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Abstract
Gas production resulting from some mechanisms, including metal corrosion and
microbial degradation in a geological repository, enables to lead overpressurization of
pore pressure and enhanced release of pore water with dissolved radionuclides.
In this study, gas injection experiments under three-dimensional confinement pressure,
a gas-water capillary pressure test using high speed centrifuge method and high
pressure mercury injection test were performed on tuff core samples to clarify flow
parameters of gas and water.
Results of the gas injection tests under the condition of constant injection pressure and
axial flow were described. The water permeability of saturated samples were existing
between 8.4x 1019 and 8.9x 10-1°m2, although the gas permeability of dried sample were
varied between 2.3x 1016 and 2.5x 1015 m2 depending on gas injection pressure. Gas
breakthrough phenomenon after rapid rise in outflow rate of water was indicated rather
slow increase of gas outflow than that observed on clay materials. Obtained excess
pressure when the breakthrough phenomena occurred were 700 and 1,700 kPa . Grater
the gas injection pressure, higher the excess pressure at breakthrough. Threshold
pressure obtained from the capillary pressure test was order of 10! kPa which was two
order of magnitude lower than the value of clay materials.
Based on these experimental results, the gas migration process and the retention curve
of the tuff sample indicated typical properties observed on porous media. Thus it is
expected that the conventional continuum two-phase flow model will be applied

reasonably for the tuff sample.

This work was performed by Toyo Engineering Corporation under contract with Japan
Nuclear Cycle Development Institute.

JNC Liaison: Materials Research Group, Waste Isolation Research Division, Waste
Management and Fuel Cycle Research Center, Tokai Works

*  Toyo Engineering Corporation Domestic Project Division



JNC TJ8400 2003-061

13

16

16

17

19

19

19

20



JNC TJ8400 2003-061

2-1

2-2

2-4

2-5

2-6

2-7

2-9

2-10

2-11

2-12

3-14

Klinkenberg

iv

10

12

13

14

14

15

15

18



JNC TJ8400 2003-061

2-1

2-2

2-4

2-5

2-7

2-7

11

11

16

17



JNC TJ8400 2003-061
1

a 1GBg/t

11

12 3

WIPP Yucca Mt.

1980

12

10

63

EU

14

55

12

10

1990

OECD/NEA

19



JNC TJ8400 2003-061

2
2.1
threshold
2.1.1
2-1
6.5 MPa
13 8
2.1.2

2-2



JNC TJ8400 2003-061

2-2
/
[ 1
)
500
) '
¢ 50mm 2
threshold 3.5MPa 77mm
2.2
Viton
N,
threshold
threshold
100 110 48
2-1




JNC TJ8400 2003-061

threshold

2-1




JNC TJ8400 2003-061

2.3

2.3.1

2
2-2
5,000 kPa
5,000 kPa
50 kPa/1
6,100 kPa 215
3.5ml
58 ml
150
100
2-3 2-3

8.92x 1079 m?

8.45x 107m?

1.6x 10" m/s 1.56x 10-'¢m?

13



JNC TJ8400 2003-061

(ml)

80

70

60

50

40

30

20

10

25 50 75 100 125 150 175 200 225 250
(hour)
2-2 ( )
m]
1 y=0.306%x-15.424
] R’=0.9991

100

125

150 175 200
(hour)

225

250



JNC TJ8400 2003-061

2-3 ( )
n Pa s 1.002E-03
d m 7.617E-02
L m 5.130E-02
Q m*/s 8.500E-11
P2 Pa 1.075E+06
K m’ 8.922E-19
Q
a 3.060E-01
Q m°/s 8.500E-11
2.3.2
2-4 2-5
N, 5,050 kPa 10 kPa/1
0.32 ml
threshold 1.05ml 229 kPa
threshold
10 20 kPa 50 kPa
84
12.6 ml
70/30 1 4ml JIS

3ml W/C 0.85 6 7ml

0.357 Macro pore Meso
pore 0.23 JIS 0.05 W/C 0.85

0.1



JNC TJ8400 2003-061

84
5,700 kPa 202
100
250 12 13 Nml/min
2-5
250
24.4 ml
9ml 33.7 ml

12 13 Nml/min



JNC TJ8400 2003-061

7000

6000

5000

4000

(kPa)

3000

2000

1000

2-4

100

100

90

90

80

80

100

70

70

60

(Nml/min)

50

40

30

20

2-5

[pt=is D', s - m i = e
%ﬁ%ﬁfﬁhmnﬂHH”,
[ i)l e = =

200

(hour)

