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Abstract

It is obvious to all people the importance of wadsran essential element for life, hence, wates ips life-

threatening and alarming predictor of the futureakage problem is one of the most important caokester

loss in water systems; therefore, it was and lisasthatter of attention of many researchers, wigoim search of
the most effective methods to solve this problemgimany techniques. These techniques vary withamogher

in terms of accuracy, cost and speed of obtaingsylts. This research paper presents a part oktensive

research work, which aims to develop a geospapiptaach for solving the leakage detection problerwater

systems using an integrated geospatial system. @dper will show a sample of the results that hasnb
obtained through a lab experiment, which explaiesdhanges in hydraulic behavior of the network tuthe

change in leakage size and leakage location apdatvalidating the mentioned approach.

Keywords: Leakage detection, water distribution networks, Gi$gdraulic modeling.

1. Introduction
11 Background

Leakage in water distribution networks has becom@gortant and urgent problem that involves aolotost
yearly. The difficulty of the problem is further ve@ned, particularly when the location of leakagbidden in
nature (Farley, 2001; Farley, 2003). There is cladence that this problem of water loss is a v@gnplex
issue, and has an impact on water systems worldihideigh some statistics. Based on the statisticse than
32 billion cubic meters of water is lost annualigrh the distribution networks because of the leakagblem,
while more than 16 billion cubic meters of watec@msumed by users. There is also unmetered azonactly
metered volume of water due to theft and robbeipgdom, 2006).

The significant reliance on expensive leakage dietedevices which are required in field works éolong-term
network age is unacceptable, especially when tlobl@m continues to recur. Hence, there is an extens
research attempts to find out an effective apprdachletecting water leakage by conducting somerduylit
analysis scenarios using some measurements, waitlhe obtained from the field in real time usingAB@
system. However, this remains a matter of reseabctut their effectiveness, unless they are accoiegamith
verification of their effectiveness through labargtand field experiments.

This research paper addresses a part of practiage dor validating the geospatial approach fokdge
detection in water distribution networks, which Heeen carried out through laboratory experimentheadirst
phase. As the next futuristic step, there will bether phase to verify the results of this approacthe field
using readings from existing water network.

1.2 Research Aim

This laboratory experiment is a part of an extemsasearch study aimed at developing a geospapabach for
leakage detection and location in water distributi@tworks in real time with high accuracy and loest. For
this purpose, an integrated system has been seggést conduct this task. In addition, this labonato
experiment attempts to study the changes in thealid behavior of the network due to the changegsakage
size and leakage location, which helps later imdating the proposed approach in this extensiveareh study.
The laboratory experiment results contribute tapiag the field work and applying the approachrireaisting
water network later.

2. Literature Review
The most important characteristics of leakage diete¢echniques in water systems are the easeicapon,



Civil and Environmental Research www.iiste.org
ISSN 2224-5790 (Paper) ISSN 2225-0514 (Online) by
Vol.3, No.12, 2013 IISE

cost of implementation, as well as the accuracy spekd of getting the results through them. Sorakalge

detection techniques rely on hardware and equipsngnidetect leaks in limited pipes, as well as abiger

theoretical and analytical methods which used ¢mtifly some hot spots which are expected to bealgalpoints
(Bentley, 2006). So far, researchers cannot findethod that can detect the exact location of leakaghe

distribution networks, it's just an estimate of kxakage location with an unacceptable error Bd@netimes, the
problem is exacerbated when there are leakage®in than one location in the network at the same,tias
well as the presence of some noise arising fronemlass because of the illegal consumption of wiétt@nay be
difficult for the current methods of leakage deitactto reach the location of leakage accurately assult of
wrong inputs of distance or changes in pipe mdteriahich leads to costly and unsatisfactory resulh

addition, it is also difficult to make an overallonitoring for the network because the leakage dieteonly

covers a specific area at a time.

Currently, the main approach of detecting and logaeaks is based on the methods of investigatiegsound
waves in the network, called as the acoustic methimdthese methods, the emissions of acousti@asigrmused
by the leakage in the pipes are monitored to déteriits location in the network (Burn, 1999). Threnracoustic
techniques of leakage detection in water distrdousystems include these methods as follows:

i. Injection of tracing substances for tracking aneestigation in water stream.
ii. Electromagnetic inspection of pipes from the inside

iii. Analysis of quasi-static signals detected by thesees installed into the pipe, such as pressure; fate
and temperature.

iv. Analysis of transient signals detected by the senisstalled into the pipes, such as the pressasew

v. Analysis of changes in temperature resulting fréva teakage by using the infrared thermography of
sensors located outside the pipe system.

vi. ldentification of frequencies emitted by radio adar transmitters installed inside the pipes wpietmeate
through the pipe cracks.

