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Leak Nodes .
Monitoring Node

Fig. 1. The first network for locating leaks in water distribution
system
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Fig. 2. The second network for locating leaks in water
distribution system
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Monitoring Total leakage Leak Node Scenario Scenario Network
Node g No. No. type No.
o,
1-15 5% of Nodal Base 129 1
Demand
0,
I-15 10% of Nodal Base 129 >
Demand
0,
I-15 20% of Nodal Base 129 3
Demand
25% of Nodal Base
I-13 Demand 1-29 4 leak
5 .
115 30% of Nodal Base 129 5 Location
Demand
10% of Nodal Base First
I-13 Demand I-34 6 Network
0,
15 10% of Nodal Base 1-19 7
Demand
0,
1-15 10% of Nodal Base 1-29-34-19 3
Demand
0,
1-15 10% of Nodal Base 129 9
Demand
0,
115 10% of Nodal Base 134 10 leak size
Demand
0,
1-15 10% of Nodal Base 1-19 1
Demand
0,
117 10% of Nodal Base 131 12
Demand
10% of Nodal Base leak Second
17 Demand 1-26 13 Location Network
0,
117 10% of Nodal Base 1-26-31-7 14
Demand

Table 1. Leak scenarios
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PAR=0.4 Pitch Adjustment Rate
FW =0.02x (VarMax —VarMin) Bandwidth
FW _damp =0.995 Bandwidth damping rate

Table 4. Harmony search algorithm parameters for
scenarios 9 & 10

e 05 Cand go Ll 4 il e o055 la 20 5 Slas
0 S 5 SIssden O 53 oS (IS 50 5 05 4L )
Jeobi= 53 5 s g ane) lo S 51 ity Aol 5 (il
G alol 5 0L > oS = 0ds Vb o J-45 5J-5. 8
S p33 4Sed 53 V8 BT lag b A3L (LRL S
3y s Ky O 8y oS oyl 53 3 4l 2 S
pde JSie O3 ) Sl @ e b 4
S g B0 s Gl cpl 53 Sl s (5 iy sSne
O (8L 4y g0 DlS (02 glaail> S 035 (o)
S e Ologes S aw gl 2T Gl s s
2l GOAE S5 o 5 la e sl 158
ol oS DS ok Olje 53 S Al slae S 4 e S
e T e e
M&)ﬂ|du)lj§:>lwosﬁr5£jbj\.mrﬁ
WS ol 53 B o &S AL e s Ll e 5
3k 0 s sl 1y et ol SL Y L0 s sl
Slae S e A5 Sl cbia wb O o s L
IS das e 0Ll ol il s glae S5l (6 5593
035 2pdome 5y b oleaig a5 e Sie pds

2015 5y Olamen LIS L Cnlis 2

Sy domd -1
2 DS (WS S JM&\ﬁ‘j\aMTng@u@@)Jb

::Mﬂo\j&b&\ic@&)ﬂ\%ﬁm&byﬁ

YV¥

SOl 100 4SSy sl ascils b gie s Slas 4 L
Salie 4ol &juwmﬁww) Jsd LG La
Lo s Qe UAY 0 Bgb Cand Lol g LY 53 (40 51 5NL

VB Glagoler lp Sl e w8 sl ol Y g

'Y G
Maxlt = 50 Maximum number of
Iteration
HMS =50 Harmony Memory Size
nNew =50 number of new harmonies
produced in each step
HMCR =0.98 Harmony Memory
Consideration Rate
PAR=0.4 Pitch Adjustment Rate
FW = 0.02x (VarMax —VarMin) Bandwidth

Table 2. Harmony search algorithm parameters for
scenarios 1 to 7 & 11 to 12
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Maxlt =150 Maximum number of
Iteration
HMS =100 Harmony Memory Size
nNew =100 Number of new harmonies
produced in each step
HMCR =0.98 Harmony Memory
Consideration Rate
PAR=0.4 Pitch Adjustment Rate
FW=0.02x(Varivex—Varivin) Bandwidth

