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WASH and EHP

With the launching of the United Nations International Drinking Water
Supply and Sanitation Decade in 1979, the United States Agency for
International Development (USAID) decided to augment and streamline its
technical assistance capability in water and sanitation and, in 1980, funded
the Water and Sanitation for Health Project (WASH). The funding
mechanism was a multlyear, multimillion-dollar contract, secured through
competitive bidding. The first WASH contract was awarded to a consortium
of organizations headed by Camp Dresser & McKee International Inc.
(CDM), an international consulting firm specializing in environmental
engineering services. Through two other bid proceedings, CDM continued
as the prime contractor through 1994.

Working under the direction of USAID’s Bureau for Global Programs, Field
Support and Research, Office of Health and Nutrition, the WASH Project
provided technical assistance to USAID missions and bureaus, other U.S.
agencies (such as the Peace Corps), host governments, and nongovernmental
organizations. WASH technical assistance was multidisciplinary, drawing
on experts in environmental health, training, finance, epidemiology,
anthropology, institutional development, engineering, community
organization, environmental management, pollution control, and other
specialties.

At the end of December 1994, the WASH Project closed its doors. Work
formerly carried out by WASH is now subsumed within the broader
Environmental Health Project (EHP), inaugurated in April 1994. The new
project provides technical assistance to address a wide range of health
problems brought about by environmental pollution and the negative effects
of development. These are not restricted to the water-and-sanitation-related
diseases of concern to WASH but include tropical diseases, respiratory
diseases caused and aggravated by ambient and indoor air pollution, and a
range of worsening health problems attributable to industrial and chemical
wastes and pesticide residues.

WASH reports and publications continue to be available through the
Environmental Health Project. Direct all requests to the Environmental
Health Project, 1611 North Kent Street, Suite 300, Arlington, Virginia
22209-2111, U.S.A. Telephone (703) 247-8730. Facsimile (703) 243-9004.
Internet EHP@ACCESS.DIGEX.COM.
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EXECUTIVE SUMMARY

This report focuseson water loss In small rural water supply systemsin developing
countries—systemsdesignedfor 500-2,500people,with waterdistributionvia standposts,
yardtaps,or, in somecases,directhouseconnections.Thereportdiscussesthe benefitsof
reducingwater loss, the factorsinvolved in it, proceduresfor investigatingwaterloss,and
methodsof preventingit.

InvestigatingandcorrectingwaterlossIs notaneasymatterin rural systems.It maybe very
complicatedandquiteexpensive.Thebenefitsof undertakingadetectionandrepairprogram
mustbe dearly identifiedandjudgedcosteffective.Investigatinglosseshasmany benefits
for planningfuturework. Thegreatestpotentialbenefitsof reducingwaterlossareImproved
waterquality, conservationof waterresources,reducedcostof operationandmaintenance,
and increasedcoverage.

Theprocessof investigatingwaterlosshasseveralbenefits,whetherornot arepairprogram
provesneededor justified. First, investigatingwaterlosslays thegroundworkfor a program
to reduceit, permitting identification of the scopeand magnitudeof the problemand
allowing the design of a rational solution. It may also uncoverthe need for other
maintenancework. Investigatingwater losscanalsohelpin evaluatingprojectsandsystem
performance.For newly installedsystems,theextentof leakageis an Indicatorof thequality
of the construction. In older systems,leakage is an indicator of the degreeof system
deteriorationand of the effectivenessof maintenanceprograms.

Leakingpipesmaybea sourceof contamination,especiallyif systempressurefalls very low.
Also, leakageorwastagearoundtaps,standposts,orconnectionscanleadto stagnantwater
andrelatedhealthrisks. Reducingwaterlosscanalsoconservewater,sinceIt should leadto
decreasedproductionandwithdrawalfrom the watersource.Otherbenefitsmayindude(1)
increasedwaterpressure,leading to morewater for consumers;(2) morewater for other
purposes,suchassmall-scaleirrigation; (3) increasedrevenues,if thesystemis meteredand
if reducingwaterlossleadsto greaterconsumption;and(4)greaterconsumersatisfactiondue
to improvedservice.

Waterlossesareeither~physlcal”or“non-physical.”Physicallossesareactualwaterresource
losses,such as leaks. Non-physical losses, such as illegal water use or meter under-
registration,arenot actual water resourcelossesbecausethe wateris still put to use.For
small rural systems,themostImportantwaterlossesarein the “physical” category.

Therearethreemain stepsin investigatingwaterloss:an initial audit, a field Investigation,
and a refined audit. Thesestepstell the investigatorhow muchwater is beIng lost and
roughlywhere leaksare located.Thefirst step is to collectandanalyzebasicdatato geta
senseof whetherthereis seriouswaterloss.Thesecondpartof theaudit includesfield work

V



to verify the informationand to collectmoreprecisedataon key parameters.Finally, the
field resultsareanalyzedby computingwaterproduction,demand,andwaterloss,using the
newdata.A summaryreport is thenpreparedfor the operator,the community,and the
governmentoffice (if any) that overseesthesystem.

Thecostsof repairInga leakIndudetheexpenseof locatingthe exactspotof hteleakand
repairingit. If thereis significantleakage,correctiveactionmustbe considered.But it should
not beautomaticallyassumedthat anyamountof leakagewarrantsa repair—thecostsand
benefitsassociatedwith reducingthe lossesmustbe comparedand a decisionmadeasto
whetherthecorrectivework is worth it. Forsimplegravity-fedsystemswith anamplewater
source,thebenefitsof leakcorrectionmaybe quite low. Thecostsof fixing a leak,evena
significantone,mayfar exceedthe benefits.In this case,nothingshouldbedone.On the
otherhand,systemsextractingdeepgroundwaterin arid areaswith high waterdemandcan
benefitgreatly from leak repair.Next the costof making the repairmust be estimated.A
typical repairmayIndudesystemshutdown,excavation,componentremoval, component
replacement,pressuretesting, back-fifing and restoringthe ground cover or paving, and
return to service.The cost of repairing leaks Includesthe following components:labor,
materials(pipe,fittings, valves,etc.),transport(indudlngdriver, fuel,maintenance),allowance
for staff travelingovernight,andoverheador otherIndirect administrativecosts.

Thebestwayto keepwaterlossto a minimum is to preventit In thefirst placethroughgood
engineeringpracticeandwell-supervisedconstruction,followed byaleakagecontrolprogram
that emphasizespunctual maintenance,strong community Involvement, and water
conservation.Giventhedifficultiesof pinpointingleaksIn ruralareas,communityinvolvement
andconservationareextremelyimportant.

vi



Chapter 1

INTRODUCTION

1.1 Purposeof this Manual

This manualprovides rural watersupply personnelwIth practical low-cost techniquesfor
reducingwaterlosses.It examinesthefinancialaspectsandofferstechnicalandmanagement
guidancein the design of a water loss control programthat canbe tailored to Individual
needs.

