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Abstract

At acostreductionof60 to 80 percent,handpumpbasedwater1supplycanpotentiallyprovide
a wider coverageand greaterreliability thanthat canbe achjevedwith moresophisticated
systemswhich offer higherlevelsofservice.In India,morethar~300million peopledependon
handpumpsfortheirdrinkingwaterandthis is takento beasan appropriatemethodfor providing
drinkingwaterto isolatedcommunitiesandvillagesin rural In9ia.

Borewell with handpumpsareoneof themajorsourcesof wa~ersupply in therural areasof
Palakkaddistrict, in Keralastate,India. About2200borewells~‘ith handpumpswereinstalled
in thedistrict. Problemswith respectto quality, quantityanduseijacceptanceofhandpumpwater
supplywerenoticedin thisarea.Severalstudieshavereportedhigh iron contentin thehandpump
waterofthearea.

The objectiveof the study was to evaluatethe performance~f handpumpswith regardto
functioninganduseandto suggestsolutionsto improvetheexistingsituation.Themethodology
consistedof literaturestudyandtwo monthsfield work in Palakkad.Theliteraturestudywas
carriedout in I[RC, Hagueandin NE, Delfi. Specific literature~on handpumpprogrammesin
Palakkadwerecollectedfrom theoffices ofKeralaWaterAuth9rityat Palakkad.

ThreePanchayaths,onein hilly terrain,one from a low landare~with perennialwatersource,
and one from a water scarcelow land areawere selectedfor the presentstudy. Twenty
handpumpsspreadout in six wardsof thesethreePanchayathsWerestudied.In eachlocation
standardizedinterviewswereconducted.Opinion from 178housjtholdsliving nearthe selected
20 handpumplocationswereobtained,outofwhich 123 werehan~lpumpusers.A waterresource
mapoftheexistingwatersourceswaspreparedwith thehelpoftl’~ecommunitymembers.Water
samplesfrom all thesehandpumpsandanotherelevenmostcothmonlyusedtraditionalwater
sourceswerecollectedandtested.

Thestudyrevealsthatnineteenoutof twentyhandpumpswerefunctioningbutonly halfofthem
met thedischargestandardssetby theBureauofIndianStandards(BIS). It wasfoundthatabout
25%ofthepumpshadunacceptablelevelsofleakage.Also ahighbreakdownfrequencyofonce
in six monthsin thesesystemswere noticed.Nine out of twe~typumpswere not usedfor
driniungandcookingasaresultofbadtastedueto theexcesscon?entrationofiron in thewater.
It hasbeennoticedthat, whereverthepumpis heavily used,it is usedfor drinking andcooking.
Fourteenout oftwentywatersampleshadunacceptablelevelsoff iron contentsandsixteenout
oftwenty watersamplesshowedfluorideconcentrationsabove~helimits setby the BIS for
drinkingwater.

The studyrecommends(i) that groundwaterquality investigationsshouldbecomepart and
parcelof all handpumpprogrammes,(ii) to makealterationsin the~existingIndiaMark II pumps
to facilitatevillage level operationandmaintenance,and(iii) to explorethepossibilityofsurface
waterasan alternativesourceofwatersupplywheregroundwat~rquality is unacceptable.

VI





Contents

MapofIndia

MapofKeralashowingPalakkadDistrict iii

MapofPalakkadshowingselectedPanchayathsunderstudy iv

Acknowledgements v

Abstract vi

Contents

List ofAbbreviations

Introduction

Problemsin General
ProblemIdentification
Objectives
Hypotheses
1.4.1. Functioningof Handpumps
1.4.2. UseofHandpumps
Relevance
StructureoftheReport

Chapter2 Ruralwatersupply in IndiaandKerala 7

India 7
2.1.1. GeneralFeatures 7
2.1.2. OrganisationofGovernment 8
2.1.3. WaterResourcesandits Utilisationin Ind~a 9
KeralaState 9
2.2.1. History 10
2.2.2. PopulationandSettlementPattern 10
2.2.3. GeographyandClimate 11
2.2.4. WaterResourcesandits Utilisationin Kerala 11
2.2.5. PhysicalInfrastructure 12
2.2.6. AdministrativeSetupoftheState 13

Vii

Chapter 1

1.1.
1.2.
1.3.
1.4.

1.5.
1.6.

vii

xi

.1

.2

.3

.4

.4

.4

.5

.6

.6

2.1.

2.2.



2.3. Developmentof RuralWaterSectorin ModernIndia 14
2.4. Rajiv GandhiNationalDrinking WaterMission(RGNDWM) 16

2.4.1. Norms 16
2.4.2. Priority 17
2.4.3. Mini-Mission Projects 17
2.4.4. Sub-MissionProjects 17
2.4.5. WaterQuality TestingLaboratories 19
2.4.6. SolarPhotoVoltaic PumpingSystems 19

2.5. RuralWaterSupply in Kerala 19
2.6. Backgroundfor theselectionoftheDistrict understudy 20

2.6.1. Descriptionofthearea 20
2.6.2. WaterSupplyin Palakkad 21

Chapter 3 Literature review 24

3.1. HandpumpWaterSupply 24
3.1.1. Historyof handpumps 24
3.1.2. HandpumpDevelopmentsin India 25

3.2. FunctioningofHandpumps 30
3.2.1. Pumpdischarge 31
3.2.2. Leakage 32
3.2.3. Breakdownfrequency 33
3.2.4. Downtime 34
3.2.5. Brokenandbadlyconstructedplatform 36
3.2.6. Waterquality 36
3.2.7. Maintenancesystem 37

3.3. UseofHandpumps 38
3.3.1. Numberofpersonsusing thehandpump 39
3.3.2. Volumeofwatercollectedperhousehold 40
3.3.3. Distanceof handpumpfrom thehousehold 41
3.3.4. Presenceof alternativewatersources 41
3.3.5. Waterquality 41
3.3.6. Pumpenvironment 44
3.3.7. Conditionofpump 44
3.3.8. Communityinvolvement 45

Chapter 4 Methodology 46

4.1. Indicatorsselectedfor thestudy 46
4.1.1. Functioningofhandpumps 47
4.1.2. Useofhandpumps 47

4.2. Selectionof Panchayaths 47
4.2.1. Agali Panchayath 48
4.2.2. SreekrishnapuramPanchayath 48

vi”



4.2.3. KozhinjamparaPanchayath 49
4.3.~ Sampleselection 51
4.4. OrganizingWorks 51
4.5. ObservationProcedure 52

4.5.1. Samplesize 52
4.5.2. Observationmethod 52

4.6. InterviewProcedure 53
4.6.1. Samplesize 53
4.6.2. InterviewMethod 54

4.7. ExperimentalWorks 55

Chapter 5 Results 56

5.1. Descnptionof differencesin theselectedarea 56
5.2. Reviewon HandpumpSystems 57

5.2.1. PumpDischarge 57
5.2.2. Leakage 58
5.2.3. Breakdownfrequency 59
5.2.4. Downtime 60
5.2.5. PumpConditions 61
5.2.6. PumpEnvironment 62

5.3. Reviewon ServiceLevel 63
5.3.1. TheAverageNumberofUsersper Handpump 63
5.3.2. AverageVolumeof WaterCollectedperCapitaperDay 65
5.3.3. AverageDistanceofHouseholdfrom theHandpump 66

5.4. Reviewon AvailableAlternateSources 66
5.5. Reviewon WaterQuality 69

Chapter 6 Discussions 71

6.1. FunctioningofHandpumps 71
6.1.1. PumpDischarge 71
6.1.2. PumpLeakage 72
6.1.3. BreakdownFrequency 73
6.1.4. Downtime 74
6.1.5. BrokenandBadlyConstructedPlatform 75
6.1.6. PumpEnvironment 75

6.2. Useof Handpumps 76
6.2.1. Numberof usersper Handpump 76
6.2.2. VolumeofWaterCollectedperHousehold 76
6.2.3. AverageDistanceofHouseholdfrom theHandpump 77
6.2.4. ThePresenceofAlternateSources 77
6.2.5. WaterQuality 78

ix



Chapter 7 Conclusionsand Recommendations 80

7.1. Topic andobjectiveofthestudy 80
7.2. Conclusions 80

7.2.1. FunctioningofHandpumps 80
7.2.2. UseofHandpumps 81

7.3. Recommendations 82
7.3.1. Functioningof Handpumps 82
7.3.2. UseofHandpumps 83

7.4. ActionPlan 83
7.4.1. ImmediateMeasure 83
7.4.2. ShortTermMeasure 83
7.4.3. LongTermMeasure 84

Appendices 85

References 99

x



List of Abbreviations

AD
ARP
ARWSP
BC
BIS
CGWB
CWC
CWRDM
DPR
DRW
DTH
EC
GDP
GOl
GOK
lAS
IDWSSD
IMRB
KWA
KSPCB
MCM
MERADO
MNP
NGO
ORG
PHC
PHED
RGNDWM
Rs
SC
sCP
ST
SEU
TSP
UNDP
UNICEF
Us
UT
VLOM
WHO

- Anno Domini.
- AcceleratedRural Programme
- AcceleratedRural WaterSupply Programme.
- BeforeChrist.
- Bureauof IndianStandards.
- CentralGroundWaterBoard.
- CentralWaterCommission.
- Centrefor WaterResourcesand Development
- DetailedProjectReport.
- DraughtReliefWorks.
- Down The Hole.
- ElectricalConductivity.
- GrossDomesticProduct
- Governmentof India.
- Governmentof Kerala.
- IndianAdministrativeServices.
- Internationaldrinkmg WaterSupply andSanitationDecade.
- IndianMarketResearchBureau.
- KeralaWaterAuthority.
- KeralaStatePollution ControlBoard.
- Million CubicMetres
- MechanicalEngineeringResearchAndDevelopmentOrganisation
- Minimum NeedsProgramme.
- NonGovernmentOrganisation.
- OperationResearchGroup
- Primary HealthCentre.
- PublicHealthEngineeringDepartment.
- Rajiv GandhiNationalDnnking WaterMission
- IndianRupees
- ScheduleCaste.
- SpecialComponentPlan.
- ScheduleTribe.
- SocioEconomicUnit
- Tribal Sub Plan
- UnitedNationsDevelopmentProgramme
- UnitedNationsChildren’sFund.
- UnitedStates.
- Union Terntory.
- Village Level OperationandMaintenance.
- World HealthOrganisations.

xi





Chapter 1

Introduction

Safedrinking wateris oneofthemostimportantneedsofhumanity.Scarcityandmisuseoffresh
waterposeaseriousthreatto sustainabledevelopmentandprotectionoftheenvironment.Water
borneandwaterwasheddiseasesarecommonin developingcountries,resultingin highmortality
andsicknessrates.Oneofthereasonsis inadequatequantityandpoorqualityoftraditionalwater
sources(Buitenhuis, 1993). Also improvedwater supply doesnot necessarilyprovide good
quality water. It is for this reasonthat the pastdecadehasbeenselectedas “ International
Drinking WaterSupplyand SanitationDecade“ (IDWSSD 1981-1990),with an intentionto
providesafewaterfor all by theyear 1990.During this decadean additionalpopulationof 1.3
billion new userscouldbe providedwith safedrinking water.Theobjectiveof full coverage
couldnot be achievedwithin thedecadeand is proposedto reachthetargetby theyear2000
(UNDP, 1990).

In developingcountries,majority ofthe populationlive in rural areas. In the WaterDecade
Governmentagenciesandinternationalorganizationsgavespecialemphasisin developingrural
watersupplyschemes.Thetwo main sourcesidentifiedweregroundwaterandsurfacewater.
Oftenthesurfacewateris polluted.If groundwatercanbetappedatlargerdepths,in mostcases
it will be freeofsuspendedsolids andwill havemostof thedesirablephysical,chemicaland
bacteriologicalcharacteristics.Often suchwatercanbe suppliedto thecommunitywithout any
treatment.Thusgroundwaterhasbeenaproperchoiceofwater sourceparticularly for small
communitieswheretreatmentofsurfacewateris difficult or impossibleto administer.

Thepossibletechnologicaloptionsincludeddugwells, borewellltubewellwith handpumpand
pumpedschemeswith standposts.At acostreductionof60 to 80 percent,handpumpbasedwater
supplycanprovideawidercoverageandgreaterreliability thanthatcanbeachievedwith more
sophisticatedsystemswhichoffer higherlevelsofservice(Arlosoroffetal, 1984).Handpumps
installedin dugwellsorborewellsin areaswheregroundwateris availableprovideoneofthe
simplestand leastcostlymethodsofsupplyingrural populationwith drinkingwater.

Millions ofpeoplealreadydependon handpumpfor their drinking water. During the Water
Decade,a largenumberof borewellswith handpumpswere installed in the rural areasof
developingcountries.An evaluationin Indiaby theDepartmentofRuralDevelopmentrevealed
that about81 %watersourcesfor domesticpurposeswerebasedon groundwater(Ramasubban
and Singh, 1989). In India, more than 300 million peopledependon handpumpsfor their
drinking water (GOl, 1993)andthis is recognizedasone oftheeasiestmethodfor providing
drinking waterto the isolatedcommunitiesandvillagesin rural India.

This chapterin generalcoverstheproblemsandtheobjectivesofthestudy. Thechapterbegins
with thenormalproblemsencounteredin handpumpwatersupplysystems.Thenit presentsthe
specificproblemsencounteredin Palakkaddistrictwith handpumpwatersupplysystems.Finally
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Introduction

thechapterendswith theobjectivesandhypothesesofthepresentstudy.

1.1. Problemsin General

Keralacombinesanextremelyhighannualrainfallwith a shortageof drinkingwater in many
places.In someplaces,theavailability ofsafewateris pollutedby thebehavioralpracticesofthe
people.Accordingto theavailablestatistics,70%of theurbanand40%oftherural population
haveaccessto safewatersupply in thestate(Kurup, 1994).

Thoughendowedwith numerousrivers andhighannualrainfall,Keralahasits ownproblemsof
waterscarcity.Almost 90%of therainsin anyearareprecipitatedduringthetwo rainy seasons
viz,north-eastandsouth-westmonsoonswithin aboutfive to six monthsoftheyear.Duringthe
summermonthsthesalinity thresholdin mostoftherivers travelsevenup to 25 kilometresfrom
theseacoast.In somerivers,becauseof thesteepnessoftheriver bed,the flow dwindlesdown
assoonastherainsceaseandduringsummermonthstheriver bedscompletelydry up (KWA,
1988).

In thenorthernKeralasourcessuchasprivatewells,pondlriverwater,standpostsandhandpumps
were usedfor drinking purposes.During dry season,mosthouseholds,including thosewith
privatewells takewaterfrom public waterpostsif anynearbysincealmostall wells dryup or
havevery little water.Mosttributariesaredry andwatersupplyfrom thestandpostsis irregular.
Handpumpwateris usedonly asa lastresort.Complaintson thequality, quantityand supplyof
waterwerefrequent(SEU, 1989).

In mostplaceswateris usedfor all purposes.Pondand well waterareusedfor bathingand
washingclothes.Thepreferenceofwell waterover handpumpwateris sohigh thatpeopletrek
long distancesto fetchatleastonecontainerfor drinkinglcookingpurposes.Duringthesummer
months,in someplaces,wateris beingsuppliedin lorries,eachhouseholdbeingallowedto have
oneor two bucketsofwater.A notablefeatureis thatpublicwaterpostarebeingusedonlywhen
household’sown or nearbywells dry up. Intensiveuseof standpostsis observedduring the
summer,whichrangesfrom 2 to 4 monthson an averageper year.Duringwetseason,typically
waterfrom thestandpostsis usedfor washingandbathing,especiallyif the locationofthewater
pointprovidesfor privacyandaccessibility(SEU, 1989).

Thesuccessofahandpumpsystemdependsonproperattentionto six keyelementson thewhole
systemsuchasthecommunity,theaquifer,thewell, themaintenancesystem,thepumpandthe
finance.Analysisofmanyschemesrevealthat themajority of thehandpumpfailuresaredueto
inadequatearrangementsfor operationandmaintenancesystem.Few failurescanbeattributed
to thechoiceofthehandpumps.Theotherprominentcausesoffailuresarepoorly constructed
wells, lackofcommunityinvolvementin projectselectionandimplementation,designingfor the
wrongservicelevel, siting pumpin thewrongplaceor atthewrongdepth,failure to ensurean
adequatesupplyofsparepartssupply,disregardofwaterquality implications(tasteorcorrosion)
and failure to ensurefundsfor equipmentorspares(Arlosoroff et al, 1987).

A recentevaluationsaythat thegroundwaterexploitationin thecountryis increasingrapidly.But
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Introduction

theCGWB estimatesindicatesthattheoverall exploitationin thecountryis still below28%of
the gross resourcesavailable. Over exploitation of groundwatermanifestsin many ways
Particularlydecreasein yield ofwells, increasein drawdownsin pumpingwell anddepletionof
waterlevelsin wells arethegeneraleffectsin all theoverexploitedareas.Abnormallowering
of waterlevelshasbeenreportedfrom most of thehardrock areasin peninsularIndia. The
handpumpwells or pumpwells usedfor domesticwater supply,however,showtremendous
decreasein yield on accountof low water levels(increasein head),heavydrawdownsand
sometimesevenfail to give sustainedsupplyofwateron accountofslow recuperation(Ghosh
et al, 1995).

1.2. Problem Identification

Borewellwith handpumpsareoneofthemajorsourcesofdrinkingwaterin therural areasof
Palakkaddistrict. Problemsseemto exist in theseschemeswith respectto quantity,quality and
acceptanceofwater.

Themain qualityproblemsare

© high iron content;
© badtaste;and -

© corrosionofpumpmatenal.

Water in someoftheborewellshavehigh iron contentcausingbadtaste,stainingof clothes
which mayleadto rejectionof thesourceby thepeople.Literatureon waterquality investigation
showsthat pump corrosioncanbe an important reasonfor iron problemin the waterfrom
handpumpschemes.The effect of corrosion on handpumpis two fold. First it affects the
mechanicalperformanceleadingto brokenpumprodsanddamagedpipes.Second,corrosionhi-
productssignificantly affectwaterquality andthusaffect theacceptanceofwaterpumpedfrom
theseschemes.Thehigh iron concentrationthatresultsfrom corrosionmakeswaterespecially
unacceptableto pumpusersbecauseof its unpleasanttaste,turbidity andside effectssuchas
discoloringfood andstaininglaundry (Langenegger,1994).

As an AssistantEngineerworking in Palakkadfor KWA, theauthorwasalsoengagedin the
constructionof borewellschemes.From thepersonalobservationsof author,it hasbeenfound
that frequentbreakdownswereoccurringin thehandpumpschemes.Peopleoftencomplained
aboutbadtaste,turbidity etc.in theborewellwater.Thepresenceofiron wasevidentfrom the
stainedplatforms.Apart from theabovereasons,thedistance/locationofthewell mayalsobe
oneofthereasonsforthenonuseofthehandpumpandsubsequentuseofunprotectedtraditional
sources.UNICEF has identified the distanceto the borewellasthe single largestcausefor
generalnon-useandthecombinedeffect of distanceandpoortasteforcedthepeopleto use
borewellschemesfor purposesotherthandrinking (UNICEF, 1989).

In certaincasesthedischargeoftheborewellsarenot sufficientto meetthedemand.Peoplemay
have to allow certain recuperationtime before a secondbucket can be withdrawn. Thus
inadequatequantityis alsooneof thecontributingfactorsfor thereducedacceptancelevel.
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It hasbeenstatedthat “ Breakdownsthat forcepeopleto usecontaminatedwater,for only two
percentofthetime, risk undoingthehealthbenefitsof drinking cleanwaterduringtherestof
theyear”. Thusfor continuedfunctioninganduse,limitationof breakdownsandquickrepairare
essential (van Wijk-Sijbesma, 1985). Against this backgroundit was very important to
investigatethe functioning,useandacceptanceofborewellschemesin Palakkaddistrict.

1.3. Objectives

Thepresentstudyrelatesto theproblemsencounteredwith thehandpumpschemesin therural
areasof Palakkaddistrict. Theobjectivesof this studyare

© to evaluatetheperformanceofhandpumpschemeswith regardto functioning;
© to evaluatetheperformanceofhandpumpschemeswith regardto wateruse;
© to obtainan in-sight into thewaterquality ofhandpumpschemesin Palakkad;

to suggestpossibilitiesto improvetheperformanceof theseschemesin Palakkad.

Statedotherwise,the objectiveofthestudyas follows;

To investigatethe reasonswhymajorityofthehandpumpsin Palakkaddistrict arenot usedfor
drinkingpurposeandwhy theyarepoorlyfunctioning.’

1.4. Hypotheses

Thepossiblehypothesesfor poorfunctioningandnon-useofhandpumpsystemsaregivenbelow
in two sub-sections. -

1.4.1. Functioning ofHandpumps

Thefunctioningof ahandpumpsystemdependson the following parameters.

© pumpdischarge
Poorpumpmayaffect thefunctioningofhandpumpsystems.In orderto investigatethis
issue,dischargeof eachhandpumpis measuredin the field tests.

© leakage
This may affect thefunctioning andthesamehasbeenmeasuredin thefield for each
handpumps.

© breakdownfrequency
Breakdownfrequencymayalsoaffect thefunctioningofhandpumpsystems.Thishas
beencollectedfrom thefield interviews.

averagedowntime
The functioning of a handpumpsystemmay dependon the downtime.The average
downtimeon eachhandpumpis alsocollectedfrom thefield interviews.
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© brOkenandbadlyconstructedplatforms
Broken and badly constructedplatformsmay have an impact on the functioning of
handpumpsystems.thisparameteris observedin thefield.

waterquality
Poorwaterquality suchaslow pHwhich cancausecorrosionofpumpmaterialswhich
in turn affectthefunctioningofhandpumpsystems.In orderto investigatethis issue,the
watersamplesfrom eachhandpumparecollectedand testedfor pH in thelaboratory.

maintenancesystem
Eventhoughthisaffectsthefunctioningofa handpumpseverely,this indicatorhasnot
beencoveredin thepresentstudydueto limited timefor datacollection.

1.4.2. UseofHan dpumps

Thewaterusefrom a handpumpsystemmaydependon thefollowing parameters

numberofpersonsusing thehandpump
Thenumberofpersonsusing thehandpumpmayhavean effecton theuseracceptance
of handpumpsystems.In orderto examinethis issue,the averagenumberof persons
usingthebandpumphasbeencollecteddunngthefield interviews.

volumeofwatercollectedpercapitaperday
This parametermayaffecttheuseracceptance.Thequestionnairefor thefield interview
hasbeenpreparedin suchwayasto get therequiredinformationfrom theinterviews.

© distanceofhandpumpfrom thehousehold
This parameteris obtainedfrom thewaterresourcemaps,preparedfor eachhandpump
location,which includedtheinterviewedhouseholds.

© presenceofalternativewatersources
Thepresenceofalternativewatersourcesmayhavean effect on theuseracceptance.In
order to investigatethis issue,awaterresourcemapis preparedand thesufficient data
is obtainedfrom it.

© waterquality
Waterqualityparameterssuchasturbidity, iron content,hardness,chlorideetc.aretested
for eachwatersamplesin the laboratory.

© pumpenvironment
Badpumpenvironmentsuchasbrokenplatforms,brokendrains,stagnantpoolsofwater
nearby etc.mayaffect theuseracceptancebadly andthesameindicatorsareobserved
in the field.
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© conditionofpump
Poorconditionofpumpmayaffecttheuseracceptabilityandthishasbeenobservedin
thefield.

1.5. Relevance

In rural areasof Kerala,watersourcesareusedfor acombinationofdomesticandproductive
purposes.Apart from drinking,thewateruseincludespreparationof foods,washingofclothes,
bathing,livestockfeeding,vegetablegrowingetc.. Oftentheamountof waterusedfor domestic
purposeincreaseswhenthewatersupplyimproves.Changein tasteandquantityproblemsmay
makepeopleto reject handpumpandas evenashortpenodin which ahandpumpdoesnot
functionwill forcemanypeopleto returnto traditionalwater sources,with associatedhealth
risks.

Thereis a largeareaofpublic ignoranceabouthow healthis affectedby unsafedrinkingwater.
In theabsenceoffactualknowledge,misconceptionsandvagueguessesareuseto explainthe
relationshipbetweenhealthanddrinkingwater.Acrossthestatesin India, about88 to 95 percent
ofthepeoplebelievethatbaddrinkingwatercauseshealthproblems,butmajoritydoesn’tknow
badwater causewhich diseases(Ghoshet al, 1995).

More than80%of thediseasesin developingcountriesaredueto poorqualityof drinlungwater.
As mentionedearlier,handpumpsystemsarestill thecheapestmethodfor providingprotected
waterto the ruralmasses.But, if peoplecontinueto usethetraditionalsourcesagainfor drinking
andif thesesourcesarepolluted,thentheassociatedhealthrisksaremuchhigher.At thefirst
instance,the purposeof the handpumpproject is defeated.This not only meansa loss of
investment,but alsohamperstheattainmentof healthand otherdevelopmentalbenefits (van
Wijk-Sijbesma, 1985). Henceto improve the systemand to utilize the scarceresources
effectively,astudyontheuseandfunctioningofhandpumpswasessentialandthismayhelpthe
plannersanddecisionmakersfor arrivingat appropriatesolutions.

1.6. Structureof theReport

The report consists of a total of sevenchapters.The secondchapterdiscussesabout the
administrativestructureof theGovernmentin India andKeralaandtheirdevelopmentofrural
watersupplyprogrammes.Thethird chapterreviewstheliteratureon handpumpwatersupplies
andthe generalindicatorsaffectingthefunctioninganduseof handpumpwatersupplies.The
chapterfourdiscussesthemethodologyadoptedin thepresentstudy. The fifth chapterreviews
the resultsobtainedandthesixthdiscussestheresultsin relationto thefunctioninganduseof
handpumps.Finally theseventhchapterpresentstheconclusionsandrecommendationsofthe
study.
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Chapter 2

Rural water supply in India and Kerala

This chapterprovidesan overviewofthegeneralfeaturesofIndia,Keralaand theirdevelopment
of rural watersupply sectors.Thechapterstartswith a short descriptionaboutIndia,which
includesgeneralfeatures,its administrativeset up of Governmentand its water resources
potential and utilisation. The further sectiondealswith the featuresof KeralaStatewhich
providesinformationonpopulation,settlementpattern,waterutilisation, geography,climateetc.
Thechapterthenpresentsthehistoryofdevelopmentof ruralwatersupply sectorin Indiaand
theactivitiescoveredunderRajiv GandhiNationalDrinkingWaterMission(RGNDWM). It then
shortly coversthe developmentand activities of rural watersupplyprogrammesin Kerala.
Finally it concludeswith thebackgroundoftheselectionofthedistrictunderthepresentstudy.

2.1. India

India, the largestdemocraticcountryin theworld hasa geographicalareaof about3.3 million
squarekilometres,measures3200km from thenorthto southand3000km from thewestto east.
Thefollowing sectionsdealwith thegeneralfeaturesofthecountry.

2.1.1. GeneralFeatures

Indiais thesecondlargestpopulouscountryin theworldafterChina. In 1991, India’spopulation
figuredat846.3millions. Theaverageannualpopulationgrowthrateduringthe last decadewas
2.1%.Seventyfive percentofthepopulationlive in rural areas,butmuchofthe increasehas
beenconcentratedin urbanareas.India’s urbanpopulationincreasedfrom 19 to 27%ofthe total
populationbetween1965and 1990.Urbanisationis reflectedin theexistenceofmorethan 20
citieswith overonemillion residents.Mostprominentamongtheseare: Bombay(12.6million),
Calcutta(10.9million), Delhi (8.4million), Madras(5.4million), Hyderabad(4.3million), and
Bangalore(4.1 million) (EconomicReview,1994).

Thecountry’seconomicalandsocialconditions,languages,culturalandreligioustraditionalso
showwidevariation.While mostIndianssubscribeto theHinduReligion(83%approximately),
therearelargeMuslims (11%),Christians(3%),Sikhs (2%),Buddhists(1%)andminorities
in additionto othersignificantgroupingsuchasParseesandJams.

Accordingto 1991data,some43% ofIndia’s total areais agnculturallandwhile20% is forested.
PhysiographicallyIndia can be divided into sevendivisions. Theseare : (1) the northern
mountains,(2) thegreatplains,(3) thecentralhighlands,(4) thepeninsularplateau,(5) the east
coastbelt, (6) thewestcoastbelt, and(7) theislands(Ghoshet al, 1995).Thecountryhasvaried
climatic zoneswith considerableregionaldifferences,including well irrigated areasin the
northwest,the desertsin thewest,theHimalayasin the north, thehill tractsin the east,the
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Gangeticplain, thesemi-aridDeccanplateauandthetropicalcoastalareasin thesouth.

