Novel Reservoir Requires Novel Characterization through Integrated Approaches
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Abstract

One of the challenges facing a Non-Operated Venture (NOV) is to provide both confidence and valuable insights to the Operator. In this pre-
salt field example, Shell as the NOV partner is developing new reservoir models to achieve this. The reservoir modelling employs an
innovative hierarchical heterogeneity model combining Broad Scale Geological Facies (BSGF) and rock typing to identify rocks and regions
with similar reservoir performance behaviour. Detailed reservoir characterization ensures the calibration of rock and well data within the
model. The BSGF scale facilitates the integration of seismic data and the appropriate characterization of features such as the clinoforms in the
Itapema Formation or igneous bodies within the Barra Velha Formation. This approach also prepares the model for future seismic-led updates,
such as 4D PRM (Permanent Reservoir Monitoring) data. Integrating dynamic data into the model-building process ensures that the latest
understanding (as the field is still ramping up production to plateau) guides the heterogeneity, connectivity and permeability ranges. For
example, recent well performance in the seismic scale ‘hanging wall” region provides insights into the reservoir property characterization of the
silicified pre-salt carbonates. The presence of features with elevated permeability, such as the novel occurrence of a vertically extensive
conduits related to paleo-karst at the top of Itapema, adds excess permeability realizations over the distribution of matrix permeabilities. The
northern region of the studied field contains a notable variety of igneous body geometries that impact pressure responses and likely field
development options for a pre-salt carbonate reservoir. These geometries are centred around a bowl-shaped sill intrusion with a potential feeder
dyke and offshoot sills, many of which are metre-scale in thickness. This is unique in a producing oil field. The intrusions that extend into the
overlying salt add complexity in regions with unusually thin salt cover. The uncertainty in the geometrical interpretation is constrained by
seismic, well, and rock data linked to the study of analogues. The baffling is unusual in the generally well-connected pre-salt reservoirs,
highlighting uncertainty in the role of igneous bodies elsewhere as baffles, fracture conduits or even controls on fluid contact height variations.
Sub-seismic scale igneous bodies in well data add additional uncertainty to their extents and geometries as well as impacts on connectivity and
well performance. Some of these features are formidable development challenges with no analogues. Value is added at multiple steps of this
journey, both in transforming conceptual geological thinking into quantifiable and testable reservoir models and in providing a means to
discuss complex data. The models facilitate bringing the greatest value to all partners in the management of the subsurface uncertainties that are
atypical, even for the Santos pre-salt reservoirs.



