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Abstract 

At present, in the research of water resources dispatching technology, while the 

quality impact of raw water on treatment process as well as pipeline network is 

usually neglected. In this paper, taking the source wells with poor quality on the upper 

and middle reaches of the Yellow River as the research object, the dispatching 

technology of quantity and quality combined optimization based on specific pollutant 

control is studied. Firstly, according to water quality characteristics of shallow 

groundwater around Yellow River, plant influent-source water coupling model of 

specific pollutants is established by combining the Fourier Transform with the 

Artificial Neural Network (ANN) method. On this basis, an optimization model of 

decentralized water transport system is constructed considering water quality, supply 

safety and economy. The optimization strategy is applied to Z city in the middle and 

upper reaches of the Yellow River, the effectiveness and practicability of 

decentralized water transport system based on specific pollutants control are verified 

in the mean while. 

Keywords:Dispatching Optimization, Plant Influent-Source Water Coupling Model, 

Decentralized Water Transport System, Specific Pollutants Control, Middle and 

Upper Reaches of the Yellow River 

 

1.Introduction 

AsanessentialwatersourceofChina,groundwaterplays

anoteworthyroleindrinkingwatersupply,socialecono

mydevelopmentandeco-environmentbalance.Additio

nally,groundwaterisanimportantguaranteeofwell-bala

ncedwatercycling.However,thepollutionproblemsofg

roundwaterarelackofconcernforalongtime,duetotheel

usivecharacteristicandsystemiccomplexity.Withthein

creasingattentiontothesafetyofwatersourceandtranspo

rtsystem,thereisgreatsignificancetostudyoptimization

ofgroundwatertransportsystemandcontaminantscontr

ol. 

Inrecentyears,withtheincreasingshortageofwaterreso

urcesandtheincreasingawarenessofenvironmentalprot

ection,scholarshavecarriedoutalotofresearchontheopt

imaldispatchingofwaterresourcesathomeandabroad.Z

hangYanlan(2014)setupamulti-sourcejointdispatchin

gmodelforBeijingundertheconditionofSouth-to-Nort

hWaterTransfer,aimingatensuringtheminimumyieldo

fwatersupplyanddiscard.YuBing(2015)tookthesocial

benefitandsupplycostofwatersupplysystemasthedispa

tchingobjective,constructedthethree-layerwatersuppl

ynetworkstructureof"watersource-waterplant-userind

ifferentareas",andestablishedtheoptimaldispatchingm

odelofmulti-sourcesupply.DanielW.(2014)studiedthe

applicationofmulti-objectiveoptimizationmodelforw

aterresourcessustainability.Obviously,scholarsathom
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eandabroadhavepaidgreatattentiontowaterallocationr

esearchformulti-sourcedispatchingatpresent.Manyin

vestigationshavebeencarriedoutprimarilywiththepurp

oseofwaterresourcessecurityassuranceandwatersuppl

ycostreduction.Nevertheless,therearefewstudiesonqu

alityassuranceandpollutantcontrolintheprocessofwate

rresourcesdispatchingrelatively,andtheresearchresult

sarenotyetmature. 

Inthispaper,thesourcewellswithpoorqualityontheuppe

randmiddlereachesoftheYellowRiveraretakenasthere

searchobject,therelationshipofparticularpollutantsatw

aterworksandnetworkdepartmentisresearched.Then,t

heoptimaloperationmodelofsourcewaterisestablished

basedonthecomprehensiveconsiderationofparticularp

ollutantscontrolandoperationenergyreduction.Theres

earchwillprovidetheoreticalguidanceforwaterqualityg

uaranteeandscientificmanagementofgroundwaterdistr

ibutionsystemontheupperandmiddlereachesoftheYell

owRiver. 

2.PlantInfluent-SourceWaterCouplingModelofSp

ecificPollutants 

Itisquitecommontofetchwaterfromthewellsbesidethe

mainstreambeachofYellowRiver,becausethegroundw

aterlevelismuchhigherthereduetoexcellentrecharging

conditions.Watersamplesfromthesewellweretestedwh

ichindicatedhigherconcentrationsofAs,Fe,Mnandsom

eothercontaminants.On-lineinstrumentsarenotcomm

onlyinstalledfordecentralizedsourcewaterwellsduetoe

conomicreasonsorlackofmaintenance.Asaresult,impa

ctofwaterqualityvariationfromwellsontheinfluentofpl

antscouldnotbedetectedontime,whichbringsdifficulti

estocontrolspecificpollutantsconcentrationallocating

sourcewater. 

