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LEGALNOTICE

This report was prepared as an account of work sponsored by the
Combustion Engineering Owners Greup and ABB Combustion Engineering.
Neither Combustion Engineering, Inc. nor any person acting on its behalf:

A. makes any warranty or representation, express or implied including
the warranties of fitness for a particular purpose or merchantability,
with respect to the accuracy, completeness, or usefulness of the
information contained in this report, or that the use of any
information, apparatus, method, or process disclosed in this report
may not infringe privately owned rights; or

asswines any liabilities with respect to the use of, or for damages
resulting from the use of, any information, apparatus, method or
process disclosed in this report.

Combustion Engineering, Inc.



& nuclear power plant units with ABB Combustion Engineering designed Nuclear
J2%am Supply Systems (NSSS) utilize General Electric (GE) type AK-2-25 circuit
Weakers as reactor trip circuit breakers (RTCBs). Another 3 units use a
pmbination of GE Type AKR-4BE-30 and Westinghouse Type DS-206 circuit

eakers. In the early-mid 1980's the performance of RTCBs was called into
question by the anticipated transients without scram (ATWS) events at the
Salem Nuclear Generating Station. Since that time, industry and NRC efforts
to improve RTCB performance have shown significant results, such that the
relfability of these circuit breakers now is better than that assumed in
probabilistic risk assessments.

The Class 1E function of the RTCBs is to interrupt power to the control
element drive mechanisms upon receipt of a trip signal. General Design
Criteria 23 (GDC-23) requires protection systems fail into a safe state on
loss of energy. To meet GDC-23, RTCBs must be actuated by a loss of control
power in addition to any other means of actuation. RTCBs used in the industry
generally have two means of tripping open. The shunt trip device is normally
deenergized, and energizes to trip the breaker open. The undervoltage (UV)
trip device is normally energized, and opens on being deenergized, thus
satisfying GDC-23. The C-E reactor trip system design has always actuated
both the snunt and UV trip devices on receipt of either an automatic or manual
reactor trip.

Many RTCB failures are associated with reclosing the RTCB after opening it
during surveillance testing or preventive maintenance. While this is more of
@ nuisance type of failure than a safety problem, it constitutes the largest
single type of failures found in this investigation. This type of failure may
be the result of overtesting the RTCBs.

This report provides justification for extending the surveillance test
interval for Functional Tests of the manual trip of the RTCBs from monthly to
quarterly. Also, justification is provided for an extension of the present 1
hour allowed outage time for the RTCBs. These changes affect LCO 3.3.3
(Analog), 3.3.4 (Digital), of the Improved Standard Technical Specifications,
NUREG-1432, for C-E plants.

Generic Letter 83-28 sets out considerations for establishing surveillance
intervals. Evaluation of these considerations leads to the conclusion that
the existing surveillance test interval is unnecessarily short.

If a RTCB is open or racked out, it is not considered inoperable as its safety
function is being performed (and there is no requirement that all RTCBs be
closed). The present allowable outage time (AOT) for a RTCB is 1 hour on
recently licensed plants; older plants do not have this provision. This AOT
is used primarily during surveillance testing with one RTCB inoperable. The
AOT permits the inoperable breaker to be closed to test other RTCBs without
increasing the risk of an inadvertent reactor trip. While 1 hour is adequate
in a majority of instances, there are occasions when work must be rushed to
completion, and the probability of human error is increased.

Although there is still a number of RTCB problems reported in NPRDS for C-E
plants, the performance is much better than it was a decade ago. With the
number of RTCBs being greater at C-E NSSS plants than at the plants with other
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Executive Summary

Ten nuclear power plant units with ABB Combustion Engineering designed Nuclear
Steam Supply Systems (NSSS) utilize General Electric (GE) type AK-2-25 circuit
breakers as reactor trip circuit breakers (RTCBs). Another 3 units use a
combination of GE Type AKR-4BE-30 and Westinghouse Type DS-206 circuit
breakers. In the early-mid 1980's the performance of RTCBs was called into
question by the anticipated transients without scram (ATWS) events at the
Salem Nuclear Generating Station. Since that time, industry and NRC efforts
to improve RTCB performance have shown significant results, such that the
relfability of these circuit breakers now is better than that assumed in
probabilistic risk assessments.

