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'1his report resperds to' the SER for B&WOG 'Ibpical Report BAW-10167
1" Justification for IncreasinJ the Reactor Trip Systan (Rrs) on-Line 'astI. 1

Intervals." '1he SER approves extension of the RrS instrument strings test i

interval frtan 1 month to 6 months. However, the approval of semi-ants:al |
' testirxJ was made with the stipulation that the Allowed Outage Time (Act) be

'limitad to 48 hours, after which the inoperable channel must be tripped.
'

'Dm:hnical specifications for several operating plants already permit one of j

four Rrs channels to be byna=w indefinitely, if inoperable. 'Ihe B&WOG I

continues to believe this to be appropriate and justifiable and in the

interest of plant safety, j

'1his +t provides additional information for the Staff's consideration, to

- support the original B&WOG request to retain the indefinite A0r for the-

fourth RrS instrument string channel.

Nominally the RTS instrument string channels operate in a two-out-of-four
configuration. With an inoperable channel that is byna= W , the RrS

instrument string channels will operate in a two-aut-of-three configuration
until the Aar expires. After expiration of the NRC-prh 48-lxxtr AOr, the

irwable channel must be tripped; this results in a half-trip of the RCS
and uarseguently a one-out-of-three configuration of the remaining RTS-

;
'

instrument string channels.

- '1he analysis presented shows that with an inoperable channel, a two-aut-of-
three configuration (channel bypa==ul) provides more safety than a one-out-

,

of-three configuration (channel tripped) . 'Ihis is because the two-out-of-
three configuration provides reliability to trip on demard as well as

'

protection against spurious trips. she one-out-of-three configuration is-

! intolerant of single spurious channel trips.

|I-
|

iii
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'Ihe B&WOG believes that for the B&W four-channel RIS design, a long ADI

| prwides better safety because, on the infrequent waaion when a failure
cannot be repaired quickly, it allows the RTS to continue to operate in a

L two-aut-of-three configuration.
L.
1

Plant safety dopends both on the reliability of the RIS to trip and its
sensitivity to spurious trips. 'Ihe best configuration balances the ;

reliability of tripping on demand with a low spurious trip rate. 'Ihis repent.
,

I

L uses PRA to analyze the reliability (to trip on demand) aspect and the
spurious trip aspect of the two configurations, two-aut-of-three and one-
out-of-three, resulting from the in$efinite and 48 hour Aar, respectively.

|Core melt risk is used to demonstrate that the two-aut-of-three configuration
j

| prwides a better balance of reliability and spurious trip frequency. 'Ibe I

| method of aralysis, RIS model, ====rt. ions, and data used for this analysis

| are from BAW-10167 which has been reviewed by the NRC and its a2 ;-hactor
'

I' INEL, and apprwed in the SER for BAW-10167.
I;
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1. INTRODUCTION

''I 7he purpose of this report is to respond to the SER for Eldr Topical Report I

l
BAW-10167 " Justification for Increasirg the Reactor Trip Systen On-Line 'Nst iI YnterE.*"1 ard prwide additional information for the Staff's corrsideration. !

)

The SER2 for the 7bpical Repor.t apprwes aterwien of the Reactor Trip Systaen

fE (RPS)3 instru:uent strirns ta.t in:4rvr_t from 1 wnth to 6 schths. Malexatica ;

of reactor trip nohic (RIM) and reactor trip breaker testiJg was not |
ngaested ard vill rmain acnth1y. Hoever, the appewal of aeni-annual i

instrament I.tring testing va's made with the stipulation that the Allowd |
Outage Time (Act) be limitad to 48 hours, after whicts the inoperable diannel :

must be tripped.

'Ibe NW3G is asking that they be allowed to keep the indefinite Aar that they ;

. currently have, in orider to preserve the safety and operational benefits
gained by the extended test interval.

The SER for Topical Report BAW-10167 states that the B&W RTS has "never been
reviewed as a three channel system" and thus an unlimitad A0r for the fourth ;

channel cannot be approved. The B&WoG is not asking that it be rwviewed as a
three-channel systam. The B&WOG believes that this is not pertinent because |
the RTS is a four-channel system with bypass, not a three-channel systen. ;

.

1 .S. Enzinna, S.H. Isvinson, E.W. Swanscal. 7tpical Report BAW-10167, |R

I " Justification for IncIsasing the Feactor Trip Systen On Line Test '

Intervals." B&W Owners Group, B&W, P.O. Box 10935, Dyndiburg, Virginia
24506-0935. Volumes 1 & 2, May 1986. Supplement No. 1, February 1988.

2Intter frtan A.C. Thadani, NRC to C.W. Smyth, B&lCG. "NRC Evaluation of:

BCG Topical Report BAW 10167 ard Supplement 1, Justificaticri for Increasing
,

the Reactor Trip System On-Line 'mst Interva0.'" C+ W or 5, 1988. !,I r

' 3Ihe RTS is exmprised of the 'eactor Protection System (RPS) ,.

