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Summary

“Water and Sanitationfor All” wasthemain objectiveof the UnitedNationsdeclaration
of waterDecade(IDWSSD, 1981-1990).The rural population,all over the developing
countries,was almostunservedbeforethewaterdecade.The low-costoptionfoundto be
the only viable meansfor the achievementof this paramountgoal of the decade.The
miracle combination of boreholemountedwith handpump,hasproved to be a single
means of watersupply to the rural people,where there the groundwater is readily
available.In India, over 500 millions of populationhavebeencoveredwith India Mark-
11/Mark-Ill handpumpwater supply system. In the state of Uttar Pradesh(UP),over
600,000of handpumpshavebeeninstalled and most of the villages arecoveredwith
water supply. Maintenanceof such a large numbersof handpumps,offers a major
problemto the agency,theUP Jal Nigam,which is also responsiblefor implementingthe
handpump project. The early effort of transferring maintenanceof India Mark-il
handpumpsin thehandsofcommunity,theGram Panchayats(electedbodyby villagers),
foundnot successful.IndiaMark-ifi handpumpwasdevelopedto makeit maintainableat
the village level with minimal skills and spare parts available locally. The simple
maintainability of India mark-ifi handpumpwas anticipated to induce community
participation in maintenanceor the community based managementof handpump
programme.But the installationof India Mark-ill handpumpscould not pick-up gearin
the stateof Uttar Pradeshand India Mark-il handpumpsarebeing installedat a large
scale.Centralisedmaintenancesystemis still beingcontinuedin the stateby the agency
concerned.Out of bestefforts, a largenumbersof handpumpsarefound out of order at
anypoint oftime andalsofewthousandsofpumpsarepermanentlydefunct.

This studyhavebeenconductedwith the objectivesof evaluationof functioningof India
Mark-Il andIndia Mark-Ill handpumpsinstalledin the stateand to find out solution for
improvementsin the functioning of handpurnpwater supply system.The methodology
adoptedis the literaturestudy,relevantto handpumpwatersupplyand field observations
over the installedhandpumpsin pastyears.Literaturereviewwas doneat the library of
JIRC, The Hagueand H-lIE, Deift in theNetherlandsand at theUPJN&PSU foundationat
Lucknowin India. Thefield observationwasconductedin two districtsof state,Lucknow
and Allahabad, where there, both types of handpumpswere installed. In all 40
handpumps,20 of eachwere inspectedto evaluatefunctioning in the ten numberof
villages of differentblocks ofthedistricts. About 300 handpumpuserswere interviewed
to obtain actual situation of handpurnpsin the villages. The agencyofficials and
personnelinvolved in handpuinpmaintenancewere approachedto know the present
maintenanceprocedurefollowedin thestate.

The literaturestudyrevealsthat IndiaMark-HI handpumsshould functionbetterand be
more reliable as comparedto India Mark-Il. In the study area only caretakerswere
nominatedfor India Mark-Ill handpumpsbut village level maintenancesystemwasnot
developed.As a result both types of handpunipswere maintainedunder centralised
maintenancesystem by the agency.The field observationsreveal that both types of
handpumpsarefunctioningequallywell in thefield conditions.IndiaMark-Ill mayprove
more reliableonly whenthevillage level maintenancesystemis adopted.India Mark-TI
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handpumpwas also foundmaintainableat thevillage level in thestudyarea.Most ofthe
peoplewere using handpumpwaterbarring few exceptionsthosewho have their own
sourceof water.Traditional sourcesof waterareusedonly wheretherethe handpumps
areinaccessible,ignoringthewaterquality. Lackofwaterquality awarenessandsenseof
ownershipofhandpumpswasobser’~~edin thevillages.

The study recommendsto ensure the preventive maintenancefor improving the
functioning and therebythe servicelife of handpumps.Involvementof communityfor
village level maintenanceof India Mark-TI handpumpsbe also started.Caretakersbe
trained for complete repair of handpumps and promoted with some incentives.
Communityalso be involved in platform constructionto someextentsoasto developa
senseof ownershipamongthem. India Mark-Ill handpumpscanbe installedonly when
community is held responsiblefor maintenance.Cost reduction of India Mark-Ill is
necessaryby makingmajordesignchangesto competewith IndiaMark-IT. For thefuture
handpump programme,the studyrecommendsto integratethehandpumpwatersupply
with the rural sanitationprogramme.Individual yard handpumpsbe provided with
sanitationfacility to thosewell beingvillagerswho canafford it. Furtherhandpumpsto
weaker sections of villages be provided only when the community takes the full
responsibilityregardingmaintenanceof thehandpumps.
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Chapter—1 Introduction

1.1 Overview

SignificanceofWater:
Water, air and food are the threebasicneedsfor the life. Safe and potablewater is
vital for humanbeings.Everypersontakeswaterin his own way, city dwellersmay
usetapwater, rural peoplemay takewater from wells or streamsor other traditional
sources.Not only humanbeing,but also all creaturesdependon waterm one wayor
other.A neat,cleanandhygienicenvironmentis equally importantfor thegoodhealth
of people.A healthy community is essentialfor putting hard labour and working
efficiency,addingstrengthto thenation. This canbeachievedby providing safeand
adequatequantity of water, suitable seweragesystem and a proper solid waste
disposalsystemto everypersonofthecountry(UNICEF, publications).

Availability ofwater:
Wateris in abundanceon the earthbutvery less(about3%) is availableasfreshwater
for domesticusageof humanbeings.It is availableon land, in lakes,streams,ponds,
reservoirs,rivers and most commonly under the ground. The water available from
different sourcesmay not always be safe and perennial throughout the year.
Comparatively,no wateris cleaner,cooler,lesspollutedor less contaminatedthanthe
waterwhich existsunderthe ground(UNICEF, publications).

Meansofsupply:
Thereareseveralmeansof watersupply to the community.Thesophisticatedpiped
watersystemhasbeenthe conventionalmethodof supply sincepast. For the rural
area,borewellswith handpumpsare found moreviable meansin the presenttime.
It had beenestimatedthat groundwater suppliesthrough handpumpswill be an
appropriatetechnologychoicefor morethanhalfofthe 1,800millions peoplein rural
andurbanfringe areasof developingcountrieswho needimprovedwatersupply by
theend of century(WorldBank- 1987). Yet therearemanypartsof theworld where
asmanyashalfof thehandpumps,which havebeeninstalled,areout ofaction at any
particular time. If full advantageis to be taken, potential simplicity, low-cost
dependabilityofhandpumpgroundwaterand importantlessonhaveto be takenfrom
pastsuccessesandfailures(IRC-1988,technicalpaperseries-25).

Programmes:
TheInternationalDrinking WaterSupplyand SamtationDecade(1981-1990);~etout
with a greataim, “water supply and sanitationfor all”. The underlyingrationalefor
the declarationof the target was the worldwide improvementin overall healthand
quality of life and the specificreductionof waterand dirt relatedsourcesof diseases
that would accompanyits achievements.Waterandsamtationservicesareregardedas
one ofthe essentialcomponentsofprimary healthcare. Thedecadegoalwas one of
the targetsestablishedin 1978 by the Alma Alta InternationalHealthConference,
sponsoredby WHO andUNICEF with theaim ofreaching“Health for all by 2000”.
The most of the countries of the world included water supply and sanitation
programmein their nationalagendaand the water-sanitationsectorgearedup with
severalnationalandinternationalprojects(BlackM.—1990).



Technologyoptions:
Arlosoroff(1984) mentioned the various options for rural areas. The possible
technologicaloptions included dug wells, borewelL’tubewell with handpumpsand
pumpedschemeswith standposts.At acostreductionof 60 to 80 percent,handpump
basedwater supplycanprovideawider coverageandgreaterreliability thanthat can
be achievedwith more sophisticatedsystemswhich offer higherlevel of services.A
handpumpsinstalledin dug wells orborewells in areaswheregroundwateris readily
available,provideone of the simplest and least costly methodsof supplying rural
populationwith drinkingwater.(Arlosoroff,et.al.—1984).

GaurishankarGhosh(l995)also advocatesthe adoptionof handpumpsfor rural and
urban fringe areas. Handpumpsinstalled in wells, where ground water is readily
available;provide the simplest,safestand least costlymethodof supplying drinking
waterto rural andurbanfringe area.Becauseofbudgetlimitations, it is apparentthat
only sucha low costoptioncanleadto widecoverageofimprovedwatersupply

(Ghoshet.al.-1995).
O&M Aspects:
Inspite of repeatedstatementsresulting from international meetings and general
recogmtion’sof needto improveoperationandmaintenanceof existing and planned
watersupply and sanitationsystems,progressin establishingviable and successful
operationand maintenanceprogrammeis discouraginglyslow. It is estimatedthat
morethan 50% systemsarenot reliable,not sustainableandinefficient asaresult of
pooroperationandmaintenancein rural andurbanarea.
(Proceedingsof meeting,Working Group— 1991)

1.2 Problemsin Rural Water Supply Sector:-

As and when the needof safedrinking water got international recognition, it was
thoughtto be a technicalmatteronly. The handpumpoption was recognisedas an
affordableandviable option regardlessto a long-termsolution, to communitywater
needs.In 1987, the World Bank (technicalpaperno. 29 — 1987) mentionedserious
problemswith poor performanceand shortworking life of most of the handpumps
used for community water supply. The problemswere lying with the handpump
design,quality ofmanufacturesomerootedin theusers’ attitudesandbehaviourwith
handpumps. And the organisation of handpump installation and maintenance
programmeswereresponsiblefortheseproblems.After review ofseveralprojects,the
following causesoffailurewereattributedto theproblems:
1- lack of infrastructure,proper maintenance, spare parts, trained personnel

andappropriatebudget.
2- pumpswhichwerenot designedfor continuosuseby entirecommunitynor for

repair and maintenanceby villagers.
3- Improperdesignandconstructionofboreholes.

(World Bank—1987)
Arlosorroffmentionedsix key elements,as a coreof successof handpumpsystemof
watersupply — the community, the handpump,theaquifer,the well, the maintenance
system,thepumpandthefinance.Out oftheseis thearrangementofroutineoperation
andmaintenancewasfoundthemostpredominantin theseveralschemes

(Arlosoroffet.al.-1987)

2



During the decade(1981-90),it wasexperiencedthat evenprominentwateragencies
could not operate and maintain the water systems efficiently in the developing
counthes.The pnme reasonbehind that was the lack of community involvement.
Thoughthe agencymadebestof it but someotherconstraintslike staff andfinances
werelimited whichcausedthefailureof systems(IRC-1983).

The maintenanceproblem was first recognisedby Pacy(1977).He analysedthe
problemon thebasisof severalpublicationson handpumpmaintenance.FalkenMark
arguesthatthereliability ofhandpumpsystemhasleft muchto bedesiredin thepast.
A large percentageof failures (about80%), due to lack of maintenance,draw the
attentionandneedto bedonein this regard.(Buitenhuis-l993).WHO recognisedit as
a majorproblemand advocatesthe systemsto be constructedwith due consideration
of maintenance.Eventhedonoragencieswerereadyto financetheconstructionalcost
oftheprojectbut no commitmentfor long-termsupporttowardsthe maintenancecost
wasacceptable.(WHO-1986).

Ground water quality is also an important feature in the selectionof handpump.
Aggressivewater may result in corrosionof below groundcomponentslike rising
mains, pump rod and cylinder assembly.Hence corrosion resistantmaterial, like
stainlesssteelwhich is more expensivethannon-corrosionresistantmaterial like
galvanisediron, shouldbeusedin theareaswith aggressivewater(IRC-1988).

Theneedofoperationandmaintenanceis inevitable.Any newfacility providedto the
users,must fulfil its commitmentsthroughout the design life i.e. be sustainable;
otherwisethe investmentare goneto wasteand the real benefitsare lost. Operation
and maintenancearethe two separateactivities that makethe systemrun. Operation
comprisesof the day to day activities requiredthe systemto function.Whereasthe
maintenanceinvolves a set of activities which ensuresthe system to keep fit for
operation.Handpumpsareconsideredto be a simple mechanicaldevice to operate.
Thereforethe operationlies normally in thehandsofusers.For mamtenance,thereis
usuallya dependenceon externalexpertise.Even it may bepossibleat village level
alsounderwhich conditionwheretherearesufficient sparesandtraining.

1.3 O&M Problem in India and in the stateofUttar Pradesh:-
Wierema(1987) mentions the following general definition of maintenance,
“Maintenance comprises of those activities, meant either to keep the object over
which an actor disposes,in condition, or bring them back in condition demanded
necessaryfor facilitating thefunction asdesiredby the actor “ WhereasBron(1985)
hascalled themaintenance“headacheof the decade”not aimingat theproblemsfor
installationofthehandpunips,but in theirmaintenance(Buitenhuis-1993).

During theInternationalWaterSupplyandSanitationdecade(1981-1990),millions of
handpuinpswereinstalledall over theIndia. A nationalworkshopon handpumpswas
organisedin the year 1990 at New Delhi. As per summaryof the workshop, it was
reflectedthat India has largestwater supplyprogrammein the world. At that time,
over 1.5 millions of handpumpswereinstalled, servinganapproximatepopulationof
over 2.6 millions. Severalthousandsof India Mark-Il handpumpsare serving rural
communitiesin manypartsof Africa, Latin AmericaandAsia.

(workshopon IM-Il handpump— 1990).
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In India, recentlya nationalworkshop on O&M ofrural water supply and sanitation
washeld at New Delhi in September1996. Representativesof variousstatesof the
countryparticipatedin the workshop and a numbersof paperswere presentedthere.
Besidepapers,somecasestudieswere alsopresentedby consultantsandwell known
institutions or organisations.The workshoppapersreflectedthe overall scenarioof
O&M throughoutthe country. The following problemshavebeensummarisedfrom
thedifferentpaperscompiledin workshop.

Thethemepaperof SaganeandPatwardhan,showsthat only 89.2%handpumpswere
found in functioning order in the year 1994. It meansthat 10.8%handpumpswere
becoming defunct every year. Many constraints were listed out for improper
functioning of rural water supplies. The cost recovery and inadequatefinancial
provision for O&M were mainreasons.A very little percapitacost wasworkedout
which couldbeeasilyaffordableby thecommunity(themepaperby Sagane,R.M. and
Patwardhan,S.S.-l996).

UNICEF, (Hyderabad) defined the present maintenancesystem as a purely
breakdownmaintenance;that meanstherepairis doneonly whenthe handpumphas
totally stoppedthefunctioning. It was recommendedthat the communityownership
and upkeepmaintenancewereimportantkey elementsfor a sustainablemaintenance
system(UNTCEF-1996).

Thoughthe largecoverageis achievedthroughsafewatersourcesbut still thereexists
theproblemofwaterborn diseases,which were saidto be the singlemost important
causeofmorbidity andmortality. Thereareevidencesofrecurrentepidemicofentenc
andothergastro-instentinaldiseasesarefoundall over thecountry.It is indicatedthat
waterqualityproblemsarestill persistingpredominantlyin India.

(approachpaperon communitybasedwaterquality survillance-1996)

Another paperalso reflects the thrust on waterquality issue. It is statedthat even
being very strong institutions,PHED’s arenot able to do justice m terms of water
quality in manyareas.Thatleadsto crippling andlethaldiseasessuchasfluorisis and
arsemcaldermoeteris.

The PSU foundationLucknow, reportedthe O&M situations in the stateof Uttar
Pradesh.Variousproblemscausinginefficient operationandmaintenancesystems,are
listed out as prevailmg in water supply projects,Indo-Dutch Credit programmein
particular.Main problemsare: insufficient fund flow, lack of properO&M schedule,
directionsandplans, focuson construction,consumersappreciationand involvement,
cost recovery, political interference in revenue collection etc. The foundation
concludesthat O&M situationcannot be improvedwithoutunanimityon the strategy
andcertainbackup supportfrom government.

Thethemepaperpresentedon behalfof RGNDWM (Gol), highlights the successof
haridpumpprogramme‘handpumphasbecomealiving symbolof resurgencein rural
India’. This paper finds various systemsof maintenancein vogue throughout the
country and summarisesthe problemsencounteredin variousstatesof the country.
The main problemsobservedin the stateof Uttar Pradeshin particularare enlisted
below.

4



The main problemsobservedin the stateof Uttar Pradeshin particularareenlisted
below.

(a) Themaintenancestaffis far awayfrom theusersofhandpumps.Accessibility
to villagesbecomestoo difficult in therainy season,evenbyjeep.

(b) Many of the villages are without post offices, thereforebreakdownreport
sendingto theagencyis itself aproblem.

(c) Shortageofmanpoweratall level ofmaintenanceofhandpumps.
(d) Non-availabilityoffundsis amajorproblem.
(e) Lackof co-ordinationbetweenJal NigamandJalSansthans.

By this time over 2.6 millions of India Mark-H deepwell handpumpshave been
installed all over the country and thus a massiveinvestmentincurredm the financial
terms. But all the handpumpsare not found in functioning order at any time. Water
supply coveragehasreachedto around 82% to that of about 692 millions of rural
people.Now thereis a questionof sustainabilityof installedfacilities to ensurelong-
lasting benefitsofhugeinvestments.Sincemoreimpetuswasgiventowardscreationof
new sources without thinking of a sustainable O&M system. The centralised
maintenancesystemis found in heavy pressureas a result of that only breakdown
repairs can be carried out to keep the facility in functioning order. Under these
circumstances,the ‘functioning’ ofthehandpumpsbecomesan importantissue.

In thestateofUttar Pradesh,over 600,000numbersofIndia Mark-TI andIndiaMark-Ill
handpumps have been installed by this year. The UP Jal Nigam, being the
implementing as well as maintaining agencyin the state. As per monthly repair
statementof last yearend, about17% handpumpswere found out of order, including
around4%permanentlydefunct.

1.4 Relevanceof Study:-

All thevillagesin the stateof Uttar Pradeshhavesafedrinking watersupply system,
mostly throughhandpumpsand somevia piped water supply. The maintenance,at
present,is in the handsof U P Jal Nigam, which is the implementingbody also. A
largenumbersof handpumps(above600,000)havebeeninstalledwhich is largest
figure in India and so in the world. Out of thebesteffort of the agency,thepresent
failure level is quite higher. The main problemencounteredin maintenanceis acute
budgetallocationand lackofcommunity involvementat any level.

Thereforein the plight of abovementionedproblems,it is importantto evaluatethe
installedIndia Mark-il and Mark-Ill handpumps.Secondlythe installation of India
Mark-Ill handpumps,out of beingmore reliableVLOM versionof India Mark-H, is
not enthusiasticallyacceptedby the agency.This is also importantto be looked-into
by comparingthefunctioningofthebothtypesofhandpumps.

1.5 ResearchObjectives:-

This study is intended to evaluate the functioning of India Mark-Il and Mark-ill
handpumps,installedby U P Jal Nigam in the stateofUttar Pradesh.
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“The overall objectiveof theresearchwill be to investigatewhy someof India Mark-
TI/Mark-ifi handpumpsnot function well and also some go out of order at the early
stageof installation.”

Following arethespecificobjectivesofthis study;
1:- To evaluatethe functioningofIndia Mark-Il andMark-ill handpumps.
2:- To evaluatethewateruseandwaterquality.
3:- To comparethe performanceof India mark-IT and Mark-ill handpumpsand

suggestimprovementsforbetter functioning.

Henceunderaboveprevailingconditions,it is imperativeto look into therootsofthe
problems.A review of presentday conditions and evaluationof thosehandpumps
which were installedsome yearsback, may be ableto suggestsomeimprovements
andsolutions for future betterment.The study mayhelp theplanners,policy makers
anddesignersto identify therootcausesandviable solutionsfor future application.

1.6 Structure ofReport:-

The report constitutes of sevenchapters in all. The second chapter deals with the
background information about the country and state. After that the various literatures
relevant to the topic ofstudy are reviewedin the third chapter. Chapter four is devoted
to the methodologyadopted in this study and the fifth chapter presentsthe results and
findings from the analysis of field data. In he sixth chapter, the results obtained are
discussedin the light of functioning of handpumps. And at the last the report ends
with conclusionsandsomerecommendations.
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Chapter—2 WaterSupplyScenarioin India

This chapterdealswith the country and statebackgroundof this study. It provides
someoverviewofgeneralfeaturesofthe Indiaandalso thatthestateof UttarPradesh.
Theprogressmadein the water supply sectoris also presentedhere. First in section
2.1, the generalIndianfeatureslike demographyandgeography,Governmentalset-up
and water resourcesare displayedand the sameissuesarediscussedfor the state
section2.2. Thesection2.3 providesthe phasesof rural watersupply developmentin
India. And lastly, in section2.4, the structure,activities ofthe wateragencyinvolved
in the massiveprogrammeof water supply through handpumps,havebeenprovided.

2.1 India

India, a union of states, is Sovereign Socialist Democratic Republic with
parliamentary system of government. The Republic is governed by a constitution,
adopted by constituent assembly. It is the largest democracy in the world; the
geographicalarea is about 3.3 million square kilometres, measuring 3200kms. North
to South and 3000 kms. East to west. It can be located on the globe betweenthe
parallelsof latitudesof 8°4’ and 37°6’ North and longitudes of 68°7’ and 97°25”
East.

2.1.1 General Features:-

India is the secondlargest populous country in the world. Its’ population as per the
1991 censusis approximately 846.3 millions peopleresiding in about 3500towns and
around600,000villages. The annual population growthrate in last decadewas 2.1%
per year. Roughly seventy five percent people live in rural areas. The rate of
population growth is more in urban areas than rural. It increasedfrom 19% in 1965 to
27% in 1990 andmost of the increaseis encounteredby the migration from rural to
urban towns as a reflection of rapid urbanisation phase. There are twenty cities with
more than one million population and six more prominent towns with population more
than 4 millions. Those are; Bombay (12.6 millions), Calcutta (10.9 millions), New
Delhi (8.4millions),Hyderabad (4.3millions) and Banglore (4.10millions).

The countryconstitutes of25 statesandsevenUnion Territories Country’s 43% area
is fertile and good for agriculture and 20% forest. The socio-economicalconditions,
language culture & religion and traditions also show a wide variation. Most of
population is constituted of Hindus, Muslims, Sikhs, Buddhists and Christians.
Physiologically it can be divided in sevenregions: 1- Northern mountains, 2- Great
plains, 3- Central high lands, 4- Peninsular plateau, 5- East coastal belt, 6- West
coastalbelt, 7- Islands. (Ghosh et. a!. —1995). The countryhasvariedclimatic zones
with considerableregional variations, including well irrigated areas in theNorth west,
desertsin the West, Himalayas in the North, the hill tract in East the Gangatic plain,
the semi-arid Deccanplateau andthe tropical coastalarea m the South.

Though India is a poor country, it is a major industrial poweralso, ranking among the
top twenty in the world. The main economicsis sharedby agriculture 30%, industhes
30% and services40%. Agriculture hasbeen the main occupation of most of the
people since past and the production is increased considerably with advanced
irrigation and fertilisers availability. The country is much advancedin the field of
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defence,spacetechnology,electronics,petrochemicalindustriesand nuclearpower
technology. The country has a large export potential also of various products.
(Economicreview-1994).

2.1.2 GovernmentalSet-up :-

The constitutionof India empowerstheGovernments;therearetwo levelsof public
achnmistration,one at the centreof country and otherat eachstatelevel. The central
Governmentis constitutedof two houses,the Parliament(Lok Sabha, 545seats)and
Council of States(Rajya Sabha, 245 seats). The parliamentmembersare directly
electedby thepeopleofcountryandCouncil ofStatesmembersare indirectlyelected
by thestateassemblies.The constitutionalheadof theGovernmentis ThePresidentof
India who is electedby the membersof the Parliamentsand the state legislative
assemblies.Thepartywith themajority of membersselectsits leaderin thehouseand
normallythe leaderofbiggestparty is called for formulatingtheGovernmentandthen
provehis clearmajority at the floor of house.The leaderof theparty in majority is
appointedasthe PrimeMinisterand he constitutesa cabinetfor disposalof theduties
of Government.

Thestatesalsofollow thesamedemocraticprocedureasabove,but theheadof stateis
the Governor,a nomineeof Presidentof India. The leaderof legislativeassemblyis
calledasChiefMinister of thestateandalsoassistedby acabinetof severalministers.
The ChiefMinister is responsiblefor disposalofcommitmentsof centralGovernment
to the people of the state.The stateshave createdseveraldepartmentsto provide
different services,securityandjusticeto thepeople.

The Union Territories, e.g. the AndamanNicobar, lakshdwip, Pondicheryctc. all
sevennumbersareruleddirectlyby theCentralGovernmentthroughanadministrator,
known as Lieutenant Governor,appointedby Presidentof India on the advice of
cabinet.

2.1.3 Water Resourcesand Utilisation: -

India is blessedby theheavyrainfall throughoutthe country. The total replenishable
groundwaterresources,in thecountry areestimatedto 45.34m ha. Out of this6.83 m
hais reservedfor drinking, industrialandotherusesleaving38. 51 m ha for irrigation.
The stageof groundwaterdevelopmentis about30%of the utilisable groundwater.
(CGWB, India). The rainfall in the country is abundantbut with a largevariation in
the entire regiondue to prevailingmeteorologicalconditionsand varied geography.
Averageannualrainfall is found 112 cms. in the plain areasthe maximumramfall is
recordedin thestateofAssamto aorder of 200cms.Roughly seventyfive percentof
rain falls in the monsoonseasonfrom July —Septemberevery year. Besidesthere
occurrainsin thewinter alsoin somepartsofthecountry.

Surfacewater and ground water are the two main sourcesin India. The major
contribution is that of surface mainly in the rivers. The country hasa good river
systemsof fourgroups;theHimalayansnowfed rivers, theDeccanrain fed rivers, the
Coastalrivers andthe rivers of inland drainagebasinwith an ephemeralcharacter.
(Ghoshet. al. — 1995)
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Themajorgroundwatersourcein thecountryaretheborewells. Also millions of dug
wells are constructedthoughthe country sincethe past to meet the domestic and
imgationdemands.A study conductedby thecentralwatercommissionrevealsthat
by the end of Vth five yearplan, therewere 8.7 million irrigation dug wells, 0.336
millions privatetubewells and0.046millions statetubewellsin thecountry.

2.2 StateofUttarPradesh :-

Uttar Pradesh,the mostpopulousstateofIndia is situatedin thenorthernpartof the
country. It coversan areaof about294,441 squarekilometreswhich is about9% of
theentireareaofthecountry. Its capitaltown is Lucknow andtheprincipal languages
areHindi andUrdu. Its position on theglobeis betweenthe parallelsof latitudes250

& 31°N andlongitudesof78°& 81°E.

2.2.1 Historical Background :-

The history of Uttar Pradeshis very ancientand interesting.It is recognisedin later
Vedic AgesasBrahmarshiDesaor MadhyaDesa. Many greatsagesof thetime like
Bhardwaj, Yagyavalkya, Vashishtha,Vishwarnitra and Valmilu appearedto have
flourishedin U P. Severalsacredbooksof Aryans were also composedhere.Two
greatepicsof India, theRamayanaandMahabharata,appearedto haveinspired in
UP. Ramayanafeaturesthe royalfamily of KoshalaandMahabharatacentresaround
theroyal family at Hastinapur,both locatedin Uttar Pradesh.

In the sixth century BC, Uttar Pradeshwas associatedwith two new religions,
Buddhism and Jainism.Mahavira,the founderof Jaimsmis said to have his last
breathat Doorain UP. It was at Samaththat Buddha,preachedhis first sermonand
laid the foundationofhis order. UP hadbeena learningcentresincethepast. In the
medivalperiodit passedthroughmoghulrule andled to a newsynthesisofHindu and
IslamiccultureandmanyintellectualsbornofHindi andUrdu languages.

UP preservedits intellectual leadershipevenunder the British Administration.The
British combinedthe Agara and Oudh provinces into one and called it as United
Province of ‘Agara & Oudh’ later shortenedto United Province in 1935. After
Jndependemcein January1950,the UnitedProvincewas renamedasUttar Pradesh.
UP is boundedby Tibet and Nepal in its North, HimanchalPradeshin North-West,
Hariyanain theWest,Rajasthanin south-west,Madhyapradeshin SouthandBiharin
East. (source:India-1996).

2.2.2 DemogrophicalFeatures:-

The population of Uttar Pradeshis 139,112,287personsas per thel99l census
records.Thereare 681 numbersof towns and 112,566revenuevillages in the state.
About 71% peoplelive in rural areas.The populationincreasein last decadewas
2.29%peryear.Literacyrate is only 41.6%percentwhich is less thannationalfigure
of 51.4%.

2.2.3 Geologyand Climatology :-

TheIndo-Gangaticalluvial plainswith the Yamunaaswesternmost river, forms the
entire Uttar Pradesh.The alluvial sediments,debris of Himalayanmountains,which
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formedtheplains,weredepositedin theGangatictroughorgeosyncline.The depthof
thetroughvaries,highestat northernlimit from whichthe floor slopesupwardsto its
Southernedgewheremergedwith VindhyanuplandsofDeccanhigh lands.The floor
oftheGangaticplain is corrugatedby inequalitiesandburiedridgeswhich beingmore
or lessimpervious.

Uttar Pradeshhas a sub-tropical monsoonalclimate. Max. temp. in plains varies
between43°to 47°in May-Junewhile the minimum rangesbetween30 to 4°in
January.High summertemperatureis responsiblefor high rate of evaporationand
consequentrains.Mostof rainfall is from South-Westmonsoonin themonthsofJuly-
August.Rainfall variesfrom 600 mm in plain to 2000 mm in hilly areas,in plainsit
alsovariesfrom 600mmto 1400mmatdifferentplaces.

2.2.4 Water Resources:-

The statehasgot a naturalgift as the largeGanga-nversystem.Therearenumberof
perennialrivers,originatingin highHimalayanmountains,traversingthroughthestate
and ultimately emergingin Ganga,which fmds its way throughBihar, WestBengal
and alsoBangladesh;to the Bay of Bengal.Theserivers carryhugeamountof water
for utilisation in irrigation and drinking purpose(after treatment).There is a big
network ofcanal irrigation systemthroughoutthe state.Someof the riversoriginate
from SouthernVindhyanrangesalsothat carrywaterall theyearandbenefitthestate.

