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ThepurposeofthissubmittalistoprovidetheDominion Energy SouthCarolina,Inc.
(DESC)finalsupplementalresponseforVCSNSUnit1to Generic Letter(GL)2004-02, i"PotentialImpactofDebrisBlockageonEmergencyRecirculation duringDesignBasis
AccidentsatPressurized-WaterReactors,"datedSeptember13, 2004. /
Byletterdated-May16,2013(ADAMSAccessionNo.ML13140A007), DESC submitted j
aletterofintentperSECY-12-0093,"ClosureOptionsforGenericSafety Issue (GSI)- !
191,AssessmentofDebrisAccumulationon Pressurized-WaterReactor Sump
Performance,"indicatingVCSNSUnit1wouldpursueClosureOption2 - Deterministic

oftheSECYrecommendations(refinementstoevaluationmethodsandacceptance

criteria).ThefinaloutstandingissueidentifiedinthatletterforVCSNSUnit1with respect

toGL2004-02closureisthein-vesseldownstreameffectsevaluationtodemonstrate
'

long-termcorecooling(LTCC)canbeadequatelymaintainedforpostulatedaccident

scenariosrequiringsumprecirculation. i
I
fThein-vesseldownstreameffectsevaluationhasbeencompletedforVCSNSUnit1with

satisfactoryresultsasdocumentedintheenclosuretothisletter.Thecompletionofthis
activityandtheupdateoftheFinalSafetyAnalysisReportfollowingNRCacceptanceof j
thefinalsupplementalresponsesatisfythefinalGSl-191commitmentsidentifiedinthe |
VCSNSUnit1May16,2013ClosureOptionletter.
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Ifyou have anyquestionsregardingthissubmittal,pleasecontactMr.GaryD.Millerat
(804)273-2771.

Sincerely,

( '

-
.

MarkD.Sartain
VicePresident- NuclearEngineering andFleetSupport

Commitmentcontainedinthisletter:

1, DESCwillupdatethecurrentlicensing basis(FinalSafetyAnalysisReportin |
accordancewith10 CFR 50.71(e)) following NRCacceptanceofthefinal '

supplementalresponseforVCSNSUnit1
j
I
I
I

Enclosure:FinalSupplementalResponsetoGL2004-02 |
/

COMMONWEALTHOFVIRGINIA) !
) )COUNTYOFHENRICO )

Theforegoingdocumentwasacknowledgedbeforeme,inandfortheCountyandCommonwealth
aforesaid,todaybyMarkD.Sartain,whoisVicePresident- NuclearEngineeringand Fleet ISupportofDominionEnergySouthCarolina,Inc.Hehasaffirmedbeforemethathe is duly I

authorizedtoexecuteandfiletheforegoingdocumentinbehalfofthatCompany,andthat the

statementsinthedocumentaretruetothebestofhisknowledgeandbelief.

AcknowledgedbeforemethisF76dayofE, 2021.

MyCommissionExpires: .

CRAIGDSLY -

NotaryPublic
CommonwealthofVirginia otaryP .

icReg.#7518653 yMyCommissionExpiresDecember31,2b

.
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cc: U.S. Nuclear RegulatoryCommission- RegionII
Marquis OneTower
245 Peachtree CenterAvenue,NE
Suite 1200

Atlanta,Georgia 30303-1257

Mr.VaughnThomas
NRCProjectManager - VCSNS
U.S.NuclearRegulatory Commission

OneWhiteFlintNorth
MailStop04F12
11555RockvillePike
Rockville,MD20852-2738

NRCSeniorResidentInspector
V.C.SummerNuclearStation

Mr.G.J.Lindamood
SanteeCooperNuclearCoordinator

.
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1 Overall Compliance

NRCissue:

Provideinformation requested inGL2004-02,"RequestedInformation,"Item2(a)
regardingcompliance with regulations. Thatis,provideconfirmationthattheEmergency
CoreCoolingSystem (ECCS) andthe[ContainmentSpraySystem(CSS))CSS
recirculationfunctionsunder debris loadingconditionsareorwillbeincompliancewith
theregulatoryrequirements listed intheApplicableRegulatoryRequirementssectionof
thisgenericletter.Thissubmittal should addresstheconfigurationoftheplantthatwill
existonceallmodificationsrequired forregulatory compliancehavebeenmadeandthis
licensingbasishasbeenupdatedto reflect theresultsoftheanalysisdescribedabove.

DE.SCRes.ponsel

InaccordancewithSECY-12-0093,andasidentified intheMay16,2013DESCletterto
theNRC(ADAMSAccessionNo.ML13140A007),V. C. Summer NuclearStation(VCSNS)
Unit1electedtopursueGenericSafetyIssue(GSI)-191 Closure Option2- Deterministic.
TopicalReport(TR)WCAP-17788-P,Rev.1,"Comprehensive Analysis andTestProgram
forGSl-191Closure(PA-SEE-1090),"providesevaluation methods andresultsto
addressin-vesseldownstreameffects.Asdiscussedin NRC "Technical Evaluation
ReportofIn-VesselDebrisEffects"(ADAMSAccessionNo.ML19178A252), theNRC
staffhasperformedadetailedreviewofWCAP-17788-P.Although the NRCstaffdidnot
issuea SafetyEvaluationforWCAP-17788,asdiscussedfurther in"U.S.Nuclear
RegulatoryCommissionStaffReviewGuidanceforIn-VesselDownstream Effects
SupportingReviewofGenericLetter2004-02Responses"(ADAMS Accession No.
ML19228A011),thestaffexpectsmanyofthemethodsdevelopedintheTR can beused
bypressurizedwaterreactor(PWR)licenseestodemonstrateadequatelong term core
cooling(LTCC).Completionoftheanalysesdemonstratescompliancewith10 CFR

50.46,"Acceptancecriteriaforemergencycorecoolingsystemsforlight-waternuclear

powerplants,"(b)(5),"Long-termcooling,"asitrelatestoin-vesseldownstreamdebris

effectsforVCSNSUnit1.

