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EXECUTIVE SIDOULRY

This twport responds to the SER for BOOG Topical Report B W-10167
rJustification for Increasing the Reactor Trip System (ms) OrrLine %st
Intervals." The SER approves extension of the ms instrument strings test
interval from 1 month to 6 months. However, the apprwal of semi-annual
testing was made with the stipulation that the Allowed outage Time (W) be
limitad to 48 hours, after whicit the inoperable channel mist be tripped.

%chnical specifications for several operating plants alrr,ady permit one of
four ms channels to be bypassed indefinitely, if inqperable. The B&WOG

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

; interest of plant safety.

This report provides additional information for the Staff's consideration, to
support the original B&WCG request to retain the indefinite W for the

fourth ms instrument string channel.
1

Ncninally the ms instrument string channels cperate in a teat-of-four

configuration. With an inoperable channel that is bym W , the ms

instrument string channels will operate in a two-out-of-thrw configuration
until the W expires. After expiration of the NRC-pr h _ 48-hour M , the

inoperable channel must be tripped; this results in a half-trip of the ms
and w eit:quently a one-cut-of-three configuration of the Imaining MS
instrument string channels.

The analysis presented shcus that with an incperable channel, a two-out-of-
| three configurhtion (channel by-M) prwides more safety than a one-out-

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

protection against spurious trips. The one-out-of-three configuration is
intolerant of single spurious channel trips.

|

|
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The BWoG believes that for the BW four-dannel ms design, a long Actr !

provides better safety because, on the infrequent occasion when a failure
cannot be repaired quickly, it allows the RTS to continae to operate in a
two-cut-of-three ocnfiguration. !

Plant safety depends both on the reliability of the MS to trip and its

sensitivity to spurious trips. The best configuration balances the

reliability of tripping on demand with r. low spurious trip rate. This r % t.
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 frun the indefinite ard 48 hour Aar, respectively.
Oore malt risk is used to detiur=kate that the two-out-of-three configuration .

provides a better balance of reliability and spurious trip frequency. The

method of analysis, RIS nodel, a===,tions, and data used for .this analysis
are fran BAW-10167 which has been reviewed by the NRC and its suir.ud.sactor
INEL, and approved in the SER for BW-10167.

!
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1. INTRODUCTION I

l
:

'Ibe purpose of this report is to rer.gsd to the SER for B&WOG Topical Report
BAW-10167 " Justification for Increasing the Reactor Trip System On-Line %st
Intervals"1 and prcrvide additional information for the Staff's consideration.

'Ibe SER2 ror the 'Ibpical Report approves extension of the Reactor Trip System
(RIS)3 instnment strirgs test interval frun 1 nonth to 6 months. Relaxation
of reactor trip module (RDf) and reactor trip breaker testing was not

requested ard will remain monthly. However, the approval of semi-annual
instrument string testing was made with the stipulation that the Allowed
Outage Time (AUT) be limited to 48 hours, after which the inoperable channel
must be tripped.

h B&WoG is askirs that they be allowed to keep the irdefinite ACT that they
currently have, in order to preserve the safety and operational benefits -

gained by the extended test interval.

'Ibe SER for Topical Report BAW-10167 states that the B&W RIS has "never been
reviewed as a three channel system" and thus an unlimited ACT for the fourth
channel cannot be approved. 'Ihe B&WoG is not askirg that it be reviewed as a
three-channel system. 'Ibe B&WO3 believes that this is not pertinent because
the RIS is a four-channel system with bypass, not a three-channel system.

'

1.S. Enzinna, S.H. Levinson, E.W. Swanson. 'Ibpical Report BAW-10167,R
" Justification for Increasing the Reactor Trip System On-Line Test
Intervals." B&W Owners Group, B&W, P.O. Box 10935, Dynchburg, Virginia
24506-0935. Volumes 1 & 2, May 1986. Supplement No. 1, February 1988.

'21etter fran A.C. 'Ihadani, NRC to C.W. Smyth, B&WOG. "NRC Evaluation of
NOG Topical Report BAW 10167 ard Supplement 1, ' Justification for Increasirg
the Reactor Trip System On-Line Test Interval.'" rer 5, 1988.,

31he RIS is ocmprised of the Reactor Protection System (RPS),
Anticipatory Reactor Trip System (ARIS), ard Control Rod Drive Control System
(CRDCS) subsystems. 'Ihe instrument strings terminate with the bistables and
are contained within the RPS ard ARIS subsystems.

