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Abstract

Introduction: One of the most important components of non-revenue water is leakage in the
water supply network, and leak detection is one of the necessary measures to reduce non-
revenue water and manage consumption. In this research, an optimization formulation has
been developed for the leak detection in water networks, assuming the lack of information
on the number of leaks and pressure measurement data. The search problem within this
context has been effectively addressed using the differential evolution algorithm. The results
showed that the success rate of the model is 100% in the case of certainty of input data and
the existence of one node, and by considering the hourly changes of nodal demand and
increasing the number of leaks up to ten and twenty leak nodes, 95% and 94.5% have been
obtained, respectively. In scenarios with an unknown number of leaks, the model's success in
finding the number of leaks is 94%. The model's successmodel's success in the uncertainty of
nodal requirements with the number of known leaks reaches 91% with the increase of leaks
and 86% with the number of unknown leaks.

Methodology: In this study, Epanet hydraulic solver was used for network hydraulic
simulation, and the link of this software with MATLAB programming software was used for
leakage modeling and location. Different scenarios, as outlined in Tables 1 and 2, have been
established to address the leak detection problem. The performance of the developed model
has been evaluated in each of these scenarios. These scenarios are defined by combining
different states of nodal demand (fixed and variable), the number of leaks and the
uncertainty of the input data. To do the work (Figure 5), there are two separate simulation
models. One model represents the actual leakage in which the number, amount and position
of the leakage nodes are known. The second model is for performing the leakage detection
task in which the leakage nodes are unknown and found by trial and error. The second
model produces answers that represent the number and location of leaks. The solutions
derived from the model are incorporated into the objective function, which is then
recalculated based on the pressure at the monitoring node. This procedure is iteratively
repeated, with new solutions superseding the previous ones. The process continues until a
solution is obtained that minimizes the discrepancy with the pressure at the base node in the
initial model. This method has been applied across various scenarios, where the decision
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variables include the number, magnitude, and location of the leakages.

Results and Discussion: Tables 4 and 5 show the results of running the model in 12
scenarios defined in the certainty of nodal needs. In the first to eighth scenarios, with
constant and variable consideration of nodal demand and considering a leak in the network,
the algorithm's performance was 100%. As the monitoring node moved away from the leak
node in the ninth scenario, the model's performance decreased by 20%. By applying many
leaks in the 10th and 11th scenarios, the performance of the model becomes 95% and 94.5%.
In the twelfth scenario, the number of unknown leaks is considered, and the number of leak
nodes varies from 5 to 20 leaks in the defined sub-scenarios. According to Table 5, the overall
performance percentage of the twelfth sub-scenario to find the leak location is 96.60%, and
the number of leaks in each iteration was obtained correctly. Table 6 shows the results of
running the model in scenarios 13 and 14 defined in the uncertainty of nodal needs.

In these two scenarios, as in the twelfth scenario, the number of leaks in the network was
initially low, and gradually in the next sub-scenarios, the number of leaks increased to 20. In
scenario 14, the number of leaks was obtained by the correct model, but the eak's location
was different. However, in all scenarios 9 to 14, the location of the leak found by the model
was close to the actual leak location in the original model. The overall performance
percentage of the 13th scenario is 92.25% and of the 14th scenario is 91.47%.

Conclusion :In this research, the identification of the leak location with scenarios with a high
number of leaks has been investigated. For this purpose, different scenarios with the number
of known and unknown leaks were investigated and the uncertainty of nodal needs was
investigated. By increasing the number of simultaneous leaks up to 10 and 20 cases, the
model's performance decreased by 5% and 5.5%. Although the model's performance has
decreased with the increase of leakage nodes and the consequent increase in the complexity
of the problem, the same success rate can also help to increase the efficiency of water
resources by reducing network leakage. The model's success rate in finding the number of
leaks in scenarios with an unknown number of leaks is approximately 96%. By comparing
known and unknown leak scenarios, it can be seen that there is no difference in the
algorithm's performance algorithm's performance in finding the number of leaks. However,
algorithm's performance in finding the number of leaks, but the main challenge is finding the
leak's location. In the 13th and 14th scenarios where the uncertainty of nodal needs was
considered, the algorithm's performance is above 90%.