Anticipatory Reactor Trip System (ARTS), ard Centrol Rod Drive Control System

I (CRDCS) subsystems. The instrument strirgs terndnate with the bistables ard
are contained within the RPS and ARTS subsystems.

I 1

|

|I
- .. -. _ __ _ _ .
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|![ At all almoG plants, the RIS has been rwiewed as a four-dannel syste with
bypass feature. At scane plants, the c <4 that the runnining three-dannel

t

syste meets IEEE-279 has also been addrusaed. For example, for ANO-1, in |

respcmas to the specific NRC rup2est tot i
.

...incitale a listing of the cynrating bypanaes and sh:nt that they"
'

have been designed to meet the requirements of Paragraph 4.12 of (
IEEE-279. "

,

I;|
'

41he utilit.y resperded :
:

'

"1ha RPS d anr.el bypass La used to perform reactor protection fsyste teertin, .ind tamintanarce. It unbles the operator to bypass :
the trJp action of any one channel. An interlock prevents '

bypansing pers than one dannel. '2he tummining tapet-of-three -

coincidence fully nests the requirumenbs of JEEE sbd, 279-1971..." Ei
(esphasis added) 5;

:

Tb which the NRC' responded in their SER5 with!
!

!

"The Manion's General 9esign criteria (G9C), IEEE Criteria for
| Naclear Power Plant P:Utection Systans (IEEE-279), IEEE Criteria
'

for Power Plant Class IE Electrical Systens (IEEE-308), and .

applicable Regulatory guides for water cooled ruclear power plants .

have been utilized as the bases for evaluating th6 adequacy of the !

protection and ocritrol systems...We have rwiewed all aspects of
the RPS, including logic schematics, test capabilities and Muvl gi
of bypasses, ard conclu$ed that this system is acceptable." g;

Several NW3 utilities currently have the right to bypass an RIs channel for |
an unlimited time; their experience shr*w that the privilege has not been
abusmi. The bypass feature is used nostly for short durations for testing

;

and maintenance. The need for a lengthy bypass is infregaent. -

I::

I :
1

4 }o.1 FSAR, AiiseuAisnt 25, Hardt 31,1972. (It m 7.11) iA

SSER for AID-1 PSAR, June 6,1973. (Section 7.0)

I2

I
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The SER for BhW-10167 states:

"Therefore, allowirg sufficient time for virtually all repairs toI be aoocuplished without having to place the ctannels in trip is I

apprtpriate. "

I' ihe MWOG agrees with this statement. However, the NRC concludes that 48 )
hours is sufficient to ra'ce ripairs based on informatice. frun WastionI Dgineerirg. %3st repairs at PMcG pleats can be mah in 48 h>urs or Icss.
However, en rare oceaniors a omgx:nemst, su:tt c.s a perdc?." atca-ted to the :

'

prirary prws re boundary, Iai.ls that cannot be rupaired until an outage
becense of ina:cessibility. Attactanent 1 gives a brief history of this type
nf evmt at NWOG plarrcu, ard dancristrates the need to maintain the longer !

ACit.

I
over the last several years, the Staff has encouraged the use of

'
probabilistic analyses to provide technical justificaticri for Actrs, inplying
that the results would be used in setting Aars. The MWoG has performed

these analyses arx1 the results support a longer Actf than the staff allowed.I The 48-hour time period apparently was not Maai on either the analysis i

presented in BAW-10167 or on the results of the INEL review. Both of these ,

indfoated that longer Actrs are justified. 7b ignore these findirgs would f
'

_

urdermine Irxtustry and Staff efforts to provide firm technical Maan for
'surveillance test intervals and Actrs.

The NWoG believes that safety is better served by retaining the longer Actr.
Ncaninally the RTS instrument string channels operate in a two-aut-of-four [

(2/4)' oonfiguration. With an incperable channel that is bypassed, the RIsI ,

instrument string channels 6 will cperate in a two-aut-of-three (2/3)
,

configuration until the Actr expires. After expiration of the 48-hour Actr,I the inoperable channel must be tripped; this results in a half-trip c'f the

6 " Instrument string" is defined as that portion of the RTS frun the
sensors to the bistables. All of the strings that terminate in a particular
RPS cabinet are defined as a " channel." The conficturation of the Reactor
Trip Modules and Reactor Trip Breakers (one-out-of-tho-twice) is unaffectedi

by bypass or trip of an instrument string channel. ,

,

I
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,

m ard C7= .tly a one-out-of-three (1/3) configuratiem of the remainirg
RIS instnament string dannels. The B&MXi believes that a long ACTP prwides ]