1

|
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At all MMOG plants, the RTS has been zwiewed as a four-<hannel system with !j

bypass feature. At sczne plants, the cus that the reminig thradannel i

system meets IEEE-279 has also been aW. For exaltple, for ANO-1, in i

respcries to the specific NRC request to: |

... include a listing of the operating hpa==a= and show that they" -

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

4
_

'Iha utility remiri ded : ;

"The RPS channel bypass is used to perform reactor protection
: system testing an:1 maintenance. It enables the operator to bypass

the trip action of any one channel. An interlock prevents
bypassig more than one channel. 'Rae remanining two-cut-of-three
ooirr idmoe fully meets the regud.reaants of IEEE std, 279-1971..."
(atphasis added)

To Wiich the NRC respcEded in their SERS with:

"the h4== ion's General Design criteria (GDC), IEEE Criteria for
Nuclear Power Plant Protection Systems (IEEE-279) , IEEE Criteria
for Power Plant Class IE Electrical Systems (IEEE-308), and
applicable Regulatory guides for water cooled nuclear power plants '

have been utilized as the haaae for evaltiating the Wacy of the
protection and control systems...We have zwiewed all aspects of
the RPS, including logic schematics, test capabilities and cun.wl
of 4 = =aan, and concluded that this system is acceptable."

Several MWOG utilities currently have the right to bypass an RTS channel for
an unlimited time; their experience shows that the privilege has not been
ah w . The bypass feature is used mostly for short durations for testing
and maintenance. 'Ibe need for a lengthy bypass is infrequent.

4ANO-1 FSAR, Anendment 25, March 31,1972. (Item 7.11)
SSEP. for ANO-1 FSAR, June 6,1973. (Section 7.0)

2
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'1ha SER for BAW-10167 states:

"Iherefore, allowirq sufficient time for virtually all repairs to
be acocmplished without havirg to place the channels in trip is
appropriate."

The B&WOG agrees with this statement. However, the NRC concludes that 48
hours is sufficient to make repairs based on information from M = tion1

Engineerirg. Most repairs at B&u)G plants can be made in 48 hours or less.
However, on rare wa= ions a cupri: cit, such as a sensor attached to the

primary pressure boundary, fails that cannot be repaired until an outage
because of imma==ibility. Atta & ment 1 gives a brief history of this type
of event at B&WCG plants, aM deaWE.Lates the need to maintain the longer
ACTT.

Over the last several years, the Staff has encouraged the use of

probabilistic analyses to provide technical justification for ACTrs, implyirg
that the results would be used in setting ACTrs. The B&W3G has performed

these analyses ard the results support a longer ACYr than the Staff allowed.
The 48-hour time period apparently was not hamwi on either the analysis

presented in IRW-10167 or on the results of the INEL review. Both of these
indicated that longer ACTIS are justified. 7b ignore these findirgs would
undermine Irdustry ard Staff efforts to provide firm technical bases for

! surveillance test intervals and ACTPs.
,

| The B&WOG believes that safety is better served by retaining the longer ACTr.
Ncaninally the RPS instrument string channels operate in a two-aut-of-four
(2/4) ocnfiguration. With an inoperable channel that is byp=W, the RIS
instrument string channels 6 will operate in a two-aut-of-three (2/3)
configuration until the ACTT expires. After expiration of the 48-hour ACTf,
the inoperable channel rust be tripped; this results in a half-trip of the

6 " Instrument strirg" is defined as that portion of the RTS frtan the
sensors to the bistables. All of the strirgs that termirate in a particular
RPS cabinet are defined as a " channel." The configuration of the Reactor
Trip Modules ard Reactor Trip Breakers (one-out-of-two-twice) is unaffected
by bypass or trip of an instrument string channel.

3
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RIS and wc7- tly a ore-out-of-three (1/3) configuretion of the remaining

RIS instrument string channels. The B&WOG believes that a long Aar provides
7better safety because, if a failure cannot be repaired quickly , it allows

the RIS to continue to operate in a 2/3 configuration, and avoids the less
safe 1/3 configuration.

