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T ansnittal of Responses to NRC Comments fror the Eebrwary 34, 1900 Corg
D wnage Assessment Meeting (MUHL2:1302)

Refirmwee: 1) P € Wen Memorandum to File, “Discussion Topic tor Febnakuy 24, 1994 Wiieung
w th Westinghouse Owners Group Regarding WCA: 4695, " Ter: Damage nsizssment
G udance’ " Febnuay 17, 1999

Dea My, Wen

Al WRC and Westinghouse Owners Group (WOG) meeting oo Fetauary 24, 1996, the MR.Z zrovided o
{18 0f con s s/y sestions on WCAP-14696 “Core Dimage Assess 2ot Graidanice ‘ref 1) These
somments ‘que L ons and the associeted WOG response s were discus @ duniyg de ine etine Attochment A
dosmrent s the S/OG respongss to these comuments/questions. Pendir . “nal resaiton of these

e vzt ique L ons, the WOG will revise WCAP- 14696 as necess I you ivquue furihey roonmation,
fieed £ 2e to cor ik Ir. Ken Vavrek i the Westinghouse Owners Giroup Projge. Office ar 4 5-374-4302

Very ol youre,

t:,«f::..n 55":?@

Levie 1 Labsiacor Jr., Chairman
Waitingh use Uwoaers Group
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| Based on thus _
adequate measure of core temperatures to cstimate temperatures at wiich potential
cladding damage (1.2, above about 1400°F) and core overlemperature iabove about
2400°F) may be occurring  Additionally, the difference between the core exat
thermocoupie mdication and the actual clad emperatures varies with core condrtions and,
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Momaricall it ic heheurd that the curre PASS systems meet te Aranied reouresenis
of NUIKELr-117 3 7 3na Keguiaiory Gande @ %7 fus CRAMPIC, LIC AU Lt willne

NIREG-0737. Ttem 1T B 2 {11) racuire numerous desipn consrderations which snoutd be

considered {e 2. provisions for purging sample lines, for recucing plateout, for
appropnate dispesal of sampics). Tre PASS insiailation at WOG utility plants,
including Wolt Creek, has boen reviewed numeraus fimes by noth uidsty and WRO
persomel(hmngminalhoasingnﬂa during the subsoquent years  Dunng ail of these
viedation of sither NURFG-0737 ar Regulatory

Guide ! 97, Rev. 2 have been 'dentified

The information provided in the topical report refers fo current knowledge of fission
product behavior that impacts the interpretation of the results of radionuclide samples
Baged on the identified uncertainties in fission product behavior, the results of sample
analvsis were concluded to be less reliable (in terms of fimeliness acouracy ang
avastability} than fixed m-plant instrumentation which tacilitatod the change i cors
damage assessment methodology.
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. dewermunation of the type and degree of core damage.

of piant funds for the determination of Ui type and degree
of core damage is rot required by the new WOG Core
Damage Assessment Gudeline ™ Akkough the results from
sampling may not he avaishic in 2 chorr nme for anv
| decwens, they would be very helpful for confirmation of
| the readmngs gtven by the in-piant st wmeniation. 1 e

mmduof&gmbsmplesmbemedﬁxﬁn

i the longer term_ core damage can be assessed by a diverse set of plant mvlicators
Sampks are but one type of information that may be uscd in asscssing the plant status.
See aiso de response iv vonunent P2 of 10 (dirsetly below).
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T P2ofi0 ; it seems that the revised guideine is reievani oniy while the |
| evert 1s vontlug to detericrate (since CETs and RCS
- pressures are different then at the tume of core damage, and
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| PASS or grab samples) would be needed 1t s strongly
recammended that the scope of the suidebne he expanded
Lo 1) quuds.; core damage assessingnt Guring bo:h thc. core
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Evaluation of an accident may be descnibed in simple terms of 1) diagnosis, 2)

p’u:ccaon. and 3) explanation / recovery. Diagrosis and protection are addressed via the

5 FALs and PARs The EALs and PARs do not require mformation from a core damage
, aecacement  However nformation from a core damage assessment mav be used (o
{ validate the EALs and PARs during an event Additional evatuations of core damage
using sampic datz wouid more apprepniaiely be m the longer ferm acoidon: cxplanstion
time frame
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| the explanation / recovery phase, confirmation and/or cefinement of the core damage

