
'~ ~
.

- " - -

,

/ e Nc
n u

'c, UNITED STATES
[ [ i NUCLEAR REGULATORY C.OMMISSION<

2 . !
c wAsmNGTON, D. C. 20555

s
g ' .s . j

* ...

SAFETYEVALUATIONREPORTBYTHEOFFICEOFNUCLEARREACTORREGULATIdN
CONCERNING

THE CONTROL ROD DRIVE TRIP BREAKERS ,

AT
ARKANSAS NUCLUR ONE, UNIT NO. I

DOCKET rFJ. 50-313
'

.

I. BACKGROUND -

In response to NRC Bulletin 83-04 ." Failure of the Undervoltage Trip Function
of Reactor Trio Breakers'', all the reactor trip breakers were tested
successfvily on March la, 1983. The licensee's written res6onse to this
bulletin is provided by his letter of March 21,' 1983 to J. T. Collins, NRC
Regional Adninistrator. On March 23, 1983, with plant in cold shutdown and
routine testing of the control ro,d drive systen in progress, the undervoltage -

trio device of one reactor trip breaker was unable to trip that breaker upon

demand frm1 the manual scram switch on the main control board. The failed
breaker was the "A" a.c. nain feed breaker. All other reactor trip breakers
perforned a'nd the control rods were all f ully, inserted into the reactor core.

Af ter discussing the situation with the licensee, the NRC issued a Confirmatory
Action Letter on March 25, 1983. This letter requires that the reactor not

,

be operated until certain actions were completed and the safety concerns were
resolved. One of these actions involved a plant nodification that would add the
shunt trip, in addition to the present undervoltage trip, as a safety-related
nechanism to operate the reactor trip breakers.

'

On March 31, 1983, a neetina was held in Bethesda, MD.during which the licensee
presented the results of the investigation of the cause of the breaker failure,
oroposed corrective actions, and his basis for continued safe operation of the
plant. We have reviewed the,information presented by the licensee, as discussed
below.

As an Attachnent I to this report, we have prepared a 'sunnary description
of tha reactor protection syste., and reactor trip breakers at this plant. The

description covers the redundancy and the diversity, which, in- this desiga are
substantial. It depicts pictorially the sprina ' adjustment used to set the
pickup ~ voltage of the undervoltage trip attachment to the breaker. Also
1+ depicts and discusses the trip shaft bearings and the trip latch precision
Dearinn in.the breaker that require periodic lubrication.

'

As Attachment 2 to this report, we have reviewed the pric. experience
,

| of trip breakers failures at this plant. As a result of tnis experience,

| we., conclude that there is indication that the faflure rate of reactor.

| trip breakers at this plant may be hiaher than the average.

.
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!!. Identification of Cause of Breaker Failure to Trip

On March 23,- 1983, the plant was preparing to return to operation after
a refueling. The control rod drive systems were being tested. One of
the last steps.is to remove power from the drive system via the manual
reactor scran switch on the main control board. Following this operation,
'the operators determined that the "A" main A.C. feed reactor trip breaker
had failed to operate. The breaker was manually tripped by the local
mechanical trip nechanism and then placed in a " quarantined" status by the
plant Operations Superintendent pending a full investigation with assistance

~

from the nanufacturer's design engineering staff.

The licensee's letter to J. T. Collins, NRC Regional Administrator, dated
March 25, 1983; discussions and copies of slides presented during meetings
on March 31, 1983; and additional discussions with the licensee's and vendor's
representatives forn the basis for the following evaluation and staff judgement.

A. Description of Investigative Tests - The licensee performed investigative
tests based on a work plan developed in consultation with the vendor,

,
General Electric (GE). Tests involved neasuring of breaker shaft torque
reauirenent and response time. . Response time was neasured both prior
to and af ter lubrication of the breaker bearings. The pickup voltage
setting of the undervoltage coil was set at 84 volts. The response
time for trip through the undervoltace coil was measured at 84 volts,
the oriainal set 00 int, and at 102 volts (85% of 120 VAC). This
latter value is reconnended by the vendor in his Service Advice Letter

in 1979 (i.e. , NRC Bulletin 79-09).