1.2 AssumedTechnical and Institutional Context

Ruralwatersupplysystemsin developingcountrieshavedistinctivecharacteristics.Theyare
reticulatedsystemsdesignedfor 500-2,500people,with slandposts,yard taps, or direct
houseconnections.Mostusegroundwater,springcatchments,or,to a lesserextent,surface
waterasa sourceof supply. Othertypical attributesare:

• Minimal watertreatment

• Elevatedstoragetanksfor pumpedsystemsbutonly minimal storage
for spring-fedsystems

• Distribution networksrangingfrom simple“water yard” standpoststo
many kilometersof buriedpiping for slandpostsor connections

• Plastic(PVC or polyethylene)or asbestos-cementpiping

• Fewvalvesandgenerallyno meteringto simplify maintenanceand
repair

Thesedesign featureskeepInvestmentcosts down and simplify maintenancebut they
Increasethework requiredto investigateand reducewaterlosses.The smallernumberof
pipes, taps,meters,valves,andpipe diametersmeanfewer placesfor leaksto start,also,
lowerpressureskeeplossesdown.However,thelow pressures,non-metallicpiping, andlack
ofvalvesand metersmakethejob of losscontrolmoredifficult. Ruralsystemsgenerallyare
not built to thesamestandardsasurbansystems,especiallyif theyareconstructedby NGOs
or othergroupswith lIttle or no engineeringexperienceor training. Cost constraintsare
oftentighterand encouragetheuseof inferior materials.
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Theinstitutionalcontextof rural watersupplyalsohasImportantImplicationsfor waterloss.
Rural systemsare operatedby local caretakers,with somebackupfrom techniciansin a
regional,district, ornationaloffice. The caretakershaveonly enoughtraining for day-to-day
operationaltasksandminor maintenance.Major problemsandmaintenancearesupposed
to be handledby mobile crews,who usually areoverworked,lack parts and tools, have
limited budgets,keep no records, and have logistical, bureaucratic,and transportation
difficulties. As a result,theseruralsystemsareinadequatelymaintained,leadingto premature
deteriorationandhigher leakage.

Most rural systemsarenot meteredand thus do not havea meansof volumetric cost
recovery.User feesmaybe collectedata monthly flat rate,asand whenneeded,or notat
all. Sucharrangements,especiallywherewaterdemandsarenot fully met, offer no incentive
for usersto reducewaste.If managersoroperatorstakethetroubleto reducelosses,butcost
recoveryIs notlinked to consumption,thewatersavedisquicklyconsumedby wastefulusers.
Without evidenceof lower costsor increasedrevenues,thereis no reasonto reducelosses.
Wherewaterdemandsaremet and people conserve,the reduction In leakagewill be
reflectedIn costsavingsand lower fees.

1.3 OrganizatIonof the Manual

The manual has seven chaptersand two appendixesfollowing this Introduction: the
componentsof waterloss; the benefitsof Investigatingandreducingwaterloss;thestepsin
investigating water loss; guidelines for evaluatingcorrective action; pinpointing leaks;
establishinga leakagecontrol program;and preventinghigh water loss thoroughsound
constructionand regularmaintenance.Appendix A lists generalreferencesand training
materials,andAppendixB lists sourcesof Information,products,andserviceson waterloss.

The readerwho is not very familiar with the subjectshould readthe wholemanualbefore
deciding on a courseof action. A high leakageratemight be acceptableif there is an
abundantwater resource, consumerdemandsare being met, and the financial and
managerialcostsof correctiveactionarehigh.
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Chapter 2

COMPONENTS OF WATER LOSS

2.1 Componentsof Water Loss

Thewater that flows througha systemendsup in severalways.Somegoesto authorized
beneficial uses,and some to non-productivelosses.Lossesare either physical or non-
physical.Physicallossesoccurthroughpipeleakagesand havea financial impacton both
theutility orwater supplier,In the form of higherproductioncostsor lower revenues,and
thecommunity,in theform of largerwatersystemInvestments.Non-physicallosses,through
ifegaluseor inaccuratemeterreading,alsoaffectthesupplieradverselybutmayormaynot
haveeconomicconsequencesfor thecommunity.

FIgure1 illustratestheflow of waterIn awatersupplysystem.Physicallossesareshownwith
light greyshading,andnon-physicallosseswithout shading.Thehatchingsuperimposedon
thediagramIndicateslosseswith financial Implications.For purposesof this manual,water
lossIndudes:

Leakage—Waterwhich drains through: cracks, gaps, holes, or other
openingsIn transmissionpipes, fittings, Joints, and valves; storagetanks;
distributionpipes,fittings, Joints,andvalves;andstandposts,yardtaps,house
connections,and otherwater distribution points. LeakageIs considereda
physicallosswith financial Implications.

Distribution/Storage System Maintenance—Wateris lost In line
flushing, storagetank drainageor deaning,and repairsand maintenance.
Figure 1 showsthis asa non-physicalloss with financial Implications.The
wateris usedfor a legitimatepurposebut thecostis not recovered.Water
usein treatmentprocesses(filter backwash,for example)falls into thesame
category.

Illegal Uses—Watermaybe consumedillegally throughunauthorizedhook-
ups, connectionswhere metershave been bypassed,turned around, or
removed,or at unmeteredlocations.Night-time theftof largequantitiesof
waterfrom urimeteredlocationswould fail In this category.This is considered
a non-physicallosswith financial implications.

UnmeteredPublic Uses—Watermaybeusedfor fire fighting, unmetered
governmentorpublic buildings(clinics, schools,etc),streetorsewerdeanlng,
and construction.As shownbelow, thesearenot physicallossesbut theydo
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havefinancial implicationsin lost revenue.Suchwateris usedfor a legitimate
purposebut the costIs not recovered.

Wastage—Watermay be delivered but not used at standposts,taps,
connections,livestock troughs,or other distributionpoints. Note that waste
is considereda physicalandfinancial lossIn thecaseof unmetered uses,but
only a physicallossfor metereduses.Anothercommonsourceof wastagein
ruralwatersystems,particularlypumpedsystems,is the overflowof elevated
storagetanksdue to sloppy operatingprocedures.

Leakage in
transmission
from source

Use in
treatment

Leakage from
distribution

network

Leakage and waste from
distribution storage

Use In distribution/storage
system maintenance

D

Unmetered public use

PhysicalLosses

FIgure 1 - Flow of Water In a Small Water Supply System
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InaccurateMeter Reading—Themeterscommonlyusedin drinkingwater
systemstend to losetheir accuracy in time. How soonthis happensdepends
on the type of meter and the water running through It. Generally,after5 to
10 years a meter will registeronly 75 percent of the flow, which meansa
significantfinancial lossfor the utility even thoughthere is no physicalloss.
Dedinlng accuracy affects mastermeters, zone meters, and connection
meters,thoughnot at the samerate, andexplainswhy utilities have meter
testing,calibration,andreplacementprograms.

The causesandeffectsof waterlossare summarized below.

PhysicalLoss Non-PhysicalLoss

Financial
Implications

- Leakagein transmission,
distribution andstorage

- Waste In unmetered
systems

- O&M uses
- Unmetered public uses
- Illegal use
- Meter error

No Financial
Implications

- WasteIn meteredsystems

Thismanualisconcernedmostlywith leakagesIn transmission,distribution,andstorage,and
wastageat standposts,yard taps,houseconnections,and storagetanks.Many of the non-
physicallossessimplydo notoccurin rural systems,which haveno metersandusevery little
waterfor O&M purposes.The term unaccounted-for-water(UFW), often applied to urban
systems,hasnot beenusedhere.It refersto the differencebetweenthenumbersregistered
by consumptionmetersand mastermeters,and Is generally examinedfor its financial
Implications.Waterloss seemsa moreappropriatetermIn therural context.

