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Mulsizcda Analysis of 3zall 3reacs
Por 34&W's .C:-e-c;-\asczaly Nuclaas ?laacs
wich lacernals Vent Valves — Revisiza o

R. C. Jonas, 3. X. Juma, S, I. Packs

Key wWords: Mylszizcde Asal7vesis, Nuclear Plan:. Smal. 3reax

STRACT

Mulzizode ana.ysay Jera 3smductad f3r several 33all Sreaks i3 ina

reacsar :colans gyscam 3f 34W's 0S-fusi-asse=dly tucliear plasts wiil La2-

tarzals vent valves. Thae 3ullizcde Dlowdowm cade CIAST was used o evalue

ats the hydradyzamiss amd T iacs vatar ‘avengaries 3f e reaciar
coelant syszam. The TCAM :cde vas used 3 zomputs a swell level aiscsery
for the core, and the THSTAL-3 :cde vas used %2 perfsra iTansieat fual
218 thermal zalsulatisns. Curves saowizg t3e zaramactars of lzcterest ars

sTasanced. These TeEsulls are vell withis the Tizal Acceztancs Iriteria.
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e. Cross=csgzecsad .2

3. HPI sysceaa zanifsldied (323 each s2ld leg.

e plant is assuzed 33 dDe cperati=g at 1740 MWe, and ihe analysis
i3 ccaservacive far plants 2f sizilar desigs cperatizg at a .over raced
power. The analysis is alss csanservative for plaanss 3f sizilar desizz
vith Mark-C Zdesigm fuel assemnllas.

The report prasents :za Tesulis of an asalysis 3f lisg-cf-cselaz:
aczidents rTasuliizng ITcm saall Sreaks L3 the reaciar scolam: syscasm.
Saall Sreaxs are defized as :icse :Teaks {n tne Teacscr ssclamt systea
@ith less 2an 2.5-f2% leak area.) The CRAFT,: ToAM,® azd TEZTAl-3? ssa-
putar ccdas vers used Jar the agalysis.

A spectTum 3f rupiures i3 ssmsiderted: 2.5e, 0.3e, J.le-, azd 0.0%5e222
-84k 3Teas. ALs3, e repors laclides ine dousla~ended rTupture 3 :he
sore flioding Lize (J.%4«f2% lask azea). These TUptuses 2ravide aa age

PTIpriacta specisaa 3T avaluactisn 3£ che ¥f%accs 35 s=mall Leaks.
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2. SUMMARY AND CONCLUSIQNS

The speciTa 3f
cladding ¢i.l desga
saal. lsss-of-czolans accisenss.

20 pectantial fsr zladdiag svellis

3n.y a 30deratas iacreasa i3

s=23ll Sreaxs amalysed i3 szecticn 4 s3cws that =

tamperasurs during

Zecause DA Ceax te=peracures are liv,
Ir =etal-valer reaciiom axists. There-

fcre, the ore geczelry i3 unchanged aad Will resmain amenatla T2 cleliag.
Long=terz :ocllzg is ascablilshed cace the iziecsiia rate :asites :ne
leak Tite ind le 237e L3 oversd wiia 4 3ceam watar aLxTure.

Toe doudle-eaded Tuptule of 3 2sre flsedisg tamk lize rields a
saxiaum cladding temperature of 153587, Core gecomasry vill Se zaizzaized

{a a cocolab.s :sufiguracica.
ine same reascaisg as ia h
for all Sreaks azalyszed, =2

Titaria are net. Coaformance 3f

Criteria i3 zemcuscTatad ({a Appendix

iZe Sreass

aadcdial

Ireax tg=o, 7
0.3 #2? ag jump iisen ol
3.3 £2° ac pusp disen 73
J.1 £¢% ac pump disch 73
J.L £2° ac pump suc: bt
2.3% £2° a2 : ilsen no
.44 #2¢ 27 lize 372 70

-sag-tam

tais
A

soudisicas 3£

af

the dasiga sf the smergency scTe 220

sonsiiered are susmavized

s00lis

ana vsis 23 the

s eszadblished by sing

Faragraph ascve.

the Tizal Acceptance
Fizal Acceptance
3AW-10104, Ravisiza L.} There-

1233 systam i3 adequacte 3 :2a-
as Jallowse:

Tize at vhich long-tarm
220..02 s as:zahlished,

Babcoex 4 Mileax
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S seconds ol :te accsidan $luid flows Chrough
the Hraak and Twsulss {3 & 20Te rTapid def % sf zhe reac:sr

*00lart svstem. L ine
<0 s. Afzer 3
faszar inhan the Sreak ac her gualisy (luid
exiting e svstez. The arassuce is raaches

.

ac 773 seconds. Ac 11C ¢d L{aject watsr o

volume. The auxioiary leecwaltaer pudp  Ilgw stops as Ll9

-

. Z -
CRS dreas 3C2urls and causes :;/i;{:tasc fa'the syscen ressure.
2530 seconds. S

Sera 390liag is established ¢ I9TE Temalns soverad

3y a two-pnase aixsure :;;cf;:au: the cTacsiane, 20 2ladding te=pera-
tuTe LlacTease will scszar. ’

AS was s::wn./Qo 3ajoc di2ferencas i3 Tespoise
shange 3f L:c;:ig;. e lLawer Jressures that scsur duria

ecsion., Therefsrve, sz:all

a.7, Q.05=£32° 3rea 33 ?ump Cischarze

b4 2 .. . . -
Tae 0.05=£2¢ Srmak at pump dischavge is he sz=allest STeak analysed.