7better safety because, if 'a failure cannot be apaired quickly , it allows |
the RTS to contirme to operate in a 2/3 configuration, and avoids the less '

safe 1/3 configuration. gl
5,

4

A better level of Lafety can be achieved by placirn an inoperable channel in l

byptiss (2/3 ocnfigantion) rather than placim that Mannel in trip (3/3"

oonfiguration) because up>.rious trips azu acre likely wtan cme channel is
already tripped. Spurious t"Aps can ooour with cru channel in trip when |
either a rand:an hardware failute occurs in an adjacent dunm1 or human

errern occur durirg testing. mis toport denonstrates that the opurious trip ||
otrcara outweigr.s the reliability inptwarnent obtained by tripping the j

g|inople channel. The safety tradeoff between spurious trip potential and
reliability is expressed in terms of core melt risk. |

:

The following evaluation assumes a failed RTS channel for a long period of '

time (as would be the case upon failure of an inaoomasible sensor), and
ocmpares the 2/3 ocnfiguration resultirg frun bypass of the failed channal !
with the 1/3 ocnfiguration resulting fran a required trip of the failed :

channel. Section 2 dienaan the RPS ard the configurations resulting fran |

single channel inoperability, in qualitative terms. The followirg sections
break the quentitative analysis down into its reliability (to trip on demand)
aspect (Section 3) and its spirious trip aspect (Section 4). In Section 5,
the RTS unavailability ard spurious trip rate are ocnbined on the basis, of
core melt risk to see which configuration prwides a better balance of

reliability ard spurious trip frequency. ,

6

I
,

7Pailures of inarv*aaible cuwents, such as RID sensors , cannot be
'repaired until an outage. (Pailed sensors attached to the primary pressure

|
boundary cannot be repaired with the systan pressurized.) Scznetimes other
repairs take longer than 48 hours due to scarcity of parts. Attachment 1,

l gives information on the B&WOG's experie ces in this ru._m.

|4

3
.. - . _ - . _ -- _ . . . .



.- .- - _ _ . . - ---

;.

. .

2. DESIGN CONSIDERATIONS

I ;

The IWHesigned Reactor Trip Systan is different than those used by others. !

Besides having a fourth dannel, which many others do not, it has a designed-I
-

in bypass. This means that when one of the four dannels is bypassed, it is i

done at the control recra RTS cabinets ard interlocks are provided to prvvent. .

. simultaneous bypass cf twkndant channels. There is also n vety high degras
of diversity in the BLWOG RIS. 7here are undarvoltage ard shunt trip
devioan on the, nochanical breaPew ard Silicon Ocotrolled 'Mtifiers (SCRs)
for the electrutic trip. Ibe many diverse paravitars non! tow by the RPS
and ARIS portions of the RTS are conbined in a global rather than 'Lccd trip
logic. This means that a single surviving irpst frun one parereter and a
single surviving trprt fann a niverse paruw%er can aanbine to satisfy the

|I '

coincidence logic and trip the reactor; it is nct rwmmaamy that two like
'

paraseters trip in order to satisfy the coincidence logic. These features
,

yields an RIS that is highly reliable and insensitive to inoperability of a

| single channel. Hence, the RIS reliability is insensitive to Wether the ,

| inoperable channel in bypassed or tripped.

>

g Plant safety, however, ck:F=us both on the reliability of the RIS to trip ard
its sensitivity to spurious trip. A good systarn balarcos the reliability of

| tripping on demand with a low spurious trip rata. A failure in the four- ;
channel systen that cannot to tweired right away, forces the rumining three
channals to be configured either in a 2/3 or a 1/3 ocmfiguratico. BothI ,

three-<hannel configurations require multiple channel failures to defeat the
,

trip function. However, the 2/3 configuration is also single failure proof
for sparlous trips. The 1/3 configuration is intolarant of a single spurious
channel trip. Plant safety is therefore better with the inoperable channel
bypassed (i.e. 2/3 configuration) rather than tripped (i.e. 1/3
configuration).

-

I
I "

||
|
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e can be shown quantitatively by caugutirg the core melt risk

contributions frcan both spurious trip and unavanabuity for ed
,

configuratica. Om better configurution is the one that produons the

saanest ocabined risk. '
,
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3. RELIABILITY ANALYSIS
,

i
h

'Ihe method of analysis, Rrs m: del, asamptions, and data used for this !
1

analysis are frun BAW-10167 whi& has been rwviewed by the NRC and its ;I Bshier DEL, and appIwed in the SER . As described in BAW-10167, the !