Future research can focus on optimizing the placement of monitoring gauges within the
water distribution network to enhance leak detection efficiency. Also, the accuracy of the
monitoring nodes can be assessed by combining the proposed model and algorithm with the
Monte-Carlo method. This integration would not only verify the accuracy but also measure
the uncertainty associated with the pressure measurement data using the Monte-Carlo
method.

Keywords: Leak detection, Uncertainty, Unknown leakage, Differential evolution algorithm,
Water distribution networks
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Table 1 Leakage scenarios in certainty mode

Decision Variable Leak No. Base Demand Scenario No.

The location of the leak node 1 Stable 1

The location of the leak node and the amount of leakage 1 Stable 2

Leakage node location considering clustering 1 Stable 3

The location of the leakage node and the amount of 1 Stable 4
leakage considering the clustering

The location of the leak node 1 Unstable 5

Leakage node location considering clustering 1 Unstable 6

The location of the leakage node and the amount of 1 Unstable 7
leakage considering the clustering

The location of the leakage node and the amount of 1 Unstable 8

leakage
The location of the leakage node and the amount of 1 Unstable 9
leakage considering spacing

The location of the leak node 10 Unstable 10

The location of the leak node 20 Unstable 11

The number and location of the leak node unknown Unstable 12
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Table 2 Leakage scenarios in uncertainty mode

Decision Variable Leak No. Base Demand  Scenario No.
The location of the leak node Certain Unstable 13
The number and location of the leak node Uncertain Unstable 14
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Table 3 Coefficients of the basic consumption pattern (Bureau of Water and Water Engineering and Technical Standards. 2013)

12 11 10 9 8 7 6 5 4 3 2 1 Hour
1.1 0.90 1 110 125 110 075 045 030 035 045 0.5 Coefficients
24 23 22 21 20 19 18 17 16 15 14 13 Hour
0.60 0.80 1.10 1.45 1.80 1.65 1.40 1.10 1.05 1.15 1.20 1.45 Coefficients
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The measurement node of
the second scenario

The measurement node of
the first scenario

Leakage [ Measurement Q

Fig. 4 The position of the monitoring node and 20 simultaneous leakage nodes in the network
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Applying leakage in the network in the first (main) model

v

24 hour measurement node readings

v

Generating the string of representative answers of the
desired parameters in the second model using the
\ differential evolution alaorithm

v

Generation of new objective function based on
measurement node pressure in two models

Fig. 5 The process of doing work in the state of certainty of nodal needs
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Determination of Monte Carlo parameters (average: hourly coefficients in Table 1,
standard deviation equal to 0.3)

Obtaining a matrix of 200 new clock coefficients and applying each to the nodes
in the original model

The pressure reading of measurement node in the form of a matrix of 200

v

Applying the same matrix of 200 hourly coefficients of the main model in the
second model and calculating the leakage according to Figure 2

Y

Reading the measurement node pressure as a matrix of 200 and generating a new
objective function

y

Obtaining the difference of two pressure matrices

Fig. 6 The process of doing work in the state of uncertainty of nodal needs
255 sl Coslad pas Sl o I plnil glasnsy, £ S

5 il Cumbd pue Cl> 5o

VoWV b o By )0 o sl mls & Jooor
olid 2,5 slojls coshd poe Cll> )0 00l oy a5
.J.bu)‘édz