The stateis overlyinga vastreservoirof undergroundfreshwater, theIndo-Gangatic
alluvium (one of thebiggestreservoirof freshsweetwater,Raghunath— 1987).The
groundwateroccurs in primary porosity of course sand, gravel and boulders of
variablethicknessof 3 to 60 metres.Shallowaquifersare confined whereasdeeper
aquifersaresemi-confinedor confined.The groundwaterrechargeis throughrainfall
andthroughahugenetworkof irrigation canalsthroughoutthestate.Waterutilisation
is through a large numbersof public and private tubewells.There exists a vast
potentialfor successof handpurnpsin rural watersupplies.

2.2.5 AdministrativeSet-upof the State :-

The stateis divided in thirteenmandals (divisions) and eighty threedisthcts.The
distncts,administeredby adistrict magistrateis againsub-dividedin four to six tehsils
accordingto theareaof district. Tehsilsareagaindivided in numbersof development
blockswhichareconstitutedof hundredsofrevenuevillages.Thesmallestunit village
is headedby a village pradhanwho is electeddemocraticallyby the peopleof that
village andpopularlyknownasGramPradhan.

2.3 Developmentof Rural Water Supply in India :-

2.3.1 Evolution :-

The importanceof safedrinking waterwas first recognisedby the Bhore Committee
in the year 1944. The recommendationswere followed by some of the state
Governmentsandlater the Union Governmentappointedan EnvironmentalHygyene
Committeein 1948-49;to assessthehygienicproblemsin thecountry.Thecommittee
recommendedto provide safedrinking water arid sanitationto 90%of the country
populationwithin a period of forty years.During the period of first five year plan
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(1951-56), the Union Governmentannouncedtheir National Water Supply and
SanitationProgrammeasapartofhealthschemein September1954. Theinitial thrust
was to provide drinking water throughdugwells, either by new constructionor by
renovationandshallowhandpumps.Theprogrammecouldnot getmomentumdue to
shortageofresourcestill late sixties(Ghoshet.al.-1995).

By theendof 1970, thetotal coveragewasonly 5.7%out of investmentofRs.1286.7
millions. The state Governments through their PHED’s were responsible for
implementationof schemeswith contributionlcostsharing from local bodies and
communities.The systemsprovided were supposedto be mamtamedby the users.
(Bishwaset.al.-1996,issuepaper).

2.3.2 Emergencethrough Emergency :-

Theseveredroughtin late sixtiesin thenorthernstatesand increasingepidemicsdue
to faecalcontaminationof drinking water sources,forcedthe centralGovernmentto
drive a major break through in rural water supply sector. The centrally aided,
AcceleratedRural Water Supply Programme(ARWSP) was launchedin 1972 to
coverthe problemvillages(referto 2.3.5)as identified in 1971-72.The sectorgot a
place in 20 pint programmein 1975 which is a massiveNational Development
Programmestill continuingthroughthecountry.

2.3.3 Revolutionthrough Hnadpumps

In the latesixtiestherewasseveredroughtin thestateofUP andBihar. As a drought
relief programme,numberof handpumpsof different local make,were installedwith
the help of UNICEF and someother externalagencies.But after few year, those
handpumpswerejust turnedto uselesshole in theground.The whole investmentand
the anticipatedbenefit gone to waste. Thus the lesson learnt from the failure of
droughtrelief handpumpsprogrammein late sixties provided a driving force for the
developmentofIndia Mark-Il handpump.Thepumpdevelopedduring 1976-77,made
a solid foundation for achieving the goals of International Drinking Water and
SanitationDecade(1981-90). It playedarevolutionaryrole in providing ‘water for all’
outofUnitedNationsdeclarations.(Black,M.-l990).

2.3.4 National Drinking Water Mission ;-

Earlier to 1985, the rural water supply and sanitation was under the Urban
DevelopmentMinistry and it was transferredto Rural DevelopmentMinistry for
gearingup the progress,integratedwith other rural developmentprogrammes.In
1986, the National Drinking Water Mission was launchedas one of the five social
missions startedby the Governmentof India. Later it was renamedas the Rajiv
GandhiNational Drinking Water Mission (RGNDWM). The GoI continuedto give
highestpriority to rural watersectorthroughthe activitiesofthemissionandARWSP.
It alsoforms apartof statefundedMinimum NeedProgrammeand point no. 7 of the
20 pointprogrammne-1986.
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2.3.5 Strategiesand Priorities :-

TheGoT formulatedthestrategyto identify theproblemvillages,which is mentioned

below.
—* Thosevillage which do not have a waterpoint within 1.6 km distanceor a

waterdepthwithin 15 m below groundlevel in plain areas.For the hilly area,
no sourceavailableat anelevationdifferenceof lOOm.

Recentlythis norm hasbeenmodified to 500 m distancein plain and 15 m
elevationdifferencein hills.

—~ Thosevillages with chemicallyunfit water i.e. havingexcessivesalinity, iron

andfluoridesetc.

—+ Water contaminatedby guineawormsor otherepidemicdisease.

The following norms were adopted for providing safe drinking water to rural
population:

(a) 40 litres of drinkingwaterpercapitaperdayfor humanbeings.

(b) 30 litres additionalfor cattlein desertareas.

(c) Onehandpumpfor every250persons.(recentlyrevisedto 150 persons).

(d) Mini protectedwater supply schemesfor villages of populationof 1000 to

1500.

(e) Protectedwatersupplyschemeforvillagesofpopulationmorethan 1500.

(f) Publicstandposts;for every 200 population.

The following pnoritieswere adoptedto cover thosedifficult areas,in seventhplan,
which werenot touchedearlier.

1- To coversixthplanspill overproblemvillages.

2- To coverall villageswith no water source(1985list)

3- To coverno sourceproblemvillages,surveyedor identifiedsubsequently.

4- To cover all villages with contaminated water(both, chemically and
biologically).

5- To cover all villages with per capita supply less than40 lpcd to bring the

servicelevelup to normlevel.

6- To coverhamletsandhabitations.

(source:RGNDWM—1993)
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2.3.6 Coveragethrough Water Supply :-

Out of the massivewater supply programmein the last decade,there have been
substantialprogressin coveringtherural populationwith drinking water.According
to Bishwah(1996) it was 5.7% in theyear 1971 and now attained82% by the year
1996.Following tablepresentstheachievementfigures.

Table2.1: coverageofruralpopulation; populationin millions

Financialyear Ruralpopulation Populationserved %agecoverage

1951 299 6 2.0

1961 360 14 3.90

1971 439 26 5.9

1981 525 162 30.8

1991 627 463 73.8

1996 692 564 81.5

(source:Bishwaset.al.—1996, issuepaper)

Furtherprogrammeis to coverunservedhabitationswhichwerenot identified during
missionsurvey.Up to April 1996; a total of 911,000habitationswere fully covered
and331,648habitationswerepartially coveredwhereas75,582habitationsis still to
be coveredby safedrinking water source.Waterquality of the sourcesdevelopedis
first testedin laboratoriesandonly safewateris allowedfor public use.Most of the
coverageis thorough India mark-Il handpumpswhich are functioning well. It is
targetedthat all suchhabitationswill becoveredby theendofyear2000.

(workshoppapers—1996)

2.3.7 Operation and MaintenanceIssue :-

The speedycoverageof rural populationwas the resultof extensivethrust given to
creatingnew sourceswithout finding solution to the problemof sustainabilityand
O&M of sources.The entireprogrammeofwatersupplywasbasedon ‘supply driven
approach’with 100% subsidy. The O&M issue caughtimportancein the Global
Consulationheld at New Delhi in September-1990; underthe auspicesof GoT and
United Nations. The New Delhi declarationwas later adoptedby the UN General
Assemblyas a strategyfor 1990’s. Under the eightth five yearplan (1990-96) the
O&M issuegotaplacefollowing thetwo declarationsmadein New Delhi.

(a) Institutional reformspromoting an integratedapproach,including changesin
procedures,attitudesand behaviour and full participationof women at all
level.
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(b) Involving local institutions in implementing and sustaining water arid
sanitationprogrammes. (source: RGNDWM- 1993)

Initially the statesPublic HealthEngineeringDepartmentswere using 10% of their
plan budgetfor mamtenanceof schemesunderMNP andlateron ARP schemeswere
also allowed for the same. As an estimateabout Rs. 9000 millions per year are
requiredfor operationandmaintenanceof schemescreatedin the last two decadesas
againstthe allocationof Rs. 2250 millions only. At presentO&M issue underthe
transitionstageoftransferringtheresponsibilityto therespectiveGramPanchayatsas
adecentralisationstepofthemaintenancesystem.

(source:Workshoppapers-1996)

2.4 Rural water Supply in the Stateof Uttar Pradesh :-

2.4.1 About theWater Supply Agency(UP Jal Nigam):-

For providing watersupply and sanitationto the statea Public HealthEngineering
Department(PRIED)was establishedin the year1927. It was renamedas Local Self
GovernmentEngineeringDepartment(LSGED) in 1949. Again it wastransformedto
Uttar PradeshJal Nigam in 1975,hereinaftercalled asNigam, a semi-autonomous
body andservingthestatetill now.

2.4.2 AdministrationofAgency :-

The watersupplyagencyis underthecontrolof UrbanDevelopmentMinistry of the
state Government.The overall governing authority of the Nigam is a board of
directors,constitutedof elevenmembers,headedby a chainnanwho also holds the
postof chairmanoftheNigam. Thechairmanofthe Nigamis a senioradministrative
officers of the state,appointedby the stateGovernment.ManagingDirector is the
executiveheadof Nigam, is an experiencedengineerselectedby Governmentfrom
within the top officials working sinceyearsin theNigam. A financedirectoris also
appointedwho is the headof financial management.Thesethreeare the permanent
membersof the board and other eight are the nominatedsecretariesof different
ministriesof Government(refer to organisationogram,Annexure-I).

2.4.3 Activities and Aims :-

Following arethemain activitiesandresponsibilitiesofUttar PradeshJal Nigam.

1- To preparetheprojectofwatersupplyand sewerageandto execute,promote
andfinance.

2- To provideall servicesofwater supplyand sewerageto thestateaswell asto
privateconcernedon request.

3- To preparemasterplans of water supply and sewerageon the directions of
stategovernment.

4- To reviewthetax andtariff structuresof Jal Sansthansandother localbodies
undertheagreementofarticle46 oftheAct.
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5- To determinethe material requirementand managementof procurementas
well asutilisation.

6- To preparestandardsfor watersupplyandseweragefor thestate.

7- To dischargeall thedutiesofearstwhile LSGEDwhich are not coveredhere.

8- Annual inspectionof waterworks and seweragesystemsof Jal Sansthansand
local bodieson technical, fmancialand otherconsiderationswhich fall under
section46 oftheAct.

9- To review and monitor the technical, financial and economicissuesof each
watersupplyandseweragesystemofthestate.

10- To implement,operateand maintainthe water supply and sewerageschemes
on thedirectionofstateGovernmentfor thedirectedtermsandconditions.

11- To generatethe manpowerand train them for servicesof watersupply and
seweragein the state.

12- To provide constancyservicesfor efficient functioning of Jal Sansthansor
Nigamitself.

13- Any otheractivity underthepurviewofAct or evolvedby Act, to disposeoff

14- To perform any activity under the Guzzett Notification of the state
Government.

2.4.3 Structureof UPJal Nigam :-

Themainactivity; executionof watersupplyandsewerageprojects,ofthe Nigamare
implementedthrough its circles and divisions. The divisions are headedby the
ExecutiveEngineersand are the smallestunit of the department.The circles are
constitutedof 4 or 6 divisions andheadedby a SuperintendingEngineer.At present
thereare 177 divisional units and 40 circles in the departmentscatteredall over the
state.The whole stateis further divided in sevenzones,headedby Chief Engineers
(level-Il). TheheadquarterofNigamis atLucknow, thecapitalof stateandheadedby
theManagingDirectorandassistedby two ChiefEngineers(level-I) andanumbersof
Superintending Engineers, looking the works of admimstration, management,
monitoring,planning,project appraisal,inspectionand all other technicalactivities.
Thefinancial sectionis headedby the financedirectorand assistedby the numberof
accountofficers (source:UPJNactivitiesandroles- 1997).

2.5 Water Supply Statusin theState

The Uttar PradeshJal Nigam is involved providing water supply and sanitationto
entire urban and rural populationof the state.Here only the details of rural water
projectthroughhandpurnpsis presentedin theforthcomingparas.
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2.5.1 Handpump Programme :-

TheUP Jal Nigambearstheresponsibilityof providingthewater supply in therural
areasof the entirestate.Thereare in all 112,566revenuevillagesin the state.Out of
that 78,050 were found problem villages with respectto water supply, under the
criteria laid down by the GoT. The coveragestatusof rural villages throughwater
supplyup to theyearMarch 1995 is givenasfollows.

Table2.2: statusofvillagesin thestate.

Particulars Numbersof villages

Plains Hills Total

Problem villages 66,408 15,044 78,050

All villages 97,522 15,044 112,566

Coverageofvillagesby safewatersupplyis shownin following table.

Table2.3; watersupplycoveragestatusof villages

Particulars Plains Hills Total

Problemvillages 66,408 11,553 77,961

Othervillages 27,927 3,390 31,287

All villages 94,335 14,943 109,287

Thus the coveragestatus stands at 99.99% for the problem villages and 97.09%
overall the whole state.In the early eightiesit wasdecidedto coverall the problem
villages by installing only two handpumps,one for socially/economicallyweaker
sectionsand other for generalhabitation. Afterwardsthe villages were saturatedby
providing requisitenumbersof handpumpsfor each250 persons.Presentlyeach
habitation,havingapopulationofonly 10, is alsoconsidereda singleunit from water
supplypointof view. In all 274,641 ofsuchhabitationshavebeenidentified andthey
aresupposedto becoveredby the endofyear 2000.By theendofMarch 1997,about
eightythreepercentofthesehabitationshavealreadybeencoveredthroughhandpump
watersupply (source:UPJN-activitiesandrole-1997).

2.5.2 PipedWater Supply Programme :-

Besidehandpumpstherearein all 1860numbersofpipedwatersupplyschemesin the
state.Some ofthe schemeswerestartedin the late seventies,beforeadoptionofthe
India Mark-il handpumps.Most of the schemeshave been completedand being
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maintainedby the Nigam and mostly not functioning well, to the expectationsof
users.Hencefew handpumpsare also installedin suchvillages which were earlier
coveredunderpipedwater supply. Presentlypipedwater supply schemesare being
constructedto only thosevillageswheregroundwateris chemicallyunfit for drinking
like excessivefluorides, iron orsalinity. As asurveyreport underRGNDWM , there
are 1072 village affectedby excessivefluorides,3720 villageswith iron and4426 by
excessivesalinity. The piped water supply schemesfor thesevillages are under
constructionlconsiderationwith fmancialassistanceofcentralor stateGovernments.

2.5.3 Dutch Assisted Programme :-

UnderIndo-DutchCo-operation,therearenumbersofpipedwatersupply,handpump
and sanitationprogrammes,beingexecutedor maintainedin different districts of the
state. Thereare 36 piped water supply schemesand two handpumpschemeunder
different sub-projects,covering above 5000 villages. About 40, 000 India Mark-il
handpumpshavebeeninstalledtill now underthis co-operation.As anestimatedcost
of differentprojects,an aid amountingto Rs. 86,449.2millions were expectedto be
receivedfrom theGovernmentofNetherlands.

2.5.4 Operation and MaintenanceofRural Water Supplies:-

TheO&M ofrural watersuppliesandhandpunipsinstalledin theplain areasis in the
handsofUP Jal Nigam.RegionalJal Sasthansareconstitutedfor themaintenanceof
all watersupplyschemesfalling in thehilly areas.Following norms, fixedby theGol,
arebeingfollowed for O&M of thewatersupplyby theNigam.

1- Handpumps: Rs.400-500perhandpumpperyear.

2- Pipedwatersupplies: 5%of theestimatedcostof theschemes(excluding

electricalexpenditures).

3- Gravity schemes: 7.5%ofestimatedcostof thescheme(in hilly area).

Onthebasisofabovenorms,atotal ofRs.706 millions arerequiredeveryyearfor the
maintenanceof all rural water supply schemesin the state. Whereasonly Rs. 500
millions are allocated for the year 1996-97 by the Government.Thus there is a
fmancialdeficit ofRs. 200 millions peryearin the maintenancebudget.Watertax is
collectedfrom theprivatehouseconnectionsin caseofpiped watersupplywhich is
insufficient to meetoutthe maintenanceexpensesof the scheme.For the handpumps
usersdo not contributeany more.The deficit in budgetis reflectedin termsof poor
functioningofthewatersupplyschemes.

2.5.6 MaintenanceProcedure :-

Followingprocedureis beingadoptedfor themaintenanceof handpumpsinstalledin
therural areas.

(a) For obtaining thehandpumpfailure information, self-addressedand self-stamped
postcards,are distributed amongthe Gram Pradhans,responsiblepersonsin the
villages. It is expectedthat the villagerswill post the cardwheneverbreakdown
occurs,duly markedtheexpecteddefects.
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(b) A registerhavebeenkept at eachblock developmentoffice to lodge the failure
complainby thepeople.

(c) TheJuniorengineersofthedepartmentare instructedto attendthemeetingsofthe
blockdevelopmentcommittees.

(d) Junior Engineersare also instructed to maintain a registerof eachhandpump
repaired.

It is proposedto posta block mechanicat everyblock,equippedwith necessarytools
and few spareparts. A mobile team is also proposedat each tehsil level and a
responsibleofficer is supposedto monitor the maintenanceof handpumpsat the
district level.

Thereis no separateset-upfor the maintenanceof the rural watersupply schemes,
within the structureof Nigam.All of thedivisionalunits situatedin differentdistricts
of stateare entrustedthejob of maintenancefalling within their areaof work. The
staffengagedin executionwork, is responsibleto carryout maintenancein his block
alongwith otherworks Only centralisedmaintenanceis being doneby the Nigam.
Themaintenancesystem,asabovementioned,is proposedto be improvedby creating
mobile team.(alsorefer to chapter—5, para5.2.1).

(source:UPJNactivitiesandroles-1997)
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Chapter—3 Literature Review

This chapterdealswith thestudyof literaturesrelevantto that on handpumpsandmainly
focusedon the functioning. It is constitutedof mainly two sections;one dealingwith
historical and developmentalphaseof handpumpsand other with its functiomng and
technicaldetails.Para3.1 and3.2 describethefirst sectionwhereas3.3 to 3.6 discussthe
factorseffectingits functioningand lastly thewaterusageandwaterquality.

3.1 Evolution of handpump water supply system

Earlier to the decadeof sixty, single family and their live stocksprimarily usedthe
handpumpsin single farms. Handpumpswere connectedto windmills and tanks.(Mc
Junkin- 1977).A surveyofWorld HealthOrganisation,in the early seventies(WHO-73)
indicate that over one thousandmillions of people living in rural areasof developing
countrieslackedreasonableaccessto safedrinking water. Unsafeorcontaminatedwater
is found as a principal causeof some disastrous epidemics like cholera, bacillary
dysenteryandmanyotherdiarrhoealdiseases.As anestimate,around30,000peoplewere
dying every day, many of them diseasesattributedto lack of safe water or adequate
sanitationfacilities(World Bank —1987).

As andwhenthe importanceof safedrinkingwater supply for all, was recognisedin the
year 1977 by the United NationsWater Conferenceat Mar Del Plata and subsequent
proclamation of International Drinking Water Supply and SanitationDecade (water
decade1981-1990),it pressurisedthe countriesto achievethetargetwithin the decade.
To achievethe massivetarget; simple aswell as low-cost meansof communitywater
supplywaslookedinto thehandpumpsby manycountries.“A world bankreport (1987)
estimatedthat the groundwater suppliesthrough handpumps will be an appropriate
technologicalchoicefor more thanhalf of the, 1800 millions peoplein rural and urban
fringeareasofdevelopingcountrieswho needimprovedwatersupply” (IIRC- 1988)

Thehandpumpinstalledin wells, wheregroundwateris readilyavailable,provideoneof
the simplest and leastexpensivemethodsof supplying rural communitieswith water
(Kalyan- 1997). In the presentday situation,the handpumpwater supply systemhave
almost takenover the conventionalpipedwater supplysystemin therural areas except
wheregoodqualitygroundwateris not available.Now, not only in rural areasbut in big
urbantowns also, thereis an increasingdemandof bandpumpsdue to unreliability of
powerdependentor intermittentpipedsupplysystemsin countrieslike India.

3.1.1 Handpumps Through Ages :-

“The origin of reciprocatingpump is not clearbut is sometimesattributedto Ctestbius,
Cira 275 B C” (Mc Junkin-l977).Thatpumpseemedto be a twin cylinder, lift typewith
externalvalvesand without packingbetweenplungerand cylinder wall. The purposeof
this pump was fire fighting. This type of handpumpwas also known to some other
historians, Hero (2nd century BC) and Vitruvius (1st century BC). Archaeological
excavationsin Europefrom the late Romantimes, finds the existenceof reciprocating
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pumps.Accordingto Ewbank,woodenpumpswerein useas a ship’spump in the early
GreekRomannavies(Mc Junkin-1977).

“One of the bestdocumentedearlyexamplesofwoodenpumpsusingmetal flap valves,
from Saxony,wasrecordedby Agncolain sixteencentury” (Kalyan- 1997).Tn England,
reciprocatingpumpsweremadeof woodor lead-usingleatherpackedplunger,sometimes
~ i7~century.By the middle of

19th century, the IndustrialRevolution facilitatedthe
majorbreakthroughin massproductionof metallichandpumpsfor a wider use.During
and theendof 19th and early20th century,therewas a tremendousproductionofvarious
modelsofhandpumps.Some42 millions ofhandpumpsareestimatedto havebeenmade
in USA aloneby theyear1920,whentheelectricpumpsbeganto replacethem.Thebasic
workingprincipleof all pumpswasthesame(McJunkin-1977).

Although the basicdesignofreciprocatinghandpumpshasnot changedmuchin the 20th

century, its use certainly has. The smaller Europeanbackyardhandpumpsgot good
market value as an individual family pump for a useat small scale.But when those
pumpswereintroducedin developingcountries,underdifferentoperatingconditionsand
put to extensiveuseby hundredsof villagers for long hours, frequentbreakdownswere
observed(Arlosoroff— 1987).

3.1.2 Handpump Water Supply in India:-

Theruralwatersupply, throughhandpumpsin India wasbornout of anemergencyrelief
programmein late sixties(MaggieBlack- 1990).It grewout of a groomingwaterscarcity
in hardrock areas.The technologicalchallengesofprovidmg “problem villages” with a
reliable bore hole, gave the programmeits driving force. The boreholesfitted with
handpumpsproved to be only a reliablesourceof wateras an immediaterelief during
droughtperiod.

In the early summerof 1967, the statesof Uttar Pradeshand Bihar of Northern India.,
faceda severedrought. In responseto droughtstrickenplight of villagers, someof the
first DTH (down the hole) hammerpneumaticdrilling rigs for water boreholeswere
introducedin Indiaby relief agencies.Within a short time, over 250 villageswereput to
relief by bringingwaterpenetratingrock and soil. Out of this emergencyrelief option;
grewaNationalProgramme,whichby this time hastransformedthepictureof rural water
suppliesthroughtheIndiansub-continent.

The majority of the handpumpswas installed in hard rock area,which were drought-
prone villages.Boreswere drilled by rig machines,donatedby UNICEF until the late
sixties.Thehardrock terrainwas classifiedas“technicallydifficult”. Much of that was
drought-proneanddisease-epidemic.Rivers wereseasonal,dwindling to streamsin dry
seasons.The ground water was limited and deep and it was gradually dropping and
depleting.At this stagethehandpumpswere adoptedasdroughtreliefmeasuresand not
asanappropriatetechnologyto communitywatersupplies(MaggieB-1990).
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3.2 Innovation ofHandpumps in India:-

Since the last sixties, UNICEF hasbeena close collaboratorto the Indian rural water
supplyprogramme.Theeffort was to bring cleandomesticwatersuppliesand improved
environmentalsanitationto the inhabitantsof villagesin India. In theyear 1974,a major
problemthreatenedto ruin the entireprogramme.The UNICEF carriedout spot surveys
in the statesof Tamil Naduand Maharashtrato assessthe performanceof previously
installedhandpurnps.It was found that about 75% of handpumpswere out of order. It
appearedthat millions of investmentin drilling and supplying water to thousandsof
villages,haddisappearedjust in ahole in theground.Thehandpumpsweresupposedto
bemaintainedin the village ownership.This presumptionprovedto a completefailure
due to manyreasons,viz; lack of a comprehensivesystemofspareparts,mechanicsand
training. Another major problem was old design of handpumpsfollowing that of
EuropeanorAmericanmodels.Also it wasmoreasocialproblemthan technical.

“The first voluntaryorganisationto replaceold cast-ironhandpumpswas the Churchof
ScottlandMission at Jalanam Maharastra.During the late 1960’s,what wasknown as
“Jalana”pumpcameinto being; thebrain-childof a self-taughtIndiandriller. The design
waswell advancedover the cast-ironpumps. Another voluntaryagencyat Walda also
developedthe sametypewith someimprovementsnamedasthe “Jalwad”. Most of the
designefforts continuedto focuson renderingtheabovegroundmechanism,less subject
to breakdownsfrom heavy or carelessuse. In early the seventies,the Solapur Well
Service came up with the ‘Solapur’ pump, which was considerablyadvancedover
‘Jalana’and ‘jalwad’. By 1974,severalthousandsofthesethreetypesofhandpumpswere
installedin Maharastra.In 1975,UNICEF purchased5000of Solapurunitsandusedthem
as conversion head of old existing cast-iron pedestal. Their performance was
convincing.”(MaggieBlack-1990).
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Figure—1 Haridpumpsin India earlierto seventies:

TYPE OF HANDPUMPS USED IN INDIA (YEAR 1960-1970)

SHOLAPUR MOIIRED HANUPUMP

DOUBLE GUIDE HANDPLJMP JALNA CONVERSION I-lEAD

SMOLAPUR IIANOPUMP
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The failure of the thendeepwell handpumps,installed for community water supply,
initiated action in co-operation with state Governments, World Health
Orgariisation(WHO),United NationsChildren Fund (LTNICEF),MechanicalEngineering
ResearchandDevelopmentOrganisation(MIRADO)andRichardsonand Cruddas(1972)
Ltd.(a Government of India undertaking), for the developmentof a dependable
handpump.In 1975,a nationalworkshopwasorganised,in whichthe Solapurhandpump
wasusedasa basisfor newhandpumpdesigncriteria.UNICEF took a co-ordinatingand
facilitating role in pump development,working with others.From this joint endeavour,
emergedthe India Mark-il handpump.Thename,‘India Mark-il’ wasjust a givenname
out oftheefforts initiated in India. “What happenedto India Mark-I ?“ This is aquestion
generally askedby newcomersto the handpuinpscenein India. Theanswer is that
therewas a Jalana pump, a Jaiwad pump, a Sholapur pump, and a short
development(orMark-I) phase,but therewas no India mark-I. If one was to draw India
Mark-TI handpumplinkage as accuratelyas possible,the Sholapurpump of the early
1970smustbe regardedasits closestprecedingkin (Mudgal,A.K.-1996).

3.2.1 India Mark-I! deepwellHandpump:-

The presentday India Mark-IT handpumphasits origin in the ‘Solapur’ pump locally
producedin the state of Maharastra.Most of the featuresare derived from it. The
additionaldesignmodificationswereto makeit feasiblefor massproductionandincrease
the simplicity of its maintenance.Theother design requirementswere: its indigenous
production in small scaleindustrial factories with available Indian raw materials,ex-
factorycostto bewithin US$200,be sturdyandsafeandhadto functionat leastfor one
yearwithoutbreakdownandwithout any maintenance.Somemoredesignelementswere
introducedfor aestheticandpracticalreasons;its pedestalbasewas intendedto fit over
the casingpipe of well, the handlewasreplacedby solid bar in placeof a pipe handle,
weightof connectingrodwascounterbalancedby long handlebar for smoothand lighter
pumping.

Field-testingwas conductedon twelve numbersof suchproducedhandpumpsfirst in
Coimbatorein the year1976-77. Somemodificationswere madeasper the field report
and the mass productionwas started in 1977-78.Richardsonand Cruddaswas the
pioneeringcompanyto produce600 ofhandpumpspermonth.Manufacturinglicensewas
issuedto othersalso for fast growth. Quality control of theproductwas in the handsof
theGovernment.The first IndianNational Standardspecificationsfor the India Mark-il
deepwellhandpumpwas issuedin 1979 as IS-9301, 1979. It was also includedin the
globallinternationallaboratoryand field testingproject initiatedin theearlyeighties.The
Coimbatorehandpumpfield-testingproject(1983-88),formedthepartof aglobal project
and effortsweremadeto furtherdevelopthe India Mark-il handpumps.Duringa period
of four and a half yearsof field testing, improvementswere carried out which were
proved very useful in field trials. Out of these improvements,the Indian Standard
Specificationswas revisedthreetimes arid the last in 1990. The salient featuresof this
handpumpareasfollows.
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SalientfeaturesofIndiaMark-Il handpump:

(I) Pump headassembly:-It is a fabricatedsteel structure,fully hot galvanised.It
consistsofheadwith handle,watertank, pump stand(pedestal).Figure-2shows
thepumpheaddetails.

(il) Cylinder assembly:-It is the main pumpingunit, madeof castiron body, inside
fitted with seamlessbrass liner of smooth surface.Gunmetalfoot valves and
plungersaremadeasper1S318-1981with mtrile pumpbucketsandsealingrings.

(Ill) Connectingrods:- Thesesare 12 mm dia. Electro-galvanised,mild steelbright
barsofthreemeterslengthalongwith hexagonalcouplingandlocking nuts.

(IV) Riserpipes:-theseare32-mmnominalboregalvariisediron mediumclasspipesin
threemeterslengthwith couplingsockets.