9- analysis placed heavy ariphasis on the use of actual cperating experieace .
'Ibe model included contributions frun both randc=n and oceanon-snode-failure, |
frun both human and hardware causes. 'Ibe acxlel, data, and esampcions are ,

dawribed in detail in BAW-10167. '

:

'Ihe IEWOG and NRC prepcral AOP schemas were m: deled. 'Iha BT1EG prcpsed XTP
,

'

pennits a single ine;erable daval to ba put into bypruss issnediately and
left in bypass indefinitaly until repair can be made ('/3 configuration) .e

,

; 'Ihs NRC proposed ADP permits the inoperable channel to be bypassed for the
i first 48 hours, then if repairs are not finished, placed into trip (1/3

'

configuration). " Minor" repairs that can be made within 48 hours are not at ,

issue since both pupW schemes are the same with respect to the first 48
hours. 'Iherefore, the model assumes a failure that cannot be repaired at
power, and hence results in a long period with the RPS in a three-dannel
configuration. 'Ibe analysis models the relfability after the initial 48

hours, in other words, durirg the period of " vulnerability."

..

'Ihe Davis Besse and Ooonee e maan frun BAW-10167 with six-ta:rith instrument '

string test interval were used in this analysis. 'Ibey were n M with'I 'one of ' the four instrument string channels in an assumed pre-failed
condition. Two cases were run for each plant-type, one with the failed *

!channel tripped and the other with the failed channel bypa==ai. All'other

|

Bletter frun A.C. 'Ihadani, NRC to C.W. Smyth, B&WOG. "NRC Evaluation of
BWOG 'Ibpical Report BAW 10167 and Supplement 1, ' Justification for Increasing
the Reactor Trip System On-Line 'Ibst Interval. '" C+:--M 5, 1988.

(. 9 Sensor and instrument string data, for exanple, came frun NURD3/CR- .;
3289, "Ocmaan Cause Pault Rates for Instrumentation and Control Assemblies,"I by C. L. Atwood ard T. R. Meachum, DEL, May 1983.

1I
'

I
. . .- _ ._ _ - - _ - - - ..



I_
_. .- -- _ - ---

,

!.

I:'
:

:, .

1

aspects of the analysis are as they were in IDH-10167, as twviewed by INEL
and the me.

i I:
j The model for the reactor trip breaker and RIM portion of the RIS is |

| unchanged frun BAW-10167 because the configuration of the reactor trip {
; breakers (one-out-of-two-twice) is not affected by bypass or trip of the '

instnanent string channels. This is because the instrument string bypass and g;
! trip ciru11ts are upstream of the RINs. The binary signal, oaming frun the Wj
| bistables of the affected instrument string channel, is piwi.ad by the trip ,

{ and bypass cirulits to a ocntinuous tripped or u:str1pd state. Each RIM3

ptvv==aan the binary signals frun the four instnanent string channels,

through a 2/4 coincidence logic (which is effectively reduced to 2/3 or 1/3 !

| becausc of the preempcad signal) and prcnides the result to its assignnd >

hmaker (s) . Ihus .htile the intanni coincidence logic in eacn RIM

effectively changes frun 2/4 to 2/3 or 1/3, the RIM cutputs remain in the '

cne-cut-of-two-twice logic dictated by the reactor trip breaker arrangement.

| The analysis shows the RIS reliability to be very hicA and not significantly g!
better for 1/3 versus 2/3 coincidence logic. The RIS unavailability (failure E;
to trip on demand) for the two configuraticns is shown in Table 1. For |

ocuparison, the unavailability of the four-channels-operable RIS, taken frun f
19M-10167, is shown for the six-month test interval case. For both the Davis

,

Besse and Ooonee RIS types, the difference between the 1/3 and 2/3 cases is ,
,

| small. For the Ooonee case, the results are dominated by breaker failures .

and are insensitive to instranent string configuration. For the Davis Ramm.
i configuratico, the reliability is relatively insensitive to whether the

| inoperable channel is tripped or bypassed.
|

The reason that RIS reliability is insensitive to the bypass / trip status of a ,

single inoperable channel is that the systan has a very high degree of
redundancy and diversity. consegant.ly, cannon-node-failure, which is :

|jnsensitive to extra redundancy, dominates the failure potential. Due to
this high degree of redundancy ard diversity, sirgle channel inoperability is

|not a factor.

|=

I
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I Table 1 I
RPS Unavailability hv4mNi '

!

.

2/3 configuration 1/3 configuration 2/4 configuration
(channel byrmaamri) (channel tr4M) (frtmi JihW-10167) i

Davis Besse 3x10-8/ demand 9x104/demard 9x10~9/ demand i

'

/denand b:10-6/demani 1x10-6/ demandOoonas 1x104

:
i

-.

:
i i

-

i

|I
, ;

|I !

|I -

|I
:

i

I. !

.
,

.
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4. SPURIOUS TRIP ANALYSIS

,

I{iThe gportunity for spurious reactor trip with the inaparable channel triped
is grantar than with the incperable channel bypassed. Besides the obvious j
reasen that a half-trip of the RPS would exist, having the channel trimed |

for a lengthy period requires nors human interactions with the channel bypass g
and trip w Luis for # p it tasting of other channels. 5

There are two sources of spirious trip relevant to this analysis.

