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Abstract: Aiming at the problem that the permeability calculated by Darcy's formula cannot accurately
characterize the permeability of extra-low-permeability shale reservoir, this paper carried out the micro-
circular tubes and real shale cores to determine the change of permeability under different flow rates, and
improves the Klinkenberg formula of calculating permeability based on the micro-scale effect of gases in the
micro-circular tubes. The results show that the permeability of single-phase fluids in extra-low permeability
shale reservoirs is not constant due to microscale flow effect, which increases nonlinearly with the increase of
flow rate (pressure) and tends to be stabilized when the flow rate (pressure) is increased to a specific value.
The absolute permeability values of the actual cores calculated by the improved permeability formula at
several pressure points have less than 5% margin of error, reflecting the significant advantage of the method
in characterizing the permeability of the extra-low permeability reservoir.
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Fig. 1 Flow diagram of the high-pressure shale gas permeability measurement apparatus for micro-tubes
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Fig. 2 The changes of apparent permeability and theoretical

permeability in microtubules at different flow rates
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Fig. 3 The apparent permeability change curves of Silurian shale core samples in Fuling shale gas field at different flow rates
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in microchannels with different diameters
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as a function of flow rate for different pipe diameters
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Fig. 6 Variation of gas permeability of shale cores (JY-2—JY-8) as a function of the inverse of pressure in Fuling shale gas field
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Fig. 7 Variation of Knudsen number with pressure in experiments with different shale cores (JY-2—JY-8) in Fuling shale gas field
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