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NUCLEAR REGULATORY COMMISSION
- / E WASHINGTON, D C 20656-0001 .

February 16, 1994

Raymond Burski, Chairman
C-E Owners Group

¢/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,
"pPotter & 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,
7033 and 7034 Relays."

6) Letter from R. Burski (CEOG) 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."
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The Combustion Engineering Owners Group (CEOG) submitted a topical report
(Ref 1) in July 1991 requesting approval from the NRC to extend the test
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
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
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
potential for stress corrosion cracking as a result of improper passivation (a
process to remove surface contamination). ABB-CE concluded that an immediate
safety concern did not exist because..."3) the utility performs surveillance
testing on these relays.. ."

In responding to the staff’'s July 1992 request for additional information
(RAI) (Ref 4), the CEOG stated (Ref &) 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 CEOG concedes that some failures
continue to occur with the new Potter Brumfieid 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.
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However, three months after the CEOG response to the staff RAI, ABB-CE
submitted another 10 CFR Part 21 notification (Ref 7) that described out-of-
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-CL 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 MDR 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 reguest for P&B MDRs. This evaluation should
demonstrate that P&B MDPIs are sufficiently reliable such that the relaxed STI
is justified. If such a demonstration cannot be provided, the staff proposes
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
request for test interval extensions for P&B relays.
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The staff requests that the CEOG 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

Fnclosure:

AEOD Special Study Report,
"Potter & Brumfield Mode)
MDR Rotary Relay Failures,”
AEOD/S93-06,

dated December 1993.
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MEMORANDUM FOR: Brian K. Grimes, Director ‘*‘-‘—_ . ‘.a:.'
Division of Operating Reactor Support o
Office of Nuclear Reactor Regulation L
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FROM: Gary M. Holahan, Director ~u_‘7, N‘l
Division of Safety Programs At ',.wr’
Office for Analysis and Evaluation Q\""‘
of Operations Data L fZ
o
SUBJECT: POTTER & BRUMFIELD MODEL MDR ROTARY RELAY FAILURES

AEOD has recently completed a study of the operating experience assoCiated
with Potter & Brumfield (P&B) model MOR rotary relay failures and their
potential safety implications. This Special Study Report, $93-06, 1s enclosea
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
o COY PR N VIPIOTS TN Dower \
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, simuitaneous-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 MOR relays failed to reset after testing leaving a believed operable
system inoperable. A number of failures were nonrecoverable, because of
specific relay function.

A1]1 MDR relays were constructed of the same materials, making each subject to
the same failure mechanisms. Similar failures occurred in ac. dc, latching,
and non-latching relays. Most of the failures occurred in normally energized
relays, but about 30 percent occurred 1in nermally de-energized relays. while
the timing of the relay failures 1s affected by a numper of variables, the
failure mechanisms are caused by several specific material or application
oroblems. P&B has instituted a series of design improvements which address
these problems. MHowever, P&B has taken exception to 10 CFR 2] 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
commerc:al NPP licensees of the additional MOR relay common-cause failure
mechanisms identified since the IN was initially issued. [t also notes thatl
an increase in reliability and a reduction in challenges to safety-related
systems could be effected Dy replacing MOR relays, subject to the gepengent
failure mechanisms identified in this study, that are relied upon t¢ actuate
or operate safety-related systems. y
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EXECUTIVE SUMMARY

About 3000 Potter & Brumfield, 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
systems, 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; dc: 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-reiay,
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 tesung. 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.

The mechanisms 1hat caused (nese talures were luuueliced Dy @ AWNLE! Ll valiabies
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 reiay coils are energized or de-energized. This is caused by deposits
from coil varnish outgassing and chiorine corrosion from rubber grommets and polwinvi
chloride wiring on the end beil bearings and brass sleeves as the relay breathes. (MDR
relays made prior to 5/90)

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

1. Failure of ac MDR relays to reset may be caused by detachment and wedging of &

copper shading coil between the rotor and the stator. This may occur when the epoxy,
attaching the shading coil to the stator, cracks due t0 temperature-induced expansion,

stretching and vibration. (MDR relays made prior to 1/92)

4. Relay actuation may be prevented due 10 chiorine induced stress corrosion cracking

of rotor return springs, permiiting a broken spring part to lodge between the rotor and

stator. (Applicable 10 172 MDR relays made in 1992)

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

1l



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

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

1. Increased contact resistance may be caused by switching low level loads that permit
contact resistance to buiid 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 design and manufacturing moaitications
since 1985 to eliminate a number of these failu. : 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
licensess of these problems in accordance with 10 CFR Part 21 and currently
manufactures them only as commercial grade products.

This study suggests that:

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.

An increase in reliability and a reduction in challenges 10 safety-related systems could be
effected by replacing MDR relays, subject to the dependent failure mechunisms
\dentified above, that are relied upon 10 actuate or operate sifety-related systems.

Licensees may benefit from performing more root cause analysis f relay failures,
increasing contact with relay and NSSS vendors, and submitting inore detailed NPRDS
reports 1o identify and minimize common-cause failures in the future.
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1.  INTRODUCTION

Potter & Brumfield (P&B) [owned by Siemans) makes a series of "MDE.' rotary relays.
These are used in many safety-related appiications in commercial nuciear 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). They are relied on in reactor protection sysiems (RPSs),
emergency core cooling systems (ECCS), and engineered safety feature (ESF) systems.

This study was initiated as a result 6f River Bend Licensee Event Report (LER)

No. 91-14, which described two similar MDR reiay 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 participuted in
followup work that the licensee and P&B performed on these and other River Bend
P&B MDR relays.

Daln Vardas 1088 failura anshveic ranarts and P&B engineers contributed to the
identification of several common-cause failure mechanisms. In July 1991, San Onofre
prompted a P&B investigation into its MDR ac rotary relay shadiig coil failures. An
NRC onsite study of Susquehanna’s analysis of their MDR reiay performance in
November 1992 found simultaneous common-cause failures.

This study describes P&B MDR series rotary relays, expiains their failure mechanisms,
lists MDR relay modifications to avoid such failures, and traces MDR relay failure
history from LERs, 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 multipie MDR relays
used in safety-related applications and decisions licensees have made.