1.1OverviewofVCSNSUnit1ResolutiontoGL2004-02

OnFebruary29,2008(ADAMSAccessionNo.ML080640545),DESCsubmitteda
SupplementalResponsetoGL 2004-02forVCSNSUnit1 thatprovidedspecific
informationregardingthemethodologyusedfordemonstratingcompliancewiththe
applicableregulations,aswellasthecorrectiveactionsthathadeitherbeenimplemented
orplannedtosupporttheresolutionofGSl-191BylettersdatedNovember29,2009
(ADAMSAccessionNo.ML093360336)andDecember17,2010(ADAMSAccessionNo.
ML103610171),DESCsubmittedadditionalinformationforVCSNSUnit1regardingthe
analysesandcorrectiveactionsthathadnotbeencompletedatthetimeofthe2008
response.ThecontentandlevelofdetailprovidedwereconsistentwiththeNRC
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guidance dated November 21,2007,"RevisedContentGuideforGenericLetter2004-02
Supplemental Responses," (ADAMSAccessionNo.ML073110389).inthe
November29, 2009 andtheDecember17,2010letters,DESCcommittedtoaddressthe
resolutionofdownstream in-vesseleffectsforVCSNSUnit1followingtheissuanceof
revisedWCAP-16793, "Evaluation ofLong-TermCoolingConsideringParticulate,
FibrousandChemical Debris intheRecirculatingFluid,"andtheassociatedNRCSafety
EvaluationReport(SER).

However,byletterdatedMay 16,2013(ADAMSAccessionNo.ML13140A007),DESC
provideditsplanforresolving in-vessel downstream effectspursuanttothePWROG
comprehensiveprogramunderway todevelop newacceptancecriteriaforin-vessel
debris(i.e.,WCAP-17788)forVCSNS Unit 1.Thatletteralsoincludedasummaryofthe
correctiveactionsandanalysesthathad been implemented forVCSNSUnit1toaddress
GSl-191,aswellasinherentmarginsand conservatisms includedintheanalyses.The
plantanalyses,modifications,margins,and conservatisms summarizedandupdatedin
theMay16,2013correspondenceremainvalid.

Theresolutionofin-vesseldownstreameffectsforVCSNS Unit1isprovidedinSection
3.nbelow.DESCoptedtoapplytheNElcleanplant methodology, asdescribedin
Reference4.1andasapprovedbytheNRCinReference 4.2, toconservatively determine
theamountoffiberthatcanbypasstheReactorBuilding (RB) recirculation sump
strainers.

1.2CorrespondenceBackground

Table1providesalistofthepertinentGL2004-02correspondenceissued bytheNRC
orsubmittedbyDESCapplicabletoVCSNSUnit1

TABLE1- GENERICLETTER2004-02CORRESPONDENCE

ADAMS
DocumentDate Accession Document

Number

September13,2004 ML042360586NRCGL2004-02

March7,2005 ML05069020790-dayResponsetoGL2004-02

September1,2005 ML052520333Follow-upresponsetoGL2004-02

February8,2006 ML060410214SupplementalResponsetoNRCGL2004-02

February21,2006 ML060380003NRCRequestforAdditionalInformation

March28,2006 ML060870274NRCAlternativeApproachforGL2004-02
Response
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TABLE1- GENERICLETTER2004-02CORRESPONDENCE

ADAMS
DocumentDate Accession Document

Number

November21,2007 ML073110389 NRCRevisedContentGuide

December21,2007 ML073601006
PreliminarySupplementalResponsetoNRCGL
2004-02andExtensionRequest

December28,2007 ML073620338 NRCApprovalofExtensionRequest

February29,2008 ML080640545 Supplemental ResponsetoGL2004-02

identification ofcommitmenttosubmitAlternate
March18,2008 ML080810190Source Term(AST)licensingsubmittalto

facilitate resolution ofGL200402

December10,2008 ML083510086 Newprojected dateforASTlicensingsubmittal

February3,2009 ML090270927 NRCRequestfor Additional Information

LicenseAmendment Request (LAR)to
February17,2009 ML090720887implementfullscopeAlternative SourceTerm

(AST)inaccordancewith 10 CFR 50.67

May1,2009 ML091270196RequestforExtensiontorespond toRAl

November29,2009 ML093360336 ResponsetoNRCGL200402RAl

January14,2010 ML100210969SupplementalResponsetoASTLARRAl

October4,2010 ML102160020ASTLicenseAmendment(LA)No.183
December17,2010 ML103610171Follow-upresponsetoRAl

May16,2013 ML13140A007 GSI-191ClosureOption

1.3GeneralPlantSystemDescription

VCSNSUnit1isaWestinghousethree-looppressurizedwaterreactor(PWR).The
NuclearSteamSupplySystem(NSSS)consistsofonereactorpressurevessel(RPV),
threesteamgenerators(SGs),threereactorcoolantpumps(RCPs),onepressurizer,and
theReactorCoolantSystem(RCS)pipingandinstrumentation.TheVCSNSUnit1
containmentiscompartmentalized,i.e.,therearedistinctrobuststructuressurrounding
themajorcomponents(steamgenerators,pressurizer,RCPs,etc.)oftheRCS.The
containmentcompartmentalizationslowsthetransportofdebristothesump.
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TheEmergency CoreCoolingSystem(ECCS)componentsaredesignedsuchthata
minimum of two accumulators, oneChargingpumpandoneResidualHeatRemoval
(RHR)pump, together withtheirassociatedvalvesandpiping,willassureadequatecore
coolinginthe event ofaDesignBasisAccident(DBA).TheChargingandRHRpumps
serveastheSafety Injection (SI)pumps.Theemergencycorecoolinginjectionmodeis
initiatedbyanSIsignal.

WhentheSIsystemisactuated inresponsetoaLOCA,twoChargingpumpsandtwo
RHRpumpsarestartedand aligned toinjectintotheRCScoldlegs.TheChargingpumps
providehighhead,lowflow,and theRHRpumpsprovidehighflow,lowheadinjection.
Thepumps'suctionisaligned to the Refueling WaterStorageTank(RWST)forthe
injectionphase.AstheRCSpressure decreases, threeaccumulatorswillalsodischarge
intotheRCScoldlegs.

