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and 50-318

Mr. A. E. Lundvall, Jr.

| Vice President - Supply
; Baltimore Gas & Electric Company
| P. O. Box 1475

Baltimore, Maryland 21203

1 Dear Mr. Lundvall:

SUBJECT: NUREG-0737 ITEMS II.K.3.1 - AUTOMATIC PORY ISOLATION AND
I II.K.3.2 - REPORT ON PORVs FOR CALVERT CLIFFS UNITS 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 improve- -

ments 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 PORY block valve to automatically protect against
a small break LOCA caused by a stuck open PORV. Documentation was to
include piping, instrumentation diagrams, electrical schematics and be
in confomance with IEEE 279-1971 requirements.

In response to Item II.K.3.2 the Combustion Engineering (CE) Owners Groupi

submitted a generic report to the NRC titled "PORY Failure Reduction
Methods " December 1980 (CEN-145).

Your response to the subject NUREG-0737 items dated February 20, 1981:

i and August 11, 1981 adopted the conclusions reached in the CE Report
as applicable for your facility ( namely that the concept of an auto-
matic PORY block valve closure system, which closes the PORV isolation
valves when lower pressure is sensed subsequent to a PORY failing to close,
cannot be warranted on the basis of providing additional protection against
a PORV LOCA"

On this basis you proposed no modifications to provide automatic isolation
;7 2: "^"Y: h N"^^ !? ?? " " f ' '
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We have completed our review of your responses to the subject NUREG-0737
items including the CE Owners Group R2 port. Our findings are contained
in the enclosed Safety Evaluation (SE) with our contractor's, Franklin
Research Center's, Technical Evaluation Report (TER) attfew,d evbndtitkktche u
the data contained in the CE Report Based upon our rev we

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 PORY isolation system is not required for Calvert Cliffs. This
completes the staff's review of the subject NUREG-0737 items for Calvert
Cliffs Units 1 and 2.

Sincerely.

Original signn! by:

James R. Itiller, Chief

Operating Reactors Branch #3
Division of Licensing

Enclosure:
Safr y Evaluation with attached
i hnical Evaluation Report
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| Baltimore Gas and Electric Company

cc:
James A. Biddison, Jr. Ms. Mary Harrison, President.!

General Counsel Calvert County Board of County
Baltimore Gas and Electric Ccmpany Prince Frederick, MD 20768 -

P. O. Box 1475
| Baltimore, MD 21203 U. S, Environmental Protection -

Region III Office
George F. Trowbridge, Esquire Attn: Regional Radiation Reprer:
Shaw, Pittman, Potts and Trowbridge- Curtis Building (Sixth F1cor) -

,

'

1800 M Street, N. W. Sixth and Walnut Streets r
Washington, D. C. 20036 Philadelphia, PA, 19106 --

Mr. R. C. L. Olson, Principal Engineer Mr. Ralph E. Architzel -

Nuclear Licensing Analysis Unit Resident Reactor Inspector r -
Baltimore Gas and Electric Company NRC Inspection and Enforcement r . - -- -
Room 922 - G&E Building P. O. Bos 437
P. O. Box 1475- Lusby, MD 20657 |Bal timore, MD 21203

Mr. Charles B. Brinkman
Mr. Leon B. Russell Manager - Washington Nuclear Ope _ _ -

Plant Superintendent Combustion Engineering, Inc. ~ 7
Calvert Cliffs Nuclear Power Plant 7910 Woodmont Avenu -

Maryland Routes 2 & a Bethesda, MD 20314 ;
Lusby, MD 20657

Mr. J. A. Tiernan, Manager -

Bechtel Power Corporation Nuclear Power Department r
Attn: Mr. J. C. Ventura Calvert Cliffs Nuclear Power P1i

Calvert Cliffs Project Engineer Maryland Routes 2 & 4
15740 Shady Grove. Road Lusby, MD 20657 *

Gaithersburg, MD 20760
Mr. W., J. Lippold, Supervisor

: Combustion Engineering, Inc. Nuclear Fuel Management r'

Attn: Mr. R. R. flills, Manager Baltimore Gas and Electric Compe .

~-

Engineering Services Calvert Cliffs Nuclear Power Plc
P. O. Box 500 P. O. Box 1475

._

r

j Windsor, CT 06095 Bal timore, Maryland 21203 -

Mr. R. E. Denton, General Super"- -

Training & Technical Services -

Calvert Cliffs Nuclear Power Pla- -

Maryland Routes 2 & 4
_-

rn - -
Lusby, MD 20657

Mr. R. M. Douglass, Manager
Quality Assurance Department
Baltimore Gas & Electric Company Administrator, Power Plant Sit -
, ort Smallwood Road Complex Energy and Coastal Zone Admini: -i r

P. O. Box 1475 Department of Natural Resourcee
Bal timore, MD 21203 ~

Tawes State Office Building _-

Annapolis, MD 21204,Mr. S. M. Davis, General Supervisor
Operations Quality Assurance
Calvert Cliffs Nuclear Power Plant Regional Administrator -

| Maryland Routes 2 & 4 Nuclear Regulatory Commission,
Lusby, MD 20657 Office of Executive Director f - -'

631 Park Avenue
King of Prussia, Pennsylvaniai
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SAFETY EVALUATION OF

COMSUSTION ENGINEERING LICENSEES' RESPONSES
.

TO NUREG-0737 ITEM II.K.3.2
,

.

INTRCDUCTION
'

According to NUREG-0737 Item II.K.3.2, the licensees were required to
! pe-fe m the following actions:
.

'

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

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

loss-of-cociant accicent (SELOCA) causec by a stuck-open power-operated

relief valve (PORV) and show how those actions constitute sufficient

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.

!

,

I

|
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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 CE licensees referenced

a CE report (CEN-145) prepared by the CE Owners Group t'o address the staff's

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

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

requirements of NUREG-07?7 Item II.K.3.2 are met with the existing PORV, SV

! and high-pressure reactor trip setpoints, and that no autcmatic PORY isolation

system is required for CE plants. Therefore, our review, which 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

repert, and its applicability to any CE plant. Our review included the effects
,

'

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

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

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

Evaluation Report (TER).

REVIEW

i

A. CONTENTS OF CEN-145
|

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

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

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

.

f
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Tne initiating event frequancies were based on the ocerating experience of

CE olants, anc the estimate of SBLOCA-PORV/SV frequency was obtainee from the

frecuencies of the initiating events, tne failure probabilities of PORVs and
- block valves, anc the probability of operator failure to close the block valves. '

.

