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ABSTRACT 

A conservative calculation of equfltbrfua temperatures and htatup ratts 
for tltt ructor coolant Sl'Stell (RCS) drafndC*n to head ,..,val level (321.5 
ft. elevation) has dtttrwined thlt the drafndown With no supplemental heat 
rtiiOYal can be accomplished after Dec.-.r 1, 1982 without excnding the t.... 
perature criterion. A st•tlar conservative analysts for RCS drafndown to thu 
bottoa of the re~ctor vessel nozzles (314 ft. elevation) supports drafndown 
after Januaey 1, 1984 without exceeding the temperature criterion. The crtwrfon 
ts that flutd temperatures do not exceed 170•f. 

Thill conservttfvt calculations -.re .. de with .odels originally developed 
tn the TMI·2 Decay Heat Retnoval Analysts of Aprfl 1982. In addition, best 
estf.ate .odels, benchmlrked to temperatures ~easured following the partial 
drafndown for the Qutclt Look inspection, were developed ar:ad used to predict 
the expected rtactor coolant system heatup foll~ing the drafndown to head · 
removal level and drafndown to the bottom of the reactor vessel nozzles . 
The best tstfmate models predict that drafndown with no supplemental heat 
removal can be accomplishtd after De~~r 1, 1982 for both drafndown levels 
without exceeding the 170•f temperature criterion. 
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INTRODtrriON 

1bi1Ml-Z reactor has been 1 n the *cay Mat natural cfrculaUon cooling 
.,de for the past several years. In July 1982. the .reactor coolant system 
(RCS) ws partially drained to p.na1t access for the Quick Look inspection. . . 
The aut step in the recovery process called for draining down the RCS furthur 
to allow nmoval of the reactor vessel head. An analysts was perfo~d to 
•tan~ine whether the TMI-2 decay heat loss to cont&i,.nt 1s sufficient to · 
support the RCS draindown to held removal level (321.5 Ft. elevation) without 

uceedtng the tef11)1rature criterion. It was concluded that the ~raindown to 
rwactor head nmoval level can be acCOiq)lished after Dec•ber 1. 1982 without 
exceeding the 170°F criterion. 

An additional analysis was performed to detenaine whether the lMI-2 
Nactor decay heat loss to containnent fs sufficient to support the RCS dratn· 
down to the bottom of the reactor vessel nozzles (314 Ft •. elevatton)"w1thout 
exceeding the temperature criterion. The temperatures predicted with the 
Aprtl 1982 conservative models for December 1. 1982 and July 1. 1983 draindo\m 
elates exceed the 170°F criterion. This ts the result of the large degree of 
conservatiSJI fn the decay heat gener:atton. heat transfer. and heat capacity 110dels. 

Tw best estimate models have been developed for draindown to the reactor 
vessel nozzle levelr one including the hot legs• and steam generators• heat 
transfer a~as and heat capacities and the other not including then. The 
reason for bo best estimate models 1s uncertainty whether the steam genera~rs 
wuld be in effective thennal comnunicatton with the core with the cold legs 
no longer full. Both best estimate .,dels. however. yield temperature predi-:tion 

•11 below the 170°F temperature 11•1t. 
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SIGNIFICAffCE OF QUICK LOOK DATA 

Du1"fng the 1110nth following the draindown for the Quiet loot inspection. 
tM RCS water tenperature and reactor building amfent teaperature wre 
•nttored dafly. These data differ significantly fran t ne data upon which 
tM THI·2 Decay Heat Rer.aval Analysts Report of April 1982 was based fn tha't 
tM new data depict the dynamic temperature response of Ute RCS rather than 
•snapshots• of equilibr1YD temperatures. The advantage of the dynaaafc data 
fs that ft provtdes an indication of effective system heat capacitY which · 
study·stata data cannot. The syste heat capacity in turn provides an fndl· 
catfon of how ft.IC.'l of Ute RCS fs involved in the heat transfer process. Thus 
tM new data prov~•s an opportunity to further refine the existing analytical 
-*ls and increases confidence fn analytical predfc.tfons. -