I

1) Spurious trips during testing' These errors omar during human.

interaction with bypass / trip controls during testing. '

2) Spirious half-trips. These are randcan failures that are nam 11y benign I

because they do not propagate through the coincidence logic to cause a |
spuricus reactor trip. However, when the coincidence logic is r M M J

,

to 1-out-of-3, such as the case with deliberate tri@ing of an |

inoperable channel, a randcn half-trip will cause a spurious zwactor '

,

;
trip.

I

4.1. Srnrious Trios Darim 'hstim
,

The test-caused spurious trip frequency is 9%tional to the frequency of
,

human interaction with the channel bypass / trip circuits and is primarily a |r

function of the test interval. There aru two kinds of on-line surveillance
'

tests performed on the Rrs. One involves testing the trip function of each
instrument string. The o'dwr involves functional testing of the RDis and
reactor trip breakers. As approved by the SER for BAW-10167, the instrument
string tests will be semi-annually on a staggered basis (one channel every
month-and-a-half) while the breaker / RIM tests will be monthly on a staggered
basis (one channel per week).

I
Ii

1o

I
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itan an instnnent string &annel is incperable, these functional tests are
affected as follows: !

I !
'Ihe functional surveillance testig of the remaining three cperable !

instnmant string channels contirues. After an initial &m::k of |I 1

the cperable instnnent channels, each will be functionally testod i

every six months (staggered about one per six weeks), Each testI ,

affacts two channels the inoperable channel and the channel being
tasted. Since sinultaneous bypass of two channels is (by design ;

ard p wW) not possible, and simultaneous trip of two &annels i

produoos reactor trip, the test tanporarily requires that one

channel be tripped and the other be %'pmased. '!his is true

regardless of whether the inoperable charsul is initially bypassed !
. or tripped. With one channel already inoperable, disocncry of a f

second instnnent strinJ failure invokra the action statenont for
two inoperable ctannels requiring plant shutdown.

Functional testing of the four channels of reactor trip breakars |

and RDis continues as before at a 1-month interval (staggered one f
per week) . 'Ihe logistics of testing during this period depend on .

.

whether the inoperable instnnent string channel is bypassoci or
tripped. If the incperable instnnent string is bypassed, then i

tasting of the fcur RDybreaker channels is unaffected. However, |

if the inoperable instnnent string channel is tripped, the trip

must be cleared before the RDybreaker testing begins. 'Ihis isI because the instrument strim trip is Ht-- m i throut)b the |
coincidence logic in all fcur RDis, resulting in a half-trip in all |I .

four RDis. Each RDybreaker test creatas another half-trip in all
|

|
four RDis. 'Iberefore, to avoid two half-trips and a consequential
reactor trip, the RDybreaker test regaires first that the

instrument string trip be cleared (i.e. bypassed) .

'I
Usually, the RDybreaker functioral test does not affect operation of the RIS
instrument strings. However, as described abcne, when a channel is

inoperable for an extended pericd, the logistics of =%st surveillancw

11

|I ;
|
1
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tests will charge. In the specific situation whezu the inoperable instrument |
string channel is triped for technical specification requirunents, the

gjRaybrunker test cannot g i as usual without triming the reactor. The
'triped channel must be bypassed and the trip roast beforu the breakar/ RIM

tast can start. After the test, the incperable channel must be unbypt.ased
and rwtripped to return it to the required triped stata. These additicnal
cperaticns must be performed each time the functional test is performed g,
(weekly); these humsn interactions wuld not be riammanaq if the inaperable 5|

I))
channel were in bypass.

Table 2 show the approximata frequercy of human interactions that affect the I

RTS instrument strings and breakers, and the resultirg spurious trip rata
'prediction. The table shcWs the spuricus trip rates obtained frtan BhW-10167,

for the case of a four-<hannel systan with cf .adh and six-month test

intervals. Also shown are the spirious trip rates for the three-<hannel
configuraticos, resulting from bypssa nnd from trip cf thu fourth dannel. ]
These predictions were ra$e using spurious trip data, collected by DUolo, j

frtan BidCG cperating history. This data was used in PAW-10167 and correlated |
to test frequency to make a predictico for the test interval extensicn to six !

months. The same linear relationship between human interactico and spurious !

trip rate was used to infer trip ratas for the hypothesir,ed cases involving ]
2/3 and 1/3 RTS configuraticn.

i

I !

I
Il

l

Il
10 SCRAM Raduction Practices." INIO 85-011. INIO, Atlanta, Georgia.

May 1985.

11"

l
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Table 2
I h icus Trio Rata eH ku Trim I

aInstnament String Status Agprtecitate Frequency Spirious
of thanan Interactics1: Trip rbtest ooincidence inoperable Frequency j,

j intarval iggig c*enal Estrims w/braakars |
!

