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EXECUTIVE SUMMARY

This report responds to the SER for B&WOG Topical Report BAW-10167
"Justification for Increas.ng the Reactor Trip System (RIS) On-Line Test
Intervals." The SER approves extension of the RIS instrument strings test
interval from 1 month to 6 months. However, the approval of semi-anmal
testing was made with the stipulation that the Allowed Outage Time (AOT) be
limited to 48 hours, after which the inoperable channel must be tripped.

Technical specifications for several operating plants already permit one of
four RIS channels to be bypassed indefinitely, if inoperable. 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 BSWOG request to retain the indefinite AOT for the
fourth RIS instrument string channel.

Naminally the RIS instrument string channels operate in a two-out-of-four
configuration. With an inoperable channel that is bypassed, the RIS
instrument string channels will operate in a two-out-of-three configuration
until the AOT expires. After expiration of the NRC-proposed 48-hovr AOT, the
inoperable channel must be tripped; this results in a half-trip of the RIS
and consequently a one-out-of-three configuration of the remaining RIS
instrument string channels.

The analysis presented shows that with an inoperable channel, a two-out-of-
three configuration (channel bypassed) provides 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 demand 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 BSWOG believes that for the B&W four-channel RIS design, a long AOT
provides better safety because, on the infrequent occasion when a failure
cannot be repaired quickly, it allows the RIS to continue to operate in a
two-out-of-three configuration.

Plant safety dopends both on the reliability of the RIS to trip and its
sensitivity to spurious trips. The best configuration balances the
reliability of tripping on demand with a low spurious trip rate. This report
ases PRA to analyze the reliability (to trip on demand) aspect and the
spurious trip aspect of the two configurations, two-out-of-three and one-
aut-of-three, resulting from the indefinite and 48 hour AOT, respectively.
Core melt risk is used to demonstrate that the two-out-of-three configuration
provides a better balance of reliability and spuricus trip frequency. The
method of avalysis, RIS model, assumptions, and data used for this analysis
are from BAW-10167 which has been reviewed by the NRC and its subcontractor
INEL, and approved in the SER for BAW-10167.
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1. INTRODUCTION

must be tripped.

gained by the extended test interval.

the Reactor Trip System On-Line Test Interval.’" December 5, 1988.
dMe RIS is ouprised of the ‘wactor Protection System

are contained within the RPS and ARTS subsystems.
1

The purpose of this report is to respond to the SER for B&WOS Topical Report
BAW-10167 "“Justification for lncreasing the Reactor Trip System On-Line Test
interv: "4 and provide additional infornation for the Staff’s consideration.

The SER® for the Topical Report aroroves extension of the Reactor Trip System
R1s) ? instrauent strings test inserve! from 1 mcnth to 6 months, Ralexation
of reactor trip modtile (RIM) and veartor trip breaker tastiing was not
requested and will rawin monthly., Hewewer, the approval of sedi-annual
instrumer. string testing was aade wath the stipulation that the Allowed
Outage Time (AOT) be limitad to i8 houw, after which the incperable channel

The B6WOG is asking that they be allowed to keep the indefinite AOT that they
currently have, in order to preserve the safety and operational benefits

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 unlimited AOT for the fourth
channel cannot be approved. The BSWOG is not asking that it be reviewed as a
three-channel system. The BSWOG believes that this is not pertinent because
the RIS is a four-channel system with bypass, not a three-channel system.

1R.8. Enzinna, S.H. levinson, E.W. Swanson. Topical Report BAW-10167,
"Justification for Increasing the Reactor Trip System On-Line Test
Intervals." B&W Owners Group, B&W, P.O. Box 10035, Lynchburg, Virginia
24506-0935, Volumes 1 & 2, May 1986. Supplement No. 1, February 1988.

