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Raymond Burski, Chairman
C-E Owners Group
c/o Entergy Operations
Highway 18
Killona, LA 70066

,

Dear Mr. Burski:

SUBJECT: REQUEST FOR ADDITIONAL INFORMATION CONCERNING C-E OWNERS
GROUP REQUEST FOR ESFAS SUBGROUP RELAY TEST INTERVAL

,

|
EXTENSIONS (TAC NO. M81374)

References: 1) CEN-403, "ESFAS Subgroup Relay Test Interval
Extension," July, 1991

!
! 2) NRC Information Notice 92-04, dated January 6, 1992,

" Potter & Brumfield Model MDR Rotary Relay Failures."

3) Letter from B. Katz (Southern California Edison
Company) to W. Lamb (Potter & Brumfield Incorporated),
dated March 3,1992, "MDR Model 170 and 141
Performance Issues.";

!

4) letter from S. Newberry (NRC) to P. Hijeck (ABB-CE)
dated July 7,1992, " Request for Additional
Information in Support of the Staf' Review of Topical
Report CEN-403, 'ESFAS Subgroup Relay Testing,' dated
July 1991."

5) Letter from S. Toelle (ABB-CE) to Document Control
Desk (NRC) dated January 13, 1993, "10 CFR Part 21
Report on Potter & Brumfield MDR Model 170-1, 7032,

'7 7033 and 7034 Relays."

6) Letter from R. Burski (CE0G) to S. Newberry (NRC)
dated September 21, 1993, " Response to NRC Questions
on CEN-403, ' Relaxation of Surveillance Test Interval
for ESFAS Subgroup Relay Testing'."

7) Letter from S. Toelle (ABB-CE) to Document Control
. -

Desk (NRC) dated December 23, 1993, "10 CFR Part 21
Report on Potter & Brumfield MDR Model 7032, 7033, and
7034 Relays."

,
' I

<25006p h940304009o 940216 i /
PDR TOPRP ENVC-E

PDR y
C



r

4

.

f

g. Burski -2-
.,

I

:
The Combustion Engineering Owners Group (CE0G) submitted a topical report
(Ref 1) in July 1991 requesting approval from the NRC to _ extend the test i

interval for Engineered Safety Features Actuation System (ESFAS) subgroup
relays used in plants designed by Combustion Engineering. The topical report :

describes the types of relays in use in the CE plants, and summarizes some of
the problems / resolutions encountered in the use of the relays. The topical
report concludes that the performance of the ESFAS subgroup relays justifies a :

test interval extension to 18 months for most plants, and 12 months for the
,

remaining plants. Currently, CE plant licensees test ESFAS subgroup relays i

semiannually except for those relays that cannot be tested while the plant is :

at power. Based on new information, the staff continues to have concerns '

regarding the performance of Potter & Brumfield (P&B) motor driven relays
(MDRs).

NRC Information Notice 92-04 (Ref 2) described P&B MDR failures that occurred
during the period from January 14, 1986, to July 23, 1991. These failures
primarily consisted of 1) mechanical binding of relay rotors caused by 1

deposits from coil varnish outgassing and chlorine corrosion products;
2) intermittent continuity of electrical contacts; 3) improperly cured epoxy;
4) contamination of relay rotors by uncured epoxy; and 5) failure by P&B to

'deaerate the epoxy prior to use, which was contrary to the epoxy
'

manufacturer's recommendations.

Southern California-Edison Company (SCE) informed P&B of performance issues {
regarding the P&B model 170 and 141 MDRs in March 1992 (Ref 3). The MDRs were |
susceptible to failures caused by thermal expansions of the copper shading !

coils, which led to detachment of the shading coils from the stator poles. :
P&B changed the shading coil composition from copper to beryllium-copper to
reduce the thermal expansion effects.

In January 1993 ABB-CE submitted a 10 CFR Part 21 notification (Ref 5) stating- |
that testing and analysis of P&B MDR return spring samples revealed the j'

potential for stress corrosion cracking as a result of improper passivation (a 1

process to remove surface contamination). ABB-CE concluded that an immediate i

safety concern did not exist because...''3) the utility performs surveillance 1
-

testing on these relays...." j

|

In responding to the staff's July 1992 request for additional information 3

(RAI) (Ref 4), the CE0G stated (Ref 6) that most of the improvements to the !
P&B MDRs described in IN 92-04 were implemented in the new relays used at the '

Palo Verde and San Onofre units. The CE0G concedes that some failures
continue to occur with the new Potter Brumfield rotary relays (5 failures in
17 years of operating experience), and concludes that the failure rate is
comparable to the failure rates for mechanical type relays.

|

)

. . . .-. - - . . .- - --



y - - . _

.

..

?

R. Burski -3- i

1

However, three months after the CEOG response to the staff RAI, ABB-CE i
submitted another 10 CFR Part 21 notification (Ref 7) that described out-of- t

specification end-play of P&B MDR shafts in seven of eight relays from the
Waterford Steam Electric Station Unit 3 (WSES-3). ABB-CE determined that this -

deficiency was caused by oversized coils. ABB-CE noted that, in mid-1992,
they had identified oversized coils in a batch of relays ordered by ABB-CE for
WSES-3. ABB-CE stated,

"Notwithstanding this effort, Potter & Brumfield notified ABB-CE
on December 3, 1993, that the coil size during the 1992 rework
[which was performed by P&B] was gauged to the wrong specification
resulting in use of coils which were too large, which, in turn,
resulted in insufficient end-play of the shaft."

In December 1993, the staff completed a study (see enclosure) of the operating !

experience associated with P&B relay failures and their potential safety
implications. The staff found that 124 P&B relay failures have occurred in
various nuclear power. plant safety-related systems _between 1984 and 1992.
Approximately one-third of these relay failures occurred in 10 multiple-relay,
simultaneous-failure events. Five of these events defeated the single-failure
features in the plant design. The study notes that while P&B has made design ;

improvements, they have taken exception to 10 CFR Part 21 reporting, have not
issued 10 CFR Part 21 reports, or made any recommendations to MOR users. .The
NRC issued a violation to P&B in 1992 for failing to evaluate deviations or ;

inform licensees of the deviations, as required by 10 CFR Part 21. The study
also suggests that an increase in reliability and a reduction'in challenges to

,

;
'safety-related systems could be achieved by replacing MDR relays that are

relied upon to actuate or operate safety-related systems, subject to the
failure mechanisms identified in the report.

The incidents identified in the above references indicate' that P&B may be ;

continuing to inconsistently apply quality controls to their manufacturing ,

processes. The staff requests that the CEOG evaluate the impact of the new :
.information in Ref. 7 and in the enclosed report on the proposed surveillance
test interval (STI) extension request for P&B MDRs. This evaluation should
demonstrate that P&B MDRs are sufficiently reliable such that. the relaxed STI
is justified. If such a demonstration cannot be provided, the staff proposes i
that the CEOG members maintain the current P&B relay surveillance' interval for-
at least two more years in order to gather additional reliability data. Based
upon an evaluation of the additional data and the absence of additional 10 CFR
Part 21 notices and other problem reports, the staff would then reconsider the j
request for test interval extensions for P&B relays. !-

,
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The staff requests that the CE0G respond to this proposed action as soon as
possible to facilitate closure of this issue.

Sincerely,

Original signed by

Jared S. Wermiel, Chief
Instrumentation and Controls Branch
Division of Reactor Controls

and Human Factors
Office of Nuclear Reactor Regulation

Enclosure:
AEOD Special Study Report,
" Potter & Brumfield Model
MDR Rotary Relay Failures,"
AE00/S93-06,
dated December 1993.

cc: B. A. Boger w/o enclosure

Distribution wo/ encl:
Central File
HICB R/F
M. Waterman
J. Mauck
J. Wermiel
r' , + 1''' -s'}M C;

0FFICE HICB SP:1tig$ BC:HJC.B:DRCH

hhb J.WhelNAME M. Waterman:lm

DATE 2//ff94.] 2/[4/94 2//6/94

@ C NOY YES YES

OFFICIAL RECORD COPY Document Name: CEOGESF. EXT

DOCUMENT NAME: CE0GESF. EXT
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MEMORANDUM FOR: Brian K. Grimes, Director

Division of Operating Reactor Support MA,3
Office of Nuclear Reactor Regulation

b
d # g* [MtM

'

i

FROM: Gary M. Holahan, Director - -
*

Division of Safety Programs MOffice for Analysis and Evaluation M #
of Operations Data

t

SUBJECT: POTTER & BRUHFIELD MODEL MOR ROTARY RELAY FAILURES |
,

AE00 has recently completed a study of the operating experience associated .

with Potter & Brumfield (P&B) model MDR rotary relay failures and their
potential safety implications. This Special Study Report, S93-06, is enclosed
for your information and use, and should be of particular interest to staff
and licensee personnel who are involved with Information Notice (IN) 92-04,
" Potter & Brumfield Model MDR Rotary Relay Failures." The study found that
over 124 P&B MDR relay failures, due to specific failure mechanisms, have
occW7Bo in varion m.w pom T'm.L GTTC dcr !??i W !" '- -

-

, , '

reactor protection, emergency core cooling, and engineered safety feature
systems and caused a wide range of results. About 1/3 of these relay failures
occurred in 10, multiple-relay, simultaneous-failure events. Five of these
events involved simultaneous failures of redundant components, which defeated
the single failure assumption relied on in nuclear power plant design.
Failures were often not detected until relay operation was tested or demanded
and some MDR relays failed to reset after testing leaving a believed operable
system inoperable. A number of failures were nonrecoverable, because of ;

specific relay function.

All MDR relays were constructed of the same materials, making each subject to
the same failure mechanisms. Similar failures occurred in ac, dc, latching, j

and non-latching relays. Most of the failures occurred in normally energized
Whilerelays, but about 30 percent occurred in normally de-energized relays.

the timing of the relay failures is affected by a number of variables, the
failure mechanisms are caused by several specific material or application
problems. P&B has instituted a series of design improvements which address- |
these problems. However, P&B has taken exception to 10 CFR 21 reporting, has !

not issued a Part 21 report, or made any recommendations to MOR users. The |

NRC issued a violation to P&B in 1992 for failing to evaluate deviations or |

informing licensees of the deviations, as required by 10 CFR 21.
!This study suggests that a supplement to NRC IN 92-04 be issued to. inform all
!commercial NPP licensees of the additional MDR relay common-cause failure

mechanisms identified since the IN was initially issued. It also notes that |
ian increase in reliability and a reduction in challenges to safety related

systems could be effected by replacing MDR relays, subject to the depenoent
failure mechanisms identified in this study, that are relied upon to actuate
or operate safety related systems.

){0
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If you have any questions regarding the enclosed study, please contact Bob
Spence on 492-B609. Please contact me if AE00 can provide any additional
assistance.

Original signed by

Jack E. Rosenthal for:
Gary M. Holahan, Director

- Division of Safety Programs
Office for Analysis and Evaluation

of Operational Data

Enclosure: As stated

Distribution:
PDR KRaglin, TTC
DCD/ Central File MTaylor, EDO
ROAB R/F KNaidu, NRR

:

D3F IvT 'JT".;::0!! , No.P
RSpence GCwalina, NRR

GLanik CGrimes., NRR

JRosenthal CBerlinger, NRR
VBenaroya JBirmingham, NRR
EJordan AChaffee, NRR

Dross RNorrholm, NRR
LSpessard Plewis, INP0
SRubin DQueener, NOAC
PBaranowsky VChexal, EPRI
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EXECUTIVE SUMMARY

About 3030 Potter & Bmmfield, model"MDR" series rotary relays are installed in
16 Westinghouse,10 General Electric,8 Combustion Engineering, and 1 Babcock &
Wilcox nuclear power plant units. They are used in both safety-related and nonsafety-
related applications including reactor protection systems, emergency core cooling
systents, engineered safety feature systems, and emergency power systems.

All MDR relays were constructed of the same materials, making each subject to the
same failure mechanisms. Similar failures have occurred in ac; de: latching; and non-
latching, normally energized and normally de-energized relays. About 124 such failures
occurred from 1984 through 1992. About 1/3 of these occurred in 10, multiple-relay,
simultaneous-failure events. Five of these events involved simultaneous failures of .-

redundant actuated components. Failures were often not detected until relay operation
was tested or demanded and some MDR relays failed to reset after testing. A number
of failures were nonrecoverable, because of specific relay function. A number of these
failures defeated the single failure assumption relied on in nuclear power plant designs. r

The mechanisms that caused tnese tattures were suuuenceo oy a numvei vi variaisies
making the failure of a specific relay unpredictable. The failure mechanisms include:

Material Problems

1. Mechanical binding of the rotor shaft may slow or prevent the shaft from fully
rotating when the relay coils are energized or de-energized. This is caused by deposits
from coil varnish outgassing and chlorine corrosion from rubber grommets and polvvinyl
chloride wiring on the end bell bearings and brass sleeves as the relay breathes. .(MDR
relays made prior to 5/90)

2. Intermittent continuity and high resistance of electrical contacts may occur from
chemical reactions on the fixed and movable silver contacts with sulfur from the coil
varnish outgassing. (MDR relays made prior to 5/90)

3. Failure of ac MDR relays to reset may be caused by detachment and wedging of a
copper shading coil between the rotor and the stator. This may occur when the epoxy,
attaching the shading coil to the stator, cracks due to temperature induced expansion,
stretching and vibration. (MDR relays made prior to 1/92)

Relay actuation may be prevented due to chlorine induced stress corrosion cracking4

of rotor return springs, permitting a broken spring part to lodge between the rotor and
stator. (Applicable to 172 MDR relays made in 1992)

5. Binding of the rotor at 2137' F due to insufficient shaft end-play may be caused by an
oversized coil, over-shimming, and tolerance stackups. (MDR relays made in 1992)-

iii
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6. Rotor response time may be slowed at lower temperatures (e.g.,40' F). due to
uncured epoxy on the stator interfering with rotor movement. (MDR reiays made in
1992)

7. MDR relays may be unable to meet 40-year life span under all environmental
conditions due to aging of several relay materials.

Misacoliestion problems

1. Increased contact resistance may be caused by switching low level loads that permit
contact resistance to build up.

2. Intermittent contact continuity may be caused by contact erosion in direct current
applications where there is a substantial difference between the relay contacts' ac and de
current ratings and inductive loads not included in the circuit design.

3. Contact failure may be caused by paralleling sets of relay contacts to switch loads
greater than a single set can handle, when lack of simultaneous contact opening results
in one contact taking all the load.

!
Potter & Brumfield has implemented a series of de::ign and manufacturing mociticanons-
since 1985 to eliminate a number of these faile. mechanisms in their MDR relays due
to design, manufacturing, and material defects. Although many of the MDR relays were
purchased as 1E components, Potter & Brumfield was cited in 1992 for not informing

i
licensees of these problems in accordance with 10 CFR Part 21 and currently
manufactures them only as commercial grade products. |

This study suggests that:
I

A supplement to NRC Information Notice 92-04 be issued to inform all commercial
nuclear power plants licensees of the additional MDR relay failure mechanisms
identified since the Information Notice was initially issued.

i
l

An increase in reliability and a reduction in challenges to safety-related systems could be |

effected by replacing MDR relays, subject to the dependent failure mechanisms |
1identified above, that are relied upon to actuate or operate safety.related systems.
|

Licensees may benefit from performing more root cause analysis of relay failures.
increasing contact with relay and NSSS vendors, and submitting more detailed NPRDS
reports to identify and minimize common-cause failures in the future. .

i

iv
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ABBREVIATIONS

AEOD Office for Analysis and Evaluation of Operational Data
APS Arizona Public Service Co.

B&W Babcock & Wilcox Co.
BOP balance of plant ,

BWR boiling-water reactor

CE Combustion Engineering, Inc.

ECCS emergency core cooling system ;

CDG emergency diesel generator ,

ESFAS engineered safety feature actuation system
ESF engineered safety feature

GE General Electric Company !

GSU Gulf States Utilities

HRL Hi-Rei Laboratories

LER licensee event report

NPRDS Nuclear Plant Reliability Data System
NPP nuclear power plant |

NRC Nuclear Regulatory Commission )
NSSS nuclear steam supply system !

P&B Potter & Brumfield
PWR pressurized-water reactor
PRA probabilistic risk assessment

RPS reactor protection system
RTB reactor trip breaker

SRV safety relief valve

W Westinghouse Electric Corporation
:
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1. INTRODUCTION

Potter & Brumfield (P&B) (owned by Siemans] makes a series of "MDFP rotary relays.
Rese are used in many safety-related applications in commercial nuclear power plants
(NPPs) with reactors manufactured by the Babcock & Wilcox Co. (B&W); Combustion
Engineering, Inc. (CE); the General Electric Company (GE); and the Westinghouse
Electric Corporation (W). Dey are relied on in reactor protection systems (RPSs),
emergency core cooling systems (ECCS), and engineered safety feature (ESF) systems.

This study was initiated as a result of River Bend Licensee Event Report (LER)
-

No. 91-14, which described two similar MDR relay failures that caused spurious ESF
actuations within a 4-day period. An initial search of industry data showed that many
MDR relay failures occurred repeatedly in a wide variety of MDR relay series with
similar symptoms. Therefore, the Nuclear Regulatory Commission (NRC), Office for
Analysis and Evaluation of Operational Data (AEOD) reviewed and participated in
followup work that the licensee and P&B performed on these and other River Bend
P&B MDR relays.

P4e Verd- 1022 hiliera mi-ic rannns and P&B engineers contributed to the -
' '

identification of several comrnon-ca'use failure mechanisms. In July 1991, San Onofre
prompted a P&B investigation into its MDR ac rotary relay shading coil failures. An
NRC onsite study of Susquehanna's analysis of their MDR relay performance in
November 1992 found . simultaneous common-cause failures.

This study describes P&B MDR series rotary relays, explains their failure mechanisms.
lists MDR relay modifications to avoid such failures, and traces MDR relay failure
history from l_ERs, industry data, reactor vendor guidance, NRC inspection reports.
NRC site visits, and manufacturer relay design modifications. It identifies the safety
significance of potential simultaneous common-cause failures of multiple MDR relays
used in safety-related applications and decisions licensees have made.

