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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 (APs). 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.



Acknowledgement

All thanks are for ALLAH the most merciful, the most beneficent for all his bounties.

I would like to express my deepest gratitude and appreciation to Dr. Ahmed Wagdy,
Professor of Hydrology, Cairo University, for his sincere supervision, guidance,
extremely helpful discussions, comprehensive review, valuable suggestions, and advice

throughout the course of this work.

I am also deeply grateful for the valuable guidance of Dr. Mohamed Gad El-rab,
Assistant Professor of Hydraulic and Irrigation, Cairo University for his time,
dedication, patient, support, advice, participation, and guidance. He spared no effort or

time in helping me to complete this work.

I wish express my deepest thanks to the Examining Committee Amgad El-ansary,
Professor of Hydraulic and Irrigation, Cairo University, and. Aly EIl-Bahrawy,
Professor of Hydraulic and Irrigation, Ain Shams University for their comprehensive

advice, and comments that refine this work. | deeply appreciate their helpful response.

My gratitude also extends to the all these people who helped me in the production of

this work especially, my friends Dr. Mostafa Adel, and Eng. Mohamed EI-Serafy.

Finally, but no means least, | would like to thank my family (Mother, wife) without
whom this work would not have been finished. Their endless patience and

encouragement is a blessing.



TABLE OF CONTENT

TABLE OF CONTENT ..ottt bbbt I

LIST OF TABLES. ... .o oottt et nne e v

LIST OF FIGURES. . ......coo ot \/

LIST OF SYMBOLS ..ottt VI

ABSTRARCT ettt bbbttt ettt bbb ne e IX

CHAPTER L.ttt sttt e et e ae s nenreeneens 1

INTRODUGCTION ...ttt bbbt nne e 1

1.1 PROBLEM DEFINITION ....uttieitiieitiie sttt ettt sttt e e e snne e nnneesnne e 1

1.2 OBUIECTIVES .otittiuiirietestestesteateasees e ste st bbb s s e s et et st st s bt e beeneeneentesbenbenbenbeene e 1

1.3 APPROACH ...ttt sttt ettt ettt ekttt h ettt b et b et n b e bt et e be e nbe e nne e 2

1A THESIS OVERVIEW ..c.vitiitiitiatieiiesiesiestestesteste s sea e ssesbesse st b ssesnesssessessessessessesnenns 2

(O 1 el I S 4

LITERATURE REVIEW .....ooiiiiiie e 4

2.1 WATER LOSSES .....tiiiiieitieaiee sttt sttt sttt sttt sttt et st nbe e nbeesbeesnnee s 4

2.2 CAUSES OF PIPE NETWORK LEAKAGE .....cccoiiiiienieiiesie sttt 6

2.3 LEAKAGE DETECTION TECHNIQUES ......cvtiiieiitiieeeecireeeesstreeeessaneeeessnreeeessrneeeennns 6

2.3.1 Non acoustic detection teChNIQUES ..........ccceevviiieiieiece e 7

2.3.2 Acoustic detection MEthodS ..........ccveriieiiieiice e 8

2.3.3 Hydraulic leak detection methods...........ccceevviieiieiecie e 9

2.4 ARTIFICIAL NEURAL NETWORK AN OVERVIEW ......uoiiiiiiiiieniieiieesiee e siee e 11

2.5 MONITORING SENSORS PLACEMENT ....vtiitiiiiiiesiiesiee sttt 17

CHAPTER 3.ttt ettt te e e e e stentesteetennaeneas 20
METHODOLOGY AND DESCRIPTION OF LEAKAGE DETECTION