Thespecificpollutantsconcentrationofinfluentofplants

usuallycorrelateswiththatofwellswithinwatertranspor

tsystems.However,thecorrelationcannotbesimplyexpl

ainedbypolynomialsorlinearfunctions.Fortunately,no

n-mechanismwaterqualityanalysismethodsbecamem

oreandmorepopular,whenstatisticmethodsandartificia

lintelligencealgorithmwasintroduced.Thisresearchma

inlyfocusonsourcewaterwellsinthemiddle-lowerreach

esofYellowRiver,andemploysFouriertransformandart

ificialneuralnetworks(ANN)tostudyPlantinfluent-So

urcewatercouplingmodelofspecificpollutants. 

2.1FourierTransformofSpecificPollutants 

FourierTransformisoneofthemostimportanttransform

sformodernmathematics,whichhasbeencommonlyap

pliedindigitalsignalprocessing.Especiallyforthoseco

mplexandelusivefunction,Fouriertransformcouldtran

sformcomplextimedomainsignalsintomoreanalysisfri

endlyfrequencydomainsignals. 

Forarbitrarydiscretetimeseries

,withFouriertransformweget 

 ( ) exp( )ny x i k 




  , (1) 

Relevantly,if ( )y 

isapericodicfunctionwithperiodlength

2 ,reverseFouriertransform 

 
1

( )exp( )
2

nx y i k d



  

 
  , (2) 

DigitalfilteringwasperformedviaFouriertransformtor

emovedisturbanceofspecificpollutantsdataofplantinfl

uenceandsourcewaterwells.Thenthefrequencydomain

datawastreatedastheinputandmodeltrainingdataofartif

icialneuralnetwork. 

2.2PlantInfluent-SourceWaterCouplingModelofS

pecificPollutantsbasedonArtificialNeuralNetwork 

Inordertoimprovethecalculationaccuracyoftheartifici

alneuralnetworkmodelandavoidtheinterferenceofnois

edataonthesimulationaccuracy,theFouriertransformw

asusedtopretreatthespecificpollutantsmonitoringdata

ofplantinfluentandsourcewells.Afterremovingthenois

edata,theplantinfluent-sourcewellcouplingmodelofsp

ecificpollutantsbasedontheartificialneuralnetworkwa

sestablishedbasedonthefrequencydomainsignal ，

asshowninFigure1. 
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Fig.1.PlantInfluent-SourceWaterCouplingModelofSpecificPollutants 

DuringtheconstructionofANNmodel,240sampleswith

fourindexesoftheinfluentflow,specificpollutantsconc

entration,wells‟outletflow,andwells‟specificpollutant

sconcentrationwerefilteredbyFouriertransformanduse

dastrainingparameters.ThemodelwastrainedbyLeven

burg-Marquardtfunction.ABPnetworkmodelwasbuilt

laterwithhiddenlayers,wherethefirsthiddenlayerhad1

4neuronsandthesecondhiddenlayercontains20neuron

s.Logsigfunctionisusedasthetransferfunctionbetween

hiddenlayers.Meanwhile,inputlayerandhiddenlayerus

edtan-sigmoidfunction,andhiddenlayertooutputlayera

ppliedpurelinlinearfunction. 

3.ConstructionofWaterTransportOptimizationM

odel 

Inordertoguaranteewatersafetyandsatisfywaterrequir

ementaswellasreduceenergyconsumption,awatertrans

portoptimizationmodelwasbuiltwithconsiderationofr

educespecificpollutantsconcentrationofplantinfluent.

Thedecisionvariablesofthemodelaresourcewaterwell

numbers(anddecidewhichwellsaresuitabletoprovidew

ateratcertaintime),flow,andpumpingtimelength. 

3.1ObjectiveFunction 

  1 2 3min , ,f F F F , (3) 

3.1.1Waterqualitycouplingmodel
1F  

 ' '

1 1( [ ], [ ], [ ], [ ], [ ], [ ])F f x n q n y n Q n X n Y n , (4) 

Themethodstobuildspecificpollutantscouplingmodel

hasalreadystatedinsection“PlantInfluent-SourceWate

rCouplingModelofSpecificPollutantsbasedonArtifici

alNeuralNetwork”. 

3.1.2Energyconsumptionmodel 

Energyismostlyusedforpumpingwaterfromsourcewel

lsofdecentralizedwatertransportsystem. 

