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1.0 INTRODUCTION

Or February OF, 1863, both of the scran circuit breskers 3t Unit 1 of the Salen
tuclear Power Flart feiled to open upon ar sutonatic reactor t-ip signal fron
the reactor protection systen (RPS). This incident was terr ineted narnually by
the operator sbout 30 secords after the fnitistion of the avtunetic trip signal,
The f2ilure of the circudt breakers wes deternined to be releted 1o the sticking
of the undervoltage trip sttachment, Frior to this on February 22, 1963, ot
Unit 1 of the Selen Nutlear Power Plart, or avtoratic trip eigral wes genersted
besed or stean generator low-low level durirg plent startup, In this case, the
reacter wes tripped navuaYly by the operator almest coincidentslly with the
autonetic trip,

Following these inciderts, on February 26, 1963, the NRC Executive Cirector for
Operetions (EPC), dirvected the staff to frnvestigote and report on the generic
fnplicetions of these vccurrences &t Unit 1 of the Salem Nuclear Power Plart,

The results of the staff's inquiry fnto the generic fmplicetions of the Saler

Urit 1 incicerts are reported in NUREG-1000, "Generic Implications of the ATKS
Events @t the Saler Nuclear Power Plent." As & result of this investigation,

the Commission (NKC) requested (by Gereric Letter £3-23 dated July &, 1983) a1l
Ticensees of operating reactors, applicents for an operating license, and holders
of construction permits to vespond to the generic ssues raised by the anelyses of
these two ATRS events,

The licensees were required by Generic Letter 83-28, Item 4.5.3 to confirn
that on-Yine functione) testing of the reactor trip system (RTS), includin
i?dependent testing of the diverse trip features, was being performed at al)
plants,

Existing intervals for on-Yine functional testing required by Techrice!
Specificetions were to be revieweu to determine if the test intervels were
sdequate for echieving high RTS availetility when accounting for considerations
such 28: (1) uncerteirties in component feilure rotes; (2) uncerteinties ir
common mode Tailure rates; (3) reduced reduncercy during testing; (&) operator
error during testing; and (5) corponent “wear-out" ceused by the testirg,




2.0 DISCUSSION

3.0

The NRC's contractor, ldeho Netione!l Engineering Laboratory (INEL), reviewed the
Ticensee Owners Group aveilability analyses and eveluated the adequacy of the
existing test intervals, with a consideration of the above five ftems, for ali
plents, The results of this review ore reported in detai) in EGG-NTA-834]1, “A
Review of Reactor Trip System Avatluoilit, Analyses for Generic Letter £2.28,
Jtem 4,5.7 Resolution," oated March 1585 and summarized in this repurt, The
resuits of our evaluetion of Item 4.5.3 and our review of EGG-NTA-B34] are
presentec below,

The Bebcock & Wilcox (BAW), Combustion Engineering (CE), Genera) Electric (GE),
and Westinghouse (W) Owners Groups have submitted topice) reports either in
response to GL §3-28, Item 4.5.3 or to provide & besis for requesting Technice)
Specificetion changes to extend RTS turveillence test intervals (SYI?. The
owners groups' analyses sddressed the adequecy of the existing intervals for
on-1ine functionel testing of the RTS, with the considerations required by Item
4.5.2, by quantitatively estinating the unevailability of the RTS, These
enelyses found that the kTS was very reliable ang that the unavailebility wes
gomineted by common ceuse failure and human error.

The ebility to accurately estimate unaveilability for very reliable systems wes
considered extensively in NUREG-0460, "Anticipatec Transients Without Scram for
Light Water Reactors," end the ATWS rulemaking, The uncerteinties of such
estimates are large, beceuse the systems are highly reliable, very little
experience exists to support the estimates, ¢nd commen cause failure
probabilities are difficult to estimate. Therefore, we believe that the RTS
uneveilebility estimates in these studies, while usefu) for eveluating test
intervals, must be used with caution,

NUREG=0460 also states that for systems low feilure probability, such as the
RTS, common muce failures tend to predominate and for & number of reasons,
sogitione) testing more frequently than weekly 1s generally impractical, and
even $0 the increased testing could at best lower the failure probability by
less than a factor of four compared to monthly testing, Secondly, increased
testing could possibly incresse the probability of a common mode feilure
through increased stress on the system, Finally, not all potential failures
are detectable by testing. In summary, NUREG-0460 provides additional
Justification to demonstrate that the current monthly test intervals are
adequete to maintain high RTS avatlability,

CONCLUSION

11 four vendors' topical reports have shown the currently configurated RTS to
be highly reliable with the current monthly test intervals., Our contractor has
reviewed these analyses and performed independent estimates of their own which
conclude that the current test intervals provide high reliability., In addition,
the analyses in NUREG-0460 have shown that for & number of reasons, more
frequent testing than monthly will not appreciably lower the estimates of
failure probability.



Pased on our review of the Quners Groups' topical reports, our contractor's
independent anelysis, and the findings noted fu NUREG-04€0, we conclude thet
the existing interveis, &s recomuended in *he topical reports, for on-line
functiona] testing are consistent with achieving high RTS availability ot o)
opersting reactors.