' 
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AI 1 ff~t step, tiM Qutdt Loot drafftdown· was sf1111lated wfth the analytical 
.-1s fraa~ the Ap,.fl 19£2 analysts. Tlae RCS heatup titus ulculatad wu then 
compared to the MasUI"ed Rts teaptntures to assess the degree of conservatism 
fn tile exfsting analytical I!Ddtls. The COIIIPirfson of tile predicted and aeasurtd. 
t.npe,.ature trends b shown on Figure 1. As upected, Ute extsting 110dels 
predfct flight,. RCS tamperatures than actually •asured. Thus 1t can be con­
c1udld tllat tile 110dels developed tn the Ap,.fl 1982 analysts are conservative. 
lach 110del wfll be dlsc..tbed briefly. 

Tht exfstfng .,dtls to be used fn thfs usessa~~nt, decay heat generation, 
Mat transfe,., and heat upacfty, were those developed in the April 1982 analysis 
to predict RCS temperatura afte,. partial dra.fndoWn. 1'he decay heat 110del 
provfdes a conservative calculation of core powe,. based on AHSI/AHS 5.1 - 19~ 
standard i.thodoloi)Y. The decay heat powe,. values fo,. the tfaae frame of 
fnterest are shown on Figure 2. 

The heat transfer •del ass~ heat to be transferred only through the 
nactor ·vessel walls, lower cbnl, closure head, and hot legs. This IIIOdel does 
not allow lf\Y heat transfer through the steam gener1tors or cold legs to assure 
conservative results. Thus only the ructor buildfng .-lbient air temper1ture 
fs needed to predfct RCS bulk water temperatures. The Nactor building amient 
temperatures used 1n both the previous and the current analyses are from the .. .. . 
1MI-2 dlfly logshetts. ·.since only one nacto,. buflding temperature was rwcorded, 
tt was necessarily ass~~~~ed that the lllbftnt at,. teaperature ts constlnt through- · 
out the reactor bu11dtng. (Tite April 1982 analysts further ass.-d that w1ter 
fn the reactor buflding synp was 60°F and that both RCS loops a)nts-fbute to 

heat transfer, and also averiged ~ratures fo,. nodes between ••sured 
tenperatures.) The conservative heat t .. anife,. IIOdel used fn the clm"'nt 
analysts fs s..-rtzed tn Table 1. 
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.. .. . . The hut capacf~ .:Kill includes only t:. _. ... 
wtth the hilt transfer .,del. i.e •• only til~ •.)c~; ... ~~1 \m:J the water con­
tat ned fn ft. Thfs produces a conservatfW.ly .... 1 ~ ·,.;; ~~·heat capacity wtnch 
results fn a fast RCS heatup. 1M heat capacitY .,del fs IYIIIIr:fzed in Table 
2. 

Haring shown the ufstfng .clels. to be conservative. the drain down to 
Nlctor vessel head ,_,val level can be simulated. The equflibrfllll tempera­
tures and heatup rates thus calculated should be appropriate for 1fcens1ng 
•*1ttals. · 
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CONSERVATIVE ANALYSIS OF DRAlNOOWN 
TO HEAD REMOVAL LEYEL 

I 
Using the mde1s as developed fn the April 1982 analysts and as described 

fn the preceding section with slight .,dification. the further RCS draindown 
to reactor vessel head removal level was simulated. The IIDdifications to 
reflect the further drat ndown were a reduction in heat transfer area and a 
reduction in system heat capacity. ·It was asswned that no hut would be 

transferred through the ractor vessel head when drained dawn. This ass~­
tion reduces the reactor heat transfer area by 170 square feet. In addition, 
the lowering of the RCS water level reduces the syst~m heat capacity: The 
resulting 110dels are shown in Table 3. 

Tht objectfvtt of thfs analysts was M-fold:. 

1) To detennfne the equ111br1wn RCS bulk water temperature on several 
specific dates given the reactor building llllbtent temperature. 

2) To detemfne the RCS heatup rate starting at specified initial 
tenperatures on specified dates • . 