2. DESCRIPTION

21 "MDR’ Rotary Relay D

The P&B "MDR" series rotary relays are dual-coil rotary relays. P&RB technical duta and
sketches of these relavs are contained in Appendix A. These descrioe various series of
relavs rated for 28 and 125 V dc, and 115 and 440 V ac service, with 4 10 24 contacis.
The relays are furnished in either a latching or 2 non-latching two-position version.
While each series has different coil wattage and current capacities, they are constructed
of the same materials, depending upon ihe manufacturing date, and are therefore subject
to identical failure mechamsms.



2.1.1 Laxching Relav

A "latching” MDR relay has two sets of colis. connected in series inside the relay, which
provide a latching two-position operation. When one set of coils is energized, the rotor
shaft rotates, changing the state » he contacis. The other set of coils must be energized
to return the relay to its oniginal position.

2.12 Nen-Latching Relay

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. The stator faces and stop ring limit the rotor movement to a 30-degree arc.
Two springs return the rotor 10 the stop ring and the contacts 10 their normal positions
when the coils are de-energized. The non-latching MDR relays have two positions:
"energized” and "de-energized.”

213 AC Relay

PE.M AAND ar ratary relavs also have two shading coils mounted on stator pole pieces 1
eliminate the heat generation and vibration of aC DUZZINE 0L INE iCiuy. A abamiig s
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.

- - * :

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 {0 a cOMMON-Cause. This
NUREG relaxed the conventional assumption that 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 popuiation average.

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

Each MDR relay is constructed of the same materials, making each subject 10 identical
failures. A series of LERs, P&B investigations, independent laboratory analyses. und
reactor vendor generic reports indicate that a number of discrete failure mechanisms



affected the operation of certain P&B model MDR rotary reiays in similar ways. Similar
failures have been found to have occurred in ac; dc; latching; and non-latching, normaily
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. The contaminants 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. The binding caused the rotor shaft to bond or stick to the
bearing, preventing the rotor shaft from rotating and the contacts from opeming or
closing when the relay coils are energized or de-energized. The binding failures ranged
from slow shaft rotation. to partial rotation, to being compietely frozen in place.

The principal contaminant, which was not always apparent 10 the naked eye, was
outgassed material emitted (fuin wie DIOWL CIMIITE Vassliall Mave s SSBE S T2izy oo

Chlorine and sulfur, released from the Neoprene rubber grommets and the polyviny
chloride wiring sieeves, and moisture from relay breathing corrosively attack the metallic
components of the relay and the corrosion by-products combine 10 penetrate the
bushings surface to prevent operation of the relay.

P&B has changed the coil coating from varnish to epoxy, brass componeats 10 stainless
sieel, and other wiring materials to eliminate chlorine, as listed in Section 2.3. (MDR
reiays 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 10 silver-cadmium-oxide, as described
in Section 2.3. (MDR relays made prior to 5/90)

1. 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 rotauon and
contact opening or closure. The copper stator mounted shading coils are very
susceptible 10 temperature-induced expansion/stretching. When the epoxy used 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 bervllium-copper, 25 identified 1n
Secuion 2.2. (MDR relays made prior to 1/92)



4. Relay actuation may be prevented from chlorine induced stress corrosion cracking of
rOtOT Teturn springs, permitting a broken spring part to iodge between the rotor and
stator. (172 MDR relays made in 1992)

S. Binding of the rotor at higher temperatures (e.g., 137 F), due to insufficient shaft
end-play may be caused by an oversized coil, over-shimming, and tolerance stackups.
(MDR relays made in 1992)

6. Rotor response time may be slowed at lower temperatures (e.g., 40° F), due t0
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.

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

2 Intermittent contact continuity may be caused by contact erosion in direct current
e tane TREES fhvee e cwherantial difference between the ac and dc current ratnngs
of the relay contacts and inductive loads not included 1n the circuil QEsign.

3. Contact failure may be caused by paralleling sets of relay contacts 10 switch loads
greater than a single set can handle, when lack of simuitaneous contact opening results
in one contact taking ail the load.

A number of "proximate causes” (i.e., conditions that are readily identifiable as leading to
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 dc voitage,
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 10 un
apparent random failure history, especially between piants. Routine surveillance testing
may not necessarily reveal a degraded condition, as the relay may degrade when it is
reset after testing.

The reports from the data sources were sufficient to be able to determine if an MDR
relay failure was a dependent failure by root cause analysis conclusions or the relay’s
characteristic dependent failure systems. The remainder were judged to be independent
failures. Using all the failures in a ume continuum to estimate the potential for muiupie
failures in a window of time arrives at a2 more accurate value for system unavailabiiity.”



\ lay Modifications
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P&B modified the design of their production model MDR rotary reiay over a period of
vears to improve its reliability, while maintaining a standardized product. These
modifications are listed in chronoiogical order in Table 2-1.

Table 2-1 P&B MDR relay modifications

w

Date Modification
10/85 ! Movable contacts changed from silver 1o silver-cadmium-oxide

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

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

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

03/87 | Paint from light grav alkvd to light gray polyurethane enamel
06/88 | NYE Nyog! 718B grease :ubricant added to end bell hearing

11108 | Cail laadwire cieeving changed from PVC coated fibergiass 10 polyester
acrylic coated fiberglass

12/88 | Paimt chmied from light gray polyurethane enamel to light gray atkvd

06/89 | Coil leadwire grommets changed from neoprene to polyetherimide

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

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 stainiess steel

05/90 | Shims changed from brass to phosphor bronze

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 sysienn
through LERs submitted to the NRC, industry data. independent failure analyses, reactor
vendors response to MDR relay failures, and NRC site visits. The safety sigmficance of
the relay's failure has been included.

31 LaSalle Unitl

On December 8, 1987, with LaSalle Unit 1 in cold shutdown, 2 "1A" emergency diese!
generator (EDG) operability surverllance test was performed. When the operator (riec
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to synchronize the EDG 1o its bus, its output breaker would not close, despite several
attempts. The cause of the event was the failure of 2 P&B model MDR-137-8, 125 V d¢
normally-energized relay’s contacts 10 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 1o 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.’

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 LaSalle Unit 1 affecting EDGs since the MDR relays were replaced.

32 Palo Verde Units 1, 2. and 3

Palo Verde Units 1, 2 and 3 use P&B MDR rotary reiays in the nuclear sieam supply

system (NSSS), engineerea satety leature actuation sysiciu e’ o St B LA A -+ o
(BOP) ESFAS, and the reactor trip switchgear.

