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ABSTRACT 

A conservative calculation of equtl tbrfum temperatures and heatup ratls 
for thl reactor coolant 111� (RCS) drafndown to head removal level (321.5 
ft. elevation) has detenafned that the draindown �th no supplemental heat 
removal can be accompl ished after December 1 ,  1982 wfthout exceeding the t� 
perature crfterfon. A sfaf lar conservative analysts for RCS drafndown to the 
bott� of the reactor vessel nozzles (314 ft. elevation) supports drafndown 
after January 1,  1984 wfthout exceeding the temperature crfterfon. The crf�rfon 
ts that flufd temperatures do not exceed 17o•f. 

These conservttfve calculations were �de wfth models orfgfnally developed 
tn thl TIU·Z Decay Heat Removal Analyst s  of· Aprfl 1982. In addftfon, best 
estf .. te .odels, benchmarked to temperatures measured following the partial 
drafndown for the Quiet Loot fnspectfon, were developed and used to predict 
the expected reactor coolant system heatup fol lowing the draindown to head 
reMOval level and drafndown to the bottom of the reactor vessel nozzles. 
� best estimate �els pridfct that drafndown wfth no supplemental heat 
re-ova1 can be accomplished after De�ember 1 ,  1982 for both draindown l evels 
�thout exceeding the 170•F temperature crfterton. 

.. . .. . . -� -. ..  -. .. - ..... - .... .. ..., _ ... -
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INTROO�TION 

• 

Thl liCI·Z reactor has been 1 n the decay heat natural ctrculatton cool ing 
110de for the past several years. In July 1 982 .  the reactor coolant syst. 
(RCS) .as partially drained to penatt access for the Quick Look inspection. . . 
The nut step i n  the recovery proce5s called for drafning down the RCS furthur 
to allow removal of the reactor vessel head. An analysts was perfonned to 
deterafne whether the TMI-2 decay heat loss to contAinment fs  sufficient to · 

support the RCS draindown to head removal level (321 .5 Ft. elevation) without 
ucndfng tJie temperature criterion. It was concluded that the dratndown to 

n�actor head removal level can be accompl i shed after December 1 .  1982 wfthout 
axceedfng the 170°F criterion. 

An addft1onal analysts was performed to determine whether the TMI-2 
reactor deCIY heat loss to conu1r�n�nt fs sufficient to support the RCS drafn· 
down to the bottoll of the reactor vessel nozzles (314 Ft • .  el·ention) wi thout 
exceeding the temperature criterion. The temperatures predicted with the 
Aprt1 1982 conservative model s for December 1 ,  1982 and July 1 .  1983 drain� 
dates exceed the 170°F critirion. Thts ts the resul t of the l arge degr� of 
conservatfs- t n  the decay heat gene�ation, heat transfer, and heat capacity model s .  

T.o best estimate IDOdels have been devel oped for draf ndown to the reactor 
vessel nozzle level a one including the hot legs' and steam �enerators• heat 
transfer ar�as and heat capacities and the other not fncludfng them. The 
reason for two best estimate models t s  uncertain� whether the steam genera�rs 
woul d be tn effective thermal comnunfcatfon wfth the core with the cold legs 
no longer ful l .  loth best estimate JIOdel s ,  ·however, yield tempertture predi-:tfon 
-.11 below the 170°F temperature l i•tt. 
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. - SIGNIFICAfiC£ OF QUICK LOOK DATA • 

Durfng the month fol lowing the draincbm for the Quiet Loot i nspection. 
ate acs wtter temperature and reactor building ar:tfent teoperature were 
IDnftortd daflJ. These data differ sfgntffcantly from the data upon which 
the TMI-2 D1ca1 Heat Rer:1)va1 Anll.ysfs Report of April 1982 was based fn tha-: 
the new data depict the dyn111fc temperatura response of the RCS rather than 
•snapshots• of equfl fbrflll ter:peratures . The advantage of the dynamic data 
fa that ft provides an tnclfcatfon of effective systecl heat capacf� whfctl · 

steady-state data cannot. The systlrll heat capaci ty tn turn provides an tndf· 
c.tfon of hov •c." of the RCS 1s invol ved fn the heat transfer process .  Thus 
·ttae ftiW data )'roro des an opportuni ty to further refine the existing analyti cal 
�ls and fncrea�es confidence in analytical predf�tfo� . 

