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MILLSTONEPOWERSTATIONUNIT 3

ONEMERGENCYRECIRCULATIONDURING DESIGN BASISACCIDENTSAT
PRESSURIzEDWATERREACTORS"
FINALSUPPLEMENTALRESPONSE

ThepurposeofthissubmittalistoprovidetheDominion Energy NuclearConnecticut, |Inc.,(DENC)finalsupplementalresponseforMillstonePower Station(MPS)Unit3to '

GenericLetter(GL)2004-02,"PotentialimpactofDebris Blockage on Emergency j
RecirculationduringDesignBasisAccidentsatPressurized-Water Reactors," dated j
September13,2004.

OnMay15,2013(ADAMSAccessionNo.ML13141A277),DENCsubmitted aletterof |
intentperSECY-12-0093,"ClosureOptionsforGenericSafetyissue- 191, Assessment |
ofDebrisAccumulationonPressurized-WaterReactorSumpPerformance," indicating |
MPS Unit3 wouldpursueClosureOption2 - Deterministicof the SECY j
recommendations(refinementstoevaluationmethodsandacceptancecriteria).The final I
outstandingissueforMPSUnit3withrespecttoGL2004-02isthein-vesseldownstream

effectsevaluationtodemonstratelong-termcorecoolingcanbeadequatelymaintained

forpostulatedaccidentscenariosrequiringsumprecirculation.

Thein-vesseldownstreameffectsevaluationhasbeenco'mpletedforMPSUnit3andis
documentedintheenclosuretothisletter.ThissatisfiesthefinalGSl-191commitment |
identifiedintheMay15,2013ClosureOptionletter.

ThisresponseconstitutesDENC'sfinalsupplementalresponsetoGL2004-02forMPS j
Unit3.
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Should you haveanyquestionsorrequireadditionalinformation,pleasecontact
Mr.GaryD. Miller at(804)273-2771

Respectfully,
.

-

MarkD.Sartain
VicePresident- NuclearEngineering andFleetSupport

Commitmentcontainedinthisletter:

1 DENCwillupdatethecurrentlicensing basis(FinalSafetyAnalysisReportin
accordancewith10 CFR 50.71(e)) following NRC acceptanceofthefinal
supplementalresponseforMPSUnit3.

Enclosure:FinalSupplementalResponsetoGL2004-02

COMMONWEALTHOFVIRGINIA))
COUNTYOFHENRICO )
Theforegoingdocumentwasacknowledgedbeforeme,inandfortheCountyand Commonwealth

aforesaid,todaybyMarkD.Sartain,whoisVicePresident- NuclearEngineering andFleet
SupportofDominionEnergyNuclearConnecticut,Inc.Hehasaffirmedbeforemethat heisduly
authorizedtoexecuteandfiletheforegoingdocumentinbehalfofthatCompany,and that the
statementsinthedocumentaretruetothebestofhisknowledgeandbelief.

Acknowledgedbeforemethis/E dayof ;I , 2021

MyCommissionExpires:

, , i

GARYDONMILLER taryPublic
NotaryPublic

CommonwealthofVirginia
Reg.#7629412

MyCommissionExpiresAugust31,2D
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cc: U.S. Nuclear RegulatoryCommission- RegionI
2100 Renaissance Blvd,Suite100
Kingof Prussia, Pennsylvania 19406- 2713

NRCSenior Resident Inspector
MillstonePower Station

Mr.R.Guzman
NRCSeniorProjectManager - Millstone

U.S.NuclearRegulatory Commission

OneWhiteFlintNorth
MailStop08C2
11555RockvillePike
Rockville,Maryland20852-2738
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1 Overall Compliance

NRCIssue:

Provideinformation requested inGL 2004-02,"RequestedInformation,"Item2(a)
regardingcompliancewith regulations. Thatis,provideconfirmationthatthe[Emergency
CoreCoolingSystem(ECCS)) ECCSand[ContainmentSpraySystem(CSS))CSS
recirculationfunctionsunder debris loadingconditionsareorwillbeincompliancewith
theregulatoryrequirementslisted intheApplicable RegulatoryRequirementssectionof
thisgenericletter.Thissubmittal should addresstheconfigurationoftheplantthatwill
existonceallmodificationsrequired for regulatory compliancehavebeenmadeandthis
licensingbasishasbeenupdatedtoreflect theresultsoftheanalysisdescribedabove.

DEbICRejiponse.;

InaccordancewithSECY-12-0093andasidentified inDENClettertotheNRCdated
May15,2013(ADAMSAccessionNo.ML13141A277), Millstone PowerStation(MPS)
Unit3 electedtopursueGSI-191ClosureOption 2 - Deterministic andidentified
in-vesseldownstreameffectsasthelastoutstandingissue to beresolved. TopicalReport
(TR)WCAP-17788-P,Rev.1,providesevaluationmethods andresultstoaddress
in-vesseldownstreameffects.AsdiscussedinNRC"Technical Evaluation Reportof
In-VesselDebrisEffects"(ADAMSAccessionNo.ML19178A252), theNRCstaffhas
performedadetailedreviewofWCAP-17788-P.AlthoughtheNRC staff didnotissuea
SafetyEvaluationforWCAP-17788,asdiscussedfurtherin"U.S.Nuclear Regulatory

CommissionStaffReviewGuidanceforIn-VesselDownstreamEffects Supporting

ReviewofGenericLetter2004-02Responses"(ADAMSAccessionNo.ML19228A011),

thestaffexpectsmanyofthemethodsdevelopedintheTRcanbeusedbyPressurized

WaterReactor(PWR)licenseestodemonstrateadequatelong-termcorecooling (LTCC).
Completionoftheanalysesdemonstratescompliancewith10CFR50.46,"Acceptance

criteriaforemergencycorecoolingsystemsforlight-waternuclearpowerplants,"(b)(5),

"Long-termcooling,"asitrelatestoin-vesseldownstreamdebriseffectsforMPSUnit3.

1.1OverviewofMPSUnit3ResolutiontoGL200402

ByletterdatedFebruary29,2008(ADAMSAccessionNo.ML080650561),DENC
submittedasupplementalresponsetoGL2004-02forMPSUnit3thatprovidedspecific
informationregardingthemethodologyusedfordemonstratingcompliancewiththe
applicableregulations,aswellasthecorrectiveactionsthathadeitherbeenimplemented
orplannedtosupporttheresolutionofGSI-191.ByletterdatedDecember18,2008
(ADAMSAccessionNo.ML083650005),DENCupdateditssupplementalresponsefor
MPSUnit3toprovideadditionalinformationregardingtheanalysesperformedandthe
correctiveactionstakenthathadnotbeencompletedatthetimeoftheFebruary29,2008
response.ThecontentandlevelofdetailprovidedwereconsistentwiththeNRC
guidanceprovidedinNRCletterdatedNovember21,2007(ADAMSAccessionNo.
ML073110389).
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Additional information wasprovidedinDENClettersdatedMarch13,2009(ADAMS
AccessionNo. ML090750436), September16,2010(ADAMSAccessionNo.
ML102640210), December 20,2010(ADAMSAccessionNo.ML103620562),and
June13,2017(ADAMS Accession No.ML17171A229).DENCcommittedtoaddressthe
resolutionofdownstream in-vessel effectsforMPSUnit3followingtheissuanceof
revisedWCAP-16793, "Evaluation ofLong-TermCoolingConsideringParticulate,
FibrousandChemicalDebris intheRecirculating Fluid,"andtheassociatedNRCSafety
EvaluationReport(SER).
ByletterdatedMay15,2013(ADAMS Accession No.ML13141A277),MPSUnit3
provideditsresolutionplanforresolving downstream in-vesseleffectspursuanttothe
Pressurized-WaterReactorOwner's Group (PWROG) comprehensiveprogram
underwaytodevelopnewacceptancecriteria forin-vessel debris(i.e.,WCAP-17788-P).
Thatletteralsoincludedasummaryofthecorrective actionsandanalysesthathadbeen
implementedforMPSUnit3 toaddressGSl-191, aswellasinherentmarginsand
conservatismsincludedintheanalyses.

Theplantanalyses,changes,margins,andconservatisms summarized andupdatedin
theMay15,2013MPSUnit3correspondenceremainvalid.

ByletterdatedAugust13,2015(ADAMSAccessionNo. ML15232A026), DENC
committedtodevelopingplansfordemonstratingcompliancewith PWROG WCAP-
17788-Pin-vesseldebrisacceptancecriteriaforMPSUnit3andto communicate that
plantotheNRCinafinalupdatedsupplementalresponsetosupportGL 2004-02 closure.

Thisefforthasbeencompleted,andtheresolutionofin-vesseldownstream effects is
providedinSection3.nbelow.Thisanalysisdoesnotcreditalternateflowpaths (AFPs)
andconservativelyassumesallfibrousdebristhatentersthereactorvessel will
accumulateatthecoreinlet,eventhough,inreality,somefractionoffibrousdebris will
penetratethecoreinletorbypassthecoreinletviaAFPs.

1.2CorrespondenceBackground

A listirigofthesalientcorrespondenceissuedbytheNRCorsubmittedbyDENCfor
MPSUnit3regardingtheresolutionofthecontainmentsumpissuesidentifiedinGL2004-
02isprovidedinTable1.

