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Abstract

The research is on designing waterdistribution network thatbestrepresentthe

hydraulicandwaterqualitymodelingrealitiesinSokotonetworkareaanditsenvirons.

Residualchlorineobservedresultsatthirty(30)differentlocationsweredeterminedin

thenetworkarea.

Awellcalibratedandvalidated,idealmodelforSokotowaterdistributionnetwork,was

developed afterseries ofadjustments,tinkering and tweaking ofthe hydraulic

simulationcomponentsandthewaterqualitysimulationvariables.Thenetworksample

calibrationlocationsare31,9,8,34,24,20,22,29,19and16.Thenetworksample

validationlocationsare18,21,17,25,23,30,27,and11.Sokoto networksystem

calibrationandvalidationofthepredictedandobserveddatawascomputedandgives

calibrationcorrelationR2tobe0.908andvalidationcorrelationR2tobe0.648.Validated

Epanet2.0SokotoWDSaveragekb atthepipewallis55.08%,atthebulkofflow is

12.28%andatthesystem tanksis32.64%.ItInferthatSokotoWDNchlorinedecayis

mostlyconcentratedatthepipewallsandatthetank,withtheleastdecayoccurringat

thebulkofflow.

Keywords:WaterDistributionNetwork,BulkandWalldecaycoefficients,Calibrationand

Validation

1.0INTRODUCTION

Adistributionnetworkorapipenetworkisthegridformedbythenodes,linksandloops,

ifany.Inpracticeitalsocontainsreservoirs(alsoknownastanks),pumps,valvesand

otheraccessories.Distributionofwaterreferstotheactualdeliveryoftreatedwaterto

homes,business,andindustries.(Itisaxiomaticthatnowatershouldbedelivered

withouttreatment),beforewatercanbetreatedanddistributed,ithastobecollected

from awatersupplysourceandtransmittedtoawatertreatmentplant(Arcadioand

Gregoria,2008).

Areallifewaterdistributionnetworkisextremelycomplexinvolvinglargenumberof

differentcomponents.Itisextremelydifficult,orratherimpossible,toconsiderallsuch

components–rightfrom thesourcenodestothetappingpointsoftheconsumers–in
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theanalysisofawaterdistributionnetwork.Itisthereforecustomarytopreparea

mathematicalmodelofthenetworkandanalyzeit.Themathematicalmodelofawater

distributionisaskeletalnetworkprimarilyconsistingofnodeandlinks.Thenetwork

includesallservice and balancing reservoirs,pumping stations,linksin the main

directionofflowandloop-forminglinks.Bulkconsumptionsareconsideredindividually

whilesmalldemandssuchasdomesticconsumptionarelumpedtogetherandare

assumedtooccuratdemandnodes.Dependingonthetopography,boosterpumpsand

pressure-reducingvalvesareincludedinthemodel.Checkvalves,ifnecessary,arealso

included.Whilepreparingamathematicalmodelofawaterdistributionnetwork,itmust

beseenthatthemodelisnottooelaboratetoposeproblemsworkingonitwiththe

availablecomputer,nottoosketchytodistortthebehaviortounacceptablelimits.

(BhaveandGupta2013)

Thedesiredquantityofwatertobesuppliedtotheconsumersatsufficientpressureisa

productofa well-designed waterdistribution network.The design comprises of

specifyingthesizesofeachcomponentsofthedistributionnetworkandverifyingthe

accuracy and adequacy ofthe network (Mays,2000).Optimaldesigns ofwater

distributionsystemshavebeensignificantlydevelopedthroughconsistenteffort.

2.0MATERIALANDMETHODS

2.1Epanet2.0ModelSetupforSokotoWaterDistributionNetwork

EPANETModelsawaterdistributionsystem asacollectionoflinksconnectedtonodes.

Thelinksrepresentpipes,pumpsandcontrolvalves.Thenodesrepresentjunctions,

tanksandreservoirs.Eachoneoftheseobjectsrequiresabasicinputdataforproper

operationofthemodel.

