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Mesdanortorns
358 Mert® Reosiegion hvoove e ;
Lafiennge Pork, Mitas 40313 USA 2 . ®

Howvember 27, 1979

: Mr. Daaiel W, Lalelle
5 il Babcock & Wilcox Company
! ?. 0. Box 1260

Lynchburg, Vicglala 24503

Dear Mr. Ladelle: Tt

, The Therzal-Hydraulics Techaical Croup will spousor an 4avited sessicn entitled
! *hermal-Hydraulics: Changes in Methods ia Light of TMI" ac the 1980 Assual
o Meeting. This ceeting will be held Juse 8-13, 1950 io Las Vegas, Nev@ia. The
: . iovited session will deal prizmarily wich, dut not be rescricted to, respoases
to NBC bulletins that have beea issued as a résult of the TMI-2 facidenc. Ve
. dnvite you to preseat a paper at this session aad would appreciate your partici-

i i patioa. .
} = " A lisc of the speakers that -have beez iavited to this session is preseated below,
for your iaforzatien. ’ _
Y o : ' ]

F 3 . 8.0:;2 W. Lalelle Babecock and Wilcox Company -~

i e Roberc Sreen National Safecy Asalysis Caater 3

: e Faul Bergeron Yankee Atocic Electric Coupany . 3
] : e Zoltan Resztoczy U. S. Nuclaar Regulatory Cocmissioa - .- - A
] ‘ 3 o Joseph Longo Combustion Eagineeriag, Iac. o
! i e Pacrick W.Marriots General Electric Corporatica
' j‘ e Viacent J. Esposito Westinghouse Electric Corporacicm

W
2 The deadline for sudbalttal of a 90C word succary descriding your preseatationm is

January 11, 1980, If you have aay questioans, or cannot comply with the Jaguary L1
- deadlice, please call Tom Rodack ac Combusiiog Engizeering (203)-688-1911,

Extensiom 2722.

LN W,

Sincerely yours, ’

27 ;{.é/, _
Dr. R. T. Lahey, Jr. 7 4 - .

e | Chairman, ANS Tachnicil Crolp for : ¥ .. :
X +  Thermal-ilydraulics : . - .
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"A ¥ewv Era for the Nom-LOCA Overcooling Evencs™

A. Charakhaat, R. 0. Vosburzh, J. I. Cudlia, D. ¥W. LaBelle

. -

This m'do'sc;tbu dev areas of analycical study waich have evolved

the evaluaction of noa-LOCA overcooliag events siace tha TMI-2 accideat
of March 23, 1979. Overcooling eveats have acquired greater significance
T

-
-

r a3 the puclear induscry has begun to deal with the frequency cf logs of

' pressurizer level {ndicactiom and the ssall break LOCA requireseant of i zasual
{“)P EC pmp trip following ECCS actuacion om Jow=low RCS pressure. Specific '

. phenomena vhich are belag studied relace to the potencial for steam volding
*’d ia the RCS including 1its sethod of formation, distriducion, elininactisa, and

L)
’{./“ izpact ca core cooling, especially duriag periods of transition to matural
efreulacion. ' '

. ~ . .
vf'v . Contraction of the RCS :N:LI-IC liquid volume occurs as a result of :cb&a-
. LY ture decreaser doring an overcooling traansieat. The pressurizer coupensates
‘\‘, i \‘,“ for this faveatory volune change with Loy Liquid taventory of approxizacely
' Y 800 !:’ for a typical 84W 177 FA ploac design. The pressure and Lenperature
A conditions ackieved duriasg the traasieat detarmine the izcuat of the stean
p’“_ 424 liquid volume ia the pressurizac vhich is transferved to the 2CS and, ia
addicion to parmal makeup, the actuacioa of the eergeacy Tore coollng systes
© .. focluding high praessuce injection (wrl), low pressurs injection (LPI),. or core
£o0d task (C'T) systems. ' ' '

..

The uvu;:r.ol the overcooling transien: determines the iaflueace of
various mechanisss for stean void forzation ia the RCS. 4s the pressurizer
12quid izveatory s losc, che 2CS approaches saturaticn snd the yoteatial exists
for stean void formatior iz the most elevated reglons of cthe hot legs and reactor
vessel upper head. The exteat of sacuracion s furt“er .eshanced by the traasfer
of the prcasurizer steaa space iato che XCS. The other sechanisa vaich incro-
duces steam voids Lato the 2CS 1s flashing of coolaac ia the hotter regions of
the RCS by localized heat traasfer from cecal surfaces durisg periods of
rapidly decreasing pressure. For the 200-L0CA event, this process is self-
regulating As the sceam Separactes or additional flashing occurs, the pressure
dacrease in the system lessens eves with ceatisued system overcooling. The
stexm vodd wi' l Le subsequently compressed aad collapsed as a subcooled sctace

‘<@ is n—gublu&d. : r . :

e
- . B e L
S e e — e S— —— g T . S
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During periads of forced coolaat circulacicn, steam voids, if they arce
produced, are quickly eatrained. They are sudsequencly svept 1ato the subcooled

.
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‘w“ I:' m wutcd case i3 npmuut ive of an aacicipated ovarcoolisg transient ol-—

\
i % the SAR. / Boch events were analyzed !tu full pover with the BeW computer
\ 1{{4«

i
!

