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Gas Migration Phenomena in Potential Components of Near-Field Barrier System

Mikihiko Yamamoto*, Toshiyuki Oba* and Ryoma Mori*

Abstract

Gas production resulting from mechanisms which includes metal corrosion and
microbial degradation in a geological repository are able to lead an overpressurisation
and enhanced release of radionuclides.

An improved method of gas injection test of clay materials regarding test conditions and
methods of gas flow rate measurement were examined and some Kkey issues are
recommended.

Gas injection experiments of saturated mortar and cement paste and quantitative
evaluation of gas and water flow properties in these materials were carried out. Water
permeability of saturated mortar and cement paste are 1020 m2 and 1017 mz2
respectively, although their gas permeability of dried sample were 10-18 m2 and 10-16 m2
respectively. Under the condition of constant injection pressure and axial flow, gas
breakthrough phenomenon at which sharp increase of gas outflow rate after rapid rise
in outflow rate of water was observed. Then the injection pressure rose a peak value
range from 0.5 MPa to 8.2 MPa higher than backpressure. Afterward, outflow rate of
gas increased to a steady state value in the permeability range 10-20 - 10-19 m2. Qutflow
of water continued after gas breakthrough phenomenon.

A conventional continuum two-phase flow model was applied for simulation of the gas
injection experiments. The simulation results of gas injection test were compared with
measured test's data. The results of the simulation were in reasonably agreement with

obtained experimental data.

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

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

*  Toyo Engineering Corporation
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MX80 5)
MX80
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2-1 MX80
(wt%)

Clay mineral

Smectite (Montmorillonite) 75

llite

Chlorite

Kadlinite <1
Quartz 15.2
Feldspar 5 8
Carbonates (Calcite) 1.4
Dolomite
Analcime
Pyrite 0.3
Mica <1
Gypsum
Organic carbon 0.4
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2-2  Boom Clay

(Wt%)
Clay mineral
Smectite (Montmorillonite) 10 20
Ilite 20 30
Chlorite 5 20
Kaolinite
Quartz 202030
Feldspar 5 10
Carbonates (Calcite)
Dolomite 15
Analcime
Pyrite
Mica 1 5
Gypsum
Organic carbon
1 5
BGS 1,598 1,717 kg/m3
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2-4  Fo-Ca Clay

(Wt%)
Clay mineral
Smectite
(Intergtratified Kaolinite / Beidellitelllite) 80+ 2
Chlorite
0 Katolinite 4+ 2
uartz
Goethite gf 1
Feldspar -
Carbonates (Calcite)
Dolomite 14+ 0.2
Hematite 0.25
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Mica
Gypsum 0.4
Organic carbon 0.1

1,600 1,900 kg/m3
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P1 Pa 4.37 E+06
P2 Pa -1.49 E+04
K m?2 1.77 E-20
Q
a ml/hr 2.89E-02
Q m3/s 8.03E-12
(©
3-14 3-16
—H— (Pu)
(Pd)
10000
|
8000
6000
T
o
=
4000
2000
0
0 50 100 150 200 250 300 350 400 450 500
(hour)
3-14 ( 5)
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3-15

450

500

(ml)
L

0 50 100 150 200

3-16

250

65

300
(hour)

350

400

450

500

5)

5)
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200kPa 20 40kPa/1
220
5dm3/min 8.9MPa
11.48dm3
(d)
1.0
3-7
110 20
3-8 0.89
0.81
0.99
1 2%
3-7 5
(cm®) - (cm®) (cm®) -
0.32 1.00 0.32 0.32 0.00
215.42 0.16 34.90 3.86 0.89
7.30 1.00 7.30 7.30 0.00
223.04 11.48
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3-8
Q) ()
481.79 0.81
488.30 0.99
453.60 0.00
34.70
(e)
3-17 3-18
u
1.0x10™
8.0x107"° -
«— 6.0x107°
£
4.0x10™"°
2.0x10™
0.0 4
-2.0x107° +— - - - - - - - -
0 50 100 150 200 250 300 350 400
(hour)
3-17
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a
1.0x107" O
9.0x107%
8.0x107%
__7.0x107
NE T 50
~ 6.0x10™°
5.0x107™°
4.0x10™
3.0x107™
2.0x10™®
1.0x10™%
OO { S D
0 50 100 150 200 250 300 350 400 450 500
(hour)
3-18 5
20
10-20 10—19m2
10-20m2
200
10—19m2
10—21 10—22m2
220
4,260kPa 10-20m2 230 10-20m2
®
110 20 N2
3,500kPa
3-19 3-20
3-21
250kPa 500kPa 650kPa 3
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250kPa