The performanceof the India Mark-il handpumpsturned out to be its own best
advertisement.SomeEngineeringdepartmentsofferedresistancein its immediateusefor
communitywater supply. As theywereusedto conventionalpipedwatersupply system
asin city watersupplies.UNICEF putconsiderableenergyinto advocatingtheviability of
India Mark-il handpumpin hard rock areas.Within a short time ten key statesof the
country acceptedit application to rural water supply projects. The production was
standardisedand an efficient quality control was ensuredby GOl. The production
capacitywas increasedto 200, 000 peryearby 43 listed companiesandthe pump was
exportedto Africa andLatin America. “It is today’sbestknownhandpumpin rural water
supplybusinessworld-wide.” (Maggieblack-1990)

OperationandMaintenanceaspects:

ThoughthedevelopmentofIndia Mark-il handpumpwasa majorbreakthroughin terms
of reliability and easeof operation.As per a report (GoT) the numberof handpumps
operatingat any point of time rosefrom a dismal25% to an impressivefigure of 85%.
However,thispumpreliesheavily on centralisedmaintenancesystem.Theextensivefield
andlaboratorytestinghavedemonstratedthatthis handpumpis very durable,but it is not
so easyto maintainbecauseofthehigh skills, specialtoolsandamotonsedvanneededto
servicethebelowgroundcomponents.A mobileteamconsistsof avanwith specialtools
and a crew of 4-5 semi-skilledworkers, is neededto providespecialisedmaintenance.
This systemis expensiveand difficult to sustain. Alternativemodels of decentralised
maintenancesystemshavebeentriedoutwith limited success.(Report-GOI-1990).

If a conservativeestimateof handpumpmaintenancecost of Rs. 800, per handpumpper
year (conservativecost in comparisonto the presentprovision of Rs. 600 taken by
UNICEF, 1995) is used,the all India cost of maintenancetotals to Rs. 20 millions per
year.This real valueof handpumpmaintenancecostwould come to almost 15% of the
total Governmentexpenditureon rural watersupply in 1994-95.Anotherindicationof the
handpumpmaintenanceprogrammeis the fact that, currently for Rs. 100 spenton new
handpumpsby the stateGovernments,aboutan additional Rs. 50 is spenton spare,i.e.
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onethird ofthevalueofthedomesticproductionof handpumpsin India is for spareparts.
This costof maintenanceis now,or soonwill be an unacceptableburdenon Government
resources.(UNICEF- 1995)

3.2.2: Why wasthe India Mark-!!! Handpump Developed:-

Undoubtedlythe developmentof India Mark-lI handpumpprovedto bevery sturdy one
and most suitable to Indian rural conditions. At the sametime, a careful and skilled
maintenanceneedwas left behind. The initial intention to develop a new generation
handpump;designedspecificallyto bedurablein developingcountries,wasonly part of
the solutionto performanceproblemsof handpumpprojects(Arlosoroff et.al. — 1987).
Themaintenancedifficulties not only pertainto technicalfallout, but alsoarisemorefrom
institutionalor financialshortcomings.Pumpsmayberemainingidle becausemechanics,
tools or sparepartsarenot readily availableor wantof funds to carryoutrepairs(Paecy
et.al.-1977).

The field trials and datagatheredfrom numberof different countrieson maintenance,
madeclearthat greaterinvolvementof thecommunityitself in maintenance,would bring
both, lower cost and betterreliability. This conclusiongavebirth to a new conceptof
VLOM(Village Level OperationandMaintenance)in theearly1980’s.

(Arlosoroffet.al.—1987).

“For long term sustainabilityof deepwellhandpumpprogrammeit is necessarythat most
the repairsmust becarriedout atvillage level itself with minimal outsidesupport.In the
Indiancontextit is theessenceofVLOM conceptasenoughlocal manufacturingcapacity
existsin this country.” (Mudgal A.K.- 1990,paperpresentedin workshop)

Thefore mentionedVLOM conceptwasput to field trial at theCoimbatoreprojectfor the
further improvement of India Mark-TI and its VLOM version. The researchand
developmentefforts were continuedfor more than four years and the outcomewas a
VLOM derivativeof India Mark-IT, which was namedasthe India Mark-ifi deepwell
handpump. The design featuresof this pump are that the repair of below ground
componentshasbeensimplified substantially.Maintaining therobustnessof India Mark-
II handpump,theeaseof repairwasimprovedsuchthat theMark-ITT couldbe repairedat
village level with fewertools andminimal skills. In atruesense,theIndia Mark-ifi is not
a very different handpumpfrom the India Mark-il exceptin easeof maintenance.The
only differencelies in thedesignof cylmderassemblyandsizeof riser pipe.Thecylinder
ofMark-ifi is rathera opentop cylinder (OTC) which facilitatestheextractionofplunger
valveand foot valve assemblywithout dismantlingof riser pipes.Thisimprovementwas
too vital for thecommunity—basedmaintenancesystemthat is beingintroducedin some
ofthehandpumpprojects(Report,GOI— 1990).

DesignFeaturesofIndiaMark-Il Handpump:-
Themain designfeaturesofIndia Mark-ill handpumparegivenasbelow. Figure—3 also
showsthedetailsofIndiaMark-Il handpump:

(i) Thepiston andfoot valvecanbeextractedwithout lifting therising main.
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Figure—4; Main differencebetweenMark-il andMark-HI:

INDIA MARK II
CYLINDER - YEAR 1979

INDIA MARK In
CYUNDER - YEAR 1990
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(iii) Thefoot valveis placedin aconicalreceiverand sealedby o-nngs.
(iv) Nitrile rubberpistonsealsareusedinsteadofleatherseals.
(v) Thetwo pieceuppervalveeliminatesfailure due to disconnectionof thethreaded

joint.
(vi) An additional flange known as intermediateplate is placedbetweenthe head

flange and water tanktop flange. This facilitatesthe removalof headassembly
without removalofhandleassembly.This improvestheaccessto chainassembly
and simplifiesthemaintenanceofabovegroundmechanism.

(vii) A squarebeanng housing instead of round bearinghousing ensureshigher
rigidity and less distortion of housing due welding. This improves quality of
bearinghousingand enhancethelife ofbearingandhandleassembly.

(viii) The increasedwindow opening(handleslit) reducesthe hitting (banging)on the
bracketbottomstop.

(ix) The height of water tank assemblywas increasedto eliminatethe splashingof
water during fast pumpingoperation.The overall height of standassemblywas
reducedby 75 mm to bring theoperatingendof handlecloseto platform footrest.
This reducesthebangingofhandleon bracketbottomstopandmakesrepairmore
convenient.

3.3 Comparative Study ofIndia Mark-I! and Mark-Ill Handpumps

It was recognisedin the National Workshop on handpumps in 1990 at New Delhi, India
that the India Mark-H is a very robust handpump.The extensivefield and laboratory
testing also reveal that it is a very reliable and sturdy deepwell handpump. But its
maintenance or repair was said beyond the capacity of villagers. Therefore further
improvement in its reliability and maintainability was felt essential. Different bilateral
and multilateral agencies were entrusted to carryout research on request of the
Government ofIndia (Gol).

The Coimbatore Handpump Project was under taken, out of this collaborativeeffort in
the year 1983. The Major role player in tins project were Tamilnadu Water Supply and
DrainageBoard, UNDPIWor1d Bank, UNICEF and Rechardsonand Cruddas(1972, a
GoT undertaking).The then National Drinking Water Mission (GoT) co-ordinatedthe
project(source:workshoppapers— 1990).

The project was aimed at to resolving the two dominant issues: the maintenance
difficulties and the maintenancecost lying with India Mark-H deepwell handpump.
Testingprojectcontinuedfor aperiodof four andhalf yearsunder thefield conditionsof
heavyuseand deepstatic water level. Two typesof designswere tested;first intended
for designimprovementto increaseMean Time BeforeFailure(MTBF) and secondto
simplify themaintenanceso asto avillagercouldrepairit with minimal tools. In all about
eightypumpsweretested,someof themwerefitted with 65 mm diameterG I riserpipeto
facilitatetheextractionof foot valveswithout dismantlingit. A sampleof standardIndia
Mark-TI handpumps,providedthe baselineinformation and by that the performanceof
experimentalvariationswascompared.
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Thefmal outcomefrom theanalysisoffield data,arethesetwo distinct handpumps:India
Mark-IT (modified) and India Mark-Ill. The reliability and serviceabilitywas improved
considerably.The testresultsshowthat averagefrequencyof service(by mobile team)
reducedby 89%peryearandmeaneffectiverepairtime to 67%asin caseofIndiaMark-
ifi handpumps.In reality, 90% of repairswere possiblefor a single village mechanic
moving on bicycle with fewer tools and assistedby the users.In caseof India Mark-il
handpumps,a little modificationwasdoneto abovegroundmechanism.That facilitated
the quick and easy removal for accessto below groundrepairs.Besides,nitrile rubber
cupsealsin place of leather, a two piece upper valve insteadof threepiecesand a
modified spacerwerealsointroduced.

The changesdueto designimprovementscausedsomeincreasein productioncostof the
handpumps.This increasein cost wasassessedto beoffsetwithin 3-4 yearswith that of
lessrepairexpenditures.The increasein reliability (evenup to 100%)and easeofrepair
were consideredto be additionalbenefits. The additional cost of productionof India
Mark-Ill handpump,at that time wasworkedout to Rs. 1320 only winch expectedto be
fully offsetby lower maintenancecost within threeyearstime.

TheCoimbatorefield testingprojectreportrecommendationsareasfollows.

1:- Design improvementsto India Mark-il handpumpsbe incorporatedinto the
nationalstandardspecifications.

2:- The existing 1.3 million India Mark-il handpurnpsbe modified for substantial
increaseofMTBF.

3:- The India Mark-HI handpumpsbe installed on a large scale in all the states
presentlyusingIndiaMark-il handpumpsandavillage-basedmaintenancesystem
bedevelopedwhich needsminimal support from amobile team.

4:- A nationalstandardbepreparedfor theIndiaMark-Ill handpump.
5:- A studyon nationallevel beconductedto evaluatethestrengthandweaknessesof

the various existing maintenancesystemsand to suggestways to createvillage
levelcapacityto repairdeepwellhandpmps.

6:- Furtherresearchanddevelopmentshould be undertakento simplify maintenance
requirementsthatwill encouragetheusersthemselvesto carryoutmaintenance.

(source:GoT Coimbatorefield testingreport- 1990).

AdvantagesofT M-III overI M-ll handpumps:

TheIndiaMark-ITT handpumpoffersfollowing substantialbenefitsoverIndia Mark-H.
As extractedfrom Coimbotarefield testingrepor(Kalyan—1997).
(1) Improved Serviceability:For theroutinemaintenanceofI M-HI handpump,a set

of fewer andlighter tools and lesserlabour is neededto changetheparts,winch
require frequentreplacement.Thesepartsare; piston seals,valves, valvesseats,
otherabovegroundparts and occasionallythe connectmgrods. As comparedto
meanactiverepairtime by componentsof I M-II versusI M-llI, is observedthat
67%lesstimewasspenton I M-III, for similar repairofboth.
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Another important feature is that for all below ground repairs, a mobile van
neededfor I M-ll whereasfor I M-ffi it canbe carriedout by a mechanicwith the
help of a handpumpcaretakeror evenuser.The dependenceof mobile team is
0.16 timesperpumpperyearfor I M-Ill against1.44 times in caseofT M-ll.

(2) Frequencyand cost of replacement of parts: When comparedthe average
frequencyofthepartsreplacementsuchasaxle,handleassembly,chainassembly,
bolts andnutsetc.andthemaintenancecostfor consumptionofspareparts(based
on datacollectedduring the Coimbatoreproject) it is observedthat the mean
annualfrequencyof the parts replacementis 9.15 parts per I M-ll pump as
comparedto 4.49 partsper I M-flI. And the annualcostofpart replacementwas
Rs.228per I M-HI againstRs.423perI M-II; i.e.thecostof partsreplacementwas
46%less in caseofI M-ffl handpumps.

(3) Maintenancecost: The maintenancecost for I M-IT and I M-llI have been
worked out basedon the assumptionsmadeon the density of handpumpsand
travel distance. The data were collected during the Coimbatore project on
consumptionof spareparts,activerepairtime andmanpowerneededto carryout
variousrepairs.
Thefollowing tablegivesthecomparativecostof maintenance.

Table3.1:maintenancecostperpumpperyear
Particulars I M-H I M-ffl

Cost (in Rs.) Cost (in Rs.)
Caretaker 40.0 40.0
Block mechanic 18.61 42.25
Mobile team 392.1 228.2
Spare parts 423. 5 228.2

Total 874.21 381.11

As shownabove,the total annualmaintenancecost for I M-ll is Rs. 874.21 as
againstRs. 381.11 for I M-Ill. Thus thereis savingof Rs. 493.10per yearper
handpump.it is a substantialsaving and it can be more if the village level
mechanicsaretrainedto carryoutmost of therepairsat village level itself and an
efficientsparepartsdistributionsystemestablished.

(4) Break-evenpoint on cashbasis: It is estimatedthat extra expenditureof
Rs. 1350,on the capital costofI M-Ill will be offset in 3 — 5 years time due to
lowermaintenancecost.

(5) Lower down time: In caseof I M-ffl, 90% of repairscan be carriedout by a
mechanic(usmg a two wheeler)with the help of users. This mechanicwill be
easily accessibleand will therefore cut down the communicationdelays and
reducethe responsetime andthus the downtime. The financial and economical
benefitsaccruingdue to lower downtime will be far in excessof savingsin the
maintenancecost.(Kalyan—1997).

31



Limitations of I M-III handpumps:

TheIndiaMark-Ill handpumpshassomedisadvantages,which areasfollows;
1:- It is a fact that I M-llI (includingcost of riser pipe) is approximately25% more

expensivethan I M-H. While studiesshowthat convertingto I M-ffl overa long
termresultsin largeprogrammebudget savingsin O&M.

2;- Another disadvantageis relatedto the heavy, 65 mm diameter,riserpipe used
with the pump. Therehavebeenreportedcasesfrom acoupleof stateswherethe
risermainshavefailed (brokenoff at thetop) in deeperinstallations.

3:- Due to non-verticality of bores, there have been some problems reported in
mountingtheIndia Mark-Ill handpumpson boreholeslessthan125-mmdia.

Remediesto above limitations (usingPVC riser pipes):
The Coimbatoreproject also conductedtrial with PVC riser pipesto get rid of above
limitations.The PVC pipesarelight weight, low cost comparedto G I, corrosionproof
and also easy to handle during installation. The project tested fifteen numbersof
handpumpsfitted with 75-mm outerdia. 5-mm wall thicknessPVC pipesand various
types ofjoints usedasriser pipe. Thefollowing observationswere recordedin this field
trial.
1:- the use of pump rod centraliser with PVC riser pipes was found essential.

However,its use,evenwith G I riser pipewill reducedamageto inner surfaceof
riserpipedue abrasion.Furtherdevelopmentis neededon this problem.

2:- the rubber compressionfittings usedin experimentalpumps, to hold the PVC
riserpipe in the watertank assemblyperformedextremelywell. No failure was
noticedduring threeyearsof testing.

3:- The PVC riser pipesare found not suitablefor installation in unlined borewell.
The abrasionfrom out side causesprematurefailure of riser pipe. The threaded
PVC joints in the riser pipe worked satisfactorily for two years. Further
developmentand field-testingwill be necessaryto developa systemcompatible
with unlinedborewells.

Therearesomeexamplesof successfulperformanceof PVC riserpipesusedin I M-Ill
handpumpsin RangaReddydistrict ofAndhrapradesh.Thepumpswith PVCriserpipes
were installedin the year 1994-95and were found working satisfactorilywithout any
complainup to theyear 199(Kalyan- 1997).

3.4; TechnologicalBackground of Handpumps:-

The handpumpsinstalled in sixties or early seventiesin the developingcountrieslike
India, were moreor less the copiesof Europeanmodels.The technologyinvolved was
almostempirical and revolutionarymodified over centuries.Thoughthe conceptof the
operatingprinciple was known, the scientific analysisof basicreciprocatingcycle was
presentedin the technicalpaperseriesno. 10 of InternationalReferenceCentrefor water
supply and sanitation,The Hague in 1977, by Mc Junkinn. Over an effort of years, a
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handbook on handpumpswas consolidatedincluding the mathematical analysis of
fundamentalhydraulics,structuralandenergyrequirementsofvariouscomponentpartsof
a handpump.Later on, a mathematicalmodel of theworking cyclewasgivenby Goh
Sing Yau in theyear 1985(IDRC-TS). This includedthedynamiceffectsoffluid friction,
pressureresistancedueto fluid flow, valvedelaysandleakagepastthroughpistonseals.

Thehandbookestablishedatheoreticalrelationshipbetweenthe rateof dischargeto that
ofcylinderdimensionsandpumpingspeed.Thedischargeof anypumpcanbe workedby
the expression( Q ir/4 D2NS). Junkinalsodevelopeda nomograph,with thehelpofthat
dischargecan directly be worked out for a given cylinder diameter,stroke length and
numberof strokesperunit time. Hedefinedthe differencesbetweenactualdischargeto
that oftheoretical,by introducingthe factorsof leakageandslippagethroughpiston and
valves. The active forces during pumping were analysedand a relationshipbetween
hydraulic forces and static head of pumping was establishedwhich enabled the
economicaldesignof variouscomponentpartsof a handpump.The termof mechanical
advantagewasableto utilisethesuitabledesignof handlefor humanoperation.

(Source:Mc. Junkin-1977).
The mathematicalmodel of Yau; introducedthe conceptof volumetric andmechanical
efficienciesin handpumpdesign.He presentedthe rigorousmechanicsinvolved in the
pumping operation. His analysis and experimentalinvestigations establishedthat the
leakagepast through the piston rings, friction betweenpiston ring seals and pump
cylinder,valveclosuredelaysandpressuredropsacrossthepiston andfoot valvehavea
pronouncedeffect on the functioning of handpumps.The abovedynamic affectshave
potential influence on the volumetric and mechanicalefficiencies of a handpump.A
mathematicalexpressionwasalso derivedin thisregard.With thehelpof theseanalytical
approaches;the optimaldesignof cylinder assemblyheadassemblycouldbe possible.A
computersimulationprogrammeofhandpumpperformancewasalso possibleusing those
mathematicalmodelsandexperimentalinvestigations.

(Source:GohSing Yau-1985).
Whatevermay be the technology involved in designingthe handpump,but the user
perceptionis theirown. They,moreor less,are interestedin the amountof waterdrawn
and how convenientlyit is done. Arlosoroff mentionedthat people preferredmore
dischargeevenif someadditional force is requiredto applywithin theircapability. In his
own version“The field trials havedemonstratedthat lever—action pumpuserstendto use
roughly the same handle movement irrespectiveof the total available stroke. The
movementis about300-400mm andrepresenta comfortableoperatingaction. Different
usersoperatein different parts of the availablehandle arc, and handledesignshould
thereforeallow for comfortableuseof a 300-400mm movementat variouspositionsto
suit the statureof different users.The handlemovementis more or lessindependentof
handleoperatingforce, until thepump becomesuncomfortablyheavyto use.So, pump
usersarewilling to applyquitehigh forces,but preferlimited movement.”

(Arlosoroffet.al.-1987).

It was suggestedto opt a right combinationof mechanicaladvantageand cylinder size
thatcansignificantly reducetheforcesandtherebystresseson pumprod andbearings.As
far aspractical,a singlecylinder diametershouldbe adoptedandthat this should be the
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smallest size neededto cope with the range of pumping head met. Discharge and
correspondinghandleforcerequiredat differentpumpinglifts, canthenbecontrolledby
mechanicaladvantage-i.e. thehighestdischargeis achievedby longeststroke,using the
minimum handlemechanicalneededto keepthe force within normalhumancapability
limits. For an example,50-mm diameterlong stroke cylinder canbe usedfor the full
rangeof lifts up to 50 m by varying the mechanicaladvantageofferedby the handle
length. Lengthemngthehandleto provide a mechanicaladvantageof 4.5: 1; makesthe
pumpsuitablefor lifts in 30 — 50 m range(Arlosoroffet.Al. —1987)

3.5: Functioning of Handpumps:-

Handpumpsinstalledfor communitywatersupply,must fulfil the minimumof two basic
considerations:it must be safe for drinking purposesand it should yield sufficient
quantity ofwaterneededfor domesticpurposes(Lloyd andHelmmer-1991).Safewateris
meaningthatit doesnot contributeto any healthhazardsto it users.It mustbe free from
chemicalcontaminantsandat the mostwithout presenceof dangerousmicro-organisms.
Thequantityof wateris thesecondaspect.Peopleneedwaterfor their bodily thirst first,
which is hardly 2-3 litres per day for a person.But otherdemandsrelatedto personal
hygiene and culinary, are also inevitable. Some more domestic requirementslike
cleaning,washing,wateringand cattleneedsetc.,increasethe waterdemandto a tuneof
20-100litres in rural communities.Thewaterpoint shouldalsobe locatedat a convenient
placeandbe reliableroundtheyear.(Lloyd andHelmer-1991)

A goodfunctioninghandpumpis requiredto fulfil the sufficientdemandof safewaterto
a numbersof users, located conveniently,working reliably year around, situated in
healthyenvironmentalconditions.
Exampleofpoorperformanceand shortlife ofhandpumps,installedfor communitywater
supply,beenobservedin thedecadeoflastsixtiesand earlyseventies(Arlosoroff-1987).

Followinggoverningfactorsmayeffectthenormalfunctioningofahandpump.

3.5.1: Pump Discharge:-
Thedischargeofthepumpmaythemostimportantselectioncriteriaofcommunity,if it is
asked to select a pump among many. Peoplemay prefer a handpumpgiving more
discharge,evenif little bit moreeffort is requiredwhile pumping(Arlosoroffet.al.-l987).

The theoreticaldischarge(Q) of a single acting reciprocatingpump is function of a
cylinder volume (V), sweptby a plungerduring its upwardsstroke and thenumbersof
pumpingstrokesperunit time (N). Thus, Q= V. N (Mc Junkin-1977).Again thevolume
of a cylinder is a productof cross-sectionalarea(A= ,t/4 D2) and length of plunger
strokes.Thusthe expressionfor dischargeofareciprocatingpumpis directlyproportional
to strokelengthandnumberofstrokesperunit time.

The actualdischargeis generallynot met with in the field measurements.Theoretical
dischargeis just a mathematicalcalculation of geometric dimensions.In the field
conditions,valve closuresarenot so instantasand whenthepistonchangesits direction
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to backwardor forward strokes.Thereis possibleleakagebetweenplungerandcylinder
wall duringpumping.The differencebetweentheoreticaland actualdischargesis termed
as‘slip’. A gooddesignedandwell maintainedhandpumpshould not showa slip ofmore
than 15% preferably5%. In somecasestheactualdischargeexceedsto that of theoretical
one(intermsof geometricalsweptvolume),due to negativeslip. This may be possibly
dueto high entrancevelocityat valvespermittedby smalldiameterandlongsuctionpipes
fitted below cylinder. Thevalvesmayremainopenfor a long time providingpassageto
morewater.(Mc Junkin-1977).

The dischargeof India Mark-Il handpumpsis measuredasperprocedurelaid down in
Indian StandardSpecificationsIS 9301-1990. A ‘type test’ has been formulated to
ascertainthe pump performancein the field. According to that “the performanceof
handpumpshall be checkedafterplacingthe cylinderat 50 m below thegroundlevel in a
borehole,theyield of whichshall notbe lessthan20 litres perminutes.Thepump should
beprimedandtestedonly aftergetting continuousflow of waterthroughthespout. The
watershall thenbe collectedin a containerfor forty continuousstroketo becompletedin
oneminuteandthedischargethusmeasuredshallnotbe lessthan 12.0 litres”(Setu-1997).

A field-testingwas conductedin Ghanaon over two hundredIndia Mark-il handpumps.
The placementof cylinderbelow ground level varied from 25 m to 80 metresand the
static water level was between0 to 42 meters in the testing area.The findings are
tabulatedasbelow.

Table3.3: dischargerateof I M-IT handpumpsin field testingin Ghana

Discharge
In I p m

Cylinder
Dia.(inc)

30 strokes
minutes

per 50 strokes
minutes

per 70 strokes
minutes

per

Mm Max Ave Mm Max Ave Min Max ave
2.5 6.9 117 9.5 10.1 25 16.6 17 8 33 23.9
2.0 5.3 6.8 6.1 7.3 13.5 10.2 13.7 16.7 14.8

(Source:World Bank- 1984)

If ahandpumpis designedfor lessdischarge,normallyrequiredby people,thenumberof
pumpingstrokeswill bemore for collectingsamequantityofwater.This will causemore
wear and tearto the handpumpcomponents,which ultimately effect the functioning of
handpumps.

3.5.2: LeakageThrough Ilandpumps:

Leakageis a commondefect in mostofthehandpumps,generallyfoundin theriserpipes.
The couplingsusedfor jointing the various workable lengthsriser pipes were found
loosenedin the field testing conductedm Ghana(Arlosoroff et.al.-1984).This typesof
leakage could arise due to improper installation of riser pipes or latter on during
maintenanceof handpumps.Another reasonmay be due to perforationsin riser pipe
developeddueto corrosivewater(Langenegger-1993).

Arlosoroffhasdefinedthe leakagein termsof numberof strokes.A handpumpis saidto
be leakywhenit yields no waterwithin first threestrokesofpumpingprovideda rest of
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aboutfive minutes allowedto the pump. The leaky handpumpmay rendersome other
typesofproblemsto theusersaswell asto pump itself. It will takemore time in filling
the samebucketofwater,putting morephysicalstrainto collectwaterandthusthe users
reluctance.Increasingthenumbersofstrokesin pumpingwaterwill causemorewearand
tear to the handpunmp componentparts. Thus increasing the number of repair
interventionsandreducingthefunctioningofhandpumps(Arlosoroffet.al.-1987).

3.5.3: Reliability of Handpumps:

The conventional interpretationof reliability based on Mean Time Before Failure
(MTBF) hasbecomeinappropriateby now. The critical item is the periodof time for
which any pump is not available for use.In terms of mechanicalengineeringindustry,
reliability is referredto the availability andis definedas below (Arlosoroffet. al. —1987).

“Reliability is theprobability that thepump is in operatingcondition on any one
day, calculatedas thesumoftheoperatingtimebeforefailure dividedby the total time.”

In the communitywatersupply MTBFis rarely the most important indicator of reliability.
TheMeanDown Time i.e. theaverageperiod for whichthepump is out of servicewhen
it does breakdownis as least as significant as the MTBF. As a better indicator of
reliability in termsof availability — i.e. the probability that the equipmentwill be in
operating condition on any one day, calculated asthe operatingtime asa percentageof
total time, or say as follows;

Reliability = functioning time
Total elapsed time

Thus the breakdownfrequencycombined with the mean down time to resumethe
handpumpoperativepresentacompletesenseofreliability.(Arlosoroffet.al.-1987).

(a) Breakdown Frequency:

This may be definedas the numberof times, a handpumpgoesout of order within a
specifiedperiodof time. This canbe expressedas oncein a monthor yearor so. The
maintenancesystemadopted,hasa greaterinfluence on the breakdownfrequency.If
preventivemaintenanceis ensured,it will reducethis frequencyand also if curative
maintenanceis providedin time, it will decreasethe chancesof damagingotherwearing
partsandtherebyincreasingMTBF (Kalyaii —1997).

The Coimbatore test project for India Mark-TI and Mark-ITT handpumps,adopted
centralisedmaintenancesystemwhere, the interventionsrequiredby a mobile teamwas
takenasameasureof reliability. Field findings revealthataveragemajorrepairneedby a
mobile team may perhaps be once in six years. The overall frequency of parts
replacementwas 9.15 times per handpumpper year for I M-II and 4.45 per I M-HI
pumps. Frequency of rising main replacementwas morewhich stood to 2.36 perparts
replacedperyearperpump(Report-Coimbatoreproject,1990).
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The quality ofhandpumpmaterialsandcareful executionof field works, playsvital role
in loweringdownthebreakdownfrequencyandby that theperformanceofhandpumpsis
enhanced(Arlosoroff—1984). In the field observations,thereasonsfor badperformance
of handpumpsfound to be relatedto the materialsusedin manufactureof component
parts, fabricationprocessesof parts,pump installation methodsand boreholedrilling
techniques.Someoftheproblemsarementionedbelow;

Problemsrelatedto materialdefects;
(i) breakageofconnectingrods,couplings,riser pipesetc.
(ii) leakagedueto defectivecouplingsandperforationin riserpipesdueto corrosion.
(iii) Hardpumpingandrodbreakagedueto inaccuratetolerances.

Problemsrelatedto improperinstallationprocedure:
(i) disconnectedpumprods,riser pipesdueto impropertighteningof couplings,nuts

andbolts.
(ii) hard pumping andlor extremewear due to maladjustmentor bad alignment of

parts ofpumps.
(iii) enteringofdirt andpollutedwaterinto thewells if pumpstandis not sealedoff.

Problemsrelatedtopoor wellconstructiontechniques;
(i) sand,silt andclay in thewater( up to onevolumepercentof sandy-siltymaterials

havebeenmeasuredin groundwaterfrom boreholesequippedwith handpumps).
(ii) Pump cylindersthat arenot submerged,partly immersedin water@robablecauses

offor this arecloggingofscreensandgravelpacks,insufficientwell development,
depletionof aquiferswaterquality).

Someof the casesof inclined borewellshavebeen reportedto causerupture due to
continuousrubbing betweencylinder andwell lining andresulting to completefailure of
boreboles(UNICEF —1995).

The accumulatedimpact of the above mentionedproblemsdeterminethe reliability,
durability and thereby the functioning ofhandpumps.

(b) Down Time:
It may be definedas the period for which the handpumpstandsidle in waiting to be
repairedby the skilled mechanicor themobile teamor the users.This leavesa major
impact on reliability of handpump.The higher the down time, the lessertime will be
availablefor thetIinctiomng andalsopublic usage.