2.2 Technical Factorsin Water Leakage

There are several technicalfactorsthataffect leakagefrom pipes:

The pipe itself—The pipe material, diameter, and wall thickness are
importantfactorsIn leakage.In mosturbanareas,whereductile iron pipe is
used,corrosion is the primeconcern.But In rural systems,where plastic or
asbestos-cementpipes are more common, storing or exposingPVC arid
other plastic pipesto strong sunlightfor extendedperiodscandimInishtheir
strength.Anotherproblem in developing countriesis poorquality controlIn
the fabrication of pipes. PIpeswith variable wall thicknessesare prone to
crackat high pressure.
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The environment in which the pipe is placed—The chemistry of the
waterand the soil canweaken the pipe,especIallyif It is madeof ductile iron
or galvanizedsteel.In addition,stressesfrom vehiculartraffic, soil or ground
movement,or loads becauseof exposuremayleadto pipe fracture.If proper
depth,bedding,andcoveragerequirementsare not adheredto, breakswill
be more frequent.In manypartsof Africa, acommonproblemIs the fracture
of pipesexposedto the elementsand the movementsof people at gully
crossings.

The quality of construction work—Good designstandardsdo not ensure
they will be followed. Poor construction can lead to misalignment,settling,
and unexpectedstresses,all of which lead to leakages.Carefulconstruction
supervisionand pressuretesting will help keep leakagesdown.

The service conditions—Higher systempressureIncreasesthe lIkelihood
of leakage. Poor design can lead to water hammer, which can make
conditions worse.

The amountof maintenanceperformed—A neglectedpipe network will
deterioratemuch faster thanonewhich Is well maintained. Leakingpipescan
createcavitiesin theground,weakeningthesupportbelow andIncreasingthe
chancesof extensivepipe rupture. Valves that are never used or Inspected
are more likely to leak,asare old pipesthat are rarely replaced.

2.3 Magnitude of Water Leakage

The physicalleakagefrom a distribution network can vary greatly, dependingon the factors
describedand the amount of leakdetection andrepair work done.The magnitudeof leakage
can be expressedin severalways.

Leakage rate over time—A 2 mm-dIameter pinhole In a pipe leaksat
about 1 to 5 Vm, whichtranslatesInto about 1.4-7.2rn3/day,or 520-2,100
m3/yr. Leakage from a larger hole would be manytimesgreater.Cracksor
Joint leakshave a different geometryandvarying leakagerates.

Leaks per kilometer of pipe length—Studiesof cities around the world
show a broad rangefrom 0.5 to 0.02 leaks/km/yr(or 50 km to 2 km per
leak).This estimatecoversthe biggerleaksthat arediscoveredarid repaired,
but there maybe many more smaller leaks that are undetected.

Net water leakageper kilometer of pipe length—Physicalleakageis
often summarizedas a loss per kilometer of pipe length. Figures from a
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British survey of pipes150-1,050mm in diameter and from 2 to 100 years
old gave a rangefrom very low to over 56,000m3/km/yr. In that survey,
73 percent of urban trunk mains had leakage rates of less than 4,400
m3/km/yr (500l/hr/km), and only 7 percenthada leakageabove17,500
m3/km/year(2000 l/hr/km). Another source Indicates that “unavoidable
leakage”shouldbe on the orderof 4.6 m3/km/yr per mm of pipe diameter.
For a typical rural systemrangingfrom 50-150mm, this would be 230-690
m3/km/year.A systemwith about 1,000 m3/km/year(2.7 m3/km/day)
would be doing prettywell, but one at 10,000m3/km/year(27 m3/km/day)
would not. Theexactpoint of concerndependson local costsand benefits,
which arereviewedIn Chapter5.

Percentageof water volume produced—One of the most common
measuresIstotal losses(or Just leakage)asa percentageof volume“produced”
(I.e., water put Into distribution). There Is little information on this in rural
areasIn developing countries.One set of night-time tests in Botswana
estimatedphysicallossesat under 10 percent. Another study of five systems
In Peru showeda range of 20 to 60 percent. In urbanareasin developing
countriestotal lossrates of 40 to 50 percent are common.

7





Chapter 3

BENEFITS OF INVESTIGATING AND REDUCING WATER LOSS

3.1 Benefitsof Investigating Water Loss

Investigatingwater losswill assistthefollowing activities:

Planning Water LossReduction—Without a thorough investigationof the
causeof water loss,waterlossreductionwill be a hit-or-miss effort.

Project Evaluations—For newly Installed water systems, the extent of
leakageIs an Indicator of the quality of construction.A new systemshould
not leak more than 5 to 10 percent. For older systems,the magnitude of
leakageIs an Indicatorof theextent of systemdeterioration. This will help In
evaluating the effectivenessof maintenanceprogramsand In assessingthe
needfor rehabilitation or systemexpansions.

Water UseStudies—Actualconsumptioncanbe calculatedby subtracting
waterlossesfrom total production. This figure is Importantfor evaluatingthe
currentlevel of service,planning expansions,and designingfuture systems.

Other MaintenanceTasks—WaterlossInvestigation mayuncovertheneed
for other maintenancework. For example, a sitevisit for leakageassessment
may find that a dieselengine needsan overhaul, or a storage tank needs
repainting.

3.2 Benefits of Reducing Water Loss

Somebenefitscan be measuredIn financial terms,othersIn economicterms. In certain
instances,however,quantificallon of the benefits Is next to Impossible. A key factor In
determining financial benefits is the extent to which consumerdemandis satisfied.If needs
are well met, themain benefitswill be in reducing water productionand,consequently,O&M
costs.On theother hand, If all needsare not being met, the water savingscanbeallocated
to theseneeds,with a resultantincreasein revenue.

Among the benefitsof reducing water lossare:

Increased System Pressure—As leaks decrease,system pressurewill
Increaseand more water will be delivered to consumers.Also, connections
on higher ground will receive a more regular supply. Ironically, increased

9



pressurecanalso causenewleaksor greaterflow from small ones,which
underlinesthe needfor regularinspectionandmaintenance.

Improved Water Quality—Leakingpipesmaybe a sourceof contamina-
tion, especially If system pressuresdrops. With fewer leaks and higher
pressure,contaminationofthedistributionsystemwill decrease.Also, leakage
aroundtaps,standposts,or connectionsproducesstagnantwaterandrelated
healthrisks.

Conservationof Water Resources—Ifconsumerdemandsare beingmet
adequately,water lossreductionwill pennit decreasedproduction,and the
lowering of withdrawals from the water source.This will be beneficial for
restoringaquifer capacityand augmentingstreamflow.

ReducedO&M Cost—Decreasedproductionmadepossibleby water loss
reduction will bereflectedIn lower O&M outlaysfor chemicals,electricity,and
fuel. The operatingperiodfor pumps,engines,and treatmentequipment will
beshortened, andthe need for costlymaintenanceor repairs will bedelayed.
O&M costswill not be reducedIf thewater savedIs used for other purposes,
although this maybring increasedrevenue.

