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Abstract [ Objective] This paper aims to address the core challenges in water source nuclear and radiation monitoring, namely the
high false alarm rate and difficulty in detecting chronic leakage caused by low signal-to-noise ratio, non-stationary interference, and

complex hydrological coupling effects. The goal is to develop an intelligent early warning model for accurate prediction, reliable
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detection, and rapid decision-making regarding radioactive anomalies. [ Methods ]  An intelligent early warning model named
bidirectional memory forest for cooperative early warning ( Bi-LSTM-iForest) integrating a bidirectional long short-term memory ( Bi-
LSTM) network and an improved isolated forest (iForest) was proposed. Firstly, multi-source spatiotemporal feature engineering was
employed to extract the coupling patterns of radiation-hydrology-meteorology parameters and construct a feature matrix. Bi-LSTM was
utilized to learn the long-term dependencies and transient response characteristics of radiation parameters, achieving high-precision time
series prediction and generating residual sequences. Subsequently, the iForest algorithm was used by incorporating dynamic branching
depth control and a residual enhancement mechanism, making it adaptable for detecting low-intensity, slowly varying pollution signals.
A spatiotemporal graph attention network ( GAT) was introduced to model pollutant transport processes and improve cross-station early
warning capability. [ Results |  Practical validation in a reservoir in Daya Bay, Guangdong Province, demonstrated that the model
achieved a prediction root mean square error (RMSE) for cesium-137 activity concentration of 0. 062 Bg/L, a reduction of 56.3%
compared to the autoregressive integrated moving average ( ARIMA) model. The detection rate for chronic leakage events reached
91.2% , an improvement of 45.9% over the traditional iForest, while the false alarm rate was reduced to 5.2%. [ Conclusion] The
Bi-LSTM-iForest model significantly enhances the prediction and detection performance for radiation anomalies in water sources. The

superior performance stems from the efficient synergy between the prediction and detection modules and its effective adaptation to the

complex aquatic environment. The model possesses good interpretability and engineering deployment value, providing a reliable

integrated technical solution of " prediction-detection-decision" for nuclear and radiation safety in high-risk water source areas.
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