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Summary: 

National water security in Egypt is increasingly threatened by Upper Nile projects, 

climate-induced impacts, and mismanagement/misuse of the available resources. 

Leakage from pipe distribution networks may reach alarming values.  At situations 

where every drop counts, it becomes inevitable to arrive at a leakage prediction and 

early warning system. In this study, a computational approach is followed to detect 

leakages in water distribution networks using Artificial Neural Networks (ANNs) 

technique. A multi-layer feed-forward back-propagation artificial neural network using 

Matlab Neural Network Toolkit is applied. The main objective of this research is to 

formulate a simple, yet effective leakage detection system (or more) appropriate for 

water supply networks. Secondary objectives include testing an applicable leakage 

detection system for Ismailia Water Distribution System (IWDS) to enhance its 

performance. Also, sensitivity analysis for such networks is applied to choose minimum 

number of sensors that can perfectly simulate leakage location and discharge in the 

studied networks.  This study presents a generic methodology appropriate for leak 

detection both in location and magnitude.  

A hydraulic model is created for the IWDS and about 1171 leakage scenarios at 

probable leakage nodes with different discharge ratios (20%, 30%, and 40% of 

maximum discharge passing through these nodes) are proposed to train ANN to 

recognize probable leakage locations and discharges corresponding to a wide range of 

sensor responses (∆Ps). Another 99 leakage scenarios with different discharge ratios 

(25%, 35%, and 45 % of maximum discharge passing through nodes) are proposed to 

calibrate the ANN model with post regression test. It’s concluded that the ANN model 

presents a good and reliable alternative for simulating leakage detection for water 

supply networks.  Finally, the study shows that leakage locations detected by the current 

methodology in 82 % of the cases tested lay within 600m or less from the actual 

coordinates and about 73% of the cases tested lay within 500m or less. 
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ABSTRACT 

Leakage Detection in Water Pipe Networks Using Artificial 

Neural Networks Technique 

National water security in Egypt is increasingly threatened by Upper Nile projects, climate-
induced impacts, and mismanagement/misuse of the available resources. Leakage from pipe 
distribution networks may reach alarming values (nearly one third of the produced water is 
vulnerable to losses through undetected leakage).  At situations where every drop counts, it 
becomes inevitable to arrive at a leakage prediction and early warning system. In earlier 
attempts, the literature for leakage detection location and discharge acknowledge high levels of 
uncertainties, and most of them do not incorporate the uncertainties related to the different water 
distribution system parameters in their algorithms. In this study, a computational approach is 
followed to detect leakages in water distribution networks using Artificial Neural Networks (ANNs) 
technique. ANNs are robust and can be used to model complex linear and non-linear systems 
without making implicit assumptions as is the case in most traditional statistical approaches. A 
multi-layer feed-forward back-propagation artificial neural network using Matlab Neural Network 
Toolkit is applied. The main objective of this research is to formulate a simple, yet effective 
leakage detection system (or more) appropriate for water supply networks. Secondary objectives 
include testing an applicable leakage detection system for Ismailia Water Distribution System 
(IWDS) to enhance its performance. Also, sensitivity analysis for such networks is applied to 
choose minimum number of sensors that can perfectly simulate leakage location and discharge in 
the studied networks.  This study presents a generic methodology appropriate for leak detection 
both in location and magnitude.  

A hydraulic model is created for the (IWDS) and about 1171 leakage scenarios at probable 
leakage nodes  with different discharge ratios (20%, 30%, and 40% of maximum discharge 
passing through these  nodes) are proposed  to train ANN to recognize probable leakage 
locations and discharges corresponding to a wide range of sensor responses (∆Ps). Another 99 
leakage scenarios with different discharge ratios (25%, 35%, and 45 % of maximum discharge 
passing through nodes) are proposed to calibrate the ANN model with post regression test. It’s 
concluded that the ANN model presents a good and reliable alternative for simulating leakage 
detection for water supply networks.  Finally, the study shows that leakage locations detected by 
the current methodology in 82 % of the cases tested lay within 600m or less from the actual 
coordinates and about 73% of the cases tested lay within 500m or less. 
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 CHAPTER 1  

INTRODUCTION 

Water is one of our most precious natural resources. With the growing demands, limited 

resources, climate variability and uncertainties about feature of Nile flow; water 

conservation in Egypt becomes a top priority. Leakage is one of the primary reason for 

losing treated water; losses due to leakage in many countries has been estimated as third 

of the total pumped water in distribution networks  Liemberger et al. (2007). Leakage 

impacts the coupled natural-human system from different perspectives, including (i) 

serious financial damage (e.g. damage of infrastructure, losing of treated water), (ii) 

environmental hazards (e.g. entry of pollutants inside pipes, pooling water for long 

time) (iii) socially (e.g. treated water shortage, especially in the development countries). 

Leakage detection procedures are the main mitigation process, which can detect leakage 

early as soon as possible to minimize water losses due to leakage at pipe networks. 

Therefore, it is preferable that the appearance of a leak in a pipe be identified and 

located as soon as possible.  

It is of interest to develop models which can simulate and detect leakage occurred at 

pipe networks. There are several types of leakage detection systems appropriate to water 

distribution pipe networks. Evaluation of such ways depends on the response time to 

leakage. Using hydraulic characteristic properties for such pipe network systems to 

detect leakage, has a good and reliable results in detecting leakage. Artificial Neural 

Network (ANN) technique has promising results in detecting leakage at pipe networks, 

which can solve non-linear and complex problems. A  framework application  for 

detecting leakage at pipe networks using ANN model, hydraulic model simulation by 

EPANET, and applying simple binary-based optimization  analysis to identify the best 

pressure sensors locations have been developed. The framework is successfully applied 

for Ismailia water pipe networks IWPN as an actual application. 

1.1 Problem Definition 

The response of such model for detection leakage at pipe networks depends on 

simulating the equations of each operation at the system. Pipe networks have complex 

operation equations, which are non-linear and have multivariable function, which are 

very difficult to be simulated. Addition to the lack of providing communities with 

treated water especially at developing countries. This work has concerned with 

developing a frame work for pipe networks leakage detection procedures and applying it 

to Ismailia Water Pipe Network IWPN. 

1.2  Objectives 

The objectives of this study can be summarized as follows: 

The main objective is to formulate a simple, yet effective leakage detection system 

framework appropriate for water pipe networks. This is achieved by developing a 

calibrated hydraulic simulation model, suggesting a technique to identify the minimum 

numbers of pressure sensors, and their distribution needed to monitor large water pipe 

networks, and detect any probable significant leakage in the network. Finally, using the 


