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1,0 _INTRODUCTION

On fedbruary 25, 1962, toth of the screm circuit dreskers et Unit 1 of the

Salem Nuclear Power Plent feiled to open upon an automatic reactor trip signal
from the reactor protection system (RPS), This incident was terminated
marually by the operator ebout 30 seconds after the fnitiation of the automatic
trip signal, The faflure of the circuit breakers was determined to be relatec
to the sticking of the uncervoltage trip attachment, Prior o this incident,
on February 22, 19€3, at Unit 1 of the Salem Nuclear Power Plant, an automatic
trip signe) was generated besed on stean generator low-low level during plart
stertup., In this cese, the reactor was tripped manually by the operator almost
coincidentally with the sutoméatic trip,

Following these incidents, un February 76, 1983, the NK( Executive Director
for Operations (EDO), directed the ste€f to investigate and report on the
gener1c implications of these cccurrences ét Unit 1 of the Salem Nuclear Power -

lent, The results of the staff's inquiry into the generic implicetions of the
Selem Uni . incicerts are repcrted in NUREG-1000, “"Gereric Implications of
the ATWS ©  «.. at the Salem Nuclear Power Flant", As 2 result of this
fnvertige -, ‘m lLommission (NRC) recuested (by Generic Letter B3-28 cated
July =, lv» , @11 licensees of operating reacicrs, applicents for an operating
license, &nc holders cf constructicr permits to respond to generic issues
refsed by the anelyses of these two AThS events.

The licensees were recuired by Generic Letter 83-28, Item 4.5.3 to confirm thet
on-1ine functiona) testing of the recctor *trip system (RTS), including
independent testing of the diverse trip “eatures, wes being performed at all
plants,

Existing intervels for on-line tunctionz! testing required by Technical
Specifications were to be reviewed tc determine 1f the test intervals were
adequate for achieving high RS aveilapility when accounting for consicerations
such as: (1) uncertainties in component failure retes; (2) uncertazinties in
commor mode failure rates; (3) reducec redundancy during testing; (4) operator
error during testing; and (5) cormponent “wear-out" caused b, the testing.

2.0 DISCUSSION

The NR%'s contractor, ldaho Nationa) Engineering Laboratory (INEL), reviewed
the licensee Owners Group availability analyses “nd evaluated the adequacy of
the existing test intervals, with a consideratiun of the above five items, for
all plants. The results of this review ere reported {r cetail in EGG-NTA-8341,
"A Review of Reactor Trip System Availability Arazlyses for Generic Letter
£3-26, Item 4.5.2 Resolutior,” dated March 1989 and summarized ir this report.
The recults of our evaluatior cf Item 4.5.3 and our review of EGG-NTA-834]1 are
presented below,
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The Babcock & Wilcox (B&W), Combustion Engineering (CE), Genera) Electric
(GE), and Westinghouse (NS Owners Groups have submitted topicel reports either
in response to GL 83-28, Item 4.5.3 or to provide a basis for requestin?
Technica) Specification changes to extend RTS surveillance test intervals
(STI). The owners groups' analyses addressed the adequacy of the existing
intervals for on-1ine functional testing of the RTS, with the considerations
required by Jtem 4.5.3, by quantite! vely estimeting the unavailability of the
RTS. These andlyses found that the /75 was very reliable and that the
unavailability wes dominated by common ceuse failure and huma: error,

The ebility to accurately estimate unavailability for very reliable systems

was considered extensively in NUREG-0460, “Anticipated Transients Without
Scram for Light Water Reactors", and the ATWS rulemaking. The uncertainties of
such estimates are large, because the systems are highly relieble, very little
experience exists to support the estimates, and tommon cause failure
probabilities are difficult to estimate., Therefore, we believe thut the RTS
unevailability estimetes in these studies, while useful for evaluating test
intervels, must be used with ceution,

NUREG-0460 also stete. that for syste s with low feilure probability, such as
the RTS, common mode feilures tend to predominate, and, for & number of
reasons, additiona) testing will not apprecie*'v lower RTS unavailability.
First, testing more freouertly than weekly is generally impractical, and even
$0 the increased testing could at best lower the failure probability by less
tharn & “actor of tour compared to monthly testing. Secondly, increased testing
could possibly increase *he probability of @& common mode failure through
increased stress or the system, Finally, not a1l potential failures are
detectable by testing, In summary, NUREG-0460 provides additicnal justification
to dencrstrate thet the current monthly tect intervels are adequate to maintain
high TS availability.

