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1.0 INTRODUCTION

On February 25, 1983, both of the scram circuit breakers at Unit 1 of the
Solen Nuclear Power Plant failed to open upon an autometic reactor trip

signe) from the reactor protection system (RPS), This incident was terminated
menually by the operator about 30 seconds after the inftiation of the
automatic trip signa), The failure of the circuit breakers was determined

to be related to the sticking of the undervoltage trip attachment, Prior to
this incident, on February 22, 1983, at Unit 1 of the Salem Nuclear Power
Plant, an sutomatic trip signe) was generated based on steam generstor

Tow-low level during plant startup. In this case, the reactor was tripped
marually by the operator almost coincidentally with the asutometic trip.

Following these incidents, on February 28, 1983, the NRC Executive Director

for Dperations (ED0), directed the staff to investigate and report on the
generic implications of these occurrences at Unit 1 of the Salem Nuclear

ower Plant, The results of the staff's inquiry into the genor\c implications
of the Salem Unft 1 incidents are reported in NUREG-1000, "Generic Implications
of the ATWS Events at the Salem Nuclear Power Plant." As a result of this
investigation, the Commission (NRC) requested (by Generic Letter 83-28 dated
July 8, 1983) all licensees of operating reactors, epplicants for an operating
Ticense, and holders of construction permits to respond to generic ‘ssues
reised by the analyses of these ATNS events,

The licensees were required by Generic Letter B3-28, Item 4,5.3 to confirm
thet on-1ine functional testing of the reactor trip system (RTS), 1nc1ud1ng
i?dependent testing of the diverse trip features, was being performed at al)
plante,

Existing intervels for on-line functicre) testing required by Technical
Specifications were to be reviewed to determine if the test intervals were
avequete for achieving high RTS aveilability when accounting for considerations
such as: (1) uncertainties in component feilure rates; (2) uncertainties in
common mode failure rates; (3) reduced redundancy during testino; (4)

oper:tor error during testing; and (5) component “wear-cut" caused by the
testing.

2.0 DISCUSSION

The NRC's contractor, ldaho National Engineering Laboratory (INEL), reviewed
the Yicensee Owners éroup sveilebility analyses and evaluated the adequacy
of the existing test intervals, with a consideration of the above five

e}
-

LR ALOCK 05000254

i

I ]ut



1tems, for all plants, The results of this review are reported in detail in
EGG-NTA 8341, "A Review of Resctor Trip System Availability Analyses for
Generic Letter 83-28, Item 4.5.3 Resolution," deted March 1989 and summarized
in this report, The results of our evaluation of Item 4.5.3 and our review
of EGG-NTA-834] are presented below,

The Babcock & Wilcox (BAW), Combustion Engineering (CE), General Electric
(GE), and Westinghouse (W) Owners Groups have submitted topica) reports either
in response to GL 83-28, Item 4.5.3 or to provide a basis for requesting
Technical Specification changes to extend RTS surveillance test intervals
(STI). The owners groups' analyses addressed the adequacy of the existing
intervals for on-line functional testing of the RTS, with the considerations
required by Item 4.5.3, by quantitatively estimating the unavailability of the
RTS. These analyses found that the RTS was very reliable and that the
unaveilability wes dominated y common cause failure and human error,

The ability to eccurately estimate unavailability for very reliable systems

was considered extensively in NUREG-0460, "Anticipated Transients Without Scram
fr Light Water Reactors", and the ATWS rulemaking. The uncertainties of such
estimates are large, because the systems are highly reliable, very little
experience exists to support the estimates, and common cause failure
probabilities are difficult to estimate., Therefore, we believe that the RTS
unaveilability estimates in these studies, while usefu) for evaluating test
intervals, must be used with caution,

NUREG-0460 also states that for systems with low failure probability, such as
the RTS, common mode failures tend to predominate, and, for a number of
reasons, additional testing will not sppreciably low RTS unavailability,
First, testing more frequently than weekly is generally impractical, and even
$0 the incressed testing could at best lower the failure probability by less
than & factor of four compared to monthly testing, Secondly, increased
testing could possibly of a common mode failure through increased stress on
the system, Finally, not all potential failures are detectable by testing.
In summary, NUREG-0460 provides additiona) justification to demonstrate that

the current monthly test intervals are adequate to maintain high RTS
availability,

3.0 CONCLUSION

A11 four vendors' topical reports have shown the currently configured RS to
be highly reliable with the current monthly test intervals., Our contractor

hes reviewed these analyses and performed independent estimates of their own
which conclude that the current test intervals provide high reliability. In
eddition, the analyses in NUREG-0460 have shown that for a number of reasons,

more freguent testing than monthly will not appreciably lower the estimates
of failure probability.

