IDENTIFICATION OF A METHODOLOGY FOR
REDUCTION OF NO RE N E WATER & IMPROVEMENT OF
PIPE BORNE WATER SERVICE IN

COLOMBO CITY

ByEn .SS.DE  AJA

A Dis ertation Submitted in Partial Ful i[lment
of the Requirement for the

Master of Science Degree in Environmental Engineering & Management

Research Work Supervised By

Prof. (Mrs.) N. Ratnayake

Department of Civil Engincering
University of Morata a
Moratu a
Sri Lanka

University of Moratuwa

95707

February 2010

95721



Abstract

Colombo City being located in the wet zone of Sri Lanka cannot be considered a
water-stressed area. However there is an ever-increasing demand for drinking water
supply, due to the increase in population and the rapid development of the area.
Colombo City receives 66 gd of treated water but the records could account for
revenue only 30 8 gd and 8 gd as free thus showing a gross Unaccounted For
Water (  FW) percentage of 42. Colombo City also recorded one of the highest
percentages of Non Revenue Water (54%) in the region mainly due to the
deteriorated distribution system and associated problems. Most of the pipelines in
the distribution system are encrusted and experience frequent leakages which
resulted in low pressure zones. This situation created consumer dissatisfaction and
development restriction in the city. In this thesis the author discusses the benefits of
NRW reduction the selection of appropriate methodology for water loss
management and shows how such benefits can be achieved by applying the
developed methodologies to a pilot area of the city.

The Author obtained knowledge of various methods by reviewing of case studies
and research papers from various countries seminars and donor agencies. An
analysis of the Colombo City Water Distribution System showed that 67.6% of pipes
comprised with more than 60 years old. encrusted CI pipes and the major factors
contributing to NRW are leakages, illegal consumption free water supply and
administration losses such as estimated bills water meter errors, human errors etc.

Under the pilot scale study, initially the main causes of NRW were identified and
more attention was paid to the most significant causes. After studying various
strategies “part to whole method was selected as more appropriate to reduce NRW
in the pilot area. Accordingly small areas or road stretches were isolated and causes
that create NRW were reduced. Implementation of this exercise to cover the entire
pilot area helped to reduce NRW by a considerable quantity.

In addition to the above pilot scale study further studies were made via A water
loss management concepts distribution management decentralization and integrated
water loss management concepts, economical water loss management with or
without smaller diameter deteriorated pipe replacement and improved hydraulics in
large pipes preventive maintenance of distribution system and finally target setting
for achievement of millennium development goals etc.

After implementation of this exercise on water loss management. it shows that fixing
of responsibility with proper directions and commitment interest with awareness of
all staff members top to bottom is importan to ensure positive results and to provide
reliable and customer satisfactory service.

The aim of the research was to develop appropriate method with strategic framework
for water loss management. The method adopted for water loss management is
different from country to country city to city and place to place depending on
factors such as the condition o infrastructur maintenance practices resource
availability and institutional frame work etc. The shor and long term strategies
developed for water loss management for Colombo City could be applied  similar
cities in developing countries.



Declaration

| certify that this dissertation does not incorporate without acknowledgement any
material previously submitted for Degree or Diploma in any university and to the best of
my knowledge and belief it does not contain any material previously published or
written or orally communicated by another person except where due reference is made in
the text.

7
Signature of the candidate

l'o the best of my knowledge the above particulars are correct
UOM Verified Signature

Prof. (Mrs.) N. Ratnayake




Acknowledgement

| am thankful to The University of Moratuwa for providing me with the training and
education required for my post graduate studies. 1 gained a valuable knowledge under a
devoted staft and access to facilities available at the University of Moratuwa. It has
provided me an insight to Environmental Engineering and Management. Further T use
this opportunity to convey my deepest thanks to Vice Chancellor. Prof. KM.AK.
Ranasinghe and Dean of the Faculty of Engineering. Prof A K.W. Jayawardane and
Head of the Department of Civil Engincering. Prof. W.P.S. Dias for providing me this
ereal opportunity to follow this course to obtain this achievement.

[ acknowledge my sincere gratitude to my mentor and research supervisor. Professor
(Mrs.) N. Ratnayake for her patient guidance. comments. regular encouragement and
faith in my ability throughout this study.

[ would like to thank Dr. J. Manathunge my course coordinator and Dr. Mahesh
Javaweera for their guidance for the research.

| would like thank all members of National Water Supply & Drainage Board for having
cuided me to develop my career. Further I would like to thank all Heads of Departments
of NWS&DB for having placed their trust and assigned me with a work load that
provided me with the opportunity to obtain a wealth of knowledge on Non Revenue
Water reduction in the Colombo water distribution system.

[ would like to thank officers of the NWSDB. Eng. A.V.P. Dhammika (Area Engineers
( olombo City South). Eng. Kumudu Wijegunawaradene (Senior Engineer -NRW) and
I ng. S. Sumnawcera (Assistant General Manager ~R&D) and the leaders of the two
tcams Mr. N.G. Ariyathilaka and Mr. M.S.C. Perera. who were involved in conducting
comprehensive water loss management studies in the pilot zone.

S.S. Devaraja



Contents

DL ATATION ettt ettt i
ACKNOWIBABEMENT ..ottt ii
LY o1 £ - ot TP T O OO P PP PP PP PUPUPRR iii
1 Chapter One: INErOAUCHION. ittt e et a e 1
1.1 BACKEIOUNG (e 1
1.2.  Previous Studies Done by the University of Moratuwa........c.cooccccviiiiiiii, 4
1.3, Problem [dentifiCation ..o e 5
1.4, ObJectives OF STUAY ..ot 5
1.5, Description Of STUAY AT€a .....iiiuiiie et et e e a e 6
1.5.1. Background of Colombo City Water SUpPIY @i 6
1.5.2. MW atEE SOUMCES .ot 6
1.5.3. Water Distribution in Colombo City....ocoiii e 7
1.5.4. Present SErvice STatUsS. ...t 7
2 Chapter Two: Theoretical Framework and Literature REeVIEW........cccceiieeiiiii i, 8
2.1, Water LOSS Management. e 8
2.1.1. Definition of NRW & UFW ..o i, 8
2.1.2. NRW in Developed COUNTIIES .ottt 10
2.1.3. NRW in Developing COUNTIIOS....oiiiriiieerr e iiiiies e es it e e e e st ee e, 10
2.2, CaUSES fOr Water LOSSES et 12
2.2.1. Apparent Losses (NON Physical LOSS@S)......cvviiiieiiiiieieiiiie e 13
2.2.2. Real LoSSeS (PhYSICAl LOSSES ) uiiiiiuiiiiiiiiiie ittt 13
2.3, Water Loss Reduction TeChNIQUES ..o 16
23.1. Water AUIT. oo e 16
232, . Meter ManNaBeMENT . ... it 17
2.3.2.1. M ELET SEIECTION .. ettt e 17
2.3.2.2. Meter INStAllation ..o 17
2.3.2.3. Meter Testing and MaintenNanCe .........civiiiiiiiiii e 17
2.3.2.4. Meter Replacement ..o i e 17
2.3.25. Type of Meter Usage in Water Distribution............ccceiviiiiiiciii e 18
2.3.2.5.1.  Production or Bulk Meter ... 18
2.3.3. District Meter Areas (DMAS) ( Zonal Metering)........ccovveivveiiiiiciiiieeee e, 19
2.3.4. Pressure Management. e 20
2.3.5. Leakage Monitoring and Controf Methods............cccccci 20
iv

.



Passive Leakage Control. .. 21

2351
2.3.5.2 Active Direct Leakage CONtrol ..o 21
2.3.6. Deteriorated Smaller Pipe Line Replacement............ccooceeeenen. e 22
2.3 Rehabilitation of Distribution Network.........oococriiiiiie 22
2.3.8 Part t0 WHO!e SYSTOIM .oiiiiiiiiiiiiiee e e 23
2.39 Asset Management and Ownership CoONCEPT ...oocviiiiii i 23
2.3.10. Incentive Based Management ... ieeee et 23
2.4.  Performance measures for water [oss and leakage.........cccooviieiiiciic 23
2.4.1. Measuring and Evaluating the Water Loss and Leakages.........cccoovviiiinninn 24
242 Current Annual Real Losses (CARL) ..vviiieeiiirie e, 24
243 Unavoidable Annual Real Losses (UARL)........ooiiiiviii e 25
244, Infrastructure Leakage INdex (IL1) .o 25
2.4.5 Theoretical Analysis of Water Leaks in Distribution System........................ 27
2.4.6. Quantification Of LeaKage .....ocvvieiiieii i 28
2.4.7. Benefits of Reduction of LEAKAEE cc.vvvvvviii i 29
2.4.8. Economical Analysis of Leak Repairs......ooceveiviiiiiiiiiiiiiiie e 29
2.5.  Present Developmentin NRW Management in the World ..., 30
2500 Water Loss Reduction Strategies ... ... 30
2.5.2 Water Loss Strategy Development ..o 30
253 Water LOSS INTErVENTIONS .ocvai et 31
2.6, A58 STUIES oottt e 33
2.6.1. Case Studies in Developed COUNTIIES .oocuviiiiiiiiiiiiccc e 34
2.6.1.1. Case Study in Geneva Water .. ..o, 34
2.6.1.2. South Africa EXPErICICE cviiiiiiiiieiiieies e 35
2.6.1.3. Water Supply System Budapest ... 36
2.6.1.4. Water Supply System VICINA ..o, 36
2.6.1.5. Case Study in SINEAPOIE ...ooiiiiiii e 37
2.6.2. Case Studies in Developing COUNTIIBS ...t e 38
2.6.2.1. Case Study in Sandakan. Sabah, Malaysia............co 38
2.6.2.2. Reducing Iéakage in Jakarta, Indonesia ... 40
2.6.2.3. Case Study in Manila Water in the Philippines ... 41
2.7. Typical Problems in NRW Management in Developing Countries.............ccccovvvennnn 44
v

