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Abstract

Carbonate reservoirs are often highly heterogeneous, making the definition of electrofacies models particularly challenging. Integrating input
data from logs with varying penetration depths and vertical resolutions increases the impact of shoulder bed effects, which further complicates
electrofacies interpretation. We introduce a novel methodology utilizing Multi-Resolution Graph-based Clustering (MRGC) to refine the
electrofacies modeling, which mitigates artifacts caused by shoulder bed effects and creates separate models based on logs of similar
resolutions and geological significance. The ultimate goal is to improve the accuracy and reliability of geological interpretations derived from
electrofacies models. Using only Spectral Gamma Ray (SGR) logs (potassium, thorium, and uranium) as input, the electrofacies model
provides insights into the depositional history of the studied area. The distribution of potassium (K), thorium (Th) and uranium (U) is
influenced by factors such as solubility, mobility, depositional energy and water chemistry. Since sediments deposited under similar conditions
tend to exhibit similar proportions of these radioactive elements, discrete characteristic log patters can be identified as electrofacies types which
may indicate spatial changes in depositional environmental conditions. For the electrofacies model developed, we used input logs comprising
the interval of the Barra VVelha Formation reservoir from the Santos Basin, Brazil. Eight electrofacies were defined and characterized by
relatively high or low values of SGR elements and propagated to 21 wells. The proposed workflow aims to enhance the electrofacies models by
applying a correction to decrease the impact of the shoulder bed effects, removing the predicted electrofacies that are thinner than the
maximum resolution of the electrofacies model, which are likely to be artifacts. Next, we analyzed the corrected electrofacies logs in terms of
Barra Velha Formation intervals (BVE100, BVE200 and BVE300) and lateral continuity. In the studied area, BVE300 was only present in
wells located to the west of the structural high, where the reservoir thickens in the basinward direction. Higher proportions of K in this interval
of more proximal wells indicate the presence of reworked clastic content from the structural high, deposited in high-energy environments.
BVE200 is more heterogeneous showing higher content of Th and U in distal wells and more K in wells closer to the structural high. Th likely
comes from detrital input to the basin, and the increase in external input of sediments indicates entry of water inflow. Also, increased U content
is expected in deeper water settings, as this element is more soluble and mobile in more oxidizing (shallower) environments. BVE100 suggests
a more homogeneous depositional environment, with dominance of clean carbonates. Our results show that SGR electrofacies, with the support
of additional data, can be used as a low-cost and easy-to-generate proxy for the conceptual model essential for the extraction of reservoirs.
Combining information from distinct electrofacies models can help obtain more accurate geological interpretations, leading to more efficient



and profitable exploration and production. Ultimately, our novel methodology provides a more accurate and reliable way to generate and
interpret electrofacies models, crucial for the energy industry's effective identification and extraction of reservoirs.