-- - .. . . - ·  ......,_. - ·� . ........ 

I 
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ASSESSMENT OF EXISTING tmDELS • 

·. 

AI 1 ffrst s up, the Quiet Loot drafndown was simulated wf th the analytical 
110dels froiD the April 19£2 analysis. Tile RCS heatup thus calculated was then 
compared to the •asured RCS temperatures to assess the degree of conservatiSII 
fn the existing a"alytfcal eodels .  The comparison of the predicted and aeasured. 
tlmptrature trends 11 shown on Figure 1 .  As expected, the existing 110dels 

. predict higher RCS temperatures than actual ly �n�asurect. Thus i t  can be con
cluded that file •·cSels developed f n  the Aprfl 1 182 analysi s  are conSirvathe. 
Each .wxtet wtl l  be described bnen,. 

1M edstfng 110�ls to be used irt  this assessment, decay heat generation, 
lteat transfer, and "eat CIPICfty, were those developed i n  the Aprfl 1182 analysi s  
to predict RCS temperatures after partial dra

.
fndown. The decay heat 110del 

provfdes 1 conservative calculation of core po.·er based on AHSI/ANS 5.1 • lt7J. 
standard methodolo�. The decay heat power values for the tflll frame of 
tntarest are shown on Ffgure z. 

. .  
1M heat transfer 110del 1ss�s heat to be transferred only through the 

reactor · vesset wal ls,  lower dome, clo ... ure head, and hot legs. This IIOdel does 
not a11ow an.v he1t transfer through the steam generators or cold legs to 1ssure 
conserv1the resul ts. Thus only the re1ctor bui lding ambient afr  temperature 
fs needed to predict RCS bulk water temper1tures. the reactor bufldfng ambient 
tlmptrttures used 1n both the previous and the current analyses 1re from the .. .. . . 
1MI·2 da11y togshetts . · Sfnce only one reactor bufldfng temperature was recorded, . . 
tt was necesSirily •ss�d that the ambient afr  temperature fs constant through·: 
out the reactor buftding. (The Aprt 1 1982 1n1tysis further ass��n�d that t�ater 
fn the reactor bufl dfng swnp was 60°F and that both RCS loops contribute to 
"eat transfer, and also averaged �ratures for nodes between measured 
temperatures . )  The conservathe he1t transfer· 110del used f n  the current 
IN1ysfs fs SU'II'Rartzed f n  Table 1 • . 

t - . ....... -..- -- ...... . 
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1hl heat capact� ilodll includes only ttaose portfons of the RCS consistent 

with the heat transfer .odel , t .e., · only the reactor vessel and the water c:on

tatftld tn tt. Thts produces a conservattwaly sa11 systea .. heat �pad� Wnch 

,.ults ta • fast JtCS heatup. 1M heat capacity .,dll is sUTNr.tud tn Table 

z. 
Having shown the existing 110dlls to be consenattwa, the drata dawn to 

reactor vessel head renaval level can be s tiiiUl attd. 11\e equtHbri&a tempera

tures and heatup rates thus calculated should be appropriate for licensing 

ssbltttals. 

· 

· - .... . ... .. .. . . . .  .. .  ...� . .  
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CONSERVATIVE ANALYSIS OF DRAINOOWN 
TO HEAD REMOVAL lEY£l 

" 

Usfng the 1110dtls as developed f n  the April 1982 analysis and as described 
tn the preceding section wi th sl ight modification, the further RCS draindown 
to reactor vessel head removal level was s iDulated. The modifications to 
nnect the further drafndCMS Wlrt I reduction i n  hut transfer artl and I 
reduction f n  syst1111 heat capacity. I t  was ass&�red that no heat would be 
transferred through the reactor vessel head when drai ned down. Thfs assanp
tfon reduces the reactor heat transfer area by 1 70 square feet. In addi tion, 

0 0 

the lowering of the RCS water level reduces the systtlll heat capacity. The 
Nsultfng JDOdel s are shown i n  Table 3. 

