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FOREWORD

This Tecanical Evaluation Report was prepared by Franklin Research Cantar
under a contract with the U.S. Nuclear Regulatory Commission (Office of
Nuclear Reactor Regulation, Division of Operating Reactors) for technical
assistance in support of NRC operating reactor licensing actions. The
tecinical evaluaticn was conducted in accordance with criteria established by

the NRC.

Mr. G. J. Cverbeck and Mr. T. J. DelGaizo contributed =c tne techinical

$regaraticn of thls r2poOrt tNIcugh a subcontracst with WESTEC Services, Inc.
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i. INTRODICTICN

1.l PURPOSE OF REVIEW

This tecnnical evaluation report (TER) documents an independent review of
a generic report of Babcock & Wilcox (B2aW) designed units prepared in tespense
€0 NUREG-0737 (1], "Clarification of TMI Action 2lan Recuirements,” Itenm
II.X.2.2, "Report on Cverall safety Effect of Dower Cperated Relief Valve
Isclation System," and Item II.X.3.7, *Svaluation of Power Operated Relief
Valve Opening Procapnility Curing Cverpressure Transient.* This evaluation was
performed with the following objectives:

© tO ensure that tne B&W Report is complete and properly documents tne
infcrmacion required by NUREG-0737, Items IX.X.3.2 ancé II.X.3.7

S0 2nsure that the estimated propabilities of the 3&W Report sacisty
the review criteria.

O

1.2 GENERIC BACKGRCUND

In NUREG-0S565 (2], "Generic Evaluation of Feedwater Transisnts and Swmall
Sreak Loss-of-Coolant Accident Behavior in Baocoex & Wilcox Cesigned 177-FA
Operating ?lancs,” the Nuclear Regulatory Commission's (NRC) Bulletins and

Crders Task force recommended the following:

@ "Provide a system wnich will assure that the slock valve protacts
against a stuck-open PORV. This system will cause the block valve =o
close when RCS pressure has decreased to scme value below tne pressure
at which the PORV should have reseated. This system should
incorporate an override feature. Each licensee should pecform a
confirmatory test of the automatic block valve closure system.

© In order to minimize the opening of the PORY, most overprassure
transients should not result in the PORV opening. Licensees of 3&W
plants should document that the PORV will only open in less than five
percent of all anticipated overpressure transients using the revised
setpoints and anticipatory trips for the range of plant conditiocns
which mignt occur during a fuel cycle.

@ All failures of PORVS to reclose should be reportaed cromptly to the
NRC. All cnallenges should be reported in annual reports.

A\ o
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© Licensees should submit a report to the NRC whicn discusses the safety
valve failure rate experienced in EsW operating plants.

O All failures of safety valves to reclose should De reported promptly
to the NRC. All challenges should be feported in annual reports,*

These recommendations were later included in NUREG-0660 [3], "NRC Action
Plan Developed as a Result of the T™I-2 Accident.® The first recormendation
was incorporated into NUREG-0660 as Item II.X.3.1, "Installaticon and Testing
Of Automatic Power-Operated Relief Valve Isolation System," and the remaining
fecommendations were included in Items II.X.3.2 and II.K.3.7. 1In Reference 1,
the staff delayed implemertation of Item II.X.3.l1 until the pending 20RV
reliapility analysis of I:em [I.X.3.2 confirmed the necessity of an autcmatic
isclation system. Specificallv, NUREG-1737, Item ITI.K.3.2 stated:

*(1) The licensee should submit a teport for staff review documenting the
various actions taken to decrease the Frobability of a small-break
loss-of-coolant acciden: (LOCA) caused Oy a stuck-open power-operatad
relief valve (PORV) and show now those actions constitute sufficient
iaprovements in reactor safety.

{2) sSafety-valve failure rates based on past history of the operating
plant designed by the specific nuclear steam Supply system (NSSS)
vendor should be included in tae report submitted in response to (1)
above."

In addition, Reference L1 further clarified =hat:

"Modifications to reduce the likelinood of a Stuck-open PORV will be
considered sufficient improvements in reactor safety if they reduce the
procability of a small-dreak LOCA caused By a stuck-open PORV such thats
it is not a significant contributor to the probability of a small-break
LOCA due to 2ll causes. (According to WASH-1400, the median probapility
of a small-break LOCA S; with a break diameter between 0.5 in. and 2.0
in. is 103 per reactor-year with a variation ranging from 10~% :=o

10"% per reactor-year.)

The above-specified report should alse include an analysis of
safety-valve failures based on the operating experience of the
pressurized-water-reactor (PWR) vendor designs. The licensee has the
option ot preparing and submitting either a plint-specific or a generic
report. If 2 generic report is submitted, each licensee should document
the applicability of the generic report to his own plant.

Based on the acove guidance and clarificaticn, each licensee should
persform an analysis of the probanility of a small-oreak LOCA caused by a

- -2=-
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stuck-open PORV or safety valve. This analysis should consider medifica-
tions which nhave been made since the TMI-2 accident to improve the
probability. This analysis snall evaluate the effect of an automatic
POCRV isolation system specified in Task Action Plan Item II.X.3... 1In
evaluating the automatis POKV isclation system, the potential of causing
a subsequent stuck-open safety valve and the overall effect on safety
(2.9., effect on other accidents) should be examined.

Actual operational data may be used in this analysis where appropriata.
Trie Dases for any assumptions used should ce clearly stated and justified.

The results of the probability analysis should then Se used to determine
wnether the modifications already implemented have reduced the
prodability of a small-break LOCA due to a stuck-open PORV or safety
valve a sufficient amount to satisfy the critaerion stated abcve, or
whether the automatic PORV isolation system specified in rask Acticn Item
II.2.3.1 is necessary.

In addition to the analysis described abcve, the licensee should compile
operational data regarding pressurizer safecy valves for PWR vender
designs. These data should then be used to determine safety-valve
failure rates.

The analysis should be documented in a repocrt. If this requirement is
implemented on a generic basis, eacn licensee should review the
appropriate generic report and document its applicability to his own
plant(s). The report and tne dccumentation of applicability (wnere
appropriate) should be submitt for NRC staff review Dy the specified
datce."

With regard to Item II.XK.3.7, NUREG-0737 stated:

"Based on its review of best-estimate calculations performed oy Babcock
and Wilcox (BaWw), the NRC staff believes that the fraguency of P0RV
challenges has been reduced using the revised PORY and hign-pressure
reactor trip setpoints and assuming that the ancticipatory reactor trips
function as designed. At this time, however, the 3staff is unable 2o make
a quantitative judgment of the expected frequency. Tnerefore, licensees
with B&W-designed plants should perform additional analyses of antici-
pated transients which indicate the sensitivity of PORV challenges to (1)
the variation in core physics parameters which may occur in the plant
cycle: (2) single failures in mitigating systems; and (3) transients
wnich do not actuate the anticipatcory reactor trips. Analytical
assumptions should include those specified in the plant final safety
aralysis reports (FSARS). The results of these more-detailed and
extensive analyses should be used to determine the expected frequencyv of
PORV openings for overpressure transients. This frequency should ce less
than 5% of the total numoer of overpressure tranzients, thereby
confirming the £findings of the stalf's review.

* Ormon of The Franman insonue
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The results of this study should be documented and submitted for staff
review by the scheduled date."

1.3 PLANT-SPECIFIC BACKGROUND

In response to NUREG-0737, Items II.XK.3.1l, ITI.K.3.2, and II.K.3.7,
licensees of 3sW-designed plants endorsed and submitted to the NRC a report
enticled "Report cn Power Operated Relief Valve Opening Probability” (4. A
preliminary review of the report resulted in the NRC's sending a request for
additional information (RAI) to one of the licensees on Decemoer 16, 1981
(S]. The Licensee responded to the RAI in a letter to the NRC dated October
22, 1982 (8]. This TER evaluates the information provided in References 4 and
5, 2long with other information pertinent t3 the topic of a small-oreak LOCA

from a stuck-open PORV or safety valve.

@_ -
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2. REVIEW CRITERIA

The B&W response to NUREG-0737, Items II.K.3.2 and II.X.3.7, was

evaluated against the acceptance criteria provided oy the NRC in a letter
dated July 21, 1281 (7], which outlined Tentative Work Assignment P.
Specifically, the response to NUREG-J737, Item II.X.3.2 was to contain the
£ollowing information:

o

2.

The report shall list the actions taken by the licensee to decrease
the probubility of a small-oreak LOCA caused by a stuck-open PORV.

T™e report shall include an analysis of safety-valve failure rate
Dased on the past history of the operating »lancs designed by the
licensee's NSSS vendor. This may be a plant-specific cepcrt or a
generic report showing the applicability to the specific glant.

The report shall have an analysis of the propability of a small-oreax
LOCA caused by a stuck-open PORV or a stuck-open safety valve. Thais
analysis shall evaluate the effect of an automatic P0ORV isolation
system. In evaluating this system, tne licensee shall svaluate the
potential of causing a subsequent stuck-cpen safety valve and the
overall effect on safety.

Actual cperational data may.ce used. The basis for any assumption
should be clearly stated and justified.

The autcmatic PORV isclation system is not recguired if the licensee's
actions constitute sufficient improvements to reactor safety in
reducing the procability of a small-break LOCA due tc a stuck=-cpen
PCRV or a stuck-open safety valve such that it is less than
10~3/reactor year, the median probability of a small-break LCCA

S with a break size between 0.5 in. and 2.0 in. due to all causes."

