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Responr @ to TVA Letter K-5020, Emergency Core Cooling System —
Sc 11 Break LOCA Analvsis N4M=2-14(AR). Aseil 27, 1978

Via TVA letter K-502C, TVA cranszitted to BSW a report encitled, "Decay Heat
Removal During a Very S=mall LOCA ‘or a 38W 205-Fuel-Asse=3ly ?'R," bdv C.
Michelscn, dated January, 1978, is report presents a simplified, hand
‘ealculation review of the small brt‘k transient and potentilal ccnsequences
for very small breaks not explicitly examined within the small break topical
for the 205 FA planc, B8AW-1007%A, Rev. 1. Within this paper, the following
concerns were expressed Ior the very small breaks:

1, .Haow i{s decay heat zezoved? ‘ :
2. Will system repressurization occur? If so, could a smaller case be a
wors: break?

3. If the opergtor isolates the break, w.ll systeam repressurizaticn occur?
1{ so, will the pressure relief valves be sudjected to slug or two-phase
’
£low?

Responses ‘to these concerns are developed in the subsequent paragrapghs.

Before discussing these concerns, a general overview of the small break tran-
sfent in a 35W 205 plant needs to be briefly discussed. S=zall LCOCAs can e

iewved as a slow tcansient i: ing wnich the RCS can be descrited as a sealad
‘manometer, 3Secause of the internals wvent valves, n0 extensive sta2am Sudble
will form within the reactor vessel while any sigaificant liguid iavenzory
Temaing in the loop. Many experizent* have been rum which show that so lang
as a fluid, with gualicies less thaa 7.7 or so, covers the ccre, ne acverse
core temperature excursion will occcur at decay heat power levels. Thus, any
probleams with ssall Sreaks will only occur after the 3CS loops have depleted
their ianventory.

Decay heat rezcval frem the core region is no problem 3s stated above. Zow-
ever, decay heat removal Ircx the system as a whole needs to be exazined
further., There ara two ways of removing decay heat frcz the svs:

break and/or via the steaz generator. 3oth of these items are discussed ia
detail in the TVA lecter. Ior the very small LCCAs of incerest i

cussion, it was showm that the break alone is noct capable of razcving all zhe
decay heat and heat rezoval yia the steam generator is necessary. While the
TVA-predicted break size that this occurs at was zot checked quantatively,
the acti 1 bSreak si:z :ha: i occurs at is {acen equen ial. Such a break
size does exist vhere the steam generators are pecessary.

The role of the steam generator as a heat removal source is basically as
described {n the letter., Inicially, nmaczural circhlaticn will Se =aintained

in the system and the necessary heat remcval is easily accomplished. Once a
stean bubble of suificient si:ze necessary to £ill the U-bend at the top of

the hot legs (s formed, natural circulaticn will ccase. The iaterzitcant
patural circulacticn discussed in the letter will net occur due to the slow
dature of the s=mall break transient. Once nacural circulazicn ceases, the
systea will repressurize sc=ewhat uatil the SC primary side liguid level drops
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balow the SC sccondary side level and condensation heat transfer {s established.

During this period between the natural circulation and condecnsation neat re-
moval modes, the letter cxpresses concerns that the liquid iaveatory withia
the system will be denlered at 2 rate in excess of the rates for the bredss
analyzed—o7=22W Cecause of the partial resressuri:zaticn of the system. TVA
4s concerned that this ulzimately will result in =-ore core unceovery Chan Inal

shown in the small break topical reps? 'J=100744. This is not the case.

During the na:u.al circulation pghase, it is obvious that the szaller the :ce
the slover the loss of systen iaveatory and the longer the pericd of natural

circulation. After natural circulation ceases, sysctem pressuze will be coz-
trolled 5y a "wvolume balance."” That is, the system pressure will balancs ac

a point where the voluzme of fluid discharged through the break egquals the

voluze of steaa being created in the core. Since the cold leg fluid enthalzy

rezaias unchangzed during a s=all break transianc, the volume relief cut

the Yreak increases with increasiang systez prassure and draik size. The vale-

ume of stez= Seing zeneratad in the core decreases with increasing prasscra.

As the break decreases in size, the RC systexm will repressurize to a nigher

value; thus the voluze relief out the break necessary to matsh the volunm

of stean being created decreases. Therefore, the system iaventory wil

lost at a slower race as break size decreases. Once the S5 Secozes 2

for condensation heat cazoval, the prizacy systen pressure will depressucica
to approximacely the SG secandary side pressure. Since the sec:rés:: siza

of the SG will respond i 3 similar =anner o that of the 0.05 f£z= Sresx

analyzed in che topical, the priz=ary side pressure response, Zollowing tha )
dvent of condensation neat rexoval, will be sizmilar to that of the 0.05 I3*

break. Ihus, for the smaller 5reaxs, the systea inventory will alwars de
greater than that for the 0.05 £t? break and the core will always rezaia
coverad and will not undergo a temperature excursiom.