J‘f_}_«_‘w wanld be made by the ntility to assist m plarmmng far recovery and cleanup

hasiz  This i= ¢he begusuns of the explanation and recovery phase of the event  Dunng
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pressure/teraperature criter.a i< vaiid i practce Some type
of validation of this canoept, as well as the recommended
values for RCP2, CET2, and CE14, appeals necessary. , R
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P18o27 | Recomumend retaung the CH! setpomt for soe condensers | The seipount porien of the Core Damage Assessment Guidance wiil he revised 10 relain
since this hydrogen conceatration is well helow lower ' all of the hydrogen setpowts (CHI through CH'S) for we condenser plants, wmx':he n::ae
fammability lunst and would not be tmpacted by gmiter that comainmont 'r.y_dmgexx would caly be 2 rehable measuee of fuel avertemper aiuie for
operation  Also, rather than deleting the CH2 setpoint for accideut sequences in whech the hydrogen :gnrters were not (n operatien
ice condensers. the TSC should consider whether igniters
are actuated, and whether there is evidence of a bum. —
P19nf27 | In estantishing CH2, CH3. CH4, and CHS. the WCAP Refor o Nete 2 !
ceconmends certain assumptions regarding the amoun at
ascial-walss scaction and fraction of hydrogen released to
contamment  The vahdity of the rocommended values i
should be iliustrated by companng these values with the ' :
: cesults from best cstimate code caloulstions (MAAP,
Ml COR SCDAP) for representaiive severe acadent

oot

b = A

4] P e

A .-

o s I e | Based THe e frotes WOU atumics, the diagnosis of core damage (i fx
2 Althoush there s no specitic regulation tor core damage | Based on genenc miommaiion i v atuscs, Ihe aiagnon 2§

monar of core damage) 15 not pead in the prescrptive ‘o1 muiae for fie seiecuon i

o - 1A e Cn ADANIOY ooz B snonge -
paras assoasmone, 180 CFR 50 475 roquires uoons e ” .5 o S I RS- A o REPTREYS ALES
T S e e anncti il ginsbusune ** Tharh oub 8 $ detaration af PMCIFencY ACUONS LEVE (P INEIT SRR 19042 "D 4% wanaAS SRS

§ AiLAsaRe | L Dvosaasin P e sy -~ . e = i WL 5k ek el '
| TOCESS AV inciude core arinage asscsswiciid H i B WS as i mcthodolopies) or fhe enance of PARchve ACTOR ROCOEMROUHILUNS. LES St "" H
b s ks Beascne saraammns: Blns b mealcs nrotective | Al e and PARSs are decided based prumariy On piant parametors L2t CaN DT guitatinies g
| prait of IhE HOCASCCS GIHGIEINCY it ' WaRE pros==sst g T > = N ocedu oFert andiar |
- S o - s~ Slan ~ ~.r 1< < 1 p or !
! aciion rreommendations of 1o classify cvonts roquires { from fixed in-plani mstrumeniation, 1a¢ cmergency operaling procedures Im-enedt, !
T Tl R L i i <aius of nlant svasicias. i
§ Tdlcimi il § - S R -7 é - - f
s % :

: ! . ot Y 1 s b 4 n mamavar morecannd wus e
' T tme omte ;x“ss!v:é': exocrrsiscne e T s LI AR L A M eereas tas e s e e = 3L TYymieE :
| radigactivity level of 300 mucrocuries per gram DFI The 360wl / gm DL 3 gonnes &
! . . s ) o/ i
| thc EAL bases as an indicator of potential et damage of <2 - 5% Aithaugh reactor !

: | coctant scnvity levels are aot wsed n the ~svised cors damage assessment ;:rc_y.-;ucd 1
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% B e oBnt i o Wi PR TR pivansiid s 3] {
DMIHAT CAMILAUDIIIL (V. & YU LA S Y WaReAAmRw. e v v S g l é

{

: : : - . o P
Ml cvcdicinn At raactar SAMAINT ACUVIIT 3T 3 CITAST INOICILO O LUIC LAlarT Wad vase
merm ATy T AMDLY St et R e '
s N

A Sapn e

L ee——

gaz ."".'\’X“:'vt Cf core "'"\2"" S""\.!‘T!'.‘:s u-- YLl LIl e N ;!‘ WEA AL T S Ll o SRS 2
conchesion that other LAL orftcna woulc CIeCt B8 APPIOPIIAL CAL Sovhmamn: m = §
hertar time frama than the cantant achiwty leve! and Therefore the 306 microcune per

’ | gram DFL Speciticanan 1§ reoundant : 2

4 3 lnmn-ct statement regarding activity levels used as basis | Scc responsc to comment P4, Para ! (d;mc:!v halow).

paraf | for EAL for RCS clad barnier (it is based on normal
cooani activitv)

44 36

)

vd ;!mmmmmgmmmu:mmﬁufdm‘hn— lmmica.tq;m'":!w. s toread 2 to S% |
paral | (S- 10% should be 2 - 5%)

——

£S5 Shouid be updaed o reflect fatest RTM (363 wiormaiion
|

- AP, MR

The topical report will be revised to reforcnce RTM-0€. No other change ro the ropicai
repornt is required 2s a result of referencing this later document.