Table2.0:InputPropertiesforEPANET2.0SokotoModel

S/N PIPES;ID Node1 Node2 Length(m) Diameter

(mm)

1 1 39 45 1775 600

2 2 36 41 2000 600

3 3 40 46 1500 600

4 4 35 41 1775 450

5 5 38 45 1500 600

6 6 37 42 1995 375

7 8 48 32 30 100

8 10 43 33 30 100

9 11 32 8 850 350
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10 12 8 15 950 200

11 13 15 16 825 200

12 14 16 17 700 200

13 15 15 10 850 200

14 18 26 25 600 200

15 19 24 25 500 200

16 20 24 23 500 200

17 21 8 18 950 200

18 23 8 20 950 200

19 24 8 21 995 200

20 25 33 14 900 300

21 26 10 9 700 200

22 28 14 22 900 150

23 29 14 13 600 300

24 30 27 11 450 200

25 31 11 12 400 200

26 32 13 34 850 200

27 33 34 12 650 200

28 34 32 23 900 200

29 35 33 28 650 300

30 36 28 29 600 250

31 37 29 30 900 200

32 38 30 31 900 150

33 39 18 19 950 200

34 42 47 32 30 100

35 45 44 33 30 100

2.2EPANETProjectSetupforSokotoWaterDistributionNetwork

ThefirsttaskistocreateanewprojectinEPANETandmakesurethatcertaindefault

optionsareselected.launchEPANET,ifalreadyrunningselectfile>>new (from the

menubar)tocreateanew project.Thenselectproject>>defaultstoopenthedialog

form showninfigure2.0.WeusethedialogtohaveEPANETautomaticallylabelnew

objectswithconsecutivenumbersstartingfrom 1astheyareaddedtothenetwork.On

theID Labelspageofthedialog,alloftheID prefixfieldswereclearedandtheID

Incrementsetto1.Selectthehydraulicspageofthedialogandsetit,toflowunitsof
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GPM (gallonsperminute).ThisimpliesthatUScustomaryunitswillbeusedforallother

quantitiesaswellas(lengthinfeet,pipediameterininches,pressureinpsi,etc.).Hazen

-Williams(H-W)wasselectedastheheadlossformula.ChecktheSaveboxatthe

bottom oftheform beforeaccepting,forfutureprojects.

Figure2.0:ProjectDialogform

Nextmapdisplayoptionswasselectedsothat,asweaddobjectstothemap,wewill

seetheirIDlabelsandsymbolsdisplayed,view>>optionsselectedtobringupthemap

optionsdialogform.Thenotationpageonthisform wasselectedandchecked,the

settingsisshowninfigure2.1,thenswitchtotheSymbolspageandcheckalltheboxes.

Okbuttonwascheckedthechoicesacceptedandthedialogboxclosed.Finally,before

drawingthenetwork,weensurethatthemapscalesettingsareacceptablethen,View

>>Dimensionswasselectedanditbringupthemapdimensionsdialog.Notethe

defaultdimensionsassignedforanynewprojectandclicktheOKbutton.
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Figure2.1:MapOptionsDialog

2.3DrawingSokotoWaterDistributionNetwork

WebegindrawingtheSokotonetworkbymakinguseofthemouseandthebuttons

containedonthemaptoolbarshownbelow.(Ifthetoolbarisnotvisiblethenselectview

>>toolbars>>map).

Firstweaddthethree(3)sourcenodes/reservoirs,bythereservoirbutton, then

clickthemouseonthemapatthelocationofthereservoir(somewheretotheleftofthe

map).Nextweaddthejunctionnodes.Clickthejunctionbutton andthenclickon

themapatthediverselocationswithinthetown,includingtheten(10)zerodemand

nodesadjacenttothepumps.Finally,weaddthesix(6)Sokototownshiptanks(4

undergroundand2overhead)byclickingthetankbutton andclickingthemap

wherethetankislocated.Nextweaddthepipes.Beginningwiththe6(six)mainpipes

1,2,3,4,5and6connectingfour(4)undergroundnodes.Firstclickthepipebutton

onthetoolbar.Thenclickthemouseonthesourcenodeonthemapandthenonthe

tanknode.Notehowanoutlineofthepipeisdrawnasyoumovethemousefrom one

nodetotheother.Repeatthisprocedureforallthepipes;1,2,3,4,5,6,19,20,28,38are

curved.Todrawthem,clickthemousefirstonthenodebeforethecurve.Thenasyou

movethemousetowardsthenodeprecedingthecurve,then,clickatthosepoints

whereachangeofdirectionisneededtomaintainthedesiredshape.Completethe

processbyclickingonthenodeprecedingthecurve.
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Finallyweaddtheten(10)pumps,adjoiningallthetanks/reservoirs;clickthepump

button ,clickonnodesinbetweenwherethepumpwillbelocated.Forexample,click

onnode1andthenonnode2.Nextlabelthereservoir,pumpandtank.Selectthetext

button onthemaptoolbarandclicksomewhereclosetothesourcenode(reservoir

node1).Aneditboxappeared,typeinthewordSourceandthenhittheenterkey,and

clicknexttocontinueuntilbothhydraulicandwaterqualitymodelingexistinginthe

studyareaisachieved.