Besed on our review of the Owners Group topical reports, our contractor's
independent enalysis, and the findings noted in NUREG-0460, we conclude
that the existing intervels, as recommended in the topical reports, for

on-1ine functional testing are consistent with achieving high XTS availability
that all operating reactors.
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ABSTRACY

The Tdamo Nationg) Engineering Laboratory (INEL) conducted :
technizal review of tre commercial nuclear reactor Ticensees' responses
to the recuirements of tne Nuclear Regulatory Commission's (NRC's)
Generic Letter 83+28 (GL 8328), Item 4.5.3. The results of this review,
a0 plants are shown to De coveresd Oy an acecuate ana'ysis, wil)
Provice the NRC staff with a basis to close out this fssve with np
furtner review.  Tre licersees, as the four vengors' Owners' Groups,
SVBMITeC anaiyses to the NRC eitner girectly in response ts GL 83-28,
item 4.5.3, or to provice & basis for requesting changes to the Technica)
Specifications (7S) that wou'd extend the Reactor Protection System (RPS)
Surve’ Tance test ‘rtervals (STIs). To conduct the review, the INEL
Sefines three critet‘a 1 detern re the scecvacy, slant applicabiliey,
ARG acceptadiiity of the results.  The INEL examined the Owners Groups'
TeroTis to cetermine 1f the aralyses ang results met tre establishes
criteria. Fort St Vrain's responses to ltem ¢.5.3 were 4130 reviewes.
Tre INEL review resuits show that al) Ticensees of currently cverating
remmeriial nocledr reaciars have dCecuately Cemonstratec that their
Current ireTing RPS test intervals meet the recuirements of oL 83-28,



SUMMARY

The two anticipated transient without scram (ATWS) evernts at the
Setem Nuclear Power Plant in February of 1983, focused the attention of
the Nuclear Regulatory Commission (NRC) on the generic implications of
ATWS events. The NRC then pud)ished Sereric Letter 83-28 (GL-83-28)
which Tistec the actions the NRC required of all 1icensees holding
oberating Ticerses ang cihers with respact to Assuring the relfadi ey of
the Reactor Protection System (RPS). 6L 8328, Item ¢.5.3, reguires
Ticersees to cemonstrate by review that the current on=line functiona!
testing intervals are consistent with achieving high resctor trip system
(RTS) availability. The )icensees responced to the GL 8328, Item 4.5 3,
recuirements as Jwners Groups with repocts efther in girmce response to
Item 4.5 3, or with a technical dasis for requesting extensfons to the
Serveillarce test intervals [S$TIs) that generally included the Item ¢ § 3
recuired reviews,

The NRC's Instrumentaticr ang Contre! Systems Branch (I1CSB), Cffice
of Neclear Reactor Regu'ation (NRR), requested the [ahe Natioma)
Enginee=ing Ladorateiy (INEL) %o review the Ticensee availapility
dnalyses #7C eva cate the overal) acequacy of the existing test
rtervals. INEL review results showing general comp!iance wite [ter
€53 wi'' provice the NRC with a Basis to close out Item 4.5.3 without

foriter review.

For the review, the INEL cefinec three dcceptance criteria, reviewes
the Tilensees topca) reports, contractor review reports, and NRC safery
eva'iations, ang cetermined the acecuacy of *he aralyses ang the RTS
EvaiTadility estimates with regard %0 the review griteria,

The INEL review criteria to ceterming the licensees’ item 4. 5.3
tomiiiance were, (1) the five areas of concern of tem 4.5.3, (2) the
dralyses' olant applicadility, ang (3) the NRC's RTS electrical
“PAvaTTadt ity Dase case estimates from the ATWS Rulemaking Paper,




Each Owners Groips' reports were reviewed to ensure that all five
areas of concern from Jtem 4 5.3 were either included 1n the analyses or
s$hown Aot to De significant with regard to RTS avatladility. The INEL
review 4150 entured that the individual plants’ gifferences from the
analysis' mocels were taken ‘nto account and their effacts were shown not
to significantly affect RTS unavailability. The Fort St. Vrain rasponses
to Item & 5.3 were 250 reviewed.

The Cwrers Groups' RTS unavailability estimates wer: compared to the
NRC's ATWS Rulemaking generic RYS unavatlability estimates to ceterming
the acceptadility of the Owners Groups' conclustons that high RTS
ava'lability was demonstrated 1n the analyses.

The results of the INEL review showed that a)) licensees of
cerrently ocperating commercial nuclear reactors have aceauately
cemonstirated that their current on=line surveillance test intervals are
consistent with achieving migh RTS availadbility,
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TECHNICAL EVALUATION REPORY: A REVIEW OF REACTOR TRIP SYSTEM

AVATLABILITY ANALYSES FOR GENERIC LETTER 83-28,

ITEM ¢ 5.3 RESOLUTION

1. INTRODUCTION

1.1 Fistorica) Background

in Fedruary of (583, two events occurred at the Salem Nuclear
Senerating Station that focuses Nuclear Regulatory Commission (NRC)
attention on the generic Impiications of anticipated transient without
scram (ATWS) events

First, on February 22, during startup of Unit 1 an automatic trip
STENT generated as a4 resu't of 4 steam gererator low=low level .afled to
ta.se 4 reacuor sivam. The reactor was tripped manually by an operator
a'most cotncicentally with the avtomatic trip sigral, so the fact that the

CIOMATIC triD Mg falled to cause & scram went unnoticed.