ENCLOSURE

EGG-NTA-83¢)
Maren (1989

TECHNICAL EVALUATION REPORT

N t:::hf A REVIEW OF REACTOR TRI® SYSTEM AVAILABIL:TY
e [ ] ANALYSES FOR GENERIC LETTER 83-28, ITEM 2.5 3,

Engineering RESOLUTION
Laboratory

'-::":":: David P Mackowiak
.:,"‘,.:;.‘.' Jonn A Schroeder
~:"£'e';'.

e"a EG:G ... Prepared for the

VS NIJCLEAR REGULATORY COMMISS/CA

A O DeTOTEC UNOe’ ’
DO0E Contract

Ne DE-ACDT MID0IER



NOTICE

mmn-umwwuumoumolmumnnmof
the United St Government Neither the United Sates Government nor any
Agency thereo!. nor any of they empioyems. MAk® &0y warranly, expressed
Of IMpLed. Or Assumes Any legal Labiuty of responsibuity for any turd party 's
use. of the resuits of such use. of any informauon. appararus. product or proc.
€35 iscioned 10 this rePOR . OF represents that its use by such third parTY would
not infnge prvately owned nghts.




EGG-NTA-834)

TECHNICAL EVALUATION REPORT: A REVIEW OF REACTOR TRIP SYSTEM
AVATABILITY ANALYSES FOR GENEAIC (ETTER 83-28,
ITEM 4.5.3, RESOLUTION

Davie P Maciowiak
Jonr A Schroecer

EGAG lcare, Inc.
lcahe Falls, lcane B341%

FIN D6001: Eval.ation of Conformance to Generic Letter B3-28
for ORs (Project 2)



ABSTRACTY

The lda%e Natismp) Ennineering Laboratory (INSL) conductec &
technical review of the commeccial nuclear reactor licensees’ responses
Lo the recoirements of tne Nuclear Regulatory Commiscion's (NRC's)
Generic Letter B3-2B (GL B3<28), Item 4.5.3. The results of this review,
AT plants are shown to be covered by an acecuate nalysts, Wil
provice the NRD staff with o basis to close out this fssue with ne
furtner review.  The Ticensees, as the four vengors' Owners' Groues,
SUDMILteC anaiyses to the NRC either girectly fn response to GL 83-28,
item &4 5.3 or to provice a basis for requesting changes to the Teshnica)
Specifications (7S) that would extend the Reactor Protection System (RPS)
Surve’ Tance test intervals (STIs).  To conduct the review, the INEL
Cefined three Triter'a o Cetermine the d0eavacy, plant applicadility,
NG acceptadi ity of the resuits. The INEL examined the Owners Groups'
TePOTiS to cetermine 1f the ana'yses and results met the estad)ishes
criteria. Fort St. Vrain's responses to Item ¢.5.3 were a)so reviewec.
The INEL review resu'ts show that a)) licensees of currently coerating
commersial nucledr reaciirs have acecuately gemonstratec that thetr
“Trent creling APS test intervals meet the recuirements of GL 8328,
sem 4. 8.3,

L 2



SUMMARY

The two anticipated trans ent without scram (ATWS) events at the
Satem Nuclear Power Plant in February of 1983, focused the attention of
the Nuclear Regulatory Commission (NRC) on the generic implications of
ATWS events. Tho NRC then pub)ishes Generic Letter 83+28 (GL £3-28)
which Tistec the actions the NRC reguired of a)) Yicensees holding
OperEting TiCenses ang otters with respect to dssuring the reliadility of
the Reactor Protection System (RPS). GL 8328, Item 4.8 3, reguired
Ticensees to ceminstrate by review that the current on=line function!
testing fatervals sre consistent with achieving high reactor tric system
(KTS) avatlability.  The Yfcersees responded to the 5L 93-28, ltem ¢ 5.3,
reccirements a5 Owners Groups with reports efther in Cirect response to
Item 4.5 .3, or with a technica) Basis for reQuesting extensions to the
Serveiilance test interva's (S5TIs) that generally nclugeu the Item ¢ 5.3
reiuired reviews

The NRC's Instegmentation ang Contro! Systems Branch (ICSB), Ctfice
of Noclear Reactor Regu'ation (NRR), reguested the ldaho Nationa)
Engireering Ladoratory (INEL) to review the licensee availadility
anaTyses anc eva vate the overa)) ageguacy of the existing test
rtervals INEL review results showing general compliance with lter
5.3 wi'l provice the NRC with a Dasis to close out Item 4.5 .3 without

further review.

For tme review, the INEL cefined three acceptance criteria, reviewes
the Tizensees topica) reports, contractor review reports, and NRC safery
eva'iations, and determined the acequacy of the aralyses ang the RTS
availadility estimates with regarc to the review criteria,

The INEL review criteria to cetermine the licensees' ltem & .5 3
cimpltance were, (1) the five areas of concern of Item &.5.3, (2) the
aralyses' plant applicability, ang (3) the NRC's RTS electrica)
Whavallad' ity base case estimates from the ATWS Rulemaking Paper,

SECY-83-293.



et RS

Each Owners Groups' resorts were reviewed to ensure that all five
areas of concern from Item ¢ 5.3 were either fncluced fn the inalyses or
$hown Aot 10 Be significant with regarg to RTS avatladility. The INEL
review 4150 ensured that the fngivicua) plants' @ffferences from the
andlysis’ mocels were taken Tnto account ang their effects were $hown not
to significantly affect RTS vhavailability. The Fort St. Vrain responses
to Item 6. 5.3 were 2050 reviewed.

The Owners Groups' RTS ynavailebility estimates were comparec to the
NRC's ATWS Rulemaking generic RTS vhavatlability estimates to cetermine
the scceptability of the Owners Groups' conclusions that high RTS
evallad ity was cemonstrated ‘n the analyses.