 
, , ,

2 ,

1 1 ,

I J
i j i j i j

i j

i j i j

C NP QP HP
F SP

 

  
 , (5) 

Where, ,i jSP

--electricityfeeofthei
th

wellattimej
th

,CNY/kwh; 

C--conversioncoefficient; 

,i jNP

--operationstatusofthei
th

wellattimej
th

.Ifthepumpofthi

swellison,NP=1,otherwiseNP=0; 

Characteristic Analysis of specific 

pollutants of source wells and model 

fitting 

Input the concentration of specific 

pollutant of source water '[ ]X n  

'[ ]jX e 
 

Fourier transform 

Historical source water specific pollutants ：

[ ] [ ]* [ ]X n x n q n  

Historical specific pollutants of plant influent： 

[ ] [ ]* [ ]Y n y n Q n  

Fourier transform 

[ ] [ ]j jX e Y e 、  

Plant influent-Source water coupling model of specific 

pollutants based on artificial neural network： [ ]jP e 
 

validation 

output 

'[ ]jY e 
 

Prediction of pollutants concentration 

of plant influent： '[ ]Y n  

Fourier transform 

input 
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,i jQP --outletflowofthei
th

wellattimej
th

,m
3
/h 

,i jHP --pumpheadofthei
th

wellattimej
th

,m; 

,i j

--pumpefficiencyofthei
th

wellattimej
th

,whichcouldbec

alculatedfromthefittedpumpefficiencycurve; 

I--totalnumbersofwells; 

J--totalhours,whichisequalto24forthismodel. 

3.1.3Watertransportsafetyguaranteemodel 

Sourcewellsusuallyapplysubmergedpumpswithconst

antspeed,whichhavesmallerscopeforflowandheadadj

ustment,comparedwithsecondarypressurepumpstatio

n.Moreover,thereisgapsbetweenoutletflowofwellsand

therequiredflowofthetransportsystemundercertaincon

ditions.Ifflowexceedrequirement,itnotonlywastewate

rbutalsoresultsinhigheroperationcost.Ifwaterflowcan

notthantherequirement,thewatertransportsystemcann

otberegardedasareliablesystem.Therefore,scientificso

lutionisnecessarytoallocatewellpumpswithdifferentra

tedflowandheadoptimally. 

Theoretically,waterquantitybalancesabsolutely,which

isdenotedas

,

1

I

i j j

i

Q QF


 .However,inordertoguaranteethefeasibility

ofoptimizationcalculation,therestrictioncouldbereduc

ed.Asaresult,amodeltoguaranteewatertransportsafetyi

sbuiltasbelow. 

 3 ,

1 1

J I

i j j

j i

F Q QF
 

  , (6) 

Where, jQF

--totalwaterrequirementattimej
th

(predictedviawaterco

nsumptionmodel),m
3
/h; 

,i jQ --waterflowofthei
th

pumpstationattimej
th

,m
3
/h. 

3.2Restrictions 

3.2.1Hydraulicconditions 

Watertransportsystemshouldsatisfyheadlossequation(

Darcy–Weisbachequation)andcontinuityequation. 

HeadLossequation: 

 nh SQ  (7) 

Continuityequation: 

 AQ q , (8) 

3.2.2Watersupplycapacityofeachwell 

 , max

1

J

i j i

j

Q Q


 , (9) 

Where, ,i jQ --outletflowofthei
th

wellattimej
th

,m
3
/s; 

max iQ --maximumoutletflowofthei
th

well,m
3
/s. 

3.2.3Runningtimelengthofeachpump 

Overloadriskalwaysexitsifacertainpumphascontinuo

uslyrunfortoolongtime.Onthecontrast,pumpswillgeto

utoforderiftheyhavestayedofffortoolongperiod.There

fore,therunningtimelengthofeachpumpshouldbetaken

intoconsideration. 

 min maxi i iDUR DUR DUR  , (10) 

Where,
iDUR --runninglengthofthei

th
pump,h; 

min iDUR ,
max iDUR

--minimumandmaximumrunninglengthofthei
th

pump. 

3.3OptimalSolution 

Thesolutionofwatertransportoptimizationmodelisaty

picalmulti-objectiveoptimizationproblem.Therefore,

howtofindtheoptimalsolutionbetweenparallelobjectiv

efunctionsandmultipleconstraintsisanimportantprobl

emtobesolved.Theinherentparallelismofhybridmulti-

objectiveevolutionaryalgorithm(HMOEA)makesitpo

ssibletofindmultipleParetooptimalsolutionsinsimulati

on.Comparedwithtraditionaloptimizationalgorithm,it

candealwithdiscontinuity,non-differentiabilityandno

n-convexityofParetofrontierbetter.Therefore,themode

linthispaperissolvedbyHMOEA,andtheimplementati

onprocessisshowninFigure2. 
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Fig2.WaterTransportOptimizationModelCalculationProcess 

