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Abstract:

This study focuses on applying artificial intelligence (AI) and machine learning (ML)
technologies to improve control and monitoring systems. It explores the potential of
small modular reactors (SMRs) in producing safe and efficient nuclear electricity. By
analyzing reactor operating data, such as temperature, pressure, and flow rates, the study
aims to develop an early fault prediction model. This model identifies potential
anomalies before they occur, reduces unscheduled downtime, enhances operational
reliability, and improves reactor performance in terms of efficiency and safety. This
approach facilitates the transition from traditional to predictive maintenance.

The study's findings demonstrate that integrating Al into monitoring systems increases
operational efficiency, enables predictive maintenance, reduces the need for direct
human intervention, and improves resilience under varying operating conditions. To
ensure the optimal use of these technologies, thereby contributing to enhanced nuclear
safety and increasing the stability and efficiency of SMRs in the future, the
recommendations emphasize the importance of expanding the use of Al, improving data
collection, training technical personnel, and supporting research and development.

Keywords:
(Standardized small reactors (SMRs), improving operational efficiency, early fault
prediction, artificial intelligence, machine learning)
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? Hidayah, A. (2020). A review of advanced small nuclear reactors, particularly multi-power pressurized water
reactors, in terms of safety features, economic issues, innovative concepts, and multi-purpose deployment.
Radiation Physics and Engineering, 1(4), p. 29-53.
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* Locatelli, J., Bingham, S., and Mancini, M. (2014). Small modular reactors: A comprehensive overview of their
economics and strategic aspects. Advances in Nuclear Energy, 73, p. 75-85.
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> Wang, Y., Chen, W., Zhang, L., Zhao, S., Gao, Y., and Dinavahi, F. (2024). Small modular reactors: an overview
of modeling, control, simulation, and applications. 12, p. 39628-39650.
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® Taleb, M. A., Majzoub, S., Nasser, Q., and Jamal, D. (2021). A systematic review of the literature on the
application of artificial intelligence algorithms using hardware. Journal of Supercomputing, 77(2), p. 1897-1938
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& Clayton, A. D. (2023). Recent developments in reactor automation for multistep chemical
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? Patil, D. (2024). Artificial intelligence-driven predictive maintenance in manufacturing: enhancing operational
efficiency, minimizing downtime, and optimizing resource utilization. Minimizing Downtime, And Optimizing
Resource Utilization (December 11, 2024).
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