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Abstract:

Background and Aim: To estimate the rate of leakage in the water distribution network, the
International Water Association recommends measuring the rate of night flow by creating
district-metered areas. On the other hand, the creation of these areas for the existing and old
networks should be chosen by considering factors such as minimizing the boundary pipes
between the areas, the lowest cost of creating the areas, and also checking the effect of
creating the areas on the hydraulics of the network, including the effect on the amount of
leakage. In other words, the selected layout should be optimally calculated and selected in
terms of geometry, the number of areas, and the boundary conditions between the areas. Also,
due to the effect of the selection of the two-objective algorithm on the optimization results,
for the first time, the results of the two-objective algorithms have been compared in creating
district-metered areas. NSGAIl, MOGWO, SPEA2, and MOPSO algorithms were used to
select the best optimization algorithm in the physical partitioning section, and the results
showed that the SPEA2 algorithm performed better than other algorithms. Then, by
examining the results of creating separate measurement areas by changing the number and
geometry of the areas in the network, the optimal state of the areas was calculated according
to two optimization goals, as well as indicators such as compactness and nodal pressure
values, and the proposed plan was selected.

Methods: This study presents a new method to create district-metered areas in the existing water
distribution network with cost reduction and leakage reduction approaches. The creation of areas
with these two approaches has yet to be investigated in past studies. This method includes the
phases of clustering, physical partitioning, and analysis of the results. The presented method was
used on the ZJ water distribution network in China. Also, due to the effect of the selection of the
two-objective algorithm on the optimization results, for the first time, the results of the two-
objective algorithms have been compared in creating district-metered areas. NSGAIl, MOGWO,
SPEA2, and MOPSO algorithms were used to select the best optimization algorithm in the
physical partitioning section, and the results showed that the SPEA2 algorithm performed better
than other algorithms. Then, by examining the results of creating district-metered areas by
changing the number and geometry of the areas in the network, the optimal case of the areas was
calculated according to two optimization goals, as well as indicators such as modularity and nodal
pressure values, and the proposed plan was selected.

Results: The results showed that with the optimal selection of the number and geometry of the
areas with the presented method, the standard deviation of the nodal pressure of the network has
decreased by 14.8% and the nodal leakage rate of the network by 5.8% compared to the case
without creating district metered areas. In addition to controlling leakage in the network, the
creation of areas has led to pressure management and reduced leakage in the network.
Conclusion: The presented method, while creating district-metered areas with the lowest
cost, has also reduced the amount of leakage and the standard deviation of the nodal pressure
in the network, which helps to create the justice of water distribution in the network. Also, the
SPEAZ?2 dual-objective algorithm is suggested as the best algorithm for creating district-
metered areas among the four reviewed algorithms.

Keywords: District Metered Areas, Water Distribution Network, SPEA2, Leakage, Pressure
management
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