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Abstract

Theresearchisonchlorineevolutionsimulationandtemperatureeffectonresidual

chlorineinSokotowaterdistributionnetworkusingEPANETMulti-SpeciesExtension

(MSX).Twoinputfileswereprepared,thefirstone,isastandardEpanet2.0inputfile

thatdescribesthehydrauliccharacteristicsofthenetworkbeinganalyzed.Thesecond

fileisthespecialEPANET-Multi-SpeciesExtensionfilethatdescribesthespeciesbeing

simulatedandthechemicalreaction/equilibrium modelthatgovernstheirdynamics.I.e.

residualchlorineandtemperaturedecayspecies. Firstorderreactionchlorinedecay

modelwas used (-Kb*CL2)forEPANET-MSX chlorine simulation atan assumed

temperatureof25oC,withdetailedchlorinesettlingresultsperhourfor6hourstobe0.2

mg/l,0.17 mg/l,0.15 mg/l,0.13 mg/l,0.1 mg/l,0.06 mg/l,respectivelyand for

temperatureimplementationinSokotowaterdistributionnetworkusingEPANET-MSX

waterqualitycommandlineapproachthefollowingequationwasused:(-Kb*CL2*EXP(-

25.211*(25-Tw)/(273+Tw).atvaryingtemperaturesof26,28,30,32,34,36,38,40,42,and

44oC.The results indicate temperature influence on residualchlorine perhour

respectivelyas0.2mg/l,0.19mg/l,0.18mg/l,0.18mg/l,0.17mg/l,0.16mg/l,0.15mg/l,

0.14mg/l,0.13mg/l,0.12mg/l.

Keywords:ChlorineEvolutionSimulation,Temperature,ResidualChlorine,BulkandWall
decaycoefficients.
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1.0INTRODUCTION

Chlorineisthemostpopulardisinfectantusedindrinkingwaterdistributionsystems.In

ordertomakethepredictionofchlorinedecaymoretrue,biofilm growthandsubstrate

utilisationmoreconfident,numericalmodelshavebeendeveloped.Typically,thesource

waterisclearedanddisinfectedintreatmentplantbeforebeingdischargedintoa

drinking waterdistribution system.Disinfection is the mostcrucialstage in the

treatmentofdrinkingwater,andchlorine(orotherdisinfectant)isappliedintheclarified

water,asthefinalstageoftreatmentbeforedistribution(Beataet’al,2018).

Behaviorandtransportofchemicalspeciesinwaterdistributionsystem havetaken

centerstageinthemanagementoftheworldservices.Advancementsincomputer

technology,beginninginthemid-eighties,allowsfortheadditionofwaterqualityto

hydraulicmodels.Thisisduetothefactthatwaterqualitycangreatlydeterioratefrom

thewatertreatmentplant,throughthedistributionsystem,andtotheconsumer’stap.

Withdevelopmentsindynamichydraulicsimulations,theprojectedsimulationofwater

qualitywithinadistributionsystem becamepossible.(Rossman,2000).

EPANET 2.0 isacomputerprogram thatperformsextended period simulation of

hydraulicand waterqualitybehaviorwithin pressurized pipenetworks.A network
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consistsofpipes,nodes(pipejunctions),pumps,valvesandstoragetanksorreservoirs.

Epanettrackstheflowofwaterineachpipe,thepressureateachnode,theheightof

waterineachtank,andtheconcentrationofachemicalspeciesthroughoutthenetwork

duringasimulationperiodcomprisedofmultipletimesteps.Inadditiontochemical

species,waterageandsourcetracingcanalsobesimulated.EPANETisdesignedtobe

aresearchtoolforimprovingourunderstandingofthemovementandfateofdrinking

waterconstituentswithin distribution systems.Itisapplicable formanykindsof

applications in distribution systems analysis.Sampling program design,hydraulic

modelcalibration,chlorineresidualanalysis,andconsumerexposureassessmentare

someexamples.Epanetcanalsohelpassessalternativemanagementstrategiesfor

improvingwaterqualitythroughoutasystem.

