 THM 22354843 8 1k
(R, T ERIN AR RS UL, 43 BRI 0 T2 1.4 ¢/em’® (524 1) 1.6 g/em’ (5241 3-1)
FI1.8 g/em® (52401 3-2) RIS iE S AR HOM A B R 7 5 5 R 8 THM RS AL s (R 1) . BUERY 3 Fh
T VR IEE 53530 0 < TR K T AT T P47 (R B 1) K AR S 500 m (S 41 4-2) (78K it Ak )28
K (FB14-1)

B 2(a)h, (1) ~ (7)) ERMEE A N2 b S0 R YRER O, 50(2) G2 mfobh BRI W HE 1Y
TR, 15(3) R B G AL J(4) FEGE P E RIS S ST L, A5(5) FIRi(6) 23 BIEE B S = 0. 05 m Al
Im, m(7) AR RSN AL, G5 2t — Ak P IR RELE K- J7 [0 45 53 P . 1(8) LR(9)



114 WK AR R ) w50 &

TEREIRL (X Bt L, 43 91 Sk 2 00 R 0 I TG A5 LI 45, £ 10)
OB AL B R 05 5 P 2(b) 1, 4 (a) (b)
(3) (k) (m) FERR B -, 5 () AL T2 1R, 5 (b)
TR R o0 5, G R R TR oo, (k) (10

[
7%2%‘{*)%5{“:':}?\ ,llﬁ;(m)%%ﬁﬂgqj,b)ﬁ“@ (C) (6) (h> 7%% 1700\;/~ (2)}4/)/(6)5615@2 (m)
= 9 7 N I >
PIEHOMITL A, 45 (o) RIEAIRERIC LS, A5 (o) RBeBRRg ) AT
i, A () SRR TR 2, A2 () () MR © ) s
A, O ELZER B B2 () B (h) FFF, 40(d) P 1 o s
N L 1 160—~— b O\

(o) FFF 15 (e) FIAL(D FFF, 4 (h) ELS AR L 1, 5F LA et OANE
TGRSR L, 000 ©

(a) TSR (b)) TRANEE A AR
2 BEHERESH E2 THM B4 HILE R 5888 (B0 mm)

2.1 JEEAHIZELNH Fig.2 Output point specification for coupled

LB | 45 [ 2 — B0 1 b B B AT A OG M R
J ) SHE VS ) 2R T IR BE AN 0 100°C 1), BB 8% (R E /55 Tl 2 P A 8 PR o B 3R 9 R O 3 A 2 Pk B AR i o i AAR S
HEVEARR A MIREE X AL B P T 00 , AW 10, R BRI MR A (2) AR S5 T 100°C |,
AR AR R 4 m, BN AL 8 PE T 5 B TR R S0 m?
2.2 WMAESWER
2.2.1 AEEB(EF 1) oM

HH I 3 AT UL, 56 10 AF A BB SZ vh 2 58 A HRURT , 5% 300 22 4 75 4 BEE i 92 vhobA L0 A 0 B2 JE BRI S 3 ix 5
e D PN AE PN E T E e QLR R Ve Il <& (e TN

THM analysis results (unit: mm)

1.0 I
| — B 4E [
o8¢ || —%zg — i le)
= — 104 o —a
‘*é 0.6 — W0LE g KHoUg
0.4 ) —_——_
gab > . . . . . : . ;
05 10 15 20 25 30 35 40 0 1 2 3
5 HhZR A B S /m At ] /a
(a) AbE Yk 2k (b) Hih2k LAY
1.0
— & (m)
0.8 — A (k)
il ® 06 — 5 ()
= = — & (b)
= & o049 — M (a)
02
0 ] 2 3 0 10 20 30 40 50
it /a fif /2
(¢ ) JREYFEM T 5, (d) %R _EAY S

B3 X611 IERREERS(EBS) RERMMERNL ML
Fig.3 Evolution curves of saturation after installation of engineering barrier in Case 1

1P 4 0] LA H A5 AT BE R 100°C, 328 IR P AT 19 ol HE e o P 1 5 T AERB 5 1 0
FERE S O BRI S i, TEARRE S 1 D0 T S b BB TR AN EE — EL R A I R TR AN AN | 22 IR0 5 4L
I 2 bR R A BE AN TS A, T 3 AR B A R, BT L2 8 5 1 D0 T B A IR R 2 IR — 2, i
R B, FHARRS B 4 5 EEASEAUN ) A P PR B Al v, %o T A PR ) B T PR
2.2.2 BEBBAMNHT

a. [IERB BRG] 2-1 %I 2-2) & 6(a) AlH, Bl B A B 5 A0 S bR 193 AT



55 5 39 W], 5% R AL B AR A 2 A RS 2 8 i 115

e & (1)
H(2)
100 > A (3)
_4\././'\ o H(4)
o 80 > * i (5)
= Nz o 4 (6)
E 0 F 2 v & (7)
‘\:
05 5 50 500 05 s 50 500
il /a it /a
(a) &35 LAY (b) ShxFR_ERY S

4 EO1BFLREEL

Fig.4 Evolution of temperature at various points in Case 1
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