TheWorldbankestimatedthat at theendof the1980s,about40%of thepopulation(about340
million people)lived belowpovertyline, definedduringtheSeventhFiveYearPlanperiod1985-
1990ashouseholdincomeofRs. 6400peryearor aboutUS$ 460. A GDPpercapitaofUSS 350
togetherwith a life expectancyof 59 yearsandanaverageof2.4yearsof schoolingwith an adult
literacyrateof 48%,classifiedIndia by theUNDP in a ‘low humandevelopment’countryin
1990 (EconomicReview,1994).

Although India is a poorcountry,it is amajorindustrial power,rankingamongtop 20 in the
world (in 1990,manufacturingoutputwasmorethanUS$ 48,000million). The sharesofthe
threemajoreconomicsectorsareroughly:agriculture30%,industry30%andservices40%. For
the pastfew years, theagricultureproductionhasimprovedmuch, thanksto the timely and
healthy South-Westmonsoon. India is well advancedin the fields of defenceand space
technology.Indiais thefifth countryin theworld to haveits ownremotesensingsatellites.India
also has largeelectronicsand petrochemicalindustries,the product of which earnsforeign
exchangeto thecountry(EconomicReview,1994).

In spiteof sucheconomicachievements,which broughtprosperityto theroughly 150 millions
memberofIndianmiddle class,it hasbecomepainfully obviousthat for manymillions,poverty
tendsto increase.Dueto populationpressureand inequitabledistributionof assets,the gap
betweentherichestandthepooresthaswidened(EconomicReview,1994).

2.1.2. OrganisationofGovernment

Indiaconsistsof 25 statesand7 unionterritories(UTs). TheconstitutionofIndiaprovidestwo
tier systemofGovernments,oneat thecentreandtheotheratthestatelevel. India, the largest
democracyin theworld hasa federalsystemof Governmentatthecentre,with two housesof
parliament: thelowerhouseor the“Lok Sabha”(545seats),electeddirectlyandtheupperhouse
orthe “Rajya Sabha”(245seats),electedindirectly by thestateassemblies.Theconstitutional
headof thegovernmentis thepresidentwhois electedby themembersoftheparliamentand the
statelegislativeassemblies.A nomineeofthe partieswho hasmajority in the Lok Sabhais
appointedastheprimeministerby thepresident.Theprimeministeris assistedby a councilof
ministers,collectivelycalledthecabinet.

The stateshavedemocraticallyelectedlegislative assemblies.The headof the stateis the
Governor,appointedby the Presidentof India. The governorappointsthe nomineeof the
political partieswhohaveamajority in thestatelegislativeassemblyasthechiefminister.The
chiefminister is helpedby acouncilof ministers.

Theunionterritoriesareruleddirectlyby theCentralGovernmentthroughan administrator,who
is calledaLieutenantGovernor,appointedby thePresidentofthecountryon theadviseofthe
cabinet.
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Theconstitutiondividesall powersandcontroloverpublic activitiesinto threelists : theunion,
thestateand theconcurrentlist. Thefirst containssome97 subjectsofpredominantlynational
importancesuchasforeign affairs, defenceetc., the secondenumerates66 subjectssuchas
police, public health, education, agriculture, irrigation, rural water supply and sanitation
etc.,wherethe statehasfull authorityto legislateon applicationwithin the state:andthethird
involves47 itemsoverwhichthecentreandstatehaveconcurrent jurisdiction(thoughcentral
law will prevail incaseofconflict) (EconomicReview,1994).

2.1.3. Water Resourcesandits Utilisation in India

Precipitation(snowandlorramfall) is in generalthesoleandthus, themostimportantsourcefor
thereplenishmentof thewaterresourcesin India. Therainfall overthecountryis quite abundant.
Thevariationin distributionofrainfall with spaceand time, dueto prevailingmeteorological
conditionsandalsotopographyoftheareais so great,thatwhile someregionexperiencefloods,
someothersreelunderdroughtatthesametime. Onanaverage,annuallyabout112 cm rainfall
is receivedovertheplainsofIndia. TheSouth-Westmonsoon,whichsetsin around1stJuneover
Keralaandcoversthewholecountryby about15 July, contributesmorethan75% oftherainfall
in thecountryexceptin someregionsin Southwhich havetheirmajorcontributionduringits
retreatingperiod(October-December)popularlytermedastheNorth-Eastmonsoonseason.

Surfacewaterand groundwaterarethemajortwo sourcesof water in India. Surfacewater,
mamlycontributedby therivers, is themajorwaterresourcein thecountryaccountingfor more
than60% of its water potential.Theriver systemofIndia canbe classifiedinto fourgroups
viz.(I) Himalayanrivers ; formedby meltingof snow, (ii) Deccanrivers : mostly rain fed,
fluctuatem volume,(iii) costalrivers : short in length, limited catchment,and(iv) riversof the
inland drainagebasinwith an ephemeralcharacter(Ghoshetal, 1995).

Themajorgroundwatersourcein thecountryare borewells.In additionto borewells,millions
of dugwellsareconstructedin different partsof thecountryto meetthedomesticandirrigation
demands.A studyconductedby theCentralWaterConmiission(CWC) revealedthat attheend
oftheVth FiveYearPlan,therewereabout8.7 million irrigation dugwells,3.36 million pnvate
tubewellsand 0.046million Statetubewellsin thecountry(Ghoshet al, 1995).

Preliminarystudiesconductedin the river systemsin India indicatesthat the total utilisable
surfacewaterresourcesof thecountryis approximately670,000Million CubicMetres(MCM).
Study conductedby theCWC reportsthatthegroundwaterrechargeofthecountrycomesto
about430,000MCM andhencethetotal utihsablewatercomesto about1100,000MCM. In
1985,Indiaused50%of thetotal utilisablewater,which correspondsto 13%of annualrainfall
(Ghoshet al, 1995).

2.2. Kerala State

SandwichedbetweentheWesternGhatson theeast,andtheArabianSeaon thewest,Keralais
oneofthemostbeautifulStatesin India. A tropicalparadiseof wavingpalmsandwide sandy
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beaches,this thin strip ofcoastalterritory slopesdownfrom themountainghatsin acascadeof
lush greenvegetation.

2.2.1. History

Thehistoryof Keralaandits Malabarcoastis closelylinked with its commerceand trade.The
geographicalpositionof Keralahasalsocontributedto its commercialandeconomicprosperity.
ThefameofKeralaspicesbroughttheRomansin 30 AD., who werefollowed soonafterby the
Greeks,theArabsandtheChinese.

Till thebeginningoftheeleventhCentury,thepeopleofKeralaandtheireasternneighbours,the
Tamils shareda commonculture and language.In 1120 AD., constantpolitical feudsbroke
Keralaintomanypettykingdoms,whichwerethenruledby theTampurans.Duringthesecond
halfofthe 12thcentury,thepeopleof Keralajoinedto form adistinctive cultureoftheirown,
adoptingMalayalamasthemain language.

The Tampuranswere succeededby theZamorinof Kozhikkode(a city in thenorthKerala),
during whoseregime,thePortugueseset foot in Kerala.TheDutch, theFrenchandtheEnglish
followed. Known as the MalabarCoast and Cochin-Travencore,Kerala experiencedboth
prosperityand strife undertheBritish rule. Keralacontributeda lot to thenation during the
formativeyearsofmodernIndia. Nine yearsaftertheIndependencein 1956, thepresentstate
ofKeralawasformed,comprisingtheMalayalamspeakingtractsofSouthernIndia(Poovendran,
1996).

2.2.2. PopulationandSettlementPattern

Keraladerivesits namefrom ‘Keram’, thecoconutpalm. Keralamis the landofcoconut.It has
anareaof38,863squarekilometres,about1.27%ofthetotal surfaceareaofIndia. Thewidth of
the Statevariesfrom 35 to 120km,with anaverageof about65 kilometres.Accordingto 1991
census,thepopulationofKeralais 29.09millions whichcomesto about3.7%ofthetotal Indian
population.ThepopulationdensityoftheStatewas749 per squarekilometresin 1991.Thesex
ratio was 1036 femalesper 1000 malesin 1991. Since 1971, the growth ratehasshowna
decreasingtrendandthepresentgrowthrate’ of 14.32during thelastdecadeis the lowestamong
theIndianstates,with anannualexponentialgrowthrateof 1.34.

Keralais a landof genuinereligioussecularism,with arichculturerenownedtheworld over.
Majority ofthe Keralitesbelongto theHindu Religion (60%)with largeMuslims (20%) and
Christians(20%).

Settlementpatterngivesan evendistributionin towns andvillages overthe entirestate.The
variationsbetweenurbanandrural areasin densityofpopulation,economicdisparity, attitudes
etc.arelittle in sucha waythat it is very difficult to distinguishbetweena village andatown.

growthrate- percentageof mcreasem populationm 1991whencomparedwith thepopulationm 1981
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The dwellings arealmostevenlyspreadout in thevillagesandthehamletpatternof living is
notprevalentin thestate.Thestandardofliving of ruralpeopleof Keralaarenotmuchdifferent
thanthat of the urbanpopulation.From thepatternof distributionof the dwellings and the
standardof living of thepeople,it is difficult to saywherethetown endsandwherethe village
begins(Kurup et al, 1996).

2.2.3. Geographyand Climate

Flankedby theKarnatakaStateon thenorth andtheTamil Naduin theeast,Kerala is apleasant
strip of land, betweenthe Arabian sea and the WesternGhats.Basedon the elevationand
physical features,the state canbe divided into three regions, namely - the sandycoastal
regzons(theplains) with its extensivecoconutgroves,paddyfields, backwatersand sea, the
midlandregions madeup of fertile reddishhills andvalleysthat grow the mostof Kerala’s
agricultural cropsandhighlands includepeaks,extensiveridges andravinesof the Western
Ghats,wheresandalwood, tea,coffee,rubberandmostofKerala’sexotic spicesaregrown.

Keralaenjoysa goodwhetheralmostall throughthe year. It is neithertoo cold in thewinter
monthsnortoohot in summer.Themeanmaximumtemperatureis 32°C,with avariationof2~.
The WesternGhatswhich form a solid, continuousmountainwall, seemto dominatethe
topographyofKerala.This ghatactasanaturalbarrierduring theSouth-WestMonsoon.

2.2.4. WaterResourcesandits Utilisation in Kerala

Kerala is a landof rivers andbackwaters.Forty four rivers, forty-oneflowing westandthree
flowing east,cut acrossKeralawith theirinnumerabletributariesandbranchesBut theserivers
arecomparativelysmall,and areentirelymonsoon-fed,mostturn mtorivulets in summer.There
aresignificantbackwaterareasalongthecoast.Muchof Kerala’scostandplainshasa high
groundwatertable. Thestatereceivesagoodannualrainfall,which variesfrom 125 to 500 cm
with an averageof308.5cm.

Much of Kerala’sgroundwateris obtainedfrom dugwells.Keralahasthe highestdensityof
dugwellpopulationin theworld. Investigationsby Centrefor WaterResourcesDevelopmentand
Management(CWRDM) indicatethat thereare aboutthreemillion dugwells in thestate,with
anaveragedensityof250, 150 and25 wellspersquarekilometrein thecoastal,midlandandhigh
landareasofthestaterespectively.Thenormalrangeofthesevaluesare200 to 300 in coastal
belt, 100 to 200 in themidlandsand 0 to 50 in thehighranges(SEU, 1989).

A prelirmnaiystudyconductedby CWRDM reportsthat theutilisable groundwaterpotentialof
theStateis oftheorderof 4000MCM. Thethreemillion dugwellsin theStateextractsabout
1650MCM ofwaterannually.Thephysicalsurveyby CWRDM alsorevealthat on an average,
around1500 litres of groundwateris beingextractedperday from eachdugwells. Overand
abovethe traditionalopendugwells,Statehasalsoaround7700borewellsand tubewellswhich
extractsanother80 MCM. Thismeanstotal groundwaterwithdrawal from the stateis ofthe
orderof 1730MCM peryearagainsttheutilisableannualrechargeof4000MCM (SEU, 1989).
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2.2.5. PhysicalInfrastructure

After the State’s reorganizationin 1956 social services reachedfairly high standards.
Subsequentlythegovernmentsstartedadoptingseveralmeasuresfor theupliftmentofthesociety
andeconomicallydisadvantagesclassesincluding,successfullandreformarid rapidexpansion
of educationandhealthservices.During thefirst democraticlegislativeassemblyelectionsin
1957, thefirst democraticallyelectedcommunistgovernmentin India andperhapsin theworld,
cameto powerin Kerala.

Keralahasatotal roadlengthof 139,000kms and 1189kmsof railway line. Almost all village
centresandpanchayathsareaccessibleby roads.Therearethreeair ports in theState.Keralahas
amajorseaport andafew minor ports(EconomicReview,1994).Thedepartmentoftelecom
hasestablishedits rootsevenin theremotestpartsofthestate.

Keralais notedfor the earlydevelopmentof its healthandeducationservices.Thereligious
diversity andtoleranceofits peopleis commendable.HistoricallyKeralahasbeenapioneering
statein thedevelopmentprogrammesliteracy,healthcare,landreform,emancipationof woman,
sanitationandfamily welfare.

Thestatehavean extensivenetworkof educationalinstitutionsincluding6702primaryschools,
2929upperprimaryschools,2475 high schools,174 artsandsciencecolleges,39 polytechnics,
39 technicalschools,12 engineeringcolleges,2 dentalcolleges,5 Ayurvedamedicalcolleges,
5 Homeopathicmedicalcollegesand 6 Allopathymedicalcolleges.

I’~ieralaachievedtotal literacy in 1992. The healthinfrastructureofKeralais bestamongthe
IndianStates.Life expectancyatbirth increasedfrom 45 yearsin 1951-1961to 70 yearsin 1991,
with 69 for men and 72 for women.Thebirth rate is 17 and deathrateis 6 per 1000.Infant
mortality ratein Keralais 13 per 1000(Economicreview, 1994).Althoughmortality is low,
morbidity ratesarehigh andwaterandsanitation-relateddiseasesfeatureprominently,despite
relativelyhigh levelsof improvedwatersupplyandsanitation.

Possiblereasonsfor therelativelyhighmorbidity figure are:

Diseasereportingin Keralais high, becauseofgoodnetworkofclinics andPHCs2(one
per 5000 inhabitants);

© Keralitesperceivesuchdiseasesasseriousand will seekhelp from the Government
health facilitiesratherthanfrom traditionalhealthcareestablishments;

© Coverageandqualityofperformanceanduseofwatersupplyandsanitationfacilities are
not yethigh to haveahealthimpact(source: Kurup et al, 1996).

2PHCs - PrimaryHealthCentres thesearethemstitutionsundertheMinistry ofHealth,responsiblefor
medicaltreatmentandconductinghealthawarenessprogrammesatthevillage level
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Although it canbearguedthat thehighmorbidity figuresare theproductof ahigh densityof
servicesandreportingof disease,thesetwo explanationsalonecannotaccountfor the illness
levelsofKerala.Nearlyall peopleareliterate,andhaveaccessto informationaboutthe illness
anddiseases.Thisprobablyservesto inflate thereportedmorbidity figures, butwhat is being
inflated is nonethelessasubstantialburdenofillness.Thehigh morbiditymayalsoin partbea
function of decreasingmortality and the greaterproportion of the older people. This is
attributableto lowerdeathratescombmedwith betterchild carefor thenewly born(Kurup et a!,
1996).

2.2.6. AdministrativeSetupoftheState

The statehasa democraticallyelectedGovernmentwhich canrule the statefor five years.A
chief minister and a counselof ministers,are in chargeof the variousdepartmentsof the
government.The seatof the Governmentis located in the capital city of the state,the
Thiruvananthapuram.

Stategovernmentfunctionsarefurtherdivided amongvariousdepartmentsandagencies.The
major departmentsareRevenue,PublicWorks, HealthServices,Irrigation, Agriculture,Rural
Development,Police,Panchayaths,andMunicipalitiesandagencieslike KeralaWaterAuthority,
KeralaStateElectricityBoardetc.Eachmajordepartmentis headedby asecretary(usuallyan
officer oftheIndianAdministrativeServices).

For administrationofrevenueandlaw andorder,thestateis temtoriallydividedinto 14 revenue
districts.Theserevenuedistrictsarefurtherdivided intoRevenueDivisions, thento Taluksand
finally to Villages.Thedistrict admimstrationis headedby thedistrict collector(also an lAS
officer), revenuedivision by revenuedivisional officer, Taluksby Tahsildarsand villagesby
village officers,all aregovernmentservants.

Rural and Community Developmentactivities are administeredby Rural Development
Department.Accordingly the whole stateis divided into 14 District Panchayaths.They are
furtherdividedinto 151 Block Panchayaths,againsub-dividedinto 990GramaPancbayaths.This
threetier systemis popularlyknownas ‘PanchayathRaj System’.Eachof thesebodieshave
democraticallyelectedmembers,and in effect theyarelocal selfgovernments,which hasthe
power to carry out most of the rural developmentworks including agriculture,road works,
irrigationetc.EachPanchayathis againdividedmto abouttenwards,eachofwhosepopulation
averagesabout 3000 people.Local governmentat Panchayathlevel consistsof an elected
Panchayathpresidentandacouncil ofelectedwardmembers(onememberperward).Thefigure
1.1 showstheState-widesetup oftwo differentdepartments.
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2.3. Developmentof Rural Water Sectorin Modern India

TheBhorecommittee,appointedin thepre-independenceera(1944)wasthe first body to draw
attentionto theimportanceof safedrinkingwater supplyon a nationwide scale.It assumed
importancein NationalDevelopmentplans.Subsequentlytheprovincialgovernmentscameout
with proposals, but with far reachingresults(Ghoshetal, 1995).

TheEnvironmentalHygieneCommittee(1948-49)appointedby theUnionGovernmentwasthe
first agencyof its typechargedwith an overall assessmentofthecountry-wideproblemsin the
entire field of EnvironmentalHygiene. The recommendationof the committeeincluded a
comprehensiveplanto providewatersupplyandsanitationfacilities for 90%ofthepopulation
within a periodof 40 years.However,as late in 1961, the National Water and Sanitation
Committee,appointedby theUnionMinistry ofHealthhasnotedin its reportthat noconcerted
measureswere taken to implement the recommendationsof the EnvironmentalHygiene
Committee(Ghoshet al, 1995).

With theimplementationof Five Year Plansin India, toppriority wasgiven for RuralWater

KERALA STATE ORGANIZATION FOR

REVENUE ADMINISTRATION RURAL DEVELOPMENT ADMINISTRATION

KERALA ~ ST~ff~J

~ut~c~.yItb.

Block Pauchmyitb.
151 Noi.

Grimi/Village Pmnchiyith.
990 Noc.

4.
P.ncheyitb Wirdu

9776 Noc.

figure 1.1Kerala StateSet up of two major departments
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Supply Schemes.Right from the commencementof First Five YearPlan, the provision of
drinkingwatersupply in rural areaswastheresponsibilityoftheStatesandfundswereprovided
in theStatebudgets.Nationalwatersupplyandsanitationprogrammeswasintroducedin social
welfaresectorin 1954.TheStatesgraduallyconstitutedP}{EDs for constructingandmanaging
watersupplyandsanitationinstallations.It wasobservedin 1960 thatruralwatersupplyprojects
wereimplementedonly in thosevillageswhich wereeasilyaccessible.HencetheGovernment
ofIndia(GOI)requestedthestatesto identify thosevillageswhich wereneglectedin thepastand
shallhaveto be coveredin thesuccessiveFiveYear Plans (GOl, 1993).

Takingintoaccountthemagnitudeoftheproblemandto acceleratethepaceofcoverageofthose
villages,theGOT introducedtheAcceleratedRuralWaterSupplyProgramme(ARWSP)in 1972-
73 with 100 % grantsin aid to assisttheStatesandUnion Territoriesto implementtheschemes
in suchvillages.This programmecontinuedtill 1973-74andwith the introductionof Minimum
NeedsProgramme(MNP), it waswithdrawn. Later it wasreintroducedin 1977-78whenthe
progressof supply of safe drinking waterto identifiedvillages was foundto bewell below
expectation(GOl, 1993).

Intheyear1977theUnitedNationsWaterConferenceseparatedtheissueofdrinkingwaterand
sanitationfrom otherwaterissuesto stresstheseriousnessandmagnitudeof the problemof
drinkingwater.Beingasignatoryin theconferenceIndiawascommittedto achievethetargetby
1991.ThewaterDecadeProgrammein India wasaccordinglylaunchedon 1 St April, 1981 to
achievedefinitetargetsofcoverageof entirepopulationby 31stMarch, 1991(GOT, 1993).

The strategyin India during the WaterDecadehasbeento concentratefirst on theproblem
villages.Thesewereidentifiedasthevillageswhichdidn’t haveassuredsourcesof waterwithin
a distanceof 1.6 kmsor within a depthof 15 meters(orhilly areaswherewater sourceswere
availableatan elevationdifferenceofmorethan120 metersfrom thehabitation)orwherethe
availablewater sufferedfrom either chemical(fluoride, iron, brackishnessand other toxic
elements)or biological contamination(guineaworm, cholera,typhoid) (Ramasubbanand
Singh, 1989).Recentlythenormwith respectto distancehasbeenrevisedto 0.5 kmsandabasic
servicedefinedasahandpump/standpostservingapopulationof 150,at adistanceof 250meters
horizontallyand 15 metersvertically from thehabitation.Altogether231,000villageswere
identifiedasproblemvillagesto be coveredwith safewatersupply in thewaterdecade.

Of the 231,000 identified problemvillages, 192,000 were coveredin the Sixth Plan. The
programmesfor coveringthebalanceof 39,000villageswereproposedin the SeventhPlan.
During theSeventhPlan, it wasalsodecidedto givepriority for coverageof ScheduledCaste
(SC) I ScheduledTribe (ST) habitationsand for this purposefunds were earmarkedunder
ARWSP in the sameproportionaswasbeing doneunderthe StateSectorMinimum Needs
Programme(MNP) for SCsunderSpecialComponentPlanandfor STsundertheTribal Sub
Plan.

In August1985thesubjectofruralwatersupplyandsanitationwastransferredfrom Ministiy of
Urban Developmentto Departmentof Rural Developmentwith the objectiveof securing
implementation of the programme and their integration with other rural development
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programmes.TheNationalDrinking WaterMissionwaslaunchedasoneofthesocietalMissions
in theyear1986. Laterit hasbeenrenamedasRajiv GandhiNationalDrinking WaterMission
(RGNDVS~4).GOT continuesto givehighestpriority to ruralwatersectorthroughtheactivities
oftheMissionandARWSP (GOT, 1993).TheActivitiesofRGNDWM arediscussedin detail
in thefollowing section.

Theapproachto theruralwatersupplysectorduring thetwo annualplansremainedsameasin
theSeventhPlan.At theendofthisperiod,about3000hardcoreno sourceproblemvillageswere
remainedwithout any safedrinkingwatersupply.

Highestpriority wasgiven in theEighthFive YearPlanfor thecoverageof thesethreethousand
villagesby theendofMarch, 1993.Stepswerealsotakento increasethesupply level to 40 lpcd
in thepartially coveredvillagesin thecountry.During theEight Plan,effortswerealsomadeto
achievezero incidenceof guineaworminfectionby 1993 andits total eradicationby theyear
1995.

2.4. Rajiv Gandhi National Drinking Water Mission (RGNDWM)

This Mission,undertheMinistry ofRuralDevelopment,GovernmentofIndiahasto look after
theWaterSupplyProgrammesin villagesandrelatedWaterManagementissues.

TheMissionwaslaunchedwith thefollowing objectives

to coverall no sourceproblemhabitations
© to supply40 litres percapitain all areasfor humanbeingsandadditional 30 litres per

capitain desertareasfor cattle,within accessiblereach
© to evolvecosteffectiveappropriatetechnologyto solvespecificproblems

to takeconservationmeasuresfor sustainedsupplyof water
© to improveconservationmeasuresfor sustainedsupplyofwater
© to improveperformanceandcosteffectivenessofongoingprogrammes
© to createawarenessonuseof safedrinking water
© to promotecommunityparticipation

TheactivitiesofRGNDWM includesMini-Mission ProjectsandSub-MissionProjects.

2.4.1. Norms

RGNDWM hasadoptedthe following norms for providing safe drinking water to rural
populationin thevillages.

40 litres of drinkingwaterpercapitaperday for humanbeings.
© Additional 30 litres percapitaper day for cattlein desertdistricts.
© Onehandpumpor standpostfor every250 persons.
(~) Watersourcesshouldexistwithin 1.6km in theplainsandwithin 100 metreselevation

differencein hilly areas.
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© Wateris defmedassafe if it is free from biological contamination(guineawormand
bacilli causingdiseaseslike cholera,typhoidetc.)and chemicalcontamination(excess
fluoride,brackishness,excessiron, arsenic,nitratesetc.)

2.4.2. Priority

Thefollowing prioritieshavebeenadoptedto coverthosedifficult areaswhich werenot covered
earlier

© to coverSixthPlanspill over problemvillages.
© to coverall villageswith no watersource
© to coverno sourceproblemvillagessurveyedor identifiedsubsequently

to coverall villageswith contaminateddrinking water(both chemicalandbiological)
© to coverall villageswith percapitasupply lessthan40 litres to bringthe servicelevel to

thenorm level
© to coverhamletsandhabitations

2.4.3. Mini-Mission Projects

TheconceptofMini-Mission is adistrict-basedintegratedprojectcoveringmajoraspectsofrural
watersupplyto attainsustainablewatersupplyon long termbasiswith closeinvolvementof
communityandNGOsin theimplementation,O&M andhealtheducationandsolutionofspecific
problemsofexcessfluoride, iron, brackishnessetc.It aims at adoptingappropriatetechnology
andsuchothertechno-scientificinputsas scientificsourcefinding by satelliteimaginaryetc. for
sustainableandsafewatersupply.Mini-Mission Projectswere takenup in thefifty-five Mini-
Missiondistricts,wereselectedto demonstratean mtegratedmodel,makinguseofcoordinated
efforts to solvequantitativeandqualitativeproblemsand their subsequentreplicationin other
partsofthecountry.Theentireprogrammewasfundedby theGOT (GOT, 1993).

Mini-Mission projectsweretakenup in theentireStateofGoaandUTsofAndamanandNicobar
Islands,LakshadweepandPondicheny,besides51 districtsin theremaining24 States.Theentire
programmewasfundedby GovernmentofIndia(GOT). Palakkadwas oneamongthefifty five
Mini-Mission districts (GOT, 1993).

2.4.4. Sub-MissionProjects

RGNDWM recognisedtheneedto concentrateon certainpeculiarproblemswhichwerearea-
specificandat the sametime, neededto be tackledon a nationalscalebecauseeachof these
problemsexistedin severalStates.Thefollowing Sub-Missionareaswhereidentifiedandnodal
collaboratingagencieswereselectedto look attheseproblemsandto work, towardseradication
or othersolutionson ascientificbasis.
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(1) GuineawormEradication

Theguineawom-ieradicationhasbeenanimportantactivity ofRGNDWM. TheMissionplayed
avital role in providingsafewaterincludingconversionofunsafewatersourcesinto safeones
in guineawormaffectedvillagesandchemicaltreatmentofthesourceby TemephosorChlorine.

(2) Defluoridation Activities

Certainareashavereportedpresenceof fluoride in excessin drinking waterandconsequent
contaminationofthesamewhichhasresultedinto endemicfluorosisin thoseareas,manifesting
into dentaland skeletalfluorosis in humanbeings.RGNDWM hastakena comprehensive
programmeofnot only creatingawarenessaboutfluorosisbut alsoto treatthat water,makeit
potableandbringdownthefluoridecontentwithin thepermissiblelimit of 1.5 ppm.TheMission
hassanctioned106Fill andDrawtypeand377handpumpattachedtypesofDefluoridationplants
outofwhich 58 Fill & Draw and345 HandpumpAttachedtypehavealreadybeencommissioned
ason 30.9.1994.

(3) RemovalExcessIron

Thecontrolmeasurestakenare
(a) Supplywaterwithin permissiblelimit (1.0ppm)by providingalternativesources; or to
(b) Supplywateraftertreatment

Theproblemis prevalentin 15 StatesandtheUT ofPondicherry.TheMissionhadapproved
settingup of 11908iron removalplants.Morethan8800plantshavebeencommissionedin the
15 statesandUT ofPondicherry.

(4) Control ofBrackishness

Controlmeasuresincludesupplyofwaterwith totaldissolvedsolidswithinpermissiblelimits
(1500ppm) eitherby providing alternatesourcesor supplyingwaterafter desalination.The
excesssalinity is prevalentin 12 stateswhich includesHaryana,MadhyaPradesh,Punjab and
Rajestanapartfrom the coastalstatesandin 3 UTs. 163 desalinationplantswereapprovedby
theMission, 143 havebeencommissionedtill March 1994.