Tuis Sreak rTesponds dasically i3 ..a same zanner as the C.l-f:

-
-

Jreax at
the pump discharze as shown L3 Figures 4-31 hTough +=la, TRe Teacsar
el occurs 3 secsecds aftar the Yreak, che suxiliary feedwatar pump shuts

of% ac .S20 seccads, tSe z3Te Temaics coversd Sy a Two-zhase lijuid.

o
o

siroughcut the acsident, and the sladdizg camperature zaver exiseds &

predoreas valus. The Tesulss 23T :wis Srean show :=at the TIPL sumps alse
aze sufficiest =3 2andle Sreaks 3¢ Wis sise and saall.er siscse the zote
flooding tanks iaiect water for saly a short perisd 3f tize aad c2us play
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The tapical reporss evi?ua ad in thls review prasant resyl:s
from small braak ssecirum (AL 0.5 ‘°Z) analyses for 334's 245(1).
177(2). and ZCS<3) FA plants with intarmals vent valves, The iree
reports were ravi ened p-17 "3 Secayse ey u£c e sare small
break =sdel <2 ;sr{:rn e small dreak specimum aralysas.

The saall sraak =scel csansists of the Uiree caopytar prie
grams discussed Selsw used %3 analyzs 2lans Fes:cnsc %9 small sreaks:
.CRAFT<4): A :u"*n.ce representaticn of the plant primary system

3 computa Slowdenm aydradynamics ind watar inventery i prizary losp

compenents feilowing piping rupsy. s.
2. FGAH(S): A single node representaticn of the csre 2 ¢ampute Jverisa
two-phnase aixiyre height {n the care when 2sre uncsvery {5 cammuta

N 4 o b}

.in the ‘e:a roganecys. reacisr inner vessal veluse of the CRATT modal.

=
»
s
"~
-

3. TH At-g A myltincce represantation ¥ :he ﬁ:re hot 21
and clad %3 ssmpute tamperature srinsients 2uringame lsssecfecaslan:
aczident up Lircugn core recsvery dased on iverize ssre <20
diticns detarmined ia RAFT and FOAM.
The =ultineda plant resrasantaticns in CRAFT for wrall Sreak anal r333
typically csntain 2pproximataly half of *he ncda) Zet3il usad “ar
large Sreak studies ( °15 compared 3 “20). The reducad nedel nas :Een
shcwn 1S provice rasylis essensially fdaatical i3 incsa 3F tne targe

Sreak model wnen using fdentical assumpticns, due 3 the reducesd S1swcown

Fates and intarmal jrassure jraidients compused “zr small Sredks. Mess af se
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detai) raductisn ic maca by lumping the two srimary lcegs stmylatad in
the large Sr2iz mecel ;n:: 3 siagle 133p, 2ad Sy lumping the reagis~ inng
yessel reqicns of csre, care dyrmass, upger jlenum, and upser n22d 1al2
4 single valume. In 1ddind icn t3 the nodal re:::ﬁi:n. ssme large Sieak
analysis assumpticns imposed “or csaservatisa cin Se reliaxed teciuse af

{ .-

the slower Slcwdewn of he small Sredk, These inanges are:
1. Mermal sysiam low pressure reaccsr scram is included.
- - -

ek 2. All {njecced 258 wactar is assumed oS antar n@ dowaglmar

Ly and s retained in %ha@ SRAFT zalculaticns. Mo ssaservativa

kK removal of tais water at the end of Slswacun is used a3
R .. in the larce sreak azalsses.
.5, A heterogenacus {tner vessal velume is =sceled for the small
it SRS break in CAAFT csopared 83 the hemsganecus velumas maceiad

for the large Sreak aralysas.
frez sne t33ical repores for the small Sresks

lane are sus=arized in Table 1, and shew thas

e L b} - - S - - : \ g - » -
:2peak clad 0% spot tamsaratyres in any of the shree 3lant Sypes amalstas

-y

The szall Sreak mccel srograms used in tne amaiyses fn the taree

reporss ~eviowed hare were 2valiated in previsus issessTents

-

for large Sreak ssudies (a1 the cases of CRAFT and THLTAl-3, and the FLUI
I:\ .
Pragrim was avaluated a wme review of 2AHLICCEST. Agp licaticns

\\
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of tnese pragrams ia the small Sredk anaisses regortad in the 3picals
were ;erfirmed in a4 manner ~nich provices some cinservatism in tNe
ad temoeratyras; Acwever, 23 assassment of ne
extent of this conservatisa =as 70T SCught Secius2 e tamgeride
tures astaised were ‘3w cImpared 19 damaging tamperalures.

