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Cx May 3, 1978, B&W recaived a cemm=mication Irez the

Autherity on the sudblee: of Szall 3reak Analysis {= comnact
Bellefonte Nuclear ®rojecz. This lazzes forsarded a derailed comsidaraticon oo
wrictaa by Mo, CoTl M{zhslsoxn,

the evoluszisa of cerzaia very ssall breaxs,

a - - .

eatizled "Dacay Eeat Razoval Duri:z'a Vcr?.Saall.B:eak‘LCCA for a 34w 203~

g

Fuel Asse=>ly PWR." This has becoze kzowm as :the Mt shelscn Recort. Cur

. -puspose here is to docuzeat 85W's assesszent of the issues raisec Iz ehis zepc
1. fﬁc high.bttsSuzi injection water (EPI) cay bypass the reacior core anc
exlt the Reactor Cooclant Systezm (3CS) direcctly vi# the bresk, thus aect
?rcvidi:z for core cooling.
‘
2. Tha sceam gansrator Susi reove significant porticns ol the decavr heat

for cersain sizes of very s=all breaks.

3..° The pressurizer lev:l is not a valid measurte of RCS licuid imventsry for

cartain szall breaks. ";"' R e L !
» 4. TFollowing depressurizatiocn of the Reactor Ceclant Sys:taa, the seconda?y

side of the stea= generazar czust be considared as a heat source and its

heating effects on the Reactor Coclant Systes zusc be included wishiz t=he

s=all Sreak evaluatica. | ~ el wae

S, Yucural circulatiocn =ay be interzupted by the formation 3f veids within

"

the RCS. 1f natural eirzculation is terminated, a rvapressurizaticn 0f the
RCS will occiir during the tize thaz the Reactor Ceolant loops are drainis

pL'or to the establishzeat of steza condensalion.

B4 Meszhadalor Tor Selecszion of "Uowsc-Case” Szall 3recss

As background for discussing the issues :-lsed by the Micrelsca Rapor

- particular zhe five issuas adbove, 1% would b. 1l to descIize beielly the
proceduse usad By 2ascock & Wilcox %o iden:zily critical or wvors: case small

bre.:s. The speccru= of brezks evaluazad is dased upen he fallowing conside
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| ~er imas Aczidems - This Sreak, By it logasica, seversly lizizs tle-
- Tsaerzeacy Core Cocling Syste=s availalle Zgr accidann =itigactica.
\~£;‘ Comsidarzazions of bresk locazion amd single active failure dictace thac

core cocling =us: be providad by gune hiza pressursa iajecticn traia a=d
ocs cora floed tamk, wmtil the active low pressurz injectlon traiz caa te
swirched from its assumed injection inco che brokan CFT line and dalanced
between & ?JO‘ &1 1izes.
& A series cg Sraak sizes ars evaluated whereiz the consequences of cthe
rupture ate =fzigaced by various coshinacions of the three ICIS sysctecss.
A. A break is comsidared for which mizigaticn is provided by low
pressure L:je::ioﬁ (L?1), Csre Flood Tasnks (CFT), and high pressure
injection (HP1). o . . -0
3. A break: is consilered for which =isization is supplied by cunly the
CET and the =71 syste=s. i
\\~;) C. A Sreak is comsidered for waich =itigacicn is provided solely by
the high ;:essure'iajcc:ion systes. | -
3. Add.rional breaks to comfirzm that the z2bove spectiruz has indené
bounded the wors: czs‘ are counsidered.
Breaks are uwifor=ly located, with the exception of the Core Tlocd line.
brz %, becweez the high pressure inje loo poinﬁ in the cold leg azd
the reactor vessel. This accozplishes tweo thizgs: Tizst, a sL:nL!icanE
) portica of the high pressure izjeciion water goes directly out the break
and does not provide core cooling dizecetly. Second, breaks at low ; \
eler “igas within che 2a2ar-rnr Coolamet Systaz drain the Raactor Csolarns
|
Systuz of sizn‘iizastly =oTe vater thaa breaks a: higher elevazions.

Thus, for accidents in which the high pressure Iajeczion orf othes ECCS

~

'”? systems cannot inscansanecusly provide coTe cooling and csoling zust de
W !
i susta.acd far soce sesicd of tize via the inizlal PCS lavencary, tha:l

taveata=v Ls reduced in the =os: rasid way possible.

