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Abstract

The subject Pre-salt field, deep-water Santos Basin, Brazil, is a multibillion-barrel oil in place elongated accumulation with a maturing
production history using gas and water injection. The challenges posed by increased produced water and gas are tackled through the processes
of well, reservoir and facilities management (WRFM), and further growth opportunity identification. This paper presents a workflow
facilitating the success of these activities, enabled by a deeper understanding of the field geology and plumbing, enhanced by the new seismic
acquisition and associated hybrid 4D seismic. An integrated concept-driven approach from innovative geological facies to matrix permeability
in the lacustrine carbonate Barra Velha and Itapema Formations has been applied for the first time to a mature non-operated Brazil Pre-Salt
field. The proposed workflow, while consolidating the a-priori knowledge of the subsurface, introduces fresh geological concepts, backed by
dynamic well test characterization, petrophysical analysis, geological data and seismic observations. The novel Broadscale Geological Facies
(BSGF) term is introduced for macroscopic facies or geological regions in the Pre-salt carbonates. These BSGF capture the geological
heterogeneity that stems from reservoir features such as structural ridges with related wedges that coexist with a more typical lacustrine
cyclothem sedimentology, as well as underlying spring-fed mounds. The BSGF are mostly a product of primary depositional processes, even
where secondary diagenetic overprinting is significant. Each BSGF is characterized by individual matrix porosity versus permeability
relationships derived from routine core analysis (RCA) data from core and sidewall cores (SWC). These macro-facies thus form permeability
groups that express recognizable reservoir quality patterns controlling dynamic behavior. The initial recognition and classification of each
BSGF is at well scale. Sedimentological descriptions and data from cores and SWC were used to identify initial patterns as a first pass
subdivision of known structural and geological settings in the field. Integration with wire-line or logging while drilling logs, as well as borehole
image log interpretations, supported the recognition and discretization of BSGF zones. Each BSGF definition was further consolidated by
dynamic data such as drilling parameters and events (gas shows, losses), and Pressure Transient Analyses (PTA). The geological features
defined as BSGF regions, such as ridges and mounds, are mostly seismically resolvable, distinguished and extrapolated by a few selected
structural and seismic attributes. This step bridges the facies definition at the well scale (1D) to the model scale, while honouring the
underpinning geological concepts. It also allows the exploration of multiple realisations. The leverage and value of discrete realisations, with
different but plausible facies architectures, facilitated flexible inclusion of complex geology, while ensuring ease of calibration and history
matching. This is an ideal tool for improved reservoir management and exploitation of further opportunities.



