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Abstract: Optimum design of water distribution networks to meet the water needs of consumers with
minimum investment and operation costs and maximum uniformity of pressure distribution is one of
the important challenges of urban water management. Therefore, the use of suitable design algorithms
for water distribution networks is very important and the provision of software tools for their design
has been considered. The need for geographic information and extensive spatial changes in water
consumption has made it inevitable to use software tools to consider all available information in the
shortest possible time to produce an optimal network. In this article, WaterNetGen software and
DynaVIBe-Web web system have been used to automatically design the network layout and optimize
the suitable pipe diameters. WaterNetGen is an extension of EPANET software that is used for the
automatic design of water distribution networks. DynaVIBe-Web web system is also available for free.
In this article, the efficiency of these two tools has been tested for the Torbat-e Heydarieh city network.
The obtained results show the efficiency of both software to achieve the optimal arrangement and
reduce the cost of designing and building the network by 48% compared to the original network.
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Introduction: About 70% of total cost of water distribution systems is related to the pipes cost. Reducing these
costs requires the right arrangement of pipe diameters from the available commercial diameters. Optimal network
design should be accompanied by minimum cost of implementation and operation without reducing hydraulic
performance regarding appropriate nodal pressure and demands. Several studies have investigated the optimal
design of networks in matter of reducing the cost of investment and operation (Ezzeldin and Djebedjian, 2020).

However, the data needed to design a water and wastewater networks, especially in low-income countries, are
often unavailable or of poor quality. Gathering the reliable data is often time-consuming and costly. On the other
hand, the growth of modern technologies based on online geographic information systems including Google Earth
and OpenStreetMap, has made it possible to use available information in urban communication networks (such as
passages, streets and roads) to design water distribution networks (Mair et al., 2012).

Therefore, an automated process for building models with the well-known EPANET tool has been proposed. In
this method, with limited input data and a few clicks, the user can create a network topology and assign appropriate
pipe diameters. This program which is called WaterNetGen was designed and implemented as an add-on to
EPANET software (Muraal et al., 2012).

In this research, after creating the optimal network layout using algorithmic approaches and available free data
including satellite images and urban network map (OpenStreetMap), the optimal network design is also prepared.
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Optimal design of an urban water network Ebrahimi et al.

Material and Methods: The optimal design of the water distribution network in zone 6 of Torbat-e Heydarieh
will be conducted in two stages. In the first stage, the optimal network layout is extracted by the DynaVIBe-Web
system and then the optimal network design with minimized costs will be made using WaterNetGen software.
Finally, the results of the software-based method will be compared and evaluated with the current state of the
network.

For optimizing the cost of the water distribution network, we apply equation (1), in which Q = (D, ..., D,,), (D;)
and L; are the diameter and the length of each pipe, respectively, and c(D;) is the cost per length of the pipe. The
optimization constraints are revealed by equations -(2)-(6); where H, is the pressure head, V), is the water speed in
the pipe.

The study process is conducted based on four scenarios were considered as follows:
S1: Existing status network of the city without any changes

S2: Existing status network of the city with redesign using WaterNetGen software and pressure constraints based
on the existing status network (in scenario S1)

S3: Network extracted from DynaVIBe-Web system and designed using WaterNetGen software, pressure
constraints based on existing state network (in scenario S1)

S4: Network extracted from DynaVIBe-Web system and designed using WaterNetGen software, pressure
constraints based on existing state network (in scenario S1)

Results and Discussion: The results of the method presented in this research (extraction of optimal arrangement
by DynaVIBe-Web system and optimal design of network by WaterNetGen software) are presented in 4 scenarios
as follows and compared with the current situation. The scenarios include S1: existing layout of the networks
without any changes, S2: existing layout of the networks with redesign using WaterNetGen software and pressure
constraints based on the existing network (in scenario S1), S3: the network extracted from DynaVIBe-Web system
and designed using WaterNetGen software, pressure constraints based on existing network (in scenario S1) and
S4: existing network or network extracted from the DynaVIBe-Web system, both of which are designed using
WaterNetGen software, which is simplified using WaterNetGen software.

The hydraulic analysis is presented in five different sections including velocity variation in pipes,. pressure zoning
map, pressure distribution diagram (PDF), surplas pressure, comparison of length distribution versus diameter,
and finally, the cost of purchasing network pipes.

In comparing the length distribution against the diameter (Fig. 9); in scenario S1, the maximum allocated network
length is 34.24% and 17.01% for 110 and 160 mm diameters, respectively. While in S2, 28.07% and 16.71% of
the network pipes are 63 and 75 mm. In S3, 63.47% of the network length is allocated to 63 mm diameter, which
has reduced the cost of purchasing and implementing network pipes in this scenario. As a result, S3 made a better
result than S1, S2 and S4.

The pipes purchasing cost for 4 scenarios is compared in Fig. 10. In S3 scenario, the network cost is lower than
the others, which indicates that this scenario is more cost-effective. In addition, based on Fig. 10, it can be stated
that S2 compared to S1 has a cost increase of 3.27%, which is not appropriate. S3 and S4 have reduced costs,
which have decreased by 48.19% and 29.44%, respectively. As it turns out, the S3 scenario is superior in this
regard.

Conclusion: The purpose of this study was to optimally design the water distribution network of Zone 6 in Torbat-
e Heydarieh in two stages of extracting the optimal arrangement by the DynaVIBe-Web system and then designing
the optimal network with the aim of cost minimizing using WaterNetGen software. The method help to a complete
without any expert opinions intervention.

In Torbat Heydariyeh Zone 6 network, scenario S3 was selected as the best scenario. This scenario was clearly
superior to the two scenarios S2 and S4 in terms of surplus pressure, cost and network length, and as a result,
scenario S3 was introduced as the superior scenario.
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Finally, it can be said that using DynaVIBe-Web free web software and considering some common hydraulic
conditions such as velocity and pressure limits, using WaterNetGen software, an efficient network design can be
achieved.

© 2022 University of Zabol, Zabol, Iran.
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