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Gas production in a geological repository has potential hazard, as overpressurisation and enhanced release of
radionuclides. Amongst data needed for assessment of gas impact, gas migration properties of engineered barriers,
focused on clayey and cementitious material, was evaluated in this report. Gas injection experiments of saturated
bentonite sand mixture, mortar and cement paste were carried out. In the experiments, gas entry phenomenon and gas
outflow rate were observed for these materials. Based on the experimental results, two-phase flow parameters were
evaluated quantitatively.

A conventional continuum two-phase flow model, which is only practically used multidimensional multi-phase
flow model, was applied to fit the experimental results. The simulation results have been in good agreement with the gas entry
time and the outflow flux of gas and water observed in the experiments.

It was confirmed that application of the continuum two-phase flow model to gas migration in cementitious materials provides
sufficient degree of accuracy for assessment of repository performance. But, for sand bentonite mixture, further extension of basic
two-phase flow model is needed especially for effect of stress field. Furthermore, gas migration property of other barrier materials,
including rocks, by long-term gas injection test, clarification of influence of chemical environment and large-scale gas injection test
is needed for multi-barrier assessment tool development and their verification.

Keywords: radioactive waste disposal, gas gener ation, gas migration, two-phase flow, capillary pressure, bentonite, cement
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Table 1 Specification of the specimen with bentonite /
sand mixture

Bentonite / Sand Mixture
(Weight ratio=7: 3)

Bentonite Kuni-Gel V1

3# Sand / 5# Sand

Materials

Quartz sand . .
(Weightratio=1:1)
Dry density 1.6 Mg/m®
Dimension 57.2mm @*x30mm H
Mesh filter
A 77|
Lead
’7sleeve
5 — - E Stainless
2 ——Béf6aite/Sand mixture 3
- steel cell
| _Sintered
5 7 < p— mj metal filter
i 7.62 cm

Fig. 2 Schematic diagram of the specimen
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Fig. 5 Fit of gaswater capillary pressure curve for
bentonite/ sand mixture
Table 2 Capillary pressure model parameters for
bentonite/ sand mixture
P, (Pa) Py (Pa) S (=) n()
Capillary Model Residual Pore radius
entry pressure | parameter | water distribution
saturation | coefficient
1.20x 10° | 2.50x 10° 0.0 0.45
(1D
Narasimhan
Fig.5 Table2
Drainage
1.6 Mg/m’
vl 3 5 70/30 wt%
[29]
Py
Table 3
Fig.6
9.5ml
Si 5.0ml
4.5ml 108.5
108
Fig.7
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Table 3 Model parameters of per meability for bentonite/ 2.0 oz
sand mixture o
Sy () S (<) m | " ] © Measured Value © <§
Residual Residual gas | Pore radius distribution - Computed Val_ue @| o
water saturation coefficient 1 5- Average of Adjacent
saturation E . 1500 Plots o8] X
0.94 0.00 1.5 | 9.5 E §§ o9
(o)
Py g o
K, (m%) K (m) % 1.0 ®
Intrinsic perneability Intrinsic perneability o °
(water) (gas) g g%
7.86x 107 1.00x 10" 5 8 | o
Porosity (- ) 8 0.5 @% 5
0.426 @
o
&
0.0 s> 73 0 8,
10 ! 0 20 40 60 80 100 120 140
. Elapsed Time (sec)
0.84 -----Water :
e - Gas ! Fig. 7 Measured and simulated gas out flow rate for
) ! bentonite/ sand mixture
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Table 4 Specification of the cementitious specimen

Materials JIS mortar Cement paste
Water / Cement 0.50 0.85
Cement / sand 0.33 —
Curing In water at 50 <28 day
Cement OPC

Dimension 76.2 mm ¢*x50 mm H
Compressive 42.0 MPa 6.6 MPa
strength
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Table 5 Result of gasinjection test . 1.E+10 g
‘6 ]
Material JIS Mortar Cement Paste o 1E+09
£ 1.E+08 4
Temperature 20 24 7 E
@ 1E+07 1
Dimension 7.72cm@ x 4.78cmH |7.77cm@ x 5.00 cmH s 3
> 1.E+06 4 .
B 3 3 ] ;
Dry density 2.12 (g/em?) 1.07 (g/em’) S 1E+05 1 \
Effective = 3
Porosity 0.16 0.50 8 1.E+04 E
Pore Volume 36.3 (ml) 118.5 (ml) IBF S
Klinkenber 0.00 0.20 0.40 0.60 0.80 1.00
Permeabilit%; 5.01x 10 (m?) 2.37% 107(m’) Water saturation ( -)
Gas Entry . . .
Prossure 1,600 (kPa) 600 (kPa) Fig.14 Gas-water capillary pressure curve for drainage of JIS
Broakthoush mortar
Prea roug 7,500 (kPa) 880 (kPa)
ressure L.E+10 3
= ]
2,000 kPa 2.37x Q 1.E+094
107652 S 1E+08
@ 1E+07 1
= ]
Table 5 ; L.E+06 3 \\
S 1.E+05 4
4.2 T 1.E+04 1
(®) 1
421 1E+3 - ———7—"—"—"—+—————
0.0 0.2 0.4 0.6 0.8 1.0
Mayer [26] Water saturation( - )
[32] Fig.15 Gas-water capillary pressure curve for drainage of
cement paste
@
JIS
Fig. 16 Fig. 17
JIS 2 m 0.001p m
()] 0.074 m 0.3 0.03y m
Core Labo Auto
Porosimeter He [33]
Beckman High speed Jacobs  [22]
ultracentrifuge
@ 0.6u m 0.001y m
Micromeritics AutoPore 11 9220 10 ‘ 0.40
~ 09 r Cumulative 7 036 —~
<~ 08 F —-Incremental 4 032 7
[J] Q
8 07r — 1028 I
Q Q
122 5 06 1024 o
- 8 o5t 1020 8
@) % 04 1016 g
S o3t {012 8
[}
7S Fig. 14 g o2 {00 §
Fig. 15 01 0047
0.0 e ; 0.00
He 0.001 0.01 01 1 10 100
JIS 0.162 Pore radius (um)
0.499 Fig.16 Poreradiusdistribution of JIS mortar
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Table 6 Capillary pressure model parametersfor JIS mortar

P, (Pa) P, (Pa) Sy (-) n(-)
Capillary Model Residual Pore radius
entry pressure | parameter water distribution

saturation | coefficient

6.90x 10* | 5.00x 10° 0.15 1.05

Table 7 Model parameters of permeability for JISmortar

S (-) Sy (-) m | n
Residual Residual gas | Pore radius distribution
water saturation coefficient
saturation

0.15 0.075 25.0 | 2.30
K., (m?) Ky (m’)
Intrinsic perneability (water) |Intrinsic perneability (gas)
9.9776x 107! 7.311x 10
Porosity ( -)
0.162

1.0
~ ] \
~ Water

0.8
é’ | —Gas
2 6
s 0.6
e |
.
8 0.4
()
2 1
02 -
)
& i

0.0 \ \

0.0 0.2 0.4 0.6 0.8 1.0

Water saturation ( -)
Fig. 19 Relative per meability curvesfor JISmortar
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E 5 P P saturation coefficient
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