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Developing a New Calibration-Based Optimization Method for Leak
Detection in Water Distribution Networks

Marzieh Ahrari!, Ali Nasirian?

Abstract

Recently, calibration based methods are developed for leak detection in water distribution networks
(WDN). These methods are collected the pressures and flows data of a real network and try to regulate
the demands in hydraulic network model to match the model results with observations. Therefore, in
addition of hydraulic analysis, an optimization algorithm is needed. In this study, a new population based
optimization method is presented. In this method, the network first is zoned to some regions. First
generation are guessed for appearance loss and leakage in each zone and answers fitness are calculated.
Moreover, a new factor named minor fitness, developing in this research, is computed for each zone in
all answers. A small minor fitness in a zone, predicts the correct value of leakage. With combination of
the results of best answers, in each generation, a range is calculated for the next generation selection.
This range become narrower in consecutive generations and the correct answer is found. The proposed
method is investigated on a real network with hypothetical leakages. The results obtained in model are
evaluated with the assumed value, as well as, WaterGEMS model results. The results show the
capability of the proposed optimization method in detection of the both location and the value of leakage.
Comparing this method with Darwin calibrator show more accuracy, convergence and speed of the
proposed method. The fitness in the present study method and WaterGEMS calibration are 0.654 and
0.817, respectively.
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combination of the results of best answers, in each generation, a
range is calculated for the next generation selection. This range
become narrower in consecutive generations and the correct answer
is found. The proposed method is investigated on a real network with
hypothetical leakages. The results obtained in model are evaluated
with the assumed value, as well as, WaterGEMS model results. The
results show the capability of the proposed optimization method in
detection of the both location and the value of leakage. Comparing
this method with Darwin calibrator show more accuracy,
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present study method and WaterGEMS calibration are 0.654 and
0.817, respectively.

1. Introduction
In addition to the importance of water as a vital fluid, it is also considered an economic commodity. For

this reason, the concept of nun-revenue for water (NRW), which includes the concepts of water loss
from both economic and critical perspectives, is important to water experts. The most important way to
reduce NRW is to identify the locations of the leaks. Therefore, calibration-based leak detection has
been considered by researchers due to its time and cost savings in field leak detection.

Developing a New Calibration-Based Optimization Method for Leak Detection in Water Distribution
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Sage (2005) used a genetic algorithm to detect leaking points in a network. Wu et al., (2010) calibrated
and detected leakage on a hypothetical network and a real network based on genetic algorithm. They
considered leakage as pressure dependent and as emitter coefficient in model nodes. The results of their
research showed that by detecting leaks, the calibration accuracy of the hydraulic model is improved.
Nasirian et al., (2013) in two hypothetical networks by merging the genetic algorithm method and an
innovative method called step by step elimination method identified leaky points. Their research
showed that after several iterations, leaky points can be detected with high accuracy. Sophocleous et
al., (2018) in a real network using genetic algorithm and the reduction of search space identified leak
points.

In this research, a new optimization method for finding leakage ranges in water supply networks is
presented. In this method, after zoning the network, a function called local fitness (LF) is calculated for
each area. Using reduce search space, the speed and accuracy of the optimization process is improved.

2. Materials and Methods
In this study, NRW are divided into three categories: apparent losses, background leaks and burst leaks

(large leaks). Separation of background and large leakage has been done with the aim of identifying
areas with large leakage, although they are identical in nature. Therefore, the demands of the nodes
based on different water components is obtained from Equation (1):

D; = DB; + DA; + DL, (1)

DA;is the apparent loss in node j which is obtained from Equation (2) and DL; is the leakage in node j
which is obtained from Equation (3).

The integration of relations (1), (2) and (3), relation (4) is obtained.
D; = DB; + C X DB; + K; x (P))" (4)

The optimization model for determining emitter coefficients and apparent losses follows the following
equations.

X =(Ky,C);N=1.2,,.., NGroup (6)
2
ngliI:l(Hsnh - Honh)2 + ;Vl}le(anf - Fonf) @)
FX) =
NH + NF

0 < Ky < Ksum

NGroup

> Ky = Kom (8)

N=1
Cmin SC< Cmax
to validate obtained results, in addition to F (X), another fitness function is considered as:

NGroup 2
F(d) = N=1 (Koy + Ksy) )
NGroup

In Equation (7), F (X) is the objective function that indicates the appropriateness of the measured values
and the values simulated by the model. In this study, the network is divided into several zones and a
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function is introduced as a local fitness (LF) function for each zone. LF for each zone is defined in
proportion to the observational pressure and flows in each zone.

FNi(X) — gfllizl(HNSzh - HNOzh)2 + ZglL:l(FNSzl - FNOZI)Z (10)
ZH + ZL
In order to consider the effect of the fitness function on the whole network, a function called the
modified fitness function according to Equation (11) is introduced for each zone.
FN;(X) X F(X);
F(X)

FNmy(X) = (11)

Case study WDS

Birjand is located in the south of South Khorasan province. Water distribution network of Birjand is
divided into several separate district metered aria (DMA\) that in this study, DMA D of Birjand has been
studied. Figure (2) shows the zoning of DMA D of Birjand.