The dates fn question are DeceriOer 1. 1982, July 1. 1983, and January 1, 1P94. 
The reactor building ambient temperatures are 70°F in winter and 85°F in 
l&~~mer, and the initial RCS temperatures are 100 and 130°F. 

The .. thod used to calculate the equilibrium RCS temperatures fs basec 
upon the equation: Q • tUA(~-tAHB) 

where: Q fs decay heat 

U fs the air sfde ffl• coefficient (since ft is dominant) 

A 1s the surfac:.e area 

tacs fs the reactor vessel b~lk water teaperature 

tNB fs the reactor bufldfng •tent temperature 

This equation can be solved for ~ since the values of all the other terms 
IN known: . 
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TM results of Ute equtlfbrf• RCS ~!'tl~·l\tut?. .,_,, .. ~~b tttth the RCS 
drained down to head I"'IIDval level are as .J.i; itM: 

1!!!. 
Dtc-.r 1, 1982 

~111. 1983 

.January 1. 1984 

I 
£gufl1br1&111 "t:S Water Temperature 

115.,0F 

158.o0F 

130.:f»F 

It fs significant to note that all of these equ11fbrf~~n temperatures are less 
than the 170°F crt terfon adopted to •fntain a PoSitive •rgin to boiling. 

The aathod ustd to calculate the RCS heatup rates following draincfown 
1s based upon the equation: QHET(t)•tmcp(~-~) 

w"-re: QNET(t) fs the difference between decay heat generated and heat 
transf,..-red out. dfscr.tfzed by tfee 

DICP 1s the system heat capacf ty 

'a 1s the RCS water temperature In the current timestep 

trc£xr 1s the RCS water ttmperatur. for the _next tfr.estep . . 
This equation can be rearranged and solved for sequential tfmesteps to calcu-
late the RCS heatup rate starting at a given initial RCS temperature: 

~xr·t,row + QHET( t)/nnc:p 

The results of this analysis of llatup rates are shown on figure 3. The 
temperature traces are asymptotically approaching the equilibrium temperatures 
calculated above. 

The results reported fn this section support the conclusion that the 
RCS can be drained doNn to reactor vessel head I'IIDDval level without uceeding 
the temperature criterion ifter December 1, 1982. These r.sults, hoNever. 
art conservative and an not expected to be observed during the actual RCS 
drafndown. Ttte next seetfon identifies the sources of the conservatism ·tn 
these results in preparation. for a best-estfllllte calculation of temperatures 
that are expected to. be obstrved durfng the RCS draincbm. 
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IDENTIFICATION OF CONSERVATISM 

In order to quantify the degree of consei"YYtism in Ute results repol"tad 
tn the preceding section, best-estiute ~els for decay heat generation. 
system heat capacity. and heat transfer were genented. The Quick Look 
teq)erature data w:Js used for benct.rttng best-estimate type IIIDdels;. Once 
these 110dels were developed. tempentures resulting from the RCS draindown 
to ftactor vessel head I"'IIIIVIl level were calculated • 

1. O!cay Heat 

The ANSI decay heat prediction •thod fs belfeved to be very consenative 
1n its trutment of the neutron absorption fact,r (G factor) which causes 
hfgh decay heat p~ictions during the tillll fr1111e of interest. The lMI-2 
decay heat analys1$ based upon Ute LOR-2 code (the BIW version of ORIGIN) fs 
estimattd to provide a 10re realistic prediction or best-estimate of the 
decay heat power levels. A camparfson of the LOR-2 and ANSI based decay heat 
power levels fs shown in Figure 4. The LOR-2 based decay heat power levels 
wre used for best-estf111te purposes. 

