UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D C. 20555

L E T

SAFETY EVALUATION REPORT BY THE OFFICE OF NUCLEAR REACTOR REGULATION
-y CONCERNING

THE CONTROL ROD DRIVE TRIP BREAKERS
AT

ARKANSAS NUCLEAR ONE, UNIT NO,
T DOCKEY Wi, 50-313

I. BACKGKROUND

In response to NRC Bulletin R3-04 "Failure of the Undervoltage Trip Function

of Reactor Trip Breakers”, all the reactor trip breakers were tested

successf.lly on March 13, 1983, The liczensee's written response to this

bulletin -is provided by his letter of March 21, 1983 to J. T. Collins, NRC

Reqional Administrator., Mn March 23, 1983, with plant in cold shutdown and

routine testing of the contrnl rod drive system in proaress, the undervoltage -
trip device of nne reactor trip hreaker was unable to trip that breaker upon

demand from the manual scram switch on the main control board. The failed

hreakar was the "A" a,c. main feed breaker, Al]l other reactor trip breakers

performet and the control rods were all fully inserted into the reactor core.

After discussina the sityation with the licensee, the NRC issued a Confirmatory
Action Letter on March 25, 1983, This letter reaquires that the reactor not

he operated until certain actions were completed and the safety concerns were
resolved. One of these -actinns involved a plant modification that would add the
shunt trip, 1n ad4ition to the present undervoltage trip, as a safety-related
mechanism to operate the reactor trip hreakers.

On March 37, 1983, a meetina was held in Bethesda, MD during which the licensee
presented the results of the investigetinn of the cause of the breaker failure,
proposed corrective actions, and his basis for continued safe operation of the
plant, We have reviewet the infaorma*tion presented by the licensee, as discussed

below.

As an Attachnent 1 to this repnrt, we have prepared a summary description

of the reactnr protectinn systen and reactor trip breakers at this plant. " The
description covers the redundancy and the diversity, which in this desig: are
substantial, It depicts pictorially the spring adjustment used to set the
pickup voltage of the undervoltaqge trip attachment to the breaker. Also

i+ depicts an” discusses the trip shaft bearings and the trip latch precision
vearinn in the hreaker 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 this experience,
we conclude that there is indication that the failure rate of reactor
trip breakers at this nlant may be higher than the average.
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[dentification of Cause ot Breaker Failure to Trip

On March 23, 1983, the plant vas 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 marual
reactor scram 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 mechanism and then placed in a "quarantined" status by the
plant Operations Superintendent pending a full investination with assistance
from the manufacturer's design enqineering staff.

The licensee's letter to J. T, Collins, NRC Reqional Adninistrator, 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 form the hasis for the following evaluation and staff judgement.

Descriptinn of Investigative Tests - The licensee performed investigative

tests hased on a work plan developed in consultation with the vendor,
General Electric (GE). Tests involved measuring of breaker shaft torgue
requiremnent and response time, Response time was measured both prior

to and after ludrication of the hreaker bearinas. The pickup voltage
setting of the undervoltage coil was set at 84 volts. The response

time for trip through the undervoltaae coil was measured at 84 volts,
the oriainal set noint, and at 102 volts (85% of 120 VAC). This

latter value 15 recommended by the vendor in his Service Advice Letter
in 1379 [i,e,, NRC Bulletin 79-09),

Results nf Tests - The measured responss times were presented as follows:

Trip Time In Seconds

PRE-Lubhe POST-Lube
Trip #1 0,082 0.0249 0,025 0.027
Trip #2 0,542 n.027 0,033 0.02
Trio 43 0,034 0. 0234 n,02% 0.017
Trip #34 1,76 0,021 0.029 0.021

The torque measurenen® nrior 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 maximum torque availahle fron the under
voltage coi! with a pickup setting of 102 volts s in the range of 27 to 30
inch-ounces. Thus, the measurei toraue values observed during the investigative
tests correlate with the trend from the measured response time,
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Maintenance and Testing Procedure for Reactor Trip Breakers (RTB)

The licemsee's letter to J, T. Collins, NRC Regional Administarator
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, ‘

Control of RTR Vendor Information

The licensee discussed the procedure for control and dissemination of

vendor informatinn, Al1 incoming vendor information goes through the
document 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 3 chanae is necessary based on the incomina information.

The staff fincs the procedure is responsihle and adeouate. The licensee
aqrees that all records related to the disposition of the GE service

advice letter of 1979 on RTR's are available for NRC inspection.

Control of RTR Confiquration

The breaker maintenance progran is consistent with the criteria for
safety-related components, and are initiated by "Q" job orde-.
Therefore, the maintenance history is retrievahle. However, the
previous brocedure did not call for recording the breaker identification
number, and it is not possihle to trace the path of a specific breaker
in various Tocations., The licensee has proposed and the staff ayrees
that the revised procedure will include the breaker identification
numher in future maintenance records.

RTE Maintenance Proarams

The licensee's maintenance proqran for RT8'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 staff, however, has not completed a detailed
review of the licensees procedure, and additiona! long term and short

term requirments are defined later.