XC4C493
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verw szall breaks, thes2 s=alle. z=haa she scallast Sreax ceasicezed in’

~ I.c
. - . . L
~~\ the sgecITu= (3.04 2¢%) are 20T evaluazad beciuse shey are boundec by
{ 1 : .
A yarger breaks oz the followiad Teasons: e (:f

-he {incernal ve=nt valvas and the ozce shrough desizn’™®

"y
.

che BeW scteaz gecerassd, condec:acio: wizhia che steac ge:g:;;:: =S

oczur prioers 2 scoverizg of :hc rtz::a- ceoTe. FTor the ZOS.Fuzl

Asse=xly 7la=t coasidarzad Ln':hc Hi:helsq;.RQPO::, this occurs because

'r-
"
1)
.
0n
o
O
"

ehe elevaticn of the steal ;cnt:a:a-s is h‘zﬁc' thaz
vesselL. 1o the 177 Fuel Assc:bly plans, considered in this Te?els,

rais occurs Secaus2 the finject ion lcczcicn lot auxil'z‘y feedwate

- . -

- is oear the ted af the st2az generatol. Yi;u'c A-5=1 s“c"s the
relative elevatious o7 the lowered locop 177 F.A. plancs. The 205

desigs can te visualized ‘roa r‘gu_c ArS-l by una'al’" 'aisin the

stead ge:e:a:érs such that the bottoz cf the 0TSC car'cspoads

_approxizately O she elevatioz of the reactor v:sscl {nles and outlat,
-

- - ot -

gozzlas. ’a ; -

e e S

3. "3 EPUTREP IR SRR . N

et

2. 1f steas cndcasa“oa is occu::t:g in ﬁhc.pfi:a:" side of the stea=

gegarator, thed :hc RCS 7zgssu:n will be at oz ar.und plelols) psx, siace
; che OTSC hea: siak {s contzolling sressure and che OTSC ii'cohc:alléd
\ at about 1000 psig. P T

3. The breaks eva. ated ia tht spec'ruaathosc wizh H?I =izigatiocn anly,

{ drain the 2CS loops fascer zad cs:ab 2 stea=z condeﬁsa:icn eazliar

chaa do s=aller breaks. At the star:z of the steas condemsation =ode,

-

the dacay neat Trate for che larger brear will be higher than £ar the

e o W

g=allar breas. Tha laczer braak vtll also e la":g {nicial RCS

iavenzory faster than she smaller break.

4. Because L: has heen snowm BY evaluatisn thaz the H?1 provides

successful =fzizacion of a sransient at a higher decav heat rTate,

1 earlier tizme, the uP7 will provide suzcessful mizizazion of the

. ——— W -y B e s
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pressurizer level is nat a goed incicaticn
liquid inveniary. Mo operator actios

that signal alone. 1+ i{s quite pessitle
break causing 2 slow loss of ¢
voiding of the reacter core while maintaining 2 raassnadle
pressurizar level if high pressure
prematurely. The only positive {ndication
1iquid inventory {s a subcscled jndication
and temperaiure indicators excepting tucsein

’ - P -
and demgns cratad Within ha

This point is considarag

host sink depending on the relaticnship cf primary

v
—
0
x
]
|
or
i
= |

1f the primary systis? is =t

than the sacondary systiem, heat will be

sransferred frem
the se. yndary syste- b;ck into the primary systam. This
heat : :ws the denrassurizaticn o the system, thus,
controlling the flow rate from

she high pressure injecticn

fcr other SCCS systams.

XC4C497

A 5-8

of reactor vessel

of all RCS pressure’

godel persicularly for Lreaks which sccur in she nressurizer

itself.

The heat cantained within the st2am goneraiirs sevar2ly alters
_.the course af sverss for thaose breaks large encuch it de-

pre::ur{ze'beimi the stezm generalor pressure. 32y evalyatron

=adels consider the stzam generators as 2 hea® szurse oT a

T o
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Nacus2) cirsulatios will Ye iszasrupzad cuTiag a verl SEde- yrede 2n

& < - - samd - -
a tt::assu:i:a:ica {s srobable for this weeak. This resTessurizatic

{s show= in cur evaluatlo=n. 85's analyses show, hevevers, chas

gatu=al cirsulazicn excsads far beyezd tne cima of solld water

sazural cirzsulactien wichiz the prizarty sysses. Tollowing loss of

pactural circulacios {n the solid water =ode, an excandad sariod 4
ci::ulacion vill cxis: ia the mode wve eall "Hubdly roo-nhase.” Durio

rhis mode of hca: trans? s:caa'geﬁéta:éd by the core has

eo.lcc'c‘ in the u?pw. acad af the Teactor vessel and 2 steasm dubble
of sufficisnt size Lo cx;csc the ::p of the hot leg 2iping has heen
c:taécd. Steam exit: bu: ske hot leg oz:zle, mines Witd the water

iz the het leg 3iping ané ie carcied arcuni tae syste= to the steas

,:cnc:ac::s and condensed 2z that locazicn. The teuyancy ad swel.l

C!’Cct o' steax Ui suin che hot leg pining contizues matural edrsula-
S

tion for a leng period of tize.

o - -

The process of two phase eireulation operates Secause the
s~paraticn rate of stazn fros water is very low. However, at soTe
tizme the void fractica in che ho: legs will accuszu’ :te TO the peoint

whare steam can separate from the ligquid in the hot legs at a wate

:ul!iciez: to ioserzupt circulacion. During the earlv phases of 3

sz=all brea :::nsian:, the escape velociczy in cochinaction wigh the

» 5@
- -

ho: 1-; void !-actioﬁ {s low and gszeam canaot escape at the

-

at

»
re
o

is baiag pushed iaco the hot lezs fro= the upder plenu=. During

P~
-

chat size, bubbly =wo-phase nacural circulaticn occuls.