The results of the JNEL review showed that §)) licensees of
currently ocperating commercial nuclear redctors have acescatey
SETONELTATEC that thelr current orsline survet)lance test fnterve's are
COMSTItert with achieving Migr RTS availadility
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TECANICAL EVALVATION REPORT: 4 REVIEW OF REACTOR TRIP $YSTfM

Avh TY ANALY R GENER TTER 83
TEM a8 3k yY

1. INTRODUCT:ION
1.1 W rica) kgroun

0 Febroary of LBE3, two events occurred ot the Selem Nuclear
Cererating Statior that focuses Nuclear Regulatory Commisgion (NRC)
driention on the generic Implications of anticipated transient without
seram (ATWS) everts.

Firet, on Fedruary 22, Suring starvup of Unit 1 on automatic trip
STETAT generated 4s a result of & steam gererator Tow=low leve) failes e
CRLEE & reactom sivam. The reactor was tripped manually by an operator
ATmost cotncicentallv with the automatic trip sfgnal, so the fast that the
QLITMELIC LrTD Maf Tt led 0 CAVE 4 sevem want unnoticed.

Three Gays Tater on Febriery 25, both of the scram breakers et Uait |
failed to cpen om an automatic reactor protection system (RPS) scram
$'3%27  The coeratcrs tock action o contro) this second ATWS anc
Sutieecen 'n termingting the fncigent fn about 30 seconds. Subsecuent
Trvestigation related the fatlure of the Unit 1 RPS to cause & scram to
sTioang of the undervoltage trip attachment 1n the scram circuit breakers

As & resu’t of these everts the NRC Executive Director for Operat ors
Cirectec the staff to uncertake three related activities: (1) an
evaliation of when ang uncer what congitions the Salem plants would be
& Towed to restart; (2) 4 fact finging report of the events at Salem ! ane
TRe circumstances Teading to them, anc (1) a report on the generic
‘mrotcations of these everts.

To ascress (3) above an trteroffice, intergisciplinary grovp was
formed fnc uc ng memders from tne Office of Nuclear Reactor Regulation's
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(NRR'3) Diviston of Licensing, Diviston of Systems Integration, Divigion of
Human Factors Safety, Division of Engineering, Diviston of Satfety
Technology, the Office of Inspection and knforcement, the Office for
Aratysts ang Evaluation of Operationa) Data, ang NRC's Region ! Office

This group publishes NUREG=1000° 45 4 resut of their efforts to reso've
the following ouestions: (1) 's there & need for Prompt actiohs Lo 4Ccress
Similar ecutpment n other facilities; (2) are the NRC g 1ty Ticensees
Tearning the safety maragement Tessons; ang (3) how shoule the priority ang
content of the ATwS Rule be aciustec.

As 4 result of the NUREG-1000 fingings, the NRC fssued Generic
Letter lJ-le (GL B3-28)  The actions cescrided 1n GL B3-28 scdress
TESURS melater to reactor trip system (RTS) reliadility.  The actions
coverec fall into the following four areas: (1) PosteTrip Review, (2)

Sutpment Dlass i fication and Vercer Interface, (3) PosteMatrtenarce
Testing, ang (&) Reacsor Trip System Re)fadi)ity Improvements.

Item &, adove, s aimed At JS5UTING thAt vendersrecommerdes ceactor
TRID Breaker mocificatiuns ong aisociated reactor protection system thanges
Ere CompTeted h pressurized water reactors (PWRs), that 4 comprenensive
Program of preventive maintenance ang survelllance testing fs implemented
for the reactor trip breakers ‘n PwRs, that the shunt trip attachment
ACtivates avtomaticaly ‘n al) PwRs that use circuit Dreakers ‘n their
FRATIOF TRID Systems, anc to ensure that onsline functiona) testing of the
FRATIOr trip system 15 performed on 4!l Tight water reactors (LwRs).

The spectfic requirements of GL B3-28, ltem ¢.5.3. are that exigting
Ihtervals for on=line functiona) testing required by Technica’
Specifications shal) be veviewed to ceterming 1f the ntervals are
consistent with achieving high RTS avatladility when accounting for
consicerations such as: (1) uncertainties in component fatlure rates; (2)
vhcertainties 1n common moce failure rates; (3) recuced recuncancy Suring
testing, (4) cperator errors Suring testing; ang (§) component “wear=out”
caused By testing



The Babcock & Wilcox (BAW), Combustion Enginesring (CE), Gerera)
Electric (GE), ang westinghouse (%) Owners Groups have submitted topica)
reports either 1n recponse to GL B3<28, ltem ¢ 8 3"" OFr to provide o
Basis tor requesting RTS surve!)lance test fnterval (571)

c-tons<on;“"""’ 0. In general, the owners groups’ ana'yses were
ROt Sone on 4 plant tpectific Baste.  Instead, the analyses acgressed 4
pArticuTar class of reactor trip system ang then discussed the

ePRTICab ity of the analysts to specific product ines. The NRC reviewec
these reports for, among other things, thetr ppiicadility to GL B3-28,
Item & 5 3 ang summarizes their fingings 'n Safety Evaluation

hoports:z':l (SERs) .

1.2 Review ’:'Eg!!

h1s report cocuments 4 review of the Owners Groups' tepica) reports,

the NRC SERs, ang other ana'yses done 4t the ldaho Natioma) Engingering
cetoratory (INEL) By personne) in the NRC Risk Analysis Unit of EGAG leane,
ine. The INEL conoucted the review at the racvest of tre U.S. Nuclesr
Regulatory Commisgion, Office of Nuclear Reacior Regulation,
irstrumentation ang Contrel Systems Brarch (ICSB). The review was
performed to getermine (f the Owners Groups' analyses demons*rates high RYS
Evatianiiiey for the curcent test intervals, 1f the analyses inc)uges the
five aveas of concern from GL B3-28, and 1f 4)) of the plants were Coveres
By the anayses. The resuits of the review, 1f 410 plants are shown to be
COveres Ty an adecuate analysts, wou'd provide the NRC with o Busis for

estrg out GL BI-28, Item ¢ 5.3, for o)) U.S. commercia) Auclesr resctors
wILROUL further review.