The objectfv• of this analysi s  was two-fold: 

1) To dete�fne the equ1 11brfum RCS bulk water temperature on several 
specific dates given the reactor building ambient ter�rature. 

2) To determine the RCS heatup rate startfng at speciffetf initial 
temperatures on speciffed dates • . 

The dates in question are Oecfd)er 1 ,  1982, July 1 ,  1983, and January 1 ,  1 P94. 
The reactor butldfng ambient temperatures are 70°F i n  winter and 85°F f n  
s.,._r, and the 1nt ttal RCS temperatures a re  1 00  and 130°F. 

The .. thod used to calculate the equfl fbrfum RCS temperatures fs basec 
�n the equation: Q • tUA(tacs-tNm) 

wblre: Q 1 s  decay heat 

U fs the afr side fila coefficient (since ft fs dominant) 

A fs the surface area 

tacs fs the reactor vessel bulk water temperature 

� tNII 1 s  the n�etor bufldfng �ient temperature 

'fhfl equatfon can bt solved for �CS sfnce the values of all the other terms 
.,. tno-m: 

. 



( 

.. . 

1"- rtsu1ta of the equflfbrt,. RCS temperatu,. ana11sfl vith tM RCS 
drafned down t.o head 1"811DY11 level are as fol lows: 

· 

1!!1. t 
[gutl fbrfum RCS Water TemPerature 

Deceeer 1 ,  -1182 .. -
-'v11 1 .  1113 
.,.,.,., 1 ,  1184 

115.ttF • 

158.c0F 
130.f»F 

Jt fs sfgnfffcant t.o note that an of these equf1 fbrf1111 temperatures are less 
than the 1 70°F cri terion adopted io maintain a �sitive �rgin to boiling .  

The .,thod ustd to calculate the RCS heatup rates fol lowing draindown 
fa based upon the equation: QHET(t)•tmep(�y-�) 

where: ONET(t) ts the difference between decay heat generated and heat 
transfernd out, discretfzld by ti• 

• 

�*p fs the system heat capacity 

t,a, fs the RCS water temperature In the cur�nt tfmestep 

'Nut fs the RCS water temperature for the _next tfmestep 

Tilts equation can be rearranged and solved for sequential timesteps to calcu-
late the RCS heatup rate 

.
starting at a ghen ini tial RCS temperature: 

twExt·� • QH£T(t)/tmcP 
The nsu1U of thfs analysts of heitup rates are shown on Figure 3 .  The 
temperature traces are· asymptotica111 approaching the equil fbrfum temperatures 
ca1culaud above. 

TM results reported fn thb section support the concl usion that thf 
RCS can be drained �n to reactor vessel head removal l evel wi thout exceeding 
the temperature crfterfon after Dec•er 1 ,  198%. These resul ts ,  h<*tver, 
are conservathe and are not expected to be observed during the actual RCS 
drafndown. The next section 1dentfffes the sources of the conservatfs• t n  
these results t n  preparation for a best-estimate calculation of temperatures 
that art expected to bt observed during the RCS draindown. 

Page 9 
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. - IDENTIFICATION OF CONSERVATISM 

.. 

Ia order to quantify the degrH of conservatf1111 tn the resul ts reported 

tn the preceding section, best-estimate IOdels for decay heat generation, 

IJSt.l heat capact�. and heat transfer were generated. The Quick Look 

temperature data was used for benchmarking best-estfm�te type models : Once 
tlatst 1110dels were developed, temperatures resul ting from the RCS drafndovn 

to reactor vessel head removal level were calculated. 

I. Dtcay Heat 

Tbe MSJ dtcey heat prediction Mthod f s  beli eved to be very conservative 

fa t ts treatment or the neutron absorption fact,r (G factor) which causes 

t.fgh decay heat pNdfctfons during the tfllt frame of i nterest. Tht nu-2 

decay heat analysb based upon the LOR-2 code ( the B&W version of ORIGIN) f s  

estfmattd to provide a 10re rea l i s ti c  prediction or be't-estiNte o f  Ule 

4ecay heat �r levels .  A comparison of the LOR-2 and ANSI based decay heat 

polftr levels i s  shown i n  'fgure 4. The LOR-2 based decay heat power levels 

were used for best-estf�n�te purposes . 

