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Abstract: To reveal the regulatory mechanism of the variable-density flow field induced by seawater intrusion
on the multiphase migration pathways and interphase mass exchange of dense non-aqueous phase liquids
(DNAPL), this study developed a coupled variable-density flow, multiphase flow, and solute transport numerical
model using chlorobenzene as an example, systematically simulating its infiltration, redistribution, and dissolved
plume evolution. The results indicate that: (1) The NAPL-phase chlorobenzene vertically infiltrates under
gravity-dominated conditions, forming an asymmetric contaminant pool above the aquitard; (2) The saltwater
wedge significantly alters the migration pathway of dissolved-phase chlorobenzene, with density gradients

driving its upward movement along the freshwater-saltwater interface and accumulation in the mixing zone, while
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the peak discharge flux to the sea decreased by 62% compared to the scenario without seawater intrusion; (3) An
increase in hydraulic conductivity (K) accelerates the migration of both NAPL-phase and dissolved-phase
chlorobenzene toward the marine boundary, while enhancing the accumulation of the dissolved phase within the
mixing zone. This study elucidates the retention mechanism of the mixing zone for DNAPL migration and
confirms that this zone represents a non-negligible long-term secondary pollution source in coastal groundwater
environmental risk assessments.
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Fig.2 Spatiotemporal evolution of NAPL-phase chlorobenzene saturation during the leakage stage
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Fig.3 Spatiotemporal evolution of chlorobenzene NAPL saturation during the redistribution stage
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Fig.4 Spatiotemporal evolution of dissolved chlorobenzene concentration(Arrows indicate groundwater flow direction and relative
velocity)
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