ThetwoRBSpraypumpsareactuatedby a High Containment Pressuresignal.The
pumps'suctionisalsoalignedtotheRWST. The SprayAdditiveTank(SAT)also
providesflowtothepumpsuctionforsodiumhydroxide (NaOH) addition.TheRBSpray
pumpsdischargetosprayringheaderslocatedinthe RB dome. AstheSIandRBSpray
systemsoperate,theRWSTvolumeisdepleted.At the RWST Lo-LoLevel,theRHR
pumpandRBSpraypumpsuctionsareautomaticallyrealigned fromtheRWSTtotheRB
recirculationsumps.Eachpumphasaseparatesuctionline and suctionbellinsidethe
RBrecirculationsumps.

TherearetwoRBrecirculationsumps.OnesumpsuppliesTrainA oftheRHRandRB
Spraypumps,andthesecondsumpsuppliesTrainB.AftertheRHR pumps' suctionis
alignedtotheRBrecirculationsumps,theChargingpumpsuctionismanually aligned to
theRHRpumpdischargedownstreamoftheRHRheatexchanger.Thealignment istrain
specificwithoneChargingpumptakingsuctionfromoneRHRpump.

Within8hoursfollowingaLOCA,simultaneoushotlegandcoldlegrecirculationwill be
initiatedtoavoidboronprecipitationinthecoreandtoterminateboiling.

1.4GeneralDescriptionofContainmentSumpStrainers

AsstatedintheVCSNSUnit1SupplementalResponsedatedFebruary29,2008,two
separatestrainerassemblieshavebeendesignedandinstalledtoaddressRBSprayand
RHRsystemrequirements.ThestrainerswereprovidedbyAtomicEnergyCanada,Ltd.
(AECL).TheRBhastworecirculationsumps,SumpAandSumpB,thatareinternally
separatedintotwosumppits,oneforRHRandoneforRBSpray,eachofwhichis
protectedbya commonstrainerassemblyagainsttheentryofpotentialtypesand
quantitiesofdebrisgeneratedastheresultofhypothetical,postulatedLOCApipebreak
events.EachsumpsupportsoneredundanttrainofRHRandRBSprayequipment.
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TheRHR and RBSpraystrainermodulesineachsumpareinterconnectedbyacross-
ducttoallow water toflowfromonemoduletotheother,conservativelyassumingoneof
thestrainer modules becomesblockedbypostulateddebris.Eachstrainerassemblyis
composedofa single squaremodule,theheaderbox,equippedwithforty-fourhollow
fins,elevenoneach ofthefoursidesofthestrainerheaderbox.Thefinsareconnected
laterallytotheapproximately 4.75-foothighsidesoftheheaderboxlocateddirectlyover
eachsumppit.Thefins are ofvariedlengthandaredesignedtofitwithintheavailable
spaceinthesump.Each vertically orientedstrainerfinconsistsof18gaugestainless
steelsheet,perforatedwith nominal 0.0625-inch diameterholes.Theperformanceofthe
strainerisenhancedbytheextremely lowapproachvelocitytotheperforatedfinsofless
than0.1inch/second.Thearea ratio ofholesisabout41percent,andthesurfacesof
thefinsarecorrugatedtoincrease their surface area.Asthewaterlevelrisesinthe
strainerduringfilling,aircanescapethrough thefinsandthroughtheventholesprovided
atthetopofthestrainerheaderbox.This design precludesairingestionduetotrapped'

airpocketsduringfilling.

Asnotedabove,thedesignofboththeSumpA and Sump Bstrainersincludesaclosed
crossductconnectingtheRHRandRBSprayheader boxes withinthesump.Thecross
ductprovidesaflowareaapproximately5incheshighby 30 inches wideforflowbetween
theinteriorofthetwoheaderboxesandisconnectedon the sideandnearthetopofthe
headerboxes.Thecrossductisdesignedandfabricated to thesamecriteriaasthe
strainersandservestoprovideadditionalredundancytothe strainer designforboth
SumpAandSumpB.Forapostulatedeventwherethefinstrainers oneithertheRHR
ortheRBSpraysidesofthesumpareassumedtobeblockedby debris generated by
thepostulatedLOCApipebreakevent,theflowintotheunblockedstrainer headerbox
providessufficientrecirculationflowthroughthecrossducttosatisfy the netpositive
suctionhead(NPSH)requirementsforthepumpsonboththeRHRandRB Spray sides
ofthatsump.Theheaderboxes,strainerfins,andcrossductsaredesigned, fabricated,

andinstalledinaccordancewithASMECodeandSeismicCategory1requirements.

ThesurfaceareasforthecontainmentsumpstrainersaresummarizedinTable2below.

TABLE2 - CONTAINMENTSUMPSTRAINERSSURFACEAREAS

SumpAStrainer SurfaceArea(fta)Total(ft2)
RHRStrainer ~1404

~2939
RBSprayStrainer ~1534

SumpBStrainer SurfaceArea(ft2)Total(ft2)
RHRStrainer ~1251

~2380
RBSprayStrainer ~1129
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2 General Description andScheduleforCorrectiveActions

NRCIssue:

Provideageneraldescription ofactionstakenorplanned,anddatesforeach.Foractions
plannedbeyondDecember 31,2007,referenceapprovedextensionrequestsorexplain
howregulatoryrequirements willbemetasper"RequestedInformation"Item2(b).That
is,provideageneraldescription ofandimplementation scheduleforallcorrectiveactions,
includinganyplantmodifications, thatyouidentifiedwhilerespondingtothisgeneric
letter.Effortstoimplementtheidentified actionsshouldbeinitiatednolaterthanthefirst
refuelingoutagestartingafterApril 1,2006. Allactionsshouldbecompletedby
December31,2007.Providejustification fornotimplementingtheidentifiedactions
duringthefirstrefuelingoutagestartingafter April 1,2006.Ifallcorrectiveactionswillnot
becompletedbyDecember31,2007,describe how theregulatoryrequirements
discussedintheApplicableRegulatoryRequirements sectionwillbemetuntilthe
correctiveactionsarecompleted.