In the paper
natural cir

conceras are raised relative ta isolation of the break aicer
‘bl.- Sacu:d
5 -

ation is lost. The scenario presented in the lecter is reascz-
the break be isolated at that Cine, system tepressu:i:a-‘ = -

s 2 faty valve setpoint is probable. Two-phase or liquid flsw
through the safecy valves will also probably ocerr. Cace the system dazlzaza
sufficient invenzory 2o establish sondeansation heat transfer across :h

.

the systez will depressurizeasd no further loss of iaventory will cceur.” The
core will remaia coverad for this secenario and a0 tezperature excursica
occurs. Should the pressurizer safety valves become damaged “eczuse of ka2

two-phase flcw out the valves, the respomse of the svstems would then te
sinilar to that oresented in the FSAR for the pressurizer safety valve stuck
open accident and 20 core uacsvery occurs. /,4’(/Jd) ,

As far as the apprapriateness of the operator using pressurizer level iandiza-
glon to trip the HPT sumps, 38W agrees that the level indicaticn is not a
teliadle indication of the stace of the RCS. iHowever, use of the pressurizar
level indicaticn, along with sys:em temperacture and pressure :easurements 2
ensure that the system is still ia a3 substantially subcocled sctace, will zz3~
vide sufficient guidance for operator action.

In sum=ary, whi
exaaination of
provides suffici
gystea to contro
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nsient, the small brc:k gapiecal
o easure the abiliczy of che 8%
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e the TVA paper raises valid conceras and
5 raa e,

3
b &

[
P
™




ELNP

3. The RCS and main steam system pressure shall not exceed 110% <z::
of the design pressure.

8. 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 opening of the

., urizer safety valves was performed using the small break
model cdocumented in ESW topical repocrt BAW-10074A, Revision 1,
"Multinode Analysis of Small Breaks for BEW's 20S-Fuel-Assenbly
Nuclear Plants With Internals Vent Valves." The small break model
used in that topical was demonstrated to comply with the
requirements of Apcendix K to 10 CFR Part 50 in Appendix A of
BAW-10104, "CoW's :ZCCS Zvaluation Mecdel." Flow tar .ugh the open
safety valve was calculated by the Moody critical flow
correlation. 7The leaxk area is limited by the orifice area of the
safety valve, which is 0.03 ft2, In order to obtain rated flow
through the valve at_the valve rated pressure, it was necessary .
to use a discharge coefficient of 0.75. Other assunmptions used
for the analysis are as descrilbed in BAW-10074A, Revision 1.

15.6.1.3.3 Resul+s 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 approxirately the secondary sid {::3
pressure of the steam generator. The secondary side pressure is

maintained at approcximately 1250 psia by the safety valves con =he

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 plenum) for this accident. Since the
core remains covered by liquid throughout the transient, pool
nucleate boiling will ke maintained and the cladding temperatures
will remain within a few degrees of the water temperature. No
metal-water oxidation is incurred, and no zbnormal core
gecometries or fuel rod damage is caused by the low cladding
temperatures.

By 3200 seconds, the injection rate from the cne HPIS exceeds the
combined l2ak rate and core steaming rate and will proride lcng-
term cooling capability. Therefore, compliance with tie
acceptance criteria of 10 CFR Section S$0.46 is ensured.

The discharge coefficient ‘cf 0.75 was chosen to match valve
performance with the Moody correlation. If 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
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coefficient assumed for this accident is not important. The
system's response following the cpening of a pressurizer safety
valve is similar to that calculated for small breaks. B2EW
topical report 3AW-10074A, Revision 1, discusses the consequences
of small breaks and demonstrates that the core remains covered
throughout the transient for breaxs with leak areas less than 0.1
ft2, sSince the leak area for an cpen safety valve is only 0.03
ft2, the core will remain covered thoughout the transient, and no
fuel rod damage will occur regardless of the discharge

. coefficient assumed. s

15.6.1.4 Barrier Performance

The inadvertent opening of a pressurizer safety valve does not
result in fuel damage or excessive pressure in the Reactor
Coolant System or main steam system since pool nucleate boiling
“maintains the cladding temperature within a fes degrees of the
water temperature and peak pressures never exceed the Code design
limits.

15.6.1.5 Radiological Consequences

Since no fuel clad damage occurs, there will be no increase of
radicactivity in the reactor cceclant or in the steam. Secause
the doses are a function of the amount of steanm relaased, the
potential radiological conseguences are bounded by the
consequences of the loss of cnsite and offsite ac gower to the
station transient (Section 15.2.6).

15.6 .. Failure of Small Lines Carrving Primary Ccolant
Qutside Containment

15.6.2.1 Identification of Causes

A break in fluid-bearing lines that penetrate the containment
could result in the release of radicactivity to the envircnment.
There are no instrument lines connected *o the RCS that penetrate
the containment. However, other piping lines from the RCS %o the
Makeup and Purification System and the Decay Heat Remcoval Systenm
do penetrate the containment. Leakage through fluid penetrations
not serving accident consequence limiting systems is minimized ty
a double barrier design so that no single credible failure or
malfunction of an active component will result in loss of
isolation or intolerable leakage. The installed double barriers
take the form of closed piping, both inside and outside the
Containment, and varicus types of isolation valves.

The most severe pipe rupture relative o radicactivity release
during normal plant operations occurs in the Makeup and
Purification System. 7This would be a rupture of the letdown line
just outside the containment but upstream of the letdcwn control
valves. A rupture at this point would result in a less of
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