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Experimental study on stress-permeability of high rank coal samples before and

after hydraulic fracturing
MENG Zhaoping'?, LU Yixin'
(1. College of Geosciences and Surveying Engineering, China University of Mining and Technology-Beijing, Beijing 100083, China; 2. State Key
Laboratory of Coal and CBM Co-mining, Jincheng 048000, China)
Abstract: Hydraulic fracturing technology has become a key technical means to improve coalbed methane (CBM) yield. The evolution of
CBM reservoir permeability before and after hydraulic fracturing reflects the induced fracturing level. By means of fracturing and stress-
permeability experiments on four high rank coal samples of No.3 coal seam of the Permian Shanxi Formation in Sihe Coal Mine, Jincheng
Mining Area, Shanxi Province, the permeability changes before and after fracturing are tested, and the evolution of pillar coal sample per-
meability with stress before and after fracturing is revealed. The results show that under the condition of constant confining pressure and
axial pressure, the pore pressure of coal samples increases gradually with the increase of injection pressure. When the injection pressure is
greater than the fracture pressure, the coal sample breaks, and the fracture pressure of the coal sample increases linearly with the increase
of the confining pressure. Under the same injection pressure, the effective stress increases with the increase of confining pressure and axial
pressure. The permeability of coal samples before and after hydraulic fracturing decreases exponentially with the increase of effective

stress, and the permeability after fracturing is significantly greater than that before fracturing. The permeability improvement coefficient
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(PIC) of CBM reservoir is used to evaluate the permeability improvement effect of coal samples. The PIC of four test coal samples in-

crease exponentially with the increase of effective stress, but decrease with the increase of confining pressure. The permeability of CBM

reservoir mainly depends on the degree of fracture development and the size of fracture width in coal. The permeability of fractured reser-

voir is in direct proportion to the 3rd power of fracture width. After hydraulic fracturing, the average fracture length, fracture porosity and
fracture width increase by 70.81%—253.25%, 171.88%—383.02% and 20.31%—32.43%, respectively. The fracture width decreases with the

increase of effective stress in a negative exponential function. The test results are compared with the measured coal reservoir permeability

before and after hydraulic fracturing. The two have good consistency, which explores an effective way for the evaluation of the effect of

hydraulic fracturing of coal reservoirs.

Key words: high rank coal; coal reservoir; hydraulic fracturing; permeability; fracture development
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Table 1 Basic parameters of experimental coal samples

) Tk 53 #r/%
FEGRZRS Rop
M Au Vaa FCy
GJ-1 328 122 9.43 5.24 84.11
GJ-2 3.18 1.56 8.01 6.73 83.70
GJ-3 3.11 129 1162 5.54 81.56
Gl-4 330 070 1279 1178 7473
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Table 2 Experimental conditions of samples

</ </ IREZ R/ LAl
B AT B/ S5 BEZEES AR

MPa  MPa MPa MPa
GJ-1 3~8 5~10 0.97~5.97
GJ-2 3~12  5~14 0.97~9.97
CH, 2.7
GJ-3 3~16 5~18 0.97~13.97
GJ-4 3~20 5~22 0.97~17.97
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Fig.1 Schematic of hydraulic fracturing test system for coal

sample
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Fig.4 Change characteristics of stress-permeability of coal samples before and after hydraulic fracturing
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Table 3 Statistical results of stress permeability test of coal

samples before and after hydraulic fracturing

. A ZHb st IR
%g KHE  KHE  KHE  KAE  KHE KA
Sy AR SwW AR SwW AR

GJ-1 1.772 2.854 0.604 0.385 0.978 0.938
GJ-2  0.230 0.357 0.360 0.209 0.944 0.865
GJ-3  0.021 0.064 0.242 0.161 0.958 0.984
Gl-4  0.351 1.050 0.217 0.194 0.975 0.927
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Fig.5 Change of permeability improvement rate with effective

stress after fracturing of high rank coal
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Table 4 Comparison of coal reservoir parameters before FELEESBAR L, B 52 K Ty P 4R AR A5
and after hydraulic fracturing RHIE, WL 5,

R I 12-11-893F W 13-10-28F 38 2o O X g MR A R A T S TR B XS L A B R

R R OERT R IK IR A RAE K T S LB BE R L B T ) 4 4

H%/m 779.00  779.00 110320 1103.20 L, K TR R G R TR KRN 70.81%~

HEJ L /m 550 5.50 665 665 253.25%; 5 2% ) 24 8% FL B R K RN 171.88%~
BER/0 um’ 003 893 0.11 3.18 383.02%, WL3 6.

B/ C 3084 3170 3448 35.60 SR I ZAEE I BT R bR DA A 1) K R A 3 S 4

M4 F1/MPa 2004 1576 1710 1114 FSEITTRE, & K 71 2907 o 448 J1 & A= T Bf

HEESBBE/ (MPahm™) 263 2.07 1.57 1.02 AL, 4 MNRIGRE K ) 2L 5 2445 T - Yo b

W%k J)/MPa 20.51  16.06 2096 1117 &R 20.31%~32.43%, ki 25 6 5 0 35 = 1 Rk, Ol

WRENBE/(MPahm ™) 269 2.11 1.93 1.03 22 7. BEREIK 1 R ZLTT S BRE B4 T B REAS SN

RS5 KNEHRBEHEFERME T RERSILE

Table 5 Comparison of fracture morphology of coal samples before and after hydraulic fracturing under microscope
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Table 6 Statistics of average fracture length and porosity before and after hydraulic fracturing
B 2 JE R SsE B E 5 IRRGREE VGRS IRRA s IR
=)
" AR imm 44 K /mm KB KR/ % ALBRIE % L% FLBRER K%
GJ-1 5.89 12.15 106.28 2.48 8.40 238.71
GJ-2 4.62 16.32 253.25 2.05 8.75 326.83
GJ-3 8.12 13.87 70.81 1.06 5.12 383.02
GJ-4 441 8.28 87.76 2.56 6.96 171.88
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Table 7 Average fracture aperture before and after hydraulic fracturing

Fedhd JEIRZESE T /um 25 2EEE TV fum JE 5 ST I E R %
GI-1 (239.02~278.21)/252.14 (251.28~370.48)/333.90 3243
GJ-2 (104.77~170.42)/144.84 (105.86~163.17)/188.77 30.33
GI-3 (42.91~72.32)/66.02 (49.21~127.11)/83.79 26.92
Gl-4 (240.43~255.14)/246.16 (146.31~342.01)/296.16 2031
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Fig.6 Change of fracture aperture before and after fracturing

under different effective stresses
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