-



3 Chapter Three: Research Methodology .....cccoiveiiiioiii 45

3.1, SEUAY @PPFOACK oo e 45
311 LItErature REVIEW . oooi i e 45
31.2 Estimation of Water Loss Using the Standard IWA Water Audit..................... 45
313 Calculation of Performance Indicators .....ccccviiiiiiiiii e, 45
314 Determination of the EL ... 45
3.1.5 Review of EXiSting NETWOTK .....ooviiiiii e 45
3.16 UFW Reduction Management... ..ot 46
3.1.7 Development of Short and Long Term Strategies for Colombo City ............. 46
3.1.8 Development of the Strategic Approach for Water Loss Management .......... 46

3.2, Method for Data AsSEMBIY ..o e 48
3.2.1. Type and Method of Data Collation.........ccoieiiiiiiiiii 48
3.2.2. DESKEOP STUBIES Lot 48
3.2.3. Role of Operational Staff ... 49
3.2.4. PIlOT SCAIE STUTIES .vvviiiiii ittt 49
3.2.5. Field ObSErvations ......oiviiiiiie e 49

3.3, Methods of Data ANalysiS i e e 50

4 Chapter four: Observation and Data Analysis.. ..., 51

4.1 Analysis of Colombo City Water Distribution System.........ccccoiiiiniii 51
41.1 Water Pipes and ACCESSOTIES «.uuiiiiieieiitiiiie ittt 51
4.1.2 SYSEEIM PrESSUIES .uiiieiiieiee e 54
4.1.3 Bulk and Domestic Water Management.......ccceiviireceioniiiin e 54
4.1.4 Statistics and Status of Domestic Meters . ... 56
4.1.4.1. The Main Problems Identified in Domestic Metering in Colombo City, .......... 58
4.1.4.2. Impact of Domestic Water Meterson NRW ... 59

4.2. Review of Activities for Sections Dealing with Water Loss Management ................... 59
4.2.1. Management Structure & Effectiveness ... 60
422, inputs of Information TEeChNOIOZY ...vvvveiiiiieie e 60

4.3. Performance Indicators for Colombo City Water SUpplY «oovvvviiiinic e, 61
4.3.1. Water Demand and SUPPIY ..oovveie it 61
432. NRW in Colombo City and Water Balance .....c.cccooviviiciiniiiiii 64
4.3.3. UNavoidable REal LOSSES ..uiviiriiei e 67
4.3.4. Economic Level of Leakage (ELL). ..o, 70
4.3.5. Colombo City Revenue ANalysiS. ..o 71

vi
.



4.3.6. Activities to Maintain Leakage‘ at Different Levels in Colombo City............... 73
4.4.  Major Factors Contributing to NRW in Colombo City......ccoooiviiiiiiiiiniiiee, 78
4.4.1. High AmMount of Leakage .......ooooiiiiiriiii i 79
4.4.1.1. Age of the Distribution SYSteM ...t 79
4.4.1.2. Scraping Without LININg ... 79
4.4.1.3. Unnecessary PIPelNeS ... 80
4.4.1.4. BUNAIE SEIVICE PIPES 1ouiiiiiiiiii i 80
4.4.1.5. Active Leak Detection Programme ... 80
4.4.1.6. Absence of Preventive Maintenance Programme .......oco.ooocoiviviiiiiie e, 80
4.4.2. lllegal Connections and Water Theft ..o, 80
4.4.3, Free Water SUPPIY ..o e e 82
4.4.3.1. Tenement Garden CoONSUMPTION ..ovieieiiiiiii e 82
4.4.3.2. FIrE DEMANG .eeiiiiiiii et 84
4.4.3.3. BOW ST SUPPIY ottt e 84
444, AdMINISTrAtIVE EITOIS ottt 85
44.4.1. EStimated BillS.. ... 85
4.4.4.2. MetegErrors LNINCTSILY. QL MOTATUWA,. STL.LANKA. ..o 85
4443, Meter Readers” Malpractices and Data Entry Errors ..., 85
4.5, POt SCAlE STUIES 1viiiii e 85
4.5.1. Analysis of Distribution SYSTEM ..o 86
4.5.2. NRW in Pilot Zone and Water Balance ... 87
4.5.3. Unavoidable Real LOSSES ..viiiiiiieiiie e 88
4.5.4. Leakage CoNTrOl .. e 89
4.5.5. Reduce Free Water SUPPIY ..o e 92
4.5.6. Reduce IHlegal ConsUMPTIONS ..t 92
4.5.7. Reduce Administration LOSSES ..uuii i 93
4.5.8. Results of PHOt STUAIES ..o 94
4.58.1. Result of House to HOUSE SUMVEY ......eveiriiiieeiiiece e 94
4.5.8.2. Impact of Pilot Scale StUdY ... 94
4.5.83. Analysis of Billed QUaNTItY ... 95
4.5.8.4. Analysis of Consumer Complaints.....coooviiiiiiiii e, 96
4.5.8.4. Pressure Distribution Over Pilot Area ... 100
4.6.  Strategy Formulation for Water Loss Management ..........ccccccocieiiiiiiiiieeee 100
4.6.1. SROTt TEIM SErat@BY . et 100
vii
.



4.6.1.1. Management REAMaANEES. ..o i it 101

4.6.1.2. Water Audit. ..o s 104
4.6.1.3. Continue and Intensify House to House Survey and Leak Detection

P r OB AIMIIMIES ..ot e 104
4.6.1.4, Meter Reader ROtation ........ccceiiiieiiinni e ORI RPRRRRO 105
46.1.5. Improve Repair Techniques, Materials and Workmanship ........cccooeocnn. 105

4.6.1.6. Re-train Staff in Improved and Latest Methods of Water Loss Management106

46.1.7. Assess and Manage AppParent LOSSES ..ot 106
46.2. Long Term Strategy for Colombo City.....c...ooooiiiiii e, 107
4.6.2.1. Smaller diameter Pipe replacement ............. IR USUR e, 108
4.6.2.2. Hydraulic Characteristic Improvements in Large Diameter Pipes................. 108
46.2.3. Water Meter Management .. 108
4.6.2.4. Establishment of DIMAS. ...ttt e 109
4.6.2.5. Leakage Management and Control........co.oooevin, OO 109

4.7.  Challenges Faced During Implementing of New Strategy ...........cccocovviiniiiiinn, 110
4.8. Achievement of the Millennium Development Goals (MDGS) ...........ccoociiiiieeiiecnnn. 112
3. Chapter Five : Conclusion and recommendations .........oeeer it 113
5.1.  Conclusigigsz@l ... Elontronie- Theges & Thegertats YN Qe ermeeeremameenes e 113
5.2, RecomMMEeNd@ations ... e BRSO 114
6. Chapter SiX i ReferenCes .o SRR 116

List of Figures

Figure 1-1: Total Global Saltwater & Freshwater Estimates ... 1
Figure 1-2: Water Stress Indicator ..o 2
Figure 1-3: Safe drinking Water Coverage 20006 ... 2
Figure 1-4: Problems with Conventional Water Distribution Management.................... 3
Figure 1-5: Characteristics of Sustainable Active Water Distribution Management........ 4
Figure 1-6 1 Map of Colombo CItY ..o 6
Figure 1-7: Key Map of Water Intake and Storage Reservolirs.....o..oooviviiicninivnns 6
Figure 1-8: Water Treatment Plants feed to Colombo City ..o, 7
Fieure 1-9: Status of smaller diameter pipes in Colombo distribution systen................ 7
Figure 2-1: Means of Water Losses in Water Distribution Processes ..o 8
Figure 2-2: Features of Poor Water Loss Management Scheme.............ooin 9
Figure 2-3: Mean NRW in Some CitieS I ASIA w.oveviicieiiiiiiin e 11

viii

-



Figure 2-4: Mean UI'W in Large Cities in Developing COUNLITCS .o 12
Figure 2-5: WA Standard International Water Audit ... 16
Figure 2-6: Economics of Meter EXChanges ..o 18
Figure 2-7: Water Saving due to Pressure Management. ..o 20

Figure 2-8 : Relationship between pressure and leakage rate for different "N values...28