A better level of safety can be achieved by placirg an inoperable channel in
bypass (2/3 configuration) rather than placirg that channel in trip (1/3
configuration) because spurious trips are more likely when one channel is
already trippe:1. Spurious trips can occur with cra chsnnel in trip when
either a rands hardware failure occurs in an adjacent channel or human
errors occur during testing. This report da.r Lrates that the spurious trip
concern outweighs the reliability improvement obtained by tripping the
inoperable channel. 'Ibe safety tradeoff between spurious trip potential and
reliability is apaM in tertns of core atit risk.

'Ihe following evaluation assumes a failed RIS channel for a larg period of
time (as would be the case upon failure of an inaoonssible sensor), and
ompares the 2/3 configuration resultirq frun bypass of the failed channel
with the 1/3 configuration resultirg frcn a required trip of the failed

channel. Section 2 dhem the'RIS and the configurations resulting frun

single channel inoperability, in qualitative terms. 'Ibe following sections
break the quantitative analysis down into its reliability (to trip on demand)
aspect (Section 3) and its spurious trip aspect (Section 4). In Section 5,
the RIS unavailability and spurious trip rate are conbined on the basis of
core relt risk to see which configuration provides a better balance of

reliability ard spurious trip frequency.

7Pailures of inaccessible exponents, such as RfD sensors , cannot be |

repaired until an outage. (Failed sensors attached to the primary pressure
bourdary cannot be repaired with the systan pressurized.) Sometimes other
repairs take longer than 48 hours due to scarcity of parts. Attadiment 1
gives information on the B&WOG's experiences in this realm.

4

|
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2. DESIGN CONSIDERATIONS

1

|

The BEHiesigned Reactor Trip System is different than those used by others. |
Besides having a fourth channel, which many others do not, it has a designed-
in bypass. This means that when one of the four ctannels is bypassed, it is
done at the whv1 ro:In RrS cabinets and interlocks are provided to pzwvent

|
Cinultaneous bypass of redundant channels. There is also a very high degree
cf diversity in the B&WOG RrS. There are tuulervoltage arx1 shunt trip

devices on the mechanical breakers arx1 Silicon Controlled Rectifiers (SCRs)
for the electronic trip. The many diverse parameters monitored by the RPS
and ARrS portions of the Rrs are ocznbined in a global rather than local trip
logic. This means that a single surviving igut frun one parameter and a
cingle survivirg input frun a diverse parameter can ocanbine to satisfy the
coincidence logic and trip the reactor; it is not twwwmary that two lika
parameters trip in order to satisfy the coincidence logic. These features
yields an RrS that is highly reliable and insensitive to inoperability of a
cingle charnel. Hence, the RTS reliability is insensitive to whether the
inoperable channel in byra= M or tripped.

Plant safety, however, deperris both on the reliability of the RTS to trip and
its sensitivity to spurious trip. A good system balances the reliability of
tripping on demarx1 with a 1cw spurious trip rate. A failure in the four-
channel systep that cannot be repaired right away, forces the remaining three
dannels to be configured either in a 2/3 or a 1/3 configuration. Both

j three-channel configurations require nultiple channel failures to defeat the
trip function. However, the 2/3 configuration is also sirgle failure proof
for spurious trips. The 1/3 configuration is intolerant of a sirgle 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).
|

1

| 5

1
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3. RELIAidLITY ANALYSIS
v ,

r

he method of analysis, RIS model, a= =tions, and data used 'for this
analysis are frun law-10167 which has been reviewed by the NRC and its

8subs.=hactor INEL, and approved in the SER . As described in BAW-10167, the
9analysis placed heavy emphasis on the use of actual operating experienoc .

Se model included contributions frua both randm ard comnnn-mode-failure,
frun both human and hardware causes. te model, data, and a==tions are

described in detail in BAW-10167.

S e B& LOG and NRC pr * ACT schemes were modeled. We D&WOG prrma"1 AUT

permits a single inoparable channel to be put into bypass immediately and '

left in bypass indefinitely until repair can be made (2/3 configuration).

Se NRC prW AOr permits the inoparable channel to be bym=M for the

. first 48 hours, then if repairs are not finished, placed into trip (1/3

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

| issue since both proposed schemes are the same with respect to the first 48
hours. Werefore, the model assumes a failure that cannot be repaired at
power, and hence results in a long period with the RTS in a thN.

configuration. Se analysis models the reliability after the initial 48

hours, in other wortis, during the period of " vulnerability."