4.ApplicationandPractice 

4.1ProjectBrief 

 

Fig.3.TopologyRelationofSourceWaterWellsandTransportNetworks 

Water Transport Optimization Model based on Specific 

Pollutants Control 

Optimal Calculation by HMOEA 

Generating Pareto Optimal Solution 

Multiple Attribute Decision 

Making (MADM) 

Attribute weight 

determination 

Information 

Entropy Method 

Operation Combination of Wells in each Period, Water 

Output of each Well and As Concentration under 

Corresponding Scheme 

Water Quality and Economic Evaluation of Optimal 

Scheme 
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Asisdemonstratepreviously,supplyingwaterfromwell

salongthebeachofYellowRiverisquitecommoninthem

iddle-upperreachesofYellowRiver.Groundwaterrecha

rgedfromyellowriverconstitute30%watersupplyofthe

cityZinthemiddle-upperreachesofYellowRiver.Howe

ver,specificpollutantsuchasarsenic,iron,manganesean

dammoniumofgroundwateralongtheshoreofYellowRi

verexceednationalstandardsquitecommon.Forinstanc

e,arsenicconcentrationofgroundwaterin“95Tan”achie

ves0.06mg/L,andironandmanganeseconcentrationis

muchhigheraswell.Thereare26groundwaterwellsinth

eeasternwatersourceareaofZcity,amongwhich19wells

areshallowwellsand7wellsaremiddle-deepwells.Thet

opologyrelationofwellsandwatertransportnetworksca

nbefoundinFigure3.Inthispaper,16wellsareselectedfo

rdispatchingoptimization. 

4.2PlantInfluent-SourceWaterCouplingModelVali

dation 

20samplescorrespondingtodifferentoperationstatusw

asselectedtovalidatethecouplingmodelofplantinfluent

-sourcewaterspecificpollutants.Thedataofoutletflowo

fwells,fittedarsenicconcentrationofwells,andplantinfl

uentflowareinputtothemodelafterFouriertransform.Pr

edictedarsenicconcentrationofplantinfluentwastheout

putofthemodel.Predictedvaluesandmeasuredinfluenta

rsenicvaluesarecomparedtovalidatethemodel. 

Table1.PredictionAccuracyValidationResultsof10RunningConditions 

 Operation status Influent flow(m
3
/h) Predicted As (μg/l) Measured As (μg/l) Relative error (%) 

1 0010110111110011 2591 19.36 20.01 3.36 

2 0011100111011111 2722 19.14 19.48 1.78 

3 0011111111110110 2887 20.76 20.39 1.78 

4 0100011111111001 2578 20.55 20.14 2.00 

5 0111101101111111 3076 19.83 20.33 2.52 

6 0111101111111111 3301 19.77 20.25 2.43 

7 1111111011111011 2437 19.39 18.72 3.46 

8 1001101111011100 2625 20.32 19.93 1.92 

9 1001111111111011 3112 21.28 20.68 2.82 

10 1011101100111011 2790 19.83 19.55 1.41 

 

PartialresultsareshowninTable1,themaximumrelative

erroramong20typesofoperationstatusisequalto3.46%,

whiletheaveragepredictionaccuracyachieved97.75%,

whichishighenoughtoprovidedatatosupportwatertran

sportallocatestrategybasedonspecificpollutantscontro

l. 

4.3OptimalDispatchingandEconomicTechnicalAn

alysis 

Adaptiveintelligentcombinedalgorithmwasappliedto

predictedtherequiredwaterflowbasedonon-linedataon

14
th

July2017.PartialresultsareshowninTable2. 
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Table2.HourlyWaterUsagePredictionoftheSelectedAreaon14thJuly2017 

Time 0 1 2 3 4 5 6 7 

Predictedflow(m
3
/h) 3145 3059 2982 2966 2955 2930 2918 2908 

Measuredflow(m
3
/h) 3025 2994 3001 2950 2955 2862 2901 2884 

Time 8 9 10 11 12 13 14 15 

Predictedflow(m
3
/h) 2889 2888 2824 2805 2799 2773 2639 2588 

Measuredflow(m
3
/h) 2929 2862 2889 2915 2888 2794 2780 2612 

 

Sourcewatertransportfromcertaingroupsofwellsisperf

ormedaccordingtothewatertransportoptimizationmod

elmentionedinSection

“ConstructionofWaterTransportOptimizationModel

” ,basedonthepredictedwaterflow.Thentheproblemis

solvedbyHMOEA,inwhichthepopulationpartperiodis

200,thecrossoverprobabilityis0.85,andtheprobability

ofvariationis0.02.Thecrossoverprobabilityisofoff-lin

ewatertransportresultsaswellasthecorrespondingeval

uatingvariablesareshowninTable3.Generally,theavera

geenergyconsumptionof24hoursofthisoptimizationstr

ategyis344.74kw,meanwhileaveragearsenicconcentra

tionoftheplantinfluentis16.91μg/l. 