Thelabelscanberepositionedinsimilarfashionasdesigned.Toreshapethecurved

pipe:

1.Firstclickonanyofthepipes;selectitandthenclickthe buttononthemap

toolbartoputthemapintovertexselectionmode.

2.Vertexpointonthepipewasselectedbyclickingonitandthendragittoanew

positionwiththeleftmousebuttonhelddown.

3.Ifrequired,verticescanbeaddedordeletedfrom thepipebyrightclickingthemouse

andselectingtheappropriateoptionfrom thepopupmenuthatappears.

4.Whenfinished,click toreturntoobjectselectionmode.

2.4EPANETObjectPropertiesSettingforSokotoWaterDistributionNetwork

Asobjectsareaddedtoaprojecttheyareassignedadefaultsetofproperties.To

changethevalueofaspecificpropertyforanobjectonemustselecttheobjectintothe

propertyeditor

(Figure2.2).Thereareseveraldifferentwaystodothis.Iftheeditorisalreadyvisible

thenyoucansimplyclickontheobjectorselectitfrom thedatapageofthebrowser.If

theeditorisnotvisiblethenyoucanmakeitappearbyoneofthefollowingactions:

i. Double-clicktheobjectonthemap.

ii. Right-clickontheobjectandselectpropertiesfrom thepop-upmenuthat

appears.

iii. Selecttheobjectfrom thedatapageofthebrowserwindow andthenclick

thebrowser’seditbutton.Wheneverthepropertyeditorhasthefocus you

canpresstheF1keytoobtainfullerdescriptionsofthepropertieslisted.



7

Figure2.2:PropertyEditor

WebeginbyeditingtheselectedNode2intothepropertyeditorasinfigure2.3.The

elevationanddemandforthenodeintheappropriatefieldsisentered.Theupand

downarrowsandthemouseonthekeyboardaremovebetweenfields.Weneedtoonly

clickonanotherobject(nodeorlink)tohaveitspropertiesappearnextintheproperty

editor.(Wecouldalsopressthepagedownorpageupkeytomovetothenextor

previousobjectofthesametypeinthedatabase.)Thuswecansimplymovefrom

objecttoobjectandfillinelevationanddemandfornodes,lengths,diameters,and

roughness(C-factor)forlinks.Forthefourgroundreservoirs/tanksweentertheir

diametersof6.5m eachandtheirelevations,forthetwooverheadtanks,weenter282m

and292m putvaluesforitsinitialand formaximum level,and13m fortankdiameter.

Forthepump,weassigneditapumpcurve(headversusflowrelationship).IDlabel1in

thepumpcurvefieldwasentered.Pumpcurve1,wascreated,from thedatapageofthe

browserwindow,curveswereselectedfrom thedropdownlistboxandtheAddbutton

pressed.AnewCurve1wascreatedtothedatabaseandthecurveeditordialogform

appeared(seeFigure2.3).Pumpsdesignflowof(600)andhead(150)wereenteredin

totheform,Epanetautomaticallycreatesacompletepumpcurvefrom thissinglepoint.
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Thecurve’sequationisshownalongwithitsshapeandOKwasclickedtoclosethe

editor.

Figure2.3CurveEditorDialogform

2.5EPANETSavingandOpeningforNetworkProject

Havingcompletedtheinitialdesignofthenetworktheworkisbeensavedtoafile.The

procedureforsavingisasfollows

1.From thefilemenuthesaveAsoptionwasselected.

2.InthesaveAsdialogthatappears,afolderandfilenamewasselectedandthe

projectsaved.ThefilewasnamedNewSokotoWaterDistributionNetwork.net.

3.OKwasclicked,andtheprojectwassavedtofile.Theprojectdatawassavedtothe

file,inaspecialbinaryformat.Ifyouwantedtosavethenetworkdatatofileasreadable

text,usethefile>>export>>networkcommandinstead.Toopentheprojectatsome

latertime,wewouldselecttheopencommandfrom thefilemenu.

2.5.1RunningEPANET2.0SinglePeriodAnalysis

Wenowhaveenoughinformationtorunasingleperiod(orsnapshot)hydraulicanalysis
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onthenetwork.Toruntheanalysisselectproject>>runanalysisorclicktherunbutton

on the standard toolbar.(Ifthe toolbarisnotvisible selectview >>toolbars>>

standardfrom themenubar).IftherunwasunsuccessfulthenaStatusReportwindow

willappearindicatingwhattheproblem was.Ifitransuccessfullyyoucanview the

computedresultsinavarietyofways.Trysomeofthefollowing:

Selectnodepressurefrom thebrowser’smappageandobservehowpressurevaluesat

thenodesbecomecolor-coded.Toviewthelegendforthecolor-coding,selectview>>

legends>>node(orrightclickonanemptyportionofthemapandselectnodelegend

from thepopupmenu).