Three cays Tater on Fedruary 25, both of the scram breakers at Unit |
fatiec to cpen on an automatic riactor protection system (RPS) scram
s'g%e’ . Tre operators took action to contre) this secons ATWS ang
Sutieeces 'n tetminating the incigent 1n about 30 seconds. Subsecuent
TAvestigation related the fatlure of the Unit 1 RPS to cause & scram o
STICking of the undervoltage trip attachment in the scram cireuit breakers.

As @ result of these events the NRC Executive Director for Operatisrs
Crrectes the staff to uncertake three related activities: (1) an
eva'iation of when ang ynzer what congitions the Salem plants would be
& owed t0 restart; (2) a fact finging repert of the everts at Sa'em ! ans
ihe Ciroumstances leading to them, ang (1) a report on the generic
mrircations of these events.

"o atcress (3) adbove ar rteroffice, intergisciplinary group was
formed neTLsng members from sne Cffice of Nuglear Reactor Regulation's



“R's) Divigton of vicensing, Division of Systems Integration, Divigion of
Fami Tictors Safaty, Division of Enginearing, Diviston of Safaty
Technology, the Of%ice of Inspection ang Enforcament, the Offica for
Ara'ysts and Evaluation of Operations) Data, ang NRC's Region | 0Ffice
This group pub)ishee mRES-:Cc:l 45 4 result of thatr effores to resolve
the following suestions: (1) s thers & need for prompt actions to accrass
Imilar eouipment in other facilities; (2) are the NRC and fts 'icerseoes
'earning the safety menagement Tessons; ang (3) how should the priority ang
content of the ATwS Rule be azjusted.

As a4 resylt of the NUREG-1000 findings, the NRC ‘ssued Generic
Letter EE-:BZ (GL 83-28). The actions descrided a GL 83-28 acgress
TISVRS TRTater 1o reactor trip system (RTS) ralianility. The sctions
coverec fall into the following four areas: (1) Post=Trip Reviaw, (2)

Eavioment Classification ang vengor Interface, (3) Post-Maintarance

at
esTing, ane (4) Reactor Trip Systom Reltanility Improvements,

item &, adove, s aimed at assuring that vendor=rocommenced reactor
LUIP breaker mogifications and associated reactor proteciion system changes
470 CImpietal n pressurized water resctors (PWRs), thet & comprenensive
Figrem of preventive ma‘ntenance aneg survetilance testing 13 implemernted
‘or the reactor trip breakers in PWRSs, that the shumt trip ate chment
dCtivates actomatically 1m al) PwRs thut use Circuit Dreakars n tngiv
TP OSyS1ems, anC 1o ensure that oneling functional testing of the
System s performed on a)) 1ight water reactors (LWRs).

The specific reguirements of 6L 83-28, ltem 4.5 3, ave that existing
terva’s for or=ling functione) testing recuired by Technica)
ec fications shal) be reviewes to ceterming f the ntarvals are
SINSTSTANT with achiaving high RTS availadility when accounting for
neicerations such as: (1) uncertainties n component faflure rates: (2)
wreeTtainties in commen moce failure rates; (3) reduced reduncancy curing
(4) coerator errors curing tasting; and (8) component "wegreout”
testing




The Babcock & Wilcox (24W), Combustion Engineering (CE), Genera!
Electric (GE), ang Westingnouse (W) Owners Groups have submitted topica)
reports either in response to GL 8328, ltem ¢ & 3'3" or to provide a
Basts for reqvesting RTS surve!)lance test interva) (571)
q-zo~s1ows.s“'7’.' A0 In gereral, the owners groups' analyses weare
net cone on & plant specific basis. Instead, the analyses dcdressed a
particylar class of reactor trip system ang then giscussed the
applicadiiity of the analysts to specific procuct lines. The NRC reviewed
these reports for, among other things, their epplicability to GL £3-28,
Tvem & 5 1 ang summarized their fincings in Safety Evaluation
Reports S d (sgRy).

