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Figure 1 Change in gas (He)permeability of coal under 4. 3MPa confining stress condition
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Figure 2 Relationship between gas (He)permeability of coal and reciprocal of mean gas pressure
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Figure 3 Relationship between gas (He)permeability of coal and effective stress
xRl SEBREFINAVESIENESERTN
Table 1 Permeability changes caused by gas slippage and effective stress
. AR T L A B T BN
FEf S KRB Rowa/% : = —
Ak /(X103 um?)  Aky/ (X103 um?) 3 AR /(X107 3um?)  Aky /(X107 % ym?)
TAI-1 8. 93 0.005 9 0.003 8 —0.002 5 —0.000 5 —0.001 3
TA1-2 JE 4z 0.107 9 0.081 5 —0.039 4 —0.007 9 —0.019 7
TAI1-3 B 0.115 8 0.054 6 —0.074 3 —0.014 9 —0.037 2
TAI1-6 0.050 3 0.068 1 —0.037 4 —0.007 5 —0.018 7
Y3-1 & 4. 20 0.005 9 0.002 1 —0.002 9 —0. 000 6 —0.001 5
Y3-2 S 4.69 0.009 3 0.014 4 —0.004 4 —0.000 9 —0.002 2
TE s Ro.max HI KBTI H V05 k 3 0L JI KT 0. 3~0. TMPa I, 8 3% Z A5 00 01 o6 B0 7 X 83 Ak F0 Ake 53300 1

4. SMPafFJE 41 F itk
Ak 5251 4. 3MPa [ JE & 05 F . it

3 it

(DFRBHZE H A (2. 2~4. 0MPa) F 44 &
htbEEMNKEREN, S FHAKEH DT
1.OMPabt ., He = A AR BB L AL A 2 F
RSB EEGIKN ISR T, 555 ARXBNHH
Z A ZIEMERGAAL KX F,

()4 4.3MPa B E &M F. M &5 A KEAHE
R R mBE He M B & £ 2N LBKEAZH G R
AR R RAREA YA 1. 9MPa(>’<ﬁL/S’ F 3 35
AEH 1. OMPO B £ A R 3, X & S KREBLA

HAAIE TN 1. 9OMPa [ 25 1. 5SMPa FIM 1. 5MPa [ 2 0. 5MPa i . ﬁ’iﬂlljﬁﬁlﬁﬂﬁﬁiﬁ%*{ki»XIO’i‘ymz;Aka
OV J1 0 1 5MPa Al 0. SMPa if, SR B 5 I 9358 38 R b ik, X107

REBAZEERERANER. PH T ARES K
T 1.9MPa b, A HEZE N G L EAERUEK, FHE
FEEER ;A KREANEZE 1. IMPa AT &, ﬁ;i
YR I R R 0 SR e 2 1 0 2 e S
RMPLET RN G, REEFE,Z.

£ % 3L Hk (References)

[1] Durucan S,Edwards J S. The effects of stress and fracturing
on permeability of coal[ J]. Mining Science and Technology,
1986,3(3):205-216.

[2] Mckee C R,Bumb A C,Koenig R A. Stress-dependent perme-

ability and porosity of coal and other geologic formations[J].



1078

#*

#+ Vol. 24

2

[3]

(4]

(5]

(6]

(7]

(8]

L9l

SPE Formation Evaluation,1988,3(1):81-91.

Zhang Yapu, He Yingfu, Yang Zhengming, et al. Experimen-
tal research on stress sensitivity of coalbed reservoir[]J]. Nat-
ural Gas Geoscience,2010,21(3) ;518-521. [ 3 W 3 , faf )i £t
W IE B A5 SR ) U S SR B S L) 1. AR R A
2#,2010,21(3):518-521. ]

Yang Manping, Wang Gang, Xu Shengyang, et al. Steady flow pro-
ductivity equation for stress sensitivity coal-bed methane gas well
[J]. Natural Gas Geoscience, 2011,22(2) :467-471. [ 4% -, T
WIS JHE A 5. 2 DB AR R T2 AR TR B U e R T
PRI, RARSHBERAL 2. 2011,22(2) : 467-471. ]

Harpalani S,Schraufnagel R A. Shrinkage of coal matrix with
release of gas and its impact on permeability of coal[ J]. Fuel,
1990,69(5) :551-556.

Levine ] R. Model Study of the Influence of Matrix Shrinkage
on Absolute Permeability of Coalbed Reservoirs[ C]. London:
Special Publication,1996:197-212.

