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Abstract

Shale is the sedimentary rock with the lowest permeability, and its apparent permeability is af-

SCEES|F: W, G, O, REE, B L TUE RWBIER MBI RN AR R, 2022, 44(1): 1-9.
DOI: 10.12677/jogt.2022.441001


http://www.hanspub.org/journal/jogt
https://doi.org/10.12677/jogt.2022.441001
https://doi.org/10.12677/jogt.2022.441001
http://www.hanspub.org

] 5

fected and restricted by multiple factors. In order to study the main controlling factors affecting
the shale apparent permeability, four classes and 13 subclasses of shale apparent permeability in-
fluencing factors, including pressure, pore structure, pore types and microscopic seepage me-
chanism, were analyzed comprehensively. The results show that the pressure and pore size are
the main controlling factors of shale apparent permeability. Stress sensitivity effect, matrix shrin-
kage effect, wall roughness, blocking rate, tortuosity, fissile, organic pores, inorganic pores, visc-
ous flow, diffusion, slippage flow, adsorption and real gas effect are all closely related to formation
pressure and pore size. Determining the factors of shale apparent permeability is beneficial to
guiding permeability testing, exploration and development of shale gas reservoir.
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Figure 1. Methane adsorption isotherms of main pure minerals and organic matter in
shale [30] [31]
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Figure 2. Gas flow pattern division in shale [34]
2. TEHRSERER5(34]

DOI: 10.12677/jogt.2022.441001 5 TR AR AR


https://doi.org/10.12677/jogt.2022.441001

] 5

TS SRS E RGN, BHEITENEAT . 2T FRARSER R, BESLER AR i K
MK TR, MRS, BRI UGN 1A dia a3 la], (57 b AR R B2 1k
ARIER; EITRIGIIEE IEH R AT, SN, A, A iash, RUWBEREM.
FETF R, )R IS i KK, FEZONMR B B FEFLAR KT 2 nm DL BEMS [ 21 RE A5 MR W (1 26 1F
T, WA RIGEE R TTOR AERIL AREARAE T, W BREh sTik AR s A, W R
FERAL RS, FZRA B BREI25].

5.4. WRpf

TUASAERE IR P IR IR S B E R B W R ETTA R, ARSI S —E b, Hl
b, ABAFEARKI AR ER, RV TRERMTAPURRR; SBA. F/IRZ SR L7 Eda
MR R, BN vUa SR, (ER I EAR DN fEmHE RS L, Bss A BE I AR RE
RS 2 Hes IR M T BRI s B TUE SOT RS R, R IS BRI, IR UK A AR
W, FLERATRCEARIE N, SN RSIZEE T, SEINRISE SR . IR OR IOIT A AR LIS & = F B
G WIRANSE RGN, B S BRI A, BEALARSG I Rss, B R AE s NP, fE(RE T
FEIRAT L, EARKEIN T RMIBIE R, (At BT B AN R A RS IE A BN, DR e e R (4
RT3 78 B S sl i R B 47 2k 23]

5.5. B &M

HARAERE R T IE, TR RS A s . IR 1) Z2HUE, ABEREEA
AR, R B HRERLR LR, (B2 TKREART, s TAGHERATT R, X
AT Bk IS AR 7 A R SLBR S R, SLIE RIS RE SIS . 2) AETTRANERY, S 15 K7
KAIAZE, FHEOTHBRE WHANAEIZEE 2. PRI TSI KT R0, Blife. #
ot 25 S A s RE DRI R, RMIBE RGN . MR KT, BIIRSTURRNAFAE, Rt )E R 9K AL
Mg /g, IRERMBER . ZMBRRTESHEE R AIER X, Sk, AR
RARBE B G IERARE, HXRIZERCEA, &RLIEA AN FKRIZEE . Hinsg = A
AN ABHZ 26 R I e, SRS R E R EBIE. BARVOHZEF A NIRRIUE < KR
MAAAEY, AHAFEIIR AN AR AT AE AR, AN R Z LA [ R R R AN R, 5 B S
RN AR, X RS E AR PR s AN

6. FiZEHR

AL FEEFERIES . LS. FLEEA. ORI RSB R 0, Hp 5 B8
RS AT RS A RN, LB S M A I BETRERE S5 . FHIE R . SEph RN, FLIGER AL AR HLLER
ATENLALER, WS TALE CAR RSl . &7 BN, W B UARORE, HAE 4 2613 mit
EeE e ik S AL ESOESE N SR E IR G o PR

