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Abstract 

 

The Brazilian pre-salt reservoirs pose significant challenges for subsurface modeling due to their complex geological settings characterized by 

high heterogeneity, naturally fractured carbonates, and considerable structural variabilities. One of the critical uncertainties in these reservoirs 

lies in the structural interpretation of the reservoir top and the salt base. Key factors contributing to these uncertainties include acquisition 

limitations, processing techniques, velocity modeling, and interpretation variability. Addressing these complexities is crucial for robust 

reservoir characterization and successful development planning. This study explores the application of the Unified Ensemble Modeling (UEM) 

approach to reservoir modeling. In this approach the understanding of the variability in the reservoir modeling parameters, such us the reservoir 

structure, is incorporated to generate multiple models that can all represent the subsurface. The ability to create ensemble models that 

simultaneously consider geological, geophysical, petrophysical and dynamic data ensures a more comprehensive representation of subsurface 

complexities. With UEM, the structural uncertainty of the base of salt is set by varying the geometry based on the minimum and maximum 

depths provided by the seismic processing, generating an explicit geometry for each member in the ensemble of models. Another key focus of 

the study is the representation of naturally fractured reservoirs (NFR) applied to carbonates, a dominant feature of the pre-salt fields. The UEM 

approach integrates fracture modeling through probability maps that act as the main driver in the definition of fractures placement. This 

enhances the geological consistency of the models and captures the inherent uncertainty of NFR. Furthermore, a dual porosity / dual 

permeability (2phi2k) method is employed to represent and differentiate the petrophysical properties of the rock matrix and the fracture 

network. All properties are then simultaneously calibrated to the observed production data during the history matching process, using the 

Ensemble Kalman Smoother with Multiple Data Assimilation (ES-MDA) algorithm. Through an automated modeling-to-simulation workflow, 

the algorithm ensures all geological, petrophysical, and dynamic uncertainties are consistently accounted for. The results demonstrate that the 

UEM approach significantly improves the reliability of pre-salt reservoir models by systematically incorporating structural uncertainties, 

natural fractures networks, and carbonates properties. The integration of ES-MDA within a modeling-to-simulation workflow enhances 

geological consistency, leading to better-informed decision-making in field development planning. The study highlights the potential of 

ensemble-based methodologies to enhance predictability and optimize reservoir management strategies in complex pre-salt environments. 