2letter from A.C. Thadani, NRC to C.W. Smyth, #6WOG. "NRC Evaluation of
BIOG Topical Report BAW 10167 and Supplement 1, -Justification for Increasing

Anticipatory Reactor Trip System (ARIS), and Control Rod Drive Contrel System
(CRDCS) subsystems. The instrument strings terminate with the bistables ami



At all BWOG plants, the RIS has been reviewed as a four-chamnel system with
bypass feature. At same plants, the conoept that the remaining three-charnel
systan meets IEEE-279 has also been addressed, For example, for ANO-1, in
response to the specific NRC reguest to:

".odnclude a listing of the cparating bypasses and show that they

have been desilonad to meet the requirements of Paragraph 4.12 of
IEEE-279.%

The wtility respordedt:

"Ma RFS chanrel bypass is used to perform reactor protection
systan testin und maintenance. It erebles the operator to bypass
the trip action of any one channel. An interlock prevents
bypassing more than one channel. 7he ramaining two-aut-of-three
coincidence fully meets the requiressnts of [EXE std, 279-1971...%
(erphasis added)

To which the NRC responded in their SER® with:

"The Commission’s General Design criteria (6"C), IEEE Criteria for
Nuclear Power Plant Protection Systems (IEEE-279), IEEE Criteria
for Power Plant Class IE Electrical Systems (IEEE-308), amd
applicable Regulatory guides for water cooled rnuclear power plants
have been utilized as the bases for evaluating the adequacy of the
protection and control systems...We have reviewed all aspects of
the RPS, including logic schematics, test capabilities and control
of bypasses, and concluded that this system is acceptable."

Several :.WOG utilities cwrrently have the right to bypass an RIS channel for
an unlimited time; their experience shrs that the privilege has not been
abusel. The bypass featuwre is used mostly for short durations for testing
and maintenance. The need for a lengthy bypass is infrequent.

42N0-1 PSAR, Amendment 25, March 31, 1972, (Item 7.11)
SSER for ANO-1 FSAR, June 6, 1973. (Sectian 7.0)
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The SER for BAW-10167 states:

"Therefore, allowing sufficient time for virtually all repairs to
be accamplished without having to place the channels in trip is

appropriate. "

The BSWOG agrees with this stetement. However, the NRC concludes that 48
hours is sufficient to male repairs based on informwation from Comlustion
Dwirearing., Most repairs at P0G ploants can be made in 48 haurs or less.
However, on rare occanions a ooponat, swh o8 & sersor attached to the
prirvary precs re boundary, fails that cawviot be repaired unti’ an outage
bacovwe of inaccessibility, Attachment 1 gives a brief history of this type
nf event at BEWOG plance, and denwristrutes the nead L0 maintain the lunger
ADY,

Over the last several years, the Staff has encouwraged the use of
probabilistic analyses to provide technical justification for AOTs, implying
that the results would be used in setting AOTs. The BSWOG has performed
these analyses and the results support a longer AOT than the Staff allowed.
The 48~hour time period apparently was not based on either the analysis
presented in BAW-10167 or on the results of the INEL review. Both of these
indicated that longer AOTs are justified. To ignore these findings would
undermine Industry and Staff efforts to provide firm technical bases for
surveillance test intervals and AOTs.

The B&WOG believes that safety is better served by retaining the longer AOT.
Nominally the RIS instrument string channels operate in a two-out-of-four
(2/4) configuration. With an inoperable channel that is bypassed, the RIS
instrument string chammels® will operate in a two-out-of-three (2/3)
configuration until the AOT expires. After expiration of the 48-hour AOT,
the inoperable charmel must be tripped; this results in a half-trip of the

6 wInstrument string" is defined as that portion of the RIS from the
sensors to the bistables. All of the strings that terminate in a particular
RPS cabinet are defined as a "channel." The conficuration of the Reactor
Trip Modules and Reactor Trip Breakers (one-out-of-two-twice) is unaffected
by bypass or trip of an instrument string channel.
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RIS and consequently a one-out-of-three (1/3) configuration of the remaining
RIS instrument string channels. The B&WOC believes that a long AOT provides
better safety because, if a failure cannot be repaired quickly’, it allows
the RIS to continue to operate in a 2/3 configuration, and wvoids the less
safe 1/3 configuration.

