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Abstract: Complex faults, collapse columns, hidden fractures, and multiple superimposed aquifers make the water
hazard pathways in coal mine workfaces characterized by concealment, suddenness, and dynamic evolution. Single
geophysical surveys or localized drainage struggles to effectively control the risk of water inrush under mining-induced
conditions. This paper establishes a comprehensive water control technology system: "detailed geological survey—
multi-source detection—zonal assessment—advance treatment—dynamic monitoring—emergency drainage," and
carries out engineering validation at the 3107 workface of a certain mine. Using 3D seismic, transient electromagnetic,
directional drilling, and hydrochemical source tracing to identify water-conducting structures, the risk zones are
divided based on water inrush coefficient, water richness, and structural connectivity. Measures include directional
grouting under the floor, fault curtain reinforcement, roof drainage, and coordinated control of mining parameters.
After implementation, the average water inflow per borehole dropped from 18.6 m3/h to 4.2 m?/h, the floor water inrush
coefficient decreased from 0.087 MPa/m to 0.041 MPa/m, the maximum face water inflow went down from 286 m?3/h to
128 m?h, and the workface safely crossed three fault-fractured zones. The results suggest that water control in complex
geological areas should shift from "finding water bodies" to a closed-loop approach of "identifying water sources—
determining pathways—altering hydraulic connections—yverifying treatment effectiveness."
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