Frem the results sumarized fn Tadle 1, it fs notad tnat the
aat aith raised lceps did net incluce the <sre
$lced ‘ng tank line sreak. The iatreducsisn of tne repert (2AW-1007%5)

for this 2laat indicated that the resylts of Lte analysis far this Sreax

would Se srssanced in She SPR “sr edach slant agsiicatien. The 0.5 f:z
Brask for this slant wds aisg indicatad in she intraduction %2 Se re-

4
porsad in 3Ad-iSC8Y" ’., As this regert srasenss resyits f3r 4 177FAnQR.

vent valve plant using tha large Sredx =3del for tha Dreak inmaiyses, i

is considared that the 3.3 f:z Sraax for whal7= A 2lant with raisad legss

and intarmals vent valves 7as Seen 1dequately ssnsisered. The value

.

shovn in Tasle 1 for this ureak is ssnsideresd graatar tRan <an g <cn-

‘s axsestad “ar 3 small sreax mozal analisis unen 2zmsarad 3

servative

var Anm_ =t Tes

199 an eve""n ’!s%i ..

- —asy TALtmraw .
o 445 B e s | hwel

Referencing the asprepriata repcrs of the three S3picals avaliacted

in this review will Se acsgoptadla for s=all Sreax spectrum anaiygses far

SARS v"n the axcention of SAZ, far 177-FA vent valve plants wish riised

1eops wnich mequire 3ddisticne: decumentasicn f3r the CFT line Sreak.
The m3dels ang pronrans used far o0 zall Sredx analsses ‘n shese

Wpicals srecdata issuanca of Appendix £ 3fF 10 CFR 38, 3yt are zansicared
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SMALL 3SREAX L0CA

In & seeting heald ia Windsor on §/27-5/22/7S, ¥Mz. Sabia of TVA expressed
a concern for a class of small Sreak LOCA's whose depressucizaticn rcates
are relazively slow ccopared o thcse s=all breaks presenced ia JIS3als,
Sec2ion 5§.3.3.3. He worried about the possibilicsy of izadequace IPSI
flow for such bHreaks and also askad about the 1L requisszents for Ia-

ergency Teedwatar and cperatar actisns.

Nis transmictal comstitutes a Tesponse 29 acticn item aumber 23 of Ruf-

erence 2.

Summarcy

e e— —~

The resul:s herein demonstrate that {37 any cold leg bSreak less than 2

"

5
equal £a 0.1 £2¢ in size, adequate liguid {aventory is maiatalined iz che

TeactsT vessel 30 keaep the active fuel complezely coverad at all cizes.

The resul:cs shown i3 CISSAR desonstraze that for chose 'szall dreaks ‘=

srizeria’ arce

o
s
b
®
"
O
o
“

which some legTee of 2ove uncovery is sredicse

met and seak :lad zemperacuras are less =hia 120CO7,

it has bYeen assumed that for all Sveaks 20 cperator acctions are zerfsrt=ed.

.-

AZ some later tize followiag thae LOCA, speracar prscadurss {32 long tarm

cooling vill Se izplementad. This zamc, =cwsver, ices ot addcess b

long tera ccoliag shase of the aczidenc. “omg "ara cscling serformance

IS cm—— - -

and ooeracsr procedures Will Se discussed L2 a3 futuze submiczzal.

—— —— | — ——————

(\]



Sinece NRC requires the assumption of loss-cf-cflisize power
fecduwater [low is nct availablae. TFor bdraaks
presentad in CISSAR, Crernency T2edwates (ITW) was not rapresentad and
indeed was found o hNave li:zle influenca on the zezfarmanze of such
relacively largs Sreak sizes. l!icwever, for Breaks egqual =2 or smallar
than 0.1 32, =7 “as faund absolulaly nacassary. Tor thasa smaller
Sreaks, the stiam generTatsrs must remove a3 sizgnificant pacs of :he
decay energy generatad in the core. If they do not, then primary side
re-pressurization acsurs siace che Yreak is 200 small %o emif all of the

steam So0iled off ia the cars.

Dissussion

Calzulatisns 2f Sreaks 0.1 £:2 and smaller have Seen zerfsrmed Wizl :he

CELEVEL code. This code was specilically written far applizatison %0

such small bSreaaks.

The predizied tuc-shase lavel zramsients for several Braaks 2.1 f22 and
smaller ace shown ia Figurze 1. The esrresponding prassurs :transisnts acte
given ia Figure 2. Thase Tesults demonstrate that although the depres-
surizaticn rates for such small sized Sreak sizas are gradual, adeguat:

HPST pump inflcow 4is psrovided 30 keep the core csvered at all times.

The Safasy Ialectica Tanks (SIT) Secome activated at approximately 3CC
x -
seconds for :he O.1 f22 case. Neither cha .05 £:1 aor :he .3CS Zz-

a
S
aczivaczion hefaore ths lave
Yosssms ous as ao elevation
e

s
arsund. For beth Sreaks, the lavel cransisnc
abcve zhe z2p 2f the actzive fuel and vecovers from there via Ps2

{aflcw alone.