Some of these techniques including the technigonegems ii, v and vi are relatively expensive, whdther
techniques such as in items i, ii and vi intrud® ithe fluid stream, which increases the risk aftamination.
Although there are some research-based developmetitods based on the analysis of transient metasds
mentioned in item iv, such as the inverse transmeethod, it is not straightforward in their apptioa beyond
the trivial pipe networks. The method in item &lies on the status of the pipe system based oe so@asured
parameters, such as pressure, flow rate, and soegtithe temperature at various points and timkinvihe
pipeline system (De Silva, 2009).

As the process of field survey using special des/foe leakage detection requires a long time téoper the task,
as well as high cost resulting from the expensigeiats, apart from the expenses of the field suitssjf,
therefore, the field survey was excluded in thseegch. Thus, all methods based on the field suneelpnger
meet the required purpose due to their limitationgerms of time, cost and accuracy. Although tree some
analytical methods that rely on hydraulic analydithe network hydraulic parameters to detect ¢agdge, they
are still unable to determine the location of legkaccurately. Their abilities stop at finding awugy of hot spots
that are likely to be the location of leakage amtmgm (Bentley, 2006), which requires the necegsiitfield
survey in a limited area of the network in ordeitdoate the leakage location more accurately. Thezethese
methods have contributed to reducing the time ne¢aléocate the leakage with a little reductiorco$t. Even
though this seems good, it is not enough. The igielattion is to find a method that is able to detke location
of leakage accurately in real time and at the ldwest.

3. M ethodology
31 Introduction
311 Research Concept

The research concept shown in (Figure 1) dependheoassumption of asymmetry of pressure values thee
time in all network nodes, so that it can be prestithat each node has its own pressure footprieveaity
moment during water flow over the network. Furthere; it can also rely on measuring these pressatprints
in the field at certain points on the network aodhpare them with the values of pressure obtainedrétically
through the hydraulic modeling at the same pointséch are expected to be close to one anotherfiigntly.
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Figure 1. Research Concept

In case of a leakage, the leakage volume can berkby monitoring the flow rate over the time. O thther

hand, the leakage location can be detected by atindusome hydraulic modeling scenarios and reptasge

the leakage as a water demand in all the noddseaidtwork one by one, which is then compared thighfield

pressure readings obtained by the pressure tramssniit specific nodes in the field with the pressesults
obtained from the hydraulic modeling scenariohatdame nodes in each case. By comparing thegesudan

be concluded that the node which has matchingtseamiong the field readings and hydraulic modefagylts

can be considered as the Leakage Node, while greevphich is after that node in the downstream timaacan

be considered as the Leakage Pipe. After idengfyire leakage pipe, the spatial capabilities of G be used
for generating a virtual node at the middle of ksakage pipe. The hydraulic modeling steps areategeto

determine whether the new leakage pipe here istddchefore the virtual node or after it. By contirg

repeating the steps to decrease the length ofdeaghipe to the minimum will help detect the leakbaymtion to

a more accurate location. The chart shown in (Eid)rillustrates the procedures undertaken fortifyémg the

leakage location.
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Integrated System

The idea of this research takes advantage of #tarfes of three systems in order to build a ge@dpgtproach
by integrating the following systems:

Geospatial Information System (GIS): works as aebgstem and helps in the generation of a virtual
network of nodes along the pipelines; this prodesseeded for the hydraulic system to perform the
hydraulic analysis along the pipelines.

Hydraulic Modelling System (WaterGEMS): conductslfaulic analysis processes and calculates the

values of pressure at the nodes, which are needdetéct the leakage location.

Data Acquisition System (SCADA): monitors the netkalevices, such as flow meters and pressure

transmitters, and transfers field data to the hyliranodelling system in real time.
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Figure 3. The Integrated System Components



Civil and Environmental Research www.iiste.org

ISSN 2224-5790 (Paper) ISSN 2225-0514 (Online) by
Vol.3, No.12, 2013 ISE
313 Sages of the Extensive Research Work

This research is conducted in four main stages:

First Stage: Theoretical Stage. This stage is tiaysng the research principle through its applaraion some
water networks. It is carried out by conducting sdireoretical hydraulic scenarios that represemagiplication
of research principle steps, and for retrievahefretical results.

Second Stage: Practical Stage. This stage is divide two phases, as follows:

Phase | : Laboratory Study — this phase involvebaxperiment to verify the theoretical result;igsa small
network model.

Phase Il : Field Study — this phase engages figiglities for applying the same procedures on dnal@xisting
water networks in order to check the possibilityieing the approach practically.

Third Stage: Validation Stage. This stage is fardging the theoretical and practical results, adl as
conducting the necessary comparisons and realigtaznfirming the approach and its applicability.