The Class 1E function of the RTCBs is to interrupt power to the control
element drive mechanisms upon receipt of a trip signal. General Design
Criteria 23 (GDC-23) requires protection systems fail into a safe state on
loss of energy. To meet GDC-23, RTCBs must be actuated by a loss of control
power in addition to any other means of actuation. RTCBs used in the industry
generally have two means of tripping open. The shunt trip device is normally
deenergized, and energizes to trip the breaker open. The undervoltage (UV)
trip device is normally energized, and opens on being deenergized, thus
satisfying GDC-23. The C-E reactor trip system design has always actuated
both the shunt and UV trip devices on receipt of either an automatic or manual
reactor trip.

Many RTCB failures are associated with reclosing the RTCB after opening it
during surveillance testing or preventive maintenance. While this is more of
a nuisance type of failure than a safety problem, it constitutes the largest
single type of failures found in this investigation. This type of failure may
be the result of overtesting the RTCBs.

This report provides justification for extending the surveillance test
interval for Functional Tests of the manual trip of the RTCBs from monthly to
quarterly. Also, justification is provided for an extension of the present 1
hour allowed outage time for the RTCBs. These changes affect LCO 3.3.3
(Analog), 3.3.4 (Digital), of the Improved Standard Technical Specifications,
NUREG-1432, for C-E plants.

Generic Letter 83-28 sets out considerations for establishing surveillance
intervals. Evaluation of these considerations leads to the conclusion that
the existing surveillance test interval is unnecessarily short.

If a RTCB is open or racked out, it is not considered inoperable as its safety
function is being performed (and there is no requirement that all RTCBs be
closed). The present allowable outage time (AOT) for a RTCB is 1 hour on
recently licensed plants; older plants do not have this provision. This AOT
is used primarily during surveillance testing with one RTCB inoperable. The
AOT permits the inoperable breaker to be closed to test other RTCBs without
increasing the risk of an inadvertent reactor trip. While 1 hour is adequate
in a majority of instances, there are occasions when work must be rushed to
completion, and the probability of human error is increased.

Although there is still a number of RTCB problems reported in NPRDS for C-E
plants, the performance is much better than it was a decade ago. With the
number of RTCBs being greater at C-E NSSS plants than at the plants with other
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NSSS designs, it should be expected that there would be more reported
failures. Putting this in perspective, the average number of reported
problems is about 0.3 per breaker per year. With 1 failure in 7-1/2 years of
operation (since 1986), Appendix A calculates a failure rate of 0.6 E-4 per
demand. This is better than assumed in current probabilistic risk
assessments.

Previous work by the Combustion Engineering Owners Group has justified
extending the surveillance interval for Functional Tests of the Reactor
Protective System from monthly to quarterly. This has resulted in extending
the accompanying automatic actuation of the RTCBs for this test. This has
helped in reducing the number of RTCB actuations in a small way.

Although the RTCBs are locally actuated on a monthly basis, there may be some
concern that a circuit breaker could go untested for a period of 3 months. To
alleviate this concern, it is proposed that the manual Functional Tests of the
RTCBs be performed at a staggered interval with the automatic RPS Functional
Test that aiso actuates the RTCBs. Thus the RTCBs will continue to be tested
at least once every 6 weeks, and manually actuated more frequently.
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1.0  INTRODUCTION

The Reactor Protective System (RPS) and Plant Protection System (PPS) of most
ABB Combustion Engineering (C-E) designed nuclear steam supply systems (NSSS)
utilize circuit breakers to interrupt power to the control element assembly
power supplies. In the C-E protection system, these circuit breakers are
variously referred to as Reactor Trip Switchgear (RTSG) and Reactor Trip
Circuit Breakers (RTCBs). The term RTCB will be used in this report to refer
to an individual circuit breaker, while RTSG will be used to refer to the
arrangement of these breakers in a plant.