2. DESCRIPTION

2d *MDR" Rotary Relav Descriotion

he P&B "MDR" series rotary relays are dual-coil rotary relays. P&B technical dica and
sketches of these relays are contained in Appendix A. These descrioe various series of
relays rated for 28 and 125 V de, and 115 and 440 V ac service, with 4 to 24 contacts.
The relays are furnished in either a latching or a non-latching two-position version.
While each series has different coil wattage and current capacities, they are constructed
of the same materials, depending upon the manufacturing date, and are therefore subject
to identical failure mechanisms.
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m Latchine Relav

A " latching" MDR relay has two sets of coils, connected in series inside the relay, which
provide a latching two-position operation. When one set of coils is energized, the rotor

,5e contacts. The other set of coils must be energizedCshaft rotates, changing the state
to return the relay to its original position.

:

212 Bon-Latching Relav

A "non latching" MDR relay has two coils connected in series inside the relay which,
when energized, rotate the relay rotor shaft, to operate the contacts through a shaft
extension. 'Ihe stator faces and stop ring limit the rotor movement to a 30-degree arc.
Two springs return the rotor to the stop ring and the contacts to their normal positions

,

'

when the coils are de-energized. The non-latching MDR relays have two positions:

" energized" and "de-energized."

2M AC Relav
.

ny.n um o m,,rv relavs also have two shading coils mounted on stator pole pieces to
eliminate the heat generation and vibration of ac buzzmg orme ndo,. A 3:..d .q; :::!! '
an elliptical,0.06 oz. ring,1-1/2 inch long by 3/8-inch wide in the middle, which is fitted

,

into a slot on the stator pole and secured with epoxy beads at the top and bottom of the
pole. When the relay is energized, the two shading coils are also held in place by the
rotor contacting with the stator.

12 Dependent Failure Mechanisms

NUREG/CR-5993," Methods for Dependency Estimation and System Unavailability

.

Evaluation Based on Failure Data Statistics," July 1993, defined " dependent failure' or
" common-cause failure" as failure of several components due to a common-cause. This
NUREG relaxed the conventional assumption th'at dependent failures must be
simultaneous and result from a severe shock. It recognized that component failure rates
will increase, that the components will eventually fail at some short interval from each
other, and that the common-cause contribution for a particular plant may be quite
different from the population average.'

These distinguishing characteristics were found in the MDR relay failure history; of 124
failures that occurred due to the causes described below, from 1984 through 1992, about
1/3 occurred during 10, multiple relay, simultaneous failure events. In five of these
events multiple, simultaneous, MDR failures caused the failure of other redundant
components in redundant trains of safey systems.

,

Each MDR relay is constructed of the same materials, making each subject to identical
failures. A series of LERs, P&B investigations, independent laboratory analyses. and
reactor vendor generic reports indicate that a number of discrete failure mechanisms
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affected the operation of certain P&B model MDR rotary relays in similar ways. Similar i

failures have been found to have occurred in ac; de; latching; and non-latching, normally
energized and normally de-energized relays.

Each MDR relay failure had a single root cause (i.e., the basic reason for failure, which
if corrected, could prevent recurrence) or " coupling factor / mechanism" (which explains
why and how a failure is systematically induced in several components). A number of
failure mechanisms have been identified which cause dependent MDR relay failures:

Material Problems

1. Mechanical binding of the rotor due to organic outgassing and deposition of
contaminants and corrosion particles. De contammants accumulated on the rotor shaft,
upper and lower bearing races, magnet, coil, top brass plate, and brass spacers as the
relay breathes. This has also produced shaft wear and metal chips in some cases, which
could also bind the shaft. De binding caused the rotor shaft to bond or stick to the ,.

bearing, preventing the rotor shaft from rotating and the contacts from opening or
closing when the relay coils are energized or de-energized. The binding failures ranged
from slow shaft rotation, to partial rotation, to being completely frozen in place.

The principal contaminant, which was not always apparent to the naked eye, was
outgassed material emittea trum use crown enamei va.ubh mn.J :: ::a: :h: r:!:; --"-

Chlorine and sulfur, released from the Neoprene rubber grommets and the polyvinyl
chloride wiring sleeves, and moisture from relay breathing corrosively attack the metaille
components of the relay and the corrosion by-products combine to penetrate the
bushings surface to prevent operation of the relay.

P&B has changed the coil coating from varnish to epoxy, brass components to stainless
steel, and other wiring materials to eliminate chlorine, as listed in Section 2.3. (MDR
relays made prior to 5/90)

2. Intermittent continuity and high resistance of the electrical contacts resulting from
chemical reactions on the fixed and movable silver contacts with sulfur from the coil
varnish outgassing. P&B found intermittent continuity on used as well as unused
contacts and changed movable contacts from silver to silver-cadmium-oxide, as described
in Section 2.3. (MDR relays made prior to 5/90)

3. Failure of ac MDR rotary relays to reset due to the detachment of a shading coil and
its wedging between the rotor and the stator, preventing full rotor shaft rotation and
contact opening or closure. The copper stator mounted shading coils are very
susceptible to temperature-induced expansion / stretching. When the epoxyti' sed to attach
it to the stator becomes brittle due to the heat and expansion forces, it cracks, permitting

the shading coil to detach.

P&B changed the shading coil from copper to beryllium-copper, as identified in
Section 2.3. (MDR relays made prior to 1/92)

3
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4. Relay actuation may be prevented from chlorine induced stress corrosion cracking of
rotor return springs, permitting a broken spring part to lodge between the rotor and

.:

stator. (172 MDR relays made in 1992) |
i
1

5 Binding of the rotor at higher temperatures (e.g.,137' F), due to insufficier.t shaft j

end play may be caused by an oversized coil, over-shimming, and tolerance stackups.
(MDR relays made in 1992) !

i

6. Rotor response time may be slowed at lower temperatures (e.g.,40' F), due to
;
'

uncured epoxy on the stator interfering with rotor movement. (MDR relays made in-
1992)

7. MDR relays may be unable to meet 40-year life span under all environmental {
;

conditions due to aging of several relay materials.

f
Misacolication oroblems I

1. Increased contact resistance may be caused by switching low level loads.
1

2. Intermittent contact continuity may be caused by contact erosion in direct current
h d de current ratings

opy:2.W:= e.t.:r: e--- 4 o whuantial difference between t e ac an
of the relay contacts and inductive loads not included m tne circuit oesign. -;

3. Contact failure may be caused by paralleling sets of relay contacts to switch loads
.-

!greater than a single set can handle, when lack of simultaneous contact opening results;

in one contact taking all the load. ;

|A number of" proximate causes" (i.e., conditions that are readily identifiable as leading to1
failure) contributed to the timing of MDR relay failures and reduced the operating life'

of the P&B MDR rotary relays. These include coil' wattage, applied ac or de voltage,
equalizing voltages and frequencies, normally energized or de-energized coils,
manufacturing tolerances, ambient and coil temperatures, varnish thickness, mounting
configurations and enclosures, cabinet ventilation, bearing opening size for, relay
breathing, testing frequency, operational cycling;' number of contact decks, and the
amperage and voltage applied to the contacts. These factors may contribute to an
apparent random failure history, especially between plants. Routine surveillance testing
may not necessarily reveal a degraded condition, as the relay may degrade when it is
reset after testing.

'

De reports from the data sources were sufficient to be able to determine if an MDRl

relay failure was a dependent failure by root cause analysis conclusions or the relay's'

characteristic dependent failure systems. He remainder were judged to be independent
failures. Using all the failures in a time continuum to estimate the potential for multiple
failures in a window of time arrives at a more accurate value for system unavailability.2

,
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M MDR Relav Modifications

P&B modified the design of their production model MDR rotary relay over a period of
years to improve its reliability, while maintaining a standardized product. These
modifications are listed in chronological order in Table 2-1.

Table 2-1 P&B MDR relay modifications

Date Modification

10/85 Movable contacts changed from silver to silver-cadmium-oxide

02/86 Coil finish changed from Dolph BC-340 varnish to Dolph CC-1090 epoxy

08/86 Elastic stop nuts changed from stainless steel to nickel plated steel

11/86 Switch mounting studs redesigned for press fit into switch plate

03/87 Paint from light gray alkyd to light gray polyurethane enamel

06/88 NYE Nyog l 718B grease lubricant added to end bell bearing

mfgg mn 1-adwire sleeving changed from PVC coated fiberglass to polyester
acrylic coated fiberglass

12/88 Paint changed from light gray polyurethane enamel to light gray alkyd

06/89 Coilleadwire grommets changed from neoprene to polyetherimide

06/89 Coil finishing tape changed from polyester film to polyimide film ;
4

06/89 Magnet wire changed from nylon jacketed polyurethane to modified |

polyester with a polyamid imid jacket |

05/90 Rotor spacers and spring retainer changed from brass to stainless steel

05/90 Shims changed from brass to phosphor bronze i

01/92 AC relay shading coil changed from copper to beryllium copper |

3. DISCUSSION

This section traces the history of MDR relay failures and their affect on safety .sy. stem.s
through LERs submitted to the NRC, industry data, independent failure analyses, reactor
vendors response to MDR relay failures, and NRC site visits. The safety significance of
the relay's failure has been included.

M LaSalle Unit 1

On December 8,1987, with LaSalle Unit 1 in cold shutdown, a "1A' emergency diesel
generator (EDG) operability surveillance test was performed. When the operator tried
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to synchronize the EDG to its bus, its output breaker would not close, despite several
attempts. The cause of the event was the failure of a P&B model MDR 137-8,125 V de
normally-energized relay's contacts to close.' This relay failure could prevent the
operation of the EDG in the event of a loss-of-offsite power.

Because the failure was of an intermittent nature, it was believed to be the cause of a
previous event on September 17, 1987.' Testing after this prior event could not
duplicate the failure to determine its cause.

.

Another similar event had occurred on January 14,1986 on Unit 2 and the licensee
replaced a P&B model MDR-138-8 relay.5

~

As a corrective action, the licensee committed to replacing all the P&B MDR relays in
the output breaker closing circuits with GE HFA relays to improve the EDG output
breaker closing circuitry reliability. The NRC staff has received no reports of relay
failures at L.aSalle Unit 1 affecting EDGs since the MDR relays were replaced.

12 Palo Verde Units 1. 2. and 3

Palo Verde Units 1,2 and 3 use P&B MDR rotary relays in the nuclear steam supply
system (NSSS), engineereo satety teature actuation syxem G'3FAS), d. L '. ..n :f p!-
(BOP) ESFAS, and the reactor trip switchgear.

On August 3,1988, Arizona Public Service Co. (APS) submitted LER No. 88-18, Rev. O
as a 10 CFR 21 report on 15 P&B MDR relay failures occurring at Palo Verde Units 1,
2, and 3 over a 2-year period, that could have prevented the fulfillment of various safety
functions.' This was detected during either routine surveillance testing or during
actuations of the ESFAS. The relay failures would have prevented the associated valves,
pump motors, etc. from operating as required for a safe plant shutdown or to mitigate an
accident. The failure of the MDR relays in the reactor trip switchgear would result in
erroneous indication of reactor trip breaker (RTB) position to both the plant protection
system and the control room operators.

The MDR relay malfunctions occurred when the relays did not change position after
they were de-energized, preventing safety equipment from actuating as required. Failed
relays were submitted to two independent laboratories for failure analyses.

Several MDR-7032 rotary relays, examined by Scanning Electron Analysis Lab, were
found to have brown powdery material (varnish) in the magnet, coil, and top brass plate
areas. They found evidence of shaft wear and metal chips, but no evidence of corrosion

'

on the shaft or brass bushings. The lab concluded that contaminants led to wear und
~

binding of the shafts. ,

Other relays, MDR-7032, -7034 and -1361 were sent to Hi Rei Laboratories (HRL) for
failure analyses. Three of these could not move more than 12 degrees of the complete
30 degree arc. Internal inspection found corrosion of the rotor, the dome shaped metal
shield over the coils, and the upper and lower races. There was extensive chlorine

6
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contamination on the brass races, the armature and the metal coil shield. The lab
believed that these corrosion products may have mechanically bound the relays in the
energized positions.

APS tested seven of the 18 failed relays on an 18 month frequency, while 10 were tested
on a 62 day frequency.

The licensee found that the failure rates for these MDR relays ranged from 1.4x10' to|

#
1.36x10-5 failures per hour, compared with a generic relay average of 4.0x10 failures per
hour.

On October 10,1988, APS submitted LER 8818, Rev.1 on 18 P&B relay failures. The
impact of coil voltage on the relay was investigated and identified as one of the root
causes of the failures. Excessive voltage increased the temperature of the coil and ,

increased the outgassing rate. The rated coil voltage was 28 V de, but voltage was
measured at an average 31 V de, after CE changed power supplies to 36 V de to .

alleviate problems which had been experienced with relay pickup at other CE plants.

Another contributor to the premature failures investigated was the operating
environment. The P&B specification for ambient temperature requires that ambient
temperature be maintained less than 149* F; the NSSS ESFAS cabinets ambient
ternperatures were meeured Leceu E' ' 10 7 T. " """ """ " --"- ":"

not have forced ventilation; the external surface of a relay in this cabinet was 157* F. |

The BOP ESFAS cabinet in Unit 2 l'ad an ambient temperature of 81' F, while the :

maximum external surface temperature of a relay in this cabinet was 112* F. The BOP !

ESFAS cabinets had forced ventilation. The BOP and reactor trip switchgear ESFAS |

cabinets had no MDR relay failures while all the failures occurred in the NSSS ESFAS
cabinets. .

i

!

The revised LER stated that "the cabinet air temperatures, air flow, and normal
frequency of operation were not considered significant contributors to the relay failures" -|

and the roct cause of the outgassing was attributed to excessive coil temperatures that
occurred when the coils were continuously energized at voltages above their nominal
ratings.

While this LER specifically addressed P&B MDR-7032, MDR-7033, and MDR-7034
relays, it also indicated that all models could be subject to the same failure mechanism
due to the similarities in construction and materials. There are 342 relays in the NSSS
ESFAS systems,180 in the BOP ESFAS systems, and 12 in the reactor trip switchgear
systems for the three Palo Verde units. All but six of these relays are norma,lly
energized.

-

As a long term corrective action, APS committed to replacing all MDR series relays in
all their systems during each unit's next refueling outage. The following design changes
to the MDR series relays were to be implemented:

7-
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Relays in the NSSS ESFAS cabinets were to be modified to increase the-

nominal voltage rating.

- Coils were to be the high temperature version instead of the previously
supplied standard coil.

- PVC sleeving used as an insulator inside the coil was to be replaced with
polyester acrylic coated fiberglass.

- Neoprene grammets were to be replaced with polyether imide.

- Medium MDR brass contact studs were to be replaced with stainless steel.

Small MDR spring retainer was to be stainless steel.-

- Spacers were to be stainless steel instead of brass.

Shims were to be phosphor bronze instead of brass.-

- Coils were to be coated with an epoxy resin instead of varnish.

Lubricant was to be used on some metalhc surraces.-

Contact deck and plate to shaft clearance was to be enlarged.-

fOn August 24,1988, the NRC determined that a generic communication on this issue !

was unnecessary. This decision was based on the root cause of the outgassing, which was
|

incompletely understood as excessive temperatures in coils continuously energized at '

above-design voltages. This over-voltage condition affected only two other CE plants,
who were already aware of the issue.7

On April 24 and 25,1989,10 of 44 modified MDR relays tested in Palo Verde Unit 3
had problems within their first week of continuous energization. Five totally failed due

|to a complete lack of rotation on de-energizing the coils. ' Die failures were not isolated
|

to any particular model number or circuit location. On May 8,1989 HRL reported the
results of Odlure analyses on three of these improved MDR-7062 and -7063 rotary relays
to APS". The rotor shaft did not move when power was removed and reconnected to
two relays which had failed functional testing by APS. A third relay was " sluggish" (i.e
experienced delayed turn off after removal of power).

Epoxy was found on the stator faces and mating rotor breaker plate. It was believed that
epoxy had been deposited on the stator surface and laminations during the ' relay
manufacturing process. There was no corrosion, contamination or chemical degradation
found.

Six additional MDR-5146. -7064, and -7065 operable relays were subsequently inspected
by HRL and found to have tearing of the fiberglass cloth tape on the coils, brown spm

8
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discolorations on rotor laminations (on three of six relays), and epoxy buildup on top of
coils and the coil retainer plates, but no epoxy on the stator or rotor interface.

As part of this investigation, Engineering Research Group' independently attributed the
failures to the curing of the epoxy on the closed rotor-stator interface during initial
actuation of the installed relays. This caused the rotor and stator to bond together after
sufficient energization time elapsed to cure the epoxy, thereby preventing free rotation of
the rotor by spring pressure when the coil de energized.

A number of factors were determined to contribute to this failure mechanism during the
manufacturing process:

Epoxy was splashed on thestator when the lead wires were pulled into the-

stator assembly to coat both sides of the coils with epoxy.

Epoxy was used for touch up of coil surfaces after the two cure cycles, but did-

not receive addition cure time in an oven. .

- De stator and coil assemblies were placed in and removed from the oven to
cure the epoxy with the same gloves by P&B personnel.

P&B stored the Dolphon epoxy in normal room ambient conditions, instead of-

below 70 t , as recommencea oy tne manut'actuier, decica. 31 J.J.tS.

To eliminate these factors, P&B instituted new methods of epoxy storage, handling
(including coating and curing of the epoxy prior to mounting the coil on the stator
assembly) and black light inspection. Touching up coil assemblies using epoxy was
discontinued. Calculations by the Engineering Research Group verified that a 6 hour
cure time was sufficient to cure the Dolphon CC-1090 epoxy in the MDR relays. even
given temperature uncertainties. P&B uses atmospheric dip impregnation of the MDR
relay coils, in accordance with the epoxy manufacturer's recommendations".

.

,

M Combustion Encineerine

On August 5,1988, CE submitted a letter" to the NRC regarding the APS 10 CFR 21
report of August 3,1988, described above. This letter identified four units, Arkansas
Nuclear One Unit 2, San Onofre Units 2 and 3, and Waterford Unit 3, as being facilities
that also had P&B MDR-7032, -7033, and -7034 relays in their ESFAS.