Figure 2-9 ;. Relationship between UARL and ELL ..o 29
Figure 2-10: Water 0SS mManagement PrOCCSS .o reioerrioeaieie e eiieeeeeieneeeeneeeneeen e 3 |
Figure 2-11 : Four basic methods of managing real 10Sses ... 32
Figure 0-1: Four basic methods of managing apparent losses...............oo0.33
Figure 2-13 ITWA’s water balance results for Geneva — Year 2004 ... 34
Figure 2-14 : Evaluation of the Non Revenue Water ( % of Production ) ..................35
Figure 2-15 : Deteriorated Pipe Rehabilitation with Inner Liner......... 36
Figure 2-16 : NRW reduction in Sandakan..........cooi 39
Figure 2-17 1 Variation in leakage level over time ..o, 41
Figure 3-1 : Flow Chart of Research Methodology ... 47
Fieure 4-1 : Pipe Material Composition by Percentage ..., 33
Figure 4-2 : Leaking Cast Iron pipe and Scaled Cast [ron pipe.......oocoiiiiviniini 33
Figure 4-3: % of Revenue in Colombo City in Each Category of Consumption.............55
Figure 4-4 1 % of Connections in Colombo City in Each Category.......coooooin, 56
Figure 4-5 : % No of Connections Vs % of Income in Each Category ...l 56
Fieure 4-6 : Reducing of Estimated Bill and Defective Meter Percentages ... 57
Figure 4-7 @ Meter to Withstand ATl ..o 57
Figure 4-8 : Water Meter Blocked Incidents due to Sand and Solvent Cement............. 58
Figure 4-9 : Non Revenue Water in Colombo City from 2000 to 2008 ... 65
Figure 4-10 : Composition of Non Revenue Water in Colombo City oo, 65
Figure 4-11 1 Water Balance Colombo City in Year 2008, 606
Ficure 4-12 : Relationship between 1.1 Vs Distribution Pressure Variation................... 68
Figure 4-13: L1 result for 22 systems from England and Wales............cooco 69
Figure 4-14 : ILI results for 20 systems from the USA and Canada...................... 70
Figure 4-15 @ ILI results for 27 Systems from South Africa..........n. 70

Figure 4-16 : Ecumenical Analysis of Leakage Control in Colombo City without Pipe
REPIACEINCIIT L.t 75
Figure 4-17 : iconomical Analysis of Leakage Control in Colombo City with Pipe

REPIACCIMCIIT oo 78



Figure 4-18 : Scaled Pipe in Colombo Clly oo 79

Figure 4-19 : Bundle pipes in Colombo Clty .o 80
Figure 4-20 : I-conomical analysis of illegal detection in Colombo City ..coooveviiiinne. 82
Figure 4-21 : Tenement Garden demarcated Colombo city map ..o 82

Iigure 4-22 : [lustrates Low living standards and Water wastage Hygienic Problems in

Colombo City Tenement 2ardCnS. ...t 83
Figure 4-23 : Temporary Collecting pits in Tenement Garden due to low pressure....... 83
Figure 4-24 : Pipe material type by percentage ... 80
Figure 4-25 : Progress of NRW reduction in Colombo City pilot zone........coooeeieii 87
Figure 4-26 Culvert Crossing Leak Investigation in two roads ..o 90
Figure 4-27 1 Results of Step TeSUNEZ. oot 92
Figure 4-28 : llegal Water Meter Tampering...cooovvvviiiiiiioii it 93
Figure 4-29 : Behaviors of Billed quantity in four areas in Colombo city ..o 95
Figure 4-30 : Water Leak Complaints in Colombo City ..o 96
Figure 4-31 : Comparison of Arca that Failed in Colombo ¢ity ..o 97
Figure 4-32 @ Analysis ot Reported Low Pressure in Colombo City ..o, 98
Figure 4-33 @ Reported No Water Complaints ... 99
Figure 0-2 : Early Management System in Colombo City Water Distribution........... 101
Figure 4-35 @ Proposed Colombo City Distribution Management System ... 103
Fieure 0-3 : Propose Meter Reader Rotation in Colombo City Water Distribution...... 105
List of Tables
Table 2-1 : Relationship Between Leakages and Average System Pressures & 1L1 in
Developed and Developing COUNTITES «..oviiiiiiiiieiiceie e 26
Table 2-2 : Improvement in 2006 Compared with 1993 in Cambodia ... 43
Table 4-1 : Pipe Ages of Transmission and Distribution Mains in Colombo City..........52
Table 4-2 : Pipe Line Composition ot Colombo City Distribution System.....................52
Table 4-3 : System Pressures in Four Areas of Colombo City ..o, 54
Table 4-4 : Impact of Average Monthly Consumption with Income Generation in
Different Cate@ories OF CONSUIMECTS ouviiiiiiiiieieie ettt e st eee O
Table 4-5 1 % of Estimated Bills and Defective Meters in Colombo City ..o, 57
Table 4-6 : Analysis of Water Meter Performance in Pilot Studies in Wellawatta ......... 59
Table 4-7 : Collection Ratios 2004 t0 2008 .....oeiiiiiii e, 60
X



Table 4-8 : Performance Indicators for the Colombo City Water Distribution System .61
Table 4-9 : Summary of Tenement Garden Details in Colombo City .o 62
Table 4-10 : Summary of Pilot Scale Study to Analysis Common Outlet Consumption

I COTOMBO T 0 IS et 63

Table 0-1 : Summary of Pilot Scale Study for Analysis of Common Outlet Consumption

N COlombO Caty 04
Table 4-12 : Non Revenue Water in Colombo City from 2000 to 2008 ... 64
Table 4-13 : Presents Summarizes ot System Data and Presents the UARL. CARL and

ILT 0 COTOMBO CIEY . ittt 67
Table 4-14 : Analysis of Western Central Region. Revenue Vs consumption................ 72

Table 4-15 : Activitics to Maintain Leakage at Difterent Levels in Colombo City with

Active Leak Reduction Programinie ..ot 74
Table 4-16 : Capital Investment Needs for the Ditferent Levels of Leakage Control..... 74

Table 4-17 : Loan Installment for Capital Investment for the Different Levels of

FCARAZE CONITOL oottt 75
Table 4-18 : Active Leak Detection with Pipe Replacement ..., 76
1able 4-19 1 Capital Investment Needs for the Different Levels of Leakage Control.....77
Table 4-20 : Leakages and Frequency of Pipe Bursts per Kilometer oo 79
Table 4-21 : Economical Analysis of Last Five Years llegal Detection....o.oooo 81
Table 4-22 @ Present Status of Common OUetS ..o, 83
Table 4-23 : Progress of Connections Provided to Tenement Gardens ... 84
Table 4-24 : Length and % of Pipe Composition in Pilot Project. .o 86
Table 4-25 : NRW Vartation in PHOt ATCA c..ooovviiiii, 87
Table 4-26 : Hlustrated in the Components of the Water balance in pilot zone............... 88
Table 4-26 b : Presents Summary of System Data ... 89
Table 4-27 : Sequence of Valve Closed in Step testing in Pamankada Road .................. 91
Table 4-28 : Result of House to House SUurvey ..o, 94
Table 4-29 : Analvsis of Quantity of Billed in 4 Areas in Colombo City ...ccooveiiinnnne. 95
Table 4-30 : Water Leaks COMPLAINTS tvvviiiiiiiie e 96
Table 4-31 : No of Area Failed Reported ..o, 97
Table 4-32 : No of Reported Low Pressures in Colombo City during year 2009............ 98
Table 4-33 : Reported No Water COmplaints oo 99

xi

.



List of Annexes

Annex |
Annex I1
Annex 1
Annex IV
Annex V
Annex VI
Annex VII
Annex VIII
Annex [X
Annex X
Annex XI
Annex X1
Annex X111
Annex XIV
Annex XV
Annex XVI

: Pressure Measurement on 20.11

: Proposed Restructure for Management of Colombo City

: New Tarift Structure of NWS&DB

: Format of House to House Survey

: Pilot Arca Key Map

: Pressure Measurement on 03.02.2010 at Havelock Bridge

: Pressure Measurement on 03.02.2010 at Pamankada Bridge
: Pressure Measurement on (03.02.2010 at Kirulapana Bridge
. Pressure Measurement on 10.12.2009 at Anula Road

: Pressure Measurement on 10.12..2009 at 191/4 Galle Road
: Pressure Measurement on 10.12.2009 at Gregory Place

: Pressure Measurement on 20.11.2009 at Hames Avenue

2009 at 506. Galle Road

: Pressure Measurement on 20.11.2009 at W.A. Silwa Road
- Pressure Measurement on 20.11.2009 at Hamdan Lane

: Pressure Measurement on 20.11.2009 at Arthusa Road

Annex XVII : Pressurc Measurement on 29.10.2009 at Kirulapana Bridge

Annex XVIII :

: Pressure Measurement on 26.03.2008 at 191/4. Galle Road

Annex XIX
Annex XX
Annex XXI

Annex XXII:

Pressure Measurement on 04.04.2009 at Mavura Place

: Pressure Measurement on 26.03.2008 at Havelock Bridge

: Pressure Measurement on 26.03.2008 at Pamankada Bridge

Pressure Measurement on 26.03.2008 at W. A. Sitva Mawatha

Annex XXIII : Pressure Measurement on 26.03.2008 at Gregory Place

Annex XXIV : Pressure Measurement on 26.03.2008 at Anula Road

Abbreviations

AL - Area Engineer

AWWA - American Water Works Association
BS - British Standards

CARL - Current Annual Real Losses

ccC - Colombo City

ClI - Cast [ron

: Pressure Measurement on 06.11.2009 - 09.11.2009 at Pamankada Bridge

Xii



CMC
aY
DMA
EAA
ELI
GIS
HDPIL:
IBNLT
[L1]
WA
HCA
km
I/sec
m’
MDGs
mgd
MIS
Mm®
MNI
NNIE
NRW
NWS&DB
OIC
oPD
PVC
SLS
SV
TG
UARL
UFW
UN
UNESCO
UNICEF
WHO

