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flowanddead-
endareas,raisingthefibercount.Ifmainsaretappedandthecuttingsarenotflushedawaythroughthetappingmachine,butareinsteadpermittedtofallintothewatermain,thefibercountcanberaised.
healthimplicationsofingestedasbestos.Whilehealtheffectsstudieswerebeingplannedandcarriedout,engineeringinvestiga-tionswerealsoundertakentodevelopinforma-tiononeffectivetechn
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G.S.LOGSDONpolymerorconditioningtherawwaterwithapolymer.PressureDEfiltrationwasmoreeffec-tivethanvacuumDEfiltration.FiltrationplantsonLakeSuperiorwerebuiltorremodeledat
4).Filteredwatergenerallycontainedfewerthan0.10x106fibers/Landhadaturbiditybelow0.10ntu(nephelome-tricturbidityunits).Fundsfortransmissionelec-tronmicroscope(TEM)analysisofw
1978.ExtensiveresearchwasconductedatSeattle'sSouthForkTbltReservoir(6,7).Alim-itedamountofresearchonasbestosfiberremovalwasalsocarriedoutasapartofapilotplantstudyatEveret
scaletreatmentplantoperatingdatawerereviewedandsummarized(5).TherelationshipbetweenfilteredwaterturbidityandfibercountwasscrutinizedinapaperbyLogsdonetal.(9),whoconcluded
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CONTROLLINGASBESTOSFIBERSINDRINKINGWATER3000000300100300303FIGURE2.atDiemDistrict3000-1000-i30010030o-zOzZ10V)cot-
i>-0.-3I-OFIGURE3.atMillsDistrictlIoptimizedturbidityvalueswerelower,butthecomparisonofoptimizedtostandardoperationwassomewhatdifferentforeachplant.Fortheothreeplantswiththeh
probabilityplotsof?'oj,ta'filteredwaterasbestoscountsforstandardized-Wv</-versusoptimizedoperationareshowninFigures0~~~~~~0512/1-
3.Thetrendsoftheoptimizedcountdataaredifferentforeachplant,butforeveryplantthemedianvaluefortheoptimizedoperationiscon-siderablybelowthemedianforthestandardizedoperation.Ev
CascadeMountainstudiesversustheMWDSCstudy.First,thecon-IIIIIIcentrationoffibersintherawwatersourcein5102040608009095Californiawasmuchhigheronacontinuingba-PERCENTA
tenthoftheCaliforniavalues.IntheSeattleofSouthernCalifornia).ToltReservoirstudy,aboutfour-
fifthsoftherawwaterchrysotilecountswereinthe2x106to10lllx106fibers/Lrange(6).Attainingnearlycom-pleteremovaloffibers,asindicatedbyvaluesbelowthedetectionlimit(BDL),waseasierwh
<AUsamplingtheaveragewaterqualityofnumerousfilters.ThisdistinctionisveryimportantbecauseA<t0turbidityandfibercountdonothavealinearrelationship.Fibercountscanincreasedramati-
IIcrease,butthefibercountwouldaverage3.9x5102040608090
95106fibers/L,alargeincrease.Thus,ifallfilteredPERCENTAGEOFRESULTSLESSTHANOREQUALTOwaterispipedintoaclearwellandthevariousAsbestosconcentrationsinrawandtreated
i-1wL'icoL.-ID0M.0ccui0(i0F-V)L'icioV)L'i-iF-0Lnwu



G.S.LOGSDONTable1.ChrysotilecountsassociatedwithturbiditychangesinSeattleToltPilotPlantStudy.ChrysotilefibersHourlurbidityx10-
6,Runinrun(ntu)fibers/La2160.060.16(NSS)2170.3412.252180.070.192460.0850.342470.366.224130.60.136230.100.346290.1050.2462160.372.28120120.060.1(NSS)120130.07<0.
1970s,concernsaboutasbestosfibersindrinkingwaterledtoinvestigationsofthepotentialforcontributionofasbestosfibersfromACpipesusedtocarrywater.In1974,aspecialreportonthisproblem
Manville.AnEPAprojecttoverifytheresultsoftheearlierpipeloopstudywasbegunin1974(13).Whentheoperationofapipeloopcontaining4-in.and6-
in.ACpipesprovedtobeextremelydifficult,asystemof100-
gal.recircu-latingtankswasdevelopedandusedbyBuelowetal.(13).ACpipecoupons(1.5x6in.)wereexposedtothetestwaterinthesetanks.Duringthesametimeperiod,evaluationsofACpipesinf



