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,

| 1.0 INTRODUCTION

On February 25, 1983, teth of 'the stretn tieceit tweekers et Unit 1 ef the 1

Salem Nuclear Power Plant failed to open upon an automatic teactor trip signal
from the reactor protection system (RPS). This incident was teminated 1

Imanually by the operator about 30 seconds after the initiation of the automatic
E trip signal. The failure of the circuit breakers was detemined to be related |

'

p to the sticking of the undervoltage trip attachment. Prior to this incident.
on February 22, 1905, at Unit 1 of the Salem Nuclear Power Plant, an automatic
trip signal was generated besed on stean. generator low-low level during plant
stdrtup. In this case, the reactor was tripped manually by the operator almost
coincidentally with the automatic trip. '

Following these incidents, on February 2fs, 1983, the NRC Executive Director
forOperations(EDO),directedthesttfftoinvestigateandreportonthe
generic implications of these occurrences at Unit 1 of the Salem Nuclear Power -

pla nt. The results of the steff's inquiry into the generic implications of the
Salem Uni 1 a incicerts are reported in NUREG-1000, " Generic Implications of
the ATWS L eb at the Salem Nuclear Power Plant". As a result of this
inve'tign%r, t m. Commission (NRC) recuented (by Generic Letter 83-28 dateo
July 8, liW all. licensees of operating reacecrs, applicants for an operating
license, and holders of construction permitn to respond to generic issues
raised by the analyses of these two ATWS events.

The . licensees were required by Generic Letter 83-28. Item 4.5.3 to confim that
on-line functional testing of the recctor trip system (RTS), including

,

Lindependent testing of the- diverse trip features, was being perfomed at allI'
plants. J

Existing intervels for on-line functionti testing required by Technical
|

Specifications were to be reviewed to determine if the test intervals were'

adequate for achieving high RTS availatiility when accounting for considerations .,

L such as: (1) uncertainties in component failure rates; (2) uncertainties in
L common mode failure rates; (3) reduced redundancy during testing; (4) operator :

error during testing; and (5) cocponent " wear-out" caused by the testing. |
'

'

2.0 DISCUSSION

The NRO's contractor, Idaho National Engineering Labohatory (INEL), reviewed
i
' the licensee Owners Group availability anslyses 'nd evaluated the adequacy of

the existing test intervals, with a consideratian of the above five items, for
all plants. The results of this review are reported in detail in EGG-NTA-8341,
"A~ Review of Reactor Trip System Availability Analyses for Generic Letter
E3-28. Item 4.5.3 Resolution," dated Farch 1980 and summarized in this report.u
The results of our evaluation cf Item 4.5.3 and our review of EGG-NTA-8341 are'

presented below.
|
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The Babcock 8- Wilcox (B&W), Combustion Engineering (CE), General _ Electric , .i

,(GE), and Westinghouse-(W) Owners Groups have submitted topical 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 groupt' analyses addressed the adequacy of the existing.
intervals for:on-line functional testing of the RTS. with the considerations

'

tenuires by item 4.5.3, by nunntitst1vely astinating the snavsi1abi11ty of the ,

'RTS. L These analyses found that the RTS was very reliable and that the ,

* ' unavailability was dominated by common cause failure and humat, error. |
'

The ability to accurately estimate unavailability for very reliable systems,

was considered extensively in NUREG-0460, " Anticipated Transients Without
Scram for 1.ight 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 comon cause failure:

probabilities are difficult to estimate. Therefore, we believe thet the RTS
unavailability estimates in these studies, while useful for evaluating test,

intervals, must be used with caution.
,

L NUREG-0460 also state:~ that for systtos with low failure probability, such as
the RTS, corraon mode'' f ailures tend to predominate, and, for a number of --

reasons, additional testing will not appreciaP v lower RTS unavailability.
First, testing more frequently than weekly is generally impractical, and even
so the increased testing could at best lower the failure probability by less
than a factor of four com ared to monthly testing. Secondly, increased testing
could possibly increase + e probability of a common mode failure through

E . increased stress on the system. ; Finally, not all- potential failures are,

| detectable by testing. 'Jn.sumary, NUREG-0460 provides additional justification'

to demcnstrate that the current monthly test intervals are adequate to maintain
high RTS availability.