This report examines the operating history of the RTCBs, and recommends
changes in surveillances to reduce cvertesting, which should increase the
reliability of the RTCBs, while minimizing the potential for challenges to
plant systems through inadvertent scrams.

This report was prepared as an account of efforts funded by the Combustion
Engineering Owners Group (CEOG). Its purpose is to provide a technical basis
for altering plant technical specifications to allew for the following:

1. Extension of the surveillance test interval (STI) from monthiy to
quarterly for the functional test of the RTCBs.

Extension of the allowable outage time (AOT) for operation with an
inoperable RTCB from one hour to two hours. (Also to allow plants
that do not have this provision to adopt it.)

The underlying problem being addressed is overtesting of “his important piece
of equipment. 238 RPS circuit breaker failures (out of roughly 60,000
actuations) at CEOG plants were identified from the review of the INPO Nuclear
Plant Reliability Data System (NPRDS) information dealing with circuit breaker
failures in the Reactor Protective System (RPS) for plants of C-E nuclear
steam supply system (NSSS) design. The majority were failures to close
following testing or maintenance. The second highest category of failure
deals with problems of the undervoltage trip device; this has been the subject
of much consideration by the industry and the NRC, and is the major concern to
be addressed by this report. In only 2 cases in about 125 operating-
experience years did a RTCB actually fail to open; and in no case would the
failure have prevented a successful reactor trip.

This report is divided into the following sections:

o A background section discusses: 1) the safety function of the RTCBs,
and their arrangement into RTSG, 2) a brief history of the problems
that have been experienced with the RTCBs, 3) industry experience with
the undervoltage and shunt trip devices, 4) the surveillance testing
performed on the RTCBs, and §5) the allowable outage time presently
allowed.

o A discussion section addressing criteria for extending the STI and AOT
for the RTCBs, and how these criteria are met.

o A conclusion section justifying the recommended STI and AOT extensions.
o A list of references (arranged as a chronological bibliography).
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2.0 BACKGROUND
2.1 Description

There are three types of reactor trip switch gear systems in use on
plants with a C-E designed NSSS:

1. The first generation RTSG design. This design, which is used at
Palisades and Fort Calhoun Station, uses motor contactors rather
than circuit breakers.

2. The second generation RTSG design. This design makes use of the
General Electric AK-2-25 type breaker. The AK-2-25 type is a 600
volt, 600 amp, 3 phase, electrically operated air frame (as
opposed to molded case) type circuit breaker (ACB) with shunt trip
(ST) and undervoltage (UV) trip devices. This second generation
is a nine breaker design as shown in Figure 1, with the ninth
breaker capable of cross-tying the output of the two motor-
generator (MG) sets. The ninth breaker does not operate on a
reactor trip. The following C-E NSSS plants utilize this design:

Maine Yankee (RPS)

Calvert C1iffs Units 1 & 2 (RPS)
Millstone Point Unit 2 (RPS)

St. Lucie Units 1 and 2 (RPS)
Arkansas Nuclear One - Unit 2 (PPS)
San Onofre Units 2 & 3 (PPS)
Waterford Unit 3 (PPS)

Some of these plants utilize a AK-2A-25 breaker. The "AK-2A"
version differs from the "AK-2" version in that the "AK-2A" has an
AKD-5 interlock mechanism that prevents a breaker rackout unless
the breaker is open. The AK-2-25 breaker is shown in Figure 3.

3. The System 80 PPS design. This design is used at Palo Verde Units
1, 2 and 3 and Yongwang (YGN) Units 3 & 4. This design includes
only four RTCBs, as shown in Figure 2; one RTCB is actuated from
each PPS output channel. Both General Electric AKR-30 type and
Westinghouse DS-206 type breakers have been used. Both the GE and
Westinghouse breakers are similar to the AK-2-25 breakers in that
they are air frame breakers having both shunt trip and
undervolitage devices. They differ from the older breakers in that
they are motor operated, rather than solenoid operated, and are
rated for 800 amps (the next larger frame size).

