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Abstract: In order to characterize the apparent permeability of shale matrix and research its dynamic variation , apparent
permeability model of organic and inorganic matter has been derived theoretically by considering absorption, slip, diffusion
and seepage based on the fractal theory of tortuous capillary bundles and microscopic gas percolation mechanism. Thereby
a fractal apparent permeability model of shale matrix is built by weighting the area factor. Reliability of this model was veri-
fied through experimental results and existing permeability calculation models, and then the effect of pore structure (pore
size, porosity , fractal dimension) , external environment (pressure, water saturation, effective diameter correction factors)
and gas property on the apparent permeability of the shale matrix was quantitatively analyzed. The research results show
that for the inorganic pore, with the decrease of formation pressure, the apparent permeability presents overall downward
trend, which is influenced by the increase of water film thickness and the decrease of effective pore size , along with the in-
crease of fractal dimension of tortuosity and the decrease of pore fractal dimension, and the gas slippage effect increases but
the adsorption is still the main influential factor; for the organic pore, the permeability presents overall upward trend when
the correction factor of effective diameter increases gradually with the desorption of shale gas, and the fractal dimension of
tortuosity decreases while that of pore increases, and thus the slippage effect and Knudsen diffusion are enhanced in the

small pore with low pressure ; the variation of the apparent physical properties with the pressure and the adsorbed layer is
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different for the organic and inorganic matter, and the difference of permeability between the organic and inorganic matter

is large. Therefore, the apparent permeability of the organic and inorganic matter in shale matrix should be calculated re-

spectively to avoid errors brought by this difference.
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Fig.1 Schematic of the model for fractal tortuous capillaries
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Fig.2 Verification of the apparent permeability model for
organic matter and inorganic matter



$oadk: i1

2 KPR LT U BIE B VU RE BUR LS 15 35T -97-

S5 FREFEA— B, FEBH ST 1) A O AT HL
J XI5 175 FEA Y AT B T 4k 5 i A A
AR AR LB ) A i B 22 BN K, 7R IR
25 5 B, SR HUE TEAL R M B 5 2, Y K 1K
T 15 MPa Ji , B BB R R 805 B E /N, 5
SEEE AR . AT LRI, B A
HeF B T OB — R A WK I E R B
AR, £ 1B 3 R Y b b s T
LR 75 SRR i i T B JCHL T S A B R
BB RRL I J5 A DA S TR UE i R A
IR R B TG S5 A MU LB R R 2
ML, DL B AR Sl il B SR B i 5
JEILAEAR R FARAS T 7075 L it 3 1 il 45 A5
R RIS BB R R o T AR AL iz Ay
RIS TN T LA BiE 2 [, RS T TEHL R
AHUTALBR PR FERB ALE] 875 5T 5L s fom L
PR b (FLBR RS i il B ) XA AR Tt B i i e X
Wy e, DRI R AR R A A DU RO & S
Br, A5 2 FRNB 15 FHS IR 225/ N . TUAFE R
FB B R A A YRS T E BB RN,
DAL S AE TP 3 000 ) Bl L, DA T e B i R
PR [ 4R T LAAS S B0 E
3.2 ERENETHEBERSEEBRBES
R T BRI K ik A v A R T R A M S A
(RWBBEF AL TR ) BEFLER )
g {622 Bl A AR AR, 43 S U 200 46 R R 30
MPa, TCHLF WG FLEEEE 47 0.06 , FLER - 1244245531
H 2,416 wm, B UG KA A 20% ; A HLET)
TRLBREE N 0.03, FLIE 28242 40 o 1.5, 2 F1 2.5
wm, MG B EAREIE R T 0.5, AHT AR AL T4
PR BRI LB e 7 S B2 T X6 1 28 W is o7 2% (&
3,E4),

P 3 AT U Y B DU R ITR , FLEBRUR )

KR, %

50 45 40 35 30 25 20
14 T T T T T
L —e— fLERFI 4282 pm
—o— JLERT- ¥ 212 94 pm

T —e— FLE P42 96 pm

—_ =
S N

R R MEE%/10° um’

T ML
(=] ‘N ‘-3> [o)} o]
\

5 10 15 20 25 30
fLIg K 71/ MPa
E3 ZHRFRWNESERSENMKBIMENKX R
Fig.3 Relation between apparent permeability , pressure
and water saturation of inorganic matter

