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SUBJECT: NUREG-0737 ITEMS II.K.3.1 - AUTOMATIC PORV ISOLATION 
AND II.K.3.2 - REPORT ON PORVs FOR SURRY POWER STATION, 
UNIT NOS. 1 AND 2 

Item II.K.3.2 of NUREG-0737 required licensees of pressurized water reactors 
to submit a report to the NRC staff documenting the various actions taken to 
decrease the probability of a small break loss of coolant accident (LOCA) 
caused by a stuck-open power operated relief valve (PORV) and show how these 
actions constitute sufficient improvements in reactor safety. Safety valve 
failure rates based on past history of the operating plants designed by the 
specific nuclear steam supply system (NSSS) vendor were to be included in the 
report. Licensees had the option of submitting either a plant specific report 
or a generic report. Where a generic report was submitted, each licensee 
was required to document the applicability of the generic report to its 
plant. 

Based upon the results of the report submitted in response to item II.K.3.2, 
licensees were to assess whether an automatic PORV isolation system was 
required. If required, licensees were to submit a system design that uses 
the PORV block valve to automatically protect against a small break LOCA 
caused by a stuck open PORV. Documentation was to include piping, instru­
mentation diagrams, electrical schematics and be in conformance with IEEE 
279-1971 requirements. 

The Westinghouse Owners Group submitted a generic report to the NRC staff 
in response to Item II.K.3.2 titled 11 Probabilistic Analysis and Operational 
Data in Response to NUREG-0737, Item II.K.3.2, for Westinghouse NSSS Plants, 11 

Westinghouse Electric Corporation, February 1981 (WCAP-9804). 
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Your response to the subject NUREG-0737 items dated June 18, 1981 adopted the 
conclusions reached in WCAP-9804 as applicable for your facilities namely 
that 11 the concept of an automatic PORV block valve closure system, which 
closes the PORV isolation valves when lower pressure is sensed subsequent to 
a PORV failing to close, cannot be warranted on the basis of providing addi­
tional protection against a PORV LOCA. 11 

On this basis you proposed no modifications to provide automatic isolation 
of the PORVs in response to Item II.K.3.1. 

We have completed our review of your responses to the subject NUREG-0737 
items including the Westinghouse Owners Group Report WCAP-9804. Our findings 
are contained in the enclosed Safety Evaluation (SE) with our contractor's, 
Franklin Research Center's, Technical Evaluation Repo.rt (TER) attached 
evaluating the data contained in WCAP-9804. Based upon our review, we find 
that the requirements of NUREG-0737 Item II.K.3.2 are met with the existing 
PORV, safety valve and reactor high-pressure trip setpoints and that an 
automatic PORV isolation system is not required for Surry Power Station, 
Unit Nos. 1 and 2. This completes the staff's review of the subject NUREG-
0737 items for your facilities. 
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INTRODUCTION 

UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON. D. C. 20555 

SAFETY EVALUATION OF WESTINGHOUSE 

LICENSEES' RESPONSES TO NUREG-0737 ITEM II .K.3.2 

In response to NUREG-0737 Item II.K.3.2, licensees were required to per­

form the following actions: 

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

various actions taken to decrease the probab i1 i ty- ·of a sma Tl-break_ 

loss-of-coolant accident (SBLOCA) caused by a stuck-open power-oP.erated 
~ 

relief valve (PORV) and show how those actions co~stitute sufficient 

improvements in reactor safety. 
.. --

( 2) ,Safety val.ve (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. 

The purpose of this Safety Evaluation is to evaluate the responses of 

Westinghouse licensees to the above requirements. 
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The requirements of NUREG-0737 allowed each licensee the option of pre­

paring 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 Westinghouse licen­

sees referenced a Westinghouse report (WCAP-9804) prepared by the Westing­

house Owners Group to address the staff's concerns. Licensees asserted 

that WCAP-9804 was applicable to their plants but did not, however, provide 

any supporting documentation. The Westinghouse 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 Westinghouse plants. Therefore, the 

staff's review, which was mainly based on the technical evlauation per-
. 

formed by our contractor, Franklin Research Center (FRC), was concentrated 

on two areas, namely the adequacy of the Westinghouse report, and its ap­

plicability to any Westinghouse plant. The results of the FRC review are 

contained in the attached Technical Evaluation Report (TER). 