Themeandowntimeis constitutedof following penods:
(i) time takenin reportingabreakdowninformationto maintainingagency.
(ii) Thetime lagbetweenthe receiptofbreakdownmessageand actuallyreachingthe

pumpto commencerepair.And
(iii) Activerepairtime; i.e. thetime actuallytakento carryout repairsandsetright the

handpumpin operation(Kalyan,C.K..-1997).
Thereports(Gol) on functioning of India Mark-IT handpumpsreveal that about85% of
handpumpsare operativeat any point of time. It implies that a handpumpsits idle
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approximatelyfor aboutfifty daysin a year.The findings of theOperationandResearch
Group(ORG),saythatthe reportingtime of handpumpfailure variesfrom fourto thirteen
days.The actualdown time, i.e. the time takento set right the handpumpand put it to
serviceagainis somewhatbetweensevento forty four days.The groupreportindicates
that anIndiaMark-il handpumpremainsinoperative,on an average,for thirty-sevendays
in ayear.(Report-GoI, 1990).

Costeffectofdowntimefor IndiaMark-TI handpumps:
TheCoimbatorefield-testingproject,workedout themaintenancecostperhandpumpper
year for centralisedmaintenancesystemthrough mobile team. The teamconstitutedof
five skilled andsemi-skilledpersonsand a van actuallyrequiredcarryingout the repair.
Someassumptionswerealsomadebasedon local situationandexperience,which are;

(i) onecaretakerfor eachhandpump;
(ii) oneblockmechanic canrepair1500handpumpsin ayear;
(iii) onemobile teamwith vancanrepair300handpumpsin ayear;
(iv) costof sparepartsis takenon thebasisoffrequencyofreplacement.

Combining all the anticipatedexpenditures,the cost of repair for India Mark-H was
worked out to Rs. 874. 21 and Rs.381.11 to that for Mark-ifi (as on the rates of
yearl985).Thecostofdowntime for I M-II havebeenworkedin following table.

Table3.4: costof downtimeperyear.
Particulars Amount (in Rs.)

1- Capitalcost 24950.00
2- Maintenancecost 874.21
3- interest@ 12%oftotal cost 2994.00
4- Depreciation(15yearsapprox.) 1663.33
5- Total of2,3,4 5531.54

Thus the cost of operationas amvedaboveis Rs. 15.16 per day. If a pump is not in
working order for a day, thereis nationallossof Rs.l5.16that day.As reportedearlier, if
a handpumpin inoperative for 37 days in ayear,the lossofbenefitsto thecommunitiesin
indirect financial terms (since the services was provided by the government)will be to
tuneof Rs. 560 92 peryearperhandpump.Apart from this, the lossof time involved in
collectingwaterfrom amoredistantsourceandthepotentialadverseimpacton thehealth
ofthecommunityis alsosignificant(Report— Gol, 1990).

Followingarethepossiblereasonsfor highdowntime in thefield conditions.
(i) delayin reportingbreakdown;
(ii) communicationdelays;
(iii) delayin taking action on receiptofbreakdownreport;and
(iv) useofnon-standardsparepartsand faulty installations.
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3.5.4: Water quality:-

(a) CorrosiveAspects:
The handpumpbeing pumping machinery, lifts water from aquifer below ground and
remainsin closecontactof water all the times. Thereforethe quality of aquiferwater
leavesapotentialinfluenceon thefunctioningof handpump.The experienceswith World
Bank executedhandpumpprojectsin West African regions, indicatesthat the ground
water quality has significant effect on the performanceof handpumps(Langenegger-
1993).In the areas,wheregroundis corrosive,non-corrosionresistantriser pipes,pump
rods and cylinder etc, suffered a seriousattackof corrosionand breakdownfrequency
increasedconsiderably. About two third of breakdownswere recordeddue corrosive
effect of water. The handpumpwater quality survey was conductedin some of the
countries like Ghana, Mali, Niger and Burkina Faso by a team of World Bank. The
experiencefrom the field trial revealedthat corrosivegroundwater is an importantfactor
with regardto functioningof handpumps.The aquiferswith aggressivewaterareworld
wide while predominantlyin West African region (around70% regionhasaggressive
ground water) (Langenegger — 1993).

Corrosion is a complex multi-diciplinary phenomenon.In the co-operativeresearch
reportof AWWAJ DVGW, it is definedas ‘—the complexphenomenonof corrosionis
governedby variety of chemical, physical, biological and metallurgical factors that a
universalapproach and solution is not possible.Equally evident is the well-recognised
fact that no universal index exists for predicting corrosion in all types of water systems
and for all waterquality conditions.’ Clearlythecorrosiondependson severalfactors.As
far as waterquality is concerned,the pH value and Electrical Conductivity are the two
simple indicatorsof corrosivewater. Low pH value shows the acidic natureof water
while E C is direct measure of conductivity of water acting as ‘electrolyte’ which is the
causeofgalvaniccorrosion(Langenegger-1993).

Corrosivewaterhasa two —fold effect on handpumps;first it causesmechanicalfailures
and secondly deteriorates the water quality. The handpump component parts like riser
pipes and connecting rods, being submergedin water, are get badly corroded.
Considerable reduction in pump rod dimensions is observed and perforationsin nser
pipes arenoticed.

It is found that there is rapid growth of corrosion between the pH range of 6 to 6.5.
Perforated riser pipesreducethe dischargeof handpumpsand also createleakagethat
effects its functioning considerably. Secondly the corrosion products, create another type
of problem by increasing the iron content of water, leaving turbidity, taste, and colour
(reddish) water and sometimes odour Few side- effects like staining of cloths and food
stuffs, makes the waterunacceptableaesthetically.In the field trials it is found that the
water points with iron content of 5 mg/i or more are rarely used by people. Iron
concentration could be good indicator of waterusage.
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(a) Drinking Aspects:
Thewatersupply intendedfor public shouldhavetheessentialrequirementofwholesome
and potable (Bhargava,D.S.-l985).For proper control of water quality supplied to
community; standardspromulgatedby variousauthoritiessuchasWHO, EPA ofUnited
Statesand severalother organisationsof different countries,have been set. Various
constituentshave been limited in terms of concentrationsas set in standards; mainly
basedon healthhazardconsiderationsandaestheticview.

The acceptanceof waterquality by the usershas also an impact on the functioning of
handpumps.A handpump,found in good condition, operatingwell, yielding sufficient
dischargebut may hardly usedby community. There may be some water quality
parameter,beyond acceptablelimit, which causedrejection of handpump. Such a
handpunipmaynotberegardedfunctioningwell on waterqualityconsiderations.

Lloy and Helmer-1991,havementionedsomebasicrequirementsof drinking water that
must be considered in communitywater supply.
• It should be freefrompathogenic(diseasecausing)organisms.
• Containingno compounds that have an adverse effect, acute or long term, on

humanhealth.
• Fairly clear(i.e. low turbidity, little colour)
• No salinity (salty)
• Containingcompoundsthatcausean offensivetasteorsmell.
• Not causingcorrosionor encrustationofwatersupplysystem,norstamingclothes

whenwashedin it.
(Lioyd andHelmer-1991).

Following waterquality parametersaremost commonly takeninto considerationfrom
waterusepointofview ( asper WHO, guidelinesfor drinkingwater- 1993)

Physical parameters:

(1) Colour: Thecolour is causeddueto presenceof colouredorganicmatter,mainly
huniic or fulvic acidswhich are associatedwith humusfractionof soil, It is also
due to presenceof iron and other metals,either asnatural productor corrosion
product.It mayalsoresultfrom industrialeffluent.

Colourbelow 15 TCU (true colour unit) is usuallyacceptableto consumersand
abovethat it mayberejectedon aestheticview.

(2) Tasteand Odour: Theseoriginatefrom thebiological sourcesor processese.g.
aquaticmicro-organisms,from contammationby chemicalsor as aby-productof
water treatment.It may also developduring storageand distribution. Tasteand
odourmaybecauseof rejectionby people.Majority of consumerscomplainabout
waterquality, al overtheworld, mainly relatedto tasteandodourproblemcaused
by turbid or discolouredwater and deposits (Mallevialle and suffet-1987).
Differencein tasteof newsourcein compansonto old traditional one,mayreduce
the acceptability.
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(3) Turbidity: Thisis causeddueto presenceof particulatemattersin suspendedform.
They may be particles like silt, clay or corrosion product, soluble organic
compounds,microorganisms@lankton etc.) or some microscopicorganisms.
Turbidity is a measureof water clarity. It leavesaestheticimpact on consumers.
It doesnot offer any directhealthhazardsbut createsdifficulties in disinfection.
Ground water almost found free from turbidity. But some wells may have
suspectedparticles of corrosion products or due to poor well sealing. The
thresholdturbidity limit, whichcanbe visible to nakedeyes,is above5 NTLJ and
waterwith this limit is acceptable.

Chemical Parameters:

(1) Chlorides~High concentrationof chloridesgives an undesirabletasteto water
and beverages.The tastethresholdfor chiondeions are in the rangeof 200-300
mg/l. Consumersmay acceptto a level of 250 mg/I in exceptions.Chloride in
ground water may be causeddue to seawaterintrusion or due to geological
formations rich in chlorides. Pollution may also be a cause.It is difficult to
remove the chloride from water, economically. High content may result in
corrosionandmayberejectedby consumers.

(2) Hardness: Acceptabilityofhardnessby consumersvariesconsiderably.It canbe
tolerablebetween100-300 mg!l and in exceptionup to 500 mg/l. It is causeddue
to dissolvedcalcium and magnesium.High hardnesscausesscaleformation in
cooking utensilsandincreasesthe soapconsumption.Conversely,low hardness
(below 100 mg/i), makesthewatercorrosivebecauseoflow buffering capacity.

(3) Iron: Iron is themostabundantmetalin theearthcrust(5%). Groundwatermay
containferrousionsof severalmg/i; without leavingany indicationwhenpumped
out from wells. On exposureto atmosphere,ferrousions are oxidisedto ferric
giving objectionablecolourandturbidity to water. It alsopromotesthe growthof
‘iron-bacteria’ which derivetheirenergyfrom oxidation of ferrous ions to ferric
ions andin this processdepositaslimy coatingon pipesandrods.

At a level above0.3 mg/I, it stainslaundryandplumbingfixtures. It also develops
taste,colourand turbidity. Concentration between 1-3 mg/i canbe acceptableto
peopledrinking anaerobicwell water.

Iron is essentialelement for human nutrition. Estimatesof minimum daily
requirementof iron depends on age, sex, physiological status and iron-
bioavaiiabilityand it rangesfrom 10-50 mg/day.

Humanbody contains about 4.5 mgiron out of which, 70%in haemoglobin, 26%
in proteins and 3.5% in myoglobin (Mathur,A.K.—1996 CGWB’). Iron when
presentmore than 10 mg/kg human body weight, causesrapid increase in
respiration,pulserates,congestionofbloodvessels,hypertensionanddrowsiness..
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As a precautionagainststoragein body of excessiveiron, in 1983, JECFA2
establishedaprovisional maximumtolerabledaily intake(PMTDI) of 0.8 mg/kg
of body weight, which applies to iron from all sourcesexcept from iron
supplementfor specific clinical requirements.An allocation of 10% of this
PMDTI in drinkingwatergivesavalueof2 mg/l whichdoesnot presentahealth
hazard,exceptthosetasteandappearance.

(4) Fluorides:
Fluorideions arewidely distributedin theearthcrustandin abundancein igneous
and sedimentaryrocks and minerals. Apart from weatheringof rock fanning
mineralslike topaz,fluorite, flour-appetite,Willametteetc.humanactivitiesin the
form of phospheticfertilisers or other fluoride containingindustrial wastecan
contribute to fluoride content in ground water. Restricted aeration, climatic
factors, temperatureetc. are certain other factors responsiblein affecting the
overall fluorideconcentrationofgroundwater(Mathur-1996,CGWB).

Soluble fluorides are readily absorbedin gastroinstetinaltracts after intake in
drinking water. A concentrationof 1-1.5 mg/I in drinking water is optimal and
beneficialalso.Below 1 mg/i it causesmottling of childrenteethandexcess value
contributesto therisks of dentalfluonsis andmuchhigherconcentrationleadsto
skeletalIluorisis. Theguidelinerestrictstheupperlimit up to 1.5 mg/Ionly.

1- CentralGroundWaterBoard,India.
2- JointFAO/WHO expertcommitteeon foodadditives.
FAO- food andagriculturalorgamsationofUnitedNations.

(5) Nitrate andNitrite: High nitrateconcentration(> 100 mg/i) in groundwater,when
used for drinking purposescan adverselyaffect the human systems arid on
vegetation’s.Excessconcentrationcausesmathemoglobinemiaor blue babiesin
infants. It reducesto nitrate in gastromstetinaltractsproducingnitrosoaminesand
thus causegastro-carcinomasin wide rangeof animal and human(Mowali and
Seshaiah-1988).High nitratemay also haveadverseeffect on the cardiovascular
systemsandcontrolnervoussystems.

Excessivenitrogencompoundsgenerallyfind their way in groundwaterbody in
oneormoreofthefollowing ways
1- Atmosphericnitrogenfixation.
2- Atmosphericsourceswhich includeinteralia;

(a) industrial wastes (b) human and animal wastes (c) agricultural
activities. (MathurAK —1996,CGWB)

TheWHOguidelinesrestrictsthe limit of nitrate to 50 mg/i.

(6) Sulphate:Sulphate in groundwateroccurs from naturalresources.It is the least
toxic anion, howevercatharsis,dehydrationand gastro-instestinalirritation have
beenobservedat high concentration.Presenceof sulphatein drinking watercan
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cause noticeable taste and varies with the nature of associatedcations. The
acceptablelimit on tasteconsiderationsis 250mg/i.

(7) pH value: Although the pH hasnothing to do with consumers,it is one of the
mostimportantoperationalwaterquality parameter.This is alsoa good indicator
of corrosivenatureof water. In caseof groundwaterif pH is found lessthan6.5,
it cancausecorrosionto pumpingcomponentsasdiscussedearlier. Thedesirable
valuemayvarybetween6.5 —8.5asperguidelines.

IntegratedWaterQuahty Index:

There are a large numbersof waterquality parameters,which contribute to various
acceptabilitycritenonsin varying concentrations.It will be too easyif the overall effect
in the water quality deviation could be expressedin an integratedmanner,giving due
regardto both theimportanceof eachconstituentsaswell asthe magnitudeof expected
concentration(BhargavaD.S.-1985).An attempt wasmadeto presentthedrinking water
standardsthrough an IntegratedWater Quality Index (WQI). A model expressionwas
developedto accountfor all thequalityparametersofa samplebasedon thesetobjectives
in termsof asensitivityfunction.Oncethewaterqualityof givensampleis knownfor its
variousvariables,thesensitivity function for eachof the testedvariable canbe worked
out or estimatedfrom thegivengraph.ThustheWQI caneasilybeestimatedfor an index
and basedon that decision can easily be taken for the acceptability to community
supplies.Here only one standard(namelyWQI, not exceedingto 90) may be enough
insteadof laying out permissiblelimits for a very largenumbersof variables.Because
evenif the concentration of one variableriseto high level, WQI would not reachnear90.
It wassuggested that the communitywater supply should have a WQI of more than 90.

3.6: Water usage:-

The overall objectiveofthe IDWSSD may not only be limited to makeavailablethe safe
and adequate water-sanitation facilities to the communities all over the world. The
intention behindthe decadalapproach was to provide primaryhealth benefitsandthereby
to improve the socio-economic status of those people who were deprived so far.
Falkenmark, 1982;finds it as are volutionary approach ofthe decadein liberation ofrural
women from the extensiveburden of collecting water from long distances(Albert
Buitenhuis-1993).But therealbenefitcanonly be possiblewhenthecommunityUSEthe
facility provided for, oherwise it might be a bareinvestmentThe World Bank technical
paper no. 207- 1993, advocates the effective use of facilities, “effective use is the optimal,
hygienic and consistent use of water and sanitation facilities to maximise benefits and
minimisenegativeconsequences,over an extendedperiodof time.”

Once the implemented and functioning , waterand sanitationfacilities, mustbe utilised
by the community is to experience the positive health, economic, social and
environmentalimpacts(DeepaNarayan-1993).Theavailablewatermaynot be usedin
sufficientquantity, by thepeopleorbeingusedby fewerpeopleormaybeoverusedand
causingenvironmental degradations.Thus the optimal use of the facilities becomes
important.thenumberofpersonsusing thefacility, quantityof watercollected,thetime
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taken in collection, distancetravelled for collection may the good indicator of water
usage.

Setu-1997,definesthewaterusageasvolumeofwaterusedfor all domesticpurposeslike
drinking, cooking, washing,personalhygiene,vegetablegardeningand cattle feeding.
Also many factorseffect thewaterusagesuchascultural habits,patternand standardof
living, moneypaidfor waterandthequality of watersupplied.

A survey conducted by Indian Market Research Bureau, under the UNICEF sponsorship,
definesthesafewater, which areusuallyclear, tastessweet, free from unpleasant smell
andcooksfoodquickly. Thecookingquality of wateris attractiveto womenin particular.
Majority ofpeoplebelievesthatvisually clearandsweetwateris safe for drinking while
very few know that it should be free from germs also. Health aspectofunsafewateris not
knownto mostofpopulation.Only avery peoplecansayaboutthewaterrelateddiseases
like diarrhoea,cholera andstomach disorders. (UNTCEF-1989).

As far thecostof wateris concerned,peoplearefound verymuch conservative to pay for
water. If the new facility of water is proposed to be taxed, they may refuse it to accept it.
And also may better like to collect water from traditional sources irrespective of distance
and quality. In rural areas, people always under value their own labour vested in
collection of free water rather to pay for waterpoints or yard taps. If the cost of new
facility is more, people may not accept and turn to traditional sources.

(Carr andSandhu-1988)
The quantity of water collected from a handpump, by a numbersof personsand a
convenientdistanceetc. all factorsinfluencethewaterusage.Thewater use is also related
to the functioningofhandpumpsthereforethis parametermay betakenasan indicatorof
functioning of the handpumps.The pump conditions and the pump environmentplay
importantrole in attractingcommunityfor the useof facility. If thehandpumpis situated
at unhealthy location and old traditional sources like open wells etc, are in good
condition, people may prefer to usethat one. The condition of pump effects the people
attitudeto useit. Any handpumpwith a large play in handle,damagedbearings,leaking
tanks and difficult to operate mayreflect the communityfrom usingit.
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Chapter-4 Research Methodology

4.1 Outlines :-

Research in social sciencesis direct outcome of man’s urge to understand his society, its
nature and working. Thus in social research, the role of social elements is very crucial.
Human, being attachedto his society,do not operate under controlled conditions; on contrary
they are alwaysunder diverse influencessuchas environmental, physical and social and these
influences freely impact with eachother and seldom operate in isolation. This interplay of
diverse influencesmakes socialphenomenamore complexes.It is again further increasedby
the uniquenessof eachindividual’s behaviour in thinking, working and attitudes (Setu-1997).

The modern concept of research is, therefore broad-based and provides for meaningful
investigation in the field of academics. Research,thesedays is treated as advancement in
knowledgeacquiredthrough scientific methods. According to PV Young, social research
may be defined as a scientific undertaking which, by means of logical and systematic
techniquesseeksto;
(i) Discovernew facts or verify and test old facts;
(ii) Analysetheir sequences,inter relationships and casualexplanationswhich were denved

within an appropriate theoretical frame of references.
(iii) Developnewscientific tools, conceptsand theories,which would be reliable and valid

study.

According to John Best, research is more systematic activity directed towards
discoveryanddevelopmentof anorganisedbody of knowledge(Kalyan -1997).

This chapter mainly dealswith descriptionofresearchmethodologyasadoptedin the study
of India Mark—il and Mark—Ill bandpumps.First ofthethemesandindicators,evolvedfrom
literaturereview, arediscussedrelatedto thetopic andafterwardstheproceduresadoptedfor
field datacollectionandpeoples’interviewmethodshavebeenelaborated.

4.2 Selection of Themes& Indicators

For evaluation of the functioning of handpumps, a scientific and systematic approach is
required. Some key issues and parametershave direct and indirect influence on the
functioning,which enableto comparethe two types ofpumpingdevicesof samekind. After
literaturereviewon the subject,certainthemesand indicatorsrelatedtherewith, areevolved
to measureand comparethe functioning of India Mark—Il and Mark—ill handpumps.Also
thesethemesand indicatorshavesomestandardisedvalues,guidelinesandnationalstandards
fixed by well known institutions like WHO,EPA or various Governments as mentioned in
literatures.(see also chapter-3,para 3.5).

Present study is focused towards the functioning of handpumps. The maintenance systems
and the use of water also influence considerably the functioning and for this reasonsome
indicatorsareselectedlikewise.The systemadoptedfor operationand maintenanceof any
watersupply system,effectsits’ functioning to a greatextent.Thereliability of a handpump
system,moreor less,dependson themaintenancesystemfollowed in thearea.But this theme
couldnotbe includedwithin thepurviewofthis studybecauseoftimelimitations.

45



Theindicatorsselectedareasfollows:

1: Discharge:-

The yield of water per unit time from handpump is a good symbol of its functioning. The
Bureau of Indian Standards has fixed a standardisedrate of dischargefor both types of
handpumps,on the basis of which ahandpumpcanbecalled functioningproperlyorpoorly.
The volume of waterdrawnat a specifiedpumpingrate, is the indicatorof this theme.The
dischargeof eachhandpumpwasmeasuredasspecifiedin para7.3.2(routinetests)ofBureau
of Indian StandardsIS:9301; 1990 and IS:13056; 1991. The specifieddischargefor both
typesofhandpumps,shouldnot be lessthan 15 1pmwhenpumpedat 40 strokesperminutes
in the laboratoryand 12 1pm in the field condition.

2: Leakage:-

Someofthehandpumpsshowafew non-yieldingstrokesandso aretermedasleaky one. The
numberofstrokesrequired,after arestof atleastfive minutes,to startproducingwateris the
indicatorof a leakyhandpump.Arlosoroff(1987)hasdefinedtheleakypumpwhich doesnot
yield within first threestrokesofpumpingafterarestoffive minutes.

3: Reliability: -

A handpurnpis saidto bereliable,wheneverit is pumpedit mustyield water.As perdesign
conceptionof India Mark — II & Mark — IH handpumps, it should be 100% reliable. The
reliability of a handpump is measuredin combinationof breakdownfrequencyand the
averagedowntime. The systemofmaintenancefollowed in areaconcerned,alsoeffectsthe
reliability to agreatextentbut detaileddatacouldnot be collecteddueshortageof time for
this theme.

(a) BreakdownFrequency:-
This is the numberof times, a handpumpfails in a year.As per design considerations of
handpumpsunderquestion,at leasttheyshould run for one yearwithout any trouble. Also
somereportsandstudiesrevealthat thebreakdownfrequencyshouldnot be morethanoncea
year.

(b) AverageDowntime:-
Thisis thetime takento restorefunctioningof handpumps reckoned from the date of failure.
On anaverageit shouldnotbemorethanone or two week.The downtimeis fully dependent
of themaintenancesystemadoptedin the area.In fact this is the time takento put the hand
pumpinto serviceagain,asmeasuredfrom thedateofbreakdown.

4: Water Quality :-

The waterquality of aquiferhasdirect as well as indirect influenceon the functioning of a
handpump.Most of the breakageof below groundcomponentse.g. pumps rods and riser
pipes areattributedto corrosivegroundwater. On the otherhand,thepoorquality reduces
theuseofhandpumpwater,which mdirectly influencesthe functioning.The watersamples
ofeachhandpumpcollectedasper procedurelaid in IS-3025,1987 andsent to departmental
labouratory for testmgthequalityparameters.

5: Coverage:-
The total numbersof personsusing thehandpumpwater is an indicator of this theme. It
reflects the functioning of handpumpindirectly. The datafor this themehasbeencollected
duringtheinterviewsandactualcountingoftheusersaroundthehandpump.
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6: Water Usage:-
The volume of water extractedper day from the handpumpis directly related to the

functioning of the handpump.Necessarydata to measurethis themehas been collected
during interviews.Thepeoplewere askedfor the numberof bucketsof watercollectedper
dayandthequantityofwaterusedcouldbeworkedout.

7: UseofTraditional Sources:-
Inspite of the handpumpsinstalled in the locality, somepeopleevenusetheir traditional
sourcesofwaterfor theirdomesticneeds.This practice,indirectly effectsthe functioningof
handpumps.During interviewsit hasbeenassured.

8: Pump Condition :-

Theconditionofpump,platformanddrainsdirectly reflectsthequality ofhandpumpswhich
hasbeen directly observed in the field. The indicatorsarerated as good, moderate andbad
according to present pump condition observed.

9: PumpEnvironment:-
The surroundingsof a handpumpis a reflection of upkeep of handpump,community
involvement and its social aceptance.The sourcesof pollution and wastewaterdisposal
systemsarethe indicators,which aredirectly observed.

10: Users’Satisfaction:-
The users’ satisfactionis the overall measureof functioning of a handpumpalongwith
performanceof maintenance teamaswell as maintenance system.

4.3 Sampling:-

Theprimarypurposeoftheresearchis to discoverprinciplesthat haveuniversalapplications.
Research work needs adequate and accurate data for this purpose.In orderto obtain these
data, a researcher conducts investigations into a given population. Information, thus, can
often be derived quickly and cheaply andwith sufficient accuracy from a sample of the total.
Sampling refers to the investigation of part of the whole population. A statistical sample,
according to Calvin, is a miniature picture of crosssectionof grouporaggregatefrom which
the sample is taken. In short, sample represents the whole population and by observing the
samples,certain inferencesmay makeabout the population.For collecting representative
data, samplesarenot selectedhaphazardlybut a proper procedureis adopted,so that the
influence of chance andprobabilitycanbe estimated(Kalyan- 1997).

The important consideration in selecting a sample is to see that it is closelyrepresentativeof
the universe. The size of the sample may not be the guaranteeof its beingrepresentativeof
the population. Sometimes a large sample poorly selected may not prove to be a true
representative of umverse while a small sample properly selected may be much more reliable.
(Sadhu and Singh - 1985)

The state of UttarPradesh is a big one, constituted of eighty-three administrative districts out
of which about seventydistrictsarebenefitedwith handpumpproject anda huge number of
populations are covered with water supply. To review the functioning of handpumps,a
rationally good representative districts and there from few sample villages has to be selected.
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In the forthcoming paragraphs,various aspectsof sampling areconsideredin selectionof
samples.

Sample Size:

For a proper study, the handpumps must be usedby a sufficient number of personsand also
should cover a reasonablearea. A handpump usedby only 1 0—i 5 personswasnot considered
suitable to evaluateits functioning. Therefore the handpumps situated at 100-150m distance
andusedby 50 or more numbersofpersonswere given priority.

Effort is made to get a stratified random sampleof householderschoosingthree within 10-
20m radius, three within 50-lOOm, and three from outer penphery or last users. The houses
were chosenfrom the different lanes leading towards the handpump. But this ideal situation
is not alwaysmetwith everyhandpump. At someplacesthenumber ofusersfamily wereonly
eight to ten andalso not all available for interview. At someplacespeople fearedofbeing
taxed for using handpump and denied saying anything and some found very reluctant in
conversation.Under thesecircumstances,the number ofpersonsfor interview wasreducedto
five or six only as per availability. In this way a total of 297 householderwere interviewed
for all forty handpumps. Effort hasbeenmadeto selecthouseholdersfrom various sectionof
society such as, farmers, businessmen,poor persons, labourers, local mechanics etc. for
gettingviewsof whole society.Thusthesamplesselectedare summarisedas below.

Table 4.1: villagewise details of interviewedhouseholders;
Nameof village I district Numberofhouseholdersinterviewed

IM-Il IM-ifi
1 - Narausa/ Lucknow 17 26
2 - HemarapurI Lucknow 9 36
3 - Chandrawal/ Lucknow 25 10
4- Bakkas I Lucknow 21 15
5 - Raim / Allahabad -- 48
6 - SehuadihI Allahabad -- 8
7—Atanpur / Allahabad 6 12
8 - Saraiharkishan / Allahabad 14 --

9 - Baksera/ Allahabad 18 --

10- Baijahi I Allahabad 32 --

Total 142 155

4.4 Selectionof Study Area:-

The usersof the bandpump in the state are the target population in this study. According to
Paul Nichols (1991),the accuracyof samplein representing the target population; dependson
the sample sizeand the methodof its selection.Again it is stated that for bigger the sample,
more accuratethe resultsbut higher the cost.It wasdecidedto selectonly two districts out of
eighty three districts in the state; keeping in view the limited time for study andminimum
costexpenditure available for logistics.
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4.4.1 Selection of districts :-

The rural populationof the stateis fully coveredwith hand pump projectsand mostly
IndiaMark—Il handpumpsare installedin all of the plain districts. WhereasIndia Mark—ifi
handpumpsare installed only in some villages of a few districts that too with material
assistanceprovided by UNICEF. ThesedistrictsareLucknow,Thansi,Banda,Allahabadand
Sonbhadra.Thebasicinformationregardingthenumberof handpumpsmstalled,numberof
villages benefited, the topography and hydrography of the districts, waterscarcity status,
presence of traditional sources etc. were collected in the beginning. District Allahabad has
got an extra weight over other semi-hilly districts becauseof its’ conversionprogram. It was
reported that in Allahanbad district, conversion of India Mark—Il into India Mark—HI
bandpump is being done in someofthe blocks. Under thesesituations this district was found
more logical to be selectedout of the above five districts. Out of thesefive only one, the
Lucknow is situated in centralpartof Indo Gangatic plain whereasothers arealong the foot
of semi-hilly region oftheVindhyan range. To selecta judicious areaofstudy, among these,
two districts, one from plain region and other from semi-hilly region has to be considered.
The underlying concept is being to compare both the handpumps,nearly in the samefield
conditions, using the sameborewell and also usedby the samecommunity members. Thus
finally the two districts, Lucknow and Allahabad are kept within the purview of present
study.