em . m——

P7 T;hk. should fave another column with “Indicated Core | Since most of the temperatures in the table arc beyond the core exit thermocouple 1~ g€, 3
| Exit Temperature” it would only be confusing to add this information. Acequate mformation is Srovided i =
the text to make the trans.ton from the core temperature to a core oxat the'vnowu'ﬂc
koS wchoation wiiic appropnale o S
P2, Shou!ld dcfine which FP species are considered “nen- | Thye 1c digousend in the ronreai report m Sectian 2 2 : &
paral | volaude . The jast scatence is not truc f non-cooladle ' 2
geometry forms or molten pool 15 retaned due to external | ' =3
reactor vessel cecling Bl ‘ | £
Po Nt o fasT sentence seems (0 say fhat any edonum 01 n:l § Wiile the core is in-vessa, 1t 1s CKLvCLA' “?-—-\-d on "MAP 31_131\7'35) that th releace of ' =
P peiae i os saaad portians of non-voistiles wowtd ndicate thee the } Te andd non-velatdes @ the contammnent waoid be Bogi gtoic for ail core damues i 8
: ! core s ex-vessel [his 1s not true, as svidenced By the carly i toqucmet (cxoq:l possm'y a hor leg brcak pear he (Gacion VESSCI ROZZICH JUC 1o roennon | =
i ' ki-vessel source term i NUREG-1468, and shoald be | in the reactor coolant system. Therefore, it 1s believed that the preseace of Tc and non- |
3 | clonifed | valatiles @ the confamment 1S AGt 2 renadic mdicator of fuel ovensmnrrare, cver e i =
é l | casc whore the molten pooi s retamnan troveseri dhie o evisinal (EACIOT VESSOE COnITE ; ;
i : | Howeyver # ic racommended i the tomcal report that the NUREG-1463 sourccterm Be | H$
§ ?  usad 10 nredict the comammeni radiatin momion fesponse  Scasilivity studics ; =
i | | ewerfeserrest dharing the WK CIA methodology developaiont showed that the impact of
: T memdt mom b v.l... s ths sostainmant rAAIAtAN MO IEAT FEIRONANE i core damase :
. | immrramiom are very S oed e ssdiee e VATEDG RS 8 Lo wal sadiation momior T
i i.:xd‘c...‘cn. far diffcrine sscumntions on Cs and | retention in the reactor coofani svaiem | 3
Pii Praveie hasis for fofionang statement From e pa wu::.iv.f i ' The demunant radsonuchde spooes for offses radiological pmtection rcc:mrx':nda':"" . =
parad i ood peienioal offsie wleases of fssion prodacs aad the need | are nobie gases, wodues and cesiams. Since nearly 1 (36% of the auhic gases, todine ;
wreeomaxdoﬁ”mcpnlnnvcunm iixic are only Uuce | oesiams are icicascd from the ’dpdldape“ammbﬂmﬂgmw_,
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o A R

:
l COLLAUNIICIS 1Ay @150 TOSUR Ut W By uges E :
bion sancentratinne now indic atovr of the dogre: of oo damace i ORI Wi ' DR
P1e  ? Tho racuirement iz for somobne gnd amatrsins within 3 ¢ Thee statemant will he crrvectent i (e S0DICE! FEDOTT 10 FE7er oy fu Sx s yoss o & |
peial z hout s of Wi detision W o s¢ (not acCident gutiation). Wo | hours of the decision to sampie '
gatcmzwarcoz'anypimtwmhasazékmsmupk ; i
SR SN, ' H
- B i T S e i - - i ™ T
P72 | The dacument indicates that a 0 1% clad damage s used ! To he const.ont with the response (0 L OMMERt P4, DAIA |, e IPICAL e L wiks e |
paral | for DAL classification. Please describe how this level of revised to change the reference for the EAL basis from 0.1%, 1% and 5% clad damage io
clad damage wonld peneraliy bedetected 2 and 5% clad damage. ;
P77 | Shou'd note that dose pravectin should not qust take info | Genencally (and specifically at Wolf Creck which is the leac plant for the NRC review |
parat ! acconnt € 1A hut aiso PASS recuirs uf tus topica! report) dosc asscssment chaases the appropnate d.“..-. for the apnlicanon, :
regardless of where the data is cbtamed. The offsite dose projection techmgues geserally |
do not usc corc damage asscssment quantitative data or PASS results as the primary
method of defining the source term for the offsite dose projection PAST does not
provide timely, useful information, il 13 pont v bine data and is, by its nature, always |
historical. See also response to comment P4 above. i
Pia, The discussion scems o over-cmphasize the amount of , The information in this discession :s meant to provide background on the core neat-up
paral 3 | mformation that can be inferred from core exit | smnamiee and is used to support the assumpticn thot core me!ung generally docs no?
thermacanniee (CFTe)  Thee fevel af d ccussion seems { accur unt:l 60 to 9 25 of the fuel rod claddins is failed as discussed in the respoase o
unnecessary since the operators will not be able to discern | Comment P45 Para?
the dificrences hetween sequences based on the CET data
{given that it ic only avaiable ap to about 2106F), and
since ihe guidelines do not include suc i
.:. R LR ¢ =3 FEo :
Pis-i¢ | Figures 2 and 3 present  core exit thermocoupic | The stie of these figures will be Changad 7o widicaicd hat Gicy &< predicies core ;
; ms” values which would not be possibis for the temperatures instead of core exat thermocouple indicafions :
: o sostnanents Shoald andicale that thow am : :
§ “predicted peak fuc! tomperatures” sather than “corc oxit : :
thermocousie mdicatione, ] : Siie £ ol
B | The aiecuesion seeme 10 imply that aperators wouid assin TTnc fast senrence wiil he deiciod from the paragraph sice it provides information tat !
narai i 2 Afferent irvel of reliabiiny o TFT readines haced on i may be asdeading and 6oes not dirccliy sSutpoit Ui Cast Io7 IR TEVTSEE TorT samage i
P BILC oncnscon  Ther faemed A3 4. waves | acoanaseant H
P AlE g, fnmimeldd yopasszomment :
{ smce the smgsimes a0 not mcingde such : :
{ guidance/instructions i Al i
| Should inciude some discussion of hvdrogen procuction ' As staiod in the response to Comment P2 of 1€, this core damage assessment !
P79 from radiolysis and 0o son, and how it cammpares to: {1} | msthodology i« meant for use dunng the transicrt portions of n core dariage accdent *
1