3.0 COKCLUSION

A11 four vendors' topical reports have shown the currently configurec RTS to

be highly reliable with the current monthly test intervals, Our contractor has
reviewed these analyses and nerformed independent estimetes of their own which
conclude that the current test intervals provide high reliability. In addition,
the analyses in NUREG-0460 have shown that for a number of reasons, more
frequent testine than monthly will not appreciably lower the estimates of
failure probability.

Based 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 1ntervais. 2s recommended in the topical reports, for on-line
functionel testing are consistent with achieving high RTS availability at all
operating rezctors.
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SUMMARY

The two anticipated transient without scram (ATWS) events at the
Sa'lem Muclear Power Plant in February of 1983, focused the attention of
the Nuclear Regulatory Lommission (NRC) on the generic inplications of
ATWS events. The NRC then published Generic Letter B3-28 (GL B3-28)
which Tisted the actions the NRC wequived of 811 Ticensees holding
operating licenses and others with respect to assuring the ralfability cof
the Reactor Protection System (RPS). GL 83-28, Item 4.5.3, regquired
licensees o demonstrate by review that the current on-1ine functiora)
testing ‘ntervils are consistent with achieving high reactor trip system
(RTS) availability. The icensees responded to the GL B3-28, Iltem 4.5 3,
requirements as Dwners Groups with reports efther in Jirett response to
Ttem 4. 5.3, or with a technical basfs for requesting extensions to the
surveillance test inte~vals (STIs) that generally included the Item &.5.3
recuired reviews.

The NR('s Instrumentation anc Conirol Systems Branch (ICSB), Cffice
of Nuclear Reactor Regu'ation (NRR), recvested the ldaho National
Engineeing Laboratary (INEL) tc review the licensee avoilatility
arelyses anc eva'uvate the overa ' acequacy of the axisting test
intervals. INEL review results showing general compliance witr Iter
4.5 3 wil) provide the NRC wizh & basis to close out Item 4.5.3 without
furthe review.

For the review, the INFL Cefinec three acceptance criteria, reviewed
tro licensees topfca) reports, contractor review reports, and NRC safety
evaluations, and determined the adequacy of the aralyses anc the RTS
availability estimates with regarc to the review criteria.

The INEL revies criteria tc determire the licensees' Item &.5.3
compliance were, (1) the five areas of concern of ltem 4.5.3, (2) the
analyses' plant app'icadbility, and (3) the NRC's RTS electrical
unavailability base case estimates fro. the ATWS Rulomau1ng Paper,
SECY=E3-293.
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! ACROUNYMS

ATwS Anticipated Transient wWithout Scram
Béw Babcock & Wilcox

BNL Brovkhaver National Laboratory

Ce Comoustion Engineering

EE Genera! Eleciric

HTGR High=Temperature Gas-Cooled Reactor
1CS8 Instrumentation ang Control Systems Branch
INEL ldahe National Engineering Laboratory
LWR Light wWater Reactor

NFSC Nuzlear Facility Safety Committee

NRC Nuclear Regulatory Commission

NRR Office of Nuclear Reactor Regulation
PORC Plant Operations Review Committee

PSS Public Service Company of Colnrado
Pwe Pressurized Water Reactor

RISMAR Reaztor Safety Stucy Methocclogy Appiications Program

RPS Reactor Protectiion System
RTS Rea~tor Trip System

SER Safety Evaluation Repert
STl Surveillance Test Interval
TER Technical Evaluation Report
W westinghouse



TECANICAL EVALUATION REPORT: A REVIEW OF REACTOR TRIP SYSTEM
AVATLABILITY ANALYSES FOR GENER:C LETTER B3-28,
JTEM 4.8.3 RESOLUTION

1. INTRODUCT!

1.1 #istovice! Batkgroumd

In Fedbruary of 1883 two events occu red at the Salem Nuclear
Generating Station that focusec Nuclear Regulatory Commission (NRC)
attention on the generic implications of anticipated transient without
scram (ATWS) events,

First, on February 22, during startup of Unit 1 an automatic trip
signa’ gererated as a result of a steam generator low-low level failed to
cause a reactor scram.  The reactor was tripped manually by ar operater
pimost coincicentally with the automatic trip signal, so the fact that *he
automatic trip hac fafled to cause a scram went unnoticed.

