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2D FEM analysis for coupled thermo-hydro-mechanical-migratory process
in near field of geological disposal of nuclear waste

ZHANG Yu-jun
(Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan 430071, China)

Abstract: The elastoplastic model and the relative 2D FEM code were extended and improved to analyze coupled
thermo-hydro-mechanical process in saturated-unsaturated porous media through introducing the percolation and migration
equation, so that the code could be used for solving the temperature field, flow field, stress field and nuclide concentration field
at the same time. Then through a computation example of an assumed nuclear waste repository the distribution and variation of
temperature, pore pressure and nuclide concentration in the near field were investigated under the condition of
thermo-hydro-mechanical-migratory coupling.
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Fig. 1 FEM mesh (the point numbers are 432, 433, 434 , 435 and
436 towards the right)
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Fig. 2 Temperature contours (1000 d)
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Fig. 3 Pore pressure contours (1000 d)
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Table 1 Physical and mechanical parameters of rockmass and heater
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Fig. 4 Nuclide concentration—time curves (half life =10 years)
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Fig. 5 Nuclide concentration—time curves(half life =100 years)
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Fig. 6 Nuclide concentration—time curves (half life =1000 years)
VAR EIRBES TR, G SRAR AL A PR
KA, 3T R IBOR AL S, HR K
WP R ZOR B ss , BLARIK B3 4
TEMRELE; R TP AR AR U TR 2K, SR
TR IR (R 2 B 2 I i) R B AE B PR KT L
M\ ] BESE S N ZRIR B

4 % i

MATE )5 Bl LLE B, WU # A s LA
Jr P RS G | R A R S R AL 2 73 O
BUBRIR L (CRAES R hu%ﬁ(ﬁ“n,m
L FELAS A T A9 e B B s P A 5 3828 (GGRAE S B O B
%ﬁﬁﬂ&ﬂmﬂ)ﬁEWftﬁﬂﬂM”¢W%5
R AKINESAT VIR . AERZBORH AL B %5
BRAAET, MU AKIEB) S5 5 AR ) 37 R S A

HSEW . JEEERT. b T RSB P IR
ﬂMAWm&%\@ﬁ%‘Wﬂ%EH%WE%WQ
T AR WIESE RN G IR )i R . Kk

MR GRECrbE IR RAFEIT- T T TR RN & H M AR R

#7110 VMM R ) FURRINIE )~ B A )
&@&%ﬁiMﬁT&%MWMi%ﬂﬂ R EIR:
FESLE AR IR, R A 1 8 2 S U0 80U
W F AR R LR S Rk 5, TR T2



5510 34

IR RO i B — K — ) —IE R R — YA PR C o Hr 1557

WRBAC B YERZ R, TR I Rt vh JER S8 25 K (]
REFAE R IOACY by XA B Bt DL, i
YL HRAIE T ARE e (0 IE AL o

S 3K

(1) X%, G5, . PTc fEBUHR 5 1F F AT h it
FURESLIT]. AZRFSE 5 TR, 2004, 24(1): 6 - 11. (LIU De-jun,
FAN Xian-hua, et al. Survey of —(99)Tc migrating action in
simulated geological conditions[J]. Chinese Journal of
Nuclear Science and Engineering, 2004, 24(1): 6 - 11. (in
Chinese))

(2] @6 %, HBDL, o, e P Np eI Lrhnd
RCRBINBISE ). B2 SO AR, 2003, 25(4): 190 -
203. (YAO Jun, SU Xi-guang, LONG Hui-zun, FAN
Xian-hua. Determination od diffusion coefficients of ~
(237)Np in
Radiochemistry, 2003, 25(4): 190 - 203. (in Chinese))

(3] 5K EZ. MA—AR A A 5 P K — ) ) R 5 AT R G
Fe hear A (3. %24 5 B8 27 4, 2005, 5(5): 50 - S5.
(ZHANG Yu-jun. 2D FEM

bentonite[J]. Journal of Nuclear and

analysis for coupled
thermo-hydro-mechanical processes in saturated-unsturated
media[J]. Journal of Safety and Environment, 2005, 5(5): 50
- 55. (in Chinese))

[4] LEIWS R W, SCHREFLER B A. The finite element method in
the deformation and consolidation of porous media|[M]. New

York: John Wiley, 1987.

[5] CHINIMATSU M, KURIKAMI H, ITO A, et al. Subtask
BMT1-B: implication of THM coupling on the near-field of a
nuclear waste repository in a homogeneous rock mass[R].
DECOVALES III-Task3-Bench Mark Test 1(BMT1)- 2002: 1
- 43. Hazama Corporation, Japan.

[6] CHUIMATSU M, FUJITA T, KOBAYASHI A, et al
Experiment and validation of numerical simulation of
coupled thermal, hydraulic and mechanical behavior in
engineering buffer material[J]. Int J for Numerical and
Analytical Methods in Geomechanics, 2000, 24(4): 403 -
424,

[7] CHUIMATSU M, FUJITA T, SUGITA Y, et al. Field
experiment, results and THM behavior in the Kamishi Mine
experiment[J]. Int J of Rock Mechanics and Mining Sciences,
2001, 38(1): 79 - 94.

(8] £ LJ70s. Hufif = 50 5 HUKWN RIS 2 € 7 v g
KT 5W5[D). 5 HUAEKAE, 2003. (KURIKAMI
Hiroshi, Study on modeling for coupled thermo-hydro-
mechanical phenomena in rock mass[D]. Kyoto: Kyoto
University, 2003. (in Japanese))

[9] NISHIGAKI Makoto. Density dependent transport analysis
saturateds-unsaturated porous media - 3 dimensional eulerian

lagrangian method[R]. Okayama University, 2001.





