UNITED STATES
NUCLEAR REGULATORY COMMISSION
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D. C. 20555

November 28, 1983

MEMORANDUM FOR: Dr. ¥. Kerr, ACRS Member o

FROM: Dr. S. Seth, ACRS Senior Fellow 2
SUBJECT: Peliability of W and GE Circuit Rreakers

This report provicdes irformation related to the reliability of Westinghouse
and General Electric circuit breakers that would be of particular interest.
The irformation is basec pertly on the Briefing provided by the circuit
breaker vendors to the Commissioners on 11/3/83, and partly on my discussions
with the vendor representatives after that meeting. I would like to bring to
your particular attention & potential corcern with the GE circuit breakers.

1 am also forwardirc (Attachment A) a copy of a brief NSAC report on the
EPRI-ATHS matrix maragerent program. The report highlights the important
elements of the prograr which I referred to in ar earlier report to ycu
(EPPI'c Proposed Worhk Related tr Scram Unavailability, 6/22/83).

1. Mestinghouse DPE-EQ Circuit Breakers i

1.1 Salem Undervoltcce Trip Attachments (UVTA):

|
|
Results of evaluatior of UVTA from RTB-B showed no indications of i
excessive wear, broken parts, corrosion, manufacturing or design ancm-
alies. Westinghouse conclusicn is that the prcbable failure cause was |
maintenance-related, possibly excessive friction from lack of lubrica-
tion or dirt, althouch thic was not specifically determinable.
|
|
|

The UVTA from RTB-A was received disasserbled and not initially
identified as from RTB-A. There was indicatior of a bent part but the
specific failure cause was not determinable.

1.2 MWestinghouse Religb{lity Survey:

20 plants responded to & survey that was sponsored by the W-Owners
Group. Results and conclusions are based on close to 11000 reported |
cycles of DP-50 UVTA that include testinc, preventive maintenance and |

automatic trips.
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1.3

Conclusions:

- UVTA failure rate: approximately 1.7 x 10'3 fa11ure§3per demand
w:;ch is generally consistent with values of 5 x 10 © used in
PRAs.

- 11 of 13 malfunctions reported with identifiable causes were
maintenance-related.

- Differing maintenance and testing philosophies can yield acceptable
reliability - important is attention to the device.

DB-50 UVTA Confirmation Tests

The objectives of this program were te confirm force margins and
determine factors affecting them, to evaluate cyclic life effects, and
to conform periodic maintenance guidance.

The tests were conducted according to the following plan:
. 1 UVTA was 2 control sample not cycled

v 2 UVTA's cycled for 2500 trips, with 300 shunt trips intersperced
at the 1200 and 2400 cycle points; periodic lubrication equivalent
of every 2-3 years of operation (200 cycles)

¢ ? UVTA's cycled for 2400 trips with only an initial lubrication

The UVTA's were mounted on DB-50 breakers, and performance measurements
taken every 200 cycles (before and after lubrication). Testing was
followed by metallurgical examinations,

The initial testing resulted in 2 failures-to-trip in 70C0 integrated
trip demands whick wes attributed to excessive frictior due to inace-
quate lubrication. There were alsc 2 failures to latch (fail sale) due
to lateh hook wear (both in non-periodic lubrication tests)

Tests were repeated or 4 rew UVTA's with ar improved lubrication
procedure. These showed 1 failure-to-trip in BEUU integrated trip
demards (occurred in ncn-periodic lubrication tests).

Conclusions:

- adeguate force margins exist and no design deficiencies were
found. (delivered-to-required force ratio: 2 for UVTA and 6 for
shunt)

- wear was not a factor in failure-to-trip; wear tends to be in
fail-safe direction

- lubrication guidance can be improved; revised procedure sent to
utilities

- replacement 1ife is approximately 16 years (based on 75 trip
demands per vear)



I also discussed the applicability and use of the more reliable circuit
breakers testec under the CRBR reliability program (Ref: ACRS Subcommit-
tee Meeting, 2/24/83), These are the Westinghouse AOB and NQB types
enclosed in molded insulation housinos. They have a lower ampere-rating
(250A) and each caters to only a subgroup of the control rods in the
CRBR design. They cannot be used in Westinghouse PHR designs.

While no AK-2-25 circuit breakers have failed during actual reactor
trips, there have been several instances (e.q., Oconee in 2/79 and San
Oncfre in 3/83) where testinc with the UVTA alone, reactor trip breakers
either failed to open or opened with an unsatisfactory response time.

