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Experimental study on stress sensitivity of coal rock permeability considering the rate of pore
pressure decline
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Abstract: Deep coal-rock gas has become an important target for increasing natural gas reserves and production in China. Field practice
indicates that there is a clear relationship between the production rate of deep coal-rock gas in the Daning - Jixian area and the
economically recoverable reserves (EUR) controlled by gas wells. However, existing stress—sensitivity relationships for coal rock fail to
effectively capture this phenomenon, particularly the differentiated response of permeability to siress paths, i.e., different pressure—decline
rates. In this study, the pore pressure variation process was simulated to investigate the influence of stress paths on permeability stress
sensitivity, with a specific focus on the relationship between pore pressure decline rate and permeability during pressure depletion. The
permeability evolution of coal-rock reservoirs under different stress conditions was systematically analyzed. Permeability experiments were
conducted using a pulse—decay method for unconventional reservoir cores. By adjusting the average pressures of the upstream and
downstream reference chambers, different pore pressure decline rates (stress paths) were simulated. Four core samples from the No. 8 coal
seam of the Baode Mine were tested to examine permeability evolution and its irreversibility under different pressure—decline paths. The
results show that, as pore pressure decreases, the matrix permeability of coal rock generally exhibits an exponential decline, characterized by
a rapid decrease at the early stage followed by a slower decline at later stages. Normalized analysis indicates that permeability recovery
during unloading is limited and fails to return to its initial value; moreover, the permeability reduction during unloading is smaller than that
during loading, demonstrating a pronounced hysteresis effect. Regression analysis of pressure—decline rate versus permeability change rate

reveals that, for every 1 MPa/d increase in pore pressure decline rate, the permeability stress—sensitivity degree increases by an average of
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0.28%, indicating a differentiated stress—sensitive response of coal permeability under different loading rates. Field statistical observations

further confirm the sensitivity of coal-rock permeability to the pore pressure decline rate.

Keywords: Deep coal-rock gas; matrix permeability; stress sensitivity; pressure drop rate; plastic deformation
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Fig. 1 Pattern diagram of deep coal, rock and gas production changes
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Fig. 2 Small core samples of No. 8 coal taken from underground in Baode Mine
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Fig. 3 Coalbed methane stress—sensitive experimental setup and flowchart
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Figure 4 Results of stress—sensitive experiments considering different rates of pore pressure decline



XXXX 4

6 R, 55 2 FEFLBRE 1 T B 3 A A8 8 R N ) RS G 5% EXXE XX
120 —O— JNZR10 MPa/12 b 121 —O— JNZR10 MPa/12 b
—O— #1210 MPa/12 h —O— {H1ZX10 MPa/12 h
0 —O— JIn#ks5 MPa/12 h 0 —O— JIn#k5 MPa/12 h
: IS MPa/12 h : IS5 MPa/12 h
—O— fN#%2 MPa/12 h —O— JN#%2 MPa/12 h
08 | —O— {H1Zk2 MPa/12 h 08 b —O— #12k2 MPa/12 h
o —O— Jii#k1 MPa/12 h A —O— Ji#k1 MPa/12 h
%) —O— iz 1 MPa/12 h #) —O— 1z 1 MPa/12 h
S oo6p S 06f
& x
04 04
02 | 02 F S
0 5 10 s 2 0 5 10 15 2
FLEE T R A /M Pa LB 1 MK /M Pa
a. il b. 02
12 ¢ 12 ¢
—O— Jnzks MPa/12 h —O— JiNgks MPa/12 h
1HIZ%S MPa/12 h {135 MPa/12 h
1.0 —O— Jingk2 MPa/12 h 1.0 —O— Jingk2 MPa/12 h
—O— {2 MPa/12 h —O— {Hi1#2 MPa/12 h
—O— JN#k1 MPa/12 h —O— Ji#k1 MPa/12 h
" 0.8 —O— i1 MPa/12 h " 0.8 —O— i1 MPa/12 h
) i
i’fﬁ 0.6 g 0.6
Z £
04 04
02 02
0 5 10 s 20 0 5 10 15 20
FLBE T R AG /M Pa LB 1 MG /M Pa
e HI3 d. 04
5 2 FEAS TR FL B HR 98 4 38 114 1 ) s sz 36 5 — AR 1% 1
Fig. 5 Normalized situation of stress—sensitive curve considering different rates of pore pressure decline
N LB - 24P R G2 0] fE B0 98 M AR sl AS W] 5 P A
121 ofityo
;?F 10 O y=1.534 4" RGN
ﬁ g| oM f=osus IHPEAR I SR T I Y SE R RRAE , A0 A5 5 10 7 #%
50 0 22 10 W 0L AR 5 TR R 08 LB e B
§ A 4+ ° NI - N .
200 £ R AR RRURAE L 3 PR A (LA BRI 35 AR AL R B
i ; PO UGB L, 8 B B LA B T

JEREH I (MPa/d )
Bl6 ANFFLBRERERE 58 ERTHRMN LR

Fig. 6  The relationship between the decline rate of different pore

pressures and the degree of permeability loss

i AL, A LA BB A A KA BT (]
7)) BE AL ES H 32 B R4, HBRE T 4 a8 15
AL F AR, T T BGS 15 50 I ) %42 A 5 B I
ST, FI SR B AT RRAER (N HRR A
KF B B AR N AR B BUR R RO MR
R4 - 138 2x T BLBR S RS S A A AR I 5
MZ IS5 5 1 AW TR, R o i) B AR I A
TR | 22 5 BUSAEAT 0, 75 WS ) 7 HE 58 1))

PRFAE o A R AR A AR T BB AR 2 TR
HHPE AR IR, FLBR A5 B9 AN AT 300 45 (32 155 A X0 FL B
JFE 638 % o 57 S0 TR, T A R TR

322 REWREZAFNZFELEELF

%

KT — B XA F AR Z W @ AR & 2
20254F 6 ], R —H BX OB 1102 HIF 0k
FEIX E R N A R KRAL 8 SR IR EEA T
2 000~2 520 m, JE)Z V4B 7.8 m, MEARZE Y L) AR 25
F ok P S A RS R 2.7%, F R
25.2 m', FVHLAL & FPO, ik FHAE 2023 4F 6 H & 2024
AR 2 H R 19 20 AT (PRIE R R T2 52
B3, BT XBURAE S A — 30, i IR H 2 B2k



XXXX 4E
EXXE XX

RIRBA, 45 25 B LB )T R 2 A 12 38 5N RS 5

PN
(RIS

+

90%LA L
AT I

A5 7
B —
\ PR 282
ﬁ b

K7 SRR FIIB R AR X8 125 540 ) UG i 7S T 14

Fig. 7 Effect of elastic deformation and plastic deformation on stress sensitivity of permeability
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