For all of :haese Sreaks, staam ZenarTatav heat :trinsfer plays an imperiant

-

vole. Since E7W is supplied ts each staam Z2neratss, an acaquacte secen-

dary liguid iavencory is maisczaiaed 52 suppors Reat Tameval Sy scndensa-~
————————————————

tion of the st2am ia :hc U-tubes 2a :tha srizmasy sile. The secandary

. —— —

I
i
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3 S2nseTvative
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and the level transient i3 sig
in Figucte 3 should Le cunssoue

4amonssse

HPSI capacities assumad

ievel transiant arve more sever
Maior Assumotions

’ . .
AS rzaquired By NRC®, zhe follc
in analyziag all small Sreaaks

of affsita 20wer

+ The wWorst s
(failure of

3. An uncertaiazy
decay teat generated &

4., Conservative setzciacs
IAS and equizment s2a

ia a de

Assuaptisn (1) rasulcs

€90i4n% punps degin s3asctiown,

caive wl

saras mugh less

srated 3t a tamperatucsa sorrespendiag
alaty valves (1270 asia) The csn=

- - . 4
d was apnroximataly 200 ATU/Mrp-fsé-F,

C3r vessel prassurs and Laval transisncs S
< .y % . 2 -
Sy S2edwatar. As shewn, if ITV is nes

< |

1ificancly aggravacted. MNeisher casa
d o specificzally :s;:eie:t the pex?
& on all Syssem 30 slanczs.
ative purpcses.

than th

O
w
v
w
Iy

4
“
o
L
C
.

wing conservaliive assumptions were applied
2

,:‘ . E .

assumed upen 3 scTam siznal.

2 of emergency 2guizment was assumed
> / .

\
generazar 2 star:s).

calculatad
o scrim,

sezipeisn of the acsident ia which 2he reacssT
-

the =ain staanm isolatiocn valves shut, =d =he

naia fcedvater pumps 5839 upem receisec 3f a2 scram sizmal. Maiz scteam aad
fa2dwatar flows are ramped 29 zaro ia 0.5 seccnds.
- b
- - AP ¢ . e e
- 4 >
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-lf-

\ .. » . -
AssumpLiozn (2) alliws cradiz fo7 onlv one zroaia of 5078 pumps and ane
train of Imergency Teadwstar (ZTW)., Thus, only ane 'IPS? mums 3a3d one

The flcw capacity raquirements f2r che (IPST and 7% pumps ar2 proporsional
to values sf decay heat. Assumption (3], therefsre, cesul:zs ia a Pregaors

tionate Increase In tRhase raguirementzs. The H2ST sums 2apacisy assumaed

igure 4, The I7W capaciszy was assumed =3 e 37% gom (minimum). .

Assumpticn (4) rasulted ia the following setpeiat and dal ay assunptions:

a) Reactor scram ocsurs upen a low prassucizer pressurs. {L2%)

indication of 1718 psia (wiaimum). Upen receis:
$ignal there 13 a 0.3 second lelay bvefsre the :sacrsl rads

segin motisn follcwed 5y a 3.5 secsnd imsatval zo fully

5) SIAS occurs upen a prassurizar pressure iandizasicn of
1530 psia (mininum). The STAS autcmatizally ssasss =&
emergency diesel germerators which provide jower 2o :he
d2SI zumps and the ITY pumps. The tstal time from receint
of an 3IAS %o the tine the #7SI sumps provide flcw is 10
seconds (3axizum). The 29tal zime delav fram 3TAS uasil

ZTW reaches ihe st2am generatsrs is 45 secends (maximuam).,

R@farancas
1. Combustisn Ingineering, Inc., Standard Safecy Analvsis Rezers
(CESSAR), Scekes No. STN=50-470, Amendment Me. 21, Seczizn 5.3.3.2.
2. D. V. Graf 25 3. R. Patzarsen, TO-CS-117, subiacs: "Veezing
Mizutes 2f 3/27 and §/23 ia 'Viadser.” g
3. Aecszptance Criteria far Znergency Csre Coclizg Svscems
Watar-Cooled Nuclear Power Reaciacs, Federal Register, 7al. 29,

No. 3, Friday, Januazy &, 1974,
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UNITED STATES
§ r=f; NUCLEAR REGULATORY COMMISSION
N WASHINGTON, D. C. 20855

April 26, 1979

. Denton

. Case

. Eisenhut
Ross

. Tedesco

. Hanauer

. Rosztoczy

NWOOOoOMm:I

Attached is a document concerning 3&W transient
and accident analysis methods [ received this
morning. This is the subject of today's meeting
with 3&W.

Roger J. Mattson, Director
Division of Systems Safety
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BABCOCK AND WILCOX COMPANY
April 26, 1979

T0: Roger J. Mattson, Director, Division of Systems Safety, NRR
FROM: 0.H. Roy, Manager, Engineering, Babcuck and Wilcox Company

SUBJECT: SUBMITTAL OF OETAILED ANALYSES OF 3&W OPERATING PLANT
RESPONSE TO TRANSIENTS

REFERENCES: 1. Letter Taylor to R. Mattson, dated April 25, 1379.

2, 0.R. Patterson to J. McFarland, April 25, 1978,
"Emergency Core Cooling System Small 3reak LOCA

3, J. McFarland to D.R. Patterson, dated January 23, 1379,
Letter 03132,

4, O.F. Ross, Jr., to £.G. Case, April 23, "Summary of Mtg.
with B&W Regarding Natural Circulation Cons lerations”.

w
.

