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Abstract

Low-permeability oil reservoirs are characterized by small pore-throat radii, poor connectivity, and
strong heterogeneity. Flow behavior is influenced by threshold pressure gradients and low-velocity
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non-Darcy effects, making it difficult to establish an effective displacement front during the early stage
of waterflooding and promoting preferential channeling along fractures or high-permeability streaks.
As aresult, substantial residual oil remains trapped within micro-scale pore throats, weakly connected
zones, and fracture-matrix systems. Chemical combined flooding improves recovery by enhancing the
mobility ratio and conformance through polymer or profile-control systems to expand sweep effi-
ciency, while surfactants formulated with alcohols, nanoparticles, or bio-active components reduce
interfacial tension, modify wettability, and promote solubilization and emulsification, thereby achiev-
ing macro-micro synergistic enhancement. Under low-permeability conditions, engineering feasibil-
ity depends on the matching between injectivity and effective viscosity, as well as the comprehensive
control of adsorption/retention and shear degradation. Accordingly, evaluation systems should con-
duct integrated, full-chain verification under target temperature, salinity, and pore-throat scale con-
straints. Future development should advance synergistically toward low-damage materials, salinity-
and temperature-tolerant systems, optimized slug design, and dynamic process control.
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