Pressure observation
Flow observation

Figure (2): Location of pressure and flow observation point in zone D

3. Results

Investigation of pipe failure shows RFVL (Ratio of Fixed and Variable Leakage) is equal to 0.5 in this
WDS. According to the FAVAD (Fixed and Variable Area Discharges) and RFVL diagrams, the range
of pressure component is 0.9 to 1.2. Also, the ratio(P, /P,), which indicates the average WDS pressure
in different time, has been calculated to be 1 in the WDS. According to the values (P, /P,) as well as
RFVL, the amount of pressure component is 1.15.

Based on customer meter readings, the average consumption is 6939 liters per minute (115.65 liters per
second) and the average inflow to the WDS is 11760 liters per minute (196 liters per second). The NRW
is equal to 4821 liters per minute (80.35 liters per second). 40% of NRW is hypothetically considered
as background leakage, which is equal to 1928.4 liters per minute. Therefore, based on the relationship

between leakage and pressure, the value of emitter coefficient was 26.25 (ﬁ/(m)l-ls) for

background leakage in the WDS. It is also assumed that there are large leaks of 1800 liters per minute
in different nodes of the WDS. Thus, the emitter coefficient for large leaks has been

calculated32.15 (mL/(m)“S). Figure (3) shows leaky points in different zones of the WDS

in

Developing a New Calibration-Based Optimization Method for Leak Detection in Water Distribution
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Figure (3): Zoning and leaky nodes in WDS (Zone D)

Table (1) shows the number of nodes in each zone and the values of emitter coefficient for field leakage
and large leakage. Due to the same nature of field leakage and large leakage, the values of their emitter
coefficient are added together and presented in column 5. It should be noted that since the analyzes are
performed in a discrete space, these values are given in rounded form in column 6.

Table (1): Actual emitter coefficients in different zones of the WDS

. Emitter Emitter
Sum of emitter . . . _
. . Sum of emitter coefficient coefficient
coefficient in . . . Number
_ coefficient for field for large
discrete space of zone
( | /( 115, leaks leaks junctions
| —/m)=
(f/(m)llls) min | 1.15 | 1.15
min ) )
min min
21 21.09 6.59 14.5 237 1
4 4.37 3.37 1 125 2
7 6.53 5.53 1 206 3
15 14.65 5.15 9.5 272 4
2 2.21 1.21 1 72 5
10 9.55 44 5.15 228 6

Leakage detection using LF optimization algorithm

The results of the analysis were obtained with 362 iterations. The best fitness is 0.654, which is located
in row 1. The fitness of thelO best analyzes has been obtained from 0.654 to 0.819. The results in
different zones are shown in columns 3 to 8 of Table (2). As can be seen, in all fitness, large leaks have
been identified in zones 4, 1 and6

Developing a New Calibration-Based Optimization Method for Leak Detection in Water Distribution
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Table (2): Results of WDS calibration analyzes

emitter coefficient (| /(m H,0)L15)
min
F(X)
ey ey ey oy ayal
10 2 15 7 4 21 1.03
13 0 15 5 6 18 0.654
14 3 14 6 2 21 0.719
14 2 1 9 3 21 0.727
12 2 15 4 0 26 0.732
13 0 18 4 0 25 0.772
14 1 15 2 1 26 0.786
13 2 1 7 1 23 0.789
14 2 13 7 6 23 0.807
1 1 13 3 24 0.808
1 2 15 4 2 25 0.819

Answer
number

Sum of
emitter
coefficient
in discrete
space
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The emitter coefficients obtained from the average of 10 answers with the best fitness
and their actual values in different zones are shown in Figure (6).

Figure (6): The actual and calculated value of the emitter coefficient in different zones.
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In order to calibrate the WDS, the observed pressures and flows give

to the Darwin calibrator. The

program with 100,000 iterations results 0.817 as fitness. In this case, Darwin calibrator was able to
identify 4, 1 and 6 as leaky zones. Table (4) presents the results of LF and Darwin calibration results.
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Table (4): Comparison of the results of LF optimization method with Darwin calibrator

Iteration F(d) F(X) Method
Value for emitter coefficient in
- 0.35 1.03 discrete medium (column 6 of
Table 1)
362 2.28 0.654 LF optimization method
100000 443 0.817 Darwin calibrator

4. Discussion and Conclusion

The results of comparing the proposed optimization method with the Darwin calibrator showed that the
proposed optimization algorithm requires less iterations than the Darwin calibrator to achieve the
correct answer. Both methods have errors in detecting the amount of leakage in different areas of the
network, but the amount of leakage estimation error in the areas in the proposed algorithm method is
less than Darwin calibrator.
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