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Abstract

Introduction: Nowadays, wastewater collection networks play a crucial role in the collection,
transportation, and disposal of various wastewater types, primarily due to their vulnerability
to flooding and need to prevent future health, environmental, and economic problems. In
recent decades, researchers have been exploring ways to address the uncertainties associated
with floods in these networks. An assessment of resilience and its components is an effective
means of reducing vulnerability and increasing sustainability. This article presents an
innovative approach to quantify resilience based on the penalty curves. This approach, based
on the hydraulic performance curve, allows the user to explore main components of
resilience and to better understand the performance, strengths and weaknesses of the sewer
network during floods, providing a more realistic assessment of resilience in the operation
phase. Despite the overall damage to the network's performance caused by floods, the
resilience assessment indicates that performance can be enhanced during the initial and final
hours of floods. Furthermore, considering the importance of surface water networks in
increasing resilience, a hypothetical implementation was proposed for Hendijan City, despite
the absence of such a network in the case study, to absorb runoff. This network resulted in an
average increase in resilience of approximately 9.86% and a decrease in resilience loss of
approximately 17.3% on average, making it an appropriate urban infrastructure for flash
floods.

Methodology: To assess the resilience of the wastewater collection network under the
potential impact of floods, a resilience framework is employed. This model consists of three
sub-models: hydraulic, hydrological, and resilience. The hydraulic sub-model pertains to the
physical characteristics of the sewage network and the amount of generated wastewater. The
hydrological sub-model is related to the characteristics of watershed sub-basins,
precipitation patterns, and determines the amount of runoff generated by floods. Finally, the
resilience sub-model is created using specified relationships, utilizing the output of the
hydraulic-hydrological model of the wastewater collection network and hydraulic
performance indices based on flow velocity penalty curves and conduit filling percentage. In
this framework, these sub-models are integrated to establish a comprehensive evaluation of
wastewater collection network resilience to floods.

Results and Discussion: The wastewater collection network has a critical line consisting of
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26 sewage conduits, representing the highest combined flow of runoff resulting from both
floods and generated wastewater. During a 24-hour simulation, these conduits exhibit the
highest percentage of filling (h/d) and velocity (v). With an increase in the rainfall return
period in each main scenario, the resilience decreases, and the resilience loss increases. In 25-
year and 50-year rainfall return periods, the reduction in resilience and the increase in
resilience loss are less compared to the 5-year and 10-year rainfall return periods. These are
because the input floods into the network mainly affect the time required to discharge these
runoff flows. In the hydraulic performance curve, the robustness index, rapidity in response,
and rapidity in recovery decrease with an increase in the rainfall return. However, the
application of a stormwater network as a resourcefulness index has a significant effect on
improving other indices.

Conclusion: In this article, the resilience of the wastewater collection network after the flood
simulation was calculated using the Critical Performance Curve. The area under this
performance curve indicates the level of resilience. Using the penalty curve method, the
network’s performance was determined based on actual conditions, unlike other
performance calculation equations that assume the ideal performance level (HPI=1) for the
beginning of the simulation period. Therefore, this method results in a lower error in
resilience calculation and appears to be more realistic. Furthermore, considering the
resilience components that each cover a whole of the performance curve, a better
understanding and clearer insight into the strengths and weaknesses of the network can be
obtained. By identifying the hydraulic performance of the network at each moment,
appropriate strategies can be implemented based on the available resources and budget to
enhance the network resilience. In this article, using a resource fulness indices, in addition to
the direct impact on robustness and rapidity indices, resilience increased by 9.86%, and
resilience loss decreased by 17.3%, respectively. It was also observed that using the penalty
curve method, which calculates resilience based on the analysis of wastewater collection
network flow, consistently results in reduced performance and a decreased resilience
throughout the simulation period.

Keywords: Wastewater Collection Networks, Resilience Evaluation and Enhancement,
Urban Flooding, Penalty Curves, Hydraulic Performance Index, PCSWMM Software.
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Table 1 Design limitations for case study simulations (IR
of Iran, Plan and Budget Organization, 2016)

Parameter Parameter Value
Maximum Velocity (Vi,qy) 4.5 m/s
Minimum Velocity (Vi,in) 0.6 m/s

Maximum Slope (S;nax) 0.01

Minimum Slope (Syin) 0.003 (if Q < 15 Lit/s)

Maximum Conduit Filling

Percentage ((g)max) 07>

Minimum Cover (Cpin) 1.2
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