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ABSRACT

National Water and sewerage corporation (NWSC), a body mandated by the government
of Uganda to supply clean water to her citizens face great challenges arising from water
theft. Water theft has led to increased Non-Revenue Water (NRW). Despite attempts to
curb the problem, water theft has remained an issue in the operation of NWSC. Currently,
the Corporation requires a dedicated system to handle this big challenge. Therefore, the
GSM based piped water theft detection system that has been designed will help NWSC to
handle this challenge. It operates in such a way that if any water theft is detected along the
water distribution lines, an alert message is sent to the administrator so that an immediate
action can be undertaken. The principle behind this operation follows the fact that Water
Supply Corporations distribute water at a uniform flow rate defined according to the
pressure zone of a given location i.e. different areas have different distribution pressures
hence different flow rates but areas within the same pressure zone have same flow rates.
This system is able to detect a considerable fluctuation in the flow rate and sends an alert
message. The different forms of theft such as meter by-pass, meter reversals, meter
tampering, and illegal tapping have been dealt with. For the theft that does not affect flow
rate, the water supplied to the given service line will be metered such that no matter what a
customer does to the physical meter, the actual amount of water consumed will be
recorded. To attain this functionality, flow rate sensors have been interfaced with
microcontrollers, the central processing unit of the entire system. The GSM Module has
also been interfaced and is in charge of sending the alert message to the administrator’s
phone. The administrator therefore can follow up to the area where suspected theft is
taking place and investigations can start.



CONTENTS

DECLARATION ...ttt ettt nr e e e b e e e e nneesnneenneeas i
APPROWVAL ...ttt b et b e b e s bt e et et nne e enes ii
DEDICATION L.ttt sttt e e bt et e e b et e e nbeeanbeenneas \Y
ACKNOWLEDGEMENTS ...t v
TABLE OF FIGURES ... vi
LIST OF TABLES ...ttt sttt et Vil
LIST OF ACRONYMS ... oottt ettt sttt ettt ettt e viil
ABSRACT ettt b e b et e beenteeere e iX
CHAPTER ONE: INTRODUCTION .....ooiiiiiiiieie s 1
1.0 INErOUUCTION ...ttt 1
1.1 Background OF STUAY ........ccooiiiiiiiiiiieiee e 1
1.2 Problem STAtEMENT........ciiiiieeie et 3
1.3 ODJECLIVES ...ttt ettt ettt e et e et e e e e nreern e re e e 3
1.3.1 MaiN ODJECLIVE ......eeiiiee ettt be e ane s 3
1.3.2 SPECITIC ODJECHIVES. ....ecuiiiiiicieeie ettt ane s 3

1.3 Justification and SIGNITICANCE ...........cooiiiiiiiie s 3
L2 SCOP . ettt 4
1.4.1 TECHNICAl SCOPE ....vveiieee ettt b e e eane s 4
1.4.2 GeographiCal SCOPE........ccveiieiecie ittt be e ane s 4
1.4.3 THIME SCOPE....eeiitiieietieteeee ettt bbbt bbbt 4

1.5 Limitations and ASSUMPLIONS .........cceiiiiiiiieieiiesie ettt 4
CHAPTER TWO: LITERATURE REVIEW ......cooiiiiiii s 5
2.0 INEFOTAUCTION ...ttt bbbt 5
2.1 Concepts, Descriptions and DefinitioNns: .........cccovviiii i 5
2.1 1 PIPEA WALET ...ttt bbbttt bbbt 5