MODELING ...ttt et sbe e nneas 20

3.1 METHODOLOGY BACKGROUND.......cciiiitieitiiaiessiieesieesnteesteesneeesseesnaeesteesneessneeenee 20

3.1.1 Compiling background data to build a hydraulic model ...............c.cco....... 21

3.1.2 Specifying enough leakage SCENAIIOS ..........cccooeririrerieieieie e 27

3.1.3 Conducting of sensitivity analysis and sensors placement ........................ 29

3.1.4 Dividing network area to appropriate SUDZONES...........ccevevereneieneinnnnns 30

3.1.5 Formulating the sensitivity matrices for subzones and identification of the

best deteCtor I0CALIONS .........c.civeieiiecee e 31

3.1.6 Training of artificial neural network (ANN) model ...........ccccceevveviviieenen. 32

3.1.7 Applying (ANN) to detect leakage locations and magnitudes.................... 36

CHAPTER ...ttt sttt et sae st e nbeereanenneas 39

CASE STUDY ..ottt ettt te e ra e e e e et estestesteaneanaaneas 39



4.1 INTRODUCTION ..iiuttieiuiieesiieeastteeasiteessiseeateaessteeessbeeessbeesssseesssseesssseesssseessssessnsnens 39

4.2 CASE STUDY BACKGROUND .....coiitiiiiiiaiieiiieaieesieeesieeateesieeseeesseessseesssessesseneenes 39
4.3 COLLECTING DATA FOR IWPN AND IWTP ..o 43
4.4 DEVELOPMENT OF HYDRAULIC MODEL FOR IWPN ..o, 46
4.4.1 Hydraulic model calibration...........cccccovveiiiieiieeieccseese e 48
4.4.2 Hydraulic model results for IWPN.........ccocciiiiiiiiicee e 49
4.4.3 Modification of hydraulic model of IWPN ..........ccccoiiiieiiiie e 51
4.5 FORMULATION OF LEAKAGE SCENARIOS FOR IWPN AND IDENTIFICATION OF BEST
SENSORS LOCATION. ..utttteteesteastesteestesseesteessesssesseessesssesbeebesssesseessesnsesseessesnnens 52

4.6 SUBZONE DIVISIONS AND PROPOSING OF FINAL SENSOR DISTRIBUTIONS FOR IWPN
.......................................................................................... 55

4.7 (ANN) ARTIFICIAL NEURAL NETWORK DEVELOPING MODELS .....ccccvervriieenieanens 63
4.7.1 Developing ANN leakage detection model (Ismailia 1) for IWPN ............ 64
4.7.1.1 (Ismailia 1) ANN model robustness determination and calibration... 66
4.7.0.2 Training SEALE .......eiveiireie ettt 67
4.7.1.3 (Ismailia 1) ANN model regression test...........ccooeveverenerenenennnnn 68
4.7.1.4 (Ismailia 1) ANN Post regression test..........cccevevveieevieseeseese e 68
4.7.2 Developing of (Ismailia 2) ANN model for detecting leakage location
coordinates (X, Y), and magnitude for IWPN ...........ccccoeiiiiiiieveiiccee, 69

4.7.2.1 Robustness determination and calibration for (Ismailia 2) ANN model
................................................................................................................ 72

4.7.2.2 Training state for (Ismailia 2) ANN model ............cccooooiiiiinininnn. 73
4.7.2.3 ANN regression test for (Ismailia 2) ANN model ...........ccccovevvernennee. 73
4.7.2.4 Post regression test for (Ismailia 2) ANN model ... 73
CHAPTER 5.t e et 76
RESULTS AND DISCUSIONS ...t 76
5.1 INTRODUCTION .uttiiutietieaiteesteeasteesieessteesbeesseeesseessbeeabeeasneesseeanbeesbeeanneenneeanneennnas 76
5.2 SENSITIVITY OF SENSORS .....ceitttiutiaueristeastesssseessesssseessesasseessesansesssessssesssessnsesssees 76
5.3 ELIMINATED SCENARIOS ......eeitiiiiiiaitieaiteesteeaiteesieeabeesteesseesseeabeesteessneesneesneensees 81
5.4 IDENTIFICATION OF LEAKAGE LOCATIONS AND MAGNITUDES........cccveriveernineenns 82
5.4.1 ANN analysis (subzone — magnitude) (Ismailia 1) model for IWPN ......... 82
5.4.1.1 Leakage location for (Ismailial) model ..........cccccooeiiiiiinininiiinns 82
5.4.1.2 Leakage magnitudes evaluation for (Ismailia 1) model ..................... 87