A better level of safety can he achieved by placing an inoparable channel in
ypess (2/3 configurat.ion) rather than placing that chamnel in trip (1/3
oonfiguretion) hecause spuricus trips are more likely when one channel is
already tripped., Spurious t—ips can oocur with are channel in trip whaen
either a randam hardware failvre ocowrs in an adiacent chanvwel or human
errore oocour durirg testing., This report demoastrates that the spurious trip
Qacern outweigns the reliability improvement obtained Ly tripoing the
inoperable channel. The safety tradeoff between spurious trip potential and
reliability is expressed in terms of core melt risk.

The following evaluation assumes a failed RIS channel for a long period of
time (as would be the case won failure of an inaccessible sensor), ard
capares the 2/3 configuration resulting from bypass of the failed channel
with the 1/3 configuration resulting fram a required trip of the failed
channel. Section 2 discusses the RIS and the configwations resulting from
single channel inoperability, in qualitative terms. The following sections
break the guantitative analysis down into its reliability (to txip on demand)
aspect (Section 3) and its spurious trip aspect (Section 4). In Section 5,
the RIS unavailability and spurious trip rate are cambined on the hasis of
core melt risk to see which configuration provides a better balance of
reliability and spurious trip freguency.

7Failures of inaccessible coamponents, such as RID sensors , cannot be
repaired until an outage. (Failed senscrs attached to the primary pressure
boundary cannot be repaired with the system pressurized.) Sametimes other
repairs take longer than 48 hours due to scarcity of parts. Attachment 1
gives information on the B&WOG’'s experierces in this ru

o
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2. DESIGN CONSIDERATIONS

The BiW-designad Reactor Trip System is different than those used by others.
Besides having a fourth channel, whic nany others do not, it has a designed-
in bypass. This means that when one of the four damnels is bypassed, it is
done at the control room RIS cabinets and irterlocks are provided to prevemt
similtanecus bypass ct redundant channels. There is also 5 very high degrae
of diversity in the BRWOG RIS, There are undarvoltage and shunt trip
Sdovices on the mxhanical brearevs and Siljcon Controlied weczifiers (SORs)
for the electronic trip, The many diverse paawtars mon'tormd by the RS
and ARIS portions of the RTS are cabined in a global mwther than loca: trip
logic., This means that a single swviving input from one parateter and 2
single swviving put fram a aivarse parww .er can canbine to satisty the
coincidence logic and trip the reactor; it is not necessary that two like
paraneters trip in order to satisfy the coincidence logic. These features
yields an RIS that is highly reliable and insensitive to incperability of a
single channel. Hence, the RIS reliability is insensitive to whether the

inoperable channel in bypassed or tripped.

Plant safety, however, depends both on the reliability of the RIS to trip and
its sensitivity to spurious trip. A good system balances the reliability of
tripping on demand with a low spurious trip rate. A failure in the four-
channel system that cannot Lo npaired right away, forces the reaining three
channels to be configured either in a 2/3 or a 1/3 configuration. Both
three-channel configuratiors require multiple channel failures to defeat the
trip function. However, the 2/3 configuration is also single failure proof
for spurious trips. The 1/3 configuration is intolearant of a single spurious
channel trip. Plant safety is therefore better with the inoperable channel
bypassed (i.e. 2/3 oconfiguration) rather than tripped (i.e. 1/3
configuration) .



This can be shown gquantitatively by ocomgputing the oore melt risk
contributions from both spurious trip and unavailability for each
configuration. The hetter configurotion is the one that produces the
smallest cambined risk.
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3. RELIABILITY ANALYSIS

The method of analysis, RIS model, assumptions, and data used for this
analysis are from BAW-10167 which has been reviewad by the NRC and its
subcontractor INEL, and approved in the SER®. As described in BAW-10167, the
analysis placed heavy emphasis on the use of actual operating experience®.
The model included contributions from both randem and common-mode-failure,
fram both human and hardware causes. The model, data, and sssunpcions are
des.ribed in detail in BAW-10167.

