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The accidem at Three MileIsland Unit 2 (VMI.2) provides nn opportunityto benchmarksevere _,,cident

analysis methods against full.scale, i,ategratedfacilitydata. in collaboratitm with the U.S, De--lent of

Energy (DOE), the OECDNuclear EnergyAgency establisheda joint task group manalyzevariou._!periods of

the accident and benchmark the relevant severe accidentcodes, In this paperthe author presentsone result from

theTMI.2 analysis exet=ise that may be of interest in evaluating thermalhydraulicscodes.

Arguablyone of the more interestingaspectsof the analysis resultsis the predictedpressurizer level

responseduringcore heatup. A brief review of theaccidentscenariois relevant to understandingthe pressurizer

behavior and the calculations2, Feedwaterand turbinetripsinitiated theaccident upon loss of condensam suction.

When the pilotoperatedrelief valve (PORV)openedin response to thereacltx"coolant system fit,CS) pressure

increase caused by the loss of heat sink it stuck open. The operators didnot notice the stuck open PORV, but

r_oticedthe full pressmizer. The operators terminatedhigh pressure in_,ctionaJulinitiated letdown flow. Thenet

loss of coolantthrough the PORV and letdown system caused the RCS coolant inventory to decrease to the

point at which ate RCS pumps could not beoperated. By -112(3min the operatorshad trippedali fourRCS

coolant PUmps,and core heat.up started at ,-110 rain. At -140 rain the operators closed the PORVblock valve

terminating the loss of coolant through the PORV. However, flow through the letdown system continued, The

operators re,started the 2B RCS pump at 174 rain for -1 rain. The restart pmnped about 30 m3 of liquid into the

reactor vessel. RCSpressure increasedrapidly during the 213pump tran,_ienL

The above scenario is summarized in Figure1showing themeasured primaryandsecondary system

pressures,At -30 min into the accidentRCS procurehaddi_:rcas_to secondarysaturationpre.ta'e, and

continued to folic# the A-loop secondarypressureuntil about125 min.At -125 minRCS pressurestarted to

increasedeparting from the A.loop once thrcughsteamgenerator(OTSG) secondaryside pressure.The author

infers that energy was no longerbeing transportedto the A loop OTSG after about 125rain. Hydrogen

generationdue to cladding oxidation probablytau.sodthe loss of energy transportto the A-loopOTSG. RCS

pressurecontinued to increaseuntil tl_ end of the2B pump transient.

The measuredpressurizer level andRCSpresstwefor 100 m 200 mirta_rt_turbine trip are _aownin Figure

2. After the last RCS pump trip the presstaSzerlevel decreased following the decreasing RCS pressure. When

the operators closed thePORV block valve tl_epressurizerlevel stabilized at a constant level, la the TMI-2 plant



a U-tube sargcline as Sown in Figure 3 connectsthe pressurizer to the hot leg. The U-tubearrangementcould

allow the pressuriterand surgellne to acta manometerrespondingto the pressure diffcrenti,_between the hot leg

andpressurizerdome. If hot leg oressureis above thepressurizerdome pressure.,then some liquid will be

retainedinthepre_urizer.IncreasingRCS pressureatPORV blockvalveclosuretrappedthecoolantinventory

inthepressurizer.

The TMI.2 analysi_exerciseparticipants3 foundthatunders_xneconditionsthe severe accidentanalytical

meOuxlspredictedthaia severe accident mightnotMve occurreddue to pressurizerd_nage afterPORV block

valveclosure, Predicteddrainageof the pressurizercools thecore delayingcore heat-up.Codessuchas

SCDAP/RELAP5predicteddrainagedependingon make-upE_w rate,see Figure4. Ineffect a bifurc_sLionin

pressurizerresponseis predicted.If liquid is convertedtovapor(steamand/orhydrogen)in thecoreat a ratethat

is greaterthanthe condensationrate, thenRCS pressureincreases,andthe pressurizerinventoryremains

constant or increases.In this paperthe _thor presentsa sensitivityanalysis of the factorsthatmay influence the

calculatedpressurizerlevel afterPORV block valve closure,

The phenomenaconsideredincludehydrogengenerationraw.s,primm'yto secondaryheattransfer,and energy

generationin the core.The ,sensitivitya_lysis was condoctedusing RELAPS, thus allowing improvedcontrol

of the parametersof interest.Figure5 shows theSCDAP/RELAP5compared to theRELAP5calculations for a

m',tke-upflow rate(MUF)of 0 kg/s. At a MUF,=0 kg/s RELAP5pred_ts drainageof the pressurizer,while

SCDAP/RELAP5 predictsktventoryhold-up in thepressurizer.The RELAP5 calculationfor MUF--0 kg./sis

thebase case for these sensitivity studies.