Temperatureisoneofthemostimportantparametersaffectingthequalityofdrinking

water,amongalldomesticwatersupplyfactors.Thesignificanceofdrinkingwater

temperatureisbaseduponitsroleinphysical,chemicalandbiologicalprocesses.

Viscosityofdrinkingwater,tendstofallastemperatureincreases.Atemperaturerise

from 5to25°Cprompttheviscositytodropbyalmost40%resultinginadecreasein

flow resistance,whichdirectlyaffectsthetransportphenomenaindistributionpipes

(BlokkerandPieterse-Quirijns2015).

Blokkeretal.examinedchlorinedecayconcentrationsandwatertemperaturesatthe

networkextremitiesofadistributionsystem underdifferentdemandmodels.Residual
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disinfectantconcentrationswasfoundtobemoresensitivetothechoiceofchlorine

modelthandemandmodelandthattemperatureplayedakeyroleintheprocessof

decaying.(Ljiljanaetal,2017)

Deteriorationofwaterqualityindistributionnetworkshasagreatimpactonhuman

healthandpublicacceptanceoftapwaterreachingthem.Residualchlorineshouldbe

maintainedthroughnetworkpipestopreventcontaminationandmicrobialregrowth.

(Nagwan,et’al,2013).

2.0MATERIALSANDMETHODS

2.1EPANETMulti-SpeciesExtensionProcedures

TodeterminechlorineevolutionsimulationofSokotowaterdistributionnetworkusing

EPANETMulti-SpeciesExtension(MSX),whichallowsmoredetailedsettingsofspecies

decaymodelstructure.Manywaterqualityproblemsindistributionsystemscanonlybe

analyzedbyusingamulti-speciesapproach.Chlorineevolutionsimulationshavebeen

performedwithEPANET-MSX,whichisinrelationtothewaterqualitysimulationsandit

allowsmoredetailedsettingsofspeciesdecaymodelstructure,thantheclassical

EPANETwaterqualitysolver.StandardapproachesusedinrunningMSXisbyeither

commandlineortoolkitversionsofEPANET-MSX,regardlessofwhichapproachis

used,theusermustpreparetwoinputfilestorunamulti-speciesanalysis.Oneofthese

isastandardEPANET2.0inputfilethatdescribesthehydrauliccharacteristicsofthe
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networkbeinganalyzed(EPANET-MSXwillignoreanywaterqualityinformationthat

mightbeinthisfile).

Anynetworkfilethatwascreated,editedandthenexportedfrom theWindowsversion

ofEPANET2.0canserveastheEpanet2.0inputfileforthemulti-speciesextension.

ThesecondfilethatmustbepreparedisaspecialEPANET-MSXfilethatdescribesthe

speciesbeingsimulatedandthechemicalreaction/equilibrium modelthatgovernstheir

dynamics.Thisstudyusescommandline/promptapproach.ThestandardEPANET

inputfile,thespecialEPANET-MSXfile,theEPANET-MSXmoredetailedchlorinesetting

reportfileandtheEpanet-MSXtemperatureeffectreportfileswerepresentedatthe

appendices.

2.2ImplementingSokotoTemperatureEffectintoEPANET-MSXChlorineValues

Themostcommonlyusedchlorinedecaymodelisafirstorderreaction(Vasconceloset

al,1997)anddecayrateofresidualchlorineduetoreactionswithmaterialsinthebulk

phaseisalsorepresented;

dC
cl

dt
=-k

T
C

cl
; (2.1)

In Eqn.3.1 KT is the reaction rate coefficient(L/mgCl/h)which depends on the

temperatureofthewaterT
water

(oC).

