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Abstract

The commissioning phase of nuclear power plants (NPPs) is critical for ensuring operational safety and efficiency. This study
investigates the application of artificial intelligence (Al) technologies in the commissioning process, focusing on cost reduction,
workforce optimization, error mitigation, and efficiency enhancement. Through case studies and data modeling, we systematically
analyze AI’s practical value in scenarios such as predictive maintenance, digital twins, and intelligent robotics. The results
demonstrate that Al reduces commissioning costs by 15-30%, shortens timelines by 20-40%, and decreases human error rates by
50-60%, while improving decision-making efficiency by 95% through real-time data analytics. Case analyses of the Qinshan Nuclear
Power Plant’s pump diagnostics, Sanmen Nuclear Power Plant’s core power optimization, and Hainan Hongjiang’s risk heatmap
system validate Al’s pivotal role in enhancing safety and economic performance. The study proposes a standardized Al framework
and cross-sector collaboration strategies for nuclear power digitization, offering theoretical and practical insights for the industry’s
intelligent transformation.
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