
PROPRIETARYINFORMATION- WITHHOLDUNDER10CFR2.390

VIRGINIAELECTRICAND POWERCOMPANY
RICHMOND,VIRGINIA23261

September15,2021
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50-280/281
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NORTHANNAANDSURRYPOWERSTATIONSUNITS 1AND2

MILLSTONEPOWERSTATIONUNITS2AND3
REQUESTFORAPPROVALOFAPPENDIXEOFFLEETREPORT DOM-NAF-2-A

QUALIFICATIONOFTHEFRAMATOMEBWU-ICHFCORRELATION INTHE
DOMINIONENERGYVIPRE-DCOMPUTERCODE
RESPONSETOREQUESTFORADDITIONALINFORMATION

By letterdatedFebruary11,2021[SerialNo.21-042(ADAMSAccession No.
ML21042B321)),DominionEnergyVirginiaandDENC(collectively,Dominion Energy)

submittedAppendixE,"QualificationoftheFramatomeBWU-ICHFCorrelation in the
DominionEnergyVIPRE-DComputerCode,"toFleetReportDOM-NAF-2-AforNRCreview

andapproval.ByletterdatedAugust13,2021,theNRCrequestedadditionalinformation

tofacilitatetheirreview.DominionEnergy'sresponsetotheNRCrequestisprovidedin
Attachment1

Attachment1containsinformationproprietarytoFramatomeInc.andissupportedbyan
affidavit(Attachment3)signedbyFramatome,theowneroftheinformation.Theaffidavit
setsforththebasisonwhichtheinformationmaybewithheldfrompublicdisclosurebythe
Commissionandaddresseswithspecificitytheconsiderationslistedinparagraph(b)(4)of
Section2.390oftheCommission'sregulations.Accordingly,itisrespectfullyrequested
theproprietaryinformationbewithheldfrompublicdisclosureinaccordancewith
10CFR2.390.A redacted,non-proprietaryresponsetotheNRCrequestforadditional
informationisprovidedinAttachment2.

Attachment1containsinformationthatisbeingwithheldfrompublicdisclosureunder
10CFR2.390.UponseparationfromAttachment1,thispageisdecontrolled.
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lfyouhave questions orrequireadditionalinformation,pleasecontactMr.GaryD.Millerat
(804)273-2771

Respectfully,

p ~- -

MarkD.Sartain
VicePresident- NuclearEngineeringand Fleet Support

Commitmentsmadeinthisletter:None

Attachment:ResponsetoNRCRequestforAdditionalInformation

1 ResponsetoNRCRequestforAdditionalInformation,Appendix E toFleetReport
DOM-NAF-2,"QualificationoftheFramatomeBWU-ICHFCorrelation intheDominion
EnergyVIPRE-DComputerCode."[PROPRIETARY)

2.ResponsetoNRCRequestforAdditionalInformation,AppendixE to Fleet Report
DOM-NAF-2,"QualificationoftheFramatomeBWU-ICHFCorrelationin the Dominion

EnergyVIPRE-DComputerCode."[Non-Proprietary)

3.FramatomeAffidavitforWithholdingProprietaryInformationfromPublicDisclosure
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cc:U.S. Nuclear Regulatory Commission- RegionI
2100Renaissance Blvd,Suite100
KingofPrussia, Pennsylvania 19406-2713

U.S.NuclearRegulatory Commission - RegionII
MarquisOneTower

245PeachtreeCenter Avenue, NESuite1200
Atlanta,Georgia30303-1257

R.V.Guzman
NRCSeniorProjectManager- Millstone PowerStation
U.S.NuclearRegulatoryCommission

OneWhiteFlintNorth,MailStop08-C2
11555RockvillePike
Rockville,Maryland20852-2738

Mr.G.EdwardMiller
NRCSeniorProjectManager- NorthAnnaPowerStation

U.S.NuclearRegulatoryCommission
OneWhiteFlintNorth,MailStop09E-3
11555RockvillePike
Rockville,Maryland20852-2738

Mr.J.J.Klos
NRCProjectManager- SurryPowerStation
U.S.NuclearRegulatoryCommission
OneWhiteFlintNorth,MailStop09E-3
11555RockvillePike
Rockville,MD20852-2738