(5) ConservationofWater

To increasethewaterretainingcapacityofthesoil andto bridgethegapbetweenavailabilityof
groundwaterand its waterdemand,traditional and non-conventionalmethodshavebeen
adopted.Oneof the methodsadoptedwas cascadeterracingon hilly areassupplementedby
moistureretainingplantsonthebordersofthe terraces.theMissionhasbeenactivein promoting
bothorthodoxandinnovativemethodsof conservationof waterincluding theconstructionof
waterharvestingstructuressuchascheckdams,sub-surfacedams,barriers,injectionwells etc.
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2.4.5. Water Quality TestingLaboratories

The Missionhasbeenconcernedaboutthe varioustype ofcontaminationof drinking water,
particularlychemicalcontamination.TheMissionhasapproved200 stationarylaboratoriesand
aims to cover in due coarsein eachdistrict with one suchlaboratory.TheMission hasalso
sanctioned26 mobile testinglaboratoriesoutofwhich22 havebeenalreadybeenfabricatedand
put to use.

2.4.6. SolarPhoto Voltaic PumpingSystems

Someoftherural areasin India do nothaveelectricityfacilities for motorpumpsets.Evenif
electricityis present,it is not reliableon accountof intermittent supply. The solutionto this
problemcomesfrom theSolarPhotoVoltaic (SPV) PumpingSystemby tappingsolarenergy
by cellsexposedto thesunlightwhich is convertedinto electricityfor lifting waterfrom great
depths.TheMissionhasalreadysanctionedatotal of 142 SPV systems,out ofwhich 125 have
alreadybeeninstalledtill 30.9.94(source:Ghoshetal, 1995).

2.5. Rural Water Supply in Kerala

Prior to the inceptionof Rural water Supply schemes,the Rural populationof Keralawas
primarily dependingon supplyof waterfrom dugwells,ponds,riversetc. for theirvariouswater
requirements.Very little attentionwas given to provide safe drinking water for the rural
population in the pre-independencepenod. However it receivedattention only after the
introductionoftheNationalWaterSupplyandSanitationProgrammein 1955.

With the implementationofFiveYearPlansin India, alongwith otherSocialwelfareSchemes,
Rural WaterSupplywasgiventop priority. TheStateGovernmentstartedvariousrural water
supplyschemeswith Centralassistancefrom thebeginningofthesecondFiveYearPlan. The
Public Health EngineeringDepartmentwas formed by the State Governmentin 1956 to
implementvariousWaterSupplyandSanitationSchemesin theState.In theearlystages,the
RuralWaterSupplySchemeswereexecutedwith StateandCentralFunds,laterassistancefrom
Institutional financingagencieslike Life InsuranceCorporationandexternalagencieslike World
banketc.wereobtained.

In the year1984, theKeralaPublicHealthEngiineenngDepartmentwasconvertedto Kerala
Water and WasteWater Authority(KW&WWA), an autonomousbody, for raising more
resourcesandspeedyimplementationofWaterandSanitationSchemesin theState.Later it was
renamedasKeralaWaterAuthority (KWA) in 1986.

TheKerala WaterAuthority is entrustedwith theprovisionof safewater,specificallypiped
water,for theentirestate.It is an autonomousorganizationin chargeof design,constructionand
maintenanceofall rural andurbanpipedwaterschemesandpipedseweragenetworksin the
state.At presentKWA maintains1850waterschemesofvaryingsizes,althoughthemajority of
thesearequitesmall.
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The governmentsof The Netherlandsand Denmarkhave beenassistingthe KeralaWater
Authorityfinancially in theimplementationofdrinkingwatersupplyschemessince1980s.Indo-
Dutchcooperationin theruralwatersectorwasinitiated in 1980andTndo-Danishcooperation
startedin 1986 (Kurupet al, 1996).

In Kerala,socio-economicactivities in ruralwater supply areincludedonly in thebilaterally
supportedwater supply schemes.For this purpose,Socio-EconomicUnits (SEUs) were
establishedin the late 1980sby the Dutch andDanishGovernments.TherearethreeSocio-
EconomicUnits, eachlocatedin the south, centralandnorthernpartsof the state.EachSEU
serveson averageof 20 Panchayaths,that is apopulationbetween400,000and1,000,000people.
TheSEUsareresponsiblefor awider rangeofwater-relatededucationandsanitationactivities
(Kurup et al, 1996).

2.6. Background for the selectionof theDistrict under study

As mentionedearlier,manypeopleuseborewellswith handpumpastheirwatersourcein India.
Handpumpwas taken to be the most easy methodof water supply in coveringthe major
populationof thecountrywithin ashorttime. This technologywaspopularin thenorth-Kerala
andparticularlyin thePalakkaddistrict. A majorportionofthedistrict liesin thehighlandregion
ofthestatewith anoverburdenthicknessrangmgfrom 0 to 20 metres.Borewellwith handpump
hasbecomeoneoftheeasymethodsin coveringtheruralareasof Palakkadwithin ashorttime,
especiallyin thedroughtseasons,in acosteffectivemanner.Theauthorwasalsoengagedin the
rural watersupplyprogrammesin thedistrict underKWA. This helpedin obtainingthe data
requiredfor the presentstudy. The following sub-sectionsdescribesthe areaunder study
includingrural watersupplyactivitiesundertakenby variousagencies.

2.6.1. Descriptionof thearea

Palakkadis oneofthe 14 districtsofKerala.It is thesecondlargestdistrictwith an areaof4480
sq.km. Thepopulationasper 1991censusis 23,82,235.Theliteracyrateis 81.3%.As per Rural
DevelopmentDepartment,the district is dividedinto 12 BlockPanchayathsfor administrative
purposes.TheseBlock Panchayathsareagaindivided into about89 GramaPanchayaths.The
GramaPanchayathis the institutionresponsiblefor implementingthedevelopmentprojectsat
village level.

Theaverageannualrainfall in thedistrict is about200 cm. Thewholedistrict comesunderthe
physiographicclassificationof midlandand high landregions.The typical geologicsection
encounteredherecomprisesofan overburdenunderlainby hardrocks.Theoverburdenconsists
oflaterite,lithomargicclayandweatheredrock zones.Thehardrocksarefracturedatplacesin
an irregular patternwith the fracturesthemselveslinked mostly to weatheredrocks. Such
fracturesarebasicallyweakzonesin thehardrocks.Groundwateroccursboth in theoverburden
andin the fractures.Anothermajorsourceofgroundwaterin this areais thesandbedsofthe
rivers drainingthroughtheregion(Rajagopalan,1988).

Oneoftheearliermethodsof tappinggroundwaterwasby diggingwell in thetop soil. Handdug
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wells tapping the groundwaterin the top laterite aquifershave beentraditional sourcesof
groundwatersupply in this area.Theyield from thesewells canbe increasedby perforatingthis
wells into theweatheredzones.But dueto thelow transmittingpropertiesoftheoverburden,the
practicewasto constructlargediameterwells to collectmorewaterfor meetingthepeakhour
demands.

Thesecondmethodof extractinggroundwaterwasthroughdrilling borewellsandfitting them
with handpumps.Borewellswereusedto tapthewateravailablein thefracturedrock aquifers.
Thefracturedrockaquifersystemsarenot regionalin scaleandin factareextremelylocalised.
Consequentlyidentifying suitablesiteswheredrilling canbe undertakento tapthe fractured
horizonsposemajorproblems.

It is estimatedthat the total waterpotentialof surfaceandgroundwatersourcesin Palakkad
comesto about3600 MCM and 900 MCM peryear ( on theassumptionthat 40% of annual
rainfall to run-offand 10%for groundwaterrecharge)respectively.Thenetutilisableground
water in Palakkadis calculatedat 450 MCM per year. A preliminarystudy conductedby
CWRDMrevealedthattheutilisation ofsurfacewaterandthegroundwaterin thedistrict was
about1500MCM and150 MCM respectively(Rajagopalan,1988).

2.6.2. WaterSupplyin Palakkad

Theactivitiesofrural watersupply in Palakkadaremainly coveredby two agencies: (1) under
KWA and(2)underRGNDWM. Apart from theseagencies,someminorworkswerecarriedout
by the Block Panchayaths,CWRDM and StateGroundWater Department,for which the
significancein thepresentstudy is minor andhencenot coveredbelow.

(1) Activities underRGNDWM

The PalakkadDistrict is themostdroughtpronedistrict in theStateandalso oneofthemost
economicallybackwarddistricts in theState. Hencefor thesereasons,this district hasbeen
selectedbytheGovernmentofIndiafor implementationoftheMini-Mission Project,namedthe
TechnologyMissionunderRGNDWM for intensivecoverageofwatersupply facilities. Rivers,
openwells, streamsetc.getdriedup duringsummer.Howeverthegroundwaterpotentialis fairly
goodandit hasbeenproposedto provideborewellswith handpumpsasafirst step(KWA, 1993).

The following activities were coveredundertheMini-Mission Project.A DetailedProject
Report(DPR)for coveringall villagesin theMini-Mission districthasbeensubmittedto the
Mission Director, GOT. The report includedconstructionof 1850 borewells,energisationof
borewellshaving good yield, constructionof rain waterharvestingstructuressuchascheck
dams,subsurfacedamsetc.andproposalfor establishingawaterquality testinglaboratoryat
Palakkad.Detailedproposalsfortheconstructionoffive sub-surfacedamsandsevencheckdams
for improving thegroundwaterpotential in thedistrict werealsoincludedin theDPR.

Hydrogeologicalandgeophysicalinvestigationshasbeencarriedout for pin pointing borewell
drilling sites.Thesiteswereidentifiedby mvolvingpeople’srepresentativesandthenapproved
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by the District Collector. The hydrogeologicalinvestigation for sourcefinding to pre-point
drilling sitesis doneby theCentral GroundWaterBoard(CGWD). Thedrilling ofborewellshas
beendoneby the rigs of KeralaWaterAuthority andStateGroundWaterDepartment.Private
rigs werealso engagedon contractbasis.

CGWD hasbeentheNodalAgencyfor detectinggroundwatersources.Thesuccessfulratewas
ashigh as88%duringdrilling operationsof borewellsutilizing dataprovidedby theCGWD.
Naturalspringsonmountainrangeshavebeensuccessfullytappedfortheuseofpeopleliving
on mountainslopes.Threeschemesof suchtypewerecommissionedin thedistrict. Theyare
executedthroughBlockPanchayaths.

Underthis Mission,almostall villagesin Palakkadhavebeencoveredwith atotal of about1200
borewellswith handpumps.Twenty threegoodyielding borewellswereenergisedandlinked to
theexistingpipedwatersupplynetworkofKWA. Two checkdamsandthreesubsurfacedams
havecompletedsofar andtheconstructionfor othersis underprogress(KWA, 1993).

Theintroductionofhandpumpsin Panchayathssaveda substantialamountofmoneyfor the
RevenueDepartmenton supplying lorry water during summerin drought hit areas.The
handpumpsinstalledunderMini-Mission havebeenhandedoverto thePanchayathsfor attending
operationand maintenance.To make the Panchayathself sufficient in the maintenanceof
handpumps,trainingto mechanicsin eachPanchayathis beingconducted.Therequiredtool kits,
receivedfrom UNICEF asa gift, havebeenhandedover to the Panchayaths.Thereareno
separateearmarkingoffundsfor operationandmaintenanceofassetscreated.

Apart from theaboveactivities, theMissionhadalsoarrangedtrainingin handpumpoperation
aridmaintenance.TheMissiontookactiverolein integratingdifferent Governmentdepartments
suchasHealthDept.,EducationDept. etc.for fluorosisawarenessprogrammes.It alsoarranged
communityparticipation with the active involvement of NGOs. Mission also performed
monitoringandevaluationactivitiesofwatersupplyprojectsto acertainextent.

Thereareno reportedcasesof guineawormproblemsin Palakkad.During theMissionactivity
period,eitherany Desalinationplants,orany Iron removalplantsor any Defluoridationplants
wereinstalled.TheMissionactivitieshavebeenstoppedin 1995.TheDivisional Office,KWA,
Palakkadhasbeenentrustedto completethearrangedbalanceworks.

(2) Activities underKerala WaterAuthority

Following NationalPolicy,manyhandpumpschemeswere constructedin theStateofKerala.
PalakkadDistrict wasalso coveredin this programmes.In 1983,a severedroughtaffectedthe
districtandin orderto supplywaterto theruralpeople,thegovernmentagencies,especiallythe
thenStatePHEDstartedamassivedrilling programme.FundswereprovidedthroughtheState
Budget,under theheadof DroughtReliefWorks (DRW). It was found that this handpump
systemsarevery effective in coveringthe isolatedhamletsand villages within a short time.
Moreoverthetopographyandsoil profile favoredthis option.Normally thedrilling ofboreholes
can be completedwithin one day and if the materialsare available, the schemecan be
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commissioned within few days. Because of this short time requirement, borewells with
handpumpsbecameapopularmethodfor providingdrinking water in that season.

Following the successof droughtworks, Stategovernmentstartedfinancing the rural water
supplyprogrammesin Palakkadthroughprogrammeslike Minimum NeedsProgramme(MNP),
AcceleratedRural Programme(ARP), Special ComponentPlan (SCP) and Tribal SubPlan
(TSP).A partfrom theseprogrammes,fundswereallocatedin eachyearto overcomethedrought
seasonofthedistrict. A portionofthemoneywasearmarkedfortheconstructionofhandpumps.
Thehandpumpsarethenhandedover to thePanchayathsfor operationandmaintenance.

Out of the155 villages,almostall arepartially coveredwith watersupply. Thereareabout131
pipeddrinking water supply schemesand 2200borewellwith handpumps(including drilled
underRGNDWM). Thedetailsofborewellsfittedwith handpumpsandpowerpumpsarein table
2.1.

Table 2.1: Details of borewells as on 1996.

Sl.No. NameofBlockPanchayath With Handpumps With Power pumps

1 Alathur

KWA TM Total KWA TM Total

91 119 210 18 2 20

2 CoyalMannam 85 150 235 7 2 9

3 Chittur 117 126 243 11 3 14

4 Kollengode 79 144 223 11 3 14

5 Palakkad 43 41 84 5 1 6

6 Malampuzha 65 79 144 8 4 12

7 Mannarkkad 73 72 145 4 0 4

8 Attappadi 65 40 105 0 0 0

9 Sreekrishnapuram 81 89 170 4 0 4

10 Pattambi 92 121 213 15 1 16

11 Ottappalam 95 76 171 11 2 13

12 Trithala 101 127 228 5 0 5

Total 987 1184 2171 109 23 132
KWA - DnIIed underKeralaWaterAuthority
TM - Drilled underTechnologyMission i e the Mini-Mission underRGNDWM
(source KWA, 1996)
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Chapter 3

Literature review

This chapter covers the literatureon handpumpwatersupply, functioningofhandpumpsandits
use in general. The chapter mainlyconsistsofthreesections. The section beginswith thehistory
of handpumps and the development of India Mark II handpumpsand its recent modifications.
Then it describes the functioning of handpumpsystems in general including the various factors
affecting the functioning. It ends with the use of handpumpswhich also explains the various
parameters involved and its relationship with the use of handpumps.

3.1. Haudpump Water Supply

The provision of safe, reliable andconvenient water resources is generally recognized as an
essential service, and considered a precondition for achieving a minimum standard of living,
good health andeconomic progress. Handpumps installed in the wells, where groundwater of
appropriate quality is readily available, provide one of the simplest, safe and least costly
methods of supplying drinking water to rural and urban fringe areas.Because of budget
limitations, it is apparent that only such low cost options can lead to wide coverage of improved
water supplies(Ghosh et al, 1995).

3.1.1. Historyofhandpumps

The history of handpumpsgoes back a long way. Literature says the positive displacement
reciprocatingpumps were in useas early as 275 B.C. in Ancient Rome. Oneof the best
documentedearly examplesof awoodenpump of lifting type, using metal flap valveswas
recordedby Agricolain thesixteenthCentury.Theuseofreciprocatingpumpsmadeof wood
orleadwerecommonin Englandduring theseventeenthCentury(McJunkin,1977).

Mostof thereciprocatinghandpumpsin developmgcountriestodayhavetheirorigin in designs
developedduringthe late nineteenthandlate twentiethCenturiesin EuropeandUnitedStates.
TheIndustrialRevolutionbroughtmassproductiontechniquesandit hasbeenestimatedthat, by
the end of the seconddecadeof thetwentiethCentury,aboutthreethousandsmanufacturers
producedmorethan40 million bandpumpsin theU.S. alone( Arlosoroffet al, 1987).

Thebasicdesignofthereciprocatinghandpumphasnot changedmuchin the twentiethCentury,
but its usehas.Innormalcases,themostpopularEuropeanbackyardpump,wasonly usedby
anindividual family or afarm for about10 to 30 minutesa day.But whenthis pumphasbeen
introducedin thedevelopingcountries,it hasto meetthedemandsofa largenumberofpeople
with acontinuousoperationof 10 ormorehoursaday.Theextensiveuseofthesepumpshave
resultedin frequentbreakdownsin handpumpwatersupplies.Also differentpumptypessuchas
thediaphragmtypeandtheprogressivecavitypumpswerealsoin usein developingcountries.
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The non-uniformityof pump types,associatedwith its sparepart problemsresultedfrequent
breakdownsin handpumpwatersupply systems.It wasat this time, theUNICEF cameupwith
thesponsorshipprogrammeon handpumpresearchanddevelopment,with aviewto improvethe
designsof handpumps to suit the local conditions, particularly in the developing countries(
Arlosoroffetal, 1987).

3.1.2. HandpumpDevelopmentsin India

Borewellsfitted with handpumpshavebecomeone ofthe majorsourcesofwaterin the rural
areasof India. Borewellsarethegroundwaterextractionstructureswhichcanbe used to~p the
wateravailablein the fracturedrock aquifers.Theseborewellsdrilled with DTH rigs’ havea
blind casingup to thehardrockto takecareof the caving in of the overburden andanakedhole
in thehardrock intowhich waterentersthroughthefracturedhorizons.

Reciprocating handpumps,fordrawingwaterfrombelowground,havebeenin usefor centuries.
Duringtheearly1960s,reciprocatingtypehandpumpdesignsmeantfor small usergroupswere
introducedin Indiato pumpwaterfrom deeperborewellswith substantiallylargeusergroups.
Someofthehandpumpwhich werein useare;

(1) Dempsterpump
© Doubleguidepump
© Doubleguidewith conversionhead
(~) Vadalapump
© Sholapurpump,and
© Jalnapump
(source : UNICEF)

These pumps failed too frequently andwere unableto providea constantsourceof drinking
water.Thenin theearly 1 970sGovernmentofIndia(GOI)initiatedactionin cooperationwith
the state governments,World Health Organization(WHO),United Nations Children’s
Fund(UNTCEF),MechanicalEngineeringResearchandDevelopmentCorporation(MERADO)
andRichardson& Cmddas(1972) Ltd.(a GOTundertaking),forthedevelopmentofadependable
deepwellhandpump.This resulted in the development of the reliable andsturdy IndiaMark II
handpumpin the late seventies.The first IndianNational Standardfor India Mark II pump
appearedin 1979,with numberIS 9301,IndianStandardDeepwellhandpumpsSpecifications.
Laterthis hasbeenrevisedthricewith the latest in 1990(source:UP JalNigam, 1995).

ThefourmajorassembliesofIndia Mark II handpumpare;

Pumpheadassembly(abovegroundmechanism):
Fully hot galvanizedfabricatedsteelstructureconsisting of head assembly, water tank

DTH ngs - Down TheHole rigs theprincipleof the downthehole dnllmg is that therotaryumt is
positionedona feedaboveground,while the impactmechanismis locatedjustbehmdthedrill bit
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andstandassembly(pedestal).Thefigure 3.1 givesthedetailsofapumpheadassembly
of IndiaMark II Handpump.

© Cylinderassembly:
Cast iron body fitted on theinsidewith a seamlessbrassliner havingexcellentinner
surface finish. Plungerandfoot valveareofgun metal as per IS 318-1981 with nitrile
rubberbucketsandsealingrings.

© Connectingrods:
12 millimetre diameterelectro-galvanizedmild steelbright barsof length3.0 metres
along with hexagonal couplings and locking nuts.

Riserpzpe:
32 millimetre nominalboregalvanizediron mediumclasspipe in 3.0 metrestandard
lengthalongwith couplingsockets.(source:UP JalNigam,1995).
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IndiaMark11 deepwellhandpumpsbenefitan estimated360million peoplein Asian,African and
LatinAmericancountries.In adecade,theIndia Mark II handpumpbecameahouseholdname
in villagesin India. India, with the largestnationalruralwatersupplyprogramin theworld,has
over 1.3 million Mark II deepwellhandpumpsinstalledin rural andpenurbanareasto provide
safewaterto over 260 million people(Dept.ofRural Development.,GOT, 1990).

ThedevelopmentoftheIndiaMark II wasamajorbreakthroughin termsofreliability andease
ofoperation.Thenumberofhandpumpsoperatingat any pointoftime rosefrom adismal25%
to an impressive 85%. However, thispumprelies heavily on centralized maintenance. A mobile
teamconsistingofa vanwith specialtools and 4 or5 semi-skilledworkersis neededto provide
specializedmaintenance.This systemis expensiveand difficult to sustain.Alternativemodels
of decentralized maintenance have been tried out with limited success(Dept. of Rural
Development.,GOl, 1990).

It wasnecessaryto introducechangesin the existingIndiaMarkII handpumpfor encouraging
the maintenanceof handpumpsby the usersthemselves.The “Village level Operationand
Maintenance”(VLOM)concepthasbeenpromotedby variousagencies,includingUNICEF and
the UNDP/WorldBankWaterandSanitationProgramsincethe early 1980s. The VLOM concept
promotesthemaintenanceof ahandpumpby theusersthemselveswith minimaloutsidesupport.
It demonstratesthatit is possibleforpumpsto bemaintainedby usersthemselveswith minimum
downtimeand lowest financial andeconomiccost,providedit is technically easy andspareparts
are made available (Dept. of Rural Development., GOT, 1990).

In this context, in India a project was startedwith an aim to improvethe reliability and
serviceabilityof the widely-usedIndia Mark H handpumps(Coimbatorehandpumpproject).
Approximately 80 handpumpswere tested over a period of four and a half years under conditions
ofheavyuseand deepstatic water level. A sample of 50 standard India Mark II handpumps
providedthebaselineinformationwith whichtheperformanceoftheexperimentalvariations
werecompared.

Initially all testpumpswerefitted with thestandardIndia Mark II pumpheadandleathercup
seals. However, as the field testing andmonitoringprogressed, refmements were carriedout in
the standardIndiaMarkII handpumpaswell astheexperimentalhandpumps.

Theyare;
(a) IndiaMark II: In this pump the abovegroundmechanismwas modified slightly to

facilitateeasierarid quickerremovalfor accessto thebelowgroundparts.
Thechangesincludeamtrile cup sealinsteadofa leathercup sealanda
two pieceupper valve insteadofathree-pieceuppervalveandamodified
spacer.

(b) IndiaMark ifi: This pump usesa 65 mm internal dia. G.L pipe for therising main to
facilitate withdrawalof the extractablepiston and foot valve without
havingto removetherisingmam.The pump’s above ground mechanism
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- was modified slightly to facilitate its easierand quickerremoval for
access to the below ground parts.

Analysis of field data shows the following distinct improvementsin the reliability and
serviceabilityoftheexperimentalpumps- IndiaMark II (modified) and India Mark III deepwell
handpumpsoverthestandardversionIndiaMark II deepwellhandpumps.In theIndia MarkIll
deepwell handpump, the average frequency of service required (from a mobile maintenance
team)was reducedby 67%. In fact,90% ofthetotal repairsfor the IndiaMark III deepwell
handpumpcan be carriedout by a bicycle-mobilemechanicusing few tools and with the
assistanceof thehandpumpcaretaker/users(Dept.of Rural Development.,GOl, 1990).

Recommendationsof theCoimbatoreProjectare;
(~) Designimprovementsto theIndiaMark II deepwellhandpumpbeincorporatedinto the

nationalstandardspecifications.

© Theexisting 1.3 million IndiaMarkII deepwellhandpumpsbemodifiedto substantially
increasetheMTBF2.

© The India Mark III deepwellbandpumpbe installedon a large scale in all the states
presently using the India Mark H deepwell handpumps and a village-based maintenance
systembedevelopedwhichneedsminimal supportfrom amobileteam.

A nationalstandardbepreparedfor theIndiaMark Ill deepwellhandpump.

© A studyon anationallevelbe conductedto evaluatethestrengthsandweaknessesofthe
variousexisting maintenance systems andto suggestwaysto createvillage levelcapacity
to repair deepwell handpumps.

© Further researchand developmentshould be undertakento simplify maintenance
requirementswhich will encouragetheusersthemselvesto carryoutmaintenance.
(source: Dept.ofRural Development.,GOT, 1990).

The Bureauof IndianStandardshasadoptedtheVLOM designof India Mark II handpump,
namedasIndiaMark ifi type. A NationalStandardCode,Indian StandardDeepwellhandpumps
(VLOM) SpecificationsIS 13056: 1991 hasprepared.The following figure 3.2 givesthe details
ofanIndia Mark ifi deepwellhandpump.

2 MTBF - meantimebeforefailure,definedas thedurationfor which thehandpumpoperates

satisfactorily.
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3.2. Functioning of Handpumps

It wasalreadyconsideredat theUnitedNationsConferencein Mar del Plata, 1977 , that ‘all
peoples,whatevertheir stageof developmentandtheir socialandeconomicconditions,havethe
right to accessto drinking waterin QUANTITIES and of a QUALITY equalto theirbasic
needs’.

In pursuing the fulfilment ofthis right,quantitativeandqualitativeaspectsof supplyingsafeand
adequatedrinkingwater have to be equally taken into consideration:

(a) safe water ,z.e. water free from chemical substancesand micro-organisms in
concentrationswhichwould causeillnessin any form; and

(b) adequatewatersupplies,i.e. providingsafewaterin quantitiessufficient for drinking,
culinary, domesticand otherhouseholdpurposesincluding the personalhygieneof
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membersofthehousehold.It shouldalsoprovidesufficientquantitiesonareliable,year-
roundbasisnearto the household where the water is to be used( source : Lloyd and
Helmer,1994).

A normallyfunctioninghandpumpshouldbe ableto supply adequatequantityofsafewaterfor
thedomesticneedsoftheconimunity.

In thepast,therehavebeenseriousproblemswith thepoorperformanceand shortworking life
ofmosthandpumpsusedfor communitywatersupply.Someoftheseproblemsareassociated
with handpumpdesign,selectionandquality of manufacture.Othersarerootedeitherin the
behaviorof handpumpusersor in theorganizationofhandpumpinstallationandmaintenance
programme.Reviewofanumberofhandpumpprojectsindicatesthathandpumpfailuremaybe
attributedto oneormoreofthefollowing:

Lackof institutional infrastructure,propermaintenance,spareparts, trainedpersonnel
andappropriatebudgets.

© Pumpswhich arenotdesignedfor continuoususeby entirecommunitiesnorfor repair
andmaintenanceby villagers.

© Improperboreholedesignandconstruction.
(Source: Arlosoroffet al, 1984)

The parameterswhichmayhavean effect on thenormalfunctioningofhandpumpsystemsare;

(1) Pumpdischarge,
© Leakage,
© Breakdownfrequency,

Averagedowntime,
© brokenandbadlyconstructedplatform,
© waterquality, and

maintenancesystem.

3.2.1. Pumpdischarge

Commonly usedhandpumpsin India are India Mark TI pumps. They are single acting3
reciprocatingpumps.Thetheoreticalrateofdischargeof asingleactingreciprocatingpumpis
a functionof the cylinder volume (V) swept by the plunger during its upward, pumping stroke
andthenumberofplungerpumpingstrokesper unit time(N). Thatis discharge,Q V * N. The
volume ‘V’ is the product of the horizontalcross sectional area(A) andthelengthoftheplunger
stroke(S).Thedischargefrom reciprocatingpumpis directlyproportionalto N orto S.

~singleacting - dischargeonly in one direction,normallydunngtheupwardmovementof theplunger.
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The actualdischargenormally variesslightly from the theoreticaldischargedueto failure of
valvesto closeinstantlywhentheplungerchangesdirectionandto backleakagebetweenthe
plungerand the cylinderwall during pumping.This differenceis known asslip. In a well
designedand maintainedpump, the slip should not exceed15 percent,preferably5 percent.
Undercertainconditions,theactualdischargemayexceedthetheoreticaldischarge(intermsof
sweptcylinder volume)andhencenegativeslip is possible.This canhappenin caseofa long
suctionpipeof small diameterbelow thecylinder whichmayresultin asufficiently highflow
velocity to keep open the plunger dischargevalve during part of its upwardmovement
(McJunkin, 1977).