5.4.2 ldentification of leakage geo-location (coordinates) and magnitudes for

5.4.2.1 Leakage location evaluation for (Ismailia 2) ANN model.................. 90
5.4.2.2 Leakage magnitudes evaluation for (Ismailia 2) ANN model ........... 96
(O o 1 e I o PR 97
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS.........c.ccoeervrrrnn. 97



I [N =10 016 Tox i (o] N TP 97
6.2 SUMMARY 97

SRS O] N (o U L] (0] F T 97
5.4 RECOMMENDATIONS .. ettt e ettt e e e e e e e e e et e e e e e e eeeeee et e aeseeeseeenn e aaeeeereeennnnnnns 98
REFERENGCIES ......oooeeeeeeeeeeteteteteeee ettt eststees s tetetees e eeeees s seseteteensnesnennnnnnns 99
AP E N D L X A ettt e e e e aaaaaaaaaan 105
ISMAILIA WATER PIPE NETWORK IWPN HYDRAULIC MODELING
AN A LY SIS e ettt 105
AAPEINDIIX B ..ottt ettt sttt e e ts e et e e te et et nnnnnnnrnnnnnnnnnnnnnns 134
LEAKAGE SCENARIOS FOR ISMAILIA WATER PIPE NETWORK IWPN
HYDRAULIC MODELING ANALYSIS....ooeeeeeeeeeeneenennnee 134



LIST OF TABLES

Table 2-1: IWA standard international water balance and terminology as indicated by

Farley and Trow (2003). ......coieierieieeiesie ettt eesnee e 5
Table 3-1: Values of H.W (C) coefficient for different types of pipe material. (Yan et al.

200G SRS 25
Table 3-2: Example of binary sensitivity matrix details.............cccccvveviiieiieniciecee, 30
Table 4-1: Ismailia Water Pipe Network IWPN pipe diameter and lengths .................. 43
Table 4-2: Summary of IWTP treatment traiNS...........ccccveverieeii i 45
Table 4-3. Ismailia Water Pipe Network IWPN hydraulic model summary.................. 47
Table 4-4: Benchmark nodes for pressure calibration............cccccevevieviveieiiiene e, 49

Table 4-5: Pressure comparison at some nodes due to leakage scenario at node (junc 61)
equal (50 Ips) corresponding to operating pump system and not operating pump

system to evaluate pump effeCtS..........ooiiiiiiiic 52
Table 4-6: Trials for modeling ANN structure for detcting leakage location ( subzone)
and magnitude for IWPN and their outputs regression .........c.ccocvevverenerenesesiennn 65
Table 4-7: Summary of (Ismailia 1)ANN leakage detection model (subzone-magnitude)
L0 0 AT A PSSR 66
Table 4-8: Trials for modeling ANN structure for detcting leakage location(X, Y
coordinates), and magnitude for IWPN and their outputs regression..................... 71
Table 4-9: (Ismailia 2) ANN leakage detection model (X,Y coordinates-Magnitude). 72
Table 5-1: Sensors distance (m) to treatment plant (Coordinated base) .............cc.cc...... 77
Table 5-2: Sensor density for IWPN ... 81
Table 5-3: Evaluation of (Ismailia 1) ANN model for leakage detction location
(SUDZONE) FOr IWPINL....c.eiiiiee ettt re e 84

Table 5-4: Evaluation of (Ismailia 1) ANN model for detecting leakage magnitudes... 88