3-20

3-22 ( )Pu

( )Pd

slippage
Klinkenberg

8.14x 10-8m2

—H— (Pu)
(Pd)

800

700

600

0.0 0.5 1.0 1.5 2.0 2.5 3.0
(hour)

3-19 5
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18
. e
141 » s

(ml/min)

10

.

0 -ttt 11—
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00

(hour)

3-20 5

1.0x107*° ] =

9.0x107™

8.0x107™

“E 6.0x10™"

"

7.0x107" ﬁ
- t

:

5.0x107™
4.0x10™ =
3.0x107™ u
'“-M
2.0x10" T
]
1.0x107" =
im
0.0 #—14—"—"+————F+——1r————————————f—
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00
(hour)
3-21 5
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(9)

-16
1.0x107 ] v
9.0x107™

_ v
8.0x107™

_ v
7.0x107

«— 1 4.05127E-12*X+8.14239E-18 v
E 6.0x1077 \

] \ W
5.0x10™" \ A/
4.0x10™ v
3.0x10™ y — Y
2.0x107Y A/

I \4
1.0x107™ / v

0.0
0.0 2.0x10° 4.0x10° 6.0x107° 8.0x10° 1.0x10°°
1/((Pu+Pd)/2) (Pa)
3-22 Klinkenberg
5 3-9
3-23
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3-9 5
No. 5
20 21
JIS
7.753cm 4.563 cm
105 110 20
9) 481.79 488.30 453.60
(g/cm3) — — 2.11
(g/cm?3) 2.24 2.27 —
(%) 16.2 - -
(ml) 34.9 - -
1.002x 103Pa  (101,325Pa 20 )
1.77x 10-20m2
1.760x 105Pa  (101,325Pa 20 )
Klinkenberg 8.14x 10-18mz2
(kPa) 840
threshold (kPa) 840 (kPa) 900
(kPa) 0
(kPa) 0
(kPa) 4,265
(kPa) 4,265 (kPa) 4,320
(kPa) 0
(kPa) 0
) 7.30ml
2) 0.32ml
3)
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3-23

@)
324 325

5,000kPa
5,000kPa 240.3
72.9ml

26.9ml

73

240

46.0ml
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—a— (Pu)
(Pd)
6000
i
5000 —H“-‘ PP N A'A_...,.Ji
u
'
4000 +—g
| u
o o
£ 300045
0
1A
|
2000 &
u
il
L]
1000%'
0 T T T T T
0 50 100 150 200 250 300
(hour)
3-24 ( 3)
| |
100
90
80
70
E 60
50
40
30
| |
20
10
0 . . . ;
0 50 100 150 200 250 300
(hour)
3-25 ( 3)
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(b)

3-26 3-27
5,000kPa
5,000 kPa 5,000 kPa 100kPa/1
9,900kPa 3-26
2,600kPa
40 5,000kPa
5.0 ml
3.3ml
26.9ml
30.2ml
—E— (Pu)
(Pd)
12000
10000
8000
g
X 6000
4000
2000
O T T
0 50 100 150 200 250 300 350
(hour)
3-26 3)
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. (ml)

3-27

50

100 150 200 250 300 350
(hour)

3-28 3-10

. (ml)

y=0.0

2036*x-1\.7467
=0.9964

100

3-28

125 150 175 200 225 250 275 300

(hour)