The main failure mechanisr ic a hardening of the criginally furnished
lubricants in the bearings in the tripping train. This hardening
increases the torque required to displace the trip latch to open the
breaker. The increase in torque requirement from the ori?ina1. as
shippec value of less then 20 in-ounces, to the maximum allowed limiting
value of 22 in-ounces, occurs over 8-10 years (based on Oconee and San
Onofre investigaticns). Periodic surveillence and maintenance including
lubricant revitalization is therefore considered by GE as "extremely
important” for satisfactory breaker performance. ANSI standards require
the AK 25 breaker to perform 17500 close-open operating cycles permit-
tine recommerced mainterance as frequently as every 1750 operations.

A cause for concern is the small margir betw'en the alloweble torque
requirerent of upto 24 in-ounces and the fixec ‘nrque output of the
undervoltage device, which is 27 in-ounces. GE notes that the problem
of increased torque requirement due to lubricant hardening, leading to
PTE incidents, became known only in 1973. Today the AK 25 is only
produced as a replacement device. (1t was desiagned in the 1950's and
cormercizlly produced from 1958 until 1978). Further they pnint out
that only 109 of circuit breaker applications have uncdervoltage
attachments, Given the present market, GE considers that the cost of an
effort needed to develop an improved desian for breakers ir ruclear
reactor applications would be urrecoverable. Instead, GE proposes to
reduce the reliance on periodic surveillance and maintenance by
replacing the undervoltage device with a second shun® trip device which
has & significantly greater tripping power (200 in-ounces torque).

One possible system modification suggested by GE is shown in Figure 1.
Such a change on the installed AK-2-25 RTB's can be accomplished with
standard, current production, shunt trip devices.

Attachments:

cc:

As Stated

ACRS Members
ACRS Techrical Staf€
ACRS Fellows
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EPRI-NSAC

Matrix Program Being Formulated for ATWS

In response to the puclear industry’'s
desire continually to address reactor
operating experience and obtain safety-
significant insights, EPRI's Nuclear
Power Division is formulating an
ATWS-oriented program. The work
will be reviewed by its utility advisory
groups

The EPRI ATWS matrix manage-
ment program will have the following
objectives:

1) Re-review the reliability of the
reactor protection system and
ATWS mitigators in hght of
operating experience;

Reappraise the ATWS risk
relative to operating experience
data.

Evaluate the appropriateness of
suggested system improvements
or alternative design changes.

Validate analytical models used to
examine ATWS phenomena and
system performance, and

Demonstrate the role of reactor
operator participation in the
mutigation of ATWS events rather
than depending on overly conser-
vative design criteria

This ATWS matrix will involve
several EPRI Nuclear Division depart-
ments; outside industry groups (owners’
groups, vendors, eic.); new, current,
and past research projects and studies;
and the coordination, support. and ex-
. change of infounation between various
industry technical experts It will result
in both short- and long-term findings

Unlike regulatory responses to
ATWS-related events which have led to
prescriptive new requirements in
response 10 single events or isolated
cases, yet universally applied, the
matrix program will be a comprehen
sive re-examination of safety system ex-
pectations in light of a broad spectrum
of operating experiences, real event
scenarios and reactor performance. Ex-
amination of operator capabilities to

negate serious implications of ATWS
events will be pursued. Experience
related to equipment or system
vulnerabilities will be explorsd.

NSAC will serve as the program
matrix manager. The program is
scheduled to run through 1984

Historical Background

The Nuclear Power Division's Safe-
ty & Analysis Department has been do-
ing analytical work on ATWS since
1975. The Engineering & Operations
Department will begin work on ATWS
in January 1984 NSAC has been in-
volved in ATWS evaluations since the
Browns Ferry 3 incident of June 1980
The Center has conducted several inde-
pendent event evaluations related to
ATWS, which have resulted in recom
mendations being sent o the utilities

Since early 1982, NSAC has been ac
tively conducting an evaluation of the
new BWR Emergency Procedure
Guidelines (EPGs). Specifically, NSAC
is examining complex areas such as the
intentional lowering of water level to
reduce reactor power and pool heatup
during a potential ATWS event. The
NSAC Generic Issues operating expe-
rience reviews will serve as valuable
data sources about Safety & Analysis
Dept. programs to quantify system
interactions and common-mode failure
threats

NSAC is also evaluating operator
performance relative to new EPGs and
their interaction with various Safety
Panel Display System and Graphic
Display System designs

The postulated event called ATWS
has been under discussion by
AEC/NRC and the industry since 1969,
when the ACRS first raised the issue
A procession of proposals and counter-
proposals finally resulted in publication
by NRC of a Final R:icmaking Set of
Alternative Risoutions on ATWS in
November 1981

The next year was devoted to com-

ments, reviews, and re-evaluations in
the light of TMI-related industry plant
changes, new operational procedure
enhancements and operator training im-
provements. Early in 1983 a special
NRC task force informally recommend-
ed a final resolution.