! - Se Davis Besse and Oconee cases frun BAW-10167 with six-month instrument
1

string test interval were used in this analysis. W ey were re-executed with
one of the four instrument string channels in an assumed pre-failed

i

Wo cases were run for each plant-type, one with the failedcondition.
channel tripped and the other with the failed channel bymsc:M. All other

Sletter frun A.C. %adani, NRC to C.W. Smyth, B&WDG. "NRC Evaluation of
BWOG 2 pical Report BAW 10167 and Supplement 1, ' Justification for Increasing
the Paactor Trip System On-Line Test Interval.'" Ewnnbar 5,1988.

.

9 Sensor ard instrument string data, for example, came frm NURB3/CR-
"Cmmon C' use Fault Rates for Instrumentation and Cbntrol Assemblies,".3289, a

by C. L. Atwood and T. R. Meachum, DIEL, May 1983.

7
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aspects of the analysis are as they were in 10167, as reviewed by INEL

and the NRC.,j

Se model < for the reactor trip breaker and RIM portion cf the RTS is
uncharxJed 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
instrument string channels. his is because the instrument string bypass ard
trip cirulits are upstream of the RINs. Se binary signal, coming frun the
bistables of the affected instrument string channel, is preenytml by the trip
and bypass circuits to a continuous tripped or untripped state. Eacti RIM 1

prmanaam the binary signals frun the four instrument strirq channels ]

through a 2/4 coincidence logic (whicit is effectively reduced to 2/3 or 1/3
because- of the gmavi.ed signal) ard provides the result to its assigned
breaker (s). Sus while the internal coincidence logic in each RIM

effectively > changes frun 2/4 to 2/3 or -1/3, 'the RIM outputs remain in the
one-out-of-two-twice logic dictated by the reactor trip breaker arrar.fawant. -

m e analysis shows the RTS reliability to be very high and not significantly
better for 1/3 versus 2/3 coincidence logic. % e RTS unavailability (failure
to trip on demand) for the two configurations is shown in Table 1. For

caparison, the unavailability of the four-channels-operable RTS, taken frun
BAW-10167, is shown for the six-month test interval case. For both the Davis
Besse and Oconee RIS types, the difference between the 1/3 and 2/3 cases is
small. For the Oconee case, the results are daninated by breaker failures
and are insensitive to instrument string configuration. For the Davis Besse

configuration, the reliability is relatively insensitive to whether the

inoperable cr-nnel is tripped or bym ==ai.

S e reason that RTS reliability is insensitive to the bypass / trip status of a
single inoperable channel is that the system bs a very high degree of
redundancy ard diversity. Consequently, v -,rrE.-de-failure, which is-

! insensitive to extra redurdancy, dominates the failure potential. Due to

this high degree of redundancy and diversity, single channel inoperability is
i not a factor.

8
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Table 1(( ,

RPS Unavailabilimr hviam ;

| - I
L ;

2/3 configuration 1/3 configuration 2/4 ocnfiguration !
'

(channel bvoassed) Iglpnnel tri W )- (fran BAW-10167)
.

Davis Besse '3x10-8/h 9do-9/demard 9x10-9/M .|
1
!

Ocae 1x10-6/ demand 1x10-6/ demand 1x10-6/ demand i

i

!

l

!

|

.
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4. SPURIOUS TRIP ANALYSIS

.

The e Lanity for spurious reactor trip with the inoperable channel tripped
is greater than with the inoperable channel bypnad. Besides the obvious
reason that. a half-trip of the RIS would exist, havirg the channel tripped

.for a lengthy period requires more human interactions with the dannel bypass
' and trip u.airuls for -t =ae==nt testing of other channels.-h

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

1) Spurious trips during testirg. These errors occur during human

interaction with bypass / trip conLuis during testing.

2) Spurious half-trips. These are rardan failures that are usually benign -
because they do not propagate through the coincidence logic to cause a
spurious reactor trip. However, when the coin:idence logic is rMvai
to 1-out-of-3, such as the case with rialihantte tripping of an

inoperable channel, a random half-trip will cause a spurious Inactor
trip.

