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Abstract: Ultra—low—permeability high—pour—point oil reservoirs are characterized by the “three highs” of high pour point, high viscosity at
low temperature, and high wax content, which hinder fluid seepage, result in low oil recovery efficiency, and lead to complex residual-oil
occurrence patterns, thereby severely restricting the further improvement of recovery in high—pour—point oil reservoirs. To investigate the
microscopic seepage behavior of different displacement media in high—pour—point oil reservoirs and the mechanisms by which they influence
residual-oil distribution and occurrence patterns, a self—developed high-resolution microscopic visualization displacement experimental
system was used to carry out comparative high—resolution microscopic displacement experiments with three typical displacement media:
water, oxygen—reduced air, and CO,. By combining high—-magnification metallographic microscopy with depth—of-field reconstruction
technology, multi—-magnification quasi—3D images of residual-oil distribution under different displacement conditions were obtained, which
enabled direct characterization of oil-phase migration pathways, interfacial evolution processes, and residual-oil occurrence states. The
experimental results showed that CO, flooding exhibited the best microscopic oil-displacement performance. Its dissolution—swelling effect,
remarkable capability to reduce crude—oil viscosity, and wettability—improvement effect significantly enhanced crude—oil desorption and

migration. Oxygen—reduced air flooding ranked second, and its expansion—disturbance effect activated the oil-phase interface and
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significantly improved displacement efficiency. In contrast, water flooding showed the poorest performance, with limited advance of the

displacement front, while residual oil was mainly retained in fine pore—throat structures and non—dominant seepage channels, where it was

discretely distributed and difficult to mobilize. Further long—core macroscopic displacement experiments verified the positive cumulative

effect of the above microscopic mechanisms on recovery at the macroscopic scale, revealed the intrinsic correlation between microscopic oil—-

displacement behavior and macroscopic oil-displacement performance, clarified the differences among different displacement agents in

terms of action mechanisms, residual-oil occurrence characteristics, and oil-displacement efficiency, and identified the key factors

controlling residual-oil distribution and mobilization. This study provides experimental evidence and theoretical support for optimizing

displacement methods and injection process parameters during the later stage of high—pour—point oil reservoir development.

Keywords: high—pour—point oil reservoir; microscopic visualization experiment; microscopic oil-displacement mechanism; residual oil

distribution; cumulative effect
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Fig. 2 Microscopic visualization displacement experimental system and experimental flowchart



2026 4F
ek 4

WRIEZ , 45 R mr i B OB I & 2 B LR 849

K2 WUAWRAREIERITRENERSH

Table 2 Microscopic visualization displacement experimental design and basic parameters of rock samples
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Fig.7 Selected—point magnification and quasi=3D reconstruction of residual oil in core thin sections after displacement by

different media
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Fig.8 Schematic diagram of displacement mechanisms and residual oil distribution under different displacing agents
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