D.ESC.Respo.nsel

DESCperformedanalysestodeterminethesusceptibility of the ECCSandRBSpray
systemfunctionsforVCSNSUnit1 totheadverseeffects of post-accident debris
blockageandoperationwithdebris-ladenfluids.Theanalyses considered postulated
DBAsforwhichtheRB sumprecirculationmodeofthesesystems isrequired.
Mechanisticanalysessupportingtheevaluationsatisfiedthefollowing areas oftheNRC
approvedmethodologyintheNuclearEnergyInstitute(NEI)04-07,"Pressurized Water
ReactorSumpPerformanceEvaluationMethodology"GuidanceReport (GR), as
submittedbyNElonMay28,2004(Reference4.3),andasmodifiedbytheNRC Safety

Evaluation(SE)datedDecember6,2004(Reference4.4):
BreakSelection DebrisGenerationandzoneofInfluence
DebrisCharacteristics LatentDebris
DebrisTransport HeadLoss
Vortexing NetPositiveSuctionHeadAvailable
DebrisSourceTerm StructuralAnalysis
UpstreamEffects

Detailedanalysesofdebrisgenerationandtransportwereperformedtoensurea
boundingquantityandalimitingmixofdebrisareassumedattheRBrecirculationsumps'
strainersfollowingaDBA.Theresultsoftheanalyses,conservativeevaluations,and
strainertestingwereusedtodetermineworst-casestrainerheadlossanddownstream
effects.Chemicaleffectsbench-toptestsconservativelyassessedthesolubilitiesand
behaviorsofprecipitatesandtheapplicabilityofindustrydataonthedissolutionand
precipitationtestsofstation-specificconditionsandmaterials.Reduced-scaletestingwas
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performed byAECLandestablishedtheinfluenceofchemicalproductsonheadloss
acrossthe strainer surfacesbysimulatingtheplant-specificchemicalenvironment
presentinthe water oftheRBrecirculationsumpsafteraLOCA.

Inaddition,several plant modifications werecompletedforVCSNSUnit1insupportof
GSl-191resolutionincluding thefollowing:

* ThetwoRBrecirculation sumps' originalstrainershadasurfaceareaof23ft2foreach
oftheTrainA andB RHR andRBSpraypumps,withnominal1/4-inchsquare
openings.Thestrainerswere replaced withAECLfin-typestrainershavingsurface
areasofapproximately2939 ft2and2380ft2,withnominal0.0625-inchcircular
openings.

* TwelveHighHeadSafetyinjection (HHSI) throttlevalveswerereplacedwith
FlowservePressure-Combovalves.These valves featureanoutletflownozzlethat
takesupmostoftherequiredpressuredrop for theflowbalance,permittingthevalve
tohaveadequateclearanceforthedownstream effects ofdebris.Theminimumvalve
openingbasedontheECCSflowbalancingcriteria isapproximately 0.0938inches
comparedtothe0.0625-inchscreenopenings.

* TwoverticaltrashrackgateswereinstalledintheRB annulus onthe412-foot
elevation.Thegatesarelocatedoneithersideoftherecirculation sumps tostoplarge
debrisfromenteringthesumparea.Thegateshave8-inchopenings toallowsmaller
materialtopassthrough.Thegatesareanon-deterministicdesign feature addedto
enhancethesumpdesignbasedontheguidanceprovidedinSection 1.1.1.3of
RegulatoryGuide1.82,Revision3(Reference4.5).Nocreditistaken for these gates
intheGSl-191analysis.

Inadditiontothemodificationslistedabove,thefollowingactionswerecompleted in
supportofGSl-191resolution:

* AnASTLOCADoseAnalysisLARwassubmittedandapprovedforVCSNSUnit1to
addressadownstreameffectsanalysisconcernregardingpumpsealbackupbushing
failures.IncorporatingtheASTanalysisintothelicensingbasiseliminatedthepump
sealbackupbushingfailurefromthedoseanalysisbasis,therebyaddressingthe
concern.

* Latentdebrissamplingwascompletedandestablisheda105-poundloadthatincludes
a 50percentmargin.Walkdownsforunqualifiedmaterialwerealsocompleted
consistentwithNEl02-01(Reference4.6).Adesigninputof200ft2sacrificialarea
wassetbasedonthewalkdowns.

* Debrisgenerationanddebristransportanalyseswerecompletedandincludedtheuse
ofcomputer-aideddesign(CAD)modelingoftheRBandtargetinsulation.Thedebris
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transport analyses usedcomputationalfluiddynamic(CFD)modelinganddebris
transport trees toestablishdebrisloadingatthestrainers.

Ex-vesseldownstream effectsanalysiswascompletedperPWROGWCAP-16406-P,
Revision1 (Reference 4.7),withaugmenteddatafromWCAP-16571-P(Reference
4.8).Application of WCAP-16571-P wasreviewedandapprovedbytheNRC.

Chemicaleffectstesting wasperformedanddatawas collectedatvarious
temperaturesandflowrates. ThestrainerheadlosssupportedNPSHcalculations.

TheRHRpumpandRBSpray pump NPSHvalueswerecalculatedat700Fconsistent
withtheoriginaldesignbasis.No credit wastakenforsubcooling.TheupdatedRHR
andRBSprayPumpNPSHmargins are asfollows:

TABLE3 UPDATEDRHRANDRB SPRAY PUMPSNPSHMARGINS

PumpFlow NPSHRequired NPSHAvailableNPSHMargin
Rate[gpm) [ft) [ft) [ft)

RHRPumpA 4300 17 20.2 3.2

RHRPumpB 4200 16 20.8 4.8

RBSprayPumpA 3300 17 22.1 5.1

RBSprayPumpB 3300 17 21.9 4.9

A cumulativeeffectsprogramwasestablishedfortabulating,controlling, and
evaluatingchangestoquantitiesofinsulationinsidetheRB.Thisincluded the
developmentofacalculationlistingthetype,location,andquantitiesofinsulation.

* A cumulativeeffectsprogramwasestablishedfortabulating,controlling,and
evaluatingchangestoquantitiesofunqualifiedcoatingsinsidetheRB.Thisincluded
thedevelopmentofacalculationlistingthetype,location,andquantitiesofunqualified
coatings.