76



JNC TJ8400 2002-046

3-10 ( 3)
n Pa s 1.002E-03
d m 7.722E-02
L m 4.778E-02
Q m3/s 5.656E-12
P1 Pa 9.899E+06
P2 Pa 5.167E+06
K m2 1.222E-20

Q
a ml/hr 2.036E-02
Q m3/s 5.656E-12
1.22x 10-20m2
5 1.77x 10-20m2
(©
3-29 3-31
245 270
PC
5,000kPa 50kPa/1
10,000kPa
50kPa/1
215 233
234 13.2MPa
5
75
12.4ml
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—u— (Pu)
(Pd)

0 50 100 150 200 250 300 350 400
(hour)

3-29 ( 3)

(ml/min)

0 50 100 150 200 250 300 350 400

3-30 ( 3)
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16
14
E
0 50 100 150 200 250 300 350 400
(hour)
3-31 ( 3)
(d)
1.0
3-11 110 20
3-12 0.87
5
0.83
1.0 5
1 2%
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3-11
(cm®) - (cm®) (cm®) -
0.32 1.00 0.32 0.32 0.00
223.77 0.162 36.25 4,79 0.87
7.30 1.00 7.30 7.30 0.00
231.39 12.41
3-12
) -
510.85 0.83
517.08 1.00
480.76 0.00
36.32
(e)
3-32 3-33
4.0x107™
3.0x10™"
E 2.0x107
1.0x107"
0.0
-1.0x107"

3-32

150

200 250

(hour)

300

350
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1.0x10™®

8.0x10%

(m?)

6.0x107%

4.0x10%

2.0x107%

0.0 - I Tiint
0 50 100 150 200 250 300 350 400
(hour)
3-33 3
5 1020 10-2mz2 215
15
10-19mz2 10-2!mz2
5
150 7x 1021mz2
5 1/5 233
13,230kPa 1021 10-20mz2
()
110 20 N2
3,500kPa
3-34 3-35
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3-36
300kPa 600kPa 900kPa 3

3-36 5

)Pu ( )Pd 3-37

slippage

Klinkenberg X 5.01x 10-8m2

u (Pu)

(Pd)
1000
900
800
700
. 600
S B
< 500
400
300
200
100

0 : . e . : : . .

00 02 04 06 08 10 12 14 16 18

(hour)
3-34 3
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25

20

15

(ml/min)

10

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
(hour)

3-35 3

4.0x107™
3.5x107 1 ‘.

3.0x107"

€ 2.5x107"

2.0x107"

1.5x107"

1.0x107"

5.0x107"

0.0 . . . . . . . . . .
00 02 04 06 08 1.0 1.2 14 16 1.8 2.0

(hour)

3-36 3
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5.0x10™"

4.5x107"

4.0x107™"

-17
3.5x107 7] Y=4.639
€ \

E 3.0x107"

2.5x107" \
2.0x107" \
1.5x107" )/

1.0x107

E-12*X+5.005E-1

5.0x107®
0.0

0.0 1.0x107° 2.0x10° 3.0x107° 4.0x10® 5.0x107° 6.0x10™° 7.0x107° 8.0x10™°
1/((Pu+Pd)/2) (Pa)

3-37 Klinkenberg 3
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@
3
3-13 3-38
3-13
No. 3
20 24
JIS
7.722cm 4.778 cm
105 110 24
() 510.85 517.08 480.76
(g/cm?3) — — 2.15
(g/cm?3) 2.28 231 —
(%) 16.2 - -
(ml) 36.3 - -
1.002x 103Pa  (101,325Pa 20 )
1.22x 10-20m2
1.760x 105Pa  (101,325Pa 20 )
Klinkenberg 5.01x 10-18mz2
(kPa) 6,590
threshold  (kPa) 1,576 (kPa) 6.700
(kPa) 5,014
(kPa) 5,000
(kPa) 13,231
(kPa) 8.210 (kPa) 13,400
(kPa) 5,021
(kPa) 5,000
) 7.30ml
2) 0.32ml
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3-38

&)