4.4.2 Selection of Villages :-

Each of the selected districts is constituted of severaltehsilsand a numbersof development
blocks and many hundred of villages therein. A preferential sampleof villageswasselected
keeping the following consideration in view.
1: - Preference hasbeen given to those villages where both types of handpumps, Mark — H

andMark — Ill are installed.
2: -The village population is such that it represents a stratified sample of small habitation

as well as the huge population i.e. village of lesspopulationand large population.
3: - The villages arelocated in such a way to cover the general topography of the district.
4: - Someof the villages may have traditional sourcesofwateralso.
5: - Those villages are preferred where conversion is being done.
6: - Somevillages areselected from remote countryside, which is rarely accessible, and

some arenear to the towns.
So many villages were shorted out satisfying abovecriteria. Only following were chosen
using the lottery system.

Table 4.2; details of selected villages:
S.N. Nameof villages Population

(1991)
Number of
Hamlets

No. of H Ps
IM-Il IM-IH

1. Narausa 1914 9 7 5
2. Hemrapur 3721 5 16 9
3. Chandrawal 1311 5 10 — 5
4. Bakkas 5433 10 24 12
5. Raii 1449 3 1 7
6. Sehuadih 1713 4 7 2
7. Atanpur 1588 4 5 2
8. Sariaharkisan 223 2 1 -

9. Baksera 397 2 3 -

10. Baijahi 1312 3 6 -
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Sample Size;

After visiting all the handpumps installed in the village includinghamlets,only few working
handpumps were selected for detailed observations. This biased sampling was done in the
light of the main objective of study, which is to evaluate the functioning of India Mark—il
and Mar—Ill handpumps. Someof the both types of handpumps arefound out of order since
installation. To comparethe functioningof two types of handpumps, it is more judicious to
select them in working order. Also they should be of nearly the same age to equalise the
effect of passage of time.

The following points were considered while selecting the handpumpsfor the detailed
investigation s in the field.
1- Handpurnp must be in working order.
2- Both types of handpumps maybe installed in the same year around.
3- Maybe located in same village or near vicinity.
4- Handpumps mayhave a running period of 5-6 years or more numbersofyear.
5- Handpump may be in use by 50 or more numbersofpeople.
6- Too new or too old handpumps maybe avoided as for as possible.

A number of handpumps fall under this criteria but only forty handpumps were selected for
study according to lacal convenience and accessibility. Based on the above factors and
considerations, the villagewise break-up of handpumps is presented as below.

Table 4.2: details of samples selected for observations:
Namesof villagesl districts Number of samples selected

India Mark-il India Mark-ifi
1- NarausaI Lucknow 2 3
2- HemarapurI Lucknow 1 4
3- Chandrawal / Lucknow 4 1
4- BakkasI Lucknow 3 2
5- Raini / Allahabad - 7
6- SehuadihI Allahabad - 1
7- Atanpur I Allahabad 1 2
8- Saraiharkishan I Allahabad 2 -

9- Baksera/ Allahabad 3 -

10- Baijahi I Allahabad 4 -

Total 20 20

4.5: Collection of Field Data and Informations

As mentioned in the previous sectionsthat this study is aimed for evaluation of functioning
of two types of handpunips and certainthemesand indicator are evolved for comparison.
Someofthe indicators are obtained from direct observationsand rest is to be extracted from
peopleusing the handpump through interviews.
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4.5.1 Interviews

Discussionat TopManagerialLevel:
Drinking water supply in the rural area is being provided through India Mark —II handpumps
in most of the districts of the state where ground water of acceptablequality is available.The
departmental information regarding selection of handpump, installation procedureand
maintenance system of handpump, organisational set-up,activities of department,detailsof
handpump installation programme etc. all information were scheduled to collect from
different levels of offices. The office of the Managing Director is the topmost administrative
headquarter and hereafter referred as Head Office whereas the office of ExecutiveEngineer
is lowest field unit responsible for execution of field works and hereafter refered to as the
Divisional Office. The office personnelin HeadOffice wereapproachedanddiscussedwith
the present policies adopted in thewatersupply sector,the governmentdirectivesregarding
maintenance of handpumpsaswell aspipedwatersupplysystems.Presently only India Mark
—II handpumpsarebeinginstalledin thousandsof numbers throughout the statebut Mark—HI
being cornered.The best effort was made to know the reason behind this policy. In this
regardChiefEngineerconcernedwas also approachedand his opinion was soughtfor. The
materialmanager,who is responsiblefor materialprocurementto the whole statewas also
interviewed. The main reason for not purchasing India Mark —ffl handpumps was asked to
materialmanager.Thesecretary(management),who is looking for theworksmanagementof
the whole state,was interviewed. Themanager(monitoring) wasapproachedto know the
physicalprogressof handpumpinstallationandrepairsfor thecurrentyear.Also theannual
expenditureincurred on repair and maintenanceof handpumpswas collected from the
finance section.The Chief Engineer(ElM), who is also incharge of UNICEF assisted
programme,wasapproachedto know the installationprogressof IndiaMark-ifi handpumps
in thestate.Therequireddataandothernecessaryinformationwerecollectedfrom there.The
hydrogeological cell was visited to gather infonnations on groundwater and other
hydrogeologicalinformationsof the state.The researchand developmentwing dealswith
waterqualitymanagementofwholestateandsotheresearchofficer wasapproachedto know
thewaterquality problemsin thestate.

Discussionat Division Level:
After collecting datafrom Head Office, the smallest unit, Divisional Office, wasvisited. The
major handpump programme is being implemented and also maintainedby theseunits
scattered throughout the state. The headof divisional unit, the Executive Engineer was
interviewed regarding the handpump installation project. His opinion regarding adoption of
India Mark —II handpumps only was also obtained. The maintenanceprocedurebeing
followed and various difficulties encountered in the field were discussed with him. The data
regarding the handpumps installed till date, number of handpumps out of order presently, the
expenditure incurred on maintenance and repair, the number and names of villages installed
with India Mark —II and Mark —ffl handpumps, dates of their installations, maintenance and
repair history of handpumps, geological information of area and some strata charts of few
boreholes etc. all data available in the office was collected from there.Thestaffengagedon
installation andmaintenance of handpumps, like work supervisers, mechanics andmembers
of crew were interviewed for the field problems being faced in the villages. Their limits of
working andavailability of spare parts, conveyance provided to attend the complains, method
of collecting complains, breakdown frequency, down time, type of frequent failures and
reason behind that, number of complains for Mark —Hand Mark —ill and their repair
difficulties etc. and so manyotherinformationwere recordedin the interview. The details
and kinds of training given to field staff, practical demonstration of handpump installation
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and repairworks, thecomparativeeasinessin repairofboth types of handpumps,numberof
complains per month for the both types, availability of spare parts and their overall view
about the two types of pumps were gatheredduring the discussions.The middle level
technical staff, like assistant engineerand junior engineers were also interviewed and their
experiences regarding functioning of both types of pumps was shared with. Their own
constraints being faced in maintenance, Availability of spareparts, easinessin attending
complains, help or co-operation gained from users, people’s opinion about both types of
pumps and their training, caretakers nomination and formulation of village level committee
for maintenance, handing over of pumps to users, theirmain work ofpriority, promptness
shown in repair and their own interest is in repair or installation of handpumps etc. all issues
were discussed with.

In the original proposal it was decided to select nine householders for interview all around
the handpump within a periphery of 250 m. This distance was taken as norms of handpump
installation distance between two handpumps is kept as 500 mand its coverage be about 250
personseach.But in the selectedvillages it was found that handpumps were installed
irrespective of standarddistanceand coverage norms. Some of the two handpumpswere
installed too close and also for very less numbersof users.This also createdproblem in
selection of handpumps for study.

4.5.2: Village Visits :-

As andwhen the basic information anddata were obtained, the selected villages were visited.
The villages are quite scattered and a variety of people live there divided in different
communal, political, social and religious segmentsand are also guided by some influential
person in the village. In general people seldom come to a consensus on the issues like
handpump installation sites or any othergovernmentalactivity. The gram pradhan, is the
head of village, electedby the peopleand assistedby themembersof gram sabha who are
also elected and representtheir hamletsor segmentsof population. Most of the important
decisions are taken in the meetings of gram sabhaby the way of democraticpattern.For
collection of detailed informationsand correct data, the co-operation of this village body was
inevitable.

After a reconnaissancesurveyof the village, gram pradhan concerned of each village was
approached. He was briefed with the purposeof author’svisit and requested to call a meeting
of the gram sabha. The members of gram sabha were addressed by the gram pradhan and
explained about the visit of author.All the members were asked for their co-operation in the
study of handpumps and to provide correctdataor information aboutthe questionsasked.
The author also addressed the members and the main purpose of study was made clear to
them. The membersseemedto be convincedbut requestedfor recommendingsomemore
handpumps and to repair those which are out of orderfor years.

The visit of village was done with respective gramsabhamember.All the drinking water
sourceswere locatedand waterpoint map alongwith housesettling patternwas prepared
showinglanes,streets,openwells, pondsandnaturalstreamsetc.Theideabehindthis source
mappingis that to identify thesourcesofwatercollection. All thehandpumpsinstalledin the
villagewerevisited first beforeselectionfor study.
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4.5.3 CollectingField Data:-

Eachsamplewasobservedminutelydunng thefield visit, on thetechnicalaspectsrelatingto
the indicators. The findings were recordedon an observationsheetpreparedearlier. The
numbersof householdsusing handpumpswas ascertainedon the spot and the numbersof
personstakinghandpumpwaterwascounted.Therangeof coverageby eachhandpumpwas
decidedby measuring the distanceupto last householdusing handpump.First of all the
handpumpwas observedfor an overall appearance and then inspectedminutely for the
discharge,leakage,condition of handpumpand condition of platform with drainage.The
abstractof eachhandpumpobservationis summarised as attachedin annexure VII, sheetno.
I, II andIll.

Thedischargeofeachhandpumpwasmeasuredwith thehelpofa graduatedplasticbucketof
20-litre capacity.The pump wasnm for one minute at a rateof 40 strokesperminute and
water collected in the bucket was directly measured according to graduation marksfilled.
Two to three trials were done to compensate the slight deviation in pumping rate and the
average discharge was recorded.

The leakage, first wasascertained by askingpeople that if the pump yield immediately early
in the morning as and when it is pumped. If their answerwas found that it yields after
sometimes, pump wasconsidered leaky one. Thus the suspected handpump waskept idle at
least for five minutes and then pumped at the rated speedto yield thewater. Thenumberof
strokes taken to start yielding was counted.If this number is found less than three strokes,
pump is supposed to be non-leaky and if more, recorded as leaky one.

The condition of handpump was observed for eleven factors in all which are; play in handle,
corrosion of parts, loosenutbolts,lack of greasing,damagedhandpump,leakagefrom water
tank, missing nutbolts, worn-out slit, handle reversed and loose foundation. The observation
were taken in negative aspects,thatmeans,if observation found ‘yes’ reflects poor condition
and ‘+‘ sign is given and when found ‘No’ reflectsgoodfunctioning and ‘-‘ sign is given. In
this way the handpump with single positive sign is ratedas good, with double positive sign as
moderate and those with three or more are rated as bad condition of hand pumps. This
approach is followed in accordance with Lloyd andHalmer water quality survey (1991).

While observing the platform conditions anddrainage facilities, technical as well as sanitary
aspects were considered and thus four factors were observed to measure this indicator.
Damaged platform, stagnant water aroundplatform, lack of wastewater drainage andsource
of pollution within 10 m of handpump were observed and recorded. The rating to platform
condition is also given in the same way as that explained before.

Observationson convertedhandpumps:
A numberof suchconvertedhandpumpswere seen,for selectingthemto study in details,but
most of them were found not in running condition andso overlooked.Only three numbersof
suchconvertedhand pumps could be found for study and their detailed observations are
discussedalongwith otherhandpumps.Theseare codedashandpump no. HP22, 11P24and
HP28. Dunng interviewof users’someadditional questionswere askedabouttheseconverted
handpumps.Theadditionalfmdingson theconvertedhandpumpswerenoteddown.
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4.5.3 Interview Procedures:-

The purposeof interviewwas to extractdatafrom the peopleto quantify the indicators for
evaluation. A questionnaire was designed (as annexure-ifi)in such a way to know the real
situations without hammeringor displeasingthe personmterviewed.The aim was to know
the volume of water collectedperdayby eachfamily, usageof the collectedwater, average
failure rate of handpump, average time taken in its repair, reasonsfor not using handpump
water, the maintenance procedure, water quality perception such as colour, taste, odour etc.
and after all the general satisfaction with handpump water supply. The existence of water
committee andthe role of caretakers were also asked for.

During the interview the people were asked in order of sequence of the questionnaire
prepared. Regarding amountof water collected per day, they were asked that how many
containers of water normally they collect. The containers were checked and their capacity
was measured. In general people use metal bucket of 6 to 10 litres capacity. Children
generally use smaller buckets. Taking approximate average volume of water collected was
recorded in the questionnaire, from which per capita rate of consumption can be calculated.
The utilisation of the collected water in different domesticneedslike drinking, cooking,
utensil washing, bathing etc. wasalso askedduring discussions.

Secondstresswas given to ascertainthe breakdownfrequencyof the handpumps.People
were askedfor how frequently the handpumpfails and the information was recordedas
frequently(for thosehandpumpswhich fail in few months)occasionally(fail in oneyear)and
rarely (thosefail seldomin 2 or3 years).Simultaneouslythequestionwasaskedfor thetime
takenon repair of handpumpand the agencyinvolved for repair. The total number of
breakdownssince installation wasalso asked and the procedure of repair was ascertained.

Everyhouseholder was askedfor usmg thewatersourcesuchashandpumpor openwell in
the dryseasonaswell aswet seasonThewaterusefor cooking,drinking,bathing,washing,
gardeningcattlefeedingetc. were askedandobservationsmarkedin the sourceusematrix.
The reasonbehind the using and not using the handpumps was clarified and recorded
accordingly.At last thepeoplewere askedfor overall satisfactionfrom the handpumpwater
supply programmeand their view were recorded.

With installation of India Mark-Ill handpumps,one caretaker was nominated for each
handpump. Effort wasmade to interview them. But very few were effective andavailable for
interview. Some availablecaretakerswere interviewedas per preparedquestionaire. Their
traimng penod,demonstrationof handpumprepair,dutiesassignedto themwereasked.The
effort wasmadeto know from themthebreakdownfrequency,averagedowntime,modeof
sendingfailure information,self-repairingcapacity,availabilityof sparepartsetc.They were
also askedfor their interestinvolved in this work, how muchtime theydevoteto look after
thehandpump.

4.5.4: WaterQuality Testing:-

As pointedout earlierthat the groundwaterquality hastwo fold effect on the functioning of
handpumps.Thereforethe quality of water obtained from handpumpsunder this studyhasto
be tested.Qualitativeanalysisofthesamples,wasdecidedto beconductedin thelaboratories
establishedat district head quarters. The departmenthas establisheda well-equipped
laboratory for analysis of important parameterson physical, chemical and biological
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qualities.At theheadoffice level, thereis aresearchand development unit under the control
of Chiefengineer(PPRD) andwith a well-equippedlaboratoryrunby aresearchofficer and
a numberof qualified testing staff. But unfortunatelythis laboratory is alsonot functioning
very well at this time. Someof thevery importantinstrumentsandapparatusareout oforder.
The reasonbehind this was told the shortageof maintenancefund. Anyhow only few
parametersweretestedin this laboratoryand thoseare:TDS,pH value,chlorides,fluorides,
total hardness,sulphates,nitrates,nitrites and alkalinity. The turbiditymeterand electrical
conductivitymeterwereoutof orderandbiological testingunitwascompletelyclosed.

Under these situations, only aforesaidquality parameterswere tested for the samples
collectedfrom eachhandpump.During thefield visits thesampleswereobtainedpersonally
from the eachhandpumpand reached to the laboratory within 24 hoursof collection. In the
case of Allahabad district, the laboratory assistantwas on leave and also most of the
instrumentswerenot working. Henceit wasdecidedto get thesamplestestedat headoffice
laboratory.The samplescollectedfrom Allahabadvillageswere sentto Lucknow within 24
hoursofcollectionso asto getcorrectresults.Someof the local sourceslike openwells are
also beingusedby thepeoplefor drinking purposes.Samplesof suchwells weretakenfor
testing. In generalhandpumpwateris foundalmostfree from microorganisms.Eventhough
two sampleswere testedfor bacterialcontaminationin other laboratory run by the State
HealthInstitute,Lucknow.

Following arethevillagewisedetailsofwatersamplescollectedfor waterquality analysis.

Table4.5: detailsofwatersamplesfor quality analysis;
NameofvillagesI districts Typesof sourcesof samples

IM-IIHP IM-HIJiP Wells
1 - Narausa / Lucknow 2 3 2
2- Hemarapur/ Lucknow 1 4 --

3 - ChandrawalI Lucknow 4 1 --

4- Bakkas / Lucknow 3 2 2
5 - Raim I Allahabad -- 7 1
6 - Sehuadih/ Allahabad -- 1 --

7 - Atanpur / Allahabad 1 2 --

8 - Saraiharkishan / Allahabad 2 -- --

9 - BakseraI Allahabad 3 -- 1
10- Baijahi I Allahabad 4 -- --

Total 20 20 6
Thecollectionof sampleswas donein accordancewith theproceduresuggestedasin Indian
Standards I S: 3025 and also the testing procedurebeing followed in the departmental
laboratory.
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Chapter—5 Results

5.1 Outlines:-

A systematicand scientific analysisof the collected datais the first step in
approaches,which leadtowardstheoutcomeof study. Theanalysiscanbedone
in different ways. Some authors(Sadhuand singh 1985)mention about two
methods;the tabulationand classificationof collecteddatato presentit in an
organisedformat. Partof thedatagathered,maybem shapeofwords ortexts
and their interpretationis always diverse.As Mathew and Huberman(1984)
say: “ -- and giventhe factsthat words areslippery,ambiguoussymbols,the
possibility of researcherbias loomsquitelarge; we mustbeconcernedwith the
replzcabzlityof qualitativeanalysis.”

Thus, the findings from a bundle of field observations anddata andto organise
themskilfully in meaningful, vivid andacceptablemannerthat mayoften prove
fax more convincing to a reader; are the central idea in the presentationof
results.(Mathewet.al.-1984)

In this chapterthe analysishavebeenproducedin a sequentialorder of the
objectivesof the study. First of all the functioning of handpumpshave been
evaluatedand the themesand indicators are quantified. The maintenance
procedurehasbeenexplained.Secondly,thewaterusageandwaterquality has
beenreviewedand lastly the comparativestatementon performanceof both
typesofhandpumpsis presented.

5.2 BriefDricption of StudyArea :-

A briefdescriptionofstudyareais givenasbelow.
LucknowDistrict:-
This beingthecapitalof state,is aprominenttown coveringanareaof 2528sq.
km. anda total populationof 2,762,801(1991census)out ofwhich 63%people
live in rural areas.It is locatedbetweenlatitudesof 26°30’ & 270 10’ N and
longitudesof 80°30’ & 81°l3’E. The general topography of the district is quite
plain, being amidst of alluvial belt betweentherivers the GangaandYamuna.
Themain river passingthroughthedistrict is Gomti, a tributaryof GangaRiver
system.Lucknow town being the main administrativeheadquarterswith four
sub-divisionsandnine developmentsblocks. Thereare 897 revenue villages
all coveredwith watersupplythroughhandpumps.Thereareabout8000nos.of
India Mark — II and Mark — III handpumpsinstalledupto last December1997.
The literacy rate in urbantowns is 64% whereasonly 33.2%in rural areas.
Therearethreeclimatic seasons;winter summerandrains, eachapproximately
of four monthsduration in a year. Averageannualrainfall is between900 to
1100 mm. The temperaturevanes between4.3°C in winter to 44.5°C in
summer. The relative humidity varies from 19% to 86%. (Source census
records)
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Theuppermostlayerof alluvium is composedof loam, silt andclay in varying
proportiondown to a depthof about 62-m b.g.1. The groundwateroccurs in
porespacesofunconsolidatedalluvial materialin thezoneofsaturation.Water
table in openwells variesfrom 3. 96 m to 29 .3 m bgl with a fluctuationof -

2.5 to 3.8 m in the Gomti catchment.Groundwater flows from north eastto
westwardsand southwardsand from north to south, to north of Gomti river,
with a hydraulic gradientrangmgfrom 1.0 m / km to 0.33 m I km. The entire
disthct is full of groundwater,with a net annualresourceof 818.779 m cumn.
Whereasthe annualgroundwaterdrawoffis only 429. 871 m cum.
Thismakesa stablebackgroundbehindthesuccessofhandpumpprogrammein
the district (source:CGWB, India)
Thevillagesselectedfrom this district aresummarisedasbelow;

Table5.1 detailsofselectedvillages;
Particulars Namesof selectedvillages

Narausa }-Iemrapur Chandrawal Bakkas
• Locat]on w r.t. HQ N W S E
• Distancefrom HQ 45 kin 40 km 30 km 20 km
• Numbersof hamlets 9 5 5 10
• Population (total) 1914 3721 1311 5433
• Area sq. kms 402 381 495 731

Numbers of households 343 612 231 907
• Nurnbersofhouses 342 609 231 895

Populationdensitylsq.km. 4.76 9.77 5 67 7.43
• Schools P S PS+JHS PS P S (2nos)
• Hospitals MWS -- MWC — PHC
• WaterSupply

Handpumps(UPThT)
Handpuxnps(others)

12
2

21
4

11
4

30
6

• Traditional sources 0 W None 0 W 0 W
• Numbersof cattles 875 655 921 1870
• Groundwatertable 2.OOm l8.OOm 14.OOm 5.OOm
• Generaltopography
• waterproblem

Plam
No

Plain
Yes

Plain Plain
Yes

HQ- headquarter(of district), MWC- mid wifery centre
PHC- primaryhealthcentre, PS-primaryschools
OW- openwell, UPJN-UttarPradeshJalNig

AllahabadDistrict:
Allahabad, the religious town of north India is situatedat the confluenceof
rivers Ganga and Yamuna, covering an areaof 7261 sq. km. has a total
populationof 4,921,313out of that79%peoplelive in rural area.It is located
betweentheparallelof latitudesof 24°47’ & 25°47’ N arid longitudesof 81°
09’ & 82°21 E. Thedistricthasa mixed physiographymainly divided in three
units; the trans-Ganga,Doabaand trans-Yamuna.Trans-Ganga,occupiesthe
areanorth to river Ganga,essentiallyaplain countryside.The generalslopeis
towardseastand south-east.Doabaregion falls betweenGangaand Yamuna
and makesa high ridge of alluvium soil. The trans Yamunais the largest
physiographicunit popularlyknown asYamunapar.Hilocks areconspicuosin
area.Rocky outcorpsof variousdimensionsproducedruggedtopography.The
groundlevelvariesbetween171. 24 msl to 104. 8 mal. Thedistrict representsa
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complex geology. The formationsbelonging to quarternalyperiod, cover a
largepartwhich directlyoverlieson the Vindhyanformationthat coverabulk
ofdistrict area.ThesouthernplateauareaconstitutestheVindhyansedimentary
whereasthe quaternarycovers the northernpart of district. In general the
quaternaryconstitutesof alluvium ; sand,silt, clay, cankerand lateritesand
Vindhyanrangethat ofsandstoneandshales.

Groundwater occurswithin theprimaryporosityof alluvium sedimentsin the
north,the aquifermatenalbeingmediumtoo coarsesandand areunconfinedat
shallowdepthsand semi-confinedat deeperdepths.Depthof watertablevaries
between 2.0 m to 20.0 m. In Doabaareait is between4.5 m to 18 m and in
Yamunaparregion the water availability and its movementdemonstratesa
markablevariationfrom placeto placedueto heterogeneityofformations.

The district is divided in nineadministrativesubdivisionsor tehsilsandtwenty
seven developmentblocks with a total of 1827 revenuevillages. Most of the
villages are coveredwith drinking water supply through piped water or
handpumps.Thereareabout 150 nos.of pipedwater suppliesaswell as about
18,000nos.of India Mark—Il andMark—Ill installedallover thedistrict. Three
climatic seasons,winter, summerandramy are foundthere.Themeanannual
nos.of rainy daysis 53 andthe averageannualrainfall is 959.10mm.Maximum
temperatureis in summer,45.60C and5°C minimumin winter. Thedistrict has
a sufficientgroundwaterpotentialof 1849.34million cum.Whereastheannual
groundwaterdrawoff is only 496.65m cum. Leaving a sufficient reservefor
future exploitation in drinking water supply and irrigation. All of the rural
pipedwatersupplyschemesconstructedon groudwaterasa sourceofwater.

Thevillagesselectedfor study in thedistrict aresummarisedasbelow.
Table5.2 detailsof selectedvillages;
Particulars Namesof villages

Raim Sehuadih Atanpur Saraiharkisan Baksera Baijalu
-Location w.r.t HQ N N NE NE N WE
-Distancew r.t HQ 55 km 50km 45 Km 45 km 40km 40 km
-Number of hamlets 3 4 4 2 2 3
-Population(1991) 1449 1713 1588 223 397 1312
-Area in sq. km 277.62 644.30 323.10 53 02 158 02 219.75
-Number of HH 168 257 291 29 79 216
-Number of houses 163 252 267 29 78 212
-Popu.density/sq km 5 21 2 66 4.51 4 2 2 5 5.97
-Schools P S P S P S -- -- P 5
-Hospitals MWC MWC MWC -- -- MWC
-Water Supply

UPJN handpumps
Othershandpumps

8
-

7
2

6
1

1
1

1
2

5
1

-Traditionalsource OW OW OW OW OW OW
-Groundwatertable 5 in 5.5m 6 m 7 m 7 in 6 m
-Topography Plain Plain Plain Plain Plain Plain
-Scarcityof water Yes Yes No Yes Yes yes

H H- Households
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5.3 Reviewon Functioningof Handpnmps

The following themes andindicatorsareobserved to evaluate the functioning of
handpumps.

1:- PumpDischarge:-
This study is onentedon the functioning of India Mark-fl and Mark-Ill hand
pumps arid in all forty numbersof pumps;eachtype 20 nos.was selectedfor
observations.Themeasureddischargeof all thehandpumpsis presentedin the
appendix ifi
(Observation sheet-I) The abstracts of the discharge found in different villages
are tabulated asbelow.

Table5.3: dischargeofhandpumpsin selectedvillages;
Nameofvillages
And districts

Dischargein Litres perminutes
India Mark-il IndiaMark-ifi
Discharge Discharge

Narausa/Lko 20 , 16~ 11~,4~,16
Hemrapur/Lko 12 11w, 14, ii~’ l1~
Chandraswal/Lko 11.5~,14, 10,15 13
Bakkas / Lko 14, 10, 12, l4~ 11.5

Raini / Alid. 10,10,9~,8~,10~,11~,12
SehuadihI Alld. 11
Atanpur / AlId. 11 8,12
Saraiharkishan/ Alid. 9,14 -- -- --

BakseraI Aild. 12,12,12 -- -- --

Baijahi / Aild. 10, 10, 9, 11 -- -- --

- leaky handpumps
All the forty handpumpswere run for measuring the discharge and the
measurementwas takenasperprocedurediscussedin methodology.Someof
thepumpswere giving sufficient dischargewhile few gaveveryless therefore
userwereunsatisfiedwith those.

2:- Leakage:-

All the handpumpswerecheckedfor leakageby askingthe usersaswell asby
self observations.Out of twenty visited India Mark-il handpumpsonly three
werefound leaky whereasninenumberthat ofIndia Mark-ill wereleacky.It is
worthnotablethat most of leaky handpumpsaregiving less discharge.In the
table5.3 the discharge figures markedwith # were found leaky one.
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3:- Reliability: -

At present,in the selecteddistricts, the centralisedmaintenancesystembeing
followedby theexecutingagencyitself for both typesof handpumps.Thedata
regardingbreakdownfrequencyand downtime for eachhandpump hasbeen
obtainedduringthe interviews.

(a) Breakdownfrequency: -

The breakdownfrequencyis the numberof times a handpump goesout of
servicenormally during the serviceperiod.This datahasbeencollectedfrom
the householders’interview. The frequencyas classifiedin the methodology,
hasbeenworkedout andtabulatedasbelow;

Table5.4numbersof handpumpsbasedon breakdownfrequency:

In the above interview, a little variationwas found from personto personbut
the overall situationwas almost clear to ascertainthe breakdownfrequency.
Theresponsesof all thehouseholdersaregivenin the appendix(annexure-IX)
attached.Most ofthepeoplerespondedwell while somewerefound unknown
abouthandpump breakdownsandrepairs.Such houses were situated at outer
peripheryofhandpumpcoveragerangeandhavingvicinity ofotherhandpump
orown source.It canbe seenfrom theabovetablethat only 9 nos. India Mark-
II handpumpsarefoundfailing frequentlyas againstonly threeIndia Mark-ifi.
it is worth to notethat abouthalfoftheboth handpumps,fail rarelyi.e. two to
three years. Also some of thehandpumpswerefoundworking non-breaksince
verybeginningof their installationandthat for aperiodof five yearsor so. It is
foundthat thesturdinessofbothtypesofhandpumpsis unchallenged

Namesof
Villages/Distt.

Breakdown Frequency
Frequently(<6M) Occasionally(<1Y) Rarely( > 1 Y)

I M-il I M-ffl I M-il IM-ifi IM-il I M-ffl
Distt. - Lucknow
Narausa 1 1 -- -- 1 2
Henirapur -- -- 1 3 -- 1

Chandrawal 1 -- -- 1 3 --

Bakkas 1 1 1 -- 1 1
Distrzcttotal 3 2 2 4 5 4

Distt. Allahabad
Raim -- 1 -- 2 -- 4
Sehuadih -- -- -- 1 -- --

AtanPur -- -- 1 -- -- 2
Saraiharkisan 1 -- -- -- 1 --

Baksera 1 -- -- -- 2 --

Baijahi. 4 -- -- -- -- --

District total 6 1 1 3 3 6
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(b) Downtime:-
During the interview with householders,effort wasmade to obtain the down
time in reality.About 300 of householderswere approachedandthereopinion,
regardingdowntime ofthehandpumpthey use,areabstractedin the appendix
(annexure-IX)attachedwith. Some of the handpumpswere repairedby the
villagersthemselves.

