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Editorial on the Research Topic 
Artificial Intelligence Applications in Nuclear Energy

As a highly complex man-machine-network integration system, the nuclear power plant’s development, construction and operation are still facing many obstacles and risks. Firstly, plant instruments and equipment may fail during operation, which will affect the performance and safety of nuclear power plants. Secondly, although nuclear power plants have been digitalized after decades of development, most of them still adopt traditional and inefficient operation and control methods. Finally, due to the above reasons and stringent control requirements, human operators are under great pressure. In the past decades, artificial intelligence (AI) and machine learning (ML), especially methods related to deep learning, have made great progress and have been widely used in computer vision, automatic control and other fields (Bakator and Radosav, 2018; Singla et al., 2020; Taskiran et al., 2020; Usuga Cadavid et al., 2020). At present, many researchers have begun to apply AI to the field of nuclear energy to overcome the above obstacles and risks. Potential application scenarios include nuclear power software development (Bao et al., 2019; Liu et al., 2019), equipment prognostics and health management (Zhao et al., 2021; Zhong and Ban, 2022), reactor design optimization (Kumar and Tsvetkov, 2015; Turkmen et al., 2021), reactor autonomous control and operation (Wilson, 2019; Lee et al., 2020; Lin et al., 2021), and nuclear safety analysis and accident management (Zeng et al., 2018; Chung, 2021). This topic explores the application of the latest AI technologies in nuclear energy to promote research, sharing and development.
We have collected two papers on AI for nuclear power software development: Dong et al. and Wu et al. Dong’ work proposed a neural network-based data-driven model to predict the bubble departure diameter in subcooled boiling flow. The model is based on mechanistic bubble departure models and takes dimensionless numbers as input, thus demonstrating good generalization capability on a broad range of flow conditions.
We have collected three papers on intelligent prognostics and health management of plant equipment: Fan et al., He et al., and Yao et al. Fan’s work focused on the fatigue detection of glass-to-metal seals in nuclear power plants, with the assistance of the spectrum characterization of fiber Bragg grating (FBG) sensors. The spectral response to non-uniform strain distributions in glass-to-metal are reconstructed precisely based on the transfer matrix model, and the asymmetric deformation induced by fatigue conditions is detected efficiently by the variations of Bragg wavelength shift and full width at half maximum.
We have collected four papers on AI for reactor design optimization: Pevey et al., Zhang et al., Yu et al., and Li et al. Hines’ work proposed a convolutional neural network–based surrogate model optimization of fast neutron source configurations. Their new algorithm produced more viable designs that significantly improved the objective function utilizing the same computational resources compared to the standard multi-objective genetic algorithm NSGA-II.
We have collected three papers on AI for nuclear safety analysis and accident management: Gong et al., Dong et al., and Sallehhudin and Diab. With the assistance of a deep learning model called zLSTM, Gong’s work focused on the multivariate time series prediction for LOCA development. The zLSTM is constructed by introducing an improved gate function Zigmoid within the original LSTM model, allowing the non-linearity, both short and long-term memory, and multiple system parameters to be fully covered for a more accurate LOCA prediction.
As the development of AI technologies has accelerated in recent years, the nuclear industry has begun to look for the potential of AI for code development, real-time intelligent operation and maintenance, reactor design optimization, and safety analysis and accident management. The industry will follow suit if AI shows strong capabilities in research. In AI research, data as a carrier of knowledge plays a dominant role in the performance of AI and ML models. However, data containing valid information is scarce in the nuclear industry. In the coming period, the focus should be on how to make AI effective in practice under small sample, sample imbalance, and strong noise conditions. This may be a long-term challenge, but in the end all the effort will be worthwhile. In the future, with the popular application of AI technologies, the whole chain of the nuclear industry will become more intelligent.
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