The RWMOG ard NRC propesad AOT schenss were modeled, The BUXG proposad AOT
peranits a single incperable chaval o0 be put into Wwpass Lmediately ang
left in bypass indefinitely until repair can be made (/3 configuration).
The NRC proposed AOT permits the inoperable channel to be bypassed for the
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 proposed schemes are the same with respect to the first 48
hours. Therefore, the model assumes a failure that cannot be repaired at
power, and hence results in a long pericd with the RIS in a three-channel
configuration. The analysis models the reliability after the initial 48
hours, in other words, during the period of "wulnerability."

The Davis Besse and Oconee cases from BAW-10167 with six-month instrument
string test interval were used in this analysis. They were re-executed with
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 bypassed. All other

8letter from A.C. Thadani, NRC to C.W. Smyth, B&WOG. "NRC Evaluation of
BWOG Topical Report BAW 10167 and Supplement 1, ‘Justification for Increasing
the Reactor Trip System On-Line Test Interval.’" December 5, 1988.

9sensor and instrument string data, for example, came from NURBG/CR-
3289, "Common Cause Fault Rates for Instrumentation and Control Assemblies,"
by C. L. Atwood and T. R. Meachum, INEL, May 1983.



aspects of the analysis are as they were in BAW-10167, as reviewed by INEL
and the NRC,

The model for the reactor trip breaker and RIM portion of the RIS is
unchanged from BAW-10167 because the oconfiguration of the reactor trip
breakers (one-out-of-two-twice) is not affected by bypass or trip of the
instrument string channels. This is bacause the instrument string bypass and
trip circuits are upstream of the RIMs. The binary signal, caming fram the
bistables of the affectad instrument string chaivel, is preemptad by the trip
and bypass circuits to a continuous tripped or witripped state. Each RIM
processes the binary signals fram the fowr instrument string chamels
through a /4 coincidence logic (vhich is efl/ectively reduced to 2/3 ar 1/3
becauss. of the preempoed signal) and provides the result to its ass.gned
breaker (s) . ™Mus hile the intermal ooincidence logic in each RIM
effectively changes from 2/4 to 2/3 or I/3, the RIM outputs remain in the
one~out-of ~two-twice logic dictated by the reactor trip breaker arrangement.

The analysis shows the RIS reliability to be very high and not significantly
better for 1/3 versus 2/3 coincidence logic. The RIS unavailability (failure
to trip on demand) for the two configurations is shown in Table 1. For
comparison, the unavailability of the four-channels-operable RIS, taken from
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 Oconese case, the results are daminated by breaker failures
and are insensitive to instrument string configuration. For the Davis Besse
configuration, the reliability is relatively insensitive to whether the
inoperable channel is tripped or o passed.

The reason that RTS reliability is insensitive tu the bypass/trip status of a
single incperable channel is that the system has a very high degree of
redundancy and diversity. Consequently, camon-mode-failure, which is
‘nsensitive to extra redundancy, dominates the failure potential. Due to
this high degree of redundancy and diversity, single channel inoperability is
not a factor.
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Table 1
RIS Unavailability Oouparison

2/3 configuration 1/3 configuration 2/4 configuration
{channel bypassed) (channel tripped) (from BAW-10167)

Davis Besse Ix16~8 /demand 9%10™? /demand 9%10™? /demand

Oconee 1%10™6/demand 11076 /demand 1x1076/demand



4. SPURIOUS TRIP ANALYSIS

The opportunity for spurious reactor trip with the inoperable channel tripped
is greater than with the incperable channel bypassed. Besides the awious
reason that a half-trip of the RIS would exist, having the chamnel tripped
for a lengthy period regquires more human interactions with the channel bypass
and trip montrols for subsegquent testing of other channels.

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

1) Spurious trips durirng testing. These errors ooour auwring human
inmteraction with bypass/trip contrels during testing.