Harpalani S,Chen G. Influence of gas production induced vol-
umetric strain on permeability of coal[]J]. Geotechnical and
Geological Engineering,1997,15(4) :303-325.

Xiao Xiaochun,Pan Yishan. Experimental study on gas slip-
page effects in hypotonic coal reservoir[ J]. Chinese Journal of
Rock Mechanics and Engineering, 2008, 27 (2): 3409-3515.
[ W . i — Ll RS A 2 R i R i e i 5e [T ). 4
£ 1% 5 TR AR . 2008,27(2) :3409-3515.

Fu Xuehai, Li Dahua, Qin Yong, et al. Experimental research of
influence of coal matrix shrinkage on permeability[ ]J]. Journal of
China University of Mining & Technology »2002,31(2) :129-137.
L5t 22 A 22 5 465 SR TR SO0 %0 98 3 46 532 Wil 1Y) 52 56
FELI0. s E A R 4R . 2002,31(2) :129-137. ]

(10]

(11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

Fu Xuehai, Qin Yong, Zhang Wanhong. Coupling correlation
between high-rank coal matrix mechanic effect and coal reser-
voir permeability [ J]. Geological Journal of China Universi-
ties,2003,9(3):373-377. [AFTH . %5 55 . 5K 7 41, iy MG A
JBT 7 5 BN 5 A T B 3B R A DG R A A L) . R B
42 .2003,9(3):373-377. ]

Shi J Q,Durucan S. A model for changes in coalbed permea-
bility during primary and enhanced methane recovery[ J]. SPE
Reservoir Evaluation & Engincering,2005,8(4) ;291-299.
Liu S, Harpalani S, Pillalamarry M. Laboratory measurement and
modeling of coal permeability with continued methane production;
part 2-modeling results[J]. Fuel,2012,94:117-124.

Massarotto P, Golding S D, Rudolph V. Constant Volume
CBM Reservoirs: An Important Principle[ C]. Texas: Society
of Petroleum Engineers,2009.

Liu H H,Rutqvist J. A new coal-permeability model:internal
swelling stress and fracture-matrix interaction[ J ]. Transport
in Porous Media,2010,82(1):157-171.

Randolph P L, Soeder D J,Chowdiah P. Porosity and Permeability
of Tight Sands[ C]. Texas : Society of Petroleum Engineers,1984.
Zhao Y S,Hu Y Q,Wei J P,et al. The experimental approach
to effective stress law of coal mass by effect of methane[ J].
Transport in Porous Media,2003,53(3) :235-244.

Mitra A, Harpalani S, Liu S. Laboratory measurement and
modeling of coal permeability with continued methane produc-
tion; part 1-laboratory results[J]. Fuel,2012,94:110-116.
Huo Lingjing, Yang Zhengming,Zhang Shuo. On the empirical re-
lation of slippage factor[ J]. Journal of Wuhan Polytechnic Univer-
sity,2009,28(3) :36-41. [ FE % 1 . i 1L W L sk 0. 35 B I9 - 9 &2
55 R AL BTk B 24 . 2009, 28(3) : 36-41. ]

Controls of Gas Slippage and Effective Stress on the Gas Permeability of Coal

LI Jun-qian, LIU Da-meng, YAO Yan-bin,CAI Yi-dong, WANG Lei

(Coal Reservoir Laboratory of National Engineering Research Center o f CBM Development & Utilization ,

School of Energy Resources s China University of Geosciences s Beijing 100083, China)

Abstract: Dynamic coal reservoir permeability impacts the production of coalbed methane (CBM) and has

been extensively studied. Gas (Helium) permeability change was measured under a 4. 3MPa confining stress

condition for 6 anthracite coal cores from the southern Qinshui Basin. Furthermore, controlling factors of

the permeability change were investigated by comprehensively analyzing the effects of gas slippage and ef-

fective stress on the permeability. Results show that during gas pressure decline:Dthe permeability initial-

ly decreases but subsequently increases,during which the rebound begins at an inlet gas pressure of about

1. 9MPa(corresponding to a mean gas pressure of 1. 0MPa); @ gas slippage phenomenon appears as the

mean gas pressure falls bellow 1. 0MPa; @ the permeability is approximately negatively related to effective

stress; @the permeability decreases due to the negative effect from effective stress as the inlet gas pressure

is greater than 1. 9MPa; while it increases when the pressure falls below 1. 9MPa because the positive effect

from gas slippage is stronger than the negative effect from effective stress.

Key words: Anthracite coals; Helium; Permeability ; Gas slippage; Effective stress