For breaks evaluated in accorcancs wish the 35V small break
spec:éun shilosophy, the pru 38 of hunblvy swo-phase civculactios
does no: terminace uatil the 1iquié level in the generasos Salis
talow the auxiliary feecwater aozzles on the 177 plant cesign.

Thus, a: the ter-ization 0! aatuzal cizculazion, the condisions

T A N v———
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for st2ac coadansacticn nave heem created
trassfer to the geanelalos

che termization of bubbly

is sea2.
swe=pnas2

# che steac gemerator awxtliaTy Seecdvacar

becausa of the lower decay heat lavels iove

systa2a deprassurizatica.

Section & of this report.

B5% Jasuary '979 Rasocnuse O TVA

1a B&W's January 1979 vespouse

aderassad:

1.

, 2o

After an inicial cooldown fro= eperating power,

core

levels equivalen: to thosa which oczul
following the reactor tIip.

fludd qualicy in the reactoT care is less than ao

Hou is decay heat Temaved?

"
0
1
)
-

A specilfic case

Wwill a systen reprassutizarion occus?

a vorss break?

1¢ the operator isolatas :ihe break,

wil?

If so, will the pressuce relie” wvalve be subjec

£lou?

In our responsa, the questiocn o2 decay

two aspects:

Rezoval cf decay heat Irom the

Pecoval of decay heat from the reactor

Removal of decay heat from the corte has besan evaluated experizeacal

{s acce=pl. ad ia a boiling pet coda.

These ex.

as

2T ex:t

d [ Seats

soinls vera

svsten vepressurizatism ocgus

=ed %o slug or two-phasre

-

cemaval of decay heat froz=

Txpezizeats have beeg Tun k=

i8]
"

sxiazcely

te=seratures will re=ain withia a fev degrees of saturaczioc

do =a9% cause local =ixturas in the

:nTe

{n cxcn=ss

‘m =he Tpactor as cariyv as five 2

~enzs indicace that so long as the

S=all Sreclis

78% gualizy.

, eore ciac
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WAtRin the Teactar corse Hecomes s:ailc: (specifis voluze effac:) and cthe volu=a
o0 f£luid passinz cuf the break beco=es lartger (pressura iacrease leak flcw)
Places a lizi: cn the repressusizaction. Therefore, Decause of ﬁhe reduced
secessiiy (lower sza22= voluze creazad in the corse) to vex: voluca ocuz of the
break, systez invezzory loss will re=aia slower for a_s:all break thaa i: does
for a larger break whicha did not wmdeszo an Ln:a::u::i:n’of patuzal eirculazien.

-

Furtlerzorz, sieaz condezsatiocn cccurs oaly afier a specifi:z voluzme of

(3}

liquic {s draized f:ro= the RCS loops. Cbviously, a break size for which
LS had o reprassurize cakes lozger to draia chis amsuzt of liquid thaz 2
break waiza did :::. ;h;:tfora. che s=aller b?eag sust have lost liquid a:
slover rate and zould 20t te a worse case. Aﬁ ch¢'c1:¢ of re-establisazen: of
Batoral circusaticn in the stean condemsacion oodea, the ia:z liquii {ne

VeRIOTY exists IoT azy break size. The ocly differance is that the 7Scex= has

-

arrived at this point earlier and wish aigher decay heat levels fz: the la. jar
r » : .
break than for the szaller break.

—

B&W addizicnally addrassed the isolation of the break afcer tar=inazisn

of natural circulacsion. We agreed that the scenario presentad in the ¥chelson

- -
-

Report was reasonable, and syscem repressurizaction to the coda safae:zy satyo:

-
~ -

following break isolacion was prodable. H;wevc:. onie systex inveniory los
to a level correscondiag t. condamsaczioca in the steaz geneca:zor Qccurs,
pressure would be Tecuced to approxi=acaly 1000 Psi, core « ling would 5.
assurec, and flow ou: the code safecy vould':cap. Should . : safezies
camaged because of liquid discharge, this is of no particular :oncera.
affective dreak size is vely increased and the case is noe .o . by a
slight.v larges breai in :the break spectrus. . ' XC4C501

lo TVA's Teoruary 1979 response to 34¥, the state=zen: on volume reliv’ out
the STea2sz lacraasing witi iacreasing sressure wvas questionad. Addicionmallv.
TVA stated "We wvere 2lss wonceriag 1f vou considered che svstexz to be in

AeITo~3alonce’ as vell as 'Voluce Balance’. Overriding in cthe TVA response

P
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Poinss raised in the peccrs which are parashrased or Quet=<

are undarlined. within the cover letter four noints 2re mace hesa

are:

1.