Jl . Syst� Heat Captcfty 

The system heat capaci ty was expanded sfgnfffcantly to reproduce the 

shape of the measu�ed Quick Look temperatures . The physical description of 

· U.. btst-estfNte �ystm heat capacity' i s  shown on Table 4 .  Hfnor core and 

reactor nssel int.trnals c�tributfons were added along wf th hot l eg ptpfng. 

The Njor new contributors . however, were the s te1111 genera tors and the prtraary 

and secondary s i de water in thetl. Only 50S of the total ava11able steam 

ttntrator/water heat capacity, however, was needed to rer.roduce the •asured 

temperature trace. Thfs .. gnftude of effective contribution to system heat 

capacf� appears credible and .as thus assumed for best-estfm�te purposes . 

• .. • .. • ., • _,_.,... .,..._._. t ....... ... ....._. • ..._ •• •P • •  . . ... 
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Ill, Htat Trensf£ 

De '-ut transfer IIOdel was expanded to ,..fn consistent with the syst. 

1 . "-at capacftJ •del . Itt addf tfon to tile reactor wsse1 , the new Mat traltsfer 
.-1 fnc:ludecl all of the llot legs and the ste• genentors. Sfnte tile IMat 

111 to ...,tent and 1te• generator to Ulbfent tatperature di fference f s  not 
bawft, a factor vas cllt.rwfned wflfch could be applfed to the core to lllbfent . ' 

teaperature dffftrtnce to estf•ta the effectfve Mt leg or ste• generatl,r . >- . 
to lllbftnt ttmperature di fference. Thfl factor, .27, balances tilt heat transfer 
to produce the •a�urtd tarwfnal temperature at the end of the RCS heatup. 

ElM other reffn�m�nt was •de to tile heat transfer coefffctents . The constant 

value coefffdtnU dtveloped f n  the April 1t82 analysts Nere replaced by 

ttmperature df ffe�!nce dependent afr fflm correlations from the ASHRA£ hand

book. The btst-estfaate heat transfer 110d1l thus dtveloped fs S\r.mlrfztd fn 

Table 5. 

Tbt Qufck Look draf ndown temperatures calculated wf th these best-estfmate 

IM)cfels art COIISPirtd to_ the measured heatup temp.!ratures fn Ffgurt 5 .  The 
agretm�nt between neasurtd and calculated tempea·atures f s  excel lent. These 

best-estfmatt aodei s wert used to sfiiUlate the ncs drafndown to reactor 

( YISStl head reMOVa, level . 

( . 

. - -- .... . ... .. ··.......-: . . 
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lEST ESTIMATE ANALYSIS OF' DRAINDOWN · • 

10 HEAD RD«WAL LEVEL 

' 

Usfng the best-estimate �dels developed in  the preceding section, the 
lCS drafndown to htad removal level can be simulated. Only a few modtfiCI· 
tfons were nHded to renect the further drafndown. The system heat capacft;y 
was decreased bott by the lowered water 1eve1 on the primary side and the 
assllfttd cor:�plete craining of tht steam generator secondary sfde wattr. The 

· total systeat heat capacity was reduced to 584,132 BTU/°F. The only change 
to the heat transfer model was to ass��ne that r.o heat fs  transferred through 
the closure httd dolt. 

Usfng the saae •thods and reactor but ldf rg  ambient temperatures u 
before, but with the best-estimate IIIOdels,  the fo�lowfng equf librf\111 temperatures 
were detenained: 

Dltt 
Decell'btr 1 , 1 982 

.July 1 .  1183 

£gufl ibrf� Rcs ·uater Temperature 

1 1 1 .6°F 

1Z0.1°F 

The July_ 1983 equ e l fbrillll temperature fs hfgher than the Dfcember 1982 tempera
ture (when 110re decay heat 1 1  btfng generated) because the ambient temperature 
assumed for July 1s  15°F higher (8S°F versus 70°F) . The heatup rates calcu
lated with the be�t-estfmate 110dels assuming an fnftfal RCS temperature of 
100°F are shown oh Figure 6. Agafn the �rature traces asymptotically 
approach the alculated equf l fbrfllll temperatures . 