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

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

was considered to be tne most effective in reducing PORV challenges without

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

cther countermeasures to recuce the SELOCA-PORV frequency. These counter-

easures inciuced improving operator capability and automatic closure of tna
1

PORV.

E. ADECUACY OF CEN-ic5 ~ '
^

Basec on our review, we find that the fault tree methodology used in the CE

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

general, we find that the probabilistic data in the CE fault tree appear

reasona:1e; however, we recognize that tnere 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 1.8x10 3/ reactor year, f

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 sucn as the following were not included in the CE analysis:

,

.

. . _ - . _
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; (1) 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) Ventinc of Noncondensible Gases

i An operator may use a PORV to vent tne noncondensable gases

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

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

the primary coolant.
,

(ii) Deoressurizine the Primary System

To cepressurire the primary system, an emergency procedure

may recuire an operator to cycle a PORV sev'ral times. Fore;

1

example, during recovery of a steam generater tube rupture

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

system to minimize leakage to the secondary system.

i

We note tnat 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 ?r

!
'

than when it is opened automatically.

| The approach of the staff implicitly took these considerations into
,

; '

| account, since it was based on operating data. .)
| \
i |.

|

|

e i

|
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(2) PORV Elect Valve Availabi',ity
!

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

'

valve leakage. IfaplantoperateswithPbRVsblockedoff,itsSSLOCA-
-

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

.

| higher SSLOCA-SV frequency which may lead to more adverse consequences,

i

(3) Overcooling Transients -

'

The CE analysis does not consicer the challenges to the PORV/SVs oue to

the actuation of the nign-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 esticated the

| SELOCA-PORV/SV frequency due to overcooling transients.

.

C. APPLICABILITY OF CEN-145

To ascertain that tne generic CE report applies to a specific CE plant, we need,

the plant-specific information such as the PORV/SV challenge frequencies, the

fraction of the time the FORV block valves are closed, and the various post-TMI

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

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

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

time 'nterval before the post-TMI modifications 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

.

i

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

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

recuire ent 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 us with the PORV/SV

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

nave utilized this more recent operational cata, together with the operational

data given in tne CE repert, to estimate SBLOCA-PORV/SV frequencies.

(1) Estimate of SELOCA-PORV Frecuency

Accorcing to tne cata given us, there were no PORV/SV challenges in the

3 year period (A;ril 1,1980 to March 31, 1983) for ma'ny of the CE plants

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

the plants was 4 in the 3 year period. We make the conservative

assumotion that the plants with the high numbers of PORV challenges

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

because of random statistical fluctuation in the frequency of

challenges. If we use 4 PORV challenges in 3 years, then the upper 95%

confidence limit on the PORV challenge frequency is about 3.1/ reactor year.

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

failure probability is 2x10 2/ demand, and (iii) the operator error

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

.

|

|
i

f
.

1
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TABLE 1
?

'

PORV/SV CHALLENGES IN CE P'LANTS FROM
ADRIL 1. 1980 TO MARCH 31, 1983

.

Number of Number of
PLANT PORV Challenges

~

SV Challenges,

ANO-21 0 0
~

Calvert Cliffs-1 0 0,

Calvert Cliffs-2 3 o

Fort Calhoun 0 0
.

Maine Yankee 1 0

Millstone-2 4 0
.

Palisaces 0 0

St. Lucie 4 2
,

Notes: 1ANO-2 has no PORV.

.

|
-

:

!

.
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at 5x10 2/ demand, we estimate that the SSLOCA-PORV frequency is about

3.1x10 3/ reactor year which still remains within the range of the SBLOCA
,

frequencies given in WASH-14003 (10 2 to 10 4 oer reactor year). We
~~

believe that our 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 95% 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 somewnat less.

(2) Estimate of SBLOCA-SV Frecuency

Basec on its survey, CEN-la5 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 December 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 pressurizer. We estimate the SBLOCA-SV

frequency based on the following:

i

(i) The SV failure probability i's 10 2/ demand according to WASH-1400

and the recent IREP study on ANO-1.4

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

plants.

.

.
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_ ,
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The SELOCA-SV frequency based on the 9F% upper conficence limit on the SV
.

challenge frequency is then estimated o be about 2.5x10 3/ reactor year,

whicn falls within the range of the SBt0CA frequencies given in WASH-1400-

(10 2 to 10 4 per reactor year). '

.

. .
^

D. PORV Leakace Problem
,

.

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

substantial fraction of tne time. The intentional blocking of PORVs is done to

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

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

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

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

maintenance or repair work on PORVs on a periodic basis. Aplantthat

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)

TheNRC'staffisconsideringtheneebforimposingatechnicalspecifi-event.

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

The need for upgrading the reliability of PORVs is a pro, nosed generic issue

(see the memorandum from D. Dilanni on the subject', " Proposed Generic Issue -

PORV and Block Valve Reliability"5), -

.

-_____-__n . . - , . , , ~, ,- -, - . . _ - .v - .----t . , . - --
-
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Basec on the review of the licensees' responses, we concur, for the licensees

given in Table 1, with the licensees' 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, and that the autsmatic PORV isolation system is not

requi red.

A tta c r,mer.:: FRC Technical
Evaluaticr. Repcrt

Princiral Centributer

Ec Chca, DST

.

e

| .
1
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1. INTRCDICTICN,

. , *: -. :., n., P . .. , -.- a... ... -- .

3
,

nis te:nnical evaluatica repc:t (TIR) documents an independent review of
.

tne report of "PCKl Failure Reduction Methods" prepared for the Cc:bustion
Eng ineering (OI) Owners Group in response to NURIG-0737 [1] , " Clarification of
T :: A:: ion Plan Requirements," Ite: II.K.3.2, " Report on Overall Safety Iffect
of Power Operated Relief Valve Isolation System," as it pertains to tne
CI-designed units. - .is evaluation was perfor=ed witn the following
obj ectives:

o to ensure :na: One CI respcnse is complete and pr:perly documents the
infor'.ation required oy NOF2G-073 7, Ite: ;I.K.3.2

o : ensure :na the CI estima:ed p:Obasilities satisfy the review,

::iteria.

, , Gr .mr., . :, . ,n K,.R, . .Do w ....

:n N;' FIG-0625 [2], " Generic Ivaluation cf Feedwater Transients and Small

Irea< Lcss-of-Coolant A idents in 00:=usti0n Engineer ng-T.asigned Operating
1..:s," :ne Nuclear Regulat :y 00 =ission's (NR~) Eulletint and Orders Task

e:::e re ::: ended the following:
.