9% o3 .

| produciion from Cad ovei-icipeiaiure, and (2 e 1%

! atil the plant is brought to a controlied stable conditicn. For purposes of develon
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Ref | NRC Comment/CQuesticn T SR WOG Response 3

: i!_vmcgm CONCEMUIANON Va1 GISTUSOU 111 Soutmm © 1 }" P was n‘m" SAGEY. WS tunc wrnﬁ is sssumed tc B fess than the Srst 24 hours of :
5 P b e wdent Hydmesn araduction from radiclves and corrosion dunng the first 24 !

' : t hours of an socvdent pame canservaTIVE ACTIOT NATIT ATIMANONT 1T MMOTIOV 2 tacun ¢

i i i of 3 1o 17 iess than 1Ae TYGIORCN Profucion (rum Zh T-waier [oseiions v g T i
{ j uncovery agddiinally witin e W UL LDA melidalogy, conliismmaozm s 2

! ' ! connndar: indication of the amonnt of rore averheatme due to large uncertampes n the |

; % ;mammmmamﬂtcmrmmmmvmvmmunmm )

! 3 ! accident sequence The hydrogen production from radiolysis ic within the nncertamty of |

' i | the amount of hvdrogzen produced from zirc water reaction Therefore, hvdrogen

| el | production from radolysis can be neglected i thus methodelogy.

. | The amouni of cestum hvdronde v e contaiment | Cesium hydroxidk is a hygroscopic species. The amount of steam in the containment has

| paral !a(mosphere:sucdwhemuchmghamswmm alxgeumonthedep&awnnteofceszmhy&undcﬁumdlemmmt

‘ 5 sprays of fans Confiom that Uus o et atmosphere. The gravitationa! setthng of cestum hvdraxide i< enhanced when water i

| ' {steam) 's absorhed  The depletion rate 1s lugher for accident sequences without |

comanment spray or fans due to the higher steam content i the contamment atmosphere

| P39, | The discussion scems to overstate the impact of mnstrument Instrument errors are typically provided as a percentage of the fuil scale indication

| paal | sccuracy on low ead readings. 'ovtaccuracy gvenasa | Fhus, in the case of the hydrogen momitor (fuil-scale 1s 10 percent hydrogen. maximum |
| function of measurcd value? The mes.age could be | error is 10% of fuil-scalel, an indication of 1% mears that the contamment hvdrogen is '
| mearrectiy interpreted to mean that hvdrogen concentraiion - between 3% and 2% i

.  values less than 1% are not hugh enough to be taken

| seriousiv anc used in the assessment B : e

C P2af10 | I the event of an SGTR or ISLOCA contamment For SGTR and ISLOCA. the core exat thermocouples provide the only retiabic method i
| radiatica moaitors will not provice uscful information. The | for estimating the amount of core dx‘"zgc These two "cr:dﬂ't-' resy it i the dwect '

: : w01 sdand safus woudid Dwen sely prnanidy 6 | Foiease f radioactive material 16 (e CRVAORIGIR $d i ; ,,f'LT‘ATv;‘it, it AR

i ' CETs Expiam why use of other radiaton monsons (€ b owouid b adc Bascl Gii plaik par@nclins, SMSIESacy profCouITs in Sie, ang sysions

{ A in the stoam hine or stack) i not sugoected to provide ava:labibiy indicating foss af {ar notential 10ss oti barniers. Relcase pomt moniors are

! 3 canhirmation af cnre damage ! 2ioc girectiy used tn Eal and TAR assessmems I openeel tie appiapi i .,,‘\: 3 avn

E E E: . Ak u.-e,,._.;._g B fe ORMNERGEG DTOT T SO GAMEAFT R USC Ui iGe ioiowss v ca

’ i | momiors and onsite £ ofiSilc radiation SUTveYT SCTVES QuCly 4t 2 facpn the AL and

' g | PAR asscssmonts. CDA is aot peeded for the carly rusponss to these events  Release
; | point moaiters cauic be uscul n vaiidaing the reiative womamd ui Ve GaRIAEC LR G700 |
; : snier wiend exfunaisg Tt e Loic Exat L-f.{ﬁm.rux}..s U :'.." sl aicdudded "- i‘: ;

