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Experimental Study on Gas-Water Fracture Relative Permeability Measurement in a
Single-Fractured Parallel Plate Model

o] % A"  Lee, Won-Suk
4 4 ”  Sung, Won-Mo
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g o 9  Han,II-Yeong

Abstract

In this study, the characteristics of gas-water relative permeability curves in a single fractured-plate according to the
various aperture size were analyzed by using the Hele-Shaw type glass plate model. The plate was made of glasses for
the observation of the two-phase flow pattern, and seven cases were set up based on the aperture size in the range of
field scale from 30 to 120 um. The experiment was conducted by steady-state method, and the water saturation was
determined more accurately by the developed digital image process technique.The empirical equations of relative
permeability to gas and water for single fractured-plate were correlated by using the aperture size which directly affects

the two-phase flow pattern and critical saturation.
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Fig 1. Relative permeability measurement apparatus by steady
-state method.
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Table 1. The estimated properties of various experiments

Pore Absolute Hydraulic
Aperture . -
Cases size (um) volume | permeability | conductivity
(cc) {Darcy) {cm/sec)
Case 1 36.2 2.90 110.5 0.11
Case 2 448 3.57 168.0 0.16
Case 3 60.6 4.85 310.1 0.30
Case 4 75.5 6.04 481.6 0.47
Case 5 80.0 6.40 540.3 0.51
Case 6 93.2 7.46 733.4 0.71
Case 7 126.5 10.12 1350.4 1.31
1.0
- Case 1 (36.2um}
N - Case 2 (44.6um}
- Case 3 (60.6m) After Romm
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Table 2. Fitting parameters for relative permeability to water

h
(aperture
size, um)
Case 1 36.2 1.521 -0.180 0.118 0.867 | 55.060
Case 3 60.6 0.920 0.008 -0.001 0.954 | 55.752
Case 4 75.5 0.841 -0.078 0.093 0.972 | 63.500
Case 5 80.0 0.714| -0.063 0.088 0.969 | 57.120
Case 6| 126.5 0.333| -0.039 0117 0.981 | 42,125
Average 0.083 54.711

BL AL CL

2
X
(stope) [l intercept) |(x intercept) R | B

Table 3. Fitting parameters for relative permeability to gas

h

(aperture (slsge) {y int:fcept) (x int(e:chept) R |08

size, um)
Case 1 36.2 | -2.070 1.246 0.602 0.915-74,934
Case 3| 60.6 |-0.780 0.497 0.647 0.922| -47.268
Case 4| 755 |-0.916 0.651 0.711 0.9431-69.158
Case 5| 80.0 |-0.894 0.642 0.718 0.945| -71.520
Case 6| 126.5 ~.249 0.161 0.647 0.922| -31.500
Average 0.658 -58.876

2348 Fig, 47} Fig. 50l UERIQITh T12iUh 241 i e)
L AAGEE 757 e A L xpel] o3 AAA AF
o 4] o] HWojul= case 2, A9 A ARE Hoj=
case 63 case 7 9] case 78 A2 3 57}R] A -$-o T3] &
EERRET

o] A EH RS A

(irreducible water saturation)

1%} Fig. 49] ¢ 77238
Yyl xdd gee
= A7 7} E0VE A 7k RS Ho|H 0.0 4
T2 HERRITE 22y 7h2 AR e o)
<l Fxg Sellrfe ofef# A& 27 =

J]}J/

F:URM
%Loﬂi‘ﬂ\i]‘ﬂ

mﬂ
s
o
o
o
ol ox

0 719719 229 ﬂqo
HFHE] A7 TUE
A7t = 7}3“’“ w2t

E

2

ruE

_‘;

rir

E

-

N

>

\ op

o)