.

4.1. Sourious Trios Durina Testina

The test-caused spurious trip frequency is proportional to the frequency of
human interaction with the channel bypass / trip circuits and is primarily a
function of the test interval. There are two kirds of on-line surveillance

; tests performed on the RTS. One involves testing the trip fun? don of each
|- instrument string. The other involves functional testing of the RIMS ard

! 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).

;

10
i
|
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When an instrument strig channel is inoperable, these functional tests are
iaffected as follows:L

|
|

L
. Se functional surveillance testing of the remaining three operable
instrument string channels continues. After an initial check of

t?e operable instrument channels, each will be functionally testad |
every six months (staggered about one per six weeks). Each test |
affects two channels: the inoperable channel and the channel beig
tested. Since simitaneous bypass of two channels is (by design .|

and.gvoidare) not possible, and simitaneous trip of two channels|

prrvh - reactor trip, the test tanporarily requires that one

channel be tripped and the ' other be by=W. 2.is is true

regartiless of whether the inoperable channel is initially by=W
or tripped. With one channel already inoperable, discovery of a a

second instrument string failure invokes the action statement for
two inoperable channels requiring plant shutdown.

,

Functional testing of the four channels of reactor trip breakers
and RIMS continues as before at a 1-month interval (staggered one
per week). S e logistics of testing during this period depend on
whether the inoperable instrument string channel is bymW or
tripped. If the inoperable instrument string is bypaaaM, then
testing of the four RDybreaker channels is unaffected. However,

if the inoperable instrument string channel is tripped, the trip
mst be cleared before the RDybreaker testing begins. Wis is

because the instrument string trip is pr - aad through the

coincidence logic in all four RIMS, resulting in a half-trip in all
four RIMS. Each RIM / breaker test creates another half-trip in all

1

four RIMS. Berefore, to avoid two half-trips and a consequential
reactor trip, the RIM / breaker test requires first that the

instrument string trip be cleared (i.e. bym==ad) .

|

Usually, the RDybreaker functional test does not affect operation of the RIS
instrument strings. However, as described above, when a channel is

inoperable for an extended period, the logistics of subsequent surveillance

| 11
1
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tests will charge. In the specific situation where the inoperable instrument
- string channel is tripped for technical specification requit===uts, the

RD4/ breaker test cannot prr-i as usual without tripping the reactor. 'Ibe

tripped channel mst be byr==ami ard the trip reset before the breaker / RIM
| test can start. After the test, the inoprable mannel must be unby==aai

and retrigped to return it to the required tripped state. 'Ihese additional
operations mst be performed each time the functional test is performed
(weekly); these human interactions would not be m-U if the inoperable
&annel were in bypass.

Table 2 shows the approximate frequency of human interactions that affect the
RIS instrument strings and breakers, .and the resulting spurious trip rate
prediction. 'Ibe table s%s the spurious trip rates obtained frun BAW-10167
for the case of a four-channel system with cr.. Ladh and six-month test
intervals. Also shown are the spurious trip rates for the three-dannel

configurations, resulting frun bypass and frun trip of the fourth channel. 1

'Ibese predictions were made using spurious trip data, collected by INIC10,
frun B&WOG operating history. 'Ihis data was used in BAW-10167 and correlated
to test frequency to make a prediction for the test interval extension to six
months. 'Ihe same linear relationship between human interaction and spurious
trip rate was used to infer trip rates for the hyp.,us: sized maaa involving
2/3 and 1/3 RIS configuration.

>'

P

10" SCRAM Reduction Practices." INPO 85-011. DGO, Atlanta, Georgia.
May 1985.

12
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Table 2
Sourious Trio Rate Caused bv 'hstirni-

'

1

a- Instrument String Status : Apptucinate Frequency Spurious ,

of Human Interaction: Trip I
btest coincidence inoperable- Fraquency

interval lggig channel w/strirns w/ breakers J,

C'l tionth 2/4 none 1/ week 1/ week .50/Rxyr
|

d6 month 2/4 none 1 per 6 weeks 1/ week '29/Rxyr |'

1 .
.1

L6 month 2/3 byy===ael - 1 per 6 weeks 1/ week .29/Rxyre

f e6 month 1/3 tri} pad 1/ week 1/ week .50/Rxyr

a tatus of instrument strings is shown for four raaaa. For endi case, the is
i. reactor trip modules ard breakers have test interval of 1 month (staggered

one channel per week) and coincidence logic of oned-of-two-twice.