Increased Coverage—If less water Is lost, more people can be given
service,through extensionsto unservedsectionsof a town or village, or to an
adjacent community. Adding new customers Is the principal meansof
increasing revenue in unmetered systems. Expanded coverage can also
obviate the costof Investment In a systemat the new location.

New Water Uses—Asless water is lost, more can be made available for
such purposesassmall-scaleirrigation andsmallcommercial or Institutional
use.For example, a schoolwhich hadno water supply could now be served.
Overall, communities will seehigher benefits from their water system.

Higher Revenue Potential—Supplying additional demandswill boost
revenue.If thesystemismeteredandthebilling andcollectionfunctionswork
well, the increase In revenue will be noticed Immediately. If, however, the
systemis on a flat-rate tariff asIs common in rural areas, revenueIncreases
will not be noticed unless new connectionsare made or new subscribers
signedon.

Higher Consumer Satisfaction—Increasedwater availability and lower
O&M costs enhance user satisfactIonwith the level of service provided.
Attention to leaksIndicatesa well-run systemand pleasesthepeoplewho are
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paying for water. ReducedO&M costskeep water rates down, which in turn
encouragesconsumersto participatein leakagecontrol.

Reduced Investment—If water lossesare reduced, long-termexpansions
to handilegrowth In demandcan be delayed or avoided altogether.In the
short tern-i, water savedIn one communitycan be piped to another one
nearby,saving Investmentfunds.
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Chapter 4

STEPSIN INVESTIGATING WATER LOSS

The investigationof water losshasthree steps:an Initial audit, field visits, andan analysisof
results.These steps Indicate the extent of the lossand roughly where it is occurring,and
enable the Investigator to evaluate the need for corrective action.

4.1 STEP 1—Initial Audit

The first step is to collect basic datato getanapproximateIdeaof how serious theproblem
Is. This couldcover a singlesystemor a number of systemsin a region and is usually done
in the office by an engineer.The tasks In this stepare:

1) Collectsystemdesign studies,drawings, diagrams,and maps.

All available systemdesign documents,drawings,diagrams, or maps, especially of the
distributionsystem,should be assembled.if such recordsare lost, the contractor who did the
constructionwork or the government agency or firm that designedthe systemshould be
traced.If only initial designsketchescanbe found, It Is Importantto remember that the “as-
built” configurationmay be different. As leakdetection andrepair work proceeds,diagrams
should be updated. if no drawingscan be found, newonesshouldbe made.

2) FInd designwater demand.

The designersof a systemusuallymakesomeestimateof the demand,basedon population,
daily percapitaconsumption,seasonalvariations,andprojectedpopulationgrowth.System
designdocumentsshouldbeexaminedfor thedesIgndaily (or monthly) waterconsumption
for different times of the year (dry season/wetseason).

3) Estimatecurrent waterdemand.

The designdemandprovidesthebasis for an estimateof currentdemand.If the systemwas
built a number of years ago, the current demand can be estimatedfrom the current
population, or a projectionof population,and per capitademand.One approachis to
project currentpopulationand multiply It by the origInal estimateof per capita(or per
household)consumption.This is asimpleapproach,butusersmay In fact be using more (or
possiblyless)waterthanthe designestimate.Recentsurveysof other systemsmayprovide
a useful comparison.
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4) Collectand analyzeany recordson current waterproduction.

Somesourcesof Informationon currentwater productionare:

• Masterproductionmeter readings(althoughtheseare not always
available)

• initial designflow measurementsat springsor other gravitysources

• Pumping records (hours per day of pump operationderived from
operator logs, if available) and an estimateof the pumpingrate

5) Compareproduction and demandto estimatelosses.

The difference betweenannual productionand annual demandwill provide a preliminary
estimate of lossesasfollows:

• Total water production: In m3/yr, or m3/day, or lpcd

• Total water consumption: In m3/yr, or m3/day, or lpcd

• Total losses: in m3/yr, or m3/day, or lpcd

• Percentageof loss: lossasa percentageof production

• Loss per kilometer per year: in m3/km/yr

6) Look for trends in repair records, If any.

A reviewof systemmaintenancerecordsmayprovide usefulduesbefore field work isstarted.
Frequent pipe breaks may Indicate corrosive soils, pressure problems, other factors
contributing to leakage. Immediate repairs will indicate that people are aware of the
importance of losses.

4.2 STEP 2—Field Visits

The secondstep is to verify the Informationgathered in Step 1 arid to refine it. Field visits
should be made by a team of two persons, with the collaboration of the local
operator/caretaker, water userassodatlon, village chiefs, etc. The teamshould spendone
or two days at the site and come equipped with basic hand tools.
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BOX 1—STEP I ExampleCalculations

1) Collectsystemdesign studies, drawings, diagrams and maps—Supposea hypotheticalsystem
consistingof adeepwell, turbinepump, dieselengine,elevated25m3waterstoragetank,4 km of 75mm
polyethyknepipe,and5standpostsservinga village. Whenthe system wasbuilt, hi 1985, the village
populationwasestimatedat 2000people.Thewell andtank areboth nearthecenterof thesettlement,
wIth 1 line runningnorth 2 km and anotherrunning south2 km. Thereis a standpostat thetank,and
at 1 km intervalsalongeachof the 2 lines. The dynamic waterlevel in the well was estimatedto be
lOOm, andwith theheightof the tank andother lossestheheadwasestimatedat 110 m. The design
pumpingrate Is 20m3/hr.

2) Find design water demand—The original designersassume:1a per capitaconsumptionof 50
lpcd. Designersestimatedthat summer demandmight reach75 I, while in the winter, during the rains,
the consumptionwould fall to around25 lpcd. Thusthedesign waterdemandis lOOm3.

3) Estimate current water demand—Current policy Is to usea3 percentpopulationgrowth rate
hi rural areas, so currentwater demandIs:

1989: 2000 x 1.03kx 50 lpcd — 2251 peoplex 50 lpcd — 113m3/day
or 41,245m3/yr.

1990: 2000 x 1.03~x 50 lpcd — 2318 peoplex 50 lpcd — 116 m3/day
or 42,340m3/yr.

4) Collect and analyze any records on current water production—There is no metering at the
system.The only records arehourspumpedper day, from operators logs. In 1989, the total hours
pumped was 2700 hours, or an average of 7.4 hrs/day. Based on the design figure of 20 m3/hrand
2700 hours we get a 1989 production figure of 54,000m3/yr or an averageof 148m3/day.

5) Compare water production and demand—estirnate losses

• Total waterproductionIn 1989: 54,000 m3/yr, - or 148
m3/day, or 66 Ipcd

• Total water consumption in 1989: 41,245 ni3/yr, or 113
m3/day, or 50 lpcd

• Total amount of lossesin 1989: 12,755 m3/year, or 35
m3/day, or 16 lpcd

• Percentageof loss: 35/148 24 percent

• Lossper kilometer per year: 3,200 m3/km/yr—modest

1) Interview operator/caretaker.

• Collect any recordsof fuel, repairs, etc.; discussproductionand
consumption
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• Discuss any recent significant changes In system operating
perfomiance(operatinghoursper day, fuel consumptionrate, water
pressure,flow rate,color, etc.)

2) Interview local leaders/ water users.