Tochangethelegendintervalsandcolors,rightclickonthelegendtomakethelegend

editorappear.Bringupthepropertyeditor(double-clickonanynodeorlink)andnote

howthecomputedresultsaredisplayedattheendofthepropertylist.Createatabular

listingofresultsbyselectingreport>>table(orbyclickingthetablebuttononthe

standardtoolbar).Figure3.4displayssuchatableforthelinkresultsforatypical

example.Notethatflowswithnegativesignsmeansthattheflow isintheopposite

directiontothedirectioninwhichthepipewasdrawninitially.

Figure2.4:EPANETLinkResults

2.5.2RunninganEPANET2.0ExtendedPeriodAnalysis

Tomakethenetworkmorerealisticforanalyzinganextendedperiodofoperation,we

createatimepatternthatmakesdemandsatthenodesvaryinaperiodicwayoverthe

courseoftheday.Fortheprojectweuseapatterntimestepof1hoursthusmaking

demandschangeafteranhourand24differenttimesoftheday.Options-timespattern

timestepwassetfrom thedatabrowser,clickingthebrowser’seditbuttontomakethe

propertyeditorappearif,notalreadyvisibleand6forthevalueofthepatterntimestep
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wereenteredasshowninfigure2.5.Whilewehavethetimeoptionsavailablewecan

alsosetthedurationforwhichwewanttheextendedperiodtorun.Weusea30days

periodoftime(720hourswasenteredforthedurationproperty).

Figure2.5:TimesOptions

2.5.3RunningEPANET2.0WaterQualityAnalysis

Nextistoanalysisthenetworkwaterquality.Thesimplestcasewouldbetrackingthe

growthinwateragethroughoutthenetworkovertime.Tomakethisanalysisweonly

havetoselectagefortheparameterpropertyinthequalityoptions(options-quality

from thedatapageofthebrowserwasselected,andthenthebrowser'seditbuttonwas

clickedtomakethepropertyeditorappear).

Finallyweshow how tosimulatethetransportanddecayofchlorinethroughthe

network.Thefollowingchangesweremadetothedatabase:

1.Options-Qualitywasselectedtoenableeditfrom thedatabrowser.Intheproperty

editor’sparameterfield,thewordchlorinewastyped.

2.Switchtooptions-reactionsinthebrowser.Forglobalbulkcoefficiententeravalueof

-1.0.,thisreflectstherateatwhichchlorinewilldecayduetoreactionsinthebulkflow

overtime.Thisratewillapplytoallpipesinthenetwork.Youcouldeditthisvaluefor

individualpipesifyouneededto.

3.Clickon the reservoirnode and setits initialqualityto 1.0.This willbe the

concentrationofchlorinethatcontinuouslyentersthenetwork.(Theinitialqualityinthe

tankwasresetto0),nowruntheproject.Usethetimecontrolsonthemapbrowserto

see how chlorine levels change bylocation and time throughoutthe simulation.

Reactionreportwascreatedfortherunbyselectingreport>>reactionfrom themain

menu,thereportshouldlooklikeFigure3.6,Itshowsonaverage,how muchchlorine

lossoccursinthepipesasopposedtothetank.Theterm “bulk”referstoreactions

occurringinthebulkfluidwhile“wall”referstoreactionswithmaterialonthepipewall.
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Figure2.6:TypicalReactionReport

2.6EPANETToolkitUsages

Atypicalusageofthetoolkitfunctions,toanalyzeadistributionsystem mightlookas

follows:

1.UsetheENopenfunctiontoopenthetoolkitsystem,alongwithanEpanetInputfile.

2.UsetheENsetxxxseriesoffunctionstochangeselectedsystem characteristics.

3.RunafullhydraulicsimulationusingtheENsolveH function(whichautomatically

savesresultstoahydraulicsfile)orusetheENopenH-ENinitH-ENrunH-ENnextH-

ENcloseHseriesoffunctionstostepthroughahydraulicsimulation,accessingresults

alongthewaywiththeENgetxxxseriesoffunctions.

4.Run afullwaterqualitysimulation using ENsolveQ (which automaticallysaves

hydraulicandwaterqualityresultstoanoutputfile)orusetheENopenQ -ENinitQ -

ENrunQ-ENnextQ(orENstepQ)-ENcloseQseriesoffunctionstostepthroughawater

qualitysimulation,accessing results along the waywith the ENgetxxx series of

functions.

5.Returntostep2torunadditionalanalysesorusetheENreportfunctiontowritea

formattedreporttothereportfile.

6.CalltheENclosefunctiontocloseallfilesandreleasesystem memory.