On Augus: 3, 1988, Arizona Public Service Co. (APS) submitted LER No. 88-18, Rev. 0
as a 10 CFR 21 report on 15 P&B MDR reiay 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 vaives,
pump motors, etc. from operating as required for a safe plant shutdown or 10 mitigaie an
accident. The failure of the MDR relays in the reactor trip switchgear would resuit in
erroneous indication of reactor trip breaker (RTB) position to both the plant protection
system and the control room operators.

The MDR relay maifunctions occurred when the relays did not change position after
they were de-energized, preventing safety equipment from actuatng 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 10 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 reiays, MDR-7032, -7034 and -136-1 were sent 10 Hi-Rel Laboratories (HRL) tor
failure analyses. Three of these could not move more than 12 degrees of the compiete
30 degree arc. Internal inspection found corrosion of the rotor, the dome-shaped melul
shield over the coils, and the upper and lower races. There was extensive chlorine
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— Relays in the NSSS ESFAS cabinets were 10 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 fibergiass.

— Neoprene grommets were (0 be replaced with polyether imide.

~  Medium MDR brass contact studs were 1o be replaced with stainless steel.
~  Small MDR spring retainer was to be stainiess steel.

~  Spacers were to be stainiess steel instead of brass.

—  Shims were 1o be phosphor bronze instead of brass.

—  Coils were 10 be coated with an epoxy resin instead of varnish.

—  Lubricant was to be used on some metallic suriaces.

—~ Contact deck and plate to shaft clearance was 10 be enlarged.

On 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 coiis continuously energized at
above-design voltages. This over-voltage condition affected only two other CE plants,
who were already aware of the issue.

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. The failures were not isolated
to any particular model number or circuit location. On May 8, 1989, HRL reported the
results of Juilure analyses on three of these improved MDR-7062 and -7063 rotary relays
1o APS® The rotor shaft did not move when power was removed and reconnected 10
two relays which had failed functional testing by APS. A third reiay 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 subsequetlv inspecte.
by HRL and found to have teanng of the fiberglass cloth tape on the coils, hrown spot



discolorations on rotor laminations (on three of six relays), and epoxy butidup on top of
cotls and the coil retainer plates, but no epoxv ¢n the stator or rotor inierface.

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 10 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 the-stator when the lead wires were puiled 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.

—  The stator and coil assemblies were placed in and removed from the oven 10
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 7U° I, as recommendea Dy (Ne MANUIAIULET, USLICASig 1o wivir ber -

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 Engineening Research Group verified that a 6-hour
cure time was sufficient to cure the Dolphor CC-1090 epoxy in the MDR relays, even
given temperature uncertainties. P&B uses atmospheric dip impregnation ot the MDR
reiay coils, in accordance with the epoxy manufacturer’s recommendations’”.

33 mbustio n

On August 5, 1988, CE submutted a letter'’ to the NRC regarding the APS 10 CFR 2!
report of August 3, 1988, described above. This letter idenufied four units, Arkansus
Nuclear One Unit 2, San Onofre Units 2 and 3, and Waterford Unit 3, as being fucilities
that also had P&B MDR-7032, -7033, and -7034 relays in their ESFAS.

34 Informau i i AR | mfield
Relavs Misrepresented as New~

NRC Information Notice No. 90-57, "Substandard, Refurbished Potter & Brumfield
Relays Misrepresented as New," concerned modified or refurbished P&B MDR relays.
including but not limited to, MDR-138-8, MDR-173-1, MDR-134-1 and MDR-142-1, that
may not operate as required. Stokley Enterprises or the Marun Company supplied these



relays to Shearon Harns, 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 nonorginal configurations, and failing one or
more P&B tests.

No 53

On September 10, 1990, GE published a Rapid Information Communication Services
Information Letter (RICSIL) No. 053, as a resuit 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 frem rubber grommets and
polyvinyi chloride sieeving. 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.

DE.D Loticad thar "tha failed relavs were exposed 10 high ambient temperatures and
possibie high coil voltages or exceptionally infrequent de-energizing.” 1o enminate
outgassing, P&B changed the finish coating used on the relay coil from varnish to epoxy
on relays manufactured after September 10, 1986.

36 General Electric Potentially Reportable Condition 90-11

On November 1, 1990, GE issued Potentially Reportable Condition 90-11 concerning
P&B MDK relay failures due to outgassing.u 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. A GE BWR/4 reported that 3 of 18 P&B MDR, 125 V dc, 15.6 watt, normally
energized relays failed and 4 others exhibited rotor binding. Since these refays
were used to monitor position rather than actuate valves in the primary
containment isolation system, GE concluded no safety problem occurred. GE
noted that plants frequently exceed the 125 V dc nominal coil voltage becuuse
plants typically maintain a full battery charge.

> A GE BWR/6 used seven 125 V dc reiays, three in the Remote Shutdown
System and four in the RPS. Five were normally de-energized and were not
considered to be vuinerable 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 1o the normal scram, GE concluded that no substantial safety
hazard existed.



GE BWR piants used P&B MDR relays with a 24 V dc, 9.6 watt coil. GE
considered that the 24 V dc supply was carefully regulated and was not
identified as a problem by P&B. Therefore, GE did not consider them
vulnerable to this failure mode and concluded that no safety concern existed
for the 24 V dc relays.

L

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 voitage of 120 V ac was
carefully regulated, and were typically exercised monthly. GE concluded these
had not experienced a high failure rate.

GE calcula:=4 the qualified life of a 125 V dc 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 relavs:
(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.

37 H Uni

Gu r\yui 2:. 1;;1. :,muliua ?UWCL s;. ;4'5;‘& Cun.,.muy. L;Ac iiu.u:cs :\-- ::n-onuu ;;duta
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 1B-SB Emergency Bus Load Sequencer, a P&B MDR-138-8 reiay
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 ioss-of-offsite power had occurred concurrent with 4
safety injection signal, control room operators would have still had the ability to
manually start any required "B" train ESF componerts. During this time period, the "A”
train charging/safety injection pump was aiso inop -ble 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 1B-SB sequencer was restored to operable status
5-¥2 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 artributed to a random, intermittent failure.

11



38 SanOnofre Units 2 and 3

San Onofre Units 2 and 3 each used four P&B model MDR-170-1 ac rotary relays 10
actuate the RTBs. Each relay actuated two RTBs througn contacts in the undervoitage
and shunt trip device circuitry. All 3-1 automatic reactor trip signais were processed
through these relays, which . re normaily energized with ciosed contacts.