{n the upper head of the reactsr vessel and

A stean bubhla fs likelv %2 £orm in the hich ooint t1.hend

at the t23 of sach staam cen2r2 0T afser gvstIT OVET aressurs

-

{s Jos:. That is, aftar %tha crimary gvstam beIcras hagizal

saturatad. This would in4arrust nz*ural circulaticn and geczv

heat remov2l. B¥a agresas that such a steam huabhle can form,

howaver, we foe] that the steanm bubhle will form initially

location of the U-bend. ' . ' S

The tr2nsiticn frem natural circulation %o condensaticn heatl

erancfer in the st22m asnerators cauld b2 sraublascme Decause

gf the sime dalav vhile waiting for the sta2am menerator tules

%o drain cown £ap onouch t0 egtablish 2 eandensaticn surface

Unlecs *the hreak ¢an 3lreacv rerove a1l decav he3t, SVStoT

penrsceyri- tign will occur. 834 agress. Transiticn

from natural cireulation to condensaticn =2¥ involve system
repressuéﬂzation for very small brea2ks. we <o not believe

that this is particularly sroublescm2 nor of concer? in providing
acceptable core cavling during the process, since the core recains

covered duriag this pericd.

XC4C503




3. There is a wer=v thdicatad ta2t even afgar tne stzam cand

{s estallignad wizhin tha raszctor cazlant svetam si22m 2en2rii3rs

A reorassurizatics wili ozzur wnen tha A0S starts

would be causad Sv svezan filline ovar the condamsatisn surface.

1f staam aqenaratar Raat remaval would havs baen neadad, it <s5uid

not be re.ast:hliighed until comleta refill aof the svstam scczur=ad.

Alsa, the nresenc2 0

05:1113:5rv hahavio= may result.

densibles mav oreclude final fillinae of tie RCS.

Ia fact, thae refilliag will be very gradual. RCS level will change

excre=2ly slowly ia relacisaship to the decay teat drop~olf. Ar Iirst,
EES '

the steaz generator condansiang surface will evolve o a location or size

which is necessary to remove that portisn of che decay hea: which canzat

be ze=oved via the break. As decay heat drops, Two processes will ocgur

sizulctanecusly. The need for steam coadeasation in the generactsr will Be
. ' ~
teduced 2nd the systez will depressurize sligacly o reduce AT for condens2-

tioa. Also, injection flow will iacrease slightly, theraby, both of these

aspecss will ceccur only as necessary to balance the reducing break qualicy
and increasing break : ww. Eventually, steam condensation-{n the generatoe:
vill be at a verr low, almost zero, rate and the bdreak will stars removing
all of the energy. At such cioe as the break, flcwing at whatever quali-~
is required, can remove all of che energy, the system will attemst to 2:

-9

and wvacer will be szored within the loops. Steax will be 2assed through zhe
eixcure surface wizhia the resactor vessel, pass thTnugh the upper hrad and
215y to the break. Tor 3 dreak very hizh in the RCS, steam will buddle

throuzh a =ixsure in the hot leg regions anc exii the break.

XC4aCs50a
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This concarm addressas Very long tarm is
\<:;' 23 the point of steam candensation an¢ leng term c301ing

estzb1ished. Tha question oF ayentual refilling cr

- - — - ———————

systen i' raxsed

— -

- -
- E———

The sys tam s*OuTG b- v1ew-ﬂ 23 2 staady gtats gnc2 through

boiler with cni; 2 very sIow1y de:reasin; acuer. System prassurs is

czntro1\ec by the ne-d to vent 2 speci‘1c amaunt of enercy (St

An approximata baiance between mass 1n3 sad and mass Tlov cut the

b. eak exis.s. As lower and lower pcwar levals evolve the reduction

in energy ven.11~ neecad to maintain 2 gt2ady state condizion 2llows 2

) o s1cw depr2551*1-3;10n. At the samsa t.ue

. - e - ——

.