NRCSeniorResidentInspector
MillstonePowerStation

NRCSeniorResidentinspector
NorthAnnaPowerStation

NRCSeniorResidentInspector
SurryPowerStation
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ATTACHMENT 2

M

DominionEnergyNuclearConnecticut,Inc.(DENC)
MillstonePowerStationUnits2and3

VirginiaElectricandPowerCompany(DominionEnergyVirginia)
NorthAnnaandSurryPowerStationsUnits1and2
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RESPONSE TONRCREQUESTFORADDITIONALINFORMATION:

FRAMATOME BWU-I CHFCORRELATION INTHEDOMINIONENERGY
VIPRE-D COMPUTERCODE"

h
ByletterdatedFebruary11,2021 (Agencywide DocumentsAccessandManagement
System(ADAMS)AccessionNo. ML21042B321), assupplementedbyletterdated
May13,2021(ADAMSAccessionNo ML21133A285), DominionEnergyrequested
approvalofAppendixE offleetreport DOM-NAF-2, "QualificationoftheFramatome
BWU-ICHF[CriticalHeatFlux)Correlation in the Dominion EnergyVIPRE-DComputer
Code."ByletterdatedAugust13,2021,theNRC staff requested additionalinformation
tocompletetheirreview.TheNRCrequestandDominion Energy's responsesareprovided
below.

NRCRAl1

PleaseconfirmthatDominionwilluseaprocesstogeneratethepredicted CHF[Critical
HeatFlux)valuethatisconsistentwiththeprocessusedwhendetermining thepredicted
CHFvalueofthevalidationdata.

h:
Yes,DominionEnergyusesaprocesstoqualifyCHFcorrelationswhichisconsistent with
theapproachusedbythevendorduringthedevelopmentofthecorrelation as
documentedinSection4.9and4.10ofReference7.

NRCRAl-2:

PleaseidentifywhichfueltypeshavebeenvalidatedusingtheBWU-1CHFmodel.For
applicationtopreviouslyunanalyzedfueltypes,suchasAFAfuel,pleasedemonstrate
thatthenumberofdatapointsusedforvalidationofthatfueltypeissufficientforensuring
theaccuracyoftheDNBR[DeparturefromNucleateBoilingRatio)limit.Specifically,
[[

M 11
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M:
Theresponse to this RAIisaddressedbyseparatingtherequestedinformationintothree
sections:

1 Pleaseidentify which fueltypeshavebeenvalidatedusingtheBWU-ICHFmodel.

DominionEnergy is not awareofanyfueldesignsthathavebeenlicensedfor
reactoroperationswith the BWU-ICHFcorrelation;however,theBWUCritical
HeatFluxCorrelations Topical Report(Reference1,Section4.2)contains
informationonthefuelassemblies forwhichtheBWU-ICHFcorrelationis
applicable:

"Inthisreport,then,theInconel mixingvanedesigncorrelation
(BWU-I)isestablishedasthe basic correlation forfuelassemblies
withmixingvanegrids.Theenhanced mixing vanecorrelation(BWU-
z)ispresentlyonlyvalidfortheMark-BW17 design. Fuelassemblies
withanyothertypeofmixingvanespacer grid wouldrequireanalysis
withBWU-Iunlessanenhancementcould be demonstrated from
CHFdataforthatspecificdesign."

Notethattheterm"Inconel"isdescribedbyFramatometo bea "convenient term
foruseindescribingtheoriginalmixingvaneconcept- not the material itself"
(Reference1,Section4.2).

2.Forapplicationtopreviouslyunanalyzedfueltypes,suchasAFA fuel, please

demonstratethatthenumberofdatapointsusedforvalidationofthatfuel type is
sufficientforensuringtheaccuracyoftheDNBR[DeparturefromNucleateBoiling

RatioJlimit.

Historically,thetestinganddevelopmentofolderCHFcorrelationshasconsisted
ofawidearrayofgridtypes,operatingconditions,axialpowerdistributions,array
sizes,andgridspacings.Morerecently,CHFcorrelationstendtobedevelopedfor
specificfuelorgriddesignswhichproducemoreaccurateDNBRs,leadingtolower
DNBRlimitsforthecorrelationswhichprovidemoremargininDNBanalyses.