During a surveiliance 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. This maintained the two open RTBs in
the tripped condition and caused the one-amp power supply circuit breaker 10 open on
overcurrent. These relays were supplied by P&B as commercial grade components and
dedicated by the licensee for use in the safery-related RPS. These 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 reiay 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 10 be extremely suscepuibie 10 EMpc: atmi G- isuce simmmeinn leremiching and
vibration. The epoxy used to attach the shading coils became brittle due 10 heat and
cracked under the excessive copper expansion. The failure at San Onofre occurred after
the relay had been continuous nergized for over 18 months. This problem also
affected MDR-141-1 mode! relays, used in a nonsafety-related pressurizer level system 10
control back-up and proportional heaters.

A loud buzzing or chauering 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 10
beryllium copper, a harder material that would not stretch as much as copper. to avord
thir «  iem.

Although Southern California Edison did not consider their failures 10 be reportabie 10
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.

39 River Bend Unit 1

On August 16, 1991, Gulf States Utilities (GSU), the licensee for River Bend |
(GE DWR/6) issued LER 91-14, Rev 0, addressing two separate ESF actuauons witii
4 davs. due to P&B MDR relay malfunctions having the same failure mode. while (he
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plant was at 100 percent 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 10 a high resistance on one set of contacts on a normaily energized, 24 V dc.
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 tesung 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 shouid 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.

GSU determined that 17 days prior to the July 1Yth reiay [auure, a ioss ui puwe:
occurred to the RPS "B" bus, which feeds the first failed MDR relay. One day prior 10
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 resuited in the refavs
dropping out and picking up on power restoration a few minutes later, but it was likely
that the relay cvcied 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 dc, and seven
are 125 V de. Of these, 92 are instalied 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 2
finite-element computer mode!:

Relay Voltage Relay Power (watts) Temperawre (° F)
125 V de 156 ) 149
25 V de 9.6 135
120 V de 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 10 tne manufacturer’s specifications, the relays shouid have been
capable of functioning properiy in an ambient environment of 120° F with a minimum 0O
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20 V dc applied to the coil and 156° F with 21 V dc applied to the coil. Voltage at the
coii was measured at 21.45 V dc. Voltage was supplied by a nonadjustable, regulated dc
power supply between 23.5 V dc and 26.5 V dc, which was measured at 24.19 V dc.

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 chiorine 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 arc of 30° F, such that
some or ail the relay contacts may exhibit intermittent operation.

GSU also removed six operable 120 V dc 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 reiays.

GSU theorized that the 125 V dc relays were the most susceptible 10 this phenomenon,
followed in order by the 24 V dc, and 120 V dc relays, due to the lower coil waitages
indicated above. GSU's experience aiso Supported (N KD puainvii tidl s 1tiays sias
are cycled most frequently are least susceptible to the failure; the River Bend reiays
cycled on an 18 month basis were found with heavier deposits that those which were
cvcled 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
quanufied. These included: wattage, normal energization state, manuacturing
tolerances, mounting configuration and enciosures, temperature, test frequency.
operational cveling, etc. The varnish coating applied to the relay coils was done by hand
without strict acceptance criteria and the varnish was supplied by & 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 analvsis 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 numoer 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 esumated the common-
cause failure probability using a modified Beta approach. Since two of the four futlures
occurred at the same time. GSU estimated the Beta factor as 2/4. GSU assumed thi

14



the failure of two relavs simuitaneousiy was sufficient 1o cause system fatlure. GSU
calculated the River Bend common-cause failure probabtlity of the RPS to be

6.64x10% x 2/4 2/4 = 3.32 x 10™ failures per demand. GSU calcuiated the RPS fuilure
probability, using generic relay failure rates from WASH-1400, at 1.3x10%. Thus, the use
of River Bend P&B MDR relay failure rates resuited in an increase in RPS failure
probability by 3.32x10/ 1.3x10° 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, survetilance frequency,
difficulty of replacement and retest, reiay 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 dc scram valve relay. This MDR
relav was found to have a set of unused Deck No. 1 contacts, No. J-H, that did not make
proper continuity. A P&B MDR-5112-1, 125 V dc relay, also exhibited intermitten:
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 surfuce
far denncitinn. The surfaces of each set of contacts appeared shiny, but no metallurgical
examination of the contact surface was performed. Figures ', 2, and 5 snow typical
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 3 failures/6027
demands or 8.3x10* failures per demand. If this failure was included in the
determination of the failure rate per relay operating hour, that value would increuse to

5 failures/S,983,956 hours or 8.3x107 failures per reiay hour. The Beta factor wouid
become 2/5 but failures per demand was not changed.®

110 Pouer & Brumfield 10 CFR 21 Compiiance

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&D
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 ol
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 1o 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

15



The hole in the center is the "bearing” and the four sermu-circular areas are
1 1€ 1101 Ml A4 CALGE 3 w4 - S 4 \7 . -
the bottom of the studs that hoid the switch assembly in piace. Varmsh anc
corrosion products are shown as the irregular, darker deposits on (he insice

surface >f the stud end bell

Figure 3.1 P&B MDR relay stud bell and bearing assembly






he dark circie 1n the center of the bottom spacer is tne hole for tne rotor
assembly upper shaft. The next concentnc circular area i3 the relief area of
the bottom spacer, where varnish and corrosion product deposits are snown
as irregular lighter areas. The outer concentric circuiar area is the bottom
spacer mating surface with the bottom shock plate, which is free of deposits

igure 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 ti.e requirements of 10 CFR 21 would no longer be accepted, when
purchase orders required compliance with 10 CFR 21."®

311 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 snaft would not rotate either electrically or
manually.” The MDR-7034 relay had been in service at 32 V dc (28 V dec design) in a
horizontal shaft configuration,

The relay was hand carried to P&B for disassembly and inspection on December 17,
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 analvsis. 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 10 these elements, iron, chrome, titanium, calcium.,

phosphorous, silicon, and magnesium were found on the bearing surfaces on the rowor
shaft.