S 3 B S AN S WAL 46 25 M 2 TR R FLARAE G s RIS T RRAR, 77 2R U, B
AR, JCHXS LA IR OT R BI)MEER, HUR AR, P AR e st ZREETTIEHE K,
RWSE RGN

FLARRN, B TS (14 LB PR BE 0858, 5 BCRMIBIERBOR, H AR R AR, ALK
W, BE RS BN RIS E R LT A N A2 R Ry, BH2EF00 RS 12 Z ) S AL
Ko HBALER WEEmN, BHERATCAONEEG LR/ MR s, IR0 2 10 ek i

DOI: 10.12677/jogt.2022.441001 6 TR AR AR


https://doi.org/10.12677/jogt.2022.441001

SLZTIE

PR RE, FTRCRMB BRI, SRR, HURE AR, TR RIS AR T R AR AR
ARG T EEEMALE ML, BRI R B IER G, LB, A YRR LA ) R T,
AENE S UL IR BT A/, 3 BB IE Al

IR SARS, SRS T E RN, MOBRIE R SN, EARKIET, S EARK
Bie MIUE S TR A i T ICA LB EARRS, BB TUERr 7 2 [0 Bl 51 E S ks,
HIRGH B B, R R, HRTAIR S SRR E R R NS, LR, FiRsRusER
B BRI T A RER TR BN, Sk 75 FUSE T Rk S R A, RS Ry
HG SR MG R RS E R G IR 2 I 70 BT In, - BEoE LB AR g n . 2 00a <
TR A RS TUA AL EAREGE R, TUA S0 15 BEI AR 5 R UAis e, MIRmy i, Ry
HCR NS B FRBE 5 AR 0, BEE AL . AT 50 1 B R b T LR E AR,
RS T Z IRV R AR K TR 7 5 FL BB T AR A, AR B2l A i sh 5 E RS
R EIIGKEEE BN, BEE FLAR RS KT k.

FERALAMIR S T VB BT o 51 AR RO (08 Rt R s S 2 i B s ) PR T PRI, B LAY
KRR BRI A H S SURRHE AR A S PR AR TH, ANEZM, (15 A% e )1
s RAGSERIGR, IXP M M= IS 77 (AR A, B A LA 8 i P i

gi b, TR B RBURAN . LSRN, BETTALRE S . PHEER . JTMEE, AHLALEE. TEHLILER,

RS I RIS, M. ESCREUNE S FUR R R E S, R, R TE AR
RS ARIE T B i s R EE A S5
7. &hig

FER G H A TUE LB IE R R A2 B, G H PR 45

1) R TUE B ER N R AL FLBRE R . FLBRE RGOS TN LEESS 4 KK 13 /K,
Forb I 7 B RO RN AN S S e O, FLBR A5 B IR BE RS L . BHLZER T AN DT B,
FLBEE M ARG HLALBR AL, ORI AR RSl . § 8. AN . Wb, SRR

AV

2) TURAFASIE R 1 S HUR IR S RTLAE A, B RIAL G R TUs FAB B R ) L5 R
£
S5

[1] Best, M.E. and Katsube, T.J. (1995) Shale Permeability and Its Significance in Hydrocarbon Exploration. The Leading
Edge, 14, 165-170. https://doi.org/10.1190/1.1437104

[2] Brace, W.F. (1980) Permeability of Crystalline and Argillaceous Rocks. International Journal of Rock Mechanics
&Mining Sciences &Geomechanics Abstracts, 17, 241-251. https://doi.org/10.1016/0148-9062(80)90807-4

[3] Z=AEM, R, Rub, KEE, KoUMW, FkEE, & MRS T LA R ET]. AR, 2013,
34(6): 1031-1039.

[4] 1%, B AH TS RO FLBR R AE Iy vk K & SUAFAE /3 A [D]: [ LB 6018 30]. kB BB oK%, 2019.

[5] Xu, H., Zhou, W., Cao, Q., Xiao, C., Zhou, Q., Zhang, H., ef al. (2018) Differential Fluid Migration Behaviour and

Tectonic Movement in Lower Silurian and Lower Cambrian Shale Gas Systems in China Using Isotope Geochemistry.
Marine and Petroleum Geology, 89, 47-57. https://doi.org/10.1016/j.marpetge0.2017.03.027

[6] ##, FSC, MTYR, iKkRER, &k, Bk, 2. T2 FIG 4 -8 IR A TUA 2 A 38 R St i 2 [T
FRAREE TR 22 4l (H SRR R). 2020, 47(1): 50-64.

