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Abstract

Paleoenvironmental changes are a key depositional factor controlling the distribution and architecture of sand-rich reservoirs, particularly
shallow marine settings. Sea level changes, sediment supply, and wave energy influence sediment distribution and reservoir quality.
Understanding these factors is essential for hydrocarbon exploration and production, as they affect the spatial arrangement and properties of
sand-rich bodies. However, their influence on reservoir distribution and complex internal architecture is often overlooked or not quantified,
limiting the accuracy of conceptual models and hindering resource estimation and exploration/production strategies. This study investigates
how dynamic environmental and geodynamic variations influenced Ordovician siliciclastic reservoirs in the northern Arabian Peninsula. These
sand-rich reservoirs were deposited in a shallow-marine setting during a period of successive sea-level falls. Using 4D forward stratigraphic
modeling, we simulated the sedimentary processes over time, capturing the Ordovician sedimentary succession spatial and temporal variations
in sediment stacking patterns. We simulated several scenarios varying uncertain parameters such as high-frequency eustatic variations
(Milankovitch cycles), sediment influx, wave action/reworking and subsidence, analyzing their role in shaping reservoir distribution and
architecture. The stratigraphic models were progressively calibrated using a trial-and-error approach in which each simulated scenario was
compared with conceptual depositional models and well data available from public literature. The resulting stratigraphic models enhance
predictability in reservoir distribution and quality at a basin-wide scale. Our modeling approach also enables a detailed analysis of reservoir
properties, such as sand ratio, net sand thickness, and connectivity. To further improve the predictability of good-quality reservoirs, we
conducted uncertainty and risk analysis using a response surface methodology. This method assesses how variations in environmental
parameters such as sediment supply and the amplitude of sea-level changes affect the stratigraphic succession. By evaluating multiple models
that honor the available data, we quantify risks related to variations in reservoir quality among these equally likely scenarios. The uncertainty
and risk analysis results indicated that high-frequency sea-level variations were a primary control on the distribution and quality of Ordovician
sand-rich reservoirs in the study area. This analysis also allowed us to generate maps of probability of success indicating areas more promising
for exploration efforts and success likelihood along pseudo-wells to be drilled in these areas. Our findings highlight the need to integrate high-
resolution stratigraphic models and uncertainty analysis into standard exploration and production workflows to improve reservoir prediction
and characterization.