Page 12 
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CONVERVATlVE ANAL YSJS OF DRAINDOWN 
TO IOTTCit OF R£ACTOA YESSn 110nL£S 

Several modifications to the existing conservative �eh developed for 

draindown to head rceoval level were 1111de ·to refl•ct further draindown to 

the bottoll of the "actor vessel nozzles. It was again ass\lftld that no heat 

�uld be transferreu through the reactor vessel h11d when drained down. In 

addition, because of the even lo-'tr water level , no heat was assumed transferred 

through the upper shell , head support and closure flange. Thts reduced the 

reactor heat transfer area an additional 390 squure feet and al so lowered the 

system heat capaci�. (SII 'Table 6) 

The equilibriUM RCS bulk water temperatures wer �termfned for the 

previously specified dates and are as follows: 

Date 
Dtcttftber 1 ,  1902 
-July 1 ,  1983 
January 1 ,  1984 

Equil ibrium RC� Water T.mperature 

1M.0°F 
113. 1°F 
151 . 1°F 

As the resul ts above show, the existing conservative �del s do not predict 
RCS temperatures within the 170°F temperature criterion until Januar,y 1 ,  1984. 
The temperatures fo� earlier dates exceed the 170°F crfterfon. As noted on 

page t, however, these conservative values are not expected to be observed 
durfng the actual R:S draindown. 

The resul ts of heatup rate calculations based on thfs  con�ervatfve �del 

are shown in Figure 7. The temperature traces •symptotfcally approach the 
above calculated equfl fbrfum temperatures.  

- ·  - · · ·· - - -... ..... ... � -- ·  ' " �  
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liST ESTIMATt ANALYSIS 'OF DRAttiOOWII 
TO IOmJt OF REACTOR VESSn IC)lZW 

• 

Modtffcatfons to the btst-estfmete eodel s p�fously developed �re 
•• to reflect the further drafndown. The system heat capacity was again 
decreased both by ttll lowered water level on the prt111r,y stde and tile ass.-ct 
co.p1ete draining of the steam generator secondar,y side water. Uncertainty as 
to whether tht stea'• generators .auld be f n  effecthe therNl c011111.1nfcatfon 
wftll the core now that the cold 1qs were no l onger full resul ted tn the develop
•nt of two best estt111te .adel s :  one including tile heat transfer areas and · 

heat upac1ttes of the hot legs and steam generators and the other not fncludtng 
t"-• The uncertainty as to whether or not to include the hot l egs and stea• 
llftlrators stills frcn unceriitnty as to which of t� possible heat transfer 
-.chanflll accounted for the conbrtbuttons the �ot l•gs and steam generators 
•dt to heat transfer and heat capacity that wert deduced fr011 1,\eatup data 
fo11owtng the dratn�own for Quick look Inspection. One posstble heat transfer 
•chanfSII 1 s  the convectto� of heated .apor up the hog legs to the steu 
llntrators. Thts •chanism woul d st111 function wfth the RCS water level at 
the bottOII of the reactor vessel noizles .  Tht other posstble •chanfsm t s  a 
stratfffed convective ctrculatton through the col d legs to the steam generators. 
Tilts Nchanfsm would be fr.terrupted by the reduced water level . Since the 

va1 fdfty of each of the two possfblt heat transfer •chani�s t s  unknown. 
TWo btst tstfmate 10dels are postulated. (See Table 7·10). 

Usfng the samt •thods and reactor butldfng ambient temperatures as before , 
but wfth the best-estimate �edel s ,  the following equfl tbrtum temperatures 
wert detenafned: 

Dtcelllbtr 1 .  1182 

.July 1 .
:
1183 

.January 1 ,  1984 

J'u11 fbrfum RC� Water Temperature 
w hot legs w/o hot legs 
I Steam Ctn. I Stea• &en. 

. 
111.1°F 148.7°F 

1Z4.6°F 151. 5°F 

104.1°F 1ZI.5°F 

. ......_ . .  
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Agatn, the -July, 1113 equi11brhlll t_,.ratuns are ·higher than the Dlcllllber. 

1912 �ratures because of the higher July ambient temperature (BS°F versus 

JefF). The laiatup rates calculated w1tb the blst-estiute lnOdels are shNI 

tn Figures I and t. These temPerature traces also asymptotically approach 

the calculated equtl ibriun t�eratures. 