Where

K
T

=K
25

exp (

-
E

R
.(25-T

water)

(273+25).(273+T
water)

)(2.11)
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SubstitutingK
T

intoeqn*wehave

dC
cl

dt
=-⟮K

25
exp (

-
E

R
.(25-T

water)

(273+25).(273+T
water)

⟯C
cl

(2.2)

-E/Rtheactivationcoefficient(Kb)whereanE/RIscalculatedtobe7513atvarying

watertemperaturestartingfrom T=25oCtoanyTabove25

Clarketal(2012)havederivedachlorinewalldecayequation;

dC
cl

dt
=-k

r
C

w
-d.k

e

mt
C

w
(2.3)

WithCw thechlorineconcentrationtakingintoaccountwalldecayonly(mg/l),Krthe

stagnantdecayrate(l/s),kmtthecoefficientofmasstransfertothepipewall(m/s)andd

andeinthenetwalldecayfunction.Inthiscasethechlorinewalldecayequationis

negligibleastheeqn.3.1doesnottakeaccountofchlorinewalldecay.

ThecombinemodelofVasconcelosetal,1997andClarketal(2012)isimplementedin

EpanetMulti-SpeciesExtensionas

dC
cl

dt
=-⟮K

25
exp (

-
E

R
.(25-T

water)

(273+25).(273+T
water)

⟯C
cl

+-k
r
C

w
-d.k

e

mt
C

w

Sinceeqn.3.3iszero,combinedequationfortemperaturemodelinMSXwillbe

transformedinto;

dC
cl

dt
=-⟮K

b
C

cl
exp (

-
E

R
.(25-T

water)

(273+25).(273+T
water)

⟯ (2.4)

Eqn.3.4isusedtomodelandimplementtheinfluenceoftemperatureinEpanetMulti-

SpeciesExtension.

K=KT=thereactionratecoefficientwhichdependsonthetemperatureofthewaterTwater.
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E=Ea=ActivationEnergy

R=Idealgasconstant=8.3145J/K.mol

T=Temperatureinkelvin.

ActivationEnergy(Ea)iscalculatedforthestudyusingtheformula

In(K
2

K
1
)=

E
a

R
×(

1

T
1

-
1

T
2

)(2.4.1)

K1andK2arethereactionrateconstantsatT1andT2 (0.005and0.0067)

T1andT2aretheabsolutetemperatures(inKelvin)(29oC +273.15)and(32.6oC +

273.15)

RistheIdealgasconstant=8.3145J/K.mol.Substitutingthevalueswehave; In

(0.0067/0.005)=Ea/8.3145x(1/302.15–1/305.75),

So,In(1.34)=Ea/8.3145(0.0000956)

Ea=2.433401505/0.000038954=62,468.59129,

Ea/R=62,468.59129/8.3145=7513

ToddHelmenstine(2019)

Firstorderreactionchlorinedecaymodelusedineqn.2.1(-Kb*CL2)istheequationfor

thedeterminationofresidualchlorineusingEpanet-MSXatanassumedtemperatureof

25oCandequation2.4(-Kb*CL2*EXP(-25.211*(25-Tw)/(273+Tw))isusedtoimplement

temperatureinfluenceinawaterdistributionnetworkusingEPANET-MSXwaterquality

commandlineapproachatvaryingtemperaturestartingfrom 25oC toanypossible

temperaturewithinaparticularnetworkandtoverifythetemperaturemodelequationin

relation to more detailed EPANET-MSX residualchorine equation at assumed

temperatureof25oC;thusif,watertemperature(Tw)of25oC issubstitutedintothe
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implementationequationtheequationwillreturntotheinitialequationofresidual

chlorineusingEPANET-MSXatanassumedtemperatureof25oCandtherebyservingas

avalidationforthestudy.