Cn July 26, 1982 (8] and September 17, 1982 (9], the NRC clarified =hat

the prcbability of a small-oreak LCCA due o a stuck-open PCRV c¢: safety valve

did not necessarily have to be less than 10'3 fer reactcor-vear. Instead, a

compariscn of pre-T™I and post-TMI data should demonstrate that plant
modifications have reduced the probability of a small-oreak LOCA due to a
stuck-open PORV or safety valve and that this reduc%ion should be sufficient

to approach the WASH-1400 (10] median probability of a small-oreak LCCA S

2

with a dDreak diameter between 0.5 and 2.0 in.

- .%"

<. Franuiin Researcn Canter
A Cremon of ™he “ranmin insgtuce



The

TER=-CS3506-410

response to NUREG-0737, Item [I.X.3.7 was to contain the following

information:

'l.

-~

Licensees with BsW-designed plants shall do an analysis of
anticipated overpressure transients which give the sensitivity of
PORV cnallenges to the following:

a. variation of core physics parameters during plant cycle;

B. single failures in mitigating systems;

C. transients which do not actuate the anticipatory reactor trips.
The exvected frequency of PORV openings for overpressure transients
shall be less than 5% of the total number of expected overprassure

transients.

Analytical assumptions shall include tnose specified in the plant
FSAR."

f=
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3. TECANICAL EVALUATICN

3.1 REVIEW OF THE B&W REPORT FCR COMPLETENESS

In Reference 4, B&W approached the gquestion of PORV reliability by first
determining the probability of the PORV opening and combining it with tne
probability of the valve failing to close. The PORV copening procability was
determined by two methods, an analytical approach and an operating data
approach. To determine the frequency by which a PORV will fail to clcse on
demand, a combination of operating datz and analysis was emploved. 3&W
determined that the probability of a small-oreak LOCA from a stuck-cpen PORV

was 5.04 x 10.‘ per reactor-year, by the analytical methcd, and 4.7 x 10‘4

per reactor-year, based on operating data.

B&W concluded the report of Reference 4 by saying:

"Soth the analytical prediction and the estimate based c¢n historical data
result in values for a stuck-open PCRV from all causes which meet the
requirements given in II.X.3.2. Note that no credit had been assigned
for the operator cleosing the block valve given an open PORV. Analytical
predictions (given proper auxiliary feedwate. response) result in a value
less than .0l3 of PORV openings.for overpressure :transients (taking into
account the most limiting non-anticipatory trips) and historical data
shcws the frequency to be less than 1.6% wnich satisfies the criterion
(less than 5%) specified in II.X.3.7.

Since the requirements of [I.K.3.7 and II.X.3.2 are met witch the current

PORV configurations and set point, it is not necessary to address the

requirement for an automatic block valve closure system per II.X.3.l."

With regard to the pressurizer safety valves, it was stated in Reference
4 that no estimate was made of failure rates because thera were 30 few data
pcints. In Reference 6, however, the frequency of a small-break LOCA due to a
stuck-open safety valve was estimated to De 2.6 x 10'5 per year.

3.1.1 Small-Break LOCA Probability Calculations

The first method used in Reference 4 to determine a recurrence fraguency

of a small-break LOCA from a stuck-open PORV involved determining the PORV

- —
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cpening probapility, based upun analysis, and then multiplying by the
probability that the PORV faila to close.

3.1.1.1 PORV Opening Frequency

In order to analytically determine a PORV cpening frequency, Baw first
determined a PORV opening frequency during a loss-cf-feedwater (LOFW) or
turbine trip event to be 3.9 x 10.6 per reactor-year, with a PORV setpoint
of 2450 psig. This frequency was based on the assumption that the high
pressure trip setpoint was 2300 psig with a standard deviation of 1.4 psi and
that the actua’ setpoint at whica reactor trip occurred was a random variaole
which is normally distributed. The small standard deviaticn was based on :he
fact that the PORV and reactor protection system (RPS) actuation points are
not completely independent in that they share a common source, i.e., sensor
and instrument string. Thus, parts of the string errors were perfecetly
correlated and cancelled one another in the analysis. Other parts of the
televant string error were not correlated, and 1t was upon these tnat the 1.4

psi standard deviations were based.

In Reference 6, further justification was provided for using such a small

standard deviation:

"The difference between the setpoints for the high pressure trip and the
PORV actuation is of interest and one contribution to this difference is
due to electronic mecdule accuracies. Accuracy of individual modules were
Obtained from the manufacturer (BMCo) and are .l% of range. The ¢ range of
interest is approximately 1000 psi resulting Ln a value of .001 x 1000 or
1l psi. The standard deviation is derived as it { (Accuracy) x (Ranqc))

s
Soth the pressure trip and the PORV share common modules that need not be
included in this assessment as errors will cancel out (e.g9., if module
error is high then both the trip and the PORV are high but the difference
is not affected). There are four non-common modules in these two strings,
a bistable in the RPS channel and a buffer amp (from either RCIA-PTL or
RC3B-PTl), an inverter (RC 3 PIC) and a H/L monitor (RC 3-PS3) in the

PORV string. The SD is therefore \/1. psi + 1l psi + 1 psi + 1 psi
or 2 psi. The reference incorrectly used l.4 as the standard deviation.
Note however that the standard deviation of the overall calculation

\/(2)2 + (2)% + (27.52)2 is dcminated by the third term which is
associated with the rollover data. In fact the mcdule accuracies can be as
large as 10 psi without impacting the standard deviation.®

- -8-
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With regard to the trip setpoint of the PORV, a similar analysis was
undertaken, which also assumed this trip to be a normally districuted random
variaole. The assumption of normality for the actuation of either the high
pressure trip or the PORV was just an assumption; no data are available to
Justify or deny the validity. The RCS pressure rise above the RPS hign
pressure tIip setpoint (referred to as "pressure rollover®) during a LOFW or
turdine trip was determined by a combination of plant data and engineering
analysis. Pressure rollover data from the operating plants were compiled from
available data. However, these data points represented situations in waich
the P0RV could cpen, thus decreasing the amount of pressure overshcot.
Therefore, it was necessary to correct for the PORV opening, since the
3ituation of concern was when the PORV remained clcsed, This was accomplished
Sy cenchmarking the CADD code to a transient in which the PORV was isolated.
After satisfactcry duplication of this transient, the code was rerun, mcdeling
sroper functicning of the PCRV. The resulting pressure correction to the
rollover data was 17.4 psi. The rollover data were tested and were
statisticaily acceptable as normally distributed, with a mean of 9.2 and a
standard deviation of 27.52 psi.

Using the abcve data and assumptions, a Monte Carlc simulation of the

relation
PORV - RPS = EXCESS - BIAS = SAMPLE
was conducted. The terms in the above relation are defined as follows:
PCRV = POQRV setpoint, a normally distributed random variatcle

RPS = High pressure trip setpoint, also a normally distributed random
variable

EXCESS = Pressure rollover, a randcmly distributed normal variable

8IAS = A constant (17.4 psi) defined by analysis wnich compensates the
rollover data for the fact that the PORV will remain closed.

Six thousand sample values of the above alogrithm expression were

calculated using the SAMPLE code. A necative value of the above expression

<wwe Franuin Research Center
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implied that the PORV opened. In the computer trials, no negative values in
6000 instances were observed.

[t was then assumed that the random variables described atove were
indepencdent in the probabilistic sense, so an analytic approach was applied.
The sum or difference of several independent normal distributiocns is also a
normal distribution with mean equal to the algepraic sum of the means and with
standard deviation equal to the square root of the sum of variances. In this
case, the mean was 2450 - 2300 - 9,23 = 17.4 = 123.37 and the standard
deviation was 27.59. The frequency by which the PORV will cpen during over=-
pressure transients, under those conditions, was calculated £o 5e 3.9 x 10-6
Per reactor-year. In Reference 6, it was noted that this frequency was
incorrectly stated as 2.9 x 10-6 events per reactor-year rather than 3.9 x
LO‘G events per overpressure transient. ZEstimating l0 =ransients per year,
it was determined in Reference 6 that the fraquency of PORV openings during

! -5
overpressure transients was 3.9 x 10 events per reactor-year,

In order to determine the frequency by wnich the PO0RV will open due to
any cause, the above calculated frequency of opening during overpressure
transients had to be added to other possible initiating events. BsW grouped
PORV cpening events into five categories with annual probabilities as follows:

v

Per Reactor=-vear
L. PORV cpening on overpressure transient 3.9 x 1078

2. PORV opening on transient wita delayed 1.4 x 103
auxiliary feed

3. PORV cpening on operator action under 1.58 x 10-2
ATOG guidelines

4. PORV opening due to instrumentation 5 x 103
contsol faults

5. PORV opening from additionai considera- 1.8 x 19-3
tion from II.K.3.7

Total 2.40 x 1072

In Reference 4, brief discussions were provided regarding the derivation
Oof each of the acove probabilities. In Refer ice 6§, the additional iaformaticn

@_ -10-

-w-u Frankiin Research Canter
A Ommon of ™he “raneiin instnuce



TER-C3506=-410

#as submitted in specific areas in response to NRC guestions. A brief summacy

of these derivations follows:

Transient witn Delaved Auxiliary Feed

The value of 1.4 x 10-3 Per reactor-year was decermined by combining
EPRI data for loss of main feedwater and loss of offsite power (LOCP) with 2&W
auxiliary feedwater unavailability. It was assumed that if auxiliary
feedwater was unavailable, the PORV would open (i.e., probanility of 1.0).