Three days later on February 25, both oi the scram breakers at Unit |
‘a‘lec to open on an automatic reactor proteztion system (RPS) scrarm
sigral. The operators took action to control this secent ATwd and
sutteeded in terminating the incigent in about 30 seconds. Subsequent
investigat on related the failure of the Unit ] RPS to cause a scram to
sticking of the undervolrage trip attachment in the scram cirguit breakers

As a result of these everts the NR(C Executive Diractor for Operatiors
cirected the staff to undertake three related activities: (1) an
evaluation of when and under what conditions the Salem plants would be
8] owed to restart; (2) a fact finding report of the events at Salem 1 ang
the circumstances leacding to them; anc (3) a report on the generic
imgYications o these events.

To adoress (3) above ar interoffice, interdisciplinary group was
formed incluc‘ng members from the Cffice of Nuclear Reactor Regulation's
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The Babcock & Wilcox (BeW), Combustion Engineering (CE), Genera)
Electric (GE), and Westinghouse /W) Owners Groups have submitted topica)
reports efther in response to GL ¢3-28, Item 4.5.3'3“ or to provide &
basis for rQQUostﬁng RTS surve')lance test nterva) (871)
oxtonsions.s‘6'7'8‘ 10,1 In general, the owners groups' analyses were
not cone on a plant specific basis. Instead, the analyses addressed a
pariicular cless of veactior trip system and then discussed the
applicability of the anal: si1s to specific product 1ines. The NRC reviewed
these reports for, among cther things, their applicability to GL 83-28,
Item 4 .5.3 and summarized tieir fingings in Safety Evaluation
Reportsie i3 (SERs).

2.2 Review Purpose

This report cocuments & review of the Owners Groups' topical reports,
the NRC SERs, anc other analyses dzne at the Idaho Nationa. Engineering
Laboratory (INEL) by persennel in the NRC Risk Analysis Unit of EGLG lcaho,
Inc. The INEL concucter the review at the reguest of the U.S. Nuclear
kegulutory Commission, Office of Nuclear Reactor Regulation,
instrumertation and Contro) Systems Branch (ICSB). The review was
performec to determine 1f the Owners Groups' analyscs demonstrated high RTS
ava lability for the current test irtervals, 417 the analyses includec the
five areas of concern from GL B3-22, and 1f al) of the plants weve coverec
by the ana'yses. The resylts of the review, 1f all plants are shown to be
coverec by an adequate ana'ysis, wo.)¢ provide the NRC with a basis for
closing out GL B3-28, Item ¢.5.3, for all U.5. commercial nuclear reactors
without further review.

The body of this report presents the review and its findings with
regarc to the stated objectives. Section 2 cescribes the criteria usec in
the review to determine the acequacy of the analyses. The review
methocolog, 1s discussed in Section 3. Section 4 presents the review
results. The review conclusions are given 1n Section 5.

L4
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The estimates from the NRC ATWS analysis provide & framework with
which 10 consiger the topica) report analyses estimates. The numerical
estimates in the SCCY=B3-283 for the four vendors combined with the five
areas of concern from GL B3-28, Item 4.5 3. form the criteria used for this
rey ew to determine 1f the vendors' anilyses and estimates met the
recuirements of Ttem 4 5 3



4. REVIEW RESULTS

This section summarizes the results of .nhe INEL review of the vendors'
ardlyses with regard to the five areas of concern and plant applicability.
The vendors' estimates of RTS availability are compared to the review
availabilivy criteria. Also, srne fnsfghts cor woirg RTS availability,
geinetd From an examingtion of P § dmportante m . rey from selectet TRAs,
are examinec.