(7] MR, KO, 2R, AR, TUEEEERII R M )], BEREER, 2017, 36(2): 62-64.
[8] Jiang, K., Zhou, W., Deng, N. and Song, W. (2020) Statistical Analysis and Significance of Pyrite in the Wufeng-Lower

DOI: 10.12677/jogt.2022.441001 7 TR AR AR


https://doi.org/10.12677/jogt.2022.441001
https://doi.org/10.1190/1.1437104
https://doi.org/10.1016/0148-9062(80)90807-4
https://doi.org/10.1016/j.marpetgeo.2017.03.027

] 5

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]
[19]
[20]

[29]

[30]

[31]

Longmaxi Shale Formation in South China. Arabian Journal of Geosciences, 13, Article No. 1181.
https://doi.org/10.1007/s12517-020-06190-0
TOREE, TKRIBEF, NILRE, ZERH, AUIRE. TUE SUBIRSINLEL 5 BRI R K A (D). RIRR T, 2012, 32(9):
10-15.
Yang, D., Wang, W., Chen, W., Wang, S. and Wang, X. (2017) Experimental Investigation on the Coupled Effect of
Effective Stress and Gas Slippage on the Permeability of Shale. Scientific Reports, T, Article No. 44696.
https://doi.org/10.1038/srep44696
BEL, FALAL, YEEAD, R, SR, ARl BT ARAS SR IS E R E T A —— R R
A Vil AR e ISR E ORI, AR 57T R, 2018, 45(1): 170-178.
Ghanizadeh, A., Amann-Hildenbrand, A., Gasparik, M., Gensterblum, Y., Krooss, B.M. and Littke, R. (2014) Experi-
mental Study of Fluid Transport Processes in the Matrix System of the European Organic-Rich Shales: II. Posidonia

Shale (Lower Toarcian, Northern Germany). International Journal of Coal Geology, 123, 20-33.
https://doi.org/10.1016/j.co0al.2013.06.009

Ghanizadeh, A., Gasparik, M., Amann-Hildenbrand, A., Gensterblum, Y. and Krooss, B.M. (2014) Experimental Study
of Fluid Transport Processes in the Matrix System of the European Organic-Rich Shales: I. Scandinavian Alum Shale.
Marine and Petroleum Geology, 51, 79-99. https://doi.org/10.1016/j.marpetge0.2013.10.013

Cui, X., Bustin, A.M.M. and Bustin, R.M. (2009) Measurements of Gas Permeability and Diffusivity of Tight Reservoir
Rocks: Different Approaches and Their Applications. Geofluids, 9, 208-223.
https://doi.org/10.1111/j.1468-8123.2009.00244.x

Heller, R., Vermylen, J. and Zoback, M. (2014) Experimental Investigation of Matrix Permeability of Gas Shales.
AAPG Bulletin, 98, 975-995. https://doi.org/10.1306/09231313023

Ghanizadeh, A., Bhowmik, S., Haeri-Ardakani, O., Sanei, H. and Clarkson, C.R. (2015) A Comparison of Shale Per-
meability Coefficients Derived Using Multiple Non-Steady-State Measurement Techniques: Examples from the Du-
vernay Formation, Alberta (Canada). Fuel, 140, 371-387. https://doi.org/10.1016/j.fuel.2014.09.073

Labani, M.M., Rezaee, R., Saeedi, A. and Al Hinai, A. (2013) Evaluation of Pore Size Spectrum of Gas Shale Reser-
voirs Using Low Pressure Nitrogen Adsorption, Gas Expansion and Mercury Porosimetry: A Case Study from the
Perth and Canning Basins, Western Australia. Journal of Petroleum Science and Engineering, 112, 7-16.
https://doi.org/10.1016/j.petrol.2013.11.022

TRFEE. VUEEE BN IR G S S [D]: [ =00 50]. R ET IR, 2015.

FACHE, HKEIE, SaRE, BRI1E. SRIHEBERIRI]. KEAMME 5K, 2016, 35(1): 155-157.

AU, DTS, SEFENE, TH, IRE. FRERNBURI A EEPOR LB E R FATT]. KA MRS
FF&, 2018, 37(6): 151-157.

EE, Refls, G, £%, St SR N IUAHENBERMEE /BT 7)), KRR HERRL2E,
2017, 28(4): 514-520.

