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Evolution law of coal rock seepage characteristics under the coupling effect

of surrounding rock and water pressure

LI Wei', ZHANG Bocheng', KANG Jian', YANG Yu”
(1. Guoneng Shendong Coal Group Limited Company, Ordos 017000, China;

2. School of Civil Engineering, Liaoning Technical University, Fuxin 123000, China)

Abstract: To investigate the permeability characteristics of coal under different confining pressures and hydraulic
loads, SEM micro-scan images and a binary analysis system were used. Based on the fractal characteristics of
pore and fracture networks, a model was developed to simulate the porosity and static permeability of the coal
rock. Dynamic permeability tests under different water pressures and confining pressures were conducted using a
GDS-DYNTTS soft rock rheometer. The research results show that by using reasonable fractal dimensions based
on the microstructure images and permeability model, realistic static permeability values can be obtained. Under
the coupling of fixed water pressure and different confining pressures, the coal exhibite three different stages of
permeability: the stage of pore compression closure, the stage of slow pore deformation release, and the stage of
rapid pore deformation recovery. When the confining pressure exceeds 6 MPa, the sensitivity of permeability to
water pressure was relatively low. However, when the confining pressure was below 4 MPa, the permeability
increase exponentially with increasing water pressure. Under dynamic coupling conditions, the overall trend of
coal permeability showed two distinct features: a plateau period and a rapid increase period. The research results
provide references for understanding water inflow paths, estimating water quantities in coal seams after mining-
induced stress relief, and predicting water inrush risks.
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Fig. 1 SEM image of coal and rock and its corresponding binarization analysis process
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Tab.1 porosity and permeability of coal and rock in

natural state

KBRS FLEREE % BB /(107 um?)
Gl 27.742 5 41.369 8
G2 28.102 6 422473
G3 27.854 7 42.003 5
G4 26.938 7 39.969 7
FHMH 27.659 6 413975
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Fig. 2 test principle and process of permeability characteristics
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Tab.2 variation of coal-rock seepage under different water pressure and confining pressure

A T5] LR 98 3 /mL

H5 LB A% JKIE/MPa

2 MPa 3 MPa 4 MPa 6 MPa 8 MPa
Gl 41369 8 0.5 27.34 18.13 9.86 6.61 2.93
G2 422473 1.0 87.52 73.41 60.32 49.05 44,57
G3 42.003 5 1.5 243.83 185.64 129.46 92.73 78.40
G4 39.969 7 2.0 684.17 501.23 231.62 108.77 90.30
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Tab.3 permeability of coal and rock under different water

k=

pressure and confining pressure conditions

KR/ AN N A2 5 5 um?

MPa 2 MPa 3 MPa 4 MPa 6 MPa 8 MPa
0.5 0.174 0.115 0.063 0.042 0.019
1.0 0.279 0.234 0.192 0.156 0.142
1.5 0.517 0.394 0.275 0.173 0.152
2.0 1.089 0.798 0.369 0.179 0.153
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