The Indian StandardCodefor Deepwell handpumpsIS 9301 describesa ‘type test’ to be
conductedin thefield for assessingthepumpperformance.It says“The performanceofthepump
shall be checkedafterplacingthecylinder at50 metrebelow thegroundlevel in aborewell,the
yield ofwhich shallnotbe lessthan20 litres perminute.Thepumpshallbeprimedandtested
only aftergettingcontinuousflow ofwaterthroughthespout.Thewatershall thenbe collected
in a contamer for forty continuousstrokesto be completedin oneminuteandthedischargethus
measured shall not be less than 12.0 litres”.

The resultsofthefield testsconductedinmorethan200IndiaMarkII handpumpsin Ghanaare
also presentedin table 1. Theaveragedepthofselectedborewellsis 40 metres,which varied
from 25 to 80 metres.Thestaticwaterlevel variedfrom 0 to 42 meterswith an averageof 11.5
metres.

Table3.1: Dischargeratefor IndiaMark II handpumps

Cylinder
dia.in
inches

30 str

mm

okes/m

max

inute

ave

50 str

min

okes/mi

max

nute

ave

70 stro

mm

kes/min

max

ute

ave

Discharge 2.5 6.9 11.7 9.5 10.1 25.0 16.6 17.8 33.0 23.9
in
lit, per 2.0 5.3 6.8 6.1 7.3 13.5 10.2 13.7 16.7 14.8
minute

(source: Arlosoroffetal, 1984)

The measurementof pump yield is essentialto comparetheperformanceof differentpump
components.Lowerdischargeof thepumpmayresultin morestrokesfor collectingabucketof
water,subsequentlymorewearandtearofthepumpmaterialresultingin apoorfunctioningof
the system.

3.2.2. Leakage

A handpumpis saidto haveleakagewhenno wateris dischargedfrom thepump within thefirst
threestrokesafter approximately5 minuteswithout pumping (Arlosoroff, S. et al., 1984).
Obviouslyleakagein apumpwill increasethenumberofstrokesrequiredfor thecollectionof
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abucketofwaterandhencemorephysicalstrainandtime consumption.Leakagemayleadto
more wear and tearof the pump materials, which can result in frequentrepairsand poor
performanceofthe system.

Field testsconductedin Ghanareports “Leakage,mainly causedby loosenedor defective
couplings,iii therising main wasamajor poorperformancefor theIndiaMark II pumpsand
particularly at thebeginningof themonitoring. This appearsto be due to poorinstallation”
(Arlosoroffet al, 1984).

3.2.3. Breakdownfrequency

Breakdownfrequencyis thenumberof times thesystembreaksdownwithin a specifiedperiod
of time. It can be expressed such as once in a month or once in two monthsor so. The reliability
of a pumpcanbemeasuredby thenumberof occasionsa pumpbreaksdownorneedsmajor
repairsto keepit in working condition.

In thetestprojectat Coimbatorein India,acentralizedmaintenancesystemwasadopted.The
reliability is measuredby thenumberof visits requiredby themobilemaintenanceteam.Based
on fouryearsexperience,it wasestimatedthaton anaveragethemajorrepairsthatneedamobile
team’sattendancewill perhapsbeoncein 6 years.Theoverallfrequencyofreplacementofparts
is 9.15 perpumpperyearfor India Mark II. Thefrequencyofrising mainreplacementwasthe
highestwhich stood at 2.36 partsreplaced!pump! year(Dept. of Rural Development.,GOT,
1990)..

Thequalityofmaterialsandjob executionare importantforloweringbreakdownsandthusgood
performance.Poorperformanceareoften due to problems related to the material from which the
componentsare made,fabricationof components,pump installationand well construction
(Arlosoroffet al, 1984).

Theproblemsrelatedto materialdefectsare;

(i) breakingofrods,couplings,etc.,
(ii) leakagesdueto defectivecouplingsandcorrosion,and
(iii) hardpumpingandrodbreakagedueto inaccuratetolerances.

Many problemsarerelatedto lackof adequatecarein the installationofhandpumps.Theyare,

(i) disconnectedpumprods,rising mains,etc.dueto impropertighteningofcouplings,nuts
and bolts.

(ii) hardpumpingandor extreme wear due to maladjustments or bad alignments of parts of
the pumps,and

(iii) enteringofdirt andpollutedwaterinto thewell if pumpstandsarenot sealedoff, etc.
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The following problems have been encountered due to poor well construction methods in the
field andhave an adverse impact on durability; they are,

(i) sand,silt andclayin thewater(upto onevolumepercentofsandy-siltymaterialhasbeen
measuredin groundwaterfrom boreholesequippedwith handpumps),

(ii) pumpcylindersthat arenot immersed,oronly partly immersedin water(probablecauses
forthis arecloggingofscreensandgravelpacks,insufficientwell development,depletion
of aquifers and water quality).

(source : Arlosoroff et al, 1984)

3.2.4. Downtime

Downtimeis defmedastheperiodof time whenthepumpis not availablefor normaluse.
It consists of:

(i) Thetime takento reporta breakdown;

(ii) Thetime lagbetweenthereceiptofbreakdownreportandactuallyreachingthepumpto
commencerepair ; and

(iii) Active repairtime i.e. the time actually taken to carryout repairs.

It is estimatedthat85%of the India Mark II handpumpsremainoperationalat anypointof time.
Thiswouldmeanthat theIndiaMark II handpumpremainsidle for approximately50 daysin a
year.The ORG4reportnotesthat reportingbreakdownvariedfrom 4 to 13 days while the time
takento put thepumpbackin operationvariedfrom 7 to 44 daysafterthereceiptofthereport.
This reportpoints out that, on an average, a Mark II pumpremainsinoperativefor 37 daysper
year.This notonly causeshardshipto thecommunity,but alsokeeptheinvestmentidle (Dept.
ofRural Development.,GOl, 1990).

Thehigherthedowntime,the lesserwill be thefunctioningofthesystem.

Costeffectofdowntimefor India MarkII handpumps
Thefollowing tablesgivethejustificationfor the maintenance cost arrivedfor the centralized
maintenancesystemadoptedin the CoimbatoreProjectwhich consistedof 5 personsanda
mobilevan. Thefollowing assumptionsaremadefor arrivingatthemaintenancecosts.

(i) onecaretakerfor eachhandpump;
(ii) oneblockmechaniccanrepair1500handpumpsin oneyear;
(iii) onemobile teamwith a vancanrepair300 handpumpsayear;
(iv) costofsparepartshavebeencalculatedbasedon thefrequencyofreplacementofeach

~ORG - OperationResearchGroup
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spareparts.
(source: Dept. of Rural Development., GOT, 1990)

Table3.2 : Maintenancecostofcentralizedmaintenance
perpumpperyearfor IndiaMark II handpump

Item Rupees

(a) Caretaker 40.00

(b)Block mechanic 18.61

(c) Mobile team 392.10

(d) Spareparts 423.50

Total 874.21

(source: Dept.ofRural Development.,GOl, 1990).

Table3.3: CostofDowntimein IndiaMark II handpumpperyear

Item Rupees

1. CapitalCost 24,950.00

2. MaintenanceCost from table2. 874.21

3. Interest@ 12%annum on total cost 2994.00

4. Depreciation(15 yearsapproximately) 1663.33

5. Total of (2+3+4) 5531.54

(source : Dept. of Rural Development., GOT, 1990).

Hencethecostofoperationperdayis Rs5. 15.16. Whenan IndiaMark H pump does not work,
the lossis approximatelyRs.1 5(JJS$1.5)per day. If apumpis inoperativefor 37 daysin one
year, the lossof benefitsto the communityin indirect financial terms(sincethe servicewas
providedby thegovernment)will beRs.560.92(US$54)peryear.Apart from this thelossoftime
involved in drawingwaterfrom amoredistantsourceandthepotentialadverseimpacton the
healthof thecommunityis alsosignificant(Dept. ofRural Development.,GOT, 1990).

Thehigh downtimeoftheMarkII in thefield is possiblydueto thefollowing factors.

(i) delayin reportingbreakdown;

(ii) communication delays;

Rs - IndianRupees(1985 exchangerate)
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(iii) delayin taking actionon receiptofbreakdownreport;and

(iv) useof non-standardsparesandfaulty installations.
(source : Dept. of Rural Development., GOT, 1990)

3.2.5. Broken andbadlyconstructedplatform

The heavyuse, improperconstructionand!or bad quality of materialscan result in broken
platforms.This mayultimatelyaffectthestandassemblyandlooseningofwhichmaydevelop
more wear and tear of the pump materials. Wear andtearof pumppartsmay lead to regular
breakdownswhichmayaffect thefunctioningof handpumpsverybadly.

3.2.6. Water quality

The water quality of the ground water may also play an important role in the functioning of

handpumps.

Thecorrosivepropertyof groundwatercanaffect thehandpumpperformancebadly.It affects
themechanicalperformance,leadingto brokenpumprodsanddamagedpipes.Although these
mechanicalfailuresusuallyoriginatefrom acombinationofcauses(e.g. rubbingofrodson rising
mains,fatigueofmaterial,poorhandlingoftheequipmentetc.),ahighpercentageof handpump
failuresareattributableto corrosion.In southernGhana,it wasfoundthatup to two thirds ofthe
handpumpdefects(rodbreakage)weredirectlyrelatedto corrosion(Langenegger,1994).

Corrosionis theattackofthesurfaceof materialsby chemicalprocesses.ThepH ofhandpump
wateris influencedby corrosion.ThepH of groundwaterfrom awell equippedwith a non-
corrosionresistanthandpumpcandecreaseby asmuchashalfa pHunit afterreplacementwith
a corrosionresistantpump(Langenegger,1994).

The threadsofbothpumprodsandrisingmainsareweakpoints that areparticularlyvulnerable
to corrosion for the two reasons:

(1) because any protective coating applied to rods andpipesis removedwhenthethreadsare
cut or easilydamagedduringpumpinstallationandmaintenance;and

(2) threadcutting removesthematerial,thus reducingthewall thicknessofpipesandthe
diameteroftherods.

Corrosioncancausepipe perforationanddamagesto threads,resultingleakagesin therising
main. Thismay result reduced discharge rate andhencepoorperformanceof pumps.Field study
conductedin WesternAfrica indicatedahighcorrosionratein mild steelin thelow pH range(pH
<6.5),with agradualdecreaseathighpH levels(up to apH ofabout8). Tn contrastto mild steel,
zincshowedaratherconstantcorrosionratelevelsat low pH levels(pH< 7) andarelatively rapid
decreasein corrosionrateatpH in theproximity of7. At pH <7 thecorrosionrateofmild steel
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wasabouttwo to four timeshigherthanthat of zinc.With regardto applicationof galvanized
componentsfor handpumps,theresultindicatesthat protectionagainstgalvanizationis only
effective whenthe pH> 7. Below this rangethe corrosionof zinc is ratherconstantwhich
explainsthe rapid removal of zinc coatings on rising mains observedin thefield (Langenegger,
1994).

3.2.7. Maintenancesystem

Maintenanceis an inevitable requirementof any systemwhich dependson mechanical
equipment.In mosthandpumpprojects,acentralizedmobilemaintenanceteamrunby national
orregionalgovernmentoradonororganizationis responsiblefor maintenancefor largenumbers
of widely dispersed handpumps. The central organizations, with few spares of the pumps and
vehicles,fewoperationalvehiclesandlong responsetimeareoftenunableto providethis service
satisfactorily.Theirbudgetsaretoo low, managementis inadequate,andtherearefewincentives
for staffto performwell. In few caseswherecentralizedmaintenanceis effective,usuallywith
donorsupport,it is expensive(Arlosoroffet al, 1987).

In recent years, backed by strong promotion from the project, the governments in the developing
countriesgovernmentshaverecognizedtheshortcomingsof centralizedmaintenanceandthe
needfor greatercommunityinvolvement.This hasresultedin thedevelopmentof thesocalled
VLOM concept,theVillage Level OperationandMaintenance.Possiblehandpumpmaintenance
systemcoverawide spectrum,from total communitymanagementwithno externalintervention
to completecontrol by the governmentwateragencyor otherexternalorganizationwith no
involvementofcommunityat all (Arlosoroffet al, 1987).

(i) CommunityManagementofMaintenance
Thekeyelementin this typeofmanagementis communitychoice.Thewatercommitteeorother
communityorganizationfmancesandorganizesall handpumpmaintenancerepair. Successis
relatedto asenseof communityownershipofthewell andpumpcanonly beachievedwhenthe
organizationalcapacityof the community is adequate.For community managementto be
feasible,theselectedpumpsmustbesuitableforsimpleroutinemaintenancewithbasictools and
minimal skills. Commonsparepartsmustbereadilyavailablein ornearthecommunity,which
will usuallymeanthat theyaremanufacturedlocally: and theremustbesuitablecommunity
structureforrecoveringthecostsofmaintenanceandrepairoperations(Arlosoroffetal, 1987).

(ii) CentralManagementofMaintenance
A governmentalor otheragencymaintainsthehandpumps,with mobileteamstravelingfrom
basecampsto canyout repairs.Therearetwo typesofsuchmaintenance,dependingonwhether
thecommunityparticipatesin maintenanceactivities.Therearetwo types;

(a) Centralmaintenancewith communityinvolvement.’
Responsibilityfor carryingoutandfinancingoperationandmaintenanceis divided betweenthe
communityand anexternalagency- usuallythegovernmentwaterauthority, butsometimesa
parastatalorganization.This division ofresponsibilities is specifiesin agreementsettledin
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discussionswith communityleaders in the planning faceof theproject. Pumpmaintenanceis
managedby theexternalagency,with thecommunityacceptingcertainresponsibilitiesaspart
of its contributionto thescheme.

(b) Centralmaintenance.~
This remainsthemostcommonform ofhandpumpmaintenanceandwill continueto beneeded
for themorecomplexandheavyhandpumptypesand for deep pumpsettings. The usual form
consistingof a public sectororganizationmanagingmobilemaintenanceteamsstrategically
locatedacrosstheregion.Theteamsreportto a nationalor regionalheadquarterswhichhandles
overallbudgetsandsparepartprocurementanddistribution.Eachteamincludesskilled workers
equippedwith specialtools andmotorvehicle.Handpumpsarevisited whenthecommunity
reportsabreakdownor, in exceptionalcases,accordingto a regularmaintenanceschedule(
source: Arlosoroffetal, 1987).

The three maintenancestrategiesprevailing today are (i) breakdownrepairs, (ii) limited
preventivemaintenanceand (iii) routine inspectionsandpreventivemaintenance.A strategy
basedsolelyon responseto breakdownsor seriousdropin performancemayleadto unnecessary
damageto other parts of the equipment,and hencemore expensesat the end. The limited
preventivemaintenancein which communitymemberslubricatemovingpartsandtightenloose
boltscanhaveasignificantimpact,bu reducingthenumberofbreakdownsandspottingtheneed
for repairin goodtime andgoodfunctiomngof thesystem(Arlosoroffet al, 1987).

3.3. Useof Handpumps

Waterusemaybe definedasthevolumeofwaterusedfor differentpurposes.Thedomesticuse
ofwaterincludesthewaterrequiredfor drinking, cooking,washing,personalhygiene,vegetable
gardenwatering,and cattle feeding.The factorsinfluencing the wateruseincludescultural
habits, patternandstandardofliving, whetherthewateris chargedfor, andthecost andquality
of the water.

The study conducted by UNICEF throughIMRB6, apremiermarketresearchorganizationof
Indiarevealedsomebehaviorpatterns,knowledge,belief andpracticein termsofwateruseand
hygiene practices in different partsof the country.Populardefinitionof safe drinkingwateris
water that is visually clear,tastessweet,freefrom unpleasantflavors andodoursandcooksfood
well and quickly. While look andtasteare universallyusedevaluationcriteria for water, its
cookingquality is particularly importantfor women,who makethefinal choiceaboutthewater
sourceusedfor drinking/cookingin their families. Most implementorsare consciousof the
significancewomenattachto thecookingquality ofwater(UNICEF, 1989).

Thesamestudyrevealedthatabout93 percentofthepeopleintervieweddefinedgoodandsafe
waterasonethatvisually appearsclearand87 percentareoftheopinion thatwaterthat is sweet
to tasteis safewhile only 12 percentindicatedthat waterfree from germsis safe for drinking

6 IMIRB - IndianMarketResearchBureau
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purpose.Sixty eight percentofthepeopledefinedbadwaterasonewhichdoesnot cookwell.
Thereis largeareaof public ignoranceabouthowhealthis affectedby unsafedrinking water.
Acrossthestates88 to 95 percentpeoplebelievethatbaddrinkingwatercauseshealthproblems.
Only 10-18percentpeopleinterviewedacrossthecountryare awarethat baddrinking water
causesdiarrhoea,stomachdisorders,choleraetc(UNICEF, 1989).

As long astheusersconsiderthecosts(economicor other)ofusing thenewsupplyhigherthan
thoseofusing thetraditionalsources,theywill continueto usethetraditional ones,evenif they
are further away(Carrand Sandhu, 1988). This is relatedto how peoplevalue the various
resourcesinvolved, includingtheirownlabour,Themoreis thecostof newwatersupplysystem,
the lessermaybe theacceptability.

Thewaterusefrom a handpumpmaydependson

© numberofpersonsusing thehandpump;
© volume ofwatercollectedper day percapita;
© distanceof handpumpfrom thehousehold;

presenceofalternativewatersources;
© waterquality;

pumpenvironment;
© conditionofpump;and
© communityinvolvement.

3.3.1. Numberofpersonsusingthehandpump

Thisnumberindicatesthelevelofserviceas it indicateshowaccessiblethewatersupply is. The
waterusefrom ahandpumpdependson theservicelevel providedby the system.The service
level for ahandpumprelatesto thenumberofpeopleservedfrom eachpumpand thewalking
distanceto thepump(Arlosoroffetal, 1987).Partofthecommunity’sevaluationofthecostsand
benefitsofdifferentservicelevelswill bethevalueoftime spentqueuingandhaulingwater.

Also, the factorsaffectingthefunctioningof handpumpsmayindirectly affectwateruse.The
otherfactorsaffectingacceptanceincludethewaiting time, presenceofalternativewatersources
andits distancefrom households.

Thewaiting time, i.e. thetime spenton waiting nearthehandpumpmaydependon theyield of
well, dischargeofthepump,andleakage.Waitingtimemaybedifferent for differenthoursof
theday. It is higherduringthe peakhoursofdemand,especiallyin the morningandevening
hoursof theday. Poordischargeandlorleakagemayincreasethewaiting timewhichmayaffect
useracceptancevery badly.

Thedaily outputfrom ahandpumpis controlledby severalfactors,themostsignificantbeing
thepumpinglift. Therearethuspracticallimits to thenumberofpeoplewho canobtainwater
from onepump,whichvary with thedepthof thewatertable(Arlosoroffetal, 1987).
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Themorethepeopleserved,the longerwill be thequeuesand greatertherisk thatpeoplewill
returnto alternativetraditionalsources.Pumpbreakdownfrequenciesarealsodirectlyrelated
to hoursofpumping,sothat greaterintensityofpumpusewill meanmorefrequentneedsfor
maintenanceor repair. The improvedaccessibilityof a newwater sourcemay improvethe
situation.

3.3.2. Volumeofwatercollectedperhousehold

Dependingon climateandworkload,thehumanbodyneedsabout3 to 10 litresof waterperday
for normalfunctiomng.Part of this water is obtainedfrom food. The useof water for food
preparationand cookingis relatively constant.The amountof waterusedfor otherpurposes
varieswidely, andis greatly influencedby thetypeandavailability ofthewatersupply( Hofices,
1986).

Waterconsumptionrateis frequentlyexpressedin litres percapitaperday (lpcd). Althoughsuch
dataneglectsthe fact that in a householda considerablepart of water use is shared by all
members of afamily (e.g. for cooking,cleaning),percapitadaily waterusagedataareusefulfor
makingroughestimatesofacommunity’swaterdemand(Hofkes,1986).

Thetablebelowgivestypical domesticwaterusagefordifferent typesofwatersupplysystems.

Table3.4: Typical waterconsumptionrateandits range

Typeof watersupply Typicalwaterco
lpcd

nsumption Range
lpcd

Communalwaterpoint
(e.g..Village Well, PublicStandpost)

- at considerable distance (> 1000 m)
- at mediumdistance( 500 - 1000m)

7
12

5 - 10
10 - 15

Village Well
walkingdistance <250 m 20 15 - 25

CommunalStandpipe
walkingdistance<250m 30 20 - 50

(source:Small CommunityWaterSupplies,TechnicalPaperNo. 18, IRC)

Normallythesupply levelprovidedby thehandpumpschemecomesin betweenthat ofvillage
well andcommunalstandpipe.

Thefactorswhichmayhaveaffectthevolumeofwatercollectedare;

(1) waiting time:
Long waiting time may reduce the acceptance of a system by the people.
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(2) discharge:
Eitherdueto the improperconstructionordueto damagesin risingmains,leakagesetc.,
thedischargefrom ahandpumpmayreduce.Thelower thedischarge,the longermaybe
thequeueto collectwaterandthenlessermaybetheuseracceptability.

3.3.3. Distanceofhandpumpfrom the household

Thedistancebetweenthehouseholdsand the handpump may be an important indicator for the
communityacceptance.Table4. suggeststhat the consumptionrateis the lowestwhenthe
distanceto the water sourceis more. Also long distanceto the sourcemay result in more
consumptionof time andmorephysicalstrainin haulingwater.This makesthenewsourceless
attractive.TJNTECEF hasidentifiedthe distanceto theborewellasthe singlelargestcausefor
generalnon-useofhandpumpschemes(UNICEF, 1989).

3.3.4. Presenceofalternativewatersources

The presence of alternative water sources may have an impacton theuseracceptability.Demand
for waterfrom handpumpsmaybe low if alternativesourcesareeasilyavailable.Thedemand
ofwaterfor usesotherthanhouseholduses,suchaslivestockwateringandgardeningwerealso
haveto bemet by thenewwatersource.If thesedemandscannotbe met, peoplemay startto
dependthenearbyavailabletraditional sourcesagain.

3.3.5. Waterquality

Waterqualityexaminationis basicallyadeterminationoftheorganisms,andthemineralandthe
organiccompoundscontainedin water.Thephysico-chemicalcompositionofgroundwaterplays
animportantrole in thestudyofgroundwaterquality, particularly its effectonuseracceptance,
its effect on technical aspectsof water use, and its effect on industrial and agricultural
applications.

Thebasicrequirementsofdrinking waterarethat it shouldbe

- freefrom pathogenic(diseasecausing)organisms
- containingno compoundsthathavean adverseeffect acuteorin thelong term,on human

health
- fairly clear(i.e. low turbidity, little colour)
- not saline(salty)
- containingcompoundsthatcausean offensivetasteorsmell
- not causingcorrosionor encrustationofthewatersupply system,norstainingclothes

washedin it.
(source: Lloyd and Helmer,1994)

Theparameterswhichmayaffect the waterusefrom handpumpsare;
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(1) Taste

Tastemaybe animportantreasonforrejectionofhandpumpsystems.Themajorityofconsumer
complaintsaboutwaterquality all overtheworld arerelatedto tasteand/orodourproblems
causedby theturbid ordiscolouredwateranddeposits(Mallevialle andSuffet, 1987).Excess
iron canalsogive tasteto water.Humanbeingsareverysensitiveto taste,odourandaesthetic
parametersofwaterquality. Literaturesaysthat thecombinedeffect ofdistanceandpoortaste
of borewell water forces the people to use these schemesfor purposesother than
drinking(U1’~.llCEF,1989). Difference in tasteof the new water source may reduce the
acceptability.

(2) Color

Color in wateris mainly due to thepresenceof organiccompoundsderivedfrom soil humus
which, in turn, is producedfrom thedecayofplantor animalmatter.Thepresenceof natural
metallic ions suchasiron andmanganesearethemainreasonsfor colour in groundwater.

Color mayaffecttheuseracceptabilitybadly.High colouredwateris objectionablebecauseit
maystainhouseholdfixtures andclothing. It mayalsoreducetheaestheticappeal.

(3) Electrical Conductivity(EC)

Electricalconductivity is ameasureoftheability ofwaterto conductan electriccurrent,andthis
is an indicationofthetotal amountof dissolvedions in water.Theelectricalconductivity is very
usefulin determiningwaterquality.

As ECis an indicator of the ions dissolved in water, which areaboutproportionalto theamount
of dissolvedmatter,the EC can also be usedto estimatethetotal filterable residueortotal
dissolvedsolids (TDS). TheTDS is obtainedby multiplying the EC by an empirical factor,
which rangesfrom 0.55 to 0.9 and dependsuponthesolublecomponentsandthetemperature.
For drinkingwaterameanvalueof 0.7 is suggested.TheEC increaseswith temperature.

TheECis notagood indicatorof waterquality with regardto healthhazards.It is however,an
indicatorofsalinitywhich is animportantfactorm tasteandthususeracceptanceofwaterpoints.
WHO doesnotdirectlyconsidertheEC in guidelinesfor drinkingwaterquality (WHO, 1984),
but it doesgiverecommendationsfor TDSbecauseoftasteconsiderations.As perISI, waterwith
TDS <500 mg/l (app. EC 700 ~iS/cm)is suitablefor drinking. Beyondthis thepalatability
decreasesandmaycausegastrointestinalirritation. Themajorconstituentscontributingto EC
arethehardnesscomponentsof Calcium( Ca~)andMagnesium(Mg~). Nitrate, sulphate and
chloridemay alsomakesignificantcontributionsto theEC.

(4) Turbidity

It is causedby suspendedmatenalssuchasmineralparticles(silt, clay, corrosionproducts),
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solubleorganiccompounds,microorganisms(planktonetc.)And othermicroscopicorganisms
andparticles. Turbidity thus is a measureof water clarity and is an indicator for its optical
properties.

Turbidity doesnot havea direct impacton health.But high turbid wateris less acceptableto
consumersfrom aestheticview point. Also it is moredifficult to achieveeffectivebacterial
disinfectionusingchlorinewhentheconcentrationofthesuspendedsolidsis high. It appearsthat
the solidsprovidethe attachedbacteriaaprotectivebarrieragainstthe actionof the chlorine
added for disinfection.

Accordingto WHO, thethresholdatwhich turbidity canbe detected by the naked eye is above
5 NTU.

Groundwaterpumpedfrom handpumpequippedwells canhavehigherturbidity and,thus lower
waterquality, thantheoriginal groundwaterbecauseofthepresenceofsuspendedcorrosion
products,mud enteringwellsbecauseofdefectiveapronsor improperlyinstalledpumps(poorly
sealed base plates) (Langenegger, 0., 1994).

(5) Iron

Iron occursin the water in the ferrous and ferric forms. The guideline values for total iron
concentrationin drinking watershouldbe lessthan0.3 mg/l(ISI, 1991).This valueis based on
aestheticconsiderations,beyondthis value,taste/appearanceareaffectedandhasanadverse
effect on domesticusersand alsopromotesgrowthof ironbacteria.High iron concentrationin
watercan stain the platform in caseof handpumpschemes.It will also stainclotheswhen
washed.Hencehigh iron contentin waterwill have anegativeuseracceptance.

(6)Hardness

Total hardnessis definedastheconcentrationof CalciumandMagnesiumand is expressed in
mgCaCO3flit. The ISI guideline is based on taste and household considerations. The desirable
valueofhardnessfor drinkingwater is 300 mg/i of CaCO3.

Theconsumptionofsoapin hardwateris more.Also hardwatercan causescalingin cooking
utensils.Hencepeoplemayrejectwatersourceswith highhardnessfor washingandcooking.
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Hardnessofwater
in mg/l of CaCO3

WaterClassification

<50 soft

50 - 150 moderatelyhard

150-300 hard

>300 veryhard
(source:TchobanoglousandSchroeder,1985)

(7) Chloride

Chlorideis oneof theminorconstituentsof thematerialsformingtheearthcrust, it is amajor
dissolvedsubstancein somenaturalwaters.

Chlorideconcentrationin groundwatermaybe eitherdueto seawaterintrusion,ordueto the
constituentsofchloriderich sedimentaryrock ordueto pollution.

Chlorideion is very difficult to removefrom watersinceit remainsin solutionthroughmost
oftheprocessesthat separateotherions. Inwater,chlondeconcentrationin excessof250 mg/I
may impart a salty taste.But the thresholdof detectionvaneswith the individual. In some
situations,chloridemayacceleratecorrosionofpipesandutensils.Hencehigh concentrationof
chiondemayresultpossiblerejectionofwatersource.