Dong, J., Hsu, J., Wu, W., Shimamoto, T., Hung, J.-H., Yeh, E.-C,, et al. (2010) Stress-Dependence of the Permeability
and Porosity of Sandstone and Shale from TCDP Hole-A. International Journal of Rock Mechanics and Mining
Sciences, 47, 1141-1157. https://doi.org/10.1016/j.ijrmms.2010.06.019

RE, I8, RAZE. RN SIBUBAINL Y A TS RIS IE R[], &M=, 2015, 27(4): 109-112+118.
RIN, ZHTT, BRER. TUASYURIL AR, A, 2015, 36(7): 837-848.

R, BRERE. TUASYKRILARERSER[T]. A A @R, 2016, 1(1): 91-127.

TR, 24K, IMETR, Bk, ARk, HER ERRE TR ASERNBE R FHERI]. KRR T
2017, 37(11): 53-60.

. ) rE G- IR T S 2B 1B MR 5 1A [D]: [ 2208 30, #l: RHREE K2, 2020.

WK, RICME, 25PH, 7N, MK, k. APURILE T S shaE e mit 5[], ER2E W1 R
Y, 2017, 47(9): 51-62.

EEPE, B, kA, EW, . TR EIL TS LR WBE R ). WA SRR, 2017,
24(1): 92-99+105.

Xiong, J., Liu, X., Liang, L. and Zeng, Q. (2017) Adsorption of Methane in Organic-Rich Shale Nanopores: An Expe-
rimental and Molecular Simulation Study. Fuel, 200, 299-315. https://doi.org/10.1016/j.fuel.2017.03.083

Xu, H., Zhou, W., Hu, Q., Xia, X., Zhang, C. and Zhang, H. (2019) Fluid Distribution and Gas Adsorption Behaviors in
Over-Mature Shales in Southern China. Marine and Petroleum Geology, 109, 223-232.

DOI: 10.12677/jogt.2022.441001 8 1 RARA AR


https://doi.org/10.12677/jogt.2022.441001
https://doi.org/10.1007/s12517-020-06190-0
https://doi.org/10.1038/srep44696
https://doi.org/10.1016/j.coal.2013.06.009
https://doi.org/10.1016/j.marpetgeo.2013.10.013
https://doi.org/10.1111/j.1468-8123.2009.00244.x
https://doi.org/10.1306/09231313023
https://doi.org/10.1016/j.fuel.2014.09.073
https://doi.org/10.1016/j.petrol.2013.11.022
https://doi.org/10.1016/j.ijrmms.2010.06.019
https://doi.org/10.1016/j.fuel.2017.03.083

SLZTIE

https://doi.org/10.1016/j.marpetgeo.2019.05.038
[32] M, ZHT, BRER. TUASAE VRGP AMRER O ERT]. RIS T, 2016, 36(11): 51-64.

[33] Jiang, K., Zhou, W., Tang, C., Zhou, Q., Xu, H., Liu, R., et al. (2021) Pulse-decay permeability Measurements and In-
fluencing Factor Analysis in Marine Shale Formation in South China. Arabian Journal of Geosciences, 14, Article No.
2535. https://doi.org/10.1007/s12517-021-08922-2

[34] Swami, V., Clarkson, C.R. and Settari, A. (2012) Non-Darcy Flow in Shale Nanopores: Do We Have a Final Answer?
SPE Canadian Unconventional Resources Conference, Alberta, 30 October-1 November 2012, 1-17.

DOI: 10.12677/jogt.2022.441001 9 TR AR AR


https://doi.org/10.12677/jogt.2022.441001
https://doi.org/10.1016/j.marpetgeo.2019.05.038
https://doi.org/10.1007/s12517-021-08922-2

	页岩表观渗透率影响因素
	摘  要
	关键词
	Influencing Factors of Shale Apparent Permeability
	Abstract
	Keywords
	1. 前言
	2. 压力
	2.1. 应力敏感效应
	2.2. 基质收缩效应

	3. 孔隙结构
	3.1. 壁面粗糙度
	3.2. 阻塞率
	3.3. 迂曲度
	3.4. 页理

	4. 孔隙类型
	4.1. 有机孔隙
	4.2. 无机孔隙

	5. 微观渗流机理
	5.1. 黏滞流动
	5.2. 扩散
	5.3. 滑脱流动
	5.4. 吸附
	5.5. 真实气体效应

	6. 主控因素
	7. 结论
	参考文献