Parametervariationswere generallyinitiatedat 120 rain. For'.he cases with hydrogeninjection the injection

ratewas assumed to be a constantat either0.01, 0.05, 0.1, or 0.5 kg/s. An injectionrateof 0.1 kg/s is about

equal to the averagehydrogengenerationrate for the SCDAP/RELJ,__basecase. Anotherset of variations

removedprimaryto secondaryheattmmfer at 120 rain. Iconsideredthreecases: (a) nominalestimationof heat

transferbefore OTSG removal,Co)ten percentreductioninprimaryto secondaryheatuamfer beforeOTSG

removal,and(c) I/3 reductionin primaryto secondaryheattransferbeforeOTSGremoval

The effect of hydrogeninjec_on is summar_._l inFigure6. For the hydrogeninjectionratesof 0.01 and

0.05 k_s do not lead to retentiono_ thepressurizerliquidinventory. Pressurizerliquidinventoryis retainedfor

an injection rate of 0.5 kg/s (-5 time,qthe SCDAP/RELAP5calculatedhydrogengenerat_ rate). At an

injection rate of 0.I kg/s it is not clear thatinven_,_rywill or will notbe retainedsince RELAP5aborte,d.
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Anothercompaxisonisto thecasewhere25%additionaldecayheat,andhydrogentosimulatecladding

oxidationheat.ThecalculatedpressurizerlevelisshowninFigure7 forthiscase,0.lkws hydrogenflow,and

theSCDAPfRELAPS basecase.Thecalculatedpressurizerlevelisaboutthesameinallthreecases,ltmaybe

concludedthathydrogengeneration,andoxidationenergyplaysadirectroll inpressurizerlevelresponse.

The authoralsoconsideredtheprimaryto secondaryheattr,msferrateasoneof theparametricsets.Ali

primarytosecondaryheatlmnsfcrthroughthesteamgeneratortubeswasremovedft'orethebasecasecalculation

at120rain.Fortheparaanelticcasesthehealu'ansferratebeforeOTSG heattransferremovalwasreducedby

10% and33%.ThesecalculationsarcsummarizedinFigure8.AliRur_"caJculationsindicatepressurizer

drainagebefore174min.However,decreasingprimarytosecondaryheattransferdoesincreasethetimetothe

onsetofdrainage.

The calculatedpressurizerresponse is a resultof thepressuredifference,between the hot leg and pressurizer

dome. In figures9 and 10 the differentialpressta-¢(hot leg minusprcssurizex)andpressurizerlevel tor 0.1 kg/s

hydrogeninjectionandOTSGs removedare,compared. Theauthorfoundthatthe prcssurizexdrainedwhenthe

pressuredifferential fc:lbelow about0.04 NtPa(,-6 psid). This occurred in ali cases where RCSpressuredidnot

increaseor could not be sustainedto -174 rain. Forexample, Figure11 shows the calculatedRCS pressurefor

a number of cases. Onlyin the caseawith sustainedincreasingRCSpressureafter 140 mh_arcassociated with

IXe_,_urizerinventoryretention.

A numberof conclusionsmay be drawn fromthe predictionsof pressurizerlevel. Firstthe predicted

pressurizerlevel afterPORVblock valve closureis determinedby thermalhydr/mllcsas well as the calculation

of hydrogengenexafion.Second it is possible to arriveat a nor=conservativepredictionof pressurizerlevel

(pressurizerdrainage).Although some aspectsof severnaccidentsmaynotdependgreatlyon thermalhydraufics,

it is theauthor'sconclusionthatpredictionsof ,severeaccidentsrequiresevereaccidentmodelsl._opedycoupled

toreliablethermalhydraulicsmodels.
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Figure 1.TMI-2 measmecisys_mpressures.
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Figure2. TM]-2 measured pressmizer level.
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Figure 4. SCDAP/RELAP5 calculatedpressurizerlevel vs. measuredlevel.
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Figure5. Compari_nof SCDAP/EELAP5andRELAP5calculationsof pressurizerlevel.
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Figure 6. Calculatedpressurizerlevelresponsetohydrogeninjection.
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Figure8. Calculatedpressurizerlevelforsteamgenerawrhe,at transfervariations.
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Figure 9. Hot leg.Pressurizer differential pressure vs. pressurizer level - 0.1 i_g/s hydrogen injection.
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Figure 10. Hot leg-Pressurizer differential pressuur¢vs. pre._urizer level - no steam generat_r_, 67 % heat
transfer 100 rain< time < 125 min.
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Figure 11. CalculatedRCSpressure.
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