: 

. .... ..... · -· ..--- - - . _._,.. � ....... 
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SLMWtY AND CONCLUSIONS ' 

loth conservative and best-estfute equn ibrf&n teraperatures and taeatup 

rates falve b•n deter��fned for drafndown to the head nmoval level and to the.' : --:' · ·· 
bott• of the r11ctor vessel nozzles. The equtl fbrf• temperatures and heatup 

rates calculated wtth the best .. stfute 1110dels are predictably lower than thou 
calculated wtth the eodel s from the Aprtl 1982 analysts. For ·dratndown to 

the head removal level (321.5  Ft. elevation) , the conservative temperatures 

and heatup rates sh,. that RCS temperatures do not exceed the 170°F crtterton 

after Decear 1 ,  1182. The best-estfNte temperatures and heatup rates are · 

felt to bt �ere representative of the expected RCS temperature response to 

the drafndown to head removal level and are i n  thQ 110-120°F range . The 
· conservative temperatures and heatup rates for c!rafndown to the bottom of the 

reactor vessel nozzles (314 Ft. elevation) do ex:eed the 170°F crfttrton for 

Dtcld>er 1 ,  1982 and .July 1 ,  1983. The best-estimate temperatures and heatup 

rates for this water level . however, are well bflow the criterion for al l 

specified dates for the eodel s both with and without hot leg/steam generator 

heat transfer areas .  

It  fs  the conclusion of these analyses that, based on the conservative . 
.odets fr� the Apr·t1 , 1982 analysts, the RCS draindown to reactor vessel head 

r.moval level can be accompl ished without exceeding the temperature criterion 

after December 1, 1982. Drafndown to the bottom of the reactor vessel nozzles 

fs supported by the conservative �dels . fro. the April 1902 analyst s  after 

.Januar.r 1,  1984. Blsed on the best-estfNte IIOdels ,  however, RCS drafndown · 

to the bottom of tt.e reactor vessel nozzles can be accompl ished wi thout exceeding 

the temperature criterion after December 1 ,  1982. The criterion i s  that RCS 
bulk water temperature does not exceed 170°F to insure adequate �rgin to boil ing. 

Page 16 
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c:ompon!ftS 
lot• Iliad 

TMLI 1 
OPtqtna1 Meat Transfer Model 

Heat Transfer Coefficient 
(ITU/hr-ttZ:Of) 

.M 

LCMr I lnterllldiatt Shells .72 
•

• 71 
Upper Shells I Flanges 

Closure Head Dome 

Hot Leg Piping 

gmponent 

Reactor Vessel , 
Head I Studs 
Vater 

. 

.It 

.41 

p&L£ Z, 
Original Heat Ca�aetty Model 
-

Mass 
'{[IR) 

Sleettic  Heat 
t Tu/LBk:T>'FJ 

., .zoo .115 

248,500 1 .00 

. ... ........ -... . ..... _......, . � ..... 

Total 

. ... , 

Surface Area 
(t£2) 

. 130 
HO 

310 

170 

100 

Heat CaoJ)1tx 
(BTU/0 
101 300 

248500 

349800 
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TMI.E 3 . 
Conservative fiiDdels for Drafndowft 

tp lttctor Vessel Httd Removal Ltvtl 

1.  Htlt Trtosftr Modt1 

t!npo!!t!!S Htat Trtnsftr Cotfffcftnt 
(ITU/HR-Ff2.0f) 

lottoll lflld 

Lower I lntemtdfatt Shills  

Upper Sht111 I nanges 

. z. Htat C121cftl Model 

Compontnt Mass 
'([IH) 

htctor Vtsstl , 
Httd, I Studs Ul ,ZOO 

llattr 213,417 

• 

. . .  . . ... . ..  � .... 

.34 

.n 

.71 

Slecfffc He1t ( TU/[IM=Of) 

.115 

1 .00 
To til 

" 

•• ••• • f ..,. � .. 

