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Abstract; [ Objective | Complex causal coupling effects and cascading propagation exist among operational risks in hydropower
stations, which accelerate the dynamic evolution of risk events and increase the unpredictability and uncontrollability of their
consequences. Scientific identification of risk events and their evolution characteristics is essential for ensuring the safe operation
of hydropower stations. [ Methods ] Through text data mining of historical risk event logs from hydropower stations, triggering
events, process events, consequence events, and their developmental relationships were extracted. A complex network model of
risk events was constructed, and the network topology and evolutionary characteristics of the risk event development process were
quantitatively analyzed. [ Results]The constructed risk propagation network for hydropower stations consisted of 102 nodes and
125 directed edges. The “unit cut-off” node had an out-degree of 29, the “circuit breaker trip” node had an in-degree of 5, and

“unit cut-off

the “abnormal downstream water level” node had both closeness centrality and eigenvector centrality of 1. The edge
— external transmission channel interruption” had the highest edge betweenness. The chain “isolating switch equipment failure
— three-phase current imbalance — external transmission channel interruption — all circuit breakers disconnected — total
station blackout” had the highest transmission probability. [ Conclusion ] Significant functional differences are observed among
nodes and chains in risk propagation within the hydropower station risk network. Nodes with high out-degree and high closeness
centrality are potential risk sources. Nodes with high eigenvector centrality occupy core positions in the network structure, and
nodes with high in-degree tend to become risk aggregation points. Chains with high edge betweenness are critical transmission
channels with significant bridging effects. High-probability risk evolution paths reveal strong causal coupling relationships among
risk events. Key chains such as “unit cut-off — external transmission channel interruption — all circuit breakers disconnected”
exhibit strong propagation capability within the network , requiring prioritized deployment of monitoring and coordinated prevention

and control mechanisms.

Keywords: hydropower station; risk event; complex network; risk evolution; transmission probability; influencing factors;

topological characteristics; risk propagation
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Table 2 Multi-node transmission probabilities
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