DISCUSSION AND EVALUATION 

A. CONTENTS OF WCAP-9804 

The Westinghouse report considered a spectrum of initiating events that 

may lead to PORV/SV opening. The event tree methodology was utiiiied·to­

determine various possible outcomes due to the initiating events and to 

estimate the SBLOCA frequencies due.to a stuck-open PORV/SV (SBLOCA-PORV/SV 

frequencies). 
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The initiating event frequencies were based on the generic estimates for 

PWRS ~iven in NP-8013 , and the estimates of SBLOCA-PORV/SV frequencies were 

obtained from the frequencies of the initiating events, the probabilities of 

exceeding PORV/SV setpoints given the initiating events, the availabilities 

of the PORV block valves, the PORV/SV failure probabilities, and the 

probability of operator error. 

In addition, the Westinghouse report considered the impact of post~TMI 

modifications on probability data and compared pre-TMI results with post-TMI 

results. 

Finaily, Westinghouse performed sensitivity analyses on post-TMI results to 

assess the impact of the f_ollowing parameters: 

(1) safety injection system difference (high-head vs. low-head) 

(2) probability of PORV_s being blocked off 

t3) probability of operator error 
- .... -....... 

B. ADEQUACY OF WCAP-9804 

Based on our revie~, the staff finds that the event tree methodology used in the 

Westinghouse report is a valid approach to estimating the SBLOCA-PORV/SV 

frequencies. The staff finds that most of the probabilistic data in the 

Westinghouse event tree appear reasonable with a few exceptions, for 

example, the PORV/SV failure probabilities. The Westinghouse analysis also 

includes a few stuck-open PORV/SV scenarios due to a spurious actuation of a 

safety injection system. 
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The results of the Westinghouse analysis (with ·credit for operator action) 

indicate that the post-TM! SBLOCA-PORV frequency is about 2x10-6;reactor­

year for a plant with a high-head safety injection system, and is about 

10-6/reactor-year for a low-h~ad plant. In addition, the post-TM! SBLOCA-SV 

frequency is about SXl0-6/reactor-year for a high-head plant. As discussed 

in the TER, FRC has performed calculations and verified these estimates, 

given the validity of the Westinghouse data. However, the staff believes that 

the following considerations should be incorporated in the Westinghouse analysis: 

(1) PORV/SV Failure Probability 

Westinghouse uses 10-3/demand as the PORV/SV failure probability to reseat. 

This is the failure probability~ opening, not per transient. The staff 

believes that the PORV failure probability may be an order of magnitude 

higher if the PORV failure event at Ginna and the PORV failure event at 

North Anna_2 (Licensee E~ent Report 80-29) are also included in estimating 

the PORV failure probability. Therefore, the SBLOCA-PORV frequency may 

increase by an order of magnitude. 

(2) PORV Block Valve Availability 

The Westinghouse analysis assumes that 45% of the time PORVs are not 

block€d off. If a plant operates with PORVs not blocked off all the 

time, the SBLOCA-PORV frequency may increase by about a factor of two. 

By the same token, if a plant operates with PORVs blocked off all the 

time, the SBLOCA-SV frequency may also increase by about a factor of 

two. 
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(3) Multiple PORV Openings 

The Westinghouse calculation of SBLOCA-PORV frequency assumes a 

PORV opens once per transient. Most Westinghouse plants have two 

PORVs, and a few even have three PORVs. Therefpre, depending on the 
.. 

load rejection capabilities, it is not unco!TITion for a PORV to open 

several times or for multiple PORV openings during an overpressure 

transient. Therefore we believe that the effect of multiple PORV 

openings should be included in estimating the SBLOCA-PORV frequency. 