M Information Notice No. 90-57. " Substandard. Refurbished Potter & Brumfield~

Relavs Misrecresented as New"
l

NRC Information Notice No. 90 57," Substandard, Refurbished Potter & Brumfield |

Relays Misrepresented as New," concerned modified or refurbished P&B MDR relays,
j

including but not limited to, MDR-138-8, MDR-173-1, MDR-134-1 and MDR-142-1. that j

may not operate as rcquired. Stokley Enterprises or the Martin Company supplied these
:

!

9

._ _ _ ______.



. _ . .

.

. .

relays to Shearon Harris. Watts Bar and Sequoyah and various vendors to nuclear plants.
Receipt inspection found them to be improperly adjusted, lacking lubrication, having
nonstandard parts, having incorrect and nonoriginal configurations, and failing one or
more P&B tests.

M General Electric Rapid Information Communication Services Information Letter '
>

'

No.53

On September 10,1990, GE published a Rapid Information Communication Services
,

Information Letter (RICSIL) No. 053 " as a result of two GE boiling water reactors
(BWRs') reports of failures of P&B MDR relays. P&B performed a failure analysis of
the rotary relays, which concluded that:

.. corrosion occurred from chlorine released frcm rubber grommets and
polyvinyl chloride sleeving. Also, outgassing occurred from varnish on the
coil while continuously energized. The released chlorine and outgassing
accumulated in the area of the bottom end bell bearing and caused the rotor
shaft to bond to the bearing.

P&o M- -d ** %, failed re.lavs were exoosed to high ambient temperatures and

possible high coil voltages or exceptionally' infrequent de-energizing." To eliminate
outgassing, P&B changed the finish coating used on the relay coil from varnish to epoxy
on relays manufactured after September 10,1986.

M General Electric Potentiallv Reoortable Condition 90-11
I

On November 1,1990, GE issued Potentially Reportable Condition 90-11 concerning
'

P&B MDR relay failures due to outgassing.f3 In a cover letter to River Bend, GE |

concluded that the P&B failure mechanism "did not constitute a significant safety
hazard,' and hence was not a reportable condition. This conclusion was based on the

following analysis: 1

i

A GE BWR/4 reported that 3 of 18 P&B MDR,125 V de,15.6 watt, normally
'

1.
energized relays failed and 4 others exhibited rotor binding. Since these relays
were used to monitor position rather than actuate valves in the primary
containment isolation system, GE concluded no safety problem occurred. GE 1

j
noted that plants frequently exceed the 125'V de nominal coil voltage because

i

plants typically maintain a full battery charge.

A GE BWR/6 used seven 125 V de relays, three in the Remote Shutdown2.
System and four in the RPS. Five were normally de-energized and were not
considered to be vulnerable to this failure mode. A failure of the two
normally-energized relays may have resulted in failure to initiate Backup
Scram when required by the RPS. Since the backup scram was functionally
redundant to the normal scram, GE concluded that no substantial safety

hazard existed.

so
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3. GE BWR plants used P&B MDR relays with a 24 V de,9.6 watt coil. GE
considered that the 24 V de supply was carefully regulated and was not
identified as a problem by P&B. Therefore, GE did not consider them l

vulnerable to this failure mode and concluded that no safety concern existed
for the 24 V de relays. '

4 The most frequent use of MDR relays was 120 V ac in the RPS and NSSS.
These had a coil power of 6.0 watts, the nominal voltage of 120 V ac was
carefully regulated, and were typically exercised monthly. GE concluded these
had not experienced a high failure rate.

GE calcula:ed the qualified life of a 125 V de relay coils with varnish to be 0.4 years,
while field experi:nce demonstrated 3 years or more without similar reported failures.

GE recommended licensee confirmation that normally energized P&B MDR relays:
(1) were being exercised during routine operation or periodic testing, (2) were not in -

high ambient temperatures, and (3) were not subject to sustained overvoltage conditions.

)_1 Harris Unit 1

Ou Apoi 12,1991, Co.viina Fuwei a Qm Cuu,y. y, alac liw.acc L. C... vu il a n
NPP Unit 1 (,W) issued LER 91-5 addressing entry into Technical Specification 3.0.3 due
to the failure of a P&B MDR relay."

On March 13,1991, while at 96 percent power, during an engineering performance test
conducted on the IB-SB Emergency Bus Load Sequencer, a P&B MDR 138-8 relay
failed to function as required. While the relay energized and rotated, two contacts in the
relay failed to pass current. This rendered the "B" train ESF components actuated by
this sequencer inoperable. If a loss-of-offsite power had occurred concurrent with a
safety injection signal, control room operators would have still had the ability to
manually start any required "B" train ESF components. During this time period, the "A"
train charging / safety injection pump was also inopt 7ble for maintenance, necessitating
entry into Technical Specification 3.0.3.

The "A" train charging / safety injection pump was restored and Technical Specification
3.0.3 was exited within 10 minutes. The IB SB sequencer was restored to operable status
5-% hours later after replacement of the faulty relay and subsequent testing.

The failed relay was later bench tested and all contacts operated properly; the cause of
failure was not determined, but was attributed to a random, intermittent failure.

.

$

11
_ _ _ _ _ __



.

.

. .

.
.

;

M San Onofre Units 2 and 3

San Onofre Units 2 and 3 each used four P&B model MDR-1701 ac rotary relays to
actuate the RTBs. Each relay actuated two RTBs through contacts in the undervoltage

i

and shunt trip device circuitry. All 31 autor,atic reactor trip signals were processed
through these relays, which nre normally energized with closed contacts.

:

During a surveillance test in the summer of 1991 (contradictory documentation exists
regarding the unit number and date of test), one of these RPS relays failed to reset
following the successful RPS surveillance testing. His maintained the two open RTBs in

-

the tripped condition and caused the one-amp power supply circuit breaker to open on
overcurrent. These relays were supplied by P&B as commercial grade components and
dedicated by the licensee for use in the safety-related RPS. Dese relays were installed
in mid 1989, to solve the problems identified with varnish offgassing.

Failure analysis of the failed relay revealed that both shading coils had become detached
due to a design deficiency. The failure to reset was caused by a shading coil falling
between the rotor and the stator when the relay was de energized, preventing enough
rotor travel to change the relay contact positions on re-energization. An inspection of
the other three relays found that a shading coil had completely detached from one relay
and another coil was loose on the stator of a second relay. The copper shading coil
appeared to be extremely susceptiote to tempcmuiu-Mdund eg--Wrhimiching and
vibration. The epoxy used to attach the shading coils became brittle due to heat and
cracked under the excessive copper expansion. He failure at San Onofre occurred after
the relay had been continuously $tnergized for over 18 months. This problem also
affected MDR-141-1 model relays, used in a nonsafety-related pressurizer level system to
control back.up and proportional heaters.

A loud buzzing or chattering of the relay during energization may be a sign of shading
coil detachment. The symptoms given for several 115 and 120 V ac relay failures listed
in Appendix C, *P&B MDR Relay Failure Data," may have been caused by this failure-
mechanism.

By December 1991. P&B had stopped production and changed the shading coil to
beryllium copper, a harder material that would not stretch as much as copper, to avoid
thir p 'e m.

Although Southern California Edison did not consider their failures to be reportable to
the NRC under 10 CFR Part 21 at San Onofre, they recommended that P&B formally
notify their custorners that procured these model relays of the potential shading coil
detachment problem on March 3,1992. .

M River Bend Unit 1

16,1991, Gulf States Utilities (GSUt the licensee for River Bend
(GE OWR /6) issued LER 91-14, Rev 0, addressing two separate ESF actuations within
On August

4 days, due to P&B MDR relay malfunctions having the same failure mode, while the
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plant was at 100gercent power. The final revision of this LER, Rev. 3, was issued
August 18,1992.

On July 19,1991 ESF actuation of numerous containment isolation valves, control room
filter trains, standby gas treatment system, and the fuel building filter trains occurred
during a surveillance test, when two switches were taken to their test position. This was
due to a high resistance on one set of contacts on a normally energized,24 V de,
MDR-5111-1 relay, which caused an excessive voltage drop on downstream relays,
causing them to drop out, which resulted in the isolations. Initial bench testing verified
that the relay actuated and the contacts closed properly. All contacts appeared clean
and shiny. There was no foreign material or residue on the shaft. The relay was >

operated numerous times and operated properly each time.

On July 23,1991, an ESF isolation of a reactor water upstream sample valve occurred
when a switch was taken to its test position. Investigation revealed that two contacts on
an MDR-5111-1 relay were open and the coil was in its normally energized state,
whereas the contacts should have been closed. Further testing determined that
sometimes the contacts would close several minutes after voltage was applied and
sometimes would not close at all. The temperature inside the relay housing measured
113' F. 1

I

GSU determined that 17 days prior to tne July 19tn relay tauure, a ioss ui powei |

occurred to the RPS "B" bus, which feeds the first failed MDR relay. One day prior to
'

the July 23rd relay failure, a loss of power occurred to the RPS "A" bus, which feeds the
second failed MDR relay. The RPS power losses would have resulted in the relays
dropping out and picking up on power restoration a few minutes later, but it was likely
that the relay cycled and all contacts did not make proper continuity.

River Bend uses a total of 132 MDR relays; 113 are 120 V ac,12 are 24 V de, and seven
are 125 V dc. Of these,92 are installed in the RPS,35 in the NSSS, three in the remote
shutdown system and two in the standby service water system.

River Bend calculated the internal relay temperature from their relay's dimensions and a
finite-element computer model:

Relav Voltage Relav Power (watts) Temocrature (* F)

125 V de 15.6 149
'

25 V de 9.6 135

120 V dc 6.0 127

Both of the failed relays were mounted in stainless steel" isolation cans" for divisional
separation, inside the control room cabinets, where internal air temperature averaged
92* F. According to tne manufacturer's specifications, the relays should have been
capable of funcuoning properly in an ambient environment of 120" F with a minimum o:

13
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20 V de applied to the coil and 156' F with 21 V de applied to the coil. Voltage at the
coil was measured at 21.45 V dc. Voltage was supplied by a nonadjustable, regulated de
power supply between 23.5 V de and 26.5 V de, which was measured at 24.19 V dc.

S

The root case of the failures was determined by P&B to be small deposits of material
released from the outgassing of the varnished coil and chlorine corrosion of the relay
shaft or bearings. The combination of varnish deposits and corrosion accumulated by the
bottom end-bell bearing, resulting in bonding or sticking of the relay shaft to the bearing.
The licensee noted that small deposits may not have been obvious to the naked eye, but
were apparent under magnification. The relay contacts can then stick in either the
normally energized or de-energized states. It is also possible for the rotary motion of the
relay to be impaired such that it may not turn through its full are of 30* F, such that
some or all the relay contacts may exhibit intermittent operation.

GSU also removed six operable 120 V de relays from service and inspected them with
P&B engineers. All six tested satisfactorily. However, each was found to have deposits
on the relay rotor and in the area of the end bearings indicative of the same outgassing
phenomenon found on the failed relays.

GSU theorized that the 125 V de relays were the most susceptible to this phenomenon,
fnllowed in order by the 24 V de, and 120 V de relays, due to the lower coil wattages
indicated above. GSU's experience also supportea tne P&B ywouvu sii46 ti.c ici p J...
are cycled most frequently are least. susceptible to the failuret the River Bend relays
cycled on an 18 month basis were found with heavier deposits that those which were
cycled monthly. However, actual failure history did not prove this to be the case. GSU
cited a number of variables which influenced the actual failure rate, which could not be
quantified. These included: wattage, normal ersergization state, manufacturing
tolerances, mounting configuration and enclosures, temperature, test frequency.
operational cycling, etc. The varnish coating applied to the relay coils was done by hand
without strict acceptance criteria and the varnish was supplied by a third party as an
off-the-shelf item without strict control over the ingredients. The coils of the eight relays
inspected displayed wide variations in varnish thickness, uniformity, and color GSU

'

concluded that the outgassing phenomenon led to a failure distribution that was
essentially random.

GSU found two other cases of MDR relay failures at River Bend since commercial
operation. These occurred on December 16,1987, and September 15, 1988. The relay
failure of December 16,1987, was of an MDR relay which actuated the backup scram
valve on any full scram signal. These failures were initially judged to be random and the
relays were discarded.

GSU performed a PRA analysis of the RPS, based on River Bend MDR relay failure
rates. There were a total of four failures on demand. The licensee used the River Bend
surveillance test frequencies in estimating the total number of demands on the MDR
relays in the RPS to be 6026. Thus, the independent failure on demand probability was
4 failures /6026 demands, or 6.64x10" failures / demand. GSU estimated the common-
cause failure probability using a modified Beta approach. Since two of the four failures
occurred at the same time, OSU estimated the Beta factor as 2/4. GSU assumed that

14
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the failure of two relays simultaneously was sufficient to cause system failure. GSU
calculated the River Bend common-cause failure probability of the RPS to be
6.64x10" x 2/4 2/4 = 332 x 10" failures per demand. GSU calculated the RPS failure
probability, using generic relay failure rates from WASH-1400, at 13x10 5. Thus, the use

of River Bend P&B MDR relav failure rates resulted in an increase in RPS failure
4probability by 332x10"/13x10 or a factor of 25 above WASH 1400 values.

GSU committed to replace all 132 P&B MDR series relays over several refueling cycles
by a prioritization list based on relay function, model number, sutveillance frequency,
difficulty of replacement and retest, relay voltage and wattage rating, and length of
service.

On November 14,1991, NRC inspectors and P&B engineers disassembled several River
Bend relays, including the redundant backup 120 V de scram valve relay. This MDR
relay was found to have a set of unused Deck No. I contacts, No. J-H, that did not make
proper continuity. A P&B MDR 5112-1,125 V de relay, also exhibited intermittent .-

failure of Deck No.1, No. J H contacts. When an MDR relay is mounted horizontally,
with coil terminals at the bottom, these contacts are the top contacts closest to the
bearing. If the hot coil outgassing material vents through the bearing instead of
condensing on the rotor, this set of contacts would be closest to provide a cold surface
fnr danncitinn. The surfaces of each set of contacts appeared shiny, but no metallurgical ,

examination of the contact surface was performed. Figures ',2, and a snow typical 1
deposition of contaminates on an MDR relay bell, rotor, and spacer from this inspection.

The failure rates given above did not include the additional failure observed by the NRC
on November 14, 1991, at P&B's test facilities. GSU determined that if this failure on
demand was included, the River Bend failure probability increases to 5 failures /6027
demands or 83x10" failures per demand. If this failure was included in the
determination of the failure rate per relay operating hour, that value would increase to

4
5 failures /5,983,956 hours or 83x10 failures per relay" hour. The Beta factor would
become 2/5 but failures per demand was not changed.

LLQ Potter & Brumfield 10 CFR 21 Comoliance

On September 6,1991, the P&B Manager of Quality Planning wrote to the NRC that
conformity to 10 CFR 21 requirements was raised approximately 3 years ago, and P&B
informed several users that MDR series relays are supplied only as commercial grade
equipment. However, the G.E. Nuclear Energy Division (GE) was overlooked as one at
the users governed by the NRC requirement. The P&B sales personnel were reminded
to immediately take exception to any terminology referring to safety-related products."

An NRC inspection of P&B, conducted on November 12-14, 1991, determined that P&B
had previously produced the MDR rotary relay as 1E and had a procedure that P&B
thought complied with 10 CFR 21. GE's purchase orders to P&B referenced the
relevant MDR relay drawing number, which contained all the technical requirements and
included a statement that the relay was a Class 1E component. P&B did not inform GE

1(
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j The hole in the center is the " bearing" and the four semi-circular areas are
the bottom of the studs that hold the switch assembly in place. Varnish and'

corrosion products are shown as the irregular, darker deposits on the inside;

surface of the stud end bell.

i
.

<

Figure 3-1 P&B MDR relay stud bell and bearing assembly
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ne two dark bands on the rotor assembly lower shaft is the area in the relief
spaces of the bottom spacer. Varnish and corrosion deposits are shown on

| the lower section of the rotor assembly lower shaft as irregular lighter areas
j above and below the lower dark band.
;

|

|
!

,

!
,

i
|

|

| Figure 3 2 P&B MDR relay rotor assembly.
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The dark circle in the center of the bottom spacer is the hole for the rotor

j assembly upper shaft. The next concentric circular area is the relief area of
;

the bottom spacer, where varmsh and corrosion product deposits are shown ,

l
as irregular lighter areas. The outer concentric circular area is the bottom

I

,

spacer mating surface with the bottom shock plate, which is free of deposits.

,

~

i
,

j !

j

Figure 3-3 P&B MDR relay bottom spacer'
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that P&B had ceased to comply with 10 CFR 21 since the GE purchase order did not
mention that compliance with 10 CFR 21 was required. P&B had adequately informed
other plants that the requirements of 10 CFR 21 would no longer be accepted, when
purchase orders required compliance with 10 CFR 21."

3.11 Waterford Unit 3

On December 8,1991, a P&B MDR-7034 rotary relay used as the EFAS-2 Actuation
Relay K-112, which controlled the emergency feedwater turbine steam valve EFAS 2 ;

actuation, failed to drop out of the actuated position during a surveillance test. The
licensee removed the relay and found the shaft would not rotate either electrically or
manually." The MDR-7034 relay had been in service at 32 V de (28 V de design)in a
horizontal shaft configuration.

i

The relay was hand carried to P&B for disassembly and inspection on December 17,
9

1991. P&B found varnish outgassing deposits readily visible on the top bell bearing
surface, top and bottom spaces, top and bottom shock plates, and rotor assembly bearing
surfaces and shims, consistent with those found in similar, previously analyzed MDR
failures.

CE also sent HRL one MDR relay for failure analysis. HRL used Energy Dispersive
Spectroscopy to identity the toreign material as typical corrosion and coil outgassing
products. including, chlorine, copper, sulfur, zinc, aluminum, carbon, and oxygen on the
lower bushing. In addition to these elements, iron, chrome, titanium, calcium,
phosphorous, silicon, and magnesium were found on the bearing surfaces on the rotor

.

shaft.

CE concluded that:

Past analyses on similar failures of these relays has shown that over life,
material used in coil construction outgasses due to elevated temperatures.
The outgassed materials (moisture, chlorine, sulfur, etc.) then corrosively
attack the metallic components of the relays. The corrosion of the by-
products then combine to effectively ' penetrate" the bushings surface and
prevent the operation of the relay.

