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Abstract

Adsorbed gas and free gas coexist in shale gas reservoirs, so describing the adsorption behavior is
crucial for establishing a cross-scale seepage model. However, existing adsorption models are
mostly based on the assumption of monolayer adsorption, making them unsuitable for the high tem-
perature and pressure conditions in deep shale gas reservoirs, leading to deviations in adsorption
capacity predictions. Therefore, molecular simulation methods are employed to study the adsorp-
tion process of methane in kerogen nanopores, and then clarify the adsorption behavior of shale
gas under high temperature and pressure conditions. Based on adsorption models describing mon-
olayer adsorption, multilayer adsorption, and micropore adsorption, a reasonable mathematical
model for shale gas adsorption is identified. Considering real gas effects, adsorption effects, gas slip-
page, Knudsen diffusion, and stress sensitivity, a mass transfer model for shale gas in matrix pores
is established. The finite element method is used to calculate gas well productivity, and the model
is validated using actual production data from Block H in the Sichuan Basin. The results indicate
that adsorption capacity is positively correlated with pressure and negatively correlated with tem-
perature, and Langmuir-Freundlich model has the small prediction error within the temperature
range of 353.15~433.15 K. The influences of engineering and geological factors on gas well produc-
tivity are analyzed, and the grey relational method is introduced to evaluate the importance of each
parameter. This work is helpful for the effective development and productivity evaluation of shale
gas reservoirs.
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Figure 1. The adsorption of methane in kerogen under different temperatures and pressures [10]
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Figure 2. The fitted process of methane adsorption in kerogen under the LF model
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Figure 3. The absolute error values of prediction results for each model under different temperatures
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Figure 4. Fitted results of simulation and actual reservoirs
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Table 1. Basic parameters of the model
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Figure 5. The impact of adsorption effects on the production characteristics of shale gas wells
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Figure 6. The impact of matrix permeability on the production characteristics of shale gas wells
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Figure 7. The influence of stress sensitivity on the production characteristics of shale gas wells
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Figure 8. The influence of fracture diversion capacity on the production characteristics of shale gas wells
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Figure 9. The influence of fracturing segment number on the production characteristics of shale gas wells
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Figure 10. The influence of fracture half-length on the production characteristics of shale gas wells
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Figure 11. The influence of hydraulic fracture dip on the production characteristics of shale gas wells
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Figure 12. Weights of each parameter on the gas well productivity
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