C. APPLICABILITY OF WCAP-9804 

Our contractor FRC identified one Westinghouse plantJ Plant No. 7 

in Table I.1, "PORV Openings," of WCAP-9804, as having had an ex­

ces~ive PORV frequency compared with the other 27 Westinghouse plants. 

Further, the staff's revjew of the PORV opening data given in the West-· 
. . ·--

inghouse report indicates that there is a large variance in the PORV 

challenge frequencies among the Westinghouse plants, and there is no 

PORV challenge data for numerous Westinghouse plants in the Westinghouse 

report. The staff believes that post-TM! modifications would result 

in a significant reduction in the PORV challenge frequency for Plant No. 

7 of Table 1.1. However, in order ~o ascertain whether the generic 

Westinghouse report applies to a specific Westinghouse plant, the staff 

reviewed plant-specific infonnation such as the PORV/SV challenge""i're­

quencies, the fraction of time the PORV block valves are closed, and 

the various post-TMI modifications that may have reduced the PORV/SV 

challenge frequencies. Based on our review, the staff believes the 

Westinghouse Owners Group report to be applicable to all licensees 
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identified in Table 1. The report is judged not applicable to 

McGuire Unit 1. 

D. REVIEW OF RECENT PORV/SV DATA 

(1) Estimate of SBLOCA-PORV Frequency 

NUREG-0737 Item II.K.3.3, "Reporting SV and RV Failures and Challenges," 

requires that all PWR 1 icer;sees promptly notify NRC of the PORV/SV 

failures and periodically report the PORV/SC challenges in annual 

or monthly reports beginning April 1, 1980. This requirement to report 

the PORV/SV. operational data was imposed because, prior to the TMI 

accident, there was insufficient data to portray accurately the opera­

tional PORV/SC failures and challenges. 

PORV/SV failure and challenge data from April 1, 1980 to March 31, 1983 

was obtained from the above reports. There were no PORV/SV challenges. 

during the 3-year period for many of the Westinghouse plants listed in 

Table l; the maximum number of PORV challenges during the 3-year period 

was 4. If we use the 4 PORV challenges in 3 years~ we estimat~ that 

the upper 95% confidence limit on the PORV challenge frequency is about 

3~l~reactor-year. Moreover, assuming that (i) the PORVs are not isolated, 

(ii) the PORV failure probability is 10-2/demand, and (iii). the operator 

error probability in not isolating a stuck-open PORV is sx10-2/demand, we 

estimate that the SBLOCA-PORV frequency is about 1.sx10-3/reactor-year 

which still remains within the range of the SBLOCA frequency given in 

WASH-14004 (lo-2 to 10-4 per r~actor-year). The staff believes that 

the staff estimate of SBLOCA-PORV frequency is conservative because the 

operational data of 4 challenges in 3 years is bounding for all plants, 

and because the 95% confidence limit is used for estimating th~ PORV 

chailenge frequency. Moreover, depending on the fraction of time that 
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PORVs are actually blocked off due to leakage, the PORV challenge 

frequency may be somewhat less. For example, plant specific data 

indicates that for about 33% of the time during the last 3 years 

PORVs have been b 1 ocked off. The staff estima.tes that the SBLOCA­

PORV frequency would be about 1. Ox10-3 /reactor-year, considering 

the fraction of time that the PORV block valves were closed :or 

all plants. 

(2) Estimate of SBLOCA-SV Frequency 

The staff modifie·s the Westinghouse estimate of the SBLOCA-SV fre­

quency with the assumptions below: 

(;) 

(ii) 

- (iii) 

There are in general 3 SVs in a Westinghouse plant. 

PORVs are blocked off all the time due to leakage. 

The SV fa i1 ure proba·btli ty-·is--1lf.2../demamf·-ac-cortltng-to--­

WASH-1400 and the recent !REP study on AN0-1. 5 

The staff estimates that the SBLOCA-SV frequency is about 3x10-4/reactor-year 

which falls toward the lower end of the range of the SBLOCA frequency given in 

WASH-1400 (10-2 to 10-4 per reactor-year). 