2.7 ProcedureforDesigning EPANET 2.0 Sokoto WaterDistributionNetworkIdeal

modelofSokotowaterdistributionnetworkwasdeterminedafterseriesofattempted

adjustments,tinkeringandtweakingofthehydraulicsimulationcomponentsandthe
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waterqualitysimulationvariablesforpropercalibrationandvalidationCalibrationof

Epanet2.0Sokotopredictedresultsandtherealvaluesmeasuredatthelocations

withinthestudyareawasproperlyachievedandrealized,usingthestandardmethods

ofcalibrationthroughEpanet2.0Software,byregisteringthecalibrationdataatten(10)

mostcriticalpointsinthenetworkofstudy,six(6)locationsinzoneAandfour(4)

locationsinzoneBtobecalibratedagainstthepredictedvaluesinEpanet2.0;the

networksamplelocationsare31,9,8,34,24,20,22,29,19and16.Duringthe

calibrationprocessandforeffectivecorrelationtobeachieved,thewalldecayandbulk

decaycoefficientsofthefollowingcriticalpipeswerefurtherchanged;pipe15,11,23,

39,32,28,35and36forwalldecayandpipes15,23,35and36forbulkdecays.

ValidationofthecalibratedSokotoEpanet2.0predictedresultsandtherealvalues

measuredatthelocationswithinthestudyareawasaccomplished,usingthestandard

methods ofvalidation through Epanet2.0 software,byregistering the remaining

measured chlorine values in the metropolis with the exception ofthe tanks and

reservoirvaluesthatarefixedvalues.Thenetworksamplelocationsare18,21,15,17,

25,23,28,30,13,27,11,12and14.Duringthevalidationprocessfewofthevaluesare

notproperlyreadasinFigure3.2.2,duetoperceivederrorsinthelocationmeasured

values.

3.0RESULTSANDDISCUSSIONS(

3.1SokotoWaterDistributionNetworkImprovedModel

Thewellcalibratedandvalidated,idealmodelofSokotowaterdistributionnetwork,

originatedafterseriesofattemptedadjustments,tinkeringandtweakingofthe

hydraulicsimulationcomponentsandthewaterqualitysimulationvariables.The

idealSokotoWaterDistributionNetworkispresentedinfigure3.0
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Figure3.0:SokotoEpanet2.0WaterSupplyandDistributionNetworkModel

3.2SokotoWaterDistributionNetworkIdealModelResults

Theidealwaterqualitysimulationresult,pristinelyandproperlydesignedforSokoto

waterdistributionnetworktodepicttheactualsituationinthenetworkareaishereby

presented;toportraytheimprovementinthenewmodel.

Figure3.1:SimulationgraphdepictingChlorineconc.atsourcenodes1,2,and3
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Figure3.2:SimulationgraphdepictingChlorineatreservoirtank42,41,45and46

Figure3.3:SimulationgraphdepictingChlorineConc.atoverheadtank32and33
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Figure3.4:SimulationgraphdepictingChlorineatgroundandoverheadtanknodes33,

32,42and45.

Figure3.5:SimulationgraphdepictingChlorineConc.atjunctionnode19

Figure3.6:SimulationgraphdepictingChlorineConc.atjunctionnode19
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Figure3.7:SimulationgraphdepictingChlorineConc.atjunctionnode8,16and14

Figure3.8:SimulationgraphdepictingChlorineConc.atjunction17,31,20and27.
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Figure3.9:SimulationgraphdepictingChlorineConc.atjunctionnode27,31and22.

Figure3.10:SimulationgraphdepictingChlorineConc.atjunctionnode8,14and33.

Figure3.10.1:SimulationgraphdepictingChlorineConc.atjunction23,10,29and18.
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Figure3.10.2:SimulationgraphdepictingChlorineConc.atjunctionnode18,11and28.

Figure3.10.3:SimulationgraphdepictingChlorineConc.atpipelinks1,2,3and4

Figure3.10.4:SimulationgraphdepictingChlorineConc.atpipelinks38,23,30and26
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Figure3.10.5:SimulationgraphdepictingChlorineConc.atpipelinks11,36,35and25

Figure3.10.6:SimulationgraphdepictingChlorineConc.atpipelinks18,31,38and42.
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Figure3.10.7:SimulationgraphdepictingChlorineConc.atpipelinks12,15,25and35.

Figure3.10.8:SimulationgraphdepictingChlorineConc.atpipelinks42,8,45and10.
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Figure3,10.9:SimulationgraphdepictingChlorineConc.atpipelinks40,9,17and27.

