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Abstract

Water distribution system (WDS) is exposed to various water quality incidents during its operation. This study utilized Quantitative
Microbial Risk Assessment (QMRA) to analyze the risk associated with potential virus intrusion in WDSs. Additionally, the study
determined the location and operation of rechlorination facilities to minimize potential risk. In addition, water quality resilience was
calculated to confirm that the chlorine concentration maintains within the target range (0.1-1.0 mg/L) during normal operation. Hydraulic
analysis was performed using EPANET, while EPANET-MSX was linked to simulate the reactions between viruses and chlorine. The
proposed methodology was applied to the Bellingham network in the United States, where rechlorination facilities capable of injecting
chlorine concentrations ranging from 0.5 mg/L to 1.0 mg/L were considered. Results indicated that without rechlorination facilities, the
Average risk was 0.0154. However, installing rechlorination facilities and injecting chlorine at a concentration of 1.0 mg/L could reduce
the Average risk to 39.1%. It was observed that excessive chlorine injection through rechlorination facilities reduced water quality
resilience. Consequently, a rechlorination facility with a concentration of 0.5 mg/L was selected, resulting in a reduction of approximately
20% in average risk. This study provides insights for designing rechlorination facilities to enhance preparedness against potential virus
ingress in the future.
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Table 2. Summary of percent reduction (positive is reduction while negative is increase) of Average risk and Resilience results for node 112

Injection Performance Injection Location
Concentration Index Node 15 Node 48 Node 103 Node 104 Node 112
Average Risk 24.57 18.91 17.15 15.22 19.06
0.5 mg/L —
Resilience -7.16 -0.49 -4.34 -2.07 -0.65
Average Risk 26.12 19.29 18.46 16.64 19.16
0.6 mg/L —
Resilience -13.03 -0.89 -7.65 -4.08 -1.66
Average Risk 27.53 19.56 19.37 17.71 19.23
0.7 mg/L —
Resilience -19.28 -1.47 -11.21 -6.37 -2.99
Average Risk 28.93 19.77 20.07 18.5 19.29
0.8 mg/L —
Resilience -25.73 2.2 -14.95 -8.88 -4.39
Average Risk 30.38 19.93 20.66 19.12 19.32
0.9 mg/L
Resilience -32.33 -2.97 -18.81 -11.54 -5.81
Average Risk 31.9 20.06 21.2 19.64 19.35
1.0 mg/L
Resilience -39.06 -3.7 -22.73 -14.3 -7.16
72 /‘
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Fig. 9. Average risk reduction results of each rechlorine booster
location with 0.5 mg/L injection
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