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Abstract: Aiming at the core difficulties commonly existing in medium-sized irrigation district aqueducts after long-
term operation, such as structural safety hazards, water conveyance efficiency attenuation, aging supporting facilities, and
insufficient ecological adaptability, this paper takes the Wuxi Aqueduct of Yuankou Reservoir Irrigation District as the research
object. By combining on-site inspection, numerical simulation, and engineering practice, it systematically analyzes the causal
mechanism of aqueduct structural damage and performance degradation. Based on the principles of "safety first, efficiency
improvement, green and low-carbon, and economic feasibility", a full-process renovation technical path of "diagnostic
evaluation - difficulty overcoming - technology integration - construction control - long-term operation and maintenance" is
constructed. Key technical problems such as structural reinforcement of old aqueducts, optimization of water conveyance
systems, ecologically friendly transformation, and construction of intelligent monitoring systems are mainly solved. The
renovation practice verifies the scientificity and feasibility of this technical path, realizing the comprehensive improvement
of aqueduct structural safety, water conveyance efficiency, and ecological adaptability. It forms a positive complement to
the modernization construction mode of irrigation districts and provides a replicable and promotable technical paradigm and
engineering reference for the renewal and transformation of aqueducts in similar medium-sized irrigation districts.
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