Surftct Area 
(ff2) 

330 

HO 

310 

\ 

H11t Cagatttl (BTU/ F) 

101 ,300 

213,500 

314,100 
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Ia.! �J.Si•te !!tat CIHCttx !!pdll 

For �tipdown To Reactor Ytsst1 

Mtad R!I!OY!1 lf!tl 

• • Only 501 of tht available sttar.s genentor and water httt capacity 

ass.ned to contribute to sys�.., heat capactty to match QYick ·Look 

.. asured temperature trend • 
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TAill l 
lest Estfute Htat Transfer Model For Drafndown 

Tg Reac�or Vessel Head 1.-aval L•v•1 • 
Coapoftlftt Heat Transfer Correl atfOft Surface A,.. 

(Riferera) (Ffl) 
1) 

I) 

3) 

- -
bactor Vessel 

A. lottoal H11d 1* 31) 
•• L�tr I lnta�fatl Sht11s z HO 

c. Upptr Shell I nanga I ., 
D. Closure Head Dome , 170 
Hot Legs 

A. Reactor Vessel to Thermocouple 4 110 

•• Cindy cant 4 130 
Steam Generators 4 5050 

• • Heat Transfer Correlations : 

1 u-.10(6t)•33 
(ITU/HR-nz. °F) . 

. . 

I u-.11(At) •33. 

3 u-.Z2(6t)•33 

4 u-.ZZ( .Z76t) •33 

·� ·. � ,. -· · ·'· . 

Hot leg/ambient and s�. gen./ambient 
At estimated to be .27 of core/ambient 
•t to Ntch Quick loot �neasured temperatures • 
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TAIL£ I 
Conservative Mode1 s ' for Drafndown 

to lottom of Reactor Vessel Nozzles. 

1. Heat Transfer Modl1 

(Ciftpo!!!ftt 

Iotta. Hlad 

Lower I Intermediate Shell s  

z .  He4t Capacity � 

Reactor Vessel , 
Head. I Studs 

water 

· - - ..... . . _...... . ·-· · 

881 ,200 

1&2',300 

Heat Transfer Coefficient · 
(BTUJHA-ffo. F) 

Surface Arta 
(no) -

.34 

.n 

s;ecific Heat ( TU/LBK-6f) . 

.115 

. 1 .00 

Total 

..... ..  , · � 

330 
NO 

Heat Capacity (BTU/of) 
101 ,300 

2&3,600 
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lest Estimate Heat Capacity Model for 
Dra1nd0wn to Bottom of Reactor Vessel Nozzles 
---without Hot Leg i Steam Generator Area s  

Co!!J?onent 
Hnt Capac1t,l (BlU/Of) 

Reactor Vessel , Hea•J, I Studs 

Cort Support Assembly 

Pltn� Assembly 

Core 

Vlter (Reactor Yes1el ) 

� 

• 

.. . 

Total 

.. . . . , ... .. 

12,100 

27,100 

11 ,500 

11,100 

112, 300 

313, 100 
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TAill I 
lest tstf.ate Hlat Transfer MOdel for 

Oretnaown to BOttom of Reactor Vessel NOzzles 
Vtih HOt leg I Stea• Generator Afias 

� 

\ 

.. 
Calponent Heat Transfer Correlatfo� Surface Area 

(Reference) (ffZ) 

1) 

I) 

3) 

leactor Vessel 

A. 

•• 

lottoll Head 

Lower I Intermediate Shel l s 

1 

I 

Hot Ltgs 

A. Reacto.- Vessel to Thermocouple 

•• Clncf¥ Cane 

Steas Generators 

J 

J 

:i 

TAIL£ 10 . 
31st Estimate Heat Transfer Model for 

Drafndown to Bottom of Reactor Vessel Nozzles 
Without Hot Leg & Steam Generator Areas 

330 

HO 

110 

530 

5050 

C()q)Ontnt Heit Transfer Correlation* Surface Area 
(Reference) (ffZ) 

1) Reactor Vessel 

A. Bottom Head 

1. Lo�r I Intenned1ate Shel l s  

1 

I 

• • Heat Transfer Correlations : (BTU/KR·FT1-°F) 

1 ua.tolat)•33 
z u-.18 6t) •33 
3 u-.22 .27At) •33 . Hot leg/ambient and still. gen./ambient 

At estimated to be .27 of core/ambfent 

330 

HO 

At to •tch Quick Look 1111asured temperatures. 
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