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Abstract

Excess permeability remains a critical uncertainty affecting the development and depletion strategies of Brazilian pre-salt reservoirs. While
significant progress has been made in identifying and characterizing the dynamic impacts of seismically resolvable features such as faults and
associated fractures, predicting the effects of sub-seismic non-matrix pore types—such as vugs, conduits, and caves—remains challenging.
Karst pore systems are difficult to characterize due to sampling biases: seismic methods detect only the largest features, while wellbore and
core analyses capture only the smallest. This inherent data gap often leads to the underestimation of karst features until late in the development
phase, when their impact is revealed through elevated initial production rates and early breakthrough of injected fluids. After decades of
unexpected production responses linked to karst, the integration of analogue data and physics-based models has gained traction in evaluating
platform connectivity and storage capacity. However, most existing conceptual and numerical models are based on continental karst systems
formed by the enlargement of discrete fracture networks (DFNSs), typically found in limestones subjected to burial and exhumation. These
models inherently assume organized surface drainage\ over large catchment areas and low matrix permeability—assumptions that are
inconsistent with the isolated carbonate build-ups of the Cretaceous pre-salt lacustrine system. Consequently, the direct application of
continental karst models to the Brazilian pre-salt is likely inappropriate. This study addresses these challenges by comparing the dynamic
performance of reservoirs in the Brazilian pre-salt with that of a modern isolated carbonate buildup—San Salvador Island, Bahamas. San
Salvador, while a marine carbonate buildup and as such depositionally distinct, is similar in size and early diagenetic setting to pre-salt fields
and offers a unique opportunity for high-resolution sampling of the non-matrix pore system not achievable in the subsurface. We leverage
analogous well test, image log, and production logging data from both environments to highlight striking similarities in the expression,
dimensions, distribution, formation processes, and dynamic behavior of their non-matrix pore systems. Our analysis demonstrates how
integrating static and dynamic data enables the allocation of permeability to specific karst features that drive flow heterogeneity in both modern
aquifers and ancient reservoirs. By comparing high-resolution LIDAR data from San Salvador with seismic decomposition volumes from the
pre-salt, we emphasize the challenges in resolving karst features at subsurface scales and underscore the necessity of employing appropriate
analogue-derived concepts for predicting karst properties and distributions. Finally, we use karst density and connectivity data from San
Salvador and forward well test modeling to estimate the connected pore volumes required to reproduce observed well test signatures in the
subsurface. Our findings suggest that despite differences in depositional template and burial related formative processes, the resulting karst
pore systems in San Salvador exhibit nearly identical static and dynamic characteristics to those observed in the Brazilian pre-salt. This
underscores the relevance of San Salvador as a suitable analogue for understanding pre-salt reservoir behavior and optimizing development
strategies.