2) Smurious half-trips. These are randan failures that are usually benign
because “hey do not propagate through the coincidence logic to cause a
spurious reactor trip. However, when the coincidence logic is reduced

to 1-out-of-3, such as the case with deliberate tripping of an
inoperable channel, a randam half-trip will cause a spurious reactor
uip.

4.1. Spurious Trips During Testing

The test-caused spurious trip freguency is proportional to the freguency of
human interactinn with the channel bypass/trip circuits and is primarily a
function of the test interval. There are two kinds of on-line surveillance
tests performed on the RIS. One involves testing the trip function of each
instrument string. The other involves functional testing of the RIMs 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).

10
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When an instrument string channel is inoperable, these functional tests are
affectead as follows:

The functional swveillance testing of the remaining three coperable
instrunant string channels contirues. After an initial chesk of
the cperable instrument channels, each will be functionally testod
every six months (staggered about one per six weeks). Each test
affects two channels: the inoperable channel and the channel being
testad, Since simultanecus bypass of two channels is (by design
and procedure) not possible, and simultaneous trip of two chamnels
produces reactor trip, the test tagporarily regquires that one
channel be tripped and the other be bypassed. This is true
regardless of wWhether the inoperable charma) is initially bypassed
or trippad. With one channel alread) incparable, discovery of a
second instrument string failure irvokes the action statement for
two inoperable channels requiring plant shutdown.

Functional testing of the four channels of reactor trip breakers
and RIMs contimues as before at a l-month interval (staggered one
per week). The logistics of testing during this period depend on
whether the incperable instrument string channel is bypassed or
tripped. If the lwperable instrument string is bypassed, then
testing of the four RIM/breaker channels is unaffected. However,
if the inoperable instrument string channel is tripped, the trip
must be cleared before the RIM/breaker testing bagins., This is
because the instrument string trip is processed 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
four RIMs. Therefore, to avoid two half-trips and a conseguential
reactor trip, the RIM/breaker test reguires first that the
instrument string trip be cleared (i.e. bypassed).

Usually, the RIM/breaker functional test does not affect operation of the RIS
instrument strings. However, as describad above, when a channel is
inoperable for an extended period, the logistics of subsegquent surveillanoe

11



tests will change. In the specific situation where the inoperable instrument
string chammel is tripped for technical specification reguirements, the
RIM/breaker test cannot prooead as usual without tripping the reactor, The
tripped channel must be bypassed and the trip reset before the breaker/RIM
test can start., After the test, the incperable chamnel must he Wity ssed
arnd retripped to return it to the required tripped state. These additional
cperations must be performed each time the functional test is poerformed
(weekly) ; these human interactions vould not be necessary if the inoperable
channel 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., The table shows the spurious trip rates abtained from BAW-101€7
for the case of a four-channel systam with ane-month and six-month tast
imervals. Als> shown are the spurious trip rates for the three-channel
configurations, resulting from bypass and fram trip of the fourth Shannel.
These predictiuns were nmade using spurioss trip data, collected by INFOIO,
from BWOG cperating history. This data was used in BAW-10167 and correlated
to test fregquency to make a prediction for the test interval extension to six
months, The same linear relationship between human interaction and spurious
trip rate was used to infer trip rates for the hypothesized cases involving
2/3 and 1/3 RIS configuration.

10wgopAM Reduction Practices." INFO 85-011, INFO, Atlanta, Georgia.
May 1985,

12
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Table 2
Sparious Trip Rate Caused by Testing
Instrument String Status®: Nyproxi: ate Preguency Spurious
of Numan lateraction: Trip
test coincidence inoperable Freguency®
dmterval lomic Shannel = wetrings  w/ihreakers .
1 month 2/4 nane 1/ week 1/week . 50/ Roeyr©
6 month 2/4 nane 1 per 6 weeks 1/week . 29/Rxyrd
6 month 2/3 bypassed 1 par 6 weeks 1/week . 28/Pyr®
6 month 1/3 tripped 1/week 1/week . 50/Rocyr®

Sgtatus of instrument strings is shown for four cases. For each case, the
reactor trip modules and breakers have test interval of 1 month (staggered
ane channel per week) and coincidence logic of ane~out-of-two-twice,

PReoyr is an abbreviatior for Reactor-yoar.
CFrom BAW-10167, derived frum INFO data, and B6WOG experience.