Ci 1 month 2/4 none 1/ week 1/ week .50/hyr ,

i

d !6 nonth 2/4 ncne 1 per 6 weeks 1/ week .29/Rxyr

86 aculth 2/3 bypassed 1 per 6 weeks 1/ week .29/Rxyr

6 month 1/3 tripped 1/weekf 3/ week .50/hyra ;

'

I a tatus of instrument strings is shown for four cases. Ibr ends ones, the |s
reactor trip modules arx1 breakers have test interval of 1 month (staggered ;

one channel per week) and ooincidence logic of cne-out-of-two-twice, i

bRxyr is an abbreviation for Reactor-yoar. I

cPnsa BM4-10167, derived frun INPO data, arti BM40G experience.
,

dFrtan BMf-10167, linear extrapolation of 1-month rate Maai on aunbar ofI ;

human interactions. ,

' Frequency inferred frtan above Mami cm tamber of human interactions. !

f ven though the instrument string test interval is 6 months (staggered iE
cne channel about every 6 weeks), the instrument string trip has to be reset

I to perform the weekly breakar/ RIM test arx1 than retripped aftAr the test (see |

,

text).
.

I :

4.2. Sourious Half-Prins

Spurious half-trips beoans significant during long periods of time in a 1/3
ocnfiguration, as would be the case when the Acrr expires and the action
statement forces a trip of the inoperable charnel. Half-trips are usuallyI benign because the usual 2/4 configuration of the instrument string channels t

steps the half-trip fran prcpagating throucjh the coincidence logic.g
5 Similarly, half-trips have a benign effect on the 2/3 configuration that

13
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results frun bypass of an incperable channel. Half-trips in the breaker

pcation of the m s are usually insignificant becauae the breakars are :

au.i., d in a one-cut-of-twor-twios logic for reactor trip. m erefore, during
periods of time when the incperable ms instrumentation channel is tripped,
an increase in the spurious reactor trip rate can be expected.

he likely increase in spurious trip rate to be expected while cperating in g[
the 1/3 configuration was quantified. Operating history was used to 5|
determine the rate of spurious half-trips experienced at BEOG plants. A

survey was taken of the BWOG utilities to identify half-trips that have
ooourred. %e identified events were reviewed to determine if they would
have caused a reactor trip if the ms was in the 1/3 configuration.

Scano utilities did not keep records of half-trips. We plants for which '

half-trip records are available include Crystal River-3 and Ooonee-1,2,3. ,

Attachment 2 shows the applicable events identified. ;

Five half-trips were recorded frun 1984 throu$1 May 1989 at the four plants
where half-trips weae recorded. Nee five half-trips in about 12 reactor-

years of data recording yield a half-trip frequency of 0.23 per reactor-year. -

All of thesa would have been whole-trips if another channel had already been
,

tripped due to inoperability. Wus, a reactor trip rate increase of 0.23 per
reactor-year can be expected while in the 1/3 configuration requirai after
expiraticr1 of the 46-hour ADr.

I:Stasning the additicrial spurious trip rate expected frun half-trips with that
i

expected frun test-related trips yields the total spurious trip rates g,
sn.ted in Table 3. %ese rates are for the six-scrith instnment string W

,

test interval approved by the NRC, but with a single channel inoperable.
'

%ese are the expected spurious trip frequencies while the ms is operating ;

in the 2/3 and 1/3 configurations. Also shown for ocmparison is the spurious
'

trip rate for the four-channels-operable case, with six-inanth test interval,
taken fran BAW-10167.

I
I><

I
. . -- - -_ _ ..
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Table 3 |r. l.ined Tst and Half-Trin Nr--i Aruwicus Trio RataI -

I
t

2/3 ocnfiguration 1/3 configuration 2/4 configuration |
(channel b/ passed) (channal trig)ed) f frun BMG-10167)

spurious trips
9

caused by test .29/Rxyr .50/Rxyr .29/Rxyr
]

spurious trips
{caused by N/A .23/Rxyr N/A ,I half-trips i

,

trip rates .29/Rxyr .73/Rxyr .29/R>yr |

|

I !,

I !

,

i

I
,

,

I

e

I i
,

!I
I
I
I
I =

I
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5. RISK COMPARISON

,

BiTables 4 through 6 calculate the core melt risk contributed by unavailability |

and spurious trip of the RIS Wen one of the four instnanent string channels
is out of servios. They ocupare the risk for the 1/3 configuration resulting )
frun tripping the inoperable channel with the 2/3 configuration resulting g

frca bypassing the inoperable channel. Also shcwn is the four dannels- $

operable case, with six-month test interval, taken frun BW-10167. I

I
conditional probabilities were used to calculate the core melt risk

associated with RTS failure to trip and spurious trip. These czeiditional
values carne from BW-10167, and Wers orighally derived fran the Ooonee Pita j

as described in BW-10167. The conditional enna malt frequency given an ATHS
(.2/ reactor year) and the conditional, core melt pIr.bability given a spurious ;

trip (3.7x10-7) were ocnbined with the ::eliability and spurious trip results I

presented in Tables 1 and 3 to yield net risk applicable to the NJr issue. g

i

It can be seen fran Table 6 that for both the Ooones and Davis Ba' me type Rrs
.

a

designs, the net oors melt risk is better for the 2/3 cxmfiguration than the i

1/3 configuration. The 2/3 configuration provides a better cptima balance
between RTS reliability and spurious trip avoidance than the 1/3 j
oonfiguration.