TABLE1- GENERICLETTER200402CORRESPONDENCE

AMDocumentDate A cgeyssionDocument
September13,2004 ML042360586 NRCGL2004-02

March4,2005 ML050630559 FirstresponsetoGL2004-02
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TABLE 1- GENERICLETTER200402CORRESPONDENCE

DocumentDate Am"e*rssion DocumentADA

September1,2005 ML052500378 Follow-upResponsetoGL2004-02

LicenseAmendmentRequest(LAR)to

September15,2005 ML052580387
modifyTechnicalSpecifications(TS)
regardinginitiationoftheMPSUnit3
RecirculationSpray(RS)system
NRCissuanceofLicenseAmendment(LA)

September20,2006 ML062220160 233tomodifyMPSUnit3TSregarding
initiation oftheRSsystem

LAR toreviseMPSUnit3TStousegeneric
September1,2006 ML062480263 terminology forECCScontainmentsump

strainers

NRCissuance ofLA240toreviseMPS
September18,2007 ML072290132 Unit3TSto use generic terminologyfor

ECCScontainment sump strainers

November21,2007 ML073110389 NRCRevisedContent Guide

December19,2007 ML090860438 DraftBenchtopTestPlan for determining

chemicaleffects

February29,2008 ML080650561 SupplementalResponsetoGL2004-02

December17,2008 ML083230469 FirstNRCRequestforAdditionalInformation

(RAI)

December18,2008 ML083650005 NoticeofCompletionofActivitiestoaddress
GL2004-02

March13,2009 ML090750436 ResppnsetofirstNRCRAl

February4,2010 ML100070068 SecondNRCRAI

September16,2010 ML102640210 MPSUnit3responsetosecondRAI

December20,2010 ML103620562 FinalresponseforMPSUnit3secondRAl

May15,2013 ML13141A277 GSl-191ClosureOptionLetter

August13,2015 ML15232AO26 RegulatoryCommitmentChangeLetter '

June13,2017 ML17171A229 ThirdNRCRAIresponse
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1.3General PlantSystemDescription

MPSUnit3is a Westinghouse four-loopPWRdesign.TheNuclearSteamSupplySystem
(NSSS)consists of one reactorpressurevessel(RPV),foursteamgenerators(SGs),four
reactorcoolantpumps (RCPs), onepressurizerandtheReactorCoolantSystem(RCS)
piping.Eachofthefour reactor coolantloops(RCLs)consistsofaSG,anRCP,and
associatedRCSpipingand iscontained inaconcreteenclosurereferredtoasacubicle.
Thesefourcubiclesareessentially equivalentwithrespecttopipingandequipment
insulation.Thereactorisoperated insideareinforcedconcretecontainmentstructure
maintainedatasubatmospheric pressure between10.6and14.0psia.Thecontainment
structureisequippedwitha containment sumplocatedattheouterwallofthe
containment.Extensiveuseismade of gratings andopeningsintheupperfloorsand
structuresofthecontainmenttoallowwater entering thecontainmenttodraindownto
thecontainmentsump.Also,thecompartmentalized containment designslowstransport
ofdebristothesump.

Theemergencycorecoolingsystem(ECCS)provides borated watertocoolthereactor
corefollowingamajorlossofcoolantaccident(LOCA). Thisisaccomplishedbythe
automaticinjectionofwaterfromtheSafetyInjection(SI) accumulators intotheRCLsand
bytheautomaticpumpingofa portionoftheRefueling Water Storage Tank(RWST)
contentsintotheloopsviathechargingpumps,SIpumps,and Residual HeatRemoval
(RHR)pumps(lowheadSI).Aftertheinjectionmodeofemergency corecooling,long
termcorecooling(LTCC)ismaintainedbyrecirculatingwaterfrom the containment sump
bytheContainmentRecirculationSpraySystem(RSS)pumps,through the RSScoolers,
andintotheRCLsdirectlyandviathechargingandSIpumps.

ThecontainmentheatremovalsystemconsistsoftheQuenchSpray(QS) system and
thecontainmentRSS. Followingthepostulateddesignbasisaccident (DBA),

containmentpressureisreducedbyemployingbothsystems.Heatistransferred from

thecontainmentatmospheretotheQSsystemandtheRSSspraywater.Heat is
transferredfromthecontainmenttotheServiceWater(SW)systemviatheRSSheat

exchangers.TheQSsystemspraysboratedwaterfromtheRWST.TheRSSdraws
suctionfromthecontainmentsump,thecontentofwhichconsistsoftheprimaryor
secondarysystemeffluentandthequenchspiray.ThestartsignalfortheRSSpumps '

(whicharetheonlypumpsthattakesuctionfromthecontainmentsumppriortosump
switchover)waschangedtoautomaticallystartwhenRWSTlevelreachestheLow-Low
Levelsetpointcoincidentwithacontainmentdepressurizationactuation(CDA)signal.
Thisensuresthestrainerisfullysubmergedpriortodrawingwaterthroughthestrainer
forcoolantrecirculation.

1.4GeneralDescriptionofContainmentSumpStrainers

AsstatedintheMPSSupplementalResponsedatedFebruary29,2008andtheMPS
Unit3 FSAR,a new,replacementECCSstrainermanufacturedbyAtomicEnergy
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Canada, Ltd. (AECL) wasinstalledtoreplacetheprevioustrashrack,coarsemesh,and
finemeshscreen thathadasurfaceareaofapproximately240ft2.ThefourRSSpumps
takesuctionfrom acommon containmentsumpthatisenclosedbythestrainerassembly.
Thestrainerconsists ofmultiplefinsconstructedfromcorrugatedperforatedplatewith
0.0625-inchholes. The finsareerectedverticallyoverthesumpandextendbeyondthe
sumptoachievetherequired surfacearea.Post-accidentwatercoversthestrainerand
isfilteredbythestrainer prior toenteringthecontainmentrecirculationpumps'suctions.
Designofthestrainerisbased onathoroughmechanisticanalysisanddebris-bedhead
losstestingtodemonstratethat adequate netpositivesuctionhead(NPSH)andpump
suctionlineflashingmarginexists under worst-case debriscloggingscenarios.Vortex
suppressionisprovidedbythedesign ofthestrainerasconfirmedbyanalysisandhead
losstesting.Strainerdesignalsoincluded structural analysistodemonstratestructural
adequacyunderallpossibleconditionsof debris blockage. Thus,waterwillbeavailable
tothesuctionsoftheRSSpumpsunderDBA conditions.

Thestrainerhasasolidcoverplateinstalledapproximately eightinchesabovethefins
thatprotectsthefinsfrominadvertentlydroppeddebris during outagesandalsoprovides
aworkplatform.Thefinsonthestrainerarenominally seven inchesoffthecontainment
floor,andthesupportstructureforthestrainercomprises a nominal seven-inchcurb.The
strainerisdesignedtowithstanddesignbasisearthquake loading andhydraulicloading
priortoandduringoperation.Thesumpstrainerstructure's seventeen interconnected
modulesareanchoredtoasupportframe,whichisinternallyanchored tothecontainment
structurebasementslab.Thestrainerislocatedoutsideofthe containment structure
cranewallintheannulusbetweenthecranewallandthecontainment exterior wall.

TABLE2- CONTAINMENTSUMPSTRAINERSURFACEAREA

Strainer SurfaceArea(ft2)
MPSUnit3Strainer ~5041

. .

2 GeneralDescriptionandScheduleforCorrectiveActions

NRCIssue:

Provideageneraldescriptionofactionstakenorplanned,anddatesforeach.Foractions
plannedbeyondDecember3'1,2007,referenceapprovedextensionrequestsorexplain
howregulatoryrequirementswillbemetasper"RequestedInformation"Item2(b).That
isprovideageneraldescriptionofandimplementationscheduleforallcorrectiveactions,
includinganyplantmodifications,thatyouidentifiedwhilerespondingtothisgeneric
letter.Effortstoimplementtheidentifiedactionsshouldbeinitiatednolaterthanthefirst
refuelingoutagestartingafterApril1,2006.Allactionsshouldbecompletedby
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December 31, 2007.Providejustificationfornotimplementingtheidentifiedactions
duringthefirst refueling outagestartingafterApril1,2006.Ifallcorrectiveactionswillnot
be completed by December 31,2007,describehow theregulatoryrequirements
discussedinthe Applicable RegulatoryRequirementssectionwillbemetuntilthe
correctiveactionsare completed.

