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Abstract

With the continuous socio-economic development, the contradiction between energy supply and
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demand has become increasingly pronounced. Natural gas, owing to its advantages such as low pol-
lution and high efficiency, has become a focal point in global subsurface energy development. Low-
permeability gas reservoirs hold a significant position in China’s energy structure, and their effi-
cient development is of great importance for ensuring national energy security and achieving the
dual-carbon goals. However, these reservoirs are characterized by poor physical properties, strong
heterogeneity, and a high susceptibility to water invasion, which severely reduces natural gas re-
covery. This study takes a gas field as the research subject. First, through cast thin section observa-
tion, full-diameter core analysis, and well-logging data interpretation, the lithological characteris-
tics and types of reservoir space in the study area are clarified. Porosity and permeability experi-
ments conducted on reservoir cores reveal the strongly heterogeneous nature of the reservoir.
Then, by analyzing the production performance of the study area, the production characteristics of
the low-permeability gas reservoir are identified, and the dynamic reserves of different production
wells are calculated.
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Figure 1. Main reservoir rock types in the study block
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Figure 2. Main reservoir space cast thin sections in the study area
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Figure 3. Distribution frequency of reservoir spaces based on cast thin section statistics
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Figure 5. Well logging interpretation diagrams of X2, X3 and X4
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(a) Porosity distribution frequency histogram
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Figure 6. Porosity and permeability distribution frequency histograms in the study area
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Figure 7. Semi-logarithmic porosity-permeability relationship diagram in the study area
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(a) Gas and water production curves and produced water-to-gas ratio curve of Well X1
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(b) Gas and water production curves and produced water-to-gas ratio curve of Well X2
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Figure 8. Gas and water production curves and produced water-to-gas ratio curves of the four producing wells in the study area
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Figure 9. Blasingame type curves of the three producing wells in the study area
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Figure 10. A-G type curves of the three producing wells in the study area
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Figure 11. NPI type curves of the three producing wells in the study area
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Figure 12. Pressure decline curves of four production wells in the study area
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Figure 13. Cumulative production analysis curves of four production wells in the study area
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Figure 15. IPR curves of gas wells under different starting pressures
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Figure 16. IPR curves of gas wells under different stress-sensitivity coefficients
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