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Geomechanical unit Summary

Clustering algorithm Determining geomechanical units is the first step in understanding the reservoir
Petrophysical logs conditions for advancing any engineering process. In this study, geomechanical
Porosity and permeability units are determined for the Kangan and Dalan formations, the main reservoirs of

Carbonate reservoirs the Persian Gulf. To reduce errors arising from observation and engineering

judgment, three clustering methods—hierarchical clustering, density-based clustering, and k-means clustering—were
employed using MATLAB software to determine the geomechanical units. The petrophysical logs of density, neutron,
gamma, shear sonic, and compressional sonic are used as inputs for the clustering methods. The advantage of using these
data lies in their comprehensiveness and availability. Subsequently, 43 core samples were classified based on porosity
and permeability, and the correspondence between the determined geomechanical units and the classification of samples
was identified. Additionally, the Silhouette index was used to evaluate the clustering quality for each method. Finally,
five geomechanical units were determined using the hierarchical clustering algorithm, with the standard Euclidean metric
and the linkage criterion of the minimum variance algorithm (ward).

Introduction

Determining geomechanical units significantly aids modelling and laboratory planning, especially given the limitations
in accessing core samples from wells. Many studies have been conducted to determine geomechanical units based on
engineering judgment for geomechanical modelling. The use of clustering methods in conjunction with laboratory results
for determining geomechanical units has been less explored, which is addressed in this research by combining these two
factors.

Methodology and Approaches

In this study, clustering was performed over a 300-meter interval in the Kangan and Dalan formations using three
clustering methods: hierarchical clustering, density-based clustering, and k-means clustering, with the use of MATLAB
software for clustering the geomechanical units. The best clustering method was determined based on permeability and
porosity test results on plugs, as well as the Silhouette index (ranging from -1 for the lowest agreement to +1 for the
highest agreement).

Results and Conclusions

Finally, five geomechanical units were established, showing a suitable distribution and distinct differentiation in the log
values along the wellbore. The hierarchical clustering algorithm provided more acceptable results compared to the k-
means and density-based methods for determining the geomechanical units. The hierarchical clustering algorithm, using
the standard Euclidean metric and the minimum variance linkage criterion (ward), showed the best agreement with
laboratory results (94%) and a Silhouette index of 0.48.
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