-
-
I

Logic Flow Charts

3&W will submit to the Staff detail results of the analyses described in
the reference ! (attached). The results of these analyses ire currently
(as of 0800 nrs 4/26/7%) under review by a team of NRC and 34W 2ngineers.

These analyses show that the 3&W transient analysis codes are capable of
predicting the response of 3&W operating plants to anticipated transients
compousded by postulated equipment malfunctions (e.g., delayed emergency
feeawater supply, failure of pilot operated and/or code safety valves to
seat follewing actuation), and operator actions wnich may interrupt safety
system operation (e.g., securing or throttling of ECCS flow).

These analyses also show that the small break which results from ogeration
with the pilot operated relief in the open position dces not result in core
damage as long as ECCS flow is maintained as desigmed including 2ffects of
single failure.
In addition, these analyses show that delay in emergency feedwater and zZCCS
initiation following a worst case small break in the pressure boundary of 3&W
slants cperating at up %0 2772 Mwt will not result in unacceptable consequences
if the delay does not exceed 20 minutes from time of break initiation.

The concerns raised by C. Michelson in Reference 2 (attached) were iaddressad
by 3&W in Reference 3 (attached). The results of 3&W's avaluations of these
concerns were discussed with the MRC staff on April 17, 1378 (Reference &,

attached). B&W's concludes that the concerns raised by C. Michelson do not

Analysis NdM-2-14 (AR).
|
|
|
\
:
\
\
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invalidate the resuits of odW's small break analyses performed in
accordance with 10CFRS0.46 and Appendix K requirements. B8&W's detailed
evaluation of the Michelson report anc basis for these conclusions will
be submitted to the staff on or before May 7, 1979.

On April 24, 1979 B3&W presented to the NRC Staff event trees showing
the expected paths of system behavior fo'liowing loss of main feedwater
initiating events and assuming various failures in subsequent operation
of plant safety systems and equipment (see Attachment 4). The analyses
discussed in paragraphs 1, 2, and 3 above bound the expected system
performance shown in these avent trees,

3&W commits to perform additional analyses as follows:

1. 3&W operating plant response to a total loss of steam generato
neat sink (loss of main ana emergency feecwatar “low).

2. Sensitivity study of response of 3&W operating plants to emergency
feedwater flow rate following loss of main feedwater (including
avercicling event) with and without compounded equipment failure.

(o)

Analyses of the effect on system response of anticipatory trip on
loss of main feedwater flow in comparison with trip on high RC
oressure with and without amergency feedwater delay, and main
reactor coolant pump availability.

These analyses will be carried cut to the time stable long-term core
cooling is established. The natural circulation ccoling mode can and
will be included if calculated to occur during any portion of the course
of the transient.

A schedule for submittal of these additional analyses will develop in a
meeting with the'NRC Staff on April 26, 1979.



Babcock aWilcox Pesrer Garecation Sroug

PO. 3w 1250, Lymwendgrg, Ve 24%
Terephone. (304) 7348111

April 25, 1979

Dr. Roger J. Mattson, Director
Division of Systems Safety

Office of Nucliear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Dr. Hatéson:

In the NRC Staff meeting with BEW and its 177-Fuel Assembly
plant cwners on Tuesday, April 24, 1379, B§W agreed to describe
the scope and status of certain additional analytical wark to
suppaort the continued safe operation of these plants,. 'The
attachment documents this information.

We intend to provide this information to you on or beforse
Friday, May 4, 1979, and suggest that a detailed technical
presentation of the information be made to the ippcopriate Staff
engineers at that time with follow-up meetings as deemed
necessary.

Very truly yours,

/"/:ffafﬁjqz;
James H. Taylo

Manager, Licensing

vHT :dsf

Attach.

.
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Power Generatien C-oup

Janua:s 23, 1379 |
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Letter Yo, D-3132

File Ref: NiM-2/12314%

Ref Ltr: K-5020/4-27-73
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Tennessee Vallsy Authorisy
koo se Avenu
Xnoxville, T 37302

YT oA e ammmae o T —
. .

" Mr, D. R, Patierscn
Chief Mechanical Ingireer = bee:

Attention:

" S 2 e
¥SS 15/156 T1.2

R C Jones

Bellefonte Nuclear 2lant Uniss 1 & 2 :._:;, 3 K Duan ’
Contrast Ne. CE2-5u11ka2 el ", -

B&W Refarance .
SubJect: Szall 3

Gentlemen:
The attached report s ia response 2 your reflersnce lestiar, 2leszse lao
. us kzmew if further discussiocn is Teguired.,
Very truly yours,
. James McFarland
e OF 7rolent famasaw
Senior Prolest fanoges
fQ 0 5 /1 A
o 4&:3;49&614
Robert 2, Lightle
. Asscciate Prolect Manager
REL:de 1 o
Attackzent
€c: W. Srent ‘Vade
Je L. Atchiscn
2. L. Logan

The Babcack & Wilcsx Camasay / 'E::a.':t::.‘c: 1887

P.0. Bex 1250, Lyncnzurg,
, Tehghcnc:(804)334-5111

Va. 24823
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Response to TVA letter X-5020, Emcr;cncy Core Cocoling
Scall Break LOCA Analvsis NéM=-2-14(AR), Aaril 27,

Via TVA Le

prasents a s;::li
caICu.~ ion review , eak :r;u ient and potential ¢
for very small breaks - L exanined within the small
for the 205 FA plang, 3ANW-] Rev. 1. Within this paper, cie
concearTas were expressed tae very ssall breaks:

1, .Baw i{s decay heat zezmoved? . . .