CE concluded that:

Past analyses on similar failures of these relays has shown that over life,
matenal used in coil construction outgasses due to elevated temperatures.
ihe 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 1o examine additional relavs which operute .
differenmt temperatures

On December 17, 1991, Waterford 3 personnel scanned all eight ESFAS cabinets with

infrared thermal imaging svstem, when the plant was at 100 percent power and the MDI
relays were in their normal energization states. The operational and spare relavs were
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mounted horizontally in two vertical columns of up to 9 relays with wires wrapped J
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‘}elays (-7034 {two), -7033, and -7032) were removed
and evaluated by CE and HRL rto determine the effect of air temperature and voltage
Two high-temperature and two low-temperature relays were selecied based on the
thermographs provided by Entergy Operations. Selection of the relays by using thermal
imaging failed 1o 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 “roducts 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
dispersive spectrometry found carbon, oxvgen, 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

cotl varnish to outgas over the life of the relay. They could not determine which

environment or electrical conditions would be more likely to exhibit outgussing that |
could eventually result in failures of MDR relays. CE recommended that Waterford 3

change to newer MDR relays, which alleviate the problem of outgassing and consider

increasing the surveillance testing freouency 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 rela:.
resulted in the de-energization of 10 other ESFAS actuation relays, which affected the
component cooling water, chilled water and safety injection systems.™ 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 pasinan
onto the terminal lug nsulator.
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On January 4, 1992, the NRC issued IN 92-04, which discussed the P&B MOR relay
failure investigations at Paio Verde and River Bend, and P&B modifications 1o alleviate
the rotor binding and contact problems noted in Section 3.9 of this study.

215 Aestingn

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&D
MDR rotary relay contacts in solid state protection cabinets or auxiliary safeguard
cabinets. Continued arcing after operung of the contact generated heat which melted a
nylon cam in the MDR relay and burned the contacts. This situation occurred in
normally energized dc Valcor or Target Rock sclenoid valve circuits (or any other high
current dc inductive loads) when the contacts were used to interrupt current beyond its
raung

The W bulletin noted that the dc rating of the MDR contact was 0.3 amps inductive al
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 hac increased cONLAct NLEITUPLilig vapabiiity Uy auuing w s
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
studv). The bulletin noted two methods involving placing a contactor between the reluy
contact and the dc load and resistor-capacitor suppressors in parallel with the relay
contacts to reduce or ehminate the arcing.

314 LS Nuclear Regulatory Commission, Information Notice No. 92-16
“Misapplication of Potter & Brumfield MDR Rotary Relays”

On March 2, 1992, the NRC issued Information Notice No. 92-19, "Misapplication o1
Potter & Brumfield MDR Rotary Relays," which identified that MDR relays may huve
heen misapplied to switch direct current or low level loads, when there was a substunti
Jifference between the ac and dc current rating of the contacts and inductive louds were
not included in the circuit design. Intermittent failures in status lights, computer inpui
and display lights and switch low level Joads, that could not be duplicated during
subsequent testing, occurred at Shearon Harris and Waterford 3. P&B quoted the
Engineers’ Relay Handbook in explaining that:

D.C. loads are more difficult to turn off than A.C. loads because the DC
voliage never passes through zero. As the contacts open, an arc 1s struck and
m- be sustained by the applied voltage until the distance between the
opening contacts becomes too great for the arc 1o sustain itself. The arc
energy can seriously erode away the contac:s Frequently arc extingmishing
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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.

Paraileling sets of relay contacts to switch loads greater than a single set can
handle is often unsuccessful. Lack of absolute simultaneity of contact
opening resuits in one contact taking all the load causing early faiiure.

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
amperes does not necessarily mean it can reliably switch 10 milliamperes.
The MDR contact structure is designed for 10 amp 115 V ac 50 percent PF,
3 amp 28 V dc resistive and 0.8 125 V dc resistive load switching. It does not
have the contact structure design configuration necessary for low level
switching applications that inhibit contact resistance build up.

3.15 Millstone Unit 3

An NRC region 1 inspection in March 1992 of Milistone 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-reiated equipment and 90 in
INe CONLIOl CITCUILS 1w wie 12 KLY (00p 1S0lation and bypass vaives.  ivinistone » flau

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 4
design misapplication, which was corrected during the initial plant startup program.
Based on this, the licensee calculated an P&B MDR fuilure rate of 8.1 x 10® per vear 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.™

316 Combustion Engineeri ote No. 92-05

On August 20, 1992, the Waterford 3 licensee notified the resident inspectors of
problems CE found during qualification testing of 90 improved MDR relays they hud
ordered, which resulted in P&B reworking an entire lot.” On September 4, 1992, CE
issued Combustion Enginesring TechNote No. 92-05, "Potter and [sic] Brumfield
MDR-series Relay Deficie ncies."”

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

40° 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 heatin.
In a subseguent conference call with the author of this study, CE representatives
indicated they had learned from P&B that the zilowable MDR relay rotor shait end plu.
was about .10" 1o 20", but that this had not been specified in writing by P&B.

-
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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 10 12 seconds. CE noted the importance of a
commercial grade dedication process which contains all of the elements necessary to
assure the item will perform it intended safety function,

P&B rebuilt all affected relays. This consisted of disassembly, determination of epoxy
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 thal
assemblies previously delivered muy have been similarly affected. The resident
inspectors referred the generic implications, that other plants’ relay orders, such as River
Bend, a BWR, may have been affected, to Region IV.

2
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§u§gugh§gng Upits 1 and 2

In September 1992, Susquehanna Units 1 and 2 /ssued an evaluation of its P&B MDR
relays as a result of NRC Information Notice 92-04.** It found that the plant
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
requISILONea MR ieidds roni ihva sisies, Slionn MDRg were repis=gd altgr Fajline
in service. Three pairs of simultaneous failures occurred, one of which was the resuls o
construction errors and therefore not included here. The study assumed that only
continuously energized relays, as found during normal piant operations, were subject 10
the failure mechanism. Thus, safetv-related relays which were de-energized during

normal plant operations were not addressed, at that time.

|

In Fehruary 1984, a continuously-energized, MDR-3062 failure prevented u breaker frui
opening during a bus load shed surveillance test before commercial operation, and
affected the timing of the 1D core spray pump start after a LOOP.

In July 1983, 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.

In February 1987, an MDR-4094 relay stuck caused the "D" ESSW pump fan o remun
running after the "D" ESSW pump was shut down.

12
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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 « use of failure could not be determined.

In January 1988, an MDR-4094-1 relay 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
motors from tripping during a surveillance test.

