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Abstract

Karst features, faults, and fractures significantly influence the distribution of secondary porosity and the development of high-permeability
corridors in carbonate reservoirs, particularly those exhibiting tight characteristics. However, defining these systems remains challenging due to
insufficient data across various scales, including high-resolution 3D seismic data and well information. This study aims to present a
multidisciplinary workflow that integrates fieldwork in analog outcrops and regional stratigraphic and structural correlations to identify key
factors controlling the karstification process, alongside data from well 9-MO-13-RN. A comparative analysis of different geological scenarios
will assess the impact of karst features and fractures on oil field development plans through flow simulation. The study focused on
investigating outcrops of fractured and Kkarstified tight carbonate rocks in the Jandaira Formation, including the Furna Feia Cave in the Potiguar
Basin, Rio Grande do Norte, Brazil. It involved a stratigraphic analysis that correlated well 9-MO-13-RN with the profile from the Furna Feia
Cave. A structural study was also conducted to explore the relationship between fractures and caves, leading to the construction of a fracture
model using the Discrete Fracture Network (DFN) method. Two 3D geological models were built: Model 1, representing the matrix with
diffuse karst, and Model 2, representing the matrix with conduit karst. The facies modeling for diffuse karst was calibrated with well data and
an intensity map of fractures (P21) to guide the distribution of karstified facies. Porosity was conditioned based on facies, while permeability
was defined using linear regression based on correlations with permeability. For the facies modeling of conduit karst, a new approach was
applied that combined conduits and karstified fractures into the 3D model. This was based on a conceptual model of epigenic karst with
channelized architecture influenced by regional unconformities and fractures. From these analyses, flow simulations were conducted for four
geological scenarios: Model 1, Model 1 + DFN, Model 2, and Model 2 + DFN. The analysis of the caves indicated that the primary direction of
karstification aligns with existing fractures, predominantly in NW-SE and NE-SW orientations. Stratigraphic correlation revealed the influence
of regional unconformities (SB-2) on the formation of the Furna Feia cave. Flow simulation results across the four scenarios demonstrated that
the conduit karst model yielded a higher increase in oil production compared to the diffuse karst model. Incorporating fractures into the karst
models significantly enhanced oil production, although it also led to earlier water breakthrough in producing wells. This highlights the dual
effect of karst and fractures: while they improve production performance, they also pose risks of premature water influx in certain wells.
Therefore, effective management and optimized planning are essential for reservoirs containing karst and fractures. This multidisciplinary



workflow, encompassing geological modeling, reservoir simulation, and evaluation of various scenarios, provides critical insights into potential
outcomes and risks, thereby influencing decision-making in production development projects.