11. System Heat Capacity 

The system heat capacity was expanded significantly to reproduce the 
shape of the ~~easured Quick Look temperatures. The physical description of 

· the best-estimate ~ystem heat capacity fs shown on Table 4. Minor core and 
reactor vessel fnt.Jrnals contributions .,.. added along with hot leg ptpfng. 
Tht aajor new contributors, ttowver, were the steam generators and the prt•ry 
and secondary side water fn them. Only 50S of the total avatlable steam 
tenerator/water heat capacity. however. was needed to reproduce the •asured 
temperatur. trace. Thfs .. gnttude of effective contribution to system heat 
capacity appears credible and was Uus ass&~~~~d for best-esttmata JM'1)0ses . 
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• 
111. Hilt Transfer 

TM heat transfer IDCitl ~~ llf!l\'·!•\ded to r.afn consistent with tM syst. •t captcfty •dll. In addition ~·, the reactor wsse1, tJae new heat transfer 
.-1 fncl~ all of the hot legs and the ste• generators. Sfnce tM hot 
1tt to llllbfent and stt• generatGr to lllbient taperatvre cHfference fs W-)t 
bown, 1 fa-ctor wa~ detennfned which could be applied to the core to ambient 
tlllperature difference to esti111te the effective hot leg or steu ttntrat:Or ,.. . . 
to llllbfent temperature difference. This f1ct.or, .27, balancu the he1t transfer 
to produce the ••~ured te1"111na1 taaperature at the tnd of the ·RCS htatvp. 
OM other reffnfllllltnt was •de to the heat tnnsfer coefficients. The constant 
val• coefficients developed 1n the April 1982 analysts were replaced by 
t1mper1ture dfffe~!ftce dependent air fil• co,.,.lations from the ASHRAE hand­
book. Th! best-estfaate heat transfer.,., thus developed is S&l!lllr1Hd in 
Table 5. 

1M Qufck Look draindown temperatures calculated wfth these best-estimate 
.adels aN compared to the •asured heatup ~!ratures in Figure 5. The 
agreement between neasurecl and calculated tempes·1tures fs excellent. These 
btst-est1Nte aodeis were used to si•late the ncs drafndown to reactor 
Wissel heed remova1 level. 
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lEST ESTIMATE ANALYSIS OF DRAJIIIXJIII · • 
10 HEAD ROOVAL L£VR 

Usfng the best-estfute -*ls dtnlopecl fn the precedtng sactfon, the 

ltCS drafftdown to head f'81DYI1 level can be sf•lated. Only a few IIKtfffca· 
ttons were Meded to reflect the further drafndown. Tile systa IIHt capacity 
ws decreastd bott by tile lowered· wter level on the prf•r:r sf de and the 
usa.d camplete cratntng of the ste• generator secondary sfde water. Tile 
total system heat capacfty was reduced to 584,132 ITU/°F. Tile only change 
to the lteat transfer a»del was to ass ... tllat r.o hut fs transfetTed through 
tile closure head ca.. 

Ustng the s ... •thods and reactor buildfrg llllbtent temperatures u 
Mfore, but wtth the best-estfMte IIOdels, the fo~lowfng equflfbrf&ID tempiratures 
..,. detennfned: 

p.te 

Dlcember 1, 1982 

-July 1, 1983 

hutlfbrfu:~ RCS Uater Temperature 

111.~F 

120.1°F 

The July 1983 equ.11brflll temperatuN fs llfgller than the Dec811ber 1982 tempera­
ture (when ..,,.. decay heat fs befng generated) because the •tent temperature 
asswned for July 1s 15°F higher (~F versus 70°F). The heatup ntes calcu· 
lated wfth the be~t-estfaate 110dels ass1111fng an fnftfal RCS teqterature of 
100°F aN shown on Figure 6. Agafn the teaperature traces as1ft1Ptotfca11y 
approach the calculated equflfbrf1111 t.peratures. 
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Several modifications to the existing conserv~tive .ode~ developed for 
dratndown to head re1110val level were •de to reflect further draindown to 

tile bottom of the ~actor vessel nozzles. It was again ass•d that no heat 
..ould be transferred through the reactor vessel head tlhen drained dcMl. In 
addition. because of the even lower water level, no heat was ass1111ed transferred 
tllrough the upper shell, head support and closure flange. This reduced the 
Nactor heat transfer area an additional 390 squure feet and also lowered the 
system heat capaci~. (See Table 6) 

The equt11brhn RCS bulk water tetaperatures were determined for the 
previously specified dates and are as follows: 

1!!!! 
December 1, 1982 
.July 1, 1983 
.January 1, 1984 

£gui11brfum RCS Water Temperature 

118~0°F 
183.1°F 
151.1°F 

As the results above show, the existing conservative 1n0del s do not predict 
RCS temperatures within the 170°F temperature criterion until January 1, 1984. 
The temperatures fo~ earlier dates exceed the 170°F criterion. As noted on 
page 9, ~ver, these conservative values are not expected to be observed 
during the actual R~ draindown. 