In the following table, averagedown time is summarisedas per responses
obtained. As for astypeofhandpumpis concerned,no differencewasobserved
betweenI M-H andI M-ffl with regardto downtime except some ease in repair
work. Thosehandpumps,which did not fail sincetheir installation,havebeen
reckonedwith downtime of morethana month,becausethey aresupposed to
berepairedby thecentralagency.

Table 5.5;Numbersofhandpumpswith respectto downtime;
Name of
Villages/district

Average down time ofhandpumps
< 1 week < 1 month > 1 month
IM-J1 I M-ffl I M-il I M-ffl I M-II I M-ffl

NarausalLko -- -- -- 2 3
Hemrapur/Lko 1 4’ -- -- -- --

ChandrawallLko i~ -- 1 1 2 --

Bakkas/Lko i4 -- -- -- 2 2
RainilAlld. -- -- -- 1~ -- 6
SehuadihlAlld. -- -- -- -- -- 1
Atanpur/Aild. -- -- -- -- 1 2
SariaharkisanlAlld. 1~ -- 1 -- -- --

BakseralAlld. -- -- 1 -- 2 --

BajahilAlld. 1 -- 3 -- -- --

Total 4,1 4* 6 1~,1 9 14
handpumpsrepairedbypeoplethemselves.

It canbe seenfrom the tablethat most ofthe handpumpshasa downtime of
onemonthor more. In thosevillageswherethereis scarcityof drinldng water
and handpumps areonly dependablesourceof water supply, peopleget the
handpumpsrepaired themselveswithin a week, irrespectiveof its type i.e.
whetherI M-H or I M-III.

4: Coverage:-
A handpump is supplying water to how many peoplemay be called as it
coverage.Thenumberofpersonusing thehandpumpwaterwascounted,going
door to door in during the observationsof pumps and the detailed in the
annexure(observationsheetno. —I). Thefollowing tableshowstheusersin an
intervalof 50 persons.
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Table 5.6 Handpumpusedby numberofpersons;
Numbersof
Usersin group

Number of handpumps
Lucknow district ‘Allahabad district
TM-il IM-ifi IM-il IM-ifi

50—100 5 2 4 5
100—150 2 2 2 2
151—200 - 1 3 3
201 —250 1 1 1 -

251—300 2 - - -

301—350 - 3 - -

350-400 - 1 - -

Total 10 10 10 10

From thetableit canbe seenthat mostofthe visitedhandpumpsarenot being
used optimally. Also worth to note that in Allahabad district, most of the
handpumpsarebeing usedby too lesspersons.

5: Pump condition:-

All the handpumpswere closely inspectedfor the following eleven factors
which reflectsthe functioningof handpumpsasshownin thetable. The hand
pump wise detail hasbeenattachedasannexure-Vil(sheet-ifi) in the end.A
suitable rating have been given to each hand pump accordingto theircondition
foundin thefield. As describedin methodology.

Table5.7 Handpump conditions;

Characteristicsobserved
~

Observations
Lucknow district Allahabad district

TM-il TM-rn TM-H IM-ifi
Yes No Yes No Yes No Yes No

Lateral play in handle 3 7 5 5 5 5 2 8
Clearsignof corrosion(CP) 1 9 1 9 1 9 10
Loosenutbolts (LN) 1 9 2 8 1 9 10
Lackof greasing(LG) 6 4 8 2 7 3 5 5
Damageto handpurnp(DH) 1 9 - 10 - 10 1 9
Damagedbeanng(DB) 3 7 2 8 2 8 - 10
Leakingtank ( LT)
Missingnutbolts(MB)

1
2
2

9
8

1
2

9
8

1
2

9
8

1
2

9
8

Worn outslits (WS) 8 1 9 2 8 2 8
Handlereversed(HR) 10 1 9 . 10 10
Loose foundation (LF) -. 10 1 9 2 8 10
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On the basis of observedfactors as shownin the table, the overall rating as
describedin methodology(good,mderateandbad)for conditionof handpumps
havebeengivenasshownm following pie chartIt is seenthat themajority of
visited hand pumps are found in good conditions while a little are in bad
conditionsandmerelyfew in moderatecondition.

All the platforms have been observed for the following four parameters
considering thetechnicalandsanitaryaspectsoftheenvironment.
1- Whether the platform is constructed asperprescribeddimensionsaround

hand pump and it is damaged or not.
2- Is there stagnant pool of water around thehandpump.
3- Is thehandpumplackingin drainagefor disposalofwastewater?
4- Is thereany latrine, septictankor animalshedin thenearvicinity of the

handpumpi.e. thesourceofpollution within tenmetresof handpump.

The observation of each hand pump are attachedin the annexe-\TH(sheet-HI)
andalso summarised in thefollowing table.

Table5.8; platform conditions.

Parameters
Observed

Lucknow district Allahabaddistrict
I M —II I M —III I M —il I M -m
Yes No Yes No Yes No Yes No

Damagedplatforms - 10 3 7 3 7 2 8
Stagnant water 1 9 1 9 3 7 - 10
Lacks in drainage - 10 3 7 1 9 - 10
Source of pollution 1 9 - 10 1 9 - 10

6: Platform Condition:-

63



On the basis of abovefindings the rating is providedto eachhand pump as
shown in the following pie chart. It is seen that majority of hand pumps
platformsis foundin goodconditionandavery few are in badcondition.

Condition of platforms

11%

~ood
• Moderate
OBad

7: Water quality:-

The water sample from each hand pump collected has been tested in the
laboratory for the parameters,which have potential effect on functioning of
handpumpsare tabulatedasbelow. The resultsin details, aresummarisedin
theforthcomingtableunderreviewonwaterquality.

Table5.9 :numberofhandpumps,waterquality (WHOguidelinesfollowed);

Quality
Parameters
tested

Lucknow district Allahabad district Wells
IMII-(nos) IMI[I(nos) [M-H(nos) IM-ffl(nos)

A R A R A R A R A R
TDS 10 - 10 - 10 - 10 - 3 3
PH 10 - 10 - 10 - 10 - 6 -

Chlorides 10 - 10 - 10 - 10 - 3 3
Fluorides 10 - 10 - 10 - 10 - 5 1
Hardness 10 - 10 - 9 1 10 - 4 2
Sulphate 10 - 10 - 10 - 10 - 5 1
Iron 7 3 5 5 10 - 10 - 6 -

Ntrate 10 - 10 - 10 - 10 - 6 -

A- acceptable on WHOguidelines
R- rejectableon WHOguidelines

It canbe seenthatmostof the quality parameters are well within theacceptable
limits exceptiron in someofthehandpumpwater.

8: Quantity

The quantity of water extracted from each hand pump is worked out as shown
in observation annexure-Vil (sheet —I). .The results are tabulated as lightly used,
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moderatelyusedand heavily usedaccordingto thequantity of waterextracted
Arlosoroff mentionsthequantityofwateruseup to 8 kllday andtheminimum
discharge of a handpumpas 0.2 lit/sec. Thus the quantity of water extracted
below 4 KJIday is consideredlessutilised,4-8 as moderately utilised andabove
8 KL!day as heavily utilised. Following table represents theresults.

Table5.10quantity ofwaterextractedfrom handpump

Category of
Utilisation

No. of handpumps Total
I M— H I M—Iil

Lighly used(< 4k 1) 12 13 25
Moderately used(4-8k1) 8 4 12
Heavily used( > 8 k 1) - 3 3

Total 20 20 40
It is clear from the table that about more thanhalf hand pumps are under

utilised and too less are put to optimumutilisation.

FindingsfromconversionProgramme:-

As statedearlierthatin Allahabaddistrict there was conversion of India Mark-H
handpumps to that of India Mark-HI. Following aretheadditionalfindingson the
converted handpumps.
It can be assessed that the conversion programme is not very attractive among
the usersand also it is not feasible in most of the casesto utilise the same
borewell for I M —III pumpingmachinery.

Table 5.11;Findingson convertedhandpumps

Particulars HIP Code Originally I M—H Converted to I M—ffl

Discharge
HP22 More before convert After convert- 10 1pm
HP24 More before convert After convert- 8 1pm
HP28 No change No change

Users’ view on
Functioning

HP22 It wasbetter Not too good
HP24 It wasbetter Not good,giving sand
11P28 No difference No difference

Repair
easiness

H1P22 Mechanic required Easy to repair
HIP24 Mechanicrequired Easyto repair
HP28 Mechanic required Easyto repair
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5.2: MaintenanceOrganisation:-

5.2.1 General Set-up :-

The operationandmaintenanceof handpumpis entrustedto thedivisional units,
which are alsoresponsiblefor installationofhandpumps.The structureofhand
pumpmaintenanceunitsis asfollows.

Structure of Divisional Unit

________I

— —- L —

A E-Assistant Engineer
J E-Junior Engineer

Each district of the statehasbeenprovided with at leastone divisional unit,
sometimes more according to work load in the district. Executive engineer
empowered with drawing & disbursement,decisionmaking andassisted by four
assistantengineer’sheadsthedivision. Again assistantengineersareresponsible
for the all works at sub- division level. There are four to six junior engineers
under each assistant engineer who look for work directly in the field at block
level. Each junior is provided with root level field staff like work supervisor and
work agents. The number of field staff vanes according to workload of junior
engineer. All the works entrusted to the divisional units is carried out through
this team of field staff

Training of staff:
The most of the field staff like work supervisor and work agents are trained for
the installationandmaintenanceofhandpumps.Thetechnicalstafflike assistant
engineerand juniors is also trained for different types of works from time to
time.

PolicyonOperationandmaintenance:
Since beginning of handpump programme in early eighties,it was supposed
that the maintenance would be done by the respective gram panchayats (the
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ellected village body). But with the majorfailure ofhandpumps,due to lackof
technical know- how, the maintenance is now entrusted to the executing body
itself which is UP JalNigam. Thefunds for maintenanceare made available in
the annualbudgetby thegovernment.

5.2.2 Maintenanceprocedure:-

At presentcentralisedmaintenancesystemis bemgfollowed in theboth districts
selectedfor this study. Eachdivisional unit hastrainedmaintenancestaff,posted
at everyblock level. The failure report of hand pump is obtained from the
villagers in the division office, via postedlettersor personallyhandedover by
grampradhanor any village member.Somepre-printedand pre- stampedself-
addressedpostcardsarealso distributedamongthevillagers.Recentlythe kisan
sewakendras (the farmers’ service centre) have been started by the state
government,whereall the complainsofthe villagers arerecordedby anofficer
and then it is sent to the divisions of concerneddepartmentfor immediate
compliance.Somecomplainsarereceivedat theblock developmentoffices and
alsoacomplainregisteris kepttherefor lodgingcomplainsby thevillagers.

Thus the complains collected from all the sources,is sent to the assistant
engineer and therebyto junior engineerconcernedof theareaandthe field staff
work supervisor or work agentsare directed to visit the hand pump and get it
repaired.The field staff is equipped with maintenance tools andfew spareparts
of general replacement. The work supervisor goes for a search of mechanic in the
area and engages some casual labour required to taking out riser pipes and
cylinder assembly etc. The handpump is set right with available spare parts.
Sometimes if anysparepart is not available with, the supervisor comes back to
divisional store to collect it and then go back to repair the hand pump. In this
way different field staffpostedin the blocks repairsthe handpumps of each
block. In eachblockthereareabout800 — 1000 numbers ofhandpumps installed
on an average throughoutthe state. Nearly the same procedureofmaintenanceis
being followed in most of the districts of the states.

5.2.3: Community Involvement & Role of caretakers:-

There is very little involvement of beneficiaries in the hand pump installation as
well as in maintenance system. In some of the external supported programmes,
such as Dutch Assisted Programme and UNICEF programmes, community
participation component have been introduced and village level committee were
constituted for maintenance. The districts under study area are covered with
UNICEF programmes and all India mark—Ill handpumps were installedwith
material support from UNICEF and community participation was ensured
throughsomeNGO(non-governmentalorganisation).Beforeinstallationofthese
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handpumps,theNGOs approachedvillagers, siteswere selectedin consultation
of community andonecaretakerwasnominatedfor eachhandpump.

During the field visits thecaretakerswere tried to contact. Somewere available
and most of them doing evennothing to look afterthe handpumps.Very little
felt some responsibility and were cautious about cleanlinessand abuse of hand
pumps. Out of twenty, I M—ffl hand pumps visited, only five caretakers were
availableand that too only threewere activeto someextent.The caretakerswere
leastbotheredaboutthe maintenanceof hand pumps. Evensomeof the hand
pumps were noticed which needed immediate replacement of some components
like bearings, handle axle, cupseals etc.But they evendid not feel necessaryto
report the maintaining agency. In reality the caretakers were found almost non-
functional. As for as maintenance is concerned, both types of hand pumps, I M—
H & I M—HI, arebeing maintained in the way by the agency.

Following table shows the status of maintenance of all the hand pumps under the
purview of this study.

Table 5.12 maintenance statusof hand pumps.

Description of
repairs

Agegroup
Of H P

Frequency
Ofrepair

No. ofhandpumps
I M —II I M —ifi

Replacementof
Cupseals

4 - 5 yrs. Once - 2
5 — 6 yrs. Once 1 5

Twice 2 -

8—9yrs. Thrice 6 -

2—3yrs. Once - 1

Bearing
replacement

8—9yrs. Once 4 2

Handle / axle repair
And replacement

8- 9 yrs. Once 3 1
5 — 6 yrs. Once - 1

Chain repair or
Replacement

8 — 9 yrs. Once 4 -

5 — 6 yrs. Once - 1
Riserpiperepair
Or replacement

5 —6 yrs. Once 2 -

8 — 9 yrs. Once 3 -

Connecting rod
Replacement

8 — 9 yrs. Once 3 -

5 — 6 yrs. Once 2 1
2-3yrs. Once - 1

Platform repair 5 — 6 yrs. Once 2 -

4—Syrs. Once - 1
3—4yrs. Once 1 -

Not any repair 2—3yrs. - 5 4
5—6yrs. - - 1

6—7yrs. - 1 -
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From theabovetableit canbe seenthat themaximumnumberofhandpumps
required replacement of cupseals for two to threetime and also frequencyis
more for older handpumps. The incidents of bearing, chainand riser pipe
replacementis also more for older pumps. It is noticeablethat I M—ffl hand
pumpshavelessnumbersofrepairinterventionsin comparisonto I M—ll.

The villagers themselveswith the help of local artisansrepairedsomeof the
both typesof handpumps.It is alsoworthnoticeablethatthereis no problemin
rectifying eitherI M—ll or I M—Ill handpumps.Following pie chart reveals the
position of repairs by governmental agency and villagers.

5.2.4: Supply of Spare Parts:-

The superintendingengineerat the circle level doesthe managementof spare
partsrequiredin the maintenance of handpumps. The annualdemandof each
componentpart is obtainedfrom all divisional units and tendersareinvited from
licensed manufacturersof parts or the approvedsuppliers. Only ISI marked
(Indian standard Identification) partsare receivedin the governmental supplies.
All matenals arekept in the central storeat divisionlevel and issued to juniors as
and when demanded. The spare parts are also available in open market but
mostly non- ISI markedand locally produced.In repairwork, carried out by
villagersthemselves,locallyavailablenon-ISImarkedspareparts are used.

13%

Hand Pump Repairs

ru repaired by govt.
U repaired by viUagers.
UIM.
DIM -
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5.2.5: Expenditureon Operation& Maintenance:-

Theexpenditureincurredon maintenanceofhandpumpsis met with thebudget
provision of the division in eachfinancial year. The ten percentof the funds
allocated for works under hand pump programmes like, Minimum Need
Programme(MNP) and AcceleratedRural WaterSupplyProgramme(ARWSP)
is expenton the maintenanceof handpumps installed the district. The main
expenditure comes out on thesupply of sparepartsand the breakdownrepairof
temporarily out-oforder handpumps. Also the salariesof field staff and their
travellingallowancesareincludedin maintenanceexpenditure.Besides,thereare
many hand pumpsthat are permanently out-of order, due to number of reasons.
These are rejuvenated under some special programme run by the state
government. Regarding maintenance cost following information are collected as
shown in the table below.

Table5.13; Repair of hand pumps:

Particulars
Total nos.
Of HP

HP out- of order % ageoffailure
Temp. Permanent Temp. Permanent

Lucknow 8223 1088 265 13.25 3.25
Allahabad 12930 3332 590 26.75 4.50

A1IUP 611118 80957 24365 13.25 4.00

(thefigures shownare1- 4- 97 to 3 1—I— 98)

It canbeseenfrom theabovetablethatabout15%ofhandpumpsinstalledin the
statearealwaysunderrepairbecauseit beingacontinuousprocessof failureand
repair. At thesametime 3-5 % ofhandpumpsare foundpermanentlydissabled
dueto certainreasons.Thereis no separatebreak-upofI M —II andI M —III hand
pumpsavailableneitheratdivisionalunitsnoratheadoffice.

The total expenditure incurred on repairs at State level is reported as Rs.
115,314,000andatotal of 76,390numbersofhandpumpswererepairedduring
the aforesaidperiod. With this figure, the averagerepair cost perhandpump
work out to Rs. 1510per handpump. Out of this more than half may for the
salaryof field staff. If it is deducted,the actualrepaircostmay comedownto a
tuneof Rs.600-700 per handpumponly.

5.3: Reviewon WateruseandWaterQuality : -

5.3.1: Wateruse: -

The purposeof providing water facilities is to increasethe water usefor all
domesticpurposes.The volume of water collected from any sourceof water,
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gives the ideaaboutwaterusepatternwithin the households.Following points
areconsideredwhile evaluatingwaterusein thestudyarea

-- quantityofwaterusedfor all purposes.
-- convenienceofwaterpoint ( distanceofwaterpoint)
-- availability oftraditional sources.

The findingson thewateruseand availabilityof traditionalsourcesaregivenin
detail alongwith abstractof householders’ interview as annexedat the end
annexure-IX.Following table explainsthe overall situationof water usein the
studyarea.

Table. 5.14:Averagerateofwateruse:
Waterusein

lpcd
Nos.of households(frequency) Total
Lucknow Allahabad

0—5 4 - 4
5—10 11 1 12
10—15 31 20 51
15—20 30 48 78
20—25 28 23 51
25- 30 23 26 49
30—35 16 17 33
35—40 11 6 17
40—45 1 1 2

Total 155 142 297
Average 21.4 22.7o -

Table 5.14 showsthe frequencydistribution ofhouseholdersfor wateruseon a
classintervalof 5 lpcd. It is seenthatmaximumnumberofhouseholdersuse15
— 20 lpcd of water in both of the districts. About 80% of householderswere
foundusingwaterbetweena rangeof 15 — 35 lpcd andabout10%using around
40 lpcd of water. Some families collect even too less water, that is below 10
lpcd. The averagewaterusein both of the districts, Lucknow andAllahabad,
work out to 21.4 lpcd and22.70lpcd respectly.
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Table 5.15; Waterusageandreasonsfor useor non-use;
Distance
in m

Source
Of

Use

Nos.of householdersusmgwaterfor Reason
for use
mouse

Drinking Cookmg Bathing Cloth
washing

Others

D W D W D W D W D W
0—50 HP

OHP

OW
PS

266
1
4
2

205
1
4
2

226
1
4
2

205
1
4
2

220
1

13
2

199
1

13
2

221
1
13
2

200
1

13
2

221
1
13
2

200
1
13
2

SC
OS
OS
PC

50—100 HP
OHP
OW
PS

61
1
5
-

48
1
5
-

61
1
5
-

48
1
5
-

57
1
12
-

57
1
12
-

57
1

12
-

57
1
12
-

57
1
12
-

57
1
12
-

SC
OS
05

-

100-150 HP
Off?
OW
PS

7
1
2
-

7
1
2
-

7
1
2
-

7
1
2
-

7
1
2
-

7
1
2
-

7
1
2
-

7
1
2
-

7
1
2
-

7
1
2
-

NAS
OS
05

-

HP-handpump,
OHP- own handpump,
OW- ownwell,
PS-pipedsupply
SC- source convenient,
OS- ownsource,
PC- private connection,,NAS-noalternativesource

Table 5.15 shows the water usagesin various domesticneeds.It is very clear that
majority ofhouseholderscollectwater from handpumpsfor theirdrinking and cooking
needs.Very few families usetheir own open wells or own hand pumps for all of
domesticpurposes

5.3.2; WaterQuality: -

As statedearlierthat waterquality leavesinfluenceon the functioningof handpumps.
And so thewatersamplesof all visited handpumpshavebeentested.As somepeople
are using somewell water for drinking, a total six numbersof well waterwas also
collectedfor testing. Thetestresultsof following quality parametersare summarisedas
in table 5.16.
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Table516

Water Quality Parameters

Name! HP HP sourceof Chemical Parameters(in ppm)

distt Of code type water TDS pH Chlondes Fluondes Total Sulphate Iron Nitrate

Village Hardness

NarausalLko HP 1

HP2

HP3

HP 4

HP 5

III

II

III

II

III

WI

W2

BW

BW

BW

Bw

BW

OW

OW

500

520
490

520

486

1320

788

7 5

75

75

75

75

79

7 5

10

10
18

11

8

230

34

075

09
06

05

05

03

0 3

288

312
272

296

288

500

450

-

244

192

19.2

9 6

2112

28.8

05

trace

1

06

0.2

015

0 1

-

-

-

-

-

886

0 22

Hemrapur/Lko HP6

HP7

HP 8

HP 9

HPIO

III

III

III

III

11

BW

BW

BW

BW

BW

400

410

420

460

380

7 5

75

7 5

7 5

75

10

10

11

12

14

0 3

04

0 3

06

025

240

244

264

300

200

-

-

-

trace

-

04

04

0 3
05

03

-

-

0.44

022

-

ChandravallLko HPi 1

HP12

HPI3

HPI4

HPI5

HPI6

III

II

II

ii

11

III

BW

BW

BW

BW

BW

BW

480

500

490

480

470

400

7 5

75

75

75

75

75

20

28

30

24

28

10

0 5

05

025

05

025

025

240

260

250

246

230

248

-

96

9 6

96
-

14.4

trace

02

trace

05
04
02

-

-

-

-

-

-

BakkasfLko HP17

HPIB

HP19

HP2O

II

II

III

II

W 3

W4

BW

BW

BW

BW

OW

OW

420

416

420

410

2312

2008

75

75

75

75

78

78

17

8

10

11

412

498

025

025

03

03

04

04

296

246

240

226

1296

720

144

192

-

trace

384

576

03 -

02 -

01 -

02 -

01 48.7

015 443

Rami/AIld

Sehuadih.fAlld

HP2I

HP22

HP23

HP24

HP25

HP26

HP27

HP28

IU

111

111

III

III

III

W5

III

III

BW

BW

BW

BW

BW

BW

OW

BW

BW

480

490

480

520

500

500

470

550

460

7 5

7 5

7 5

76

7 5

7 8

75

7 8

75

50

20

22

16

20

22

38

44

13

075

04

04

03

0 75

0 6

16

06

1

224

248

280

316

276

324

264

344

224

48

384

384

288

28 8

19 2

192

48

192

0 2

0.02

0.05

005
0.05

0 1

002

0 1

0 1

-

-

-

044

-

446

-

-

-

Atanpur/Aild

Sarai H lAud

HP29

HP3O

HP31

HP32

1-1P33

HI

III

II

II

II

BW

BW

BW

BW

BW

460

500

640

1880

480

75

78

76

79

75

13

16

80

890

29

05

05

04

04

04

236

336

380

580

252

-

-

48

384

-

02

02

01

0 1

015

-

-

044

088

-

Baksera/Alld HP34

HP35

HP36

II

II

11

BW

BW

BW

496

568

440

77

7 6

75

43

55

13

05

04

04

294

382

254

96

4 8

48

0,15

0 1

01

-

-

-

Bajaiii/Alid HP37

HP38

HP39

HP4O

11

II

II

11

W 6

BW

BW

BW

BW

OW

556

608

826

492

698

75

75

76

75

7 8

13

49

93

17

47

03

03

03

03

2

338

318

250

318

400

-

-

288

-

4 8

001

0.1
08

015

-

-

-

222

-

0 44
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5.3.3 Users’Satisfaction:-

Overallview aboutthe handpumpwassoughtduring the interview. Most ofthe people
were found almost satisfiedwith thewater supply systemthroughthe handpumps.Out
of 297 personsinterviewedusing all 40 numbersof handpumps,only 23 porsons(7%)
were found unsatisfiedinsufficient water quantity that too in case of only three
handpumps.Waterquality of mostofthe handpumpswasacceptableto villagers. Only
38 (13%)personscomplainedfor bad quality ofwateraroundfive handpumpsandfour
out ofthesearein Lucknowdistrict and only onein Allahabaddistrict. Handpumpusers
werealmostfoundsatisfiedwith handpumps.

5.3.4 Someadditionalfindings:

During the interviewswith users’,someinterestingfactsabouttheuseand operation of
hand pumps cameout. Few hand pumpswere found with theirhandlesjust reversed
towards the spout side. People were asked for this reversion, one reply was the
conveniencein using handpump water for bathingor drinkingby a singlepersonalone
withoutuseofany bucketor can.Anotherreasonwasstated,the inconveniencecaused
by a long handle.It createdobstructionin movementof public aswell asvehiclesor
animals,in someof thenarrowlocalities and peoplegot it reversedthem very easily.
Someof the village women were askedto start pumpingwater, just to observetheir
operatingmode. It wasseenthat most of the women put theirhandsaround the mid
point of handleand startedpumpingeasily. The handlesof thesepumps were closely
watched.It wasnoticedthat hasturnedtoo smoothin themiddle andupwardside. This
smoothnessrevealsthat the handpump hasbeenoperatedmost of the times from the
middle of the handleby a numbersof people.Especiallyfor India Mark —HI hand
pumps, separatebathingplatform were constructed,even then the peoplewere seen
bathing just below the spouton the platformsconstructedaroundhandpumps. It was
convenient,accordingto them,to drawmorewatereasily for completebathing andcloth
washing.This createdsplashingof wastewateraroundthe handpump andpolluting the
surroundingenvironment.
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Chapter—6 Discussionson Results

This chapterprovides the detaileddiscussionson different parametersobservedas
presentedin the result chapter. The interlinkagebetween the indicators and the
functioning of handpumpshasbeendescribedand comparisonshavebeenmadeon
the basis of results obtained.The chapterstartswith discussionon functioning of
handpumpsandtherelationshipofvariousparametersinvolved in thestudy. Furtherit
providesatablefor assessmentof overall functioningofboth typesofhandpumps.

6.1 Functioningof Handpumps:-

Thestudy ofvariousliteraturesrelatedto thetopic providedthebasicinformation on
theparameters,which had influenceon the functioning of handpumps.The relevant
parameterswere madeindicatorsasmentionedin methodology,and observedin the
field aspresentedin theresults.On thebasisof literaturereview,a handpumpcanbe
calledwell functioning only whenit providesthespecifieddischarge,be reliable,non-
leaky,coveringdesiredpopulation,supplyingadequatequantityofgoodqualitywater
for all domesticpurposes,providing goodpump environmentandcondition, attracting
moreuserscomparedto traditional sourcesandoverall satisfyingit’s beneficiaries.

Following sub-sectionsexplain the possible relationship of indicators with the
functioning of system.The observedvalueof indicatorsare comparedto that of the
standardsaslaid downin theNationalSpecificationsand alsoasdesiredin thedesign
conceptionsdescribedin the literatures.

6.1.1 Reliability of Handpumps:-

As perdesignconsiderationsof India Mark-il andMark-ill handpumps,Mark-ifi be
morerehable(up to 100%)comparedto Mark-il. Thereliability is also moreor less
dependenton themaintenancesystemfollowed for O&M of the handpumpsandthe
institutionalsupport from the users.In thepresentstudyonly centralisedmaintenance
systemhavebeenadoptedfor both typesofhandpumps.In theabsenceofinstitutional
frame work for maintenanceof Mark-HI handpumps,its VLOM conceptis omitted
and it may be regardedas good as Mark-il. Therefore the clear judgementon
reliability, as describedin literaturescannot be madein this study. Whereas the
breakdownfrequencyand averagedowntime for both the pumpsarecomparableas
underthesamesystemofmaintenance.

(a) breakdownfrequency:-

It is mentionedin theliteraturesthatboththehandpumpsmustrunwithout anytrouble
at leastfor oneyearandthattoo with no maintenance.From the following graphit is
clear that India Mark-ifi offered fewer breakdownscomparedto Mark-il. Someof
Mark-Ill handpumpsare attendedby the caretakersand their role in preventive
maintenancemayhaveresultedm decreasingthebreakdownfrequency.
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Breakdown frequency Vs Numbers

(b) downtime:-

In the centralisedmaintenancesystemthe downtime for both the handpumpswill be
takenasthe samebecausethe repairwork is to be carriedout by the samemobile
team.As permaintenancenorms for centralisedsystem,theaveragedowntimeshould
not be more than one or two week. But in the field observations,very different
situationwasseen.Most of thepeoplerespondedtheaveragedowntime ofonemonth
or evenmorein thecentralisedmaintenancesystem.Sometimeswhenthecomplaintis
not attendedtimely by the government employees,people call for the local
mistri(mechanic)and get the hand pump repairedby own contribution. In some
villages wherethere is no alternativesourceof waterand peoplesurvive on hand
pumpsonly, theygetthehandpumprepairedon the samedaywith thehelp of local
mistri. Thusmorevariation is foundm thedowntimeresponsesof all theforty hand
pumpsvisited.

Out of the forty handpumps, nine number (23%) are found to be repairedand
maintainedby thepeople.Only onehandpumpin villageBaijalii ofAllahabaddistrict
found to be setright within a week, asit is beinglocatedin the front of houseof an
employeeof the agency.Also it was found that someotherhandpumpsin the same
village arerepairedin months.A majority ofhandpumps( 57%)hasa downtime of
morethanonemonth.On an average,thedowntime foundbetweenoneto two months
in bothdistricts.