In Reference 6, a revised value of 7.6 x LD" per reactor-year was
cdetermined oy updating the analysis with data obtained since Reference 4§ was

completed.

Operation Action Under ATOG Guidelines

The demand on the PORV, given a steam generator :ude rupture, depends
dpon the availandility of offsite power. If power is available, only one PORV
opening is required. If offsite power is not available, as many-as 23 20RV
openings are required. However, since there is no causal connecticn bSetween
Steam generator tube rupture and LOCP, the WASH-1400 vali: of LOCP (1l x
Lo'3) was used.

Since there have been no tube ruptures in B3&W experience, a chi-sguare
50% confidence value with zero failures of 1.54 x 10'2 ger reactor-year was
used. The initatior event frequency was calculated as follows:

1.54 x 1072 /rx-yr x 1 demand = 1.54 x 10"2/cx-yr
1.54 x lo'z/zx-yt x 1073 x 23 demands = 3,54 x lo“/rx-yr

1.58 x 10™%/cx=-yr
Instrumentation and Control Faults

Reference 4 estimated PORV openings due to instrumentation and control
failures at 5 x 10’3 per reactor-year. Reference 6 justified this value by
taking the following failure rates that will cause the PORV to open from IZEZ

Std 500-1977:

- -11-
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Pressure transmitter fails high 0.25 x 106 m¢
Bistaole functions witheut signal 0.206 x 10~ m:
I/E converter fails high 8.31 x 106 mr
Summer module fails high 0.31 x W05 m¢
Short across contacts 0.01 x 10" ¢

The sum of these failure rates (approximately 0.8 x 10" per hr) was
multiplied by the number of hours per year of plant operation (assuming an
average annual plant availability of 808%) to arrive at the initiator frequency
of 5 x 10°° per reactor-vear.

However, Reference 6§ stated that the value of 5 x 10‘3 per reactor-vear
had been incorrectly summed with the other categories of Refererce 4, In %his
Case, since the PORV opens due to iastrur nt failure, it must be assumed that
the failure will keep the PORV open. Therefore, these failures must be

treated differently than the other initiator frequencies which assume a

calculated closing probability.

Cvercooli ‘ it 91 Pressure Injecticn (HPI

In Reference 4, it was estimated that the PORV Gpening frequency from
overcooling transients that tnxtlaeo HPI (with cperator failure %o throttle or

terminate flow before the PORV setpoint) is 1.3 x 10-3 per reactor-year.

In Reference 6, however, the frequency was revised to be 3.4 x LO“ per

reactor-year, stating:

"The prediction value of 1.3 x 10‘3/:x-yr for overccoling avents =hats
initiate HPI ard result in Subsequent PCRV actuation was determined from
operating experience and operator failure srobabilities. The calculation
consisted of 8 overcooling events in 392 reactor trips x expected number
of reactor trips per year x probapility of operator failing to throttle
HPI given the overcooling event. There have been 38 HPI initiations due
£O overcooling events (exclusive of PORV initiated events): Oconee-l,
02/14/78, Davis Besse-l, 10/23/77, Rancho Seco, 01/05/79, ™I-2,
03/29/78, ™I-2, 04/23/78, T™MX-2, 1/07/73, ™I-2, 12,/02/78. 1In addition
there have beeil two events that could have started HPI (according to
pressure trace of transient) but did not. Conservatively including these
two events (Oconee-l 05/05/73 and Davis Besse-l 11/29/77) cesults in 10
events in 397 Rx-trips. Seven of these were due to auxiliary feedwater
cooling., As pointed out previously, ANO-1 is upgrading the EFW system
which will sreclude auxiliary feedwater ovarcooling. The expected
frequency of overcooling events then is 3/392 per reactor trig Reactor

= -12-
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tzip frequency in 1981 for ANO-1 was 6. The capacity factor was ,653 for
198l. Since other calculations in this report assumed a future capacity
factor of .80 the trip frequency used here is 7.3 (i.e., 8/.658x6). The
operator failure procability is 1.5 x 102 demand (see attached evenc
tree) . The overall prodcability is therefore 3/392 x 7.3 x 1.5 x 10=2 =
8.4 x 10°4/rx-yr."

in summary, the determination of a PORV opening frequency, from all

causes, is as follows:

Reference 4 Reference §
gvent Per Reactor-year Per Reactor-vear

Overpressure transients 3.9 x 1075 3.3 x 1073«
Transients wich delayed auxiliary 1.4 x 10=3 7.5 x 10~
feecdwater
Cperator action under ATOG Juidelines 1.53 x 10™2 1.58 x 10=°
Instrumentation and control faults 5.0 x 10-3 1.7 x 10%3ee
Overccoling transients that initiate HPT 1.8 x 103 3.4 x 10~¢

Total 2.4 x 10-¢ 1.9 x 10°2

3.1.1.2 GSmall-3reak LOCA Calculations

In order to detarmine the probability of a small-break LOCA from a stuck=-
open PORV, 8&W multiplied the total PORV initiator event frequency of Reference
4 (2.4 x ].t)'2 Per reactor-ye2ar) by the probability of the PORV failing open
on demand. B3&W estimated the failure rate to be 2.1 x 10'2 failures per
demand, based upon operational data of § (non=installation) failures in 2350
fecorded demands, combined with an analysis of other mechanical failures wnich

*Assumes 10 overpressure transients per year.

**Includes only the component attributed to failure (high) of the pressure
transmi:ter. The remaining instrument failures lapproximately 5.6 x 10-3
Per rez'tor-year) are treated separately because these initiator events must
also be.presumed to result in failure of the PORV to close.

/.fe\_ -li=-
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would prevent valve closure. The probability of a small-break LOCA from a
Stuck-open PORV was 2astablished as: (2.4 x 10'2
(2.1 x 10™2

estimate took no credit for operater action to terminate the LOCA by clesing

events per reacto:-year) x

failures per demand) = 5.04 x 10" per :cactor-yea:. This

the block valve.

In Reference 6, however, it was stated that the probability of an open
PCRV flow path was the product of a Stuck-open PORV and a failure of the bdlock
valve to close. The formula used in Reference 6 was:

[(Sum of PORV Initiator Events) x (Failure of PORV to Close)

+ (PORV Openings due to Instrument Fault))
x [Failure of Block Valve to Close] = Open PORV Flow Patn

The following values were applied to the equaticn:

Sum of PORV initiator events: 1.9 x 10~¢ per reactor-year -~ from
Section 3.1.l.1 above

Failure of PORV to close: 1.7 x 10=2 per demand - This figure
was revised from tne 2.1 x 10~% per
demand of Reference 4 by including data
from C-E plant experience and EPRI

testing.
PORV opening due to 5.6 x 1073 per reactor-year (0.3 x
instrument faults: 10°% x 0.3 x 8760) from Section

3.1.1.1 above, excluding the component
attributed to the pressurizer pressure
transmitter failing high.

Failure of the block

valve to close: 2.42 x 102 per demand - 2.22 x
10-2 per demand for valve-related
failure + 1.95 x 10~3 per demand for
loss of motive power.

With regard tc the block-valve failure rate, Reference 6 stated:

"Two dominant contributors were identified which would not allow the
block valve to close. These were valve related faults including local
power and the absence of 480 VAC motive power. The dominant instance of
motive power unavailability will occur as a result of LOOP (L.OPxdiesel
fails; 1.95 x 10~3). fThe conclusion 1S conservative sirce if this
condition existed (i.e., LOOP) some of (nitiator events could not occur.
The block valve failure rate was determined using a Bayesian updating

P -l4-
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procedure. A value of 8.1 x 10~¥ for failure to close per demand was
calculated from Ref. ll. This failure rate was used to construct a
lognormal distribution (mean = 3.1 x 104, range factor = 10), wnica
was then used as the prior in the Bayesian analysis. A review of
Reference 12 produged 34 £asilures in 1433 demands, which was then
implemented tc update the prior distribution. 7This resulted in a
postericr mean of 2.22 x 19'2 with Sth and 95th percentile values of
1.3 x 1072 and 2.89 x 10™% respectively.®

Inserting these values incto the formula, it was c¢oncluded %hac the
prosability of having an open PORV flow pata (i.e., the procapility of a
small-break LOCA from a stuck-cpen PORV) was 1.43 x 10.‘ Per re2actor-vear:

[(1.9 % 2672) (1.7 x 10?) + 5.6 x 10=3] 2.42 x 10-2 =
1.43 = LQ‘*/:x—y:

Refesrence 6 was concluded by stating:

"The results of this study indicate that the probasility of having an
ogen PCRV flow pash is 1.43 x 10™Y/Ax-yr. This value does not
significantly impact the small oreak LOCA probability for all causes.
sansictivity study was also conducted in order to cdetermine the affect o
multiple PORV cnallenges with certain initiator frequency ¢roups. AS
menticned in the response to Question 7, multiple PORV openings could

s cccur with causes 2 and 5. To illustrate the cotential impact of these
increased PCKV demands, causes 2 and 5 were assumed to initiate 10 ZORV
openings. The results of this investigation demonstrate tnat the small

break LCCA prebability would only be perturbed 2.13 in sota cases.”

n o

3.1.2 Small-3resak LCC: 2rocabilis 3ased on Overational Da:a

Reference 4 stated that trere had been 150 reactor trips of 3&W units
which would have lifted the PORV with the old FORV/reactor trip setpoints, buc
that only 3 of these events would have reached the new FORV setpeints. In
acddition, medifica*ions had been made so that PORV action would now be
srecluded jiven those three initiating events, as well. Consequently,

3&W conservatively estimated that there could hbe cne PORV actuation in the
45-year life of a C&W plant for a resuitant probabcility of 2.22 x 10-2 Der
reactor-year. Combining this initiation frequency with the PORV failure rate
in Reference 4 of 2.1 x 10™% failures per demand, B&W concluded the

probapility of a small-oreak LOCA from a stuck-open PORV %0 be 4.7 x 107
2

-
&

per reactor-year (2.22 x 10 ° x 2.1 x 10°9).

