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Introduction

The accurate estimation of permeability in carbonate
reservoirs is a complex task due to the intricate pore
systems and inherent heterogeneity of these formations
[1]. Traditional methods of permeability estimation
often fall short in capturing the detailed variability
within the reservoir. This study aims to address
these challenges by incorporating advanced machine
learning techniques and electro-facies analysis to
enhance permeability prediction accuracy [2, 3].

Materials and Methods

The study initially applied empirical relationships and
regression analysis to estimate permeability, followed by
the implementation of ANN and KNN algorithms using
conventional well logs [4, 5]. Electro-facies analysis
was conducted using the MRGC method to classify the
reservoir into distinct facies based on porosity and shale
volume. Moreover, separate ANN and KNN models
were developed for each facies, utilizing the relevant
well log data, as seen in Fig. 1.

Results and Discussion

The incorporation of electro-facies analysis
significantly improved the performance of the ANN
and KNN models. The KNN algorithm outperformed
the ANN method, providing higher correlation
coefficients with core permeability values. Fig. 2
shows that the results demonstrated that electro-facies-
based modeling could effectively capture reservoir
heterogeneity and improve permeability estimations.
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Fig. 1 Comparison of applying different methods for perme-
ability prediction, Layer 3 of Fahliyan Formation, Well-C.

Furthermore, Comparison of predicted permeability
using ANN and KNN methods by considering
electrofacies analysis results are shown in Fig. 3.
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Fig. 2 Electrofacies determination of Fahliyan Formation and obtained different EFAC codes.
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Fig. 3 Comparison of predicted permeability using ANN and KNN methods by considering Electrofacies analysis results dur-

ing the prediction, Layer 3 of Fahliyan Formation, Well-C.

Conclusions

This study highlights the effectiveness of combining
electro-facies analysis with machine learning
techniques to enhance permeability estimation in
carbonate reservoirs.

The KNN algorithm, particularly when integrated
with electro-facies differentiation, offers a robust
approach for predicting permeability in heterogeneous
formations. Ultimatly, the proposed methodology
can be applied to other similar reservoirs, providing
a valuable tool for reservoir characterization and
management.
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