It should be noted that some chemical contaminants may have occurred
during manufacturing or disassembly of the relay prior to the failure analysis
by HRL Therefore, the chemical contaminants given in this analysis may
include elements not resulting directly from the outgassing.

CE recommended that it would be useful to examine additional relays which operate .a
different temperatures. '

,

On December 17,1991, Waterford 3 personnel scanned all eight ESFAS cabinets with e
infrared thermal imaging system, when the plant was at 100 percent power and the MDR
relays were in their normal energization states. The operational and spare relavs were

19
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mounted horizontally in two vertical columns of up to 9 relays with wires wrapped
around them. In each cabinet, the hottest relays were in the upper half; the hottest
relays found ranged from 147' F to 152* F.

Four additional operational MDR ' relays (-7034 [two), -7033, and -7032) were removed
,

and evaluated by CE and HRL to determine the effect of air temperature and voltage. 1
Two high temperature and two low-temperature relays were selected based on the
thermographs provided by Entergy Operations. Selection of the relays by using thermal -

imaging failed to reveal a correlation of relay damage with temperature.

Three of the relays did not meet original electrical performance specifications. An
MDR-7034 and an MDR-7032 relay were the most severely degraded in performance.
Both required greater than 24 V to latch and less than 3 V to drop out, yet the_MDR-
7034 had the most foreign material in the motor cavity while the MDR-7032 had the
least in the 4 relays. The contacts on the MDR-7032 reopened between the initial
closure and latching.

Inspection of all 4 relays found outgassing uroducts and scoring on the bearing surfaces.
One relay's contacts discoloration was four d to have been caused by sulfur, an outgassing
product. The MDR-7033 relay had a moist, paste like foreign substance rather than the
dry dust noted in the other relays. Scanning electron microscope examination / energy

'

disocrsive soectrometry found carbon, oxygen, sodium, calcium potassium, zinc. silicon.
sulfur, chlorine, copper, iron, and chrome in varying amounts on the shaft bearing
surfaces.

.

On May 1,1992, CE concluded that this and similar analyses showed a tendency for the
coil varnish to outgas over the life of the relay. They could not determine which
environment or electrical conditions would be more likely to exhibit outgassing that i

could eventually result in failures of MDR relays. CE recommended that Waterford .i
change to newer MDR relays, which alleviate the problem of outgassing and consider
increasing the surveillance testing frecuency for those MDR relays that could be tested
without interruption of service.

,

On October 2,1992, an event occurred at Waterford Unit 3 that shows the potential
affect of an MDR relay failure on multiple systems. While Waterford Unit 3 was in
refueling, an improperly placed electrical jumper, during replacement of an MDR relay,
resulted in the de-energization of 10 other ESFAS actuation relays, which affected the '

component cooling water, chilled water and safety injection systems.2 Voltage checks
made just after the event showed some voltage on the terminal board downstream of the
break in the circuit, but apparently not enough to prevent the relays from de-energizing.
Part of the alligator clip was attached no more than one eighth of an inch out of position
onto the terminal lug insulator.

t
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3.12 Information Notice No 92-04. " Potter & Brumfield Model MDR' Rotary Relav
Failures" .

_ On January 4,1992, the NRC issued IN 92-04, which discussed the P&B MDR relay
failure investigations at Palo Verde'and River Bend, and P&B modifications to alleviate
the rotor binding and contact problems noted in Section 3.9 of this study. i

3.13 Westinchouse Technical Bulletin NSD TB42-02-RO

On January 24,1992,.W issued Westinghouse Technical Bulletin NSD-TB-92-02-RO,
" Misapplied Relay Contacts." Several W reactor sites had reported misapplied P&B
MDR rotary relay contacts in solid state protection cabinets or auxiliary safeguard
cabinets. Continued arcing after opening of the contact generated heat which melted a
nylon cam in the MDR relay and burned the contacts. This situation occurred in
normally energized de Valcor or Target Rock solenoid valve circuits (or any other high !
current de inductive loads) when the contacts were used to interrupt current beyond its. i

*

rating.

The W bulletin noted that the de rating of the MDR contact was 0.3 amps inductive at
143 V dc (expected equalizing charge). It indicated that two contacts in series would
approximately double the rating. W recommended that specific reactors review any - .

circuits with high de inductive loads to ascertain contact ratings had not been exceeded.
'

It noted that some plants had mcreased contact mterruptir8r> 'dPdbility by addia 6 ''a '

wheeling diode in parallel with the solenoid coil and by connecting two contacts in series - '

(P&B did not recommend connecting two contacts in series - see Section 3.14 of this
study). The bulletin noted two methods involving placing a contactor between the relay !

contact and the de load and resistor-capacitor suppressors in parallel with the relay
contacts to reduce or eliminate the arcing.

3.14 U S Nuclear Reculatorv Commission. Information Notice No. 92-19 |

"Misacolication of Potter & Brumfield MDR Rotary Relavs" |

On March 2,1992, the NRC issued Information Notice No. 92-19," Misapplication of
:Potter & Brumfield MDR Rotary Relays," which identified that MDR relays may have

been misapplied to switch direct current or low level loads, when there was a substantial
difference between the ac and de current rating of the contacts and inductive loads acre
not included in the circuit design. Intermittent failures in status lights, computer input
and display lights and switch low level loads, that could not be duplicated during . |
subsequent testing, occurred at Shearon Harris and Waterford 3. P&B quoted the i

i

Engineers' Relay Handbook in explaining that:

D.C. loads are more difficult to turn off than A.C. loads because the DC
voltage never passes through zero. As the contacts open, an arc is struck and

be sustained by the applied voltage until the distance between them-
opening contacts becomes too great for the arc to sustain itself._ The arc ,

enercy can seriously erode away the contacts. Frequently arc extinguishing

.
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capabilities for D.C. inductive loads can be enhanced by connecting two
contacts in series. This provides a larger total contact gap and a faster rate
of contact separation, thereby providing improved performance. j

Paralleling sets of relay conyacts to switch loads greater than a single set can
handle is often unsuccessft:1. Lack of absolute simultaneity of contact ;

opening results in one contact taking all the load causing early failure. {

A relay contact rating does not necessarily apply for all loads from zero up to
the magnitude specified. The fact that a contact can reliably switch 10 t

amperes does not necessarily mean it can reliably switch 10 milliamperes. -4

The MDR contact structure is designed for 10 amp 115 V ac 50 percent PF, .!

3 amp 28 V de resistive and 0.8125 V de resistive load switching. It does not
have the contact structure design configuration necessary for low level |
switching applications that inhibit contact resistance build up. !

i

JJ Millstone Unit 3

An NRC region 1 inspection in March 1992 of Millstone Unit 3's P&B MDR relay use
',

found 266 MDR relays used in safety-related applications: 176 in the solid state
protection system to provide automatic initiation of safety related equipment and 90 in
tne control circuits ivi die 12 itC5 toop isolanon and' Dypass vaives'. ~ iviniwne .3 riao
replaced all normally energized P&B relays after consideration of an industry report with ;

relays from a different vendor. Since then one P&B relay failure occurred due to a

design misapplication, which was corrected during the initial plant startup p? gram.
ro

Based on this. the licensee calculated an P&B MDR failure rate of 8.1 x 10 per year at '

Millstone 3. Aside from this failure, none of the failures described in NRC IN 92-04
have occurred in 7 years of plant operation? i

t

3.16 Combustion Eneineerine TechNote No. 92-05

On August 20,1992, the Waterford 3 licensee notified the resident inspectors of

ordered, which resulted in P&B reworking an entire lot." proved MDR relays they had
problems CE found during qualification testing of 90 im

On September 4,1992, CE
issued Combustion Engineering TechNote No. 92-05,'' Potter and (sic] Brumfield .;
MDR-series Relay Deficiencies.~23

.

During the Environmental Qualification test, one of 15 relays failed to respond to input .;

signals while at 137' F and a second relay was sluggish to respond to input signals at |
i40* F. The first failure was caused by insufficient end-play of the shaft caused by an

oversized coil, over shimming, and tolerance stackups, which resulted in binding of the
rotor. The oversized coil reduced the rotor end play as it changed shape during heating ;

In a subsequent conference call with the author of this study, CE representatives |

indicated they had learned from P&B that the allowable MDR relay rotor shaft end pla ;

was about .10" to .20", but that this had not been specified in writing by P&B.
!
1
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The second failure was caused by uncured Thermoset 103 epoxy on the stator interfering-
.$

'

,

with rotor movement. This epoxy did not impede movement at higher temperatures, but !

slowed the rotor response time at 40 F to 12 seconds. CE noted the importance of a
commercial grade dedication process which contains all of the elements necessary to j

assure the item will perform it intended safety function. - |
. t

P&B rebuilt all affected relays. This consisted of disassembly, determination of epoxv i

cure. inspection under UV light for evidence of misplaced epoxy, removal of misplaced
or uncured epoxy, coil size measurement, and replacement of the stator assembly. ,

,

P&B indicated they planned to notify their other customers if there was evidence that j
iassemblies previously delivered may have been similarly affected. The resident

inspectors referred the generic implications, that other plants' relay orders, such as River i

Bend, a BWR, may have been affected, to Region IV. ;

1

3.17 Susouehanna Units 1 and 2
*

In September 1992, Susquehanna Units 1 and 2 issued an evaluation of its P&B MDR
'

relays as a result of NRC Information Notice 92-04? It found that the plant i

experienced 14 MDR relay failures (in 585 MDR relays - 239 of which were normally - !
!

energized) since 1984 Susquehanna had 69 work authorizations issued since 1982 which
requismoneo siDit iciaw frun tha cres. Em., MORs v :r: r:p!a ed afteM Wiq _ . ;

in service. Three pairs of simultaneous failures occurred, one of which was the result of
construction errors and therefore not included here. The study assumed that only
continuously energized relays, as found during normal plant operations, were subject to :

the failure mechanism. Thus, safety-related relays which were de-energized during
normal plant operations were not addressed, at that time.

In February 1984, a continuously energized, MDR-5062 failure prevented a breaker from
opening during a bus load shed surveillance test before commercial operation, and
affected the timing of the ID core spray pump start after a LOOP.

In July 1985, two MDR-4094 relays providing safety relief valve (SRV) position
indication operated intermittently during a surveillance test.

:

In April 1986, a normally de energized MDR-5062 relay's contacts stuck open preventing ,

the "C" essential service water pump and the "1A" residual heat removal pump from ;

starting during a loss of power surveillance test (from NPRDS database, but not in the
Susquehanna report).

In September 1986, an MDR-4094 relay's failure to de-energize kept an ESW pump
supply fan running in automatic, when it should not have been. ,

i

in February 1987, an MDR-4094 relay stuck caused the "D" ESSW pump fan to remain i

running after the "D" ESSW pump was shut down. ;

b

< .
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In July 1988, an MDR-4094 relay was replaced along with several other relay and
switches, when reactor building chiller "B" would not run. The relay was in the energized
condition but the uuse of failure could not be determined.

.

1

In January 1988, an MDR-4094-1 fehy stuck preventing a control room operator from '

opening the feeder breaker for the "2A" reactor water cleanup pump to shutdown the
pump.

In May 1992, a normally energized MDR-5151 relay stuck in its energized position,
preventing indication of the correct position of a containment atmospheric control
monitoring valve.

In September 1992, two, normally-energized, MDR-5062 relays stuck in their energized
positions, preventing the 1A and 1B reactor recirculation pump motor generator set drive

.

I

motors from tripping during a surveillance test.

In September 1992, an MDR 5062 providing alarm indication of loss of control power to
Core Spray "C", Div.1, stuck in its energized position.

The licensee study required replacement of all continuously energized, safety-related
MDR relays with varnished coils, whose failure could have deleterious effects on plant
safety function or system operation (or perform an indication function, as an
enhautemeno. - -'

- ' ~ ' *

An environmental qualification report on MDR relay designs was issued in December.
1992. This took into account the effects of the plants' 130 V to 134 V de float charge
and 140 V to 145 V de equalizing charge on the 125 V de batteries and addressed each
model based on the percentage of time an MDR relay was energized. This analysis
specified a varied replacement schedule, as short as 17 years, for several improved MDR
series relays, depending upon a relay's percentage of lifetime energization and
environment, due to NYE Nyogel 718B grease end bell bearing lubricant and Exar 400
coil leadwire and shading insulation aging.

3.1 S Arkansas Nuclear One Unit 2

On September 9,1992, another example of an MDR relay failure affecting multiple
systems occurred. While in cold shutdown, Arkansas Nuclear One Unit 2 experienced an
inadvertent start of one EDG, the opening of two high pressure safety injection valves
and isolation of ventilation to the shutdown cooling heat exchanger room, when an MDR
relay was being replaced." This occurred because the jumper installation instructioni
did not provide full guidance for about 25 percent of the existing relays.

;

3.19 Combouion Encineering 10 CFR 21 Report

On January 13, 1993. ABB CE Nuclear Power submitted a 10 CFR Part 21 Report ' to2

the NRC resulting from an MDR Model 170-1 failure experienced by Waterford 3 on
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November 18,1992 that caused the loss of a pressurizer heater control circuit. The
failure analysis showed that the failure could have been caused by chlorine induced stress
corrosion cracking of a rotor return spring, which allowed a broken part of a spring to
lodge between the rotor and stator, preventing the relay from actuating. It was found
that this could have occurred during the wire manufacturing process or as a result of
improper passivation in removing surface contamination. Other spring samples from the
same lot supplied by the Lewis Spring Co. verified this conclusion.

The investigation also found that a circuit board failure elsewhere in the system caused
the relay to chatter for two weeks before its failure. Thus, the relay could have had
hundreds of thousands of cycles on it when it failed, whereas P&B qualifies the relay to
100,000 cycles.

ABB CE submitted a 10 CFR Part 21 Report to the NRC on this issue, as being
applicable to 172 relays with date codes between 09228 and 09251 (manufactured from
the 28th week to the 51st week in 1992), and concurrently prepared a CE Infobulletin for

*

distribution to all CE plants.

1]_0 Overall Industry Exoerience

' - - -- - .1~n 30m WP. wrievsag.ralpyure med in s.afety.IshiscLapgca,tions in RPSs,^

ECCSs, ESF systems, or emergency power systems in at least 35 commerciaTFPP units:
, ~~

1 B&W pressurized-water reactor (PWR),8 CE PWRs,10 GE BWRs, and 16.W PWRs.
Many identical MDR relays are used in nonsafety-related applications.

MDR relay failure numbers, failure rates, and other derived statistics presented in this
section, should be viewed with caution. They are based on the best information
available from the Nuclear Plant Reliability Data System (NPRDS), LERs, NRC site
visits, and NRC inspection reports, but are known to be incomplete for a variety of
reasons:

- Searches of the primary information source, the NPRDS database, contained the
warning that relays were among specific components that are " reportable only on
failure," that * population data is generally iricomplete," and that "results may be
incomplete."

Inconsistencies in MDR relay usage and failure data were found between the-

voluntary NPRDS database and information provided by some licensees to the
NRC. Severallicensees were found to have a much larger number of MDR relays
in service than listed in the NPRDS database population figures, as described in
Section 3.20.4 of this report. Severallicensees have listed only one MDR relay
failure in a questionable population of one relay. One licensee submitted only I
failure report out of 16 MDR relay failures (many nonsafety-related). Sixteen units
have not reported any MDR failures, whereas 15 plants have had more than a 100
failures. At least one plant replaced all normally energized MDR relays after a
1983 industry publication. in addition, the industry database does not contain

25
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information on the many iden;ical MDR relays used in nonsafety-related
applications or their failures. ;

- P&B provided MDR relays as "1E" or commercial grade relays to reactor vendors,
architect engineers, and licensees but were often unaware of which plant received
specific relays.

Industry and LER data repeatedly noted that a failed MDR relay bench tested-

acceptably. The LaSalle Unit 1 LER experience noted in Section 3.1 of this study ,

demonstrated the difficulty of detettnining the root cause of an intermittent
problem, which does not reoccur during trouble shooting.

Licensee event reporting under 10 CFR 50.73 and 10 CFR 21 has not been-

complete. Ucensees identified and reported only 2 of 10 common-cause events
,

involving simultaneous failures of 2 or more MDR relays.
.

;

3 20.1 MDR Relav Usage

Appendix B of this report provides a list developed from the NPRDS database, LERs,
NRC site visits, and NRC inspection reports, describing P&B MDR relay usage.
Wid.um m'i,;ug cccg -~v:: p!-r. tW Appandir provides an estimate of the number ;

of safety-related MDR relays in ac, the safety-related syr,tems they serve, the model j

numbers of the failed relays reported from 1984 through 1992, and plant-specific failure
rates based on the incomplete data, as described above. ,

,

Because many of the plants having MDR relays went into service after 1984, plant
specific failure rates were calculated from the time of initial criticality through 1992, for .

!

lack of better operationalinformation. It is recognized that plant specific failure rates
contain an tror because an indett.cminant number of MDR relays were in service for an

undetermined period prior to initial criticality in some undetermined coil energization--
state, which has not been considered in the failure rate calculation.

Figure 3-4, *P&B MDR Relay Usage and Failures vs Reactor Supplier," and Figure 3 5,
"P&B MDR Relay Failures vs Model No." were derived from the data in Appendix B to
compare MDR usage and failures by reactor suppliers and model numbers.

Figure 3-4 shows that CE plants have the highest failure rate of 8' out of 1097 relays. .

'

followed distantly by GE plants with 35 out of 1088 relays. This may be only partially
explained by CE': use of excessive voltage on 28 V de relays to ensure the relays latched.
Why.W plants uperienced only 8 failures out of 802 relays has not been explained.