The body of this report presents the review and s fingings with
TESETS 0 the stated objectives.  Section 2 cescribes the criterta uses i
LhE "eview 10 Ceterming the acecuacy of the ana'yses. The review
mettocology ‘s ciscussed 1n Section 3. Section & presents the review
resuits. The review conclusiors are given 1n Section §

L




2. REVIEW CRITERIA

To conduct 4 review, one must have criteria, or stancards, on which 4
Jucgment or Secisions may be based.  In this section, the INEL avatlabi )iy
$7a7yses review criteria are preserted.

GL B2-28 estadlished the three criteria used in the INEL review.
GL BI-26 states that: (1) a)) Yicensees et 01, (2) must cemonstrate nign
RTS avatanitity for the current test intervals by documented review when
(3) acceunting for such consicerations as the five dreas of conzern 'igted
'n Section 1.1, While GL B3-28 estadlished o)) three criteria, 1t only
Cefines twe of theme=who had to €0 & review 4nd what the review had to take
TALe account.  The thirg and most subjective criterion, “nigh
avatladi ity was not gefined.

To estad)ish 4 gefinition of nigh avarlability, the INEL usec tre
electrical unavetlad ity base case estimates presentrd in Tadle A-] of
Appenatx A to SECY-B3«2¢3. 4% Unaviiladi ity 15 defineg as 1.0 mings
dvatlab ity A low unavatlability 15 equivaient o & Ngh avatlant iy,
Most anaiyses calculate @ system unavailabi) ity rather than an
dvatlapi ity Therefore, our criteria for o "high avatlability" will be
expressec n terms of low unavatlability for compatidility. These RTS
Wravatlab il ity estimates from Reference 14. were used for two reasons.
First, they were used Decause they were developed by the NRC's ATWS Task
Forze as 4 reeva'vation of the bases for the RTS vhavailabilities usee in
ATwS rule valuesimpact evaluations.  Second, as stated fn Reference 4
this NRC ama'ysis

"o bases the RTS unavailabilities on worlowide experience to
cate. It fs delieves that this gives & reasonadle estimate of
RTS unavatladi ity that 1mc uges the common cause contridbutions
that are Delieved to cominate. The experience Dased values are
Clstributes across the four vendor gesigns based on o
comparative reliability analysts that evaluates the major
ctf%erences among the cesigns. "



The estimates from the NRC ATWS nalysis provige a framework with
which to consider the topical report analyses estimates. The numerica)
estimates in the SECY-B3+291 for the four vendors combined with the five
areas of concern from GL B3<28, liem ¢ 5.3, form the criteria uses for this

Feview to getermine 1f the vencors' analyses and estimates met the
recuirements of Jtem 4 8 3

o



3. REVIEW METHODOLOGY

The INEL congucted this review by examining the vendors' topica!)
reports (References 3, 4, 8, 6, 7, 6, 9, 10, ane 11), the technica!
evalustion rooorx;“"“”'l. (TERs) cone as 2 part of the NRC tepica)
report review process, the NRC's SERs (References 12 and 13), and
NUREG/CR-B187, Evaluation of Generic lssue 118, "Enhancement of
westinghouse So'1¢ State Protection Systom."" This was done for three
Teasons.  First, the reports were examines to fing out whather or not the
vencors' anaiyses adcressed the areas of concern from ltem 4.5 3 and
reflectec 4 high RTS ava'labi)ity. Second, they were examinec 1o determing
what olants were covered by the vercors' analyses. Third, the Generic
Issue 115 report provices an ngependent, upcated estimate of the
dvatlab ity of the W solfe state RTS for comparison to the review criteria.

For the plants covered by the vendors' analyses or the NJREG/CR-8197
aralysts, the appropriate enalysis and avatlabt )ity were compared to the
Feciew Criteria estab)ished n Section 2. If the analysis acecuatey
doCressed the areas of concern ang cemonstrated 4 high RTS avatladility,
the pTant was accepted a5 having met the requirements of GL B3-28,

(tem & 5 3. The results of the comparisens for plants covered by & vencor
a"dlys's are g ven by vengor in Section ¢

For plants net girect)y covered Dy a vergor's analysis, an accestad’e
means was founT t0 extenc the anilyses to cover the plants. This was cone
for two plants: (Vimton 1 (GE) anc Maine Yankee (CE).  The means by which
Lhe AnaTyses were extenced to cover these two plants are 415 CUscusses by
vencor 'n Section 4,

cre plant, Fort St. Veatn, a high temperature, gas=cooled reactor
(WTGR), was not covered by any of the four vercors' analyses and required
svecte’ consigeration.  The INEL examined the responses from Fort St Vrate
recuires by GL BI-Z2B, Item 4.5 3 to ceterming 1f the responses cemonstratec
an actestad’y *gh RTS avatladility. The review of the Fort St. Vrain
resporses ‘s given in Sectien 4.6



& REVIEW RESULTS

This section summarizes the results of the INEL review of the vengors'
nalyses with regare to the five areas of concern ang plant epplicability,
The vencors' estimates of RTS avatlabi )ity are compared Lo the review
Svailapility criterfa. Also, some fnsights concerning RTS availadility,
gained from an examination of RTS importance measures from selected PRAg,
4Te examined.

