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Numerical simulation for influence of fracture aperture-stiffness change caused
by stress corrosion and pressure solution on T-H-M-M coupling processes
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Abstract: On the basis of using the models of stress corrosion and pressure solution established by Yasuhara et al, the effect of
fracture aperture closure on the fracture stiffnesses is considered. Aiming at a hypothetical model for geological disposal of nuclear
waste in an unsaturated dual-porosity-fractured rock mass from which there is a nuclide leak, two computational conditions are
designed: (1) the stiffness coefficients of a fracture are linear functions of magnitude of fracture aperture closure; (2) the stiffness
coefficients of a fracture are constants, then the corresponding two-dimensional numerical simulations for the coupled
thermo-hydro-mechanical-migratory processes are carried out by using finite element method; and the states of temperatures, rates
and magnitudes of fracture aperture closure, pore and fracture pressures, flow velocities of underground water, nuclide concentrations,
fracture stiffnesses and normal stresses in the rock masses are investigated. The results show: there are no obvious differences
between the temperature fields, pore and fracture pressures, flow velocities of underground water, nuclide concentrations in the rock
masses of two cases; fracture aperture closure is produced mainly by stress corrosion; the magnitudes of fracture aperture closure in
two cases are closer each other at the same computation time; and those of case 1 are slightly larger; in the rock mass of case 1, the
nearer the vitrified waste is, the higher the fracture stiffnesses are; and the larger stress values and higher stress concentrations occur
in the vicinity of the vitrified waste.
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Fig.1 Schematic of fracture compaction induced by microcrack propagationl9I
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Table 1 Main computational parameters
FEp ) BERE L MR E th#t C kR FREEA

e (hE WA R o . o

R Ny TS / (m/s) / GPa AR g e Rex /(Wom -1

Fape) 26.7 0.11 1.24x10 37.0 0.30 1.0 8.8x10 ¢ 238
Ji] A 4 25.0 0.00 1.00x10 % 53.0 0.25 0.7 1.0x10° 5.3

xK2 HBAMTESE
Table 2 Parameters for fracture sets used in calculation
, [EIFER . fiifh o BRI ky VI RIS & BIERY ks

A EMH [ S

AR /m EEE /() / (MPa/m) / (MPa/m) LB / (m/s)
S 0.2 1 0 1 000 500 0.01 9.7x10°
EREEN 0.2 1 90 500 250 0.01 9.7x10°

£33 NIEWAEERNTTESE
Table 3 Parameters for stress corrosion and pressure solution
SRR Hdl SRR Hdl
YK a 5.0 YEALIE /- mol” 8.57x10° (f17%)
WIUEFR RS e % R, 0.1 H,O [MiGEALLE AL,/ - mol™ 6.6x10"
4 UL R THT B2 i 22 R 1.0 OH 1%L, AH_ /] -mol” 8.27x10*
ZBURURE R R B JRC 2.67 SH IR R k) ) mol-m~s™ 1.59
BT 4,/ ms™ 1.12x107T BIZABURIH I N B /m 1.0x10°
BT 4, /ms” 251x10°T FAEHALR T mol K 831
YILGTTEE E, / m 0.0125 IR T,/ K 1883 (fi80)
WAITE E /m 0.002 5 JEE SRRV, / mPmol ™ 227x10° (fi9%)
Hoh,,/N'm"? 2.69x10° CHHE) N G 0.999 21 (PH=7)
Wy /NTm'? 1.78x10° (f35) il o 0.000 79 (PH=7)
WAkRE E, /T -mol” 7.0x10% (F790)
LA TR SRR S5k 2545 4 Van S0 = (5 — S ) +Hap| )" 45, (22)

Genuchten F&7%Y, B[

Ao ST B: @ =3.86x10°m™, n=141;
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Fig.3 Temperatures versus time curves for Case 1
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