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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, O. C. 20555

SAFETY EVALUATION OF

COMBUSTION ENGINEERING LICENSFES'ESPONSES

TO NUREG-0737 ITEM I I. K. 3. 2

INTROOUCTION

According to NUREG-0737 Item II.K. 3. 2, the licensees were required to
perform the following actions:

(1) The licensee should submit a report for .staff review documenting the

various actions taken to decrease the probability of a small-break

loss-of-coolant accident (SBLOCA) caused by a stuck-open power-operated

relief valve (PORV) and show how those actions constitute'ufficient

improvements in reactor safety.

(2) Safety valve (SV) failure rates based on past history of the operating

plants designed by the specific nuclear steam supply system (NSSS)

vendor should be included in the report submitted in response to (1)

above.
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The requirements of NUREG-0737 allowed each licensee the option of preoarina and

submitting either a plant-specific or a generic report. If a generic report

were submitted, each licensee was to have documented the applicability of the

generic report to his plant. All Combustion Engineering (CE) licensees referenced

a CE report (CEN-145) prepared by the CE Owners Group to address the staff's

concerns. Licensees asserted that CEN-145 was applicable to their plants but

did not provide any supporting documentation. The CE report claims that the

requirements of NUREG-0737 Item II.K.3.2 are met with the existing PORV, SV

and high-pressure reactor trip setpoints, and that no automatic PORV isolation

system is required for CE plants. Therefore, the staff review that was mainly

based on the technical evaluation performed by our contractor, Franklin Research

Center (FRC), was concentrated in two areas, namely, the adequacy of the CE

report, and its applicability to any CE plant. The staff review included the

effects of plant-specific data reflecting the post-THI improvements. The data was

obtained through the project managers, who obtained the information from the

licensees. The contractor's review is contained in the attached Technical

Evaluation Report (TER).

REVIEW

A. CONTENTS OF CEN-145

The CE report considered a spectrum of initiating events that may lead to

PORV/SV opening. The fault tree methodology was utilized to estimate the

SBLOCA frequency due to a stuck-open PORV (SBLOCA-PORV frequency).



The initiating event frequencies were based on the operating experience of
r

CE plants, and the estimate of SBLOCA-PORV/SV frequency was obtained from the

frequencies of the i ni tiati ng events, the fai lure probabilities of PORVs and

block valves, and the probability of operator fai lure to close the block valves.

In addition, the CE report considered various methods for reducing the

SBLOCA-PORV frequency. Among them, elimination of the turbine runback feature

was considered to be the most effective in reducing PORV challenges wi thout

adverse impact on plant operation. In addition, CE assessed the impact of

other countermeasures to reduce the SBLOCA-PORV frequency. These counter-

measures included improving operator capability and automatic closure of the

PORV.

B. AOEOUACY OF CEN-145

Based on the staff review, the staff finds that the fault tree methodology used

in the CE report is a valid approach to estimating the SBLOCA-PORV frequency. In

general, the staff finds that the probabilistic data in the CE fault tree appear

reasonable; however, it is recognized that there are inherent uncertainties in

the CE analysis. The result of the CE analysis indicates that the SBLOCA-PORV

frequency, with credit for operator action, is about 1.8xl0-s/reactor year,

after being reduced by a factor of about 15 due to the elimination of the

turbine runback feature and the provision of direct indication of PORV

position. As discussed in the attached TER, FRC has performed calculations and

verified these estimates, given the validity of the CE data. However,

considerations such as the following were not included in the CE analysis:



(l) Manual Actuation of PORV

The CE analysis does not consider manual actuation of PORV. However,

there are instances in which manual actuation of PORV may be needed as

discussed below:

( i) Ventin !of Noncondensible Gases

An operator may use a PORV to vent the noncondensable gases

in the pressurizer. For example, an operator may open a PORV

to vent the noble gases that have leaked from the fuel into

the primary coolant.

(ii) Oeoressurizin the Primp' stem

To depressurize the primary system, an emergency orocedure

may require an operator to cycle a PORY several times. For

example, during recovery of a steam generator tube rupture

event, an operator may use a PORV to depressurize,the primary

system to minimize leakage to the secondary system.

The staff notes that the operator error for failing to close a block valve,

given a stuck-open PORV, is less likely when the PORV has been opened

manually than when it is opened automatically.

The approach of the staff implicitly took these considerations into

account, since it was based on operating data.
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(2) PORV Block Valve Availabilit

The CE plants have operated with the PORV block valves shut to minimize

valve leakage. If a plant operates with PORVs blocked off, its SBLOCA-

PORV frequency would be greatly reduced but at the expense of having a

higher SBLOCA-SV frequency which may lead to more adverse consequences.

f

(3) Overcoolin Transients

The CE analysis does not consider the challenges to the PORV/SVs due to

the actuation of the high-head safety injection system during recovery

from overcooling transients such as the overfeeding of a steam

generator. As discussed in the attached TER, FRC has estimated the

SBLOCA-PORV/SV frequency due to overcooling transients.