. “rtduced in order that she approximate mass N3lance exists hetireen

- — - - . —— - —

e o ¥ AP g G— T 44 SIS —

QE?:) 1njec.ion and break flow. In mixtu dﬁs:har;é, SYreak corrzlations

shew that although mass d.scbarg° 1ncr:zses with decreasing quality

—— - . —— - —

volume discharge decreases. therefa.-, the dapressurization will b2

 yery slow. Onc2 the systam reaches saturated liquid discharg

rass discharge and chUﬂ. discharge increas

to vent the same mass flew in a subcocled state.

roreapoapaswase ey RS R

XC4C5065

| e negatﬁve quality, 2nd the depressurization rate will increase.
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Systen

repressurization will not occur because in 211 cases the pressure T

-

to vent a specifiz m2s of saturated mixturs is higher than thal requir-

For smaller breaks, equalization of systenm pre. e with HPT flow

may still cccur at an elevatad 9CS pressure. Once such 2 conditien
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exis:ﬁ, the reactor cperator will eventually m=¢
on his hot 1e§ and cold leg RTD'S. g2 that time, he can thrattle the
high pressure injacsien systam wack %o reduc? oressure t3 2 ieve
the LP1 or the dec2y heat removal systsm can taka over thercisz or pro-

" yiding core cacling. Such pessibilities ars cutlined in the suidance
for operater management of small breaks.

Ta2 csngern over non-condensibles is not valid unless cansiderable
non-condensibles have Leen generated by matal watar reactions during the
sransient. The volume of non-condensibles disolved in the gcs as operaticr
has been evaluated and shown %o be insufficient %2 srevent nasursl
eirculaticn. Ko cmall break in the geW NSS will result in cladeing

ff_\> tamperature in excess of the initial value 2% gtsady state aneration

\ ’
(aheut 7007). Therefore. no cetal water reacticn wi7] gccur and no neng
condensibies will be generatad.

The statcesent 1g made that oy s=alle? hreaks Te22%0T vessel drain

tize fo

a given wrealz size ig some=hat ghmavsar Than an ene TV eqguilivzis

ri=e., 1Inis =eans =hat azTura’ eiraylaczion enzses SeioT?2 rhe bHreak can

| e —

romove : ' deca¥ weas. Increasin rhe ozessure increasses ¢na Elow to Zhe

.break anl thereby daczeasas rha snercy aepilissiy

Energy equilidbriu= -elazive to decay heat is aa ingufficient condiziorn BY
waleh to predict s -abilizazion of systen variables during 2 s=all break.
unilib::uz‘oi ¢z aasize RCS cust e consideced for that aredizsion. Pl2
refer o the eaclies discussioa of tizec O co-estaslish sizas cond.asatis

<:>: cooling. 'xC4C5G6

Mo, Mlchelson relaces the sogsidilize shat {ncweasing nrossuze follY

cessazion of nazural eizaulazion wil: aeobably resyuls ia A lOUST ylzirac?

enge leoval and a righes seak 2ladéing ce=asvazure LF ehna zove is w°C
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$imce repressuTiiation will be ze.minazed beiore any 3-5°
thaz the core will becote wmecvared, and sines £o- breaks whizh requize
fap:essu:izazia:. the 142:id level dacTease to the poiat ol =aniazsazion will
ocsus 2t a lager tize thaa for yarzes breaks which ds et TequiTe
repressusizarticz, the s=aller break whiz= achisves zhis condition ac a

losar core decay heat level will act lead to az sneavared sor: unlass che

larzer Breax did. §{nce zhe largeT breaks all seet the e—tizeria of 10CTR3C
o will the s=maller otes.
In the fimal paragragh of Secsion 3.3, 2 statement is e

made to the affect that for cert2in ¢mall braak LCCA's, R23CtOT
Vessel turn-around mav no¥ be resched until the uoser sartion

of the care has be2n uncoversd for a orsloncac geriod cf tI1T2
Reactor Vessel turn- around because of the action of the vent

valvaes and the cnce through nature of she steam genzralicr

and condansation surface, will oc'"r at seme time. It will -

occur eariier for larﬂer breaks and at higher decay heatl i12vels.
The only mechanism for loss of Myid from the Reactor Vescel
{+self, is a boiling process canverting whatever water is in

the Reactor Vessel to steam. At lower decay he2t levels, this
process takes 2 longer perind of time. If at higher decay heat
levels, it has been misigated by the acticn of the high pressure
injecticn system, thewthe high pressure injec sion system can

mitigate this pra ess at lower decay heatl leve’

. XC*;C.S"‘&




—

i In Secticn 3.3 ghutdown Cooling, 3 gratement 13 macE that
-~/ ary e1yid s2ill beinc ess throuch he weeak can 52 MESE ya B
ona of she decav he2: romayal OUTSS eatine suchicn €737 the
| borated wase= gharaca tant OF nv a hingh oressure injacticn SUTS
lcoz if 2 sostuTazed sincle #3i1yre involves o0% of the daci’

.1t removal losss. The geatament is true DUt arly for 2 perioc

of time. Eventually, for any of these breaks, the 10SS of fluid
ehrough the sreak will have +5 e made UP viz a pump
from the reactor suilding sumd. eyfficient watar will have