That position appeared 10 be accept
able to mo=t of the industry. Prior to
execution of the recommendation, the
Salem station experienced two ATWS-
related events in February this year
These events reopened the ATWS issue
again, as the Brown Ferry event had
previously done in 1980.

In August this year the NRC staff
reached a final position—a more
prescriptive and demanding one, and a
number of new Salem-related require-
ments were issued for broad industry
implementatuon

Industry ‘s basic position all alorg has
been that in the light of the safety goal
programs. ATWS should not be singl
ed out as a unique type of event but con-
sidered on the same basis as all other
sequences; that a complete failure to
scram is an unlikely event; and that an
ATWS evem will not proceed as the
regulatory worst-case analysis indi-
cates. The Browns Ferry and Salem
events, and other operating expe-
nences, indicated that reactor protection
system performance may be more sen-
sitive to outside influences than ex-
pected. However, ATWS-related events
themselves are Dot as severe as
**design-basis accident’’ analyses would
indicate

Operator mitigation has now been
demonstrated to be very likely, due to
newer procedures and training. Also.
there are more mitigating systems
available to the operator than earlicr
analysis would have indicaied

The EPRI-NSAC matrix program
will be included in the Generic Saferty
Issues Book (see article on p. 1)

For additional information contact
John Power st (415) 855-2354.
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UNITED STATES
NUCLEAR REGULATORY
COMMISSION

SYSTEMATIC ASSESSMENT

OF

LICENSEE PERFORMANCE

CORLY)




SOUTH CAROLINA
ELECTRIC & GAS
COMPANY

APRIL 18982 - FEBRUARY 1883

SUMMER NUCLEAR STATION

MAY 27, 1883

{;OLUMB IA, SOUTH CAROLINA







SALP PROGRAM OBJECTIVES

1. IMPROVE LICENSEE PERFORMANCE

2. PROVIDE A BASIS FOR ALLOCATION
OF NRC RESOURCES

3. IMPROVE NRC REGULATORY FROUGRAM |




[PERFORMANCE ANALYSISAREA?I

FOR OPERATING REACTORS

1. PLANT CPERATIONS

2. RADICLOGICAL CONTROLS

3. MAINTENANCE

4. SURVEILLANCE

S. FIRE PROTECTION

6. EMERGENCY PREPAREDLCNESS

SECURITY AND SAFEGUARDS

REFUELING

QUALITY ASSURANCE PROGRAM

LICENSING ACTIVITIES




AREA PERFORMANCE

CATEGORY 1

REDUCED NRC ATTENTION MAY BE
APPROPRIATE. LICENSEE MANAGEMENT
ATTENTION AND INVOLVEMENT ARE
AGGRESSIVE AND ORIENTED TOWARD
NUCLEAR SAFETY; LICENSEE RESOURCES
ARE AMPLE AND EFFECTIVELY USED
SUCH THAT A HIGH LEVEL OF
PERFORMANCE WITH RESPECT TO
OPERATIONAL SAFETY OR CONSTRUCTION
IS BEING ACHIEVED.




#

AREA PERFORMANCE

CATEGORY 2

NRC ATTENTION SHOULD EBE MAIN-
TAINED AT NORMAL LEVELS. LICENSEE
MANAGEMENT ATTENTION AND INVOLVE-
MENT ARE EVIDENT AND ARE

CONCERNED WITH NUCLEAR SAFETY;
LICENSEE RESOURCES ARE ADEQUATE
AND ARS =SEASONABLY EFFECTIVE

SUCH TEAT SATISFACTORY PERFORMANCE
WITH RESPECT TO OPERATIONAL
SAFETY OR CONSTRUCTION IS BEING

ACHIEVED.

R s




AREA PERFORMANCE

CATEGORY 3

SHOULD BE INCREASED. LICENSEE

NUCLEAR SAFETY, BUT WEAKNESSES

APPEAR TO BE STRAINED OR NOT
EFFECTIVELY USED SUCH THAT

WITH RESPECT TO OPERATIONAL

ACHIEVED.