Table3.SimulatedWaterTransportOptimizationResultso

ftheSelectedAreaon14thJuly2017 

Time  
Optimized 

operation 

As 

(μg/l) 

Energy 

consumption 

(kw) 

0 1100101110111111 16.73 378.83 

4 1100101110111111 15.86 380.69 

8 1100101110111111 17.74 380.15 

12 1100101110111011 17.79 353.64 

16 1100101110111011 16.82 349.23 

20 1100101110111011 16.09 322.81 

23 1100101110111111 15.08 349.38 

 

Totesttheeffectivenessoftheproposedstrategy,aperiod

ofdata(January-July,2017)wasemployedtoperformtec

hnologyandeconomicanalysis.14
th

July2017,partialres

ultsoftherealwatertransportstrategybasedonmanualex

perienceisalsomeasuredasisshowninTable4.Theavera

geenergyconsumptionofthisstrategyis372.85kw,whil

earsenicconcentrationoftheplantinfluentis18.27μg/l. 

Table4.MeasuredWaterTransportResultsbasedonExperi

enceoftheSelectedAreaon14thJuly2017 

Tim

e 

Optimizedoperatio

n 

As 

(μg/l

) 

Energyconsumptio

n 

(kw) 

0 1100011110111111 
18.1

7 
401.29 

4 1100011110111111 
18.3

8 
403.56 

8 1100011110111101 
17.6

0 
385.93 

12 1100011110111101 17.8 386.30 
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1 

16 1100011110111101 
17.4

7 
381.35 

20 1100011110111111 
18.3

3 
390.92 

23 1100011110111111 
18.0

8 
394.74 

 

Table3andTable4showsthatoptimizedwatertransports

trategycouldreduceenergyconsumptionandarseniccon

centrationoftheplantinfluentsignificantlyon14
th

July2

017. 

Technologyandeconomicanalysiswasperformedtoco

mparetheoptimizedwatertransportstrategyandempiric

alstrategybasedthedataduringJanuarytoJuly2017.Asa

result,iftheoptimizationstrategyproposedaboveisadop

ted,energyconsumptioncouldbereducedby850~1000k

wpermonth,whiletheaveragearsenicconcentrationofth

eplantinfluentcouldbereducedby1.5~2.3μg/l.What‟s

more,theoptimizationstrategycouldcontrolthearsenic

concentrationalwaysbelow20μg/l,whichprovideguara

nteeofwatersafety. 

5.Conclusions 

(1)Intheprocessofsourcewateroptimaldispatching,Fo

uriertransformandartificialneuralnetwork(ANN)areu

sedtoexplaintherelationbetweenspecificpollutantscon

centrationofgroundwaterandoutletflow.Plantinfluent-

Sourcewatercouplingmodelofspecificpollutantsisbuil

twhichbringswatersafetyintoconsiderationforwatertra

nsform.Fouriertransformisemployedtoprovidefreque

ncydomaininputtoANNmodel,whichavoidsnegativei

nfluencefromdisturbanceandimprovesthepredictiona

ccuracy. 

(2)Withthetargetofminimizingspecificpollutantsofinf

luent,aswellassatisfyingwaterquantityrequirementan

dreducingenergyconsumption,thewaterdispatchingop

timizationmodelisbuilt,inwhichtheoperationcombinat

ion(decidewhichwellsaresuitabletoprovidewateratcer

taintime),flow,andpumpingtimelengtharetakenasdeci

sionvariables.Themodelconsidersthewaterquality,sec

urityandeconomyofwatersupplycomprehensively,and

realizesthewaterquality-waterquantityjointdispatchin

goptimizationtechnology. 

(3)Theproposedmodelisappliedtooptimizewatertrans

portinthecityofZ.Thepredictionaccuracyofthespecific

pollutantscouplingmodelachieves97.75%,whichprov

ideaccuratedatasupportforwatertransportoptimization

.Comparedwithmanualexperiencestrategy,thepropose

doptimizationsolutioncouldreducespecificpollutantsc

oncentrationoftheplantinfluentsignificantlyaswellasr

educingtheenergyconsumption,andthenguaranteedth

esafetyandeconomyofwatertransportsystem. 
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