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Highlights

# Network sustainability index is used to compare and evaluate water distribution network (WDN) performance
over time and across locations.

# Point indicators for resilience, reliability, and vulnerability were defined and analyzed for different consumption
levels using hydraulic modelingii

# The sustainability index decreases from minimum to maximum consumption, with point sustainability at
maximum consumption being lower than other states.

# Improving point sustainability index at network nodes can effectively enhance the overall network sustainability
index.

Extended Abstract

Introduction

The hydraulic conditions of WDNs are generally evaluated by using demand-driven modeling (DDM) models as a
demand function in normal operational conditions and additional pressure-driven modeling (PDM) implementations
that have better responded to WDNs (WDN) analysis in operating conditions. The review of the records indicated that
the point index, which can represent the changes effect on the consumption point and at the same time is formed based
on the sustainability index's correlations, can be very effective in improving the indices used in the plans in order to
enhance the WDNs’ performance.

In order to achieve the goal of the research, it was necessary to review and summarize the records of related researches
that had been done to extract the stability of the water distribution network, the methods of calculating the network
stability index, the components used in extracting the stability index, in addition to the effect of changes in physical
and hydraulic conditions, as well as fluctuation. In addition, the network sustainability index, as a consequence of
network indicators for resilience, reliability and vulnerability, was used to compare and evaluate network performance
in time periods (daily, monthly, seasonally and annually) or to compare the performance of homogeneous networks in
different geographical environments. The implementation of this research required the completion and improvement
of the general stability extraction relationships in the network for the possibility of extracting the point stability index
of the network additionally, which was not found in the records of past research.

Network reliability is the probability of network satisfaction status using the following relation:

# Duration of Network Utility Status/Total Network Analysis Time = REL
# The flexibility shows the network's return speed to the desired position after an event.

# General status of the network/the uncertainty of the network status = RES
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# The amount of vulnerability or time of unacceptable network status is defined as the amount of network
# vulnerability at the specified time interval: Sums of undesirable values / Total values =VUL

The domain of the network sustainability index changes (SI) from zero, which means disutility water supply, to one,
which means utility water supply to all network points in the defined domain.

Case study:

Abyek city as a case study is one of the Qazvin province cities, with an area of, 1534 square kilometers. According to
the detailed project of Abyeke City in 2015, the area of the city is determined to be 817 hectares for 1425 years, and
the average density of this city in the mentioned year is estimated to be 122.5 people per hectare. The statistical reports
of the Qazvin Province Regional Water Company indicate that the amount of per capita consumption in the period of
2016-2021, excluding lost, is 211.5 liters per person per day in Abyek city.

Theoretical Framework

The theoretical framework underpinning this research is rooted in the multidimensional analysis of water distribution
network (WDN) sustainability. It synthesizes a comprehensive review of prior studies addressing the extraction and
calculation methods of network stability indices, as well as the influencing components—such as physical layout and
hydraulic parameters—on network stability. The approach integrates key performance criteria, including reliability,
flexibility, vulnerability, and overall sustainability, to evaluate network performance under diverse operating scenarios
and to compare network responses across temporal and geographical domains. Building on advancements in point
sustainability indices, this framework proposes a novel perspective by connecting system-wide sustainability metrics
with localized (node-level) assessments, enabling a more granular evaluation of the effects of modifications,
maintenance, and enhancement strategies. This conceptual foundation supports the development and application of
point sustainability index extraction methods for dynamic modeling and decision-making, thereby advancing practical
and theoretical understanding of sustainable WDN management.

Methodology

For the structural classification of measuring and understanding the sustainability index of the distribution network
system, the ranges of the network's response to changes, including absorption, adaptation and restoring (the network
failure due to change and the need to restore), were simulated.

For the possibility of separating the pressure zone of the simulated distribution network into maximum, medium and
minimal consumption hours, the output of the pressure distribution was displayed in the following ranges:

# Low pressure range in the grid for points less than 26 m of water column with orange color
# Normal network pressure range for points with pressure between 26 and 40 m of water column with blue color

# Range on the threshold of high pressure for points with pressure between 40 and 50 m of water column with green
color

# Network high pressure range for points with pressure greater than 50 m of water column with purple color.
Results & Discussion

Reviewing the pressures corresponding to the points and comparison with the defined compressive range indicated that
nearly 92% of the nodes in the distribution network, under maximum hourly consumption conditions, have the
appropriate pressure in the range of 26 to 60 meters of water column. Taking a look at the internal distribution of this
acceptable compressive range showed that the compressive range between 26 and 50 meters of water column has the
most positive effect on water consumption management, with a significant superiority and more compressive
distribution in consumption nodes.

In another process and in accordance with the zoning of pressure distribution in the network, the distribution of the
point sustainability index was grouped in the intervals of 0.00-0.43, 0.43-0.83, and 1.00-0.83.

Therefore, it can be recommended that in network rehabilitation and development programs, evaluation and promotion
of point sustainability will provide more favorable operational results. For continuing and raising up the accuracy of
current research outcomes, authors suggest to analyses both overall and points sustainability indices within three main
conditions of the water network correspondence to periods of the 10 meters water pressures as these pressure
classification seats the acceptable pressure situation in the network.

Conclusion

This study demonstrates that the sustainability index of water distribution networks, traditionally evaluated at the
network-wide level, can be effectively complemented by a point-based sustainability index that reflects consumer-level
satisfaction. The analysis reveals that while the overall network sustainability declines with increasing consumption—
from minimum to maximum—the point sustainability index provides a more detailed indication of performance at
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individual nodes, particularly under maximum demand conditions. The strong correlation and convergence between
the network-wide and point indices affirm that targeted improvements based on point sustainability can effectively
enhance the overall network sustainability. Therefore, implementing network modifications, refurbishments, or
development strategies evaluated through point sustainability indices enables more precise and effective planning to
optimize water distribution system performance.
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