Forexample,theWestinghouseWRB-2CHFcorrelationwasdevelopedusing
testswithvariousheatedlengths,axialpowerprofiles,bothunitandguidetube
cells,aswellasdifferentmixingvanegriddesigns(Reference5,SectionA.2.3).
Assuch,theWRB-2CHFcorrelationdatabasecontainsawidevarietyoftestdata
for17x17nuclearfuelproducts.
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Elaborating onthisexample,theWRB-2MCHFcorrelationwaslaterintroduced
forfuel assemblies withtheModifiedLowPressureDrop(LPD)mixingvanegrid
andModified Intermediate FlowMixer(IFM)grid(Reference6,Section1).
Westinghouse conducted additionalCHFtestswiththeModifiedLPDandIFM
grids.TheWRB-2M CHFcorrelationisa modificationtotheWRB-2CHF
correlationdeveloped tooptimize theCHFpredictionstoprovidemoreaccurate
DNBpredictions,as it was determined duringtestingthatWRB-2significantly
underpredictedtheCHF performance (Reference6,Section3.1).Thetests
conductedforthedevelopment oftheWRB-2MCHFcorrelationaredocumented
inReference6,Section2.

Assuch,theWRB-2MCHFcorrelation isamorefine-tunedcorrelationthanWRB-
2andisspecificallyintendedformore accurate DNBanalysisoffuelassemblies
withtheModifiedLPDandIFMgriddesigns.

WestinghousedeterminedaminimumDNBR (95/95) limitof1.17fortheWRB-2
CHFcorrelation(Reference5,SectionA.2.3.4)and alimitof1.14fortheWRB-2M
CHFcorrelation(Reference6,Section3.4).The reduction inthelimitclearly
demonstratesthattheWRB-2MCHFcorrelation, which wascorrelatedand
optimizedespeciallyforthosefuelswithModifiedLPD and IFMgrids,offersan
improvedpredictivecapabilityofthethermalperformancecompared totheWRB-
2CHFcorrelation.Reference6,Section1alsostatesthatthe WRB-2 correlation

DNBRlimitof1.17maybeconservativelyappliedtofuelswiththe Modified LPD
andIFMgrids;however,itwasdesiredtodevelopacorrelationwhich willmore
accuratelypredictDNBforfuelswithModifiedLPDandIFMgrids.

Similarly,FramatomehasestablishedtheBWU-ICHFcorrelationasthe basic

correlationforfuelassemblieswithmixingvanegrids(Reference1,Section4.2).
Thethermal-hydraulictestsuponwhichtheBWU-ICHFcorrelationconstantswere
developed(hereinreferredtoastheBWU-IExperimentalDatabase),considera
widevarietyoftestgeometriessuchasroddiameters,pinpitches,axialflux
shapes,heatedlengths,andmixingvanegridspacings.Assuch,theBWU-I
correlationisagenericcorrelationandthereforeapplicabletothedifferenttypes
offuelassembliesthatarerepresentedbytheconstituenttestsectionsand
approvedbytheNRC(Reference2).
FramatomehasdeterminedaDNBRlimitof1.21fortheBWU-ICHFcorrelation
usingLYNX2(Reference1,Section4.1).DominionEnergy'sbenchmarkto
LYNX2/BWU-I(Reference3,SectionE.5.1)usingVIPRE-D/BWU-I(Experimental
Database)resultsinaDNBRlimitof1.23.
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Recall thatWestinghouse statedthattheWRB-2DNBRlimit(1.17)maybe
conservatively appliedtothosefuelassemblieswithModifiedLPDandIFMgrids.
Oncethe WRB-2M correlation wasoptimizedforthesegriddesigns,theapplicable
DNBRlimitdecreased (1.14),therebyallowingmoremarginforDNBanalyses.It
isexpectedthat, should aCHFcorrelationbedevelopedsolelyupontheAFA-type
mixingvaneandmid-span mixinggriddatacollectedattheColumbiaUniversity
HeatTransferResearch Facility (HTRF)1(referredtoastheCUTests)theresulting
95/95DNBRlimitwould be lowerthanthatdeterminedforVIPRE-D/BWU-I
CombinedDatabaseinReference 3(1.23).Inotherwords,applyingtheDNBR
limitderivedusingthegeneric VIPRE-D/BWU-I CombinedDatabaseis
conservative.