bRxyr.is an abbreviation for Reactor-year. j

'CFrun BAW-10167, derived fran INFO data, and B&WOG experience.

dFran BAW-10167, linear extrapolation of 1-month rate hamael on number of
human interactions.

eFrequency inferred fran above based on number'of human interactions.

fEven though the instrument string test interval is 6 months (staggered '

one channel about every 6 weeks), the instrument string trip has to be reset
to perform the weekly breaker / RIM test and then retripped after the test (see !

text).

1-

|~ 4.2. Sourious Half-Trios
p

1

Spirious half-trips b~vna significant during long periods of time in a 1/3
configuration, as would be the case when the Aar expires and the action
statement forces a trip of the inoperable channel. Half-trips are usually

benign because the usual 2/4 configuration of the instrument string channels
stops the half-trip fran propagating through the coincidence logic.

Similarly, half-trips have a benign effect on the 2/3 configuration that

13
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- results fra bypass of an inoperable channel. Half-trips in the breaker

portion of the RTS are usually insignificant because the breakers are-

arranged.in a one-out-of-two-twice logic for reactor trip. Berefore, during j

periods of time when the inoperable RTS instrumentation channel is tripped,
an increase in the spurious reactor trip rate can be expected.

|

|

2e likely increase in spurious trip rate to be expected While operating in |
the 1/3 configuraticri was quantified. Operating history was used to I

determine the rate of spurious half-trips experienced at .B&WX; plants. A

survey was taken of the B&WOG utilities to identify half-trips that have

occurred. %e identified events were reviewed.to determine if they would

have caused a' reactor trip if the RTS was in the 1/3 configuration.

Sane utilities did not keep records of ' half-trips. %e plants for which

half-trip records are available include Crystal River-3 and Ooonee-1,2,3.
Attad-ent 2 shows the applicable events identified.

Five half-trips were recxarded from 1984 through May 1989 at the four plants
where half-trips were recorded. %ese five halfM: rips in about 22 reactor-
years of data recording yield a half-trip frequency of 0.23 per reactor-year.
All of these would have been whole-trips if another channel had already been
' tripped due to inoperability. mus, a reactor trip rate increase of 0.23 per
reactor-year can be expected while in the 1/3 configuration required after
expiration of the 48-hour Aar.

Suraning the additional spurious trip rate expected frun half-trips with that
expected frun test-related trips yields the total spurious trip rates

presented in Table 3. %ese rates are for the six-month instrument string
test interval approved by the NRC, but with a single channel inoperable.
%ese are the expected spurious trip frequencies while the RPS is operating
in the 2/3 and 1/3 configurations. Also shown for ccmparison is the spurious i

trip' rate for the four-channels-cperable case, with six-month test interval,
taken frcxn BAW-10167.

14
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Table 3
g;gDDined Test and Half-Trin Caused Sturicus Trin Rate

|

2/3-configuration 1/3 configuration 2/4 configuration
(channel bvramaad)~ ,(gbtnnel tripped) (frun BW-10167)

spurious trips.
- caused by test .29/Rxyr .50/Rxyr .29/Rxyr

|

Ispurious trips
caused by .N/A .23/Rxyr N/A
- half-trips

.,

|
. ;

'Ibtal spurious
. trip rate:. .29/Rxyr .73/Rxyr .29/Rxyr

.

.

i

l

!

!

15

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



_ _ _ . _ _ _ ._ . _ . _ . _ _ _ _ _

|

s

5. RISK COMPARISON

1

. Tables 4 through 6 calculate the core melt risk contributed by unavailability
and spurious trip.of the' RIS when one of the four instrument string ciannels
is out of service. '1 hey ocmpare the risk for the 1/3 configuration resulting
fran tripping the inoperable channel with the 2/3 configuration resulting

"

fra bypassinj the inoperable channel. Also shcun is the four-channels-
operable case, with six-month test interval, taken frtan BAW-10167.