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

The licensee study required replacement of all continuously energized, safety-reluted
MDR relays with varnished coils, whose failure could have deleterious effects on plant

safety function or system operauon (or perform an indication function, s an
Cludanceineu. ). IRTIE T e MW e e <o < B ik

An environmental gualification report on MDR relay designs was issued in December.
1992. This took into account the effects of the plants' 130 V 1o 134 V dec float charge
and 140 V1o 145 V dc equalizing charge on the 125 V dc batteries and addressed each
model based on the percentage of ume an MDR relay was energized. This unalysis
specitied a vanied replacement schedule, as short as 17 vears, for several improved MDI
senies 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.

318 Arkansas Nuclear One Unit 2

On September 9, 1992, another example of an MDR relay failure affecting multiple
svstems occurred. While in cold shutdown, Arkansas Nuclear One Unit 2 experienced un
inadvertent start of one EDG, the opening of two high pressure safety injection valves
and 1solation of ventilation to the shutdown cooling heat exchanger room, when an MDI:
reloy was being replaced® This occurred because the jumper installation instructions
did not provide full guidance for about 25 percent of the existing relays.

319 Combustion Engineering 10 CFR 21 Report

On January 13, 1993, ABB CE Nuclear Power submitted a 10 CFR Part 21 Report’
the NRC resulting from an MDR Model 170-1 failure experienced by Waterford 3 on

24
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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, preveating the relay from actuaung. [t 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 |ot supplied by the Lewis Spring Co. verified this conclusion.

The investigation also found that a circuit board failure eisewhere in the sysiem caused
the relay to chatter for two weeks before its failure. Thus, the relay could have had
hundreds of thousands of cycies 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 S1st week in 1992), and concurrently prepared a CE Infobulletin for
distribution to all CE plants.

Akau: 2000 MNP cares, rorany relave are used in safely-relatgd gpglications in RPSs,
ECCSs, ESF systems, or emergency power systems in at least 35 commercial NPP units:
| 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 (nis
section, should be viewed with caution. They are based un 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 incompiete for a variety of
reasons:

—  Searches of the primary information source, the NPRDS database, contained the
warning that reiays were among specific components that are “reportable only on
failure,” that "population data is generally incomplete,” 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. Several licensees 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. Several licensees have listed only one MDR reiay
failure in a questionable population of one relay. One licensee submitted only 1
failure report out of 16 MDR relay failures (many nonsafety-reiated). Sixteen units
have not reported any MDR failures, whereas 15 plants have had more than 4 100
failures. At least one plant replaced all normally energized MDR relays after u
1983 industry publication. In addition, the industry database does not contain
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information on the many iden.cal 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 piant received
specific relays.

~  Industry and LER data repeatedly noted that a failed MDR reiay bench tested
acceptably. The LaSalle Unit 1 LER experience noted in Section 3.1 of this study
demonstrated the difficulty of determining the root cause of an intermittent
probiem, which does not reoccur during trouble shooting.

—~  Licensee event reporting under 10 CFR 50.73 and 10 CFR 21 has not been
complete. Licensees identified and reported only 2 of 10 common-cause events
involving simultaneous failures of 2 or more MDR relays.

3201 MDR Relay Usage

Appendix B of this report provides a list deveioped from the NPRDS database, LERs,
NRC site visits, and NRC inspection reports, descnbing P&B MDR relay usage.

Ve st VOIspLng ShaLy ot plEnt tee Annendix nrovides an estimate of the number
of safety-related MDR relays in _ -, the safety-related sy 1ems they serve, the model
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 operational information. It is recognized that plant specific failure rates
contain an rror because an indet rminant 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 34, "P&B MDR Relay Usage and Failares vs Reacior Supplier,” and Figure 3-5,
“P&B MDR Relay Failures vs Model No.," were derived from the data in Appendix B 1o
compare MDR usage and failures by reactor suppliers and model numbers.

Figure 3-4 shows that CE plants have the highest failure rate of 82 out of 1097 relavs,
followed distantly by GE plants with 35 out of 1088 relays. This may be only parually
explained by CT™'r use of excessive voitage on 28 V dc relays to ensure the relays latched.
Why W plants eaperienced only 8 failures out of 802 relays has not been explained.

Figure 3-S shows that the dependent failure mechanisms described in this study affected
many different MDR relays used in NPPs, as may be expected, because of identicz!
construction materials and configuration that contribute 10 the identified fatlure
mechanisms. The MDR dc relays shown with higher numbers of failures were widely
used in CE plants, where excess voltage was applied to the coils.
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3202  Dependent Pouer & Brumfield MDR Relay 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 idenufied as common-cause failures or whose
fallure symptoms appeared 1> be caused by the dependent faiiure 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 ot very descriptive, viz, "contacts sticking,” "failure to change state,” "acting
abnormally,” or "premature end-of-life.”

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. This also contributed to incomplete
tabulations in some of the cornparison figures in this study.

P M | [ v Year

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 137
failures per veer 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 fatlure
Jdata.

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 4
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 mOR relay failures, it also includes more
than 25 percent (32) of the MDR relay {ailures that were in normally de-energized uc
and dc relays. More than 70 percent (21) of normally de-energized MDR relay failures
occurred 1o non-latching relays, while less than 30 percent (9) of the normaily
de-energized relay failures occurred in latching type relays, which have either of two cotly
continuously energized. This may reflect that some normally de-energized relays may be
normallv energized during plant outages. Thus, normally de-energized MDR relavs
should no: be ignored by licensees in responding to NRC IN 92-04.

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 severa!
vears 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 vMDR failure rates at some
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point in the future, as the coils age naturaily. The total number of failures increased
each vear from 6 in 1990, nearly doubled in 1991 to 11, and tripled in 1992 to 18.

Table 3-1 P&B MDR relzy failures by year

e ————————————————————————————

Yeer Coil Type' Normal Coil State’ Total Failures

_ac i dc Energized De-energized !
1984 1 | 4 4 1 5
1985 4 . 8 4 6 10
1986 2 |6 f 2 8
1987 5 13 13 5 23
1988 5 20 | 15 10 25
1989 2 15 | 12 S 18
1990 rol e | 4 | 6
1991 s | 6 | 9 2 1
iy : | g | 1€ ! 2 18
Total 12 ; 83 | 82 34 1243

Percentage | (28%) | (72%) ! (71%) (29%)

Missing data prevents AC and DC coils and coil state columns from always adding up 10 the total
number o1 relay failures.

See Figure 3.6 for graphical representation of this data.

' This iotal Joes not include two MDR relay failures that occurred in carly January, 1993, that arc
included in Appendix B.