Fourth Stage: Real Time Stage. This stage is fop@sing and designing the outlines of the real System.

Although this extensive research includes fourresfeed stages, this research paper only focusékeofirst
phase of the practical stage, which is the laboyaggperiment

3.2 Laboratory Experiment
321 Model Materials and Instrumentation

The experiment network model consists of two squeoes of 0.5in PE pipes with a dimension of 1mmt. 1
Water is pumped into the network using a 0.5hp pdimmm a small tank to the network. There are twdl ba
valves, in which one is fixed at the end of thewwek to control the initial pressure inside thewatk pipes
(V01), while the second one is used to controlsilze of leakage (V02). The following images show general
descriptions of the network components:

The network model is equipped with two pressuredmzitters (BCM Model 130C) to measure the values of
pressure within the range of 0-4 bar in two certedes [PT(A) and PT(B)], and three digital flowtars (GPI
Model TMO050) to measure the flow rate within thaga of 0-35 L/min at inflow point (FMO1), out flopoint
(FM02) and leakage location (FM03) (see Figures dnd 6).
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Figure 5. Pressure Transmitter Figure 6. Digiater Meter

3.2.2 Procedures and Scenarios
a)Practical Scenarios

This phase aims to reach the results which givéntipeession that there are clear differences antoagressure
values at all network nodes due to any changedam#twork flow distribution map, and thus, a chaigéhe
node pressure distribution map. The experimenesgihed to study the effects of both initial pressthanges
and leakage volume at the leakage location. Thexethere are three key factors that have changadgithe
experiment, and their impact has also been inwatstitjon others. The factors are as follows:

1. The initial pressure in the network. Four cdsage been changed as the initial pressure, naméthse |,
Case I, Case Ill and Case IV.

2. Leakage volume. Besides the no-leakage stagdeakage volume has been changed to anotherdtages
based on the valve slot which is used to contrel ldakage volume. The stages are named as StageO1,
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Stage02 and Stage03. Therefore, the leakage voinmach case depends on the changes of the initial
pressure.

3. Leakage location. Five locations have beerctadeas the location for the fabricated leakages€&Hocations
are named as Loc01, Loc02, Loc03, Loc04 and Los6B Figure 4).

First Scenario: During this scenario, all the fatages of leakage volume have been applied witfoaitl cases
of initial pressure, whereby the pressure readitay® been obtained using the pressure transmiitteesl time
every second for a period of three and half minutéss scenario has been applied at all selectedléiakage
locations. In addition, this scenario aims to sttitky relationship between the initial pressure tedleakage
location, with the changes in leakage volume dejpgndn the initial pressure. It also attempts todgtthe
extent and clarity of the differences in pressurmiag the different points on the network, specifjcthe nodes
where the pressure transmitters have been insfiedem.

Second Scenario: Despite the fixation of the vall# at the same stage of leakage volume, the \aflike
leakage volume varies with the changes of theainftiessure. Therefore, in this scenario, the vafueakage
volume is stabilized by changing the initial presshetween two cases (Case | - Low Pressure) aase(0/ -
High Pressure). The pressure readings are recaisiag the pressure transmitters in real time fargsecond
for a period of one minute. This scenario has lzgaptied at all five leakage locations. This scemafigo aims to
study the relationship between the initial pressure the leakage location without any effects duthé changes
of leakage volume.

b) Hydraulic Modeling Scenarios

This phase aims to verify the possibility of matghithe theoretical results of hydraulic analysishwthe
readings obtained from the experimental model,tand, verifying the possibility of using the resgtaconcept
as explained in paragraph 3.1.1.

Bentley WaterGEMS software has been selected fodwcting the hydraulic modeling scenarios becadists o
high efficiency in hydraulic modeling and compditlgi with GIS. The software is run within the GIS
environment and also to take advantage of its piatein linking and communicating with the SCADAstgm,
which will provide the required field data of theteégrated system for the hydraulic analysis in teak.
Furthermore, the WaterGEMS software has been wsbdild the hydraulic model of the network and fehte
the leakage as a demand in the specified locatinasy one. It also conducts a hydraulic analysisaich case
to determine how the pressure results match wibtselpressure readings obtained from pressure titheism
practically in the same circumstances. These puresdare then repeated in each scenario of thdiqac
scenarios.

Figure 7 shows the schematic diagram of the netwaklel, noting that the junctions (J-8, J10,J-156 &And J-
4) were used as leakage locations (Loc01,Loc020B0kcoc04 and Loc05) respectively.