• Find out if there havebeen recent changeIn water pressure,flow, or
color, or IncreasedIncidence of water-relateddiseases—whichmay
Indicatesignificantleakage.

• Find out if there have been any recent countsof people or families
using the system,and assessthe degreeof demandsatisfaction.

3) Inspect standposttaps, livestocktroughs, fountains, kiosks.

• Locateany leakageor wastageandestimateflow (bucket and watch).

• Correctminorproblems Immediately.Plan follow-up maintenancefor
jobs requiringmore than 1/2 hour or additional partsor tools.

4) Inspect transmission lines, storage,distribution network.

• Locatelines

• Look for wetspots(ask peoplenearby)

• Look for uncharacteristicvegetationnearthe lines

• Look for depressionsin the soil

• Check all valve boxesfor moisture or wetness

• Uselong steel probes to find wet subsoil

• Check any air releasevalvescarefully

• Focuson gullies, road crossings,and other points where pipes are
subjectedto loads

• Look for any signsof Illegal taps or connections
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5) Look for leaks—twoquick checks.

There are two methods,which dependon the presenceof at leastsomevalving, to quickly
checkfor leaksIn transmissionor distribution lines: listening on valvesalong the line, and
pressuretests.Both require that all outlets should be closed,which maymeandoing a check
late at night. In a small rural systemwith a fewstandposts,It should be possibleto obtainthe
cooperationof usersto shut off all outletsfor a couple of hours.

The procedure to be followed with the first method Is:

• Close all valvescontrolling flow In and out of the selectedzone or
length of line.

• Listen on eachvalve. One end of a flashlight, a long wrench, or a
valve key can be placed on the valve and the other end against the
ear. if water Is heard seepingpast, the valve should be repaired and
then dosed.The sonoscopeor aquaphonedescribedIn Chapter 6 will
work better,but evena simple deviceIs enough.

• Open the valve that controls water flow Into the zone and listen
carefully. If water rushesInto the zone, there Is a leak In the zone.
Somepeople refer to this as “cracking” the valves.

The secondmethodusesa simplepressuregaugemounted somewherein thezone.A gauge
mounted on a nipple that can be InsertedIn place of a stopcockat a standpostwill work.
After the gaugeis Installed:

• aoseall valvescontrolling flow In or out of the zone.

• Listen on eachvalve. If water is heardseepingpast, the valveshould
be repaired and then dosed.

• Watch the gauge.If thepressurefalls more than a few m of headper
minute (5-10psI), there isprobably a leak. A leak will produce a swift
steadydrop in pressure,whereasIf someoneweredrawingwater the
pressurewould fluctuate.

Both methodsare simple enough for a pump operator, who could be trained to usethem
regularly.
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6) Measure water loss on transmission,storage, anddistribution.
If there Is an elevatedstoragetank in the system,a simplemethod can be usedto measure

the amountof leakage.The processIs asfollows:

• Closevalves to all zones of thedistribution system.

• Listen on eachvalve. If the soundof water is heard seepingpast,the
valveshouldbe repairedand thenclosed.

• Wait one hour and remeasurethe storagetankwater level. If there is
a drop, there Is a leakIn the tank Itself. Calculatethe rate of lossand
note It for later use.

• Arrange with usersto close all outlets for one or two hours, or
conductthetestlate at night when legitimate useIs likely to be zero.

• Measure the level In the storagetank.

• Open thevalve to the zone understudyandwait one or two hours.

• Remeasurethe storagetank levelandcomputethe total loss. Subtract
any storage tanklossto get the distribution lossIn the zone.

If the systemIs meteredat the water sourceand hasa storagetank, a similar processcan be
applied to measuring lossesin a transmission line from the sourceto the tank. The flow of
water should be stoppedor diverted, the storagetank level measured,outlets from the tank
dosed,and the tank filled for a knownperiod. Then the tank level should be rechecked,and
the volume arriving at the tank comparedwith the volume transmitted.This will show the
loss.

The more valves there are, the more the zonesthat can be created,and theeasierit will be
to pinpoint the leakages. If there Is no storage tank, as might be the case In some
sprinqjgravltyfeedsystems,theonly way to measurelossesIs to Install ameter andmeasure
the flow when all authorized outlets are shut off.

7) Measure waterproduction rate.

It Is worthwhile to measurethe water productionrateevenIf recordsexIst. If there Is no
meter, as Is common, the amount of water produced can be estimatedby watchingthe rise
In waterlevel In a storagetank. The outlet valve of thetankmustbedosed,the water level
In the tankmeasuredor marked,thepump run for aboutan hour, the level rechecked,and
the volume pumped computed. If there Is a long pipe from the pump to the tank, leakage

18



In the line could go undetected.In this casethe only choiceIs to installa meter (temporarily
at least)to measurethe pump output and then the leakage In the line.

BOX 2—STEP 2 Follow-up Site Field Vialt Results

A field investigationwasconductedat the site to collectadditional data.

1) Interview caretaker-operator—There were no additional records at the operatorsshed.
Discussionswith theoperatorIndicatethat therehavebeenno suddenchangesIn systemperformance
thathe was awareof.

2) Interview local leaders/waterusers—Usersalsohavenot observedanysuddenchangesin the
qtmnflty or quality of the water. Discussionswith community leadersrevealedno detaileddataon the
number of peopleserved, but did indicatethatpeoplelocatedsomedistanceawayare walking to collect
water from the far north standpost.The community had decidedthat they need not contribute to the
waterassociation.The leaderswantedto know if anotherstandpostcould bebuilt nearer to thesepeople,
and have them contributemore.

3) Inspect standpost taps, livestocktroughs, fountains, kiosks—An inspection revealeda leak
In one standposton the northbranch,andone on the livestocktrough on the south branch.Both were
estimatedat about1 Vm (using a bucket and watch).The caretakersaidthesehadbeenleakingfor only
a shortperiod.The caretakerproceededto makethe repairs.

4) Inspect transmission line, storage, distribution network—Theteam walked the north and
southbranchesandfound no obviousspots for leakage,otherthan thetwo small leaksnoted above.

5) Lookingfor Ieaks—!isteningon transmissiorp’distrlbution lines—Thereareonly two valves
In the system,both at the outlet of the storagetank.Onecontrolsflow to the north andthe other the
south.All standpostswere shut down,valves dosedandchecked,andthen “cracked”. Somenoise was
heardIn the north branch,but the south branch sounded ok.

6) Looking for leaks—pressuretestson transmission/distribution lines—Pressuretestswere
done by putting a pressuregaugehi place of the valve on the northern-moststandpost(and then
southern-most).Observationsshoweda steady pressureIn the south branch—Indicatinga tight zone,but
a slow but steadypressuredrop In the north.

7) Measure water loss on transmission,storage,and distribution—The waterloss In thenorth
branchwasmeasuredat2 m3/hr, andessentiallyzero In thesouthbranch.

8) Measurewaterproduction—Thewaterproductionratewasmeasuredat 19ni3/hr, doseto the
designvalue of 20 m3/hr.

4.3 STEP 3—Analysis of Results

1) Recompute waterproduction and demandwith new data.

The waterproductionandwaterdemandshouldberecomputed,from the resultsof thefield
visit, if thesedataconflict wIth datain the initial auditor with other data collectedIn the fIeld
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visit, good Judgmentshould be used to reconcile such differences. If there are clear

differencesthat cannotbe explainedeasily,additionalfield work Is necessary.