3.3.6. Pump environment

Thefactorsconsideredin assessingthis indicatorarebrokenplatform, brokendrainandstagnant
poolsofwaternearby. Poordrainagefacilitiesandstagnantpoolsofwaternearby thehandpump
mayforcethepeopleto rejectthenewfacility.

A studyconductedon 144 dug wells and 6 handpumpsin the Stateof Keralain Indiaby the
StatePollutionControlBoardreportsthat thepresenceoffecal coliformweredetectedfrom the
handpumpwater samplein which the platform of the bandpumpwas physically damaged
(KSPCB, 1991).

3.3.7. Condition ofpump

Poorpumpconditionssuchasmoreplay ofhandle,damagedbeanngsandleakingwatertank
mayreducetheeasinessofoperationwhichmayresulta lowerdischargefrom thehandpump.
Moreoverthedamagedbolts,signsofcorrosionmayresultthe lower interestofthepeopleand
maycausepossiblerejectionof thesource.

Table3.5:HardnessClassificationofwater
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3.3.8. Communityinvolvement

Acceptanceof a handpumpby a communityis by no meansassured.Theusersmay not be
satisfiedby thesupplyprovided,if it doesnotmeettheirexpectations.Too often,thepeoplewho
are to benefit from the handpumpare not consultedon mattersof construction,useand
maintenanceofthefacilities. It is difficult, if not impossibleto achievethecontinuoususeofa
handpumpwithout somedegreeofcommunityinvolvement.If handpumpsarenotacceptedand
supportedby thecommunity,theyarelikely to suffer from misuse,pilferageor evenvandalism.

Organizationalexperiencemaybe apparentsincemostcommunitiesin thedevelopingcountries
needassistancewith theconstructionandmaintenanceofwells with handpumps,but theymust
be encouragedto participateto the maximumextentpossible.Too often, an improvedwater
supplyhasbeenseenasa freeservicethatthegovernmentmustprovideto improvethelife of
its citizens.While manycommunitiesmayneedfinancialhelp,relegationoftheirrole to that of
recipientswithout significant participationhasoften resultedin an inappropriatechoiceof
technologyandservicelevel, wronglocationof waterpoint, unnecessaryhighcost,inability to
keeptheschemeoperating,andultimatelyuserrejection.Communityparticipationthatis limited
to contributionoffree labourresultsin nothingmorethanasmallcostsaving,withoutaddressing
other crucial issues.Strong community initiative is essentialfor the successfullong-term
maintenanceof handpumps,andto achieveit, communitymembersmustbeintimately involved
right from theplanningstage.
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Chapter 4

Methodology

Researchin socialscienceis the direct outcomeof man’surge to understandhis society,its
natureandworking.Thus, in socialresearch,therole ofsocialelementis very crucial.Human
beingsareattachedto their society.Theydo not operateundercontrolledconditions;on the
contrarytheyare alwaysunderthediverseinfluencessuchasenvironmental,physicalandsocial
and these influences freely interact with each other and seldomoperatein isolation. This
interplayof diverseinfluencesmakessocial phenomenamore complex. It is againfurther
increasedby the uniquenessof eachindividual’s behaviorin thinlung,working andattitudes
(SadhuandSing, 1996).

Even with these social complexities, some set patterns of living can be observed within the
societies.Individual humanbeingmay be unpredictable.But collectively they tend to be
reasonably good. Advance in mathem’atical techniques andits applicationin socialresearch
methodshasconsiderablyincreasedtheaccuracyofprediction(Sadhuand Sing, 1996).

Applicationofmathematicaltechniquesneedarepresentativesamplingamongthetotal.It is very
importantthat theselectedsampleshouldrepresentthetruepictureof the study area. The method
of stratifiedrandomsamplinghasbeenadoptedin thepresentstudy.Thisprocedureofsampling
refers to thedrawingofsamplesof knownsizesfrom differentstrataintowhich apopulationis
dividedbeforedrawingthesample.Thesamplesaredrawnin arandomfashion.Thepopulation
is stratifiedto makethesamplerepresentativeandhenceto increasetheprovisionofthesample
estimates.(Sadhuand Sing, 1996).

This chapterdealswith themethodologyadoptedfor thepresentstudy. It startswith the list of
indicators selectedfor thepresentstudy. Thefurthersectionexplainsthecnteriaadoptedfor
selectingthethreepanchayathsfor thestudy,with ashortdescriptionof eachpanchayath.Then
its presentsthemethodsadoptedfor sampleselectionandalso gives an ideaabout how the
studywasorganizedin Palakkad.Finally it covers themethodsandthetechniquesadoptedfor
datacollectionthroughobservationsand interviews.Thelast partdealswith theexperiment
procedures adopted in the study.

4.1. Indicators selectedfor the study

The indicatorsselectedfor functioninganduseofhandpumpschemesaregivenseparatelyin the
following sessions.In thepresentstudymoreemphasisis givenfor useofhandpumpschemes
andhencetheindicatorsselectedfor functioning in thepresentstudyhavearelationwith theuse
of handpumps.
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4.1.1. Functioning ofhandpumps

Thepreviouschapterdescribestherelationshipof eachof the indicatorsselectedfor thepresent
studywith handpumpfunctioning in detail. The indicators considered for the present study are;

Pumpdischarge,
© Leakage,
© Breakdownfrequency,
(~) Average downtime,
© brokenandbadlyconstructedplatform, and
© waterquality.

Eventhoughthemaintenancesystemmayaffectthefunctiomngofhandpumps,thesamewas
notableto coverin thepresentstudydueto limitationof time for thedatacollection.Hencethis
studylimits thereasoningfor functioningof handpumps.

4.1.2. Useofhandpumps

Theindicatorsselectedfor thestudyare;
© numberofpersonsusing thehandpunip,
© volumeofwatercollectedper day percapita,
© distanceof handpumpfrom household,

presence of alternative sources,
© waterquality,
© pump environment,and
© conditionofpump.

The effect of communityinvolvementin the useracceptanceof a handpumphasnot been
coveredin thepresentstudy dueto theshortageof time.

4.2. Selectionof Panchayaths

Information about the varioushandpumpprogrammesin Palakkaddistrict, the geographic
locationoftheareasin which handpumpshavebeenusedextensively,the climatic conditions
oftheseareasetc.werecollectedin thebeginningfrom theDivision officeofKWA atPalakkad.
In general,the districtcanbe divided into threeareassuchas,

1. Tribal areasin hilly terrain,
2. Plainareaswith perennialwatersources,and
3. Plainwaterscarceareas.

The GramaPanchayathsin Palakkaddistrict vary widely accordingto theirsize, elevation,
location,geography,waterresources,climaticfactorsetc.A goodpictureofPalakkaddistrictcan
beachievedby selectingonePanchayathfrom eachoftheabovesaidareas.Accordingly, three
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GramaPanchayathswere selected.They areAgali, Sreekrishnapuramand Kozhinjampara
respectively.

4.2.1. Agali Panchayath

ThisPanchayathis locatedatabout80 kms from thePalakkadtown. It consistsoftwo villages,
namelyAgali andKallamala.Theboundariesofthis Panchayathare,theBhavaniRiver in the
north,the SiruvaniRiverin theeast andtheMannarkkadPanchayathin thesouthandwest.The
PanchayathcomesundertheAttappadiCommunityDevelopmentBlock, theheadquartersof
whichis situatedin Agali. About 39%of thetotalpopulationareScheduledTribes. The literacy
rateis 60%.TheAttappadiBlock is popularlyknownasatribal block. ThemainGovernment
institutionin this areais theIntegratedTribal DevelopmentProgrammeOfficewhich coordinates
majority of thepublic works in this area.

Thereareno majorindusthesin this panchayath.Agriculture is themain income generation
activity. Thetopographyoftheterrainis hilly with an averageoverburdensoil thicknessof0 to
15 metres.In thepast,thisareawascoveredwith denseforests.Dueto massivedeforestation,
manyofthetraditionalperennialnaturalstreamsrunsdry during summer.Averageannualrain
fall is 900 mm. Thetemperaturevariesfrom 23°Cto 33°C.

Thereare two pipedwater supplyschemesrunby KWA in thepanchayath,with river asthe
watersource.This schemecoversonly afewportionof thePanchayath,especiallytheareasnear
the town centre.Oneof themain sourcesofrural watersupply is thehandpumpsfitted with
borewells.Thetwo majorrivers which areforming theboundariesof this Panchayathcaters
much of the waterdemandsin the rest of therural areas,including the water demandfor
irrigation.

The tribals in Agali live in a typical hamlet(clusterof houses)called “ooru”. An ooru may
contain20 to 100households,placedverycloseto eachanother,thesamepatterncannotbe find
in any otherpartsoftheKeralaState.This is very typical for Agali Panchayath.
(source: DevelopmentPlan,Agali GramaPanchayath,1996)

4.2.2. SreekrishnapuramPanchayath

The Panchayathis situatedin thenorth-westsideof Palakkadtown. Theboundariesof this
Panchayathare,theKarimpuzhaRiver in the north, the PookkottukavuPanchayathin thesouth,
the Vellinezhy Panchayathin the westand KadampazhipuramPanchayathin the east.The
economyofthePanchayathis basedon agriculture.

Themajorsurfacewatersourceis theKarimpuzhaRiver. Therearesix naturalstreamsin the
Panchayathwhichrun dryduring extreme summer.There is also apipedwatersupplyscheme
runby KWA in thePanchayath,benefittingonly 600 people,nearthetown centre.Thehousing
patternis scattered,with mostof thehousesownindividual dugwells. Thirty two public dug
wells (ownedby Panchayath),100 privateponds and 13 public pondsare spreadout in the
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panchyathfor meetingthe waterdemandofrural people.A recentsurveyconductedby the
Panchayathreportsthat about80%ofthepeopledependdugwellsastheirwatersources.
(source: DevelopmentPlan,SreekrishnapuramGramaPanchayath,1996)

4.2.3. KozhinjamparaPanchayath

This panchayathis situatedin the easternside of Palakkaddistrict. The boundariesof this
panchayathare the VadakarappathyPanchayathin thenorth, thePerumattiPanchyathin the
south,theEzhuthenpathyPanchayathandtheStateofTamil Naduin theeastand theElappully
and Nalleppilly Panchayathsin thewest.In generalthe landis plain, with agentleslopetowards
thewesternside.Thetemperaturevariesfrom 26°Cto 42°C.Majority of thepeoplespeakTamil
which is themothertongueofthenearbyState,theTamil Nadu.

This areais oneof themostdroughtaffectedareasin thePalakkaddistrict. It is reportedthatin
extreme summer,in manyplaces,thepublic haveto dependthewaterconveyedthroughlony,
even for drinking purposes.There are about 6 small piped water supply schemesin the
panchayathrun by Kerala Water Authority with borewellwaterassource.In additionto this,
thereare about 50 public wells, 1300privatedugwells and50 borewells in the Panchayathfor
meetingthewaterdemandoftherural people.Another300 privateborewellsweredrilled for
meetingtheirrigation demands.
(source DevelopmentPlan,KozhinjamparaPanchayath,1996)

The other details pertaining to the panchayaths aregiven in thefollowing table.
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Table4.1: GeneralinformationabouttheselectedPanchayaths

Nameof Panchayath Agali

Locationwith respectto PalakkadTown North-East

No. ofwards 13

Population as on Total
1996

ScheduledCaste

ScheduledTribe

Populationdensityper sq.km

Average number of persons per household

Area in sq. km.

No. ofborewellswith handpumps

Generaltopographyof thearea

Generalsourcefor watersupplyin rural areas

Sreekrishnapuram

North-West

9

Kozhinjampara

East

11

664

4.6

43.84

50

Plain

HP, Piped Water Supply

WTD

33693

3031

9209

18610

3710

0

29103

3010

867

106 629

4.7 4

310 29.6

55 28

Hilly terrain Plain

River, HP, streams Dug wells, streams,ponds

Generalconditions WTD WTS

WTD - groundwatertabledeep,traditionallydroughtpronearea,scarcityofwaterin all seasons
WTS - groundwatertableshallow,scarcityofwaterin summerseason,HP - Handpumpsystem
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4.3. Sampleselection

It is evidentfrom theprevioussectionthat thePanchayathsin Palakkaddiffer in their traditional
watersources,terrain,its proximity towardsdroughts,rainfall, populationdensity,distribution
pattern,etc..

Informationon thenumberofhandpumps,publicdugwells, pondsetc.hasbeen collected from
therespectivepanchayaths.This hasbeen obtained eitherfrom official recordsofpanchayaths,
orbymeetingkeypersonnel,orin somecasesevenby shortvisits.The complaints received from
thepublic especiallyon badtasteanddiscolourationoffoodwerealsonotedduring thesevisits.
Two wards from eachof the threePanchayathswere consideredfor the presentstudy. The
criteriafor theselectionofawardincluded:

(i) shouldcontainat leastthreeborewellwithhandpumps:
Thisnumberhasbeenlimited by consideringthetime availablefor thedatacollection.

(ii) with andwithout thepresenceofiron:
As discussed above, duringthe initial field visits, complaintsreceivedfrom thepublic
especiallyon taste,fooddiscolourationetc.gaveapreliminaryinformationregardingthe
presence of iron.

(iii) availabilityandnon-availabilityoftraditionalwatersources:
The preliminaryinformationregarding the presence of a traditional water source near by
was also collected from the panchayath authorities andsometimesevenduringtheinitial
field visits.

Thesamplesizevariedfrom sectionto sectionof this studyandis indicatedin therespective
sections.

4.4. Organizing Works

Organizinga field studyin Palakkadwith limited communicationandtravelingfacilities was
extremely difficult. Personsof different interest, political, financialandcommunalbackground
haveto bedealtwith. Therural peoplealsofelt thatastudy like thismayhavebeenpolitically
motivated.Soin someplaces,bepreparedto cooperatewith thestudy.

Full cooperationofthekeypersonnelwasnecessaryfortheefficientdatacollection.Henceit was
decidedto get the cooperationof this key personsfrom the selectedareas,right from the
beginningof thestudy. Someofthemwerewardmembers(thosewho representthewardin the
Panchayathgoverningbody), someof them were school teachersand some others were
panchayathofficials . An appointmentwith thesekeypersonsweremadein advance.Then,the
purpose,therelevanceandtheproposalfor carryingout sucha studywasexplainedto them. It
wasmadevery clearin thebeginningitself that for thetimebeingtheauthordid not represent
KWA, andthisstudy is beingconductedas apartof author’s training programmewhichhasto
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becompletedin theNetherlands.

A field visit wasarrangedwith thekeypersonnelin thebeginning.A locationmapofhandpumps
of theconcernedwardis preparedwith thehelpofpublic in thepresenceofkey personnel.The
mapincludestheroads,handpumpschemesandthepublic dugwells in theward.This idea was
basicallyto find the locationofborewellsandothersourcesin thearea.

4.5. ObservationProcedure

Afler gettingsufficient informationon locationofhandpumpsandits accessibilityfrom themain
roads,thefield work wasarranged.

4.5.1. Samplesize

Each handpump is taken as a sample in the observation procedure. The details of samples
selectedundereachPanchayathis givenbelow.

Table4.2 : Detailsof samplestakenfor observation

Nameof Panchayath Agali Sreekrishnapuram Kozhinjampara

WardNo. X XI V VI ifi X

No.ofsamples 4 3 3 3 3 4

4.5.2. Observation method

An observationsheetwaspreparedin thebeginningwhichmcludedinformationon thenumber
ofhouseholdswithin aradiusof 250 metres,thepumpdischarge,the leakage,theconditionof
handpumpandtheconditionofplatform anddrainagefacilities. A copyof observationsheetis
attachedin appendixI.

A waterresourcemappingfor eachhandpumplocationunderstudywaspreparedwith thehelp
of communitymembers.Themap included thelocationof households,and thelocationsof
existing water sourcessuchascomniumtywells (perennial/ seasonal),springs(perennial/
seasonal),riversandstreams(perennialI seasonal),ponds(perennial/ seasonal),andpipedwater
supply. Differentnotationsweregivenfor eachofthesesourceswhich is attachedin appendix
IV. Thenumberofhouseholdswithin aradiusof250 metreswasalsomarkedin themap.

Formeasuringthepumpdischarge,abucketof 15 litre capacitywasused.Pumpingratewaskept
constant at 50 strokes per minute. The number of strokes required to fill this bucket is counted
andis notedm thecorrespondingsheet.Thisnumbercanbe comparedwith literaturefor finding
theactualdischargeof thepump.

For assessingtheleakageof handpumpthefollowing procedurehasbeenadopted.Pumpingwas
startedafterwaiting for five minutes.If thepumpwasableto deliverwaterwithin thefirst three
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strokesofpumping,it wasconsideredasanon-leakagehandpump.Thenit wasdirectly noted
in the observation sheet as whether the pump is leakyornot.

Conditionofhandpumpwasassessedas follows. A total of seven factors such as play of the
handlemorethan3 mm (3millimetre clearancewasgiven in theapproveddesignofIndiaMark
II handpumpasper IS 9301),clear signsof corrosion, loosebolts, lackinggreasein chain,
damagedtop cover,damagedbearingsandleakingwatertankwerestudiedin detail. Thesewere
recordedin theobservationsheet.‘Yes’ or ‘No’ optionwasgivento eachoftheseitems. One
‘No’ out of seven wasconsidered‘good’. Two to Three‘No’s out of sevenwasconsideredas
‘moderate’andtherestas‘bad’. This approachwasbasedon theapproachfollowedby Lloyd
andHelmerfor waterqualitysurveys(Lloyd andHelmer,1994).

Thesamemethodwasadoptedformeasuringtheconditionofplatform anddrainagefacilities.
A total of four items wereconsideredfor theevaluation.Theywerestainedplatform,broken
platform,brokendrainandstagnantpools ofwaternearby.‘Yes’ or ‘No’ optionwasgivento
eachoftheseitems. One‘No’ out of four wasconsidered‘good’. Two ‘No’s out of four was
considered‘moderate’andtherestas‘bad’.

4.6. Interview Procedure

It wasproposedto conductaninterviewamong9 householdsresidingin eachhandpumplocation
within thestipulatedtime fordatacollection.From the literatureon theuseofwaterfacilities,
it hasbeenfoundthat, thedistanceto thesourcewasan importantcriteriafor useracceptance.
Hence,it wasdecidedto makeastratifiedrandomsamplingon theselectionofhouseholdsfor
interview. Accordinglythreehouseholdswithin aradiusof 50 metres,threefrom 50 to 100
metresandthreefrom 100to 250metersin eachhandpumplocationwereinterviewedin general.

4.6.1. Samplesize

In general,nine householdsfrom eachhandpumplocationwere interviewedwith a preset
questionnaire.In somelocations,it wasdifficult to meetthis requirementofgettingnine,either
duelessnumberofhouseholdsordueto unevenspreadoutofhouseholdsin the location.In the
formercase,all householdswithin aradial distanceof250 metreswereinterviewed.In the later
case,againninehouseholdswereselectedwith a view to coverfive nearthetraditionalwater
source and four near the handpump.A total of 178 households were interviewed. The
Panchayathwisedetailsaregivenbelow.

Table4.3 : No. ofhouseholdsinterviewed

Nameof Panchayath Agali Sreekrishnapuram Kozhinjampara

WardNo. X XI V VI ff1 X

No. of samples(households) 36 25 27 27 36 27
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4.6.2. InterviewMethod

The interview wascarriedout with apre-preparedquestionnairewhich is attachedin appendix
II. A source-usematrix is also preparedand is attachedin appendixIII. A small booklet
consistingof oneobservationsheet,ninequestionnairesheetsandone source-usematrix sheet
weremadein thebeginning.

The main objectivewas to collect information regardingthe numberof personsusing the
handpump,thevolumeofwatercollectedperdayperhousehold,thedistanceofhandpumpfrom
thehousehold,the perceptionon thequalityofthehandpumpwateron taste,color, odoretc.,the
averagebreakdownfrequencyof handpumps,the usual downtime,and the generaluseof
handpumpsystems.

The averagenumberofpersonsusing thehandpumpwasobtainedfrom interviews.It wasalso
possibleto clarify thetotalnumberofpersonswithin a locality from thewaterresourcemapby
consideringan averagefamily sizefor therespectivepanchayaths.

In the rural areasof Palakkad,normally peopleusea standardten litre plastic pot for the
collectionofwaterfrom handpumps.Thehouseholdswereaskedfor thenumberof potsof water
theycollectedfrom ahandpumpin adayandthesamehasbeenrecordedin the interviewsheet.
Also thenumberofpersonsin eachhouseholdwerenoted.Theconsumptionratethencanbe
calculated.

Thedistanceto thehandpumpfrom thehouseholdwasobtainedfrom thewaterresourcemapand
is recordedin the interview sheet.Thehouseholdswerealso askedabouttheirperceptionon
taste,color,odoretc. of handpumpwaterandwererecordedin the interviewsheet.Theywere
alsoaskedaboutthebreakdownfrequencyofhandpumpsandwererecordedaseitheroften(every
monthly), or regularly(oncein threemonths)oroccasionally(oncein six months)andthesame
was markedin the sheet.Therewas no provision madein the preparedquestionnairefor
handpumpswhichhavenot failedatall (meanswhich arestill working aftertheerection).Few
suchtypes of handpmps were came across the study and were recorded separately. The
householdswere also interviewedfor theusualdowntimein handpumpsystems,theagency
responsiblefor doingthemaintenanceworks andtheavailability of localmechanicsfor carrying
out such repair works.

The households were interviewed for their water sources for domestic purposessuchasdrinking,
cooking,washing,personalhygiene,gardeningand cattle feeding and each response were
markedin theattachedsource-matrixsheetthenandthere The possible reasons for the general
non-usageof handpumpsystemssuchasmoredistance,watertastesalty,colored,havingfoam,
havingodoretc.werealsolisted in thesource-matrixsheet.Thehousehold’sresponsesfor non-
useof handpumpfor aspecificpurposewasnotedandrecordedin thesourcematrix sheet.
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4.7. Experimental Works

As partofthisstudy, thewaterqualityofborewellwatersamplesfrom theselectedareashasto
be tested. The parameters included turbidity, pH, totalhardness,iron andchloride.KeralaWater
Authority(KWA) hasrecentlystartedadistrict laboratoryatPalakkadfor monitoringthequality
of watersuppliedthroughits pipedwatersupplyschemes.The lab is in its initial stagesof
working andonly limited facilities wereavailablefor testing. Therewasno facility for testing
iron. The nearestKWA lab for testing iron was in Thrissur, approximately65 kms from
Palakkad.ThelaboratoryatThrissuris well equipped andproperlystaffedfor conductingwater
quality analysis.Theworkload for this lab was also high. Hence,for most of the times, an
appointmentwith thelab officials wasnecessaryfor carryingout tests.

Water samplesfrom handpumps and the mostlyusedtraditional sourcesin eachward are
collected for testingby following standardprocedures.Thedetailsofwatersamplestakenfrom
thethreepanchayathsaregivenbelow.

Table4.4: Ward-wisedetailsofthenumberofwatersamplestakenfor testing

NameofPanchayath Agali Sreekrishnapuram Kozhinjampara

WardNo.

No. of handpumpschemes

X XI V VI III X

4 3 3 3 3 4
samples

dugwell water 2 1 3 2 1 2

riverwater 0 1 0 0 0 0

Thewatersamplesarethentransportedto thelab atThrissuronthesamedayofcollection.They
were analyzedwithin 24 hoursfor thephysicalandchemicalparameters.Theprocedureadopted
for taking watersamplesandthemethodsadoptedfor carryingout testswereaccordingto the
IndianStandardsIS : 3025.
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Results

This chapterbeginswith the descriptionof differencesin the selectedstudy area.Then it
providesthe informationon thepumpconditionsin Palakkad.Furtherit reviewsthevarious
factors affected the service level in Palakkad with a short description of each item. Then it
presentsthereviewon availablealternatesourcesin eachselectedPanchayathsin thearea.Then
it continueswith the review on waterquality of the handpumpwater samplesandthe water
samplescollectedfrom theselectedtraditionalwatersources.

5.1. Description of differences in the selectedarea

TheGramaPanchayathsin Palakkadvarieswidely accordingto theirsize,elevation,location,
geography,climatic factors,traditionalsources,rainfall etc..In this chapter,someofthefactors
whichmay affect theuseofwaterfacilities arespecificallyconsidered.

Table5.1 givesthefactorswhichmight haveaffectedtheuseof thehandpumpwatersupplies.
The topographyofthe terrainmayhavean effect on thewateravailability in the dug wells,
especiallyin Agali Panchayath.As from thetablebelow, it canalso noticeawide differencein
thehandpumpdensity in Agali Panchayathandthis might havebeenoneofthereasonsfor the
heavyusage of handpumps in the Panchayath.

Exceptin Agali, almostall areaoftheothertwo Panchayathsareeithercoveredwith dugwells,
pondsor evenbypipedwatersupplyschemes.It is understoodfrom thepopulationdensityand
theareacoveredby eachhandpumpin Agali, thesettlementsorthehamlets(calledOoru) are
isolated.
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Table5.1: Differencesin theselectedareas

NameofPanchayath Agali Sreekrishnapuram Kozhinjampara

Generaltopographyofthe area Hilly terrain Plain Plain

Populationdensitypersquare
kilometre

106 629 664

Handpumpdensity in number of
handpumpslsq.km.

0.18 0.94 1.14

No. ofpipedwatersupplyschemes
run by KWA

2 1 6

Groundwatertable Deep Shallow,canbe
tappedin top soil

Deep

Scarcityofwaterin all seasons Yes No Yes

Thicknessofoverburdensoil 0 - 20 m 6 - 19 m 6 - 21 m

Staticwaterlevel in theborewell 10- 18 m 5 - 16 m 10- 18 m

5.2. Reviewon Handpump Systems

Thesustainabilityof ahandpumpbasedwatersupplydependsonconditionofthepumpitself.
The pumpconditions as well as the pump environment may affect the long term functioning of
thehandpumpsystems. To review the condition of the handpump system, the study looked into
thefollowing parameters.

pumpdischarge
leakage

© thebreakdownfrequency
theaveragedowntime

© thepumpconditions,and
© thepumpenvironment

5.2.1. PumpDischarge

Pumpdischargeis oneofthemostimportantfactorsin theselectionofa typeofhandpump.The
observationsobtainedfrom field testsin developingcountriesis that whenusersareable to
comparedifferentpumpsunderthesameoperatingconditions,theyalmost invariably favoured
thepumpswith highestdischargerate,eventhoughtheforcerequiredmayberelativelyhigh. In
extremecases,thecommunitymayrejectpumpswhich producelow discharges,irrespectiveof
theefforts applied(Arlosoroffetal, 1987).

In thepresentstudyarea,therewasno choiceoftheselectionofanyotherhandpumptypeexcept
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the India Mark II pumps. A total of twentyhandpumpswere tested for the discharge rate. The
field testingofthehandpumpsweredoneatapumpingrateof 50 strokesperminute.TheIndian
StandardCodeIS 9301 specifiesa strokerateof40 perminutefor thetestingof handpumps.As
thedischargefrom areciprocatingpumpis directlyproportionalto thestrokerate,i.e. thenumber
ofstrokesperminute, the calculated discharge at 50 strokes per minutecanbe directlyconverted
to get the pumpdischarge at a stroke rate of 40 strokes per minute.

In one particular case,i.e. near NagaliyammanCovil road in ward X of Kozhinjampara
Panchayathwhich is codedasHP17, the leakagein thepipe was enormous.No waterwas
deliveredfrom thispump atastrokerateof50 strokesperminuteandhencethedischargeofthis
pump at this strokerateis consideredto be zero.A trial pumpinghasperformedon thesame
pumpat astrokerateof 90 strokesperminuteyieldedadischargeof7.2 litres perminute.

The number of strokes taken to pump 15 litres of water at a stroke rate of 50 strokes per minute
is given in appendix VI. The discharge of each handpumpat 50 strokes per minuteand40 strokes
per minute is calculatedand are presented in the sameappendix.The table below gives a
comparisonof the minimum,maximumand averagedischargesin thethreePanchayathsin
Palakkad.

Table5.2 : Dischargeof handpumpsin differentPanchayaths.

Area Discharge i n litres per minute

Minimum Maximum Average Standard
deviation

Agali Panchayath 8.5 16.0 12.3 2.1

SreekrishnapuramPanchayath 10.6 15.7 12.3 1.6

KozhinjamparaPanchayath 0.0 15.0 9.4 3.4

Palakkaddistrict 0 16.0 11.3 3.3

It canbe seenfrom thepumpdischargetable,theaveragevalueofpumpdischargeis slightly less
than the standards set up by the bureau of IndianStandards.From theappendixVI, it canbe
foundthat 55%of thepumpsproduceda lesserdischargethanthe standardand 20% of the
handpumpsvisited yieldedadischargeof lessthan 10 litres perminute.

