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Abstract

The gas-water relationships within micro-nano shale matrix pores are complex. Existing apparent
permeability models for shale gas typically only consider single-phase gas flow, and suffer from is-
sues such as incomplete consideration of interaction mechanisms and inaccurate model construction
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methods, which hinder their ability to reasonably reveal the mass transfer laws in shale matrix. This
study establishes an apparent permeability model for shale gas that accounts for the combined ef-
fects of stress-sensitive effects, matrix shrinkage effects, and irreducible water saturation, based on
the interactions among gas-water-solid phases in matrix pores. A sensitivity analysis of parameters
affecting the apparent permeability of matrix pores is conducted. The results show that the appar-
ent permeability of matrix pores is negatively correlated with both the stress-sensitive coefficient
and irreducible water saturation. The contribution rate of surface diffusion exhibits a negative cor-
relation with pressure and pore size, while the contribution rate of viscous flow shows a positive
correlation with pressure and pore size.
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Figure 1. Comparison plot of theoretical model and experimental data
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Figure 2. Contribution of different transport mechanisms at an initial pore size of 5 nm
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Figure 3. Contribution of different transport mechanisms at an initial pore size of 50 nm
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Figure 4. Relationship between permeability of organic pores and pore size
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Figure 5. Relationship between permeability of inorganic pores and pore size
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Figure 6. Effect of stress sensitivity on apparent permeability
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Figure 7. Effect of irreducible water saturation on apparent permeability
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