DEhL.Resonse;

DENCperformedanalysesto determine thepotentialforadverseeffectsofpost-accident
debrisblockageanddebris-laden fluids topreventtherecirculationfunctionsofthe
ECCSandRSSforMPSUnit3.The analyses consideredpostulatedDBAsforwhich
therecirculationofthesesystemsis required. Mechanisticanalysissupportingthe
evaluationsatisfiedthefollowingareasof the NRCapprovedmethodologyintheNuclear
EnergyInstitute(NEI)04-07,"PressurizedWater Reactor SumpPerformanceEvaluation
Methodology"GuidanceReport(GR),assubmitted byNElonMay28,2004(Reference
4.1),asmodifiedbytheNRCSafetyEvaluation Report (SER),datedDecember6,2004
(Reference4.2):

BreakSelection DebrisGeneration andzoneofInfluence
DebrisCharacteristics LatentDebris

DebrisTransport HeadLoss
Vortexing NetPositiveSuction Head Available
DebrisSourceTerm Structuralanalysis
UpstreamEffects

Detailedanalysesofdebrisgenerationandtransportwereperformedto ensure thata
boundingquantityandalimitingmixofdebrisareassumedattheECCScontainment

sumpstrainerfollowingaDBA.Usingtheresultsoftheanalyses,conservativehead loss
testingwasperformedtodetermineworst-casestrainerheadlossanddownstream

effects.Chemicaleffectsbench-toptestsconservativelyassessedthesolubilities and

behaviorsofprecipitatesandapplicabilityofindustrydataon thedissolutionand

precipitationtestsofstation-specificconditionsandmaterials.Reduced-scaletestingwas
performedbyAECLusingtwoseparatetestrigs,andmulti-looptestingestablishedthe
influenceofchemicalproductsontheadlossacrossthestrainersurfacesbysimulating
theplant-specificchemicalenvironmentpresentinthewaterofthecontainmentsump
afteraLOCA.

Inaddition,plantmodificationswerecompletedforMPSUnit3insupportofGSl-191
resolutionincludingthefollowing:

1.AnewMPSUnit3ECCSstrainer(withcorrugated,perforatedstainlesssteelfins)was
installedwithatotalsurfaceareaofapproximately5041ft2toreplacetheprevious
trashrack,coarsemesh,andfinemeshscreenthathada surfaceareaof
approximately240ft2.Thereplacementstrainerwasdesignedtowithstandupto
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approximately 10poundspersquareinch(psi)ofdifferentialpressureandhasa
strainer hole sizeof0.0625inches,whichissmallerthanthepreviousscreensizeof
0.09375inches.

2.Thestartsignal for theMPSUnit3RSSpumps(whicharetheonlypumpsthattake
suctionfromthecontainment sumppriortosumpswitchover)waschangedduringthe
spring2007refueling outage, as permittedbyAmendmentNo.233(ADAMS
AccessionNo.ML062220160). Themodificationchangedtheautomaticstartsignal
atapproximately660seconds following thepostulatedaccidenttoanautomaticstart
whentheRWSTlevelreaches theLow-Low LevelsetpointcoincidentwithaCDA
signal.Thisensuresthestrainer isfully submerged priortodrawingwaterthroughthe
strainerforcoolantrecirculation.

Inadditiontothemodificationslistedabove, the following actionshavebeencompleted
insupportofGSl-191resolutionforMPSUnit 3:

1.Detailedanalysesofdebrisgenerationandtransport wereperformedtoensurea
boundingquantityandalimitingmixofdebrisareassumed attheECCScontainment
sumpstrainer.Usingtheresultsoftheanalyses,conservative headlosstestingwas
performedtodetermineworst-casestrainerheadlossand downstream effects.

2.Chemicaleffectsbench-toptestsconservativelydemonstrated thesolubilityand
behaviorsofprecipitates,andapplicabilityofindustrydataon the dissolution and
precipitationtestsofstation-specificconditionsandmaterials.

3.Reduced-scaletestingwasperformedbyAECLandDominionEnergypersonnel. The
reduced-scaletestingestablishedtheinfluenceofchemicalproductson head loss
acrossthestrainersurfacesbysimulatingtheplant-specificchemicalenvironment

presentinthewaterofthecontainmentsumpafteraLOCA.

4.Downstreameffectsanalyseswereperformedforclogging/wearofcomponentsinflow

streamsdownstreamofthestrainers.

5.Designcontrolswereputinplacetorequireevaluationofpotentialdebrissourcesin
containmentcreatedby,oradverselyaffectedby,designchanges.

6.Insulationspecificationchangesweremadetoensurethatchangestoinsulationin
containmentcanbeperformedonlyaftertheimpactoncontainmentstrainerdebris
loadingisconsidered.

To ensurethemodificationsimplementedandtheanalysesperformedeffectively
addresseduncertaintieswithsufficientmargin,thefollowingmarginsandconservatisms
wereincorporated:
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1 Debris generation analysisusedveryconservativezonesofinfluence(zOls)that
resulted in theremovalofvirtuallyallinsulationwithintheaffectedcubicle.
Conservative zOls fromNEl04-07wereappliedforfibrousinsulation,whichdidnot
creditthemetal encapsulation formuchofthefibrousinsulationinthesteamgenerator
cubicles.Nocredit wastakeninthedebrisgenerationcalculationforanyreductionof
insulationdestruction duetolocationoftheinsulationwithrespecttothebreak.

2.Therearenumeroussurfaces throughout containmentwhereinsulationandother
debrisarelikelytosettlefollowing breakblowdownandnotbedislodgedbywashdown
orcontainmentspray.Consequently, thismaterialdebriswouldnotbeavailablefor
transporttothestrainer.However, allinsulation generatedwasassumedinthedebris
generationanalysistobeimmediately transported tothecontainmentfloor,entering
thecontainmentpool.

3.Althoughcreditistakeninthedesign of thestrainerforleak-before-breakin
considerationofpipewhip,jetimpingementand missiles, nocreditwastakenforleak-
before-breaktodeterminetheamountofdebris generated ortransported.Analysisof
leak-before-breakeffectsthatreducethesizeofthe break thatcouldoccurpriortoits
detectionhasbeenapprovedbytheNRCforuseas part oftheMPSUnit3licensing
basis.Thereactorcoolantpipesareassumedtobreak instantaneously forthedebris
generationandtransportanalysis.

4.Thedebristransportanalysisconservativelyassumesallfibrous fines aretransported
tothestrainersurface,90%oflargeandsmallfibrousdebrispieces areerodedinto
finesandtransportedtothestrainersurface,andallparticulatedebris istransported

tothestrainersurface.

5.Conservativeassumptionsfromthedebristransportanalysiswereadded tothe
conservativebasisforthedebrisheadlossdeterminationfromtesting.The debris

headlosstestingwasdonewithaparticulatesurrogatethathasalowerdensitythan

theepoxycoatingthatisexpectedtomakeupmuchoftheparticulatedebris.Stirrers

wereusedinthetesttanktominimizesettlingofdebristothegreatestextentpossible.
Thetestingevaluatedbothextremesofdebrisloading(thin-beddebrisloadandthe
fulldebrisload)anddeterminedtheworst-caseheadloss.Boththin-bedandfull
debrisloadtestingusedtheparticulateloadinggeneratedbythelarge!breakLOCA
(LBLOCA).Theworst-caseheadloss(thin-bed)isunlikelytooccurforaLBLOCA
becausethequantityoffibertransportedtothestrainerislikelytobetoohightoallow
forcreationofathin-bed.Thethin-bedheadlossisalsounlikelytooccurforasmall
breakLOCA(SBLOCA)sincethequantityofparticulatenecessaryforformationofthe
worst-casethin-bedwouldnotbegenerated.

6.Nocreditwastakenforaccident-inducedoverpressureincalculationofNPSHmargin
fortheECCSpumps.
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7.No credit wastakenforsettlingofparticulatedebrisonsurfacesthroughout
containment thatwouldoccurpriortoandduringcoolantrecirculation,includinginthe
areasofthe containment poolthathaveextremelylowvelocitiesduringrecirculation
asshownby computational fluiddynamics(CFD)analysis.

8.Thereplacement strainer hasaverylargesurfaceareaandthestrainerfootprintis
spreadoveraverylarge region ofcontainment.Foranyonebreakincontainment,
thebreak-inducedturbulence inthepost-LOCAsumppoolwouldbelocalized.The
largestrainerfootprintcombined withthelocalizedturbulenceresultsinlargeareasof
thecontainmentsumppoolhaving verylowvelocities,whichwouldenableextensive
debrissettlingonthecontainment floor andmayresultinanearlycleanstrainerarea
oversomeportionofthestrainer surface. However,cleanstrainerareawasnot
creditedinchemicaleffectsorhead loss evaluations, andnosignificantsettlingof
debriswascreditedinthedownstream effects evaluation.

9.NocreditwastakenforadditionalNPSHmargin duetosubcoolingofthesumpwater.
Thecontainmentsumpwaterwasconservatively assumed tobesaturatedfor
calculationofNPSHfortheECCSpumps.Nocredit was takenfortheseveralhours
requiredtoformtheworst-casedebrisbed(thin-bed), during whichtimesubcoolingof
thesumpwaterwouldaddsignificantNPSHmargin for theECCSpumps.The
analysisconservativelyassumesthereisnotimedelay in transport tothestrainer
followingthebreak.Formationofchemicalprecipitatesandtheir subsequent transport
tothestrainerdebrisbedwouldoccurmanyhoursafter the accident when
containmentheatremovalrequirementsaresignificantlyreducedand when significant
subcoolingofthesumpwaterhasoccurred.Testevaluationsdemoristrated thata
fullyformedthin-bedofdebristakessignificanttime(hours)toformand is dependent

onunsettlingdebristhroughoutthetesttank.Consequently,aworst-case thin-bed of
debriswillbedifficulttoformandwillnotformuntilseveralhoursafter sump

recirculationcanbeinitiated.Significantdebrissettlingandsignificantsump water

subcoolingoccursduringtheformationofadebris-bedsoadditionalNPSHmargin is
presentforchemicaleffectsheadloss.