3.0 CONCLUSION'
,

All four vendcrs'. topical reports have shown the currently configured 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 a number of reasons, more
frequent testing than monthly will not appreciably lower the estimates of'

failure probability. ;

Based on our review of the Owners Group topical reports, our contractor's

theexistingintervals,ndthefindingsnotedinNUREG-0460,weconcludethat
independent analysis a ,,

as recomended in the topical reports, for on-line '

-functional testing are consistent with achieving high RTS availability at ally'
operating reactors.
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.The two anticipated transient without scram (ATWS) events at the ;

Salem P.'uclear Power Plant in- February of 1983, focused the attention of
'the Nuclear Regulatory Lemmission (NRC) on the generic it..plications of

,

'

'ATWS events. The NRC then published Generic Letter 83-28 (GL 83-?B)'

which listed the actions the WRC vequired of all litemees holding' [

operating licenses and others with respect to assuring the reli2bility.of
,

,

the Reactor Protection System (RPS). GL 83-28, Item 4.5.3, required
licensees xo demonstrate by review that the current on-line functional '!
testing intery ls are consistent with achieving high reactor trip system i

(RTS) availability. The licensees responded to the GL B3-28,-Item 4.5.3,
requirements as Owners Groups with reports either in direct response to |

Item 4.5.3, or with a technical basis for requesting extensions to the
surveillance test intervals (STIs) that generally included the Item 4.5.3
required reviews. !

,

The-NRC's Instrumentation ae.d Control Systems Branch (ICSB), Office
| of Nuclear Reactor Regulation (NRR), recuested the Idaho National [

Engineering Laboratory (INEL) te' review the licensee av011 ability
,

analyses and evaluate the overali ace:n,acy of the existing test ,

--interval O LINEL review results showing general compliance witt Item,

4.5.3 will provide the NRC wit *1 a basis to close out Iterr 4.5.3 without y3
l, '

li further review. ;

| For the review,-the INil defined three acceptance criteria, reviewed -

trs licensees topical reports, contractor review reports, and NRC safety r

evaluations, and determined the adequacy of-the ar,alyses~and the RTS

avai.1 ability estimates with regard to the review criteria.
L

"

<

The'INEL review criteria to determine the li'censees' Item 4.5.3-
'

compliance were,-(1) the five areas of concern of It.em 4.5.3, (2) the

h analyses' plant' applicability, and (3) the NRC's RTS electrical
! unavailability base case estimates froc the ATWS Rul,emaking Paper,

SECY-8?-293.m.
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.# JATWS Anticipated:-Transient'Without Scram i-

;>-4

. B&W -- + Babcock &'Wilcox :i
. .

;

'
;,

BNL Brookhaven1 National' Laboratory- '

;y

CE h m.Comoustion Engineering ,

. < -

GEi : General Electric

HTGR- High-Temperature Gas-Cooled Reactor.i'

'

-

r;+

;<0F ICSB- Instrumentation'and Control Systems Branch
. 'i

'
,

:[g , lNELJ Idaho National Engineering Laboratory ,
; - !

light Water. Reactor :|LWRi U

,

NFSC| Nu: lear Facility Safety Committee-
,

u ,

LNRCi Nuclear Regulatory-Commission f
.

NRR- Office'of Nuclear Reactor' Regulation
..

PORC' :P.lant Operations' Review Committee- i
.

-PSC- Public; Service Company of Colorado- ,

.

PWR Prts'surized Water Reactor -;'

,,o

1RSSMAP _ Reactor' Safety Study Methodclogy Applications Program, ,

;

Re''ctor Protection' System:RPS a

'' '

RTS: :-Reactor TriplSystem
|v
L SER.. ' Safety Evaluation Report

L; STI! Surveillance Test Interval
o

y. s e -

Technical Evaluation Report -."< TERR ,>
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TECHNICAL EVALUAT10N REPORT ' A REVIEW OF REACTOR TRfP SYSTEM !
- a

' '
'AVAILAB]LITY ANALYSES FOR GENERIC LETTER 83-28, ~f

'
.

ITEM 4.5.3 RESOLUTION
r

w '

1. . INTRODUCTION .

|>,

f
3.1 +listorical 8acteround - i

In February. of 1983 two events occurred at the Salem Nuclear
;

* ~ Generating Station that focused Nuclear Regulatory Commission (NRC) 1

attention'on the generic implications of anticipated transient without f

scram (ATWS) events. ;

!