I

Although the overall risk for all of these em- is small, forcing the I

inoperable channel to be tripped after 48 hours, rather than leaving it ]
bypassed, increases the likelihood of a spurious plant trip (an$ thus the Ig
possibility of a "ocmplex" transient), without a cou+-ding increase in 5

reliability. Hence, for the four-channel BW RTS design, public safety is !

best served een an inoperable channel may be bynW as long as r='a==n I

rather than requiring that it be tripped after 48 hours.

I'
I
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Table 4
Rink am to Aru_wir== It!S Trin '

I 2/3 configuration 1/3 configuration 2/4 configuration |
(channel bypassed) (channal trigpad) (frcan BAH-10167) ;

RIS spuricus
trip reta .29/Rxyr .73/Rxyr .29/Rxyr
(frem Table 3) |

x conditional '

oore malt x 3.7x10'7 x 3.7x10~7 x 3.7x10'7
.- ra ility |

'

.

(frun BnW-10167) ,

'3 Core malt risk
'

5 fruta RIS 1.07x10~7/Rxyr 2.70x10'7/Rwyr 1.07x10'7A'r |
| spurious trip

.

I

I
I

:

I -

.

I -

;

;I

|I
I
I :

I
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!i!Table 5
Rink A= to RIS Unavailabilit;y ;

Duvis Domes:
,

I
Il 2/3 ocnfiguration 1/3 configuration 2/4 configuration g

(channel bvnmanad) (channal trirred) (fran BhW-10167) g
Davis Gamme RTS
unavailability 3x10-8/denand 9x104/denand 9x10~9/demard
(fran Table 1)t

! x conditicmal 3
I core malt x .2/Rxyr x .2/Rxyr x .2/Rxyr 5

fruquency
(frun BAW-10167)

.

'

,

~ ~

Core tenit riek
frun RIS 6x104/Rxyr 1.6x104/Rxyr 1.8x104/Rxyr
unwailability

,

i

. Ocx2nea:
?

2/3 configuration 1/3 configuration 2/4 configuration i

| (chann31 bvoargg;l). (channel tricoad) (frun BAW-10167)
,

Ooonee RIS
unavailability 1x10-6/dernard 1x104/ demand 1x104/demard
(fran Table 1)

x Conditional 3;

( core malt x .2/Rxyr x .2/Rxyr x .2/Rxyr 5
| frequency

(fran BAW-10167) g
5>Core malt risk

i frun RIS 2x10~7/Rxyr 2x10'7/Rxyr 2x10-7/Rxyr
L unavailability |

| I
; I
.

I
18
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! Table 6 !
Net coru Malt Pink fmn RTS with an Irvwwela Channel ;

i

Devia Beams
,

?/3 configuration 1/3 configuration 2/4 configuration !I h_N1 M'r==M) (channel trirw=4) (fmn BAW-10167) i

;

Risk frun RIS |
- unavailability 6x10~9/Rxyr 1.8x10'9/Rxyr 1.8x104/Rxyr |

(fmn Table 5) ;

i

Risk frun RIS !
spuricus trip 1.07x10'7/lbeyr 2.70x10~7/Rxyr 1.07x10'7/Rxyr !
(fran Table 4)

' Ictal core malt

risk fran RIS 1.1x10~7/Rxyr 2.7x10'7/Rxyr 1.1x10~7/Rxyr

I |
Oconpe: [

2/3 configuration 1/3 configuration 2/4 configuratict.1.

,fchannel bvra=aai) (channel trhwei,), (frt:rd3W-10167) ;

Risk fran RIS *

unay, ' lab.4.lity 2x10~7/Rxyr 2x10'7/Rxyr 2x10'*7A'r
'

(fmn lable 5),- ,

[ . ,

Risk frun RIS I,

apurious trip 1.07x10-7/Rxyr 2.70x10'7/Rxyr 1.07x10~7/Rxyr
.

(frun Table 4)

' Ictal core nedt 6

risk frun RIS 3.1x10'7/Rxyr 4.7x10~7/Rxyr 3.1x10'7/Rxyr
.

4

!I
I
I

19

I
. . -- _ - _ _ - _ _ -



._ _ .- _ _ _ _ __ - _ = . .- - -.. .--

.

I'-

.

6. SUDOEARY AND CONCLDSIOliS
'

,.

