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Abstract

Integrating pre-stack seismic data, well logs, cores, scanning electron micrographs, thin sections, and depositional analogues has proven
effective in identifying depositional facies patterns and reservoir compartments in an onshore Niger Delta field. Complex stratigraphy and fluid
contact variation within reservoirs pose significant obstacles for geological facies modeling and field development planning. The general
purpose of this study is to use pre-stack seismic inversion to address geological uncertainty associated with internal reservoir architecture and
depositional facies geometry. The study's objectives include identifying geomorphic features, delineating sand geometries and depositional
facies patterns, defining intra-reservoir stratigraphic compartments, resolving fluid contact uncertainty, creating realistic geological facies
models, and optimizing field development planning. The pre-stack seismic data was evaluated using elastic impedance and simultaneous
inversion techniques calibrated with diagnostic rock physics and depositional analogues. The resultant pre-stack seismic inversion attributes
were subjected to unsupervised classification; using principal component analysis to define architectural facies elements which formed inputs
for hierarchical geological facies modeling, dynamic simulation and well placement. Vintage horizon slices of petro-elastic attributes such as
elastic impedance, P-impedance, S-impedance, lambda-rho, and mu-rho properties reveal geomorphic patterns, lineaments, and seismic facies
contrast, which were used as soft constraints for depositional facies modeling, reservoir compartmentalization, and dynamic modeling. Typical
reservoir strata slices have curvilinear ggomorphological patterns with characteristic attribute responses that differ from background facies.
According to observations, the outlined geomorphological patterns are similar to fluvial-deltaic meandering channel and confluence channel
systems in tidally influenced lower delta plain, gross depositional environments. The presence of pyrite, siderite, and coal in the core and thin
section, which are typical of brackish water estuary channels and lagoon settings, lends support to the inferred tidally influenced environment.
In comparison, seismic facies discriminate against high-quality sand, shale-prone, and mineralized facies. Additionally, intra-channel
lineaments were discovered to divide sand units into different stratigraphic compartments. In conclusion, the integration of pre-stack seismic
inversion and unsupervised attribute classification has resolved geological uncertainties in the field of study by illuminating complex channel
geometries and depositional facies patterns that have partitioned the reservoir sands into different stratigraphic compartments with varying fluid
contacts. As a result of a better understanding of the local geology and internal reservoir architecture, realistic reservoir models were rebuilt,
well location optimized, and the field development strategy for production reactivation refined.