1.2 Review Purpose

This report cocuments 4 review of the Owners Groups' tepical reports,
the NRC SE®s, anc other analyses dore at the Idaho Natioma! Engineering
vadoratory (INEL) By perscnnel fn the NRC Risk Analysis Unit of E54G [caho,
i The INEL concucted the review at the recuest of the J.5. Nuclear
Regulatory Commission, Office of Nuc'ear Reactor Regulation,
irstrumentation ang Contre) Systems Branch (ICSB). The review was
performed to cetermine if the Owners Groups' andlyses demonstratec nigh RS
dvatianility for the current test intervals, f the nalyses ingludes the
frve areas of concern from GL B3-28, and 1f a)) of the plants were toverec
By the arayses. The results of the review, 1f al) plants are shown to be
Coverel Dy an acequate aralysts, wou'd provide the NRC with g basis ‘or
ciosng out GL B82-28, Item ¢ 8.3, for al) U.S. commercial auclear reactsrs

without furtner review.

The body of this report presents the review and its fingings with
TEFATT 0 the statec odlectives. Section 2 cescribes the criteria uses in
LhE Teview 10 Cetermine tre acecuacy of the aralyses. The review
mertotology fs cfscussed 1n Section 3. Section 4 presests the review
resuiis. The review conclusions are given in Section §.

L



2. REVIEW CRITERIA

Te conduct 4 review, one must have criterfa, or stancards, on which a
Jucgment or decisions may be based. In this section, the INEL availapiliny
analyses review criteria are presented.

GL E2-28 estad'fshed the three criteria used in the INEL review,

GL B3+28 statec that: (1) al) licensees et 01, (2) must cemonstrate hign
RTS ava' 4ot ity for the current test fntervals by documented review whet
(3) aczsunting for such comsicerations as the five areas of concern 1isted
'n Sectfon 1.1, while GL 8328 estadlished al) three criteria, 1t only
Cefinec two of them==who had to 90 4 review and what the review had to take
Thto account.  The third and most subjective criterion, "high

IvatTadi )iy was not defined.

Te estad'ish g cefinition of high avatlability, the INEL uses tre
electrical unavatladilfty base case estimates presented in Tadle A=) of
Acpengix A to SE:V-BJ-ZQB.I‘ Unavailability fs defined as 1.0 minus
availability., A low vnavailadbility 1s equivalent to a high availability.
Most ara'yses ca'lculate a system havatlability rather than an
avatlability. Therefore, our criteria for a “high avaflability" will be
expressec n terms of low ynavatlabidity for compatidility. These RTS
“ravaiTabi ity estimates from Reference 14 were vsed for two reasons.
First, they were Lsed Decause they were Seveloped by the NRC's ATWS Task
Forze as 4 reeva'uation of the bases for the RTS vravailedilities yseg
ATaS rule valuerimpact evaluations. Sacond, as stated fn Reference 14,
this NRC ana'ysis

Y. bases the RTS unavailadilities an worldwide experience o
cate. It 1. delieved that this gives a reasonadle estimate of
RTS unavailadi'fty that inc'udes the COMMOR Cause contridutions
that are Delievec to dominate. The experience dased values are
Sistributed across the four vendor Jesigns dased on a
comparative reliability analysis that evaluates the major

¢ fferences among the cesigns.”



The estimates from the NRC ATWS Ndlysis provide & framework with
which to consider the topica) report andlyses estimates. The numerica)
estimates fn the SECY-83-2682 for the four vendors combined with the five
dreas of concern from GL 8328, ltem ¢ 5. 3. form the criteria used for thig
review to ceterming f the vencors' aralyses and estimates met the
recuirements of Item 6 5.3

o



3. REVIEW METHODOLOGY

The INEL conducted this review Oy examining the vendurs' topica!l
repores (References 3, 4, 8, 6, 7, 8, 9, 10, and 11), the technica)
evaluation reporysi® 16,17,18 (TERs) cone as a part of the NRC topica)
report review process, the NRC's SERs (References 12 and 13),- and
NUREG/CR=8197, Evaluation of Generic Issue 115, "Enhancement of
westinghouse Solg State Protection .'>yn.om.":9 This was done for trree
Teasons.  Firgt, the reports were examined to find out whether or not the
vensors' anaiyses accressed the areas of concern from ltem 4.5 3 and
reflectec 4 high RTS avaflability. Second, they were examined to cetermine
what plants were covered by the vencors' analyses. Third, the Generic
Issue 119 report provided an ‘ncerendent, uprated estimate of the
dvailab )ity of the W solic state RTS for comparison to the review criteria.