- -
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In Reference 6, further justification of the estimate of one PORV

actuation in 45 years was provided:

"From the pressure responses associated with various actual transients,
three transients could have actuated the PORV with the revised setpoints
(Cconee-3, 04/30/75, Rancho Seco, 03/20/78, Crystal River-3, 02/26/80).
However, changes have been made to the plant that would have precluded
the initiating events that caused these three Sransients. Even with the
revised setpoints and other changes it was assused that if one event (not
specified) could occur in the 45 vears of operation then the procability
of occurrence would be 2.22 x 10™%/Rx-yr. Although this assumption was
made, a closer estimate of 0 events in 45 reactor years is believed to be
a better indicator of future event frequency."

3.1.3 Percentage of P03V Ocenings During Overnressure Transisncs

AS indicated in Section 3.l1.2, 3&W staced in Reference 4 that 3
overpressure transients out of 190 would have lifted the PORV with the new
setpoint. Further, plant mcdificaticns had been installed to »reclude aven
these three events. Nevertheless, ever with 3 of 190, less than 1.63 of =he
Overpressure transients would cause a PORV opening. 3&W stated that this

satisfies the 5% criteria of Item {I.X.3.7.

3.1.4 Actions Taken to Reduce PORV Challenges

in Reference 6, the fcllowing statements were made relative to reducing

the probability of a small-break LOCA from a stuck-cpen PORV:

"In addition to the elevated PORV setpoint AP&L has taken many steps to
reduce the propability of a stuck-open PORV. These actions have been
directed in three nmajor areas: reducing the PORV challenge potential,
equipment upgrades that rectify past problem areas, and an increased
empnasis on operator awareness.

The potential for challenging the PORV has been greatly reduced by
incorporating two anticipatory trips and improvements in auxiliary
feedwater contrul. ANO-l1 has installed anticipatory reactor trips on
loss of feedwacer and on turbine trip. They are also upgrading the ZFW
system which will preclude auxiliary feedwater overcooling.

A review of BaW operating history has identified three “ransients which
cculd have challenged the PORV at its elevated setpoint: (COconee 3,
04/30/75, Rancho Seco, 03/20/78, Crystal River-3, 02/26/80). An
investigation into the failure mechanisms which caused these pressure

- A=
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excursions has led to a variety of equipment upgrades. As a cesult,
acticns have been taken to aveid short circuits that would permit PORV
opening, to enable proper response on loss of single power supplies to
NNI comtzol circuitry, and to upgrade power supply reliability. Changes
have Deen made in the PCRV control system along with power upgrades.

In the event of a small break LOCA, measures have been taken o increase
operator awareness to permic valid diagnosis and actions. The presance
cf an alarmed acoustic monitor at the ocutlet of the PORV will facilitate
the action of the operator closing the olock valve. In addition APSL has
implemented the ATCG program. The training the operator receives in =his
Program is very axtensive; areas wnich pertain to this discussion are:

= ©Por overcooling events the operator is instructed to throttle =PI
£0 prevent pressurizer filling in the cresence of both 3usccoled
teactor coolant and the return of pressurizer level,

= QRecognition Of pressurizer ste2am space oreaks,

- Quench tank pressure/level changes are an indicator of 20RV
dischazge."

J...5 ZSmall-Breax LCCA from Stuck-Oven Safstv-Relief Valve (SRYV)

In Reference 4, 3&W stated there have been three cases in which SRVs have
lifted on B&W plants. None of these resulted in failure of a valve to
feseat. Because of the lack of data, no estimate of SRV failure rate was made.

In Reference 6§, Nowever, an SRV failure rate was established of 3.12 x
3

107° per demand fcr an SRV water discharge. This rat2 was calculated oy

using main steam safety valve (MSSV) data (1l partial failurs in 2950 Zamands),
estimating a water-relief failure race to ce 100 times larger, and adjusting
for recent ZPRI test data and an actual lift of an SRV ac the rystal River

plant in 1980.

In Reference 6, it was estimated that the pradominant evencs leading to
SRV challenges were cverccocoling and overheating events. Overheating avents
were not considered due to the reliabllity of the existing auxiliary feedwater
system design. Overcooling events were estimated by reviewing 3&W transients
leading to reactor trip. Of the 392 trips reviewed, a list was created of
tose which resulted in low pressure ESSFAS initiations. Of these events, many
were no longer possible because of plant modifications. Three remained

applicaple. T™e probability that the operator would fail to shrottle or

- =)l

<e-. Frankiin Research Canter
A Sremon o The Framaen nsatue



TER-C5506-410

terminate HPI flow pricr to feacning the SRV lift point -as estimated to bde

1.49 x 10°° per demand.

The resulting probability of a small-break LOCA from a stuck-open SRV was
then calculated to be:

(3 events/392 reactor-trips) (7.3 reactor-trips/year) X
(1.49 x 10'23(3.12 z 10'2) = 2.6 x 10°° per reactor-year.

3.2 EVALUATION OF THE B&W REPORT SUBMITTED IN RESPONSE TO NUREG-0737,
ITEMS II.X.3.7 AND II.K.3.7

The following sections evaluate the information crovided in References 4
and 6, and summarized in Section 3.1 above, as related to Items II.XK.3.2 and
IZ.K.3.7 of NUREG-0737.

3.2.1 Small-Break LOCA Probability Calculations

The evaluation of the analytical approach to determining the probability
of a small-break LOCA from a Stuck-open PORV will be conducted in two parts:
(1) an evaluation of the PORV opeaing frequency as developed by B&aW, and (2)
an evaluation of the p:obabilitf that the PORV will remain open following any

given demand opening.

3.2.1.1 PORV Orenina Frequency

3&W determined that the PORV will be opened with a frequency of 1.9 x
lO-z openings per reactor-year. The frequericy was determined Dy summing
five initiator events. Three of these initiator events (transients with
delayed auxiliary feed, instrumentation and control faults, and overcioling
transients) are minor cortributors to the resultant frequency. Detailed
discussion of these events has not been provided below because detailed
information has been provided Dy B&W as to the derivation of the initiator
frequencies and alsc because it is reasonable to assume that these events
would not have a major impact on the total opening frequency. The remaining
two events (overpressure :ransients and operator action under ATCG guidelines)

are further discussed Selow because (1) overpressure transients have

B -18=-
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historically been tne major contributor *o PORV cpenings (before the setpo.nt
changes) and (2) operator action is currently the major factor in the

detarmination of a combined initiator frequency.

Querpressure Transients

Prior to the ™I accident, overpressure transients were a major factor in

the lifting of the PORV. In Reference 4, 3&W stated that there wers 190

=N "1 events on 3&¥ plants that would have lifted the PORV with the pre-T™MI
setpoin. . "n Reference 6§, however, it was concluded that the preobability of
lifting the :u. a single overpressuie transient was 3.9 x 10-6 per

event., Estimating . rpressure events per reacuor-year, Refsrence 5
concluded that the recur.. ‘requency of PORV openings was 3.9 x 10-5 cer
reactor-year.

This dramatic decrease in the number of PORV challenges due %o
overpressure transients is the result of changes in bota the high pressure
reictor trip and PORV actuation setpoints following the TMI accident. The
Pfe= and post-TMI setpoints are as follows:

Pre=TMT POSt=-T™MI
Cperating Pressure 2155 2155
PORV Opens 2285 2450
4P Reactor Trip 2385 2200
SRV Opens 2500 2500

AS can De seen from the acove tacle, not only has the 20RV setpoint been
increased by nearly 200 psig, but also the high pressure reactor trip, which
previcusly did not occur until after the PORV had been signaled to open,
occurs 150 psig before the PORV setpoint is reached. Bota changes
significantly affect the probability that a given overpressure transient will
be terminated prior tc reaching the revised PORV setpoint. £ 1s rzasonable
tO expect, therefore, that a change in setpoints of these two trip functions
will greatly reduce the recurrence frequency of a PORV opening du:;ng an

overpressure transient.

Part of BaW's calculation that the probability of a PORV opening during

an overpressure transient is 3.9 x 10.6 per event, however, depends upon a
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standard deviation of 2 psig for the figh pressure reactor trip setpoint and
the PORV actuation setpoint. Baw justifies the use of such a small standard
deviation by identifying four non-common modules in the two strings (each
mcdule having a l-psig accuracy) and by stating that the errors in the commen
modules exactly cancel each other in the analysis. A possible problem with
this analysis is that the figh pressure reactor trip signal is generatad by a
2-out-0f-4 logic circuit, whereas the PORV is actuated by selecting one of two
pessible input signals. Consequently, even if the pressure =ransmitter
Selected to actuate the PORV is cne of the two transmitiers that will
eventually actuate the hign pressure trip logic, a second and complately
indepencent (of the PORV) transmitter must operate in order to cause the high
pressure trip. Therefore, it appears that more than just the four mcdules
identified by the 3&W must be activated. Furthermore, if the transmitter
Selected to the PORV is calibrated well below the remaining three pressure
transmicters, peak system pressure will be mucn closer to the PORV setpoint
an the comoined normal distribution with a mean of 123.37 and standard
deviation of 27.39 used by B3&W in the calculations.