- Colombo Municipal Council

- Circulation Valve

- District Metering Arca

- Engineering Assistants

- Economical Leak Index

- Global Information System

- High Density Poly Ethylene
-International Benchmarking Network
- Infrastructure Leak Index

- International Water Association

- Japan International Cooperation Agency
- Kilo meters

- Liters / second

- Cubic Meter

- Millennium Development Goals

- Million Gallon per Day

- Management Information System

- Million Meter Cubes

- Minimum Night Flow

- Net Night Flow

- Non Revenue Water

- National Water Supply & Drainage Board
- Officer In Charge

- Operation and Development

- Poly Vinyl chloride

- Sri Lankan Standards

- Sluice Valve

- Tenement Garden

- Unavoidable Annual Real Losses

- Unaccounted For Water

- United Nation

- United Nations Educational. Scientific and Cultural Organization
- United Nations Children's Fund

- World Health Organization

Xiil



University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www.lib.mrt.ac.1k




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www.lib.mrt.ac.1k




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www.lib.mrt.ac.1k




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www.lib.mrt.ac.1k




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www.lib.mrt.ac.1k




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www.lib.mrt.ac.1k




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www.lib.mrt.ac.1k




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www._lib.mrt.ac.lk




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www._lib.mrt.ac.lk




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www._lib.mrt.ac.lk




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www._lib.mrt.ac.lk




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www._lib.mrt.ac.lk




22.1. Apparent Losses (Non Physical Losses)

This is not really wastage or losing of water. but is recorded as NRW because it does not
bring any revenue to the water authority. Components of Apparent Losses are:

2.2.1.1. lllegal connections and usage such as

« Unauthorized individual connections
« Meter by passes
« Disconnected and illegally reconnected premises !

+ Unbilled consumption

2.2.1.2. Administrative errors, that could be attributed to

« Estimated readings
o Defective meters and meter errors
« Un metered connections

+ Deficiencies in meter reading and computerized billing system

2.2.1.3. Legitimate Free water supply

This consists of Tenement Garden supplies. Fire demands. Service
requirements, Bowser supply. emergency temporally supply etc. Tenement
Gardens in Colombo City are getting 11% of water quantity free of charge per
day (approximately 8mgd). (This amount has been assessed based on a pilot
study done by NRW section of NWS&DB with Norwegian Consultants - 2002)

Due to the social problems it is very ditticult to reduce this quantity of water to
convert into the billing system by providing individual connections. Some such
social problems are.

« No proper drainage systems in the Tenement Gardens

. Lack ot space to obtain individual water facilities

« Low pressure in the area to provide new connections

« Common Sanitary facilities

« Objections of community

2.2.2. Real Losses (Physical Losses)

This is the water that 1s physically lost after production, in the water distribution
process between the treatment plant and the end user, without being used in the
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distribution system. Real losses may be attributed to causes such as.

+ Treatment losses

+ Leakage and overflows from reservoirs

+ Leakage from transmission mains and distribution systems (Pipe network)

+ Leakages from consumer connections and service lines. before the consumer

meter

2.2.2.1. Treatment Losses

2.2.2.2.

2223

Treatment losses could be minimized. but cannot be eliminated as it needs for
process of the Treatment Plant. However this water could be re-circulated to
minimize intake pumping. Water losses occur mainly due to treatment process
requirement such as filter back washing etc.

Leakage of Overflows from Reservoir

In a small water supply scheme this is the main contributory factor for the UFW.
This can be completely controlled by fixing ball float valve. Nowadays many
aviomatic electronic apparatus are developed to control overflows.

Leaks in Pipe Network

This is the main contributory factor for the NRW and UFW in most of the water
supply schemes. This also cannot be completely eliminated but it is possible to
minimize to a certain extent. Leaks will occur due to the following:

« Age of the distribution net work

« Soil condition

. Pipe material

« Quality of water

« Overflows and wastage of water in multi storied flats

« Increasing leakage due to frequent scraping of smaller diameter CI[ lines

. Inadequate cover to pipeline

« Inactive CI lines in the distribution system

+ Heave moving loads

In addition to the above water leakage in pipe network will be further depend on

« Lack of preventive and corrective maintenance
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2.2.2.3.1.

2.2.2.3.3.

Speed of leaks repairs

Availability of maps. reliability of details and process of updating
Availability of leak repair materials and related resources.
Quality of material used and workmanship

Standards of design

Status of distribution valves

Leakages in Transmission System

Transmission mains generally consist of 2 — 3% of volume water leakage
mainly from sluice valve gland and pipe joints. This kind of losses could be
climinated by implementing of proper preventive maintenance programme.

. Leakages in Distribution System

Leakage from distribution systems is frequently found to be the single largest
component of NRW. Factors contributing to this are as follows:

. Extensive network of small diameter pipes with unnecessary pipe lines

«  Large number of pipe joints

«  Numerous house connections. bundle pipes and ferrules

. Inadequate ground cover given to house connections

. Less attention paid to system design. materials. installation & inspection
. Missing of preventive maintenance of valves and fittings etc

«  Usual pipe burst / Leaks due to vehicle loading

«  Pipe damages due to development work

Leakage from Service Lines

. Wastage in consumer premises due to lack of maintenance. e.g. dripping
taps. overflowing tanks and toilet cisterns, etc
«  Poor workmanship at ferule connections

«  Poor quality materials



2.3. Water Loss Reduction Techniques
2.3.1. Water Audit

To have a better understanding of the water loss in a water supply arca. 1t is essential to
carry out basic assessment. IWA (A.O Lambert 2005) has developed a chart showing
how the quantity of water flows into and out of distribution system. which is widely
used in audit. Analyzing the data. gives a clear representation about water losses in the
svstem as detailed in figure 2-5 below.

Svslem Authorized Billed Billed metered | Revenue
- Input consumption | Authorized consumption (Including | Water
Volume Consumption | exported water)

(corrected Billed Unmetered

for known | Consumption

CIrors) Unbilled Unbilled Metered | Non
| Authorized Consumption Revenue

Consumption | Unbilled Unmetered | Water
Consumption (NRW)
Water loss Apparent Unauthorized
Losses Consumption
| Customer meter
inaccuracies
Real Losses Leakage on
transmission and /or
distribution mains
Leakage over flows
Leakage on service
connections up to point
- of customer metering

Figure 2-3: IWA Standard International Water Audit (balance and terminology) (A.O.
Lambert 2005)

The concept of the water audit is to account or balance all the water which is brought
into the distribution system and subsequently consumer usage or loss. The water audit
informs how much of each type of water loss occurs and how much it is accounted to the
water utility. The key concept around this method is that no water is “unaccounted for™.
All water supplied is accounted for in the components listed by using either measured or
estimated quantities. A quantity and cost is placed on each component in order to assess
its financial impact to the water utility (AWWA 2000).

Under the context of the drinking water scarcity, a water audit is an important step
towards maximum utilization of water for the benetits of people. It is linked with key
arcas such as a leak detection plan or any other corrective plans which can save the
utility a significant amount of money and time.
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2.3.2. Meter Management

Proper meter management is one of the important aspects for prevention of water losses
in the management of water supply scheme. as the entire exercise is depended on the
accuracy of meters. Every water meter type has its own characteristics and limitations
according to the manufactures specifications such as low tlow limits. upper flow limits.
life time. accuracy and water quality etc.

Meters not only provide information on water usage but also help to determine potential
losses in the system. Water usage as recorded through meters is the basis for water user
charges. the main revenue of the utility. Basically a meter management programme will
cover four main aspects. These are outlined below:

2.3.2.1. Meter Selection

The selection of water meter is a very important activity when concerning of water
audit. It purely depends on capacity and requirement of utility organization because high
accuracv meters are costly. The meter must accommodate the expected range of flows.
and the lowest anticipated flow should tit within the normal accuracy of the meter. The
meorrect matching of a particular water meter performance with the demand
characteristics of a consumer can result in the loss of revenue to a water utility.

2.3.2.2. Meter Installation

Installation of meter should be according to the manufacturers™ specification otherwise
L to the turbulent flow it will give incorrect result which leads to loss of revenue to
utilitv o-ganization. Different installation procedures are required for different meters. It
must be ensured that straight pipe lengths. suitability for vertical. horizontal and inclined
installations and meter head or error installation requirements are adhered too. Seals
should be installed on the meter to reduce tampering and legal action should be taken
when tampering does occur. The meter should be casily accessible for service,
inspection. and reading even if meter reading is via remote sensing equipment.

2.3.2.3. Meter Testing and Maintenance

Residential meters should be checked. and calibrated as required every five to ten years
depending on the lifetime. Priority should be those with high or abnormally low
readings. Testing and maintenance of the meters will depend on the quality and quantity
of the water distributed. If adverse conditions, such as high minerals or large flows are
encountered. meters will require more frequent attention.

