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Abstract

Reliably modeling karst systems in carbonate reservoirs is crucial for predicting fluid flow behavior, as karstic features can create highly
permeable conduits that significantly impact oil production and recovery. Understanding the controls and extent of dissolution processes within
the structural, stratigraphic and sedimentological framework is essential to providing a realistic model of karstified reservoirs. To address this
challenge, Petrobras, in partnership with AspenTech, developed PetroKarst, a module within SKUA-GOCAD designed to integrate a
conceptual model of karstification (either hypogenic or epigenic) with various data sources, including seismic interpretations, well logs,
petrographic, facies, stratigraphic and geochemical analyses. PetroKarst can create realistic 3D cave networks by simulating the flow path of
the karstifying fluid, conditioned by key factors that define the topology and geometry of the conduits. PetroKarst was calibrated using real
cases, either in reservoirs with evidence of karstification or in outcrop studies, which played a vital role in validating karst models by
confirming their geometry, distribution, and heterogeneity based on field observations. A key test case for validating this methodology has
been the Jandaira Formation, an important analog for pre-salt carbonate reservoirs. This formation is particularly relevant due to ongoing
discussions about the primary controls governing karst development, allowing for the construction of multiple scenarios to capture the
influence of structural or stratigraphic features on the cave system. The PetroKarst approach consists of two main phases. The first step is to
generate the karst skeleton, which represents the most probable path of the dissolution fluid. The epigenic conceptual model was adopted to
constrain the trajectory of the Jandaira karst system. The skeleton computation considers (1) an initial distribution of the rock petrophysical
properties, (2) a definition of the vadose, epiphreatic and phreatic zones based on seismic data and calibrated to the wells, and (3) the
identification of recharge and discharge points in the system. The second step involves constructing an envelope surface around the karst
skeleton using the Object Distance Simulation (ODSIM) technique. A cutoff distribution is estimated based on field measurements using
Sequential Gaussian Simulations to account for the variability of the radius of the karst conduits. The comparison of the distance to the skeleton
with the stochastic distribution of the cutoff (conduit radius) generates the karst envelope. More realistic geometries can be achieved by
incorporating fracture planes or bedding surfaces to extend the karstic conduits system, or by limiting its occurrence above/below permeability
barriers. Decisions made during the modeling process, such as whether to integrate the fracture network into the path computation, modifying
the recharge and discharge points, and limiting the karst geometry to the reservoir heterogeneities, allowed the realization of multiple scenarios:
some emphasizing the control by fractures and faults, others highlighting the influence of facies and stratigraphy. The flexibility of PetroKarst
qualifies it as a robust solution for analyzing karst-related uncertainties, which can be incorporated into flow simulation through upscaling
techniques, improving reservoir prediction and decision-making.