Aprom BAW-10167, linear extrapolation of l1-month rate based on mumber of
human interactions.

®Frequency inferred from above based on umber of human interactions.

fpven though the instrument string test interval is 6 months (
ane channel about every 6 weeks), the instrument string trip nas to be reset
to perform the weekly breaker/RIM test and then retripped after the test (see
text) .

i

4.2, Spurious Half-Trips

Spurious half-trips became significant during long periods of time in a 1/3
configuration, as would be the case when the AOT expires and the action
statement forces a trip of the inoperable cdannel. Half-trips are usually
benign because the usual 2/4 configuration of the instrument string channels
stops the half-trip from propagating through the ooincidence logic.
Similarly, half-trips have a benign effect on the 2/3 configuration that

13



results from bypass of an inoperable chamnel., Half-trips in the breaker
portion of the RIS are usually insignificant because the breakers are
arranged in a one-out-of-two-twice logic for reactor trip. Therefore, during
periods of time when the inoperable RIS instrumentation channel is tripped,
an increase in the spurious reactor trip rate can be expectad,

The likely increase in spurious trip rate to be expacted while qperating in
the 1/3 configuration was gquantified. Operating history was used to
determine the rate of spurious half-trips experienced at BSWOG plants. A
survey was taken of the BIWOG utilities to identify half-trijps that have
coowrred, The identified events were reviewed to determine if they would
have caused a reactor trip if the RIS was in the 1/3 configuration.

Same utilities did not keep records of half-trips. The plants for which
half-trip records are available include Crystal River-3 and Oconee-l,2,3.
Attachment 2 shows the applicable events identified.

Five half-trips were recorded from 1984 through May 1989 at the four plants
where half-trips we.e recorded. These five half-tripe in about 12 reactor-
years of data recording yield a half-trip frequency of 0.23 per reactor-year.
All of thes2 would have been whole-trips if another channel had already been
tripped due to inoperability. Thus, a reactor trip rate increase of 0.23 per
reactor-year can be expectsd while in the 1/3 configuration required after
epiration of the 4&-hour AOT.

Sumuing the additional spurious trip rate expected from half-trips with that
epectad from test-related trips yields the total spurious trip rates
presentad in Table 3. These rates are for the six-month instrunent string
test inlerval approved by the NRC, but with a single channel inoperable.
These are the expected spurious trip freguencies while the RIS is operating
in the 2/3 and 1/3 configurations. Also shown for camparison is the spurious
t1ip rate for the four-channels-cperable case, with six-month test interval,
taken from BAW-10167,

14
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Table 3

Qbined Test and Half-Trip Caused Spurious Trip Rate

spurious trips
caused by test

spurious trips
half-trige

Total spurious
trip rate:

2/3 configuration 1/3 configuration 2/4 configuration
{channel bypassed) (chanpel tripped)  (from BAW-10167)

« 29/Rxyr « 50/Rxyr +29/RxyT
N/A +23/Ryr N/A
29/Ryr «73/Rxyr +29/Ryr

15



5. RISK COMPARISON

Tables 4 through 6 calculate the core melt risk contributed by unavailability
and spurious trip of the RIS when ane of the four instrument string channels
is aut of service. They campare the risk for the 1/3 configuration resulting
fram tripping the inoperable channel with the 2/3 configuration resulting
from bypassing the inoperable channel. Also shown is the four-channels-
operable case, with six-month test interval, taken from BAW-10167.