!
Figure 3 5 shows that the dependent failure mechanisms described in this study affected
many different MDR relays used in NPPs, as may be expected, because of identical
construction materials and configuration that contribute to the identified failure
mechanisms. The MDR de relays shown with higher numbers of failures were widely -

I

-used in CE plants, where excess voltage .was applied to the coils. ;

,

'
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3.20,2 Deoendent Potter & Brumfield MDR Relav Failures
:

Appendix C lists P&B MDR rotary relay failures by model number and date of failure,'

from the NPRDS database, LERs, NRC site visits, and NRC inspection reports. This |

Appendix lists only failures that were identified as common cause failures or whose ;

failure symptoms appeared n be caused by the dependent failure mechanisms described
above. Licensees often treated MDR relays as disposable components, their failures as ^|
random, and usually performed little root cause analysis, unless many failures occurred.
Licensees rarely returned MDR relays to the vendor or an independent laboratory for
analysis. Licensee explanations of failure causes in the NPRDS database were
sometimes not very descriptive, viz, " contacts sticking," " failure to change state," " acting
abnormally," or " premature end-of life."

i

Of the 99 MDR relay failures listed in the NPRDS database,7 MDR relay failures,
attributed to lose connections, diode failures, blown fuses, or uncertainty of MDR re!ay
failure, were not included in this table. About 25 percent (32) of the MDR failures were ..

added from licensee supplied. NRC documentation sources, which were often not as well
documented as those from the industry database. His also contributed to incomplete
tabulations in some of the cornparison figures in this study.

P&B MDR Relav t auures bv (ear

Table 3-1,"P&B MDR Relay Failures by Year" compares the number of MDR relay
failures by year, coil voltage, and energization state. MDR relays have averaged 13.7
failures per year or 5.E 7 failures per hour per relay since 1984, using all the data in this
table. A least squares fit of a straight line shows a slight upward trend to this failure
data,

i

While varnish offgassing is affected by coil temperature, Figure 3-6 "P&B MDR Relay
Failures vs Coil Parameters," taken from Appendix C and Table 3-1, does not show a
relationship between higher coil wattages (with higher temperatures) and MDR failures.
as may have intuitively been expected, While the charts show that normal energization
of MDR relays has a greater correlation with MDR relay failures, it also includes more ,

'

than 25 percent (32) of the MDR relay failures that were in normally de energized ac
and de relays. More than 70 percent (21) of normally de-energized MDR relay failures
occurred to non latching relays, while less than 30 percent (9) of the normally _ _
de energized relay failures occurred in latching type relays, which have either of two coils
continuously energized. His may reflect that some normally de energized relays may be
normally energized during plant outages.' Thus, normally de-energized MDR relays ,

should not be ignored by licensees in responding to NRC IN 92-04. |

i

The highest number of MDR relay failures occurred in 1987 (23),1988 (25), and 1989
(18), reflecting the excessive voltage applied to the MDR coils at CE plants for several

~ a

years and the replacement of these relays. If this can be viewed as premature aging of
the velays, based on operation at higher coil temperatures similar to environmental
qualification testing, this experience may predict increasing MDR failure rates at some !
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point in the future, as the coils age naturally. De total number of failures increased
each year from 6 in 1990, nearly doubled in 1991 to 11, and tripled in 1992 to 18.

Table 31 P&B MDR relay failures by year

2

Year Coil Type Normal Coll State Total Failuresl

ac de Energized De-energized

1984 1 4 4 1 5

1985 4 6 4 6 10

1986 2 6 6 2 8

1987 5 13 13 5 23

1988 5 20 15 10 25 ,

1989 2 15 12 5 18

1990 1 | 4 4 1 6

1991 5 6 | 9 2 11

! 2 187 9 "
I

iyyi i ,

3

Total 32 83 82 34 124

Percentage (28%) (72%) (71%) (29%)
;

Missing data prevents AC and DC coils and coil state columns from always adding up to the total .|

,

'

number os relay failures.

See Figure 3.6 for graphical representation of this data.

This total Joes not include two MDR relay failures that occurred in early January,1993, that are'
included in Appendix B.

3,20 3 Simultaneous Deoendent Potter & Brumfield MDR Relav Failures

NUllEG/CR-5993," Methods for Dependency Estimation and System Unavailability
Evaluation Based on Failure Data Statistics," July 1993, relaxed "the conventional
assumption that dependent failures must be simultaneous and result from a severe shock"
and allowed use of "all the failures in a time continuum ta estimate the potential for
multiple failures in a window of time" to arrive at a more accurate value for system
unavailability. It recognized that component failure rates will increase, that the
components will eventually fail at some short interval from each other, and that the
common-cause contribution for a particular plant may be quite different from the
population average.27 These concepts were corroborated in this study by the
identification of multiple, simultaneous MDR relay failures in addition to the many

|
single,6 pendent failures found.
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Appendix B identifies 26 MDR relay dependent failures that occurred in eight
simultaneous-failure events. Appendix B points out five " Common Mode" events, which
involved simultaneous, dependent failures of 12 MDR relays that had identical functions
operating redundant equipment. It also includes three events (denoted in the table as
" multiple simultaneous failures"), involving simultaneous dependent failures of 14 MDR

'

relays that affected the same train of a system or different systems. In this table,
" common-mode" and " multiple simultaneous failures" were used only to differentiate
between failures that affected redundant components from failures that affected
nonredundant components since each type of event may have a different safety
significance.

The 26 MDR relay failures addressed in Table 3-2 are a subset representing 20 percent
of the 124 dependent MDR relay _ failures in Appendix C of this study. There may be a
number of reasons for the simultaneous MDR relay failures, including: multiple
dependent failure mechanisms; relay aging; and similar environments, cycling duties,
voltages, temperatures, cooling and installation.

This table does not include two other events, in which 3 and 5 relays were replaced
concurrently, because the NPRDS database did not indicate that particular problems
were found with more than one MDR relay. However, the identified failure mechanisms
in this study often have been unreproducible during bench testing after a failure. If
these were included, the percentage of simultaneous multiple failures would increase to
about L ymem vi sc tora!.

Figure 3 7,"P&B MDR Relay Failures vs Year," taken from the data in Tables 3 2 and
3-4, reflects simultaneous, multiple MDR relay dependent failure events that occurred
three times in 1991 and three times in 1992, due to failures of older relays. In this
figure," single failures" refers to dependent MDR relay failures that occurred one at a
time, as identified in Appendix C. " Multiple failures" is a subset of dependent MDR
relay failures that occurred simultaneously to multiple MDR relays that did not affect ,

redundant components of a specific system, as indicated in Table 3 2. " Common mode
failures" is a subset of dependent MDR relay failures that occurred simultaneously to ;

multiple MDR relays that affected redundant components, as indicated in Table 3 2.

120.4 Potter & Brumfield MDR Relav Failure Rates

The NPRDS database specifically noted that relays are among the components that are
" reportable only on failure," that " population data is generally incomplete," and that
"results may be incomplete." The least credible statistics in this study are MDR relay
failure rates because of the questionable completeness of the MDR relay population and
the reporting of failures. .- |

!However, best estimates were made with the available data to compare this study's MDR
failure rates with the calculated NPRDS database generic relay failure rates and MDR
relay failure rates. These are given in Figure 3 8,"P&B MDR Relay Failure Rates vs

i

|
Year." In all but a few cases, MDR relay failure rates meet or exceed NPRDS generic

rela.y failure rates. _.
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Table 3 2 Simultaneous P&B MDR relay failures
+

EVENT PLANT / MDR RELAY FAILURE TYPE RESULT OF FAILURE

DATE PLANT NO. N O. FAILURES ,

7/85 Susquehanna 1 4094 2 Common Mode Intermittent SRV position :
'

lights

6/88 San Onofre 3' 137 8 5 Multiple EDG control system

13S 8 3 Simultaneous maintenance

Failures

6/91 No.3 170-1 3 Common Mode kss of plant protection
Channel C - would not
reset RTB

7/91 River Bend $111-1 2 Multiple 1) ESF actuation of
Simultaneous containment isolation

Failures SBGT and HVAC
2) Reactor water sample

*

valve isolation

10/91 No.3 170-1 3 Common Mode Channel D and B RTBs
would not energize and
reset and master relay
failed to close

| '

o/v2 i,o. 23 ;i-Al 2 C --an Degraded *A and "B"'

Mode RPS reactor pump trip ,

logic to turbine control
valve fast closure

6/92 No. 23 4134-1 4 Multiple Degraded *B* RPS ,

Simultaneous response to turbine
Failures ~ control valve fast closurc

>

9/92 Susquehanna 2 5062 2 Common Prevented reactor
Mode recirculation pump MG

set I A and 18 drim
motors from tripping

NO. OF EVdNTS RELAY FAILURES FAILURE TYPE

5 12 Common mode

j J4 Multiple simultaneous failures j

TOTAL 8 26'

*20 percent of MDR
dependent failures

iin Appendix C

I

' These failures were exacerbated by higher than design relay coil witaccs.
|
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Figure 3-9,"P&B MDR Relays in Service vs Year" helps explain some of the differences
between the industry ditabase MDR relay failure rates and this study's. While the
industry database included 319 MDR relays in its population in 1984, this study found
767 (140 percent more) in service. Discrepancies occurred in each year as more MDR ,

relays were put into service. The largest difference occurred in 1989, when the database
listed 2034 in service and this study found 2999. In addition, only 75 percent (92) of the
MDR failures included in the 124 failures considered in this study were the same as

those from the NPRDS database.

Plant Soecific MDR Relav Failure Rates

NUREG/CR-5993 notes that "to evaluate the common-cause contribution in a PSA
[probabilistic safety analysis), generic data sources are consulted, and they present the
average behavior of a large population of plants over a long period. However, the
common cause contribution for a particular plant may be quite different from the
population average. This difference can underestimate or overestimste the common-
cause contribution."28

;

The plant specific failure rates listed in Table Appendix B were graphed vs the plant
specific number of MDR relays in service in Figure 3-10. "P&B MDR Relay Failure
., ate by "Ht "s Nn in Service / Unit." This shows the wide diversity of plant specific"

MDR relay failure rates, from 0 to .21 failures per year per MDR relay. Inis agam
corroborates NUREG/CR 5993 in that replacement decisions based solely on plant
specific MDR relay failure rates could be expected to vary greatly.

Nine plants having 309 MDR relays in service reported no failures from 1984 through
1992, which leads to questioning the reporting accuracy. Seven other plants. with fewer
than 6 MDR relays in service each (17 total MDR relays) with MDR failure rates
ranging from .21 to .023 failures / year /MDR relay, may be discounted because of the

,

lack of a statistically significant database. Using the remainder of the data on 2673
MDR relays as a sample, the average MDR failure rate was about .0068 failures per year '

per MDR relay (or about 18 failures per year, which is also in line with the 1992
reported MDR relay failure history).

.

3,20,5 MDR Relav Service Life Failure Rates
-

Because many of the plants having MDR relays went into service after 1984, service life-
failure ata were calculated from the time of initial criticality through 1992, for reasons
similar m : nose given above for plant specific failure rates.

Figure 3-11. "P&B MDR Relay Failures vs Service Life at Failure by NSSS and Figure
312 "P&B MDR Relay Failure Rate vs Service Life by NSSS" shows the number of
MDR relay failures and failure rates vs service life at failure by each reactor vendor.
The highest number of CE failures appeared at about 4 to 6 years service life. This may

(1) the accumulated service life of the MDR relay population shown inreflect: ,
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Figures 3 9 and 3-13 "P&B MDR Relay Accumulated Service Life," representing
1.83E-7 hours of relay operation, and (2) the history of excessive voltage applied to j

certain MDR de coils at CE piants for several years and the replacement of those relays. )
Thereafter, CE plant MDR failure rates leveled off. '

The inservice MDR relay failure rate for the other reactor vendor plants' MDR relays
increased again after 7 or 9 years inservice life. Most MDR relays used in CE plants do
not have inservice lives in that range. The older relays were the ones failing most often
in the MDR relay failure increases in 1991 and 1992. This may be a harbinger that
increased age may affect MDR relay dependent failure rates and simultaneous failures in
the future.

Figure 314, "P&B MDR Relay Failures vs Year, Service Life, and Coil Type," and
Figure 315. "P&B MDR Relay Failures vs Year, Service Life and Normal Coil State,"
address MDR relay failures vs ac or de coil type and normally energized or normally ,,

de-energized state by year and service life. This data is not normalized for the number
of relays in service and may in part reflect the total population in service. Even so, it is
reasonable that these figures show a higher number of failures of MDR relays with de
coils. The failures peaked at a service life of 3 to 5 years, which may reflect the
influence of the in service population. Both ac and de coil failures increased from 1990
to 1992. Normally energized relays failed at a higher rate than normally de-energized
reinn The nornher of nnrmally eneroived ralw failures tripled from 1990 to 1992.

3.20 6 Surveillance Testine Frecuency

MDR relay surveillance testing or demand frequency varied widely from weekly to 18
months, depending upon system usage and relay function. Sometimes relay timing was
important, as in scram response time after a main steam isolation valve closure. Many
times relay timing was not critical and therefore, was usually not tested. A number of
MDR relays were replaced due to slow actuation. Slow MDR relay response may be a
precursor to actual failure and at least one plant is considering verifying MDR relay
timing during valve testing.

3.20.7 Preventative Maintenance

A sampling of six plants found no preventative maintenance program established for
MDR relays and only one with a EO replacement schedule. When MDR relays fail,
they are replaced rather than repaired due to their low cost and lack of vendor repair
information and parts.

.

A sampling of receipt inspection of replacement MDR relays found it varied greatly from
plant to plant. Some licensees were not aware of temperature affects on tramp epoxy.
Some licensees acceptec P&B electrical testing for lack of their own program to ame
relay operation. P&B did not publish information about the relay, such as torque
requirements on the switch assembly stud stop nuts or rotor shaft end play clearance
requirements. To avoid recent problems, receipt inspection of dedicated relays could

,
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benefit from black light or energization testing to detect tramp epoxy defects and
'

verification of moving part clearances, bolt torques, and electrical parameters, prior to-
placing MDR relays in service.

3.21 Safetv Sienificance of MDR Relav Failures

The safety significance of common-cause failures, exhibited by MDR relays, is that
common cause and common mode failures compromise the single failure assumptions

'that underpin the design of NPPs and represent a major uncertainty in the bottom line of
probabilistic risk assessments (PRAs) of NPPs."

3.21.1 Oualitative effects of MDR Relav Failures |

The multiple, simultaneous MDR relay failures, described in Section 3.20.3 of this study, *

whether they affect redundant or nonredundant components, share a safety significance
that is higher than single MDR relay failures. Such failures could disable a safety. ,

related system or opposite trains of different safety-related systems and defeat a NPPs
single failure design criteria. The effect depends on the function of the particular relays
that fail.

The MDR relay common-cause failures addressed here have often been nonrecoverable.
Deir failures have been found usually as a result of failed surveillance tests or on a
valid demand. The primary safety related application of P&B MDR relays are in ESF.
ECCS and RPS actuation logic. MDR relay contacts are also used to provide status and
annunciation for the operators. MDR relay failures have resulted in inadvertent
operation, delayed operation, or lack of operation of safety-related pumps. valves,
breakers, emergency power supplies, and ECCS and RPS control systems. These actual
failures appeared to have been caused by one of the dependent failure mechanisms
identified. An accident requiring the use of a safety system may be the initiating event
for a demand and a relay failure.

Because these relays have a wide variety of safety-related applications, various failures ;
~

'
have effected safety related systems, as described in Appendix C, including:

Reactor Protection System

- one half scram prevented
- trip path would not trip
- trip timing degraded ~

- multiple channels of turbine control valve fast closure trip logic degraded
- trip on spurious MSIV closure
- spurious channel trip
- multiple channels failed to reset RTBs

I
:

!
,
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Emergency Core Cooling Systems

- recirculation actuation signal did not actuate
- safety injection train signal did not actuate

low pressure safety injection pump did not start-

- emergency service water pump did not start
- low pressure safety injection recirculation valve did not open
- train of ESFAS did not reser after a reactor trip

Engineered Safety Features Systems

- ESFAS did not actuate
ESF signal could not be bypassed-

- spurious main steam isolation valve closure prompted reactor trip
- n.ain steam isolation valves did not close within time limits
- 11.5 V de control was inoperable

emergency power sequencer failed to operate-

EDG output breaker did not close-

EDG voltage regulator failed to operable-

- nrevented two reactor recirculation pump MG set drive motors from tripping
containment isolation signal or valve did not actuate-

- emergency pond service water valve did not open
emergency feedwater system or signal could not operate-

- backup pressurizer heaters did not shut off
- recirculation actuation signal did not operate
- sodium hydroxide pump would not stop

!

- inadvertent containment isolation
I- inadvertent standby gas treatment system and control room HVac actuation

- intermittent SRV position lights

Many factors influence an MDR relay's failure, such as coil temperature, energization ,

I

state, coil wattage, length of service, variation in coil varnish, vertical or horizontal ;

position, testing and operation frequency, etc. th'at varies from relay-to relay and plant-
to-plant. These present a very complicated matrix that prevents an accurate estimate of
when a particular relay will fail.

The River Bend experience has demonstrated how a loss of power to a group of relays |

can potentially result in multiple failures. The probability of a relay failure may increase |

with its length of time in service, due to the nature of varnish outgassing and silver
'

contact corrosion failure mechanisms, as shown in Figure 3-12. ,

3.21.2 Probabilistic Risk Assessment !

The AEOD study on " Insights from Common Mode Failure Events" noted that 'commoa-
mode failure has been cited on several occasions as a significant contributor to
uncertainty in the bottom line estimates of core damage likelihood in probabilistic risk

;
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assessments." nis also quoted NRC Chairman Carr in a 1990 letter as stating that
;

!
"These uncertainties result from lack of data to fully quantify the potential for multiple

The MDR relay failure data in this study is no"3
failure from common-causes.
exception to these conclusions.

About 3,000 multiple-contact, P&B MDR relays are used in various systems in the four
reactor vendor's plants. It is not unusual to find a number of MDR relays relied upon
for proper operation of an ESF system, but it can take the failure of only one of the
MDR relays to incapacitate the safety function of a train.

It is impracticable to perform a PR for each application of P&B MDR relays and many
1

plant-specific PRAs are not modelled in the detail needed to analyze such failures. If
such a study could be undertaken, a wide range of safety significance would be
determined, depending upon the plant-specific safety significance of the contacts assumed'

to fail and the failure mode assumed. The core damage probability would be most
affected by the availability of alternative trains or systems that could perform the safety
function of the failed system (as in the case of the River Bend case discussed below).
This may, in general, yield worse results for emergency power supplies and ultimate heat
sinks, where there are minimal alternatives.