5.2.2. Leakage

Leakage,mainlycausedby defectiveor loosenedcouplings,dueto rustedandperforatedrising
mains,ordueto pistonsealsdamagesetc..canreducethedischargeofthepumpset.

In thepresentstudyfive out ofatotalof20 handpumpswerefoundto be leaky.Thedetailsare
givenbelow.

58



Results -

Table5.3 : Numberofleakyhandpumpsin differentPanchayaths.

Area No. of leaky
handpurnps

No. of non-leaky
handpumps

Total

Agali Panchayatb 2 5 7

SreekrishnapuramPanchayath 0 6 6

KozhinjamparaPanchayath 3 4 7

Palakkaddistrict 5 15 20

Theleakageis morein Agali andKozhinjamparaPanchayathswherethehandpumpuseis more
whencomparedto SreekrishnapuramPanchayath.It is interestto notethat theaveragedischarge
ofhandpumpsin KozhinjamparaPanchayathis lessthanthestandardsandthis maybedueto
theexcessiveleakageof pumpsin this area.

5.2.3. Breakdownfrequency

In Palakkad, the handpumpsarehandedoverto thePanchayathsfor operationandmaintenance.
Opinionaboutthebreakdownsin handpumpsis obtainedfrom thefieldinterviews.A totalof 178
householdswereinterviewedin thepresentstudy.

The opinion obtamed from all handpumpuserswere recordedin theappendixVII. Thenumber
ofhandpumpusers is given in table 5.4. For thepurposeoftabulatingthedata,anyhousehold
collectingwaterfrom thehandpumpfor any purposein any seasonoftheyearis consideredas
ahandpumpuser.

Table5.4 : No. of intervieweehouseholdscoveredin differentPanchayaths.

Area Handpump
users

Handpump
non-users

Total

AgaliPanchayath 38 23 61

SreekrishnapuramPanchayath 33 21 54

KozhinjamparaPanchayath 52 11 63

Palakkaddistrict 123 55 178

Thebreakdownfrequencyin handpumpsis givenbelow.
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Table5.5 : Numberofhandpumpsbasedon breakdownfrequency.

Area oncein 3
months

oncein 6
months

morethan6
months

total

Agali Panchayath 1 3 3 7

SreekrishnapuramPanchayath 1 4 1 6

KozhinjamparaPanchayath 0 6 1 7

Palakkaddistrict 2 13 5 20

Eventhoughaslightvariationin householdresponseis obtained,in generalperpump, thepicture
wasreasonablyuniform.

5.2.4. Downtime

The averagedowntime of each handpumpis obtained by interviewing the beneficiary
households.A total of 119handpuinpusersof20 handpumpswerecoveredin thepresentstudy
andthedetailswere givenin thetable5.4. above.

ThehandpumpcodedHP5 in Adiyakkandiyoorin wardXI ofAgali PanchayathandHP11 at
Pattathilppadiin wardVI ofSreekrishnapuramPanchayatharestill workingwithout any failure
sinceerection in 1989. The opinion of the downtime of the handpumpusersin thesetwo
locationsweremarkedunderthedowntimeof lessthan oneweek.

Usersresponseperhandpumpwerevery closeto eachother,whichgivetheimpressionthat the
time ofrepairingtheestimateis reasonablyaccurate.Thetimetakenfor differentpumpsto be
repairedis tabulatedin table5.6.

Table 5.6 : No. of handpumps based on downtime

Area

Downtimein handpumps

iweek 2 weeks 3-4weeks total

Agali Panchayatb 1 6 0 7

SreeknshnapuramPanchayath 2 1 3 6

KozhinjamparaPanchayath 2 1 4 7

Palakkaddistrict 5 8 7 15

Fromtheabovetable,adifferencein averagedowntimecanbenoticedforthethreePanchayaths.
This is dueto thefact that in Palakkad,theoperationandmaintenanceofhandpumpsarecarried
out by theconcernedPanchayaths.An averagedowntimeof two to threeweekstogetherwith a
breakdownfrequencyofoncem six monthsmayleadthehandpumpidle for oneto two months
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ayear.Henceon an average,thetotal downtimein ahandpumpin Palakkadcomesto aboutone
monthin a year.

5.2.5. PumpConditions

A total of sevenfactorswereconsideredfor reviewingthepumpconditions.Theresponsesfor
eachof the sevenitems wereseparatelymarkedfor handpumplocationsand is presentedin
appendixVI. A ratinghasbeengivenfor theoverall conditionofthehandpump.Themethods
adoptedfor assessingtheratingwere describedin thepreviouschapter.

Table5.7 : Theno. ofhandpumpsbasedon pumpconditionsin PalakkadDistrict

SI. No. Factorsconsidered Observation Total

Yes No

1 Playof handlemorethan3 mm 6 14 20

2 Clearsignsof corrosion 2 18 20

3 Bolts loose 2 18 20

4 Lacksgrease 19 1 20

5 Top coverdamaged 2 18 20

6 Damagedbearings 3 17 20

7 Leakingwatertank 3 17 20

From theabovetable, it canbe seenthatabout30%ofthehandpumpsvisitedin theareawere
having a handleplay of more than 3 mm. Of thesehandpumps,majority were from the
KozhthjamparaPanchayath,wheretheusageofhandpumpwasmore.Also about95% ofthe
handpumpscovered were lacking greasingof the handpumpchain which was a simple
preventivemaintenanceto be carriedout in India Mark II handpumps.This implies that the
communityinvolvementin handpumpmaintenancein thestudyareawasvery less.

Basedon the abovesevenfactorsgivenin table 5.7, a ratinghasbeenarrived for thewhole
twentyhandpumpsin thestudyareaas‘Good’, ‘Moderate’or ‘Bad’ asdefinedin chapterfour.
Thetablebelow givestheratingofhandpumpsbasedon thepumpconditions.
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Table5.8 : No. ofhandpumpsbasedon pumpconditions

Area Rating Total

Good Moderate Bad

Agali Panchayath 6 1 0 7

SreekrishnapuramPanchayath 3 2 1 6

KozhinjamparaPanchayath 2 2 3 7

Palakkad 11 5 4 20

Majontyof thebadhandpumpswereidentifiedagainin theKozhinjamparaPanchayath,where
theaveragenumberofusersperhandpumpwasthelargestamongtheothertwo Panchayaths.
Oneof thereasonsfor the majority of badhandpumpsmaybe the morepercentageof leaky
handpumpsin thePanchayath.

5.2.6. PumpEnvironment

Thefactorson conditionof pumpenvironmentcoveredin thestudyare

cI1I~ whethertheplatform is broken,
© whetherthereis a stainedplatform,

whetherthedrain is broken,and
(~I) whetherthereis a stagnantpooi ofwaternearby.

Thedetailsofeachhandpumplocationarepresented in appendixVI. Theabstractis givenbelow.

Table5.9 : No. ofhandpumpsbasedon pump environmentin Palakkaddistrict.

Si. No. Itemsconsidered Observation Total

Yes No

1 Stainedplatform 14 6 20

2 BrokenPlatform 8 12 20

3 BrokenDrain 6 14 20

4 Stagnantpoolsofwaternearby 13 7 20

Mostofthestainedplatformsnoticedwerem Agali andSreekrishnapuramPanchayaths.In these
Panchayaths,the averagenumberof usersperhandpumpwaslessthantheusersperpumpin
KozhinjamparaPanchayathMost of the stagnantpools of waterwas noticedin Agali and
KozhinjamparaPanchayaths,wherethebandpumpswereheavilyused.
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A ratinghasalso beenarrivedfor thefailure or damagesto theenvironmentof thepump as
definedin chapterfour. Thetablebelowgivestheratingofthetwentycoveredhandpumpsin
differentPanchayathsin thePalakkadDistrict. -

Table5.10 : No. ofhandpumpsbasedon pumpenvironmentin differentPanchayaths.

Area Rating Total

Good Moderate Bad

Agali Panchayath 2 1 4 7

SreekrishnapuramPanchayath 5 1 0 6

KozhinjamparaPanchayath 2 2 3 7

Palakkad 9 4 7 20

From theabovetable,it canbe seen that most of the handpumpsin Agali andKozhinjamparahad
abadconditionedplatformsand drainagefacilities.

5.3. Reviewon ServiceLevel

An estimateofthebenefitsprovidedby eachtechnologicalsolution for water supplymaybe
usefulin comparingthe differenttechnologicalsolutionschosenfor watersupply in aparticular
area.Normallytheamountofbenefitsprovidedby anewoptioncannotbe assessedexactly.The
scaleofinfluenceby anewwaterfacility is normallyaffectedbythetwo key technical factors. -

the“servicelevel”(i.e. thedistancewatermustbe hauledfrom thewaterpointto thedwelling,
queuingplus filling time fro eachwater haulerand the easeof drawing water); and the
“reliability” thewateris availableat thewaterpoint whenneeded.

Theindicatorsconsideredin thepresentstudyare

theaveragenumberofusersperhandpump,
© the averagevolumeofwatercollectedpercapitaperday , and
© theaveragedistanceofhouseholdfrom thehandpump.

5.3.1. TheAverageNumberof UsersperHandpump

The averagenumberofpersonscoveredby a handpumpis obtainedas follows. During the
interviews,an averageofninehouseholdswerecoveredin eachhandpumplocation.Of these
nine,some households were absolutely non-users of handpumps.The percentageofhandpump
usersoutof thetotal ofninehouseholdsfor eachlocationfor drinking andcookingis calculated.
Percentageof handpumpusersfor washingandbathingis calculatedseparately.The average
numberof handpumpusershasbeenarrivedby giving a weightageof one out of threefor
dnnkingandcookingandtwo out of threeforwashingandbathing.Thewaitedpercentagethus
obtainedis multipliedby theaveragenumberofpersonsresidingwithin 250metresradiusgave
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thenumberofuserspereachhandpumpfor aparticularlocation.Theminimum,maximumand
average number of users per handpumpin eachPanchayathis notedbelow.

Table5.11 : Averagenumberofusersperhandpumpin differentPanchayaths

Area numberof personsperhandpump

minimum maximum average standard
deviation

AgaliPanchayath 0 132 46 46

SreekrishnapuramPanchayath 1 71 19 19

KozhinjamparaPanchayath 24 185 63 51

PalakkadDistrict 0 185 45 47

Fromtheabovetable,it canbe understoodthat theaveragenumberofhandpumpusersvaries
widely in thethreedifferentPanchayathsin thestudyarea.

From theliterature,it hasbeen found that thewaiting time mayindirectlyaffect thenumberof
personsbenefittedfrom thehandpump.Datawerecollectedon theaveragewaiting time in each
selectedareafrom thehouseholdinterviews.Householdwereapproachedwith the following
questions

which is the peak hour of water collection?
© is thereany queueduring thepeakhourofwatercollectionfrom handpumps?
© is thereany waitingneededto collectwaterandif sowhat is theusualwaiting time?

Theresponsefor eachofthesequestionsaregivenbelow.

Table5.12 : No. ofhouseholdsbasedon peakhouruse

Area Numberof households Total

Morning6AM -

8AM
Evening
4PM-8PM

Agali Panchayath 33 5 38

SreekrishnapuramPanchayath 26 3 29

KozhinjamparaPanchayath 48 4 52

PalakkadDistrict 107 12 119

Majority of thehandpumpusersin thestudyareacollecthandpumpwaterin themorning.
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The detailsof waiting time obtainedfrom interviewswere given in the appendixVII. The
abstractoftheresponseofhandpumpusersweregiven in theaccompanyingtable.

Table5.13 No. ofhandpumpsbasedon waiting timenearthepump

Area Numberofhandpumps Total

<10
minutes

10-15
minutes

15-30
minutes

>30
minutes

Agali Panchayath 3 2 2 0 7

SreekrishnapuramPanchayath 5 0 0 1 6

KozhinjaniparaPancbayath 0 5 1 1 7

PalakkadDistrict 8 7 3 2 20

Eventhougha differenceofresponsefrom householdson waiting time is obtained,againper
pump theresponsewasmoreor lessuniform.

5.3.2. AverageVolumeofWater Collectedper CapitaperDay

Thehouseholdswereaskedfor thetotal collectionof watereitherfrom thehandpumporfrom
thetraditionalsource.Whentheyuseboth, thewatercollectedonly from thehandpumpswere
recorded.Thedetailsoffield dataobtainedaretabulatedasfollows.

Table5.14 : Theaveragevolume ofwatercollectedin lpcdper handpurnp

Area Averagevolumeofwatercoilecte
capitaperday

d per litres per

Minimum Maximum Average

Agali Panchayath 8 50 20.4

SreekrishnapuramPanchayath 12 33 20.5

KozhinjamparaPanchayath 13 100 27.5

PalakkadDistrict 8 100 22.9

The above table illustrates that the volume of water collected from a handpump in
KozhinjamparaPanchayatharemore than that from theother two Panchayaths.A possible
explanationfor this is thatin thisPanchayath,theaccessibilityto theriverwateris limited. In
other Panchayaths, there are perennial rivers near by the study area andpeopleusedto wash their
clothesandtakebath in these rivers andhencealessusageofwater.Moreover,thehandpumps
in this Panchayathmaybenearerto thehouseholdsthantheothertwo.
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5.3.3. AverageDistanceofHouseholdfrom theHandpump

Thedistanceobservedin thefield arerecordedin theappendixVII. Theminimum,maximum
andaverageofthe distancesrecordedin theappendixwerepresentedin thefollowing table.

Table 5.15 : Theaveragedistanceofhouseholdsfrom thehandpump

Area Averagedistancebetweenhouseholdandhandpumpin m

Minimum Maximum Average

AgaliPanchayath 10 280 109

SreekrisbnapuramPanchayath 10 250 133

KozhinjamparaPanchayath 5 200 89

PalakkadDistrict 5 280 109

From table5.15, it canbe understoodthat theaveragedistancebetweenthehandpumpandthe
householdis theminimumin theKozhinjamparaPanchayath.It mayalsoimportantto notethat
thepopulationdensityin this Panchayathis thehighestamongthethreePanchayathsselected
for the study.

5.4. Reviewon Available Alternate Sources

In general,theavailablealternativewatersourcesin thestudy areaare;

PublicDugwell
© PrivateDugwell
© RiverWater

PondWater
© StreamWater,and

PipedWater

To enterthe datain appendixVII, different notationshavebeenusedfor Public andPrivate
dugwells.

The following tablegives thedetailsofuseofavailablewatersourcesin Palakkaddistrict for
different purposesin the dry and wet season.The table is basedon interviewswith 178
households.Theresponserelatedto cattlefeedingonly applyto 116 householdswith cattle.
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Source Numberofhouseholds

Drinking Cooking Washing Bathing Per.
Hygiene

Gardening Cattle
feeding

D W D W D W D W D W D W D W

HP

Wi

69 64 69 64 73 70 79 75 95 91

22 23 22 23 6 8 4 6 14 16

107 104

6 8

64 63

12 12

W2 70 78 70 78 54 55 51 53 64 66 63 64 40 41

RW 3 3 3 3 22 22 26 26 3 3 0 0 0 0

PW 0 0 0 0 18 18 17 17 0 0 0 0 0 0

SW 1 1 1 1 0 0 0 0 1 1 1 1 0 0

PP 13 9 13 9 5 5 1 1 1 1 1 1 0 0

From the table above,it canbe seenthat majority of the householdsusedug well as their
preferred watersourcefor drinking and cooking. Thepriority for handpumpcomessecond.
Whereverpipedwatersupplywasavailable,peopletakewaterfrom thestandpostonly asit can
be seen from the appendix VII.

Table5.16 : UseofdifferentwatersourcesinPalakkadDistrict (n=178households)

Codesusedfor filling the table
HP - Handpump RW - RiverWater
WI- PublicDugwell PW - PondWater
W2-PnvateDugwell SW - StreamWater

PP - PipedWater
D - Dry Season
W - Wet Season

[Dry season

(38.8%)

~w1

~ W2

~RW

— SW

Figure5.1 sourcesofwaterfor drinking andcooking
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Fromtheabovefigure, it canbe seenthatabout52%ofthehouseholdsusedug well (including
public and private)astheirwater sourcefor drinking and cookingin rural areasofPalakkad
duringthy season.About39%usehandpumpastheirwater source in these areas. This is because
in dryseason,theownersof theprivatewell only allow thepublic to draw alimited amountof
waterfrom theirwell for drinking andcooking.

Thefollowing tablebelowgives the reasonsidentifiedduring thefield interviewsfor thenon-
useofhandpumpsfor eachspecificuse.

Table5.16 : Numberofhouseholdsrespondedfor non-useof handpumpsystemsin Palakkad
district

Reasons
for non-
usmgthe
hand

Number of households

Drinking Cooking Washing Bathmg Per
Hygiene

Gardening Cattle
feeding

~‘~“~‘ D W D W D W D W D W D W D W

TD 77 83 70 75 0 0 0 0 0 0 0 0 0 0

DM 18 16 18 16 18 18 10 11 24 24 23 23 13 13

CW 5 5 8 8 10 10 2 2 5 5 0 0 0 0

HW 7 8 7 8 40 41 45 46 43 45 45 46 31 32

NE 2 2 6 7 10 12 10 12 11 13 3 5 8 8

WR 0 0 0 0 16 16 0 0 0 0 0 0 0 0

WP 0 0 0 0 11 11 0 0 0 0 0 0 0 0

BR 0 0 0 0 0 0 22 22 0 0 0 0 0 0

BP 0 0 0 0 0 0 10 10 0 0 0 0 0 0

Total 109 114 109 114 104 107 99 103 83 87 67 70 52 53
Codes used for filling the table
TD - Watertastesdifferent from the traditionalwatersource WR - Traditionalpracticeofwashingclothesin river
DM - Distancemore WP - Traditional practiceofwashingclothesin pond
CW - Colouredwater BR - Traditionalpracticeof takingbathin river
HW - Haveown pnvatewell BP - Traditionalpracticeof takingbathin pond
NE - Not enoughwateris available

About 71%ofthenon-usersofhandpumpscomplainedaboutthetastedifferenceof handpump
waterfrom the traditionalsourcefor drinkingandcooking.Thesecondmajorcomplaintwasthe
increaseof distanceto the handpumps.The third preferencewasgiven to the colour of the
handpumpwater.
Thedetailsaregivenin theaccompanyingfigure.Refertheabovetablefor notationsused.
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Fgure5.2Responsesofthehouseholdsfor therejectionofhandpump

waterin Palakkad.

5.5. Reviewon Water Quality

Water samplesfrom 20 handpumps,11 dug wells and one river has been collected from the
selectedthreePanchayathsin thearea.Thewatersamplesweretestedwithin twentyfourhours
ofcollection.This delaywasunavoidableandit may have an effecton thetestresultsin thatthe
measurediron concentrationcanbe somewhatless than the actual concentration.Higher
concentrationof iron above0.3 mg/I causestasteto water.In thepresentstudy,theideawasto
checktherelationbetweentheuseracceptanceandtasteofwater,thus the determination of the
exactvalueofthe iron concentrationwasnot necessary.

The water qualityofhandpumpwater may be an important parameter. The test results obtained
from handpumpwatersamplesanddugwellwatersamplesarepresentedin thetable5.17.From
the table, it canbe seenthat thereis a wide variationof thevalue of turbidity betweenthe
handpumpanddugwellwatersamples.Also awidevariationoftheconcentrationofiron from
the dugwell water andhandpumpwatercanbefound.

It canseefrom thetablethat thewaterqualityof thethreeareasin Palakkaddistrict is different.
Forexample,thevaluesof thetotalhardness,electricalconductivity,chlorideand fluorideare
very high than the standardsrecommendedfor thedrinkingwaterinKozhinjamparaPanchayath.
The complaintsfrom thepublic during thefield visit in this areain someofthe dugwellsare
mainly due to the high value of chloride.

Dry seasoni

~TD

0M

—cW

~KW

NE
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Table5.17 : Testresultson waterqualityparametersof differentwatersourcesin thestudyarea
Panchayath ward Code SourcepH turbidity EC T.H chloride fluonde iron

mg/ICaCO mg/INTU mS/cm

AGALI HP! BW 7.07 5 784 332 31 1.765 0 255

HIP2 BW 6.80 3 655 236 30 1 450 0235

X }1P3 BW 6.69 12 511 166 20 1190 0520
DW! DW 7.00 1 574 168 57 1.050 0000

DW2 DW 708 1 584 196 23 1575 0000

HP4 BW 692 25 606 180 23 1.425 1.015

HP5 BW 686 14 333 128 14 1.055 0575

HP6 BW 6.74 210 348 158 12 0805 2705

XI HP7 BW 661 280 255 98 12 0.000 2902

DW3 DW 5.78 6 74 16 10 0.630 0 195

RW1 RW 6.95 2 47 20 16 0.650 0210

HP8 BW 6.99 17 203 90 11 1.230 1 000

SREE- HP9 BW 7.09 28 605 286 10 1.285 2 380

KRISHNA- V DW4 DW 6.74 2 84 26 10 0.870 0060

PURAM

VI

DW5 DW

HP1O BW
DW6 DW
HP11 BW

HP12 BW
DW7 DW

HIP13 BW
DW8 DW

HP14 BW

6.42

6.95

665
692

646
540

6.88
5 98

652

5

13

2
170

320
1

27
1

80

184

306

141

182

168

28

186

78

1080

50

88

50

72

74

4

82

10

382

13

17

30

14

10

7

12

9

90

0830

0.990

0880

1210

0990

0.880

1.190

0.885

1.195

0065

3.740

0.175

3.860

3.630

0030

1.920

0.085

3.840

KOZHIN- III HP15 BW 7 47 4 1965 670 376 1 380 0.220

JAMPARA

X

HP16 BW

DW9 DW

HP17 BW

J{P!8 BW
HP19 BW

HP2O BW

DWIO DW

7 34

7 32

7.24

7 84

7.50

6.75

7 28

3

3

50

4

6

5

3

935

592

998

693

488

407

2750

382

208

356

236

188
136

978

85

33

80

48

35

25

453

1 380

1 085

1.740

1 660

1.700

1.260

1.880

0.175

0.000

3.740

0.220

0460

0.255

0.030

DW1I DW 731 3 596 258 41 1240 0.050
BW - Borewell
DW - Dugwell
RW - RiverWater
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Chapter 6

Discussions

This chapterprovidesanoverviewoftherelationshipwith the indicatorsselectedin thepresent
study for thefunctioninganduse of handpumpsystems.Thechapterstartswith thediscussion
on functioningofhandpumpsandthe relationship of variousparametersinvolved in thepresent
study. Further it explainstherelationshipof variouscomponentswith theuseracceptanceof
handpumpsin thestudyarea.

6.1. Functioning of Handpumps

The literature reviewed earlierprovidedthe informationon theindicatorswhichnormally affects
the functioning of handpumps.Chapterthree explainsthe possiblerelationshipof those
indicatorswith functioningofhandpumps.Thefollowing subsectionsexplaintherelationship
of the indicators selected in the present study with functioning of the system. The functioning
of handpumps in this chapteris discussedbasedon thenationalstandardsas discussed in the
earlier sections.

6.1.1. PumpDischarge

As per the IndianStandardIS 9301,thedischargerateof anIndiaMarkII handpumpshouldgive
atleast12 litres per minute at a strokerate of 40 strokes per minute. In the present study, about
55 percentage of the handpumpscameacrosswerefoundto givelessdischarge.

Thedifferencein pumpdischargemayberelatedto the intensityof useof eachpump.So an
estimatewasmadeoftheaverageproductionofeachpump. Thiswasdonefor only 19 pumps
asthemostleakywith zerodischargeis left out. Averageproductionofwaterfrom eachpump
canbe obtainedby multiplying theaveragenumberof pumpuserswith theaveragevolumeof
waterconsumptionpercapitaper day amvedfor eachhandpump.Furtherdetailson this are
providedin appendixVII.
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figure 6.1 pumpproductionvspumpdischarge

Inthe figure above,thepointsfor HP3 andHP2O showsonly onepointasthesevaluesarevery
closeto eachother.Somerelationbetweenaverageproductionandaveragepumpdischargecan
be noticed.Two out of eightpumps(about25%)with aproductionof lessthanonecubicmetres
perdayhaveadischargelessthan 12 litres per minute.Thehandpumpswhich arehardlyused
arenotconsideredin arrivingatthisrelationship.Thatis in placeswheretheproductionis less
thanonecubic metresperday, the dischargeof thepumpwasfoundto behigh, while in other
placeswherethe dischargewasfoundto be lessthan12 litres per minute. Thiswasnoticedin
six out of suchcases(about75%). This appearsto indicateahigherwearofthe cup sealsin
pumpsthat aremoreheavilyused.

6.1.2. PumpLeakage

A comparisonbetweenthe averagevalues of breakdownfrequency,downtime andwater
productionfor the leakyandnon-leakyhandpumpsis shownbelow.

figure 6.2 comparisonof production,breakdownand
downtimeof anon-leakyand leakypump
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Fromtheabovefigure, it canbe seenthat theaveragenumberofbreakdownsis morein a leaky
pump. Theleakagein thesepumpsmight havebeencauseddueto thefrequentrepairofpump
partsresultingin damagesto thepipejomts.Theaveragevolumeofwatercollectedfrom thefive
leakypumpswas lessthan0.56cubicmetresper day.

Alsoabarchartis drawnfor the averagevalueof discharge,numberofusersandconsumption
rate for a leakyandnon-leakypump.

Inplaceswherethenumberofusersarehigh, thepumpswerefoundto benon-leaky.Thereason
for this, to me,seemsthatpeoplemayforcethePanchayathauthoritiesto get thepumprepaired
attheearliest.Majority ofthenon-leakypumpsareextensivelyusedby thepublicwhereasfour
out of five leakypumps have a low use. Also the per capita consumption rate of the users
collectingwater from anon-leakyhandpumpis foundto be more.

6.1.3. BreakdownFrequency

Thegraphofbreakdownsin ayearversusthenumberofusersis givenbelow.Fromthefigure
below, it canbeseenthat thebreakdownfrequencyof two peryearis most, which is relatively
high in caparisonto thedatain the literature.No clearcorrelationbetweennumberofusersand
breakdownfrequencyis found.

•dmscharge in litres per rnnute ~consunptmon rate in Ipcd

~ number of users

60

40

20

0
non-leaky pump leaky pump

figure 6.3 comparison of discharge, consumption rate
andnumberof usersfor anon-leakyand leakypump
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6.1.4. Downtime

figure 6.4 numberofusersvsbreakdownfrequency

The number of handpumpusers versustheaveragedowntimein handpumpsis drawnbelow.

figure 6.5 numberof usersvs downtime
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No definiterelationhasnotbeennoticedwith thedowntimeofhandpumpswithnumberofusers
althoughin 80%ofthecasesthedowntimewasfoundto be two weeksor less irrespectiveofthe
numberofusers.This maybetheresultofpressureby theuserson repairsto thepumps.

6.1.5. Broken andBadly ConstructedPlatform

A comparisonof theaverageno.ofusersandthepoorly constructedplatformsis givenbelow.
It canbe noticedfrom thefigure thattheaveragenumberofusersweremorein caseofbroken
anddamagedplatformswhich is expecteddueto heavyusageofhandpumps.

figure 6.6 numberofusersvsbrokenandnon-broken
platforms

The figure drawnfor thepump conditionversusnumberofusersshowsthat thepumpcondition
wasthe worst wheretheusageof handpumpwasmore. This may be due to heavyusage.
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6.1.6. PumpEnvironment

figure 6.7numberof usersvspumpconditions

The averagenumberof usersusing a handpumpwith a stainedplatform is very less when
comparedwith thehandpumpusersin a non-stainedplatform.Thefollowing figure showsthe
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relationship.The reasonfor this maybe the poorwaterquality in handpumphavingstained
platform. Thestainsis an indication ofexcessiron contentin water.

figure 6.8 numberof usersvs stainedandnon-stained
platforms

6.2. UseofHandpumps

A totalof twentyhandpumpsarecoveredin thepresentstudy.Nine out oftwentyhandpumps
arenotusedfor drinking andcooking.But out oftheseninepumps,sevenarepartially usedfor
washingandbathingandtwo pumpsarenotusedatall.

6.2.1. NumberofusersperHandpump

Theaveragenumberofhandpumpusersin thestudy areais givenin table5.11.On an average
64 personsperpump(142%of thetotal average)areusing the11 handpumpsin thestudyarea
during thewet seasonfor drinking andcooking.This valuemayincreaseslightly in thesummer
as it can be seen from the table 5.16 and even the pump with most users does not exceed the
limits specifiedby thenationalguidelinesof250 personsperhandpump.Hencefrom theabove
mentionedaveragepersonsperpump, it canbe seenthatwhereverthepumpis heavilyused,it
is usedfor drinking andcooking.