Conditional probabilities were used to calculate the core melt risk
associated with RIS failure to trip and spurious trip. These conditiomal
values came from BAW-10167, and were originally derived from the Oconee PRA
as described in BAW-10167. The conditional onre melt freguency given an ATWS
(.2/reactor year) and the conditiona) core melt prmbability given 3 spurious
trip (3.7x10°7) were combined with the -eliability and spurious tr.p results
presented in Tables 1 and 3 to yield net risk applicable to the AUT issue.

It can be seen frum Table 6 that for both the Oconee and Davis Besse type RIS
designs, the net core melt risk is better for the 2/3 configurutisn than the
1/3 configuration. The 2/3 coniiguration provides a better optimum balance
betwean RIS reliability and spurious trip avoidance than the 1/3
configuration.

Although the overall risk for all of these cases is small, forcing the
inoperable channel to be tripped after 48 hours, rather than laaving it
bypassed, increases the likelihood of a spurious plant trip (and thus the
possibility of a "complex" transient), without a corresponding increase in
reliability. Hence, for the four-channel B&W RIS design, public safety is
best served when an inoperable channel may be bypassed as long as necessary
rather than requiring that it be tripped after 48 hours.

16
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Table 4
Risk due to Spurious RIS Trip
2/3 configuration 1/3 configuration 2/4 configwation
{channel bypassed) (channel tripped) (from BAW-10167)
RIS spurious
rate +29/Rxyr . 73/Reyr . 25/Foryr
(from Table 3)
x Conditional
core melt x 3.70%7 x 3.70%7 x 3.7x10%7
probability
(from BAW-10167)
Core melt risk
fram RIS 1.07x10°7 /Rayr 2.70x20"7 /Reyr 1.07x10%7 /Ryt
spurious trip
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Davis Desse:

Table 5
Risk due to RIS Unavailability

2/3 configuration 1/3 configuration
{channel tripped)

2/4 configuration

{channcl bypassed) Lfxom BAW-10167)
Davis Jesse RIS
unavailability 3%1078 /demand 9%10~9 /demand 9x10™9 /demand
(fram Table 1)
x Conditional
core melt X 2/Rxyr X 2/Byr X 2/Ryr
frequency
(from BAW-10167)
Core wlt risk i N
from KIS 610" /Reyr 1.8x107% /Rayr 1.8x10"° Rgyr
unvailanility
Ooonee:
2/3 configuration 1,3 canfiguratiun 2/4 configuration
[channyl bypassed) (channel tripped) (from BAW-10167)
Oconee RIS
unavailability 1%1076 /demand 131076 /demand 1x10™6 /demand
(fram Table 1)
x Conditional
core melt X .2/Ryr X .2/Ryr X .2/Ryr
frequency
(fram BAW-10167)
Core melt risk
from RIS 2x10~7 /Ryr 2x10~7 /Ruyr 2x10~7 /Ryt
unavailability
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Risk from RTS
unavailability
(fram Table 5)

Risk fram RIS

spurious trip
(from Table 4)

Total core melt
risk from RIS

Risk €rom RIS
unav ‘lability
(from Jable 5)

Risk fram RIS

spurious trip
(fram Table 4)

Total core melt
risk from RIS

°/3 configuration 1/3 configuration 2/4 configuration
(e el Dypassed) (channel tripped) (from BAW-10167)

6x10™% /Reyr 1.8x10™9 /Rocyr 1.8x107% /Ryt

1.07x10"7 /Ryr 2.70x10~7 /Reyr 1.07x10"7 /Rayr

1.1x10%7 /Ruyr 2,707 /Roeyr 1.1x10°7 /Rayr

2/3 configuration 1/3 configuration 2/4 configuration
fchannel bypassed) [(channel triwped)  (fxom AAW-10167)

2x10"7 /Roeyr 2x10~7 /Rty 2x10"7 /Ry e

1.07x10™7 /Ryt 2.70x20"7 /Royr 1.07x10%7 /Ruyr

3.1x10°7 /Ryr 4.7x10°7 /Ryr 3.1x10°7 /Reyr
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6. SUMMARY AND CONCLUSIONS

.1, Sumary

The amalysis shows that for the BWW fouwr- ' >nnil RIS with an inoperable
chamnel , a 2/3 configuration (corresponding to « bypassed incperable channel)
povides more safety than a 1/3 configuration (corresponding to a tripped
incperable chammel). This is because the 2/3 configuration provides for
reliability to trip o demand as well as protection against spurious trips.