First, on February 22, during startup of Unit I an automatic trip4
t

signal generated as a result of a steam generator low-low level failed to :
,.

- cause a reactor. scram. The reactor was trioped manually by an operatcr
"

almost coincidentally with the automatic trip signal, so the fact ti,at.the ,

automatic trip had failed to cause a scram.went unnoticed.

Three days later on February 25, both of the scram breakers at Unit 1 I

f ailed to open on an automatic reactor protection system (RPS) scram
sigeal. The ooerators took action to control this second ATWS and f

b succeeded in-terminating-the incident in about 30 seconds. Subsequent !

investigation related the failure of the Unit l'RPS to cause a scram to
1

L- sticking of the undervohage trip attachment in the scram circuit breakers. .!
L

[ .As a result of'these events the NRC Executive Director for Operations
directed the staff to undertake three related activities: (1) an

'

evaluation of when and under what conditions the Salem plants would be.

' . allowed to restart; (2) a fact finding report of the events at Salem 1 and
j

- E the circumstances leadiag to them; and (3) a report on the generic'

'

' implica*. ions o' these events.

ti

To address (3) above an interoffice, interdisciplinary group was
- formed includ'ng members from the Office of Nuclear Reactor Regulation's

<
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The Babcock & Wilcox (BF:1), Combustion Engineering .(CE), General
' '

.y_,

'

IElectric (GE),'and Westinghouse (W).0wners Groups have submitted topical
reports either in response to GL d3-28,. Item 4.5.3'3'4 or to provide a !

''

.

basis for requesting RTS surveillance-test inter' val (STI)
extensions,5,6,7,8.9,10,Il In general, the owners groups' analyses were_

,

not done on a plant specific basis. Instead,-the analyses addressed a
;

particular class of twactor trip system and then discussed the
applicability of the anah sis to specific product lines. The NRC reviewed

- these: reports for, among other things, their applicability to GL 65-28,
' * Item 4.5.3 and' summarized their. findings in Safety Evaluation

'

ReportsI2'I3(SERs).

'2 Review Purpose.

. .

This report documents a review of the Owners Groups' topical reports, f
'

the NRC SERs, and other analyses dene at the Idaho Nationa'. Engineering
,

Laboratery (INEL) by persennel in the NRC Risk Analysis Unit of EG&G Idaho,
Inc. .The INEL concucted the review at the request of the U.S. Nuclear

Regulatory Commission, Office of Nuclear Reactor Regulation,
Instrumentation and Control Systems Branch (ICSB). The review was i

performed to' determine if the Owners Groups' analyses demonstrated high RTS-

ava'.1 ability for the current test intervals', if the analyses included the
L' five areas of. concern from GL 83-23, and if all of the plants were covered

'

by the analyses, The results of the review, if 411. plants are shown to be
covered-by an' adequate analysis, would provide the NRC with a' basis for

a . closing out GL 83-28, Item 4.5.3, for all U.S.-. commercial nuclear reactors !

h without further review.

The body of this report presents the review and its findings with.
.

'

regard to the stated objectives. Section 2' describes the criteria used in

the' review to determine the acequacy of the analyhes. The review
methodology is discussed in Section 3. Section 4 presents the review
results. The review conclusions are given in Section 5.
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4. REVIEW RESULTS:-
"

m
. >

5Th'isLsectionisummarizes the results of .he INEL review of the vendors'
'

#

b, ' an61yses with regard to the five areas of, concern and plant applicability.
# 11_bei endors' estiinates of RTS availability.are. compared to the review-v ->

"' availability-cr'teria. Also, sr'ne-insights _ corcarair.g RTS availability,'
' '

: gaineddfom an examinetitm of P'.$ impettante wavm frem selected ? ras,' '

are examined.- -{

~

i

-
4.1 B&W plants ;

'

i

: , i

The issues of GL 83-28, Item 4.5.3, were addressed by the B&W Owners j

R GrevpLand the results wereLsubmitted to the NRC by the_individuct utilu tes
~

~ 1in their responses to GL 83-28. Topical. Report BAW-10167 (Reference 5) was
,

s 3';
' ' wbmite.c to the NRC.to provide-a technical basis for increasing the ,

on-line STIs and:aMowed outage' times (A0Ts) for B&W RTS instrument j
|-

.