LIST OF FIGURES

Figure 2-1:Bilogical neural network inspired from the structure of the brain................ 12
Figure 2-2: Structure of the artificial neural network (ANN) .......cccoiiiiiiiiiiiieiees 13
Figure 2-3: Logsigmoid transfer function used in training the ANN ............cccccoveveennene 14
Figure 2-4: Tansigmoid transfer function used in training the ANN ............cccoiiiene. 15
Figure 2-5: Linear transfer function used in training the ANN ...........ccccocoiiviiiiieiienne 15
Figure 3-1: Methodology plan for leakage detection at pipe network. ............c.cccceveenne. 21
Figure 3-2: Assembling of hydraulic model and calibration processes............c.ccccveue.. 26

Figure 3-3: Construction of overall sensitivity matrix and identification of overall
e IS0 £l [0 ToF: 14 o] USSP 28

Figure 3-4: Flowchart for identifing the final sensor placement for leakage detction
purposes along the whole NetWOrK ... 32

Figure 3-5: Backpropagation feedforward network for leakage detction model with (n)
sensors reading and two outputs, which are leakage location and magnitude ...... 33

Figure 3-6: Post regression test flIoWChart ... 38
Figure 4-1: Ismailia town [aYOUL .........c.coviiiiiiiic e 40
Figure 4-2: Ismailia City containing main roads and specifying pipe network
AISTFDULION ...t ns 42
Figure 4-3: IWPN nodes distribution, and base demands allocation .............c.cc.ccc..... 43
Figure 4-4: Ismailia Water Pipe Network [ayOut.............cccevviieiieiieie e 44
Figure 4-5: Ismailia Water Treatment Plant (IWTP) treatment trains, and main pipes . 45
Figure 4-6: Ismailia Water Pipe Network IWPN nodes elevations.............c.cccccoveeveennene 47
Figure 4-7: Benchmark node distribution for pressure calibration............cc.ccococnvnenne. 48
Figure 4-8: Ismailia Water Pipe Network IWPN pressure distributions. ....................... 49
Figure 4-9: Flow direction and magnitude at IWPN ...........cccocoiiiiiieiece e 50
Figure 4-10: IWPN velocity diStriDUtIONS. ..........ccooiiiiiiieeeee e 50
Figure 4-11: Leakage location, and monitoring nodes to evaluate pump effect in IWPN
................................................................................................................................ 52

Figure 4-12: Pressure differences (AP)(m) of all nodes due to leakage scenarios at node
463 indicated by . a) refers to 20% leakage, b) refers to 30% leakage, and c)

refers t0 4090 1€AKAGE .......ccvvi it 54
Figure 4-13: Most sensitive nodes due to overall sensitivity matrix and proposed

=T DT 0] TP UR TP OURRUPPTOPRPPPN 55
Figure 4-14: IWPN divided SUD-ZONES ........coiiiiiiiiieicee s 56
Figure 4-15: Subzones demands compaired with 135.56 Ips (Equation (3-10))............ 57



Figure 4-16: Sensitivity nodes and proposed sensors for subzone 1. The figure confirms

that no need for additional SENSOT.........ccviiiiiiiiie e 58
Figure 4-17: From a to d show the most sensitive nodes for zones 2, 3,4, and 5
respectively, which don’t need additional SENSOTS .........cccevvveiiriiieiiiiniie e, 59
Figure 4-18: From a to d show the most sensitive nodes for zones 9, 12,13, and 14
respectively, which require additional detecting SENSOrs .........ccocvvveveeresiesiennns 62
Figure 4-19: Final distribution of sensitive sensors locations for Ismailia Water Pipe
NEIWOIK IVWPN ...ttt sttt e e b e 63
Figure 4-20: Schematic of (Ismailia 1 ) ANN leakage detection model (subzone —
MAagNItude) FOr IWPN ... e 64
Figure 4-21: Architecture of (Ismailia 1) ANN leakage detection model (subzone-
MAagNItude) FOr IWPN. ..o e 66

Figure 4-22: Performance of ANN of leakage detection model (subzone —magnitude).67

Figure 4-23: Training state of ANN of leakage detection model (subzone —magnitude).
................................................................................................................................ 67

Figure 4-24:0verall regression test of (Ismailia 1) ANN leakage detection model
(subzone —magnitude) for training, validating, testing,and overall parameters . ... 68