B. Results nf Tests - The neasured response times were presented as follows:

Trip Time In Seconds

PRE-Lube POST-Lube
84V 102V 84V 102V

Trin #1 0.042 0.0249 0.025 0.027 -

Trip /? 0.542 0.027 0.033 0.02
i
! Tric'u3 0.034 0.0236 0.023 0.017

Trip #4 1.76 0.021 0.029 0.021
|

| The torque neasurenent orior to lubrication was approximately 26 inch ounces
and less than 24 inch ounces post-lubrication. Based on information obtained,
from the vendor. and other sources, the maximun.~ torque 'av'ailable from the under
voltage coil with a pic'kup setting of 102 volti is in the range of 27 to 30
in'ch-ounces. Thus, the reasurel toraue values observed during the investigative
tests correlate with the trend frbg the measured response time.

.
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C. Conclusions - During discussioqs with the l censee'and through a visual
examination of the breaker beari ny, it was observed that some bearingsi

are protected by a dust shield.; It;is now hypothesized by the licensee
that the dust shields may hay ('heen' thwght t3 be sealed bearings, and

,

may not have beeni serviced during roatfne service and maintenance. A
e comparison of the response tirre V a and pcst lube strongly supports the
i hypothesis. A '

,

\
Comparison of the ore-lub response time 5etween the 84 volts and 102
volts settinas on the UV device is also significant. With the higher voltage
setting, which is recommended by the vendor, t'1e response time is reduced ~
significantly.-tending towards the post-lube va{ues.

,

\ .

The licensee also' described how breake'rs 'were tpurchased to the quality
assurarke requirements for safety-related conpo.1ents, and was ableito

~

verify 'that the original purchase, order identified the breakers as being
safetv-related. The licensee also reviewed the maintenance history,

^

.

- and confirned that the maintenance islindeed performed by "Q" job order,
i.e. , maintenance performed on safety ,related equipnent.; However, because.
of the r'ust cover on.the be.arings it cannot be confirmed h]w'frecuently
they .5aveibeen lubricated.

~

Based on the 'abovA the staf f concludes that the most likely causts of the
failure to trip are (a lack of , lubrication of the breaker trip shaft
bearir9s ar1 tae preg $) ion trip latch bearing, and (b) the undervoltage coils

pickur, voltaQy setting beinq less than that recommended by the yendor.
,

The scaf f has requested and the licensee has agreed to provide on \ he
dcciet;the'co,9leteresultsoftkeidVestigativ'etehtsandrevised' maintenance
pr't.cepires tiat assure proper lubrication and undervoltage coil pickup
vo b w sett'inqs. Records of procurenent of the breakers and replacement

~

parts ine.Oudina records of t mai1tenance and surveillance performed on the
breakers ere maintained by the licensee and are available to the NRC for
i n s pec'. i o n .' .

~ '
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III. Maintenance and Testina' Procedure for Reactor Trio Breakers (RTB) .

The licensee's letter to J. T. Collins, NRC Regional Adninistarator
dated March 25, 1983; and discussions during a meeting with the staff on
March 31, 1983; were reviewed and form the. basis for the following
evaluation.

~

A. Control of RTB Vendor Information

The licensee discussed the procedure for control and dissemination of
vendor infonna~ tion. All inconing vendor information goes thr6 ugh the
docunent control procedure and is reviewed by the Operations Experience
Assessment Group and the Responsible Discipline /Section Manager. Also,
controlled copies are issued and updated. Changes and revisions to relevant
procedures.are made when and to the extent that the licensee's review

indicates that a change is necessary based on the incoming information.
The staf f finds the procedure is responsible and adeouate. The licensee
agrees that all records related to the disposition of the GE service
advice letter of 1979 on RTB's are available for NRC inspection. '

B.. Cnntrol of RTB Configuration

The breaker maintenance program is consistent with' the criteria for
safety-related components, and are initiated by "0" job order.
Therefore, the maintenance history is retrievable. However, the
Drevious DroCedure did not call for recording the breaker identification
number, and it is not possible to' trace the path of a specific breaker
in various locations. The licensee has pr'oposed and the staff agrees.
that the revised procedure will include the breaker identification

number in future naintenance records.
.

C. RTB Mainten6nce Procrans

.The licensee's naintenance progran for RTB's is performed in accordance
with a formal procedure, Procedure #1405.17 consistent with safety-related
quality assurance criteria, with well defined frequency and established
maintenance records. The staf f, however, has not completed a detailed
. review of the licensees procedure, and additional long tenn and short
tern requirnents are defined later.