3. will s

Sy repressurization occur? If so, could a smaller case bHe a
worse b

rstem
T a<?

o n

3, If the operzt ?
1f so, will ¢

£low?

=n reprassurization oce
2ctad to slug or two-phase

‘e
-

or isolates the dreak, will svst
he pressure relief valves bHe sud

"
8}

Responses ‘to these ccacerns are developed in the stibsequezt paragraghs.

Before discussing these conceras, a general overview of the szall Sraak trazn-
sfent in a 3§w 205 plan: n2eds 0 be bdriefly discussed. S=all LOCAs czz se
viewved as a slow :transient during which the 2CY 12 Se described as 3 sealad
manoceter, 3ecause of the internals venot valves. extensive staan Sussle
will form within the reactor vessel vhile any sigzmificant liguid iavenzacy
remains in the locp. Many exp.rizents have beea rua which show th so ioag
as a fluid, with qualicies less than 707 or so, covecs the ccre, no acéverse
core temperature excursion will occcur at decay heat power levels, Thus, any
problens with small Sreaks will only occsur after the CS loops have depleted
their ’aventcry.

Decay hbeat rezcval frcm the core region 1is 20 prcble= as stated above., Zow-
ever, decay heat rezoval Irczm the system as a whole needs to be exazined
further There ara two wayvs of removing decay heat frca the systex; wvia th
break 2 S':r via the steaxz generator. 3oth of these items are discussaed ia
detail in the TVA letter. or the very small LCCAs of {acerest in this dis~-
cussion, it was shcewm cthat the break alone -3'1:: -s;able of removing all the
decay heat and Hea. oval via the stean Zenerator is necessary. Whilas 2R h
TVA-predicted brazk ed quantatively,
a

the actual break si hat it oczurs at is incen

T s

si:e that this occurs at was zot chec!
za ¢ sequenti

size does exist where the steaz generators are cecassa

The tole of the steam generasor as a heat raemcval source Is basically as
descrided in the lectar. Iailtially, nmazural circulation will %Se =zaintained

ia the system and the necessary heat remcval is easily accemplished. Cnce a
stean bdubdble of suificient size necessary %o £:ill the U-bend at the zop of

the hot legs is formed, nasural circulatien will cease. The iaterziziszat
patural circulation discussad in rhe letter will nct occur due to the sia
Bature of the s=all break traasicnt. Once natural circulacisn cesses, the
systea will essurise sozevhat until the SC primarcy side ligquid lovel drops

Tept




below the SC sccondary side level and condensation heat traasfer is established.

During this pc'xod hegween the natural circulation and condensation hecat ra=-
zoval wodes. txe letter expresses concerns that the liquid iaveatory withis
the system will be denleted at a rate iIn excess of the races for the brea:s
analyzed o270 Jecause of the parzial repressurization of the swstem. TUVA
i4s concerned thae this ultimacely will result 11 _ore core unceovery thaa gnat
shown in the small break topical repcrtc 3AW-10074 This is not the-case.

|

During the natural circulaticn phase it is obvicus that the szaller ¢ >
the slower the loss of system ianventory and the longer the pericd of natur
circulacion. Afcer narural circulaction ceases, svstem pressucse will e co
trolled 5y a "volume balance." That is, the sysceu sressure will balance
a point where the volume of fluid discharged through the break aquals the

voluze of stean being created in the core. Since the cold leg fluid enthalszy

gezains unciangad during a s=all break transient, the voluze ralief cut

the break increases with increasing system pressure and draak size., The vole-
ume of steaz being zenerated in the core decreases with increasiag prassuta.
As the break decreases in size, the RC system will reprassurize to a higher
value; thus the voluze relief out the hreak necessary to match the voluze

of stezz being created decreases. Therefore, the system inventory will Ge
lest at 2 slower rate as dreak size dec'eases. Once the SG becozes availalle
for condensatian heat razsval, the primary systez pressure will depressuriza
to approxizately the SG secondary side pressuTe. ince the secondary sica

of the SG will respond in a sizilar =anner 2o that of the 0.05 £zl Srezk
analyzed in the topical, rhe prizary side pressure response, Zollowing tha
advent of condansaczion heat re=owval, will be similar to that of the 02.05 Iz-
break. Thus, r tha smaller b:ea<s. the systea inventory will alwars bde

greater than

fo
that for the 0.05 .:‘ break ani the core will always rezain
coverad and will

not undnrgo a tezperature excursieca.