3203 WWMW

NUREG/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 12 estimate the potential for
muitiple failures in a window of time” 10 arrive &1 « 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.” These concepts were corroborated in this study by the
identification of multiple, simultaneous MDR relay failures in addition to the many
single, opendent failures found.

L %)
o



sia1owesed (103 SA S3INJIE) \Ej21 YW GF%d 9 ndiy

P&B MDR Relay Failures

Vs
Coil Wattage

Ne. of Fallures
40 T L A o s (e L
50
20
10

- | :

" s Pl

88 @5 71 &0 65 ®8 w3 w7

Cott Wettege
R rc coi  EZ30C Con
1984-902

P&B MDR Relay Failures
vs
Normal Coll State & Voitage

M. of Fallures

R e M R e e -l A AR N an

10
L]
o 1 = — <
tivée 22vic 28wvde 32vde SOvde NMByse 120vec 120vde 128vee 128dc
Ceit Yoitege
B8 riormaily Energized Normaily Desnergired
984 10w




Appendix B identifies 26 MDR relay dependent failures that occurred in eight
simuitaneous-failure events. Appendix B points out five "Common Mode" events, which
invoived simuitaneous, dependent failures of 12 MDR relays that had idenucal functions
operating redundant equipment. 1t also includes three events (denoted in the table as
"multiple simultaneous failures"), involving simuitaneous dependent failures of 14 MDR
relays that affected the same train of a system or different systems. In this table,
common-mode” and "multiple simuitaneous failures” were used only 0 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
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 testng after a failure. If
these were included, the percentage of simultaneous multiple failures would increase to
about «u painClil UL ue 0tai.

Figure 3-7, "P&B MDR Relay Failures vs Year," taken from the data in Tables 3-2 and
3.4 reflects simultaneous, muitiple 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 1o dependent MDR relay failures that occurred one at &
time. as identified in Appendix C. "Multiple failures” is a subset of dependent MDR
relay failures that occurred simuitaneously 10 muitiple MDR relays that did not affect
redundant components of a specific system, as indicated in Tabie 3-2. "Common mode
failures’ is a subset of dependent MDR reiay failures that occurred simuitaneously 10
multipie MDR relays that affected redundant components. as indicated in Table 3-2.

3204  Pouer & Brumfield MDR Relay Failure Raies

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 studv'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
Year” In all but a few cases, MDR relay failure rates meet or exceed NPRDS generic
relay failure rates. "
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Table 3.2 Simuitaneous P&B MDR relay failures

” EVENT ‘ PLANT/ MDR RELAY | FAILURE TYPE | RESULT OF FAILURE
DATE PLANT NO. NO. FAILURES |
o |
7/85 | Susquehanna 1 a4 2 Common Mode Intermutent SRV position
} lights
/88 | San Onofre 3' 137-8 5 Multiple EDG control system
138-8 3 Simultaneous maintcnance
Failures

6/91 MNo. 3 170-1 3 Common Mode | Loss of plant protection
Channel C - would not
reset RTB

7/9 River Bend $111-1 2 Muluple 1) ESF acwuation of

Simultancous containment solation
Failures SBGT and HVAC

2) Reactor water sampie
valve 1solation

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

| 6/v2 ‘ V0. Lo - A A 2 Camaman Deeraded "A” and 8"

Mode RPS reactor pump trip I
logic 1o turbine control !
valve fast closure

6/92 No. 28 4134-1 B Multiple Degraded "B” RPS
Simultaneous response 0 Lurbinc h
L Failures control valve {ast closure |
2/92 ‘ Susguchanna 2 5062 b Common Prevemicd reactor !

Modc recirculation pump MG |
set 1A and 1B drne !
motors from tnpping ‘

NO. OF EV/INTS RELAY FAILURES FAILURE TYPE l

i

5 12 Common mode g!

3 14 Multipie simultaneous (ailures !

f

TOTAL 8§ 26 |
*20 percent of MDR

dependent failures \

in Appendix C 0

These falures were exacerbated by higher than cesign relay coil Lualages,

L]
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Figure 3-9, "P&B MDR Relays in Service vs Year" helps explain some of the differences
hetween the industry database 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 inciuded in the 124 failures considered in this study were the same as
those from the NPRDS database.

Biac Sonsitic LR Raidy Eailuie B

NUREG/CR-5993 notes that “to evaluate the common-cause contribution in & 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 overestimate the common-
cause contribution.

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
Nage by Tinit ve Nnin Service /Unit.” This shows the wide diversity of plant specific
MDR relay failure rates, from 0 to .21 failures per year per MDK relay. 1S again

corroborates NUREG/CR-5993 in that replacement decisions based solely on plunt

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 piants, 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 hecause ol the
lack of a statistically significant database. Using the remainder of the data on 2673
MDR reiays 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
reporied MDR reiay failure history).

Because many of the plants having MDR relays went into service afier 1984, service life
failure 21 ; were calculated from the time of initial criticality through 1992, for reasons
similar 1+ .aose given above for plant specific failure rates.

Figure 3-11, "P&B MDR Relay Failures vs Service Life at Failure by NSSS" and Figure
3.12 "P&B MDR Relay Failure Rate vs Service Life by NSSS" shows the number of
MDR reiay 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

reflect: (1) the accumulated service life of the MDR relay population shown in
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Figures 3-9 and 3-13, "P&B MDR Relayv Accumulated Service Life,” representing
1.83E + 7 hours of relay operation. and (2) the history of excessive voltage applied o
certain MDR dc coils at CE piants for several years and the replacement of those reiuvs.
Thereafter, CE plant MDR failure rates leveled off. ]

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

Figure 3-14, "P&B MDR Relay Failures vs Year, Service Life, and Coil Type,"” and
Figure 3-15, "P&B MDR Relay Failures vs Year, Service Life and Normal Coil State,”
address MDR relay failures vs ac or dc coil type and normally energized or normally
de-energized state by vear and service iife. 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 snow a higher number of failures of MDR reiays with dc
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 dc coil failures increased from 1990
1o 1992. Normally energized relavs failed at a higher rate than normally de-energized
relave The numper nf narmally enprgizad ralay failires trioled from 1990 19 1992

3206 Surveillance Tesung Freguency

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
IMDOrtant, as in scram response time after a main steam isolation vaive closure. Many
times relay tming was not critical and therefore, was usually not tested. A number of
MDR relays were replaced due 10 slow actuation, Slow MDR relay response may be a
precursor 10 actual failure and at least one plant is considering verifving MDR relay
timing during valve testing.