‘azcumulated, unless the sreak can be {g-Y1%ed,

sump O M tch the approximats volume of the borate

J tank. At that time, recirculation 3 provide raacaar COCIATS

<i_:: system makeup must be saken frem she sum?.
©©= e Section 4.0 Worst case LOCA ceasidarations and &.1

pischar:e Caefficient and break loc24icn, paragraph three,

g~atements are =ade that it should be desernined +hat the fluid

—

|

" lost through the break remains regrasentative of tae £1yid at

i the core exit. Also, statement is mace that for certain witer
cide break locasions, the high pressure fnisction CUMO £ ow

' ray byoass the core and any ce2c3y heat qe’ -at24 within +he core

D et

mav - "% pffpztively camunicate wish the cyusmaraed or

ger... ‘20T subes. There may re nog significant dacav M T removal

g !3}12 this eandition nersists.

: O ¥040508
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In Section 4.2 Saaz la=oval,

-
Decay

S 2As £ 1
il s
% @ik savhang SO==

y ' - % e mem Moy e .- - My d - 228 ud ey
aralonged ceoressurizisica bafosa tae §tkiAS TendcSe-s cax ézain syl oZoanto
to bscame a condaasar following 10SS af mazweral gizsueiacion As a yesul:s

sha vraac

=or vessel toT slemum eainace T

cul=inacas 42 a2 loss of natusal eiraylasisn 297e2Ts €O

essen=i1l usefulaass of cha sTteas 22nevasor

-

£.- =%a srall break LOCA

miszigation."” Tae drainage of the reactor vessel

the end of effective zmatural :i::ula:icu. As explaine

ge1eTators

are effsccive, alshough iamterruptadble, during

ranslent evoluzion of a szall break LOCA.
Ia Section 4.4, in the secoad paragraph, tneTe 15 2 d.scussion of che
.03 fe° break docuzeated ia BAW-10CT74. A £4-21 conclusicn is tha: leve

avais a lower pressure

e
ow becausa the flow discharge througk the .03 4 -
_ceater than the capacity of one high prassure inmiacti

- -
R

class Breaks the svstez deprassurizes wailil such

“lloved 2o exitc the break. When stea3 $low exit

rapidly depressurize o a peiat where energy equilibdriu

ehis case and in these conditioas only,

tool for evaluacl 13 scadilizacion of the szmall dreaak.
decsease in pressure, the high pressure izjection £low

#1ov and the svs:az will achieve an equilibriuz condic

In the followiag mavagranh, statezencs are zace ¢
w I .

as 3teacs

the bdreak,

"energy equilibrium” (s a

ieved. In

will sateh

fon.

g the

the swvstez wil

q
.09 #2° breax is neay tha lower sized timis S5+ sha ECCS avaluation =2del
near the us9er lisi: %952 3 ver— e=3l! Yreak LOCL analvsics 2CCS evalu>
riams =adal does 14t ansear o Iaxe tmeg econsida=iziss the 2cessidilisy of

{aree=izcan: nazural

a Y 'w»;’ ! ah .,.‘.w. "
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dusi=s the gTansiticn foam masuzal 3i73u02323% 53 239

evaluazice sodel and cthe choice of 5 £2° Yrszaw Is masad an boundiag

-

"
~
n
U
'-‘
N
n
e
L
-
4 ]
o
4}
J
O
Iy
)
’
N
o
1
)
"
A
o

caleulasions and consideadle wotk 32s S
breaks do pravida bounding analvsas as explained adove. 1132, Lt &s an
izportant paTs, 2 she ECCS evaluation =odal, that the dzain
es-25lish stsa= condensailon ba fzcluded. OuT evalucazion izcluce =zodelizg
fo- thi‘s draiz size on 3 sﬁi!i:ien:l‘ pechaniscic basis 0 Ya, adaquace

for the cv;lua:ion of s=all break LCCA's.

‘The .05 2:2 break relies ZIor =izization on successfully sassing

through the iacerruption perisd and reiniiii:ion of stean condensaticn
wizhia the steaz generatoTs, HYovever, since the sransition for this lavges

break does not enzall 2 repressurization of the prizarty sYsi=tT, the

prog-ass thoough that sransizion i{s not obvigus fram sysiem prossule.

| |

i .

‘ .
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In Ssctign 8.5 Break jsglatian an? suts shut ofF effecs

in the last part of the second paragraoh, 2 statoment {5 mace

‘that degrassu~iz2sion %9 23+ a¢i apd22rs Tikelv with 2 zoTmensyrate

- -

reduction in mak2ud Tlow and eventual osening 0% she code safaty

=~ *yvalves as reguired to remove decay hea%-if the bresx hag been

{eglaad. Following that, in the next paragragh, she imoact of

passing water throush the gafety valvas mav Create hydray

instabilities and other service conditions ¥or which the valves

have not been eualifrad.

