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June 25, 2023 study, a new method was used to identify the leak area in the water distribution

network at part of Mahan city. First, the network was divided into a number of
areas by the K-means clustering algorithm. Then, training samples related to each
area were made using random leakage simulation in the network hydraulic model.
The number of each area was used as the classification label of the multi-class
support vector machine and along with the training samples, the classification

Keywords: model was taught. Finally, the trained model was used as a leak area identification
Leakage area model and was applied to determine possible leak areas with the observed field
identification, Water samples. The results show that out of 10 structures used to build the model, only
distribution network, three structures include; "Three areas and radial basis kernel function”, "Three
Mahan city, Epanet, areas and linear kernel function" and "Five areas and linear kernel function",
Matlab. respectively, make an acceptable rate of 99.27%, 99.18% and 98.99% for the

"Accuracy" evaluation index. On the other hand, among these three structures,
dividing the network into five leak areas and using the linear kernel function
divides the network into more areas and makes leak detection easier in restricted
areas. As a result, this structure was used to build the final model.

1. Introduction

Over the past decades, various methods have been proposed to identify the location of the leak. Because
leaks are usually considered in nodes of a network, the goal of leak location approaches is also to find
leak nodes in the network. Bout leak detection in large and complex water distribution systems,
especially in large systems without district meter area (DMA), is associated with many challenges. The
idea of locating a leak node in a predetermined area allows operators to limit the search for a leak node
in an area and to find a leak node in the area with other leak detection methods. Hence, Zhang et al.
(2016) proposed a new method for limiting the leakage area in large water distribution systems. First, a
large water network in China was divided into a number of areas by K-means clustering. Then, using
pressure monitoring points data and classification of multi-class support vector machines, they
identified the area of possible leakage. This method limits the potential leak area before other methods
can detect a leak. As a result, in this study, similar to the method presented by Zhang et al. (2016), the
water distribution network of a part of Mahan city by K-means clustering is divided into clusters with

Yasaman-Sadat Hashemi-Poor, Gholam-Abbas Barani, Ehsan Fadaei-Kermani, Identification of leakage area in
large water distribution systems (Case study: Mahan city in Kerman province)


https://doi.org/10.22125/iwe.2023.173289

Iranian Journal of Irrigation and Water Engineering _ 248

similar nodes in response to leakage, and then to minimize the search space, the leak area is identified
by the classification algorithm.

2. Materials and Methods

Pressure differences of monitoring points due to artificial leakage created in each of the network nodes
were entered as input data into the K-means clustering algorithm and the studied water distribution
network was divided into three, four, five, six and seven leak areas, respectively. For each type of
leakage area classification, 3725 samples of artificial leakage were generated based on simulation in
hydraulic model and after pre-processing the samples, a number of samples that were not a good
representative of the actual leak in the network were removed. Then 70% of the remaining samples
were assigned to training samples and the rest to validation samples. Training samples were used to
teach the model of multi-class support vector machines and validation samples were used to determine
the type of kernel function, among linear and radial basis functions and to determine the number of
leakage areas, according to the classification results of multi-class support vector machines. Then, the
final classification model was taught by the selected structure and all the pre-processed samples for that
structure (training samples and validation samples). Finally, the final classification model was tested by
pressure differences at monitoring points during actual leakage.

3. Results

In this study, in order to determine the optimal structure for the leak area identification model, first 10
models with 10 different structures have been created and the optimal parameters (c,y) have been
identified for each structure. Table 1 shows the value of the optimized parameters in different structures.
The evaluation index of multi-class classification models is "accuracy”, which is derived from the
"confusion matrix" and is determined for all 10 models. Figure 1 shows the "accuracy" graph for trained
models.

Table 1. Value of optimized parameters in different structures

The value of  nymper of kernel
the leak areas function
optimized
parameters
C=0/4 Three Linear
C=65 Four
C=21/8 Five
C=0/1 Six
Cc=11 Seven
v=0/5, c=3 Three Radial basis
y=0/25 , Four
c=18
v=1/02 , c=4 Five
y=1/02 , Six
c=4/5
v=1/38, Seven
c=1/4
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Figure 1. ""Accuracy" graph for trained models

The structure chosen to build the final leak area identification model should have more leak areas in
addition to providing sufficient "accuracy" for the model, because leak detection is easier in smaller
areas. According to Figure 1, although the two models built with three leak areas had the highest degree
of "accuracy" compared to the other models, they did not sufficiently limit the network to smaller areas.
On the other hand, the model built with five leak areas and the linear kernel function, in addition to
dividing the network into more areas, has an acceptable "accuracy" of 98.99% (approximately 99%).
Therefore, in this study, the final model of leak area identification with a structure consisting of five
leak areas and the linear kernel function is taught and according to Table 1, the value of the optimal
parameter ¢ for this model is 21.8.

4.  Discussion and Conclusion

In this study, a leak area identification method based on multi-class support vector machines is
presented. First, the K-means clustering algorithm was used to divide the network into a number of
small leak areas and the number of each area was considered as a multi-class classification label. The
effectiveness of the method was also evaluated in terms of the number of leakage areas and the type of
kernel function. The results showed that dividing the network into five leak areas and using the linear
kernel function, while creating an acceptable rate of 98.99% for the "accuracy" evaluation index, also
divides the network into a number of suitable areas. Once the potential leak area has been determined,
it is no longer necessary to search for all nodes in the water distribution network, and leaks should only
be searched for nodes in the leak area. This reduces the search space and speeds up the search. The
proposed method can be combined with common leak detection methods in a DMA and judge the leak
node.
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Identification of leakage area in large water distribution systems (Case
study: Mahan city in Kerman province)

Yasaman-Sadat Hashemi-Poor!, Gholam-Abbas Barani?, Ehsan Fadaei-Kermani?3

Abstract

Today, leak detection is an important issue in water distribution networks, because leakage increases
costs and causes a waste of water resources. In this study, a new method was used to identify the leak
area in the water distribution network at part of Mahan city. First, the network was divided into a number
of areas by the K-means clustering algorithm. Then, training samples related to each area were made
using random leakage simulation in the network hydraulic model. The number of each area was used as
the classification label of the multi-class support vector machine and along with the training samples,
the classification model was taught. Finally, the trained model was used as a leak area identification
model and was applied to determine possible leak areas with the observed field samples. The results
show that out of 10 structures used to build the model, only three structures include; "Three areas and
radial basis kernel function", “Three areas and linear kernel function" and "Five areas and linear kernel
function”, respectively, make an acceptable rate of 99.27%, 99.18% and 98.99% for the "Accuracy"
evaluation index. On the other hand, among these three structures, dividing the network into five leak
areas and using the linear kernel function divides the network into more areas and makes leak detection
easier in restricted areas. As a result, this structure was used to build the final model.

Keywords: Leakage area identification, Water distribution network, Mahan city, Epanet, Matlab.
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