The only simple, plant-specific. PRA analysis performed by a licensee based on River
Bend MDR relay failure rates determined the River Bend (BWR/6) RPS failure rate
increased by a factor of 25 from 1.31x10 to 3.32x10", as noted in Section 3.9 of this

4

report.

The River Bend MDR relay common-cause failure rate of 6.64x10" failures / demand
|

equated to a failure every 1506 demands, which was significantly less than the MDR
relay design life of 50,000 mechanical operations over a 40 year period. However, the

,

calculated 6.8x10 failures / relay-hour experienced was slighjly better than the MDR
|

4

These two failure ratesrelay design reliability failure rate of 10* failures per hour. |
may be contrasted with the WASH-1400 generic median relay failure rate of 1 to 3x10"

|
failures / hour of normally open or closed contacts.to operate normally used in PRA

;

studies.32

|
Table 3-2 in this report shows that simultaneous dependent failures of two or more i

MDR relays occurred at least eight times, and multiple relays were replaced in response
to two other events. Thus, multiple, simultaneous failures occurred in about 10 percent

.

of the dependent failure events identified. I
.

in addition a plant simultaneously replaced four 28 V de MDR relays in 1986, when one
of them had high contact resistance and caused a main steam isolation valve to
spuriously close. In 1987, a second plant simultaneously replaced six 125 V de MDR
relays, which "did not respond properly" in their EDG control system during preventative
maintenance. In 1991, an MDR relay failure in a third plant prevented operation of "B"
train emergency power system safeguards sequencer, while "A" train emergency power
was not operable. Although these events were not included as simultaneous failures.
voluntary multiple MDR relay replacements tend to indicate licensees had identified a

I
.

e7



..

!
.

*

.

I

i
!

i

significant potential for near term failures. About one third of all MDR relay dependent
failures occurred during events or tests which involved dependent failures of two or more |

j

MDR relays simultaneously. This reflects the potential for multiple train or multiple
|system failures and illustrates the importance of thorough testing of other MDR relays

when a dependent failure is found.

Identification of simultaneous MDR relay failures affecting both trains of a safety system
during surveillance testing is not likely given the staggering of such testing in use. Actual
simultaneous failures would be more likely to be identified during an valid demand,
unless the redundant safety system train is tested immediately after an MDR relay

:

failure is detected. The most likely identification of additional degraded MDR relays
appears to have been during troubleshooting of similar relays after a failure.

4. FINDINGS AND CONCLUSIONS

11 Findines

4.1.'. D:::nden: F:he WMnictm

This study identified about 124 MDR relay failures in about 100 events from 1984
through 1992 that appeared to have resulted from common causes.

Material Pmblems

1. Mechanical bmding of the rotor shaft was caused by deposits from coil varnish
outgassing and corrosion from rubber grommets and polyvinyl chloride wiring that
accumulate in the end bell bearings and brass sleeves as the relay breathes. This . slowed
or prevented the rotor from rotating when the relay coils were energized or de-energized
and typically occurred intermittently or was impossible to duplicate. (MDR relays made
prior to 5/90)

2. Intermittent continuity and high resistance of electrical contacts was caused by
chemical reactions on fixed and movable silver contacts.. (MDR relays made prior to

5/90

3. Failure of ac MDR relays to reset was caused by the detachment and wedging of a
copper shading coil between the rotor and the stator because the epoxy attaching the
sha J.ng coil to the stator cracked due to temperature-induced expansion and stretching.
(; *DR relays made prior to 1/92)

4. Prevention of relay actuation was caused by chlorine induced stress corrosion cracking
of rotor return springs, permitting a broken spring part to lodge between the rotor and
stator (Applicable to 172 relays manufactured in 1992)' :
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5. Binding of the rotor at 137' F was caused by insufficient end play of the shaft due to
an oversized coil, over-shimming, and tolerance stackups. (MDR relays made in 1992)

,

6. Rotor response time may be slowed at lower temperatures, such as 40* F, caused by
uncured epoxy on the stator interfering with rotor movement. (MDR relays made in
1992)

Acolication oroblems

1. Increased contact resistance was caused by misapplication of MDR relays in switching.

low level loads that permit contact resistance to build up.

2. Intermittent contact continuity was caused by contact erosion in direct current
applications where there is a substantial difference between the ac and de current ratings
of the relay contacts and inductive loads not included in the circuit design. ,

3. Contact failure was caused by paralleling sets of relay contacts to switch loads greater
than a single set can handle, when lack of simultaneous contact opening results in one

,

contact taking all the load.

4.1.2 Studv insichts

The safety significance of the simultaneous MDR relay common-cause failures is that
they compromise the single failure assumptions that underpin the design of NPPs and
represent a major uncertainty in the bottom line of PRAs of NPFs.32

MDR relay dependent failure statistics developed in this study could be misleading,
because of recognized uncertainties in NPRDS data regarding the number and cause of
MDR relay failures, population of MDR relays in service, length of coil energization,
and operational cycling frequency. The NPRDS data showed that licensees did not!

usually perform detailed root cause analysis of MDR relay failures until a number of'

failures occurred at their plant. Despite this, the data in this report leads to the
following general insights: :

|

1. Most of the MDR relay failures occurred in normally energiaed relays, while 30
percent occurred in normally de-energized relays, which may have been energized during

a
!

shutdown conditions. |

2. The clustering of failures of CE plant MDR relays with over design coil voltage
appears to indicate that the rate of varnish offgassing effected the relay failure rate.

3. Twelve MDR relays that had identical functions in redundant equipment failed
simultaneously in five events due to the dependent failure mechanisms identified in
Section 2.3 in this study.
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4. About 1/3 of the 124 MDR relay dependent failures identified occurred during events
or tests which involved dependent failures of two or more MDR relays simultaneously.
These failures occurred in about 10 percent of the dependent failure events identified.

5. The MDR relay failure history confirms a finding in AEOD study E92-02 that " design
related common mode failures generally go undetected for long periods of time.""

6. Surveillance testing that included MDR relay timing has located some types of
degraded MDR relays. Increased surveillance testing recommended by P&B and reactor
vendors may not detect several types of MDR relay dependent failures occurring during
resetting after completion of the testing.

A number of proximate causes contributed to the timing of MDR relay failures,
including: applied ac or de voltage, equalizing voltages and frequencies, normal coil
energization state, manufacturing tolerances, ambient coil temperatures, varnish
application, mounting configurations and enclosures, cabinet ventilation methods and
rates, end bell bearing aperture size, testing frequency, operational cycling, number of
contact decks, and the amperage and voltage of the contacts.

/wi envirx=:nta! que!!F~" mnnrt showed that some improved MDR relays have to
be replaced, under certain conditions, before its 40-year lite span because of aging of
NYE Nyedel 718B grease end bell bearing lubricant and Exar 400 coil leadwire and
shading msulation.

Licensee receipt inspections of replacement MDR relays varied in thoroughness from
plant to plant, such that deficiencies in modified MDR relays caused by over-sized coils.

.

insufficient end play clearances, and tramp epoxy deficiencies could go undetected. ,

P&B instituted z. seiies of design modifications over a number of years to correct '

material deficienc.es. For example, the epoxy that P&B used to replace the coil varnish _
has less offgassing by a factor of 100.

P&B has taken exception to 10 CFR 21 reportinp, when supplying new relays and has not_

issued such a report or made any generic recommendations to MDR relay users. CE
and GE informed their plants about some MDR relay failure mechanisms in 1988,19WL

>

and 1992. NRC ins 92 04 and 9219 informed licensees about some of these MDR
failure mechanisms.

A sample of plants surveyed found that most licensees that responded to IN 92-04
addressed only normally energized MDR relays, whereas 30 percent of the failures
occurred in normally de energized relays. ,

.

4_l Conclusions

The tendency for MDR relays to fail simultaneously in clusters is caused by a number of
.

dependent failure mechanisms that appear to be influenced by similar design, material.s

-
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environment, and operational history. These may be nonrecoverable and nontevealing
failures which negate the single failure design of NPP safety-related systems.

The many contributors to MDR relay failures result in an ,mpredictable failure history
that makes it unlikely that a scheduled surveillance testing, preventative maintenance, or
replacement program can be effectively applied to pre 1990 MDR de relays or pre 1992
MDR ac relays.

Premature failure experience from above-design coil voltages and increasing failure rates
since 1990 may portend higher failurt rates as pre-1990 MDR relays age.

If the MDR relay NPRDS data can be considered representative oflicensee root case
analysis, licensees may benefit from performing more root cause analysis of relay
failures, increasing contact with relay and NSSS vendors, and submitting more detailed
NPRDS reports to identify and minimize common-cause failures in the future,

Licensees may benefit from increasing the scope of their response to NRC IN 92-04 from
only normally energized MDR relays to all MDR relays due to the additional dependent
failure mechanisms identified in this study. This study suggests that licensee MDR relay
replacement programs should not be based on only plant specific failure history or be
limited to only normally energized MDR reinyt

Licensees may benefit from a replacement program for new MDR relays based on plant-
specific environmental qualifications and improved dedicated relay receipt inspection
programs to cover the identified dependent failure mechanisms. A compilation of relay
failure mechanisms, in general, and appropriate inspection criteria may be useful to
licensees for this general purpose.

|

More complete NPRDS data, including license root cause determinations, would permit
more reliable failure rate analysis.

Reliability of relays used in NPPs may be increased by use of epoxy in lieu of varnish to
minimize offgassing corrosion of moving parts and electrical contacts.

5. SUGGESTIONS

It is suggested that a supplement to NRC Information Notice 92-04 be issued to inform
all commercial NPP licensees of the MDR relay dependent failure mechanisms identified
since the IN was initially issued. c

An increase in reliability and a reduction in challenges to safety related systems could be
effected by replacing MDR relays, subject to the dependent failure mechanisms
identified in this study, that are relied upon to actuate or operate safety related systemt
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Licensees may benefit from performing more root cause analysis of relay failures,
increasing contact with relay and NSSS vendors, and submitting more detailed NPRDS
reports to identify and minimize common-cause failures in the future.
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CONYENTIONAL NONIATCHING SERIES
I
i

The tiene corueucson of tw conventonal MOR seter consees et a
sosary scaneer n. man .e te oorsect neceans mow.ed h w. VAion eus 12 is enerped, oormacts A.R. 0.E. G.H ernd K4 close. |

s.Jtetng twigs en to. Tte acsuenor mechanom encodes a stato, The WW ans on tw sator shst and tw two cots ori to top are
assenery on whcn two estoy coes are svowinedL The two ones are set h angnment.
connected h eenes ensene se tweey.Veien te ases are enerped a when eos 1-2 has been ee4nerped and coa 34 is energued,
tenor mas posugn an are of asseommeseiy 30 segrees, tierooy coreacts K E4.nJ and L-M cease. The mdcator Erw and tw eso

|coerseng tie eersets secean tueugh Die emenson of tw seeer sput. cons m algned.
The tevet el to sesor a conened to a 30 esgree are between te The armanae is held by pasaeve sonng acton h as last enerpred j

rtaer tacos and to esoo swig. Too somos reewen tw rotor e to emp poseon wtwa boet apas are ee4nergumL Coas muel to enerprod |
r

reg when te mots are ee4nerganHL Tids ato sonens to eersects atomenesy, set aheasaneous#y
e tier reemet possets. Th6a. to conveneenal ren4eschng sortes
prorde an enerwer and oe.enerper gesaan.

AVAILABLE N SMALL AND MEDfUM SCIES
MDR rotary ressys a o esered in tuo base sues, smet and erodurvt

O [O/ d\ Each of tiene a ovesatte h conwormonal renseshhg and Ioemhg l
as'- s

*) / 1 : r versons. The emot non4eemme MDR is hamshed were |AC cots to 12PDT and wem DC coas e SPDT.The enef ieschtig
*

tot 0e l actos sN[ retey weti AC or DC cots is equipped sei corsects b SPOT. TheM DC. -

Diracut3 to h j
tstacutp

rnedum i r.1-_ J ., senes is provteed onei AC or DC coes toyostis0s
24PDT. wMe tenemg verson leeswes AC or DC cons west sortacesPostisoit ,

PDT. . . corsect arrogm:; are Form C (breaseosore-,
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n .
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TYP1 CAL OPEMATE AND RELEASE T1HESn.==m.m s .ww.eseeaan=w o or* %
'

AT Hou!NAt.COR VOLTAGE AT +25% |

OPEAATE ftME RCLEASEYtWC-

TYPC INWLLt5CCONOS tN WRitSECONOS

DAALL AC HON =LATCHNG 5 m 12 5 m 18
.

SWAtt DC NON.LATQ4NG 15 W $3 $ h 85

SMALL AC (ATO4NG 8 m 52 MA

SMALL OC t.ATOCNG to e t4 MA
!

|

MEDrVW AC HON-LATCHNG e e I2 8 e 20 4

WEDIUM OC t43N-(ATQtNG 65 W 90 10 m 30 !

$ D I4 MA
WCDruu AC LATOSNQ
ME0rlsJ DC LATDENG 30 D 00 N/A

l

COG. CHARACTERtSTICS OF SMALL HON - LATCHING MOR ROTARY RELAYS |

oc cot sarjxooww

teom-LATCHu*3 Stases CostTActs Coe.toLTA0(, COL Cusutoff AEseTAMCE. COL PowtA ygygggg 1suAu.I

to Me ter AC AasPtArJ cosas WATT **

~3 123057 .it's 44
9uD41311 4PDT ttSVAC

WD4131-2 4PDT % JM 0445 1254 El 1640
-

MD41351 4PDT 2sVDC 0362 70 ttLO 1304

MD4137 8 4PDT 125VDC CA82 1520 taJ 2375

u DR-134 1 SPDT t tS VK; 02t3 68 43 1230

uD4134-2 SPDT 440t M 0445 1254 1.1 t &60 .

WD4136-1 8PDT 2s 'tCC 0362 75 10A 1306

MD4134-8 SPOT 125 WDC 0482, 1520 103 23T5

uD4 63-1 12PDT sis VM CJ30 c2 4.s t230

440 VAC Oms e40 tJ tsa0*

WD4t ts-2 12PDT
__

*Am.m w e a.sno.

G."L C*:AAA:|T,**SCS Oc uenmu unal.8 ATCH!NG WDR ROTARY RELAYS
OC C88- aAf.AKODWH'

edav LATCHew3 CUtsts CostTACT3 COL WOLTA05 CosL CUsutoff REsstTAJEt COL Powt A yg gg"#8M
se m en AC Aasrut.s oness waTTr

MDR-t TO-t isPDT ttS YM 0A20 a.4 17A 1230

WD4170 2 16 POT 440 VAC 0.140 507 1FA 1540

WDR 1 T21 1& POT 28VDC 0 64F 42 107 1304

WOR t73-1 16 POT 125 VDC 0.825 1024 iLA 23f5

MOR.141 1 24PDT t15 VAC 0.E;"O s.4 17A 1230

WOR.141-2 24PDT 440 VAC 0.140 107 ITA 1640

uDat er.1 24PDT , 2s VDC 0A47 42 tL7 1308

UD41421 24PDT 125 VDC 0.125 1024 14 0 2375

w w.=: -m

COtt CHARACTERtSTICS OF SMALL LATCHtNG MOR ROTARY RELAYS
oC coa eREAADDWN

LATCH >e3 Sputs CostTACTS COL YOLTAGE CDL CusWtuff AESEETAMet CCa. Pown VDE.TS RuSuALL

Ge m eer AC AJarDtES oNt 5 WATTS _

WDR472 4PDT tis VAC 0.150 210 5.5 1730

WDR 40st 4PDT 440VAC 0220 4500 3,0 tse0

WDR47-3 APDT tt VDC 0.778 34 21.8 130s

MDR-5060 APOT 125 WDC 0.164 T60 20A 2375

WDR4076 aft)T 115 VE 0.150 210 5.5 1730

WDR4002 SPDT 440 V M 0.020 4500 3.0 1660*

WD45035 SPOT 25VDC 0.TF8 34 21A 1308

WD 45061 SPOT 125 VDC 0.164 760 20.6 2375

CO(L CHARACTERIST)CS OF MEDitJM LATCHING MDR ROTARY RELAYS
oC Cot ontAgoDwN

LATCHe*3 Staats Cos(TACT 5 COL WOLTAot COL CunAorf atsesTance cot toutA ygyggggwrouw
es ses ter Ac AssetAta oHtes watts

WDR4064 12PDT tt$ VAC 0.380 24 12.4 1230

WOR 4065 12PDT 440 V E 0455 547 SJ tsw*

WDR-7020 12PDT 28VDC 0Jt4 sea 4J 1304

WD47035 12PDT 125 YCC 0 083 1503 tJ 4 23r5

u0446-4 16PDT 115 VAC 0.380 24 12A t230

WDR4064 1SPDT 440VAC 0.055 540 5.7 1eso

MDR 7025 16PDT 26VDC CJt6 - sa s 84 1306

JLD47034 t$ POT 12% VDC Cas3 1500 10.4 23f5

gm
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MDR NON-LATCHING RELAY
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MDR CONTACT RATINGS j

stNGLE CONTACTS: TWO CONTACTS M SERIES:

to.0 ano.185 VAC 3 0 ano 440 VAC
|

3 0 ano. 23 VDC 15.0 ano. I15 VAC :
0.s ano.125 voc i s ano.12s voc

|

The above AC coreact towns are taased on coreact toads hovmg a
50% p),ev docior. The DC contact tatogs are 04aec on eestsers

.'toeos.
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APPENDIX B

P&B MDR Relay Usage
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P&B MDR RELAY USAGE

Failure Rate' |l
'

2

Plant' NSSS System MDR Model No. Nr of MDRs Failures Reported

1/2 GE EWS MDR 131-1 ? 0 .0047

RHR MDR 134-1 ? 0

RB MDR 138-8 ? O failures per

HVAC MDR-4094 ? 5 reactor year

CS MDR-4165 ? O per MDR

RCS MDR 5061 ? 0 relay

EDG MDR 5062 ? 6

RWCU MDR 5151 ? I

all models 585

3 CE ESFAS MDR 1361 4 0 .0090

ELECT MDR-137 8 7 4

CVCS MDR 138-8 2 2

RPS MDR 170-1 9 3

CIS MDR 5060 2 1
*

ESFAS MDR 7032 35 2

ESFAS MDR-7033 28 1

ESFAS M DR-7034 110 3

4 CE ESFAS MDR 1361 2 1 .0147

ELECT MDR 137-8 12 S

E1.ECT MDR 138 8 6 4
*

RPS M DR-133-8 1 0

RPS MDR 170-1 11 2

ESFAS MDR 7032 21 2

ESFAS MDR 7033 16 0

ESFAS MDR 7034 67 1

5 W RPS MDR 5076-1 8 NONE O

REPORTED |

6 CE ESFAS MDR 7032 10 2 .0059

ESFAS MDR 7033 8 0

ESFAS MDR 7034 33 0

ESFAS MDR 167-1 3 0

ESFAS MDR 1361 27 0

ESFAS MDR-172-1 -6 0

PPS MDR 5053 2 0

PPS MDR 5147 4 0

PPS MDR 4094 2 0

PPS MDR-7061 10 1
,

PPS MDR 7062 12 0

PPS MDR 7063 52 1

ESFAS MDR-5147 8 0

ESFAS MDR-7061 10 3

ESFAS MDR-70G2 6 1 -

ESFAS MDR 7063 12 0

LE" Stal 178'

rootnoies at end of table -

B-1
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P&B MDR RELAY USAGE (Cont.)