" Licensees should provide a system whien closes the block valve auto-
=2 ically whenever :ne reactor coolant systen pressure decays to a preset
talue sucsequent to a POR? opening. Onis system snould include an
over:ide feature so :nat pressu:e relief can be ac:c=plished at lower
pressures, as necessary.

Cc:.:us: ion Ingineering should prepare a report documenting the actions
which have been taken to decrease the probability of a small-break LCCA
caused by a stuck-open PORI. Tne repc : chould include an evaluation
desc: icing how the acticas taken constitute a significant improvement in
reactor safety.

Any future failure of a POR'l or safety valve to close should be reported
to :ne N E promptly. All future ena11enges of the p0RVs and safety
valves should be de:::ent.ed in the annual report."

7.aese reco==enda icas were later included in NUPIh-0660 (31, "NR:: Action

..n Developed as a Result of the T.C-2 Accident." The tirst recommendation

.-

.;- h-- _1

..'. Franklin Research Ce .te.-
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A::ua'. cperaticnal data =sy be used in this analysis waere appropriate.,

; Tac cases fer any assc=ptiens used snould be clearly stated and justified.

~
One results of the pecbability analysis should then be used to determine
whe:ner :ne : dificaticas already implemented have reduced tne
p:cca:ility of a small-break *.,0CA due to a stucx-epen PORV c: safety

.

;
- valve a sufficient amount to satisfy the criterion stated above, or

; whetne: the aute=atic PORV isolation system specified in Task Action Ite:
II.K.3.1 is necessary.

.

In additica to the analysis described above, the licensee should cc= pile,

operational data regarding pressuri:e safety valves for P4R vendor*

designs. Obese data should tnen be used to deter =ine safety-valve
failu:e rates.

i
: Tne analysis shculd be docc ented in a repc::. If this requirement is

imple:ented on a generic basis, each licensee should review tne
i app:cpriate generic report and document its applicability to his own

plan t 's) . '"ne repc:: and :ne documentation of applicability (where
app:cp:iate) shculd be succitted fc: NRC staff review by the specified
date."

e

1

. n. . .....=r.e-..,,.~. .. 3.m. :m,.R,wCND
-

, .,
-. c

, ,

* %_ .

:n le::ers to the NIC dated in eariv 1981 (4), owners of CE-desiened- -
.- -

, . . -.. ~ /
-- ' , . -uni : endorsed a report prepared fo: the Comoustion Engineering Owners Group, ~ '~

.- .. .
,

''EN-14 5 ~5], "?OWEailure Reductic: Methods" as the response to NUREG-0737,
, l'

-

.

/ *' Ite=s ;1~ .K.3.1 and II .K.3.2.
.. -"

,

-
- . ?. , i

,
, . .-... ,

. , , ,,. y~

An. independent' preliminary .' eview of. th,e ''information presente(in /,''' 'r
-

,

inf erence 5 resulted -in a ,:n';ce/ , , for additional information dRA!) 'being sent,
- e < ..s "~

-

, >

t,h'i NPOron January 20, 19 82 [6) . , The licensee -
;4 .o cne CE licensee f:c: .

. .,. , - ,

respended tal tav staff;RA*. in letters tei'the NRC dated April 26,1982 [7] and
,

r

'
'

i * '.- - ,

June T, 1982 {5]. This TER is an~ evaluation of th'e information presented in . . - '
.

. >> . V
References h.r 7, and 8 along with other'information ,ps' tinent to the topic',f- o .

s n !

a ==ad.1-break ,:,00A ffo: a stuck-open PORV or safety [ valve.'
s-
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One f 11cw:.ng tasks were to be performed under contra : to the !;RT [9]:

1. Review :ne licensee's report required by !r. 723-0737, Ite: II.K.3.2 :
.

determine (1) if a licensee proposes to provide an automatic PORY
isolation syste= and (2) if all the data required in the report have
been p vided by the licensee. Review the licensee's analysis fc:
cc ple eness in identifying all transients tnat lead to PORV
challenges. The analysis should include failure in the integrated
cen::o1 syste= (ICS) , applicasle to Babcock & Wilcox (B&W) plants
caly, operato: error, reliacility of POE/ block valve, and o:ner
initiating events. Review the licensee's analysis of safety valve
enallenge rate and failure rate to reseat. Tne analysis snould
include consicera icn of the Por/ being clo:r.ed as a resui: cf
lear. age, operate: action closing the PCF*/ tic:k valve and ac:cating
nign pressc:e injection (EPI) du:ing the recovery fro: depressuri-
=atien events.

2. realuate the licensee's repc::s required =y NUP2G-G737, Ite :.~.3.0
against the review criteria in Section 2. If generic repc::s a:e
su==itted, the applicability of the generic reports to the specific
plants, should be evaluated. Priority should be given to determining
if any of tne PWR licensees is required to p:cpese an au cmatic Port
isciatien syste:. If necessary, a letter was :c se provided
res:esting :nese PWR licensees := p: pcse suen sy::en: *and ne *

plant-specific tecnnical basis fc: :nis request.

3. Prepare a *ER fer eaca plant. One TER will discuss tne evalca:ica cf
the licensee's reports and, if needed, the p:cpesed automatic Port

,

isolation system. The TER shall include a discussion of the
assumptiens made by the licensee in his reports.

Tnis :epc:t constitutes a TER in satisfaction of Task 3. Section 3.1

addresses :he completeness of the Licensee's repc::, wnile Section 3.2
p:cvides an evaluatien of the Licensee's analysis. In Section 3.3, additional

j
1

items relevant to the sucject of a small-break LOCA f:cs a stuck-cpen PORV c:
safe:y valve, but not specifically addressed by the Licensee, are censidered.

3.1 PL*:Di CF THE CE REPORT FOR COMPLETE:?ESS4

1

i

Tne review and evalca:icn of the infc :ation presented in P.eference 5, as

supplemented by the additional information presented in References 7 and 8,
for=s the basis of this report. Reference 5 was prepared for the Combustion

.

.

-5-

O.. Frank'in Reses:ch Center
A*m esThe 8rgrugn meange

_______ - -- .- _. .~ __ _ -. _ _. ,_



.