>j .

strings. -The analysis presented in~BAW-10167 was built upon the previous
.

~

, "

a,
l2 analysisdone.'toaddress.theGL82-28. Item 4.5.3 issues. However, some i
l ~

p information that was resolved in the generic letter analysis was not ,
,

,
,

_ repeated-in.the subsequent Topical f.eport because it was not relevant to !
p

; the; proposed Technical-Specification changes. To-make BAW-10167 applicable }
' to both GL 81-28, Item '4.5.3 and STI/A0T issues, the Owners Group subn.itted

#
L BAW-;0;67, Supplement I (Reference 6), to the NRC. Supplement 1 completed-
1

' the B&Wf analysis by addressing all remaining Item 4.5.3 issues. The- f

-BAW -10167:'and Supplement 1 analyses included the implementat4n of the
7

[ automatic: shunt trip'on the reactor trip circuit breakers as requi-ed by GL ,

" B 3-2 8 ', . I t em 4 '. 3 . c

|

-The-INEL has previously reviewed the BAW-10167 anc Supplement 1 1i

.

^

p . analyses _and documented the review in a TER, EGG-REQ-7718 (Reference 15).

'For the TER,-sensitivity stucies which included all of the Item 4.5.3 areas
of concern were conducted on the-RTS models. The sensitivity study results-

wa

'showed the models to be intensitive 60 variations in the failure rates
associated with the-Item 4;5.3 areas of-concern,
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j' y failure rates.. The, insensitivity to. increased component failure rates j,

(~ along with the CE analysis results showing trip rircuit breaker common- '

,

'cause failures to be'the major contributor t RTS' unavailability provides a
a basis for this review to-conclude that RTS test-induced component'

wear-out is'not an issus at CE reactors.

TM INEL reviewed CEW-327 and the TER and Wetemined stat the CE
analyses ~;have adequately covered all.five areas of concern or they have

been shown not-to contribute to RTS unavailability and that all currently ,

operating CE reactvrs are included.
,

)

4.3 GE Plants
!
i

Licensees with GE-reactors responded to the.Gl. 83-28, Item 4.5.3 .|
~

|' . requirements as.the BWR Owners' Group by submitting NECD-30844
1

y _(Reference 4) to the NRC. The RTS availability analysis specifically. .i.
.

~ included the-five areas of concern and covered both generic relay and

f solid-state RTS designs which incluces all currently operating BWRs. GE 1

h stated that the relay'RPS configi. rations for BWR plants have the.same |

|, pr.imary design features. Therefere, the. generic relay RTS models used in
;NECD-30844 do not differ significantly from the specific BWR plants. GE-

. used the Clinten 1 crawings for the solid-state RTb models. Since Clinton
1~'
' 1 is currently the only GE-plant with a solid state RTS, no plant unique

analysis is necessary,
a

|

The BWR Owners' Group also submitted NECD-30851p (Reference 8) tc the

[ NRC. The.analp is in this second report jsed the base case results from
NECD '0844 to establish .? basis for requestisg revisions to the currenta

J- Technical Specifications for the RTS. The INEL had presicusly reviewed
NECD-30844 and NECD-30851P with regard to both Item 4.5.3 and STI extension
acceptability and occumented the review in a TER; EGG-EA-7105'

|(Reference 17). Due to insufficient information, the INEL resiew could not

..

complete-the solid-state RTS review and accepted only the relay RTS
" analysis results. The NRC reviewe:: the topical reports and the TER and

9
'

f).-
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7 7 3. Unavailability of components due to unscheduled maintenance :i
.

+ :,

'

4. Unavailability of components'due to htman error ,

- 5, Unavailability of: components due~to common cause failure, j

>

While the {/ analysis' did not diewetly include any sensitivity studies
' concerning these 'five artas, the temponent unavailabilities were intressed

,

as the test interval lengtt. -increased. The STI analysis'results showed a -

factor'of 3 to 5 ir. crease in the RTS unavailability estimates for the,

'

longer test interval. Two conservatisms exist'in the models that are
relevcnt: first, no credit was taken for early failures that would be
detected and, second, no credit was taken for the diversity <?nherent in the.