As the downtime for bothtypesofhandpumpsarethesame,theavailability of hand
pump for usewill be thesame.Robustnessof both typesofpumpsis provedequally.
Some of the both types areworking non-breakfor numbersof years. Under these
situationit is difficult to judgethat whichone is morereliableor moretime available
for use. WhereasI M-IH may prove more reliable if the villagers are trained for

of handpumps
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repairs,caretakersareinspiredto performtheirdutiesandmaintenanceis handedover
to communities. AveragedowntimeVs numbers ofhandpumpsasobservedin field is
shownin following bar chart.

6.1.2 DischargeofHandpumps :-

As per IndianStandardSpecifications,the dischargeofboth handpumpsis thesame,
12 1pm at a pumping rate of 40 strokesper minutesin the field conditions.In the
presentstudy, 60% India Mark-Il handpumpswere found atthe specifiedlevel of 12
1pm whereasonly 25%ofMark-ifi handpumpswereyielding thespecifieddischarge
(detailsshownin table 5.3 of chapter-5).On the scaleof this indicator,India Mark-H
was found functioning better thanMark-ifi. The reasonbehindthis may be heavy
wearandtearto the cupsealsofmark-IH handpumps.Thedischargeof pumpsmaybe
relatedto thedaily productionofwaterandtherebytheintensityofuse.It canbe seen
from the table 5.10 (chapter-5)that the handpumpsunderheavyusearegiving less
discharge.It is seenthat mostofhandpumpshavingdischargebetween10-141pm, are
producingmediumto heavyquantity of waterwhile thepumpswith moredischarge
rate are producing less quantity due to less numberof users. Also some of the
handpumpsare beingusedby a largenumbersof peoplebut waterproductionis less
dueto useof sometraditional sourcesofwater for someoftheir domesticneeds.One
India Mark-ffl handpumpwasfoundgiving exceptionallylessdischargeofonly 4 1pm
at the specifiedrate of pumping evenafter changingthe cupseal.This wasdue to
heavyslip betweencup sealsandcylmderliner. Becauseof excessivewearofcylinder
linerby sandintrusionfrom theborewellwasnoticed.

6.1.3 Leakagefrom Handpump :-

Leakagefrom handpumpsdirectly effects the discharge.It may also be related to
breakdownfrequencyof handpumps.It was seenin the study that most of leaky
handpumpswere frequently repaired. The leakage may have developeddue to
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improperfittings ofriser pipejoints. Someofpumpsweregiving sufficientdischarge
out of being leaky one. In suchpumpsleakagewasmainly causedby improperpipe
joints or dueto perforationsin pipescausedby corrosivewater.

In the presentstudy only three India mark-H handpumpswere found leaky out of
twentyvisited. Themainreasonofleakagewas from loosepipejoints orperforations.
Whereasnine numbersof India mark-IH , out of twenty were found leaky, four of
themwerecausedby excessivewearto cupsealsor cylinder liners. Theseweregiving
lessdischargealso. As a comparison,India Mark-H found functioning well against
India mark-ifi. Leakagefrom loosepipejoints in caseof Indiamark-HIhandpumpsis
also too difficult to repairasit needsheavylifting device to dismantle65mmdiameter
G I pipesfor therectification.

The averagewaterproductionper day, breakdownfrequencyand dischargeof leaky
handpumpsofbothtypes is comparedin following barchart.

Performance of leaky handpumps
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6.1.4 Population Coverageby handpumps:-

Both pumpsaredesignedto caterthewaterdemandof 250personsat asupplyrateof
40 lpcd. In thepresenta largevariationwasobserved.250personsput only two India
Mark-il and one India mark-HI handpumpsto optimal use.Four numbersof India
Mark-ifi handpumpsarebeingoverusedby morethan 250 personswhereasrestof
handpumpsareunder usedby fewer peopleevenbelow 100 persons.The average
numbersofusersperhandpumpsis asfollows comparedin thegraph.

pump production, breakdown frequency,
discharge
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Average numbers of users per
handpump
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6.1.5 Pump conditions :-

The pump condition mayhave direct relationship with thenumbersofusers.More the
users, the more damagesand wear-tear to handpumpsmay be expectedto the
handpumps.
In thepresentstudy,mostof thehandpumpswerefoundin goodconditionirrespective
oflargenumbersof users.It wasseenthat in thosevillageswheretherewasno other
alternativesourceofwater,peoplewere found more careful in using thehandpuxnps
andthatresultedto theirgoodconditions.

As per installationnorms, the spout of water tankbe fixed away from the pumping
sideorhandle.Theideabehindthis is to safeguardthespoutawayfrom theeasyreach
of users’ hands.Users’ handssuspectedto be carrying some contaminantsdue to
improperwashingafterdefecation,particularlychildren. If anyhow,spout is touched
by a polluted handcarrying somepathogenicmicroorganisms,the bacteriamay be
transferredto theboreholesand thus contaminatingthe entire sourceofwater. In the
study areatwo suchhandpumpswere seenthat their handleswere just reversed
towardsspoutside for the convemenceof operatinghandleby a singleperson.This
waspossibledue to the symmetry of holesmadein flangesof water tank for fixing
nutbolts.Suchsituationsbealwaysprevented.

I M-III
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Handpump conditions

~1M0 .IM-III 1

6.1.6 PumpEnvironment :-

Platforms, drains and bathing platforms are constructed to keep the pump
surroundings neat clean and hygienic. In the presentstudy most of the handpumps
were found with well-constructedplatforms and drains exceptvery few. At some
placespeople were taking bath just below the spout insteadof bathing platform
provided. Some handpumpswere left for public usewithout constructingplatforms
duecertainreasonsandthuscreatingunhygienicsurroundings.Thebathingplatforms
were provided for only India Mark—Ill handpumps. Where as India Mark-H
handpumpswere without such bathing facilities though it seemsnecessaryfrom
hygienic point of view. Among the agencypersonnel,platform constructionis taken
as non-priority work like handpumprepair. Handpunipsare left for public usefor
months without constructingplatforms due to someconstraintsthat createsdirty
surroundings.The platform designand drawingsalso contributeto someextent for
delaysin platform construction.Changesin platform designsmaybe considerableto
avoidsuchsituations.

In thepresentstudy only 11%of handpumpswerefoundin a badcondition and22%
in moderatecondition. The platform conditionmay haverelation to thenumbersof
usersthat maycausemoredamages.But in thestudy area,suchtypeof situationwas
not found. In most of the villages people were found careful about handpump
surroundingexcept few places.It is worth to notice that only threenumbersIndia
Mark-ITT handpumpshavebad surroundingas againstonly one India Mark-il with
brokenplatform.
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6.2 Water Use :-

The distanceof waterpoint from the householdwasobservedas a major factor in
deciding the type of source for collection of water irrespectiveof water quality
consideration.Walking distancefrom thehandpumpandup to thelastuserhousehold
at theperipheryof coveragerangewasmeasuredby countingstepsandtime takenin
reachingwas also observed.A water source mappmg was already done and the
coveragerangeof eachhandpumpwasdecided.Thepeoplewereaskedfor why they
prefer any particularsourceto collect waterand for whatpurposewater is usedin
their houses.It was found that peoplewere more attractedtowardsthe nearnessof
waterpoints insteadof quality. The accessibilityto the sourceof waterwas also an
importantfactorobservedon thewateruseandsourceuse.Someof thehandpumps
were locatedin sucha way that were inaccessibleeven to thosehouseholdswhich
werewithin aperipheryof 20 m ofhandpumpandpeoplewerecompelledto opt for
alternatesources.

Thepresenceoftraditional sourceseffectsthewaterusepatternwidely in thevillages.
Somehouseholdswerefoundusinghandpumpwateronly for bathing,cloth washing
and personalhygieneand that too only male membersof the family. Whereasthe
femalememberswereusing traditionalsourcesfor drinking, cooking,utensilwashing
and otherneedsbecauseofit beingeasilyaccessibleat avery short distance.In some
of thevillages,wheregroundwatertableis at a shallowdepth,peoplehavethereown
local handpumpsand alwayspreferto usethat for all domesticpurposes.At thesame
time, few householdscollectedtheirdrinking waterneedsfrom thenearbyI M —H or I
M —ffl handpumps and otherrequirementswere fetch by own local handpump or
openwells.

Also lessnumberof traditionalwatersources,the openwells, areavailablein some
villageswhich areusedby thefamilies residmgnearby. The handpumpsprovidedby
agencyaresituatedfar awayfrom suchlocalities.

6.3 Water Quality :-

If wehavea generallook on the valuesof variousquality parametersobtainedfrom
the sampletesting,most of the valuesarewell within the acceptablelimits of WHO
guide lines. Also the pH valuesdoesnot indicatetowardsany aggressivityof water
as it is always found above7.5 or even more. Only very few parameters,like total
dissolvedsolids, chloridesandtotal hardnessarecrossingthe upperacceptablelimit
and that too in thecaseof well wateronly. Iron is found in almostof the samples,in
somehandpumpsit is foundin excess.

6.4.1 Additional Findings:-

Both typesof visited handpumpsare found functioning equally well in the areaof
study. Thoughtherearenumberof handpumpsthat werenot in functioningorder at
the time of field visits, mainly dueto lackof maintenance.This includedbothtypes.
In someof the chosenvillages few I M —III handpumpswere found totally defunct
sinceafterfew monthsoftheirinstallation.Thereasonwasthefailure ofborewells.
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Findingsfrom DiscussionsofAgencyOfficials:

Different levels of officers and field workers were discussedabout the overall
performanceofI M —H andI M —Ill handpumps.SinceI M —H handpumpsarebeing
installedfrom last fifteen years,the staff at various levelshasgaineda lot of field
experienceandexpertiseof installationaswell asmaintenanceofT M —II handpumps.
In the opinion of agencypersonnel,I M—II handpump is still performingbetter in
comparisonto I M —III. It wasstatedthat largenumberof I M —ifi handpumpsare
reportedto gone out of order at a early stage of their installation. A high level
committeeof few chiefengineers,wasconstitutedin the year 1994, to find out the
relativeutility of bothhandpumps.Their recommendationwas in favourof I M —II,
basedon realities found in the field and total cost of installation and afterward
maintenanceby the agency.As far as easeof maintenanceis concerned,it was not
found practical till community is fully involved and trained for repairing. The root
level staffalso favouredthe betterfunctioning of IM-H handpumps.Someregistered
suppliersofhandpumpsandBIS licensedmanufacturers,were alsoapproachedanda
factory visit was done.It was foundthat morenumberI M —H handpumpsarebeing
producedandsuppliedannually,ascomparedto I M —III handpumps. Sincethereis
no demandfor IndiaMark-ifi handpumpsany state.
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6.5 Comparisonof India Mark-il andMark-Ill handpumps:-

Following table presentsthe comparativepicture of both types of handpumps.The
resultsobtainedfrom thefield observationsfor variousindicatorsare sunirnarisedand
tabulatedbelow.

Table6.1; Comparisonof handpumps:

S.N. Indicators Desiredlevel IndiaMark-H IndiaMark-ifi

1- Discharge 12 1pm 45%below
Desiredlevel

70%below
desiredlevel

2- Leakage non-leaky 15% leaky 45%leaky

3- Breakdown <6 month 45%outof2OHP 15%outof2OIHP

Frequency <1 year
> 1 year

15%outof2OHP
40% out of2OHP

35%outof20 TiP
50%outof20 HP

4- Downtime <1 week

<1 month

> 1 month

5%(by agency)
20%(bypeople)
30%(byagency)

45%(by agency)

20% (by people)
5%(by agency)
5% (by people)
70%(byagency)

5- Coverage <250 persons/HP
= 250 persons/HP
> 250 persons/HP

80%outof20 HP
10%outof 20 TiP
10%out of20 TiP

75%out of20 HP
5% out of 20 HP
20%out of20 HP

Good
Moderate
Bad

Good
Moderate
Bad

65%outof 20 HP
20%out of20 HP
15%out of20 HP

65%out of 20 HP
30% out of 20 HP
5% out of 20 HP

60%out of 20 HP
40%out of 20 HP

60%out of20 HP
10%out of20 HP
30%out of20 HP

70% out of20 HP
15% out of 20 HP
15%out of 20 HP

65%out of2OHP
20% out of20 HP
15%out of2O TiP

6- Pump
Condition

7- Pump
Environment

8- Water
Produce

<4 kllday
4-8 kllday
> 8 kL/day
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Chapter— 7 ConclusionsandRecommendations

This chapterprovidestheoverallpictureofthestudy. It startswith briefdescriptionof
the objectives of study. Then it presents the conclusions drawn out of the field
findings and discussionson results.At last it gives somerecommendationsfor the
improvementsandbettermentof thehandpumpwatersupplysystem.

7.1 Objectivesof Study :-

Thetopic of studyis theevaluationoffunctioningofIndia Mark-il andIndiaMark-ifi
handpumpsin the state of Uttar Pradesh,India. India Mark-IT handpumpwas
developed in last seventies to cater water demand in the rural areas but its
maintenancewasnoteasyfor villagers. To bemaintainedandrepairedat villagelevel,
India Mark-ifi bandpumpwas developedby doingsomemodificationsin the existing
designof India Mark-il handpump.But in the stateof Uttar Pradesh,India Mark-il
handpumpsareonly beinginstalledat largescale.Indiamark-HI is installedonly with
financialsupportofsomeexternalagencylike UNICEF orothers.

The questionariseswhethertheIndiaMark-ifi handpumpsarenot functioningwell in
the field in comparisonto India Mark-TI. And due to this reason, it is not being
installedout of beingan improvedVLOM versionof its own. This studyis intendedto
evaluatethefunctioningofboththehandpumpswith thefollowing objectives.

1- To evaluatethefunctioningofIndiaMark-il andMark-ifi handpumps.
2- To evaluatethewateruseandwaterqualityofhandpumps.
3- To comparetheperformanceof IndiaMark-il andMark-ffl handpumpsandto

suggestsomeimprovementsfor betterfunctioningofthesystem.

7.2 Conclusions:-

Following conclusionsaredrawnfrom thestudy ofin all forty handpumps, twenty of
eachtypeinstalledin two differentdistrictsofthestate.

All the handpumpsfoundfunctioning well but only 60%of India Mark-il and
25%ofMark-ifi metthestandarddischargesetby Bureauof IndianStandards
(BIS). The reasonbehind low dischargeis high wear-tearto cupsealsand
cylinder liners. Sandintrusionin thewells is prime causefor rapidwear-tear
of cylinder components.Leakagealsocontributesto low dischargeupto some
extent. The dischargeof suchhandpumpsis not much below the standard
valuewhich is roughly 25% below the desiredlevel. But the productionof
water is found sufficient enough to meet the water demandof community
covered.Only oneexceptionof too less discharge(4lpm) wasnoticedin case
of India Mark-lIT handpumpwhich wasdue to heavywear of cylinder liner
causedby excessivesandintrusionsincebeginning.

Fifteenpercentof India Mark-IT and forty percentMark-ifi handpwnpswere
found leaky. But they do not effect the dischargetoo adversely.Leakageis
causeddue to heavywear-tearto cylinder componentsand also due to faulty
pipe joints. Leakagedevelopeddue to improperjointing of India Mark-HI
handpumpsaredifficult to repair,asit requiresheavylifting devices.
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Breakdownfrequencyfoundmorein caseofIndia Mark-H handpumps.About
45% of Mark-il pumpsbroke six monthly, 15% one yearly and 40% broke
overone year. Whereas only 15% Mark-Il pumpsfailed six monthly, 35%
one yearly and 50%over oneyear. Someofbothhandpumpsnoticedworking
non-breakfor a penodof over five years since their installation. Thus the
sturdiness of both the handpumpsis proved equally good. The average
breakdownfrequencyofboththehandpumpsis concludedto oncein two years
on the basis of field observations.The early breakdownof handpumpsis
mostly contributed to quality of construction of boreholesand improper
installationofpumping assembly.

The downtime is almost dependentto maintenancesystemadoptedfor the
handpumps.The centralisedmaintenancesystem is followed in both the
districts of study and the averagedowntime is found to be one month as
againstoneweekmentionedin literatures.

Majority of handpumps is found in good condition. Platforms and the
surroundingsare also good in most of the cases.Someof the platformsand
drains were found damageddue to poor quality of construction.Delay in
platform constructioncreatesunhygienicsurroundings.In thosevillageswhere
thereareno alternativesourcesofwater,peoplearewillingly self involved in
maintenance,upkeepandalsoconstructionofplatforms.

Majority ofhandpumpsis foundlightly usedby comparativelylessnumbersof
usersthanspecified250 persons.The mimmumnumbersof usersfoundto be
50 and maximum375 for certainhandpumps.Theaveragenumbersof users
per India Mark-il handpumpis found 130 and 153 perMark-HI asagainstthe
norm of250 personsperpunip.

Averagevolumeof waterusedby eachpersonis found21.4 lpcd in Lucknow
district and 22.7lpcd in Allahabad district, which is about the half of the
prescribednorm of40 lpcd. Majority ofpeopleuse15-20lpcd ofwateralmost
for drinking and cooking needs.Some peopleusethe traditional sourcesof
waterforpurposesotherthandrinking dueto convenienceofwaterpoint.

Water quality of all thehandpumpswas found to well within the acceptable
limits as lay down underWHO guidelmes.Corrosivenatureof waterwas
absentasthepH valuealwaysfound above7.5 in all the samples.Only eight
samplesfound exceedingthe allowablelimit of iron asper WHOguidelines
but well within the acceptablelimit specifiedby Bureauof Indian standards
(IBIS). Few samplesof traditional sourcescontainedhigh concentrationof
TDS, hardnessand chlorideswhich exceedthe acceptablelimits but people
found usingwater for all domesticneeds.

Conversionof India Mark-il by replacingthe pumping assemblyto that of
Mark-ifi, in the sameborehole,is not found encouraging.The dischargeof
thesepumpsfound less thanstandardsand also pumps startedto poursands.
Besidesthere are numbersof practical conversionproblemswhich cause
damageto theboreholes.
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> About 80% of usersfound satisfiedwith thehandpumpwatersupply system.
Somecomplainswereobservedregardingbadtasteofwater.Such handpumps
containedexcessof iron which producedtastebut the concentrationwasnot
beyondthe acceptablelimit. Very few complainedaboutinsufficient quantity
ofwateravailablefrom handpumps.Only one suchhandpumpwasshortedout
whichwasdefectivesincethe installation.

Both India Mark-TI and Mark-HI handpumpsfound functioning well in the
field conditions. The difference lies only in the maintainability of the
handpumps.Installationof India Mark-HI handpumpswithout involving and
training thecommunityfor village level maintenance,is meaningless.Ratherit
is equivalent to installation of India Mark-H handpumps.Also now the
maintenanceof India Mark-IT handpumpsis not beyond the capacity of
villagers. If basic training of maintenanceis necessaryfor India Mark-ifi
handpumps,the samecanbe extendedto Mark-IT also to makeit possiblefor
maintenanceatvillage level.

Thus the main differencebetweenIndia Mark-IT and Mark-HI comesto the
costof installation.The IndiaMark-HI is nearly30%morecostly thanthat of
India mark-H.This is themajorreasonfornon-adoptingMark-HI handpumps
ata largescalein therural watersupplyprogrammeofthestate.

7.3 Recommendations:-

Followingrecommendationsaresuggestedto improvethehandpumpsystemofwater
supply.

1- Preventivemaintenanceshouldbe madecompulsorylikewise thebreakdown
maintenance,throughtheblock/areamechanicin thecentralisedmaintenance
also. Regular watch over the wearing and moving componentsparts be
ensured.Their timely replacementmay improvethe functioning and thereby
the servicelife ofhandpumps.Dischargeof handpumpsbemeasuredquarterly
orso, andcupsealsbereplacedwhenthedischargefallsbelow 10 1pm.

2- Furthermodification in thedesignof IndiaMark-Ill handpumpsbemadeto
bring down the overall cost of installation to the level of India Mark-il
handpumps.Reductionin riser pipe diameter,to makeit fit for 100 mm dia.
borewel,mayprovidesubstantialcostreductionand alsofacilitateeasyrepairs
of leakagesfrom nserpipes.

3- To disturb thesymmetryin theholesoftop flangeofwatertank,madefor nut
bolt fittings; so that handlecouldnot be reversedtowardsthe spoutside. This
canbe donevery simply, by a little displacementof any two holes in the top
flangeofwatertankbutmatchingto thebottomflangeof handlebox. Thiswill
makethereversionofhandleimpossibleto thevillagersandthusavoidtherisk
ofboreholecontamination.

4- Lengthof handlebe reducedto a suitablemechanicaladvantageacceptableto
adultspersonsoperation(preferably4.5 : 1, assuggestedby Arlosoroffet.al.-
1987).A T-barhandlemaybeusedto counterbalancetheweightof connecting
rods.Efforts for cost reductionbe madeto makeit affordableto upperclass
ruralsocietysothat it canbe adoptedasayardhandpump.
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5- Platform design be modified for easy constructionusing locally available
materials like bncks. Only pedastalgrouting may of concreteand bathing
platformsand drainsbe built in brick masonry.Communitybe involved in
simple constructionof platformswith local materialswhich may developthe
senseof ownership among them. Bathing platforms for India Mark-H
handpumpsshouldalsobe provided.

6- Community involvementand their training for village level maintenancebe
startedfor India Mark-H handpumpsalso. Nominatedcaretakersbe provided
with someincentivesandtrainedcompleterepairs.

7- FurtherchangesHi fostermgpolicy of providing freehandpumpwatersupply
to therural sectorbe started.For a sustainablehandpumpwatersupply system,
ownershipmust be realisedby the communityand it is only possiblewhen
communityis involved m sharingthecostof handpumpsto someextent.It is
suggestedto integratethe handpumpprogrammewith rural sanitationand
individual yardhandpumpsbepromotedalongwith sanitationprogramme.

8- Water quality monitoring should be ensuredat a regular interval on yearly
basis. So that a safe and potablewatersupply to the community canbe an
assurance.

Note:-Theviewsand ideasdiscussedin this thesispertainto theauthor’s own.It does
notrelatein anyway to theIHE or the UPJalNigamor anyotheragency.
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Annexure - H

Village Information

• Name of Village

• District

• TehsiRblock

• Distancefrom distt.HQ.

• Poputation(199 1/present)

• No.of households

• Area of village

• Schools

• Hospitals

• Services Water supply

sanitation

• Irrigation facilities

• No. of handpumps

• Traditional sources of water

• No. of Cattles

• Accessible by

(motor, by cycle or on foot)

• Water suppty maintained by

• Village map(prepared on site)
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Annexure - III

Questionnaire for village

Name of village: Village Code:

Block: Tehsil : District:

Name of the house hold chief
Occupation
No. of members in the family

Total
Adults
Children

1. Who normally collects water in your family?

2. Do you Jike/ use H. P. Water?

3. How many buckets of water is collected daily?

from hand pump

from other source

4. Do you get sufficient water as you need?

5. Normally at what time water you collect?

6. How do find the taste of water?

7. Have you to wait in queue for collecting water?

8. How frequently hand pump breaks down?

9. From where you collect water when it fails?:

10. Who repairs the hand pump when it fails?

11. How many days is taken in repair it?

12. When was the last break of H.P.?

13. Do you see any difference between LM. - II & III?:

14. Can you repair this H.P.?

15. When was the break before last?
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Annexure -IV

Name of village:

Block: Tehsil:

Hand pump No./Iocation:

• general appearence

• condition of plateform/ bathing plateform

• disposal of used water

• no. of houses within 60 mts.

• no. of users within 60 mts.

• functioning of hand pumps -

• in order
• discharge after 40 strokes/mts

• leakage

• water Ieve~

• general quality of water
• giving sand, turbid
• colour
• taste

• measured horizontal play

• installation depth

• month/year of installation

Observation Sheet- I

VHIage Code:

District:

good! moderate/ poor

---.-——-do— -

pond/drain/kitchen garden/soak

yes/no
lits.

yields water after 3 strokes

yes/no

good/brakish/smelling

mm.
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Condition of hand pump

• horizontal play of handle more than 3 mm

• how much is the play

• clear signs of correction

• loosing of nut bolts

• chain is dry or (without greasing)

• damages to hand pump body

• damaged bearings

• leakage from water tank

• missing nut bolts

• wear and tear of handle slit

• handle and spout in right position

• movement of pedestal while pumping

• noise while pumping

• no. of strokes for yielding water

yes/no

yes/no

yes/no

yes/no

yes/no

yes/no

yes/no

yes/no

yes/no

yes/no

yes/no

yes/no

Annexure -IV

Sheet no.11
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Annexure-IV

Conditions of plateform and drain

TechnicalAspects:

• dimension of plateform/d rain

• pedstal well grouted

• damage to drain

• adequate length of drain

• suitability of hand pump site

Sanitary aspects:

colour of plateform(signof staining)

• damages to plateform

• impounding of water around plateform

• latrines within 10 m of hand pump

• Cleanlyness

Sheet no. - III
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Annexure - V

Caretaker questionnaire

Name :
Qualification : Occupation:

1. What kind of training undergone? When it was

conducted ? and what was the period?

2. How often you visit hand pumps?

3. How do you receive comp’aints?

4. How many complaints are received in month?

5. How do you attend the complaints?

6. What types of repairs you can do?

7. If the failure is beyond your limit, what you do?

8. How long does it takes to rectify a complain?

9. What is the normal breakdown time for major!

minor problems?

10. Do you get spare parts easily?

11. Are you satisfied with hand pumps?

12. What difference do you see between I.M. II & III?

13. How It is repaired?
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Breakdown Matrix

Annexure -VI

Type of failure Repair time Reasons/ remarks

Source - Use Matrix

Purpose

seasons

Source of water Reasons for use
non-use

hand pump ope well river! stream
wet dry wet dry wet dry

drinking
cooking
washing
personal hygiene
gardening
cattle feeding
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ANNEXURE-Vil

HP 1

HP 2
HP 3
HP 4
HP 5

Hemrapur thstt Lucknow

Bakkas distt. Lucknow

11 V
20 N
4 Y
16 Y
16 N

20
26
5

13
20

- 59÷sc
- 134
3 102
5 62
- 68

17 1.4

25 3.35
18 1.85
26 1.6
28 1.9

28 9.1
32 12
22 7.7
33 11.55
17 5

Abstract of direct observations Sheet-I 98
Name of HP code HP type discharge leakage HH using handpumps HH not Tota’ nos. Conspt. Quantity
villages 1pm YIN all needs DIG B/C using HP of users rate extracted

Ipcd kid
1 2 3 4 5 6 7 8 9 10 11 12

Narausa distt. Lucknow
‘I’
II
III
II
III

Ii’
III
III
Ill
II

4

HP 6
HP 7
HP 8
HP 9

HP 10
Chandrawal distt. Lucknow

HP 11
HP 12
HP 13
HP 14
HP 15

Y
N
Y
Y

N

46
41
50
42
32

11
14
11
11
12

13
11.5
14
10
15

11.5
14
10
12
14

9

5
3
3
2

N 43
Y 11
N 28
N 16
N 10

III
II
II
II
‘I

III
II
II
ll~
II

HP 16
HP 17
HP 18
HP 19
HP 20

- 325
- 375
- 350
- 350
- 299

- 230
- 54
- 220

- 122
- 70

2 130
- 80
2 255
1 165
- 60

N
Y

N
N
N

32
17
29
20
14

17 3.9
19 1
18 4
22 2.7
16 1.15

22 2.85
16 1.3
18 4.05
29 4.8
22 132
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10 11 12

Raini distt AUahabad
HP 21
HP 22
HP 23
HP 24
HP 25
HP26
HP 27

Sehua dih distt. Allahabad
HP 28 III convert

Atanpur distt. Aflahabad
HP 29
HP 30

Sarai Harkishan distt Allahabad
HP32
HP33

Baksera distt. Aflahabad

- 200
- 55

- 88
- 122
- 200
- 65

22 4.4
22 1.2
18 1.6
18 2.2
20 4
17 1.1
19 2.25

18 2.75

30 4.4
28 2.9

HH
DIC
B/C
Sc

- householders
- drinking & cooking
- bathing & cloth washing
- schoo’ children

1 2 3 4 5 6 7 8 9

III
III convert

III

It’
III convert

I,’
II’

10
10
9
8
10
11
12

11

12
8
11

9
14

12
12
12

III
‘IHP 31

N
N
Y
V
V
Y

N

N

N
N
N

N
N

N
N
N

3

3

26
7
12
22
28
11
12

20

12
10
8

18
11

12
6
6

8
18
17
23

118

154

70 23 16
58 23 1.35
50 23 1.35

3

3

I

2

HP 34
HP 35
HP 36

Baijahi distt. Aliahabad
HP 37

HP 38
HP 39
HP 40

II

II
II

II
II

II

- 148

2 103

2

10 N
10 N
9 N
11 N

86 25 2.15
89 28 2.5
51 21 1.1

- 230
- 153
3 166
- 164

25 5.75
29 4.45
30 5
28 4.6



Abstract of observations; sheet -II
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1 2
HP CODE HP TYPE

HP1 III
HP2 II
HP3 III
HP4 II
HP5 III
HP6 )II
HP7 III
HP8 III
HP9 III
HP1O II
HP1I III
HP12 II
HP13 II
HP14 II
HPI5 II
HP 16 III
HPI7 II
HPI8 II
HP19 III
HP2O II
HP 21 UI
HP22 III
HP23 III
HP24 III
HP25 III
HP26 III
HP27 III
HP 28 III
HP29 III

Condition of handpumps
3 4 5 6

PH CP LN LG
+ +

+ - + +

+ - - +

- + +

+ - +

1• -

+

+ +

+

+

+

7 8~.
DH DB

- +

- +

- +

- +

- +

+

- +

+

Ratings
9 10 11 12 113 14 15
LI MB WS HR LF G M

- +

*

*

+ + +

*

- - +

+ - - + +

- +

*

*

*

*

+ +

*

*

*

+ + +

- + + +

- +

16
B
*

*

*

*

*

*

*

*



2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Ill
II + - - -

II + + + - - + + + -

II - - - - - - - - *

II + *

II
II
II - - - + -

II

+ *

+ *

Handpump Conditions
PH - play in handle
CP - corroded parts
LN - loose nutbolts
LG - lack of greasing
OH - damage to HP
06 - damage to bearing
LT - leaking tank
WS - wornout slit
HR - handle reversed
LF - loose foundation

-- Observations taken in negative aspects
-- + sign is given to negative observation
-- ,- sign is given to positive observation

+ is taken as good In rating
-i- + is taken as moderate in rating

+ + or more is taken as bad in rating

1
HP 30
HP 31
HP 32
HP 33
HP 34
HP 35
HP 36
HP 37
HP 38
HP 39
HP 40

II +

II +

+

101

*



Abstract of Observations; sheet-Ill

Condition of Platforms
1 2 3 4 5 6 7 8 9

B

Ratings

102

*

*

*

HP code HP type DP SW LD SP G M
HP1 Ill - - - - *

HP2 II - -I- *

HP3 III - - - *

HP4 II *

HP5 lii - - - *

HP6 Ill - -I- +

HP7 Ill -‘- - +

HP8 Ill + + -

HP9 Ill - - - *

HPIO II - - + *

HPI1 III ÷ *

HPI2 II - - - *

HPI3 II - *

HPI4 II - *

(-1P15 U *

HPI6 III *

HPI7 II *

HPI8 II - *

HP19 Ill - *

HP2O II *

HP21 Ill *

HP22 Ill - *

HP23 Ill +

HP24 ID +

HP25 Ill -



1 2 3 4 5 6 7 8 9
HP26’ Ill - - - - *

HP27 Ill *

HP28 III - - *

HP29 Ill *

HP3O III *

HP31 II -i- *

1 2 3 4 5 6 7 8
HP32 II + + ÷ .,..