For the plants covered by the vendors' analyses or the NJUREG/CR-8197
aralysts, the appropriate analysis and availadility were compared to the
Feview criteria estadlisned ‘n Section 2. If the amalysis acequately
ddcressec the areds of concern ang cemonstrated 4 high RTS avatladility,
the plant was accepted as having met the recuirements of GL B3-28,
cvem 8.8 3. The results of the comparisons for plants covered Dy 4 vencor
d"alys's are g'ven by vencor in Section 4

For 2lants rot direct)y covered dy 4 vencor's andlysis, an accertad’le
means was ‘ounT to extent the analyses to cover the plants. This was acne
fer two plants: Climten 1 (GE) ane Maine Yarkee (CE). The mears by which
The ANdTyses were extences to cover these twd plants are alsc Giscusses by
venger ‘n Section 4,

“re plant, Fort St. Veain, a high temperature, gasccocies reactor
(=TGR), was not covered By any of the four vendors' indlyses and reauirec
specia’ consiceration.  The INEL examined the responses from Fort St. Vraie
retuirec Dy GL B3-28, Item 4 § 1 1o cetermine if the responses cemonstrates
40 actertad'y “gn RTS avatlantiity The review of the Fort St. Vrain
respOnses "8 ziven 1n Section 4.6



& REVIEW RESULTS

This section summarizes the results of the INEL review of the vendors'
nalyses with regard to the five areas of concern and plant applicadility.
The vencors' estimates of RTS availadility are Compared 0 the review
dvatlability criteria. Also, some fmsights concerning RTS avaidabilisy,
gainec from an examiration of RTS importance measures from selected PRAS,
ae examines

4.1 Bow Plants

The ‘ssues of GL 83-28, Item 4 .5.3, were acdressec by the BAW Owners
Sroup ang the resuits were submitted to the NRC Oy the individua) utilities
'notheir responses to GL BI-28  Topfcal Report BAW-10167 (Reference §) was
suOmittied to the NRC to provice a technica) dasis for increasing the
on=line §TIs anc allowed outage times (AOTs) for BAW RTS ‘nstrument
strings. The analysts presented 1n BAw-10167 was buflt upon the previous
aralysis cone to accress the GL 8328, Item ¢.5.3 fssues. However, some
information that was resolved in the generic Tetter analysis was not
Tepeated n the subsequent Topica) Report because 1t was not relevant to
the proposec Technical Specification changes. To make BAw-10167 ipplicad'e
to doth GL BI-28, Item 4.5.3 anz STI/ADT {ssues, the Ownars Group subm 31T
SAwelllE7, Supplement 1 (Reference 6), to the NRC. Supplement ) completed
the 34w ara'ysis Dy scgressing all remaining Item 4.5.3 fssues. The
SAw <1067 anc Supplement 1 analyses incluced the mplementation of the
EL1IMATTC sRURT LD on the reactor trip circuit Breakers as requires by GL
83-28, Item 4.3,

The INEL has previously reviewes the 3Aw=10167 ang Supslement 1
iTd yses ANG Cocumented the review in a TER, EGG-REQ77I8 (Refererce 15).
Forothe TER, sensitivity stugies which fr:z'uded al) of the ltem 4.8 3 areas
¢f zIniern were congductes on the RTS mece's.  The sensitivity stucy resylts
s"owel the mocels to be frsersitive to variations in the fatlure rates
855027 a%eC witn the Item 4.8 2 areas of concern.



The INEL reviewes Baw-10167, BAW=10167, Supplement 1, and the TER ang
Cetermired that the BAW ana'yses dCecvately covered a)) five areas of
concern ang that all currenty cperating BAW reactors are included.

4.2 CE D1.nt!

cicensees with CE reactors responded to the recuirements of GL 83-28,
item 4.5.3 as tre CE Owners Group by submitting CE NPSD=277 (Reference 3)
1o the NRC.  The NPSD=277 RTS availadility amalysis specifically incluces
411 five areas of concern and a)) currently operating (E reactors except
waterford 3, which was not fn commerzial cperation untf) Septemser 1988

The CE Owners Group also submitted CEN=327 (Reference 7) to provide
Tizensees with a basis for requesting RTS STI extensions. This later
4na'ysis expanced on the simplified mocels of NPSD=277 to fnclyce a1l RTS
'PEet parameters. A1l currently operating CE plants except Mafne Yankee
were covered in the CEN-327 analysis. The CEN=327 STI analysis
specifically includee the NPSD=277 analyses of the ltem ¢.5.3 areas of
concern except component “wear-out” during testing. The CEN=327 analysis
showed that the major contridbutors to RTS unavailability for the four plant
classes are common cause failures of the trip circuit breakers which are
tested on & monthly Dasis.

i Doth NPSD=277 ang CEN=327, the CE RPS cesigns are grouped into four
cTasses Dy s'gnal processing ang trip cevice differences, otherwise the
'og1c ang ohysicza) layouts of the RTS are the same for al) RTS plant
Classes.  In NPSDe277, Maine Yankee fs incluced i RPS Plant Class 2. In
CEN=327, waterford 3 s incluced in RPS Plant Class 3. Between NPSD-277
anc TEN=327, @) of the CE plants are included in plant classes analyzed in
CEN=327 . This review consicers the analysis ang results in CEN=327
aceciate for Item 4.5.3 resolution for a)) classes of CE plants.