10.Thedebrisloadinheadlosstestingwastakenfromthedebristransportcalculation,

whichcreditsnoparticulatesettling.
s v

11Debrisintroductionproceduresinchemicaleffectstestingresultedinminimumnear-
fieldsettlingandconservativelyhighheadlosses.

12.Debrisintroductionwasaccomplishedinacarefullycontrolledmannertoresultinthe
highestpossibleheadloss.Particulatewasintroducedinitially,whichwasfollowed
bydiscretefiberadditionsaftertheparticulatedebriswasfullycirculated.

13.Thetesttankswerestirredduringtesting.However,localareasofturbulencethat
mayexistinanypost-LOCAcontainmentsumpwaterareexpectedtobelimitedto
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certain portions ofsumpwatervolume.Consequently,muchofthesumpwaterwill
bestilland have nearzerovelocity.

14.Particulatesettling inheadlosstestingwasconservativelyminimizedthroughuseof
alowerdensity walnut shellparticulateasasurrogateforthehigherdensityepoxy
coatingparticulate that maybepresentinpost-LOCAsumpwater.

15.Downstreamwearanalysis usedtheLBLOCAparticulateloadtodetermineabrasive
anderosivewear.Thisis a conservative particulateloading,inviewofthefollowing:

* Muchoftheparticulateincluded inanalysisisunqualifiedcoatingthatisoutside
thebreakzOI.Thisunqualified coating isassumedtopotentiallydislodgedueto
exposuretothecontainment environment. However,an exposure-based
mechanismtodislodgement,ifitoccurs atall,islikelyonlyaftermanyhoursand
days.

* Thelowvelocityofthesumpwatercolumnand thesignificant numberofsurfaces
throughoutcontainmentpromotesignificantsettling ofparticulate incontainment.
SettledcoatingwillnotbedrawnthroughtheECCS strainer sincethestrainersits
approximatelyseveninchesabovethecontainment floor. Additionally, qualified
coatingpostulatedtofailinthepresenceofthe201is not buoyant inthesump
watercolumn.

* Thecaptureofparticulateinthedebris-bedonthestrainerdoes notoccurinthis
analysis,maximizingeffectsofdownstreamwear.

16.Thebaseconcretedissolutionisconservativelyassumedtobeuninhibited bythe
presenceoftri-sodiumphosphate(TSP),eventhoughbenchscaletestsolutions

demonstrateinhibitionofconcretedegradationatcontainmentsumpwaterpHlevels.

Consequently,calculationsoftheamountofcalciumtobeaddedtothetesttank for

headlosstestswereconservative.

17.Theamountofaluminumandassociatedtestresultsconcerningitsreleaseintothe
simulatedpost-LOCAsumpwaterthroughcorrosionof,aluminumsurfaceswas
conservativebaseduponseveralconditions:

* AluminumcorrosionamountswerecalculatedathighpHtofavorcorrosion,and
aluminumprecipitationwasevaluatedatlowpHtofavorprecipitation.

* TestingwithalowerpHfavorsprecipitationRig89testingwasperformedwitha
pH7at770Ftoencouragealuminumcompoundprecipitation,eventhoughthe
actualpHinthesumpwaterisapproximatedaspH8 at770F.Also,TS
requirementsfortheRWSTandTSPbasketsensuresumpwaterpHis> 7 at
770F.
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* Rig 89 testing wasevaluatedconservativelywithlowshort-termacceptance
criteria, along withthemaximumaluminumconcentrationofthesumpwaterthat
existsonly after 30days.

a Analysisconservatively didnotaccountforthepossibleinhibitoryeffectofsilicate,
phosphate,orother species onaluminumcorrosion.

a Therateofcorrosion was maximized byanalysisthatdoesnotassume
developmentofpassive films, e.g.,noaluminumoxidesremainonaluminum
surfaces.Passivefilmscan otherwise beusedtodecreasethecorrosionrateby
afactoroftheexposuretime. Consequently, havingnoaluminumoxidesremain
onaluminumsurfacessoallaluminum released bycorrosionentersthesolutionis
conservative.

* Aluminumnotsubmergedincontainment was considered byanalysistobe
exposedtocontainmentspraysandtherefore available forcorrosion.However,
someofthealuminumsourcesincontainment, such astheout-of-coredetector
holders,maynotbesubjecttoa continuouscontainment sprayandwouldnot
contributetothetotalaluminumconcentrationinthe containment pool.

* Aluminumreleasedintothesolutionwasassumedtotransport tothedebris-bed
insteadofplatingoutonthemultiplesurfacesthroughout containment. During
bench-toptesting,aluminumplatedoutonglassbeakersandduring reduced scale
testing,aluminumplatedoutonfiber.Itisreasonabletoexpect a portion ofthe
aluminumionsreleasedintosolutionwillplateoutonsomeofthemultiple surfaces

incontainmentpriortoarrivingatthedebris-bedonthestrainer.

a Chemicaleffectstestevaluationsconservativelyneglectedtheeffectof the
presenceofoxygeninthesumpwater.Corrosionrateofaluminuminaerated pH

10alkalinewatercanbeafactoroftwolowerthanwhentherateismeasuredin
nitrogen-deaeratedwater.ThisdataisinNUREG/CR-6873,"CorrosionRate

!Measurementsand ChemicalSpeciationof CorrosionProductsUsing
'ThermodynamicModelingof DebrisCompohentsto SupportGSI-191,"
'(Jainetal.April2005).

18.Nonear-fieldsettlementwascreditedintheMPSUnit3testing.

19.TheconservatismoftheRig89 testresultsrelativetothecontainmentwas
demonstratedbythefollowingfactors:

a ThetesttanksizeforRig89wasa 16-inx 16-inx 36-instainlessbox.No
significantdebristransportwasneededfordebristoreachthestrainersurface.
Debristransportdistanceinthetesttankwasessentiallyzerowhereasin
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containment, duetothelargefootprintofthestrainer,debristransportdistancesto
atleast one legofthestrainerareexpectedtobesubstantiallygreaterthanthis
testtank size.

* Walnutshell particulate (usedasthesurrogateforepoxy)hasa densityof
approximately 80 pounds percubicfoot(lb/ft3)aSComparedtothehigherdensity
ofepoxy(94lb/ft3). Thus, epoxyismorelikelytosettlethantheparticulate
surrogateusedintesting.

'
* Asignificantportionofthe particulate expectedtobegeneratedisfromunqualified
coatingsthatarepostulated tobe dislodgedfromcomponentsthroughout
containmentby temperature and humidity incontainmentpost-LOCA.
Degradationoftheseunqualified coatings willtakesignificanttime(hours,and
probablydays),andthustheamount ofparticulate inthedebris-bed(andinthe
testtank)isconservative.Additionally, all oftheunqualifiedcoatingispostulated
tofailassmall,transportableparticulate when inreality,muchoftheunqualified
coatingismorelikelytofailaslargepiecesthat willnottransport.

* Thestrainerincontainmentsitsapproximately seven inchesabovethe
containmentfloor.Thus,anyparticulatewhichslides along thefloorwiththesump
watermotionisunlikelytoreachthestrainersurface.

20.Particulatedebrissettlingandcapturecouldbecreditedtooccur prior toandduring
recirculation,minimizingtheamountofdebrisdownstreaminthe recirculating fluid.
However,thecalculationofwearofcomponentsurfacesduetodebris conservatively

neglectsthisparticledebrissettlingandcapture.

21RSSpumpstartoccurswhentheRWSTisapproximatelyhalffull.Thewater level
continuestoriseuntilitisseveralfeetabovethetopofthestrainerforthefirst few
hoursaftertheaccidentwhiletheRWSTcontinuestobepumpedintocontainment,

addingNPSHmarginfortheRSSpumps.However,analysisconservativelyusedthe

waterlevelfromaSBLOCAthatexistsatthestartoftheRSSpumps.
t

22.A5D(5timespipediameter)201wasusedforqualifiedepoxycoatingparticulate
1 resultinginatotalgenerationandtransportof10.4ft3ofqualifiedcoatingparticulate
tothestrainer.BasedontheApril6,2010NRCtoNElLetter(ADAMSAccessionNo.
ML100960495),a4DzOIisacceptableforqualifiedepoxycoatings.Useofa4D201
wouldresultinonly8.0ft3Ofqualifiedcoatingparticulate.Thus,thestrainertesting
used23%more(2.4ft3)qualifiedcoatingparticulatethanwhatisexpectedtooccurin
containmentduetouseofthemoreconservative5D201

23.A10%marginwasaddedtothecoatingsparticulatedebrisquantitiesgeneratedfrom
thezOIandfromunqualifiedcoatings(atotalof2.1ft3OfCOatingsmargin).Reduction

Page13of30



SerialNo.21-016
DocketNo.50-423

FinalSupplementalResponsetoGL2004-02
Enclosure

ofcoating debris, whichisallmodeledasparticulate,wouldresultinareductionin
thin-bed head loss.

24.Theabovetwo conservatisms resultinatotalexcessof4.5ft3OfCOatingOVerwhatis
expectedtooccur onthestrainerincontainment.Thetotalparticulatecoatingload
onthestrainerwas calculated tobe23ft3.Areductionof4.5ft3isequivalenttoa20%
reductionincoatingparticulate, whichwouldresultinareductioninstrainerheadloss
forathin-bedfromthetested values.