@
339  3-40

4,900kPa

60.5ml

50kPa/hr

149

50.6ml

86

5,000kPa

9.9ml

235
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6000

5000

o ;-.
4000 4

(kPa)

3000 /4

2000 /
1000_?,

(hour)

3-39 (

0 50 100 150 200

250

D

40
30
20
10
0 T T T T i
0 50 100 150 200 250
(hour)
3-40 (

87

D
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(b)
3-41 3-42
5,000kPa
OkPa
6MPa
270kPa
3-41
PC
kPa
70kPa
84.2ml
82.0ml

88

6MPa

100kPa/1

12

100kPa

9.9ml

100kPa

20

10kPa
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| ] (Pu)
(Pa)

300

250

200

150

(kPa)

100

50

0

-50

-100

3-41

20 30 40 50 60 70
(hour)

n (ml)

100

80

60

(ml)

40

20

3-42

20 30 40 50 60 70
(hour)
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(ml)

100

90

70

50

40

3-

43 3-14

(ml)

(ml)

80

60

y=1.2196%+1.8797

90

l R?=0.9998
30
20
10
0 .
25 30 35 40 45 50 55 60 65
(hour)
3-43 ( 1)
3-14 ( 1)
n Pa s 1.00E-03
d m 7.78E-02
L m 5.00E-02
Q m/s 3.39E-10
P1 Pa 1.04E+05
P2 Pa 5.71E+02
K m2 3.44E-17
Q
a ml/hr 1.22E+00
Q mé/s 3.39E-10
3.44x 1017m?2
1x 10-20mz2 3
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(©
3-44 346

70kPa

150
160
855kPa
1,150kPa
12ml/min
140

threshold

0.3y m

28.0ml

5kPa/2 25kPa/l1

5ml/min

600kPa

(Pu)
(Pd)

1400

1200

1000

800

(kPa)

600

400

200

-200

0 25 50 75 100 125 150
(hour)

3-44 (

91

175

200

D
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16

(ml/min)

3-45

40

35

*I

30

25

(ml)

20

15

10

3-46

25

50 75 100 125 150 175
(hour)

92

200

D

D
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(d)
1.0
3-15 20
3-16
1.16 0.90 1.0
10
3-15
(cm®) - (cm®) (cm®) -
0.32 1.000 0.32 0.32 0.000
237.46 0.499 118.49 20.70 0.83
7.30 1.000 7.30 7.30 0.000
245.08 28.00
3-16
(@ (=)
391.19 1.16
360.14 0.90
253.76 0.00
106.38
(e)
347  3-48
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1.0x107"

9.0x107®

8.0x107*

7.0x107®

E 6.0x10™%

5.0x107% i

4.0x107%

3.0x10™"

-18
2.0x10 F

1.0x107®

0.0
0 25 50 75 100 125 150 175 200
(hour)

3-47 1

1.0x1077

9.0x107®

8.0x107®

7.0x107®

— -

£ 6.0x10"

5.0x107

4.0x107

3.0x107

2.0x107®

1.0x10™*

0.0 Bt 0 g 1o 5515
0 25 50 75 100 125 150 175 200

(hour)

3-48 1
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threshold 600kPa

1020  10-19m?2

140

140

1019 10-18m=2

150
1 10-17m?2
10-18m?2 10-19m?2
5

160

880kPa 1020 10-19m2
167 1,050kPa 10-19m?2
10-18m=2
)
110 20 N2
2,000kPa 3,500kPa
3-49 3-50
3-51

2,020kPa 1,980kPa

3-51

3-52
Klinkenberg
Klinkenberg
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2.37x 10-16m2

2100

2050

2000

(kPa)

1950

1900

1850

1800 T T T T T T r r T T
0.00 0.25 050 0.75 1.00 1.25 150 175 200 225 250

(hour)

3-49 1

(ml/min)

10
' - : I
]
0 . . . — . LB .
0.00 0.25 0.50 0.75 1.00 125 150 175 200 225 250
(hour)