,

y RTS'cesign'. These two conservatisms, had they been included in the
mocel, would cause the increase in the RTS unt ailability estimates to de ;

smallet than the observed factors. ;

i-

Test-ircluced component wear-out was not addressed in any manner in the
''

.y RTS"analys4s. Hewever, the RTS analyses done by the other vendors,
Referer.ces 3; 4 and 6, specifically investigated the effects.of this issueo

en RTS unavailability. Despite the differences among the other venders'
RTS designs, they all found the effects of test induced component wear-cut il

on RTS unavailability to be insignificant, Bastd on the other vendors' j

analyses, the INEL concluded that the effects of test-induced' component-
wear-cut'on y RTS unavailability would also be insignificant. Therefore,
the INEL, considers all y plants to be coverec by adequate analyses,

4.5 Ovantitative Review of Venders' RTS Availabilities
tH .

/* So'far, only the adequacy of the vendors' analyses has been '

discussed. No determination has been made of the acceptability of the
i

numerical estimates from the various RTS availability analyses. In this "

-section, the INEL review considers the four Owners Groups' RTS availabi: Py

b . estimates to determine if they are inceed indicative of "high availability.'
,

L .

|
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TTABLEll;; COMPARISON OF VENDOR.AND NRC:RTS UNAVA! LABILITY ESTIMATE 58.

.
- -

, ,
,

1 'I, ,

O' Vendor .TS .NRC.RTS iP

b!N ' , , . Unavailability Estimates Unavailability Estimates
%'WT . Vendor. (Failures / Demand)- (Failures / Demand)-y _

,

s
'

oc 'B&W- 3, .

C d |i
f, "DavistBessie Model. 1E-10 SE-5e

[ C d:.0conee Class Model- 1E-6 -3E-5'

,

s, , CE-
-

p

N . Plant Class 11 2E-7' 2E-5
'

.,

. Plant:C1' ass 2 3E-6' 2E-5.

F Nant Cless '3- 3E-6' 2E-5

Plant Class 4 '2E-6' .:E-5 ,

4
. GE

IRelay Plants: 3E-6 2E-5
-

'

ISolid-state P.lants 3E-6 2E-5
'

u ,
'

W,

' Relay. Plants 5E-59 SE d >

L -Solid-state Plants- SE-59 SE-5"
.,

a y

!;

|:
' s a.. All estimates: are eeunded off to. cne sig.tificant digit.- !

:!
k :b. From Reference 14, Table'A-1, base case''RTS electrical unavailabil'ty .;,

L' estimates. ;

,a ;

fc. . From Reference 5, base case,'

y

L. -dn : Includes automatic shunt trip on the reactor trip circuit breakers.
,

,

e e. From Refereece 7, Tables a.1-3, 4.2-2, 4'.1-3, and 4.1-4,r respectively; :|
base case test' interval, high pressurizer pressure unavailability-estimate, j

J,,

L f. From: Reference 4
>i

g. From Reference 19, solid state RTS base case. Applied to relay-plants
E based onJsim11arity of design-(see Reference 11, Section 3.2.2 and 3.2.3). ;
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| The' idaho National Engineering Laboratory (INEL) conoucted a -technical review of ,

the commercial nuclear raector licensees' responses to the requirements of the Neclear
Regulatory Commission's (NRC's) Generic Letter 83-28 (GL 83-28). Item 4.5.3. The results-
of this review. if all plants are shown' to be covered by an adequate analysis, will
provide the NRL-staff with a basis to close out this issue'with no further review.-

Th6 licensees, as the four vendors' Owrers' Groups, submitted analyses to the NRC e ther
directly in response to GL 83-28, Ite'n 4.5.3, or to provide a- basis for requesting changes
to the Technical > Spec 1fications (T5s) that would extend-the: Reactor Protection-System
(RPS) surveillance test intervals (ST!s), To conduct the review,: the INEL defined three - .;

L ', criteria- to.detennine the adequacy, the plant applicability, and the acceptability of4

the: results. - The !NEL examined the Owiiers Groups' reports to determine if the analyses |
'

anc results met the established cri;eria. Fort St. Vrain's responses to item 4.5.3
were-also reviewed. The INEL review results show that all licainnees of currently opera-

y< ting commer:ial nuclear reactors have adequately demonstrateo that their current on-line .)
L RPS test intervals meet the 'equirements of GL 83-28, Item 4.5.3. |
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