The only izpact of the ¢ailuze of the

‘
safercies, 1if it occurs, will Se to maka the yreak siight!

This larger break will Sehave as thesa already avaluased iz the
break spestrum. Thus, evel 1% dazage tu the safesy valves were IO

ocsur, cora cooling would mnot be iatcerTupted.

In che last paragTarh of this seczicn, is a gscatesent that the

fu11 pressurizatiscn indication may cenvince she aparats= %o trio

-

the high orassuyre Jumd and watch for 2 cuhsaguens 1--: of level |

o

. *ha ste2m generator

1f this hajcans and the hreak has be2n isolate

$uh2 Yieuid level ¢t.rts decrazsing dus %3 rel

w

ase of fluid

oI

shroush the safaty valve until an adecuat2 condensating turface is

established. Mo € r+her loss of leval is likelv and the csafety

valve should remain clesed. The sta ' boiline @0~ 411 orevail

and the orassyriza= should remain full of ldguid wi<n 2 contrell

gtean bubhle initne ra2azisr vassel,

.
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38w

Intermis<ent natur:2) eireulasion is

mode of inisial decay heat ramoval Toll

break LGCA. [Secsion 3.1}. The acecuacy cf shis unss3d

-

mode for decav he:t removal needs tc be verified.

Coc=ant: The adecuacy of this uastadble =cde 0f decaw aeat

rezoval is verified by comsidaratics of Ihe processes vhich

must evolve duriag a s=all break L2CA. The inter=istant nature

of

\
\
|
Vin:nrru;:iou sm241 anccher moce of sasural cirsulatisa, stieas
en-deasation, cazm stact. The process is allowed

1

pnatural cizsulatios {s mot an uastadble =ode. LT 1S &

evaluation sodels through the use of Youndine evaluitions a=ad
] =

potencizl for more severe consequences, [O the TeacI:

-y s

aftsc

systex and the reactor core.

2.

larger break siies which pose =ore severae ccusequances, or tis

The transition from natural ecireulation %0 ool boilina/

econdensina invol a time delay incurraed while waiting

for watar inside ‘~e stzam ceneraior 2 drain Halow the

secondary side watar level (Secticn 3.2}, DOuring tais time
system reoressyrization will occur 7 ali dacav Ne2t 15 No°
beine remaved throuch the break. The e” -t and 2ccestasilit

of this resressurizaticn needs tc b2 datarminad

XC4C513
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4:? H?I cesmisazion is aczeptadle 2aly when subcacled conditioas

have beea asczablished in the Reaccar Csolan: Systa=.

.

. 2 s 3¢ Y ppe—p—
Y fas_cacS3n £58C28s.So

agw 3 Qa

"

Ia seccion 5.6 Prassut

are adous tha fact that =ha =ressuTizer level Zs not a ¢o7TeCt

L

eha 2CS Nuriag %he evaluzsizsn

"
”
L]
o
"
o
w
“
®
P
ey
"
1y
{ R
(2]

ndiz2zcr ©

os 1 w22k, oressuvizes level can == scable or inecTeasing

b

he s=2a

o

while Peacz.r Coclant Svstaz tg drainiang. Tnese szace=ents are

crue and haves been discussec above.

Ia the very last part af Seactzion 4.6 in the secuad parazTasgh,

the conclusicn is reice=aczed that the neagsuTizar suT?e 18re w211

<

oraveasz or can srevent lov sressurizas level indicztiof +hile the

Rea~sor Coolan:z Svstea is logi=z iavesmssry. We agais supraTs this
il conclusion and feel that it is veIy {=por=ant that tae {aszruccions
\g" + T a4 Y gpd " ¢ & %izh
1gsuad ia Bulletin 7%-03A relative 0 cerainaticn of high »ressure
-

; {njection be folloval iz all pressutized watas reacsors.

- Wichin the first paragraph of Secsica 5 conclusicns, 3 statenent

}s cade that resorzed NSS vendar modals do nst 299eat U accocm=odaze

she verw small break LOCA siruations. Wa believe zhat the 3&W model

does consider tl2 necessary phenczend ea accormolate very szall break

LOCA. Because of the boundiang natulte of the larger breaks, extensive

co=puter evaluatica of very szall break LCCA's has not been serfsr=ed.

y
es

The major points of the Michelson ressst's conclusion are Tepex
here vesbaciz. Following each arce 38u's so=—encs o follow each el
these conclusions.

"
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&. The pressurizar level indicasi
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i
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w
[
o
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of watar level relative 10

The safstv sicnificance of this shortcoming neads %o be
evaluated wish recard t2 she adesuacv of infermaticn for
s correctad operator actions.