3

¥

rlr

Z

:
£ 1o X

ST

w2

)
itjo
i
=

X E 41 M 3 0 Mo

o

off &t /g'EHT-“]'C Ao FEEE
ERLRA, 7T A7]5 65,70, 100,

TR 19 A9 Ao 2k A7)
e A5t dE A4 ol EAS
°lE krcfé} k,L-°4 Folll 4% H3

o
>

oo
2

i
Mo 2 [

o 49
riroor
ARSI 1
ox
lo &

X2

2,
i
iy

e

rir
1):{
=2
In
X
1
_}L
U
[
N
o
)
324‘
2
o2 r_BL
o it

e
>
fr

T

5

rd

=4

=S|

!
ol sl

de=
aiﬂ%bﬂoi%ﬁ?ﬂﬁﬁﬂ
A+ dapol M= 7

I
[
o
L
2,
o?L
2
e
e
1)
ki
32

HE g BE QUM JiA-2 22 ATNEDT SJ0)| 2 &

(Pyrak - Nolte et al., 1990).

SR 72 & RUTAE S Fojol ol 2
chEd el ANFAE FHe ol 2 253 Fos
Sl 2ot gel A Hel S S8k 21el det
FNE T N HQ WEHE Lrehhgh oleld 3
sheo) up2 AR Wale A Fssly] Sia) 4Y A
£ ol8d A3 H=E ehlle R3] Table 29} 3¢
X g}t 2ol 571x] 74 -0l 9loj A m1 zko] 0.9 o] AFS- B g

32. M¥ HEIAA =&

FAo) 243 A7)0l w} FH Y ANERE 29 E o
uba gl Alof) ogl AgtAl o 7 TF 5] YA Ao
2 Case 69| thg ol Z v}ER Fig. 63} o] Z 4 $-9] 7}
2 8 ATl e Aol 7187 R x y AE
s AtsAT WA 71879 B9- 25 2714 oA
V& AY Ao A &= glov 9 TS e
xRS A5 A7 R0 G 21 54 5 A48, A2
7) 5ol B elEHolng B Ao 7t - Eofl k57t
A| Caseoll A <] & g AHE-3HTH

5
1o
ot
=

i

o,

3

>~

o zd
hihl
> o
oy
&
A
L.

dg2 o2 ekl o, Fig. 4
&} g2}u] e} = Table 29}
L= B
A wrstg o ol
Lo 59 BERS o)
e

it
i

%t
e,
2
Lo _134,

o
rJ
me)

)
L do
E_&
1)

o
12k

4 r
oo
o B

"y
B
o

o
2
2
i1

UlO |
o,

=
L
sa7g4e o

—_—
=

v=2(x - T 4

1.0

Case 6

o} Relative permeability to water
0.8 a Relative permeability to gas

Least square fit 7

/’ y intercepti(A,)

stope (B,)

Relative permeability

X intercept (Cg;)

+
+ slope (By) l

00 T T T T
0.0 0.2 04 06 0.8 1.0
Water saturation

Fig 6. Relative permeability data and least square fitting parameters.

AN B 225



A hEE 27 (um), C, ©HFx 43

¥ 099 79-00830.2 hehsdeh. 8 7ha] AT
ey z

)
o
i
Z

B2 ey o 2 A1 Table 3o LpEh npe} 2
o} 3ol & B3l =& AFAlL ol 4] (5) 9 2ok
y=-22 (- T ©)

A71M Coe AN HExdHoZA, 2 4H 73

0.6585 H.Sirh

o

44 E
B ATNME DD T RIA=-EANA Y 75 7]

of w2 Tt el Wa e wsty) A =

71E AR T A= LAY AN E Azt 28L& F3s)

R, A AHE NEek G FsHA £437] Hste] o

Ae G B Ho of g4 R st B E =

8 115 2710 w2 AT e W FEE dislet

THES B e 2L g A 5RAL eSS

BAT 4 AUk

D) B Age) A3, 274 FA 9l fr5oliA 7kae] frdol 2
& 3ol E 7k AR HERE AAshuM B2
i o] fERE Y HatA o, stz f5E
2ot ST 7hA 7] 2] A7) SRSk -4
FERE AR Zate A4S Bk =3 159
27|17} F7veHE 7t 7] 38e] A7) 7L b W
Lo T UA FEZ 7} A5 ¢ complex flows}
FAME 8/4-& Bt ol &AM 2 7E Tl A9
24 fA9] s FElE frAle &4 B ol e
A7) FE B S L T Uk

