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The homogenization analysis for permeability coefficients by fracture
aperture variations
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The permeability coefficients were calculated by the homogenization analysis method with sufficient consid-
eration of fracture geometry dependent on aperture change. According to the results of aperture measurements us-
ing a confocal laser scanning microscope, apertures on each measuring point display different magnitudes, indicat-
ing that fracture walls can not be assumed as parallel feature. After construction of fracture model based on the aper-
ture values measured on each pressure level, the homogenization analysis was conducted to compute permeability
coefficients. The calculated permeability coefficients distribute in the ranges of 10" ~10"cm/sec. Most of the speci-
mens show decreasing permeability coefficients with the increase of the applied pressure. However, the decreasing
rates of permeability coefficients do not show a constant trend on each pressure level. This phenomenon is well
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matched to the observation results of Chae et al. (2003). It proves that aperture change strongly influences on perme-
ability characteristics.

Three sections of each specimen have all different values of permeability coefficient. It suggests that the variation
of permeability coefficient depends sensitively on aperture magnitudes and characteristics of fracture geometry. It
is very important to consider accurate fracture geometries for analysis of permeability characteristics in rock frac-
tures bearing different aperture distribution. Therefore, it needs to consider sufficiently the fracture geometries for
calculating the permeability coefficients of fractures.

Key words: confocal laser scanning microsocpe, homogenization analysis method, aperture, permeability
coefficients, fracture geometry

M 2 o #Z(resin), AEFA|(epoxy) T FHEZ T
ol EAL —?‘?Q‘FSM ol A7 F, Y Wi

-

DEPAANE HBRY Wl BEY 2 ARE dvdd 13L& S35AHGCale, 1987
teksl A7t AFEHEA 1970 U RE gg Pyrak-Nolte et al, 1987, Gentier et al, 1989
W RE $EEAHL FYsly) §8 =@¥So] & Hakami and Stephansson, 1993). &3 @4 &)
s Aol gtk AA wAF e oE 84 BAY AL ReUz A8 By B
WA el el sk GBI g ol W A BAL Aded B9 12 23 ST
& HEL 532 Jd8L 3= vdey EA A (Hakami and Barton, 1990, Hakami, 1992; Persoff
Al Augck oA, dEEA 9 e motslr) and Pruess, 1995).

A A5l AFHAA x7ldde dd @ FE a2y, ol9h 22 e FU AEE o8dt
o] M2 HYPF ALR 7MYy, o8 EUE F of ol He Fol| o) A& ow Wige=
FAFE @Y F(aperture)d] AFo] wlEdhe  TSE FHY FE AT F o= & FHCAMT
M A(cubic  law)o]  FEEHUTHSnow, 1965 9 71 BAS #YE = AN 57U Algol
Long, 1961). Ao A&A 7 Weke & & flok =3, Ad
gy, AA ARt el Wgdte dd #EHe H ARE d¥eE ARE E9stAd 2AYe
M2 BPsiA] &3 9E | FHeyrt e 3 & 9d Wg mE gAgo|A(digitizing) S ’é
deste s dd 9 delME =e] tEA & Aste] 245 gg 5 "k ol ARES
F3itt ojoh 22 AAA dHV|FEAHS G o] Bdta tAEo] el Aol met x}g
o ¢ | FFEAS M 23 des ue 7t d2A I5EHE EARC YA F Atk o
FaAS AeHAS U] @ AR Y e BAH L sy 98 Chae et al. (2008)2
THTsang and Witherspoon, 1981; Kranz et al, F2A dolH &7 dvAE ol&std FY AR
1979; Gale, 1990). 71=o] UAEHA LA &7 of T el JRlEA d&Hez S w3
o] & WFME 7H5e] diHer & F =2 HE Bk ol B 4ol

2 wgbrd f2f-%(channel flow) |2 A3
e F4 f50] Yottt Rasmuson et al, 1986;
Tsang and Tsang, 1987, Tsang et al, 1988;

Berkowitz and Braester, 1991). o] AFgME FRH #HolA & Hv[HA

oebs, dd S HES JetdtS 53 dd =EARE o) 8ste 115 W] o
A EFAQ3tn 5L gotste Aol FaF¢E 94 9EIErd S YA s vl Rds
331, ol2 Adsln agFow A Be A3 F, o] Bdolxo] FEFAIFE Y] 9
=g 7129 gtk R A olAes @€ W FAHAE AAS AT AEd vieh o] g