Taking the above logic cne step further, the authors of this TER
developed the following normal distributions Dy taking data from Reference 4
and also from the EZPRI PWR Safety Valve and Relief Valve Test Program (ll]:

Standard
Mean Ceviaticn

(psig) (psig) Re!erencegsg

Peak System Pressure 2327 273 K
PORV Opening 2450 2l.7 4/11
SRV Opening (both) 2500 29.5 4/11

Using these distributions, the authors of this TER calculated the
probability of a PORV opening given a reactor trip on overpressure and alsc
the probability of an SRV opening given a reactor trip on overpressure (with
no PORV opening). The calculation essentially irvolved a determination of the
interference of one normal distribution with another (e.g., the interference
of the reactor trip distribution with :he PORV distribution). The
calculations indicated the following opening probabilities:

- «20-
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10=% per overpressure event

PORV 2.2 %
9.0 x 10~% per overpressure svent

2
S’ 0

Assuming 10 overpressure events per year, PORV openings would occur with
a frequency of 2.2 x 10'3 per reactor-year and SRV openings with a frequency
of 9.0 x 10-5 per reactor-year (assuming the PORV to be blocked or otherwise
inoperative). These values must be considered to be axtremely conservative,
particularly since they assume complete independence between the reactor =rip
and PORV cpening or Secause the effect of the PORV is not considered in =he
SRV analysis. Nevertheless, they show that the contribution of overpressure
avents to the total PORV orenings remains small, even in view of the

conservative assumptions involved.

Czeratcr Action Under ATOG Guidelines

Since there were no steam generator tube ruptures in 3&4W experience, the
determinacion of an initiator for cperator acticn under ATOG guidelines in
Reference 4 depends upon the determination of a chi-square 50% confidence
value with zero failures. Calculating back from the B&W value of 1.54 x
10'2 events per reactor-year, it was.dncezminod that 3&4W assumed a 4S5-year
plant life. Tis is consistent with average piant life as astimated in other
parts of the report and is also consistent with the typical design lifetime of
modern nuclear plants. In view of the fact that there have been nc tube
ruptures in the history of 3s&W plants, this approach appears to ce a

reasocnable method of establishning an initiator frequency.

8&W has assumed that, in a steam generator tute-rupture event, there will
De one demand on the PORV if offsite power is available (e.3., reactor cocolant
pumps are available to transfer hLeat to the steam generators) and that there
will be 23 PORV demands without cffsite power (e.g., natural circulation
conditions). With regard to this portion of the analysis, several
Observaticns should be made:

1. Although it is possible to ccmplete a post-tube-rupture cooldown anc

depressurization with only one PORV cycle (offsite power available),

it is more likely, and experience at PWRs other than 3&W units
indicates, that multiple PORV cycles may be necessary. I does not

T w3 l-
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appear unreasonable to assume that as many as five cycles may be
required,

2. In a situation where as many as 23 PORV cycles may be required in a
fairly short period of time, a failure rate somewhat larger than the
predicted failure rate for the PORV should be used. Reference &
indicates that a sensitivity study Dy B&W shows that the failure rate
is increased by 2.l% after 10 cycles of the PORV. It is not logical
to assume, however, tnhat this value can be linearly extrapolated to a
vaide such as 23 cycles. At scme point, the increasing numcer »f
cycles in a short time period will greatly affect the probable
failure rate. S appears that an assumption of a failure rate
increased by 50% would not be unceasonable.

3. Pinally, the probability of the cperator's potential failura to close
the block valve in a situation in wnich =he operator has opened the
PORV is not as great a3 the condition when the PORV has automatically
lifted. Since =mne operator is controlling the PORV, he i3 much more
likely o be aware of the affect of the PORV on plant parameters, and
therefore ne should immediately be aware of a malfunction of the
PORV. The expectation that an operator who is controlling a POV
which sticks open will immediately shut tne block valve was recently
demonstrated during a steam generator tube fupture at the Ginna Power
Plant. Consequently, when considering the propapbility of cperatcr
action to shut the block valve in response to a stuck-open PORV under
Steam generator tube rupture conditions, only the probability of
mechanical or electrical valve failure need be considered.

In view of the above discussion, the number of PORV openings per reactor-
year due to steam generator tube ruptures is calculatad as the frequency of a

tube rupture event times the prcbability of retaining or losing offsite power :

1.54 x 102 x 0,999 x 5 = 7.69 x 10-2
1.54 x 1072 x 0.001 x 23 = 3.54 x 10~¢

7.73 x 1074

In view of the above discussions, a comparison of the BaW-calculated PORV
opening recurrence frequency and that recalculated in this TER is provided
below:

26w TER

Event (Rx-yr) =t (Rx-yr) =t
Overpressure trans.ents 3.9 x 10~3 2.2 x 10=3
Transients with delayed 7.6 x 104 7.6 x 10°¢

auxiliary feedwater
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Baw TER

Event (Rx-yr)‘l (Rx-yt)'L
Operator acticn unde: ATCC 1.58 x 1072 7.73 x 102
guidelines
Instrumentation and control 1.7 x 10-3 1.7 x 103
faults
Qvercooling transients that 3.4 x 104 8.4 x 10~
initiate HPI

Total 1.9 x 10°¢ 8.28 x 1074

3.2.1.2 Small-Break LOCA Calzulaticns

Ha'ring determined a PORV opening frequency, 8&W calculated the
prebability of a small-break LOCA from a stuck-cren PORV by multizglying the
ogeniny frequency by the probability of the PORV sticking open and the

probability of the blocx valve failing to close.

-

3&W calculated the failure rate of the PORV to be 2.1 x 10 ° per demand
using actual valve operating history. In Reference 6, this value was revised
€0 1.7 » 10-2 per demand by including additional operating history Zrom
Comoustion Engineering-designed plants and EPRI ctest data. These failure
rates can be fustitiod because they incorporate actual valve operating
axperience and bDecause they are in Xeeping with similar ratas established in
other studies and reports relative :o similar relief valves. Use of the

failure rate of 1.7 x lo-z is considered both justified and appropriate.

In the case of potential failure of the block valve, hcwever, BaWw does
not consider the possibility that the operator could fail to recognize the
PCRV as having failed open or, even if the PORV failure is correctly
diagnosed, that the operator could fail to take appropriate acticn. The
potential failure of the block valve to close on demand must be combined with
the potential of the cperator to fail to initiate the demand, for all cases
except those for whicn the operator is intenticnally cperating the PCRV.

In Reference 6, a failure rate of 2.4 x Lo-z per block valve demand was
determined by B&W based upon two dcminant contributors to failure: valve-
related failures and absence of 480 VAC motive power. The contribution of
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valve-related failures was determined using a Bayesian updating procadura.
The prior in the Bayesian analysis (8.1 x 10“ mean failure rate, taken from
Reference 12) was updated with data of 34 failures in 1433 demands [(13].
Although B&W did not thorougaly Justify the use of the 8.1 x lo.4 mean
failure rate prior, the update data of 34 failures in 1433 demands totally
dominate the Bayesian prediction, and a classical statistical estimate
predicts a failure range similar to the 3&W analysis. Consequently, the B3&w
anaysis is considered to provide a reascnable assessment of block valve
reliability with respect to valve-related failures.

With regard to the absence cf motive pCwer, B&W makes the statament that
deminant instance of motive power unavailability occurs as result of a loss of
Offsite power (LOC? x diesel failure). 3&W states that this is a conservative
conclusion because under LOCP conditions, scme of the initiator events could
MOt occur., This statement i3 interpreted to mean that under LOCP conditiens,
scme of the valve-related failures (associated with slectrical faults) could
NOt occur. There are undoubtedly certain block valve failure mecdes whicn
fequire the unavailability of electrical power, and the combinacion of motive
power failure and valve-related faults in the B&wW analysis is considered to e
conservative. In summary, the block valve failure rate of 2.4 x 10'2 per
demand determined by B&w appears to De a reascnable assessment of failure
probability. However, when combined with the probapility of the cperator
failing to close the valve (1.5 x 10-2 derived from NUREG/CR=-1278 (14]), a
combined probapility of the bloek valve remaining open per event cf 3.9 x
107 is obtained.

As shown in Figure 1, B&W determined the recurrence frequency of a
small-break LOCA from a Stuck-open PORV by multiplying the probability of the
POV remaining open with the probability of the block valve remaining open.
The probability of the PORV remaining open is the sum of openings due to
instrumentation faults and cpenings due to other demands multiplied by the
probability of the PORV to fail to close. Figure 1 shows that B&W determined
the probability of a small-break LOCA from a Stuck-open PORV to be 1.4 x
10" per reactor-year,
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FPigure 2 shows the same calculation revised in accordance with the
comments and discussion developed in this secticn of the report. t includes
changes made to the initiator frequency for overpressure tran.ients (2.2 x
10" cather than 3.9 x 107%), the initiator frequency for opera:or action
under ATOG guidelines (7.7 x 10™2 rather than 1.58 x 10°%) and the
prodability of the operator failing to shut the block valve .“en requirad (1.5
x 1072 per demand rather than 0). As result of this recalculatic~. .ne
probability of a small-break LOCA from a Stuck-open PORV is 2.53 x lO" per
feactor- year. While this value is scmewhat larger than the value determinad
Oy 3&W, it is quite comparable and is also well below the median WASH-1400

frequency for a small-break LOCA of 1 x 10-3.