25.Unqualifiedcoatingwasdeemed tofailimmediately astransportableparticulate.This
isparticularlyconservativesince unqualified coatingmakesup46%ofthetotaltested
coatingloadand39%ofthetotal particulate loadonthestrainer.ElectricPower
ResearchInstitute(EPRI)testing(Reference EPRITechnicalReport1011753dated
September2005)hasshownthatless than one-third ofunqualifiedcoatingsactually
failedwhensubjectedtoDBAtesting.

26.Fivepercentmarginwasaddedtothefibrous debris quantities generatedfromthe
zOI(atotalofover60ft3Offibermargin).

27.Fivepercentmarginwasaddedtothemicrothermdebris quantity generatedfromthe
zOf(atotalof0.1ft3OfmiCrothermmargin).

28.InbothRig33andRig89testing,fibrousdebriswasconservatively preparedas
"singlefine."

29.Onehundredpercentdebristransportwasassumedforcoatings,microtherm, and
latentdebris.

30.A sacrificialstrainerareaisinstalledincontainmenttoaccommodatetransport of
foreignmaterialtothestrainer.Theinstalledstrainerarea(5041ft2)exceeds the

testedstrainerarea(4290ft2)byatleasttheamountofthesacrificialarea.

t ResolutionofDownstreamEffects- FuelandVessel:Thisitemisdispositionedin
Section3.nbelow. =.

Withthecompletionofthedownstreameffectsanalysisforthefuelandvessel,DENC
haseffectivelyresolvedforMPSUnit3theissuesidentifiedinGL2004-02andisin
compliancewiththeapplicableregulations.

.
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3 Specific Information forReviewAreas

Asstatedinthe MPS Unit3Supplemental ResponsedatedFebruary29,2008(ADAMS
AccessionNo.ML080650561) andamendedonDecember18,2008(ADAMSAccession
No.ML083650005),as well assubsequent RAIresponsessubmittedonMarch13,2009
(ADAMSAccessionNo. ML090750436), September16,2010(ADAMSAccessionNo.
ML102640210),December 20, 2010(ADAMSAccessionNo.ML103620562),and
June13,2017(ADAMSAccession No.ML17171A229), MPSUnit3 hasaddressed
reviewareas3.athrough3.m. Therefore, onlytheoutstandingreviewareasof3.n
through3.pareaddressedinthissubmittal.

3.n DownstreamEffects- Fueland Vessel

NRCIssue:

Theobjectiveofthedownstreameffects,fuelandvessel section istoevaluatetheeffects
thatdebriscarrieddownstreamofthecontainment sump screenandintothereactor
vesselhasoncorecooling.

Showthatthein-vesseleffectsevaluationisconsistent with, orboundedby,the
industrygenericguidance(WCAP-16793),asmodifiedby NRC staffcommentson
thatdocument.Brieflysummarizetheapplicationofthemethods. Indicate wherethe
WCAPmethodswerenotusedorexceptionsweretakenand summarize the
evaluationofthoseareas.

Dh
TRWCAP-17788-P,Rev.1providesevaluationmethodsandresultstoaddressin-vessel

downstreameffects.AsdiscussedinNRC"TechnicalEvaluationReportofIn-Vessel

DebrisEffects,"(ADAMSAccessionNo.ML19178A252),theNRCstaffhasperformed a

detailedreviewofWCAP-17788-P.AlthoughtheNRCstaffdidnotissuea Safety
EvaluationforWCAP-17788-P,as discussedfurtherin"U.S.NuclearRegulatory
CommissionStaffReviewGuidanceforIn-VesselDownstreamEffectsSupporting'

ReviewofGenericLetter2004-02Responses"(ADAMSAccessionNo.ML19228A011),
thestaffexpectsthatmanyofthemethodsdevelopedintheTRmaybeusedbyPWR
licenseestodemonstrateadequateLTCC.DENCusedmethodsandanalyticalresults
developedinWCAP-17788-P,Rev.1,toaddressin-vesseldownstreamdebriseffectsfor
MPSUnit3andhasevaluatedtheapplicabilityofthemethodsandanalyticalresultsfrom
WCAP-17788-P,Rev.1,forMPSUnit3.
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3.n.1W
An engineering evaluation wasperformedtodeterminea conservativeestimated
cumulativefiberbypass fraction fortheMPSUnit3containmentsumpstrainertofacilitate
theevaluationofthein-vessel debriseffectsforNRCGL2004-02.

Fromthedebrisgeneration and transport analysesperformedforMPSUnit3,DENChas
conservativelydeterminedthe types andquantitiesoffibrousdebristhatcouldbe
transportedtothestrainers,asdocumented byletterdatedFebruary29,2008(ADAMS
AccessionNo.ML080650562).The fibrous debrissourcesconsideredintheMPSUnit3
analysesincludedfiberglassandlatent fiber. Thetotalfibrousdebrisquantityfromthese
sourcesthatcouldpotentiallyreachthe MPS Unit3sumpstrainerwasconservatively
calculatedtobeapproximately2053Ibm.

ThestrainerfiberbypasstestingperformedbyAECL thatwasappliedtotheMPSUnit3
strainerdidnotmeasurethecumulativequantities offiberbypassedaftereachfiber
additiontothetesttank.Thetestinguseda "grabsample" methodthatlookedatfiber
massinawatersampletakendownstreamofthestrainer fins atdiscretepointsintime.
Thistestingprovidedcertaininsights,suchaslong-termstrainer bypass waslow,butdid
notprovideinsightintotheextentoffiberbypassoccurring early inECCSoperation.
Consequently,thereisnodataforthequantityofbypassedfiber asthedebrisbedis
forming;therefore,cumulativefiberbypassfractionscannotbedetermined.

However,otherplantsintheindustryhaveperformedstrainerbypass testing with
downstreamcontinuousin-linefiltersthatwereabletodeterminecumulative fiber bypass
fractionsforvariousdebrisbedthicknesses.Consequently,DominionEnergy performed

anevaluationtodevelopanengineeringbasisfortheuseofcumulativefiberbypass data
fromotherplantstoapplytotheAECLstrainerinstalledatMPSUnit3.

M
BasedonreviewofstrainerbypasstestingdataforthePointBeachandSouthTexas
Project(STP)plants(References4.6and4.14,respectively),itwasobservedthatasa
debrisbedformsandcontinuestobuildonastrainer,thefiltrationefficiencywillplateau
atnearly100%.Eachofthesetestswasperformedwithcontinuousin-linefilters
downstreamofthestrainerassembliestoensureacumulativefiberbypassfractioncould
bedetermined.Thefiltrationefficiencybehaviorisalsoconsistentwiththatindicatedin
thebypasstestingresultsfortheDominionEnergyfleetthatwasperformedbyAECL.
ButsincetheAECLtestswerebasedonlyongrabsamplestakenatspecificturnover
intervalsforthefiberadditions,itwasnecessarytoutilizeotherindustrytestingthatused
continuousin-linefiberbypasscapturetodeterminecumulativebypassfractionsforthe
MPSUnit3 strainer.ItisnotedAECLtestreportsdetermined,"Fiberbypass
concentrationsshowanearexponentialdecreasingtrendwithtime."Thequantityoffiber
thatbypassedthestrainerwassolowascanningelectronmicroscopeevaluationwas
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required for accurate determination ofconcentrationandsize.Consideringtheseresults,
thereisreasonable engineering justificationtoapplyPointBeachtestresults,after
correctingfor differences inapproachvelocity,totheMPSUnit3strainer.

UsingNRCstaffguidance (Reference 4.3)forstrainerfiberbypassandindustrystrainer
bypasstestresultsandapproach velocityfromPointBeachandVogtle,respectively
(References4.4through4.10), a cumulative strainerbypassfractionwasdevelopedfor
MPSUnit3.ConsistentwithNRC staff guidance, thelargestfibrousdebrisamountfor
eachplantthatcouldtransportto the sump strainerswasassumedandincludedfiber
transportanderosionbasedonthe bounding fiberbreak.ApplicationofPointBeach
strainerbypassdatatoMPSUnit3 was based onfiberbypassatvarioustestedand
extrapolatedtheoreticaldebrisbedthicknesses (derived fromfibermassperstrainer
area).
TheMPSUnit3strainerapproachvelocityishigher than thePointBeachtestresults;
consequently,itwasnecessarytoapplyacorrectionfactor toscalethePointBeachdata
tothehighervelocity.Derivationofthecorrectionfactor was basedontheVogtleplant
teststhatrecordedbypassfractionsatvariousvelocities. Bypass massnormalizedby
flowratewasdeterminedintheVogtletestreporttobelinearly related toapproach
velocity.Thissupportedthecalculationofcumulativebypassfractions forVogtlestrainers
atflowratescomparabletoMPSUnit3andPointBeach.Then a cumulative bypass
correctionfactorcouldbedeterminedata givendebrisbedthickness byscalingthe
VogtledataattheMPSUnit3 plantvelocitytothePointBeachtest velocity. This
methodologyisbasedonthepremisethattheimpactofapproachvelocity on thefiltering
efficiencyofadebrisbedisnotstronglydependentonthespecificstrainerdesign.

