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ABSTRACT

IncreasingdemandforwaterinWapulianditsenvironledtoaproposaltoconstructapipelinetolink
thetowntoanexistingwaterplant.Thispaperdevelopedageospatialmodelincorporatingmulti-
criteriaanalysisinvolvingtechnicalfactorssuchasslope,landcover,watercourses,distancetoroads
andsoiltypestodeterminealeast-costpathforthepipeline.However,thefirstleast-costpathpasses
throughatinysacredgrovenearMoadanidam,necessitatingthegenerationofasecondleast-cost
pathbyconsideringsacredgrovesasconstraint.Theresultshowedthattheleast-costpathavoided
steepslopes,andrunsthroughrelativelylevelledgrounds.Thisanalysisshowedtheimportanceof
culturalfactorsinrouteplanning.It isrecommendedthat inrouteplanningattentionbegivento
culturalfactorsmuchinthesamewayasthetechnicalfactors.
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INTRodUCTIoN

ThecapitalofSabobadistrict,Saboba,liesatthenorth-easternpartofthedistrict,nearOtiriver,
whichisthesourceofpipewatersupplyinthedistrict.Sabobawasconnectedtothepipewatersystem
aboutthreedecadesagoandmajorextensionoccurredintheearly2000s.

AfterSaboba,thenextlargertowninthedistrictintermsofpopulationandareaisWapuli.The
mainsourcesofwatertothepeopleinthistownincludeboreholes,intermittentstreams,dugoutpits
andbothnaturalandartificialwells.Thesesourcesarenotreliable.Theonlyflowingwaterbody
nearbyisastreamflowingthroughGbenja,aboutfivekilometresfromWapuliontheSaboba-Wapuli
road.However,thisstreamisintermittentinnatureandcannotserveasasourceofpipewatersupply.
Thetownthusexperienceswatercrisissituation.Forexampleithasbeenfoundthatofthelarger
towns in thedistrict,asidereportingon inadequatecleanwater,onlyresidentsofWapuliclearly
statedshortageofwaterasapressingproblemfacingthecommunity(Kursah,2009).Theplanned
constructionofanewSeniorHighSchoolinWapuliwillfurtherincreasethepopulationinthetown
asitwillnotonlyfacilitateinfluxofstudentsbutwillalsosetapathfortheexpansionofthetown.
Thisisexpectedtoincreasewaterdemandandworsenthewatercrisissituationinthetown.
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Therefore,thedemandforareliablesourceofwaterinWapulianditsenvironishighandis
expectedtoincreasesoon.Thissituationhasinfluencedaproposalfortheconstructionofapipeline
tolinkthetowntoanexistingwaterplantinSaboba.Thisdemandsagenerationoftheleast-costpath
forthepipelinefromSabobatoWapulitakingintoconsiderationthevariedlandscapes.Therefore,the
determinationofleast-costpipelineisamulticriteriaproblemwithconflictingobjectivesthatneed
balancing(Macharia&Mundia,2014).Thus,inplanningaleast-costpath,plannersmayconsider
factorssuchasslope,landusetype,soiltypeandbuiltenvironment,ecologistsmaybeconcernedabout
protectingtheecosystemswhilepoliticalelitesmayalsobeconsideringgovernmentalandpolitical
interest.Suchdifferentconsiderationsmakeplanningprocessescomplexanddecisionmakingdifficult.
Italsomakesmanualplanningextremelydifficult(Saha,Arora,Guptaetal.,2005),expensiveand
protracted(Macharia&Mundia,2014).

ByapplyingGIS,plannershavebeenabletoincorporatemultiplefactorsandtherebyallowing
differentstakeholderstoreachanoptimalsolution(Anavberokhai,2008;Collischonn&Pilar,2000;
Ismail&Jusoff,2009;Olaya,2004)asitispossibletogeneratealeast-costpathbetweentwopoints
usingGISmulti-criteriaanalysis(Anavberokhai,2008).IncorporatingmultiplefactorsintoGISfor
least-costdeterminationhasbeendoneelsewhere,andithasbeenfoundtobemoreaccurateand
moreusefultoplannersthanthemanualmethod(Sahaetal.,2005).Inthispaper,GIS(ArcGIS)is
employedtodeterminetheleast-costpathforaproposedpipelineprojecttotransportwaterfrom
SabobatoWapuli.

LITeRATURe ReVIew

Least-costpathisreferredwithdifferentnames;bestpath,shortestpath,optimalpathandcheapest
path.Inallitsusages,itmeanstheroutewiththelowestcostofconstructionafterfactoringallthe
necessaryvaryingcriteriawhichinfluencerouteconstructionandmaintenance(Atkinson,Deadman,
Dudycha,&Traynor,2005;Choi,Park,Sunwoo,&Clarke,2008;Ismail&Jusoff,2009;Sahaetal.,
2005;Yu,Lee,&Munro-Stasiuk,2003).Theleast-costpathanalysisrequiresmulti-criteriaevaluation
(MCA)todeterminetherelativeimportanceorweightsofmultiplefactors(Atkinsonetal.,2005).
Thus,least-costpathisgeneratedfromcostdatasetorthematiccostsurface.Thisisarastermapwhere
valueateachcellgivestheestimatedcostofpassingthroughthepixel(Sahaetal.,2005).Thecost
hererepresentsthedifficulty,resistanceorfrictionincrossingthecell(Collischonn&Pilar,2000).
Thus,thethematiccostlayerorcostdatasetprovidesanestimateofthecostofrouteconstruction
andmaintenanceoveranarea(Sahaetal.,2005).

Inrealworld,theshortestrouteisnotnecessarilythecheapesttoconstruct.Feldmanetalused
terrain,geologyandlandusefactorsintheCaspianSearegiontogeneratealeast-costpathandfound
thattheleast-costpathwas21%longer(51km)thanthestraight-linepath(42km)buttheformer
was14%lesscostlytoconstruct(Feldmanetal.,1995).Thisisbecausetheleast-costpathavoided
higher-costindustrialandurbancellsonthestraight-linepath.Also,ithasbeenfoundthatalthough
thecheapestroadwaslonger,itwaslesscostlyby3.2%becauseitwaslocatedonareasthatdonot
needcut-and-fillandculvertsduetorelativelyhigherelevation,suitablesoils,andforavoidingmajor
valleysandproblematiclandcover(Kursah,2014).Otherexamplesexistshowingtheapplicationof
least-costanalysis.Someoftheseincludedeterminingthebestpathforconstructinganall-weather
roadbetweenaminingregionandadeepwaterport(Atkinsonetal.,2005),foridentifyingthebest
pathforanelectrictransmissionline(Berry,2007)andthefastestpathwiththeleastslope-gradient
(Stefanakis&Kavouras,1995).

Since the late1970s, theanalyticalhierarchyprocess(AHP)developedbySaaty(1977)has
beenapopularmethodformulti-criteriaevaluation(Malczewski,2006)whichincludetheleast-cost
path.TheAHPratestheimportanceofeachcriterionrelativetoeveryothercriterionusinganine-
pointreciprocalscale(Saaty,1977,1980).Inthismethod,theGISmodelconsidersmultiplefactors
togetherandweightsthefactorsusingpairwisecomparisons.Fromthis,weightedlinearcombination
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