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Abstract

Tight gas reservoirs are characterized by low porosity, low permeability, and strong heterogeneity,
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which make the identification of effective reservoirs challenging. Taking a block of the S tight gas field
as a case study, this paper analyzes reservoir geological characteristics and petrophysical response
patterns. Spearman correlation, distance correlation, and mutual information were jointly applied
to characterize parameter relationships. Random forest and SHAP analyses were then used to iden-
tify key controlling factors. Based on these results, a Reservoir Effectiveness Index (REI) was devel-
oped by integrating the dominant control of petrophysical properties, the regulatory effect of logging
responses, and the attenuation effect of shale content under physical constraints. The model was
validated using statistical tests and production data from actual wells. The results indicate that per-
meability and porosity are the primary controlling factors, while shale content exerts a significant
negative impact on reservoir quality. The REI shows a correlation coefficient of 0.78 with core per-
meability, and the AUC for effective reservoir identification reaches 0.89, representing an improve-
ment of more than 10% over traditional single-parameter methods. The proposed approach provides
technical support for effective reservoir evaluation and favorable zone selection in similar tight gas
reservoirs.
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Figure 1. Statistical distribution plot of key parameters for reservoir evaluation
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Figure 2. Spearman rank correlation matrix
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Figure 3. Distance correlation coefficient matrix
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Figure 4. Mutual information correlation matrix
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Figure 7. Relationship curve between shale content and attenuation coefficient
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Figure 11. Comparison plot of reservoir identification results in validation wells
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