2. 1.2 FIOW RALE: ...ttt bbbt 5



2.1.3 WaAter MEter/FIOW IMBLET ...ttt e e e e e e e e e 6

2. 14 WaLEr TRETL ... 8
2.1.5 Water diStriDULION. .......coiiiiee e 8
2.2 EXISEING SYSTEIMS ...ttt sb ettt 13
2.2.1 MaIN MELEIING ..evveieeie et et e e s e et e enaesseesreeneesreeneeans 13
2.2.2 E-coder solid state absolute ENCOUET. ..........ccccereviirerieiiiniese s 13
2.2.3 Prepaid Metering SYSTEIM. .....cc.oiiiiiiiieieieee e 14
2.2.4 Physical Monitoring SYSIEM. ......ccuoiiiiiieieieresie et 15
2.3 The GSM based piped water theft detection SYSteM.........cccveveriierierieiiere s 16
2.3.1 Functionality of the developed SYStem ..........cccccveieiieii i 16
2.3.2 Strengths of the developed SYSIEM ........cccooviiiiiicic e 17
2.3.3 Technologies used in the developed SYStem ..........cocoovriveiencieneseeeees 17
CHAPTER THREE: METHODOLOGY ....cotiiiiiiiieiieetee et 18
3.0 INEFOTUCTION ...ttt et 18
3.1 Requirements ENCItAtiON..........c.coiiiiiiiie e 18
3.1.1 Data collection MEthOUS ..........c.cviiiiiiireeee e 18
3. 1.2 DAta ANAIYSIS ...t 19
3.2 SYSTEM DIBSIGN ...ttt bbbttt ne bbbttt 19
3.3 IMPIEMENTALION ...t re e 19
3.3.1 IMplementation tOOIS...........coviiiiieee e 19
CHAPTER FOUR: SYSTEM ANALYSIS AND DESIGN ......coooiiiiiiiiieie e 20
4.0 INTFOAUCTION ...ttt bbbttt b et bbb 20
4.1 SYSTEM ANBIYSIS ...ttt bbbt b e bbb 20
4.1.1 Functional Requirements ANalySiS........ccoveiiiiiieiiiiiie e 20
4.1.2 Non-Functional Requirements ANalYSIS ........ccceviviiieiie i 20
4.2 SYSTEIM DIBSIGN ...ttt bbbttt b bbbttt e 21
4.2.1 Hardware reqUITEIMENTS .........cuiiririeieieriesie sttt sttt 21

Xi



4.2.2 SOTtWAre FEQUITEIMENTS. ... eeiveeeeieeesieeie e ste e e eeesre e e e s e e e sae e e aesreesreeeesneenreas 21

G B o To | [ol I 1= [ SR SPSURSTR 22
4.2.4 Hardware (PhySiCal DESIGN)........ciieiiiiriieie e 22
CHAPTER FIVE: IMPLEMENTATION AND TESTING ......ccooiiiiiiiiec e 26
5.0 INEFOAUCTION ...ttt 26
5.1. Development PIatfOrmMS ........cvviiiiiie e 26
S5.LLTAFAUING 1.6.3...e e 26

0. L2 PIOTBUS ...ttt ettt b e 26

5.2 C0UB DBSIGN ...ttt ettt bbbt s ettt nb bbb n s 26
5.2.1 SampPle CoUE UESIGN ...veiveeieeieeiee ettt sre e re e 26

5.3 SYSEM OPEIALION........eoiviiiiiie ettt re e re et e e e sraesreeneesreenreens 31
5.4 SYSTEM TESTING . ...eeteteitirieeii ettt bbbttt ettt sb et e s 32
5.5 SYStEM VEITICALION ......oviiiiiiiiiiiee e 32
5.6 Validation of the SYSIEM ........coviiiice e e 32
5.8 SYStEM EVAIUGLION ......ocviiieiiiccie ettt 33
CHAPTER SIX: DISCUSSIONS AND RECOMMENDATIONS ..o 34
6.0 INEFOAUCTION.......cuieeteite ettt 34
6.1 SUMMANY OF WOTK ...ttt et 34
6.1.1 ChooSIiNG the PrOJECL........ccieieci et 34
6.1.2 Planning, executing and management of the project..........ccccccvevevieiiciecieneen, 34
6.1.3 DOCUMENTALION ...ttt bbb 35
6.1.4 Critical analysis /appraisal of the WOrk ............cccoooiiiiiiiiiiii 35