The INEL has previously reviewesd CEN=327 with regard to STI extension
effects anc cocumentec the review in a TER, E3G-REQ-7768 (Reference 16)
The results of semsitivity stucies cone for the TER show the models to de

ThSenSTiive 10 an orcer of magritice ‘ncredase n the comporent fncepencert



fatlyre ratos The Asensitivity 20 tncreased compongnt faflyurg rates

¢long with the (E irdlysis resylts showing trip circuit breaker common
cause fallures 2o be the major contributer to RTS vhavailadility provides a
4 Dasts for thig review to conclude that RTS test=induced comporent

wear=out s not an fssue at CE eactors

The INEL reviewasg CEN-32) ang the TER and cetermines that the CE
aralyses have d0ecvate'y covered a)) five areas of congarn or they "ave
Seen showh not to contridute to RTS vnavatladility and that al) Currently
cperating CE reactors are ine)uced

~TTensees with GE roactors responced to the GL 83-28, Item 4.5 3
recuirements as the BWR Owrers' Group by submitting NECD-3084¢
(Referenze ¢) to tha NRC. The RTS availabilivy analysis specificelly
‘reluced the five areas of concern eng covered both gemgric relay ang

soT1g state RYS cesigns which ineludes ) currently operating BuwRs. Gf

Statec that the relay RPS configurations for BWR plants have the same
PrIMATy Cesign features. Thereforas, the generic ralay RTS mocels useg in
NECT-30848 g0 not ity significantly from the spacific BwR plants. GE
“SeC the Clirtan 1 grawings for the solig=state RTS mocdels. Sinmce Clinten
I 13 currently tho only GE plant with 8 solig state RTS, a0 plant unicue
n3Tys's Ty recessary

“he Bak Cwrars' Group adse Submitied NECT-308817 (Refarence 8) o the
NEDD Tre aralysis im enis SECCAC report used the Dase case resuits from
NETT-30844 o estadlish @ dasis for recuesting revisions to the current
Tesnnical Specifications for the RTS. The INEL had previously reviewes

actertasiity ang gocumerzes tre review in a TER, EGG-EA-7108%

NETT-I0B44 ang NECD-30851P wisn FearS to doth Item 4.5.3 ang STI! extension

» ; N 3 ’ < )
"eference 17). Due to insuffizient information, the INEL review coay's
T

Setziete the solidestate RTS review and actepted only the rolay RTS
%8 ys'§ results The NRL reviewes the topfcal reports ang the TER ans




‘ssued an SER (Reference 12). The NRC accepted the nalysis resylts as a
reference for TS changes related to the RTS and as resolution te GL 83-28,
Item 4.5.3, for GE relay plants only. The INEL later completed the solig
state RTS analysis review ang ‘ssued Rev 1 to the TER (Reference 18), thyus
accepting the analyses for a)) classes of GE plants.

This review examined both GF aralyses ang the Rev 1 TER and cetermined
that all five areas of concern are incluced in the iralyses ang that @)
currently operating GE reactors are inc)uded.

6 & westinghouse Plants

«tensees with westinghouse reactors gid not respond girectly to the
recuirements of GL 83-28, [tem 4.5.3. Prior to the Salem ATWS, they hag
svomittec wCAP-10271 (Reference 9) to the NRC to provide 4 basis for
reccesting changes to the Technica) Specifications regarging the RTS. The
westinghouse methodology attempted to dalance safety and operadbility ang
wds acplied to a4 typical westinghouse four loop reactor plant with o solig
state RTS {n WCAP=10271.  Tie methocology was extended to cover R7Ss for
two, three, and four loop plancs with efther relay or solid state ‘ogic in
WCAP=10271, Supplement 1 (Reference 10).

“he NRC reviewec the westinghouse topical reports with the assistance
of Brooxnaven Nationa) Laberatory (BNL) and fssued an SER (Reference 13)
TImIting thetr acceptance to changes to only the analog channe! STIs at

westingnouse plants,

The W omethodelogy used fau't trees to mode) the RTS.  The mocels
‘reiuded the following five major cortributors to RTS trip vnavatlability:

¥ Jnavailabtlity of components cue to rancom failures

ravatlability of components due to test

rs
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navatlapi ity of components cue to unschedu'ec mafntenance
¢ Unavailability of comporents cue to human error

§.  Unavailapiiity of comporents Gue to common cause fatlyre.

While the w analysis €10 not girect)y inc)ude ny sensitivity studies
corcerning these five areas, the compenent uravailadilities were ‘nireased
45 ihe test Tnterval Tength increased.  The ST analysis results showed a
factor of 3 t0 § fncrease 1n the RTS unavailability estimates for the
Tonger test ‘nterval. Two conservatisms exist in the models that ire
Te evant:  first, om0 crecit was taken for early failures that would e
Celecied anc, secong, no Crecit was taken for the diversity inherent 1n the
W RTS cesign. Threse two conservatisms, had they been inc'uced 1in the
moce’, wou'C cause the ingreasy 1n the RTS vhavatlability estimates to e
ST Ter than the observed factors.