C. APPLICABILITY OF CEN-145

To ascertain that the generic CE report applies to a specific CE plant, the staff
needs the plant-specific information such as the PORV/SV challenge frequencies, the

fraction of the time the PORV block valves are closed, and the various post-TNI

modificatiogs that may have reduced the PORV/SV challenge frequencies. Because

the various post-TliI modifications may have reduced the PORV/SV challenge

frequencies, the operational data on PORV/SV challenge frequencies in the

time interval before the post-THI modi'fications were imposed is not directly

applicable to the prediction of future challenge frequencies. The PORV/SV

operational data is available because NUREG-0737 Item II.K. 3. 3, "Reporting

SV and RV Failures and Challenges", requires that all PWR licensees promptly



notify NRC of the PORV/SV failures and periodically report the PORV/SV

challenges in annual or monthly reports beginning April 1, 1980. This

requirement to report PORV/SV operational data was imposed because, prior to

the TMI accident, there was insufficient data to portray accurately the

operational PORV/SV failures and challenges.

The project managers for the various CE plants have supplied the PORV/SV

operational data for the period from April 1, 1980 to March 31, 1983. The staff

has utilized this more recent operational data, together with the operational

data given in the CE report, to estimate SBLOCA-PORV/SV frequencies.

(1) Estimate of SBLOCA-PORV Fre uenc

According to the data provided, there u(ere no A&V/SV challenges in the

3-year period (April 1, 1980 to March 31, 1983) for many of the CE plants

listed in Table 1. The maximum number of PORV challenges to any of

the plants was 4 in the 3-year period. The staff makes the conservative

assumption that the plants with the high numbers of PORV challenoes

have such a high number because of plant-specific difference, and not

because of random statistical fluctuation in the frequency of

challenges. If 4 PORV challenges in 3 years is used, then the upper 95'A

confidence limit on the PORV chal'lenge frequency is about 3. 1/reactor-year.

Moreover, assuming (i) that the PORVs are not isolated, (ii) the PORV

failure probability is 2xlO-~/demand, and (iii) the operator error

probability in not isolating a stuck-open PORV is conservatively estimated



TABLE I

PORV/SV CHALLENGES IN CE PLANTS FROM
APRIL 1 1980 TO MARCH 31 1983

PLANT

ANO"2i

Cal vert Cliffs-1

Calvert Cliffs-2

Fort Calhoun

Maine Yankee

Millstone-2

Palisades

St. Lucie

Number of
PORV Challen es

0

Number of
SV Challen es

Notes: 'ANO-2 has no PORV.
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at Sx10- /demand, the staff estimates that the SBLQCA-PORV frequency is about

3. lxl0- /reactor-year which still remains within the range of the SBLOCA

frequencies given in MASH-1400 (10- to 10-4 per reactor-year). The staff

believes that the estimate of SBLOCA-PORV frequency is conservative

because the use of 4 PORV challenges in 3 years is the maximum for any

of the plants, and because the 95M confidence limit is used for estimating

the PORV challenge frequency. Moreover, depending on the fraction of

time that PORVs are actually blocked off due to leakage, the PORV challenge

frequency would be somewh'at less.

(2) Estimate of SBLOCA-SV Fre uenc

Based on its survey, CEN-145 indicates that there were no SV challenges

during the period of operation of the CE plants covered in the survey.

Since the publication of CEN-145, St. Lucie experienced an overpressure

event on Oecember 19, 1981 (Licensee Event Report 355-81-56) due to an

inexplicable closure of MSIVs at near full power causing PORVs to lift,
and a SV to lift once below its setpoint and another time near the

operating pressure of the pr essurizer. The staff estimates the SBLOCA-SV

frequency based on the following:

(i) The SV failure probability i's 10-~/demand according to WASH-1400

and the recent IREP study on AN0-1.~

(ii) There were 2 SV challenges during the 3-year period among 8 CE

plants.



The,SBLOCA-SV frequency based on the 95K upper confidence limit on the SV

challenge frequency is then estimated '.o be about 2.5xlO-s/reactor-year,

which falls within the range of the SBLOCA frequencies given in WASH-1400

(10-~ to 10-~ per reactor-year).

D. PORV Leaka e Problem

The staff review indicates that many CE plants operate with PORVs blocked off a

substantial fraction of the tjme. The intentional blocking of PORYs is done to

eliminate PORV leakage and to ensure that the reactor coolant system (RCS)

leakage does not exceed the technical specification limit. Since there are

many CE plants which have blocked off PORVs, it may imply either that PORVs need

to be modified to correct the leakage problem or that there should be some

mai ntenance or repair work on PORVs on a periodic basis. A plant that

operates with PORVs blocked off may depend on SVs to relieve pressure.

Considering the fact that the SV capacity is much larger than the PORV

capacity, and there is no block valve to terminate a SV release, the

.consequences of a stuck-open SV may be, more severe than those of a stuck-open

PORV. In addition, if PORVs are not blocked off, they supply additional

pressure relieving capacity in an ATWS (anticipated transient without scram)

The NRC staff is considering the need for imposing a technical specifi-

cation limit on the amount of time a plant can operate with PORVs blocked.

The need for upgrading the reliability of PORVs is a pronosed generic issue.
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CONCLUSION

Based on the review of the licensee's response, the staff concurs, for the

licensees given in Table 1, with the conclusions that the requirements of

NUREG-0737 Item II.K.3.2 are met with the existing PORV, SV and high-pressure

reactor trip setpoints, for St. Lucie Plant, Unit No. 1, and that the automatic

PORV isolation system is not required.

Attac hment: FRC Technical
Evaluation Report

Principal Contributor:
Ed Chow, DST
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