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Abstract [ Objective ]| Urban water distribution networks ( WDNs) are core infrastructure ensuring urban operation, and their
operational stability and water quality reliability are directly related to residents’ health and urban public safety. Aiming at the
systematic deviation problem of traditional mechanistic models in residual chlorine prediction of WDNs, which is caused by parameter
uncertainty and water consumption pattern difference, this paper proposes an integrated framework of “ hydraulic mechanistic

simulation + deep learning residual correction” [ Methods ] A hydraulic-water quality model of WDNs was constructed based on

EPANET, and three deep learning algorithms gate recurrent unit (GRU) , long short term memory (LSTM) , and Transfomer were
introduced to learn and correct the residual sequence between the simulated values of the mechanistic model and measured values, so as
to improve the prediction accuracy of dynamic residual chlorine changes under complex operating conditions. [ Results |  The
EPANET-GRU coupled model performed the best, which could accurately capture the temporal fluctuation and nonlinear characteristics
of residual chlorine. The mean absolute percentage error of each monitoring node was controlled within 11%, and its prediction
performance was significantly superior to that of the single mechanistic model and pure deep learning models. [ Conclusion]  This
model has multi-time-scale prediction capability, which effectively improves the accuracy, generalization ability, and timeliness of
residual chlorine prediction, providing a new research idea for intelligent monitoring, dynamic early warning, and digital twin-based

management and control of WDNs.
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