(Nml/min)




JNC TJ8400 2003-061

-
35 1
i
30 !
i
0
25 :
£ %7
15
10
5
0 50 100 150 200 250 300
(hour)
2-6 ( )
€h)
1.0
2-4
110 48
2-5
0.80
0.69
0.5pum 23 JIS
5 W/C = 0.85 0.5
retention curve
850 kPa

0.70

10



JNC TJ8400 2003-061

0.26
0.90
7.9ml
24
1
(cm?) - (cm?) (cm®) -
0.32 1.00 0.32 0.32 0.00
233.76 0.357 83.45 16.81 0.80
7.30 1.00 7.30 7.30 0.00
241.38 24.43
(2)
(cm?) - (cm?) (cm®) -
0.32 1.00 0.32 0.32 0.00
233.76 0.357 83.45 26.10 0.69
7.30 1.00 7.30 7.30 0.00
241.38 33.72
2-5
@) -
361.44 0.26
415.20 0.90
339.69 0.00
75.51
@)
2-7 2-8
20

11




JNC TJ8400 2003-061

threshold <229 kPa

10 7 20

6x 1078 m?
1.0x 1078 m? 10720 2

250

5,700 kPa

1.0x 1078 m?

84

20

84

1.0x107Y ]

8.0x107® ]

< | 5

£ 6.0x10"°
¥ H

4.0x10™ 7 -

u} (]
1195 i
2.0x107®

0.0

0 50 100 150 200 250
(hour)

2-7

12

300



JNC TJ8400 2003-061

300

250

200

150

100

100

50

4.0x107"

3.5x107"°

3.0x107"

)
<

2.5x107"

2.0x107"

1.5x107®

1.0x107"

(hour)

2-8

2.3.3

48

110

3,500 kPa

2-10

2-9

3

170 kPa 90 kPa 40 kPa

2-11

)Pd

)Pu

Knudsen

Klinkenberg

2.38x 1076 2

13



JNC TJ8400 2003-061

o (Pu)
o (Pd)
400
300
g
& 200
100

0.0 0.5 1.0 1.5 2.0 2.5 3.0 35
(hour)
2-9
— m]
80
70
60
=
§ 50
E
40

w
o

N
o

10

2-10

14



JNC TJ8400 2003-061

O HAFEBRE

SERIRIRRE 1 O & AF AR S L DESR N "
RIS I AR R

7.0x10°"°
6.0x107"
5.0x107"° o Py —— >
Y=o0JUZUE— L B~ 11XTZ2.0(0E~1
g
N2 -15 \
@ 4.0x10 \\
~ \
= 3 0510 B
s \
X \
R 2.0x10™"° \
1.0x107"
o [m}
0.0 T
0.0 2.0x10° 4.0x10° 6.0x10° 8.0x10™° 1.0x10™

1/((Pu+Pd)/2) (Pa)

2-11 Klinkenberg ZiBfREL DR (LA 4 )

RERBRIGETOMERAKR A D FEE A 2-1212 " LT,

2-12 RBR%OMRE (fik4)



JNC TJ8400 2003-061

2-6
2-6
No.
(cm) 5.017 5.130
(cm) 7.620 7.617
(g/cm®) 1.42 1.45
(-) 0.357
2
™ 8.45E-19 8.92E-19
H 2
Klinkenberg @) 2.52E-16 2.34E-16
0.67 0.77 0.69 0.80
=) 0.92 0.90
threshold  (kPa) 365 <229
(kPa) 1,739 718
2.4
2.4.1
@
7 kPa 7,600 kPa Beckman High Speed
Ultracentrifuge

16



JNC TJ8400 2003-061

)
1.5 inch 53 mm @ 104
12 13.8 MPa
2.4.2
2-13
2-7
2-7
(-) (%)
0.334 1.75x 107 | Swanson
0.380 3.45x 107 | Klinkenberg
(kPa)
threshold 0.5
50 4,000
10 20 4,000

17




JNC TJ8400 2003-061

Klinkenberg (m2) : 3.45E-16
- 0.380

1.E+10

1.E+09 E

1E+08 |

1LE+07 E

(Pa)

1E+06

1.E+05 E

1E+04 |

LEH03 by
0.00 0.20 0.40 0.60 0.80 1.00

(Pa)

2-13

18



JNC TJ8400 2003-061

2.5

2.5.1

Thresholod

2.5.2

19

Klinkenberg

threshold



JNC TJ8400 2003-061

2.5.3

20