3.0RESULTSANDDISCUSSIONS

3.1EPANET-MsxChlorineEvolutionSimulationForSokotoWaterDistributionNetwork

EPANET2(Rossman,2000)isawidelyusedprogram formodelingthehydraulicand

waterquality behaviorofdrinking waterdistribution systems.Its waterquality

componentislimitedtotrackingthetransportandfateofjustasinglechemicalspecies,

suchasfluorideusedinatracerstudyorfreechlorineusedinadisinfectantdecay

studyandcurrentsingle-speciesmodels,however,mustmodelfreechlorinelossunder

theassumptionthatallotherreactantsareinexcessandthustheirconcentrationscan

beconsideredconstant.Thislimitationisresponsibleforthewidespreadobservation

thatthewater-specificdecayrateconstantofthecommonfirst-ordermodelisnota

constantatall,butrathervariessignificantlywithchlorinedose.Anextensionto

EPANET2thatallowsittomodelanysystem ofmultiple,interactingchemicalspeciesin

thenetworkisdeveloped.ThissetofsoftwaretoolsisreferredtoasEPANET-MSX,

where MSX stands forMulti-Species Extension.Many waterquality problems in

distributionsystemscanonlybeanalyzedbyusingamulti-speciesapproach.Both

models(EPANET2.0&EPANETMSX)havebeenusedandtheresultsofcalibrationand

validationhavebeencomparedwiththerealdata.Inordertosimulatethehydraulic

model,publicdomain EPANET solverhasbeen used whilethe chlorineevolution
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simulationshavebeenperformedwithEPANETMSX,whichisinrelationtothewater

qualitysimulations and itallows more detailed settings ofspecies decaymodel

structure,thantheclassicalEPANETwaterqualitysolver.

StandardapproachesusedinrunningMSXisbyeithercommandlineortoolkitversions

ofEPANET-MSX,regardlessofwhichapproachisused,theusermustpreparetwoinput

filestorunamulti-speciesanalysis.OneoftheseisastandardEPANETInputfilethat

describesthehydrauliccharacteristicsofthenetworkbeinganalyzed(EPANEt-MSXwill

ignoreanywaterqualityinformationthatmightbeinthisfile).Anynetworkfilethatwas

created,editedandthenexportedfrom theWindowsversionofEpanetcanserveasthe

Epanetinputfileforthemulti-speciesextension.Thesecondfilethatmustbeprepared

isaspecialEPANEt-MSX filethatdescribesthespeciesbeingsimulated and the

chemicalreaction/equilibrium modelthatgovernstheirdynamics.Thisstudyuses

commandline/promptapproach.ThestandardEPANETinputfile,thespecialEPANET-

MSXfileandthereportfilefortheresearchispresentedattheappendices.

3.2:EPANET-MSXResultsandAnalysis:-TheEpanetSokotomulti-speciescommand

lineanalysiswassuccessfullyachievedandthemoredetailedsettingofchlorineresults

ateachnodeduringeachtimeintervalisreportedinthereportfile,extractedintable3.6

forsomenodesandplottedincomparisonwitheachother,Figures3.0,3.1,3.2,and3.3.

Table3.0:EPANETChlorineMultispeciesResultsforSomeCriticalNodes

Hours Node8 Node9 Node19

Node

20

Node

22

Node

24

Node

27

Node

29

Node

31

Node

34

0.00 0 0 0 0 0 0 0 0 0 0
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1.00 0.2 0 0 0 0 0.2 0 0 0 0