R-1 J-1 J-2 J-3 J-4 J-5
P-1 P-2 P-3 P-4 P-5
L L L @ ®
© 2 @
o a o
@ )15 317 @ @6
13
= =) = iy
iso1 & g P1s0-2 & h
P-12 P-11 P-10 P-8 P-8
L L @
J-11 J-10 J-8 J8 J7
Figure 7. Schematic Diagram of the Network Model
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The results obtained from the lab experiment phese been used to create a set of comparison cthaes
show the changes in pressure values in the netexek a period of short time. The sample resultaastie
changes of the pressure values in the networkrasudt of the leakage volume change due to thegdsam
initial pressure values and leakage volume stglitL/min). The chart sample in Figure 8 showsdhanges in
pressure readings at the pressure transmitterssri®tdéd) and PT(B) in the case of no leakage, aed titer
fabricating a leakage at the first leakage locaflac01). The leakage volume has been changed gitgdrom
Stage01 to Stage03 in three cases in all the cdiseitial pressure (i.e. Case |, Case I, Casalid Case V).

Results and Discussion
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Figure 8. Pressure behaviour due to the changedtiaf pressure and leakage volume at the leakage

location (01)

The results are similar in the case of fabricating leakage at the other leakage locations (i.e02pLoc03,
Loc04 and Loc05). To study the effect of initiabpsure in determining the leakage location withbetimpact
of the change in leakage volume, the leakage vohamsebeen specified to an appropriate value (6L)/mirach
case of previous cases. The following charts (Figagd 10) show the changes in pressure value@anBde -
which is one of the pressure transmitters locatiodse to the changes at the leakage locationsO{,dcoc02,
Loc03, Loc04 and Loc05) in the cases of low inipa¢ssure (Case |I) and high initial pressure (QékeNote
that the same interval has been used in the peesslumn in order to ease the comparison betweernvib
cases.
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Figure 9. Pressure changes at pressure transift{®&) due to the fixed leakage volume at different
leakage locations [ Low Initial Pressure (Case 1) |
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Figure 10. Pressure changes at pressure traesmittle PT(B) due to the fixed leakage volume at
different leakage locations [ High Initial Press(@ase 1V) ]

4.2 Discussion

During the review of the results obtained from fhactical scenarios, it is noted that there araiognt

changes in the node pressure at monitoring locaititespite they are close to each other, partigulanen the
initial pressure is increased and the leakage velisndecreased. This is obvious from the presseadimgs
obtained by one of the pressure transmitters ih bases of initial pressure, as shown in Figs.dd1d) it can be
considered that the five curves are the presswtpiints for the node of pressure transmitter PTgBjhe five
leakage locations (Loc01, Loc02, Loc03, Loc04 and@5) as an example of results. Despite the congtdne

of leakage volume in all scenarios with changindeakage location, but the differences in the pressalues
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was significant and measurable, which allows todceh comparisons among the pressure values inczsehto
reach the real leakage location even if the comparbetween two nodes close to each other.

By using hydraulic modeling analysis, can get pressesults at the all network nodes in all caseshanging
leakage location by applying a leakage - as a nedeand - with the same constant leakage volumehairsed

in the laboratory experiment (6.0 I/min) at all Bedne by one in different scenarios, then condaictparison
among hydraulic modeling pressure results at alesowith the laboratory pressure measurementdlifoases.
Through the process of comparing the differentidtdabratory pressure measurements and pressurlisresu
obtained by hydraulic modeling analysis, it showttthe minimum difference in pressure between niogel
results and laboratory experiment measurementdwiaya at leakage node, thus it is possible to detee
leakage location by determine the node where tasspire differences are minimum, at this node tiseree best
matching among laboratory pressure measurementisyaindulic modeling pressure results in all cases.

5. Conclusion and Recommendations

The laboratory experiment results have shown dganf differences in pressure measurements at the
monitoring nodes, which facilitate the process ofparison in studying the match between the laboyat
pressure measurements and simulation results ebtdiom the hydraulic modeling processes. This lelp
prove that the geospatial approach undertaken i ektensive research work will have promising and
encouraging results. Therefore, future studies rieagse the outcomes in the field study in ordeestablish
more accurate validation. To get more accuratelteegu detecting leakage locations, SCADA senserslire
precise calibration, as the accuracy of resultedép on the accuracy of input data and the mosigf,itwhich
needs to be well calibrated.

Considering that actual field conditions vary rislelly with the laboratory experiment conditions, ig
recommended to do some field work to validate bbtatory results, this what is planned as a sesteyl of the
practical stage of the overall research projectdievelopment of a geospatial approach for detedéaggs in
water distribution networks.

In addition, the behavior of leakage in the netwdoknot really represented actually by outflowsrirthe ball
valve as it used in the laboratory experiment, Whaéfects in any way on the obtained pressuresiaiy be
needed in the future to represent leakage morestieally through fabricated holes or cracks witrigus sizes
in the pipe, which would give the study more crddiband realism.
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