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FE analysis of THMM coupling processes in dual-porosity rock
mass under stress corrosion and pressure solution
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Abstract: On the basis of using the models of stress corrosion and pressure solution established by Yasuhara et al, the solute
concentration field is introduced into the 2D FEM code of thermo-hydro-mechanical coupling analysis for dual-porosity medium
developed by the authors. Aiming at a hypothetical nuclear waste repository in unsaturated rock mass from which there is a nuclide
leak, two computation conditions are designed: (1) the fracture apertures are changed with the stress corrosion and pressure solution
(the porosity of intact rock is also a function of stress); (2)the fracture apertures and the porosity of intact rock are constants, then the
corresponding two-dimensional numerical simulation for the coupled thermo-hydro-mechano-migratory processes is carried out; and
the states of temperatures, rates and magnitudes of aperture closure, pore and fracture pressures, flow velocities, nuclide
concentrations and stresses in the rock mass are investigated. The results show that the aperture closure rates caused by stress
corrosion are almost six orders higher than those caused by pressure solution; and the two kinds of closure rates climb up and then
decline, furthermore tend towards stability; when the effects of stress corrosion and pressure solution are considered, the negative
fracture pressures in near field rise very high; the fracture aperture and porosity decrease in the case 1, so the relative permeability
coefficients reduce; therefore the nuclide concentrations in pore and fracture in this case are higher than those in case 2 because the
effects of negative pore and fracture pressures on the stress balancing are not reckoned in; the magnitudes and distributions of stresses
within the rock mass in two calculation cases are almost the same.
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Table 1 Main computational parameters
S Y FLBE=R BIBREK u, ! kAR FELAE 3 b C kR SHREAE¥A
T pl(KN/m®) 4 (m*/Pas) E/GPa u /(kI-kg'-°C™) prC! J(W-m™-eC™)
A 26.7 0.11 1.24x10 " 37.0 0.30 1.0 8.8x10°° 2.8
[l £ A 25.0 0.00 1.00x10% 53.0 0.25 0.7 1.0x10° 5.3
R2 HBRAMITHESEH
Table 2 Parameters for fracture sets used in calculation
LR R Sm EEE L WMo ERNIE K, (MPa/m)  VIRRIE K /(MPa/m)  fLERE ¢, BIERE &, / 4, /(m?/Pass)
IKT-2ER 0.3 1 0 1 000 500 0.01 9.7x10”
T HRR 0.3 1 90 2000 1 000 0.01 9.7x10”
£3 NABMIMEBEBRTESE
Table 3 Parameters for stress corrosion and pressure solution
RN LR YIRS T 2 SCHUR THI UGS T T VIR T
e a e R, Pefio R R IRC Ao /ms’ 4, /ms’ E,/m
AL 5.0 0.1 1.0 9.7 1.12x10°T 2.51x10°T 0.0125
s SRARTTIE A A HLRE i H,O KIiGfbss  OH [vSfbsd
- E. /m b /N m™? b, IN'm” E,/J-mol™ E, /- mol” AHyo/J-mol™  AH/-mol
LI 0.0025 2.69x10° () 1.78x10° (F2E)  7.0x10° (%)  8.57x10° (A 3E) 6.6x10" 8.27x10*
.  BEMEMRHCREE BIRGER T S S AL JEIRARAR AL E iR
WHZH L . . o ,
k° /mol-m™s™ NI r/m R/ T-mol 'K T./K ¥, / m*mol™ o2 ",
EALEN 1.59 1.0x10° 8.31 1883 (f34%) 227x10° (FA3E)  0.999 21 (pH=7)  0.000 79 (pH=7)
5 2 ® T34 SUE s VERIERE N ) s B R 7
“H

6T S 11 X LB -2 BR A ST 7K - 1Y )
MEPEHIITRE, fENH T Yasuhara 2548 H ) 24 BUTT
FEETRI I g J b of s s A S R il b, 5N
WIEY, KR AHN K- ) —IE R R A R
PL—AMEE (KA T A0 R0 00 AL B - 224 B A 1)
e T A b T A R AR R MR R R, B
JRE AT 5 2 1 B Y. g S vl RN s s s 4k (Il
I 22 B FLBR A Ry e A5 A2 Y ) R B AR 2D (1)
2 BT, Sl Ik -RY A A I e BRI
B, 55 T R T BRI (1 A1 A5 R
M. FUBUKIE S, MR /K. AZ R IRERIE
NI At L. THEEE SRR Tl 1, 2
H PR RS ZEA KT EE T (4a) B, 1EH)
IR EA[IEF] 30.0 °C~80.0 °C; [N 7 5 [ ) P &
WRTLE T IR o AR 6 MR,
PR DRI 28 7 A (1) P 5 i 3R I i) 5 389 0 5 /)
T RRE: B IR O HERS 2L TT B i 4
B AE T oA, TR T B2 fk 2 IR BT 4R Tt

I N JJ S BEIN [E R, I TR BB T
JE AN J Iy, S ANTHZAE IR AR, 3T
OERBK I ) ETHRE, HIGRE R B W
A B0 NI R T AT AT
RN S AEAF R B AL U238 R B, Lo 2
KRB A S LB RV R B W B, i (12
BB A% 2R 5 B s (A 2 P E 0L s
PR IR Y ) AR S o A S AAR [ o
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