8.2 CRAIIENGES ...ttt 35
6.3 RECOMMENUALIONS. .....c.viiiiieieei ettt 36
6.4 Recommendations /Proposals for future WOork............cccoccvevieiiienie s 36
6.5 CONCIUSION ...ttt 36
REFERENGES ... .ottt ettt ettt srt e e nbe e st e e b e nnee e e 37

Xii



APPENDICES ..o 40

Appendix 1: Sample interview guiding qUESTIONS .........cccvevveiieiieie e 40
Appendix 2: EIECtrONIC CITCUITS ....oc.oiviiiiiiiiieiieieeee e 41
Appendix 3: Operation of the GSM based piped water theft Detection system.............. 41
Appendix 4: Code used on the Slave Microcontroller............ccoovvevviieiveve e 43
Appendix 5: Code used on the Master Microcontroller. ..........ccccoevveveiveveiiesieece e 46

Xiii



CHAPTER ONE: INTRODUCTION
1.0 Introduction
This chapter gives a brief introduction of the study of the GSM based piped water theft
detection system i.e.; background, problem statement, objectives, justification/ significance
and the scope of the study.

1.1 Background of Study

In urban areas, there is tremendous need of water and water distribution network plays an
important role in delivering water to individual families, offices, construction sites, etc.
For the efficient delivery of water is dependent on water flow rate, pressure of water and
purity of water but sometimes it is found that some individuals run motors to suck more
water from pipelines to drain point to serve their excessive need of water [1]. This in turn
disturbs steady flow of water which is meant to flow at a constant flow rate in town areas
[2][3][4] and due to that, other consumers in that particular area get affected because of
this misuse of water. This is just one of the ways in which people steal water. Other ways
include; meter bypass, Meter tampering, Meter reversals and vandalism [5].

A lecture given on February 20, 2015 at Brookings Mountain West Lecture Series, Vanda
Felbab-Brown explains that Water theft and smuggling are perpetrated by both the wealthy
and those who are chronically deprived of water, as she provides examples from
California, southern Europe, Nigeria, Kenya, the Middle East, and South Asia [6]. In many
parts of the world, elaborate smuggling of water with complex network chains and water
mafias has emerged. Smuggling modes vary and among others include the development of

illegal pipelines, and illegal truck deliveries.

Felbab-Brown further explains that, “For many reasons, the illegal use and delivery of
water are difficult to address [6]. Large-scale agriculture and industry often exercise great
influence over regulators and law enforcement. In slum areas, mostly unconnected to legal
pipelines, the suppression of illegal water distribution can sever access to water and hence
threaten the physical survival of the most marginalized and poor. Across the world,
citizens tend to be vehemently opposed to increased water pricing, yet without effective
regulation, appropriate pricing, and suppression of water crimes, the sustainability, long-

term viability, and inclusive and equitable use of water cannot easily be achieved [6].”



National Water and Sewerage Cooperation, (NWSC), a Public Utility Company,
completely owned by the Government of Uganda, established in 1972, with the mandate to
operate and provide water and sewerage services in the areas entrusted to it, on a sound
commercial and financially viable basis face a great challenge of water theft [5]. The
Managing Director of NWSC, Dr. Silver Mugisha stated that one of the biggest challenges
facing most water utilities in developing countries is the high level of Non-Revenue Water
(NRW) that includes both physical and commercial losses (mainly caused by illegal water
use and water theft) [7].

A statement by Vivien Newumbe the public relations officer Kampala Water in New
Vision on 15" September, 2015, says “the National Water and Sewerage Corporation
(NWSC) is facing a challenge of water theft and increased vandalism of its water
installations” [8]. She further explained that Majority of people especially those staying in
higher altitude areas are greatly affected. Bursting a water pipe or tapping water illegally
creates low pressure zones (the pressure and volume reduce). This leads to intermittent
water supply affecting the enjoyment of services by most times paying customers. lllegal
water connections are also a source of unsafe water. “When one bursts a water pipe there
is the risk of contamination as in most cases water is drawn from the ground using cups or
containers,” she said. In the same article, Agnes Kyotalengerire reports that the problem of
un-authorized water use cannot be under-estimated and its negative impact on the
operations of the corporation as a whole and Kampala water in general is obvious.
February 2012 data alone revealed that 20% of water produced is unaccounted for which

greatly affects the operations since this water is in reality lost or stolen revenue.