ThegeometryforthePerformanceContractingIncorporated(PCI)furnishedPoint Beach

diskstrainerwascomparedwiththeAECLfurnishedMPSUnit3strainerandassessed

tobeconceptuallyequivalentinitshydraulicperformancecharacteristics.Bothstrainers
haveacentralcollectionductthatreceivesfilteredwaterfromperforatedsheetsthatis
deliveredtoECCSpumpsuctions.Debris-ladenwaterflowingtothestrainersinboth
designswillgenerallybeinaperpendiculardirectiontotheperforations.MPSUnit3does
notutilizeanyspecificdesignfeaturesforpromotingevenflowdistribution;however,the
AECLstrainerhydraulicreportdiscussesthatuniformflowisexpectedassoonasasmall
fiberlayerstartstoform.(Reference4.12).
WithregardtosacrificialareasfortheMPSUnit3strainer,itwasassumedalloftheareas
wouldbeavailableforformationofthefibrousdebrisbedsasthiswouldminimizethe
thicknessofthecalculatedtheoreticaldebrisbed,whichwouldresultinlargercumulative
bypassfractionsforthemaximumdebrisloadsateachplant.
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Casesthat result inthemaximumdesignflowratesfortheMPSUnit3strainerwere
selectedto provide thehighestapproachvelocity.ThestrainerperforationsizeforPoint
Beach(0.066") isslightly largerthanfortheMPSUnit3strainerperforationsize(0.0625").
Uponconsideration ofthisdesignattribute,ithasaconservativeinfluenceoncumulative
bypassfractionswhen applying PointBeachtestresultstoMPSUnit3.

Consentatisg3s.Ap.121[gid

Conservatismsappliedwhendetermining cumulativebypassfractionsfortheMPSUnit3
include:

a Maximumstrainerdesignflowrates were usedthatresultinthehighestcalculated
approachvelocitiesandcumulativebypass fractions.

* TheMPSUnit3strainerhasaslightlysmaller perforation size(0.0625")ascompared
tothePointBeachstrainer(0.066")thatwas used forbypasstestdataappliedtothe
MPSUnit3.

PointBeachtestresultsforNukononlyinsulation were usedsincetheyprovided
slightlyhigherbypassthanforotherlimitedinsulationmixes thatweretested.

* Whentheoreticaldebrisbedthicknesseswerecalculated,designated sacrificialareas
wereincludedtominimizethethicknesses,whichresultinhigher cumulative bypass.

* A percentageofthetotalfiberloadontheMPSUnit3strainerincludes intact pieces
thatdonoterodeand,assuch,donotcontributetostrainerfiber bypass. This
contrastswiththePointBeachandVogtlebypassteststhatusedshredded fiber, all
ofwhichmaycontributetostrainerbypass.

.

.

:
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TABLE 3- CRITICALPARAMETERCOMPARISON
FORSUMPSTRAINERBYPASSTESTING

Parameter PointBeachValue MillstoneUnit3Value

StrainerManufacturer PCI AECL
StrainerPerforation 0.066" 0.0625"Size

StrainerAreal 1904.6ft2 5041ft2
FlowRatethrough 2300 gpm (testscaled) 8220gpmSingleStrainerTrain
ApproachVelocity 0.0027 ft/sec 0.00363ft/s
NominalTheoretical 1.5,, 0.60,, 2.037,,DebrisBedThickness
DebrisTypeand
Quantity(%Fiber
MassType)2

Test1 Test2 Test3
Fiberglass 40.7% 28.8% 100% 100%
MineralWool 59.3% 67.7% 0% 0%
MineralFiber 0% 0% 0% 0%
Temp-Mat 0% 3.5% 0% 0%
Paroc 0% 0% 0% 0%

Asbestos 0% 0% 0% 0%

CumulativeTested 2.01% 2.42% 5.61% N/ABypass

Notes:

1.Thesacrificialareaisnotdeductedsinceitismoreconservativetousethemaximumareaavailable
whencalculatingthetheoreticalfiberbedthickness.Athinnerbedthicknessresultsinahigher
cumulativefiberbypassfraction.Also,thereisnoneedforcomparisonofs.urfaceareassincethe
terminalPoint;BeachcumulativebypassfractionsarenotbeingappliedtotheAECLstrainer.
Determinationofcumulativebypassfractionsisonlybeingbasedonatheoreticaldebrisbed
thicknesscomparisonwithPointBeachandeachplant.

2. ActualfiberquantitiesarenotprovidedasthereisnointenttoapplytheterminalPointBeach
cumulativebypassfractionstotheAECLstrainer.ThebypassfractionforMPSUnit3isderivedby
comparisonoftheoreticalbedthicknesses.

MPSUnit.3hasa,theoreticaldebrisbedthicknessof2.037"thatexceedsthefinalnominal
theoreticalbedthicknessesforthePointBeachtests.However,useofthefittedpower
curveequationwithextrapolationisjudgedtoprovideacceptableresultsduetothe
demonstratedexponentialdecaybehavioroffiberbypasswithincreasingdebrisbed
thickness.Thecumulativebypassfractionata2.037"thicknessisthencalculatedusing
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thePoint Beach Test3curvefittedequationdevelopedinthecalculation:Cumulative
FiberBypass = 0.040303*(Bed Thickness)-o.758434= 0.040303*(2.037)-o.758434= 2.3%.

Sincetheapproach velocity fortheMPSUnit3strainer(0.00363ft/s)isgreaterthanfor
thePointBeachdata (0.0027 ft/s),a correctionfactorwasappliedtothecumulative
bypassfraction.The Dominion Energyengineeringevaluationincludesaspreadsheet
thatdevelopedcumulative bypass fractioncorrectionfactorsfromtheAldenTestReport
forVogtle(Reference4.10) that maybeappliedtothePointBeachderivedcumulative
bypassfractionforMPSUnit 3. The spreadsheet determinedthatacorrectionfactorof
1.514isapplicablefora debris bed thickness of2.037"toscaletoa velocityof
0.0043ft/s,whichconservativelybounds 0.00363 ft/s.ApplyingthisinformationtoMPS
Unit3,thecumulativefiberbypassis 2.3% x1.514= 3.5%.

TABLE4 SUMMARYOFFIBERLOAD,DEBRIS BEDTHICKNESS, &VELOCITY
ADJUSTEDBYPASS FRACTIONS

StrainerCharacteristic MPSUnit3

FiberLoad 2053.24 Ibm

TheoreticalDebrisBedThickness 2.037 inches

CumulativeBypassFraction 3.5%

ThedatainTable4wasusedtoperformtheevaluationofin-vesseleffects discussed

below.

3.n.2

MPSUnit3isaWestinghouse4-loopPWRwithanupflowbarrel/baffleconfiguration.Per
Section3;0oftheNRCStaffReviewGuidance(Reference4.3),itisnecessarytoconfirm
MPSUnitE3iswithinthekeyparametersoftheWCAP-17788-P,Rev.1,methodsand
analysis.Therefore,eachofthekeyparametersisdiscussedbelow.

3.n.3FuejDesign

MPSUnit3usesWestinghouse17x17RobustFuelAssembly2(RFA-2)fuel.

3.n.4WCAP-17788debrislimit

Theproprietarytotalin-vessel(coreinletandheatedcore)fibrousdebrislimitscontained
inWCAP-17788-P,Volume1,Rev.1,applytoMPSUnit3.
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3.n.5

Theamountof fibrous debriscalculatedtoarriveatthereactorvesselisdeterminedfor
MPSUnit3following themethod describedinWCAP-17788-P,Volume1,Rev.1,Section
6.5.Specifically,an engineering calculationwasperformedtodeterminethecoreinlet
fibrousdebrisloadforthe HotLegBreak(HLB)forMPSUnit3.Thecalculationincluded
thefollowingdesigninputs and assumptions:

DesignInputs

1 Plantlype-MPSUnit3isafour-loop Westinghouse upflowconfigurationplant.

2.NumberofAssemblies- TheMPSUnit 3core contains 193WestinghouseRFA-2fuel
assemblies(FAs).

3.CoreThermalPower- Thecurrentratedcore thermal poweris3650MWt.The
analyzedcorethermalpowerof3723MWt,which includes instrumentuncertainty,
wasusedforthisevaluation.

4.M - Thetotalfibrousdebrisfines mass attheECCSsump
strainer,includingfinesgeneratedduetoerosion,is380.32 Ibm. Thefiber"fines"are
thefibersthataresmallenoughtobypassthesumpstrainers and collect atthecore
inlet(i.e.,FuelAssemblyLowerEndFittings).Onaperfuelassembly basis, theinitial
sumpfiberloadis893.83g/FA(= [380.32Ibm*453.592g/lbm)/193 FAs).

5.M - Theactivesumpvolume,alsoreferredtoas the active
recirculationvolume,isthevolumeofliquidinthecontainmentsumpwhich actively

participatesintherecirculationprocess.Thisvolumeactsasthesysteminventory

whencalculatingtheconcentrationofdebristobeinjectedintotheRCS. A
conservativelylowsumpvolumewasusedthataccountsforpotentialholdupareas

withincontainment.

6.W- ThetimeofSSO,alsoknownassumprecirculation
activationorrecirculationmodetransfer(RMT),isthetimeatwhichfiberisinjected
intothereactorvessel/sumpscreen.Theminimumtimeofsumpswitchoveris
33minutes.