TER-C5 50 6-4 0 9

3 .1.0 CE's Fault Tree Transient Initiater Even: Frecuencies

A survey was conducted in early 1980 to compile the operating experience
.

and POR7 initiating ::ansient history of CE-decigned operating plants. Tne

survey results indicated that, during 29 reactor-years of cperation, only
.

tnree PO5V ::ansient-related openings were reported. In addition, the survey
indicated =nat 16 high pressuri:e: pressure reactor trips had. occurred. Since
the PORY opening setpoint pressure of CE-designed plants is the same as tne,

: hich pressuri:e: pressure reactor trip setpcint, it can be con = laded that an

additional 16 POR7 ::ansient-related opening events had occurred. Based on

.
inese historical data, tne POEU cpening transient-related event frequency for
CE-designed plants was 0.66 per reacte:-year.

,

In addition, CE assigned a value Of 2.S x 10- per reacto -year for the

expe::ed frequency of a spurious POF7 cpening, taken from " Post TMI Evaluation

Tasx 3 Follow-up Report, Pressurice: Systems and Emergenc? Power Supplies"
i

r*i - _- ] .

3.1.3 CI'c Fault Tree 3:anenes
.

In Reference 5, CI devel= ped a fault tree that was used with the tran-

sien initia::: frequencies identified in Section 3.1.2 of this report to

evaluate the frequency of a small-break LOCA f cm a stuck-open PORV. The
fault tree is based on the prenise that eacn initiator event results in a

single POPU c allenge event (i.e. , the POR7 actuation setpoint is exceeded

only once per initiator event) . A CE licensee justifies this assumption in

.le ference 7 as follows:

1

I "Only one POR7 opening is expected during a pressurization event in which i
( the PORV's are actuated. As described in Section 3.9 of CEN-145, the

i coincidence of the POFV opening setpoint and the high pressure reactor
! trip at approximately 2400 psia on the Calvert Cliffs Nuclear Pcwer Plant
| insures diat the reactor is shutting down as the POEV's are opening, if
i

not before. By the time the PORV's blow down to the reset pressure, the
typical post-reactor trip pressure reduction is noted in the licensing
and analyses of FSAR pressurization events. It should be noted that a
mere realistic best estimate analysis of the pressurization event,
described in CEN-128, 'P.esponse of CE NSSS of Transients and Accidents, '

.

& -7-
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1. a turbine runback feature and no cperator action

2. no turbine runback feature and no operator action

3. no turbine runoack feature and operator acticn

no tudbine runback feature and no operator action, but automatic
~

4.

closure cf the block valve,

5. no turbine runback feature and no operator action, but automatic
closure of series-redundant block valves.

3.1.4 CE's Probability Data
,

In order fer C :o quantify tne f ault tree that was deveicped, probability
data had to ce gathered for each pa:n at each node.

As detailed in Section 2.1.2 of this report, CI used historical operating
data cellected f:c: a survey cf tne CI-designed operating plants te determine
the expected frequen:y of the transient initiator events.

The p:coability data assigned to tne other fault tree branches de not
deal with dae expected trancient frequency of tne plant. Instead, the

remaining p:coability data deal with operator and equipment re1Iaoility.
.:ecifically, opera :: and conponents data are necessary fc::.

1. failure of the PORV to reclose on demand once it has opened
.

2. failure of an operator to bloen the stuck-cpen POKV af ter it should
have closed

1. failure of the POE7 block valve to close (botn manually and
au ::atically) .

For the failure rate of the PORV to reclose on demand once it has opened,
~

CE used a value of 2 x 10 failure per demand. This failure rate was based

on the operating history of Babcock & Wilcox (B&W) plants which use PORVs
si=ila: to those of CE-designed plants. Obis failure rate did not incorporate
the CE cperating history of no failures in 38 cperational openings. It used

only the B&W history of tnree failures in 150 operational openings.
.

Ic: the f ailure rate of an cperator to block the stuck-open PCRV af ter it
.:ould have closed, it was stated in Reference 7: .

i

-9-; -1735s
) "1 Franklin Resea ch Center
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Me thod !=caet

Lower Eigh Pressurizer Pressure This would also lower PORV setpoint,.

,

Trip Se: point thereby increasing PORV challenges.

,
Raise POK7 Setpoint and Add Very s=all nu=cer of POR7 openings .

Anotner Eigh Pressuri:er would be avoided by difficult and
Pressure Reacto: Orip at impractical circuitry changes and
2400 psig and bistable addition.-

Eleck Out and/or Deactivate POR7s should be used to preclude
POK7 Ouring Operation safety valve enallenges. If a safety

valve sticxs open, there is no block -

valve to mitigate this failure.

Reduce Operating Pressure Operating DK3 ratio would be
decreased. Also, load rejectica
p: essure oversnoot would be increased
due to delay in reacning high pressere
reactor trip.

In additien to reducing POK7 challenges, i= proved PORV system failure
counter =easu:es were dis =ussed. Three of the proposed methods were judged to

htve positive effects en mitigating the consequences of PORV system f ailure:
:: proved POK7 indication, POK7 power f:cm emergency power supplies, and
'= proved Operator capability. The fourth method, providing automatic closure.

of the blo x valve wnenever a POR7 f ailed to close on demand, was determined

to be a co= plex alternative with its own f ailure modes and therefore required
further evaluation of pcsitive and negative effects.

In su==ary, CE identified a failure reduction program to be implemented
at all CE-designed operating plants. The failure reduction program described

in Reference 5 is as follows:

1. The turbine runback feature to be eliminated.

2. The motor operators for the PORV b' lock valves and the pilot solenoids
for the POR7s to be provided with emergency power supolies to permit
them to function upon the' loss of all non-emergency pow.r.

3. Ultrasonic flow =eters to be installed on the POR7 discharge piping to
provide a direct measurement of steam flow and, therefore, of POK7
position, .with indication and alarm in the control room.

4. Operator training programs to be initiated to provide the operator,

| with a mo:e comprehensive understanding of plant operation under
i

I .

1

-11- I
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i
j 3.1.7 Pri=ary Safetv valves

With regard to the pri=ary safety valves, CE =ade the following
-,

sta:ement in Reference 5:

"No primary safety valve lifts have been reported for CE operating plants -

during app cxi=ately 30 reacto:-years of operation. Westinghcuse plants
also have not rep 0:ted any pri=ary safety valve lif ts. One primary
safety valve lif t has been noted in a S&W plant, but no details were
given. In view of the lack of challenges to the primary safety valves, a
direct quantitative estimate of their reliability based on experience
cannot be made."