Test=incuced component wear=out was not accressed in dny manner in the
W RTS analysis.  mowever, the RTS aralyses cone Dy the other vengors,
References 3, ¢ anc 6, specifically TAvestigated the effects of this fssue
on RTS unavailadi)ity. Despite the 2ifferences Among the other vencors'
K75 cesigns, they all foumg the effects of test induced component wear=out
on RTS unavailadility to de fnsignificant. Based on the other vengors'
analyses, the INEL conzluces that the effects of testeinguced comporent
wear=out on W RTS unavatlasility wou'e alsc be insignificant. Therefore,
the INEL consicers al) W oplants to De coverec by adeavate aralyses.

€5 J.artitative Review of yergors' RS Avai'abilities

3¢ far, only the adequacy of the vengors' analyses has dbeen
Cist.ssed. No cetermination has deer mace of the acceptadility of the
"omerical estimates from the various ATS avatlapility anadyses. In tnis
section, the INEL review considers the four Owrers Groups' RTS avatladi ity
TELTMATES 10 Cetermine 1 they are inceed indicative of " m avaianility."



in Table 1, the four vendors' RTS vravaiTes ity estimates are
COmPared to the review estimates of low ravailability as defined in
Section 2. The BAW anc GE vendors' estimates are given as an overa)) BTS
vravatlability per cemang by plant moce! anag RTS type, respectively. The
CE and W vendors' estimates are given on 4 similar basts with an adeftiona)
ensTCeration that was not necessary for the BAW ang GE analyses. 1In the
CE ang W ara'yses, RTS VRavatladi ity was estimated for g fnput
parameters. For the CE ang W unavailadi'ity estimates 1n Table 1, the INEL
“Se0 the uravailability estimates for high pressurizer pressure, the
Farameter analyzed 1n Referernce 19 as the Timiting parameter for an ATWS in
terms of the aumber of input channels and dive~sity of trip sigma).

The aifferences (n the relative values of the three PWR verdors' RTS
Vhavatladility estimates can be attributed to cesign differences among the
RTSs. B4&W ang CE RTSs have four dralog channe) fnputs for each menitored
parameter with four trip logic channels while ¥ RTSs have three or four
ara’og channe) inputs for each parameter with enly two trip logic
channels. The 2 of & analog channels for the BAW ang CE RTS cestgns are
‘rherently mory reladle than the 2 of 3 analog channels for some
paTameters in the w desfgn. Also the 2 of & trip Togic 1n the BAW ang
CE R7Ss 15 more reliadle than the Wlof2trip logic. The combination of
these two cesign cifferences make the w RTS unrel a1 ity somewhat higrer
than the other venders' RTS unavailabilities.

The comparison shows the BAW, CE, ane GE RTS unavailadility estimates
d"e Tower than the NRC's estmates while the W oestimates are the same as
the NRU's. The INEL review recognizes the Vencors' estimates ang the NRC's
estimates dre inflienced Dy o numder of factors. These factors include,
(1) the cata uncertainties for both the NRC ang Vencers ana'yses, (2) the
scarcity of actial RTS failures worle wide, (3) the mode!fng assumptions
ang simplifications used by both the NRC and the vengors, and (4) tne
Ciffering Tevels of moce) cevelopmert between the NRC aralysis ang the
vencors' analyses and between gifferent Vendors' analyses. These facters



TABLE 1. COMPARISCN OF VENDOR AMD NRC RTS UNAVAILABILITY ESTIMATESY
Vendor RTS NRC RTS b
Unava'lad' ity Estimates Jravatlability Estimates
Yendor (Fatlyres/Demang) ~{fatlyres/Demang)
Baw
Javis Zessie Mode! 18-10° 3E-5d
Jcoree [ass Moge) 16-6° JE-id
CE
Plant Class | 2E-7* 2%
Pramt Class 2 3e-6" H
Plant Class 3 1E-6" 2§
Plart Class & 26-6" 2E-§
GE
Relay Plants 3!-6' 2%
Solig=state Plants 3E°§' 2%
v
Relay Plants sg-59 §g-5°
Solig=state Plants gg-5¥ SE-5°

d. ATT estimates are rouncec off to one significant gigit.

. From Reference 14,

estimates.

¢. From Reference 5, dase case.

Table A=], bdase case RTS electrica) unavailadility

€ Ingluces automatic shunt trip On the reactor trip circuit Dreakers.

e From Reference 7, Tadles ¢
Dase case test 1ntorvl1

¢ From Reference ¢.

g From Reference 19, so'f¢ state RTS Dase case.

i=l, 6.2-2, € 1-3, ang & 1-4, respectively;

high pressurizer pressyre uﬂlv|11|bi11ty estimagte

Applied t2 re! ay-o lants

basec on similarity of cesign (see Reference 11, Section 3.2.2 ang 2.2.3).
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help explain the differences between the Vendors' and the NRC's peint
estimates of RTS avaflability.