Figure3.11:SimulationgraphdepictingChlorineConc.atpipelinks49,50,48and47
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Figure3.11.1:SimulationgraphdepictingChlorineConc.atpipelinks11,25,and35

Figure3.11.2:SimulationgraphdepictingChlorineatpipelinks11,12,24,23and21.
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Figure3.11.3.:ContourDistributionofChlorineintheNetwork

Figure3.11.4:Simulationprofilegraphdepictchlorineatjunction17,19,21,26and20
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Figure3.11.5:Simulationprofilegraphdepictingchlorineatjunction31,27,22and12.

Figure3.11.6:ChlorineFrequencyDistributionnetworkgraphat61:00Hrs
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Figure3.11.7:ChlorineFrequencyDistributionnetworkgraphat261:00hrs

Figure3.11.8:ChlorineFrequencyDistributionnetworkgraphat319:00Hrs

Figure3.11.9:ChlorineFrequencyDistributionnetworkgraphat615:00Hrs
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Figure3.12:ChlorineFrequencyDistributionnetworkgraphat321:00Hrs

Figure3.12.1:ChlorineFrequencyDistributionNetworkGraphat516:00Hrs

Figure3.12.2:ChlorineFrequencyDistributionNetworkGraphat718:00Hrs
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Figure3.12.3:SimulationgraphdepictingSystem FlowBalanceforthequantity

producedandconsumed

Figure3.12.4:SimulationpiechartdepictingAverageReactionRatesatbulk,walland

tanks(Kg/day).

3.2.1PumpEnergyPropertiesforSokotoWaterDistributionNetwork

Whenselectingpumps,staticsuctionliftandstaticsuctionhead(hs)shouldbeproperly

chosenforbestperformance.Staticsuctionlift:istheverticaldistancefrom thecenter

lineofthepumptothefreesurfacelevelfrom wheretheliquidistobelifted.Static
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suctionhead:isthedistancefrom thecenterlineofthepumptothefreesurfacelevel

wheretheliquidistobedeliveredandtheStaticdischargehead(hd):isthedistance

betweenthecenterlineofthepumptothefreesurfacetheliquidisdelivered.The

standardprincipleandrulesregardingpumpsselectioninawaterdistributionnetwork

wasadoptedandthefollowingfiguresrepresentthecharacteristicsofthenetwork

pumps.

Figure3.12.5:Histogram depictingAverageKilowatt(KW)forthePumpLin

Figure3.12.6:Histogram depictingKilowatthourpermetercube(Kw-hr/m3)forthe

PumpLinks
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Figure3.12.7:Histogram depictingrateofPumpsutilisationforthenetwork

Figure3.12.8:Histogram depictingPeakKilowatt(Kw)forthePumps

Figure3.12.9:Histogram depictingPumpEfficiencyfortheNetwork
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3.3CalibrationofPredictedEpanetResults

CalibrationofEPANET2.0Sokotopredictedresultsandtherealvaluesmeasuredat

thelocationswithinthestudyareawasproperlyachievedandrealized,usingthe

standardmethodsofcalibrationthroughEPANET2.0Software,byregisteringthe

calibrationdataatten(10)pointsinthenetworkofstudy,six(6)locationsinzoneA

andfour(4)locationsinzoneBtobecalibratedagainstthepredictedvaluesin

EPANET2.0;thenetworksamplelocationsare31,9,8,34,24,20,22,29,19and16.

Duringthecalibrationprocessandforeffectivecorrelationtobeachieved,thewall

decayand bulk decaycoefficients ofthe following criticalpipes were further

changed;pipe15,11,23,39,32,28,35and36forwalldecayandpipes15,23,35

and36forbulkdecays.Thesuccessfullycalibratedresultsofstatistics,correlation

plotandmeancomparisonarepresentedinTable3.0.

Table3.0:ComparisonBetweenObservedChlorineandModeledEPANETPredicted

ChlorineforSokoto

Sample Point

(Metropolis

Map)

Sample

Nodes

(EPANET

2.0)

Sampling

Areas

(Junctions

)

Measured

Residual

Chlorine

(mg/l)

Epanet

Residual

Chlorine

(mg/l)

NSDWQ

MPL

WHO

MPL

SP1 SN1

Treatment

Plant 0.26 0.26

¬¬

0.2 -

0.25

0.2-0.3

SP2 SN2 Old water

works 0.25 0.25

0.2 -

0.25

0.2-0.3

SP3 SN3 Bi-water

works 0.24 0.24

0.2 -

0.25

0.2-0.3

SP4 SN4,5&32 PS 4(Old

Market) 0.23 0.23

0.2 -

0.25

0.2-0.3

SP5 SN6,7&33 P S

5(Mabera) 0.23 0.23

0.2 -

0.25

0.2-0.3

SP6 SN31 Illela

Garage 0.18 0.17

0.2 -

0.25

0.2-0.3

SP7 SN12 Tudun 0.22 0.21 0.2 - 0.2-0.3
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wada 0.25