Failures Reported | Failurt Rate
Plant' | NSSS System MDR Model No. No of MDRs

7 CE- ESFAS MDR 7032 10 4 .0092

ESFAS MDR 7033 8 0

ESFAS MDR 7034 33 5

ESFAS MDR 1671 3 0

ESFAS MDR 136-1 27 0

ESFAS MDR 1721 6 0

PPS MDR 5053 2 0
-

PPS MDR 5147 4 1

PPS MDR-4094 2 0

PPS MDR-7061 10 0

PPS MDR 7062 12 0

PPS MDR 7063 52 0

ESFAS MDR 5147 8 0

ESFAS MDR-7061 10 0

ESFAS MDR-7062 6 0

ESFAS MDR 7063 12 1

LER Total 178'

8 CE ESFAS MDR 7032 10 6' .0097

ESFAS MDR 7033 8 l'
ESFAS m un-7GM 23 1

ESFAS MDR 1671 3 0

ESFAS MDR-1361 27 0

ESFAS MDR 172-1 6 0

PPS MDR 5053 2 0

PPS MDR 5147 4 0

PPS M DR-4094 2 0 ,

PPS MDR 7061 10 0

PPS MDR-7062 12 0 .

PPS MDR 7063 52 0 '

ESFAS MDR-5147 8 0

ESFAS MDR 7061 10 0

ESFAS MDR-7062 6 0

ESFAS MDR 7063 12 tl

MDR 5146 ? I
,

LER Total 178'

9 CE ESF MDR-1361 12 1 .0073

CS MDR-137-R 1 1

ELECT MDR 138-8 1 1

RPS MDR 170-1 4 I .

!
VENT MDR-5061 1 1

ESF MDR-7032 18 0 -
1

ESF MDR-7033 24 0
,'

ESF MDR 7034 61 2
>

fooanoics at end of tabk
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P&B MDR RE!AY USAGE (Cont-)
1

Plant NSSS System MDR Model No. No. of MDRs Failuru Reported Failure Rate

10 GE RPS MDR-400-1 12 1 .0042

RPS MDR-4D4-1 32 1 |

RPS MDR-4DS-1 36 0

RPS MDR-5111-1 8 1

RPS M DR-5112-1 4 0

NSSS MDR-4130-1 18 0

NSSS MD R-4D4-1 11 0

NSSS MC'4D51 2 0

NSSS MDE 51111 4 1

RCIC MDR 5118 3 0

SSW MDR 4D4-1 2 0

11 GE ESW MDR-4134-1 1 1 .0063

NSSS MDR 4135-1 36 2 .

RPS MDR 4D5-1 81 2

RPS MDR 5111-1 4 0 -

12 _
MS MD R-4121-1 2 1 .0%W

13 W MS M DR-D4-1 2 1 .0%

14 GE HPCS MDR-137 8 1 l .089

ELC/T MOR 137-8 2 1

El FCT MDR 138-8 2 2

15 GE HPCS MDR D7-8 1 0 .023

ELECT MDR-137-8 3 1

ELECT MDR-138-8 1 0

16 W ESFAS MDR D7-8 6 0 .0012

EDG MDR 138-8 1 1

ESFAS MDR-4103-1 34 0

MS MDR4103-1 6 0

RPS M DR-4121-1 10 0

CVCS MDR-4121 1 4 0

ESFAS MDR-4121-1 66 0

RM 6 0

17 B&W HPI MDR-DI-1 1 0- .0093

ESFAS MDR 134-1 1 1

CRD MDR 137-8 4 0

RPS MDR 137-8 2 0

CRD MDR 133 8 2 0

CRD MDR 5138 2 0

Foosnotes as end of isbic

B-3
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P&B MDR RE. LAY USAGE (Cont-)

Plant NSSS System MDR Model No. No.of MDRs Failures Reported Failure Rate

18 CE RCS MDR 1311 1 1 .0144 ,

'

RPS MDR-131 1 2 0

LPSI MDR 134-1 3 1 ,

J

RPS MDR 134-1 4 0

ESFAS MDR 136-1 13 5

Cond MDR-137-8 2 1

CS MDR 137-8 1 0

ESFAS MDR-137-8 4 0

RPS MDR-170-1 1 1

CS MDR-7032 2 1

ESFAS MDR 7032 10 1
'

ESFAS MDR-7033 14 0

ESFAS MDR-7034 43 2 -

19 W ESFAS MDR 66-4 31 NONE o

ESFAS MDR 134-1 2 REPORTED

20 W ESFAS M DR-66-4 31 NONE O

REPORTED

21 W ESFAS M D R-66-4 31 NONE o

ESFAS MDR-134-1 2 REPORTED

22 W ESFAS MDR454 31 NONE O

ESFAS MDR-134-1 2 REPORTED

23 GE EDG MDR-5095 1 1 .170
,

24 CE EDG MDR-131-1 8 NONE o

REPORTED

25/26 GE ELECT MDR 4094 10 0 Jk157

COND M DR-4094 8 0 ;

NSSSS MDR-4134-1 9 0

RPS MDR-4134-1 72 1

RPS MDR-5111 1 8 0 ,

RHR ? 2 1

27 W RPS MDR 134-1 16 0 0

ESFAS MDR 1341 46 0

ESFAS MDR-4076 58 0

2S GE RPS MDR 4130-1 8 2 ( M 17')

RPS MDR-41341 59 4

NSSSS MDR-41341 34 0

MS MDR 5117 4 0 i

RPS MDR-5117 4 0 |
,

SLC ?

SW ?

VEM ? l
'

20 0 a

I'ootnotes at end of isble

I
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P&B MDR RELAY USAGE (Cont.)

. _ ,

Plant NSSS System MDR Model No. No. of MDRs Failures Reported Failuri Rate

a

29 W ESFAS MDR 134-1 4 NONE O

REPORTED

30 W ESFAS MDR 4103-1 87 1 .000')8

ESFAS MDR4091 124 0

11 _ ESFAS MDR-4103-1 6 NONE OW
RPS MDR 4103-1 7 REPORTED

ESFAS MDR-4121-1 26

32 ._W AFW MDR-5059 1 1 .11

33 W CONT MDR 137-8 1 1 .21

34 W SSPS ? 150 1 .0015
,

35 W CONT MDR 5076 1 1 .067

Total

_Qnju 1$33 MDRs Failures

I ti& W 12 1

8 CE 1097 82

10 GE 1088 35

.M W .301 3
35 2999 126

Since much of this data came from the proprietary voluntary NPRDS database, specific plants could not'

be identified.

Record of plant MDR relay usage is incomplete due to lack of data in the NPRDS database and
'

manufacturer's purchase orders.
.

The failure rates, in failures / reactor year per MDR, were calculated by the following formula for cach8

unit individually-
.

Failure rate, = F /((Y,)(N,))

where,

Number of reported MDR relay failures from 1984 through 1992 by unit xF, =

Time in service measured in years from initial criticality through 1992 for unit xY, =

Number of MDRs in service at unit xN, =

The failure rates in this table can not be relied on for high accuracy, because this calculation anumed:

- The number of reported failures is correct, despite the inconsistencies noted above. Fewer reported
failures would decrease the calcuiated failure rate.

B-5
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Each failed relay is replaced by an MDR relay which has the same failure mechanisms. The validity-

of this assurnption depends on the replacement relay's manufactured date. While P&B was improving
the materials of construction on a yearly basis, the number of failure mechanisms built into the
replacement relay depended on when the unit purchased it, which is unknown. This calculation
assumes each replacement relay was in service during the entire period, instead of individually
calculating N, yearly and subtracting the MDR relays replaced during previous years. A few plants
replaced many their MDR relays on a wholesale basis dering this period. This assumption may
increase N,, which would minimize the calculated failure rate.

- The number of MDR relays listed in service is correct, despite the inconsistencies noted above.
Based on the discrepancies found, this assumption may decrease N,, which would increase the
calculated failure rate for some plants.

.

- The MDR relays' energization or environmental states remain constant from initial criticality through
1992, it does not indude any chany in state resulting from reactor shutdown conditions. This could
have gready varying affects on the relay, depending upon whether it was latchin5 or non-latching and
whether its energirstion state was changed upon plant shutdown. This assumption may increase Y,
which could minimize the calculated failure rate.

- Tl* t time in service exdudes MDR relay energization or usage prior to initial ciiticality, which would
vary greatly, depending upon a specific relay's normal position during a plant shutdown and the
amount of testing performed. This assumption may or may not affect Y , which could affect the
calculated failure rate for those plants with initial criticality after January 1984.

* Where MDRs were replaced with new models during the 1934-1992 period, both new and old models arc
indicated even though specific relay totals do not match overall plant relay use. The total number of
MDR relays in service are used for piant spet.iiic iadum ima.

- - . . .

Indudes five failures identified in a plant specific LER that were not induded in the NPRDS datal>ase.8

The LER did not contain sufficient detail for their indusion into Appendix C.
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P&ll MDR Relay Failure Data
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APPINDIE (

P&fi MDR relay f a:Iure stata

Mnw tml f ailure inservice fatt N555 Syston Wesults of failure Relay f ailure Me dunism
%)el volts Witts 5 tate Date Date l ow
No. (yr)

MDR-131 1 120vic f 1 1 21-Aug 85 19-Dec-19 51 Cf (5 PauP FRl HIR5 DlDN'I Shui off RELAT BURNI 001
M04 -I l4 1 1151AC 65 t 22-Jun-81 16-Jun-14 13 0 W M5 5/G El0VM 150 viv CLO5ED-si CONIACTS 511CKlhG
MDR 134-1 Il5vAC 65 0 20 Jun-86 26 Mar-80 62 Cl L P51 L PSI W At.If DIDN'I OP[Je - Si M(CHANICAL BlNOINu
MDW 134 I II5vM 65 0 11-May 85 01-Jan 85 05 BW (5fA5 (IW 150t, V Al b f DI DN ' T OPf M - SI CONI ACI5 Sitn *

MON - 1 )f, I 3f M i C4-Jan-93 21 - Ma y - fi5 15 ti (SiA5 ElW (LOW CONIR0t viv INOP-51 OP[N SE T Of CONI AC15
MLs 136 4 2840C 10 3 [ 06-Sep-92 Ol-Apr-24 84 Cl 15f A5 AlW CONI 150 VALVI 10 5/6 INOP OvtR512E0 C0lt SIKK SHAFI
MDR 13tr 1 28 v D( 10.3 t 20-Noe 87 26 Mar-80 1.6 Cl [5FA5 "B" (FW Vtv 10 'A' 5/G INOP-Si 0110( FitM ON CONI ACis
MOR - 13tr i 28vDC 10 3 [ 20 No -81 26 Nr-80 11 C( [5f A5 'A~ EfW /ALW[ 10 5/G INOP - SI CONTACI FAltURI. BUT !L5110 OK
MDR-136-1 28v0C 10 1 f Il-Aug-81 01-Jan 84 38 ([ (ST AS (fW PteP. DIS VALVE 10 5/G INOP OfflCilv[ CONIAC15
MOR-136-1 28vDC 10 3 1 30-Jul-85 26-Mar-80 5.3 Cf 15f A5 I [5f A5 310N'T RESE T POSI R41 RIP Rf t AY STUCK
MOR-136 1 28v0C 10 3 E 13-Jan-84 26-Mar-80 31 Cf ESIAS ffw DIS ;50 valve IMOP - St M[[MANICAL BINDING
MDR-131-8 125v0C 10 3 f 28-Dec-92 01-Nov-90 2.2 CE [llCI (DG DIDM'I PICK t/P 10A0 04 GRIO SilCiclNG CONIACIS DION'I OPIN
MDR-131 8 125tDC 10 3 E 04-Jul-40 19-May 89 11 GE CIS 5/G5AM3ytvtV010N'ISTAYOP(N CONIACIS 010 NOT PICK UP
MDR-131 8 125VDC 10 3 E 01 May P9 24 5ep-85 36 Cl C5 CSP 150tal10N VAtVE INOP - Si CONTACIS STUCK INif RM11[Mit Y( kW 111 M 120tiK 95 0 16-Nov-P8 08-Aug 83 53 Cf fllCI (DG V0t14GE R[GUL A10R INOP SIUCK |N fMERGIlfD 51Alf

- MM 11/ M l i', W 10 3 0 11-Jun t'8 01-Apr 84 42 Cf ElfCl EDG CONI Mt SYSIEM - PM R(LAY 010 WOI RESPOND PROP [RLY
"U 117 e 125vh 10 3 0 lb-Jun +8 01-Apr-84 42 Cl ElfCl EDGCONN0tSv51tM-ra RELAY DIO NOT GESPOND PROPERtf
MM Ill-e 125vDi 10 3 D 15 Jun-ta8 Ol-Apr-84 42 Cf IllCI l')G CON Ot SYSIEM - PM RilAT DID NOT RESPOND PROP [Rtf
MD4-131-P 125kM 10 3 0 15-Jun-68 01 - Apr - 8 4 42 ft [tfCI ( DG SI A , RitAY F0040 BAD - PM RELAY 010 N01 RESPOND PROPIRtf
MN I .51 N 128t DC 10 3 D 13-Jun-Pa OI-Apr-84 42 C[ Et!CI D/G W0t t R[G ADJU51 MINI PROB 2 CONI ACIS woutDN'I CLOSI
Mbla 131-M 120 V D( 95 0 13 Jun 48 Ol-Apr-84 42 Cl illCl (DG V0t !) FlG, R[t Af INOP 2 CONIAC15 INOP Wi!HOUI IAPPihG
MUR 131 8 120VAC 95 t 09-May-tB OI-Apr-84 4.1 CE (1101 IDG PR015 RELAY INOP - PM DID NOT Meli MANF SPICS
MOR-131-8 120vDC 95 0 15-Oct-81 01-Apr-84 35 CE EtICI 106 CONI Ot $151tM PM Wout0 NOT RESPOND PROPfRLY

IDGCOMI({0L5PMMDR-131-8 125kDC 10 3 D 10 Sep-81 08-Aug-83 4.1 CE [LECI R[t AT 0010F 10tf R ANCf
MDR 131 8 28vDC D 20-May-81 Ol-Apr 81 0i Cf lifC1 ~8" (DG {0t i REG L IGHI INOP FAltf D Rf t AY - (ND OF L IFE
Mon-131 8 !!$vAC 45 0 13-Jan-81 01-Apr 84 21 Cl ELEC1 EDG 1R 'tt ALARM DIDN'l RE5ti tinNOWN
NOR-131 8 125v0C 10 3 E ?l-Aug 85 10-Mar-84 14 61 ftfCi (DG UND( V0liAGE ALARM INOP CONIACTS OP[N
MDR-131 8 125vDC 10 3 0 03-Aug 85 26-Mar-80 54 CE COND COND PP 10N'I SiOP POSI RX IRIP RitAT FAlt[0
MON 838-8 12540C 10 1 D ll-Nov 92 01 Nov-90 20 GE HPCS HPCSDGj vfR5P[ED PR01. INCP R(LAY BINDING
MDR-138 8 125vAC D 04-No.-92 01-Nov-90 20 GE ftfCI

(DG Ov[R's[00tNCER F Alt [0
Ot1 AGE R[t AY INOP FAltE0 to OP Ai SET VotIAGE

MDR-I38 8 125t0C 10 3 D 13-Mar-91 II-Nov-86 4.3 W ftICI ~8" ( DG - 51 CONTACIS DIDN'I MAF[-TE51ED OK.
MDR-138 8 125vDC 10 3 0 25 Dec 89 08-Aug-83 6.3 Cl CYC5 IONf1CHfNGERBYPAS5VAtV[ IMOP CHATIERf0/DIDN'I STAf CLOSED
MDR-138-8 125tDC 10 3 0 09-Oct 89 21-May-85 4.4 CE [tfCI EDGCtG(Ai[RPPDIDNISTART-ST LOAD SEQUINCtR CONIAC15 51UCK
MDR 138 8 125VDC 10 3 D 11-Jun-88 01-Apr-84 42 ([ fitCI (DG CONI (Ot SYSTEM - PM RitAT DID NOT RESPOND PROPERTY,

MDE 118 M 12540C 10 1 0 IT-Jun-P8 01-Apr R4 42 CI fl[C] [DG CONil.0t SYST[M - PM RILAY DID NOT RESPOND PROPIRtf
Hlw 115 h I .M v t 4 10 t D l'. Jun MR 01-Apr 84 42 ([ ltf(I f l6 ( UNI i STSIEM PM R[ TAT DID NOT RESPOND PROPfRt7
a't w I m n icOva +' i 17 M-s y es Ol-Apr 84 4 i ft t i l (. I lib PNtVi,NI MAINI R[ tat DION*I M[li MANI SP[(5
% im 1,% p. a t l i ,19 tb 04 'erp til 3I f ,I lit t 1 I t*, 0u1Pt11 im R DIDN'l (t ost 5I Simt CONT Af IS DID Nat t (O5t