2.00 0.17 0 0 0.17 0.17 0.17 0 0.2 0 0

3.00 0.15 0.09 0 0.15 0.15 0.15 0.02 0.17 0.15 0.17

4.00 0.13 0.13 0.08 0.13 0.13 0.13 0.13 0.15 0.13 0.15

5.00 0.1 0.11 0.11 0.11 0.11 0.11 0.11 0.13 0.11 0.13

6.00 0.06 0.09 0.1 0.08 0.08 0.07 0.09 0.1 0.08 0.11

7.00 0.07 0.05 0.06 0.06 0.06 0.06 0.07 0.08 0.07 0.08

8.00 0.08 0.06 0.05 0.07 0.03 0.08 0.04 0.06 0.04 0.06

9.00 0.1 0.07 0.06 0.08 0.05 0.09 0.02 0.03 0.02 0.03

10.00 0.13 0.08 0.07 0.11 0.05 0.12 0.05 0.06 0.05 0.05

11.00 0.13 0.1 0.08 0.12 0.06 0.13 0.05 0.07 0.06 0.05

12.00 0.12 0.11 0.09 0.12 0.05 0.12 0.06 0.06 0.05 0.07

13.00 0.12 0.1 0.09 0.11 0.07 0.12 0.04 0.07 0.05 0.06

14.00 0.12 0.09 0.08 0.11 0.07 0.12 0.05 0.08 0.06 0.08

15.00 0.11 0.09 0.08 0.1 0.08 0.11 0.06 0.09 0.06 0.08

16.00 0.11 0.09 0.08 0.11 0.08 0.11 0.07 0.09 0.08 0.08

17.00 0.11 0.1 0.09 0.1 0.08 0.11 0.07 0.09 0.08 0.09

18.00 0.11 0.1 0.09 0.1 0.09 0.11 0.08 0.09 0.08 0.09

19.00 0.11 0.09 0.09 0.1 0.09 0.11 0.08 0.09 0.08 0.09

20.00 0.11 0.09 0.09 0.1 0.09 0.11 0.08 0.1 0.09 0.09

21.00 0.11 0.09 0.09 0.1 0.07 0.11 0.08 0.09 0.07 0.09

22.00 0.11 0.09 0.08 0.1 0.06 0.11 0.06 0.07 0.06 0.07

23.00 0.11 0.08 0.08 0.09 0.05 0.1 0.05 0.06 0.05 0.06

24.00 0.1 0.08 0.07 0.09 0.04 0.1 0.04 0.05 0.04 0.05

25.00 0.09 0.07 0.06 0.08 0.04 0.09 0.04 0.05 0.04 0.04

26.00 0.08 0.07 0.06 0.08 0.05 0.08 0.03 0.05 0.04 0.05

27.00 0.07 0.07 0.06 0.07 0.06 0.07 0.04 0.06 0.04 0.05

28.00 0.06 0.06 0.06 0.06 0.06 0.06 0.04 0.07 0.05 0.06

29.00 0.07 0.05 0.05 0.06 0.07 0.07 0.06 0.07 0.06 0.07

30.00 0.07 0.06 0.05 0.06 0.06 0.07 0.06 0.07 0.06 0.07
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Figure3.0:PlotofEpanet-MSXSokotochlorineresultscomparisonatnodes8,34and

nodeextremity19.
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Figure3.1:PlotofEpanet-MSXSokotochlorineresultscomparisonatnodeextremities

9,31andnode29.
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Figure3.2:PlotofEpanet-MSXSokotochlorineresultscomparisonatnodeextremities

20and22.
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Figure3.3:PlotofEPANET-MSXSokotochlorineresultscomparisonatnode24and

nodeextremity27.

3.3:EPANET-MSX and EPANET 2.0 Sokoto WaterDistribution Network Outputs

Correlation
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TheoutputofEPANET2nodechlorinetimeseriesresultswascomparedwithEPANET-

Multispecieschlorineresultstoascertaintheextentanddegreeofdetailedspecies

evolution and the effectofotherfactors on the chlorine decayin Sokoto water

distributionsystem.

Figure3.4:PlotofEPANEt-MSXSokotochlorineresults:depictingtheextentofdetailed

Epanet2.0SokotoTimeSeriesVsEpanet–SokotoMSX@ Node19
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chlorinespeciesevolutionatnode19.

Figure3.5:PlotofEPANET-MSXSokotochlorineresults:depictingtheextentofdetailed

chlorinespeciesevolutionatnode20.

Figure3.6:PlotofEPANET-MSXSokotochlorineresults:depictingtheextentofdetailed

chlorinespeciesevolutionatnode22.

Epanet2.0SokotoTimeSeriesVsEpanet–SokotoMSX@ Node20

Epanet2.0SokotoTimeSeriesVsEpanet–SokotoMSX@ Node

22
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Figure3.7:PlotofEPANET-MSXSokotochlorineresults:depictingtheextentofdetailed

chlorinespeciesevolutionatnode24.