3.2.1.3 Mulitiple PORV Cycles

With regard to the question of more than one PORV opening per initiator
event. the follcwing statement was made in Reference 6:

"As menticned in the response to Question 7, multiple PCRV cpenings
could occur with causes 2 and 5. To illustrate the potential impact
of these increased PORV demands, causes 2 and 5 were assumed to
initiate 10 PORV cpenings. The results of this investigation
demonstrate that the small break LOCA probability would only ce
perturbed 2.1% in both cases."

Although not expressly stated, 3&W has apparently discounted the
possibility of multiple PORV cycles under overpressure transient conditions
Secause of the new high pressure trip/PORV setpoints. Similarly, multiple
cycles of the PORV are not a consideration under conditions of failure of the
pressure transmitter. In the case of operator action (ATOG), the matter of
multiple valve cycles has already been considered (e.g., 23 PORV openings if
offsita power is not available). This leaves cause 2 (transients with dalayed
auxiliary feed) and cause 5 (overcooling transients which initiate HPI) as
initiator events with the possibility of more than one PORV opening.

B&W's statement that the investigation of these two causes with 10
multiple cycles each vielded a 2.1% increase in both cases considered each

Cause separately. Logically, to determine the overall probability of a

= -26=
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small-break LOCA from a Stuck-open PORV (considering possible multiple
gycles), multiple cycles during these events should be analyzed concurrently.

The revised calculation of Figure 2 (discussed in Section 3.2.1.2) has
been updated to include the effect of multiple PORV cycles. The results of
this updated analysis are given in Figure 3. Pigure 3 shows a small-break
LOCA probability of 2.61 x 10-‘ per reactor-year, a 3.3% increase over the
value calculated in Figure 2. These calculations show that multiple PORV
cycles is not a primary concern for 3sW-designed units.

The results of these PORV small-break LOCA calculations are summarized

Selow:
Probability of Small-break LOCA from
Stuck-cpen PORV (2ar reactor-vear)
Figure L1 (3&W Calculation) 1.4 x 10°¢
Figure 2 (Revised calculation 2.53 x 104

described in Section 3.2.1.2)

Figure 3 (Revised calculation 2.51 x 10-¢
of Pigure 2 with additional

censideration of multiple

cycles)

3.2.2 Small-treak LCCA Prodability 3ased on Cperational Data

In Reference 4, B&W determined the recurrence frequency of a small-oreak
LCCA from a stuck-cpen PORV to be 4.7 x Lo", based upon oreraticnal data.
B&W used a tneory that of the 190 reactor rrips which had lifted zhe P20RV in
e nistory of B&W plants, only 3 of these events would lift the PORV with the
new setpoints. Purther, 3&W reascned that subsequent modifications had been
made to 3&W plants since these three avents such that none of them would
Cause a POR lift today. Consequently, 3&W estimated that if cne PORV liss
occurred in the 45 years of life of a 3&W unit, the probability of PORV
openings would be 2.22 x 10'2 per reactor-year. Combining this frequency
with the previously determined PCRV failure rate (2.1 x 10-2 per demand),
the small-break LOCA frequency was calculated. It should be noted =hat =his

= -29-
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calculaticn does not take credit for Ooperator action to terminace the small-
break LOCA by shutting the associated block valve.

While this analysis is thecretically based cn cperational data, it should
hbe noted that the actual data (148 reactor trips with PORV actuation prior to
the TMI-2 accident and 3 reactor trips with PORV actuation after the setzoint
change.) are not used in the calculation. Rather, BawWw estimates that, of the
190 reactor trips which would have lifted the old setpoints, only 3 would have
lifted the PORV with the new setpoints and even these would ncot cause FORV
actuation today because of additional plant changes. Consequently, BaWw is
using an analysis to determine that, under Present plant conditions, no actual
PORV lifts would nave occurred; hence, the estimate of one PORV lift in a
4S5-year plant life is used.

In view of the dependence of BaW's analysis cn thecretical information,
the authors of this TER determined that an independent confirmatory analysis,
Dased cn cperaticnal data to the maximum practical extent, was desirable. 1In
crde:s to do this, it was necessary to consider only the cperatiocnal data
fecorded after the ™I setpoint changes. Although there are only limited
operaticnal data since the TMI setpoint changes were initiated, there was one
significant event (at Crystal River Unit 3 in February 1980), during which
Soth the PORV and an SRV were cpened.

It is not the intent of this TER to provide a detailed review of the
Crystal River event., However, the following significant facts are relevant to
this report:

l. The loss of a non-nuclear instrumentation (NNI) bus caused the 2COR.
t0 open and remain open.

2. The erroneocus control input signalis (due to lcss of NNI) caused a
high pressure transient which resulted in a reactor trip (2300 psig).

3. Decreasing RCS pressure caused initiation of HPI (1500 psig).
4. The cperator isolated the open PORV by shutting the block vaive.

5. The HPI system filled the RCS to a sclid water condition, lifting
code safety valve RCV-8 (SRV).

-32-
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6. After establishing emergency feedwater to cne steam generator, HPI
flow was throttled to establish an RCS pressure of 2300 psig,

researing the SRV.

It must be noted that certain plant modifications have been made =o
preclude NNI power supply failures since the above incident at Crystal River
Unit 3. These modifications were made pursuant to IZ Bulletin 79-27,
published in response to the Crystal River event. Nevertheless, failures of
NNI power supplies subsequent to tnese modifications, resulting in at least
partial loss of non-nuclear instruments (e.g., partial loss of NNI at the
Davis-Besse plant on June 24, 198l), indicate that PORV/SRV challenges as a
result of NNI failures are still credible events. C-nseguently, =cnsideraticn
of the Crystal River event in an analysis of post-TMI PCRV/SRV operating data
remains valid, although the results of the analysis will be faizly
conservative in view of the above-menticned plant wedifications.

Since the Crystal River was not a classical overpressure transient bSut
was caused by failure of instrument power supplies, the event tree used =o
analyze these data has been specifically tailored to an overcooling situation
(i.e., where HPI operation challenges the PORV/SRV). In this scenario,
operator control of the bleck valve and of HPI discharge pressure are ey
considerations in challenging the PORV/SRV. (Note: =Iven thcugh :n§ PCRV
cpens on loss of NNI power supply, a probability is assigned to the PORV
reseating which presumes that NNI power 1is regained within a short pericd of
tize.)

As shown in Figure 4, the small-break LOCA prcbabilities resulting frem

this analysis are:

SRV _(per cx-vr) PORV_(per rx-vr)

3.17 x 10-3 7.12 x 103

1.55 x 103 §.38 x 10~%

4.72 x 10-3 1.35 x 10-9%
The results indicate that the probability of a small-break LOCA from a
stuck-open PORV or SRV remains within the WASH-1400 range of lc'z to 10"
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NCTES TO FIGURE 4
PORV (mens con NNI Pailure:

e, Of events: L (Crystal River Unit 2, NUREG-0667)

No. ¢f reastor-years of 3&W unit cperaticn from April 1980 to June 1983:
3.2 (as3umes a 60% availability of 7 units throushout the pericd)

do. of cpeairgs per reactor year: 1/3.2 = 0.109 svents/rx=-yr
Block Va.ve Initially Cpen: Yes (Consezvative assumption)

Note: The effect of assuming that the blcck valves are open less than 100%
of tha Cine is to decr:ase the calculated probability of a small-creak LOCA
from 3 stuck-open #URV while the calculated probapility of a small-oreak

.

XA Srca a stuck-gpen, SRV remains essentizlly 2uanstant as follcows:

-aitial slcct Valve Csening PORYV (zer tx-vr) SRV (sSer rx-vr)

100% 1.35 x 1074 4.72 x 1073
508 6.75 x 1073 4.80 x 1)=3
23 b 4.39 x 10=3

Bleck Valve sShut: 0.961 (Figure 2, page 2 of this report)
SRV Cpens: 0.385 \For all :lants except [avis-Besse)
Wwith the ¥ORV isclated, the SRV setpoin: 13 exceeded by FIPI svstenm
gressure unless the cperator tnrottles dPI sufficiently prior to reaching
the secpeint. 7The same prcobability s sssigned for operaszor failure w0
throtela as for cperator failure to shut the block valve (1 5 x 1l0~¢
per dzmand; sae pacs 2 of Figure 2 on page 28 of this rerort).

1 = 10=3 (for Lavis-Besse)
Pl system pressure at shutoff head does not exceed the SRV setpeint at
the lavis-S3esse plant. A prcoeabilicty of 1 x 10-3 is assigned to
2ccount for possirle premature opening at elevated RPS system pressures.
T"e effect «f this reduces the prcbability of an SRV LOCA at the
Davis-lesse plant to 4.79 x L0™° per reactor-vear.
4PI Throttl:;d After SRV Opening: No: 1.5 x 10°2

The operator failure grobability following SRV opening is assigned the same
value as the procacility of failure to throttle HPI prior to SRV opering.

sév Fails to Clcse on Demand: 3.1 x 102 (Reference 6).
PORV fails to Clcse on Demand: 1.7 x 1072 (Section 3.1.1.2 of this

report).

-

.l Frarkiin Sesenren Center

A Uivrman o The Fransdin insaiute



TER-CS5306~-410

for small-break LOCA. Furthermore, when considering that plant modifications
have been made which will supstantially lower the probability of the PORV
opening ana remaining cpen on loss of NNI power supplies and that less
instrumentation will be lost on lcss of NNI power supplies, the small-break
LOCA probabilities will be lowered to the bottom of or below the WASH=-1400
range. Since the modificaticns to the NNI power supplies affect the event
initiating frequency, these modifications will affect the small-break LOCA
prcbabilities of both the PORV and SRV.