CE then proceeded to discuss the similarities between the primary safety
valves and the =ain steam safety valves (P2Sys). In concluding the discussion,i

OI stated:

"Sased on the seven reported F.SSV f ailures and the 5650 estimated FJSV
de= ands, a failure rate of 1.24 x 10-4 per demand is estimated. Tnis
f ailure rate is icwer :han tne value of 2.x 10-2 estimated for power
operated relief valves in NUREG-0560. Assu=ing that the F.SSV reliability
data are to sc=e degree applicable to tne primary safety valves, the data
suggests that the pri=ary safety valves may be more reliable than tne
PORVs. P.=:e definite conclusions must await develeptent of cperational
and/ : test data on pri=ary safety valves."

,

3.1.6 C:: arison Witn Cthe ?WRc

In Reference 5, CE described a basic difference in the design function of
the PCRVs in a CE-designed plant as opposed to those in B&W- and Westinghouse-
f.ssigned plants. Se distincti n is significant in that there is an inherent

incre= ental =argin to Por/ challenges of the CE design as compared to hose of
0W and Westinghouse designs. CE's statement is provided below:

"On CE plants, the initial design function of the PORVs was solely to
reduce the challenges to the primary safety valves during power

| operation. S e PORVs on B&W and W plants had an additional function,
,

namely, to reduce the frequency of reactor trips due to high pressu:e.t

"'he POKI actuation set point on CE plants coincides with the high
I pressure reactor trip se point, whereas, the other PWR vendors required

that the POK/ actuation pressure be below the high pressure reactor trip
setpoint in order to reduce the nu:ber of high pressure trips. The CE
decign allcws the specifica:ica of a higner PORV , actuation pressure, and

.

-u-
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2 E.'ALUATION OF ""dE CI RIPOR" S03.v.*""'E3 IN RESPONSI ".D NUREG-073 7,
. r_ . . 7...,.y

....

.

The evaluation of the infer atica reviewed in Sectied 3.1 of tnis report,

as well as otne: infor stien pertinent tc the stu=x-cpen POK7 c: safety relief

' valve tepic, is p cvided in this section.
~~

3.2.1 Evaluation of CE's Fault Tree Transient Initiator Event Frecuencies

In Reference 5, CI deter =ined a POK7 initiator event frequency based en a
,

survey taken in 1980 of 29 years of cperating history. The frequency of 0.66

events pe: rea :c:-year for CI plants was based on a total of is events

cc :::ing in the 29-year period..

CI noted tha: recording cf all POK7 actuati:ns had not previcusly been a '
requirceent. 00nsequently, enly three POR7 actuations during power operatiens
nad been re:::ded. Sixteen additi nal actuatica events, however, uld me

e

inferred f::= the re=c:ded nu=cer of high pressuri:e: pressure rea= c: trip

events. Ine inference was possible because the hign pressure trip signal is

generated by the same bistacle wnien actuates the POR7. 03 went on to note

sna: 11 of ne 16 hign pressure rea::c: trips were caused by the* turnine

:unba:x feature of the p:cte::ica syste=. Since this feature has repc tecly

been eliminated f:c all CZ plants, these actuation events were eliminated

f:c= the data base leaving a total of 8 (3 + 16 - 11) in 29 years for an

initiator event frequency (with no turbine runback feature) of 0.276 per

:sacte:-year.

In evaluating this approa=h, three items require further discussion:

1. elimination of the 11 turbine-runback-initiated events from the data

2. the possibility that a significant.nc=ber of unrecorded PORV
actuation events were not included in the 1980 survey

3. the possibilty of multiple POR7 cycles per initiator event.

Each of these ite:s is discussed separately below.

Elimination of the turbine runback events f:cm the data is p:cblematic in

tnat some plant transient initiated the turbine runback. From the data
\ .

I
-

1

.
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|

1 :n '..*P23-0 65 3 [21, tne NRC stated:
|4

i

j " ne vas: =ajority cf transients that actually occur ,in pcwer plants are
not as severe as =cse postulated in FSARs (e.'s. , the initial conditions,

) are less limiting, system failures are net as extensive, the heat ::ans-
j fe: Ocefficients are not as ciased) . CZ indicates :na: of all tne
J transients analy:ed in TSARS, only loss-of-load, uncontrolled rod

.

! witndrawal, c: less of all non-emergency ac power could actually result
i in lifting a POK/. Based upcn plant cperating experience, tne only event
{ observed wnien had caused POK/s to cpen is the loss of load or tu: Dine -

runsa=x event.";

1
1

|

.i Using :ne data fro Reference 12 (ATKS), tne fcilowing event frequencies -

i

i fc: CF plants are derived:
,

f

d

Total No.
1 Pien: NO. Pien ?>ent: Years rient/ Year

.a .. . , ,. . . . e i 3 ._ ,a. . - -- _ s, ,4. .....,4 .wa3 O.
, n_S . ,, _3w... . n . .. -.

,

I

j 23 Turbine Trip 30 15.42 1.94
1

i
34 Generate Tri:

t
- 6 15 .4 2 0.39.,

25 T: 21 * ss of Offsi e P wer l 15."; 0.13;
-- ,_

: ac _o..,. . , . -c
4
7

| 1.pplying :ne conservative assu=ption ma: 10% of nese events would
i

I :.ctivate a POR/, :ne initiator event frequency would be 0.246, whicn is nearly
,
'

identical :: CI's frequency of 0.276 for non-turbine-runback plants.
,

i

i Witn re:ard to the possimility of multiple POKI cycles per initiatc
avent, it is stated in Reference 7 tna: only one POKI challenge occurs pe

{ initia:c: event because a reactor trip occurs simultaneou ly with rea=ning the
$ PORV setpoint; :nerefore, by tne time the POK/ blowdown is complete, a
| ost-reactor shutdown pressure reduction is in progress. This assumption is

considered :o se tecnnicallv valid, and the consideration of multiple eveles,
, .

.
,

] per initiate: event does not appear to be warranted wnere POKI actuation is
:ute:stic and not the result of cperator action.,

1
;

. :n summary, an initiator event frequency of 0.276 is considered a,

*a

n:isfactory initia:Or event frequency.*

.

1
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; eli=tnatien of the turbine runsacx f:rsture and tne provision cf a di:ect
reliacle means for indicating FOK7 pcsiticn to the operator providef
significant improvements in system reliacility. One recurrence frequency,

of a small creak 100A due to PCRI failure has been reduced by an
; esti=ated f acter of accut 15 to a value of aoout 1.S x 10-3 pe;
- r e acter-y ear . Inis recurrence frequency is well within the 90% ..

confidence range of the recurrence f:equencies of 10-2 to 10-4 per*

reacter-year for a LOCA due to a small pipe rupture estimated in
WAEH-1400. Imp:cved operator train ng programs and emergency procedures,

- as well as tne provision of emergency power to the PORVs and to their
blocs valves, tnough not quantified, has reduced the small break LOCA
recurrence frequency even further. The incorporation of the feature of
automatic clocx valve closure upon PORV failure would further increase

'

PCKI syste reliamility."