2.3.2.4. Meter Replacement

Meter replacement should be carried out when the cumulative revenue lost due to meter
inaccuracy exceeds the amount it costs to replace the meter. Cumulative revenue loss
depends on change in accuracy over the service life of a meter. Factors such as water
quality and specific meter characteristics contribute to the degradation and loss of
accuracy of the water meter over time in service.
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Figure 2.6 explains the relationship between potential losses of revenue with the cost to
replace the water meter. The amount where cost and value of lost revenue are equivalent

indicates the optimum point for meter replacemnent.

cost of meter renewal per annum

potential loss of revenue per annum

Cost to undertaking

(o) B
~

0 1 2 3 4 5
Years between meter exchanges

Figure 2-6: Economics of Meter Exchanges (Source: Coe. 1978)

2.3.2.5. Type of Meter Usage in Water Distribution

There are two types of meters use in the water distribution systems namely production or
bulk meters and consumer meters.

2.3.2.5.1. Production or Bulk Meter

Accuracy of bulk meters is very important to verify actual quantity of water flow into
the distribution systems. For precise water loss calculation it needs to tix high accurate
production meters which give information on production capacities. quantity of water
losses. acceptable revenue and requirement of periodical rehabilitation with the
improvements.

Production and bulk meters can be checked-calibrated by temporarily installing a
recently calibrated check meter adjacent to the permanently installed production meter
on each major production main. Insertions meter (a clamp-on ultrasonic meter or
electromagnetic meter) can be used for this task with minimal site work and without
interrupting the flow in the pipeline. An alternative approach that is effective where the
metered production main delivers water directly to the service reservoir supplying the
distribution system. is to measure the rate of filling of the reservoir over a specified time
period with all reservoir outlet valves closed and checked for water-tight closure. Before
undertaking the test. the water tightness of reservoir has to be checked to obtain accurate
results. However checking of accuracy of bulk meter is important and this process has to
be repeated once in two years to take remedial actions accordingly if error exists.
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2.3.2.5.2 Consumer Meter '

Consumer meters are used to determine consumer consumption for the preparation of
bills. Their sizes are generally 15mm or 20mm. however there are usually large numbers
of them in the distribution system. Major deficiencies of domestic meters include under-
record consumption at low flows. Nowadays high accuracy low flow readable meters are
developed but they are very expensive compared to the normal meters.

Common causes of meter detects are, it become defective within short period or meter
tampering. may break from excessive network pressure, air flow. silt. sand and due to
high turbidity. Meters may under-register consumption if water pressure is unusually
low or over-register because of air. Meter defects are a major cause ot apparent losses.

2.3.3.  District Meter Areas (DMAs) ( Zonal Metering)

In order to study the water losses in a distribution system. the distribution area is initially
divided into isolated zones or DMAs and suitable logging facilitated Bulk meters are
fixed to compare flow into the system and billed quantities. In this system it is essential
to ensure that all flows pass through tflow meters located at the zonal boundary in order
(0 obtain accurate zonal data. This may possibly require the closure of some boundary
valves 10 isolate each DMA and minimize meter requirements.

In this process by fixing logger. it is very ecasy to identify zonal behaviours and
characterictics such as flows into a zone, Minimum Night Flow (MNF), peak hour
consumptiori, daily inflow fluctuation etc. By analyzing MNF. it could estimate the
lew ace quantity of the zone. Where unusual MNFE exists DMA is turther divided into
sub di isions by installing waste meters or section valves to facilitate step testing which
is the next step to identify heavy leak areas. Leak locating and repair activities are then
performed in the area to reduce MNF. Further district and waste metering options were
combined the policy is referred to as combined metering.

DMA meters are monitored at regular intervals; the flows measured are being used to
determine consumption patterns and levels. as well as to quantity leakage and wastage.
If unexplainable. increases in supply occur. further investigations to locate any leaks
should be undertaken. Such investigations could be possible with sounding technique or
entail step testing at night (where leakage is the major flow component) whereby flows
into the zone or sub-zones are monitored by the DMA meter while successively closing
valves to progressively reduce the area served through the meter. Sections of the pipe
network showing unusually high consumptions can then be identified for detailed
inspection by specialized leak detection teams using equipment such as electronic leak
detectors or leak noise correlators etc.. to systematically survey the zone to locate leaks.

The eftectiveness ot DMA mainly depends according to the size of the zone. Smaller
zones have a higher initial capital cost and higher operating costs. but will permit
identification of smaller leaks and will maintain leakage at lower overall levels.
Determination of the size of DMA zones is of crucial importance. In extensive zonal
metering systems, zones. 1500 - 5000 properties may be used depending on nature of
work and availability of resources.
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In passive policy only reported leaks will be repaired and a planned programme is not
implemented for control leakages. For active policy there are three different methods of
leakage control practice, which exist to suit local conditions.

Two active methods are direct detection of leakage and pressure control which is widely
used in developed countries as explain in 2.3.4. Each method requires a different level of
staff input. resources and equipment. Consequently each method has a different cost
associated with it. However, each method will also maintain leakage at a different level
and depending upon the costs of supplying water and the characteristics of the system.
different leakage control policies will be appropriate in different situations.

2.3.5.1. Passive Leakage Control

This gives least effort as no attempt is made to detect leaks. and generally repairs are
only done on leaks which are reported as a result of either water flowing on the ground
surface or of consumer complaints. This method of leakage control will normally only
be cost-effective in areas where water is freely available and require less treatment.

2.3.5.2. Active Direct Leakage Control

There is no single method which is appropriate everywhere to control leaks in the
distribution system. The selection of the most appropriate method or several methods is
taken into account to suit the local circumstances of the system under consideration.
However. the benefits of leakage control are mainly socioeconomic. Therefore. the
factors to consider are primarily the level of leakage within the system and hence the
+ost of that leakage. and the cost and effectiveness of each of the methods of control.

Active Leakage Direct Control Methods
* Routine or Regular Sounding

In this method of control. leaks are located by deploying teams of technically sound
personnel who systematically work their way around the system sounding all meters,
stopcocks. hyvdrants, valves., and other convenient water fittings. listening for the
characteristic noise of leaking water.

By using this method even small underground invisible leaks can be detected quickly by
well trained inspection staff. To effectively undertake a program of regular sounding. a
large number of trained staff is required. Suitable trained and experienced individuals
are often not available to start such a program as sounding expertise can only be
acquired gradually with extensive practical experience and also sounding process is
limited to silent environment because instruments will detect water flowing noise. Hence
in the field it can be executed during night where no vehicle movement exists. Presently
Japanese companies have been developing such instruments where it is possible to
detect leaks in day time environment too.

« Step Testing

This is the most effective system which could be implemented to identify leaks in the
distribution system. This method is used to identity heavy leakage areas and pin point
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leaks through detectors or by visual inspection during night. Isolation DMA or waste
district. section valves and boundary valves are installed to isolate small sections of pipe
lines. The flow is recorded after closing the boundary valves during MNF condition.
Subsequently the night flow of the respective section is obtained by closing the section
valves one by one with reasonable time interval and records the time and tlow reading at
the bulk flow meter to calculate flow reduction. This will give an idea about night tflow
at the particular section and level of leakage.

2.3.6. Deteriorated Smaller Pipe Line Replacement

Replacement of deteriorated smaller diameter pipes in distribution system is one of the
service improvement methods where repairs are not economically viable. Scaling and
hardlv seen lining is another deficiency in the distribution network. Most of the ferrule
connection leaks (dripping) exist in these lines due to frequent scraping to reduce low
pressures in the system. It is possible to identify pipe replacement areas within low
pressure zones too. These areas are critical and needs urgent rehabilitation to improve
water tacilities.

Most of the house connections in distribution system are provided from smaller diameter
ripes. Therefore with smaller diameter pipe replacement can be eliminated leaks. illegal
tapping and low pressure zones. Direct benefits are reduced NRW. save water and
increase water connection capacity, increase revenue, reduce maintenance cost. improve
hvgienic condition of the people. reduce road damages due to less water leak and
improvement of development due to improved water supply. Presently in most of the
developing countries deteriorated pipes are replaced with High Density Polyethylene
Pip:  (JIDPE) to reduce water losses. Cambodia. India. Malaysia use this strategy to
reduce water losses. After replacing smaller diameter pipes, it Is necessary to implement
an active leakage control policy to sustain the system.

2.3.7. Rehabilitation of Distribution Network

Network rehabilitation. became fashionable during the last two decades as a solution tor
increasing leakage levels in most parts of the world. Mainly it was understood as capital
expenditure intensive replacement of distribution mains. There are two types of
rehabilitation in distribution systems: namely, pipe replacement and relining with
suitable material. depending on available technology and funds. Normally. pipe
replacement is suitable tor smaller diameter pipes with house connections because of the
high cost to provide uninterrupted service. Further it eliminates service leaks. unmetered
connections and illegal connections too. Relining is suitable for large diameter pipes
without house connections. depending on outer core condition.