SP8 SN28 Unguwan

Rogo

0.19

0.23

0.2 -

0.25

0.2-0.3

SP9 SN9 Digar

Agyare 0.21 0.20

0.2 -

0.25

0.2-0.3

SP10 SN8 Gandu

Area 0.19 0.21

0.2 -

0.25

0.2-0.3

SP11 SN34 Maniru

roadarea 0.21 0.21

0.2 -

0.25

0.2-0.3

SP12 SN26 Kanwuri

area 0.17 0.21

0.2 -

0.25

0.2-0.3

SP13 SN14 Diplomat

area 0.11 0.25

0.2 -

0.25

0.2-0.3

SP14 SN13 Marina

area 0.16 0.24

0.2 -

0.25

0.2-0.3

SP15 SN18 AliyuJodi

0.16 0.20

0.2 -

0.25

0.2-0.3

SP16 SN10 Tswamiyar

Dila 0.21 0.20

0.2 -

0.25

0.2-0.3

SP17 SN17 Tsalibawa

0.22 0.18

0.2 -

0.25

0.2-0.3

SP18 SN15 Rumbuka

wa 0.21 0.20

0.2 -

0.25

0.2-0.3

SP19 SN20 Hajiya

Halima

area 0.12 0.13

0.2 -

0.25

0.2-0.3

SP20 SN21 Runjin

Sambo 0.13 0.19

0.2 -

0.25

0.2-0.3

SP21 SN30 Minanata

0.18 0.19

¬¬

0.2 -

0.25

0.2-0.3
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Figure3.13:CorrelationGraphforthemeasuredandPredictedEpanet2.0SokotoWater

QualityModel.

Table3.1:ResearchCalibrationPoints

S/N 1 2 3 4 5 6 7 8 9 10

SP22 SN22 Kofar

Atiku 0.22 0.22

0.2 -

0.25

0.2-0.3

SP23 SN25 Masallacin

Shehu 0.21 0.22

0.2 -

0.25

0.2-0.3

SP24 SN16 Aduwar

Uwa 0.22 0.20

0.2 -

0.25

0.2-0.3

SP25 SN11 Bazzah

area 0.20 0.20

0.2 -

0.25

0.2-0.3

SP26 SN24 Gidadawa

0.22 0.22

¬¬

0.2 -

0.25

0.2-0.3

SP27 SN27 Alkanci

area 0.2 0.19

0.2 -

0.25

0.2-0.3

SP28 SN29 Rijiyar

Dorawa 0.11 0.20

0.2 -

0.25

0.2-0.3

SP29 SN19 Alkamma

wa 0.16 0.18

0.2 -

0.25

0.2-0.3

SP30 SN23 Kofar

Taramniya 0.19 0.23

0.2 -

0.25

0.2-0.3
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CalibrationPoints 31 9 8 34 24 20 22 29 19 16

Table3.1.1:CalibrationStatisticsforChlorine

S/N 1 2 3 4 5 6 7 8 9 10 Calibration

Means

Locations 31 9 8 34 24 20 22 29 19 16 Network

Nodes=10

Observed

Chlorine(Rcl)

0.18 0.21 0.19 0.21 0.21 0.12 0.22 0.16 0.19 0.21 Observed

Mean=0.19

Predicted

Chlorine(Rcl)

0.18 0.20 0.21 0.21 0.22 0.13 0.22 0.18 0.19 0.20 Predicted

Mean=0.19

Observed

(Rcl)Error

0.003 0.01

4

0.02

0

0.00

4

0.01

3

0.01

1

0.00

1

0.02

2

0.00

2

0.01

4

Observed

RmseMean=

0.010

Predicted

(Rcl)Error

0.003 0.01

4

0.02

0

0.00

4

0.01

3

0.01

1

0.00

1

0.02

2

0.00

2

0.01

4

Predicted

RmseMean=

0.013

Correlation CALIBRATIONCORRELATIONBETWEENMEANS=0.908(91%)
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Figure3.13.1:Correlationplotforthecalibratedchlorine
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Figure3.13.2:ComparisonofMeanDistributionforthecalibratedchlorine

3.4ValidationoftheResults:

ValidationofthewellcalibratedEPANET2.0Sokotopredictedresultsandthereal

valuesmeasuredatthelocationswithinthestudyareawasaccomplished,usingthe

standard methods ofValidation through EPANET 2.0 software,byregistering the

remainingmeasuredchlorinevaluesinthemetropoliswiththeexceptionofthetanks

andreservoirvaluesthatarefixedvalues.Thenetworksamplelocationsare18,21,15,

17,25,23,28,30,13,27,11,12and14.Duringthevalidationprocessfewofthevalues

arenotproperlyread,duetoperceivederrorsinthemeasuredvalues.Thesuccessfully

validatedresultsofstatistics,validationplotandmeancomparisonispresentedin

Table3.2and3.2.1.

