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ABSTRACT

The engineered barrier system of high-level radioactive waste disposal must maintain its
performance in the long term, because it must play a role in slowing the rate of leakage to the
surrounding rock mass even if a radionuclide leak occurs from the canister. In particular, it is
very important to clarify gas dilation flow phenomenon clearly, that occurs only in a medium
containing a large amount of clay material such as a bentonite buffer, which can affect the
long-term performance of the bentonite buffer. Accordingly, DECOVALEX-2019 Task A was
conducted to identify the hydrauliccmechanical mechanism for the dilation flow, and to
develop and verify a new numerical analysis technigue for quantitative evaluation of gas
migration phenomena. In this study, based on the conventional two-phase flow and mechanical
behavior with effective stresses in the porous medium, the hydraulic-mechanical model was
developed considering the concept of damage to simulate the formation of micro-cracks and
expansion of the medium and the corresponding change in the hydraulic properties. Model
verification and validation were conducted through comparison with the results of 1D and 3D
gas injection tests. As a result of the numerical analysis, it was possible to model the sudden
increase in pore water pressure, stress, gas inflow and outflow rate due to the dilation flow
induced by gas pressure, however, the influence of the hydraulic-mechanical interaction was
underestimated. Nevertheless, this study can provide a preliminary model for the dilation flow
and a basis for developing an advanced model. It is believed that it can be used not only for
analyzing data from laboratory and field tests, but also for long-term performance evaluation
of the high-level radioactive waste disposal system.

Keywords: High-level radioactive waste disposal, Gas migration, Dilation flow, Coupled
hydro-mechanical analysis, DECOVALEX-2019
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Fig. 1. Four main processes of gas migration in clays (Cuss et al., 2014)
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Fig. 2. Cut-away diagram of the pressure vessel and image of the sample with the relative positions of the load cells and pore
pressure filters (Daniels and Harrington, 2017)
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Fig. 4. Geometry of numerical model
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Table 1. Numerical model comparison between Stage 1 and Stage 2

Stage 1 Stage 2

Numerical code TOUGH-FLAC COMSOL Multiphysics

Mesh elements 7560 brick elements 7961 tetrahedral elements

nitial condition H 1.0 MPa water pressure, 98 % saturation
M 5.5 MPa swelling pressure (assumption) 7.1 MPa swelling pressure (assumption)
H No flow boundary condition except radial filters

Boundary condition Radial filters : 1.0 MPa constant pressure
M Roller boundary condition
Gas injection Injection rate Injection pressure

HE

7 Stage 19l4= ARFEe 9 okga} Fofe] Mg xJeA] F =21 TOUGH-FLAC= O]%é}ﬁiﬂil(Rutqvist et al.,
2002), Stage 2°l4= 5975 ool E21E COMSOL Multlphysws; 0|83}t COMSOL, 2018). | SH-x} 2 A%
o] COMSOL Multiphysics& ©]-8610] TR2A|A 7|9 F30PAAAE7F F =21 AProE 7 S0l 310, ]3_ HE5P| Hﬁﬁ
Stage 2¢]41= 8l =5 COMSOL MultlphySlcs_E._ WGl 422 SAS 2-shsel)

H|5] 8420] 7-- Stage 1914= 7560 79| 6 HA| Q45 AHESHA.0H, Stage 20141= 7961719] 4HA| @45 AR5} SiA]
sl3ich 27] 279] 3¢ 521 0 2= 1.0 MPa2] 335 2 98 %2] SIS Zhom, o5k o 2= 775 5 MPa®} 7.1 MPa
O] - 3oto] EARIAL 7Pdsigitt. 27182 S A}, 7IA| TS A A ehdel] IEUo | E A= 0] g o= ]
Sff -g-Sfo] WASh= A 0= SRIF AT 4] Rellof A= 2ot O sl FIAsHA] oF7| whizell 714 Q1 Baete] 'AiskA]
oot ol5 Helslr] ol % % e 27 23 0= TPl

Y

2] A 2739 47§78 B (radial filter) o M= 1.0 MPa 2] &7 o) AR AFESIA. oM, o & Al 2fet L]
] ZAR= BlHi(no flow) 74]&7 2 gsi3int. ot A 2400 ¢ LA Al A 2332 BARE ] Sfell &2 A 221

(Roller boundary condition)2 AFE5FCE. TEA|}O 2 7]A] S=Q] HEA] 9] 749 Stage 194= AP 02 F7lol= 7|4 U
7Vgel 7IAIE ARt REHol(Fig. 5), Stage 204+ 7F8 2205 o]-8514] 2471 sl o 714 78 A& v o = 714 =)
O] 7IA| 4 &S Atste] -] o] 2185190 o= thZat

&
[k

o7} (o 714 5 I ZABRE 71A10) R, £y 714 ) I 91 7110 O, B 71 ) ol o
2 Hltjole AR w7 s 71A0] ORS ofmlgict =, WE 7AE 714 59l B Fqlwe 714 ehelo] S7teA Hl,
713 591 oA Wiz o] AR HAL B S8 714 Stele] 745 Hick neb ol2 o] g4 s 5 ARk 2 st
= 7R 9 RS AR 4 9Jglor], o] 71 59 A2l H851e] Stage 2 A Seatst oIt
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Fig. 5. Gas flowrate into the bentonite sample(Lee et al., 2019)

2 sf|of| AR E/32 Table 200 b QUtk &4 Al FokS B, 38, 17 F4-8-2 Task ARt 713821 BGS oA Ay
=AU A, T U5 A, Biot A, YA U, X ke, BAIRY AlE, vl BaE Al F o] S8 = 3
oA A grolw, 1 o 2] BAJL 73 glolt. BAIRNC] 749 COMSOL Multiphysics 2 814 Al =84 FAIZ

oI5| m ¢ o ZRS A R519-S B L R] B4 Stage 1 W Stage 2014 BT 5U3H gRS o851t

Table 2. Properties of bentonite sample

Properties Stage 1 Stage 2
Elastic model Ele?stic moqulus (Pa) *3.97E+8
Poisson ratio 0.4
Tensile strength (Pa) *1.0E+6
Residual tensile strength (Pa) "2 0E+5
Damage model Uniaxial compressive strength (Pa) 912.0E+6
Residual compressive strength (Pa) 93 0E+6
Tensile strain limit ¢, #5.0E-3
Biot coefficient 0.86
Grain density (kg/m’) 92700
Porosity (-) '0.44
Intrinsic Permeability (m?) *34E-21

Relative permeability (Fatt and klikoft, 1959)

K, =8 K, = (- 5.5 =(5-5,)/1-5,) S oo
A - 90.45

Capillary pressure curve (Van Genuchten, 1980) S, - 90.01
P=r (ST =1, 8 =(5-85,)/1-8,) Py (Pa) - 91.8E+7

P (P2) - 91.0E+10
Undamaged permeability factor A 9222
Maximum damage value Dkmax 21.0
Maximum permeability kmax (m?) *1.0E-19

Note: The values with a), b), and c¢) are presented at the Fall et al. (2014), Harrington and Horseman (2003), and Rutqvist et al. (2002), respectively.
The values with * means given properties from BGS, and * means assumed values.
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