Unfortunately. replacement of assets is always the most expensive exercise. Thus
options have to be studied how limited funds can be utilized in a more cost effective
way. Generally. total distribution mains replacement programmes are not economically
justifiable. Selective rehabilitation by replacement of the worst affected sections in
combination with alternatives such as introducing suitable liner (“slip-lining™) for less
affected parts and the immediate introduction of an active leakage control policy is
probably the only possible way to proceed.
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2.3.8. Part to Whole System

At present most of the Asia pacific countries implement this method to control water
losses in distribution systems. This is started with smaller number of water connections.
fore.g.: 500 to 1000 or road wise and cleared all the possible means ot water losses and
continue this exercise for entire distribution system. In this method. distribution system
is converted or modified to from one feeder and fixed meter to measure supply quantity
then and there the water losses are calculated. If the water loss exists, investigate reasons
and eliminate all possible means of loss to finally tally with the supply quantity. This
exercise will be continued until the entire distribution system is covered. With the
improvement of water supply and increase of revenue, funds generated can be invested
to replace identified deteriorated pipes to achieve sustainability of the system.

2.39. Asset Management and Ownership Concept

After reducing water looses, it is necessary to introduce water loss management system
to maintain sustainability. Asset Management is another successful feature developed in
many countries to maintain distribution system in order to achieve reliable uninterrupted
water supply. Accordingly the responsibility of maintenance belongs to operational staft
ana ownership of the asset goes to Asset Management Department. In Water Asset
Management, the preventive maintenance is one of the key elements implemented
anrually. This involves minimizing of breakdown in the system and all spare parts or
assets are replaced after their useful lifetime or with the assessment.

At Present in some countries ownership concept is delegated to lower level of the staft
as - atchdogs to look after smaller part of the distribution system. Accordingly every
emplorer in the water supply scheme has responsibility of distribution system. Powers
have been delegated to investigate and report all the short coming in the system in the
respective arcas such as illegal consumptions, leakage and meter reader’s corruptions
etc.

2.3.10. Incentive Based Management

This is very popular among employees but hardly see any plan activity implementation
in Colombo city based on incentive management. Implementation of zonal concept and
DMA with systematic approach with incentive base management is very much
successtul compared to other high tech systems.

24. Performance Measures for Water Loss and Leakage

Water loss from a distribution system is a direct measure of how well a system is
performing and being maintained. The measurement of efficiency of the system would
be at a point in time or over a long period. High and increasing water losses are an
indicator of ineffective planning and construction, and of low operational maintenance
activities (Lambert 2000).

The TWA's task force on water losses recommended a standard international
terminology tor calculation ot real and apparent losses from the water audit and
performance indicators (Pls) to enable comparisons between difterent water distribution
systems worldwide. These are discussed below.
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24.1. Measuring and Evaluating the Water Loss and Leakages

There are several methods available to evaluate water losses and leakages in water
distribution networks. Each method has its own limitations. The most popular methods
are the total quantity method (water audit) and minimum night flow method.

In the total quantity method, (A.O. Lambert 2005) the quantity of water loss is
determined by calculating the difference between the total amount of water delivered to
the network and the summation of the water quantities consumed by customers. This
method gives the total NRW rather than the amount of leakage. The minimum night
flow rate method assumes that the minimum flow rate that occurs during late night hours
(I am to 3 am) will represent the rate of leakage upon reducing legitimate night flow
(actual consumption at night). This method can be improved by calculating the net
minimum flow. which is the difference between the total night flow and the legitimate
night flow. Further. quantity of leakage. which gives net minimum night flow rate
multiplving by appropriate factor (called T factor corresponding to minimum and
maximum pressure) to correct pressure fluctuation during day and night. This method
cannot be applied to intermittent supply systems.

Afier measuring the water loss. a technical audit can be carried out for the water
distrikution network using a number of indicators to express the level of water losses.
For evaluating the technical condition of the water distribution network the following
indicators are recommended by A.O Lambert 2005 — IWA water loss task force . the
Infrastruciure Leakage Index (ILI) and the Economic Leakage Index (ELI). These are
determined from the unavoidable real losses and current real losses and the various costs
reyiired to carry out a water loss reduction programme.

2.4.2.  Current Annual Real Losses (CARL)

The CARL is the total loss from the system as calculated using water audit excluding the
apparent losses and authorized consumption. These are physical water losses from the
svstem. up to the point of measurement of customer use. It is expressed In m*/day. It is
given by the formula:

CARL = "System Input’ — (Authorized consumption + Apparent losses)

Where:

System input - is the volume input to that part of the water supply system to which the
water audit caleulation relates. allowing for known errors.

Authorized consumption - is the annual volume of metered and/or non-metered water
waken by registered customers, the water supplier and others who are implicitly or
explicitly authorized to do so.

Apparent losses - are unauthorized consumption and all types of metering inaccuracies.
Where it is difficult to get reliable data on the real losses. it can be estimated that the

CARL are cqual to the NRW as normally the apparent losses take up a smaller
percentage of the total losses.
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243. Unavoidable Annual Real Losses (UARL)

The concept of UARL is based on the fact that leakage cannot be eliminated but possible
to reduce. Even a new distribution system without water use appears some level of
leakage. although it may be relatively small. UARL represents base on distribution
length a theoretical reference value representing the technical low limit of leakage that
could be achieved for the given system based on the following assumptions:

The system is in top physical condition and is well-maintained;

All reported leaks are repaired quickly and eftfectively:

Active leakage control is practiced to reduce losses from unreported leaks.

The standard form of the equation is as follows:
UARL =(18 Lm + 0.80 N¢ + 25 Lp) P ---emmmmmemm equation 2.1
Where: UARIL = Unavoidable Annual Real Losses (liters/day)

[m = Length of mains (km)
Ne¢ = Number of service connections
P = Average operating pressure at average zone point (m)

Lp = Lenzth of service pipe (underground) from strect edge to customer meters (km)

The basic equation is based on an average length of pipe from the water main up to the
customer meter of 10 m. The term ( Lp ) is therefore only used in cases where the
customer meter is located in excess of 10 m from the water main (McKenzie ¢t al 2002).

In some countries where the customer meter is located at the street edge. the equation
can therefore be simplified as follows:

UARL = (18Lm +0.80 N¢) P —-mmmmmmmm e equation 2.2

24.4.  Infrastructure Leakage Index (ILI)

The ILI 1s the ratio of the CARL to the UARL. It is a ratio which gives us how well the
real losses are being managed (maintained. repaired. and rehabilitated) at the current
operating pressures. It is given by the formula:

[LI= CARL/UARL s equation 2.3

As an example, an ILI close to 1.0 represents that the operational management of the
highest standard. The higher value of the ILI. poorer the performance of the system.
Continuous monitoring of the ILI gives as an indication of direction of improvement. As
an example, an ILI of 1.5 means the real losses are supposedly 1.5 times the lowest
technically achievable real losses at the current average pressures.



IL1is a good indicator ot how a distribution system is performing as opposed to current
methods of expressing water loss in terms of percentage of system input as is done in
many developed and developing countries. According to Liemberger and McKenzie
(2000). 1t was found that this significantly underestimates the true extent of the leakage
problem in developing countries and tends to penalize systems with lower consumption.
This can be clearly seen from examples on studies carried out in Vietnam. Indonesia and
Sri Lanka. The ILI turned out to be:

¢ Vietnam: 42% (ILI = 79)
¢ Indonesia: 40% (IL1 = 31)
¢ Sri Lanka: 46% (ILI = 39)

[t can be seen. the losses do not reflect the huge difference in leakage performance
between the Vietnam system and the remaining two systems.

Liemberger (2000) suggested a simple look-up table based on the ILI to help address
this issue. This allows a first simple assessment using liters per connection per day in
combination with the approximate average pressure. This is presented in Table 2.1

Takic 2-1 : Relationship between leakages and Average System Pressures & ILI in
developed and developing countries -Liemberger and McKenzie (2000)

| Technical Liters/connection/day (when the system is pressurized)
. Performance at an average pressure of:
Cacgory ILI
10 m 20m 30m 40 m 50 m
Developed | A 1-2 <50 <75 <100 <125
countries - PR g 50-100 | 75-100 | 100 - | 125-250
200
C 4-8 100 -]150 -]200 -|250-500
200 300 400
D |>8 > 200 > 300 > 400 > 500
Developing | A 1 -4 | <50 <100 <150 <200 <250
countnies - FRTTAT8 [30 100 | 100 - | 150 -] 200 -]250- 300
200 300 400
C g8 — 1100 -1200  -|300 -1400 -}500 -
16 200 400 600 800 1000
D (>16 |>200 > 400 > 600 > 800 > 1000

From table 2.1. different ILI ranges have been provided for developing and devcloped
countries (Liemberger and McKenzie -2000). The proposed table attempts to classify the
leakage levels within the water utilities into four categories based on the ILI value as
follows:
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o (Category A: Further loss reduction may be uneconomic unless there are
shortages; careful analysis needed to identify cost effective improvement:;

o (Category B: Potential for marked improvements; consider pressure
management: better active leakage control practices, and better network
maintenance;

o (ategory C: Poor leakage record: tolerable only if water is plentiful and cheap:
even then. analyze level and nature of leakage and intensify leakage reduction
efforts:

o Category D: Horrendously inefficient use of resources: leakage reduction
programmes imperative and given high priority.

Since the vast majority of water utilities in the developing world will have ILI values
exceeding the upper limit of 16. reducing real losses to below 16 will be the starting
point. As soon as the utilities starts to introduce active leakage control, carry out flow
and pressure measurements, and improve overall data quality the bandwidth of the ILI
will dramatically be reduced. Often leakage reduction will also lead to an improved
supply situation and pressure increases that will make the calculation of the UARL
formula more accurate (Limburger and McKenzie 2005).