HP33 II +

HP34 II + - *

HP35 II - -I-

HP36 II ~.

Hp37 II
HP38 II
HP39 II ~.

HP4O (I

103

Observations taken in negative as
,‘-i-’ sign is given to negative obs

- sign is given to positive obs
No ‘plus’ sign is rated as good
Single ‘plus’ is rated as moderate
more ‘plus’ is rated as bad

Platform conditions:
DP - damaged platforms
SW - stagnant water
LD - lacking in drainage
SP - source of pollution within 10 m



Water Quality Parameters

1 2 3 4 5 6

ANNEXURE-VIlI

7 8

104

11 12 13 14

Name! HP HP source of Chemical Parameters (in ppm)
distt. Of cod type water TDS pt-I Chlorides Flyorides Total Sulphate Iron Nitrate Nitrite Alkalinity
village Hardness

9 10
Narausa/Lko HP Ill BW 500 7.5 10 0.75 288 - 0.5 - - 304

HP II BW 520 7.5 10 0.9 312 24.4 trace - - 288
HP Ill BW 490 7.5 18 0.6 272 19.2 1 - - 276
HP It Bw 520 7.5 11 0.5 296 192 0.6 - - 280
HP Ill

Wi
W 2

BW
OW
OW

486
1320
788

7.5
7.9
7.5

8
230
34

0.5
0.3
0.3

288
500
450

9.6
211.2
28.8

0.2
0.15
0 1

-

8.86
0.22

-

trace
-

292
700
320

Hemrapur/Lk HP lii BW 400 7.5 10 0.3 240 - 0.4 - - 236
HP Ill BW 410 7.5 10 0.4 244 - 0.4 - - 224
HP Ill 8W 420 7.5 11 0.3 264 - 0.3 044 - 264
HP lii BW 460 7.5 12 0.6 300 trace 0.5 0.22 - 296
HP1 II BW 380 7.5 14 0.25 200 - 0.3 - - 216

Chandraval/L P1 Ill BW 480 7.5 20 0.5 240 - trace - - 220
HP1 II BW 500 7.5 28 0.5 260 9.6 0.2 - - 230
HP1 II BW 490 7.5 30 0.25 250 9.6 trace - - 220
HP1 II BW 480 7.5 24 0.5 246 9.6 0.5 - - 230
HP1 II BW 470 7.5 28 0.25 230 - 0.4 - - 220
HP1 Ill BW 400 7.5 10 0.25 248 14.4 0.2 - - 220

Bakkas/Lko P1 II BW 420 7.5 17 0.25 296 14.4 0.3 - - 252
HPI II BW 416 7.5 8 0.25 246 19.2 0.2 - - 256
HP1 Ill BW 420 7.5 10 0.3 240 - 0.1 - - 248
HP2 I)

W 3
W4

BW
OW
OW

410
2312
2008

7.5
7.8
7.8

11
412
498

0.3
0.4
0.4

226
1296
720

trace
384
576

0.2
0 1

0.15

-

48.7
44.3

-

-

-

216
607
736

Raini/AlId. P2 III BW 480 7.5 50 0.75 224 48 0.2 - - 220
HP2 Ill BW 490 7.5 20 0.4 248 38.4 0.02 - - 144
HP2 III 8W 480 7.5 22 0.4 280 38.4 0.05 - - 264



105
12 3 4 5 6

HP2 UI 6W 520 7.6

HP2 Ill BW 500 7.5
HP2 Ill BW 500 7 8

W5 OW 470 75
HP2 Ill BW 550 7.8

Sehuadih/AH P2 Ill BW 460 7.5
AtanpurfAlld. P2 III 6W 460 7.5

HP3 Ill SW 500 7.8
HP3 II BW 640 7.6

Sarai H lAUd. P3 II 6W 1880 7.9
I-(P3 Ii BW 480 7.5

Baksera/Alld. P3 II BW 496 7 7
HP3 II BW 568 7.6
HP3 II BW 440 7.5

Bajahi/AIld. P3 II BW 556 7.5
HP3 II BW 608 7.5
HP3 II BW 826 7.6
HP4 II BW 492 7.5

W6 OW 698 7.8

7 8 9
16 0.3 316

38 16 264
44 0.6 344
13 1 224
13 0.5 236

19.2 0.02
48 0.1

19.2 0.1
- 0.2

240
288

- 244~,
- 272
- 248
- 244

20 0.75
22 0.6

10
28.8

28 8
19.2

276
324

12
0.44

11
0.05

0 05
0.1

13 14
- 280

4 46 trace

16 0.5 336 - 02 - 300
80 0.4 380 48 0.1 - 360

890 04 580 38.4 01 - 558
29 0.4 252 - 0.15 - 258
43 05 294 9.6 015 - 470
55 0.4 382 4.8 0.1 - 392
13 0.4 254 4.8 0.1 - 300
13 0.3 338 - 001 - 280
49 0.3 318 - 0.1 - 262
93 03 250 28.8 0.8 - 366
17 0.3 318 - 0.15 - - 240
47

0.44

0.88

2.22

2 400 48 0.44 trace 488



ANNEXURE-IX
Abstract of Householders interviews 106

Narausa

Name of HP code HH no Functioning of Hand Water Usages
village & type Breakdow Down

frequency time
Quality
users’view

Adequacy convenien Volume
of water of WP of water

Drinking cooking Bathing Cloth Others
washing

HP HP HP HP HP
HP HP HP HP HP
HP HP HP HP HP

HP HP HPOW HPOW HPOW
OW OHP OW OHP OW OI-4P OW OI-tP OW Ol-IP

HP HP HPOW HPOW HPOW
HP OHP HP OHP HP OHP HP OHP HP OHP

HP HP HP OW HP OW HP OW
HP HP HPOW HPOW HPOW

(distance)__collected
HPI I R 2M G S <2Dm 43
M - III 2 R 2-3 M G S <20m 33

3 R 1-2M G S <2Dm 31
4 R NK G S <50m 11
5 R 2-3M G S <5Dm -

6 R 3-4M G S <5Dm 8
7 R 1-2M G S <75m 8
8 R 3-4M G S <75m 7
9 R NK G S <75m 9

HP 2 10 R 1 M G S <2Dm 25 HP HP
M-ll 11 R 1-2M G S <2Dm 33 HP HP

12 R 2-3 M G S <2Dm 22 HP HP
13 R 1-2M G S <3Dm 30 HP HP
14 R 1-2M G S <3Dm 17 HP HP
15 R 2-3M G S <30m 30 HP HP
16 R 3-4M G S <50 m 30 HP HP
17 R 2-3M G S <5Dm 40 HP HP
18 R 2-3M G S <50m 30 HP HP

HP 3 19 F 3-4 M B I <50 m 9 HP OW HP OW OW HP OW HP OW
M - lIt 20 F 2-3 M B I <50 m 24 HP OW HP OW HP OW HP OW HP OW

21 F 1-2M B I <50 m 7 HP OW HP OW HP OW HP OW HP OW
22 F 2-3 M B I <100 m 8 HP OW HP OW HP OW HP OW HP OW
23 F 3-4 M B I <100 m 24 HP OW HP OW HP OW HP OW HP OW

HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
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36 R 1-2M
37 R 2-3M
38 R 2-3M
39 R 1-2M
40 R 3-4M
41 R 1-2M
42 R 2-3M
43 R 1-2M

3 4 5
24 F 2-3M
25 F NK
26 F 3-4M
27’ F NK

28 F 5-6W
29 F 3-4W
30 F 4-5W
31 F 4-6W
32 F 3-4W
33 F 3-4W
34 F 5-6W
35 F NK

1 2

HP 4
M-II

HP 5
M-iII

Hemrapur HP 6
M-III

11
OW
OW

HPOW
OHP

HP
HP
HP
HP
HP
HP

HPOW
HPOW

12
OW
OW

HPOW
HOHP

HP
HP
HP
HP
HP
HP

HPOW
HPOW

13
OW
OW

HPOW
OHP

HP
HP
HP
HP
HP
HP

HP OW
HP OW

14
OW
OW

HPOW
OHP

HP
HP
HP
HP
HP
HP

HP OW
HPOW

6
B
B
B
B

G
G
G
G
G
0
G
G

G
G
G
G
G
G
G
G

0
0
G
G
G
G
G
G
0

7 8
I <10Dm

<15Dm
<15Gm

I <15Dm

S <2Dm
S <2Dm
S <2Dm
S <50m
S <50m
S <50m
S <lOOm
S <10Dm

S <2Dm
S <2Dm
S <2Gm
S <5Dm
S <50m
S <5Dm
S <10Dm
S <lOOm

S <20m
S <2Dm
S <20m
S <50m
S <5Dm
S <50m
S <lOOm
S <lOOm
S <lOOm

9 10
29 OW
40 OW
7 HPOW

OHP

38 HP
27 HP
40 HP
30 HP
30 HP
30 HP
8 HPOW
7 HPOW

33 HP
25 HP
30 HP
20 HP
30 HP
3D HP
3D HP
25 HP

24 HP
22 HP
28 HP
36 HP
38 HP
30 HP
40 HP
20 HP
17 HP

44 R 2-3M
45 R 2-3M
46 R 1-2M
47 R 1-2M
48 R 2-3M
49 R 2-3M
50 R 2-3M
51 R NK
52 R 3-4M

HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP

HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
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1 2
HP 7
M-tll

3 4 5
53 0 1W
54 0 1-2W
55 0 1-2W
56 0 2W
57 0 1-2W
58 0 2W
59 0 1W
60 0 2W
61 0 1W

62 0 2D
63 0 3D
64 0 1D
65 0 2D
66 0 2D
67 0 1D
68 0 3-4D
69 0 2D
70 0 3D

71 0 ID
72 0 2D
73 0 2D
74 0 1D
75 0 1-2D
76 0 1-2D
77 0 2D
78 0 2-3D
79 0 2-3D

S <50m
S <5Dm
S <5Dm
S <10Dm
S <lOOm
S <lOOm
S <15Dm
S <150m
S <15Dm

40 HP HP HP
3D HP HP HP
37 HP HP HP
34 HP HP HP
35 HP HP HP
32 HP HP HP
30 HP HP HP
30 HP HP HP
32 HP HP HP

12 13 14
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP

HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP

7 8
S <20m
S <2Dm
S <20m
S <5Dm
S <5Dm
S <5Dm
S <lOOm
S <lOOm
S <lOOm

S <2Dm
S <2Dm
S <20m
S <5Om
S <5Dm
S <50m
S <10Dm
S <10Dm
S <lOOm

HP 8
M-lll

HP 9
M-Ut

9 10
22 HP
25 HP
36 HP
33 HP
32 HP
38 HP
34 HP
30 HP
29 HP

34 HP
25 HP
3D HP
25 HP
20 HP
25 HP
16 HP
15 HP
13 HP

11
HP
HP
HP
HP
HP
HP
HP
HP
HP

HP
HP
HP
HP
HP
HP
HP
HP
HP

6
G
G
G
G
G
G
G
G
G

G
0
G
G
G
G
G
G
0

0
0
G
G

0
G
G
G
G

HP
HP
HP
HP
HP
HP
HP
HP
HP

HP
HP
HP
HP
HP
HP
HP
HP
HP



1 2 3 4 5 6 7 8
109

HP ID
M-II 80 0 ID

81 0 1-20
82 0 2D
83 0 1-20
84 0 1D
85 0 2D
86 0 lD
87 0 20
88 0 10

9 10 11 12

20 HP HP
23 HP HP
20 HP HP
14 HP HP
15 HP HP
24 HP HP
10 HP HP
13 HP HP
13 HP HP

B
B
B
B
B
B
B
B
B

G
G
G
G

G
G
G

G
0
G
G
G
G
G
0
0

B
B
B

Chandrav HP 11 89
M -III 90

91
92
93
94
95
96
97
98

HP12 99
M-lI 100

101
102
103
104

HP 13
M-lI 105

106
107

S <2Dm
S <2Dm
S <2Dm
S <5Dm
S <5Dm
S <5Dm
S <10Dm
S <lOOm
S <lOOm

S <2Dm
S <2Dm
S <2Gm
S <50m
S <5Dm
S <5Dm
S <50m
S <75m
S <75m
S <75m
S <2Dm
S <20M
S <2Dm
S <5Dm
S <50m
S <5Dm

S <20m
S <2Dm
S <2Gm

0 lM
0 1-2M
0 2M
O 1M
O 1-2M
O 4-6W
0 3-4W
0 4-5W
0 4-5W
O NK
R 4-6W
R 4-5W
R 3-4W
R 3-4W
R 3-4W
R 4-6W

F 10
F 2D
F 1-20

13 14

HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP

HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP

HP HP HP HP
HP HP HP HP
HP HP HP HP

24 HP
16 HP
16 HP
15 HP
12 HP
17 HP
16 HP
12 HP
14 HP
13 HP
19 HP
33 HP
24 HP
12 HP
14 HP
14 HP

24 HP
18 HP
14 HP



110
3

108
109
110
111
112
113
114
115
116

HPI5 117
M-tt 118

119
120
121
122

4 5
F 2-3D
F 20
F 2-3D
R 1-2M
R 2-3M
R 1-2M
R 2-3M
R 2-3M
R 1-2M

R 2-3M
R 2-3M
R 1-2M
R l-2M
R 2-3M
R I-2M

7 8
S <50m
S <5Dm
S <50M
S <2DM
S <20m
S <20m
S <5Dm
S <5Dm
S <5Dm

9 10
20 HP
16 HP
18 HP
20 HP
24 HP
28 HP
22 HP
20 HP
13 HP

12
HP
HP
HP
HP
HP
HP
HP
HP
HP

12 14
HP HP
HP HP
HP HP
HP HP
HP HP
HP HP
HP HP
HP HP
HP HP

1 2

HP 14
M-II

6
B
B
B
G
G
G
G
G
G

G
G
G
G
0
0

0
0
0
G
0
0
G
G
G

B
B
B
B
B

11
HP
HP
HP
HP
HP
HP
HP
HP
HP

HP
HP
HP
HP
HP
HP

HP
HP
HP
HP
HP
HP
HP
HP
HP

HP
HP
HP
HP
HP
HP

HP HP
HP HP
HP HP
HP HP
HP HP
HP HP

Bakkas HP 16 123
M-lll 124

125
126
127
128
129
130
131

HP 17
M- II 132

133
134
135
136

13 HP
20 HP
15 HP
15 HP
14 HP
16 HP

17 HP
33 HP
27 HP
30 HP
14 HP
16 HP
14 HP
18 HP
25 HP

S <2Dm
S <2Dm
S <2Dm
S <5Dm
S <5DM
S <5Dm

S <2Dm
S <20m
S <2Dm
S <5Dm
S <5Dm
S <5Dm
S <10Dm
S <10Dm
S <lOOm

S <2Dm
S <2Dm
S <2aM
S <5DM
S <5Dm

F l-2M
F 2-3M
F 2-3M
F l-2M
F 1-2M
F 2-3M
F 2-3M
F l-2M
F 2-3M

F 2-3D
F 2-3D
F 2-3D
F 1-2D
F 1-20

HP HP HP
HP HP HP
HP HP HP
HP HP HP

HP, OW HP, OW HP, OW
HP, OW HP, OW HP, OW

OW OW OW
HP HP HP
HP HP HP

14 HP HP
17 HP HP
15 HP HP
20 HP HP
12 HP HP

HP
HP
HP
HP
HP

HP
HP
HP
HP
HP

HP
HP
HP
HP
HP



ill

147
148
149
150
151
152

R 1-2M
R 1-2M
R 2-3M
R 2-3M
R 1-2M
R l-2M

S <2Dm
S <2Dm
S <2Dm
S <5Dm
S <SUm
S <50m

23 HP
35 HP
25 HP
32 HP
24 HP
24 HP

HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP

HP
HP
HP
HP
HP
HP

2 3
137

HP 18 138
MIt 139

140
141
142
143
144
145
146

4 5
F 2-3D
0 1-2M
O 1-2M’
O 2-3M
O 1-2M
O 2-3M
0 2-3M
0 1-2M
0 2-3M
0 NK

7 8
S <50m
S <2Dm
S <2Dm
S <2Dm
S <50m
S <50m
S <50m
S <lOOm
S <lOOm
S <lOOm

9 10
17 HP
38 HP
19 HP
14 HP
12 HP
13 HP
14 HP
12 HP
14 HP
24 HP

11
HP
HP
HP
HP
HP
HP
HP
HP
HP
HP

12
HP

HP, OW
HP ,OW

HP
HP, OW

HP
HP, OW

OW
OW
HP

13
HP

HP, OW
HP, OW

HP
HP, OW

HP
HP, OW

OW
OW
HP

HP 19
M- Ill

HP 20
M-ll

6
B
G
0
0
G
0
G
0
0
G

0
0
0
G
G
G

G
G
0
G
G
0

14
HP

HP, OW
HP, OW

HP
HP, OW

HP
HP, OW

OW
OW
HP

153
154
155
156
157
158

R 2-3M
R 2-3M
R l-2M
R 1-2M
R 2-3M
R 2-3M

S <2Dm
S <2Dm
S <2Dm
S <50m
S <5Dm
S <5Dm

14 HP
25 HP
28 HP
20 HP
20 HP
22 HP

HP
HP
HP
HP
HP
HP

HP
HP
HP
HP
HP
HP

HP HP
HP HP
HP HP
HP HP
HP HP
HP HP
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3
159
160
161
162
163
164
165
166
167

4 5
R l-2M
R 2-3M
R 1-2M
R I-2M
R 2-3M
R 2-3M
R 1-2M
R 1-2M
R NK

7 8
S <5Om
S <5Gm
S <50m
S <10Dm
S <lOOm
S <lOOm
S <15Dm
S <15Dm
S <15Dm

9 10
35 HP
19 HP
29 HP
29 HP
25 HP
20 HP
12 HP
14 HP
15 HP

11 12 13
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP

14
HP
HP
HP
HP
HP
HP
HP
HP
HP

1 2
Raini HP21
Allahabad M - III

HP 22
M-llI

HP 23
M-llt

HP 24
M-t(t

6
G
G
G
G
0
G
0
G
0

G
G
0
G
0
0

G
G
G
G
G
G
G

G
G
G

168
169
170
171
172
173

174
175
176
177
178
179
180

181
182
183

R 1-2M
R 2-3M
R 1-2M
R 2-3M
R 2-3M
R I-2M

R 1-2M
R l-2M
R 2-3M
R 2-3M
R l-2M
R 2-3M
R NK

O 2-3M
0 2-3M
O 1-2M

S <5Dm
S <5Dm
S <5Dm
S <10Dm
S <10Dm
S <lOOm

S <2Dm
S <20m
S <2Dm
S <5Dm
S <50m
S <5Dm
S <lOOM

I <2Dm
I <2Dm

<2Gm

30 HP HP HP
20 HP HP HP
27 HP HP HP
22 HP HP HP
20 HP HP HP
14 HP HP HP

22 HP HP HP
22 HP HP HP
14 HP HP HP
14 HP HP HP
24 HP HP HP
12 HP HP HP
12 HP HP HP

18 HP HP HP
20 HP HP HP
16 HP HP HP

HP
HP
HP
HP
HP
HP

HP
HP
HP
HP
HP
HP
HP

HP
HP
HP

HP
HP
HP
HP
HP
HP

HP
HP
HP
HP
HP
HP
HP

HP
HP
HP
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3

184
185
186
187
188
189
190
191
192
193
194
195

4 5
0 2M
O 2M
O 2M
O NK
F 2-3M
F 2-3M
F 2-3M
F 1-2M
F 1-2M
F 2-3M
F 1-2M
F NK

7 8
<5Dm

I <5Dm
I <lOOm

<10Dm
<20m

I <20m
I <2Dm
I <5DM
I <5Dm

<10Dm
<lOOM
<lOOm

9 10
24 HP
16 HP
14 HP
16 HP
25 HP
30 HP
17 HP
15 HP
20 HP
24 HP
15 HP
15 HP

11 12 13
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP

13
HP
HP
HP
HP
HP
HP
HP
HP
HP
HP
HP
HP

HP26 196
M-lll 197

198
199
200
201

R 1M
R 2M
R 2-3M
R NK
R 2M
R 2M

G
G
G
G
G
G

12 HP
16 HP
14 HP
20 HP
20 HP
18 HP

1 2

HP 25
M-lIl

6
G
G
G
G
B
B
B
B
B
B
B
B

HP27 202
M-IlI 203

204
205
206
207

S <2Dm
S <2Dm
S <2Dm
S <5Gm
S <5Dm
S <lOOM

S <2Dm
S <2Gm
S <2Dm
S <50m
S <5Dm
S <5Dm

S <20m
S <2Gm
S <2Dm

0 2W
O 3W
O 2W
O 3W
O 2W
0 4W

O 2M
O 3M
O 2M

Sehuadih HP 28
M-lIi

G
G
G
0
G
0

G
0
G

208
209
210

HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP

HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP

HP’ HP HP HP
HP’ HP HP HP
HP’ HP HP HP

20 HP
12 HP
30 HP
12 HP
18 HP
20 HP

20 HP
14 HP
17 HP
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1 2 3 4 5 6 7 8 9 ID 11 12 13 14

211 0 2M 0 S <50 m 16 HP HP’ HP HP HP
212 0 2M G S <5Dm 25 HP HP’ HP HP HP
213 0 3 M G S <50 m 20 HP HP’ HP HP HP
214 0 2 M G S <100 m 20 HP HP’ HP HP HP
215 0 NK 0 5 <lOOm 9 HP HP’ HP HP HP

Atanpur HP 29 216 R 1 M 0 S <20 m 20 HP HP’ HP HP HP
M-III 217

218
219
221

R
R
R
R

2M
2 M

1-2 M
I M

G
G
G
G

S
S
S
S

<20m
<20 m
<SD m
<50 m

14
24
32
3D

HP
HP
HP
HP

HP’
HP’
HP’
HP’

HP
HP
HP
HP

HP
HP
HP
HP

HP
HP
HP
HP

HP 3D 222 R 2-3 M G S <20 m 30 HP HP HP HP HP
M -III 223

224
225
226
227

R
R
R
R
R

1-2 M
I M

1-2 M
2 M
N K

G
G
G
0
G

S
S
S
S
S

<20 m
<20 m
<50 m
<100 m
<lOOm

32
20
24
15
14

HP
HP
HP
HP
HP

HP
HP
HP
HP
HP

HP
HP
HP
HP
HP

HP
HP
HP
HP
HP

HP
HP
HP
HP
HP

HP 31 228 0 2 M G S <20 m 35 HP HP HP HP HP
M - II 229

230
231
232
233

0
0
0
0
0

2-3 M
l-2M
1M
2M
1 M

G
G
G
0
G

S
S
S
S
S

<20 m
<2Dm
<5Dm
<5Dm
<50 M

25
16
17
18
20

HP
HP
HP
HP
HP

HP
HP
HP
HP
HP

HP
HP
HP
HP
HP

HP
HP
HP
HP
HP

HP
HP
HP
HP
HP

Sarai
harkisan HP 32 234 F I W 0 S <20 m 27 HP HP HP HP HP

M-II 235 F 1-2W G S <2Dm 28 HP HP NP HP NP
236
237
238

F
F
F

I W
1-2 W
2-3 W

G
G
G

S
S
S

<20 m
<50 m
<5Dm

32
40
34

HP
HP
HP

HP
HP
HP

HP
HP
HP

HP
HP
HP

HP
HP
HP
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3

239
240
241

HP 33 242
M-It 243

244
245
246
247

4 5 6
F 1W 0
F 1-2W G
F 2-3W 0

R l-2M
R 2-3M
R 1M
R 1M
R 1-2M
R 2M

7 8
S <5Dm
S <lOOm
S <lOOm

S <2Gm
S <2Dm
S <2Dm
S <5Dm
S <5Gm
S <50m

9 10 11
32 HP HP
24 HP HP
20 HP HP

20 HP HP
25 HP HP
35 HP HP
25 HP HP
30 HP HP
28 HP HP

1 2 12 13 14
HP HP HP
HP HP HP
HP HP HP

HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP
HP HP HP

HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP
HP HP HP HP

Baksera HP34 248
M-II 249

250
251
252
253

HP 35 254
M-II 255

256
257
258
259

HP 36 260
M -It 261

262
263
264
265

0
G
0
0
G
0

0
G
0
G
G
G

0
G
G
G
G
G

G
0
G
0
0
G

R 2M
R 2M
R IM
R l-2M
R 1M
R 2M

F 3M
F 2M
F 1-2M
F 2M
F 1-2M
F 2M

R IM
R lM
R 2M
R 1-2M
R l-2M
R 2M

S <2Dm
S <20m
S <20m
S <5Dm
S <5Dm
S <5Dm

S <2Dm
S <2Dm
S <2GM
S <5Dm
S <50m
S <lOOm

S <2Dm
S <2Dm
S <2Dm
S <5GM
S <5Om
S <5Dm

27 HP
34 HP
29 HP
19 HP
19 HP
18 HP

27 HP
28 HP, PS
35 HP
18 HP, PS
40 HP
28 HP

18 HP
22 HP
25 HP
24 HP
18 HP
17 HP

HP HP HP HP
HP, PS HP, PS HP, PS HP, PS

HP HP HP HP
HP, PS HP, PS HP, PS HP, PS

HP HP HP HP
HP HP HP HP

HP
HP
HP
HP
HP
HP

HP
HP
HP
HP
HP
HP

HP HP
HP HP
HP HP
HP HP
HP HP
HP HP
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Baijahi
1 2 3 4 5 6 7 8 9 10 11 12 13 14

HP 37 266 F 1 W 6 S <20 m 32 HP HP HP HP HP

M - II 267 F 2 W G S <20 m 32 HP HP HP HP HP

268 F 2 W G S <20 m 25 HP HP HP HP HP

269 F 1-2W 0 S <5Dm 27 HP HP HP HP HP
270 F 1 -2 W G S <50 m 30 HP HP HP HP HP
271 F 2 W 0 S <50 m 24 HP HP HP HP HP

272 F 1W G S <lOOm 16 HP HP HP HP HP

273 F 2 W G S <100 m 20 HP HP HP HP HP

HP 38 274 F 2 W G S <20 m 32 HP HP HP HP HP
M - II 275 F 2 W G S <20 m 41 HP HP HP HP HP

276 F 1-2 W 0 S <20 m 16 HP HP HP HP HP
277 F 1 W 0 S <50 m 36 HP HP HP HP HP
278 F 1 W G S <50 m 30 HP HP HP HP HP
279 F 2W G S <50m 18 HP HP HP HP HP

280 F 2 W G S <100 m 26 HP HP HP HP HP
281 F 2W G S <lOOm 19 HP HP HP HP HP

HP 39 282 F 2-3 W G S <20 m 27 HP HP HP HP HP

M - II 283 F 2 -3W G S <20 m 40 HP HP HP HP HP
284 F 1-2 W G S <20 m 34 HP HP HP HP HP

285 F 1 W G S <50 m 30 HP HP HP HP HP
286 F 2W G S <5Gm 32 HP HP HP HP HP
287 F 2 W 0 S <50 m 27 HP HP HP HP HP

288 F 1-2 W 0 S <100 m 19 HP HP HP HP HP

289 F 1 W 0 S <100 m 20 HP HP HP HP HP

HP 40 290 F 3 D G S <20 m 40 HP HP HP HP HP
M - II 291 F 2-30 G S <20 m 37 HP HP HP HP HP

292 F 3-40 G S <20 m 34 HP HP HP HP HP

293 F 3 0 G S <50 m 3D HP HP HP HP HP
294 F 3D G S <50m 32 HP HP HP HP HP



F 2-3D
F 3-4D
F 3-4D

S <5Om
S <lOOm
S <lOOm

10
17 HP
25 HP
20 HP

12 13
HP, OW
HP, OW
HP, OW

117
14

HP, OW
HP, OW
HP, OW

Functioning of handpumps
R - Rarely breaks
O - Occasionally breaks
F - Frequently breaks
N K-Not known
G - Good quality water
B - Bad quality water
S - Sufficient quantity of water
I - Inadequate quantity of water

Water Usages
HP - Househotders using handpump water
OW - Householders using Open Well water
PS - Householders using Piped Water Supply
OHP - Householders using own handpumps

1 2 3 4 5 6 7 8 9
295
296
297

0
G
G

11
HP I-IP,OW
HP HP,OW
lIP HP,OW
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