Il6.1. 9 W '

The analysis shows that for the B&W four-Wrntl RTS with an inoparable
& annal, a 2/3 configuraticr) (corresporniing to a bypassed inoperable channal) '

ptovides more safety than a 1/3 configuration (cal: ;---ding to a tripped i
-

incperable channel). This is because the 2/3 configuration provides for
.

f,reliability to trip on demand as well as protection against spurious trips.

Limiting the Aar to 48 hours, and forcing the RIs to a 1/3 configuration,'

does not meet the NRC intant for safety inprovement. !

I!2Nterded periods with a fourth chanael in bypass do not significzntly affect !

; risk kocause of the high rt. liability of the Mrs. Escause of the high deytw g
'

of rn6undancy and diversity associated with ultra-hign reliability sy#.es, B;
ocanorMrxb-failures and tot sirgle channe3 failures chnirata the risk. As

shown in BhW-10167, and again in this re-assesumart, the RIG umvailability '

is insensitive to sirgle charrel falluzts. -
,

However, operating with a fourth channel trirped iscreases the potential for ,

spurious reactor trip because the 1/3 configuration is susceptible to half-*

trips, and because the rantber of human /RIS interactions involving placing a
,

channel in and out of trip arri bypass for # T-4. tests increases. Human i

error potential can be haai by reducing the frequency of human
,

interaction with the RTS equipment. This was one goal sought by the B&WOG in g
BAW-10167, and the Staff, in examining the RPS test intervals. Maintaining a;
the indefinite A0r is also conpatible with this goal. ,

I
.

I
.

I
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6.2. Ctrclusiens

,

I Bened on the 7bpical 1%1., the INE:L review, arut the new information

presented abcwe, the NWOG oorcludes that retaining an indefinite ADP is in f
the intarust of plant safety. 7Whnics.1 specifications for several fI cperating plants already pemit one of four MS instnanent string channels to
be bypassed indefinitely, if inoperable. The MWoG oantinues to believe this '

to be apprt:priate and justifiable.
.

I !
!
,

I :
,

I 1
;
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i ATIA09ENT 1 f
ILwS"mATICli OF NEE |D; BWoG SLETY |

I!
l

On several occasions BWoG utilities have had the need for Icrq Acms because |
of failed parts in inaccessible areas of the plant or because of difficulty (
in cbtainirg parts. As the age of the equipnant increases, time needed to I

restors incperable channels may continue to increase due to parts
,

' availability and m regaimmants. !

Below arv the results of a survey taken of BWoG utilities to determine their i

need for an Aor larger than 48 hours. In sczne cases, specific details wars fnot readily available. i

!

IiSurvey Qaestion: Has your plant experienW eny failures at power (ainoe
1980) of an RPS/ ARTS chenrol* Where repairs t xe. longer than 48 tours either
bo.wumt rtpaira catnd tr.t be taade at Tr.wr c1 anather r.unon? f

IIamrr mwn- wawwa
Q ytca' Rivar-3 Dita wavaijab;e.

'Ihret Mile Islard-1 Event. in F/86 tedk 4 #, days.
1

Oconee-1,2,3 Several RID failutvs tnat cald rot be repaired E[
until refuelisq. 'Ibers were also other W'
failures that we':.e not repaired within 48 i

- g.
Davis Basse Data unavailable, j

,

Arkansas Nuclear One-1 Failures in 6/80, 7/80, 11/81, and 8/85 !
required reactor buildirg entry. [

Ii"In the above question, " channel" refers to only the instrument strity .

portion, includirg sensors, signal conditionirs, ard bistables, and D2t the
23 actor trip breakers.

I.

g22
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HMF 'IRIPS D:PERHNCE:D (ard recorded) t BWOG SURVEY -

I ;

?

Survey Question: Does your plant have records that keep track of inadvertant !I half-trips of RPS/ ARTS, i.e. single channal* trips that did not necessarily i
t

result in reactor trip? If yes, When did tracking of this information at .;

your plant begin, and how many half-trips have occurred since then? !

i

Elaut Response 'Ib Ouesticn i

Crystal River-3 Found one half-trip since 1984. In 10/85, a
single dannel tripped due to signal spike. ;

i

'Ihree Mile Island-1 Not recorded.

Ooonse-1,2,3 Four half-trips since recording started inc

'g 1984. At Ooonee-3 in 8/84 and 2/8!i. At ;

g Ooonee-1 in 9/85 and 1/89. 'Ihese war * cinglo ,

riwnnal trips caused by icose ocrinacticrs o*
'

.
pwar supply failures.

'
Davis Basse Data unavailable.

Arkansas Nu:Ge r One-1 Data unavailable. .

.

"In the above questions, '':bannel" refers to only the instaurant string
I-

r

portien, including senso 3, signal conditioning, and bistablos, atr$ M the !

reactor trip breakers.

I !
:

I :
1

I :
!
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