245.  Theoretical Analysis of Water Leaks in Distribution System

I7 2 closed conduit pipe line, the leakage is mainly proportionate to the pressure in the
pipeiine. Leakage increases with the pressure, and vice versa. Therefore percentage of
leakage could be reduced by controlling unnecessary pressure in the distribution system.

Relationships between pressure and rates of flow from existing leaks

The leakage rate L (volume/unit time) also depends upon the orifice area (A). according

to the equation: L. = V x A = C4A x (2gP) **

Where:

Vis the velocity of water through the orifice in m/s

Cyis a discharge coetticient: a dimensionless factor of less than 1

g is the gravitational constant in m/s”

P is the pressure in meters head

The most appropriate general equations to use for simple analysis and prediction of
pressure: leakage relationships are,

L varies with P and L,/L, = (P1/P0) N

Where: L. Ly are leakage levels corresponding to pressures of P, and Py and N is a
coefficient for given system
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From the above considerations, most of the studies reviewed that the exponent N in the
above relationship could vary between 0.50 and 2.50. depending upon the types of leak
presence. These relationships are shown in figure 2.8
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Tigure 2-8 : Relationship between pressure and leakage rate for different "N™ values.
(Sor:ee Farley and Trow, 2003)

Using the relationship in figure 2.8 reductions in pressure from 70 meters to 40 meters
can halve leakage levels. Doubling pressure will increase leakage by three times and
Falving pressure will decrease leakage by two thirds.

If the excess pressure in a system can be reduced, then so too can the leakage, which. in
wrn. will save money and conserve water. This is the basic philosophy governing
pressure management in potable water distribution systems and is often the most
effective and cost efficient form of water loss management that can be applied to a
particular system (McKenzie 2002).

2.4.6. Quantification of Leakage

The approach of leakage estimation is the measurement of Minimum Night Flow rate
that is required. During the night domestic consumption is minimum or negligible and
only few commercial uses exist. Therefore following equation could be used to derive
the estimated level of leakage at night:

U=8-(m+axn)

Where: U = night leakage flow rate (Net Night Flow, NNF)
S = Minimum Night Flow (MNF)
m = industrial and commercial consumers night flow rate
a = average domestic night tlow rate per property (waste)

n = number of properties supplied
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From the experiments. night leakage flow rate can be converted into the total daily
leakage quantity by multiplying 18 hours instead of 24 hours. as the pressure at night is
higher than that of during the day. In other words. it is assumed that 24 hours at the
average leakage flow rate is equivalent to 18 hours of flow at the night leakage flow rate.

2.4.7. Benefits of Reduction of Leakage

In distribution systems where it is not possible to supply sufficient water to satisfy the
existing demand. leakage control measures can be used to reduce leaks. thus enabling a
larger proportion of the demand to be satisfied. The economic benefits of leakage
control are represented by the resulting increase in net revenue and minimizing damages
to the other infrastructure such as. road structures and other services.

2.4.8. Economical Analysis of Leak Repairs

If the demand is already fully satisfactory. the leakage control to reduce system losses
will reduce operational costs. and defer further capital expenditure to construct new
water supply projects. However there is a limitation for economical cost savings of
leakage controls. Therefore implementing leakage controls could be justified only when
e resulting economic benefits are greater than the costs of implementing such
measures together with capital cost for new water supply schemes and water scarcity ctc.
This exercise is complicated as it is analysis based on the discounted net present value of
future source and distribution works with the period of deferring.
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Figure 2-9 ;. Relationship between UARL and ELL (Lambert 1999)

Above chart explains the concept and presents a simplified economic approach to
determine an appropriate intensity of active leakage control for dealing with unreported
leaks and bursts. As the intensity of active leakage control increases (C > B > A),
causing the annual cost of leakage control (Y-axis) to increase, the average real losses
(X-axis) reduce asymptotically towards some base level. and the annual cost of the lost
waler decreases as the average volume of real losses falls. The economic level of losses
occurs when the total cost curve (A™>B™>C"). which is the sum of the cost of lost water
and the cost of active leakage control, is at a minimum (Point B™ in figure 2.9). With
simplifving assumptions that:
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¢ Intrastructure is in good condition:
+ Point A represents the technical “state of the art” for intensive active leakage control:

+ All detectable leaks and bursts are identified and repaired rapidly and effectively.

Then the real losses for point A correspond to UARL. Actual or economic levels of real
losses should always lie at. or to the right of, point A. The ILI — the ratio of actual or
economic real losses to UARL - should always exceed 1.0. (Source Lambert et al 1999)
Itis clear that economical leakage control is financially viable to some extent. When the
leakage is small. the cost of control is very high and vice-versa. Therefore after the
optimal point it is not economical by further reduction of the same.

5. Present Development in NRW Management in the World

25.1. Water Loss Reduction Strategies

Many strategies exist on how to deal with water loss and different types of approaches
have been tried in different parts of the world with success. Due to inappropriate,
conventional practices or high tech approaches with lack of expertise or resources in
manv .ascs. the problem has resulted in failure and the waste of valuable resources
when trying to deal with water losses.

The IWA Task Forces on Pls (Alegre 2000) and water losses (Lambert and Himer 2000)
have recently produced an international “best practice” standard. These best practices
are mtended to promote a more standardized international approach to the definition,
assessaient, monitoring and management of NRW and water losses.

25.2. Water Loss Strategy Development

In order to succeed in the programme, it has to be operated in a strategic way; Most of
the programmes may fail due to ignoring the role of development of the deployment of
strategies. Hence the main issues to developing a strategy for prevention of water loss is
to gain a better understanding of the reasons for water loss and the factors which
influence 1ts components (Real and Apparent losses). Then appropriate techniques and
procedures can be developed and order of priority selected. based on key areas that suit
available resources.

To understand the causes of water losses it is necessary to review past records and
evaluate the current situation. To evaluate current situation it is necessary to develop a
strategy to ask some questions about the network characteristics and the operating
practices. Then use the available data to suggest appropriate solutions. which are used
to formulate the strategy. A generalized process for water loss management is presented
in figure 2.10
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Figure 2-10: Water loss management process (Source: Water loss management
implementation guide line 2004 - IWA publication)

2.5.3. Water Loss Interventions

Each. water distribution system has different types and degree of water losses. One
cannot be expected to find common solutions; unique solution must be found by
adopting appropriate approaches with available resources.

Interventions For Real Losses

The intervention methods for losses depend on factors which contribute to the real losses
such as pressure. corrosion. poor material or workmanship and lack of preventive
maintenance. The tvpe of interventions chosen will also be influenced by the local
conditions and attitudes of people.

Real losses have four basic intervention methods. As the system ages. there is a
tendency for a natural rate of rise of real losses through new leaks and bursts, some of
which will not be reported to the utility (Lambert 2002). This tendency is controlled and
managed by a combination of the four primary intervention methods of real losses
management as shown in figure 2-11 such as



+ Pipeline and assets management
+ Pressure management
+ Speed and quality of repairs

« Active leakage control to locate unreported leaks

The number of new leaks arising each year is influenced primarily by a long term
pipeline management. Sometimes one leak is responsible for the failure of the whole
distribution system. Pressure management can influence the frequency of new leaks, the
flow rates of all other leaks and new pipe bursts. The average duration of the leaks is
limited by the speed and quality of repairs and the active leakage control strategy
controls how long unreported leaks exist. before they are located. The extent to which
each of these four activities is carried out as mention in figure 2-11. will determine
whether the volume of annual real losses increases. decreases or remains unchanged.

Pressure
Management
’_" . UARL '
Speed and quality Active Leakage
of repairs Potential Recoverable Control
Real Losses

Pipeline and
Asset
Management.
Pipe Selection &
Installation,
Pipeline
Maintenance.
Renewal and
Replacement

Figure 2-11 - Four basic methods of managing real losses (Source — Lambert 2002)
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Interventions for Apparent Losses

The intervention for apparent loss focuses on the management of unauthorized
consumptions including all technical and administration inaccuracies associated with
customer metering. Four components of an apparent loss management system can be
defined as shown in fig 2.12.

Reduction of meter

erra Ly
e eefinng
. Sizmniz

+  Replacement

Existing apparent losses

S Reducion of hunm

Arempe < F e adr e ",I : . 7
Red..:ri.gn of theft by Economic level P
e Zgucahon 4 - . 3 it
T ezl acte 4 Unavoidable S« Tranng
! e achon “; apparent A‘\, . F«I?m:‘br:‘hczng
¢ 2repdv mensiies ] S
o Drecours ; losses eporting
FressuI / e Awhans
LITHIATON |

L

Ce Clow comtrad /

Reduction of biling
system errars by

¢ Auditing

s  Checking

= Routwe analvsis
s Upzgrade

Figure 2-12: Four basic methods of managing apparent losses (Source Thomton 2002)

2.6. Case Studies

Presently NRW management is one of the high priority activities in the world in water
utilities in many governments because of water scarcity and limitation on new water
sources because there is water stream pollution due to industrialization. IWA has
recommended a set of standard approaches, which is one of the useful aspects of
management water loss available in the world today. In their recommendation Pressure
Management is one of the main concepts. followed by meter management; leakage
detections and controls. These interventions are being successfully used in the water
utilities in the world to achieve success.
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3 Chapter Three: Research Methodology

After reviewing the literature an excellent foundation and background was created to
develop a methodology by analyzing available data to achieve research objectives as
stated 1n the introductory chapter.