Limiting the AOT to 48 hours, and forcing the RIS to a 1/3 configuration,
doas not meet the NRC intent for safety improvement,

wxtended pericds with a fourth charmel in bypass 20 not significantly affect
risk beacause of the high reiinbility of the RS, Fecause of the high deyree
of recundancy and diversity associated with wira-hign reliability systems,
cmon-ende-failures and not single channel failures cdominate the risk., As
shown in BaW-10167, and again in this re-assesumart, the RIV wwvailablility
is insensitive to single charrel fallures,

Frwever, operating witn a fourth channe! trirped ircreases the poter*ial for
spurious reactor trip because the 1/3 configuration is susceptible to half-
trips, and because the number of human/RIS interactions involving placing a
channel in and out of trip and bypass for subseguent tests increases. Human
error potential can be decreased by reducing the freguency of human
interaction with the RTS egquipment, This was one goal sought by the B&WOG in
BAW-10167, and the Staff, in examining the RIS test intervals. Maintaining
the indefinite AOT is also campatible with this goal.
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6.2, QConclusions

Based on the Topical report, the INEL review, and the new information
presented above, the BWOG concludes that retaining an indefinite AOT is in
the imterest of plant safety. Technicil specifications for several
operating plants already permit one of four RIS instrument string charnels to
be bypassed indefinitely, if inoperable. The B&WOG continues to believe this
to be appropriate and justifiable.
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On several occasions BAWOG utilities have had the need for long AOTs because
of failed parts in inaccessible areas of the plant or because of difiiculty
in abtaining parts, As the age of the eguipment increases, time needad to
restore inoperable channels may oontinue to increase due to parts
availability and QA reguirements.

Below are the results of a survey taken of BAWOG utilities to determine their
nead for an AOT longer than 48 hours., In some cases, specific details were
not readily available.

Survey Question: Has youvw plant eperiencad any failures at power (since
14980 o an RPS/ARIS cheiin.l® where repairs tooh longer than 46 hours either
ruvanse repairs oould net e wade at power oo ansther riason?

Elany Revinae 10 ues' Ao

Qryvica’ Fivar-3 Data wanailable.

Threa Mile Islard-l Event. in ¢/8€ took 4~ Qays.

Oconee~1,2,3 Several RID failwxs ‘aat cwld n't be repaired

until refueling. There were also other
failures that weie not repaired within 48

hours .
Davis Besse Data unavailable.
Arkansas Nuclear One-1 Failuwres in 6/80, 7,80, 11/81, and B8/85

required reactor uilding entry.

¥In the above question, "channel" refers to only the instrument string
portion, including sensors, signal conditioning, and bistables, and pot the
reactor trip breakers.
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Swvey Question: Does your plant have records that keep track of inadvertent
half-trips of RPS/ARIS, i.e. single channel® trips that did not necessacily

result in reactor trip?

If yes, when did tracking of this information at

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

Elant
Crystal River-3

Three Mile Island-l
Ooones~\, 2,3

Davie Dasse
Arkansas Nozlear One«l

Response To Question

Found ane half-trip since 1984, 1In 10/85, a
single chamnel tripped due to signal spike.

Not recorded.

Four half-trips since recording staried in
1984, At Oconee-3 in 8/84 and 2/8», At
Ocxuwee~1 in 9/85 and 1/89. These were simgle
channel trips causad py locose ocomecticns or
puer suply failures,

Data unavailable.

Data unavailable.

*"In the abovn cuestions. “charnel" refers o only the instuant string
portion, inclading senso:s, signal conditioning, and bistables, amd not the

reactor trip breakers.
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