The diversity in manufacturer feature was originally provided to
improve reliability against common-mode failure, should such a
concern arise. Recent concerns with the availability of the
DS-206 type breaker have led to a discontinuance of its use. The
DS-206 circuit breakers will be replaced with the Westinghouse
DS-416 type circuit breakers.
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Figure 3
GE AK-2-25 Circuit Breaker
(front cover removed)
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The basic RTSG design consists of nine circuit breakers which are
operated in four sets of two breakers (four channels), and one breaker
for the bus tie. Power input tc the RTSG comes from two fuil capacity
MG sets operated in parzllel and cross-connected such that the loss of
either MG set does not de-energize the CEDMs. There are two independent
power supply buses, each bus powering approximately half of the CEDMs.
Power is supplied from the MG sets to each bus via two redundant trip
paths (trip legs). This ensures that a fault, or the opening of a RTCB
in one trip leg (i.e., for testing) will not interrupt power to the CEDM
buses.

For the System B0 design there are only four RTCBs, each RTCB
corresponding to one PPS trip path output. There is thus only one trip
leg, with two RTCBs, to each CEDM bus. These CEDM buses are normally
tied together to permit testing and to ensure that a fault in one trip
leg will not result in a spurious trip.

The Class 1-E function of the RTCBs is to open, creating a reactor trip
by interrupting power to the CEDMs. There are two diverse devices in
each RTCB to perform this function. The first is a shunt trip device
which has an actuation coil that is normally deenergized. A RPS/PPS
trip signal energizes the shunt trip device to open the RTCB. The
second is an undervoltage (UV) device that has an actuation coil which
is normally energized. A trip signal, or loss of voltage on a vital DC
bus, will interrupt power to the undervoltage device causing it to open
the RTCB. Provision of the UV device meets General Design Criterion 23.
A diagram of the UV device in the energized and actuated positions is
shown in Figure 4.

The RTCBs also employ an overcurrent protection feature. However, this
feature is not part of the Class 1-E function of the RTCB. Other
circuit breakers and fuses in the MG set power supply path provide the
overcurrent protection function.

The basic RTSG design is arranged such that each of the two motor-
generator (MG) sets can power all of the Control Element Drive
Mechanisms (CEDMs). The two MG sets are operated in parallel, each
having sufficient capacity to hold all the CEDMs in position, although
one MG set may not be sufficient to hold all CEDMs and power multiple
(e.g., a bank) CEA movements. The RTCBs within the RTSG are used to
interrupt power from the output of the MG sets to the CEDMs. The RTCBs
are controlled from the RPS/PPS and, on demand, open by either
de-energizing the UV device, or energizing the shunt trip device. As
such, the RTCBs are functionally a switch and are not credited with any
overload or fault interruption/protection function. A manual trip both
de-energizes the UV device and energizes the shunt trip device. Each of
the four manual trip pushbuttons actuate two RTCBs, as shown in

Figure 1. For System 80 each pushbutton actuates one RTCB, as shown in
Figure 2.

The RPS/PPS generates a reactor trip signal via four trip paths. Each
trip path actuates a "K" relay which opens its respective set of RTCBs.
The "K" relay actuates both the shunt and undervoltage trip devices
within a RTCB. Actuation of either the shunt trip device or the
undervoltage device is sufficient to open the RTCB and interrupt power

11
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from the MG sets to the CEDMs. Each "K" relay actuates one RTCB in two
trip legs, so that a selective 2-out-of-4 actuation is required to
generate a full reactor trip. See Figure 1. This prevents the failure
of a single "K" relay from generating a spurious trip, and also permits
functional testing of individual "K" relays and matrix trip paths. The
System 80 design similarly requires a selective 2-out-of-4 actuation of
the "K" relays, with each "K" relay actuating one RTCB. See Figure 2.

The manual trip pushbuttons bypass the "K" relay and actuate both the
shunt and undervoltage trip devices. Each of the four manual trip
pushbuttons opens a specific set of RTCBs corresponding with one of the
"K" relays. A selective set of two pushbuttons must be actuated to
generate a trip. This enables selective functional testing of the
breakers by actuation of a selected pair of RTCBs (one RTCB for System
80 design) without generating a reactor trip.