Figure3.8:PlotofEPANET-MSXSokotochlorineresults:depictingtheextentofdetailed

chlorinespeciesevolutionatnode27.

Epanet2.0SokotoTimeSeriesVsEpanet–

SokotoMSX@ Node24

Epanet2.0SokotoTimeSeriesVsEpanet–Sokoto

MSX@ Node27
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Figure3.9:PlotofEPANET-MSXSokotochlorineresults:depictingtheextentofdetailed

chlorinespeciesevolutionatnode29.

Figure3.10:PlotofEPANET-MSX Sokoto chlorineresults:depicting theextentof

detailedchlorinespeciesevolutionatnode9.

Epanet2.0SokotoTimeSeriesVsEpanet–

SokotoMSX@ Node8

Epanet2.0SokotoTimeSeriesVsEpanet–

SokotoMSX@ Node9
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Figure3.10.1:PlotofEPANET-MSXchlorineresults:depictingtheextentofdetailed

chlorinespeciesevolutionatnode34.

3.4:RatificationofEPANET2.0andEPANETMultispeciesExtensionModelforSokoto

1.Epanet2.0 modelresultsobtained from theSokoto waterdistribution network

analysisthroughtheapplicationofexistingSokotoinputnodeandlinkfactstoEpanet2

hydraulic and waterqualitymodeling software was initiallymarred bydeficiency

featuresinallhydraulicparametersandsubsequentendorsementandacceptanceafter

laboriousandpainstakingstepsoftweakingandtinkeringEPANET2Sokotochlorine

resultsobtained and approved afterthesuccessfulcompletion ofcalibration and

validation ofthe observed and computed data,which gives R2 0.908 and 0.648

respectively.

2.Fortherelativelycommonsituationwheremorethanonewatersourcesuppliesa

distributionsystem,EPANET2modelarenotabletorepresentmeaningfuldifferences

Epanet2.0SokotoTimeSeriesVsEpanet–Sokoto

MSX@ Node34
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insourcewaterquality,astheyrelatetowaterqualityevolutioninthedistribution

system. Such an approach has obvious deficiencies when attempting to model

distribution system zones where sources blend together,and these zones are

sometimesthefocusofwaterqualityissues.Mostofwaterqualityissuesofthisnature

cannotbeaccuratelymodeledbyusingthesingle-speciescapabilitiesoftheEPANET2

program.ThisshortcomingprovidesthemotivationtoextendEpanetsothatitcan

modelreactionsystemsofanylevel.Therefore,SokotoEPANETMultispeciesExtension

chlorineresultsobtained from thecommand lineversionofEPANET-MSX aftera

successfulrunofmultispecieswaterqualityanalysisforSokotopipenetworkusing

Sokoto Epanet2 calibrated and validated data (during MSX inputfile sokoto.msx

processing)iswellrepresented.Thehydraulicreportprecedingthewaterqualityoutput

givesthehydraulicallybalancedsystem forbetterperformanceinSokotomultispecies

waterqualityanalysis,theresultsobtaineddepictstheinfluenceofmultiple,interacting

chemicalspeciesinthenetworkandthepossibleeffectofavailabletwowatersources

inthestudyarea(RiverRimaandRiverSokoto).Thechlorineresultsarereflectionofthe

complexityinotherportentspeciesandtheeffectofblendingwatersourcesasit

influencesthechlorinedecayprocess.
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Figure3.10.2:PlotofEpanet-MSXSokotochlorineresults:depictingtheextentof

detailedchlorinespeciesevolutionatthemostcriticalnode.