Table3.2:ResearchValidationPoints

S/N 1 2 3 4 5 6 7 8

ValidationPoints 18 21 17 25 23 30 27 11

Table3.2.1:ValidationStatisticsforChlorine

S/N 1 2 3 4 5 6 7 8 Validation

Means

Locations 18 21 17 25 23 30 27 11 Network

Nodes=8

Observed

Chlorine(Rcl)

0.21 0.18 0.22 0.20 0.21 0.19 0.20 0.21 Observed

Mean=0.20

Predicted

Chlorine(Rcl)

0.21 0.19 0.21 0.22 0.23 0.18 0.19 0.21 Predicted

Mean=0.20

ObservedRcl

Error

0.001 0.00

9

0.01

4

0.01

9

0.01

5

0.00

6

0.01

1

0.00

3

Observed

RmseMean=

0.010
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PredictedRcl

Error

0.001 0.00

9

0.01

4

0.01

9

0.01

5

0.00

6

0.01

1

0.00

3

Predicted

RmseMean=

0.011

Correlation VALIDATIONCORRELATIONBETWEENMEANS=0.648(65%)

Figure3.13.3:Correlationplotforthevalidatedchlorine
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Figure3.13.4:ValidationComparisonplotforchlorine

Figure 3.13.5:Simulation plotdepicting observed and validated chlorine atN18
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Figure3.13.6SimulationplotdepictingobservedandvalidatedchlorineatN17

Figure3.13.7:Simulationplotdepictingobservedandcomputedvalidatedchlorineat27.
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Figure3.13.8:SimulationplotdepictingobservedandvalidatedchlorineatN 21

Figure3.13.9:Simulationplotdepictingobservedandvalidatedchlorineatnode25.
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Figure3.14:Simulationplotdepictingobservedandvalidatedchlorineatnode23.

Figure3.14.1:Simulationplotdepictingobservedandvalidatedchlorineatnode30.
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Figure3.14.2Simulationplotdepictingobservedandvalidatedchlorineatnode11

3.5AverageReactionRateComparison

Table3.3HydraulicallyBalancedbeforeCalibrationandValidation

S/N Parameters Percentages Ratio

1. Bulkdecay 8.7% 0.3

2. Walldecay 67.43% 2.3

3. Tankdecay 23.87% 0.8

4. Total 100% 3.4

Table3.3.1HydraulicallyBalancedafterCalibrationandValidation

S/N Parameters Percentages Ratio

1. Bulkdecay 12.28% 0.2

2. Walldecay 55.08% 1.0

3. Tankdecay 32.64% 0.6

4. Total 100% 1.8
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4.0CONCLUSIONSANDRECOMMENDATIONS:

4.1 Conclusions

1.SuitableandrealitydrivenEPANET2.0hydraulicandwaterqualityperformancemodel

forSokotowaterdistributionnetworkwasdesigned.

2.SokotoNetworkSystem calibrationandvalidationofthepredictedandobserveddata

wasaccuratelycomputedandgivescalibrationcorrelationR2tobe0.908whichis

approximately91%levelofcompliance,acceptanceandvalidationR2tobe0.648which

isapproximately64%levelofacceptanceandcompliance.

3.ValidatedEPANET2.0distributionsystem averagechlorinedecayrateforSokotoatthe

pipewallis55.08%,atthebulkofflowis12.28%andatthesystem tanksis32.64%,

4.2Recommendations

1.That,Sokotostategovernmentisadvicetochangethecriticalpipes;31,9,8,34,

24,20,22,29,15,11,23,39,32,28,35and36tosatisfythebulkandwalldecay

changes.

2.That,watersupplyproviderse.g.governmentagencies,shouldtakeadequate

andpropermeasuresinsolvingtheproblem ofnegativepressureconditions

associated with mostwaterdistribution networksand in turn affecting the

residualchlorineinthesystem.

4.3ContributionToKnowledge

1.AwelldesignedhydraulicandwaterqualitymodelforSokotowaterdistribution

system anditsenvironswasdeveloped.

2.Minimum chlorineconcentrationofthenetworkisachievedinthesimulationand

canberegulatedandincreaseintermsofdeficiencybyaddingmorechlorineat

nearbydistributiontank.
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