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Abstract

In the context of the increasing frequency of extreme hydrological events caused by global climate change,
the engineering safety of Kuitun River, as a vital water resource carrier in the region, is facing severe chal-
lenges. The traditional engineering safety management mode is difficult to adapt to the needs of complex
working conditions, and innovative technical means need to be introduced urgently. This study has developed
a digital twin platform based on multi-model collaboration, integrating various specialized models such as
hydrological forecasting models, hydrodynamic simulation models, and structural mechanics analysis mod-
els to create a comprehensive technical system for “Analysis-Warning-Disposal”. This system utilizes an In-
ternet of Things (I0T) sensor network (including water level gauges, flow meters, strain gauges, and displace-
ment meters) and multi-source data fusion technology to achieve real-time perception of the engineering
operational status (such as hydrology and structural responses). By incorporating deep learning algorithms
(such as CNN and LSTM) to build intelligent warning models, the accuracy of safety hazard warnings has been
significantly improved. Additionally, relying on virtual simulation technology, the effects of different dis-
posal plans (such as emergency rescue and scheduling plans) are simulated and rehearsed to optimize deci-
sion-making in disposal. The empirical application results of the Kuitun River project show that the technical
system improves the flood forecasting efficiency by 40% and shortens the early warning response time to
less than 15 minutes, which provides an innovative digital paradigm for the safety management of water
conservancy projects. This study not only provides a solid technical guarantee for the safe operation of the
Kuitun River project, but also provides a reference experience and technical reference for the safety man-
agement of similar water conservancy projects.
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