V ilvesis DA LaliRAIOIGE F eveeiueas 0 LIS Pl rpinir e maning LTS §

il § S e R methndology approved by the NRO n 19573 ’

| P30fif | i s oot cloar whethor agrooment withua 50% cas Ses response to Commem P12 oF 27 ?

i | reabisticalty be achieved. This should be evaluated through | g

i s«me Ly of valiation ! g
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Ref NRC Comment/Qucstion : _____WOG Response % i
 in hot ieg anc in coid ieg, 17} ransient, (31 SGTR 1 !
PI2,07 : n---_.“g’; aky 0CS sressut imm't = o D = ¥ Ciovra BYT I ¢ wicad 30 3 coanfirmatory indication the pféx'.ifi‘-ﬂ af the level with rosnect ¥
D seacton vessed leve! instrumontation for confiomation, sidc ! 25 core Sasiage is eot ofkey impestance. The core sid-plane vriue Ul Chinen th fe :
| WO aﬂ"ect SWOMNER VT \,unﬁtm whal pressure was 5 wmukm with the L!"{, 5ucn ‘-\ucmx Mambc'?'e'v Fochmcal Hess Doowmeni (TR-

!

A

assumed i determumng the recommended vaiuc, and

aboebos shis el b ;.._l thr BIC o swo B n

e .

il i e . f :'. i of ~nwe wae shacen ac a noctive indic :v’nr -h-anho core cvm‘n-rm-d
AReinar INMs vEAsEC DOERGS U50 B > BITESUIN it =

' pa.a : R.flate T and 4 indicate thet the care chauld he partially The tonu:al renort wall be raviced to tate that the core exat thermocoupie 100p K119,
uncoverad if clad damage has occutred  This is truc if core | seacior vessel leve! and SRM histaries need to be ronsidersd in addition to current

damage i< cocurnng af that moment, hut the core may have valucs

uncevered previously, and then been recovered  The

Areciceian shonid ndicare that the reacior vessed leved and

SRM hustories need to be considered rather than the

mstantancous values  (Same comeeni on PR of 74)

L

T N

Bd.wnal Comments
e Change “Critenia ILB 2" to “em 11.B 27 | The topical report wall be revised to read “ltem 11 B 37
paral o e

Pi7, Chmge 1f the KCS temperature 1s fess than 1US0 psig 1o | The topical report will be revised to read “sf the RCS pressurc is less than 1690 psig”,
aald | “if the RCS pressure is less than 1050 psig - per this comment and our response to comument Piof 27

L—E‘BZ:; ~?_r_;;..;5 < 2ad £ shou'd be roplotted on 2 scale that would Since plant specific versione of these figures 2re developed ac part of develomng a oianl ;
; pemut wicpoiabion specific LDA Figures Sand € o:'.h serve 2s examples  Therefore, there 1s no need to re- J
| plot these figures to permt nterpe’ on

Pas, T The words “fue! rod over-temperature” and “fuel aver- ! The top:cal report will be re"lscd {2 state that the descriptive phrases are meant (o he I
fanle? ! f"r{u"ztur’" sgem ta be wsed imrrc."\angf'abiv as are the compieic v mierchangeabic ‘

WwoLEs UL uved ehClatuic u-.u preare) ey
remperature . Please clanfy i the document whether thmc
, words are indended o be synusyous
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Note |
NRC Uosnneat F37, paragraph 3.

Doserioe whit svidence e2dsts to demonstrate that the RCS pressuigftempiraturs relatiznsbap provides
2 asle bueis for judging whether clad rupture wi'l occur Justi= that the codes do ror conin
conservatisrrs that may tend to over-predict clad falure. Should adcress th's through 2 validat-on

M u ~ﬂ ¥

WG Fasponse:

Te model g of fuel rod sladding burst using MAAPIDB and M2 AFS compuiter code sraknos fora
w.de ;ange of core damage accidents, was used to develop the correlaton for clad darray: i the WOG
Core Damncge Assegsment Guidance (WDFA-14699)

MAAP (3uth the 3b and 4 code versions) models fuel rod cladduc apture e on the stresses
doveloped 1o a fuel rod and the burst strength of the fuel rod cladd g Then unlel contains sevial
datail s tha: i entie . to the modeling of fuel 1od ¢ladding rupture

o  Tie burst strength of the fuel rod cladding 15 a function of cladding wrperamire, a reanstic
2 sessment of the strength of the fuel rod zuca oy, from NU EG/CRCA5T 15 used

o The sivess developed in the fuel 10d 1s compared to the burst <t-2ngth o predict fuel rod Failuze, the
adding: stress 1s a fanction of the delta-pressure across the © sddmg, t3: claddiog thckors and
¢ addiys clameter

¢ Thered internal pressure during a core temperature transient o & funstion of the a @l 1ill
pressurz, the xenon generation and the fuel 100 temperatuie; 1 Xeno gensration & a finction of
11z fuel rod burnup

o Plaste ard plastic strain 1 evaluated for the fiel rod condit s, The Ael red diamat s and
t siekness and mtemal pressure are adjusted 1o account for el stic anc plasic surins

o Sunce plastic strrin is 2 rate phenamena, the fuel rod failure 5 & Fancuon of the fuel rd
txmocrture and tme at lemperature.

e ssulls o' a number of MAAP analyses for a typical 4 loop Westmghouse PWR, ai o ftarent

reastor 200kt system pressures, were used (o develop @ generic profile of clad burst vi RCE
arssoare hs is reproduced in Figure 1.