In the paper concerzs are raised relative to isolation »f the break aiter
patural circulation is lost. The scenario presanted in the letter is Teascz-
a*Ye. Should zhe break be isolated at that Cime, system repressurzization 3
the pressu:ize"safe:y valve setpoint is probable. Two-phase or ligui 4
through the safety valves will also probably occur. Cace the systex
sufficient inveatory to establish coandensation heat transfar across
the systen will depressu-izeasd no further loss of inveatory will cceu
core will remain coverad I2r this secenario and 10 texzperature excursi
occurs. Should the pressurizer safety valves become damaged because
tvo-phase flow cut the valves, the raesponse of zhe systes would then
similar to that presenced in the FSAR for the pressurizer safety valve stuck
open accident and no core uncIvery cc—;;;7—~_“\ﬁ;<5/’c1);) . '
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As far as the appropriateness of the operator u -"g sressurizer level indiza-
tion to trip the H?T punys, 35W agrees that the level indicaticn is not a
rel’ladle i1ndication of the state of the RCS. However, use of the pressurizar
level indicaticn, along with systenm :e_:e:a:u'e and ,ressw'e Seasurements 22
easure that the system is still ia ubstantially subcccled stace, will zro-
vide sufficient guidance for cpera:ar action.

In sumcary, while the TVA ;user raises valid conceras and gives a detailed
exacainacicn of che small bdreak transient, the small break tcpical repors
provides sufficicnt 2nalvsces 2o ensure ~he ability of 834 208 plaac EC33
systez to conctrcol s=mall break ia the RCS




3. The RCS and main steam system pressure shall not exzeed 110%
of the design pressure.

9. Resultant doses shall not exceed 10 CFR Part 100 limits.

15.6.1.3.2 Methods of Analysis

The analysis of the effect of the inadvertent cpening of the
pressurizer safety valves was performed using the small break
model documented in B26W topical report BAW-10074A, Revision 1,
wvultinode Analysis of Small Breaks for DEW's 205-Fuel-Assenbly
Nuclear Plants With Internals Vent Valves." The small break model
used in that =cpical w~as demonstrated to comply with *he
requirements of Apgendix K to 10 CFR Part 50 in Appendix A of
BAW-10104, "DEW's :CCS Zvaluaticn Mcdel." Flow =hrough the cogen
safety valve was calculated by the Moody critical flow
correlation., The leak area is limited by «he orifice area of the
safety valve, which is 0,03 £t2, 1In order to obtain rated flow
through the valve at_the valve rated pressure, i‘ was necessary
to use a discharge coefficient of 0.75. Other assumptions used
for the analysis are as descrited in 2AW-10074A, Revision 1.

15.6.1.3.3 Results of Analvsis

Following the inadvertent opening of a pressurizer safety or
relief valve, the design pressure of the RCS is never exceeded.
The RCS depressurizes to approxirmately the secondary side
pressure of the steam generator. The secondary side pressure s
maintained at approximately 1250 psia by the safety valves on =2
steam generator. Since the design pressure of the main steam
system is 1250 psia, the system is maintained at below 110% of
its design pressure.

Figure 15.6.1-1 presents the inner vessel liquid volume (lower
plenum, core, and upper plenun) for this accident. Since the
core remains covered Ry liquid throughout the transient, pool
nucleate boiling will te maintained and the cladding temperatures
will remain within a few degrees of the water temgerature. No
metal-water oxidation is incurred, and no abnormal core
gecmetries or fuel rod damage is caused by the low cladding
temperatures.,

8y 3200 seconds, the injection rate from the cne HPIS exceeds the
combined leak rate and core steaming rate and will provide lcng-
term cooling capability. Therefcre, compliance with the
acceptance criteria of 10 CFR Sec*ion 50.46 is ensured,

The discharge coefficient ‘cf 0.75 was chosen to match valve
performance with the Moody correlation. 1If 0.75 is assumed, the
rated flow through the valve at the valve's rated pressure is
calculated by the Moody correlation. Although this matches the
valve performance, it should be noted that the discharge

L

15.6=2
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coefficient assumed for this accident is not impor=ant. The
system's resgonse following the cpening of a pressurizer safety
valve is similar to that calculated for small treaks. 28W
topical report 2AW-10074A, Revision 1, discusses the conseguences
of small breaks and demonstrates that the core remains covered
throughout the transient for breats with leak areas less than 0.1
ft?. Since the leak area for an ojen safety valve is only 0.03
ft2, the core will remain covered thoughout the transient, and no
fuel rod damage wilil occur regardless of the discharge
coefficient assumed, ¢

15.6.1.4 Barrier Performance

The inadvertent opening of a pressurizer safety valve does not
result in fuel damage or excessive prassure in the Reactor
Coolant System or main steam system since pool rucleate teoiling
maintain3 the cladding temperature within a few degrees cf the
water temperature and peax pressures never exceed =he Cade design
limits,

15.6.1.5 Radioclogical Consequence«

Since no fuel clad damage occurs, there will be no increase of
radicactivity in the reactcr ccclant Or in the steam. Secause
the doses are a function of the amount of steanm released, cthe
potential radiological conseguences ar2 bounded 2y %=h
consequences of the loss of cnsite and offsite ac zower to the
station transient (Section 15.2.6).