Table 3. Harmony search algorithm parameters for
scenarios 8, 13 & 14
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MaxIt =100 Maximum number of
Iteration
HMS =100 Harmony Memory Size
nNew =100 Number of new harmonies
produced in each step
HMCR = 0.98 Harmony Memory

Consideration Rate
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The number of Total
times model number of  Monitoring Leak Node No Scenario | Scenario | Network
finds the true model Node ’ No. type No.
response running
10 out of 10 10 J-15 J-29 1
10 out of 10 10 J-15 J-29 2
10 out of 10 10 J-15 J-29 3
5 out of 10 10 J-15 J-29 4 Leak
Soutof 10 10 J-15 J-29 5 location First
10 out of 10 10 J-15 J-34 6 Network
10 out of 10 10 J-15 J-19 7
2 out of 10 10 J-15 J-29-34-19 8
5 out of 10 10 J-15 J-29 9
10 out of 10 10 J-15 J-34 10 Leak size
9 out of 10 10 J-15 J-19 11
10 out of 10 10 J-17 J-31 12
10 out of 10 10 J-17 1-26 13 105;3; I\?:fvggfk
5 out of 10 10 J-17 J-26-31-7 14

Table 5. Results of leak scenarios
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Abstract

Water distribution networks are of the most important urban infrastructure for water supply. Given that water
loss is currently a global concern, and water demand s increasing; this has made it necessary to manage demand
and improve consumption patterns. One of the most important ways to manage consumption is to reduce
unaccounted-for water. Leakage is one of the components of unaccounted-for water in the water supply
networks. Also, due to population growth and water crisis in a large part of the world, the issue of leakage in
urban water supply networks has become very important. Leakage in water distribution networks wastes
energy and water resources, increasing damage to infrastructure, and contaminating drinking water. Water
leakage in the water distribution systems (WDSs) varies between 5 to 55% of the total water. Therefore,
leakage has an important effect on system performance. The importance of leakage can be found in issues such
as water scarcity, optimal use of available resources and high costs of water treatment and distribution. In other
words, in the discussion of water transmission and use, we are observing obvious and hidden waste, which is
important in dry and semi-arid countries like Iran, so this need to minimize the amount of waste so that
resources can be used optimally. In recent years, various solutions have been considered to reduce leakage by
researchers and managers of the water industry; this includes hardware methods (acoustic procedures, flow
measurements, etc.) and software methods (neural network, genetic algorithm, EPANET, WATERGEMS,
etc.). In this paper, a software method is developed to facilitate leakage detection and eliminate uncertainty of
hardware methods such as human and device errors. In other words, to reduce the cost and time of hardware
methods, a simulation-modeling method is developed here based on harmonic search algorithm. For this
purpose, EPANET hydraulic model and MATLAB environment have been used. Different scenarios for
locating leaks and finding leakage sizes were investigated in two water supply networks. Scenarios include
one leak and three simultaneous leaks in different parts of the networks. Also, the variability of nodal demands
during the day and night was considered as an uncertainty parameter, and thus the coefficients of the
consumption pattern during 24 hours were allocated to the nodes of both networks in EPANET software. After
that, the main body of the Harmony Search Algorithm was written in MATLAB environment, and in
accordance with each of the location and leakage scenarios, the Harmony Search Algorithm was developed.
Algorithm parameters were also adjusted according to the type of scenario, the size of the studied network
(number of nodes) and the number of variables to produce acceptable responses. The algorithm in MATLAB
environment was linked to EPANET software. The developed model examined 14 different scenarios. The
results show that the developed model has been successful in locating one leak, finding the size of the leak,
and locating three leaks, respectively. In general, the model has had an acceptable performance in locating and
finding the size of leakage during the day and night.

Keywords: Leak detection, Optimization, Harmony search, Water Distribution Network
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