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Presenting a Simple Approach to Pressure and
Leakage Management in Real Water
Distribution Networks by Optimal Operational
Scheduling of Valves

M. Dini " and A. Asadi?

Abstract

Pressure management is an efficient and inexpensive way to
reduce leakage in water distribution networks, which is usually
possible by systematical operation of valves, pumps,
reservoirs, and tanks. In water distribution networks, there are
many valves only used during the repairs in the time of
accidents. In this paper, a simple approach is proposed for
managing pressure and leakage in networks with optimal
scheduling of the existing valves’ operation. For this purpose,
the optimal locations of the valves are determined by using the
valve selection index and their opening rate has been optimized
in the minimum, medium and maximum consumption
conditions. The optimization was done by combining particle
swarm and ant colony optimization algorithm and EPANET
simulator within the framework of MATLAB. The proposed
method is performed both on a sample and the real network.
The results show that there is a significant improvement in the
performance of both networks in the average and maximum
consumption conditions, so that, the reliability of the
Maragheh city network is improved by 22 and 24 percent and
leakage by 31 and 20 percent, respectively, compared to the
base model. In general, using this approach can improve the
performance of real networks by manual programming of a
number of selected valves.
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Setting initial value of the parameters and models

v

Calculate diameter of each pipe by maximizing NPRI index (PSO)

v

Calculate the PCI index of each pipe and select eligible pipes

v

Define the assumptive PCV valve to the eligible pipes

v

Setting of each PCV valves by using ACO algorithm

!

Evaluate the leakage and NPRI index of network

Fig. 1- Methodology flowchart
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Table 1- Optimal adjusted diameter of valves in
the sample network
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Fig. 6- The hourly reliability of the network in various status for the sample network
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Table 2- The variation of reliability and leakage in the sample network
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No valve MinC AveC MaxC
Ave 0.74 0.39 0.86 0.82
NPRI Min 0.72 0.07 0.77 0.75
Max 0.77 0.93 0.93 0.91
L eakage A\_/e 29.2 14.8 25.5 27.0
(Ifs) Min 28.6 5.4 22.1 24.7
Max 29.7 23.8 28.3 28.9
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Table 3- Optimal adjusted diameter of valves in the Maragheh WDN
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Valve Valve setting (mm)

Number D (mm) Min Ave Max
V1 500 15 15 64
V2 300 44 58 15
V3 400 54 15 15
V4 400 381 34 227
V5 288 28 15 68
V6 400 169 208 150
V7 400 304 15 15
V8 500 15 88 136
V9 400 188 381 285

V10 288 264 81 146
V11 400 246 381 54
V12 400 188 92 208
V13 400 15 34 34
V14 500 15 476 39
V15 400 362 15 15
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Fig. 9- The hourly reliability of the network in various status for the Maragheh WDN
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Table 4- The variation of reliability and leakage in the Maragheh network
alpo Ol g 595 dmd )3 Culd 9 (lrab] Clyld Ol punis —F Jgoo

No valve MinC AveC MaxC

Ave 0.51 0.37 0.59 0.61

NPRI Min 0.49 0.09 0.51 0.52
Max 0.52 0.66 0.67 0.66

Ave 24.2 9.6 15.3 20.4

Leakage (I/s) Min 23.9 2.5 10.4 18.0
Max 24.6 19.8 21.9 23.5
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1-Pump as Turbines

2-District Metered Areas
3-Pressure Reducing Valves
4-Flow Control Valves
5-Partially Closed Valves
6-Throttle Control Valves
7-Particle Swarm Optimization
8-Ant Colony Optimization
9-Pipe Closure Index
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