4.1 B&W Plants

Tre ‘ssues of GL B3~28, Item 4.5.3, were acddressec by the BL¥ Owners
Group and the results were submitted to the NRC by the fndividuc® utily “es
in their responses to GL B3-28. Topical Report BAW-10167 (Reference 5) was
submitiig to the NRC to provice a technica) basis for increasing the
on+line $71s and a''owed outage times (ACTs) for BAW RTS instrument
strings. The analysis presented in BAW=10167 wee built upon the previous
aralysis done to address the GL B7-28, Item 4.5 3 fssues. However, some
information that was resolved in the generic letter analysis was rot
repeated in the subsequent Topica! feport because it was not relevant to
the proposec Technica! Specification charges. To make BAw=10167 applicable
to both GL 81-28, Item 4.5.3 and STI/AQDT issues, the Owners Group subn ttec
BAw-.7.67, Supplement ] (Reference 6), to the NRC. Supplemert 1 completed
the BAw analysis by accressing a')! remaining Item 4.5.3 issues. The
BAn ~10167 anc Supplement 1 analyses included the implementat in of the
sutomatic shunt trip on the reactor trip circuit breakers as requi=ed by GL
83-28, Item 4.3,

The INEL has previously reviewes the BAw=10167 anc Supplement 1
analyses and documentec the review in a TER, EGG=REQ-7718B (Reference 15).
For the TER, sensitivity stucies which included all of the Item 4.5.3 areas
of concern were conducted on the RTS modeis  The sensitivity study results
showed the models to be fntensitive o variations in the failure rates
associated with the Item 4.5, 3 areas of concern,



fatlure rates. The insersitivity to increased component failure rates
along with the (F analysis results showing trip rircuit breaker common
cause faflures to be the major contributor t= RTS unavailability provides a
4 basis for this review to conclude that R1S test-‘nduced component
wear=out s not an fssue at CE reactors.

The INEL reviewet TEN-327 ant the TER end tetermined that the CE
anelyses have adeguately covered al) five areas of concern or they have
been shown not (o contridbute to RTS unavailability and that al)) currently
operating CE reacturs are included.

4.3 GE Plants

Licensers with GE reactors responded to the GL 83-28, Item 4.5.3
recuirements &5 the BwR Ownars' Group by submitting NECD-30844
(Reference 4) to the NRC. The RTS availability analysis specifically
included the five arezs of concern and covered Loth generic relay and
solid=state RTS designs which incluces a1l currently cperating BwRs. GE
stated that the relay RPS configurations for BWR planty have the same
primary design features. Therefcre, the generic relay RTS models used in
NECD-3084< ¢o not giffer significantly from the specific BWR plants. GE
vsec the (linton 1 crawings for the solig-state RT, models. Since Clinton
1 1s currently the only GE plant with a solid state RTS, no olant ynigue
analysis 1s necessary.

The BwR Cwrers' Group also submitted NECD-3C251P (Reference B) to the
NRC. The analy.is in this second repor: 'sec the base case results from
NECD-50844 to estadblish - basis for requesting revisions to the currert
Technica! Specifications for the RTS. The INEL had previcvusly reviewed
NECD- 30844 ang NECD-30851P with regird to both Item 4.5.3 ang STI extensior
acceptability and vocumertec the review in a TER, EGG-EA-710%
(Reference 17). Due to insufficient information, the INEL review could not
complete the so'id-state RTS review ancd accepted only the relay RTS
analysis results. The NP7 revieweZ the topical ropgrts and the TER and



3 Jnavailahility of components due to unscheduled maintenance

& Unavailability of components due to human error
5. Unavailepility of components cue to common cause failure.

While the & andlysis ¢id not directly include any sensitivity studies
tonterning these “ive aress, the tomponemt unavat labilities weve intreased
as the test interval length increased. The STI analysis results showed a
factor of 3 to 5 frcrease in the RTS unavailability estimates for the
longer test interval. Two conservatisms exist in the models that are
relevent: first, no credit was taken for early fatlures that would be
gdetected anc, second, no srecit was taken for the diversity nherent ir the
W RTS gesign. These two conservatisms, hac they been inclucec fn the
mece', woulC cause the increase in the RTS uni aflability estimates to oe
sma'ler thar the observed factors.