_

-The licensee reported all failures related to the.RTB's that had not been
previously reported in the letter to J. T. Collins, NRC Regional Administrator
dated March 25, 1983.

Staf f review of the licensee''s naintenance prograns as presented
to the staf f dur,ino the neeting of March 31, 1983, .i n,,,Bethesda, MD

- with respect 'to quality assurance reQuirnents, naintenance records
and reportino of failures shows good faish dn the part of the licensee.

*
, .
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D. Compliance with NRC Bulletins and Circulars
The licensee has indicated cm,pliance with IEB 79-09, IEC 81-12,
IEB 83-04.with respect to procedures and informing operators
regarding failure to scram scenarios. We have reviewed the
licensee's actions in response to NRC IEB 79-09 and the associated
GE 1979 Service Advice letter. Based upon information presented ,

on March 31, 1983, we draw the tentative conclusjoa that the
licensee did, not fully conply with the vendor's Service Advice
letter in three areas. these are: (1) the pickup voltage setting
of the undervoltage trip device, (2) lubrication of the precision trip
latch hearino in the main nechanism of the breaker, and (3) the
freauency of inspection and naintenance of the trip breakers. Although
the 1.icensee appears not to have been in full compliance with IEB 79-09,
we conclude, based on our review, that the upgraded procedures now
conform to IER 79-00

.

E. Procosed Revisions .

The. licensee has proposed to revise his mainte' nance procedure. The
revised procedure is subject to ' detailed staff review and approval.
In or6er to ensure that all RTB's are rendered operational and
maintained in an operable and reliable condition, the staff requires
that the following short tern and long tern conditions be net. The
licensee has committed to these conditions in a letter dated April 4, 1983.

Short Term Condi*. ions:
.

Prior to criticality the licensee has agreed that:

a) All RTB's have been lubricated per vendor recommendation including
the lubricant type and lubrication points and torque and response
time test results are within acceptable values.

b) All RTB's will have been cycled by the undervo'ltage trip at least
ten times without any intervening adjustnent or naintenance with
a ni.ninun of five ninutes between each cycle. Visual confirmation
of break in contact at each breaker location in all ten of the
above, tests must occur to consider a specific breaker to be operable.
Failure should be,pronntly reported to the NRC.

Lonq Tern conditions:

The licensee has aQreed to provide na,intenance procedures for RTBs
and control rod drive scran systen that address the following before the
next six nonth naintenance period:

a) When out of tolerance conditions are found, procedures should clearly
state what actions are to be taken by the caintenance personnel. A review
of the conditions of failure by the quality assurance and engineering

[ staf f should also be include,d.

5) Procedure docnnents must include figures to'show exact lubrication
,

points. No deleterious ef fects will be caused by the lubricants with
|

respect to corrosion or hardenino of the lubricant.

*
.
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IV. Periodic Surveillance Testing

A. Proceduret-

The licensee has surveillance procedures documented as Reactor Protection
Systen Channel D test, 1304.40, Revision 8. This procedure is to

be used in the nonthly surveillance tests. We have reviewed the
procedure and, determined it to be acceptable.

.
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V. Proposed Shunt Trio Modifications -

Prior to th'd breaker failure on March 23, 1983, the licensee had been
developing a design change that would add the shunt trip coil (STC) of
each reactor trip breaker to the s3fety-related reactor trip system. The
licensee ha's proposed to install this modification prior to' plant restart.
The purpose of the modification is to provide a diverse mechanism independent
of the UV trip device in each breaker in order to increase the reliability
' of the reactor trip breakers.

Conceptually, this nodification involves the addition of an undervoltage
relay in parallel with the UV trip coil. When the protection system
renoves voltage from the'UV trip coil, the undervoltage relay would also
"de-energize." Tne output contacts of the undervoltage relay would apply
a separate d.c. voltage to the STC and thereby also cause it to trip the breaker.
Associated with the modification are switches to permit independent testing
of the UV and STC trip nechanisns, loss-of-voltage monitoring relays (which
would operate a trouble alara in the plant main annunciator systen), and locally
mounted indicating lights.