6.2.2. VolumeofWaterCollectedperHousehold

Sincethe handpumps which are used for drinkingandcookingareextensivelyused,theyareonly
consideredin the following sectionsfor comparingthe indicators which affect the useof
bandpumps.In thestudyarea,theaveragedischargeof a handpumpcomesto 10.8 litres per
minuteandtheaveragenumberofusersperhandpumpcomesto 64 for handpumpswhich are
usedfor drinking and cooking.Hence the discharge of the pump is sufficient to meet the
guideline valueof 40 lpcd. But peoplecollectedonly 24.3 lpcd on an averagefrom these
handpumpswhich showsthepresenceofothertraditionalsourcesor theconsumptionlevel is
below theguidelinevalueorpeoplemaybeimpatient in waiting nearthehandpumpsasit can
be seen from the table 5.13 that in some cases the waiting time near the handpump wasmore,
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about15 to 30 minutespereachcollectionof apot ofwater

6.2.3. AverageDistanceofHouseholdfrom theHandpump

It canbe noticedfrom thetables514 and5 15 that the averagedistanceto the handpumpin
KozhinjamparaPanchayathis the lowest amongthePachayathsselectedfor the studyandthe
consumptionratefrom handpumpsin this Panchayathis themaximum This givesmorestrength
to therelationthat, thelessis thedistanceto awatersource,themorewill be theamountofwater
collected Thefollowing graphobtainedby drawingtheaveragedistanceto thehandpumpand
theconsumptionlevelprovidedby thesystem,showsthat whereverthedistanceto thehandpump
wasless,people collected more water This may be due to the fact that people find it difficult to
carry water for a longer distance

figure6.9 consumptionratevs distance

6.2.4. The PresenceofAlternateSources

Thepresenceofalternatewatersourcesmayhaveaffectedthewaterconsumptionratefrom the
handpumpIn thestudyarea,tenhandpumpshadan iron contentofmorethan 1 0 mg/lit. Hence
in orderto studythepresenceofalternatewater sources,thedistanceto thehandpumpshaving
atotal iron contentoflessthan1 0 mg/lit andthe distanceto theneighbouringtraditionalsources
nearthesehandpumpswereconsideredThegraphbelowindicatesthat thedistancefor handpump
usersis well belowthanfor traditionalsources
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figure 6 10 comparison of handpump and traditional source
whentheiron contentwaslessthan 1 0 mg/lit

Fromthefigure, it canbe seenthat whenthedistanceto thehandpumpwasless,peoplepreferred
handpumpwaterover thetraditionalwaterwherethe iron contentwaslow In all othercases,
whenthe iron contentwas high, especiallymorethan 1 0 mg/lit peoplepreferredtraditional
sourcesirrespectiveofthedistance Dataon this areprovidedin appendixVII

6.2.5. WaterQuality

Testswere carried out on 20 handpumpwater samples.A graph hasbeendrawnwith the
concentrationsofiron andthenumberofusersperpumpfor 11 handpumpswhich areextensively
used

figure 6 11 iron concentrationvsnumberofusers

Fromtheabovefigure, it canbe seenthatnormallywhentheiron concentrationincreases,theuser
acceptabilitydecreasesDuring thefield interviews, about45% of the non-users (households) of
handpumpscomplainedaboutthetastedifferenceofhandpumpwaterfrom thetraditional sources
for drinking and cookingwhich is dueto the excessiron presentin fourteenout ofthe twenty
samplescollected
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There is no specificrelationshipis obtainedbetweenhardnessand numberof usersalthough
twelveout oftwentysampleswerefound to haveahardnessof lessthan200 mg/lit of CaCO3

Theelectricalconductivity(EC) ofeight outof 11 extensivelyusedwatersampleswere foundto
be lessthan800 12S/cmwhich is mineralisedTenout of 20 watersampleswerefoundto havean
EC ofmorethan50012S/cmimplies that thehandpumpwateris mineralisedThismaybe dueto
either nitratesor chlorides

Only oneout of 20 samplesshowedapH valueof lessthan6.5 Twelvesamplesshoweda pH
valuerangingbetween6.5 and7 0 andotherswereabove7 0 Thecorrosionofpumpmaterial,
accordingto literatureis high whenpH is lessthan6 5 Hencethe corrosionofpumpparts is
appearsto be lessm this area,eventhougha slight rateof 0 2 mm/yearis expectedsincethirteen
out of 20 samples showed a pH of less than 7 0. The causeof iron may be the aquifer
characteristics,for which detailedinvestigationshaveto be carriedout

Heavyfioc formationofhandpumpwaterwasnoticedoveraday This maybe dueto thefactthat
thewaterwhenpumpedout to theatmospherecomesin contactwith theoxygenin theair and
thedissolved iron oxidisesto thestablefemcstate,forming fiocsofferric hydroxidewhich can
causeturbidity to thehandpumpwater.

In general,the quality ofhandpumpwater affectsthe useracceptabilityof handpumpsIf the
waterquality is poor,especiallywith regardto iron peoplewill rejectthehandpumpThis also
explainsthefigure 6 11 Hencewater quality ofhandpumpwateris oneof themostimportant
factorswhich affectedtheuseracceptabilityofhandpumpsin thestudyarea
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Chapter 7

Conclusionsand Recommendations

This chapterdiscussesthetopic and objectivesin thebeginning.It thenprovidesthegeneral
findings obtainedm thepresentstudy in two sections,oneunderfunctioningof handpumpsand
secondunderuseofhandpumps.It thengivesa fewrecommendationsofthe studyto improve
thefunctioninganduse. Action planto implementtherecommendationsis suggestedin the last
section.

7.1. Topic and objectiveofthe study

Borewellwithhandpumpsareoneof themajorsourcesofwaterin therural areasofPalakkad
district. About 2200borewellswith handpumpswereinstalledin differentPanchayathsofthe
district.

Problemswerefoundto existwith respectto quality, quantityanduseracceptanceofhandpump
watersupply in this area.

As an assistantengineerworking for KWA in Palakkad,the author was engagedin the
constructionof handpumps.From thepersonalobservationsof theauthor,it hasbeenfoundthat
frequentbreakdownswere occurringto handpumpsin this area.Complaintswerealsoreceived
from thepublic on badtasteofhandpumpwaterwhich appearsto be theresultsofhigh iron
contentpossiblydueto theresultsofcorrosionofthepumpmaterial.

Hencethepresentstudy investigatestheproblemsencounteredwith thehandpumpschemesin
theruralareasofPalakkaddistrict. Theobjectivesofthestudyare;

1. to evaluatetheperformanceofhandpumpswith regardto functioning,
2. to evaluatetheperformanceof handpumpswith regardto wateruse,
3. to obtainan in-sightinto thewaterquality of handpumpwaterin Palakkaddistrict, and
4. to suggestpossibilitiesto improvetheperformanceof handpumpsin Palakkad.

7.2. Conclusions

Theconclusionsdrawnfrom this studyon functiomngan useofhandpumpsystemsaregiven
separatelyunderthis section.

7.2.1. Functioning ofHandpumps

1. Nineteenoutoftwentypumpswerefoundto befunctioningbutonly halfofthemmet the
dischargestandardssetby theBureauof IndianStandards(BIS).Thelow dischargeofthe
pumpsmay be due to thehighwearofcup sealsin pumpsthataremoreheavilyused.In
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the eight places where the pumpproductionwasmorethanone cubicmetresperday,
75%of thepumpswerefoundworking at adischargewhich is lower thanthestandard
value.Inplaceswherethepumpproductionwasless thanonecubicmetresperday,only
25%ofthepumpswerefoundworkingwith a low dischargethanthestandardssetby the
BIS.

2. Twentyfive percentageofthepumpshadunacceptablelevelsof leakagewhich might
havebeencauseddueto thedamagesofpumpjoints becauseoffrequentrepairs.Four
ofthesefivepumpshadalow useandaveragevolumecollectedfrom leakypumpsis less
than 0.56 cubic metres per day.

3. An averagebreakdownfrequencyofhandpumpsofoncein sixmonthswasnoticedwhich
is relatively high in comparisonto thedatain the literature. This maybedueto poor
workmanshipordueto poorqualityof materialsor both. In about80%ofthecases,the
downtimewasfoundto be two weeksor lessevenin thelow usehandpumpsirrespective
ofthenumberofpersonswhichmayimply that thereis somepressureby thepublic on
Panchayathauthoritiesto get thepumprepairedquickly.

4. A considerabledifferencein the pump condition were noticedin the threeselected
Panchayaths,mainlydueto thedifferencein usealthoughmaintenancemayalsoplay a
role. The platform condition was bad in pumpsthat wereheavily used.Community
involvementin maintenanceof handpumpsseemsto be low. Greasingof handpump
chainis oneofthesimplestpreventivemaintenancesto theIndia Mark II handpumps.
Nineteen of the twenty visited bandpumps were not greasedwhich implies low
communityinvolvementin handpumpmaintenance.

7.2.2. UseofHandpumps

The following conclusions were obtained in the present studyon useofhandpumps.

Only elevenoutof20 handpumpswereusedfor drinking andcookingin thestudyarea
andmost of these pumps were heavily used. Another seven were used for cattle feeding
anddrinking,butnot for drinking.Theaveragenumberofusersperpumpfor themost
extensivelyusedhandpumpscomesto 64 personsperpumpfor drinking andcooking,
which is well below thenationalguidelinessetup by theGOlof250 usersperpump.

2. The averagevolume ofwatercollectedby a householdin thestudy areais 22.9 lpcd,
belowthenationalguidelineof40 lpcd.This means that the presence of other traditional
sourcesfor bathingandwashingsuchasrivers,pondsand streamsarenearby. Also the
traditional practicesofbathingandwashingwere found as one of the main reasons for
non-useofhandpumpsfor thepurposesofbathingandwashing.

3. About 52%ofthehouseholdsusedugwell and39% use handpump and7.3%usepiped
waterastheirwatersourcefor drinkingandcookingin thestudyareaduring thy season.
In thewet seasonafewpeopleturn to thetraditionalwells andhandpumpuseis reduced
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by a fraction.

4. About 71% of the non-users(households)of handpumpcomplainedabout the taste
differenceof handpumpwater from the tasteof traditional sourcesfor drinking and
cooking.About 17%ofthenon-users(households)complainedthatthedistanceto the
handpumpwasthesinglelargestreasonfor thenon-useofhandpumpsystems.

5. The average distance to the households in the threeselectedPanchayathswerefoundto
be different. It was noticed that when the distance to the handpump was less,people
preferredhandpumpwateroverthetraditionalsourceswheretheiron contentin the water
samplewaslow.

6. Thewaterquality ofhandpumpwaterwasfoundto bepoor.Fourteenout of 20 water
sampleshadaboveguidelinevalueof0.3 mg/i total iron content,althoughthreeout of
this fourteensampleshadan iron contentnearly0.45 mg/i, well below themaximum
permissiblevalueof 1.0mg/l set by theBIS for drinking water.Sixteenout of20 water
samplesbadfluorideconcentrationsabovetheallowablelimits of 1.0mg/i setbytheBIS
fordrinkingwater,eventhoughonly foursamplesoutofthesesixteenwerefoundto have
afluorideconcentrationofmorethan1.5 mg/l, guidelineset by theWHO. Eight outof
the 11 extensivelyusedhandpumpwatersampleshadanEC of 700 MS/cm or less. The
total iron concentrationof handpumpwatersampleswerefoundto be very highwhen
comparedto the dugwell water and heavy floc formation was observed when the
handpumpwaterwasstoredoveraday.

7.3. Recommendations

The following recommendationsare suggestedfor improving the functioning and useof
handpumpsystems.

7.3.1. Functioning ofHandpumps

1. Enhancingpreventivemaintenance,includingrepairofcupsealswhenpumpdischarge
falls belowapre-determinedminimumof 10 litres perminuteat 40 strokesperminute.
This 10 litres perminuteis setbecause,evenafterfinding thereduceddischarge,it is
assumedthat therepairmay takefew moredaysandin any casethepump hasto be
repairedbeforethedischargegoesbelow9 litres perminuteat 40 strokesperminute.

2. Makealterationsin theexisting handpumpsto IndiaMark III to facilitatevillage level
operationandmaintenance(VLOM)to reducethebreakdownsandparticularlydowntime
in thehandpumps.

3. Give emphasis on community participation in construction and operation and
maintenance of handpurnpfacilities in thecommunitiesin which theyusehandpumps
extensively.
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4. An effective maintenancesystem involving the abovesaid communities and the
Panchayathauthoritieshasto be setup asa first stepto givetraining to thecommunity
membersin operationandmaintenanceofhandpumpsto ensurequickerrepairs.

7.3.2. UseofHandpumps

1. Modification in thedesignon IndiaMarkII will enhancethevolumeofwaterproduced
whichmayimprovetheperformanceofhandpumpsin termson functioningwhichwill
result in the improvementof the servicelevel. Henceit is suggestedto makethe
modifications.

2. Groundwaterquality investigationsshouldbecomepart and parcelof all handpump
programmes.Before the implementationof a newhandpumpprogramme,the water
quality in thenearbyborewellsmaytestedandif thequality is foundgood, thenproceed
with theprogrammeotherwisetry to give betterserviceby improvingthe existingthe
watersource.

3. Explorethepossibility ofsurfacewateror traditionalwells asan alternativewatersource
of watersupplywherethehandpumpwaterquality is unacceptable.

7.4. Action Plan

An actionplan is preparedto implementtherecommendationssuggested.Theplanis proposed

in suchawayasto implementimmediatemeasures,shorttermmeasuresandlongtermmeasures.
7.4.1. ImmediateMeasure

This measuresareproposedto implementwithin six months.It is proposedto createcommunity
awarenessandtraining in operationandmaintenanceof handpumpsin the extensivelyused
handpumpcommunities.Emphasisonintroductionofpumpperformanceinventoryby caretakers
to enhancepreventivemaintenanceif thepumpdischargedropsbelow 10 litresperminuteat 40
strokesperminute.

In Kerala,theproposalsfor the 10th Five YearPlanhasbeencollectedfrom thepublic, and
preferenceshasbeengivento thepublic in theselectionofdevelopmentalactivities.Henceasort
of communityparticipationhasbeenalreadystartedin thestateby thepresentGovernment.
PublichealthanddrinkingwaterhasbeenmadeasapartofthisFive YearPlanProgramme.It
is proposedto implementawarenessprogrammeon handpumpmaintenanceasa start.Oncethe
communityis awareoftherepairs,thengivetraining to thecommunitymembersonhandpump
operationandmaintenance.As this involvesmainly thestudymaterials,themoneyrequiredfor
this programmemaybe lessandit canbe met from thePanchayatbFund.

7.4.2. ShortTerm Measure

This is proposedto completewithin oneto threeyearsmainly focussingon functioningandwell
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usedhandpumps.It is proposedto explorethe possibilitiesto changeto India Mark III, to
facilitate the VLOM design after one year. This will be given a secondpriority sincean
awarenessamongthe communitymembersarerequiredfor the effective functioning of the
system. This can be carried out by the Panchayathauthorities.Budget allocation for this
programmehasto beobtamedfrom theGovernment.Detailedsurveyhasto be carriedout in the
beginningto find which communityhasto be servedfirst. Thenan yearwiseactionplanhasto
workedout to coverthenon-functioningandleakypumpsby giving a first preferenceto the
populationbenefittedby eachpump.Financialsanctionandbudgetallocationhasto be obtained
beforetakingup aprogramme.Possibilityofcontributionfrom thecommunityinvolvedmayalso
be explored.

It is proposedto carryoutwaterquality testingon existinghandpumpwatersamples.Measures
haveto be takento protectthetraditionalwatersourcessuchasdugwells in placeswherethe
handpumpwaterquality is foundpoor.Thewatersamplecollectionandtestingcanbe entrusted
to oneof thereputedfirms and theprotectionworks to the dugwellscanbe arrangedby the
GramaPanchayaths.

7.4.3. Long Term Measure

This is proposedto implementafterfive years.It is proposedto conductadetailedstudyon the
aquifercharacteristicsbeforetaking up aproject. This hasto bedoneby anotherGovernment
agencysuchasStateGroundwaterDepartment.Hencetheprogrammehasto be workedout
before starting an explorationprogramme.If the groundwater quality is poor, explore the
possibilitiesofalternativesourcefor watersupply,possiblyriver water.
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APPENDIX I

OBSERVATIONSHEETFORFUNCTIONiNGAND WATER USEBY HANDPUMP SCHEMES

Block : Panchayath : Ward
Location:
Dateofvisit : Time ofarrival: am/pm

handpump
Conditionofhandpump
Conditionof platform and
drainagefacilities:
No.ofhouseholdswithin aradius of 250meters.
No.ofuserscoming from longerdistances
Pumppeiformance
out ofservice
no.ofstrokesto fill abucketof 15 L @ 50 str/min
leakage
Generalremarks

:goodlmoderate/bad*
:goodlmoderate/bad**

:yes/no

**Condition ofPlatformand DrainageFacility

StainedPlatform YeslNo
BrokenPlatform Yes/No
Broken Drain Yes/No
Stagnantpoolsof waternearby Yes/No

* Conditionofhandpump:

Playofhandlemorethan.3.mm
Clearsignsof corrosion
Bolts loose
Lacksgrease
Top Coverdamaged
Damagedbearings
Leakingtank

Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No

Yes/No
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APPENDIX II

QUESTIONNAIREPREPAREDFORFUNCTIONINGAND USEOFHANDPUMP SCHEMES

Block : Panchayath : Ward
Location:
Distancefrom pump : m Dateofvisit : Timeofarrival: anilpm

Name
No.ofpersonsin household

Who normally fetcheswaterin thefamily?
Do youusehandpumps?
(why/why not)?
Do you like waterfrom handpump?
(why/why not)?
Are thereothersources? In rainy season

In dry season
How manybucketsdo youcollectperday?
Wheredo you wash clothes?
Wheredo you take bath?
Whataretheothersourcesofwater?
Areyou gettingsufficientwaterfrom HP?
(why/why not)?
Whendo you collectwater?Whichis therushhour
Is thereanyqueueto collectwaterin thepeakhour
Doyou haveto wait for a longtime in thequeue?
How long?
Canwaterbepumpedcontinuously
If not, howlong youhaveto wait to pumpanotherbucket:

Doesthepumpbreakdown- often(eveiymonth)/regularly(threemonths)/occasionally(6months)
Whatis theusualdowntime
Who is doing the maintenance work?
Are mechanicsavailablelocally ‘~

Profession
adults:

children:
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APPENDIX III
SOURCE-USEMATRIX

Purpose Sourceofwater Reasonsfor non-useofHandpumps

Handpump Dugwell *pjverlstream taste distance colour Not
enough
water

Traditional
Practices

others

dry wet dry wet dry wet dry wet dry wet dry wet dry wet dry wet dry wet

Drinking

Cooking

Washing

Bathing

Personalhygiene

Gardening

Cattle feeding
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APPENDIX IV
EXISTING WATERRESOURCEINFORMATION

LOCATION OF COMMUNITY WELLS PERENNIAL 0

~
POND S PERENNIAL L - -

HANDPUMPS WORKING

RIVERS AND STREAMS PERENNIAL

SEASONAL

SEASONAL

NOT WORKING

SEASONAL
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APPENDIX V

DETA[LS OF LOCATIONS OF HANDPUMPS AND DUGWELLSAND THEIR CODES

SRE EKRISHNA-

PURAM

KOZHINJAM-

PARA

Ward Sl.No

1

2

3

X 4

5

6

7

8

Xl 9

10

11

12

13

V 14

15

16

17

18
19

VI 20

21

22

23

24

25

26

27

28

29

X 30

31

32

Panchayath

AGALI

Location Source Code
NearPlamaramto the left side of Agali Road Borewell HP1

NearGeethaTalkiessecondhandpumptowards Agali Borewell HP2

NearGeethaTalkies first handpump towards Agali Borewell HP3

Public OpenDraw well near HP3 Dug well DWI

PrivateO.D well of Moitheenat Thavalam Dug well DW2

ThavalamCentre Borewell HP4

In AdiyakkandiyoorOoru Borewell HP5

In SeenkaranearSt. GeorgeConvent& L.P. School Borewell HP6

NearChemmannurAnganwadi Borewell HP7

In ChemmannurOoru Dugwell DW3

BhavaniRiverwaterat Chemmannur Ri~ier RW1

NearThalayanakkadSchool Borewell HP8

NearThannikkalParambu Borewell HP9

PrivateO.D. well of AchuthanNairat ThannikkalParambu Dugwell DW4

Private O.D. well of Kamalakshi- sharessamestrataof HP9 Dug well DW5

PunchappadamSharathukunnuscheduledCastcolony Borewell HP1O

Public O.D. well in PunchappadamSharathukunnucolony Dugwell DW6

NearPattathilppadi Borewell HPI I

NearTharuvarappalliyal Borewell HP12

PrivateO.D. well of JanakiatTharuvarappalliyal Dugwell DW7

NearMampallikkalampadi Borewell HP13

Public O.D. well nearMampallikkalampadiSchool Dug well DW8

NearBoyatharaMartyammanCovil Borewell HP14

NearBoyatharaSoudammanCovil Borewell HP15

NearGovernmentVeterinaryHospital Borewell HP16

PrivateO.D. well of Narayannearpaddyfield Dug well DW9

NearNagaliyammanCovil Road Borewell HP17

Near Kallupalam Borewell HP18

Nearrice mill Borewell HPI9

Near Perumparachalla Scheduled Cast colony Borewell HP2O

PrivateO.D. well of Govinda Swany near HPI7 Dug well DWIO

Public O.D. well nearPerumparachallaS.C.colony Dugwell DW1 1
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APPENDIX VI

TABULATED OBSERVATION SHEET

Code No of Discharge in lit 1mm Leakage Ave No of % of number of average handpump users to the $ Condition of Handpump # Condi tion of PF & DF
strokes @ persons totai number of persons using within a distance of
50 str/min

t~5 0 i~40

residing
less than
250 m

250 metres

for dnnking and cooking for washing and
str/min str/min bathing

P
H

CC BL LG CD DB LT Rating
GM B

SP BP BD SW Rating
GM B

HP1 62 145 11.6 - 104 100 72 .i- - - + *

HP2 56 16.1 129 - 170 89 72 * - + + + *

HP3 62 14.5 116 - 94 67 61 + + - ÷

HP4 45 20.0 16.0 + 118 0 17 - + - + - - - + + + *

HP5 56 161 129 - 118 89 0 - - + + * + + + + *

HP6 85 10.6 85 + 83 0 0 * + *

HP7 56 16.1 129 - IIR (1 0 *
*

HP8 68 132 106 - 100 100 56 + - - + - i- + * ÷ *

HP9 58 15.5 12.4 - 60 0 11 - - - + - - + * + *

HP1O 60 15.0 120 - 80 11 0 + - - + - - - * + - - - *

HP11 65 13.8 11.1 - 40 11 0 + + •

HP12 59 15.3 12.2 - 40 0 11 * + - - •

HPI3 46 19.6 15.7 - 60 0 78 * + *

HP14 82 11.0 8.8 + 92 0 78 * + + + +

HP15 72 12.5 10.0 - 138 0 33 * - - - +

HP16 62 14.5 11.6 + 92 89 33 ~i- - - + - - - *
4 *

HP17 0 00 00 + 46 22 67 + + - + - + - + - + *

HP18 79 11.4 9.1 - 200 100 89 + - - + + + - * - + + + .

HP19 48 188 150 - 70 89 67 + - + + -f - + - + - + *

HP2O 62 145 116 - 115 0 100 *
- + + + *
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$ Conditionof Handpump
PH - Play of the handlemorethan3 mm
CC - Clearsignsof corrosion
BL - Bolts loose
LG - Lacksgrease
CD - Top coverdamaged
DB - Damagedbearings
LT - Leaking watertank

# Conditionof PlatformandDrainagefacilities
SP - StainedPlatform
BP - Broken Platform
BD - BrokenDrain
SW - Stagnantpoolsof waternearby

Codesusedfor filling thetable
G - Good, M - Moderateand B - Bad
+forYES and -for NO
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APPENDIXVII

1. Codesusedto fill up the Headingof the table

TABULATION OF FIELD INTERVIEWS

DHP - Approximate distance of handpump if any existing from the householdsin metres
DTS - Approximatedistanceof traditionalsourceif any existing from thehouseholdsin meters
TS - Trditional sourceof water
AW - Approximateamountof waterconsumedby eachpersonin a householdin litres percapitaperday
D - Dry seasonof the year( Summerseason)
W - Wetseasonof the year ( Monsoonseason)
Source- Sourceof waterusedfor eachpurpose
Reason- Reasonsfor non-useof handpumpwater
PH - PeakHour Response,BF - Breakdownfrequencyof handpumpsystem,DT - Averagedowntimeon handpumps,andDT- Waiting time near handpumps
2. Codesusedto completethe table

f. Peakhour response g.Waitingtime nearHandpump
EN - Morning 6AM-8PM, AN-Evening 4PM-8PM p for less than10 minutes,q for 10 - 15 minutes,r for 15-30minutesands for> 30 minutes
Seealsocodesusedin AppendixV for the correspondingtraditionalsourcesin eachward

a. For sourceof water
HP - Handpump
Wi - Public Dugwell
W2 - PrivateDugwell
RW - RiverWater
PW - PondWater
SW - StreamWater
PP - PipedWater
c. TraditionalSources
SW - StreamWater

b Reasonsfor non-useothandpump water d. Breakdownfrequency
TO - Water tastesdifferent from thetraditionalwatersource 1 for oncein 1 month
DM - Distancemore 2 for oncein 3 months
CW - Colouredwater 3 for oncein 6 months
HW - Haveown privatedugwell 4 for oncein morethan6 months
NE - Not enoughwater is available
WR - Traditional practiceof washingclothesin river e. Averagedowntimeon handpumps
WP - Traditionalpracticeof washingclothesin pond a for lessthanoneday, b for I - 3 days,c for 3 -5 days,
BR - Traditional practiceof takingbathin river d for 5 - 10 days,e for 10 - 15 days,f for 15 -30 days
BP - Traditionalpracticeof taking bathin pond g for morethan30 days
NA - Not applicable
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Si.
N
0

A W DrinkingCode

(1)

DNP DTS

nm (rim

(4)

CookingIS

(5)

Washing

(2) (3)

in
ipcd

(6)

Bathing Per hygiene Gardening

Source

D JW

Reason

D j W

Source 1~as0n
D W D W

Source

0 W

Reason

oJ W

Source

0 1 w
Reason

0 W

Source

Dl W

Reason

D W

Source

D Lw
Reason

o w

Source

0 W

Reason SF DT PH WI

0 ( w

Cattle feeding

(7) [(8) (9) (10) (11)1(12)1(13) [(14) (15) 1(16) j(17) 1(18) (19) J(20) 1(21) [(22) (23) 1(24)1(25)] (26) (27) 1(28) 1(29) 1(30) (31) 1(32) [33 I (34) I (35) I (36) I (37) I (38)—

1 25 200 Sw 50 HP HP HP HP RW RW WR WR HP HP HP HP HP HP HP HP 3 e FN q
2 60 250 SW 20 HP HP HP HP RW RW WR WR HP HP HP HP HP HP HP HP 3 e AN q
3 90 300 Sw 17 HP HP HP HP RW RW WR WR HP HP HP HP HP HP HP HP 3 e AN q
4 150 380 SW 30 HP HP HP HP HP HP HP HP HP HP HP HP HP HP 2 e FN q

HP1 5 280
6 180

7 75
8 20
9 40

20 SW
400 RW1
300 RW1
150 RW1
200 RW1

8 HP
45 HP

20 HP
20 HP
20 HP

HP
HP

HP
HP
HP

.