¢ 1 Biw 91!!\!!

The fssues of GL B1-2B, Item ¢ 5.3, were accoressec by the BAW Owrers
Group and the results were submitied to the NAS by the 1ndividua) utilities
‘n their responses to GL B3-28. Topical Report BAW=10167 (Reference 5) was
submitiec to the NRD to provice & technical Dasis for Increasing the
oreline §TIs anc a'lowed outage times (ADTs) for BAW RTS fnstrument
strings. The analysis presented 1n BAw=10167 was built upon the previous
aralysis cone to agcress the GL B3-28, Item ¢ 5.3 fssues. Mowever, some
fnformation that was rescived 1n the gereric letter analysis was not
repeatec ‘n the s bsequent Topica) Report Decsuse 1t was not relevant to
the proposec Technical Specification changes. To make BAW=10167 app'icadle
to both QL BI-2B, Item & 5.3 ang STI/ADT fssues, the Owners Group submittes
EAw=10067, Suprlement 1 (Reference €), to the NRC. Supplement 1 completec
the B4w ara'ys's Dy agcressing a'l ronntn*ng'ltcm 4.5.3 1ssues. The
BhAw =10167 ang Supplement | ana'yses includec the ‘mplementaiion of the
ULCMAtIC shunt trip on the reattsr trip circyuit Dreakers as regquired by 6L
83-28, item &4 3.

Tre INEL has previously reviewes the BAw=10167 are Supplemert )
é"a'yses and gocumerted the review in & TER, EGG-REQ-7718 (Reference 15).
For the TER, sensitivity stucies which fncluced a)) of the Item 4.5.3 aress
of corcern were conducted on the RTS moce's. The sensitivity stuCy resylts
showed the moce's to be fnsersitive to varfations i1n the fatlure rates
§550C7a%0C with the Item 4.5 .3 areas of concern.



The INEL reviewes BAw-10167, BAW-10167, Supplement 1, ang the TER anc
determined that the BAW ara'yses dCequately covered a)) five areas of
concern anc that all currently operating BAW reacters are incuded.

42 Plan

Licensees with CE reactors responced to the reauiremerts of GL 83-28,
Item €. 5.3, as the CE Owners Group by submitting CE NPSD-277 (Reference 3)
to the NRT. The NPSD=277 RTS avatladility analysis specifically incliuded
010 five areas of concern and al) current'y operating CE reactors except
waterford 3, which was not fn commerzia) operation unti) Septemder 1985

Tha CE Owners Group also submitted CEN=327 (Reference 7) to provide
Tizersees with a basts for requesting RTS ST extensfons. This Tater
ana7ys0s expancec on the simplified mocels of NPSD=277 to include a)' RTS
ThEet parameters. Al currently operating CE plants except Maine Yankee
were covered in the CEN-327 aralysis. The CEN=327 §T! analysis
specifically 1nciugec the NPSD=277 analyses of the Item 4.5.3 aress of
corcern except component "wear-out" during testing. The CEN-327 analysis
showed that the major contridyters to PTS unavatlability for the four plant
classes are common cavse failures of the trip circu’t Dreskers which are
tested on a monthly Dasis.

in Dot NPSD=277 ang CEN-327, the CE RPS cesigns are grouped into four
Classes Dy signal processing and trip Cevice gifferences, otherwise the
'ogic ang physical Tayouts of the RTS are the same for al) RTS plant
classes. In NPSD-277, Matne Yankee fs incluced n RPS Plant Class 2. In
CEN=327, waterford 3 1s incluced in RPS Plant Class 3. Between NPSD-277
arc TEN-327, a)) of the CE plants are fncluded 1n plant ¢lasses analyzed in
CEN=327. This review considers the analysis ang resylts in CEN=327
cecuate for Item 4.5.3 resolution for al) classes of CE plants.

The INEL has previously reviewed CEN=327 with regard to ST! extension
effects anc cocumentec the review in a TER, EGG-REQ-7768 (Reference 16)
The resuits of semsitivity stucies cone for the TER show the mocels to be
frsensitive 0 an orcer of magritude Tncrease 1n the comporent ingepencent



fatlure rates. The fnsersitivity to fncreased component faflyre rates
dlong with the CE analysis resylts showing trip circuft breaker common
cause fatlures to be the major contributor to RTS vhavailab 19ty provides a
4 basts for this review to concluge that RTS testeinduced component
wear=out s not an fssue at CE reactors.

The INEL reviewed CEN=307 ang the TER and determined that the CE
analyses have acecuate'y covered all five dreas of concern or they have
Deen shown not to contridute to RTS vhavatlability and that al) currently
cperating CE reactors are incluges.

6.3 GE Plares

<icensees with GE reactors responced to the GL B3+28, Item ¢ 5 3
recuirements as the BwR Owners' Group by submitting NECD-30844
(Referenze 4) to the NRC.  The RTS availadility ara'ysis specifically
‘ncluced the five areas of concern ang covered both generic relay ang
sol1g=state RTS cesigns which ‘ncludes 41! currently operating BwRs GE
STated that the relay RPS configurations for BWR plants have the same
primary cesign features. Therefore, the gereric relay RTS models used in
NECT-30844 ge not o ffer significantly from the specific BWR plants. GE
veec the [irton 1 crawings ‘or the solid-state RTS moce's. Since C'imton
1fs currently the only GE plant with & solig state RTS, no plant vnique
nalys's s necessary.