Phpitide
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Typical Fuel Rod Clad Failure Tempe: v ures
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RCS Presure (puig)

Yiws figure shows rod burst for a large LOCA at a clad temperatirs of ubor. 1375°F Ths

worres poads t a core exit thermocouple indication of just over 11 12F (Page 37 of the WICAP-14656).
A1 22 200 psig; reactor coolant system pressure, the correspondu s clad tenperature at v rch falure
vk be pradicted to ocour is about 1800°F  thus corresponds o 4 1500°F core exit thernocouple
indice von

Takin g 1ato account varations w fuel rod strength. clad temperature vs core @ut wdizzlicn, burpup,
e L terpe:ature for plastic straw to progress, eic , the valucs of 1200°F wnd 1600°F wers chosen to
ropie eot agh and low RCS pressure conditions at the tune of clid overncatizg to the durage pount

&oreview of core damage sequences from PRA studies shows thii trost sequaaces eitfe rorgin above
2 vahie of adcut 1600 psig or fall 1o at least the steam generator sszondary side pressurc raief setpout
(212, 105" 25 g) before fuel rod overheating occurs  For those ety abo v dus value 11600 pagl,
raur ) a o abation 1 te reactor coolant system and reflux coolin ; from the sieamm genendors is

s ally wcurring which slows the core beatup rate and resuits 11 the a “'typucal heatupr rate,

tegar dloss of RCS pressure v addition, the core it thermocouples would be expeaied o vere

¢lose v treok the cladding temperatures (1., less than 2000°F) Thas, a e of 1600 psig for the
LUS presiure to dustinguish besween hugh and low pressare core diumage e4nt 15 approp iite

Nowe 2

NRC Coirgmert Page 19 of 27
I esiab dshing CH2, CH3, CH4, and CHS, the WC AP recommerdis certaan assunptions 1egandaog the
g ot ©f inetal-water reaction and fraction of hydrogen released 10 containment. The validhty of the

vacor ungnded values should be dlustrated by comparnng these values with Fe 1¢sults from Cest
tsty a4e ¢ ode calculauons (MAAP, MELCOR, SCDAP) for repseseutative sonene ac .l sauences.

0y 016 oo



Mk

15 1998 ld4ild FR (W-MATOR PROJECTS 412 374 4302 10 313014152002 P. 1518

WO Fesaones:

[hie o timastes of fission product behavior are based on 2 large nun ber of imalysce, primaaly with the
L&A IB urd MAAPA computer codes  The MAAPSB a 2. aerg, in 13 ge part, used 1 the
devclopirers of the WOG Severs Accident Management Guidance  The MAAF4 aralyses voers used 10
Jolia e the MAAP3IB analysis results. These analyses provide bev svidence th 1 the coutianiment
yogro j2n aad radiativn levels can be unpacted by the mtegrity of (a2 reastor coolant sustery dunng core
Aamayg e end can be correlated to the reactor coolagt system pressuce  Furhes these analyie: vere

2oed 1y develop the estinates provided in WCAP-14696 for the b drogea, noble gas, cesiam and wodine
retent on in the reactor coolant svstem for core danage accidents ot lupgh and low reactor coolant
goser prestures L addition, the various in-vesse! hydrogen gen:ration esturates picv ded n WCAP-
1169¢ war: alio derived from these MAAP analyses as discussec below

A rence of enidyses are readily available and are sunmanzed m Table 1 below The W MG Core

Dane e A e sment {CDA) Guidance, WCAP- 14696, is based o zn ass :ssment of taese analyses

F andounenial to the WOC CDA is the philosophy that the core d unage esurab should be ax realistic
as 59 sible bt on the “coaservative”, or hugh, side. From the resalis below there is siguf ant boldup
o cacura ind jodine io the reactor coolant system rogardless of 112 fenctor cooant sy ST pressume

£ 4ditiona v, there is significantly more retention 11 the reactor codlant fyslen whea the RCE is at hagh
press ire, cue o the icreased residence time for these figsion pro- vets ke 1eactor coant svstern It
i als s poted tat depressunzation of the reactor coolant system bus dees pot peesssiut 2 result w
the tansp it of sigruficant amounts of cesium and iodine acreso s 10 Lae conlaiament  'Widun the
caet of developing a core damage assessment methodology the 15 easy to use (1 2. does vol raquire
cupal kaavdedge of severe accidents), the amount of cesium 2ol odune £53100 produsts 1 the
contaiame’ vias directly related to the RCS pressure. Thus. if th2 RCS pressure wias luga 98% of the
ceoun and ic dine was assumed 10 be retaned in the RCS: if the :ractor coolapt systern pessure is
loae. 0% of 19¢ cesiam and iodine is assumed 1o be retamed in the RCS Mese best sstnce bounds”
i1o sippeitad by the analyses

