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Experimental study on stress sensitivity of coal rock permeability considering pore pressure
decline rate
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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 has
demonstrated that there is a correlation between the production rate of deep coal-rock gas in the Daning—Jixian area and the economically
recoverable reserves controlled by gas wells. However, existing stress—sensitivity response relationships for coal rock fail to effectively reflect this
phenomenon, particularly the differentiated response of permeability to stress paths, i.e., different pressure decline rates. This study investigated
the influence of stress paths on the stress sensitivity of permeability, especially the relationship between pore pressure decline rate and
permeability during pressure decline process. By simulating the pore pressure variation process, the permeability evolution of coal-Tock
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 standard chambers, different pore
pressure decline rates (stress paths) were simulated. Four core samples from the No. 8 coal seam of the Baode Mine on the eastern margin of the
Ordos Basin were tested to investigate permeability variation trends of coal rock and its irreversibility under different pressure decline paths. The
results showed that, with pore pressure decreasing, the matrix permeability of coal rock generally exhibited an exponential decline, characterized
by a rapid decrease in the early stage followed by a slower decline in the later stages. Normalization analysis indicated that permeability recovery
during unloading was relatively slow and failed to return to the initial value. Moreover, the decline amplitude of the unloading curve was smaller
than that of the loading curve, demonstrating a pronounced hysteresis effect. Regression analysis of pressure decline rate and permeability

change rate for different core samples revealed that, indicating differentiated responses of the stress sensitivity of coal-rock permeability under
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different loading rates, within a certain range, the speed of pressure drop directly affects the stress—sensitive response of coal and rock

permeability. Field statistical observations further confirmed the sensitivity of coal-rock permeability to the pore pressure decline rate.

Keywords: deep coal-rock gas; matrix permeability; stress sensitivity; pressure decline rate; plastic deformation
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Fig. 2 Core samples collected from No. 8 coal seam in underground Baode Mine on eastern margin of Ordos Basin
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Fig. 3  Experimental setup and flowchart for coal-rock gas stress sensitivity experiments
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Fig. 4 Results of stress sensitivity experiments considering different pore pressure decline rates
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