The EwR Cwners' Group a'so submitted NEZD-30851P (Reference 8) to the
NED. The aralysis in this seconc report used the base case resuits from
NECD-30844 to estadlish g basis for recuesting revisions to the current
Technizal Specifications for the RTS.  The INEL had previously reviewed
NECD-30844 ang NECD-30851P with regarc to both Item &.5.3 ang ST! extension
acceptatility ang cocumentes the review in a TER, EGG-EA-710%
(Re‘erence 17). Due to insufficient tnformation, the INEL review coule net
cemiiete the solicestate RTS review and accepted only the relay RTS
araysts resuits The NRC reviewed the topical reports and the TER ang



fssued an SER (Reference 12). The NRC accepted the andlysis results as a
reference for TS changes related to the RTS ang as resolution to GL 83-28,
Item ¢.5.3, for GE relay planmts only. The INEL later completed the solig
state RTS amalysts review ang fssuec Rev | to the TER (Reference 1B), thyus
accepting the analyses for al) classes of GE plants.

This review examined both GE analyses anc the Rev 1 TER and getermined
that all five areas of concern are included in the inalyses and that al)

currently operating GE reactors are inc)uded.

4.& westinghouse Plants

~fcensees with westinghouse reactors gid not respond directly to the
recuirements of GL B3-28, ltem 4.5 3. Prior to the Salem ATWS, they hag
suomitted WCAP=10271 (Reference 9) to the NRC to provide @ basis for
recvesting changes to the Techniza)l Specifications regarcding the R7S. The
westinghouse methodology attempted to balance safety and cperadility ang
was applied to & typical westinghouse four loup reactor plant with g solig
state RTS (n WCAP-10271.  The methogology was extended %o cover RTSs for
two, three, anc four Toop plants with aither relay or solid state logic 1n
WCAP=10271, Supplement | (Reference 10).

The NRC reviewec the Westinghouse topical reports with the assistance
of Brooxhaven Nationa' Laboratory (BNL) and fssued an SER (Reference 13)
Timiting their acceptance to changes to only the 4na'og channe) STIs at

westinghouse plants.

The W methodology used fau't trees to mode! the RTS.  The moce)s
‘nclucec the following five major comtridutors to RTS trip unavatlability:

1. Unavailadility of components due to rangom faflures

2 Uravatlability of components cue to test

P
o



3.0 Unavatladi )ity of components gue to unschedu'ed maintenance
6. Unavailadbility of components gue to human error
§. Unavailadi )ity of components cue to common cause failyre.

While the w analysis ¢io not girectly include any sensitivity studies
concerning these five areas, the comporent unavatlabilities were ncreased
85 the test Tnterval Tength increasec. The ST analysis results showed a
factor of 3 to § ‘ncrease in the RTS unavailability estimates for the
Tonger test interval. Two conservatisms exist 1n the models that are
re evant.  first, no credit was ta-en for early fatlures that would be
Cetectel anc, secong, no Credit was taken for the diversity fnherent 1% the
W RTS gesign. These two conservatisms, had they been incluged in the
moce ', wou'C cavse the ncrease fn the RTS unavailadility estimates to be
SMalTer than the chserved factors

Test=incyced component wear=out was not agoressed in Any marner in the
W RTS analysis. kowever, the RTS analyses cone by the ovher vencors,
References 3, & anc 6, specifically invastigates the effects of this fssue
or RTS vravaiTapitity. Despite the offferences among the other vengors'
RTS cesigns, they all found tre effects of test inguced component waar=out
on RTS unavatladility to be insignificant. Bascd on the other vengors'
analyses, the INEL concluced that the effects of test=i‘nouced comporent
wedr=out on w RTS unavailapility wou'lc also be insignificant. Therefore,
the INEL corsicers 4l W oplants 1o Ce coverec Dy adecuate analyses.

¢ 5 J.antitative Review of vengors' R™S Availad'ities

S¢ far, only the adequacy of the vengors' analyses has deen
Cisc.sseC. No getermination has bDeen mace of the acceptadility of the
numerica) estimates from the various RTS avatlability aralyses. In thig
section, the INEL review consigders the four Owners Groups' RTS avatledility
estimates 0 ceterming 1€ they are ‘nceed Ingdicative of "nigh avatlanility. "
'



In Table 1, the four vendors' RTS unavatlability estimates are
compared to the review estimates of low vhavailability as defired in
Section 2. The BLW and GE vendors' estimates are given as an overa)) RTS
vnavailabilfty par cemand by plant mode) anc RTS type, respectively. The
CE and W vendors' estimates are given on a similar basis with an agditiona)
corsideration that was not necessary for the B&W and GE analyses. In the
CE and W ara'yses, RTS unavailadility was estimated for all {nput
parameters. For the CE and W unavailabiifty estimates in Tadle 1, the INEL
vsed the vravailadility estimates for high pressurizer pressure, the
parameter analyzed 1n Reference 19 as the limiting parameter for an ATWS in
terms of the number of fnput channels and diversity of trip signal.

The gffferences 1n the relative values of the three PWR vengors' RTS
vravailadility estimates can be attributed to design differences among the
RTSs. B&W and CE RTSs have four analog channe) fnputs for each monitored
parameter with four trip logic channels while w RTSs have three or four
dnalog channel inputs for each parameter with enly two trip logic
channels. The 2 of 4 analog channels for the B&W ang CE RTS Cesigns are
‘nherently more reltadle than the 2 of 3 analog channels for some
parameters in the w design. Alsoc the 2 of 4 trip logic 1n thy B&W and
CE ATSs 15 more relfable than the W 1 of 2 trip logic. The combination of
these two Ce.fgn differences make the W RTS unrelfadility somewhrat higrer
than the other venders' RYS umavailadilities.