“he nobke ¢ ares behave v mapner sumilar to hydrogen in that th. crly retention 1s due 1o the paces that
(e prassurziag the reacror coolant system  The hydrogen / not « gas retention in e BUS 1
dlnstratsc by the two enalyses presented on page ©9 of WCAP- [403€ The:c analyses e sonsistent
walh 1 1esults of numerous other analvses reporied in individual plant seyver: acordeat walyses

‘[Yes: anivscs show that for the “transient case’ where the reac - coolap: wystem presier: '« high
(g 2250 prig), as much as $0% (e g , at 25 munutes after onsct of zire water reactisng 1n e @bly) of
e budropen (and consequentlv noble gases) can te retained 1w 2 reacicr cooant system. The

.k ses llasrated in the report also iliustrate a s gnificant differ 2ace 1 ke in-vessel budecpen

arod sction that has besa observed in other apalyses. which car correlirad to RCS press.re st the
e of nudrogen production.  There is also applicable informat oa on La-seise! bydrcgen procluction
arescnted 1 Jixpert O 's elicitation on PWR In-vessel hydrogen [ the NUREG-1150 1avew panel
ANUREG/CRE-4351, Vol 2, Rev. 1, Part 1).

e RCS ¢ ressure cut-off for high and low pressure 1s based o apneeniog dgment bom a large
W EE O 3¢ seTe accident analvses

"ot fission product “etention in the RCS, the speafic value of 630 psip, vias chosen o represent
s core damage sequences in wiuch thers was residence 1 ime i the R.C5 for tission jroducts
I'his 3¢ sure would only include even's fiat can be classifi 1 as tranatents (non-LDC s and very
sl LOCAs which depressunize the - S sufficiently to g ocrate 2 Sl s gal

Pag ' [tdee
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Fer hydrogen, the specific value of 1050 psig was chosen o) soresent those aceidon. e 1ences
th e renir at o above the steam generator secondary side 1eief setpeint Jo these tegquinees the

by dropen peucation is mereased (compared 10 sequences i oA pressures) due (o

vasdurang from

th: ste:r § snerators of natural cuirculation processes, both of v721c 1esult 11 coationid siean
supply (o tae cverheated core. Core damage sequences that ¢-cur at BC5 pressurzs below 1050

peig e to have gber steam losses from the i eactor coc lant ssstem el e hydio;

¢ limard by steamn availability

st endration

i % Table |
Companscn of RCS and Contaiament Volatile Fiizion Projucts
for Core Damage Accident Scenasto:
Fime Event RCS Pressure Cesun
lofide
RO & ot g MR AN
Sttion B ache i No EFW (Ref 1)
ii 3G Dryv-out 2250 0 {
& Core Uncovery 2250 1) )
| 2 e fust Before Vessel Failure 2250 Wy é
4 AferVessslFalure ' R, SRR e
Stinee B ackout; TD EFW Available for 4 hours, RCS Cooldowr/Depressunzat.ca w/ SG: Retf 1)
7.4 SG Dry-out 200 D) 0
9.3 Core Uncovery 22580 ) 0
11069 Just Bafore Vessel Failure 68 28 P
L e e R T O R, | RN N Iboh
LOEW 1AW Av.dlable; RCS Cooldown/Depressunization w/ $Gs (12f 1)
72 Core Uncovery 175 i 0
9.3 Just Before Vessel Failure 200 =) 0
PR | L. 1. USIRENAGM - SSCIEeS  SENRNRTR | SRR
R P Sea LOUA ECC Recirc Falure, EFW Lost @ 3 Hrs (Ref 1)
9.5 Core Uncovery 175 0 (.
§.. %) Just Before Vessel Falure 175 Bl 10
PSRN T N I RN RSN | RO
Sation Flack ot No EFW. PORVs Open @ 1200°F CET (Ret 1)
)2 8G Drv-out 2250 0
1% Core Uncovery 2250 (0
1 9¢ " Just Before POEV Opening 2250 o -
2 8(-) Just Before Vessel Falure 175 S0 3|
PR CL T T N, | ARG . NSRS, TGt
POEV LOCA NoEFW (Red 1)
i3 Core Uncovery 1070 0 0
23 Just Before Vessel Failure 900 89 ]
FHRARE BT T UL T T ST | . | AR | SSRErh
SCTR o ELZ: PORVs Open @ 1200°F CET /Ref 2)
23 Core Uncovery 1800 0 0
ey Just Betore PORYV Operung 1800 0 0
4l Just Before Vessel Failure |20 5) 42

