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Abstract

The 2nd Eocene play in the main Wafra field is a prolific shallow carbonate reservoir that has been producing since the late 1950s, yet a
substantial portion of its reserves remains untapped, presenting significant opportunities for further development and optimization. Optimizing
recovery from the 2nd Eocene reservoir requires a strategic focus on identifying untapped hydrocarbon zones and improved well placement.
Moreover, the complex interplay between depositional facies, diagenetic alterations, and petrophysical properties result in substantial
heterogeneity of 2nd Eocene reservoir, posing challenges to traditional well placement approaches. This study presents an integrated workflow
for defining reservoir rock types (RRTSs) by incorporating geological facies, core analysis and well log interpretation, to enhance the accuracy
of rock typing and permeability estimation which further improve reservoir characterization and optimize well placement in a mature carbonate
field. The workflow incorporates high-resolution core analysis (RCA & SCAL), thin-section petrography, and sedimentological studies to
define geological facies, while advanced petrophysical data, including porosity, permeability, saturation height functions, and NMR log
analysis, refine the understanding of rock properties. These datasets are unified using machine learning algorithms to classify RRTs that
capture both depositional controls and petrophysical responses. The incorporation of machine learning models and data analytics further
improves the predictive capabilities of permeability distribution across heterogeneous reservoirs. The integrated study revealed critical
relationships between facies architecture and fluid flow properties, allowing for the identification of bypassed pay zones and optimizing future
infill well locations. The analysis showed that RRT1 and RRT2 exhibit superior permeability compared to other reservoir rock types. The study
aid in identifying high-permeability zones, optimizing well trajectories, and minimizing non-productive drilling. Accurate well placement,
driven by comprehensive reservoir rock typing and permeability analysis, improves hydrocarbon recovery and minimizes operational risks,
establishing it as a fundamental aspect of effective field development strategies. The study brings out an effective approach on how integrating
geological and petrophysical facies into Reservoir Rock types reduces uncertainties and support in field development and enhances recovery
potential.