Conditional probabilities were used to calculate the core nelt risk

associated with RIS failure to trip and spurious trip. '1hese conditional
values came frun BAW-10167, ard were originally derived frun the Ooonee PRA [

as described in BAW-10167. The conditional core melt frequency given an ATWS
(.2/ reactor year) and the conditional core melt probability given a spurious
trip (3.7x10-7) were ombined with the reliability and spurious trip results ;

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

It can be seen frun Table 6 that for both the Oconee and Davis haa type RIS
designs, the net core melt risk is'better for the 2/3 configuration than the
1/3 configuration. The 2/3 configuration provides a better optinum balance
between RIS reliability and spurious trip avoidance than the 1/3
configuration.

Although the overall risk for all of these t'aaan is small, forcing the

inoperable channel to be tripped after 48 hours, rather than leaving it

bymmaai, increases the likelihood of a spurious plant trip (and thus the

possibility of a hocxnplex" transient), without a wuairgi-ding increase in
reliability. Hence, for the four-channel B&W RIS design, public safety is
best served when an inoperable channel may be bymmaal as long as maan
rather than requiring that it be tripped after 48 hours.

l

i
l

,

16
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Table 4
Risk due to Sourious RIS Trio

'

2/3 configuration- 1/3 configuration 2/4 configuration'
(channel bvoassed) (channel tripped) (fmn BAW-10167) I

RIS spurious
' trip rate .29/Rxyr .73/Rxyr .29/Rxyr j

(fmn Table 3). 1

-t

x Conditional
core melt- x 3.7x10~7 x 3.7x10'7 x 3.7x10-7
ra ility

(fran BAW-10167),

core melt risk i"

fran RIS 1.07x10'7/Rxyr 2.70x10'7/Rxyr 1.07x10'7/Rxyr' :

spurious trip _
.i

*

I
'

l

.

,

i
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Table 5-
Pink ch to RTS Unavailability

,

Davis Basse:
|

/ 2/3 configuration 1/3 configuration 2/4 configuration
(channel bvrmaama) (channel trirnael) (from BAW-10167)

'

Davis Manam RTS ~

_9x10-9/ demand
!

unavailability. 3x10-8/demard 9x104/ demand
(frun Table 1) .

.i
x Carxiitional

core melt- x .2/Rxyr x .2/Rxyr x .2/Rxyr
frequency

(from BAW-10167)
'

Core melt risk ,

fran' RIS 6x104/Rxyr 1.8x10-9/Rxyr 1.8x104/Rxyr I
unavailability l

Ootmee:

2/3 configuration 1/3 configuration 2/4 configuration
(channel bvoassed) (channel trioned) (frun BAW-10167)

Oconee RIS- .

unavailability 1x10-6/ demand 1x104/ demand 1x10-6/ demand
'

(from Table 1)

x canditional
core melt. x .2/Rxyr x .2/Rxyr x .2/Rxyr
frequency

(from BAW-10167)

Core melt risk:
fran RTS 2x10-7/Rxyr 2x10-7/Rxyr 2x10-7/Rxyr

-unavailability

la
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Table 6
Net Core Melt Risk frm RTS with an Incoarable Channel

,

Davis Besse:

2/3 configuration 1/3 configuration 2/4 configuration
(channel bvoascad) (dannel trioned) (frm BAW-10167) .

.

Risk fra RTS
unavailability 6x10-9/Rxyr 1.8x10-9/Rxyr 1.8x10-9N
(frun Table 5)

Risk fmn RTS
spurious trip 1.07x10-7/Rxyr 2.70x10-7/Rxyr 1.07x10-7/Rxyr
(frun Table 4) .

Total core Inelt-
risk frun RTS 1.1x10-7/Rxyr 2.7x10-7/Rxyr 1.1x10-7/Rxyr

Oconee:

2/3 configuration 1/3 configuration 2/4 configuration
(channel bvoassed) (channel trioned) (fran BAW-10167)

Risk frun RTS
unavailability 2x10-7/Rxyr 2x10-7/Rxyr 2x10-7/Rxyr
(frun Table 5)

Risk frun RTS
spurious trip 1.07x10-7/Rxyr 2.70x10-7/Rxyr 1.07x10-7/Rxyr

,

(frun Table 4)

Total core Inelt
risk frun RTS 3.1x10-7/Rxyr 4.7x10-7/Rxyr 3.1x10-7/Rxyr

.