SLET 55 emoilss (28 ke wiilen (28 99 Cnl 5o
5 N A g Cewl oal aBlAS aSlll jo oS Cuid Hleds
SRIPIL Y b eeds Jled (gom slo b 80 05
neis Joe VF (A Gla b Bt saen o anl
Joe jo (8ly i e SGop Joe Jawgd ool <8l
OB s (2B oy S 0, Sl a8 09 Lol
Al oo LAVEY w20 b oo 8 i 9 LAYV
Shekofteh (2018) yiwgimy «3uiod () ;0 (o) 2 0590
Gaebiobl g Gegim 5o Cenl ol (b3l g oy 5
$4—% <5 5 ;| Shekofteh (2018) sl 5l soulass
SoaSid has lp SIS sans B g (oian orae
Jz,o slba=t dl.wb...q 9 $SBlo> slea>t 4 u]

Slomds e 3l coa el CBlge ds 0 45 ol
Lacdl S 4 ol o oy alane guly o5 Llaclls

ol 00l dwle
B e e 5 Sl L iia U sl sbo o8 s 50
WD 5 i S 8,5 s g (28 ks (88
SESTSUEPNEN
oo 0 Shat st e 5 S 50
1o oLy et ot Jlael b ol azil galS Yo7 b

L;o)j UA_MJ )5.) l_: 9 S| 099 /\ ..

7A¥/0 9 740 JA.A o).il.o.c m_mo)l) 5 RO 6Lbua)_9w
° Jﬁ—e:"" s )Lo-—m ‘p.:w)'lso Sajsw)o o}w‘f
U)Bﬂmméuﬁ)f)ijl R u)f)Jm
S Y L0 jlead el sl B ) 58 e
PSS 0, Sles w0 B Jgdz anazg b
s Ay S )d S5 o jo i led 5 wilioe

S sl p i s Jeli 9 (s 2 -V-Y

Journal of Hydraulics

19 (1), 2024

113



VFeY (o 9 Sl S

w30 L Gl g holar JolSS vy 5951 0 Slos

w35l (28 )0 S st A sl s & Jgus
Table 5 The results of the implementation of the leakage in the twelfth scenario

The
Number The Total The
Total Of Times  Number Of Number Base Scenario
Success  Success % The Model  Iterations Of Leaks  Repeat Scenario Demand No
% Finds The Of The In The '
Correct Model Network
Answer
1
2
7100 7100 5 5 5 3
4
5
1
/100 8 2
1797.5 5 8 3
187.5 7 4 Locating the leak by
7100 8 5 considering the
number and node of
7100 12 1 he leak isi
the leal a§ a;)ldecwlon Unstable 12
183 10 5 . Ivana tla .
. taneously wit
/94.93 : 5 12 simu
/91.66 1 3 the number of
4 unknown leaks
7100 12
5
790 18 1
795 19 2
794 790 18 5 20 3
7100 20 4
795 19 5
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Table 6 The results of the implementation of leakage scenarios in the 13th and 14th scenarios

The Number The
Of Times The Total
Total Number Of :
The Model Number Of : Base Scenario
Sug/cess Success % Finds The Iterations OFf Le‘?'lr(fe In Repeat Scenario Demand No.
0 Correct The Model Network
Answer
1
2
7100 1100 1 5 1 3
4
5
1
1100 5 2
796 5 5 3
/80 4 4 Locating the leak by
; considering the leak
1100 5 5 node as a decision
7100 10 1 variable in the Unstable 13
2 .
uncertainty of nodal
194 790 9 5 10 3 needs with a known
180 8 4 number of leaks
7100 10 5
/95 19 1
/95 19 2
/91 /90 18 5 20 3
790 18 4
185 17 5
1
2
7100 /100 1 5 1 3
4
5
/80 4 1
2
192 /100 5 5 5 3
4
/80 4 5
1% e ! he leak b
; Locating the leak by
_ /_'100 10 2 considering the leak
/90 790 9 5 10 3 node as a decision
/80 8 4 variable in the Unstable 14
. uncertainty of nodal
190 9 5 needs with unknown
180.04 12 1 number of leaks
/86.71 13 2
/89.36 7100 15 5 15 3
/93.38 14 4
786.71 13 5
/80 16 1
185 17 2
/86 790 18 56 20 3
785 17 4
790 18 5
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