In our review, we identified a concern that the independence of the two safety-
related redundant electric power divisions may be put in jeoparity by the design
as presently proposed. The undervoltage relay is not a simple coil-contact
device. Rather, it is sof oi-state circuitry for which separate d.c. power
is provided for its operation. In the case of the 4 d.c. breakers, the d.c.
power being used for the undervoltage relay and the a.c. power being used for
the llV trip devide are from the two dif ferent redundant electrical divisions.

If failures internal to the solid-state circuitry could result in d.c. from
one division beinn applied to the a.c. of the redundant division, the vital
bus's inverter could be lost and cause interactions with other systens that
may be unacceptable. Th' .c. systen might also be compromised.

The electrical independence concern remains unresolved. Furt he rmore,
additional questions have arisen. These matters will not permit staf f
approval at this time. Accordingly, our evaluation for the restert of ANO-l
is proc.eeding based on the upgraded naiatenance, surveillance and pick
up voltage settinos on the existing desian urJnq only the UV trip coil.

.

Installation of the proposed nodification has been initiated. Because
safety concerns about the design remain unresolved, the licensee has
aqreed not to terninate the electrical connections to the proposed desicS;

.and also agreed to perforr appropriate testing to assure that operability
of the reactor protection systen has not been compromised. These actions

.

|
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will be completed prior to any plant activities that depend upon the
operation of~the reactor trip breakers. The NRC will nonitor these actions
at the plant site. .

We believe that the addition of the shunt trip, if designed and installe'd
properly, can provide an increase in the reliability of the reactor trip
breakers that is worthwhile and desirable. The licensee has invested a

^

considerable effort into this nodification. It should not be abandoned
or unnecessarily postooned. We also believe that any change to the
protection systen should not be rushed, but rather be reviewed comprehensively
and thoroughly at all licensee organizational levels before submittiong
the design nodification for NRC review.

'

VI. Hunan Factors Considerations

Because the proposed design nodification will not be installed at this
time, we have deternined that it is not necessary to complete our revicu |
of the hunan factors considerations related to the modification. '

-
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VII. CONCLUSIONS
.

In consideration of the foregoing evaluation, we conclude that
subject to' the conditions noted herein, it is acceptable for the ANO-1 plant
to return to criticality and power operation. Prior to'any
plant activities that depend upon proper. operation of the reactor
trip breakers to assure that the ability to shutdown is naintained,

| the licensee has agreed to complete the following:
,

1. All CRDTBs have been inspected and naintenance perforned to renove
the cause of the' failure. -

! 2. Verify the operability of each reactor trip breaker by 10-cycle testing.
,

3. Assure that the electrical connections for the proposed shunt trip coil
nodifications have not been nade and related electrical wiring is secured.i

4 Complete aporopriate testing to assure the operability of the
; reactor protection systen.

in addition, t.he licensee has agreed to provide upgraded maintenance;

procedures as noted under lonn tern conditions in Sectie? III.E herein.

Our conclu; ions are based upon several considerations which are:
(a) the design configuration of devices to interrupt power to the
control rods incorporates a considerable degree of both redundancy
and diversity, (b) simultaneous failre of two power interrupting devices
have never occurred at this plant, (c) the causes of the March 23, 1983
single breaker failure h&ve been identified, and (d) corrective actions
will have been completed to return all trip breakers to an operable
status and to maintain that status.

.
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DESCRIPTIO" 0F REACTC:
'

PR9TECTIO*; SYSTEM A.';D-

REACTOR TRIP BREAKERS
..

The~ reactor. protection system (RPS) is-designed bf the ~Babco.ck and Wilcox
Company to sense several plant variables and to actuate a trip of the
reactor (emergency shutdown) in the event that any plant variable reaches
an abnormal value (setpoint). The RPS consists of multiple instrument
channels and logic units to cause the holding power to the i:ontrol . rods
to, be interrupted. When this power is interrupted, either by ac or de
circuit breakers or by solid-state silicon controlled rectifiers, the

control rods fall in,to the reactor core and thereby terminate the nuclear.
reaction process. -

The RPS is designed to comply with the NRC General Design Criteria (GDC)'
-in Appendix A to 10 CFR 50. The most germane of these criteria to the '

reactor trip breaker issue is GDC-23 which requires that,' for conditions
such as loss of electric power, the RPS must fail to a safe state.
Traditionally. this criterion has been applied as requiring the RPS design
to be such that it intrinsically causes an automatic reactor trip upon |

loss of power to the RPS. Therefore, RPS designs include undervoltage (UV)
trip mechanisms as part of.the reactor trip breakers. The UV trip is
energized during normal plant operation and will trip the breaker either
when power is lost or when power to the UV trip is, interrupted by automatic
or manual protective signals. -

In addition to the GDC's, flRC regulations (10 CFR 50.55a) require that the
protection system meet the requirements of IEEE Standard 279 " Criteria for
Protection Systems' for .'!uclear Power Generating Stations." This standard
defines twenty'-two cri teria.