3-50 1
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5.0x107*®

4.5x107°

4.0x107™° =

3.5x107*°

— 4

3.0x107*°

E

2.5x107%

2.0x107*

1.5x107% n

1.0x107 »

5.0x107 n

0.04—, — — N . .
0.00 0.25 050 0.75 100 1.25 150 1.75 2.00 225 2.50
(hour)

3-51 1

1.0x10™"

9.0x107"

8.0x10™"®

7.0x107° n

<< -16
£ 6.0x10 Average=2.3719E-16

5.0x107 /

4.0x107

L
]
™~

3.0x107*

2.0x107"

1.0x107¢
0.0

EE IOy Ee
‘\\

0.0 1.0x10°° 2.0x10°° 3.0x10°° 4.0x10° 5.0x10°°
1/((Pu+Pd)/2) (Pa)

3-52  Klinkenberg 1
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@
1 3-17
3-53
3-17 1
No. 1
20 21
0.85
7.77cm 4.999 cm
105 110 24
() 391.19 360.14 253.76
(g/cm?3) — — 1.07
(g/cm?3) 1.65 1.52 —
(%) 49.9 - -
(ml) 118.5 - -
1.002x 103Pa  (101,325Pa 20 )
3.44x 10-17m2
1.760x 105Pa  (101,325Pa 20 )
Klinkenberg 2.37x 10-16mz2
(kPa) 605
threshold (kPa) 605 (kPa) Rl
(kPa) 0
(kPa) 0
(kPa) 880
(kPa) 880 (kPa) 855
(kPa) 0
(kPa) 0
) 7.30ml
2) 0.32ml
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3-53
b.
(@
3-54 3-55
5,000kPa
50.6ml

6
3
50kPa/1
5,000kPa 161
53.6ml
11.4ml
255
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—o— (Pu)
(Pd)

6000

5000

-

4000 V/

3000

(kPa)

cezccpessEeREEEEl

2000

1000 V
0 T

0 25 50 75 100 125 150 175 200 225 250 275 300
(hour)

3-54 ( 6)

(m)

0 25 50 75 100 125 150 175 200 225 250 275 300
(hour)

3-55 (

100
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(b)
3-56 3-57

2,000kPa

3-56

40

5,000kPa
OkPa
6MPa
1
2,000kPa 10kPa/1
1,650kPa
) 2,000kPa
22
1
253ml
256ml
11.4ml

101

6MPa

kPa
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3-56

300

250

200

(ml)

150

100

50

3-57

EE (Pu
(P)

0 10 20 30 40 50 60 70
(hour)

n (mi) |

(hour)

102

6)
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(ml)

3-58 3-18

300
250
200
=3
~ 150
.P463x+
Rf=0.9997
100
50
O T T T T T T T T T T
20 25 30 35 40 45 50 55 60 65 70
(hour)
3-58 ( 6)
3-18 ( 6)
n Pa s 1.00E-03
d m 7.76E-02
L m 4.98-02
Q m3/s 9.02E-10
P1 Pa 1.97E+06
P2 Pa 1.83E+06
K m?2 6.41E-17
Q
a 3.25E+00
Q m3/s 9.02E-10

103

6.41x 10-1"m?2
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(©

3-59 3-61

2,000kPa

2,000kPa 25kPa/l1

2,000kPa

600kPa

32

26

2,975kPa

threshold

3.44x 10-20m?2

1,300kPa

600kPa

N2

104

86

10ml/min

2,00kPa

28.9ml

30ml/min
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[ (Pu)
(Pd)

3500

3000

2500

2000

(kPa)

1500

1000

500

3-59

60 80 90 100

(hour)

20 30 40 50 70

60

50

B
o

(ml/min)

50

w
o

20

10

3-60

100
(hour)

105

6)
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3-61

(d)

3-20

1.20

10 20 30 40 50 60 70 80 90
(hour)

1.0

3-19

0.82

1.10 1.0

106

100

6)

110

20

10
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3-19

6
(cm?) - (cm?) (cm?) -
0.32 1.00 0.32 0.32 0.00
235.47 0.50 117.50 21.28 0.82
7.30 1.00 7.30 7.30 0.00
243.09 28.90
3-20 6
) ()
389.10 1.20
367.77 1.02
247.72 0.00
120.05
(e)
3-62 3-63
10-18mz2
30 10
10-18mz2
10-18mz2 10-19mz2
0
1
53 2,950kPa
4x 10-18m?2
1x 1017m?