In this regard, Phiona Wall, the public relations officer NWSC observed that the company

incurs losses of about 30 to 35 % in uncollected revenue annually.

Despite attempts made by water supply and distribution companies to curb water theft
through use of various measures to detect water theft like identifying meter readings that
are lower than previous readings, low consumption based on knowledge of average water
consumption, refusal of access into a property for NWSC employees to inspect water
meter or water service; pro-active community-based illegal use reduction program through

the WALOPU (Water Loss Prevention Unit) where the corporation partnered with the



Police and community to fight illegal water use and reduce NRW, the situation has

remained alarming [5].

1.2 Problem Statement

National water and Sewerage Corporation has constantly recorded cases of water theft
such as illegal connections and reconnections, meter bypass, meter tampering, meter
reversals and vandalism. In spite of attempts such as use of police and penalties by
National Water to solve these problems, the problem of water theft has remained a big
challenge in the operation of NWSC due to lack of a dedicated system to solve this
problem. Therefore, the GSM based piped water theft detection system has been
implemented to detect water theft and alert the authorities via an SMS.

1.3 Objectives
1.3.1 Main Objective
To Design and Implement a piped water theft detection system that detects water theft and
alerts the authorities via an SMS.
1.3.2 Specific Objectives
I.  To review existing literature and identify the requirements for the design of the
GSM based piped water theft detection system.
ii. To design the metering, Flow rate monitoring and SMS sending modules and
integrate them to detect piped water theft.
iii.  To implement the designed system.

iv.  To test and validate the system.

1.3 Justification and Significance

Water theft does not only affect the operation of NWSC in Uganda but also affects the
quality and quantity of water supplied to individual families, offices, institutions and
construction sites. Often times, illegal connections causes contamination of water hence
increasing the risk of contracting water borne diseases by the consumers. The amount of
water also supplied will reduce due to diversions of water to unauthorized destinations and
the ultimate reduction of water flow rate hence far destinations may not be reached. This is
just one of the challenges imposed by one of the ways of water stealing. However, others
such as meter bypass, meter tampering, meter reversals and vandalism greatly affects

revenue collected from water. In addition to consumer challenges that may arise from



water theft, the operation of NWSC is compromised due to loss of revenue. The
government at the end is also affected as this water theft directly affects revenue. Proper
handling of these problems will help in solving the different challenges that may result as
mentioned above.

By the fact that water is a basic need of life, its quality and availability is very necessary in
the lives of all Ugandans. Hence proper regulation and monitoring of the water distribution

networks with the help of a dedicated system is very paramount.

1.4 Scope

1.4.1 Technical Scope

Using the identified requirements of this project, the system functionality was programmed
in Arduino 1.6.3. The system was implemented on a bread board then soldered on a Ferro-
board with all the physical components proposed. The system is limited to detecting theft
along the water distribution lines and alerting the authorities via an SMS.

1.4.2 Geographical Scope

The system has been designed to be used along the branched water distribution networks
in Uganda by NWSC. If further developed, it will be deployed at the individual families,
offices, institutions and construction sites.

1.4.3 Time Scope

The review of literature and existing systems, system design, implementation, and testing

and validation took five months from November 2015 to April 2016.

1.5 Limitations and Assumptions
1.5.1 Limitations

i.  This system is limited to piped water theft prevention.
ii.  The system does not differentiate between water theft and other losses that may
occur during water distribution such as leakages and pipe busts.
1.5.2 Assumption
i.  That water reservoirs are supplied with enough water to maintain the required

pressure in the given pressure zone.
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