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Menarandum “rom M, Taylor to 5. Fabic ¢i*+d October 29, 1280

In ressonse 40 your request of last Friday, fpri) 17, the enclosure
srovizes a very preliminary {weekend effeci) agsessment of the 14kelihood
ot a .evere overcodling event which uJi’4 challenge the pressure vessel
jntegrity. Although our quick assessmert sugpests that the l1ikelihood
of oversooling events such 2s the one that occurred at Rancho Seco is
Towar (“h&n that sstimated in Reference 1) due to the 2ssumed hardware
modificaiions implenented at the B&W plants (this essumption should be
verified by DL), *fes: “s coneiderable uncertainty in the hardware ani
hunan error ritot assumed fn this hasty analysis.. Tlis assessment
,suggests that =he iikelihood o” severe gvercooling events is not so high
2s <o reguire precipitous sction, but 1 strongly urge )&3 to consider
+he preliminary sature of this analysis end initiate a program o morz
systemetically evtimate the likelihood of severe cvercooling events.
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Ashek' L, Thacianim ef
. Reliah: Ti‘y & Risk Assessment Branch
Division of Safsty Technology

“nelosure:
Prelimiiary Assessment

¢c: 7. Murley
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preliminery Bssessment of INE Freguency of

rveessive Coclcown gvents Chellencing vessel Integcrity

Txcessive coOlGown events in PRy can ocpur in @ variety of uays«-?eak/brenk
in the primary SySTeM, 1eak/bresk in the gecondary SysiEM, ang excess feecwaler
flow. Of concern are those events that could challenge the pressure vessel
integrity by cooling the plant down t0 about 250°F while achieving primary
¢ystem-pressures above roughly 1000-1500 psi. Protection against challensing
the Pressure vesse)l integrity far these tyPes of events (which are not terminated
by automatic isolation of the sLeam genernzsrj_js dependent on oprraser action.
*hese 2ctions are imitiated by the prtssure-tenperntur: 1imit curves in the
fe:bniczT Specifinia:ions. However, the emergency operating ;rocedﬁres are
.generally not explicit in vreating pressare vessel integrity.

-
Following initiation of 2 severe depreSSuri;ation event, the pperalor wouid
zssure that core cooling systems were fFyncticning such 2s £0CS and fesdwater
to the steam generators. +hese acticns could o0 L0 continued cocldown and
re:resﬁurﬂzation of the primary gysten. tubseouently, the operaior woula try
¢ tzrminate the S0uUrce of the depra&:uri:ation by closing she PORV Block vaives
or isplazing the sceam generatours a3 condisions incicate. vhis action would
¢+sp the couldown and, if performed SoOR gnough, woulc preciucz challenging
the pressurs vessel integrity. 1¥ severe pressure vessel cocling ig not stoppel
in time, the cperator must contiel the primary gystem pressure by serminating
BPSI, using sressurizer sprays, increasing 1etdown £1ow, Or opening +he PORV.

These acticns are complicated By:



o2

1. %o prozedures indica*ing best ap,. jach for controlling 2 highly dymamic

situation.
2. WMing set after TMI-2 acrident to keep HPSI operating.

3. Normal pressurizer spray is unavailable because R(Ps are tripped
£2Yloming 2n SIS.
g, Auxiliary pressurizer spray may not be available because of interlocks

with SIS.

o

. PORY controls may not De convenient and the rapid pressure response would

sond to result in See-saw contiol. -

g. Resressurization may be very r2pid depencding on the transient dynamics.

-he +ime availadie for operator action depends on the plant status prior to the
svant. I1f the plant is 21 power (>30%), the decay heat will delay the pressure
1 cooldown to critical temperatures by a factor of about 2, compared 0
the Tow gecay heat corgition (hot standby). However, j+ s assumed that not
seandby conditions occur anly about 5% t0 1Uz of the operating time,

Rough estimates were mace of the initiating freguencies for various events.

Only small LOCAs sead be considered beczuse large LOCAs will preciude repressurizing



the primary system. Small-small LOCAs (<2-inch) which have a frequency of about
10'2 - 10°3/RY will either depressurize very slowly or repressurize with full
£00S operationz). The primary system temperature will be_held up by heat
remova] through the stesm generators unless the steam generator isclation fails
(2ssumed unavailability <10'3/D). Thus, 8 smell-small LOCA is not considered

2 major contributor to pressure vessel challenge. A small LOCA (2-inch and up)
has an cstimated frequency of 3 x 10-8/RY (WASH-1400) and could result in 2
challenge to the pressure vessel integrity‘sometime during the depressurization
sransient depending on the relative rates of cooldown 2nd primary system
depressurization. The small LOCAs of interest are zssumed %0 be relatively

clow events [>1 hour) which would permit operator action.

Lerg; sream/feedwater line brezks have an estimated freguency of 10"/RY besed
on Ref. 1. ‘These events are potentially capable of achieving critical vessel
temperatures depending on isplation of the steam generator (both inlet and

outlet Tines) and it3 initial water inventory. B4W plants heve 2 very small

€.5. inventory which mey precluce achieving eritical vessel temperatures if
feadwpter is not added to the faulted steam genersior. The large steam/feedwater
1ine breaks thet :Ttima:eiy get to critical vessel temperatures are assumed 1o

be mpderately fast (30 minutes).