The results of heatup rate calculations based on this conservative model 
are shown 1n Figure 7. The temperature traces as~totically approach the 
above calculated equilibrium ~ratures. 
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lEST ESTIMATE ANALYSIS OF DRAINDOWN 
TO IOTTQM OF REACTOR VESSEL NOZZLES 

Modtffcatfons to the best-estf .. te ladels p~fously developed were 
•de to reflect the further ctnfndown. The systen heat capacity was again 
•creased both by the lowered water level on the pri•ry side and the asswned 
COIDPlete draining of the steam generator secondary side water. Uncertainty as 
to whether the stea11 generators t«»uld be fn effective thermal coaauntcatfon 
with the core now that the cold legs were no longer full resulted fn the develop­
•nt of two best estiiBte IOdels: one including the heat transfer areas and 
heat capacities of the hot legs and ste111 generators and the other not including 
then. The uncertainty as to whether or not to include the hot legs and steam 
generators stems fro~~ uncertainty as to which of ~ possible heat transfer 
•chantsms accounted for the .conbrtbutfons the ftot legs and steam generators 
•de to heat transfer and heat capacity that were •duced. fro~~~ heitup data 

following the drain~ for Qufck Look Inspection. One possible heat transfer 
l 

•chanism 1s the convection of heated apor up the hog legs to the steam 
genttrators. Thts ~~tehanism t«»uld still function wfth the RCS water level at 
the bottom of the reactor vessel noizles. TM other possible ~~echanism fs a 
stratified convective circulation through the cold legs to the steam generators. 
Tbis •chanism would be interrupted by the reduced water level. Since the 
valtdtty of each of the two possible heat transfer ~echanfsms ts unknown. 
Two best estimate models are postulated. (See Table 7-10). 

Ustng the s~ 111ethods and reactor butldtng ambient temperatures as before, 
but with the best-estimate .,dels, the following equ11ibrf• teq»eratures 
wre determt ned: 

Date -
DICIIIbtr 1, 1982 
.July 1, 1983 
.January 1, 1984 

• E'uilibrfum RCS Water T~erature 
w hOt legs w/o t legs 
I Steg Gen ~ I Stull 6tn. 

111.8°F 148.,0F 
124.1°F 151.5°F 
104.8°F t28.5°F 
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Again, the July, 1983 equ11 fbrfwa teaperatures are 'higher than the December, . 
1182 te~perat~res because of the higher july ambient te~Perature (85°F versus . 
70°F). The ~tup rates calculated with the best-esttute llldels are shcMI 
tn Ftgures 8 and 9. These temperature traces also asymptotically approach 

the calculated equilfbrfua teaperatures. 

• 
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SUMMARY AND CONCLUSIONS 

loth conservative and best-est illite equ11 ibri111 tlllperatures and heatup ,. . 
rates have b•n detenained for draindown to the head renoval level and to the.·: ·~ · ·· · · 
bottaa of the r11ctor vessel nozzles. The equ11ibr~llll tenperatures and hlatup 
rates calculated with the best-estflllte .,dels are predictably lower than thoso 
calculated with the models from the April 1982 analysis. For drafndown 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 criterion 
after Decllllber 1. 1982. The best-estflllte temperatures and heatup rates are · 
felt to be more representative of the expected Rts teq,erature response to 

the draindown to head re10val level and are 1n the 110·120°F range. The 
conservative temperatures and heatup rates for drafndown to the bottom of the 

reactor ~essel nozzles (314 Ft. elevation) do exceed the 170°F criterion for 
Dlcetrber 1, 1982 and July 1. 1983. The best-estimate te~~P~ratures and heatup 
rates for this water level, however. aN wll lwlow the criterion for all 
specified dates for the models both with and without hot leg/steam generator 
heat transfer areas. 