The licensee repnrted all failures related to the RTB's that had not been

previously reported in the letter to J., T. Collins, NRC Reqional Administrator

dated March 25, 1983,

Staff review of the licensee's maintenance prograns as presented

to the staff durina the meeting of March 31, 1983, in Bethesda, MO
with respect to quality assurance requirmonts, mainienance records

and reportina of failures shows good fai. on the part of the licensee.
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D. Compliance with NRC Bylletins and Circulars
The Ticensee has indizated compliance with [EB 79-09, I[EC 81-12,
IEB B3.04 with respect to procedures and informing operators
reqarding 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 conclusion that the
licensee did not fully comply with the vendor's Service Advice
letter in three areas. these are: (1) the pickup voltage setting
of the undervoltaqe trip device, (2) lubrication of the precision trip
latch hearing in the main mechanism of the breaker, and (3) the
frequency of inspection and maintenance of the trip breakers. A!though
the 'icensee appears not to have been in full compliance with IEB 79-09,
we conclude, hased on our review, that the upgraded procedures now
conform to IER 7G.N0,

The licensee has proposed to revise his maintenance procedure. The
revised procedure is subject to detailed staff review and approval.

In oruer to ensyre that all RTR's are rendered operational and

maintained in an operable and reliable condition, the staff requires

that the follawinag short term and lonag term conditions he met. The
licenses has committed to these conditions in a letter dated April 4, 1983,

Shaort Term Condi*ions:
Prior to criticality the licensee has aqreed that:

a) A1) 2TE's have heen lybricated per vendor recommendation including
the lubricant type and lubrication points and torque and response
time test results are within acceptahle values.

h) A1l RTR's will have been cycled by the undervoltage trip at least
ten times without any intervening adjustment or maintenance with
a ninimun of five minutes between each cycle. Visual confirmation
of break in contact at each breaker location, in all ten of the
ahove tests must occur to consider a specific breaker to be operable,
Failure should be promptly reported to the NRC.,

Lona Term conditions:

The licensee has aareed to provide maintenance procedures for RTBs
and contro) rod drive scran system that address the following hefore the

ts Propused Revisions .

next six month maintenance period:

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

") Procedure dowments must intlude fiqures to show exact lubrication
nnints, No deleterious effects will he caused by the lubricants with
respect to corrosian or hardenina of the lubricant.
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Periodic Surveillance Testinag
Procedures-

The licensee has surveillance procedures documented as Reactor Protection
Systen Channel 0 test, 1304,40, Revision 8, This procedure is to

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

In consideration of the foreqoing 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 maintained,

the licensee has agreed to complete the following:

1. A1) CRDTBs have been inspected and maintenance performed to remove
the cause of the failure.

2. Verify the operahility of each reactor trip breaker by 10-cycle testing.

3. Assure that the electrical connections for the proposed shunt trip coil
modi€ications have not been made and related electrical wiring is secured.

4. Complete aporopriate testina to assure the operability of the
reactnr protection system,

In addition, the licensee has agreed to provide upgraded maintenance
procedures as noted under lona term conditions in Sectisr 111.E herein.

Our conclusions are hased upon several considerations which are:

(a) the desian 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 brearer failure hive heen identified, and (d) corrective actions
will have been conpleted to return all trip breakers to an operable
status and to maiatain that status.

.
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REACTOR TRIP BREAKERS

The reactor protection system (RPS) is-destgned by the Sabcock 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 logfc units to cause the holding power to the control rods
to be interrupted. !hen this power is interrupted, either by ac or dc
circuit breakers or by solid-state silicon controlled rectifiers, the
control rods fall into 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 ¢lectric 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 R®S. Therefore, RPS designs include undervoltage (UY)
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 sigrals.

In addition to the GDC's, NRC regulations (10 CFR 50.55a) require that the
pratection system meet the requirements of [EEE Standard 279 “Criteria for
Protection Systems for 'luclear Power Generating Stations."” This standard
defines twenty-two critaria,

The prese t design of the RPS and the reactor trip actuation devices at
AND-1 is sunnarized below. The RPS detects nine different plant parameters,
such as RCS pressure low. For each plant variable, four instrument channels
are provided. When 2 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 trippe, the logic modules will generate trip signals and send
them to the final actuating devices to effect an automatic reactor trip.

Equipment-wise, one of the instrument channels for each plant variable and
a reactor trip logic module are combined to form what is called at ANO-1

a "Protection Channe!.™ There are four such automatic protection channels.
The oviput signal of each automatic protection channel is fed through a
section of the manual! reactor trip switch to one or more reactor trip
breakers. Protection Channel "A" operates ac feed breaker "A"; Protection
Channel "B" ogperates ac feed breaker "B". Protéction Channel "C“ operates
both dc dual breakers "C", and the "main" SCR's. Protection Channe! "D"
operates both dc dual bdreakers “D", and the "secondary" SCR's.
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Attachment 2

PREVIOUS TRIP BREAKERS 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 nineé 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.

A1) 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

hreaker when voltage to the device was interrupted. In early 1979, this
hreaker was replaced with a new hreaker, About 4 years later in the later
part of 1982, the plant experienced a second series of breaker failures.
Aqain, the IV device was not ahle to trip the device. Ouring this series,
special surveillance of the hreakers was progressively increased and finally
was beinn conducted on a daily basis. In November 1982, a new replacement
hreaker was installed for the “B" a.c. main feed breaker. The March 23,
1383 failure is the first hreaker failure to occur since the two series

nf failures. A1) the failures at this plant have been single breaker
failures; there has never arisen a case of two breakers failing simultaneously
or concurrently,



