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Evolution mechanism of shale microfracture apparent permeability considering
dynamic slippage
DING Yunna', LI Bobo'**, CHENG Qiaoyun', DUAN Shulei', SONG Haosheng'
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Abstract: In order to study the evolution mechanism of microfracture apparent permeability under the effect of effective stress, gas ad-
sorption and slip effect during shale-gas extraction, the fractal theory was used to characterize the total gas flow in microfracture, and an
apparent permeability model of the combined effects of microfracture deformation and slip effect based on the Hagen-Poiseuille second-
order slip equation was established. Meanwhile, the influence of effective stress and gas adsorption on the slip coefficient was quantified
by combining with the functional relationship between the slip coefficient and intrinsic permeability, the dynamic evolution of the slip
coefficient during shale-gas seepage was explored, and the reliability of the model was verified. In addition, the effects of microfracture
compressibility coefficient, fractal dimension and internal expansion coefficient on slip coefficient were explored in conjunction with sens-
itivity analysis. The results shown that: () Under the conditions of constant external and effective stress, the apparent permeability tended
to decrease with the gradual increase of pore pressure, which was influenced by the coupling of gas adsorption and slip effect; (2) When the

external stress was constant, the average free range of gas molecules decreased with increasing pore pressure, the slip effect was weakened,
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the first-order and second-order slip coefficients C, and C, decreased, and the overall slip coefficient B increased. When the effective stress

was constant, the shale-gas seepage channel was subject to gas adsorption and gradually reduced, and C,, C, and B gradually increased;

(3 Based on the model sensitivity analysis, the reciprocal feedback mechanism between microfracture compressibility coefficient, fractal

dimension, internal expansion coefficient and slip coefficient was explored, in which the microfracture compressibility coefficient and

fractal dimension led to an increase in intrinsic permeability, and a decrease in C,, C, and B decrease. The increase of internal expansion

coefficient led to an decrease in the intrinsic permeability, and an increase in C;, C, and B. The findings of this study will provide some

theoretical support for shale-gas extraction.

Key words: shale gas exploration; effective stress; gas adsorption; slip coefficient; apparent permeability; fractal theory

0 3

KETUA AR T FE, ButeEEik 36.1 )7
f2 ™M, BURSRIR TFARR MR R S, BH KRR
itt)2 . BB A% A SORAF R IE 5 AT B S i R . 7
JEOI RN, 24 E 2 A EoE, BaRBY. <
IR AL Z2 R B TAH C S EOE LR B I 2t 25
PECL Hirp, 3808 R e TR SR ORI S H 3
Z—, MBERN RN EE R B REE (LAY
B e o U SOERE R T, R R 1, A
BN IR, T B A B0E 1 RN . BEAh,
BEFL BT He 7 2R W/ I, i JR A5 i 2, W2 a5 5 )
K. B, SRR ZHEME T 1R EE mAL
YT BUAE SR EA B

TUA ST R B v, A 800 1 B SRR (AT R
X} [ s B R S R EN AR T A
FERY IR o LI 3 R S BRI B 4 O, H
75 R BE U K AR TR 3 A0 15 K, S B0E Tl B I8 ),
i — 2 XB B A S . FLIB R X G B s R
MR 5 T i 2 2 A S g SR e S 22
Gt G AR, 15 B AR, DU R R 3B i
I, R S RBRTLURIE K, B BRI A, L1 4%
KI5 RE A LR D7 38 K/, Hoh Sk
(CO,. CH,. Ny) W R K =7 TR LR . DU
SFpEA e AR, FLBUE 080N, DT A0S 0L fi
JEA RN J1. BHANDARI 251 58 55 4% 1] F 12 5
AL UE M TUAB B R 54 80 14/ & . BUSTIN
U B 5 2 W 0 AT 35 08 RN 2 g 3 PR
S AT, 1B 05 R BE AT 0N 7 3 R S 2 )
FAN 2600 % B s R ehy, SRR 2%, A R v
FEW N BRI

Ktk RRWB B LG EGBEREA —
FEMMZES, TER TR A NAERN., e
s, SEENBBERRTEABERY, Wi,
T 9% 2 A IE W W AR, RS
R [E A 8 37 Z A I R 40 P4, KLINKEN-

130

i

BERG %"V A e FL R P L, A 1 45 B T
)l AR T B A B AR S BN R 0. PRI, 5
AR B TE [ G 208 2, AT RWIB 7 AR
EY SRR T L0, % — W ih FEAFT W
Klinkenberg #7Y m= fili T AW L, 3085 %
FEuE A S ST, HSIA 251 JETF Maxwell 4
H, S HORG T I B W AR . HATAMI %)
25 FEAARAE FLBRRE 1 8l o T e A 174 5 Tl
HE— A IE i I 32 W35 15 R A Y, I & I 2 B
Vi BE /NI, B 35 R SR R AR R S
25 ML) Klinkenberg RIS A —3, LYU 2 #f5¢
BB R 5N B AE M, JE T ORI B B 1 2E
Klinkenberg B & IE 77 F2, $2& H —Fh o2k ) 3 14 [
R MAh, TEIA BEFE AR b, G B T
JEHGERT TUA RSB E R HATIR . IR 4EBURR
TEFLAAL PR 25 A8 T B A 30T B, n iR Z LA
B o3 A AR 8 Bk, 3R A RG4S T R AL LB 254
FHE 5 004 )2 3 B R AR DE LRI 1Y, L 40
FRE LB T2 | AR B AR TE i 800z, R LR
SPTEYE BRI 2R T8 B, sy B B AT
IOESUIN 7oy i Riv s

25 LR, DIMERR R 248 —Br . B i 241
PR P A, B AT X DA AR, () S A A o 4R
11T, ¥ R 0 5 B TR R S 2 L FLBR D A A
BB R T S AR, SRS B E R AL
PR AT 2 . DR, 2B Ty IRBE R, s
W RE S EABERENRBOCR, € T
— B B R AR B AR, ST R RN ) A
AR BT T AR T W R B VR FHAIL . [T,
2 TETICRL R A5 A A Ak B 1 AN A S ), 456 50 T
PHYE HE T I B AR T RN IO 25 A VR B U5
2R RY, IR A T R 3R A 5 e R AT ek
WAN, 53T T R B it R 8. TR 4EEOR N R ik
FEOT B, B R B s, DG 5l
IR BB R RIAR



T =S IR IUA R B RS B R AL

2023 4F55 11 M8

1 TTERWEERRE

L1 TUERHBESFEHE

A H, AR DA H 2 T A SR B R B XL
AN Hoh, BUA OWASH LLGOKR RUE A £,
BRIAR | B R H A R A 2 0y, S BU AR 3)
W ZHE . RPN 2, AL 3 205 1
T, SR Rimy Y, A 1R, ik
UM RN E R R, ARBERALHCRBINE B
R I3 A R, 2 T3 W SR B v MR A% ML T
FERIMERRPE . TR 2L BURAE GEi T A AR SYTE
FHAIE, 738 BSR4 A8 B SR AL i
AR T-BE, DL, BT3B B R R B
BRALE AL

Yo

/ L/
AT RN 3 RV ARN B 540
k (a) ZFERT

Ley

(b) B G
Knudsen ¥ 8 © 15/ 7ish

O REY K
BT BB A A L
Fig.1 Mechanism of gas transport in shale microfractures
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