2) Recomputelosses.

RecomputelossesIn the sameway asIn Step 1 (seeSection4.1, task 5).

3) Conveyresultsto operatorand regional manager.

A summary report (similar to the examplegiven here) should be submittedto the operator
andthe community,and to the regionalgovernmentoffice that overseeswater systems.If
theoperatorand the communityare unable to readengineeringreports, the fIndingscanbe
communicatedat a meeting.

BOX 3—STEP 3 Analyze Result,

1) Recomputewaterproduction, lossesanddemandwith new data.

Themeasurementsof water productionratehasgenerallyconfirmedpreviousdata.The minor dIfference
betweenthe designfigure of 20 rn/hr andthe fIeld resultof 19m3/hrIs rathersmallgiven the variations
In watertables,and the accuracyof the rather cnidemethodsused.Thuswater productionremains
basicallyunchanged.Thusproductioncanbe keptat ouroriginal estimateof 14.8 m3/day.Howeverour
lossmeasurementsIndIcate 1 m3/hr, or 24 m3/day,not theestimateof 35 m3/dayfrom STEP1. If loss
is lessthanexpected,consumptionmustbe more—eitherbecausetheactualpopulation Is more than
anticipated,or the percapitaconsumptionIs higher.

2) Recomputeproduction, consumption,and losses.

Given a productionof 14.8 m3/day and lossesof 24 m3/day, consumptioncan be estimatedat
124 m3/day,assummarizedbelow:

• Total waterproductionIn 1989: 54,000m3/yr, or 148 m3/day,or 66
Ipod

• Total waterconsumptionIn 1989: 45,260m3/yr, or 124 m3/day,or 55
Ipcd

• Total lossesIn 1989: 8,740 rn3/yr, or 24 m3/day, or 11
lpcd

• Percentageof loss: 24/148 — 16 percent

• Lossper kilometerper year: 2,200m3/km/yr—modest

3) Conveyresults to operatorand regional manager.

A summary report waspreparedwith theseresultsanddelivered to the O&M managerof the regional
watersupplyagency,anda copy sentto the operatorto reviewanddiscusswith the community.
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Chapter 5

EVALUATING CORRECTIVEACTION

Correctiveactionshould be consideredonly after a careful comparisonof costsandbenefits.
For simple gravity-fed systemswith an ample water source, the costs of fixing even a
significant leakmay far exceedthe benefits, and no action should be taken. On the other
hand, systemsextractingdeepgroundwater in arid areaswith high water demandwill benefit
greatly from repairing a leak. Numerous studiesin urban areas have shown that if water
lossesare more than15-25percent, the costsof leakagecontrol will pay for themselves.But
blindly applying this rule could be a mistake, especiallyIn a rural context.

This chapter outlInesan approach for a more careful Investigation that canbe applied to
evaluatinga single repair at one site, severalrepairs at one site, or repairs to systemsIn a
whole region. If severalInstallations are Involved, the one most In needof repair should be
attendedto first. In theory, work should begin on themostbeneficIal sitesand continue until
the cost of repair Is aboutequalto the benefits to be gained. Corrective action should then
stop.

5.1 Assessingthe Costsof Repairs

The costof repairinga leak Includesthe costof locatingthe leak and then repairingIt.

Locating a leak can be anywhere from quite easyto quite difficult. If Investigations have
shownthere Is a leak in a sectionseveralkilometerslong andthere are no tell-tale signson
the surface, the task will take time. (More on the processof locating leaks is given In
Chapter6.)With experience,field personnelwill be more proficient In pinpointingleaksand
costestimateswill gain from this experience.

The repair may Indude:

• Systemshutdown

• Excavation

• Componentremoval

• Componentreplacement

• Pressuretesting
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• Back-filling arid restorationof the groundcover or paving

• Return to service

The componentsof the costof repair are:

• L.abor

• Materials(pipe, fittIngs, valves,etc.)

• Transport(IncludIngdriver, fuel, maintenance)

• Subsistenceallowancefor staff travelIngovernight

• Overheador otherIndirect administrativecosts

There are no rules of thumbthat apply here. The estimatorwill haveto collectinformation,
Interview repair personnel, and derivereasonableestimatesfor the caseat hand.

5.2 Assessingthe Financial Benefits of Repairs

As mentioned In Chapter 3, the financialbenefitscould be either a reduction In O&M cost
or an increaseIn revenue. Where demands are well satisfied,a reduction In water losswill
meana reduction In water production and a reduction In O&M cost. Alternatively, if the
water retrieved Is usedto provide additional families with service, It will brIng in Increased
revenue.

5.2.1 O&M CostReduction

The benefitswill be theannualvolume of water savedmultiplied by the unit costof water.
The graph at right comparesO&M costsfor small rural water systemsIn Botswana, Côte
d’Ivolre, and Sri Lanka. Costs vary for different locales, different pumping systems,and
different systemscales.For example, O&M costsavingsfor a dieselpumping systemlike the
one in Botswana,which before repairsproduced50 m3/day and after repairs reduced
productionto 35 m3/day, would be:

Savings - Original Volumex Original Cost - New Volume x New Cost
— (50m3/day x $0.48)—(35m3/day x $0.59)
— $24.00—$20.65— $3.35/day
— $1,220/year
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The samereduction In volume for an
electric pumping systemIn Sri Lanka
producedan annual savings of only
$600, and for a gravity system only
$70.

~1$

These data Illustrate the effect of
economiesof scale. The unIt cost Is
higher at 35 m3/day than at 50
m3/day,mainly becauseof fixed costs
(mostly operatorsalary).The operator ~
must be paid the samesalarywhether ~
leakage, and hence production, Is *1 N

reduced or not. Reduced production ~
affects only variable costs (principally ~
diesel fuel), and since In most small I
systemsthese are much lower than
fixed costs,the overall costreduction Is
proportionately smaller. Gravity-fed
systemshave few variable costs and
would probably experience lIttle cost ______

reduction with leakage control. In
general, larger systems with higher
variable costs (fuel, electricity,
chemicals, etc.) stand to gain the
greatestfinancial benefits.

The kind of O&M costdata usedIn this example may be hard to find. But savingscanbe
estimatedfrom savings in variable costs for Items such as engine fuel, electric power,
chemicals,andtransportatIon.

Sincea certainamountof leakageIs unavoidable It Is unrealisticto try to reduce leakageto
zero. The costof finding and repairing leakscould outweighthe savings,but It is hard to
predictthe breakevenpoint. Perhapsan lrredudbleloss of 500-1,000m3/km/yr (Section
2.3)would be an acceptablebase.

5.2.2 RevenueIncreases

Wherethedemandfor water hasnotbeen fully satisfied,thewater savedfrom pluggingleaks
canbe suppliedto newusersandcanbring In addedrevenue.Thefinancial benefitswould
bethe increasedsalesmultiplied by thewater fee. However, If the tariff Is a flat monthlyrate,
the extrawater providedto existinguserswW not bring~arevenuegain. Also, If collections
are poorly organized,selling more waterwill bring no gains.

