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Fig.1 System of experimental apparatus with one-dimensional
seepage flow.

Photo.1 Picture of experimental set up for one-dimensional
seepage flow.

BECERBIMK (44 v3T8ok) RICRE L, ML
iF100% L5517l L ABRBATEIRLOER L D%
RAWT, FEROFIETITS. ERIETATERE (19%
1°C) ATiTbn.

Photo.1 13, EREBOLRLEFEEFOLHAERL
LD THB.

b) EEIFBEROBERERS (Exp-1)

Fig.2 G AEEGER % B W i B & 558
SREBREBO Y AT LAERLIZILDTH B, KEBT
HEE T EKREREIT - 12

EBREE L, RN (a) IKRT LI, XBILTOZT —

YTy ¥ (BRKEHES -V ET490kPa), @F
H#E ST, @HENE (BX7 — Y HE1 96 MPa),
@E®VE, O@FRARAY (ER0.38m, EX0.115m
TEROLOGm OFLIYH Y, ETFHEIEHN 4mm JEX
OMIETHEELTH 5 | K (b) 2R), @KEFRY 7,
D a2—VLv b, £DE->TNE,

EERFIPEI>ED LD THSB. 4, bia) Exp-1
ERBICERREBIIHAQ0ERERE Ly P L, O
7 ay Ty I XY HROFLIZFRERES po (M E
$1T199~591 kPa) ODEMETEZED, ¥HRRBL L
BIOOBBVEZRAVWTERERES. DI, &K
EEE LT, BEMNIKEBREKLUE, ©@DKERY T
IZE ORREKEN po (77— VET 0.88 MPa) #{EA &

LT
LERE)

(@ Pressure gauge
@ Graduated cylinder

@ Pressure regulating burette

Air compressor
Valve

5 Rock sample 165 |§Q‘ 165

6) Water compressor 380

(a) Set up of experimental apparatus (b) Detail of rock sample
(unit : mm)
Fig.2 System of experimental apparatus with axisymmetric
flow.

Photo.2 Picture of experimental set up for axisymmetric seep
age flow.
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Table1l Rock sample properties and results of measurements.

(a) Ezxp-1: Experiments with one-dimensional seepage flow.

Name Name Testing conditions
of Sample of L Dried Saturated
rocks number aas Pr :l;uge lntlz'éa ﬁ Porosity Eﬁ glr‘;rex: Inépal :nt{msnc Final i agt insic Flr,\al effectt
AD—Dn‘DngﬁPa) i mJ;Y 9%) | Ap=pe-p, %) | © 'E El De"‘? [ OB
784.5 2.762%10°'7 1 403><Il)"s 6.9
Aml—1 N, 98.1 ~ 490.3 | 1.668x10"'° 490. 3 3.349x10°"" 5 141x197'¢ 5.8
Andesite 196. 1 9.650%10"'"? 1.236x10°'® 3.3
LPG | 98.1 ~ 882.5| 1.53t1x10"'° 21 784.5 8.116x10°"'7
(Shira- ' 784.5 2.792x10""7 1.363%10°'* 6.2
kawa) Al =2 N, | 98.1 ~ 490.3| 2.068x10"'*® 490. 3 3.104%10-"7 9, 020%10-'° 6.2
196. 1 1.911x10°"7 3.460%10-'° 4.5
LPG 833.5 1.982x10°'5 184.5 5.935%10-'°¢
G-1—-1 N, 490. 3 1.417x10°'°
Granite LPG 882.5 9.120%10""° 1. 250 .
(Ibaragi) G 1—2 N, 490.3 1.417x10°"° ’ These samples’ permeabilities were too small
LPG 882.5 8.332x10°'° to measure.
Sand stone S—1—-1 N, [294.2 ~ 490.3 6.411x10°"" 23
(Samachi ) LPG 833.5 4.337x10°'7 ’
(b) Exp-I: Experiments with axisymmetric seepage flow.
Ga W
Samp e Density !ggglr'b{ng Porosity ad seepaQ? - - éter S20page
Name of rocks ; capacity Te‘s;(t) 9 ion |n§r||r‘\‘:|tc)‘ ity Permeability Intn'r;glc ity
et ity | 06) (%) (il k. (/s) )
Granite Dried 5.62x10"'° .
T . . - L 49%10-'¢
(Ibaragi) G-1-1 2.637 0. 0498 0.131 Saturated 109X 10" ¢ 7.30x 10 7.49%10
Tuff Dried 1.64%107'*° N
— - . a 3 ~ . x -1 6
(Emochi) T-1-1 2.525 1.9 1.8 Saturated 5 BX10-" 8.43x10 8.62x10
Tuff Dried 3.35%x10"'"®
- H- . 3 3 .59%10° L B3x10°'°
(Shirakawa) =2 259 8.12 18.6 Saturated 3. 14%x10-'¢ ! 18310
Tuff Dried 1.57x107'*®
" - A . x -9 . X -16
(Ghya) T-0-3 2.504 13.25 21.7 Saturated 2 BXI0T 1.48%10 1.52%x10
Andesits Dried 3.41x10°"7
- - £ . T 206 . 70%10'° 6.85%107'7
(Shinkomatsu) Al 2188 0149 Saturated 8.34x10"'"* ¥
N Initial condition
. Dried Saturated
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Fig.3 Fundamental concept of gas seepage mechanism in
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Table 1 Properties of rock samples.

Sample | Sample | Crack Sample | Sample | Crack

length width length width

No. | £(mm){w (mm) No. | £{(mm) [ w (mm)
1 147 0.21 13 178 0. 056
2 151 0.043 14 172 0.47
3 164 0.05 15 i 0. 056
4 166 0.02 16 135 0.24
5 174 0. 044 17 136 0.084
6 162 0.022 18 153 0. 087
7 169 0.016 19 158 0.03

8 174 0.081 20 146 0.22 |
9 184 0.04 21 168 0.05
10 169 0.06 22 150 0.10
H 180 0.371 23 178 0.325
12 153 0.32 — | — -—

cture of experimental apparatus with gas seepage in
open-crack.

Ground water o

Open crack \

N\ S
™ %
N Liquid fuel| -~
< Flow
Water = | Pw: Water pressure
Cavern P : Gas pressure

Fig.10 Concept of gas leakage mechanism around the cavern.
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Fig.11 Relationship between P¢/Py and Py for sample No.7
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Fig.12 Relationship between Ps/Py and Py.
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Fig.13 Relationship between Pc/Pw and crack width w as a
parameter of Py.
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FUNDAMENTAL STUDY OF GAS SEEPAGE IN ROCK AND OPEN-CRACK
Takehiko SAKAGUCHI, Yo ITO, Kuniaki SATO and Teruo SHIMIZU

In order to investigate the fundamental mechanism of gas seepage in rocks and open-
cracks, the experiments were carried out by using three inherent apparatuses. This pap-
er presents how to determine the intrinsic permeability of rocks having one-dimension-
al and axisymmetric seepage flow in a laboratory. Some characteristics of gas flow in
rocks and open-cracks were discussed based on the experiments and the calculations.
The rock intrinsic permeabilities were in the range of 107°~107"* m® to various kinds
of rocks. The leakage condition of gas in open-cracks could be obtained. Namely, it is
relationship between P¢/Py (Pg : gas pressure, Py : water pressure) and crack width as

a parameter of Py.

25



