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Risk Assessment and Prevention—Control Measures for Water Inrush in Long-Distance
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[Abstract] With the advancement of China’s water resource optimization and allocation strategy, long—distance
water diversion projects are increasingly becoming critical infrastructure for addressing regional water scarcity and
supporting sustainable socioeconomic development. However, when traversing areas with complex geological
conditions such as high mountains, deep valleys, fault zones, and karst regions, water diversion tunnels face
significant water inrush risks during construction and operation, posing serious threats to project safety, personnel
lives, and the ecological environment. This paper systematically analyzes the main causative factors of water inrush
in water diversion tunnels under complex geological conditions, establishes a risk assessment framework based on
the coupling mechanism of “hazard—forming environment, causative factors, and vulnerability of exposed
elements,” and integrates qualitative and quantitative methods to propose a multi—level, whole—process risk
assessment system. Building on this foundation, the paper systematically elaborates comprehensive prevention and
control measures for water inrush risks from aspects such as advanced geological prediction, dynamic design,
hierarchical prevention and control, emergency response, and intelligent monitoring and early warning. Research
indicates that establishing an integrated risk management system encompassing “identification, assessment, warning,
prevention and control, and emergency response” is a core approach to ensuring the safe construction and stable
operation of long—distance water diversion tunnels under complex geological conditions.
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