The comparison shows the B&w, CE, ang GE RTS unavailability estimates
are Tower than the NRC's estmates while the Woestimates are the same as
the NRC's.  The INEL review recognizes the Vendors' estimates ang the NRC's
estimates are fnfluenced by a number of factors. These factors inc)ude,
(1) the data uncertainties for both the NRC and Vendors analyses, (2) the
scarcity of actual RTS failures world wide, (3) the modeling assumptions
and simplifications used by both the NRC and the Vendors, and (4) the
ciffering levels of moce) development between the NRC ana'ysis anc the
vencors' analyses and between different Vendors' analyses. These factors



TABLE 1. COMPARISON OF VENDOR AND NRC RTS UNAVAILABILITY ESTIMATES®

vendor RTS NRC RTS "
Unavailadility Estimates Unavatladility Estimates
Vendor (Fa‘lyres /Demang) (Fatlures/Demarg)
BAW
Davis Bessie Mode! 18-10¢ 3g-3°
Oconee Class Moce) 1£-6° 35-5d
CE
Plant (lass 1 28-7* 28-8
Plamt Class 2 3E-6* 265
Plant lass 3 36" 285
Plant Class 4 26-6* 2E-%
GE
Relay Plants -6’ 268
Solidestate Plants 3E-6' 2E-%
w
Pelay Plants gg-59 5g-5°
Solid=state Plants 5g-58 gg-5°

a. ATl estimates are roundec off to one significant digit,

. From Reference 14, Tadle A=), base case RTS electrical ynavailability

est'mates.

c. From Reference 5, Dase case.

g. Includes automatic shunt trip on the reactor trip circuit breakers.

£ From Reference 4.

g. From Reference 19, solid state RTS base case.
Dasec on similarity of design (see Refe-ence .

. From Reference 7, Tables 4 .1-1, 4 .2-2, 4 .1-3, and 4. 14, respectively:
Dése case test interval, high pressurizer pressure unavailadility estimate.

Applied to relay=plants

Section 3.2.2 ang 3.2.3).




help explatn the differences between the Vendors' and the NRC's point
estimates of RTS avatlabilfty,

4.6 Fort St. Vrain

Fort St. Vrain responced to GL B3-22, Item ¢.5.3 in a letter to
Eisennut cated November 4, 198320. stating:

"Existing intervals for on+line functiona) testing
required by the Technical Specifications are currently under
review by Public Service Company of Colorade (PSC) and the
Nuclear Regulatory Commissinn Region IV staff. The current

testing freguency at Fort St. Vrain has been dictat th
NucTear Regulatory Commission staf?. " (UnoerTine aooed

In response to a request for information from the NRC concerning the

Vrain responses to GL E3-28 previcusly sent, PSC sent the

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

"Existing intervals for the on=line testing required by the
Technical Specifications were reviewed by Public Service Company
of Coloracdo. A Technical Specification change to Limiting
Congitions for Operation 4. 4.1 (Plant Protective System) and its
dssociated surveillance requirements (SR 5.4.1) are currently
teing reviewed by the Plant Operations Review Committee (PORC).
This Technica! Specification change 1s expected to be approved by
the PORC anc the Nuclesr Facility Safety Committee (NSFC) by June
30, 1985, As part of tne cevelopment process for these proposec
changes to the Technical Specifications, on-line functiona!
testing requiremerts were reviewed based on past experience.
Pessidle changes to the testing intervals 1n certain cases where
available test data may support such changes has (sic) been
aiscussed at length with the Nuclear Regulatory Commission
staff,  The Nuclear Regulatory Commission staff nas informed
Pudlic Service Company of Colorado that no such changes woulg be

cceptable at this time."

The INEL review interpreted these responses from Fort St. Vrain to
mean the NRC nas establfshec Fort St. Vrain's RTS current test fntervals,
Lthe current test fntervals have been eva'uated by PSC, and the NRC will not
al’ow changes to the test intervals at this time.

14



From these responses the INEL concluded that Fort St. Vrain has
conducted the review required by GL B3-28, Item 4.5.3, and that the NRC
considers the PSC and NRC reviews adecuate to meet the Item 4 5.3
requirements.

1%



§ REVIEW CONCLUSIONS

A11 four LWR vendors have submitted topical reports efther in response
to GL 83-28, Item 4.5.3, or to provide a basis for RTS §TI extensions, ¢r
both. For the most part, these repo=ts have dcCressed al) of the issues in
Item 6 .5.3. Licensees not coveres Oy the topical reports have submitted
ingividua) responses to Item 4.5.3.

The analyses fn the topical report have shown the currently configured
RTSs to be highly reliadle with the current test fntervals ang prior to
implementing some of the reauirements of GL 83-28. Implementation of these
accitfonal requirements will reduce the ATWS risk even further.

The INEL has reviewes the relevant topica) reports, TERs, SERs,
acZiiional aralyses, and the indivigual licensee submittals with regard to
GL B3-28, Item 4.5.3, requirements and the review criteria. Based on that
meview, the INEL concludes that al) licensees of currently operating
commercial nuclear power plants have adecuately demonstrated that their
current RTS test fntervals are consistent with achieving high RTS
avatlability,

16



6. REFERENCES

U.S. Nuclear Regulatory Commission, Generic Implications of ATWS Events
at_the Salem Nuclear Power Plant NUREG-1000, ipr11 18!3.

U.S. Nuclear Pegulatory Commission Letter, D. G. Efsenbut to Al)
Licensees et al. ., R eneric Implications of
Sa'em ATwS Events, -

eneric Letter uly

Combustion Engineering, Reactor Protection System Test
Evaluation, Task 486 CENPSL=Z) .

