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Abstract

To address the technical bottlenecks associated with the difficulty of fine characterization of
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sandstone bodies in high-water-cut periods of fault-block low-permeability reservoirs, where the
patterns governing residual oil enrichment remain unclear, this study employs a combined static
and dynamic research approach. Using the Shahejie Formation Member 3 (Sha-3 Member) as the
study object, this work conducts a multi-scale investigation into the heterogeneity of the reser-
voir and the differential characterization of residual reserves. By integrating quantitative char-
acterization techniques such as well logging facies analysis, seismic attribute optimization, and
phase-controlled geostatistical modeling, along with segmental fitting of production dynamics
curves, discrimination of water-cut rising rates, and inter-well connectivity analysis, this study
establishes an integrated prediction workflow encompassing “static configuration-dynamic re-
sponse-residual reserves”. By leveraging the dynamic decline characteristics observed in wells
with over a decade of production history, this study optimizes and adjusts the injection-produc-
tion well network to develop a water injection displacement flow field reconstruction technology,
complemented by comprehensive development measures such as restricted-flow modification of
lower reservoir zones and water blocking for liquid recovery. The results demonstrate that quan-
titative characterization of the sandbody distribution within the Sha-3 Member has been achieved,
enabling precise identification of residual oil enrichment zones controlled by fault edges and low-
permeability interbeds. Following treatment of the field test well group, the average daily oil pro-
duction per well increased from 1.18 t to 4.98 t, the overall water cut decreased from 96.4% to
82.7%, the cumulative oil production increase over the stage exceeded 4500 t, and the natural
decline rate of the old well decreased from 1.3% to 0.3%. This approach effectively achieves wa-
ter control and oil recovery enhancement, as well as sustained stable production in fault-block
high-water-cut reservoirs.
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Figure 1. Comparison of sub-layers in the Sha-3 formation reservoir and planar structural diagram of Sandbody distribution
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Table 1. Reservoir properties and heterogeneity parameters of typical well groups in the Es3 member
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