A Level1coatingsprogramwasestablishedfortheRBthatincludesthetrackingof
qualifiedcoatingswithina4DzoneofInfluence(zOI).

To ensurethemodificationsimplementedandtheanalysesperformedeffectively
addresseduncertaintieswithsufficientmargin,thefollowingmarginsandconservatisms
wereincorporatedintotheGSl-191correctiveactionsasdetailedbelow:

TheTemp-Matdebrisloadingcasehasthegreatestfiberloadatthestrainers.The
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transport calculations conservativelyassume10percenterosion.However,thetested
erosion rates wereinthe1percentrange.

* MariniteXL insulation isinstalledaroundtheRCSlooppipinginsidetheprimaryshield
wall.Withthe pipe whipwithintheshieldwall,theMariniteXLisassumedtobe100
percentparticulate with allfiberreleased,andalltheMariniteXLisassumedto
transporttothesump strainer.

* Thechemicaldebrisload includes a100ft2operatingmarginoutofatotalof320ft2
ofaluminuminsidetheRB.

* EachstrainerineachRBrecirculation sumpprovidesasuctionsourceforanRHR
pumpandanRBSpraypump.The flow andassociated fibertotheRBSpraynozzles
willnotenterthereactorvesselonthe first passthroughthestrainer.Theflowrates
withtwotrainsoperatingareasfollows:

TABLE4- FLOWSPLITWITHTWOOPERATING TRAINS

RHRFlow[gpm) Spray Flow [gpm)

TrainA 3669 3300

TrainB 3590 3300

* Flowinthebottomofthereactorvesselisdirectedupthroughthecoreand through

holesinthebaffleformerplates.Eachformerplateisprovidedwithholesso that flow
travelsupthroughtheformerplates.Ifflowthroughthecorebecomesrestricted, flow

willcontinuethroughtheformerplateholestherebyprovidingflowtothetopof the

coreplate.Thiscorebypassflowwillprovidesomelevelofcorecooling.

ResolutionofDownstreamEffects-FuelandVessel:ThisitemisdispositionedinSection
3.nbelow.

Withthecompletionofthedownstreameffectsanalysisforthefuelandvesseldetailed
below,DESChasresolvedtheissuesidentifiedinGL2004-02forVCSNSUnit1andis
incompliancewiththeapplicableregulations.

3 SpecificInformationforReviewAreas

AsstatedintheVCSNSUnit1GL2004-02SupplementalResponsedatedFebruary29,
2008(ADAMSAccessionNo.ML080640545),asamendedonNovember29,2009
(ADAMSAccessionNo.ML093360336),December17,2010(ADAMSAccessionNo.
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ML103610171), andMay16,2013(ADAMSAccessionNo.ML13140A007),reviewareas
3.athrough 3.m havebeenaddressedforVCSNSUnit1;therefore,onlytheoutstanding
reviewareas 3.n through 3.pareaddressedinthissubmittal.

3.nDownstream Effects - FuelandVessel

NRCIssue:

Theobjectiveofthedownstream effects, fuelandvesselsectionistoevaluatetheeffects
thatdebriscarrieddownstream of the containment sumpscreenandintothereactor
vesselhasoncorecooling.

Showthattheinvesseleffectsevaluation isconsistent with,orboundedby,the
industrygenericguidance(WCAP-16793), asmodified byNRCstaffcommentson
thatdocument.Brieflysummarizetheapplication ofthemethods.Indicatewherethe
WCAPmethodswerenotusedorexceptions were takenandsummarizethe
evaluationofthoseareas.

DESCRes.ponse;

TRWCAP-17788-P,Rev.1,(Reference4.9)providesevaluation methods andresultsto
addressin-vesseldownstreameffects.AsdiscussedinNRC"Technical Evaluation
ReportofIn-VesselDebrisEffects,"(ADAMSAccessionNo.ML19178A252), theNRC
staffhasperformedadetailedreviewofWCAP-17788.AlthoughtheNRC staffdidnot
issuea SafetyEvaluationforWCAP-17788,asdiscussedfurtherin"U.S. Nuclear
RegulatoryCommissionStaffReviewGuidanceforin-VesselDownstream Effects

SupportingReviewofGenericLetter2004-02Responses"(ADAMSAccession No.
ML19228A011)(Reference4.10),thestaffexpectsmanyofthemethodsdeveloped in
theTRmaybeusedbyPWRlicenseestodemonstrateadequateLTCC.DESCused

methodsandanalyticalresultsdevelopedinWCAP-17788-P,Rev.1,toaddressin-vessel
downstreamdebriseffectsforVCSNSUnit1andhasevaluatedtheapplicabilityofthe
methodsandanalyticalresultsfromWCAP-17788-P,Rev.1,forVCSNSUnit1.

3.n.1W
DESChasappliedtheNEIcleanplantcriteriatodeterminetheamountoffibrousdebris
penetratingthesumpstrainersforuseinthedownstreamin-vesseldebriseffectsanalysis
forVCSNSUnit1.Thecleanplantcriteria,asappliedtoin-vesseleffects,utilizeafiber
penetration(bypass)fractionof45%andadebristransportfractionof75%.

Todeterminetheappropriatedebrisloadingtouseforthein-vesseldebriseffects
analysis,themassoffiberthatpenetratesthestrainerandisfreetotravelintotheSIand
RBSpraysystemswasdetermined.
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Sourcesof fiber intheVCSNSUnit1RBareTemp-Matexposedblankets,largepieces,
fines,andlatent fiber. Considering thequantitiesofthesefibersources,thefiberload
thatcouldbypass thestrainersandtransporttothecoreinletwasdeterminedby
evaluatingthelatent debris sourcesandthelargepiecesandfinesoriginatingfromTemp-
Matblankets(including erosion). Thefollowingstepswereperformedtodeterminethe
totalfiberloadforusein the strainer bypasscalculation:

* Determinethetotalquantity offibrousinsulationdebrisgeneratedinthebounding
break,fiberfinesandlatent fiber.