In summary, both the B&W analysis based upon ocperating data and the
conservative independent analysis of this TER using only post-TMI setpoint
change data indicate that the prcbability of a small-treak LOCA from a
stuck-cren PORV or SRV remains within the WASH-1400 range for small-breax LCCA.

3.2.3 Percentuge cf PORV Openings During Oversressure Transients

In Reference 4, BawWw stated that with new setpoints, the PORV would have
opened in 3 of 190 overpressure transients. B&W further scated that olant
medifications had been installed wnich would preclude aven these PORV
openings. Nevertheless, even if the three openings were not precluded, the
percentage of PORV openings per cverpressure transient would still be 1.6%,

wnich met the 5% criteria of Item II.X.3.7.

It was noted in Section 3.2.2 of this report that since the TMI accident,
there have been 59 reactor trips of which cne PORV actuaticn occurred. This
information indicates that 1.73% of Qverpressure transients cause PORV
cpenings. In addition, in Section 3.2.l1 of this report, a value of 2.2 x
JLC)"3 PORV cpenings per reactor-year due to overpressure transients was
determined cut of a total of 8.28 x 10-2 PORV openings per reactor-vear from
all scurces (other than certain instrument failures). These values lead %0 a
determinatiocn that approximactely 2.7% of all openings will be associated with

overpressure conditicns.

The compilation of this information indicates that the criteria of Item

I1.K.3.7 have been net.

-36-
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3.2.4 Actions Taken to Reduce 20RV Challenges

As has been developed previcusly in this report, prior to the T

accident, approximately 148 reactor trips resulted in PORV actuations. Since
the TMI accident, there have been 59 reactor trips, 42 of which would have
lifted the PORV with the old setpcints but only one of which actually caused
the PORV with new setpoints to lift. Subsequent to that singular event,
addicicnal modifications were made to preclude a repeat of =hat lifting. The
primary reason for the substantial reducticn of PCRV actuations at BsWw plants
i3 the resetting of the high pressure reactor trip setpoint and the PORV
actuation setpoint. Pricr to the ™I accident, during an overpressure
sitiaticn, the PCRV lifted befcre a hich pressure reactor trip would occur.
The PORV was used to reduce the number of nigh pressure trips. Since the
setpoint revision, the roles of these two fuacticns have been reversed. The
feactor trip now occurs 130 psig prior to reaching the PORV setpoint. The
P08V now performs only its primary function of limiting safety-relief wvalve

operation under overpressure ¢ .nditicns.

Qther measures taken at 3&W plants to reduce recurrence of FCRV openings,
such as increased overator awareness, installation of certain additicnmal
anticipatory trips, improvements in auxiliary feedwater controls, and other
circuitry changes, have undcubtedly contributed =0 the cbserved reducticn in
?CRV openings. There is no need to attempt to guantify these contributicns to
the overall reduction, however, since the cverall reducticn has been so
substantial. At the same time, it is ccnsidered that these additicnal
measures have had only a minor effect in compariscn to that of the setpoint
changes. The setpoint changes are considered the primary contributor to
ensuring that the probability of a small-break LOCA from a stuck-cpen SORV
remains belcw the WASH-1400 median frequency of a small-break LCCA.*

*Note: Reference 6 stated that ANC-l had installed two anticipatory reactor
trips as measures to reduce PORV challenges. It is not known i1f these
trips have ceen installed at all 3&W units; however, this particular
information is not considered relevant tecause of the substantcial
reduction in the PCRV challenge rate resulting from the setpoint
changes.

s
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3.2.5 Small-Break LOCA from Stuck-Open Safetv-Relief Valve (SRV)

In Reference 6, the probability of a small-break LOCA from a sStuck=-open
SRV was determined to be 2.6 x 10'5 per reactor-year per SRV. The
calculation used a failure rate taken from main steam safety valve data,
correlatad to water relief valves. The calculation also relied upon data frem
cvercooling events that resulted in high pressure onqxnetznd-safcéy-toatuxo
system activations which could cnallenge the SRV, if operator actions to limit
the pressure increase were not taken. The other initiator event which coculd
lead to initiation of high pressure safety injection, overheating, was not
considered in this calculation because the ioproved reliability of the
auxiliary feedwater system essentially precluces overheating events (see

Section 3.1.5 of this regort).

In addition tc this calculation by Baw, a calculation based upcn cnly
operaticnal data since the change in setpoints following the TMI event was
Srovided in Section 3.2.2 of this repcrt. That analysis indicated an
extremely conservative probability of a small-creak LOCA from a stuck-oren SRV
was 4.72 x 10-3 Per reactor-year. The primary focus of that analysis was on
Overcooling events in which the SRV is lifted By pressure head from the HPI
S/stem Decause this is tne only actual Operaticnal event to cause an SRV
opening since the TMI accident. In order to investigate the probability of an
SRV cpening during a possible overpressure transient, the authors of this TER
conducted the tneoteticallanalysis described below.

The prcbability of a small-break LOCA from a Stuck-cpen SRV initiated by
an RCS system overpressure transient was determined by considering the
interacticn of three normal distributions; the RPS trip setpoint (with
pressure overshoct), the PORV setpoint, and the SRV setpoint. The mean values
and variances for each setpoint were previcusly described in Secticn - 5 5. 3
The values are:

Mean (psig) Variance (psig)

RPS trip (with overshcot) 2327 27.5

PCRV setpoint 24350 2l.7

SRV setpoint 2500 29.5
-38-
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By integrating throughout the entire normal distribution of the RPS tzip,

the following procabilities were developed regarding FORV and SRV cpenings:

PORV opening per overpressure RPS trip 2.2 x 10~

SRV opening per cverpressure RPS trip

(nc PORV opening)

3cth PORV and SRV opening rer
Qverpressure RPS trip

9.0 x 106

8.3 x 10°7

SRV opening given that the PORV

has opened

4.0 x 10=3

Applying these procabilities to the event trees of Figures 5 and 6, %tae

icllcwing small-oreak LOCA probabilities were determined:

Stuck-cpen PCRV per Ix=-yr

Stuck-cpen SRV per rx-yr

Blcck Valves 1003

Closed (Figure §)

3lock Valves 1003
Qpen (Ficure S)

Not applicable

2.8 x 1078

The results of this analysis must Se tempered by the following

censideracicns:

1. The assumpticn of normality is at its worst in =he tails of the
distributions, the areas of primary focus of this analyvsis.

2. The derendence of the PCRV and the SRV is not accounted for, i.e., if
the PCRV crens, the RCS peak pressure will probaply ce less than 1if

it dces not cpen.

3. The variances (standard deviacions) of the PORV and SRV setpoint
distributions are based upon a limited amount of test 3ata and are

nct Dased upen actual in-plant cperating cenditions (11].

In additicn, the resulting probability of a small-breax LOCA frem a stuck-open

PORV is based upon only the overpressure :transient, which is not the

controlling initiating event for this accident.

Consequently, there is no

direct correlaticn between the above results and those discussed in Sections

3.2.1 and 3.2.2 of this report.

Nevertheless, in considering the prcoability

of a small-oreak LOCA from a stuck-open SRV due to an overpressure conditicn

e
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in the RCS system, this analysis shows that the probapility is quite small and
that it is amply bounded by the predictiocns of WASH=-1400.

The possibility of two SRVs cpening during a given initiator event
(overpressure or overcocoling) has not been considered (for plants with two
S3Vs) because the opening of either SRV will terminate the Pressure increase.

The possidility of coth SRVS opening simultanecusly is considered to be

extremely remote.
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NOTES TC FIGURES 5 AND 6§

7 Overpressure Events: 10 per year - Conservative B&W estimate (Reference 6)

Block Valves Initially Open: Yes (Figure §)
No (Pigure 6)

PORV Cpens: Yes: 2.2 x 104 per demand

Determined by integrating (f<cm negative to positive infinity), the
expression of the normal cistribution of the RPS trip pressure
(Pgpg) times the probapility that, for any RPS trip pressure, the
PORV setpoint (Ppory) is less than Pppg. The probability that
PooRry is less than Pppg for any given reactor trip was expressed
as:

= 2/

1 .
- :::j e “ds
2 | ® o
Ve 2205 = “oomy
g

= 1

B0RY
2 -y

wnere z = 20RY 2CRY
T20r7

SRV Cpens (PORV Open): Yes: 4 x 10~3 per demand

Cetermined by integrating (from negative to peositive infinity), the
expression for the normal distribution of Pppg times the prcobapility
that for any Pgpg, SOth Ppopy and Pggpy (the SRV setpsing) are

less than Pgpg, divided by the probability of Poogy Ceing less

than Pms, l1.@.,:

\ 1 )
P} Poozy € Papg |Pzeg b 3 | Poao < Poog | Ppoch)

-] 12 )
PT ! Poorv < Paes | Paes;

SRV Opens (No PORV Opening): Yes: 9 x 10™9 per demand

Determined similarly to the calculaticn of PORV cpening (above), using
the normal distribution for the SRV rather than the PCRV.