107




5.0x107"
4.5x107
4.0x10™
3.5x107"
€ 3.0x107™
2.5x107"
2.0x107™
1.5x107™"
1.0x10™"

5.0x107%

0.0

-5.0x107"®

3-62

JNC TJ8400 2002-046

0

(hour)

5.0x107"

4.5x107

4.0x107"

3.5x1077

(m’)

50

3.0x10™"

2.5x107"

2.0x107"

1.5x107"

1.0x10™"

5.0x107®
0.0

(==}

3-63

10

20

30

40 50

108

il

60
(hour)

70
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®

110 20
1
3,500kPa
3-64 3-65
3-66
2,000kPa
10kPa
1,980kPa
3-66
3-67
Klinkenberg
2,000kPa
Klinkenberg

10-16m2

109

2,000kPa

30kPa

Klinkenberg

20

3.11x
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—o— (Pu)
(Pd)

2100

2050

2000

(kPa)

1950

1900

1850

1800 T T T T r r T T
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00

(hour)

3-64 6

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
(hour)

3-65 6
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0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
(hour)

3-66 6

1.0x107"

9.0x107*°

8.0x107'¢

7.0x107*¢

T

< -16
£ 6.0x107 7 Average=3.1084E-16
5.0x107*°

4.0x107"

3.0x107*¢

2.0x107*¢

1.0x10™
0.0

0.0 1.0x10°° 2.0x10° 3.0x10°° 4.0x10°° 5.0x10°°
1/((Pu+Pd)/2) (Pa)

N EHE IR
I~

3-67 Klinkenberg 6
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@
6 3-21
3-68
3-21 6
No. 1
20 21
0.85
7.76cm 4.98 cm
105 110 24
(9) 389.1 367.8 247.7
(g/cm?3) — — 1.05
(g/cm?3) 1.65 1.56 —
(%) 49.9 - -
(ml) 117.5 - -
1.002x 103Pa  (101,325Pa 20 )
6.41x 10-17m2
1.760x 105Pa  (101,325Pa 20 )
Klinkenberg 3.11x 10-16m2
(kPa) 2,525
threshold  (kPa) 525 (kPa) 2,550
(kPa) 2,000
(kPa) 2,000
(kPa) 2,525
(kPa) - (kPa) 2,550
(kPa) 2,000
(kPa) 2,000
) 7.30ml
2) 0.32ml
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3-68 6
3-22
3-22
JIS
No. 5 3 1 6
(cm) 4.56 4.78 5.00 4.98
(cm) 7.75 7.72 7.77 7.76
(g/cm3) 211 2.12 1.07 1.05
(-) 0.16 0.16 0.50 0.50
(m?2)
1.8E-20 1.2E-20 3.4E-17 6.4E-17
(m?)
8.1E-18 5.0E-18 2.4E-16 3.1E-16
() 0.89 0.87 0.83 0.82
0.99 1.00 0.90 1.02
threshold  (kPa) 840 1,576 605 525
(kPa) 4,265 8,210 880 525
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6 (Deg) Pe
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Pc,.,, =Pc,,. i 3-6
o ¥ Ogg COSOpy_g
Pcgw - (psia)
PcCrg-g - (psia)
O Tgw - (= 70.0 dyn/cm)
O THgg - (=485.0 dyn/cm)
0 gw - (= 0.0 Deg)
0 gw - - (=140.0 Deg)
PCHg-g - (=psia)
3-23
3-23
0 (°) o t(dyn/cm)
- 0.0 70.0
- 140.0 485.0
&)
a.
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3 7kPa
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3-69
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Pav=c 1/Pav=0
19)
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1+ —
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b Klinkenberg (-) Pav
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(b)
1.5inch 53mm @ 104
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13.8MPa 6
8 1
0.1
24 48
1.0
Hassler2t)
3.2.2
(1)
JIS 3-70
3-71
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JIS 0.163 0.503
Swanson 22)
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Swanson
3.75% 10-17"m2
0.85
JIS 0.5
1/3
JIS 3.1 Swanson
JIS 2u m
0.07y m 0.3y m 0.03u m
Jacobs 24
0.5y m
macro 04y m
micro JIS
JIS
3
JIS
0.07uy m
0.5u m
0.3um JIS 4
threshold
3-5 3-6
JIS
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JIS