* Determinethequantityoferosion products createdduringaLOCAat8hoursinto
theeventfromexposedinsulation blankets andsmallpiecesofTempMat.

* Addthebreak-generatedfibertothe amount offibercreatedbyerosionto
determinethetotalfiberload.

Analysis

fiberfinesandlatentfiber

TheRCSA Loop31"crossoverlinedouble-endedguillotinebreak creates thelargest
amountoffibrousdebris,15.49ft3.Table5 breaksdowntheamount ofTemp-Mat
destroyedaseitherlargepiecesorfines:

TABLE5- TEMPMATFIBROUSINSULATIONDEBRISSOURCETERM- CASE1LBLOCA

LargePieces Fines
Amount
Destroyed Intact Exposed Small Amount SizeBlanketsBlankets Pieces

15.49ft3 5.27ft3 4,96ft3 4,
j8ft3 1.08ft3 2.95E-05ft(34%) (32%) (27%)

NEl04-07(Reference4.3)classifiesthedestroyedinsulationdebriscreatedintotwo
categories:finesandlargepieces.Finesincludeindividualfibersandsmallpiecesless
than4inchesx4inches,andlargepiecesincludematerial4inchesandlarger.Thissize
distributionisusedformaterialsforwhichdebrisgenerationdataisprovidedinNEl04-
07,withtheexceptionofhigh-densityfiberglassandreflectivemetalinsulationmaterials.
Thetotalfiberloadforevaluationofin-vesseleffectsconsistsoferodedlargeTemp-Mat
pieces(4.96ft3fromexposedblanketsand4.18ft3fromsmallpieces)andfines(1.08ft3),
Finesareconservativelyconsideredtocompletelypassthroughthesumpstrainers,so
thefiberloadof1.08ft3isaddedtothefibercreatedthrougherosionoflargepiecesof
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Temp-Mat toestablish thetotalfiberloadtobeusedforin-vesseldebriseffects.NEl04-
07,Table Vl-1, notesthatintactblanketsarenotsubjecttoerosionandcanbeexcluded
fromthefiber strainer bypasscalculation.ThiscalculationofVCSNSUnit1downstream
in-vesseleffects used theWCAP-17788-Pmethodologywhichonlyrequires
considerationoffibrous andchemicalproductdebris.Thismethodboundsallparticulate
loads,soitwasnotnecessary toconsiderparticulatedebrisintheevaluation.

Convertingthevolumeof Temp-Mat finesfibertoIbm:1.08ft3* j1,g|bm/ft3= 12,74|bm,

TheRBlatentdebrisloadingused intheGSl-191sumpevaluationwasconservatively
determinedtobe105Ibm(which includes significant margin).PertheNRCSERforNEl
04-07(Reference4.4),thesizedistribution oflatentdebrisisconsideredtobe15%fibrous
and85%particulate.Consequently,the latent fiberloadconsideredinthiscalculationis
105Ibmx0.15= 16lbm.

Therefore,thetotalfibertransportedtothestrainers is12.74Ibm+16Ibm= 28.74Ibm.

FromTable5above,theamountoffiberavailableforerosion from exposed blanketsand
smallpiecesofTemp-Matisequalto:

Temp-Mat(exposedblankets)+Temp-Mat(smallpieces)= 4.96ft3 + 4,18 ft3= g,14fj3

TheNRCSERforNEl04-07(Reference4.4)includesthefollowingequation forthe
calculationofthepercentageoferodedfiber(feroaea)generatedfromthesmall pieces and
exposedTemp-Matblankets:

feroasa= 1- (1- rate)numberofhours

Usinganerosionrateof0.3%fromNEl04-07andtheVCSNSUnit1HotLegSwitchover
(HLSO)timeof8hoursintheaboveequation,thepercentageoferodedfinesgenerated
atHLSOwouldbe:

ferodea= 1-(1-0.003)8= 0.02375= 2.375%

Applyingtheerosionpercentagetotheamountofexposedblanketsandsmallpiecesof
Temp-Matinsulation:

ErosionfinesfromTemp-Matexposedblankets= 4.96ft3* 2.375%= 0.118ft3

ErosionfinesfromTemp-Matsmallpieces= 4.18ft3* 2.375%= 0.0993ft3
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Therefore, atotalof0.218ft3(= 0.118ft3+0.0993ft3)Oferodedfineswasaddedtothe
totalfiber load thatreachesthesumpstrainers.Converting0.218ft310lbm

0.218ft3* jj,g|bm/ft3= 2.57Ibm

Totalfibertransportedtothe strainers = ErodedFines+Temp-MatFines+LatentDebris
(fiber)
Totalfibertransportedtostrainers= 2.57 Ibm+12.74Ibm+16lbm= 31.31lbm

Theamountoffibrousdebriscalculatedto arrive atthereactorvesselwasdeterminedfor
VCSNSUnit1bycalculatingthestrainerbypass usingtheNElcleanplant45%bypass
factor.

g/FA=(M* T*CF*
P)/N

where:g/FA= gramsoffiberperfuelassembly

M= massoftransportedandlatentfiber,including erosion products

T= transportfractiontostrainer

CF= conversionfromIbmtograms

P= strainerfiberbypassfraction,and

N= numberoffuelassemblies

Thegramsoffiberperfuelassembly(g/FA)forVCSNSUnit1wascalculatedusingthe
equationabove.Thisequationaccountsforthefiberdebrissourcetermsatthestrainer
beingfiberfrominsulation,erosionfines,andlatentdebris(Reference4.1).
Theg/FAforVCSNSUnit1wasdeterminedusingthefollowingvalues:

M= massoftransportedandlatentfiber,includingerosionproducts= 31.31Ibm
T = transportfractiontostrainer= 0.75(DESCdidnotapplythetransportfactor
of0.75foraddedconservatism.)
CF= conversionfromlbmtograms= 453.6grams/lbm
P = strainerfiberbypassfraction= 0.45(Reference4.2)
N= numberoffuelassemblies= 157assemblies
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Using the clean plant45%strainerbypassfraction,thecalculatedgramsperfuel
assembly is:

g/FA = (31.31*453.6*0.45)/157= 40.71or40.7g/FA

ThisistheVCSNS Unit 1 specificin-vesselfiberloadthatwillbecomparedtothe
applicableWCAP-17788-P, Rev.1,in-vesseldebrisacceptancecriterion,whichassumes
allfibrousdebriscalculated topenetrate thestrainerwillreachthereactorcore.