Test=induced component wear=out was not adcressed in any manner in the
W RTS analys®s. Hewever, the RTS analyses done by the other vengors,
Refererces 3, 4 anc 6, specifically investigated the effects of this issue
er RTS unavailability. Despite the ¢ifferences among the other vencors'
RTS cesigns, they 311 fourc the effecis of test induced component wear=-out
or RTS unavailabiliiy to be insignificant. Basid on the other vendors'
analyses, the INEL concluded that the effects of test-induced component
wear-out on W RTS unavailatility would «lso be insignificant. Therefore,
the INEL consicers all W plants to be coverec Dy adequate analyses.

4.5 Quarntitative Review of Vengdors' RTS Availabilities

Sv far, only the adequacy of the vendors' analyses has been
gdiscussed. No determination has been made of the acceptadility of tne
numerical estimates from the varfous RTS availability analyses. In this
section, the INEL review considers the four Owners Groups' RTS availabi ‘‘y
estimates to cdetermine if they are inceed indicative of “nigh availadility.

i



* TABLE 1. COMPARISON OF VENDOR AND NRC RTS UNAVAILABILITY ESTIMATE:®

Vendor "18 NRC RTS b
Unevea'lability Estimates Uravailability Estimates
Vendor (Failures/Demand) _(Failyres/Demand)
B&w
Devis Bessie Mode) 1€-10° 3¢-5°
Oconee Class Moge! 16-6° 3E~5d
Ct
Plant Class 1 28-7° 2E-5
Plant Class 2 2g-6* 2E-5
Poant Cless 3 3E-6* H
Plant Class 4 26-6° i 2
GE
Relay Plants 3E-6 26-5
Solid=state Plants 3E-6f 2E-5
w
Relay Plants 5E-59 BE~."
Solid-state Plants 5g-5° 3g-5°

4. A1) estimates are rounded off to cne sigaifican gigis.

b. From Reference 14, Table A-], base case RTS electrical unavailabil ity
estimates.

¢c. From Reference 5, base case.
d. Includes automatic shunt *~ip on the reactor trip circuit preakers.

e From Refere'ze 7, Tables 4 1<), 4.2-2, 4 1-3, and 4. 14, respectively;
base case test interval, high pressurizer pressure unavailability estimate.

f. From Reference 4.

g. From Reference 18, so)id state RTS base case. Applied to relay=-plants
based on similarity of design (see Reference 11, Section 3.2.2 andg 3.2.3).
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From these rasponses, the INEL concluded that Fort St. Vratn has l
conducted the review reguired by GL BI~-28, Item 4.5.3, and that the NRC i
considers the PSC and !RC re.fews adecuate to meet the Item 4. 5.3 |
requirements. l
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The ldaho National Engineering Laboratory (INEL) conoucted 2 technical review of
the commercial nuclear r2actor licensees' responses to the requirements of the Nuclear
Regulatory Comnission's (NRC's) Generic Letter B2-28 (GL 83-28), Item 4.5.3. The results
of this review, 1f 2all plants are shown to be covered by an adequate analysis, wil)
provide the NRL statf with a basis to close out this issue with no further review.
The licensees, as the four vendors' Owrers' Groups, submitted analyses to the NR( e ther
directly in response tc GL 83-28, Item 4.5.3, or to provide & basis for requesting changes
to the Technical Specifications (TSs) that would extend the Reactor Protection System
(RPS) surveillance test intervals (STI!s). To conduct the review, the INEL defined three
criteria to determine the adequacy, the plant applicability, and the acceptadbility of
the results.  The INEL examined the Owiers Groups' reports to determine if the analyses
a0 results met the established cri.eria. Fort St. vrain's responses tc [tem 4.5.3
were 2150 reviewed. The INEL review results show that all licensees of currently opera-
ting commer:ial nuclear reactors have adequately demonstratec .hat their current on-line
RPS test intervals meet the “equirements of GL B83-28, Item 4.5.3
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