Smail eterm/Teedwater (ine Drei2«s, including unisclated stuck-open relief valves,

have an assumed freguency of 10’2 » 10'3/RY (simiizr to LOCAs) znd their response
chould e relatively slow (+1 hour 10 get to critical vesse, temperatures).

-

The availability of vlock valves fur the stezm generaior relief valves and



:

ingtrumentation indicating 2 stuck-open relief valve is uncertzin. Therefore,
2 conditional probadility of 0.1/D was assumed for isolating 2 stuck-gpen

relief valve.

Transients fnitiated by failure of the feedwater contro1-§ystem could result

in severe overcooling events as shown by the Rancho Seco incident uf March 1578.

The critical characteristic of this event is that adeguate control room readout

of steam generator conciticns and primary system was lost for over an hour

which precluded the cperator from taking appropriate action. We believe that

if ade:L;:e srimary system and stsam generator information are zvailable to the
operator in the control room, the cperator failure to terminate 2 severe
overcooling event, caused by feedwater controlier failure, is significantly reduced.
The secusnce of interest is 2 common cause faflure 1ike less of instrument and

control power which initiates the transient and "Llinds" the operator,

-~ ~

Prior <o the Rarcho Seco event, in B&W plants, one of the NNI buses supplied
sower i the integrated control system (ICS), which controls feedwater (main
an¢ suxiliary) and stesm generator pressure control, and to certzin vital
primary €ystem 2: 3 steam generator instruments. s a result, the loss of chis
one Sus could initiats severe transients and hamper the operator response.
Aczording to Ref. 2, there have been 29 NNI/ICS power fzilures inm about 28
reactor-vears of cperation which yields an estimate of the failure rate of
1/8Y. Since power wes not rastored for over an hour in the Rancho Seco event,
ste point estimate for the concitional probability of not restoring power in

1 hour and having & significant transient fs 1/29 or 0.033/D. This estimate

may heve 2 large uncertainty. Thus, the cbserved freguency for severe over-

- . 3 -
c3eling trinsients which might challence the pressure vessel integrity was D.03/RY

-
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for the B4W cesigned plants prior to the assumed implementztion of the imsirument
channel modifications ciscussed below.

After the Crystal River evert of February 1880, the staff recommenced that at
least two refuncdant chennels of vital instrumentation De provided in the control
room (Ref. 2). Implementation of this recommencation would precluce 1CS failure
and loss of instrumentation when one NNI/ICS bus fails. There is a possibility
of common cause failure of two control and instrumentation power buses. A
review of LI2s on inverter failures in Ref. 3 indicated that there have been
four situations when two inverters were lost cut of 120 inverter failures. Thic
yields a crude estimate of the conditional failure of 2 second inverter given

-
i

10ss of one inverter of 0.03/D. Using these estimates and assuming two
£ :

the
cenarate insirument chamnels yields an estimated fregueocy of 10°°/RY for

severe cvercooling transients which might challenge the pressure vessel integrity.

1¢ ig nur undersianding thet Westinghouse and Combustion Engineering plants
heve @ power supply for the feedwater control or separate from 2t le2st two
vital instrument power supplies. This power supply separation coupled with the
shermal iner<iz in Westinghouse and CE plants should result in 2 much Tower

crobability of severe overcncling transients.
The probability of L.e pperater successfully controlling a8 severe overcoeling
event cenends on several factors--training, rapidity of the transient, ghility
ta sarminato cooldown, capability of controlling primary system pressure,

availadle instrumentation, mind set, etc. The following crude estimates of



human error probabilities (HEP) were made on the assumption that the cperator

{s trained to stay within the prassure-temperature limitls and maintain adeguate

primary system subccoling.

Able 0 terminate subcooling sransient, instrumentation {s availabtle, and

transient takes more than 30 minutes.

The-MEP s a2ssumed 1o be 3 x 10'310 hased on WASH-1200 analysis of
switchover from injection to recirculation. This action is considered to
be equivalent tince the operator woulc oe trzined to isolate faulted

steam generator, eta.

Cumtrs] of primary sysiem pressure after pressure vessel coocled cown to
critical temperatures, instrumentation availabie, anc transieat ta2kes more
than 30 minuses.

2

The WEP is assumed to be 3 x 107°/D since this action requires dymamic

control on the part of the operator which is more complicated than jtem 1

Contral of primary system pressure atier pressure vessel cogcled down €2
critical terperzture, instrumentation available, and a time frame less than

-

20 minutes.



The HEP is assumed to de 0.3/D based on 2 high stress situation and humen

error evaluations presented in Ref. 4.

4. Inadequate instrumentaticn to monitor transients and over 30 minutes %0

respend.

The HEP is assumed to be 0.6/D assuning the operztor is trezined to

monitor pressure-temperature limits.

A summary of the estimated probabilities for sequences that might challenge the
pressure vessel integrity is presented in Tetle 1. There is an uncertainty

of 2 0 10 in the KE®s and an uncertzinty of a factor of 3 in the initiating
fréquencies. The probability of having a critical fJew size in the pressure
vessel has not been inclnded in these assessments., Similarly, other sequences
involving single failures of conpenents which might {nhibit operator action or

autometic features that would limit the event have not been developed.
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