+

!
- 1. ,, L % > a Aug 81 /1 1i iatti tir., ni fp , !?5VDC CONTROL Si iND Of I 15 i
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APPINDlX C (Lont )
t

PAtt MM relay f ailur r stat a
i

MDR Coil feiture Inservice f asi M555 Sy tm Resul ls of failure Relay f ailure Mn hanem
MMl Volts Wilts 5 tate Date Date I tw 5
No (yr)

NOR-l!0 1 13-Jan-92 00 Cl RL5 105% PWild HIR CO'sIROL CIRCull ROIOR SIUCK WH[N SPRING tG0tt
~ ~ Rf'S (StAttR KEPI TRIPPING NORMAL WIAR 00I 0F RftAYMOR-Il0-1 Il5VAC E 03-Oct-91 Il-$ep-89 21 Cl WP5 H

MOR-110-1 Il5VAC t 01 -Oc t -91 11-Sep 89 21 Cl RP5 MA5'tR RFS Rfl AY DIDN'T 1 RIP 51 NORMAL WEAROUI Of R[tAY
*- ' PPS tb R C ONi l Muous IR I P - 51 MA5tER RitAY WOUt0N'T EN!RGERll!MDR-110-1 Il5vAC f 01-Oct-91 17-Sep-89 2i Cf Rr5 D

M00 110 1 Il5VAC [ ll-Jun-91 22-Jun-90 10 tt k5 "C" RPS Ihltt0 10 RE$ti - Si R[tAY EAlttD TO RE5ti
MOR 170-1 12VDC f 13-Au9 81 Ol-Apr-84 34 (f NP5 SPURIOUS JRIP Of RA l'Rf ARIR5 F((DlR CABtf MOI
MUR-110-1 12VDC I 22-Sep 86 01-Apr-84 25 Ct RP5 ~8~ RP5 PATH 2 010 NOT 1 RIP SIUCR IN INfRGl2l0 51 AIL
MDo l10-1 1204AC ( 06-Jun-84 25 Mar-80 4 2 CL RPS I ALSE RP5| CHANNEL 2 IRIP 1 Of 3 R!tAYS ACilNG AFNORMAtt{
MDR-4014 ll5bAC 8 I 15-Jan 88 01 - Ma y- 84 37 61 NO RWCU PUMW C0010 NOT SHulDOWN RttAY STUCK -

IE55W PUMP TAN DlDN'I 5HUIDOWN RilAT SilCKINGMOR 4094 115VAC 8 [ 09 letr 81 Ol-Sep-82 4 3 Gt f%W
MDR-4094 Il% AC 8. I Il-Sep-86 Ol-Sep 82 4.0 6f [5W (5W PUMP $AN RUNNING IN AUiG RtlAY CONIACI5 STUCA
MDR 4094 ll5VAC 8 0 06-Jul-85 OI Jan-85 05 bl Mi SRV P05|lp0N IN0lCAll0N INOP INlERMllIENT OPERA 110N IN 51
M04-4094 Il5VAC 8 0 06-Jul-85 Ol-Jar 85 05 6( M5 SRV P051{50N INDIC AllON INOP INltRMilI[NI 0F(RAll0M IN 51
MM 410 3- 1 IIRV AC { 15-Sep-59 10- Oc t - 85 39 W kP$ CHRGPPy N ILCV VALVE OPENID-Si Sit (K th (N[.lGl?t0 P051110N

,
M 4121 1 120VAC 55 D Oa-0(t-87 06-Jun-18 93 W MS M51V Di[W I 5 HOT IN IIME RftAY OPtRAlf0 5t0WtY!

'' % 4130 1 I?uv AC f Ot-Jun 92 01 Ot t -86 t, f Lt RI'5 CH A/RP1 (t ICV SCR AM Rf 5P095t >l5 SLOW OPtNING CONIAC15

MM 4130 - 1 120V AC I 01-Jun-92 01 Oc t -86 61 bl WP5 CH 8/RPI 3 ICV SCRAM RESPONSE >i5 SLOW OP(MING CONI AC T5

MW 4130 1 120VAC t 16 0+c-H1 15-Jan-85 29 bl RPS BA(kUP 5@ AM VALVI IAltfD R[t AY F Altunt
M!* Il34-1 120VAC I1 F 09-Jan-93 23-Jun 89 35 6f RPS RP5/MSIV CLOSURI IIME*15 tlMit "f XPEC1ED WI AR~

MDR 4134-1 120VAC 1l i 14 Jun-92 01-Oct-86 68 61 RPS CH 8/82 4V SCRAM RESPONS[ > IS SLOW OP[NING CONI AC15
"DR 4134-1 120VAC 1 1 1 14-Jun 92 01-Oct-86 6.8 Lt RPS CH 8/81 i V SCRAM RESPONSE = I5 SLOW OP[NING COMI ACIS

M9R 4134-1 120VAC 1I i I?-Jun-92 01-Oct-86 68 GI RPS CH 8/81 KV SCRAM Rt5PONSE > 15 SLOW OP[NING CONI ACIS
MOR 4134-1 120VAC 7I ( 12-Jun-92 01-Oct-86 68 GI RPS CH 8/81 EV SCRAM RESPON5E * 15 St0W OPENING CONI ACIS
MDO 4134-1 120VAC 11 D 21-Sep-90 ll-Apr-86 44 GE l '.W BAC KW ASH JALVE 010N'I Ct0$f-5I BURNT 0 OUI REL AY C0tt

MOR 4134-1 120VAC 11 ( 15-Sep 88 15-Jan-85 31 bl RPS PR[VENTE RPS Half 50 RAM $ Matt (N0 00VlR Hot t BOUNO SHAf f
MDM-4135-1 120VAC 1 I ( 03-Aug 91 28-Jun 86 51 61 RPS "8~ APRM PS IRIP input - PM (ICES 5 NOISE: (APICitD lAllON(
MOR 4135-1 120VAC 11 l 13-Nov 89 IB-Feb-86 34 61 RWC U RWCu CON 150 VALVE DION'I OPIN CONIAC15 OIDN'1 CLOSE-CORROSION
MDR-4135-1 120VAC 7I E 05-Apr-88 28-Jun-86 1 1 6f RP5 "D'* HAIN 1[AM HI RAD 1 RIP 5t0W DifEClivl R[5PON51 IlME
NOR 4135-1 120VAC 7I [ 02 Apr-88 28-Jun 86 11 6( RP5 RPS Div. & 4 R[ LAY FAltfD Si RttAY OPERA 1!0 st0WtY
MDR dO59 125VDC 10 3 I Il-Jan 92 01-Jan 84 80 V Al w CHANGIO # FW Sit AM 10 At I SUPPt Y FAltfD 10 0[-[NERGillD P051110N
MOR-5060 125VDC 10 3 0 03-5cp-85 08-Aug-83 2i Cl 015 5 AMPLE C i 150 VAtVE INOP Si PR[MAIURf IND Of lift
MOR-5061 125VDC 10 3 0 29-May-69 24 Sep 85 37 Cf HVAC (DG ROOM XH51 I AN DAMPER INOP COIL HAD OrtN CIRCull
MOR-5062 125vDC 10 1 [ 02-Nov 92 Ol-Jan-90 18 61 CAC 150 tall 0 VALV[ PO$lil0N INOP R(t AY 51t(K
MDR-5062 I?5VOC 10 3 f 29 Sep-9? 01-May-84 84 61 Rt 5 RECIRC Pi LP 18 WOut0N'T IRIP R[t AY SitX K IN ENERG F051110N
Mis '.id ? 125VDl 10 1 1 29 %p 42 01 Ma y (44 84 bl HS RifikC l't 4P 1A WOOtDN'T TRIP REtAY Silik (N [NlRhl/lO SIA!(

[ 0NIR01 PWR 1055 ALARMRit AY $ltK n IN IN(RLitt0 SI AltM% %R 125 VIE 10 i ( 13 t. o u/ 01 May-f!4 f4 4 PI t' NO Div 1
M* 'n? 1,tvu 10 h # Apr to on 1,,n M4 i ti Li illt I l .V/WHb t IJ PPS INOP UN f06 si 5f 0tif kCI R ( ou t AC 15 s t r4 8 Urt ti
u. 'ti/ l i' m( 10 + a l ', I . t - -1 01 wp N/ Lt t' I- her d R DIDN'l DPtN IN ' l NOT WOh lNu PEOPlR Y'*
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APPIN01I C (fontg)

PAR MON relay fattur s ta t a
a

d
MON Cool failure inwt w n e l as t N555 Systm Wesul s of failure Welay f ailure hhanassi
Mn tel toits Watts 5 tate Date Date Itse

No. ( ye i

MOR 5016 125vDC E 22-Mar-91 22-May-16 14 8 W Cl PRI 150 ptvf DIDN'I CLOSt Si Rit AY FAltfD Ct05[0
MDR 5095 125vDC 0 30 Dec-89 03-Jan 86 39 GE filCI Olv i 10 Fall!D 10 51ARI MISAPPilCAll0N/CURR[NI LOAD LOW
MDR-5111-1 22WDC 86 [ 23-Jul-91 15-Jan-85 66 GE 15F CONI 150 WF RVCU 5AMPtf Viv-$l R[t AY Sith
MDR-5111-1 22VDC 80 i 19-Jul-91 15-Jan-85 66 Gf ESF CIS, 58GI{ $iaRT, CRMVAC ACT Hit.H CONT ACI Rf 515i. BUT I!5I OK
MOs 514f. 28vDC f 12-Apr-91 15-Jan-88 32 CE lifC1 8 (CWS Pf] FAltt0 10 RUN - SI CONIACIS FAltfD TO CLOS [
MDR 5141 llvDC ( 06-Jul 90 19-Sep-86 31 CE EPS A M515 Ry IRIP OlDN'I Rt5ft-5I At t CONIAC15 FOUND OP[N
@R - 5151 10 3 1 09-May-92 OI-Jan-91 14 GE CAM CONI AIM' Alvt P05|Il0N INOP RftAY 510CP.
MDR 6091 il8vAC [ 25-Jul-90 Ol-Mar-88 23 W ISIAS EDG - ST 2 CONT AC15 F AltE0 10 Ct OSE
MDR-1032 2tNDC 18 1 1 25-Sep 92 30-Sep-9: 10 [[ [$FAs ($FAS CM N[[ (NOP 51 SHAFI 8|NDING MANUFAClUR[ DEFICI,
MOR-1012 2HVDC la 1 I Il-No 89 26 Mar-80 9 L. CE CS C5A5 bf P S OlDN'T STOP N.sOH PP CONIAC15 CLO5tD 5t0Vtf
M0W-1032 36vX 30 8 I 28 Mar-89 21-Jan 86 32 Cf $5FAS VAlvt Owl RIDE INDICAll0N INOP OVfRVOLIAGE DUIGA$51NG FAltuRE
MDR-1032 36vDC 30 8 [ 25-Jan-e9 18-Jan 88 10 CE (5f A5

ESF AS Ovf']. RIDE SW11CH INOP - ST
8 L PSI l' RfCIRC vtv IN0P-ST OVERV0liAGE OUTGAS $1NG IAllDR[

MDR 1032 36v0C 30 8 f 10-Jan-89 18-Jan-88 10 CE 15fAS Ovt Rv0t I AGE OUiGAS$1NG F AllOR[
MOR-1032 3bvDC 30 8 i 09-Jan-89 18-Sep 86 22 CI 15FAS SIA5 IRAl ! SIGNAL FAltfD - ST OvtRv0t1 AGE DUIGA551NG F Alt 0RE

{ MD0 1032 30VDC 30 8 ( 02-Aug 88 18 Sep 86 IB CE E55 A5 ~B" AIAS .lGNAL F AltuRE ST OVf Rv0ti AG[ OUIGAS$ LNG F AllDR[
s MDW - 1912 36vDC 30 M i 0 3 -Jun - 81 21 Jan-86 13 Cf 15FAS ~8" CONI.15 PRAY SIGNAL INOP Ovf RVOL IAGE OUIGA55]NG F AllOR[

MOR-1032 3tWDC 30 8 ( ?S May-81 18-Sep-86 01 CE (SF AS "B" $1A5 .lGNAL FAltuRE - Si OVERvotiAGE DuiGA551NG F AltuRE
MUN-1032 36vDC 30 8 E 26 No.-86 18-Sep-86 0.2 CE E5FAS ~B' AUI F SIGNAt FAILORf - Si OvlRv0t TAGE UUIGASSING F Alt VRE

(SF T[5fl{G FOUND BAO R[t AT%R-1032 28vDC 18 1 1 01-Mar 85 01-Apr-84 09 CE E5F A5 i Est0 0F tift
R[lAYFOU|'O tiAD IN [5F Si ~1ND OF Ilft'*0R-1012 28vDC 18 1 [ 12-5ep 84 OI-Apr-84 04 CE (FW

"00-1032 2BvDC 18 1 ( 13 Aug 84 6ti- Aug-83 10 CE f5FA5 PREV (NIAl V[ MAI Ni[ N ANC E NOT OP[RAllNG PROP [Rtf
MOR-1033 28vDC 18 1 [ 01-Nov 81 08-Aug-83 42 Cf f5FAS "A" SlAS RAIN INOP - Si WEAR 001 DUt 10 AGING
MDR-1034 36vDC 18 1 1 08-Dec-91 21-May-85 65 CE EFW ~8" [FW l OP - SI ROIOR STUCF OUiGA551NG/ CORR 0510|4
MDR-1034 28vDC 18 1 E 21-Jun-89 24-Sep 85 38 CI CIS [FW & 5/G i8t0W00VN VtV5 INOP -51 SIUCK IN [N[RGilfD P05til0N
MOR-1034 28vDC 18 1 1 22-Jan 89 08-Aug-83 54 CE E5FAS DIDN'T AC

h'. ALL
'8" 5A15 [ QUIP R[tAY NOT WORKl"G PROP [RLY

MDR-1034 36vDC 30 8 E 19 Dec-88 18-5ep-86 23 Cf E5FAS M515 CHAN tt INCP IN BYPA5S -SI CONTACT CORROSION - 0FFGA551NG
MOR-1034 28vDC 18 1 E 01-Nov-88 08-Aug-83 52 ([ ISIAS LP5] PUHF F Alt [0 IN 2ND IESI CYCtlNG/CONIACI R[515I,

"A'CSAS|h0P-Si
~B" M515 ! OvtRvotIAGE OulGAS$|NG FAllDR[MDR-1034 36vDC 30 8 ( 05-Aug-88 18-Sep-86 I9 [[ ISTA5

MOR-1034 '36VDC 30 8 ( 09 May-88 IB-Jan-83 03 CE 15FA5 OP -51 OvfRV0tTAGE 00fGA551NG FAltuRC
MDR-1034 36VDC -30 8 I 03 May-89 18-Sep-86 16 Cf 15F AS ~8' RfCIR ACI SIG FAltfD Si OVIRv0tIAGI OuiGA55tNG FAllDRC
HO! 1034 28vDC 18 1 [ 01 Apr-88 2h-Mar-80 8I tl 45W IMfRG PON SW VA1WE INOP - 51 GilAY SitXK ON D[-[NfRGilAll0N
Mue 1034 36V00 30 e 1 31 Dec-87 le-Sep-e6 I3 Cl ISFA5 ~8~ 51A5 '16 mat FAltuRE - SI Ov!RvotiAGE OUIGA55tNG FAILOR[
MOR 1034 28vK 18 1 i Ol-Apr-81 01-Apr-84 30 Cl 15FAS INI[RMilAl I CONI. 150 5IGNAL SPURIOUS $1bNAL
MOR 1034 36VM 30 8 I I l - l e-h - 81 18-Sep-86 04 (t f5FAS CHittt0 W llN VALv{ INOP Ovt Rv0t i AGE OUIGA55 t Nt. FAllDRE
MDR 1014 2PVDL 18 1 i 09 Nov E6 GH Aug-83 12 [[ 15l A5 "h" C l A5 : NOP - Si HIGH CONI ACI R[ 51$1 ANC[
M0u M tt cMvUr is / 6 | 1 1, b K Ib Mae NO ~ " M5 tv ( t 050Rt Hif.H (ONI Af 1 ONMP 5 MDC. R[ rt ACID' 4 (I ( '.8 A5 RfAtIDW I !P ON A

n

L __ _ m_ _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ __
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PMI MlW relay f atlt e aLeta

MDW font failure Inservic.e f a 61 N555 Systm Mesi ts of lailure Welay f ailure Mettuntsm
mh:1 Volts Watts State Date Date I6w
No. (yri d,

!

!

MDR-10tl 32v00 20 * t 04-Oct 90 28-Jan-86 4.1 CE (5fA5 SPEAy-(t|MFPVAtVLINGP Si DiffCilV( CONIACIS DIDN'i CLOS [
MOR-1061 32VDC 20.4 E 16 Mar-89 28-J.an-86 32 Cl C5 (ST AS 51 G OUP FAltlD 51 CONT AC15 OIDN'I Ct05t-Of f GA551NG

A M04 1001 32VDC 20 4 [ 13 leb-89 28-Jan-86 3i Ct RPS "0" 51A' iNOP SI CONIAC15 DIDM*I Ct05f OffGA551NG
MDR-10f>l 32v0C 20 4 ( 02-feb-89 28-Jan 86 3i CE E5fA5 DIDN'T t 0$E RW1 ISO VAtVf - Si ROTOR STUCK - Off GA551NG
M04 1062 32VDC i 05-Apr-90 28-Jan-86 4 3 CE (58 A5 "B" [5FA ,CHAhM[i 1051 51 2 CONI ACIS 010N'I CHANGE $14t[
MDR-10t.) 32VDC E 13-Dec-88 19-Sep-86 22 Cf EST A5 ($lA5 f4 ' l l D. l HI M OK. - ST INilRMilitMI OP FE0M OflGA55!NG
MOR-1063 32bDC 1 01-how-88 28-Jan 86 I9 CE RP5 ~8" C I A'; CHANNf t t051 - 51 RDIOR STUCK - 0FF GAS 5ING

n
L I

t

t

4
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