S. Visweswaran et a)., BwR Owners' Grou
B3-28, ltem 4 5 3 NECD-

R.S. Enzinma et a)., Justification for Increasing the Reactor Trd
System On-line Test Interval, BAwW-10167, May 1386,
R S. Enzinna et a)., Justification for Increasing the Reactor Tri

System On-line Test Interval, Suppiement Number 1, BAw-.0.67,
Suppiement Numder I, Fedriary .988.

Response to NRC Generic Letter

Combustion Engineering, RPS/ESFAS Extended Test Irterva) Evaluation,
CEN=327, May 1986.

cation Improvement Analyses for
, May 1985,

w. P Sullivan et a)., Tecrrizcal Specif:
BwR Reactor Protection ,

R.oL. Jansen et al., Evaluation of Survei)lance Fregquencies and Out of
Service Times for the Reac:ior
woAP=10271, Jansary 198,

RoL. Jansen et a)., Eva'luation of Surveillance Freguencies and Out of
Service "imes for the Keactor Proteziion Instrumentatior System

Sups 'ement 1, wiAP- 0071 “Ep ement iy

KoL carser et al., Eva'uvaticn of Surveillance Freguencies and Out of
Servize Times ‘or the K@zt Protection INSLrUMEntatior System.

$.00 ement .-r-A  wlAP=ITZ71 Supp ement 1-r-A, May 1986,

S, Nyclear Regulatory Commission Memorandum, G. C. Latnas to E. J.
Jither, Acceptance for Referencing of General Elestric Company (GE)

0pical Reports NELU-10844 "EwA Uwners' Groud RESDONSE to NAL Leneric
Letter 55-55 TN N555-35§555J "Technical Specifization Improvement
Ara yses for Bwh Reactor Srotection System. " Apri) 2B, 19B6.

U.S. Nuclear Regulatory Commission Letter, C. O Thomas to J. J.
Sheppard, Acceptance for Referencing of Licensing Topica! Report
WCAP-1C271, "EvalJatior of Sirvelllance Frecuencies anc Wut of Service

Tomes for the KEACtOr Frotest On IMSstrumentatiof Systems.! redruary
., 983,




4.

15.

16.

&

18.

i9

20.

21,

U.S. Nuclear Regulato=y Commission, Amandments CFR S0 Related to

Antiifiatng Transients Without Scram

J. P. Poloski and §. D. Matthews, Review of
for Increasing The Reactor Trip System On- nterval,
“REQ- , Septemder .

rvals,

D. P. Mackowiak and B. L. Collins, A Review of the Combustion
ngineering Evaluation For xtending the KPS ang ES’IS Test inte

eptember

R. E. Wrignt and B. L. Collins, A Revt
Technica! Specification Improvement
rotection System, -

R. E. Wright and B. L. Collins, A Review of the BWR Owners' Greoy
Technica) Specification Im rovement Anaiyses for the Bwk Reactor

rotection System, E

neric Issue 115, Enmancement
rotection Systems,

O. A Reny et a)., Evaluation of G
Re'iability of westinchouse So 0 State
Nd§E5f55-55§7. January 1989,

Public Service Compary of Colorade Letter, 0. R, Lee to D. G.
Efsennut, Response to Generic Letter 83-28, November 4, 1983,

Public Service Company of Colorade Letter, J. W. Gham to E. M.
Johnson, Response to Generic Letter 83-28, June 12, 1985,

18

of the




"I;m' 48 BB LAS 00 uns 100+ Conmmamien I~y Ty
’ v
S SIBLOGRAPHIC DATA SHEEY EGG-NTA-834)
S0 NETALCT 0N Oa Tel GvEeN
BN TN AN TN
TECHNICAL EVALUATION REPORT: A REVIEW OF REACTOR TRIP
SYSTEM AVAILABILITY ANALYSES FOR GENERIC LETTER 83.28,
ITEM 4.5.3, RESOLUTION i SRt
a—iT " [y
) An'eOR S March ' 198%
David P, Mackowiak ORI Aol
John A, Schroeger wOATe i Ty
‘ March 1989
R BI 000 wG 3854 14T DR SaBt snb Be  RC200RTI T S PRC.ACT Taba AORE oa Taouels
Regulatory and Technical Assistance
EGAG ldaho, Inc. v
P. 0. Box 1628
ldaho Falls, 1D 83415 06001
R R R R R N Tl e Te4 OF G4PORT
Instrumentation and Contro) Systems Branch Technical Evaluation Report
Division of Engineering and System Technology
Office of Nuclear Reactor Regulation + AT TN ‘senow
U.S. Nuclear Regulatory Commission
Washington, DC 20858

1™ gquistanr o'l

‘ uﬁu' .‘i-.v -

The Idaho National Engineering Laboratory (INEL) conducted a technical review of
the commercial nuclear reactor licensees' responses to the requirements of the Nuciear
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, will
provide the NRC staff with a basis to close out this 1ssue with no further review.
The licensees, as the four vendors' Owners' Groups, submitted analyses t0 the NRC either
directly in response to GL 83-28, Item 4.5.3, or to provide a basis for requesting changes
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 applicadility, and the acceptadility of
the resylts.  The [NEL examined the Owners Groups' reports to determine 1f the analyses
and results met the established criteria. Fort St. Vrain's responses to [tem &4.5.3
were 2150 reviewed. The INEL review results show that 211 licensees of currently opera-
ting commercial nuclear reactors have adequately demonstrated that their current on-line
RPS test ntervals meet the reguirements of GL B3-28, !tem 4.5.3.
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