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Abstract

With the increasing integration of renewable energy into power grids, nuclear power plants are required to frequently handle load
adjustments and transient operational conditions. In such scenarios, real-time monitoring and precise control of reactor core reactivity
have become crucial for ensuring safe operations. However, traditional instrumentation and control systems, constrained by data
processing delays and low integration capabilities, can no longer meet the demands of complex operational requirements. This paper
focuses on digital instrumentation and control systems, analyzing their suitability for reactor reactivity management. It outlines
application pathways for monitoring modules including multi-source data acquisition, real-time data analysis modeling, and visual
interaction interfaces. Furthermore, it proposes a hierarchical control strategy tailored for various scenarios such as steady-state
operation, load adjustment (including normal power fluctuations and transient surges), and emergency warning systems.
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