3.5ResultsofTemperatureEffectonChlorineImplementedintoEpanet-MSXChlorine

Values

SokotostateislocatedintheSokotoRimaRiverBasinatthenorth-westernextremeof

Nigeria.Thelandspreadsbetweenlongitude4o 11’Eto6o45’andLatitude11o43’N13o

49’N.itisahightemperateandtropicregion,withitsannualtemperatureoscillating

between30oCto45oC.Chemicallyspeaking,watertemperatureisimportantduetoits

effectsoncoppersolubility,therateofcorrosion,leadleachingfrom brassfixtures,bulk

chlorine decay rate and formation of disinfection by-products. Higher water

temperaturesaggravatethecorrosionofpipes.(Ljiljanaetal.2017).Allthe120samples

testedforthestudyarea,werewithintherangeof29oCand32.6oCatUnguwanRogo

andKanwuriareasrespectively.Thelowesttemperaturevalueof26oCwasrecordedat

KofarTaramniya(3rd week)andhighesttemperaturevalueof38.4recordedatKofar

Atikuarea.Table3.1showstheextractedonedrawbackresultsforchlorinevstempt.

Epanet2.0SokotoTimeSeriesVsEpanet–SokotoMSX@ Node
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EPANET-MSXwaterqualitycommandlineapproachperhouratnode29,Figure3.10.3

shows6hourvariationofEPANET-MSX;chlorinecum temperatureeffectinSokoto

waterdistributionnetworksandFigure3.10.4clearlyshowEPANET-MSX,temperature

effectonresidualchlorine.Thesameresultsisreplicatedfornodes8,19and34.

(Figures3.10.3–3.10.4)

Table3.1:EPANET-MSXTemperatureEffectatNode29

NODE29:EPANET-MSX;TEMPERATUREEFFECTONRESIDUALCHLORINE

Tempt.⁰C Cl₂@ t₁ Cl₂@ t₂ Cl₂@ t₃ Cl₂@ t₄ Cl₂@ t₅ Cl₂@ t₆

26 0.2 0.17 0.14 0.12 0.1 0.07

28 0.19 0.16 0.13 0.11 0.08 0.06

30 0.18 0.15 0.12 0.1 0.07 0.05

32 0.18 0.14 0.11 0.08 0.06 0.04

34 0.17 0.13 0.09 0.07 0.05 0.03

36 0.16 0.11 0.08 0.06 0.04 0.02

38 0.15 0.1 0.07 0.04 0.03 0.02

40 0.14 0.09 0.05 0.03 0.02 0.01

42 0.13 0.07 0.04 0.02 0.01 0.01

44 0.12 0.06 0.03 0.02 0.01 0

Figure3.10.3:HourlyVariationofEPANET-MSX;Chlorinecum TemperatureEffect.

Key:X=Tempt.(oC),Y=
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Figure3.10.4:EPANET-MSX;Chlorinecum TemperatureEffect.

Table3.2EPANEt-MSXTemperatureEffectatNode8

NODE8:EPANET-MSX;TEMPERATUREEFFECTONRESIDUALCHLORINE

Tempt.⁰C Cl₂@ t₁ Cl₂@

t₂

Cl₂@ t₃ Cl₂@ t₄ Cl₂@ t₅ Cl₂@ t₆

26 0.2 0.17 0.14 0.12 0.1 0.06

28 0.19 0.16 0.13 0.11 0.8 0.05

30 0.18 0.15 0.12 0.1 0.07 0.04

32 0.18 0.14 0.11 0.08 0.06 0.03

34 0.17 0.13 0.09 0.07 0.05 0.03

36 0.16 0.11 0.08 0.06 0.04 0.02

38 0.15 0.1 0.07 0.04 0.03 0.01

40 0.14 0.09 0.08 0.03 0.02 0.01

42 0.13 0.07 0.04 0.02 0.01 0.01

44 0.12 0.06 0.03 0.02 0.01 0

Key:X=Tempt.(oC),Y=
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Figure3.10.5:HourlyVariationofEPANET-MSX;Chlorinecum TemperatureEffect.

Figure3.10.6:EPANET-MSX;Chlorinecum TemperatureEffect.