CONTROLLINGASBESTOSFIBERSINDRINKINGWATERalsoofferedprotectionformetalpipeinsystemscontainingbothACpipeandleadservicelinesorplumbing(14).ACpipeprotectionbyzin
flowandahigh-
flowwatercondition.Sampleswerepe-riodicallytestedtodeterminethenumberofas-bestosfibersinthewater.Thetwopipesectionswereremovedandexaminedfortheamountofzincdepositedont
dispersiveX-
rayspectraanal-ysesshowedcoatingsofzincproductsonthetwopipesamples.Thus,addingzincorthophosphateundertheexistingwaterqualityconditionsre-ducedorpreventedcorrosionofACp
gal.recirculatingtanks,similartothesystemsdesignedandusedbyBuelow.ThetanksatBellevuearemadeofpolyethylene,ratherthanstainlesssteel,minimizingtheamountofanykindofmetalinthe
0.3mg/LFe(ferricchloride)bestosfibercounts,andevaluationoftheACcouponsexposedtothetestwaters.Couponevalu-ationincludedhardnesstests,weightlossdata,andcalciumlossmeasure
placerehabili-tationofACpipe.In1980,awatermainwasisolatedfromthedistributionsystemforthere-search.PartsofthepipelineweretreatedbyPollyPigs,bullet-
shapedfoamswabsforcedthroughthemainbyhydraulicpressure.Othersections173



G.S.LOGSDONTable3.HardnesstestresultsforACcoupons(3/25/81).PipeexposedtoTbltwaterAverage+standarddeviationUsedpipe,historyunknownAverage±standarddeviationNewpipe
1A-2A-3A-4B-1B-2B-3B-4C-1C-2C-3C-
4ShoreDhardness6765666465.5±1.296874677370.5±3.517981827880.0±1.83Rockwellhardness"L"Scale7105149.0±3.926460655661.25±4.1199100989898.7±0.96werecleanedands
mountedspecimensoftheACpipewerepreparedandstudied.Thepipesegmentwascutandmountedsothattheexposedsurfaceofthepipeinthemounthad,ononeside,theinnerpipewalland,onthe
rayanalysistechniqueusingthescanningelectronmicroscope.Elementalprofilesofcalciumandsil-iconconcentrationswereproduced.InnewACpipe,thecalciumandsiliconconcentrationsareco
linedACpipeswerelinedwithcementmortarintheTownofAshland,Massachusetts,inordertore-duceorpreventtheleachingof1,1,2,2-
tetrachlo-roethylene(TCE)intodrinkingwater(17).Twomortar-linedsectionsofACpipewerecomparedfora2-monthperiodwithtwocontrolsectionsofvinyl-
linedACpipe.Inthetestsectionfromwhichthevinyllinerwasremovedbeforethemortarliningwasapplied,TCEconcentrationsinthestatictestwaterwerereducedby96.2-
99.5%ascomparedtothecontrols.TCEreductionsrang-ingfrom98.2-
99.4%wereobservedinthetestpipeinwhichthecementmortarlininghadbeenplaceddirectlyoverthevinylliner.TCEconcen-trationsinthemortar-
linedpipesrangedfrom25to1169gig/L,whileconcentrationsinthecontrolpipesrangedfrom2800to74,800jig/L.BecauseoftheprecisionwithwhichTCEcanbemeasuredinwater,muchgreatercon
flowareas,fibercountscanriseto10oreven100timesthetypicalvaluesfoundwhenflowconditionsarenormal.In174



CONTROLLINGASBESTOSFIBERSINDRINKINGWATER175oneWisconsinsystem(18),flushinganACwatermainfor1minresultedinaconcentrationofabout10billionfibers/Linasamplefrom
7millionfibers/L.Mainflushing,whenitisdone,shouldbecarriedoutforalongenoughtimetothoroughlyremovedebrisfromwatermains.ThishasbeeninvestigatedatWeston,butfurtherstudymaybe
con-tainingdebrisintothedistributionsystemunlesspipefragmentsareflushedoutunderpressureduringthetappingprocess.Afterasbestos-
con-tainingdebrishasaccumulatedinthelow-flowordead-
endareasofdistributionsystems,flushingsuchwatermainscancauseunusuallyhighfibercounts.Althoughthehealtheffectsissuesarenotcom-pletelyresolved,EPAhasrecommendedthatas-bes
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