Figure i shows tne calculation of CE's recurrence frequency of 1.8 x
-3

10 per reacto:-year for a s=all-oreak LOCA due to a stucx-open POR7

(tu:stne :uncacc feature eliminated) . Figure 2 shows tne same calculation
,

witn :ne fellowing exceptiens: (1) a PORY failure of 1.6 x 10 has been

used (co= sines CE data and B&W data) , (2) an op'e:ator error rate of 1.5 x''

~

13 has ceen used (f cm NUREG-CE/1275) , and (3) accounts for tne possi-

bility that a PORY waien spuricusly cpens will not reseat (i.e., failure

p:ocacility of 1.0) . Onis calculation yields a :ecurrence frequency of 2.2 x

10~ per year, which is below both the CE determination and tne WASH-1400
-3

median p csacility of 1 x 10 p,r y,,r,

With regard to installation of an automatically operated block valve.

feature, CE's analysis indicates tnat tnis feature would reduce the frequency
~~

af a LOCA from a stuck-cpen POEV to 1.4 x 10 events per year, while an

automatic closure feature e= ploying series-redundant block valves would reduce
-6

:e frequency even furtner *o 1.7 x 10 events per yea:.
1

{ The recurrence frequency of a small-break LOCA from a stuck-open PORV,
, -4

! however, is already well within the 90% confidence range of 10 ' to 10
,

. iven in KASE-14 0 0 (conservatively,1.8 x 10 * and probably more realis-
~

-ically 1.4 x 10 ).-

.

I 3.2.4 Evaluation of Primarv Safetv Valves
.

Section 14.5 (Loss of Load Event) of the FSAR for one CE-designed plant
'

.Calvert Clif fs plant) discusses the situation in which a turbine trip

i.

h _15-!
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screwnat n:gne failure rate fe: the SRV. Fer the purpcse of this analysis,

the SE7s rave been assumed to fail at a rate 10 ti=e larger than tnat*cf .v.SSVs
- .,

. (1.24 x 10 * pe: demand) . This failure rate is slightly 'lewer than the PORV
failure rate (1.6 x 1C" ) , whien is censistent with the fact that the POK7

. .

is a =cre ec plicated valve with scre possible f ailure mechanism.

Inct:perating the abcve data into the event trees of Figures 3 and 4, th e

p:ccability of a small-break LOCA f c= a stuck-open SEV is estimated as

fellows:

All Plants Except Palisades
-4

and ANO-2 (F:gure 3) 5.6 x 10 per reactor-year

Palisades and ANO-3 3.4 x 10 ~3 per reacto:-year

The parameters used in these event trees are as fellcws:

Mede Value Reference /Kationale
|

::ansient Initia 0: Event 0.276 per year Section 3.2.1 of this report

PCEVs Not 31ccKed Yes: C.75 See icn 3.2.4 cf this reper
' Figure 3) Nc: 0.25

POK7 Cpens en Oe:and Yes: C.9999 Reference 8_4 .

No: 1.0 x 10

PCE7s Net Elecked . Yes: O Section 3.2.4 cf this report
(Figure 4) No: 1.0

n
POKV Recloses on Demand No: 1. 6 x 10 - Section 3.2.2 of this report

-

POK7 Elecked Cicsed After No: 1.53 x 10-2 Section 3.2.2 of this report
POK7 Failure<

SEV Cpens en Oc:and

No PORV Cpening Yes: 1.0 Conservative assumptien

With POEV Cpening Yes: 1 x 10-3 If a POKV opens, no SK7 set-
point will be reached. A
p:cbability of 1 x 10-3 is
assigned to conservatively

; account for a possible
premature opening under
elevated RPS pressure
conditions.

~

SKV F.ecleses en Demand No: 1.24 x 10 Sectien 3.2.4 of this repc:t
.

,

Regarding the :esults of Figure 3 and 4, the following observations
.

snculd be made:

-23-
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-
,

cc paracle to the value of Figure 3, whien is the figure applicaole to the

licensee suc=itting Reference 7, although Fig.tre 3 is somewhat higner due to

its conservative approacn.

_ :n su==ary , it is concluded that the small-treak LTA frequency range of .

WASE-1400 satisf actorily counds the p:cbacility of a stuck-open SRV for all

CE-designed units. -

3.3 AD*:ITIONA*. CONSIDERATIONS FILEVANT TO SELL-BFIAE LCCA FROM STI.CK-OPEN
i POK/ OR SAFE"'r VALVI -

Alt:cugn not addressed in the CE sut=ittals, three otner items should be
1
' censidered relative to :all-::eak LOCA f:c= a stuck-open PORV cr safety

valve. Onese ite=s are (1) events whicn require the operator to open the

F O K/ , (2) overecchng events whien enallenge tne POK/ or safety valves :::cugn

cperation of the safety injection systems, and (3) low-temperature, over-4

pressure events. Tnese items are discussed in the folicwing subsections,

i

2 . 3 .1 Events Which Recuire the Coerater Action to Ocen the PORI
, .

Certain situatiens =ake ad=inistrative use of the POR/ to depressuri:e

:ne reacter coolant system. One ec:e significant cases are:I

1. use of the POK/ in the plant recovery f cm a steam generate: tube
rupture event

! 2. use cf the POR/s in "f eed and bleed" operations in response to
inadeqate core cooling (ICC) scenarios

3. use of the PORI to vent the reactor coolant system to remove air or
non-condensacle gases.

.

In any situation in which the operator wishes to depressurize the reactor
coolant rystem, the operator can use the PORV to accomplish reactor coolant
sy tem depressurization. By cycling the PORV open and shut, the operator is ,

,

[ 3enerally able to control the reactor coolant system pressure. It is also
: noted that relatively rapid repetitive cycling of the PORI has the potential
1

to increase the failure rate of the FORV to close wnen demanded.'

.

;

.

i
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safety in]ec::cn syster are not a significant contricutor to tne expected,

. frequency of a small-brean LOCA f:cm a stuck-open PCFV or safety valve.