DIRECT O&M (DSTS

1,I~U~

~T ?~

_____

11 $1 ill ~fl ~ lii lii

9L5~UI9~D, lIfIt,
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5.3 Comparing Benefits and Costs

The costsof repairinga leak arequantifiable,the benefitsless easyto pin down. Repairs
could hold for years,or a newleak coulddevelopsix monthslater In the samearea.Most
studiesassumethat the benefitsfrom a repair will last just oneyear.

5.4 Practical Considerations

In manycasesthere arefactorsbeyondcostsand benefitsthat Influence the decision on
whetheror not to repair. If the peoplewho paythe operatingcostsare not thepeoplewho
would pay for replacinga stretchof leaking pipe, conflicts could arise. There are also
Instanceswhere operatingfundsare adequatebut capitalfunds are simply not available for
sizablerepairs.Political pressuremayalso favor spending moneyto keeppump equipment
runningratherthanto fix an undergroundpipewhich no one sees.
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BOX 4 Sample Calculation. for the Example from Chapter 3

Cost of LeakageRepair

ThereIs someLni~ertaIntyas to how many leaksthereare hi the north branch,so a range of cost
esthnateshas been prepared.

Leak pinpointing
Labor: 2 personsx 2-4 days~$10.00/day $ 404 80
Transport:Pickup 100-200km x $0.30/km $ 30-$60

Leak Repair
Labor: 2 personsx 2-4 days@$10.0O/day $ 40-$ 80
Materials: $ 50-$100
Transport:PIckup 100-200 km x $0.30/km $ 30-$ 60

Subtotal $190-$380
Administrative
Costs 20 percent $ 38-$ 76

a——————

TOTAL $2284456

Benefits of Leakage Repair

It wasfotsid that thes~temhad a total lossof 24 m3/day,based on a leakagerateof 2200 ni3/km/yr.
We could expect to reduce thatto about1000 m3/l<rn/yr, representingasavingsof 1200 m3/krn/yr.The
networktotal length Is 4 km leading to an expectedsavings of 4800 m3/yr or 13 m3/day.

O&M Cost ReductionApproach
Approximate data puts the unit cost at $0.20 to $0.30. Thus the benefitsare
estimatedat:
Benefits— 4800 m3/yr x $0.20 to 4800 m3/yr x $0.30 — $960 - $1440

RevenueIncreaseApproach
Thewatersavingscouldbeapplied to servingadditionalfamilies, who could besigned
up as associationmembersandpaythe currentmonthlytariff of $2.00. if weassume
55 lpcd, and 6 personsper family, the savingsof 13 m3/day indicatesthat 40
additionalfamilies, canbeserved.This would yield an annualIncreaseIn revenueof
$960.

Comparisonof BenefitsandCost.

If theadditionalpeoplenearbyarenot served,thebenefitswould betheresultof theO&M costreduction
calculation.Undertheseconditions,thebenefitsare2 to 3 times theexpectedcosts,andthecorrective
workshould continue,k-i factthecommunitycould financetherepairItself. It would beInterestingto add
In the costof thewaterloss Investigationitself. If thatwerearound$250, the total cost would still be
underthe benefits.Howeverif thecommunitycansecurefundsfor theextensionto servemorenearby
people, theywill receivethe revenueincreasebenefits.Still thebenefitsexceedthecosts,evenwith our
crixie estimateof thecostof thewaterloss investigationaddedin. After thework is done,theactualcosts
incurred, and savingsgained should be measuredto evaluateresults and Improve cost estimation
procedures.
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Chapter 6

PINPOINTING LEAKS

Locating leaks maybe the hardest task of all. Manyfeatures of the typIcal rural systemmake
sonicapproachesconsiderablymore difficult thanIn urban areas.

6.1 Leakage Sounds

Water leakingfrom pipesproducessoundsof different frequencies. The vibration of thepipe

well at an orifice-typeleakhasafrequencyrange of 300-1000 hz. This sound can be heard
at any point of contact with the pipe such as a valve box or corporation stop. The sounds
of water leaking onto the surrounding soil and water circulating In the soil cavity near the
leak have frequencies In the 100-250 hz range.They travel through the soil and can be
detected by listening devices at the surface. Such sounds are localized and are very helpful
in pinpointing leaks.

Several factors affect the sounds of leaking water. Metallic pipes transmit higher frequency
sounds much farther. Sandy soils conduct lower frequency sounds better than clay soils do.
Smooth paved surfaces make listening easier, while sod or vegetative covers deaden sound.
Metal plates can be used in conjunction with surface listening devices to counteract this
effect. Low pressure In the system tends to decrease the Intensity of the leak sounds. The
rule of thumb Is that at least 10-15 meters of head (15-20 psi) is needed for sonic leak
detection. The conditions In many rural water systems in developing countries are not
conducive to sonic leak detection. Non-metallic piping, low pressures, unpaved ground
surfaces, and few valves or other listening points make the use of this technique difficult.

6.2 SonIc Leak Detection Devices

There are two types of sonic leak detection devices—those for direct listening arid those for
indirect or surface listening.

Simple Probes. The simplest for direct listening are screwdrivers, pipe wrenches,
flashlights, valve keys, or any other long metallic objects. One end of the probe Is placed on
the valve stem or other listening point and the other Is pressed against the ear.

Aquaphones(shown below) are a slightly Improved version of the simple probe. They
consist of a metal rod and an earpiece arid cost $10-$15.
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Electronic aquaphones(suchasthe Stethophonemade by Heath shown below) have a
metal probe, electronic amplification and volume control, and earphones for direct listening.
They cost about $350.

(eophones are the simplest devices for surface or Indirect listening. They consist of two
metal diaphragms and ear pieces like those of a stethoscope. They are highly sensitive, and
the user can pinpoint leaks by moving along the line to ftnd the loudest noise. They are
ineffective on non-paved surfaces without the use of flat metal resonance plates. They cost
$250-$300.

FIgure2. Aquaphone

FIgure 3. EectronlcAquaphone
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Figure 4. Geophone

Advancedelectronicdevices(suchas
the Aqua-Scope made by Heath shown
here) combine a ground or direct contact
microphone, electronic amplification of
key leak frequencies, and earphones.
Some also Indude an analog meter display
and most can be obtained with metal
resonance plates without which they are
ineffective on non-paved surfaces Theyare
more powerful than a geophone and also
relatively expenslve—$1 ,300-$1 ,500.

Other devices.The leak correlator is an
extremely sensitive direct listening device that
canpinpointaleakona bog pipe. Itisa
complex Instrument and costs thousands of
dollars.

There are magnetic devices that can locate
ferrous objects underground arid are useful
In tracing pipes and valve boxes. They can
be used on non-ferrous pipe if a steelwire
or special metallic tape Is placed on the
pipe during installation. They cost
$500-$1,000.

Figure 5. Advanced Electronic Device
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Chapter 7

ESTABLISHING A CONTROL PROGRAM

There are no rigid guidelines on how a leakage control program should be structured and
what it should do. Technical,economic, financial, managerial, and Institutional factors will
influence the shape and scale of each program. This chapter offers some general Ideas.

7.1 ProgramDevelopment

The best program Is one that evolves as the experience and knowledge of the staff increase
and as needs dictate.