TheBWU-ICHFcorrelationwasnotdeveloped usingtheCUTests.Asmentioned
previously,theBWU-ICHFcorrelation is a generic correlationintendedforfuel
assemblieswithmixingvanegrids.Therefore, astatistical analysisofthetwodata
sets(theBWU-ICHFcorrelationExperimental Database andtheCUTests)is
performedtodetermineifthedataaresimilar enough tocombineand
conservativelyapplyone-sidedtolerancetheoryfor the determination ofa95/95
DNBRlimit.SectionE.5.2ofReference3documentsthis statistical analysisofthe
VIPRE-D/BWU-IExperimentalDatabaseandtheCUTests, which demonstrates

thatthetwodatagroupsareofsimilarpopulationsandtherefore may becombined
forfurtheranalysis.Thistotaldatabaseisreferredtoasthe VIPRE-D/BWU-I

CombinedDatabase.TheDNBRlimitsforboththeVIPRE-D/BWU-I Experimental

andCombinedDatabasesweredeterminedtobe1.23.Additionally, the CHF
resultsofthetwodatabasesareindistinguishableinFiguresE.5.2-1through E.5.2-

4 ofReference3,demonstratingthattheBWU-ICHFcorrelationaccurately

predictsCHFforassemblieswhichemployAFA-typemixingvaneandmid-span

mixinggrids.

Insummary,thehistoricalexperienceofgenericversusoptimizedcorrelations,the
genericapplicabilityoftheBWU-ICHFcorrelationtoa widevarietyoffuel
assemblyconfigurations,theextensivehistoryoftheColumbiaHTRFwiththe
developmentofNRC-approvedCHF correlations,andtheresultsofthe
aforementionedstatisticalandvisualanalysisprovideconfidencethattheDNBR
limitsfortheVIPRE-D/BWU-Icode/correlationpairdocumentedinReference3
provideadequateprotectionata95/95confidencelevel.Therefore,thelimitof

1TheColumbiaHTRFhasanextensivehistorywiththetestinganddevelopmentofvariousNRC-approved
CHFcorrelations,suchastheFramatomeBWU-zandtheWestinghouseWRB-2MCHFcorrelations.
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1.23 as documented inReference3 isconservativeforapplicationtofuel
assemblies withAFA-typemixingvaneandmid-spanmixinggrids.

3.Specifically,[[

M 11

M

TABLEREDACTED

FiguresRAI2-1through2-4
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FigureRAl2-1
M

FIGURE REDACTED

FigureRAI2-2:
M

FIGUREREDACTED
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FigureRAl2-3:
M

FIGURE REDACTED

FigureRAl2-4:
M

FIGUREREDACTED
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As noted intheRAl,

MassVelocity

DominionEnergythermal-hydraulicanalyses using theVIPRE-Dcodearenot
conductedat

Thermal-hydraulicanalysesperformedinVIPRE-Dare conducted atconservative
initialflowconditions.Forexample,theminimummeasured flowrateusedin
VIPRE-DforSurryPowerStationforcurrentandintended future operation is
273,000gpm,whichtranslatestoapproximately2.37MIbm/hr-ft2. Similarly, for
NorthAnnaPowerStation,theminimummeasuredflowrateis 295,000 gpm,
whichtranslatestoapproximately2.51MIbm/hr-ft2.ForMillstone Unit 3,the
minimummeasuredflowrateis379,200gpm,whichtranslatestoapproximately

2.55Mlbm/hr-ft2

Assuch,theflowratesusedinVIPRE-DanalysesshallM
AsDominion

Energythermal-hydraulicanalysesdonotutilize
M theBWU-ICHFcorrelation
M
Ibeanody.namic.Quality
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M
FromFigures RAI 2-3and2-4,itappearsthat

by
veryconservativepoints inthetestsconsidered.Theseconservativepointshave

M
Pointswith (FigureRAI2-3)areM

andappeartobe
Assuch,

Similarly, pointswithM
M (FigureRAl2-4)are

andappeartobe
Thesepoints

M FiguresRAl2-5and2-6areidenticalto Figures RAl2-3and2-
4,respectively,
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FigureRAI25:

FIGURE REDACTED

FigureRAI26:

FIGUREREDACTED
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MilistonePowerStationUnits2and3

VirginiaElectricandPowerCompany(DominionEnergyVirginia)
NorthAnnaandSurryPowerStationsUnits1and2
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AFFIDAVIT

1. Myname isGayleElliott.IamDeputyDirector,LicensingandRegulatory

Affairs,forFramatomeInc.(Framatome) andassuchIamauthorizedtoexecutethisAffidavit.