.. portions of the system aad collapsed prior to the butldup of appreciable quallcy
-levels in the RCS. Wheu forced flow is lost, stean separacion from the liquid
‘L’ pbase is highly probable. Stracified sceam could collect in the upper=ost regicas
of the ACS hot legs and reactor vessel upper hesd. The quancicy of stean
_ian.téd La cthe hoc legs has “he potential for disrupeting tramsition to
satural circulacilom and resultanc core ccoling.

Preliainary acalyses have been performed for two overcoolliag events to \ ‘,J
provide addicicnal Lasight fato the poteatial for sceam void forsation and Lts
conseyueoces. The events studled were a zaia feedvacer CGV) wcrhd of the ”)’Vﬁg

on- generators !oucvu; 4 Teactor trip and a daublc-udd stcam lige bruk. \:’/
\!

m fnqu-cr ol-occun'cncc for B&W operatiag plaacs. 'n- steam line break
cident is the u-u “Gou-L0OCA overcooling design basis accident presented

L code TRA?2 (1). o operator or Mn-u!ot'r §rade system actions wera assumed

'f‘{"j’g ""!or the firsc 10 ainutes of the trassieat.
.9"
: The

tha Ja*% _{..4 TRAPZ code vas developed as an extensioa of the CRAFT2 (%) LOCA medal
‘ a'o-"“ €o perait analysis of transieat RCS and steas gezarator thermal-hydraul’-
’

",I"" behavior during depressurizacion of the secoudary system. As such, TRA?2 is

e W“:b & code of the FLASH S gesre Lo vhich fnocegrared forms of the nass, emerzy,

f/‘)‘ s ! and scaencua comservacion equatioss are solvad as first order ordinary differen-
Z/(":s}‘,(_o tial cqueiou for a user-iaput network of coacrol voh-u and flow paths. A \

-y/u' unique lutuc of TRAP2Z {3 its(detailed steanm 3¢unur asodel which permits sub- /“.‘((‘N
- stantial represencation, via increased noding, of boch pﬂanry and secondary

generator reglons and porticus of the secondary systes piping.
wow ;

An advantage offered by TRAPZ and codes”of a siaflar type Li: %1‘/
A relatively zcarse nvu.aa be utilized for portions of the JL{
seco sysCem pipilag whereln fIuid properties are approxizacely uaiform. =
Axial ticns ia heac tracsfer and fluid state ia the gemerator regions, ‘
which can strongly influesce the overcooling transieat, may be sizmulated by
more detailed noding. A vide variecy of boundary acd i{nirial coaditicns can be
analyzed vithout the difficulsies of scaling ofren encountared using anmalog
@achods. These advantages in flexibiliry, hovever, caa be offset by the re
quired computacisa tize. For large steaa line break Cases, ¢

execution tize o real tize {3 approximacely 30 zo 1. 7T¥& praceicality o

2. Using TRAZZ aad sinilar codes for transicacs of long dura a
Bajor deficiency im curreat staze—of-the-art mechods.
f
——— —_— e . -
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' The MFW overfeed study showed that pressurizer liquid iaventary could be
} ." - lost for abeut 50 seconds during the trausienc. As the pressurizer espcled, '
‘=) the HPT vas actuated. The makeup flow of the HPI was sufficient to keep up
/ wvith the overcoolisg coatraction of the RCS. Stean void formacion did mec
.

occur in the RCS, irrespective of whecher forced flow or matural circulaciom .
conditions existed. These results are coasisteat with daci obtalaed for

/ J cmt-u of a similar oature which have occurred at B&. operating plaacs.
.ﬂm. '

: .#5. m design bdasis SL3 ;«@rmltd ia 3tesm voidiag ia the upper regions |

l ,&M of the iCS hot legs. This acounted 0 worst cise steam voidizg predictiocas for ‘
.I one hot leg of about 400 l:’ acd about 350 tc3

ta the other hot leg. Stesm void=: fl‘.

’L’J:‘:;Jm occurred alsost exclusively in the loop with the affected steam gemerator. \U,,”
ie . If che affecced steas geserator is ca the loop with the pressurizer, -p:ﬂn‘. w ;"1
y . the pressurizer coatribuced to the sceam void formation. Other sminvtty

. _studles vere perforzed for assessuect of the time of loss of forced RC flow aand

single fatllures of a steam rellef valve and the EPI on the extent of stean void
formation. Ia all cases acalyzed, core flov wvas maintained. The buli core reglon
! * remained subcooled throughout the tTausient.

| These analytical studies confira the adcqu;cy of core cooling dnrin‘g these
transient and accideat condiiicns for the curreat syscex desiga. The results,

= "' ' however, also suppor: the desirabilicy for isprovements io analytical methods acd
operaticnal planc safecy, acd additiomal strengthendng of the defense-lc-depch
approach for the current systea design. A major objective of this comtiaulng

3 h design evaluation is the zeducticn iz frequeccy which the operator or plaant

1 / /'7 design zust respord to coaditions such as loss of pressurizer level indicatiom,

; M loss of pressurizer liquid faveatory, RC pump trip, acd sceaa votd fermation ia

the RCS. (For this reason) it is believed that these asalytical studfes herald
the beginning of a cew era of system desiga and analysis for moa-LOCA avucoou.u

events. WZJW" . . il T :
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