7.M - TheECCSflowrateafterthetimeofSSO(i.e.,
duringrecirculationmode)isusedtocalculatetherateoffiberinjectionintothereactor
vessel.BothminimumandmaximumECCSflowrateswereanalyzed.Theminimum
ECCSflowrateduringrecirculationis965.25gpm'withoneoperabletrain,andthe
maximumrecirculationflowrateis1753gpmwithbothtrainsoperating.
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8.W - ThecontainmentRSShelpsreducethetotalmass
ofdebris delivered tothereactorvesselbydivertingafractionofdebristhatbypasses
thesumpstrainer backintothesump.PerguidanceprovidedinWCAP-17788-P,
Rev.1,Volume 1,Section 6.5.2.10,aminimumRSSflowrateshouldbeanalyzed.
TheminimumRSS flowrateduringECCSrecirculationalignmentis4071gpm.The
maximumRSSflow rate duringECCSrecirculationalignmentis7202gpm.

9. - TheMPSUnit3HLSOtimemustoccur
between3and5hours.Since amaximum HLSOvalueislimiting,avalueof5hours
wasusedinthecalculation.

10.Iime.Stp.-Atimestepof100seconds wasusedfortheiterativesolution.

11.M - Thetime to chemical effects,tchem,isthetimeatwhich
chemicalprecipitatesareassumedtogreatly increase theresistanceacrossthe
formeddebrisbed.PerTable4.4-1ofReference 4.13,theearliesttimeatwhich
chemicaleffectsformis24hoursforMPSUnit3. Therefore, avalueof24hourswas
usedinthecalculation.

12.
InletDebrisLimit- Kmaxisthemaximumcoreinletresistance thatcanbetolerated
priortocompletecoreinletblockage.tblockistheminimumacceptable timeofcomplete
coreinletblockage.MPSUnit3isaWestinghouseupflowplant with Westinghouse
fuel;therefore,

* tblockis143min,
* ThecoreinletdebrislimitisthevaluelistedinWCAP-17788,Table6-3, and

* Kmaxis5x10E

13.W - Thebypassfractionistheportionofdebris

transportedtothesumpstrainerthatisnotcollectedonthesumpstrainerandinstead
penetratesthroughthesumpstrainerandintothereactorvesselthroughtheECCS.
As notedinSection3.n.1above,theMPSUnit3 strainercumulativebypass
percentagewasdeterminedtobe3.5%. s

.

14.RFA-2.AssenlbyP.itch- TheRFA-2FApitchwasusedinthecalculation.

Assumptions

1.Thefiberandparticulatearewellmixedinthesumpfluidsuchthatahomogeneous
mixtureispresentatthetimeofsumprecirculation.Therefore,thedebristransportis
proportionaltoECCSflowrate.

2.Nodebrisisheldupinanylocationotherthanthesumpstrainer(s),coreinlet,orwithin
thecore.Further,nosettlingofdebrisiscreditedinanylocationoftheRCS.
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Therefore, themaximumamountofdebrisreachesthecore.

3.Chemicalprecipitates areassumedtoformat24hours.

4.Thefiberisin its constituent form,i.e.,individualfibers,whichisconsistentwith
maximumtransport assumptions.

5.AFPswerenotcredited. Per PWROG-16073-P, Rev.0,(Reference4.13),theNRC
staffexpectsthedebrisbed atthecoreinletwillnotbeuniformduetothevariations
inflowvelocitiesatthecoreinlet. Therefore, itwilltakemoredebristhandetermined
byWCAP-17788-P,Rev.1,toresult inactivation oftheAFPsandredirectionofsome
flowanddebristotheheatedcore. Because ofthenon-physicalnatureofthe
assumptionofauniformdebrisbed (which remains conservativeinotheraspects),
creditfordebrisbypassingthecoreinlet and entering theheatedcoreshouldnotbe
used.Assuch,thevaluesfor"M-split"inthe engineering calculationweresettozero.

6.Itwasassumednodebrisexitsthebreak(i.e., once itisintheRCS,itstaysinthe
RCS).Therefore,themaximumamountofdebris reaches thecore.

7.Itwasassumedsumpdebriswillbuild-upacrossthecore inletinauniformmanner,
andblockageisonlyconsideredatthecoreinlet.Thisis a simplifying, conservative
assumption.

8.AtthetimeofHLSO,thechargingpumps(highhead)continueto deliver coolingflow
tothecoldlegs,andthe(lowhead)SIpumpsarerealignedtodeliver cooling flowto
thehotlegs.Amaximumflowratewilldeliverthemostfiberintothereactor pressure

vessel(RPV),whichisconservative,sowithtwopumpsoperatingfor both the
chargingandSIpumps,themaximumflowratesare876.1and830.7 gpm,

respectively.Therefore,51.3%oftheflowisdeliveredtothecoldlegsand48.7% is
deliveredtothehotlegs.Thesumofthesetwoflowratesis45.2gpmlessthan the

totalECCSflowratepriortorecirculation,butbecausea higherflowrateis

conservativeandresultsinmorefiberbeingdeliveredintothecore,theflowsplitwas
appliedtothetotalECCSflowratebeforeHLSO.

Analysis
i

TheHLBdebrisisthesumofthefiberthatiscapturedatthecoreinletandthein-core
fiber:

Mr,HLB= Mr,ci+Mr,in-core

Where:
a Mr,HLeisthetotalfibermassforthehotlegbreak
Mr,ciisthemassoffiberatthecoreinlet

* Mr,in-coreisthemassoffiberintheheatedcore
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Themassof fiber thatreachestheheatedcorecantravelthroughtwopaths,eitherthe
AFPorfromthe hotlegpost-HLSO:

Mr,in-core= Mr,AFP+ Mr, ce

Where:
a Mr,AFPisthemassof fiber thatreachesthecorethroughtheAFP,and
a Mr,ceisthemassoffiber that reaches thecoreviathecoreexit(i.e.,fiberinjection
post-HLSO)

Theabovequantitiesweredetermined iteratively ateachtimestep.Thecalculationwas
terminatedatthetimeatwhichthesump fiber loadwaslessthanorequalto1%ofthe
initialsumpfiberload.

Aspreviouslynoted,AFPswerenotcreditedinthe analysis. Therefore,Mf,AFPWillalways
equalzero.Iftheterminationcriteriaisreachedbefore thetimeofHLSO,thenMr,cewill
alsoequalzero.Ifthatisthecase,thentheMr,in-coreterm iszero,andthetotalmassof
fiberfortheHLBissimplythefiberatthecoreinlet.

AcceptanceCriteria

Thetotalinjectedfibermustbelessthanorequaltothecoreinletfiber load limitincluded
inWCAP-17788-P,Vol.1,Ref.1,Table6-3,forWestinghousefuel.

3.n.6

Usingthedesigninputsandassumptionsnotedabove,themaximumamountoffiber for
MPSUnit3calculatedtopotentiallyreachthereactorvesselis9.6g/FA,whichis less

thantheproprietaryin-vesselfibrousdebrislimitprovidedinSection6.5ofWCAP-
17788-P,Volume1,Rev.1.

3.n.7ConfirmationthatthecoreinletfiberamountislessthantheWCAP-17788-P
Rev.1threshold

MPSUnit3isaWestinghouse4-loopdesignwithWestinghouse17x17RFA-2FAs.The
applicablecoreinletfiberthresholdforWestinghousefuelisprovidedinTable6-3of
WCAP-17788-P,Rev.1 ThecalculatedcoreinletfiberamountforMPSUnit3 is
9.6g/FA,whichislessthantheapplicableWCAP-17788-P,Rev.1,coreinletfiber
thresholdlimitforWestinghousefuel.
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3.n.8 r

Aspreviously stated, theearliestpossibleSSOtimeforMPSUnit3wasdeterminedto
be33minutes.

3.n.9

Chemicalprecipitationtiming is dependent ontheplantbuffer,sumppoolpH,volumeand
temperature,anddebristypesand quantities. Table4.4-1ofPWROG-16073(Reference
4.13)identifiesTestGroup35as representative ofMPSUnit3,andthepredicted
chemicalprecipitationtiming(tchem)iS 24 hours.

3.n.10Confirmationthatchemicaleffects will notoccurearlierthanlatesttimeto
W

MPSUnit3 performsinjectionrealignmenttomitigate thepotentialforboricacid
precipitation(BAP)nolaterthan5hours,whichisless than 24hours.

3.n.11

MPSUnit3isaWestinghouse4-loopupflowconfigurationdesign. BasedonWCAP-
17788-P,Rev.1,Volume1,Table6-1,tblockforMPSUnit3is143minutes.

3.n.12

TheearliesttimeofchemicalprecipitationforMPSUnit3wasdeterminedtobe 24 hours,
whichisgreaterthantheapplicabletblockValueof143minutes.

3.n.13
dgtsign.categoy

TheMPSUnit3ratedcorethermalpower(RTP)is3650MWt.Theanalyzedcorethermal
poweris3723MWt,whichincludesinstrumentuncertainty.MPSUnit3 'isa
Westinghouse4-loopdesign,andtheapplicableanalyzedthermalpoweris3658MWtas
providedinWCAP-17788-P,Rev.1,Volume4,Table6-1Therefore,theMPSUnit3
analyzedthermalpowerisgreaterthantheWCAP-17788-Panalyzedvalue.