The present design of the RPS and the reactor trip actuation devices .at
A'10-1 is summarized below. The RPS detects nine different plant parameters,
such as RCS pressure low. For each plant variable, four instrument channels
are provided. When a measured variable reaches its predetermined setpoint,
a trip' signal is generated by that instrument channel and is sent to its
corresponding reactor. trip logic module. If any 2-out-of-4 instrument-
channels are tripped, the logic modules will generate trip signals and send
them to the final actuating devices .to effect an automatic. reactor tri.p.

'

Equipment-wise, one of the instrument channel's for each plant variable and
a reactor trip logic module are combined to form',aiat is called at ANO-1
a " Protection Channel ." There are four such automatic protection channels.
The output signal of each automatic protection channel is fed through a
Section of the manual reactor trip switch to one or more r.eactor trip -

.

breakers. Protection Channel "A" operates ac feed breaker "A"; Protection
Channel "B" operates. ac feed breaker "B". Protection Channel "C" operates

~

both dc dual breakers "C", and the " main" SCR's. Protection Channel "D"
operates both de dual breakers "D", and the " secondary" SCR's. .

,
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Tne configuration of the trip breakers and other cevices used at ANh-1,

I tc interrupt power to the control rods' is shown in Figu're 1. This
| configuration is a (1-out-of-2) X 2 logical arrangement. The combination -

of the Protection Channels and the breaker /contactor configuration provides
an overall lo_gi'c of (1-out-of-2) X 2 for reactor trip.

' "

The motive power through an SCR is controlled by. turning control power .

. off or on at the gate of the device. When all 12 SCR's for a group are
gated off, there is no power for the regulating rods in that group and
they fall into Lhe reactor core. *

.

. .

When a reactor trip occurs, three distinct power interruptions take. place-.
as shown in Figure 1. First, the two ac feed breakers (that provide -- -

power' to all rods) are opened. Second, the de breaker to each group of
safety rods is tripped. Third, the contactors open which are indirectlry
in the gate circuits of the SCR's, causing the SCR's to stop conducting.

. 1
The design includes a feature to automatically trip the turbine when the.
reactor is tripped. This turbine trip signal is derived from a series-
parallel combination of the reactor trip breaker position switches and
the SCR contactor contacts. Since these are all " output signals", this
automatic turbin'e trip circuit is highly dependent upon successful trip

.operation of the breakers and contactors. If all breakers should fail
but the SCR contactors tripped successfully, the reactor would trip but
the automatic turbine trip signal would not be generated.

The ac feed breakers are the 3-pole, stored-energy type equipped with |
,, instantaneous UV trip devices. The ac breakers are General Electric type

AK-2A-25. There are four GE breakers used to interrupt the de holding power
to the ero ds . Each breaker is tripped by 'a UV trip device. Additionally,.

a shunt trip coil (STC) is installed in each breaker. The STC is operated
by an overvoltage sensor to protect the equipment in the control rod drive
system from potentially harmful overvoltage conditions, which is not
considered to be a nuclear safety related function. Figure 2 is a schematic
representation of the GE AK-2 breaker. It illustrates the three mechanisms
provided to trip the breaker: the UV trip, the STC, and the manual
mechanical trip. It is noted that all these trip mechanisms operate (rotate)
the trip shaft, which in turn operates (with the two trip shaft bearings)
the trip latch against the latch bearing. The trip latch bearing is a
precision bearing provided with dust covers and is not a sealed bearing.
All these bearings require periodic maintenance to prevent the torque
required to trip the breaker from becoming excessive.

Figure 3 is a detail representation of the UV trip device. It shows various
adjustments including the spring tension used to set the device pickup
vol ta ge. This figure also shows the trip shaft bearings and the precision
latch bearing.

