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Abstract

Pre-salt reservoirs are responsible for most of Brazil oil and gas production. The main pre-salt reservoirs correspond to the Barra Velha
Formation (BVF), from the Santos Basin sag section. The pre-salt reservoirs imposed challenges since their discovery, ranging from their
genetic characterization, to the technology required for drilling completion and effective production. A future challenge will be the
enhancement of oil recovery through the advanced characterization of previously underestimated plays. In this context, this study aims to
characterize samples from the BVF through analyses conducted at the Sirius particle accelerator for a better understanding of how diagenetic
processes influenced the geometry of the pore systems and the quality of these reservoirs at different scales. The samples were previously
characterized through systematic quantitative petrographic analysis, X-ray diffraction, and X-ray computed microtomography. As typical for
the BVF, the samples are composed by calcite, dolomite, silica and Mg-clays. A total of 34 samples were selected for analysis at the
synchrotron light source of the Sirius at the Centro Nacional de Pesquisa em Energia e Materiais. The aim of the study is to identify the
distribution of micro/nano-porosity in the clay minerals and carbonates, which cannot be properly observed with benchtop microtomography
due to the definition limitations of the technique, which reaches down to 6 microns pixel size. Three different magnifications were applied at
the Mogno Beamline: 1.2 pm, 500 nm, and 250 nm in regions of interest. The processing of the images was performed on the AVIZO software,
applying the Watershed Segmentation tool for segmentation of the phases of interest and to visualize their spatial relationships in 3D. The
analyzed samples included clay-rich intervals, without porosity identifiable in the conventional X-ray microtomography, which was conducted
at a maximum resolution of 7 pm pixel size, as well as porous samples and silica-rich samples, a recurrent issue in the studied interval. An
interesting aspect is the variation in identified under and in porosity analysis through. Discrepancies among porosity measurements obtained at
the microscope, in microCT analysis, and through porosimeter nitrogen injection, were essentially related to differences in resolution of these
techniques. For instance, in one sample, the porosity was measured as 9.98% in thin section, 1.78% in microCT, and 13.22% through nitrogen
injection. This indicates that porosity below 7 um is significant in this interval, requiring quantification using other techniques. Comparatively,
preliminary results from data acquired demonstrate the existence of pores smaller than those observed in conventional tomography,



corroborating the results from the porosimeter, which show considerably greater values and should be considered, combined with the
petrographic macroporosity, when assessing reservoir quality. This evaluation is particularly critical, regarding the porosity of rock classes with
abundant clay minerals. The usage of synchrotron light study is innovative in showing how the pores of highly variable sizes are interconnect
within the different pre-salt lithologies, what is particularly interesting for dynamic models for the development of fields, including facies that
were previously not considered reservoirs, thus opening new horizons for advanced hydrocarbon recovery in the pre-salt interval.