This estimate was obtained as follows. Westinghouse estimates the SBLOCA-SV 

frequency as Sx10-6;reactor-year. However, their challenge frequency did not 

take account of the fact that all three SVs may be challenged. Moreover, the 

Westinghouse analysis assumed that PORVs are blocked about 50% of the time. If 

PORVs are blocked, the probability of a SV lifting is about ten times as high 

as if the PORVs are not blocked, according to Table 3-4 of WCAP-9804. Hence, 

for a plant with PORVs blocked all the time, it is appropriate to double the 

SV challenge frequency used by Westinghouse. In addition, Westinghouse .assumed 

that the probaqility of a SV failing to close is 10-3/demand, while the staff 

estimates this prob~bility as 10-2/demand. The net result is that the Westing-
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house estimate of the SBLOCA-SV frequency should be multiplied by a 

factor of three because of the possibility of all three SVs being chal­

lenged, by a factor of two because PORVs at a given plant may be blocked 

all the time, and by a factor of 10 because of our estimate of the proba­

bility of a SV failing to close, per demand. This leads to an overall 

factor of 60, which leads to our SBLOCA-SV frequency of Sx10-6;reactor­

year x 60_= 3xlo-4;reactor-year. A similar estimate can be obtained from 

the fact there have been no challenges to SVs in Westinghouse plants in 

over 200 reactor-years of operation. 

PORV Leakage Problem 

The Westinghouse report stated that PORVs in the Westinghouse plants are 

blocked off about 55% of the time. The intentional blocking of PORVs is 

done to eliminate PORV leakage.to ensure that the reactor coolant system 

(RCS) leakage does not exceed the technical specification limit. Since 

there are many Westinghouse 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 maintenance or repair work on PORVs on a peri­

odic 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 pres­

sure relieving capacity in an ATWS (anticipated transient without scram) event. 

It would appear prudent to limit the time that plants operate with PORVs blocked. 

The staff is considering the need for imposing a technical specification limit 

on the amount of time a plant can operate with PORVs blocked. The need for 
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upgrading the reliability of PORVs is a proposed generic issue (see the 

memorandum from D. o·;ranni on the subject, "Proposed Generic Issue - PORV 

and Block Valve Reliability."6) 

CONCLUSION 

Based on the review of the licensees' responses, the staff concurs, for 

the licensees given in Table 1, with the licensees' conclusions that the 

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

and high-pressure reactor trip setpoints, and the the automatic PORV iso­

lation system is not required. 

- ---- ---·----------
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PLANT 

Beaver Va 11 ey 
D. C. Cook 1 
D. C. Cook 2 
Farley 1 
Farley 2 
Ginna 
Haddam Neck 

e 
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Table 1 

PORV CHALLENGES IN WESTINGHOUSE PLANTS FROM 
APRIL 1, 1980 TO MARCH 31, 1983 

Number of PORV 

4 
. 0 
1 
3 
0 
2 
2 

Indian Point 2 & 3 0 
Kewaunee 
North Anna 1 
North Anna 2 
Point Beach 1 
Point Beach 2 
Prairie Island 1 & 2 
Robinson 
Salem 1 
Salem 2 
San Onofre 
Surry 1 
Surry 2 
Trojan 
Turkey Point 3 
Turkey Point 4 
Yankee Rowe - .... -~ 
Zion-1 
Zion 2 

Notes: I No SV challenges were known for the plants. 
2 (i) A PORV lifted twice at zero power when a RCS 

loop stop valve was opened and a reactor 
coolant pump (RCP) was started. 

0 
2 
42 
1 
0 
0 
0 
2 
0 
2 
2 
0 
0 
(:) 
43 
0 
2 
2 

Cha 11 enges 1. 

(ii) A PORV lifted twice when a RCP was started to vent air 
from RCS. 

3 Two of the PORV challenges were manual actuations for low­
temperature overpressure protection. 

4 McGuire 1 is not included in the above list of Westinghouse plants 
because our contractor, FRC, has determined that WCAP-9804 is not 
applicable to McGuire 1 which has a different PORV design than 
other Westinghouse plants. 
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