BOTH NRC AND LICENSEE ATTENTION

MANAGEMENT ATTENTION OR INVOLVE -
MENT IS ACCEPTABLE AND CONSIDERS

ARE EVIDENT: LICENSEE RESOURCES

MINIMALLY SATISFACTORY PERFORMANCE

SAFETY OR CONSTRUCTION IS BEING




EVALUATION CRITERIA

1. MANAGEMENT INVOLVEMENT IN
ASSURING QUALITY

APPROACH ESCLUT]
TECHNICAL ISSUES FROM THE
SArETY STANDPOINT

RESPONSIVENESS TO NRC
INITIATIVES

ENFORCEMENT HISTORY

REPORTING AND ANALYSIS CF
REPORTABLE EVENTS

STAFFING (INCLUDING MANAGE-
MENT)

TRAINING EFFECTIVENESS AND
QUALIFICATION
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THE FACILITY WAS WELL MANMAGEL:
THE LICENSEE DISFLAYED AN
AGGRESSIVE, SAFETY-CONSCICLS
ATTITUCE TCWARD CCORRECTING
PRCEBLEMS CURING THE STARTLF
PHASE.

THE PLANT STAFF oo . zemiiaSlilY
COMPETENT AND DEDICATED TO SAFE
OPERATION OF THE PLANT.

RESCURCES WERE APPLIED AS
NECESSARY TO SOLVE TECHMICAL
ISSUES AND SAFETY CONCERNS.
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UNITED STATES
NUCLEAR REGULATORY
- COMMISSION

SYSTEMATIC ASSESSMENT
OF

- LICENSEE PERFORMANCE

———

(SALP)




U. S. NUCLEAR REGULATORY COMMISSION |
REGION II

SYSTEMATIC ASSESSMENT OF
LICENSEE PERFORMANCE
BOARD ASSESSMENT

FLORIDA POWER & LIGHT COMPANY

TURKEY POINT PLANT UNITS 3 and 4
DOCKET NUMBERS 58-2508 and 58-251

ST. LUCIE PLANT UNITS 1 and 2 i
DOCKET NUMBERS 5@8-335 and 30-388 «J

JULY 1, 1982 THROUGH JUNE 38, 1983 L
|
l:

INSPECTION
REPORT NUMBERS
58-258/83-33, 58-251/83-33
50-335/83-33, 58-389/83-61
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SALP PROGRAM OBJECTIVES

1. IMPROVE LICENSEE PERFORMANCE

2. PROVIDE A BASIS FOR ALLOCATIONM
OF NRC RESOURCES

3. IMPROVE NRC REGULATORY PROGRAM
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[PERFORMANCE ANALYSIS AREAS
" FOR OPERATING REACTORS

|

1. PLANT OPERATIONS

2. RADIOLOGICAL CONTROLS
3. MAINTENANCE

4. SURVEILLANCE

5. FIRE PROTECTION

6. EMERGENCY PREPAREDNESS
7. SECURITY AND SAFEGUARDS

8. REFUELING
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19. LICENSING ACTIVITIES




AREA PERFORMANCE

CATEGORY 1

REDUCED NRC ATTENTION MAY BE
APPROPRIATE. LICENSEE MANAGEMENT
ATTENTION AND INVOLVEMENT ARE
AGGRESSIVE AND ORIENTED TOWARD
NUCLEAR SAFETY; LICENSEE RESOURCES
ARE AMPLE AND EFFECTIVELY USED
SUCH THAT A HIGH LEVEL OF
PERFORMANCE WITH RESPECT TO
OPERATIONAL SAFETY OR CONSTRUCTION

' IS BEING ACHIEVED.




AREA PERFORMANCE

CATEGORY &2

NRC ATTENTION SHOULD BE MAIN-
TAINED AT NORMAL LEVELS. LICEISEE
MANAGEMENT ATTENTION AND IMNYOLVE-
MENT ARE EVIDENT AND ARE
CONCERNED WITH NUCLEAR SAFE
L ICENSEE RESOURCES ARE ALETU
AND ARE REASONABLY EFFECTIV
SUCH THAT SATISFACTORY PEFRF
WITH RESPECT TO DPEP ‘quL

— — A e

SAFETY OR CONSTRUCTI 1S BEInG

T
d
=
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PiiAl iLe

ACHIEVEL.
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AREA PERFORMANCE

CATEGORY 3

BOTH NRC AND LICENSEE ATTENTIOM i
SHOULD BE INCREASED. LICENSEE
MANAGEMENT ATTENTION OR INVOLVE -
MENT IS ACCEPTABLE AND CONSICERS
NUCLEAR SAFETY., BUT WEAKNESS
ARE EVIDENT; LICENSEE RESOUR
APPEAR TO BE STRAINED OR NOT
EFFECTIVELY USED SUCH THAT
MINIMALLY SATISFACTORY PERFORI ANCE
WwITH RESPECT TO OPERATION
SAFETY OR CONSTRUCTION IS

ACHIEVEL.
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1.