.-

|
19
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6. SUMMARY AND CONCIRSIONS

l

l

_ J.1. Siw=narv )

'Iha analysis shows that for the B&W four-channel RPS with an inoperable
channel, a 2/3 configuration (couaspctding to a bypassed inoperable channel)
provides more ' safety than a 1/3 configuration (c.uuaspciding to a tripped
inoperable channel). 'Ihis is because the 2/3 configuraticn provides for
reliability to trip on demard as well as protection against spurious trips. t

Limiting the ACT to 48 hours, and forcing the RTS to a 1/3 configuration,
'

does not meet the NRC intent for safety inprovement.

Dctended periods with a fourth channel in bypass do not significantly affect
risk because of the high reliability of the Rrs. Because of the high % 1.e
of redundancy and diversity associated with ultra-high reliability systems,
u. E. asie-failures and not single channel failures dominate the risk. As

shown in BAW-10167, and again in this re-anme:mant, the RTS unavailability
is insensitive to single channel failures.

However, operating with a fourth channel tripped ince= the potential for

spurious reactor trip because the 1/3 configuration is sw=ptible to half-
trips, arxl because the number of human /Rrs interactions involving placing a
channel in and out of trip and bypass for 9%=nt tests increases. Human

error potential can be decreased by reducing the frequency of human

interaction with the RTS aqidmant. 'Ihis was one goal sought by the B&W3G in
BAW-10167, and the Staff, in examining the Rrs test intervals. Maintaining I

the indefinite ACT is also compatible with this goal.
1
i

20
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6. :f . conclusions
e

Based on the 'Ibpical report, the INEL review, ard the new information

presented above, the B&WDG concludes that retaining an indefinite AOT is in -
the interest of plant safety. %chnical specifications for several

operating plants already permit one of four RTS_ instrument strirq channels to
be bypaa d indefinitely, if inoperable. 'Ibe B&WOG contirmes to believe this
to be approptiate and justifiable.
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ATDOMENT 1
'

IllUSTPATION OF NEED: B&WOG SURVEY

l
J

On several emanions B&WOG utilities have had the need for long Aars because
of failed parts in inarmacible areas of the plant or because of difficulty
in obtainirq parts. As the age of the aq'i==nt incraaaaa, time W to

restore inoperable channels may continue to increase due to parts

availability' and QA requireinents.

Below are the results of a survey taken of B&WOG utilities to determine their
need for an Actr longer than 48 hours. In sczne naaaa, specific details were
not readily available.

Survey Question: Has your plant experienced any failures at power (since
1980)' of an RPS/ ARTS channel * where repairs took longer than 48 hours either
because repairs ccrald not be made at power or another reason?

Plant Resoonse 'Ib Ouestion

Crystal River-3 Data unavailable.
.

>

'Ihree Mile Island-1 Event in 8/86 took 4-5 days.

Ooonee-1,2,3 Several RfD failures that could not be repaired
until refueling. 'Ibere were also other
failures that were not repaired within 48
hours.

Davis na=ca Ihta unavailable.

Arkansas Nuclear One-1 Failures in 6/80, 7/80, 11/81, and 8/85 .

required reactor building entry. 1

1

1

"In the above question, " channel" refers to only the instrument string |portion, includirq sensors, signal conditioning, and bistables, and DQt the '

reactor trip breakers. |
|

;
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ATUGMENT 2

HAIF 'IRIPS EXPERIENCED (and Iscurded): B&WOG SURVEY
i

,,

| Survey Question: Does your plant have riiv.u;ds that keep track of inadvertent-

half-trips of RPS/ ARTS, i.e. sirgle channel * trips that did not nanaamarily
' 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?

1

l
|

Plant Resoonse 'Ib Ouestion i

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

"

'Ihree Mile Island-1 Not recorded.

Ooonee-1,2,3 Four half-trips since recording started in
1984. At Cu.mahe-3 in 8/84 and 2/85. At

Oconee-1 in 9/85 and 1/89. 'Ihese were single
channel trips caused by loose connections or
power supply failures.

Davis naa-a Data unavailable. ,

Arkansas Nuclear One-1 Data unavailable,
r

"In the above questions, " channel" refers to only the instrument string
portion, including sensors, signal conditioning, and bistables, and D2t the
reactor trip breakers.

',

1
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