Key:X=Tempt.(oC),Y=

Key:X=Tempt.(oC),Y=
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Table3.3 EPANET-MSXTemperatureEffectatNode19

NODE19:EPANET-MSX;TEMPERATUREEFFECTONRESIDUALCHLORINE

Tempt.⁰C Cl₂@ t₁ Cl₂@ t₂ Cl₂@ t₃ Cl₂@ t₄ Cl₂@ t₅ Cl₂@ t₆

26 0 0 0 0.08 0.11 0.09

28 0 0 0 0.07 0.09 0.08

30 0 0 0 0.06 0.08 0.06

32 0 0 0 0.05 0.06 0.05

34 0 0 0 0.05 0.05 0.04

36 0 0 0 0.04 0.04 0.03

38 0 0 0 0.03 0.03 0.02

40 0 0 0 0.02 0.02 0.01

42 0 0 0 0.02 0.01 0.01

44 0 0 0 0.01 0.01 0

Figure3.10.7:HourlyVariationofEPANET-MSX;Chlorinecum TemperatureEffect.

Key:X=Tempt.(oC),Y=
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Figure3.10.8:EPANET-MSX;Chlorinecum TemperatureEffect.

Table3.4EPANET-MSXTemperatureEffectatNode34

NODE34:EPANET-MSX;TEMPERATUREEFFECTONRESIDUALCHLORINE

Tempt.⁰C Cl₂@ t₁ Cl₂@ t₂ Cl₂@ t₃ Cl₂@ t₄ Cl₂@ t₅ Cl₂@ t₆

26 0 0.17 0.14 0.12 0.1 0.07

28 0 0.16 0.13 0.11 0.09 0.06

30 0 0.15 0.12 0.1 0.08 0.05

32 0 0.14 0.11 0.08 0.06 0.04

34 0 0.13 0.09 0.07 0.05 0.03

36 0 0.11 0.08 0.06 0.04 0.02

38 0 0.1 0.07 0.04 0.03 0.02

40 0 0.09 0.05 0.03 0.02 0.01

42 0 0.07 0.04 0.02 0.01 0.01

44 0 0.06 0.03 0.02 0.01 0

Key:X=Tempt.(oC),Y=



27

Figure3.10.9:HourlyVariationofEPANET-MSX;Chlorinecum TemperatureEffect.

Figure3.11:EPANET-MSX;Chlorinecum TemperatureEffect.

Key:X=Tempt.(oC),Y=

Key:X=Tempt.(oC),Y=
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4.0CONCLUSIONSANDRECOMMENDATIONS:

4.1 CONCLUSIONS

1.Thechlorineevolutionsimulationforthevalidateddatawasperformedwithcommand

lineversionofEPANET-MSXandcorrelationwithEpanet2.0forbestperformance.

2. TemperatureeffectonresidualchlorineinSokotowaterdistributionwasimplemented

intoEPANET-MSX.

4.2Recommendations

1.ThereshouldbeurgentintegrationofEPANET-MSXintothewindowsversionof

EPANET2.0forreliabilitymotivatedoutcomes.

2.That,thesoftwarebemadeflexibleenoughtopermitadjustmentandtweaking

ofsomeofitsproperties,especiallyforsomecountrieswithpeculiaritiesof

intermittentwatersupplysystems.

3.Watersupplyprovidersshould useEPANET-MSX fortheimplementation of

temperature effecton residualchlorine during the planning stage to avert

waterborneinfectiousdiseasesintheredistributionnetworks.

4.3ContributionToKnowledge

1.Sokotochlorineevolutionsimulationswasdevelopedwithcommandlineversion

ofEPANET-MSX,whichprovidemoredetailedsettingsofchlorinedecay.
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2.Dualwatersupplysourceforadistributionsystem mayhaveaffectsthewater

qualityoutcomesofEPANET-MSXandtheresearchalsodiscoveredEPANET2.0

tobemoresuitableinrelationtothemeasuredvaluesatthelocations.

3.Effectoftemperatureonresidualchlorinewithinwaterdistributionnetworkwas

discoveredandimplementedinEPANET-MSX.
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