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ABSTRACT

Thisarticlecontainsamultivariateanalysis(MV),datamining(DM)techniquesandwaterquality
index(WQI)metricswhichwereappliedtoawaterqualitydatasetfromthreewaterqualitymonitoring
stationsinthePetaquillaRiverBasin,Panama,tounderstandtheenvironmentalstressontheriverand
toassessthefeasibilityfordrinking.PrincipalComponentsandFactorAnalysis(PCA/FA),indicated
thatthefactorswhichchangedthequalityofthewaterforthetwoseasonsdiffered.Duringthelow
flowseason,waterqualityshowedtobeinfluencedbyturbidity(NTU)andtotalsuspendedsolids
(TSS).Forthehighflowseason,mainchangesonwaterqualitywerecharacterizedbyaninverse
relationofNTUandTSSwithelectricalconductivity(EC)andchlorides(Cl),followedbysources
ofagriculturalpollution.TocomplementtheMVanalysis,DMtechniqueslikeclusteranalysis(CA)
andclassification(CLA)wasappliedandtoassessthequalityofthewaterfordrinking,aWQI.
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1. INTRoDUCTIoN

MineraPanamáS.A.(MPSA),whollyownedbyMineraPanamáS.A-FirstQuantumMineralsLtd
(MPSA-FQML), is investigating the feasibilityofdeveloping theMPSAProjectMinadeCobre
Panamá(theProject).TheproposedProjectwouldmineandprocesscoppersulfideoreinthePetaquilla
Concession,Panamá.Thisconcessioncoversanareaof130squarekilometers(km2)andislocated
intheDistrictofDonoso,ColónProvince,innorth-centralPanamá.Theconcessioncontainsatleast
threespatiallydistinctcopperorebodies(Colina,BotijaandValleGrande)andthreeconventional
openpitminesarecurrentlyplannedtoexploittheseorebodies(EIAs,2010).

Thecoppersulfideorewillbeminedusingconventionalopenpitminingandwillbeprocessed
usingcrushing,milling, flotationrecoveryandconcentratedewatering.Theproposeddesignore
feedtotheprocessingplantis150,000tonsperday(t/d).Itisexpectedthatthiswillbeexpandedto
225,000t/datyeartenbytheadditionofathirdprocessingline.TheProjectwillexportmaterials
throughaportsitetobeconstructedontheCaribbeancoastatPuntaRincónandlinkedtothemain
Projectsitebyaroad,apowerlinecorridor,andburiedpipelinesfortransferofproductsandother
materials.AsthenationofPanamadevelops,increasingindustrializationandurbanizationhasledtoa
wide-scalecontaminationofmanysurfacewaterresourcesfromindustrialeffluents,domesticsewage
discharges,andexcessiveuseoffertilizers,pesticidesandtheemergingminingactivities.Then,it
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maybeinferredthattheincreasedanthropogenicpressuresandnaturalprocessesareaccountingfor
degradationinsurfacewaterandgroundwaterquality(Carpenteretal.,1998).Hence,giventhese
pressuresexperiencedonthewaterresourcesinthearea,themainobjectivesofconservationmust
beinthecontrolandminimizationofpollutionoccurrencesandproblemsfacingthesepollutants
andtoprovidewaterofanadequatequalitythatcanservedifferentpurposes,suchasdrinkingwater,
irrigationwater(Dinaretal.,1995).Then,themonitoringofwaterqualityforanywaterbodymust
beoneofthehighestprioritiesfortheirprotectionpolicy(Lewis,2000).

Multivariate statisticalmethods suchas factoranalysisandprincipalcomponentshavebeen
usedsuccessfullyinhydrochemistryformanyyears.Nowadays,withtheemergingtechniqueoffered
bydata-mining,thewaterqualityofagivenriverstatecanrevealfeaturesotherwisenotseenby
conventionalmethods.Multivariatetechniquesallowustodiscovertheinformationhiddeninthe
datasetaboutthepossibleenvironmentalinfluencesonwaterquality(Spanosetal.,2003).Today,
dataminingispopularamongresearchersofwaterqualityinvestigations,forexampleinregardto
chlorophylllevels,Lu&Huang(2009)proposedDecision-makingtreetoforecastlevelsforthenext
day.Also,Fu-Cheng&Xue-Zhao(2013),suggestedtheuseoffuzzyc-meansclusteringmethodto
classifyandassessruralsurfacewaterqualitybuiltonmonitoringdatafrom33waterqualitystations
in23ruralriversand4reservoirsinLianyungangcity(China).Multivariatemethodshaveseveral
shortcomingssuchasthepresenceofmathematicalcalculations,equaltreatmentandprocesstothe
oldandnewdata,problemswithpredictionandclassificationtaskduetomultivariateoverlapping
oftheparameters.Notwithstanding,dataminingandmachinelearningtechniqueshaveshownto
achievegreatsuccessinmanydisciplines(Mjolsness&DeCoste,2001).Nevertheless,itisawell-
knownfactthatdataminingalgorithmsworkbestonlargedatasets,yetthereareseveralstudies
whichencouragesitsapplicationonsmalldatabases(Jiangetal.,2009;Andonie,2010;Natek&
Zwilling,2014).

Inthisstudy,weevaluatedthepossibilitythatasmallergroupofwaterqualityparameterscould
providesufficientinformationforassessingwaterquality.Forthisreason,Factoranalysisanddata
miningmethodswereappliedtowaterqualitydataobtainedfromthesurfacewatersofthree(3)
water quality monitoring stations at the Petaquilla River Basin during two hydrological seasons
(highandlowflows).

Thepaperisorganizedasfollows.Section2,describestheproblemoftheoverallstudylocation
andprovidesinformationonthestudysite.Section3illustratestheresourcesandmethodologythat
hasbeenusedtotackletheproblem.Theexperimentalsetupandanalysisresultsofthestudyare
presentedinSection4.Finally,conclusionsandfutureworkarediscussedinSection5.

2. THE PRoBLEM

2.1. Data Source and Study Area
ThePetaquillabasinisthewesternmostdrainagebasinattheminesite.Surfacerunoffinthisbasin
reportstothePetaquillaRiver,whereitsubsequentlyflowsnorthwestanddischargesdirectlytothe
CaribbeanSea.Twoopenpits(ColinaandValleGrande),aswellasthesouthwestwasterockstorage
facilityandassociatedsedimentationponds,willbedevelopedinthesoutheastregionofthePetaquilla
basin.ThecommunityofNuevaLuchaandtheFaldalitosectorarealsolocatedinthisbasin.The
three-surfacewaterbaselinesamplingstationsestablishedinthePetaquillaRiverbasin,specifically
inthePetaquillaRiver,aredescribedinTable1andshowninFigure1.

3. RESoURCES AND METHoDS

TheIsthmusofPanamahasbasicallytwoseasons:thedrylowflowseason(JanuarytoApril)and
thehighflowseason(MaytoDecember).TheclimateintheregionofthePetaquillaRiverBasinis
typicallygovernedbythesetwoseasons.Therefore,thehydrologicalconditionsduringthelowand
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