History

Although there had been some earlier concern regarding RTCB operability
(IEB 79-09, Ref. C, and IEC 81-12, Ref. E), interest peaked following
the February 22 and 25, 1983 Salem ATWS events (IEB 83-01, Ref. F) and
the March 3 and 8, 1983 undervoltage device failures at San Onofre Units
2 and 3 (IEB 83-04, Ref. G). IEB 83-0] dealt with failures of
Westinghouse Type DB RTCBs, while IEB 83-04 dealt with failures of other
types of RTCBs, primarily GE AK-2-25 and Westinghouse Type DS-416.
Subsequently, IN 83-18 (Ref. H) reported on the results of RTCB tests
performed to meet the requirements of these bulletins.

There has been much correspondence regarding RTCBs, and circuit breakers
in general, within the nuclear industry, manufacturers, and NRC. The
References (Section 5.0) give a chronological, bibliographical listing
of some of the information available, starting in 1979. Following the
anticipated transients without scram (ATWS) events in early 1983 at the
Salem plant, the Combustion Engineering Owners Group (CEOG) formed a
Reactor Trip Breaker Subcommittee to investigate performance issues of
the General Electric AK-2-25 breakers used as RTCBs in C-E plants. The
Babcock and Wilcox Owners Group (B&WOG) formed a similar group, which
worked closely with the CEOG.

On November 3, 1983 the Commission met to discuss RTCB reliability.
Shortly thereafter, the CEOG Regulatory Response Group (RRG) was
activated to address this topic. The RRG met with the NRC staff on
December 14, 1983 and provided a formal response to the staff’s concerns
on December 23, 1983 (Ref. 0).

An early NRC study, Ref. AA, reported on circuit breaker performance
prior to 1987. A 1992 NRC study, Ref. AG, provided a general assessment
of the aging of circuit breakers. Rather than give a chronological
history of RTCB performance, the following major historical topics are
discussed in the next sections:

2.3 Undervoltage trip devices
2.4 Shunt trip devices
2.5 Testing and preventive maintenance
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2.3 Undervoltage Trip Devices

The UV trip devices are the major cause of concern with RTCB operation.
They are more complex than the shunt trip because they are designed to
be normally energized. Being normally energized means that they operate
at relatively high temperatures, and that they must rely on a spring for
opening. The adjustment of this spring, and the settings at which the
coil is energized and de-energized, require special attention. Being
spring-actuated, they are more sensitive to the torque required te
rotate the trip shaft, and related Tubrication problems. Problems with
sluggish and slow operation of these devices are generally remedied by
cleaning and relubricating. Lubricants are discussed in References F
and S,

General Electric breakers have experienced problems with both binding
and excessive clearance of the armature. These clearances are pre-set
and should be checked periodically as discussed in Reference I. The
armatures have also been found to go to a mid-position, trip-free
condition, as reported in Reference P; this primarily affects the
ability to reclose.

Westinghouse breakers have experienced problems with missing retaining
rings, Reference K. Occurrences of the trip paddle jamming against the
armature are reported in References W and X.

Undervoltage trip devices, their problems and corrective actions are
discussed in the following References:

GE Service Advice 175.9.3, 4/2/79 (attached to IN 79-09)

GE Service Advice 175.9.3, Supp. 1, 4/15/83

NRC IEB 83-04, 3/11/83

NRC IN 83-18, 4/1/83

Westinghouse 10 CFR 21 notification, 4/21/83 (DS-416 breakers)
C-E ADP Infobulletin 83-10, 8/12/83 (Westinghouse DS-206 breakers)
NRC 1B 85-02, 11/5/85 (Westinghouse DB-50 breakers)

C-E ADP Infobulletin 85-06, 9/20/85 (UV device clearance
adjustments)

NRC IN 83-09, Supp. 1, 2/2/93 (Westinghouse DB-50 breakers)
NRC GL 83-28, 7/8/83

NRC GL 83-28, Supp. 1, 9/18/92

C-E AD? Infobulletin 83-13, 8/12/83, and Supp.l, 1/27/84

GE Service Advice 175.9.20, 3/21/84
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Shunt Trip Device

The shunt trip device i; simpler and more reliable than the UV device.
Few failures cf the shunt trip have been experienced. The 1987 McGuire
Unit 2 breaker failure, Reference AA, was due to the breaker binding by
wedging the main roller between the closing cam and the frame. This
binding resulted in a failure of the coil to de-energize and it
subsequently overheated.