- s .3.3 Censideration of Low-Temperature , Overpressure Events -

In August 19 76, the matter of low-te=perature, overpressure protection
_

was raised, and licensees initiated p ccedures and p:oposed systems to
mitigate postulated overpressure events while at reduced temperatures. The

main concern was with :ne low-temperature modes of cooldown and neatup, during
whi:n overpressurization could cause brittle fracture of tne reacter vessel.

cases, licensees p:cposed a manually enacled low-pressure se:pcint onn ecs:

ne existing POKi's, supplemented cy peccedures and technical specifications,
as :ne =eans of presenting overp:essuriza-icn while at low te=peratu:es.

With ne : educed precsure se:po::: in effect, transie..ts or plant

:enditions normally associated witn the shutdown, cooldown plant can cause
PCR.* actuation (and nence possible small-Oreak LOCA) , such as inadvertent

cperation of tne pressurizer heate:s or excessive ena ging. Although not
addressed Oy CE in Reference 5, it is conside:ed that the low-:e:perature,

~ce: pressure situation need nc: be censide:ed wi:n :ne c:her ::ansients whien

can result in a small-breas LOCA f == a stuck-open POR7. The reasons fe this

conclusion are:
.

c When reduced pressure se pcints are in effe:t, the plant will
generally ce in a long-ter: cling mode u ing the RHR system. EER
can =aintain syste= water inventory in spite of an open PC57.

c When : educed pressure setpoints are in effect, tne operator has less
equipment running and can readily diagnose abnormal conditions. The
operator is in a less stressful condition and can be expected to react
in a positive manner.

o Wnen reduced pressure setpoints are in effect, the plant has been shut
down for some period of time, and tnerefore decay heat rates are
lower, providing more reaction time before ther=al limits are
approacned.

o Ine te=perature of the coolant :eleased frc the POK7 under these
conditicas will ner= ally oe such that flashing to steam will not
cecur. The water will merely be collected in the containment s'u=p.

.. . . 2% -29-
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4 .1.2 Pori Failure Rates

All CE-designed plants, except for Arkansas Nuclear One Unit 2, (ANO Unit

2) , wni:n does not have PCK/s installed, are equipped with Dresser electro-

=atic solenoid pilot-operated POK/s. For this reason, CE chose to use f ailure -

data f:cm B&W-designed plants whien have the same type of valve installed with

a core su=stantial data base (150 S&W operational openings versus 38 CE valve

openings *). Since all CE plants have the Dresser valve, except ANO Unit 2,

tnese failure data are applicable to all CE-designed plants except ANC Unit 2.
.

4 .1. 2 Sr/ Cata

As discussed in Section 3.2.4, estimates cf small-creak LOCAs f:c:

stuer.-Open SKJs were made by extrapolating infor:stion from MSSV failu:e data

and by considering tw0 different conditions (one wnere the PCKI block valves -

are nor: ally open and tne other where the cloem valves are always shut or

POR/s are otherwise not available) . By determining small-break LOCA

probabilities fe: :nese two different conditions, LCCA probabilities

applica.-le to each Of tne CI-designed plants have been provided.

4.2 SUMMAPJ

In view of the foregoing information, portions of this report related to .
POKI reliability are applicable to all CE-designed units except ANO Unit 2,

which does not have POT /s, and the Sri p::tions of the report are applicaole

to all CE-designed units.

* Note: "te reason there have been 38 openings in CE units while the initiato:
event frequency considers only 8 operational openings is that a
substantial nu=ber of PORI openings were attributed to the turbine-
runback feature which has been eliminated in order to imp:ove POKI
reliability. Knen the openings due to the turbine-runback feature are
eli=inated f:c= the data base, the number of operational cpenings is
reduced to 3.

.

.
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3 - FROM A STOCK-CPII: POWER CPIFJ.TED RELIEF VALVE OR SATITY VALVI -

4

4

1

Purtese -

:
J

TO review the available literature and cperational historical data to
-

; ascer:ain wne:ner or no: C ==ussion Engineering and Westinghouse-designed
e

i nuclear stea supply system plants need to conside: the contributien f:0
4

1

| cvercooling events to :ne ::tal p:ctability of a s=all-~ reak LC":A fro: ac

; stuc,:-cpen FOKI or safety valve.
T.

! Iack=: cent

Over=ocling events can cause a rapid depressuri:ation of the pri=ary1

syste= and subsequent initia:ica cf the nign pressure safety injection system.,

To plant opera:::c, a rapid depressuri:atica appears : be very simila: to a
i

'. ::all-:: ear: .,CC A . As a ::..requence of :ne T.*C-2 a=:ident, cpere c: guidelines
es:e instituted :: require the POI / lecking valve ts) to be shut, thus

ter=inating a dep;essuri:ation, if it was caused cy a stuer.-open PCAv.
Regardless of the cause of the depressuri=ation, operator action is required4

i

j to ter=inate hign pressure safety injection upon suosequent repressurization

to p: event enallanges to safety valves (c: POKI if unbl= ked) . The following
4

'1 is a tech.ical evaluation of whetner such events can significantiv contribute
-

'

:o the nu=ter of challences experienced by the PORV and/c safety valve.

Evaluation
4

1

Secendary side overecoling transients usually occur because of overfeeding

} of a steam generator, demanding too much steam from the steam generators, or
t

| introducing e>:cescive amounts of relatively cold auxiliary feedwater into the
stea: gene:ators. NUREG-0667 [1], " Transient Response of Sabco k & Wilecx-

; cesigned F.eacters," describes the sensitivity of the c' ace-through stea:
,

s 2nerater (CS"'G) in B&W designs to sucn ove: cooling transients. Specifically
it was concluded that: *

; A-1'

O
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bypass valves, and one was the result of a steam generator tube rupture..

Since tne steam generator tube rupture is a separate initiating event, it can
-.

:e encluded f::: this study. During the :: years between :ne TE -2 a==ident,

and the cc ple:ica of Reference 1, 41.7 rea 0: cperating years were recorded
.

by Westingneuse and C =oustion F.ngineering plants. Therefore, the frequency

of overcooling events with subsequent high pressure safety injection system
'

flow equals 4.8 x 10 ~ events per reactor-year fc Westinghouse and
C ::cstien F.ngineering plants.

J

_

To quantify the p:cbability that an ove: cooling event will lead to a

small-brear. LOCA f:ce a stucx-cpen Port or safety valve, an event tree was

ccnstr ucte d. Tnis event tree is shewn in Figure A-1. One following

paragraphs des :ibe tne branen nodes which are used in the cons::uction cf :ne

even ::ee. Ps ns ::anching upward a: tnese nodes represent a "yes" response

to :ne question, wn:.le those paths bran ning downward :epresen; a "nc"

respense. Knen quantifying the event tree, the p cbabilities shown in

Tatie A-1 :ne prc:asilities represent the p Ocability :ha: the answer := :ne

que::ica is yes c: no, ra:ne than the availability and unavailability of a
*

sy tem.

