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Abstract [ Objective] To address the uneven distribution of residual chlorine in mountainous rural multi-stage pressurized water
supply systems caused by complex terrain, dispersed consumers, and large fluctuations in water demand, this paper develops an
inverse model for chlorination for such water supply systems to achieve an optimized distribution of residual chlorine throughout the pipe
network. [ Methods] The EPANET software was applied to simulate water age throughout the distribution network. By prescribing the
target residual chlorine concentration at network extremities as a boundary constraint and coupling chlorine decay kinetic equations, the
required initial chlorination dose and/or second chlorination requirements were inversely determined. On this basis, the spatiotemporal
evolution of residual chlorine throughout the network under one-step and two-step chlorination modes was systematically analyzed. In

addition, the effects of different chlorination schemes on the formation of trihalomethanes ( THMs) and haloacetic acids ( HAAs) in
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terminal water were comparatively evaluated, thereby facilitating the identification of the optimal disinfection strategy. [ Results] The
proposed inversion model was applied to the Shanseyue water supply project in Chengyang District, Qingdao City. The result indicated
that under one-step chlorination, a minimum initial chlorine dose of 2. 2 mg/L was required to ensure compliance of residual chlorine at
the network extremities. However, residual chlorine in upstream sections exceeded the 2 mg/L limit, with an overall non-compliance
rate of 5.47% , while THMs and HAAs mass concentrations in terminal water reached 50.9 pg/L and 23.1 pg/L, respectively. In
contrast, two-step chlorination scheme I [ (1.1 + 0.7) mg/L] ensured network-wide residual chlorine compliance, reduced the total
chlorine dose to 1. 8 mg/L, and decreased terminal THMs and HAAs mass concentrations to 44. 1 pg/L and 16. 3 pg/L, significantly
enhancing water quality safety. [ Conclusion] The inversion model for chlorine concentration enables accurate determination of the
required initial and intermediate chlorination dosages in multistage pressurized water supply systems in mountainous rural areas, while

allowing rapid identification of optimal chlorination schemes. This approach supports refined control and intelligent management of

disinfection processes in mountainous rural multi-stage pressurized water supply systems.

Keywords multi-stage pressurization water supply distribution network chlorine inverse model scheme optimization
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Fig.2 Decay Curve of Residual Chlorine with Time
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Fig. 3 Distribution of Residual Chlorine Concentration

in the Network under “One-Step Chlorination” Mode
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Tab.2 Locations and Dosages of Two-Step Chlorination Schemes
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