2) 1= 27l e g Fae 348 ela s A3 2=
A7V EVETE T e Aol S 89 g
T AR e, g Aol AT e g
? FEst ol g JoFA st AP es T EE
Baste A Bk ol 22 dde Gd e
Ar 9 FEE5H4 o2 AAHY o8 15 V)8 2
AR Fdol g G EE v ol d FEE B
d Aoz e

3) AdiFaE 49 57 Fo shl A st EE
5 A7)0 ©h2 g FE BolA Fen, A4,
AA7| 9} 2He i T el Bl whet Walshs @4t

226 si=2ARIBSS=RE M6 A1S

< H58ch
A

) FE}% Z70) M2 A EREe BEe Ny F
sh= 2ol A 4 2he] 24 W R YehlE 71879
743 217)9] Fol A $AH e AL BB
o), o] 7 Bo] AR o} 7S5, 7h0) 4L
592 LERRAT YALS 0] 79 74 Ao mhe
WA AL Wo|x| o E B3} shre] 73S 22}
0.083,0.6582] it 3] & ALE3HST). o] o} Lol vl 7
Aol 3t HHETE A8 AR G4 552 A
HEE GEhe 712 279} o) B 548 v
e YAESEE o] fale] TAH oM, 5 7Y
743 A7)0 W S5 A S ZHH o ol
% 9e Ao slgDh

HUEH

1. Fourar M. and Bories S. (1993), "Two-Phase Flow in Smooth and Rough
Fractures: Measurement and Correlation by Porous-Medium and Pipe
Flow Models", Water Resource Research, Vol. 29, No. 11, pp.3699-3708.

2.Long, J.C. Setal.(1996), "Rock Fractures and Fluid Flow- Contemporary
Understanding and Applications”, National Academy Press, USA.

3. Persoff, P., Pruess K. and Myer L. (1991), "Two Phase Flow
Visualization and Relative Permeability Measurement in Transparent
Replicas of Rough-Walled Rock Fracture", Lawrence Berkeley Lab.
Report 30161, Presented at the 16th Workshop on Geothermal
Reservoir, Stanford, Calif.

4. Pieters, D. A. and Graves R. M. (1994), "Fracture Relative Permeability:
Linear and Non-linear Function of Saturation", paper SPE 28701
presented at the SPE International Conference & Exhibition of Mexico,
Mexico.

5. Pruess, K. and Tsang Y. W. (1990), "On Two-Phase Relative
Permeability and Capillary Pressure Rough-Walled Rock Fracture",
Water Resource Research, Vol. 26, No. 9., pp.1915-1926.

6. Pyrak-Nolte, L. J. et al. (1990), "Stratified Percolation Mode] for
Saturated and Unsaturated Flow through Natural Fracture”, in
Proceedings of First Annual International High-Level Radioactive
Waste Management Conference, La Grange.

7. Romm, E. S. (1972), "Fluid Flow in Fractured Rocks", Bartlsville, OK.

9.Rossen, W. R. and Kumar A. T. A. (1992) "Single- and Two-Phase Flow
in Natural Fractures", paper SPE-24195 presented at the 67th Annual
Technical Conference of the Society of Petroleum Engineers
‘Washington D. C..

10. Tsang, Y. W. (1984), "The Effect of Tortuosity on Fluid Flow through
a Single Fracture”, Water Resource Research, Vol. 20, pp.1209-1215.

11. Tsang, Y. W. and Tsang C. F. (1987), "Channel Model of Flow through
Fractured Media", Water Resource Research, Vol. 23, No. 3, pp.467-479.

12. van Golf-Racht T. D. (1982), "Fundamentals of Fractured Reservoir
Engineering”, Elsevier Press, Netherlands.

13. Witherspoon, P. A, J. S. Y. Wang, Iwai, K., Gale, J. E. (1980), "Validity
of Cubic Law for Fluid Flow in Deformable Rock Fracture", Water
Resource Research, Vol. 16, No. 6, pp.1016-1024.

(B4 A 1999. 11.20)