Qeg 14 d
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6 /fier Vessel Failue 5 19 4)
 Noe: Helees do rot add o 100% due to release to atnosphere via LGTR
(Medum size 1SLOTA; No ECC, PORVs Open @ IZO')‘P CET (Ret .

e o]

0 9 L cre Uncovery ) 0
1(-) Just Before PORY Operung IO{) 0 0
( ) Tust Before Vessel Failure 20 37 L
4 After Vessel Failure {8 14 §2
Now | Reieases 43 w0t add to | 00% due to release o a) wosphere via ISLOCA o
I,n.;e ot leg Freak, No ECC (Ret 3)
H4 ore Uncovery 20 ( 0
P25 ) ust Before Vessel Fallure 20 8 62
. TP Afler Vessel Fatlure 0 R . SaAEPISy. . KUBINH e
l.aw(olll.c BauakNob(C(Reﬁ
0. Zore Locovery 20 0 0
450 ust Before Vessel Fa  re 20 4“8 4)
7Y ety T | (RGN PGB | OB
Sudin Blachon 0w, io EFW (Ref d)
N/A Core Uncovery 2250 0 ¢
N8 lust Betore Vessel Fallure 22%0 0 i
N/A After Vessel Falure 15 93 7
 Notz Mot ussd in oniginal CDA development, but included here for complateess . il
St B e 1, No EFW; Loop Scals Clear (Ref 4)
N Core Uncovery 2250 0 0
NiA Just Before Vessel Fadure 2250 92 $
 Nig. . After Vesszl Failure 15 Tl s 2 e
Stae 8 sckuu,, No EFW: PORV Open @ 1200°F C['l(Refﬂ
Ni#. Core Uncovery 2250 ) (O
N4 Just Before Vess:|l Fatlure 400 7 23
N4 .. Afer Vessel Failure 13 e PR RO
Stan B ac<out, No EFW, Surge Line Creep Fadure (Ref %)
1.7 Core Uncevery 2250 0 0
31 Just Before Surge Line Failure 400 ¥
LT W _ After Vessel Falure PR | 8 LY - CRNRPSBON | bt r
[ Stasn Black: 1. No EFW (Ref €)
Na Core Uncevery 2250 0 0
Na Just Beforz Vessel Fatlure 2250 91 G
[N e e e Sl TR RIS | RO
Sinall CEA in Cold Leg,, No EFW (Ref 6)
Na Core Uncovery 2250 0 i
NA Just Befors Vessel Failure 2250 9] 3
Na L N ¢ TSR, SNSRI | BPVRLSE
Lage LOCA © Cold Leg; No ECC (Ref 6)
N/A Core Uncovery 20 0 (O
N/A Just Before Vessel Fadure 20 30 ol
INA . Afer Vessl Failure 20 LM
Lugs TLOCA 1 Hot Leg. No ECC (Ref 6)
N/A Core Uncovery 20 0 it
N/A Just Before Vessel Falure 20 29 i
NI After Vessel Falure 20 28 e

il it do




| Now Aualyse v for Zion-like plint usuig MAAPA

_\_N_;r:i nphoase l__ letric Corp ; July 1996

MR 10 1998 (4SS FR O GW-MATOR PROJECTS 4l2 374 4%d: 10 2.30141590:

L — ————— -  ————————————— e A——— ., ——— - e ————— AL e @ o

Lage LOCA 13 C tlchg No ECC (Ref 7)

N/A Core Uncovery 20 0 0
N/A ust Before Vessel Fallure 20 25 74
N/A Afler Vessel Fadure 20 25 7%

Lo of Al Feedwater, No ECC (Ref 7)

N/A sore Uncovery 2250 0 {0
N/A lust Before Vessel Falure 2250 q3 ?
N/A After Vessel Failure 15 a2 8

Nete bnalysis vas for Zion-like plant using MAAPS
Ref | Rur whalt Lt 3 Severe Accident Analyses to Support Develo): 20t of Severs Aceident
Proceshires; WioA2-11607, Westinghouse Electnc Corp , September I8

Ref 2 Rughaly Umt 3 Severe Accident Analyses to Support Developient of Severs Acevdent
Provecures; WO A2.11607, Addendum | Wesunghouse Electne Co v Fabruary 1988,

Ref 3 Vnowublshed MAAPE Analvses for D C Cook SAMG Dnill; * 'zstnglous: Electoe U

Jasn 2y 1799
Refd Coitrolling Phenomena 1o PWR Blackout Sequences: M. G P'ivs, et al | tsraticn|
Synpasun or Yieere Accidents in Nuclear Power Plaats, Sorrente, Loy, Marca 1988

Ref ¢ Civep Fupare Failure of Primary Coolant Pipiag Prior to Reactor Vessel Failure for fevers

Accosns WOAF-11910; Wesunghouse Electric Co ; July 1983
Ref6 voutle PE Source Terra Notebook. Fauske and Assoc | Septeer, 1892,
Ref 7 Westiaghouse Ownpers Group Core Damage Assessment Guidioze, WEAP- 14696
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