Figure 4-25: Overall post regression test for leakage detection (subzone-magnitude)

MOTEL. et 69
Figure 4-26: Schematic of (Ismailia 2)ANN model of leakage (coordinates —magnitude)
MO ..t bbb 70
Figure 4-27: Architecture of (Ismailia 2) ANN leakage detectionmodel (X,Y
COOrdinateS-MAagNItUE) .......eceeieeieseece e nas 71
Figure 4-28: Performance of (Ismailia 2) ANN of leakage detection (X, Y coordinates-
magnitude) Mmodel fOr IWPN. .........coco i 72
Figure 4-29: Training state of (Ismailia 2) ANN model for detcting leakage (X, Y
coordinates), and magnitude for IWPN ... 73

Figure 4-30: From (a) to (c) indicate regression for leakage detection (Ismailia 2) ANN
model for (X, Y coordinates), and leakage magnitude respectively. .................... 74

Figure 4-31: From (a) to (c) ( ISMAILIA 2) ANN model post regression test for a) X
coordinate, b) Y coordinate and c) leakage magnitude for IWPN leakage detection
0o [ SRR 75

Figure 5-1: Final sensor distributions among different subzone of IWPN................... 76

Figure 5-2: From a) to c) indicate sensors’senitivity to leakage incidents for sensors
S1,S2, and S3 respectively, (% of leakage scenarios within a specific subzone that

are detectable by each specific sensor ie. AP > .1 m at the specific sensor) .......... 78
Figure 5-3: Discharge of eliminated scenarios at different subzones.............cccccoeeveene. 82
Figure 5-4: Evaluation of (Ismailia 1) ANN model for detecting leakage location

(SUDZONE)TOr IWPN... ..ottt 87
Figure 5-5: Evaluation of (Ismailia 1) ANN model for detecting leakage magnitude for

IMVPIN L.ttt bbbttt 89



Figure 5-6: (a) Shows real and estimated location for leakage location identification by
using (Ismailia 2) ANN model at IWPN (b) visulaizes the clear distance between
real and estimated location through Google Earth application...............cccccceevenene 91

Figure 5-7: From (a) to (b) simulated and real leakage location comparison and plotting
at Google Earth appliCation. ..........ccccvveiviiiiieie e 92

Figure 5-8: From (a) to (d) clear distance between real leakage node and estimated
leakage node for two scenarios, (a),(b). Clear distance between real and estimated
nodes are 96 m, 207 M reSPECtIVEIY. .....cooiiiiiiii e 93

Figure 5-9: From (a) to (d) clear distance between real leakage node and estimated
leakage node for two scenarios, (a),(b), which are 481 m, and 415 mrespectevilly.

................................................................................................................................ 94
Figure 5-10: Differences between real and estimated location for (Ismailia 2) ANN

model (X, Y coordinates, and leakage magnitudes). ..........cccceevvereivievveresiesinennns 95
Figure 5-11: Leakage magnitudes differences between estimated and real leakage

discharges for (Ismailia 2) ANN MOl ........cccoovveiiiiiiieceecce e 96

Vil



AC
ANN
AWWA
DI
DMA
FCV
FFNN
GPV
IWA
IWPN
IWTP
PBV
PRV
PSV
SCA
TCV
UPVC
WPS
WTP
AP

LIST OF SYMBOLS

Asbestos Cement

Anrtificial Neural Network
American Water Work Association
Ductile Iron

District Metering Area

Flow Control Valve

Feed forward neural network
General Purpose Valve
International Water Association
Ismailia Water Pipe Network
Ismailia Water Treatment Plant
Pressure Breaker Valve

Pressure Reducing Valve

Pressure Sustaining Valve

Suez Canal Authority

Throttle Control Valve
Unplasticized Polyvinyl Chloride
Water Distribution System

Water Treatment Plant

Pressure difference (sensor response)

Vi



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 (ANNSs)
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 (APs). 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.



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