TAst S ol§ B 5wl B FHAT 814 49

3 HdEEE 2hdAE FFEAY AHAS g2
2l @SS A st mE vE st
< FE3] ¥ BEFASFE MAsuA 72
341 (homogenization analysis method)&- ©]8-3}
o EFEAS FHAAH ol B ¢Ed gE
7= Wgle] 71908 gkt g TEts AE
3 sielelm, HUaA 9o vdd 542 An
H3 BrAT AR A2 WS st
3t

738} siHe deolEs e AegN, F
718wl FzE A e BT A B4 AFS A3
7] Y30 7 2tE 9 thSanchez-Palencia, 1980; Ichikawa
et al, 1999). o] AFoA = 7|22 o] & niglog
9 Wl Ao fAF5 EAE s Alstr] Al wast

< 383 AT

A3} A HL vAFEY AAGFEAAM Y B4
£ TN ARBIEE T FRY HFAAE e
2 H|$}+5/3 Navier-Stokes ' 4& 7|20 2 3o
FANAh o sy sl gAY vy 4
{unit cell)el] A WA 2} (micro scale equation)<
Tl EA% T (characteristic velocity)9} St
(characteristic pressure) A4 &, 723l F7
“(HA-permeability coefficient)E F3Hc}. 3}, ¢
oMY HasA LT} 7R3 FFAFE o838
o] A A 2l (macro scale equation), & 723} 58
W4 (HAflow equation)g =234 =&, of7)
A &g Ul AAYE (macro pressure)g F&HA FTh
mebr, vAGRE wjFEAG AXNFE AEAS
SAlY st FgATE AL ¢ Jlenz @
g 7lsteddel F7A 43S nd FFEEE A
&3] 498 = ArHSee Chae, 2003 for detailed ex-
planation).

o] Aol AREE AHARE AXAHA A A5
3 AT Feb]l 22 FALolth AlsE AF
20| FAlA 2o} FFo) RAZ BYPg dY @ E
e A Fig Adgste Zo] 11em, £ 55cm
ol Z7]1& % 77N (GRA ~ GRG) A 23}53 th(See Fig. 1
in Chae et al., 2008). ¢] & GRGE AL dH]AH & 9]

o il of

I 3.0cm | 2.5¢m

GRA1 2.0ecm

GRA?2 2.0em
¥

GRA3 2.0¢em

2.5cm

11.0em

Fig. 1. Three sections of a specimen for aperture
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Fig. 2. Examples of aperture values measured under the five stress levels.
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Fig. 4. Examples of fracture models constructed using the
measured aperture data. (a) GRA 1, (b) GRA2, (c)
GRA3. 100 times exaggerated in vertical direction.
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Table 1. Permeability coefficients of each specimen calculated by the homogenization analysis method. Unit of the
permeability coefficient is cm/sec.

s, o e | GRaT GRA2 GRA3 GRD! GRD2 GRDS i
1 176E-02 198E02 105E2 173E01 126E01 194E01
2 128602 153602 8 05E-03 164E01 113601 177801
3 9.00E-03 13E0 63303 156E-01 LO4E01 157E01
4 9 00E03 12602 5 68E-03 1526401 110E01 142501
5 718E43 15E02 527603 148E-01 108E01 9.26E02
Pres. level Specimen GRBL GRB2 GRB3 GRE CRE2 GRE3
1 632502 408502 333602 6.27E-02 627E02 8.99E-02
2 4270 35E02 266502 5 80E-02 871F02 764E-02
3 339E02 31002 218E-02 62762 755602 682502
. 316E02 2 68E-02 200502 5 (4E02 73602 631E02
5 296E2 268E-02 185602 480E02 691E02 691E02
P B (el GRC2 GRG3 GRFL GR2 GRF3
1 387E 35E0 624E02 14E0 14F0 14E0
2 391E0 329E02 611E02 1RE0 192502 113602
3 38602 3.06E02 5.99E-02 125602 178E02 104E02
4 311ER 2 98E02 5 98E-02 122E0 ) 9 94F-03
5 303602 291E-02 5 94E02 118E02 LM4ED 954E-03
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Table 2. Permeability coefficients of GRA on each pressure level calculated using mean aper ture value.

K{em/sec) 1.63E-02 122802 9.49E-03 8.56E-03 7.98E-03
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