4.6 Fort St. Vrain

Fort St Vrain responded to GL 83-28, Item ¢.5.3 1n a4 letter to
Efsennut cated November 4, 198320. stating:

“Existing intervals for on=line functiona) testing
required by tne Technical Specifications are currently under
review by Public Service Company of Colorade (PSC) and the
Nuclear Regulatory Commissicn Regfon IV staff. The cirrent

testing freguency at Fort St. Vraim has been diciated b the
Nuc ear Xegu'atory (ommission staff ™ (Ungerline acced
In response to 4 request for information from the NRC concerning the
Fort St. Vrain responses to GL B3-28 previcusly sent, PSC sent the

following reply to the NRC 1n a letter to Johnson, dated June 12, 198521:

"Existing intervals for the on=line testing required dy the
Technical Specifications were reviewed by Public Service Company
of Colorade. Technical Specification change to Limiting
Congitions for Operation 4.4.] (Plant Protective System) and its
dssociated surveillance requirements (SR 5.4.1) are currently
peing reviewed by the Plant Operaticns Review Committee (PORC).
This Technical Specification change s expected to be approvec by
the PORC and the Nuclear Facility Safety Committee (NSFC) by June
30, 1985, As part of the cevelopment process for theso propesed
changes to the Technical Specifications, on=line functiona!
testing recuirements were reviewed based on past experience.
Possidle changes to the testing intervals in certain cases where
availadle test cata may support such changes has (sic) been
dfscussed at length with the Nucleur Regulatory Commission
staff. The Nuclear Regulatory Commission <taff has informed
Pulic Service Company of Colorado that no such changes wou'c Dbe
acteptable at this time."

The INEL review fnterpreted these responses from Fort St. Vrain to
mean the NRC has estadlisnec Fort St. Vrain's RTS current test intervals,
the current test intervals have been eva'uated by PSC, and the NRC will not
a) 0w changes to the test intervals -. this time.



From these responses, the INEL concluded that Fort St. Vrain has
conducted the review required by GL 83-28, Item ¢.5.3, ang that the NRC

consicers the PSC and NRC reviews adequate to meet the Item 6513
recyuirements.

i85



: $ REVIEW CONCLUSIONS

A1l four LWR vendors have sudmitted topical reports either in response
to GL 83-28, Item 4.8 3, or to Provide a basis for RTS STI extensions,

or
Doth. For tha most pare,

thesa reports have aoddressad a)) of the issuas 1n
Item 4 5.3 cicensees not covered by the topical

reports have submitted
in@ividual responses to ltem 4.5 3.

The ara'yses in the topica) report have shown the

currently configurad
RTSs to ba highly relfadle with the current test intervals and pricr 20

‘mplementing some of the reguirements of GL 8328 Implementation of thase

acgitional requirements will reduce the ATWS rish even fyurther,

The INEL has reviewad the relevart topica) reports, TERs, SERg,
aciiiioral ara'yses, and the indivicual Ticensee submittals with regard to
GL 83-28, Item 4.5.3 recuirements ane the review criteriy,
review, the INEL concludes that al) lie

b |

ccmmercia)

Based on that
ensees of currently opersting
nuclear power plants have acecuately cemonstrated that their
current RTS test ‘ntarvals are comsistent with achieving high RTS
availadility
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The Idaho Nationa! Engineering Laboratory (INEL) conducted a technical review of
the commercial nuclear reactor licensees' responses to the requirements of the Nuclear
Regulatory Commission's (NRC's) Generic Letter 83-28 (GL 83-28), Item 4.5.3. The results
of this review, 1f all plants are shown to be covered by an adequate analysis, wil)
provide the NRC staff with a basis to close out this fssue with no further review,
he licensees, as the four vendors' Owners' Groups, submitted analyses to the NRC either
girectly 1n ~esponse to GL 83-28, Item 4.5.3, or to provide & basis for requesting change:
to tne Technical Specifications (TSs) that would extend the Reactor Protection System
(RPS) surveillance test intervals (STIs). To conduct the review, the INEL defined three
criteria to determine the adequacy, the plant applicadbility, and the acceptadility of
the resuits.  The INEL examined the Owners Groups ' reports to determine if the analyses
and results met the established criteria. Fort St. Vrain's responses to !tem 4.5.3
were als0 reviewed. The INEL review results show that all licensees of currently opera-
Ling commercial nuclear reactors have adequately demonstrated that their current on-line
RPS test intervals meet the requirements of GL 83-28, !tem 4.5.3.
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