Conservatismsintheabovecalculation includethefollowing:

. Theentire16Ibmoflatentfiberload was assumedtoreachthestrainer.

The75%transportfactorwasnotapplied when calculatingthefiberloadforin-vessel
debriseffects,i.e.,100%ofthefiberload was assumed totransporttothestrainer.

* Allfines,particulate,transportablemiscellaneous debris(tags,labels,etc.),eroded
fines,andlatentdebriswereassumedtotransport inunity(100%)totherecirculation
sumpswithanequalfractiontoeachrespective sump.

3.n.2

VCSNSUnit1isaWestinghouse3-loopupflowbarrel/baffleconfiguration plantdesign.
PerSection3.0oftheNRCStaffReviewGuidance(Reference4.10), itisnecessary to
confirmVCSNSUnit1 iswithinthekeyparametersoftheWCAP-17788-P, Rev.1,
methodsandanalysis.Eachofthekeyparametersisdiscussedbelow.

3.n.3F.uelDesjign

TheVCSNSUnit1coreconsistsof157VANTAGE+17x17optimizedfuelassemblies

(OFAs)AsdocumentedinWCAP-17788-P,Volume1,TableRAl-1.1-1,thisfueldesign

wasincludedintheWCAPtestingprogram.SincetheVCSfuelassemblytypewas
tested,thecoreinletdebrisloaddoesnotrequireadjustmentorscalingtoaccountfor
differencesbetweentheastestedandVCSNSUnit1OFAs.

3.n.4WCAP-17788DebrisLimit

TheProprietarytotalin-vessel(coreinletandheatedcore)fibrousdebrislimitcontained
inSection6.5ofWCAP-17788-P,Volume1,Rev.1,appliestoVCSNSUnit1

3.n.5

AsdescribedinSection3.n.1ofthissubmittal,VCSNSUnit1assumesthatallfibrous
debriscalculatedtopenetratethestrainerreachesthereactorvessel.
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3.n.6

Asshowninthesump strainer fiberpenetrationsection(3.n.1),themaximumamountof
fiberforVCSNSUnit 1calculated topotentiallyreachthereactorvesselis40.7g/FA,
whichislessthantheproprietary in-vesselfibrousdebrislimitprovidedinSection6.5of
WCAP-17788-P,Volume 1, Rev. 1,

3.n.7ConfirmationthattheCore InletFiberAmountisLessthantheWCAP-17788-P
R.eL1Thresho.Ld

VCSNSUnit1isaWestinghouse3-loop upflow barrel/baffleconfigurationdesignwith
WestinghouseVANTAGE+17x17OFAs. The applicable WCAP-17788-P,Rev.1,core
inletfiberthresholdisprovidedinTable6-3 for Westinghouse fuel.Thecoreinletfiber
amountforVCSNSUnit1iscalculatedtobe40.7 g/FA, whichislessthantheapplicable
WCAP-17788-P,Rev.1,coreinletfiberthreshold.

3.n.8 r
Greater

TheSSOtimeformaximumECCSflow(usingthedesignbasis RB Spray pumpflowrate
of3,000gpm/pumpforLOCApressureandtemperature)is1460 sec, or24.4minutes.
TheSSOtimewithamaximumRBSpraypumpflowof3381gpmresulting fromanoverfill
oftheRWSTwhenthecontainmentbackpressureis0psig,is1382sec, or23.0minutes.
BothSSOtimesaregreaterthanthe20minutesassumedinTable6-1of WCAP-17788-
P,Rev.1,Volume4.

3.n.9

Chemicalprecipitationtimingisdependentontheplantbuffer,sumppoolpH,volumeand
temperature,anddebristypesandquantities.Table4.4-1ofPWROG-16073(Reference
4.11)identifiesTestGroup11asrepresentativeofVCSNSUnit1,therefore,thepredicted
chemicalprecipitationtiming(tchem)is24hours.

3.n.10ConfirmationthatChemicalEffectswillnotOccurEarlierthanLatestTimeto
M

PerSection6.2.1.3oftheVCSNSUnit1FinalSafetyAnalysisReport(FSAR),switchover
tohotlegrecirculationoccursnolaterthan8hoursaftereventinitiation(post-LOCA)to
mitigatethepotentialforboricacidprecipitation,whichislessthan24hours.
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3.n.11

VCSNSUnit 1isaWestinghouse 3-loopbaffle/barrelupflowconfigurationdesign.Based
onWCAP-17788-P, Rev.1,Volume1,Table6-1,tblockforVCSNSUnit1is143minutes.

3.n.12Confirmation that Chemical EffectsdonotOccurPriortotblock

PerTable4.4-1ofPWROG-16073 (Reference4.11),theearliesttimeofchemical
precipitationforVCSNSUnit 1was determined tobe24hours,whichisgreaterthanthe
applicabletbiockvalueof143minutes.

3.n.13
DesigrLC.at.egoJy

VCSNSUnit1hasaratedthermalpowerof2900 MWt.VCSNSUnit1isaWestinghouse
3-loopdesign;therefore,theapplicableanalyzed thermal poweris3658MWtasprovided
inWCAP-17788-P,Rev.1,Volume4,Table6-1. The VCSNS Unit1ratedthermalpower
islessthantheanalyzedpower;therefore,thisparameter isboundedbytheWCAP-
17788-P,Rev.1,alternateflowpathanalysis.

3.n.14

VCSNSUnit1isa3-loopWestinghouseupflowbarrel/baffleconfiguration design.The
ProprietaryanalyzedAFPresistanceisprovidedinTable6-1ofWCAP-17788-P, Volume
4,Rev.1.TheProprietaryVCSNSUnit1specificAFPresistanceisprovided inTable
RAl-4.2-24.TheVCSNSUnit1specificAFPresistanceislessthantheanalyzed value;
therefore,theVCSNSUnit1AFPresistanceisboundedbytheresistanceapplied tothe
AFPanalysis.