15.6.2 Failure of Small Lines Carrving Primary Ccolant
Qusesice Cortainment

15.6.2.1 lden+tification of Causes

A break in fluid-bearing lines that Penetrate the containment
could result in the release cf radicactivity to the envirocnment.
There are no instrument lines ccnnected %o the 3CS *hat genetrate
the containment. However, other Piping lines from the RCS %o the
Makeup and Purification System and =he Decay Hear Remcval Systenm
do penetrate the containment. Leakace through fluid penetrations
not serving accident conseguence limiting systems is minimized by
a double barrier design so that no single credi-l failure or
malfunction of an active component will result in laoss of
isolation or intolerable leakage. The installed double barriers
take the form of closed pigzing, th inside and cutside the
c€ontainment, and varicus types cf isolation valves.

?he.most Severe pipe rupture relative +o radicactivity release
during normal plant cperations cccurs in the Makeup and
Purification System. This would be a rupture of the letdown line
Just outside the containment bus upstrean of the letdcwn control
valves. A rupture at this point would result in a lcss of
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20858

G. Case, Ceputy Director, Office of Nuclear Reactor
legulation
D. F. Ross, Jr., Deputy Director,
Management, NRR

SUMMARY OF MEETING WITH BA&W REGARDING NATURAL CIRCULATION

CONSIDERATIONS

. 1979 th NRC starf met th rﬂ,;r-__ ca
f:r~or1 fon in Eethes:a ”ar/ and to d

representative of ODuke Power Company was 3lso in attendance. A list
of attendees is attached (Enclosure 1).

ACRS

ened with a prezentation of the
4) general arecas were to be d

A recent B&W precaution fﬂﬂar*‘"g subcooling, RC? operation and
™ 1 <9 q ahtia - -4 S | < -
JTSG Tevel while attempting to establish natural circulation

A report written by C
regarding potential di
heat for certain smal

Sl
-l

circulation in certain scenario

Michelson, a consultant to the ACRS,
ifficulties n the removal of core decay
1 break LOCAs in the 205 class 3&W reactors.

ff concerns relatad to the ICS
s

TR ~ \
s1te ngerl.

Concerns

A,

Greater Understanding of Natural Circulation

349 2xplained the basic principles of natural circulation on the
38W system. There are three (3) basic criteria which must Se met
for natural ;1fPJ13"~n to be established in the RCS.

—

na

There must be an 2levaticn head between %the thermal centars
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Sawer Sereraticr 3rcus
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e 8o 1360, Lymanourg Ve 245C8

Teecrncre: 304 3848110
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Qoge' J. Mastson, Oirector

Jivigsion of Systems Safely
J#€ica of Nuciear Reac: ar fequlaticn

-

Yuclaar Regulatory Commission

dasningzon, 0.C. 20835

Oear Jr. Matison:

The a::acﬂ 4 document is in resacnse %o 34W's commitment 2 provide infore

raticn relatad %3 plant Senaviaor curing cartain transients with 52 ¢ial emonasis

on

.

various small break scanarios. This .,ua»4‘=s the submittai :f small Sreak

infarmatisn reguired by the NRC staff zrior 2 plant restars

<0

-

"8 infarmaticn santained in tnis document allows the #2717
e reached:

ewing csnclusicns

inalysical codes are availapla that accurately predics plant resgensa
*s varicus transisnts and small break scenarios. Thesa coces nave
Seen :enc:mar<ed agains: tne TMI-2 cata.

3asa¢ uocn =he ability %o acsuyrataly predict plant resdcnse <2
sransients and small breaks, ‘cefat'ng sracacure zuiceiines have
seen <evelaced. % has been zancluced that aceguate time and
information are available ::e Joeratsr %0 assure continued
sate spceration.

Nastural :f':J'a:€~n in S0th e ‘owered 'sco ind ~afsad oo
::n";"a‘f*n slants is amgle %3 assure core co¢ling “cilcwing
2 loss of power %2 “We reac=ar c20lant sumes. This has deen
samonstratad S0%h by 3'inned c2sts ind saveril inolanned
srangisionsg “‘rom f3rced %2 natuiral -1-*'.a.i

The fncorscratiin 3¢ aitmer the 2arly reacisr trid on Toss
- -

-
-
- - : ' “a= - -
ssedwatar or the mogifieg setacints @ 21i0C Ccoerata

38339¢C cs 79 tl = 3126
~2li{ef vilve anc 1130 pressure trid i3 predicted T2 siTminaca
1{f2ing the CRV 2uring anticizatag transiants

7905190/, ! S
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Babcock 4 Wilcox

cage 2 vay 7, 187¢

Investizations into the worst break sfze and locaticn have Ted %o

tne conclusion

condicio

ns.

shat she reactor core is safaly cooled for all

Jiscussions with the NRC staff during the past Two ~eeks have 2oversd much
of the informaticn in this document, [ request, however, that you please Bring
any suestions regarding this information to my attantion immediately so that
speration at Oconee may cantinye and the restart of other plants will not be
2elayed,

Very truly yours,

James 4. Tayler
Manager, Licansing



w

SSFe Sy * -
Ae® = Ot &

“F

- -
A rew mape - w2 i
e JO& g A - o\ sHALL
San S *LUEL A
TR - T ITT 2N

-y - N T A |

DUPLICATE DOCUMENT

Entire document previously
entered into system under:

- Pps190(6#

. of pages:

NC