lt is the conclusion of these analyses that, based on the conservative . 
.,dtls from the Apr·fl. 1982 analysis, the RCS draindown to reactor vessel head 
removal level can be accomplished without exceeding the· temperature criterion 

after December 1. 1982. Drafndown to the bottOm of the reactor vessel nozzles 
1s supported by thE conservative models , from the April 1982 analysis after . . 
January 1. 1984_ • .. Based "'on the best-estiute IDOdels, however. RCS draindown 
to the bottom of tt.e reactor vessel nozzles can be accomplished without exceeding 
the temperature criterion after Decellber 1. 1982. The criterion 1s that RCS 
bulk water temperature does not exceed 170°F to insure adequate •rgin to boiling. 
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.~nent · 

iottal Head 

TAIL£ 1 

Original Heat Tnnsfer Model 

Heat Tnnsfer C~ffcfent 
(ITD/tir-ttOF) 

.34 

P.cNer I lntenaedfate Shells 

Upper Shells I Flangu 

Closure Head Dome 

.72 
.• 71 

. . .19 

Hot Leg P1pfng .48 

TABLE 2 

Orfgfnal Heat Capacity Model 

,9!nponent Mass smttfc Heat 
'{[IR) ( /LBR-orr 

Reactor Vessel, 881,200 .115 
Head & Studs . 

Vater 248,500 1.00 

...... --···-v· . ...... ,..,.., . ~....._ ., 

Total 

. ,,..., 

SurfJ. ce Area 
\1t2) 

330 

160 

390 

170 

100 

Heat Caoac1t! 
(BTU/°F) 

101300 

248500 

349800 
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. 
Consei"Vath i :~J..!L :t.::• lt.·afaldown ---· ....-... 

to Reactor 'hs_!!!_ lt_~d nernovsl level 

1. ft!!t Transfer Model 

geponent - Ktat Transfer Coefficient 
(ITU/HR-n2-°F) 

lotto~~ Head 

Lower I Intenoedtate Shells 

Upper Shells I Flanges 

z. Heat Capacity Model 

ecmponent 

Reactor Vessel , 
Held, & Studs 

Water 

.... .... 

Mass 
tiJH) 

881,200 

213,487 

. .... 

.S4 

.72 

.71 

smtftc Heat 
{ /[8A=Of) 

.115 

1.00 

Total 

•••• • • 4 ........ . 

• 

Surface Area 
(ff2) 

330 

110 

310 

Heat cag;r.t ty 
(ITW ) 

101,300 

213,500 

314,800 
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~~~- ----~------~--------"·NM+~~,--------~--~-~--~-------- ·­
... .. list lstt•t.t Heat Clpacttx Mode1 . . . . 

For Dratndown To Reactor Vessel . . 

• 

i•ad Rf!OYil leyel 

. 
Reactor Ytsiel. Head. I Studs 

Core Support Ass.ely 

Pl 1m111 Assllllb ly 

Core 

Hot Leg Ptptng 

Hater (Reactor vessel I hot l~gs) 

Steam Generato" 

lllter (Prfmary stele of sm. ge.) 

(Secondary sf de of stm. gen.) 

Total 

Heat cagacfty 
(BTU/ F) 

101.300 

27.600 

n.soo 
11.100 

• 18.100 

170.500 

131.100* 

12.700* 

123.700* 

786.100 

* • Only 501 of the available stear.~ generator and water heat capacity 

assaned to contribute to sys~ heat capacity to match Quick ·Look 

•asured temperature trend • 

.• ... ,, 
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T81.:: -· . 

lest Estimate H~.. •• H.t~t· • for Draindown 
To Reactot; Vc..i:~ • . ,~!is·. . ... .. 'l~t_l .. J.evtl 

Coaponent flea~ Yn .. s·.:.:\~ Correlation 
(Rife:-ance) 

1) Ractor Vessel 

A. Bottom Held 1• 
I 

•• Lower I IntenDediate Shells 2 

c. Upper Shell I nanges 2 

D. Closure Head Dame 3 

2) Hot Legs 

A. Reactor Ytssel to Thei'IIIOCouple 4 

I. Candy Cane 

3) Steam Generators 

• • Heat Transfer Correlations: 

1 u-.10(6t)•33 

2 u-.t8(at)•33 

3 u-.22(6t)•33 

4 

4 

(BTU/HR-FT2-°F) . 