(m2): 3.75E-17
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44— Macro ———p
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>

Micro

0.40

(-)

-4 0.30
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4 0.20

4 0.15

-4 0.10

0.0

100
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g oo M O 1
Swanson AR m2) 9 07E-16
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010
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JIS

Swanson (m2): 3.75E-17
(-): 0.163

7 LE+10

{ 1.E+09

{ 1.E+08

{ 1E+07

(Pa)

{ 1.E+06

1.E+05

1.E+04

F Y Y BN S TR W | R T ) PE I Y T | TV TR OO WY IS T SN NN TN [N BN TR NN T TR TR AR BN CRUONY NONH (Y RN COOY MY MR OO B l'E+03
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

()

3-72 JIS
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9.07E-16
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0.503
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(Pa)

{ 1E+06

1.E+05

1.E+04

S — 1.E+03

0.70 0.80 0.90 1.00

020 030 040 050  0.60
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(2
JIS 3-74 3-75
Auto Porosimeter CMS300
JIS 0.162 0.499
CMS300 Klinkenberg JIS
1.88x 10-1"m?2 7.18x 10-16mz2
Swanson 80 50
Swanson
107Pa
30 47
JIS threshold
55kPa 120kPa 2 50
3,000kPa 7,000kPa 2
threshold 220kPa 500kPa 2.3
50 1,200kPa 2,400kPa 2
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3-24

3-24
(-) (m?)
0.163 3.75x 10-17 | Swanson )
JIS 0.162 1.88x 10-17 | Klinkenberg )
0.503 9.07x 10-16 | Swanson )
0.499 7.18x 10-16 | Klinkenberg )
(kPa)
Threshold 0.5
55 3,000
IS 120 7,000
220 1,200
<500 2,400
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1.E+09 3
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Klinkenberg (m2): 7.18E-16
(-): 0.499
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1.E+10 ¢

1.E+09 3
1.E+08 3
1.E+07 3

1.E+06 [ \.
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1.E+O3||||I||||I||||I||||I||||I||||||||I||||I||||I||||
0.00 010 020 0.30 0.40 0.50 060 0.70 0.80 0.90 1.00
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Darcy Kw Sw-

Corey Sandia TOUGH2

u, :__krw(va_pwg) 4-2

Hy
Uy Darcy (ms?h
K (m?)
Krw
Lo (Pas)
Pw (Pa)
P (kg m)
9 (ms?)

Darcy kg S
pe (TOUGH2 Pw — Pg
)
k
Ug :__krg(Vpg _pgg) 4-3

Hg
Ug Darcy (ms?h
kfg Pc t
Mg (Pas)
Py (Pa);
ol (kgm).

17)

TOUGH?2
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1
2
4.2.2
kr Pe S
Corey2d)
3 4 3 5 Corey
k. =(1- "(1-S”
rg ( Se) ( Se ) 4-4
krI = Serzn
= (S B Sr ) 4-5
(1_ Sr - Ssr )
krg (-)
Kri (-)
S Corey (-)
Sr (-)
S (-)
m, n (-)
3 6 Narasimhan 26)
Mayer 170

Brooks-Corey
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(-)
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(-)
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a.
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4-2 4-1
0.8
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0,‘
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4-2 3
Slr Ssr m n
9.776E-21|Corey 0.15 0.075 25.0 2.30
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