The 1992 failure at Palo Verde (not strictly a shunt trip problem) was
due to the breaker’s main arcing contacts being misaligned, as reported
in Reference AE.

In both nf these events (McGuire and Palo Verde) the problem prevented
the UV trip device from performing its function. These two recent
events are the only complete failures of an RTCB to open since the
beginning of 1986. They beth occurred on Westinghouse circuit breakers,
types DS-416 and DS-206, respectively. In neither event did the failure
prevent a plant trip.

2.5 Testing and Preventive Maintenance

The basic tests conducted on the RTCBs are those required by the
technical specifications, as modified by References L and AF.

The surveillance that this report is primarily concerned with
extending is the CHANNEL FUNCTIONAL TEST of each RTCB. This
CHANNEL FUNCTIONAL TEST includes actuation of the associated
RTCBs, and 1s generally performed by actuating one trip pushbutton
at a time to actuate its associated RTCB(s). This test is
performed monthly, but an extension of the STI to quarterly was
included as SR 3.3.3.1 (Analog) and SR 3.3.4.1 (Digital) of

NUREG 1432 (Ref. AH).

A CHANNEL FUNCTIONAL TEST of each RPS Matrix Logic channel and
RTCB channel is performed quarterly. This RPS CHANNEL FUNCTIONAL
TEST includes individual actuation of each "K" relay and its
associated RTCB(s). Previously this was performed monthly but an
extension of the STI was justified in CEN-327 (Ref. AB).

SR 3.3.3.1 (Analog) and SR 3.3.4.1 (Digital) of NUREG 1432

(Ref. AH) correspond to this test.

A CHANNEL FUNCTIONAL TEST of each RPS Manual Trip channel is
currently performed once per refueling cycle. This CHANNEL
FUNCTIONAL TEST includes actuation of the associated RTCBs, and is
performed by depressing a set of trip pushbuttons to actuate the
RTCB(s). SR 3.3.3.2 (Analog) and SR 3.3.4.3 (Digital) of NUREG
1432 (Ref. AH) correspond to this test.

An individual CHANNEL FUNCTIONAL TEST of each RTCB’s undervoltage
and shunt trip devices is performed once per refueling cycle.

This CHANNEL FUNCTIONAL TEST includes actuation of the RTCBs. SR
3.3.3.3 (Analog) and SR 3.3.4.2 (Digital) of NUREG 1432 (Ref. AH)
correspond to this test. This check is usually performed by
timing the operation of the UV device and measuring its actuation.
The results of these tests are trended to detect incipient
failures.

The RTCBs may also be exercised during rod drop time testing following
each core reload.




Testing and preventive maintenance of RTCBs are discussed in the
following References:

C-E ADP Infobulletin 81-02, 4/28/81, and Supp. 1, 11/5/81
C-E ADP Infobulletin 83-07, 6/15/83

NRC IEC 81-12, 7/22/8]

GE Service Advice 175.9.20, 3/21/84

C-E ADP Infobulletin 84-06, 6/20/84

CEN-327, 5/86

NRC GL 83-28, 7/8/83

NRC GL 83-28, Supp. 1, 9/18/92

NUREG/CR-5762, 3/92

NUREG-1432, 12/92

Allowable Outage Time

Appendix C contains the relevant LCOs from the Improved Standard
Technical Specifications for C-E Plants, NUREG-1432, Ref. AH. The
Allowable Outage Time (AOT) of concern here is the 1 hour Completion
Time of Required Action B.1 in LCO 3.3.3 (Analog) and Required Action
B.1 of LCO 3.3.4 (Digital), as well as the 1 hour allowed in the Notes
to Conditions B and C. Following expiration of this 1 hour period the
plant must be shut down,