N:de A
.

Cperator steps EPI pric: Upward paths at this node indicate that the
to PCII setpoint pressure operator has throttled or secured the high

pressure safety injecticn system prior to the
reactor coolant system pressure reacning the POII
opening setpoint pressure. One recommended PORV
cpening setpoint pressu:e is 2350 psia on
Westinghcuse-designed plants.

Downward paths at this node indicate that the
operator has failed to tarottle or secure the
high pressure safety injection prior to the
reactor coolant system pressure reaching the PORV
opening setpoint pressure.

*;cde 3.

'OKJ block valve (s) ~ t!pward paths at this node' indicate that at least
,

open
one POEJ block valve is open when the challenge
to the POII cc=urs. This applies botir to the case

A-3
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Node 3 (Cent.)

whe:e tne POR/ block valve is manually positioned,
and the case of aute=atic cpin/ closure syste=s
wnere the bicek valve may ce autccatically moved.

,

Downward paths at tais node represent those
.

|

events where all the POF/ block valves are closed
when :ne Pori Opening setpcint p: essure is
reached .

Tnis node is not conside:ed to be relevant for
tnose events wnere tne POK/ cpening setpoint -

p: essure is not reacned.

Node C

POR/(s) open Upward paths at this node represent the Por/(s)
cpening af ter the POT / cpening setpoint p:essu:e
is :eacned.

* Oownward paths at~ this node represent the PORV(s)
staying closed af ter the PCFI opening setpoint
pressure is reached.

Since this node is relevant only for th:se events
wnere tne POK/ cpening cetpoint p:gesu:e is
:eached and tne PORV blocn valves (:) a:e open,
tne p:::acility of tne Par / staying closed
represents the failure of the POR/ to cpen en
demand. Tnis p:ctability for the f ailure of the
POR/ to open on demand must therefore include
such failures as pressure sensors, pressure
::ansmitters,' and cent:cl channels, as well as
those failures associated directly wita the POE/.

rode 3

Oparator stcps HPI after Upward paths at this node indicate that the
POR/ setpoint before operator has throttled or terminated HPI after
scfaty valve setpcint tne PORV opening setpoint pressure has been

exceeded but before the safety valve opening
setpoint pressure is reached. The recommended
opening setpoint fc: safety valves on
Westinghouse-designed plants is 2500 psia.

Downward paths at this nede indicate that the
operator has failed to tiirettle or terninate the

HPI before the safety valve opening setpoint
precsure was reached. .
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Intuitively inherent in ne probad lity assigned,

, at tais node is the f act tnat, at some point in .

the overcooling event, tne EPI system will be
secu:ed allowing the :'eacter coolant sys. =
pressure to decrease below tne safety valve

_

.. .
. opening setpoint pressure.

.
,

Noda G
.

POEv(s) shuts as pressure Upward paths at this node indicate the successful
dacreases reclosing of the PORV(s) when the reactor coolant

syste= pressure decreases celow the POR7 opening
pressure setpoint af ter the EPI system is secared. -

Downwa:d patas at this node indicate the failure
of tne PCKV(s) to reciose wnen the reactc;
cociant system pressure decreases celow the POE7
epening pressure setpoint af ter the EPI system is
secu:ed.

As witn the p cbability assigned to Node F, tne
p c:abili y assigned to Node G assumes that at
some point in the overcooling event, the EPI
system will be secured allowing the reac:c:
coolant system pressure to decrease below the
POR? cpening se: point pressure.

.

Eaca endpoint patn is categcri:ed by a consequence descriptica as defined

celcw:

- NR - No PORV or safety valve relief occurs
~

KR - Relief occurs but the valve (s) rec 1cses on demand

PVC - POR7(s) opens and fails to reclose

S70 - Safety valve (s) cpens and fails to reclose

PVO/SVO - POB7(s) and safety valve (s) opens and fails to reclose.*

In order to quantify the event tree paths, probability data are needed

for each path at each node of the event tree. One probability data represent

une answer to the question at that node. Tne probabilities and the reference

sourc e f c the probability used fc: each node are given in Table A-1.

One results of the various endpoint paths are shown on Table A-2. The

..pected frequencies of a small-break LOCA from a stucA-epen POR7 or safety

.h A-7.
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Tacle A-1. Probacilities Assigned to Cvercooling Event Tree Nodes

Probability -.

Node Node Description Assicned Discussion References

- Initating transient 0.048/ .

event frequency reactor-year Frequency was determined 1,3 ,4 ,5
from events reported in

Reference 1 and total
Westinghouse and
Combustion Engineering
plant operating time

from 4/1/78-4/1/80
A Cperator stops HPI 0.985 Probability was determined 6

prict to POBV set- from Reference 6 for an
point pressure operator witn a moderate

to high stress level

B PORV olocx valves (s) 0.45 . Probability was based 7
open on a summary of

historical operating
data for Westinghouse
plants as reported in
Reference 7 ,

O PORV(s) open 0.99 Conservative engineering 3
judgment coupled with
information from Reference
P for a single channel
non-redundant control
system

D Operator stops HPI 0.999 or 0.1 Note that two pecbabili- 8,9
after POFU set- ties are assigned to this
point before safety node. , The first proba-
valve setpoint bility, 0.999, is for

the case where the
PORV (s) and block
valve (s) are open,

making it hignly |

unlikely that the safety '

valve opening setpoint
pressure would ever be
r ea ched,. Tne second
procability, 0.1, is for
the case where the

*

PORV (s) or blocx
valve (s) do not or are
not open. Bo th

!
|

4s A-9
..L FranWin Research Center '



__ _ __ . _ _

- 1
1. .

~ .

i TEE-C5 50 6-40 9
i

't

.

.

-

,

. .

L

e

.

,

.t

Tacle A-2. Endpoint Category Descriptien and Frequencies -

.

T

4

Indpcin: 7:equency pe:
Catecc-v Des::ietiOn Reactor-Year,

.'

;E !;c POT / c: safety valve relief cecurs 4.7 x 10-2

El Eelief cc:::s cut :ne valve (s) re:leses on demand 6.6 :: 10-4

P'io Port (s) cpens and fails to reclose 6.1 x 10-6

S'10 Safety valve (s) cpens and fails te reclose 6.9 x 10-6
,

I'IC/S'JO P3rl(s) and safety valve (s) open and fail Oc 1.2 x 10
e
-

reclose
! -
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