.

O .

O

e

.

.

e

4

'
*; -

, , .. .. ..

.. . . - _ _ _ _ __L_ . _ _ _ _



- --,,, - -- ma _ _,,

h 4

$

0 0

.

s e ,

para uceasAer _a
P%eCR P%meCR |c 7

. T. %46o wec
~

~~~

. m ,- A a , , , -
,

:(
~ ~

---I f--.

l -

.

uu) un,
7,, y,,, ,, , ,3prvir,

N.

= m.., , , , y,

y .,
, ,

be na a rar, se g,a,g4 ,

M A rd ECE his!R 2d!Ps1 hutt surpty a

e4 rea se.ur'

.C1 bi

O QL '70'4',7$ 4 --< > - > -

ite

< _ .(. f* 3
'

,

< .~

778/t34 L FCA
. . . _ . . ..__ . . . . .,

/| Rt4.hb 4 tee 95

|
.

.-
)

.

- Q t *) #*
4 '%

*$Afin Reb QReuPS -Q.Yfa A ,

(onc ''c ' sne A a n Ay on :'b* nnensa r ' sfjefn'

t

MusT 09tol To Trot KA H Re's QReut ) -

F/GURE i|'

|

|
,



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

-

.

,
.

*

I Gr A x-z mt
*

I Reactor Trip Breaker

! POWER
i

i i
" |

| TRIP

(n=
_
'

; STORED (,
; ENERS1

BEVICE

CRDC5 : CRD
|)gTgp- e

-
'

,
/

I--h
,

I TRIP i

5 HAFT
I

.

s//// // DVER
TRIP

TRIP LATCH I VOLTAGE

sa4 ev9 Q.] d h PROTECTIJN

TRIP [
i

TR- IP.:
* ' .a1.tu,

- ) h W .

( . ,
*

:D-; TRIP j g=,
.

;
.

.

UNDERVOLTAGE 'W -

%
'

TRIP DEVICE 1 .

5 : .

$NUNT TRIP " BREAKER MOUNTED

BEVICE MANUAL TRIP DEVICE !

.

;!; REACTOR C
115 VAC

. | TRIP VITAL

; . [%ll'c' I : r BBS-

CONSOLE MOUNTED'

Mnaues nasy connes swnn

FIGud 2

1

__ _ . _ - _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ ._ _ _ _ _ , _ _

,. _-j



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

| e

- e

f f*

,, (cxcn4iecb) T*'!jyg4 -

- ,Q|v|meevat 447
s

'
n , , , ,,

""
710/Y'

Y ' '

um
s a " *~ t naaaow1 0 1

A sr< - a> V
-

(s a
s=w un,mm

_ sew
< " " creau.ur vaumes;

RCLA1 9 AP > ,
~ - RWir

N =\\\\\\\\\M (ceerawr \)g R& brut-

.

\ rw.r e.~ri
-

, ..
JETSCAfW ]g 1===-

Ii i1

)V77 5 777 -

E ~~%=== M ON L Cett
g

'

#9 .
,

'|'A

'

| .

::

_

FIGuk.f 3

.

e

t ...



~ - ~

. ,

a

.' .

* .
e

.

Attachment 2

PREVIOUS TRIP 8REAKERS FAILURES
*

.
-

.

Prior to March 23, 1983, here had been a total of 8 reactor trip failures
at this plant. The plant went into commerical power operation nine years
ago, in April 1974. About five years later in the later part of 1978
and early 1979, the plant experienced a series of 4 breaker failures.

.

All these failures; involved the same "A" a.c..: main feed breaker repeatedly,
and in each case the undervoltage trip device was unable to trip the .

breaker when voltage to the device was. interrupted. In early.1979, this
breaker was replaced with a new breaker. About 4 years later in the later
part of 1982, the plant experienced a second series of breaker failures.
Aaain, the UV device was not able to trip the device. Duri~ng this series,
special surveillance of the breakers was progressively increased and finally
was being conducted on a daily basis. In November 1982, a new replacement
breaker was installed for the "B" a.c. nain feed breaker. The March 23,

1983 f ailure is the first breaker failure to occur since the two series
of failures. All the failures at this plant have been single breaker
failures; there has never arisen a case of two breakers failing simultaneously
or concurrently.
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