In Tieu of deciaring an RTCB inoperable, it is accepted practice to open
the breaker or to rack it out for maintenance or testing. This places
the trip leg with the affected RTCB in the de-energized state,
accomplishing its safety function. In such a case, the plant is no
longer considered to be in Condition B or C of the referenced LCOs
(Apperdix C). Testing and preventive maintenance of an RTCB can thus be
conducted with the breaker racked out without placing the plant into a
Technical Specification’s Action.

With a RTCB open or racked out, and one trip leg open, testing of other
RTCBs runs an increased risk of causing a spurious reactor trip. To
meet Surveillance Requirements, testing of other RTCBs must be performed
on schedule. At newer C-E plants (Waterford-3 and the three Palc Verde
units), the Technical Specifications allow an inoperable RTCB to ove
closed for up to 1 hour to permit such testing to be performed with less
risk of a spurious reactor trip. This has also Seen impiemented in
NUREG-1432 (Conditions B and C) as discussed abuve. Older C-E plants do
not have this provision in their Technical Specifications (and it is
recommended they be permitted to adopt it).

Two simple precautions can be taken during the short period in which
this AOT is entered. First, the other RTCB in the same trip leg can be
tested prior to entering this Action to give added assurance it will
operate. Second, the operators can specifically note which manual
pushbutton actuates the operable RTCB that is being relied on.

It is not often that a plant needs to invoke this 1 hour AOT, but when
it is needed, 1 hour is insufficient time to test the two RTCBs in each
of the other trip legs without rushing the work. It is the extension of
this 1 hour AOT, and the accompanying Notes, that is discussed below.
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DISCUSSION

NRC GL 83-28 set out the considerations necessary to achieve high
reactor trip system availability:

uncertainty in component failure rates
uncertainty in common mode failure rates
reduced redundancy during testing
operator errors during testing

component “"wear-out®™ caused by testing.

Additionally, one needs to look at the following:

6. the appropriateness of the testing and preventive
maintenance being performed

NUREG 1366 (Ref. AT) ziates that overtesting is contributing to breaker
failure, but that adjustment and lubrication problems are also
significant. Human error has caused trips during this testing. There
has been no change in the test interval since adding such diverse
features as undervoltage and shunt trips, even though these features
contribute to a significant increase in reliability (the C-t design has
always had these features and has actuated both). NUREG-1366 states
that the present allowed outage time of 2 hours for conducting testing
should be increased to prevent the test from being rushed. (The actual
AOT is only 1 hour, and only a few plants have been allowed this.)
While these recommendations were not followed-up on in GL 93-05 (Ref.
AP), the CEOG believes they are warranted.

The ATWS Rule (Ref. AQ) has also increased the overall reliability of
the trip system by reducing the risk resulting from the failure of
RTCBs, as noted in SECY-92-322 (Ref. AF).

RTCB Failure Rates

Appendix A presents a summary of NPRDS data for circuit breakers under
the system code RCB (which includes all RTCB failures) for C-E units.
(The information was collected in December 1993; with the latest event
date being 8/21/93.) Table A-2 presents the data sorted by unit and
date. Table A-3 presents the data sorted by failure type and date. The
following conclusions can be drawn from the analysis presented in
Appendix A:

1) There are 13 reported failures of an RTCB to open found in Tables
A-2 and A-3. Of these, only one was a total failure of the
breaker to open on demand (Ref. AE).

Based on the data, a failure rate of 0.6E-4 per demand has been
experienced since 1/1/86 at C-E designed plants. This is less
than the value of 5.3E-4 given for the failure of a circuit
breaker to open on demand given in NUREG/CR-4639 (Ref. AR).




While the above data 1s based on C-E units, the whole industry
experienced only 2 RTCB failures during this period. This shows that an
industry <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>