AHEREIERT
0.75 0.70 0.65 0.60 0.55 0.50
1000‘ T T T T 1

—o— AL 420815 um

—o— LIP3 42 82 pm
—o—fLERF 3242 92,5 pm

10

—_
T

HHREWZE/10" pim’

0.1F
0.01 1 1 1 1 J
5 10 15 20 25 30
LK 71/ MPa
B4 BUNRFRWNSEXRSENMAEHLER
EIEEFHIXER

Fig.4 Relation between apparent permeability , pressure
and effective diameter correction
factor of organic matter

AR, B P S KR A EE RS R, OB R
BN B, BARMRIE N BEgets ; JF HALER
SRR, A i U FL B
AR, FLIBE 3 1A AZ /I S V2 B8 O, UM 2808 T
BLARID , AR TCHL TR MB 3 TE, BARE )
W AT S A R0 U LA RO Ui/ RE A A ) il 18 53 R
T AL, AL i R 1) R B 28 R N 3G, A
JE VLR AN B 7 SR 1) FL B 25 18] 728 /N il >R 14 5
B, HALBF B AR W2 Bk 7K X JoHL 5
FWB I R P H ™, SR, LR RS
BT

P 4 0] LI FE U SO Rl fe b, SLBUA
MEARMBIE N 5 S DL R 15 AR B LR
WA S M R B, ELAEAR R I 1 R B . LA
o, Bl FL BT ) AR 22 e S R g i, TR <
AR, AR RGE AR S A HUA AL B
BER AH o TALTTFLARAS B8] DR I e WA i
H AR FLBR 2 )X ARSI AN+ WL T2
FLBUE ST 10 MPa i, A LR IS 1 R LY
R, EBRTE/NLBR ARIESS T, AR A K
SRR 5, B B R R, HAL B2
AR, AR A 7

MELS AT LA i B SUA ST R, JopLBfL
B K R R R 3 K, LB O3 A B i ek /) T
i J3E 2 AR RO K, HLAD R FLBR R BOK 22 Al P
o HRP D, BEE IR 1 B, JCHLB LB
i B IR E WA A 2 aE R B HUKEASAL, AL
B 5 7K UL R JRE 1, FL B T K RS 2 B O, AR
AREE BRI B LT3R (AR
REEO ) 3 M RE 38 RO O, AR R T R
WL K6 P LB B AU (A5 L



-08- m o M o5 R W %R 20174E1 H
JUIA I AH I, BRI RE 24 )2 T B A A DL LB o3
AR T A e s . HRE R, 4 8518

JZE I JI AR, AL AL Bt 3 10 0 R AT i i i
AT AT LB AR A 25 AL B EE R R A TR i)
TARAB BT, A FLST LB B 4 850 i
il B AR o BRI AR B 25 AR AL
EAER R U R R MB R

1.5

40 50
KRR, %
—o— JE LTI 4R LB 290, 10 F 7L BT 43 T 4 5
—o— TE NI 4R LB 590, 08I 1 FL BT 43 T 4k ¥
—e— TG LT ) 4 FL I E 20,0610 £ LB 23 T 4 %
- o= JEAUT 4R LB EE 290, 10N F) 3T i BE 43 T 4k 50
-0 JEHLIT A4 AL B 90,08k () 1 i B 43 T 4k 44
- o= Jo ML 4 AL G JEE 290068 () 1 1 B 43 T 4k 44
5 TWRFLEERIT ih B HAELRE S KIEMERNEN
Fig.5 Fractal dimension of pore and tortuosity of inorganic
matter versus the water saturation at

different initial porosities

FLIGUE 3/ MPa

—— A LT U L B EE 90040 1) L B 70 T 4 KL
—o— A3 WLITL 4 4 L B2 20,0318 19 LB 73 T 4t 4
—e— 3 WL W) 4 AL K5 EE 500210 14 L B 43 T% 4 %4
- Oo— A HUITHI 46 FL B EE 0. 040 [¥) 3E il B2 73 T8 4 %4
= O~ [ HLIT I 4 FL I EE 20,0310 1) 3T i FE 73 T 4k £
- o= A WL W) 46 5L B EE 50,0200 13 i B 43 T8 4 %L

Elo BAURFLIRRITHESHAEKBILIRENREZNL
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matter versus the pressure at
different initial porosities
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