EVALUATION CRITERIA

MANAGEMENT INVOLVEMENT IN
ASSURING QUALITY

2. APPROACH TO RESOLUTIGHN GOF

TECHNICAL ISSUES FROM THE
SAFETY STANDPOINT iy

RESPONSIVENESS TO NRC
INITIATIVES

ENFORCEMENT HISTORY

REPORTING AND ANALYSIS OF
REPORTABLE EVENTS

STAFFING (INCLUDING MaAii:Zz-

MEMNT)
TRAINING EFFECTIVENZE: -
QUALIFICATIGH




VIOLATIONS




TV I 0N

[ 1 H 9 i 3 a J 8 v

SNOLIVI0IA 20 M30WN

€861 I\ - 2881 AMS

LINNZALITILN/SNOTLYIOIA 3SVHd SNOT1vy3d0

]|

s3unun
11 NOIOR

1T NOIOR



2

121

i

611

JUNE 1983

SITE

JULY 1992
02, El

OPERATIONS PHASE VIOLATIONS/SITE/UNIT

o
a
g ——
[— -
=
& =
g | 1 | L | 1 1 i | I

SITES

FPS L
REGION IT




VIOLATION SUMMARY

OPE

RATING R

T R

I 11
TURKEY POINT 3 g 1
TURKEY POINT 4 2 2
ST. LUCIE 1 2 2
ST. LUCIE 2 2 0
REGIGN II AVERAGE 2 )

EACTORS

TUNE 1983







€861 I - 2861 AN

3dAL INVd d3d S¥d1

B

8L

T3NNOSH3d

S

410
/ WREL3E

YT X A
SR
NOT1VII¥8v4

/ NOISA

N304
JAI13430




ZSNOHINTIS3A

€ 1IN

r

i

€861 N[ - 2861 AWM

S4d1 INIOd AIMNL

gl

L

MV

NOILVIT¥EvS
/ 9IS

NEI08d
31133430




WESTINGHOUSE and (TURKEY POINT) LERs

DES/FAB ERROR-8X- (14X

OTHER-18X- (23D

JULY 1982 - JUNE 1963
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DEF. PROC.-7X- (BD

CONP. FATLURE-46X-

.....

EXTERNAL CAUSE -21- (BD)

PERS. ERROR-16X- (270
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JULY 1982 - JUNE 1983
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CONSTRUCTION DEFICIENCY REPORTS

JULY 1882 - JUNE 19835
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ST.LUCIE &

REGION II AVERAGE 47




INFORMATIONAL DATA




FUNCTIONAL AREA COMPARISON

OPERATIONS

NUMBER OF FACILITIES
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CATEGORY 1

CATEGORY 2

FIRE PROT.

MAINT.

RAD. PROT.

OPERATIONS

FUNCTIONAL AREAS




NOSI¥YdWOD V3NV TIYNOILINNS

SRRy B Y
X VKM . MY/ 1% VKN\ -
X X / |4 4|
SHR 7 ¢
(R 1
X / vww :

¢l

|

ﬁ
_

JUBUULG

(XXA

¢ AN93IVY

LiLih

T AN093IVD




WIY 1 H 3 4 3 a J 8 \J

WA W WS W W W WS W W NS WS W W W N W N W Ny W -
B

e e —————e et e et ——— e e e

SNOLIVISETV 40 50N
€881 I - 2881 AWM

ALTILIN ¥3d SNOILVIITIV

SN
1T NI

1344

IVEAY
1T NOI3



S I R IR W I 1 W i |
XY R B3 10 10cd 2 101 BT B -
X X O X X X OO XL R
X DXO4 DO DO X4 DXOG B 2
WENENEY W
~ B IR R Y il
SRR ENE  BE
O O X [ (AAR]
XX X X4 K pe=
] X RS 11 NI
XX P e |
X R it
X X .“.".". 4
o B |,

£881 W\ - 2881 AU

311S ¥3d SNOILVIITIV




CAUSES UOF REACTOR IRIPS
SEPTEMBER 1982 - JUNE 1983

TOTAL
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