Surface Aru 
(h2) 

U) 

HO 

390 

170 

110 

sm 
5050 

• 

4 ~.22(.276t)•33 Hot leg/ambient and stm. gen./aflt)ient 
at tstiasated to be .27 of core/llft)ient 

. . -·· ·'' . 

At to •tch Quick Look measured temperatures. 
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TAIL£ f 
I 

eonservatfve Models ' for Orafndown 

SO Bottom of Reactor Vessel Nozzles _ 

1. Heat Transfer Mode 1 

Iotta. Head 

LGMer I Intermediate Shells 

2. Heat Capacity ~ 

Component 

"-actor Vessel. 
Head, I Studs 

water 

. -- .... ..... .._.._ . -- ·· 

Mass 
llJR) 

881,200 

162,300 

...... 

Heat Transfer Coefficient · 
(BTU/HR-Ffo. F) 

.34 

.72 

Surface Area 
(no) -

330 

HO 

SHcffic Heat 
( U/lBflt-of) • 

Heat Capacity 
(Bfu]of) 

.115 101,300 

. 1.00 162,300 

Total 263,600 
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.. 
. =· • TAILE 7 

~st Estfmate Heat Capacity Model for 
Dr_t_t_nown to BOttom of Reactor Ve:.se1 Nozzles 
---uJtfi Rot Leg & Steam Generator Areas 

Cc!lponent 

Reactor Vessel, Head, I Studs 

Core Support Assembly 

Plen&n Asslllbly 

Core 

Hot Ltg Piping 

water (Reactor vessel) 

Steam Generators 

water (Steam Generators) 

Total 

TABLE 8 

!!!at calfcitl 
(ITO/ ) 
12.100 

27,100 

11,500 

11,100 

11,100 

112,300 

131,100 

41,200 

509,100 

lest Estimate Heat Capacity Model for 
Dra1ndown to Bottom of Reactorvessel Nozzles 
---githout Hot leg & Steam Generator Areas 

Component 

Reactor Vessel, Hea.J, I Studs 

Cor• Support Assembly 

Plenwn Assembly 

Core · 

Wlttr (Reactor Vessel) 

.Total 

Heat Capacity 
(lfu/of) 

12,100 

27,100 

11,500 

11,100 

112,300 

313,100 

Pag~ 22 

...... .,. . ,. ... . . . •... • • I. . ...., 



·. 
• 

TA8l£..J. 

-
~ 

ec.ponent !l•t Transfer Correlation- Surface Area 

1) 

2) 

3) 

(Reference) 

Reactor Vessel 

A. Bottom Head 1 

•• lower l lntcr~ed1ate Shells 2 

Hot Legs 

A. Reactor Vessel to Thermocouple 3 

•• Cancb' Cine· 3 

Steam Generators 3 

TABLE 10 

. 31st Estimate Heat Transfer Model for 
Drafndown to Bottom of Reactor Vessel Nozzles 

Without Hot Leg & Steam Generator Areas 

(N2) 

330 

HO 

110 

530 

5050 

Coq»onent Heat Transfer Correlation* Surface Area 
(Reference) (N1 ) 

1) Reactor Vessel 

A. Bottom Head 

1. Lowr I lntenned1ate Shells 

1 

2 

330 

160 

* • Heat Transfer Correlations: (BTU/HR-FT1-°F) 

1 U..10!At)•33 
2 Ue.18 At)•33 
3 u-.22 .27A~)·~3 . Hot leg/ambient and still. gen./ambient 

&t est1~ted to be .27 of core/ambient 
&t to •tch Quick look ~~easured temperatures. 
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