HP
HP
HP
HP
HP

HP
HP
HP
HP
HP

W2
HP
HP
HP
HP

W2
HP
HP
HP
HP

HW HW W2
HP
HP
HP
HP

W2
HP
HP
HP
HP

HW HW W2
HP
HP
HP
HP

W2
HP
HP
HP
HP

HW HW W2
HP
HP
HP
HP

W2
HP
HP
HP
HP

HW HW W2
HP
NA
NA
NA

W2
HP
NA
NA
NA

3
3
3
3
3

e
d

e
d
e

FN
FN

FN
FN
EN

q
q
q
q
q

1 180 50 W2 50 HP W2 HW HP W2 HW HP W2 HW HP W2 HW HP W2 NW HP W2 HW HP W2 HW 2 d FN r
2 120 500 RW1 50 HP HP HP HP HP HP HP HP HP HP HP HP HP HP 2 d EN s
3 90 500 RWI 30 HP HP HP HP HP HP HP HP HP HP HP HP HP HP 3 d FN r
4 70 500 RW1 30 HP HP HP HP HP HP RW RW BR BR HP HP HP HP NA NA 3 d FN r

HP2 5 30 500 RW1 33 HP HP HP HP HP HP HP HP HP HP HP HP HP HP 2 e FN r
6 20 500 RW1 29 HP HP HP HP HP HP RW RW BR BR HP HP HP HP NA NA 3 e EN r
7 25 500 RW1 20 HP HP HP HP HP HP RW RW BR BR HP HP HP HP NA NA 2 d FN r
8 85 550 RW1 36 HP HP HP HP HP HP HP HP HP HP HP HP HP HP 2 d EN r
9 200 15 DW1 30 Wi Wi TD TD Wi Wi TO ID Wi Wi DM DM Wi Wi DM DM Wi Wi DM DM Wi Wi DM DM Wi Wi DM DM
1 170 450 RW1 30 HP HP HP HP HP HP HP HP HP HP HP HP HP HP 3 d FN r
2 120 450 RW1 25 HP HP HP HP HP HP HP HP HP HP HP HP NA NA 3 d EN r
3 80 iOW2 3OW2W2HWHWW2W2HWHW.W2 W21-IWHWW2W2HWHWW2W2 HWHWW2W2HWHWW2W2HW NW
4 60 400 RW1 24 HP HP HP HP HP HP HP HP HP HP HP HP HP HP 3 d FM r

HP3 5 15 400 RW1 25 HP HP HP HP HP HP HP HP HP HP HP HP NA NA 3 d EN r
6 20 400 RW1 25 HP HP HP HP HP HP HP HP HP HP HP HP NA NA 3 d EN q
7 25 15 DW1 30 Wi Wi TD TO Wi Wi TD TD Wi Wi DM OM Wi WI OM DM Wi WI DM OM Wi Wi DM DM Wi Wi DM DM
8 70 400 RW1 12 HP HP HP HP RW RW WR WR RW RW BR BR HP HP HP HP NA NA 3 d FM q
9 190 iOW2 13W2W2HWHWW2W2HWHW W2 W2 HWHWW2 W2HWHWW2W2 HWHWW2W2HWHWW2W2HW HW
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(1) (2)_j~)_ (4) (5) (6) (7) (8) (9) (10) (ii) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24 (25) (26) (27 (28) (29) (30) (31) (32 (33) (34) (35) (36) (37) (38)
1 200 10W2 14W2 W2 NW HW W2 W2 HW NW W2 W2 NW NW W2 W2 NW HW W2 W2 HW HW W2 W2 NW NW W2 W2 NW HW
2 180 iOW2 20W2 W2 NW HW W2 W2 HW NW W2 W2 NW NW W2 W2 NW NW W2 W2 NW NW W2 W2 NW HW W2 W2 NW NW
3 100 5DW2 i3W2 W2 NW NW W2 W2 NW NW W2 W2 HW NW W2 W2 NW NW W2 W2 HW NW W2 W2 NW NW W2 W2 NW HW
4 70 i50 DW2 10 W2 W2 TO TO W2 W2 TO TO RW RW WR WR RW RW BW BW HP HP NP NP NA NA 2 d AN p

HP4 5 20 20 W2 20 W2 W2 TO TO W2 W2 TD TO W2 W2 NW NW W2 W2 NW HW HP HP HP NP NA NA 2 e AN p
6 15 100 DW2 17 W2 W2 TO ID W2 W2 TO TO W2 W2 CW CW NP NP HP HP HP NP NA NA 2 d FN p
7 35 100 DW2 20 W2 W2 TO TO W2 W2 TD TO HP HP HP NP HP HP HP NP NA NA 2 d EN p
8 90 10W2 2iW2 W2 TD TO W2 W2 TO TO W2 W2 NW HW W2 W2 NW HW W2 W2 HW NW W2 W2 NW NW W2 W2 HW NW

9 80 100 DW2 14 W2 W2 ID TO W2 W2 TO TO W2 W2 NW NW W2 W2 HW NW W2 W2 NW NW W2 W2 NW NW W2 W2 HW NW
1 250 50 SW 10 SW SW OM OM SW SW OM OM RW RW WR WR RW RW BR BR SW SW OM OM SW SW OM DM NA NA
2 110 100 SW 38 HP NP HP HP RW RW WR WR RW RW BR BR NP HP NP HP NA NA 4 a EN q
3 10 300 RW1 15 HP NP HP HP RW RW WR WR RW RW BR BR NP HP HP NP HP NP 4 a EN r

4 150 300 RW1 13 HP NP NP NP RW RW WR WR RW RW BR BR NP HP HP NP NA NA 4 a FM g
NP5 5 175 300 RW1 21 HP HP HP NP RW RW WR WR RW RW BR BR NP HP NP NP HP NP 4 a EN q

6 12 300 RW1 15 NP HP HP NP RW RW WR WR RW RW BR BR NP HP NP NP NA NA 4 a EN r

7 20 300 RW1 10 NP HP HP HP RW RW WR WR RW RW BR BR HP HP HP HP NA NA 4 a EN q
8 70 300 RWi 13 NP HP HP HP RW RW WR WR RW RW BR BR HP HP NP HP NA NA 4 a AN q
9 85 300 RW1 12 NP NP HP HP RW RW WR WR RW RW BR BR HP HP HP NP NA NA 4 a FN r
1 30 10 W2 15 W2 W2 TO TO W2 W2 TO TO W2 W2 NW NW HP W2 DM HP W2 HW W2 W2 NW NW NA NA 4 e FM p

2 100 iOW2 iOW2 W2 TO TO W2 W2 TO TO W2 W2 NW NW W2 W2 NW NW W2 W2 NW NW W2 W2 NW NW W2 W2 NW NW

3 150 10 W2 ii W2 W2 OM OM W2 W2 OM DM W2 W2 OM OM RW RW BR BR W2 W2 OM OM W2 W2 OM OM W2 W2 NW NW
4 250 10 W2 18 W2 W2 DM OM W2 W2 OM OM W2 W2 OM DM RW RW BR BR W2 W2 DM OM W2 W2 OM DM W2 W2 DM OM

NP6 5 220 3ORW1 1ORW RW DM OM RW RW OM DM RW RW OM OM RW RW OM OM RW RW DM OM W2 W2 OM OM NA NA

6 230 25 RWI 12 RW RW OM OM RW RW DM DM RW RW OM OM RW RW OM OM RW RW OM OM W2 W2 OM OM NA NA

7 250 2ORW1 17RW RW OM OM RW RW DM DM RW RW OM OM RW RW OM DM RW RW OM OM W2 W2 OM OM NA NA
1 10 25 0W3 18 Wi Wi CW CW Wi Wi CW CW Wi Wi CW CW Wi Wi CW CW Wi Wi CW CW NP HP NA NA 4 e FM p

2 15 30 0W3 10 Wi WI CW CW Wi Wi CW CW Wi Wi CW CW Wi Wi CW CW Wi Wi CW CW HP HP NA NA 4 e EN p
3 200 20 W2 8 W2 W2 CW CW W2 W2 CW CW RW RW CW CW RW RVV BR BR W2 W2 CW CW W2 W2 OM OM NA NA

4 250 20 W2 10 W2 W2 CW CW W2 W2 CW CW RW RWCW CWRW RW BR BR W2 W2 CW CW W2 W2 DM OM NA NA

NP7 5 255 20W2 iOW2 W2 CW CW W2 W2 CW CW RW RWCW CWRW RW BR BR W2 W2 CW CW W2 W2 DM OM NA NA
6 80 10 0W3 iO Wi Wi TO TO Wi Wi CW CW Wi Wi OM DM RW RW BR BR Wi Wi OM OM Wi Wi DM OM Wi Wi DM OM
7 85 iOOW3 iowi Wi TO TO Wi Wi CW CW Wi Wi OM DM RW RW BR BR Wi Wi OM OM Wi Wi OM OM Wi Wi OM OM
8 85 25 0W3 10 Wi Wi TO TO Wi Wi CW CW RW RWWR WRRW RW BR BR Wi Wi OM OM WI Wi OM OM Wi Wi OM OM
9 240 50 W2 10 W2 W2 OM DM W2 W2 DM OM RW RW WR WR RW RW BR BR W2 W2 DM OM W2 W2 OM OM NA NA
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(2) (3) (4) (5) (6) (7) (8) (9) (10) (ii) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24 (25) (26) (27 (28) (29) (30) (3i) (32 (33) (34) (35) (36) (37) (38)
i 100 150 W2 30 NP NP HP HP PW PW WP WP PW PW BP BP HP HP 3 b FN p
2 80 200 W2 17 NP HP NP HP PW PW WP WP PW PW BP BP NP NP 3 b FN p
3
4

40
180

200 W2
250 W2

20 NP
25 NP

HP
NP

HP
NP

NP
HP

PW
HP

PW
NP

WP WP PW
NP

PW
HP

BP BP HP
HP

HP
NP

3
3

c
b

EN
EN

q
q

NP8 5 10 100 W2 25 HP HP HP HP HP NP HP NP HP HP 3 b EN p
6 140 200 W2 33 HP HP HP NP PW PW VVP WP PW PW BP BP NP NP 3 b EN p
7 170 200 W2 30 HP HP NP NP HP HP HP NP NP HP 3 b FN p
8 110 300 W2 20 HP HP NP HP HP NP HP NP HP HP 3 b EN q
9 200 300 W2 20 HP NP NP NP NP NP HP NP NP HP 3 b FN p
1 10 5W2
2 25 5OW4
3 80 700W4
4 90 700W4

HP9 5 i20 20 W2
6 150 50W2
7 200 100 W2
8 220 5OW5
9 240 5W2

25 W2 W2
20 W2 W2
23 W2 W2
17 W2 W2
17 W2 W2
30 W2 W2
25 W2 W2
20 W2 W2
21 W2 W2

NWNW NW W2 W2
TO TO W2 W2
ID TO W2 W2
TO TO W2 W2
TO ID W2 W2
TO TO W2 W2

TO TO W2 W2
TO TO W2 W2
TO TO W2 W2

NW
TO
TO
TO
TO
TO
TO
TO
TO

NW W2 W2
TO NP NP
TO HP HP
TO PW PW
TO PW PW
TO PW PW
TO PW PW
TO PW PW
TO PW PW

NW W2
W2
W2

WP WP PW
WP WP PW
WP WP PW
WP WP PW
WP WP W2
wP wP Pw

NW HWW2 NW NW
W2 NW NW
W2 NW NW
PW BP BP
PW BP BP
PW BP BP
PW BP BP
W2 NW HW
PW BP BP

3 d EN p
3 d EN p
3 d EN p
3 d EN p

NP HP
HP HP
NP HP
NP NP
NP NP
NP HP
NP NP
NP NP
NP NP
W2 W2
HP NP
NP NP
NP HP
HP NP
W2 W2
W2 W2
W2 W2
W2 W2
HP NP
NP NP
HP NP
NP HP
NP HP
W2 W2
NP NP
NP NP
W1W1
W2 W2
W2 W2
W2 W2
W2 W2
W2 W2
W2 W2
W2 W2
W2 W2
W2 W2

W2
W2
W2
W2
W2
W2
W2
W2
W2

PW BP BP W2
PW NE NE WI
PW NE NE Wi
PW NE NE WI
PW NE NE Wi
W2 NW NW W2
PW NE NE Wi
PW NE NE Wi
PW NE NE Wi
W2 NW NW W2
W2 NW NW W2
W2 NW NW W2
W2 OM OM W2
W2 HW NW W2
W2 HW NW W2
W2 HW NW W2
W2 HW HW W2
W2 NW NW W2

NP HP
NP HP
NP NP
NP NP
NP HP
NP HP
NP NP
NA NA
NA NA
W2 W2 NW NW
W2 W2 NW NW
W2 W2 DM OM
NA NA
NA NA
W2 W2 OM OM
W2 W2 OM OM
W2 W2 NW NW
W2 W2 OM OM
W2 W2 NE NE
Wi Wi NE NE
Wi WI NE NE
Wi Wi NE NE
Wi WI NE NE
W2 W2 NW NW
Wi Wi NE NE
Wi Wi NE NE
Wi Wi NE NE
W2 W2 NW NW
W2 W2 NW NW
W2 W2 NW NW
NA NA
NA NA
W2 W2 NW NW
W2 W2 NW NW
W2 W2 NW NW
NA NA

W2 NW
W2 NW
W2 OM
W2 OM
W2 DM
W2 DM
W2 OM
W2 NW
W2 DM
W2 NE
Wi NE
Wi NE
Wi NE
Wi NE
W2 NW
Wi NE
Wi NE
Wi NE
W2 NW
W2 NW
W2 NW
W2 OM
W2 NW
W2 HW
W2 NW
W2 NW
W2 NW

NW
NW
OM
OM
OM
OM
OM
NW
OM
NE
NE
NE
NE
NE
NW
NE
NE
NE
NW
NW
NW
OM
NW
NW
NW
NW
NW

1 70 50 W2 30 W2 W2 TD TO W2 W2 ID TD PW PW WP WP PW
2 75 50 OW6 16 Wi WI ID TO Wi Wi ID TO PW PW NE NE PW
3 150 120 DW6 19 Wi WI TO TO Wi Wi TO TO PW PW NE NE PW
4 110 80 DW6 25 Wi Wi TO TO Wi Wi NE NE PW PW NE NE PW

HP1O 5 180 100 OW6 17 Wi Wi TO TO Wi Wi NE NE PW PW NE NE PW
6 120 10 W2 20 W2 W2 TO TO W2 W2 NE NE W2 W2 NW HW W2
7 150 40 OW6 i7 NP Wi TO NP Wi NE PW PW NE NE PW
8 180 10 OW6 15 Wi Wi TO TO Wi WI NE NE PW PW NE NE PW
9 200 20 0W6 i7 Wi Wi TO TO Wi Wi OM OM PW PW NE NE PW OM OM
1 50 iOW2 20W2 W2 TO TD W2 W2 TO TO W2W2 HWNWW2 NW NW
2 60 5 W2 29 W2 W2 TO TO W2 W2 TO TO W2 W2 HW NW W2 NW NW
3 150 5 W2 17 W2 W2 TO TO W2 W2 TO TO W2 W2 NW NW W2 NW NW
4 180 25 W2 18 NP W2 OM NP W2 DM W2 W2 OM DM W2 OM OM

NPI1 5 200 10 W2 15 W2 W2 TO TO W2 W2 TO TO W2 W2 NW NW W2 NW NW
6 i50 10 W2 21 W2 W2 TD TD W2 W2 TD TO W2 W2 NW HW W2 NW NW
7 130 5 W2 20 W2 W2 TO TD W2 W2 TO TO W2 W2 NW NW W2 NW NW
8 200 iOW2 18W2 W2TO ID W2 W2 TO ID W2W2 NWNWW2 NW NW
9 225 iOW2 15W2W2 TO TO W2W2 TO TO W2W2 HWHWW2 HW NW

NW NW

2 f EN s
2 f EN r
2 e EN r
2 1 AN s
2 f AN s

2 1 EN s
2 1 EN s

4 a EN p
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(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (j6) (i7) (18) (19) (20) (21) (22) (23) (24 (25) (26) (27 (28) (29) (30) (31) (32 (33) (34) (35) L36) L~Z~L
i 100 iOW2 30W2 W2 TO TO W2 W2 TO TO W2 W2 NW NW W2 W2 NW NW W2 W2 NW NW W2 W2 NW NW W2 W2 NW NW
2 70 5W2 30W2 W2 TO ID W2 W2 TO TO W2 W2 NW NW W2 W2 NW NW W2 W2 NW NW W2 W2 NW NW W2 W2 NW NW
3 180 10 W2 30 W2 W2 TO TO W2 W2 TO TO W2 W2 NW NW W2 W2 NW NW W2 W2 NW HW W2 W2 NW NW W2 W2 NW NW
4 200 iOW2 20W2 W2 DM DM W2 W2 OM OM W2 W2 OM OM W2 W2 OM OM W2 W2 OM OM W2 W2 OM OM W2 W2 OM OM

NP12 5 225 iOW2 15W2 W2 OM OM W2 W2 TO TO W2 W2 OM DM W2 W2 OM OM W2 W2 OM OM W2 W2 OM OM NA NA
6 70 IOOW7 25W2 W2 TO TO W2 W2 TO TO W2 W2 NW NW W2 W2 NW NW W2 W2 NW HW W2 W2 NW NW W2 W2 NW NW

7 100 50 0W7 25 W2 W2 TO TO W2 W2 TO TO HP NP HP NP W2 W2 OM OM VV2 W2 OM OM NA NA 3 f FN p
8 i50 10 W2 17 W2 W2 TO TO W2 W2 TO TO W2 W2 OM OM W2 W2 NW NW W2 W2 NW HW W2 W2 NW NW NA NA
9 130 10W2 i7W2 W2 TO TO W2 W2 ID TO W2 W2 OM DM W2 W2 NW NW W2 W2 NW HW W2 W2 NW NW NA NA
1 10 150 W2 14 W2 W2 TO TO W2 W2 TO TO NP NP HP HP HP HP NP NP HP NP 3 f EN p
2 45 120 W2 15 W2 W2 TO TO W2 W2 TO TO NP NP HP NP NP NP NP NP HP NP 3 f EN p
3 80 100 W2 12 W2 W2 TO TO W2 W2 TO TO NP NP NP NP NP NP NP HP HP NP 3 f EN p
4 130 10 W2 18 W2 W2 TO TO W2 W2 TO TO W2 W2 NW NW W2 W2 NW NW W2 W2 HW NW W2 W2 NW NW W2 W2 NW NW

HP13 5 120 100 W2 17 W2 W2 TO TO W2 W2 ID TO NP NP NP NP NP NP HP NP NP NP 3 f EN p
6 170 100 W2 16 W2 W2 TO TO W2 W2 TO TO NP NP HP HP HP NP HP NP NP NP 3 e EN p
7 230 150 W2 20 W2 W2 TO TO W2 W2 TO TO NP NP NP NP NP NP NP NP NP HP 3 f EN p
8 200 iOW2 2iW2 W2 TO TO W2 W2 TO TO W2 W2 NW NW W2 W2 HW NW W2 W2 NW NW W2 W2 NW NW W2 W2 NW NW
9 250 120 W2 17 W2 W2 TO TO W2 W2 TO TO NP NP NP HP NP NP HP NP NP NP 3 1 EN p
1 15 10 W2 75 PP PP TO TO PP PP TO TO W2 W2 NW NW W2 W2 NW NW W2 W2 NW NW W2 W2 NW NW W2 W2 NW NW
2 10 100 W2 50 PP PP TO TO PP PP TO TO NP HP NP NP HP HP HP HP NP NP 3 f EN q
3 40 100 W2 13 PP PP TO ID PP PP TO TO NP HP NP NP NP NP NP HP NA NA 3 f EN q
4 70 70 W2 20 PP Pp TO TO PP Pp TO TO HP NP NP NP NP HP NP NP NP NP 3 f EN q

HPI4 5 90 70 W2 17 PP PP TO TO PP PP TO TO NP NP HP HP NP NP NP HP NP HP 3 1 EN q
6 75 70 W2 25 PP PP TO TO PP PP TO TO NP NP NP NP NP NP NP NP NP NP 3 f EN q
7 120 70 W2 20 PP PP TO 10 PP PP TO TO NP NP HP HP NP NP NP HP NP NP 3 f EN q
8 140 100 W2 20 PP PP TO TO PP PP TO TO NP NP NP NP NP NP NP HP NP NP 3 1 FN q
9 200 150W2 25PP PP OM OM PP Pp OM OM PP PP OM DM Pp P~ OM OM PP PP OM DM PP PP OM OM NA NA 3 1 EN g
1 5 200 OW9 20 PP W2 OM TO PP W2 OM TO PP PP CW CW HP NP NP HP NP HP HP NP 3 e EN q
2 20 170 0W9 20 PP W2 OM TO PP W2 OM TO PP PP CW CW HP HP NP HP NP NP NP NP 3 e EN q
3 45 200 OW9 25 PP W2 DM TO PP W2 OM TO PP PP CW CW NP NP HP HP HP HP NP HP 3 1 EN q
4 60 20 OW9 21 PP W2 TO TO PP W2 TO TO PP PP CW CW NP HP NP NP NP NP HP NP 3 1 EN q

HP15 5 70 50 W2 25 W2 W2 TO TO W2 W2 TO TO HP NP NP HP W2 W2 NW NW NP NP NP HP 3 1 EN q
6 90 iOW2 2iW2 W2 OM OM W2 W2 OM OM W2 W2 NW NW W2 W2 NW NW W2 W2 NW NW W2 W2 NW NW NA NA
7 i50 iOW2 17W2 W2 OM OM W2 W2 OM OM W2 W2 NW NW W2 W2 NW NW W2 W2 NW NW W2 W2 NW NW NA NA
8 200 10 W2 17 W2 W2 OM DM W2 W2 OM OM W2 W2 NW NW W2 W2 NW NW W2 W2 NW NW W2 W2 NW NW NA NA
9 200 5 W2 25 W2 W2 OM DM W2 W2 OM OM W2 W2 NW NW W2 W2 NW NW W2 W2 NW NW W2 W2 NW HW NA NA
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(1) (2) (3) (4~ (5) (6) (7) 18) (9) (10) (ii) (12) (13) (14) (151 (161 (17) (18) (19) (201 (21) (221 (23) (24 (25) (26) (27J28) (29) (30) (31) (32 (33) (34) (35) (36) (371 (381
1 15

2 45
3 30
4 60

HPI6 5 80
6 90
7 120
8 150
9 200

1 5
2 20
3 60
4 50

HP17 5 70
6 90
7 110
8 150

__________ 9 200
1 10

2 50
3 60
4 80
5 120
6 140
7 i50
8 200

_________ 9 190
1 10
2 15
3 10
4 60
5 75
6 100
7 110
8 130
9 150

10 W2
15 W2
70 W2

50 W2
100 W2
20 W2
40 W2

30 W2
10 W2
10 W2

5 DW1O
50 W2
30 W2
30 W2

200 DW1I
150 OWii
140 OWii
100 OWii
250 Wi
200 Wi

10 W2
250 Wi
170 Wi
200 Wi

50 W2
200 Wi

200 Wi
20 Wi

25 Wi
5 W2

80 Wi
95 Wi

150 Wi
150 Wi
10 W2

180 Wi

NE
TO
NE
TO
TO
TO
TO

15 NP
21 NP
25 NP

20 NP
20 HP
20 HP
17 NP
23 NP
20 W2
16 HP

16 NP
16 W2

20 W2
17 W2
25 W2
25 W2
14 W2
20 W2
30 NP
30 NP
25 NP
25 NP
25 HP
20 NP
38 HP
33 HP
17 NP
25 NP
14 NP
25 W2
38 NP
30 HP
38 HP

100 NP
25 NP
20 HP

NP
NP
HP
NP
NP

NP
W2

W2
W2
NP
NP
W2
W2

W2
W2
W2
W2
W2
HP

NP
NP
NP
HP
NP
HP
HP
NP
HP

NP
W2
NP
HP
HP
NP
NP

NP

2 1 EN q
3 1 EN q
3 1 EN q
3 1 EN q
3 e FN q
3 1 EN q
3 1 FN q
3 g EN q

3 f EN s
3 1 EN S

NP18

NP NP
NP NP
NP HP
NP NP
HP NP

NP NP
TO NP W2
TO NP W2

OM OM W2 W2 OM
NP HP
NP NP

NE NE W2 W2

TO TO W2 W2
NE NE W2 W2
TO TO W2 W2

TO TO W2 W2
TO TO W2 W2
TO TO W2 W2

HP NP
HP NP
NP NP
NP NP
NP NP
NP HP
NP NP
NP NP

________ HP NP
NP HP
HP NP
W2 W2
NP HP

NP NP
NP NP

NP HP
NP HP

HP HP

W2 W2

W2 W2
NP NP

NP HP
NP NP

W2 W2
TO W2 W2

TO W2 W2
OM W2 W2

NP NP

NP HP
NE W2 W2
TO W2 W2

NE W2 W2
TO HP NP

TO NP NP
TO HP NP
TO HP HP

NP NP

NP HP
W2 W2
NP HP

NP NP
NP NP
W2 W2
HP NP
NP HP
HP Wi

HP WI
W2 W2

NP NP
NP NP
NP NP

NP HP
W2 W2

W2 W2

NW NWW2 W2

NW NW W2 W2
NP NP

NP NP
NP NP

NW NW W2 W2
NW NW W2 W2
NW NWW2 W2
OM OM W2 W2

NP NP
HP HP

NE NE W2 W2

NE NE W2 W2
NE NE W2 W2

NP NP

NP NP
NP HP

________ HP HP
NP NP

HP NP
NP HP
NP NP

NP NP
NP NP
NP HP

NP NP
_______ NP NP

NP Wi

NP Wi
W2 W2

HP NP
NP NP
NP NP

NP NP
W2 W2

W2 W2

OM OM

NW NW W2 W2NWNW
NW NW W2 W2NWNW

HP HP
NP HP
NP NP

NWNW W2 W2HWNW
NW NW W2 W2HWNW
NW NW W2 W2 NW NW
OM OM W2 W2 OM OM

NP NP
NP NP

NE NE W2 W2 NE NE
NE NE W2 W2 NE NE

NE NE W2 W2 NE NE
NP NP

NP NP
NP NP

________ HP NP ________

HP NP

HP NP
NP NP
NP NP

HP NP
NP NP
NP NP

NP NP
________ HP NP

NP Wi

HP Wi
W2 W2

NP NP
NP HP
NP NP

NP HP
W2 W2

W2 W2

W2W2 NW NW NA NA
W2 W2 NW NW W2 W2 NW NW
NPHP NP NP
NPNP NP NP

NPHP NP NP
W2 W2 NW NW NA NA
W2 W2 NW NW NA NA
W2W2 NW NW NA NA
W2 W2 OM OM W2 W2 OM OM

HPHP NA NA
NPNP NP NP
W2 W2 NE NE NA NA

W2W2NE NE NA NA
W2W2NE NE NA NA
HPNP NA NA

NPNP NA NA
NPNP NA NA
NPHP ____ NA NA

HPNP NP NP
HPHP NP NP
HPNP NP NP

NPHP NP NP
HPNP NP NP
NPNP NP NP

W2W2 W2 W2
HPNP NP NP

HPHP NP HP
NPW1 NP NP
NPW1 NA NA

W2W2 W2 W2
NPNP HP NP

NPHP HP NP
NPHP NP NP
NPNP NP HP

W2W2 W2 W2
W2W2 W2 W2

NP1 9

OM OM

HWNW NWNW

NE

NE
NW NW

3 1 EN
3 1 AN

3 1 EN
3 f FN
3 a AN
3 a AN
3 a EN

3 a EN
3 a EN
3 a AN

OMOM 3 a EN
3 a EN
3
4

a
a

EN
EN

4 a EN

OM OM

NE
NW NW

r
r
S

S

S

r

S

S

S

S

q
q

NE

NE
NWNW

NE

NW NW
4 a EN q
4 a EN q
4 a EN q
4 a EN q

NW NW NWNW NWNW NW NW NWNW 4 a EN q
NW NW NWNW NW NW NW NW NWNW 4 a EN o~

NWNW
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(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (ii) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24 (25) (26) (27 (28) (29) (30) (3i) (32 (33) (34) (35) (36) (37)~J~I...
I 30i500Wii 25W1W1TOTDWIW1TOTONPHP NPNP NP NP HPNP HPNP 3 e EN q
2 20 140 OW11 17 Wi Wi TO TO WI Wi TO TO NP NP NP NP HP NP NP HP NA NA 3 e EN q
3 20 i30 OW11 25 Wi Wi TO TO Wi Wi TO TO NP NP NP NP NP NP NP NP HP NP 3 1 FN q
4 80 110 OW11 25 Wi Wi 10 TO WI Wi TO TO HP HP HP NP NP NP NP NP NP NP 3 f FN q

NP2O 5 90 120 OW11 30 Wi Wi TO TO wi wi TO TO HP HP NP HP HP NP NP NP HP NP 3 e FN q
6 95 130 OWii 33 Wi Wi TO TO Wi Wi TO TO NP NP NP HP HP HP HP HP NP NP 3 e EN q
7 120 180 OWii 36 Wi Wi TO TO Wi Wi TO TO NP NP NP NP NP NP NP NP NP NP 3 e EN q
8 200 110 OWii 50 Wi Wi TO TO Wi Wi TO TO HP NP NP HP HP HP NP NP NP NP 3 e FM q
9 150 100 OWii 28 Wi WI TO TO Wi Wi TO TO NP HP NP HP NP NP NP HP NP NP 3 e FN q
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