2. Iamfamiliarwith the criteria appliedbyFramatometodeterminewhether

certainFramatomeinformationisproprietary. Iamfamiliarwiththepoliciesestablishedby

Framatometoensuretheproperapplication of these criteria.

3. IamfamiliarwiththeFramatome information containedinAttachment1,

"ResponsetoNRCRequestforAdditionalInformation: Appendix EtoFleetReportDOM-

NAF-2-A,'QualificationoftheFramatomeBWU-ICHFCorrelation intheDominionEnergy

VIPRE-DComputerCode',"ofaLetterfromMr.MarkSartain(Virginia ElectricandPower

Company)toDocumentControlDesk(NRC),SerialNo.21-042B,Docket Nos. 50-336/423,

50-338/339,50-280/281,datedSeptember13,2021andreferredhereinas "Document."

InformationcontainedinthisDocumenthasbeenclassifiedbyFramatomeasproprietary in

accordancewiththepoliciesestablishedbyFramatomeforthecontrolandprotectionof

proprietaryandconfidentialinformation.

4. ThisDocumentcontainsinformationofaproprietaryandconfidentialnature

andisofthetypecustomarilyheldinconfidencebyFramatomeandnotmadeavailabletothe

public.Basedonmyexperience,Iamawarethatothercompaniesregardinformationofthe

kindcontainedinthisDocumentasproprietaryandconfidential.

5. ThisDocumenthasbeenmadeavailabletotheU.S.NuclearRegulatory

CommissioninconfidencewiththerequestthattheinformationcontainedinthisDocumentbe

withheldfrompublicdisclosure.Therequestforwithholdingofproprietaryinformationismadein

accordancewith10CFR2.390.Theinformationforwhichwithholdingfromdisclosureis
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requested qualifies under10CFR2.390(a)(4)"Tradesecretsandcommercialorfinancial

information."

6. The following criteriaarecustomarilyappliedbyFramatometodetermine

whetherinformationshould beclassifiedasproprietary:

(a)Theinformation revealsdetailsofFramatome'sresearchanddevelopment

plansandprograms ortheirresults.

(b) Useoftheinformation byacompetitor wouldpermitthecompetitorto

significantlyreduceitsexpenditures, intimeorresources,todesign,produce,

ormarketasimilarproductor service.

(c)Theinformationincludestestdata or analytical techniquesconcerninga

process,methodology,orcomponent,the application ofwhichresultsina

competitiveadvantageforFramatome.

(d) Theinformationrevealscertaindistinguishingaspects ofaprocess,

methodology,orcomponent,theexclusiveuseofwhich provides a

competitiveadvantageforFramatomeinproductoptimization or marketability.

(e)TheinformationisvitaltoacompetitiveadvantageheldbyFramatome, would

behelpfultocompetitorstoFramatome,andwouldlikelycausesubstantial

harmtothecompetitivepositionofFramatome.

TheinformationinthisDocumentisconsideredproprietaryforthereasonssetforthin

paragraphs6(d)and6(e)above.

7. InaccordancewithFramatome'spoliciesgoverningtheprotectionandcontrol

ofinformation,proprietaryinformationcontainedinthisDocumenthasbeenmadeavailable,on

alimitedbasis,toothersoutsideFramatomeonlyasrequiredandundersuitableagreement

providingfornondisclosureandlimiteduseoftheinformation.

8. Framatomepolicyrequiresthatproprietaryinformationbekeptinasecured

fileorareaanddistributedonaneed-to-knowbasis.
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9. Theforegoingstatementsaretrueandcorrecttothebestofmyknowledge,

information, and belief.

Ideclareunderpenalty ofperjury thattheforegoingistrueandcorrect.

Executedon:September13,2021

DigitallysignedbyELUOTT
ELLIOTTGayle cavieDate:2021.09.1311:29:11-04'00'

GayleElliott