SRV Closed: Ne: 3.1 x 10=2 per cemand (Reference 6)
PORV Closed: Neo: 1.7 x 10°2 per demand (Reference §)

Block Valve Closed: No: 3.9 x 1072 ger demand (Figure 2, page 2
of this report)
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4. APPLICABILITY

4.1 APPLICABILITY OF THEE 3&W REPORT

In considering the aprlicability of the B&wW report, two main factcrs need
to be considered: (1) the type of PORV installed in tha varicus B&W units and
(2) the value of the revised setpoints at the different units. In the firss
instance, all BaW units have Dr iser FPCORVsS installad except for the Davise
3esse plant, which has a Crecsby PORV installed. wWita regard to the revised
setpoints, all B&W units have reset the PORV to 2450 ps.is with excepticn of
the Davis-Besse plant, which is set at 2400 psig. Each of these factors is

consilered separately below.

s.l.1 1ivve of PORV

In Reference 4, B&W made the following statement recarding tne tvpe of

PORVs installed at the different units:

"Note that all plants except Davis-Besse (Crcsby PORV) have Dresser
valves; nowever, the entire BsW operating plant experience was used to
arrive at a generic PCRV sticking open probability as follcws: There
have been ten stuck open PORV events, five of wnich could be classifi

as mechanical Zailure of the PORV (the cther five were basically
installation errors). Using all of these five failures in determinaticn
of future frequency is considered conservative since two of the failuras
-3, 6/13/75 and CR-3, 11/75) were rectified by design changes, ancther
(TMI-2, 3/28/79) cause is unknown. OC-2, i11/6/73 coculd be considered as
a burn-in failure and the DB-l, 10/13/77 event is a Crosty valve. Using
five failures in 250 demands results in a value of 2 x 10~2% o fail to
reclose on demand. This value is considered conservative not cnly due to
the inclusion of all five failures but alsc the number of demands is
probably much higher than 250. There have been 148 documented PQRV
openings on reactor trips; however, there is not a listing of PORV
cdemands when the reactor did not trip (e.g., ICS runback) ner is
consideraticn given to transients that could have actuated the PCRV
numerous times during an event. The value of 250 demands is
conservatively used here. An analysis was also performed to include
values for other than mechanical failure that keep the PORV open. The
results of this analysis is summed with the mechanical contributer (2 x
lo’g/d) to arrive at the value for failure to reclose on demand (2.1 =
1074/q8) .

The aocove statement by 3&W does not appear to address the raticnale for

develcping a single failure rate for Soth the Dresser and Crosby valves., The
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implication is that because a Conservative failure rate nas been determined,
it is representative of both of the valves concerned., This implication weuld
Se correct if the failure mechanisms and the failure characteristics of each
of the valves are similar encugh that the combined data adeguately represent
2ach valve individually. However, no information has been presented relative

%2 such a ceneclusicn.

The 143 decumented 2CRV SPenings on reactor trips discussed bv 3&W are
identified in NUREG-0667 [15]. A review of Reference 1S5 shows that 29 PORV
openings on reactor Lrip cccurred at the Lavis-Besse plant prior to the T
accident, cne of which resulted in a °CRY failure (Cctcber 13, 1977). 1In

sl X

mn

crder to compara these data to the 3sW~-determined PCRV failure rate o
107 Per demand, however, the number of PORV Spenings aust e increased oy

the factor 1.48 (2350/148), wnica accounts £cr PCRV openings tnat dié not
result i1n reactor trips. Ccnsequently, 49 pre=TMI 2CRV openings at the
Cavis-3esse zlant (29 x 1.68) must be considered. One failure in 49 ogenings
yields a failure rate of 2.04 x 10-2 Per demand. This value ccincides

Cicsely with the 3&W value determined using the compined Dresser and Crosby
daca. In view of the fact that 3&W considers the 250 ogenings to Se a
conservative value, it is conclucded that compining tne [resser and Crosoy data
anc cetermining a single PO0RV failure rata i3 technically justified and that
e S&W report is applicacle %o both the Dresser valves and the Crcsby Valve

at the Lavis-Zesse plant.

4.1.2 PORV Setzcints

In Reference 4, BaWw determined that the propability of the PCRV lifting
during a loss of feedwater is approximactey 3.9 x 10.6 per overpressure event
for PORVs with a setpoint of 2450 PsSig. For the Davis-3esse zlant {16], this
Frobability was determined to be approxirately 3.9 x 1.0'3 Per cverpressure
event, since the Davis-Besse plant has a PORV set at 2400 FSig. Assuming 10
cverpressure avents per vear (as assumed in 3eference 6), the probabcility of

-45a
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the PORV lifting during a loss of feedwater is approximately 3.5 x 10™° ger
feactor-year. Substituting this value into the determinaticn of the PORY
cpening frequency shown on page 13 of this report, the PCORV cpening freguency

for the Davis-3esse plant becomes:

Event Per Reactor-Year
Cverpressure transients 3.9 x 107¢
Transients with delayed auxiliary feedwater 7.6 x 10=%
Cperator action urder ATCG guidelines 1.58 x 10=2
Instrumentaticn and control faults 1.7 x 10~3
Cvercooling transients that iniciace HP: 3.4 x L0=de

Total $:.8 x 10™e

Using the Davis-3esse PORV opening rate of 5.3 x 10 ° $er reactcor-vear,
the caliculation of Pigure 1 of zhis report was repeated. The rasuliing

frobability of a small-creak LOCA from a Stuck-oren PORV was as follows:

All B&W units except Davis-Besse Davis-Besse
Figure 1 . Figure 7
l.4 x lO“/:x-yr 1.7 = 10'4/rx-y:

Next, the calculaticn shown in Picure 2 of this reccrt was -egeated for a
SNit with a PORV setpoint of 2400 psig (@.g., Cavis-Besse). In this case, a
feactor trip setpoint of 2300 psig with an overshoor of 27 PSig and a stancard
deviaticn of 27.32 psig was compared with a PORV with a 2400 PSig setpeint and
a 21.7 psig standard deviation. The analysis snowed that the PORV would cpen
with a frequency of 1.9 x 10-2 Per event, given an overpressure transienc
Causing a reactor trip. This value was then inserted into figure 2 ané the
resulting small-break LOCCA probability was determined as follows:

*Although not discussed By B&W, the Pavis-Sesse safety injecticn system is a
low=-head system and cannot challenge tne PORV. Nevertheless, this transient
isS never a significant contributer o the total cpening freguency.

-~
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All B&W units except Davis-Zesse Davis-Besse
figure 2 Figure 38

2.5 x 107 /ex-yr 3.7 x 10™%/rx-vr

AS a result of these calculaticns, it can be cecncluded that, altnougah the
probability of a small-break LOCA frem a stuck-cpen PORV at the Davis-Besse
plant is greater than the same procability ac the cther 3&W units, the
diflernnce is not significant and is srocably less than a factor of 2 larger,
furthermore, since all values determined are less than the median WAL 3i=1400
7alue for small-oreak LOCA from all causes of 1 x L0-3 7er reactor-yea.. the
3a&W rerort can ce considered applicable %o all 3&W units, whether the 2CXy
Setpoint 1s 2350 gsig or 2400 P8ig.

Finally, with regard to zne safety-relief valves, the prcbacility of a
small-oreak LCOCA from a Stuck=-open SRV at che Davis-Besse plant will be lower
than the prooability of the same event at the cother 3&W units. This iz
Secause at the Cavis-3es3e plant, the 20RV opens socner than at :he other
Units, making it less likely that the SRV secsoint will ce exceeded.
Consequently, any determinaticns or conclusions relative to small-creak LC

from a stuck-cpen SRV are equally applicable to the Davis-Besse giant.
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5. CONCLUSICNS

The conclusions that result from evaluation of the 3&W report against the

criteria of Secticn 2 are as fcllows:

¢ The B&W report documents the post-TMI modifications instituted at
3aW-designed NSSS plants wnich have mace a significant reduction in
the expected frequency of a small-oreak LOCA frocm a stuck-oren PCRV cr
safety valve.

¢ The methcds and results cf tne 3&W report have Deen raviewed, and the
expected frequency of a small-break LOCA from a stuck-ocen PORV or
salety valve 13 less than the median WASE-1400 frequency for a
small-creak LOCA 1 x 1073 ger reactor-vear. The Iollowing is a
tabulation of tne resulcts cf this evaluaticn:

Recurrence Fraguency
{Ser Teactor-vear

Indepencent Report
Zvent 3&W Jarification Secticn
Small-breax LCCA from
stuck-cpen PORV (analytical
calculatiecn) 1.4 x 10°¢* 2.5 x 10-%"7 3.2.1
Small-treak LCCA from
stucx-cpen PCRV (operating
data) 3.7 % 1074*" .4 x 10=4" 3.2.2
Small-break LOCA frem <
stuck-open SRV 2.6 x 1073 §>7 =% 107 S P2
3.1 % 10"0s»e 3 2.

*Includes credit for cperator action to shut block wvalve.
**No credit fcr operator acticn to shut block valve.
*=*Considers overpressure events cnly.

© Multiple PORV cycles on a single initiator event has bSeen consicered
and is not significant for B3&W units. The effect of 10 cycles per
each applicable initiator event raises the prcpability cf a
small-creak LOCA by about 3%.

O The perc-atage of PORV cpenings during overpressure :transients is less
than 2% of the total number of cverpressure transients.

¢ Information used =0 verify the assumptions and calculaticns submitted
Oy B&W nas heen taken frcm generic sources applicable tc Baw-desicned
NSSS units. This repcrt is considered applicable to all B&wWw plants,
iacluding Davis-Besse, wnich has a different 2CRV than other units and
a lower PCRV setpoint.
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