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Abstract

Regional hydrogeological conditions are determined by four key elements—topography, geomorphology, stratigraphy, and
lithology—whose interactions govern the system’s overall functionality. The dynamic interplay between groundwater and soil
water influences pollutant behavior through water migration and solute exchange. Effective soil remediation requires precise
quantification of critical parameters, including groundwater dynamics, aeration zone characteristics, aquifer properties, and boundary
conditions, to accurately predict pollution transport patterns. Tailored remediation strategies should be implemented based on
specific hydrogeological scenarios: in aquifer zones, prioritize in-situ combined techniques; in confined aquifers, adopt a hybrid
approach of chemical oxidation and hydraulic control; and in aeration zone anomalies, apply stratified remediation. By optimizing
in-situ restoration parameters and integrating ex-situ remediation with groundwater protection, a governance system tailored to local
hydrogeological conditions can be established.
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