If a regional O&M office Is beginning to work with communities and operators and nothing
Is known about the magnitude of losses, the program should have a modest beginning. A
leakage team should be formed and trained by an engineer. Water audits such as those
described in Chapter 4 should be conducted on several systems, starting with those likely to
gain the greatest benefits, or those where water is scarce or pumping or treatment costs are
high. The costs and benefits of correcting leaks should be evaluated, and repairs should be
carried out where warranted. These pilot projects will serve as a trainIng ground for the staff,
and provide Information on the nature of the problem.

If leakage control proves to be beneficial,the leakageteam should be made permanent and
Its responsibilities expanded. It should be given Its own vehide and tools and the authority
to follow its own schedule. It should begIn to train operators and the community and to
sensitize people to the issues. The team should apply the Step 1 audit procedures to all
systems In the region and rank them In order of priority, taking into account the amount of
loss, the cost of water, and other factors. Then Step 2 and Step 3 should be carried out for
a few systems at first and, If the results are favorable, extended to the rest of the region.

The financial return from a leak control program can be determinedonce the program gets
underway if good records are maintained on the progress to date. Persuading agency
management to fund the program may be difficult when other activities such as repairs or
new installations may appear more pressing. The office and field work to investigate and
reduce water loss can be time consuming, and results will be slow in coming at first.
Nonetheless, if the team perseveres, it can produce evidence to justify the program.
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Program Components

Work

Conduct regular annual desk audits of water loss

• Conduct regular annual line surveys, listening, pressure tests, loss
measurements

• Establish regional leakage teams to move from system to system
Investigating water loss, pinpointing and repairingleaks, and training
caretakers/operatorsin regularleak detection

• Develop good distribution system maps, induding updates when
changes or repairs are made

• InItiate meter testing, repair and replacement programs

• Establish records on pipe breaks by location, and analyze results by
pipe material, location and pressure

• Establish records on cost of leakage repairs and volume savings

• Develop detailed O&M cost estimating procedures

• Train operators in basic leak checking (line surveys, spot listening,
night tests)

• Train maintenance personnel—leakage team(s)

• Train engineers In good design practice

7.2

Water Loss

•

Training

Incentives

• Create Incentives such as reduced bills for communitymembers to get
Involved in leakage work

• Offer salary bonuses to operators/caretakers

• Offer salary bonuses based on savings made to leakage teams
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Community Involvement and Water Conservation

• Sensitize users to the need to combat wastage and leakage

• Provide pamphlets and videos on methods and benefits of water
conservation

• Train villagers to Identify leaks and alert operators or caretakers

• Initiate education programs in schools about local water systems,

conservation methods, and resulting benefits
• Involve school groups or youth groups in leak detection asscience

education (line surveys, for example)

Detailed Measurements

• Conduct more detailed measurements If water audits Indicate
uncertainty In the magnitude and variations In water production,
water demand, and water loss

• Install master production metering In selected areas, perhaps on a
temporary basis around valves

• Install distribution metering to measure overall demand and the
magnitude of night flows to assess leakage

• Install zonal distribution metering in house connections, to assess per
capita or per connection demands

• Conduct water use surveys at standposts—people/day, number of
buckets, etc.
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Chapter 8

PREVENTING HIGH WATER LOSS

The best way to keep water loss at a minimum is to prevent it in the first place through good
design and construction, regular maintenance, and strong community involvement In water
conservation.

8.1 EngineerIng Design

• Install master meters for water production

• Install isolation valves or bypasses for uninterrupted service during
repairs or maintenance of storage tanks

• Install distribution zone meters

• Install meters on bypasses to allow easy removal for recalibratlon,
repair, or replacement

• Install valves at frequent intervals to facilItate zone measurements and

repairs

• Design for moderate pressures

• Provide washouts for regular line flushing

• Lay tracer cable for future location of non-metallic piping if records

are lost

• Specify pipe carefully, taking Into account water characteristics, soil
conditions, pressures, and operational experience with different
materials and classes of pipe used locally

• Specify and select meters carefully

• Ensure adequate trench depth, correct bedding, and cover materials,
especially at road crossings

• Establish and enforce dear standards and specifications on trench
depth, bedding materials, cover materials, jointIng, backfllllng, and testing
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8.2 Construction

• Exercise carein selection, storage, and Installation of piping materials,
valves, fittings, etc.

• Supervise construction to ensure adherence to specificationsfor pipe
installation, especiallytrench depth, and bedding materials

• Supervise pressure testing before acceptance

• Lay tracer cable for future locationof non-metallic piping if records
are lost
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Appendix B

SOURCESOF INFORMATION, PRODUCTS, AND SERVICES

Sources of Information and Publications

1. AmerIcanWater Works Association
6666 West Quincy Avenue, Denver, CO80235, USA
Tel: (303) 794-7711

2. International Reference Centre for Community Water Supply and
Sanitation
P.O. Box 93190, 2509 AD The Hague, The Netherlands
Tel: (31)-70-33 141 33

3. National Rural Water Association
P.O. Box 1428, 2915 S. 13th., Duncan, OK 73534, USA
Tel: (405) 252-0629

4. Water and Sanitation for Health Project
WASHOperations Center, 1611 N. Kent St., Room1001, Arlington, VA 22209,
USA
Tel: (703) 243-8200

5. World Bank
Publications Department, 1818 H. St, N.W., Washington,D.C. 20433, USA
Tel: (202) 473-1234

Private U.S. Companies Providing Leak Detection Equipment and Services

1. Camp Dresser & McKee International Inc. 1 CambrIdgeCenter, Cambridge,
MA, 02142. Tel: (617) 621-8181.
Provides general water supply engineering services, Including distribution studies, leak
detection and related studies.

2. EnTech Engineering, 111 Marine Lane, St LouIs, MO63146. Tel: (314) 434-
5255
Provides specialized services In pIpe location arid leak detection

3. FIsher Research Laboratory, 1005 1 Street, Los Banos, CA 93635. Tel:
(209) 826 3292
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Provides equipment for pipe location and leak detection.

4. Forestry Suppliers, mc, P.O. Box 8397, Jackson, MS 39284. Tel: (800)
752-8460
Provides equipment for pipe location, leak detection, soil moisture testing, surveying,
and other relevant purposes.

5. Heath Consultants Incorporated, P.O. Box CS-200, Stoughton, MA02072. Tel:
(617) 344-1000
Provides specialized services in pipe location and leak detection, and provides
equipment and training.

6. Metcalf & Eddy, 10 Harvard Mill Square, Wakefield, MA 01880. Tel: (617)
246-5200
Provides general water supply engineering sevlces, including distribution studies, leak
detection and related studies.

7. James M. Montgomery Consulting EngIneers, Inc. 250 North Madison
Avenue, Pasadena, CA 91101 Tel: (818) 796-9141
Provides general water supply engineering sevlces, Including distribution studies, leak
detection and related studIes.

8. Pitometer AssociatesConsultingEngineers,2 North Riverside Plaza, Chicago,
IL. 60606. Tel: (312) 236-5655
Provides specialized services in leak detection and distribution analysis and training.

9. Joseph 6. Pollard Co, Inc., 200 Atlantic Avenue, P.O. Box 5438, New Hyde
Park, NY 11042. Tel: (516) 746-0842
Provides equipment for pipe location, leak detection, and other pipeline and water
supply operations and maintenance activitIes.
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