3.1.Study approach
The study approach of water loss management in Colombo City includes

31.1 Literature Review

After review of various concepts of water loss management that were carried out in
developing and developed countries, theoretical back ground and current practices for
the reduction of NRW. and learning from the "best practices’ carried out in these
countries to manage water losses were useful to formulate appropriate method to
develop water loss management strategies for the Colombo City.

312 Estimation of Water Loss Using the Standard IWA Water Audit (balance)
Method

Water losses in Colombo City is analyzed in respect to annual water production and
consumption by using IWA format which helps to determine the water loss on
compenent by component basis (billed. unbilled. metered. un metered). This gave an
indicator to the causes of water losses and enabled a characterization to be made of the
facto... having an impact on the water losses: leakages. bursts. water meters. ages of
pipes and other local conditions.

3.1.3 Calculation of Performance Indicators

Kev performance indicators were calculated after assessment of water losses of the
distribution system by the UARL and ILI. This was done both at the city level. pilot
areas and the selected branches as a pilot scale. A comparison was done between them
which were termed as satisfied (lower ILI) and critical zones with higher values of the
ILL. This was to determine the underlying factors which cause the significant
differences. A critical review of the applicability of the performance indicators in
developing countries was also made.

3.1.4 Determination of the ELI

The IL.] was determined by estimations of water lost through leakage under a period of
analvsis of 5 years. This gave a fair indication of required capital investment of water
loss management rather than the special reason.

3.1.5 Review of Existing Network

A current network practice in the Colombo distribution management system was
reviewed to identify short comings to exit such a huge water loss. of both the physical
and operational characteristics, and developed sustain management concept to handle
water losses.
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3.1.6 UFW Reduction Management

With the review of Colombo City maintenance management it was realized that all the
responsibilities and operations are concentrated to one key location. This is identified as
the kev point of failure which results a worst NRW situation in the city and detailed
analysis with disadvantages are discussed in chapter 4.6.1.1. After reviewing of the
situations it was decided to decentralize the authorities and responsibilities to handle
water wastage in more appropriate way. With the decentralizing of authority and
responsibility to the middle management level of Colombo city OIC office and
respective zone officers handled all the maintenance activities in Colombo City.
However due to prevailing high water losses it is ditficult to handle planed programme
by the maintenance staff due to the heavy day to day work load.

Hence special team will be assigned to handle UFW in each zone or DMA under the
responsibility of the zone officers. The function of such team is to cover all possible
UFW reduction covering 500 connections in one stretch and to continue the process in
the entire DMA within target period (Three years) to clear all the possible water losses.
But this is a slow process and needs concentration and increase resources to accelerate
the process. This exercise is continued until the supply quantity and consumption was
very close or ILI was close to 1 in the particular fragment. The process is continued to
cover entire area until ILI gets close to one. All the training and limited necessary
equipment will be provided under the Japanese International Technical Cooperation
programme. This method widely used in East Asian region and has obtained positive
results to empowered infrastructure development.

:o match supply and consumption or ILI close to 1. it needs to identify causes for water
losses. By conducting House to House survey with field test and observations etc was
ablz 10 identify apparent losses and some of the real losses. Majority of real losses were
detected by conducting step testing to locate invisible or hidden leakages followed by
sounding technique in critical areas.

3.1.7 Development of Short and Long Term Strategies for Colombo City

With the analysis of performance indicators and water loss in the distribution system.
pilot scale programme was carried out to identify the appropriate methodology to suit
local conditions to reduce water losses. Subsequently a right mix of long and short term
strategies for water loss management for entire Colombo city was developed.

3.1.8 Development of the Strategic Approach for Water Loss Management

The strategic approach was proposed after looking at what type of methodologies and
techniques were applicable to the Colombo city and what were the constraints and
limitations of applying these methodologies and techniques in pilot studies. The study
methodology is summarized in Figure 3.1
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Figure 3-1 Flow Chart of Research Methodology

Formulation of Long
Term Strategies
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32. Method for Data Assembly

32.1. Type and Method of Data Collation

Information Required Core source

Colombo City Population Details Colombo Municipal Council.

Water Production Consumption Details NRW Section of NWS&DB

Water Supply Standards & Policy WHO & SLS. Western Central
Institutional  Arrangements, Financing | Region of NWS&DB
and Disbursements,

Digital Drawings and Pipe Lengths Mapping Division of NWS&DB

Consumption Data Com}nercial Division of
NWS&DB

Number of Service Connections. Manager (CC) Oftice . NWS&DB

Customer Meter Location.

Frequency of Bursts. Leakages and OPD Section. Western Central of

Repair Programme. Average Pressures | NWS&DB

Data of Millennium Development Goals | Asia Water Watch 2015
in Sri Lanka
Current Practices (stafting structure, Western Central Region of
staft numbers and skills). equipment NWS&DB

and techniques

Cost Data ( production cost, distribution | Western Central of NWS&DB &
cost and repairs cost ) Production Section

3.2.2. Desktop Studies

The first part of this research was focused on a detailed literature review on existing
water loss management methodologies and techniques in developing and developed
countries. Indicators used to assess distribution system performance were also reviewed.
The desktop study involved the analysis of reports, policy documents and procedures.
DMA design with zone isolation. identification of bulk meter and valve positions etc.
The desktop study was also used to see how the different divisions have interacted with
each other in achieving their set goals on reducing water losses.

By using digital distribution map. Colombo city is divided into 22 zones with each zone
comprising of 5000 water connections which can be easily looked after by one officer
with two gangs. The zone officer is responsible to implement all the day to day
maintenance work and list of duties were prepared after discussion with maintenance
staft which is attached in Annex I.

Widely used strategy development is based on current practices reported in the world
and most of the planning of water losses involved in modeling and its verification. In

48



this research modeling based studies was not done due to unknown distribution system
characteristics.

3.2.3. Role of Operational Staff

Discussions were held with operational staff on distribution system features and
practices with the objective of getting their views on water loss, on failures to address
problems associated with water loss, causes and effects and how to address these
problems to be solved. Monthly progress review meeting is been held with all relevant
operation staff to monitor the progress.

3.2.4. Pilot Scale Studies

To identify the methodology to reduce NRW. a pilot project was implemented in
southern part of Colombo city with natural boundaries. Because of natural boundaries.
the area was easily isolated and four meters were installed to measure inflows. This area
comprised of 8873 water connections. Studies commenced with assessment of initial
NRW.

According to literature review. there are several methods available to reduce water
losses in distribution systems. However most of the methods are not favorable to the
local situations. Therefore pilot scale studies were initiated at very basic level with
house to house survey to find out causes for water losses. This strategy was to conduct
with trained technical staff to identify illegal connections, service leaks by using
couipments. meter accuracy with scaled one liter bottle. defective meter replacement.
finding reasons for estimated bills and their solutions. identifying appropriate method to
get meter readings from house closed premises. etc.

Further. leak survey was planned to identify visible leaks by the same studies groups. In
addition to the day time leakages most of the leaks are visualized during night and at the
same time pipe leakages at culvert crossings were examined by special teams with
mstruments.

Night leak survey was implemented and step testing was carried out section-wise to
identify heavy leakage areas. Pilot zone consists of 75 roads and initially several roads
were planned for step testing. Due to the condition of existing valves. difficulties in
obtaining road cutting permission and limited resources. the studies were limited to one
road sector with step testing to complete this study.

3.2.5. Field Observations

The field observations were carried out between July 2007 and September 2009 and
documented through photographs to clarity and support some of the statements in this
thesis.

During the pilot project studies, it was observed that during most of the time low
pressure areas were reported due to heavy leakage. After repairing these leaks water
pressures increased gradually after long period. Though the average consumption is less
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than 20m’/month/consumer. the minimum night flow appeared around 114 I/sec
between 4.30 to 5.30 hrs which was also a comparatively high flow. At the beginning of
the study. percentage of estimated water bill consumers were 8% and it was reduced to
3% by the end of the study period. On every road, about 2 to 3 illegal consumers were
caught and some of the multistory flats had bypasses too. Half way of survey. it was
noted that number of illegal detection was gradually reducing due to passing of illegal
connection detection message to the adjoining community. Further meter tampering
incidences and unbilled. un-metered connections were also detected. There were house-
closed situations which had prevented the meter readers from obtaining normal meter
readings where huge quantity of water had consumed but estimated as little amount.

In the distribution system most of the valves were not in operational condition and pipe
lines were heavily scaled. Due to the defective valves, leak repair is carried out without
interruption of water and contamination and heavy water wastages are dominant.

3.3. Methods of Data Analysis

The raw data was analyzed to reflect the progress of the pilot studies and appropriately
developed methodology was adopted to achieve the research objectives. The analysis
was mostly of a quantitative nature with the use of excel spreadsheets to calculate
performance indicators such as UARL, 1L1 and ELL for the city as a whole and for the
pilot project. In addition to the above indicators. service level, System pressures and
consumer complaints was analyzed.

Based on the information collected. an estimation of water savings with economical

¢wironment and their impact on achieving Millennium Development Goal. water
supplv coverage targets for Colombo city in particular were analyzed.
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