3.n.15
W

VCSNSUnit1isaWestinghouseupflowbarret/baffleconfigurationdesign.TheAFP
analysisforWestinghouseupflowplantsanalyzeda rangeofECCSrecirculationflow
ratesasshowninTable6-1ofWCAP-17788-P,Volume4,Rev.1,TheminimumVCSNS
Unit1ECCSrecirculationflowrateanalyzedis21.9gpm/FA,andthemaximumECCS
recirculationflowrateis37.7gpm/FA.TheVCSNSUnit1ECCSrecirculationflowrate
correspondingtothemostlimitingfiberinjectionhotlegbreakscenariois22.7gpm/FA.
Therefore,alloftheseflowratesarewithintherangeofECCSrecirculationflowrates
consideredintheAFPanalysis.
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3.n.16Summ.ary

Thecomparison ofkeyparameters usedintheWCAP-17788AFPanalysistotheVCSNS
Unit1specific values issummarized inTable6.Basedonthesecomparisons,VCSNS
Unit1isbounded bythekeyparameters;therefore,theWCAP-17788methodsand
resultsareapplicable.

TABLE6- KEYPARAMETER VALUESFORIN-VESSELDEBRISEFFECTS

V.C.Summer
WCAP-17788Parameter Nuclear Station EvaluationValue

Unit1Value

MaximumTotalIn- Volume1 < WCAP-17788 Maximumin-vesselfiberloadisV sselFiberLoad Section6.5 Value lessthanWCAP-17788limit.

MaximumCoreinletVolume1 Maximum coreinletfiberloadis40.7FiberLoad(g/FA) Table6-3 lessthanWCAP-17788 threshold.

Later switchover timeresultsina
MinimumSump lower decay heatatthetimeof
SwitchoverTime 20 23 debris arrival, reducing the
(min) potentialfor debris inducedcore

uncoveryand heatup.

Potentialforcomplete coreinlet
MinimumChemical blockageduetochemical product2.4(tblock)24(tchem)PrecipitateTime(hr) generationwouldoccur much later

thanassumed.

MaximumHotLeg Latesthotlegswitchoveroccurs

SwitchoverTime 24(tchem) 8 Wellbeforetheearliestpotential
(hr) chemicalproductgeneration.

RatedThermal Lowerratedthermalpowerresults3658 2900Power(MWr) inlowerdecayheat.

AFPresistanceislessthantheMaximumAFP Volume4 Volume4
Resistance,ft4 Table6-1 TableRAl-4.2-24analyzedvalue,whichincreasestheeffectivenessoftheAFP.

ECCSrecirculationflowrate
ECCSRecirculationVolume4 correspondingtothemostlimiting

M.7 @erinWonhotlegWeakFlow(gpm/FA) Table6-1 scenarioiswithintheanalyzed
flowrange.
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3.o Chemical Effects

NRCIssue:

Theobjectiveofthe chemical effectssectionistoevaluatetheeffectthatchemical
precipitateshaveonhead lossandcorecooling.

1)Provideasummaryofevaluation resultsthatshowthatchemicalprecipitatesformed
inthepost-LOCAcontainment environment, eitherbythemselvesorcombinedwith
debris,donotdepositatthesump screen totheextentthatanunacceptableheadloss
results,ordepositdownstreamof the sump screentotheextentthatlong-termcore
coolingisunacceptablyimpeded.

DESCResponse;

TheVCSNSUnit1chemicaleffectsanalysisof the sump strainerswassubmittedinits
SupplementalResponsedatedFebruary29,2008 and further supplemented byletters
datedNovember29,2009andDecember17,2010. The VCSNS Unit1sumpstrainer
chemicaleffectsanalysisisunchanged.

3.p LicensingBasis

NRCIssue:

Theobjectiveofthelicensingbasissectionistoprovideinformationregarding any
changestotheplantlicensingbasisduetothesumpevaluationorplantmodifications.

1)ProvidetheinformationrequestedinGL04-02RequestedInformationItem 2(e)
regardingchangestotheplantlicensingbasis.Theeffectivedateforchangestothe

licensingbasisshouldbespecified.Thisdateshouldcorrespondtothatspecifiedinthe

10CFR50.59evaluationforthechangetothelicensingbasis.

DE CResp.onse;

LicenseAmendment

DESC'sFebruary29,2008SupplementalResponsediscussedthelicensingbasis
changeforVCSNSUnit1associatedwiththeresolutionofthesumpissuesconsidered
inGSl-191andGL2004-02.Specifically,aLARwassubmittedbyletterdatedFebruary
17,2009(ADAMSAccessionNo.ML090720887)forNRCreviewandapprovalinsupport
oftheresolutionofGSI-191andNRCGL2004-02.Asdetailedfurtherbelow,theNRC
approvedtheLAR,andDESCimplementedtheapprovedlicenseamendmentforVCSNS
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Unit1. Specifically, theLARimplementedanalternativesourcetermapplication
methodology foranalyzing theradiologicalconsequencesforsixdesign-basisaccidents.
TheASTamendment eliminatedtheneedtoassumeapassivefailureofapumpsealat
24hoursafteran accident asrequiredbythepreviouslicensingbasisdoseanalysis.This
eliminateda concern regarding theuseofcarbon/graphitedisasterbushingsinpump
seals.Withnoprimary seal failureassumptionintheASTlicensingbasisdoseanalysis,
therewasnodesign requirement tolimitthepumpsealleakageto50gpm,andthe
carbon/graphitedisasterbushings werenolongerrequiredtobereplaced.

TheNRCapprovedtheLARfor VCSNS Unit1inAmendmentNo.183datedOctober4,
2010(ADAMSAccessionNo.ML102160020).

FinalSafetyAnalysisReport

TheVCSNSUnit1FSARwaspreviouslyupdated todescribetheinstallationofthenew
strainers.DESCwillupdatethecurrentlicensing basis (FinalSafetyAnalysisReportin
accordancewith10CFR50.71(e))followingNRC acceptance ofthefinalsupplemental
responseforVCSNSUnit1.
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