TheWCAP-17788-P,Vol.1,Rev.1,thermohydraulicanalysisassumesanSSOtimeof
20minutestogetherwithanRTPof3658MWt.Tojustifytheuseoftheanalysisandfuel
limitdescribedinWCAP-17788-P,itisnecessarytodemonstratethedecayheatforMPS
Unit3atthetimeofSSO(i.e.,whenfibrousdebrisbeginstoarriveatthecoreinlet)is
lessthanthedecayheatintheWCAP-17788-Pthermohydraulicanalysisatthetimeof
SSOasdiscussedinPWROG-16073(Reference4.13).
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Table4.5-2 of PWROG-16073 providesadecayheatat20minutesof87.4MWt,which
isthedecayheat available atthetimeofSSOintheWCAP-17788-Pthermohydraulic
analysis.Thedecay heatmodelisbasedonthe1971ANSInfiniteStandardplus20%
uncertainty[PWROG-16073, Section4.5.1.2).Asnotedabove,theearliesttimeofSSO
forMPSUnit3is33minutes, whichwillresultinadditionaltimeforthecoretodecayand
thusalowernormalized core power thanthatresultingat20minutes.TheMPSUnit3
plant-specificpost-LOCAdecay heatfractionis0.0216at30minutes.Thisdecayheat
fractionincludesa20%uncertainty andisconservativeforanSSOtimeof33minutes.
ThedecayheatatthetimeofSSO isthencalculatedtobe80.5MWt(0.0216* 3723
MWt),whichislessthanthedecay heatfromtheWCAP-17788-Pthermohydraulic
analysisatthetimeofSSO(87.4MWt). Therefore, theWCAP-17788-Pthermohydraulic
analysisandfuellimitsarestillbounding for MPS Unit3.Inaddition,thereissignificant
margintothemaximumcoreinletfiberload to help offsetthispowerleveldifference.

3.n.14

MPSUnit3isaWestinghouseupflowbarrel/baffleconfiguration plant.Theproprietary
analyzedAFPresistanceisprovidedinTable6-1ofWCAP-17788-P, Volume4,Rev.1.
TheproprietaryMPSUnit3specificAFPresistanceisprovided inTableRAl-4.2-24of
WCAP-17788-P,Volume4,Rev.1.TheMPSUnit3specificAFP resistance islessthan
theanalyzedvalue;therefore,theMPSUnit3 AFP resistance isbounded bythe
resistanceappliedtotheAFPanalysis.

3.n.15
W

MPSUnit3isaWestinghouseupflowbarrel/baffleconfigurationplant.TheAFPanalysis

forWestinghouseupflowplantsanalyzedarangeofECCSrecirculationflowratesfrom

8 - 40gpm/FA,asshowninTable6-1ofWCAP-17788-P,Volume4,Rev.1.TheMPS
Unit3ECCSrecirculationflowratecorrespondingtotheworst-caseGSl-191hotleg
breakscenariois9gpm/FA,whichiswithintherangeofECCSrecirculationflowrates
consideredintheAFPanalysis. t

WhiletheMPSUnit3 ECCSrecirculationflowratecorrespondingtotheworst-case
GSI-191hotlegbreakscenarioiswithintherangeofECCSrecirculationflowrates
consideredintheAFPanalysis,theminimumplant-specificECCSflowrate,5gpm/FA,
islessthantheminimumanalyzedECCSflowrateusedtodevelopKmaxinReference
4.14.DebrisbedresistanceincreasesasECCSflowratedecreases,soanunbounded
lowflowhasthepotentialtocausetheKmaxusedinthecalculationtobenon-conservative.
However,themaximumECCSflowrateatMPSUnit3createsthemostlimitingcase,
whichhassignificantmargintotheWCAP-17788coreinletfiberlimit.Assuch,the
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unbounded minimum ECCSflowrateisacceptablebecauseitdoesnotcreatethelimiting
fiberloadat the coreinlet;therefore,Kmaxisvalidforthelimitingfiberloadcase.

3.n.16Summa.ry

Thecomparisonofkey parameters usedintheWCAP-17788AFPanalysistotheMPS
Unit3specificvaluesis summarized inTable5.Basedonthesecomparisons,MPS
Unit3isboundedbythekey parameters, andtheWCAP-17788methodsandresultsare
applicable.

TABLE5- KEYPARAMETERVALUES FORIN-VESSELDEBRISEFFECTS

MPS Unit3Parameter WCAP17788Value Evaluation

MaximumTotalIn- < than the Maximumin-vesselfiber
VesselFiberLoad Volume1,Section6.5 WCAP-17788 loadislessthanWCAP-
(g/FA) value 17788limit.

Maximum coreinletfiberMaximumCoreInlet
FiberLoad(g/FA) Volume1,Table6-3 96 load islessthanWCAP-

17788 threshold.

Later switchover time
resultsin a lower decay

MinimumSump heatatthe time ofdebris
SwitchoverTime 20 33 arrival,reducing the

(min) potentialfordebris

inducedcoreuncovery

andheatup.

Potentialforcomplete
coreinletblockagedueto

MinimumChemical chemicalproduct2.4(tblock) 24(tchem)PrecipitateTime(hr), generationwouldoccur
' muchlaterthan

assumed.

Latesthotlegswitchover
MaximumHotLeg occurswellbeforethe
SwitchoverTime 24(tchem) 5 earliestpotential
(hr) chemicalproduct

generation.
Thisvalueisnotbounded

RatedThermal bytheWCAP-17788-P
3658 3723 valuearidisPower(MWt) dispositionedinSection

3.n.13above.
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TABLE 5- KEYPARAMETERVALUESFORIN-VESSELDEBRISEFFECTS
MPSUnit3

Parameter WCAP-17788 Value Evaluation

AFPresistanceisless
MaximumAFP Volume4 Volume4 thantheanalyzedvalue,
Resistance Table6-1 TableRAl-4.2-24whichincreasesthe

effectivenessoftheAFP.

ECCSrecirculationflow
ratecorrespondingtothe

ECCSRecirculationVolume 4 mostlimitingfiber9Flow(gpm/FA) Table6-1 injectionhotlegbreak
scenarioiswithinthe
analyzedflowrange.

3.o ChemicalEffects

NRCIssue:

Theobjectiveofthechemicaleffectssectionistoevaluate theeffectthatchemical
precipitateshaveonheadlossandcorecooling.

1)Provideasummaryofevaluationresultsthatshowthatchemical precipitates formed
inthepost-LOCAcontainmentenvironment,eitherbythemselves or combined with
debris,donotdepositatthesumpscreentotheextentthatanunacceptable headloss
results,ordepositdownstreamofthesumpscreentotheextentthat long-term core
coolingisunacceptablyimpeded.

DENCResponst

TheMPSUnit3chemicaleffectsanalysisofthesumpstrainerswassubmittedintheMPS
Unit3 SupplementalResponsedatedFebruary29,2008(ADAMSAccessionNo.

ML080650561)andamendedon December18,2008(ADAMSAccessionNo.
ML083650005).,aswellassubsequentRAlresponsessubmittedonMarch13,2009
(ADAMSAccessionNo.ML090750436),September16,2010(ADAMSAccessionNo.
ML102640210),!andDecember20,2010(ADAMSAccessionNo.ML103620562).The
MPSUnit3sumpstrainerchemicaleffectsanalysisisunchanged.

3.p LicensingBasis

NRCIssue:

Theobjectiveofthelicensingbasissectionistoprovideinformationregardingany
changestotheplantlicensingbasisduetothesumpevaluationorplantmodifications.
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1)Provide theinformation requestedinGL04-02RequestedInformationItem2(e)
regardingchanges totheplantlicensingbasis.Theeffectivedateforchangestothe
licensingbasis should bespecified.Thisdateshouldcorrespondtothatspecifiedinthe
10CFR50.59evaluation forthechangetothelicensingbasis.

DENC'sFebruary29,2008 Supplemental Responsediscussedthelicensingbases
changesthathadbeenimplemented forMPSUnit3associatedwiththeresolutionofthe
sumpissuesconsideredinGSl-191 andGL2004-02.Thesechangesarerestatedbelow:

MPSUnit3FSAR

TheMPSUnit3FSARwasrevisedtoreflect the installation ofthenewcontainmentsump
strainer.DENCwillupdatethecurrentlicensing basis(FinalSafetyAnalysisReportin
accordancewith10CFR50.71(e))followingNRC acceptance ofthefinalsupplemental
responseforMPSUnit3.

MPSUnit3LicenseAmendments

TwolicenseamendmentsrelatedtoGL2004-02corrective actions wereapprovedand
implemented.

a AchangetothestartsignalfortheRSSpumpswassubmittedand approved toensure
thestrainerwasfullysubmergedandadequateNPSHexistedforthe RSS pumps prior
totheirstartconsideringa mechanisticdebrisblockageanalysis. Amendment

No.233wasapprovedforMPSUnit3 byNRCletterdatedSeptember 20, 2006
(ADAMSAccessionNo.ML062220160).Implementationofthischange was
completedduringtheMPSUnit3spring2007refuelingoutage.

* Anamendmentwasapprovedandimplementedforanadministrativechangeto

replaceobsoletetextintheTSSection4.5.2.dsumpsurveillancerequirementwith
genericterminologyforECCScontainmentsumpstrainefs.MPSUnit3Amendment
No.240wasapprovedbyNRCletterdatedSeptember18,2007(ADAMSAccession
No.ML072290132).
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