B&W Comment: Babcock & Wilzox agress. Only when subzocled

- - A

canditicns exist within the pgrimar)

P P . 2
r

s take actien to terminata or throttle the high prassure

~
“
v
[
0
= |

injecticn system.

-
-

/ " §, The oossibilitv of small break isclazion bv cser2tcr ac=ian
- , -
and -he subseaquent loss of both the steam gener2 ars and
i bresz% as heat sinks is of cgecial camcarn "Section & 5"
‘ . ¢he rapid rapcressurization and even*ual exsgsure of the
‘ : - pressurizer safaty valves to sluc or Svo-ghase fiow needs

analvtical considaration and gossible %est qualification

. of the valves. The possibilities of break isolation are

very small within the Reaclor Caolant Systam. Three breaks

can conceivably be isolatad.:
a. The break of the normal letdown line
5. The braak of the PORY or pSwer oparatac relisf valve

on the 20p of the pressurizer,

)

-
Qi) ¢. A very unlikely break batwean lhe coatr 1 valve and

block valve on the prassure spr2y line.
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34w Cazmens: Th-s effect Mas Seez coasi garad L4

1~ =ne Db

~<

_analysis, and =3he wreaks Iot the zo2g analysis have beean

chosez %0 Sousd the consa3uences af all s=2.- yreak L0GCA S

on the Treactor coTe.

3, The Qecav usat fraction whizh is pemavad Shrov

el the sreak

for 2 aiven mass Now rate will be less than ©

rodicted unless

e Nyid enthalov ussiresT of the sroak is Te

L

j;;&a core oxit entkalry !Secticn 2. 1Y. The

ta uypgiresT erthaloy, parsicularly with regard )

3
e

recressur*zation. needs %tc be evaluated £ar

|
]
3
)
A
v
or
4
0
]
~

locaticns «no—-in ¢oma core Svoass may be CCSS

]
D
e
w

i%le.

a1aiﬂ°d parlier, £1yid conditicns 32 the core axit bear

1\t:1e relationship to fluid con jtions at the bre2® during

earlier porticns of small breaks. Only when 2

has evelved within the primary system will

conditions at the core 2xit oF at the exi fr*

2
L]

lu

mixturs above the core pe representative ©
the break. Finally, if the yreak is in the
where HP1 water can directly shert circuit tC

fluid conditions 2% the core exit (or the ex

shasa at

location

+he bdraak

o uture above the core) will never be rc:rese~:a:ive

o¢ these at the hreak. Such eans idarazicns <

in the 3abcock § Wilear evaluatiecn mu2als anc

main reasons for loc: *ing ne «re3k betTwesn U

Coalant ?umd dischargs and the neacsnr Yesse

3 cerzain gortion of the hiegh sragsure 1] iecsio

‘from the R23CT0T Caalant Systen withous Grev

o includad
are the
~a Reactor

snus allowin?




lsolation of *hes2 breaks can concaivadly cau

repressurization of the Reacter Caglans Systam tc the peoint
where code safeties will relieve the

g2

N
(9]
3
w
"
i
o
n
=
0
2
w
O
-t
N
o

There 2re no unacceptable reagtor safaly
safety valve relief even considering the nossibility of ccde
safety valve failure in the open position. These accidanis,
{f they cccur, can be handled by the ECIS systams.

There mav be a ociential for sarious Srocess disruction

for unazceatablie functional or oressure boundarm

¢35 eomoonents and sta22m

0

eneratsr tubss due U2

instabilities whicn are likelv dave

break LCCA.

The bBushling of sz2turatad

liquid and the injescticn of cocl makeus watar

1nto 8

£i'led cold jes pipa are inherentlv unstibla procassas of

particular concern that need further consider2tion

'''''

The

ossibilities of system ins®- ‘lities 2ssociatad with high
Y

pressure injection flow or int escillation

reustions and

of decay heat removal via na: .2l circulation are significantly

e |

smaller than the dasign conditions for the Reactor coolant

system. The design condition of the steam generators
reactor vessel, reactor vessel internals, RCS pioing
components are set by large brezk LOCAS in which hydraulic

forces of orders of magnitucda largar than those possidle

during small break LOCA, the resultant low

within the design capacity of the MIS.

XC4C517
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CONCLUSICHN

ps discussed in the foregding 2ssessmant and confirmed

by analyses presented alsewhere {n shis report, 3&d bSalieves

that the technical peints raisad in the Micheliscn reocrt ar

allowed for in the design of the S0

=

evaluation model used to predict p
report independently confi=ms certain censideraticns Aidd
are a part of the 34N ECCS gvaluation medel.

The issues raised in the report de not altar our
conclusion that the S&W ECCS evaluaticn model conservatively
predicts the safe response of the 3&W NS5 to wo~st case

<:::> . Less of Coolant Accidents, including small brezks, arg
that the ;ndeI is an adequate basis for charactarizing

system behavieor.

.-
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