A sampling of six plants found no preventative maintenance program established for
MDR relays and only one with a2 EQ repiacement schedule. When MDR relays fail,
they are replaced rather than repaired due 10 their low cost and lack of vendor repur
information and parts.

A sampling of receipt inspection of replacement MDR relays found it varied greatly lrom
plant 1o plant. Some licensees were not aware of temperature affects on tramp epoxy
Some licensees accepied P&B electrical testing for iack of their own program (o time
relav 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 clezrance
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 1o
placing MDR relays in service.

‘;’.ﬂ]

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 ot
probabilistic risk assessments (PRAs) of NPPs.”

22l Qualitative effects of MDR Relay Failures

The multiple, simuitaneous MDR relay failures, described in Section 3.20.3 of this study.
whether they affect redundant or nonredundant components, share a satety significance
that is higher than single MDR relay failures. Such faiiures could disable a satety-
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 relavs
that fail,

The MDR relay common-cause failures addressed here have often been nonrecoveruble.
Their failures have been found usually as a resuit of failed surveillance tests or on &
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 und
annunciauon for the operators. MDR relay failures have resulted in inadverient
operation, delayed operauon, or lack of operation of satety-related pumps. valves.
breakers, emergency power supplies, and ECCS and RPS control systems. These actual
failures appeared 10 have been caused by one of the dependent failure mechanisims
Wdenufied. 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 eifected safety-related sysiems, as described in Appendix C, including:

Reactor Protection System

—~ one-half scram prevented

— tnp path would not tnp

- (rip timing degraded

- muluple channeis of turbine control valve fast closure trip logic degraded
—~ trip on spurious MSIV closure

~ spurious channel trip

—~ muluple channeis failed to reset RTBs



Emergency Core Cooling Systems

- recirculation actvation signal did not actuaie

~ 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 reset after a reactor trip

Engineered Safety Features Systems

— ESFAS did not actuate

—  ESF signai couid not be bypassed

—  spurious main steam isolation valve closure prompted reactor trip

—  n.ain steam isolation vaives did not ciose within time limits

— 125 V dc control was inoperable

~ emergency power sequencer failed 10 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

~ 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
state, coil wattage, length of service, variation in coil varnish, vertical or horizontal
position, testing and operation frequency, etc. that varies from relay-to-relay and plant-
to-plant. These present a very complicated matrix that prevents an accuraie estimate of
when a particular relay will fail.

The River Bend experience has demonstrated how a loss of power 10 a group of relays
can potentially result in muitiple 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. .

3212 P istic Risk o
The AEOD study on “Insights from Common-Mode Failure Events” noted that "commaoin-
mode failure has been cited on several occasions as a significant contributor 10

uncertainty in the bottom line estimates of core damage likelihood in probabilistic risk
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assessments.” This also quoted NRC Chairman Carr in a 1990 letter as staung that
“These uncertainties result from lack of data 10 fully quantify the potential for muitiple
failure from common-causes... ¥ The MDR reiay failure data in this study 1S no

exception to these CONc.Jsions.

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 a2 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 PRA for each application of P&B MDR relays and many
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
10 fail and the failure mode assumed. The core damage probability would be most
affected by the availability of alternauve 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, vield worse resulis for emergency power supplies und uitimate heat
sinks. where there are mimimal 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 fatiure rute
increased by a factor of 25, from 1 31x10° to 3.32x10™, as noted in Section 3.9 of this

report.

The River Bend MDR relay common-cause failure rate of 6.64x10™ failures/demand
equated 10 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 6.8x107 failures/relay-hour experienced was slightly better than the MDR
relay design reliability fatlure rate of 10® failures per hour.”' These two failure rates
may be contrasted with the WASH-1400 generic median relay failure rate of 110 3x107
failures/hour of rormally open or closed contacts 10 operate normally used in PRA

studies.”

Table 3-2 in this report shows that simuitaneous dependent failures of two or more
MDR relays occurred at least eight tmes, and multiple relays were replaced in response
1o two other events. Thus, multiple, simultaneous failures occurred in about 10 percent

of the dependent failure events identified.

In addition. & plamt simultaneously replaced four 28 V dc MDR relays in 1986, when one
of them nad high contact resistance and caused a main steam isolation vaive to
spuriously close. In 1987, a second plant simultaneously replaced six 125 V d¢ 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”
{rain emergency power system safeguards sequencer, while "A" train emergency power
was not operable. Although these events were not included as simultaneous failures.
voluntary multipie MDR relay replacements tend 1o indicate licensees nhad idenufied &

I i T T L S T 1



significant potential for near term failures. About one-third of all MDR relay depencent
failures occurred during events or tests which involved dependent failures of two or more
MDR relays simultaneously. This reflects the potenual for multiple train of multiple
system failures and illustrates the importance of thorough testing of other MDR reiays
when a dependent failure is found.

ldentification of simultaneous MDR relay failures affecting both trains of a satety system
during surveillance testing is not likely given the staggering of such testing in use. Actuul
simultaneous failures would be more likely to be identfied during an vahd demand,
nless the redundant safety system train is tested immediately after an MDR relay
failure is detected. The most likely idenufication of additional degraded MDR relays
appears 10 have been during .roubleshooting of similar relays after a failure.

4. FINDINGS AND CONCLUSIONS

41 Findings
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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 Probiems

| Mechanical biuding of the rotor shaft was caused by deposits from coil varmish
outgassing and corrosion from rubber grommets and polyviny! chloride wiring thut
accumulate in the end beil bearings and brass sieeves as the relay breathes. This siowed
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)

7 Intermittent continuity and high resistance of electrical contacts was cavsed by
chemical reactions on fixed and movable silver contacts. (MDR reiays made prior 10
/90

3 Failure of ac MDR relays to reset was caused by the detachment and wedging 6! U
copper shading coll between the rotor and the stator because the epoxy attaching the
sha l.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 Cruchin:

of rotor return springs, permitting a broken spring part 10 lodge between the rotor and
stator (Appiicable to 172 relays manufactured in 1992)
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<. Binding of the rotor at 137° F was caused by insufficient end-piay 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 reiays made in
1992)

Applicauon problems

1 Increased contact resistance was caused by misapplication of MDR relays in switching
low level lnads that permit contact resistance 10 build up.

2. Intermittent contact continuity was caused by contact erosion in direct current
applications where there is 2 substantial difference berween the ac and dc 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 simuitaneous contact opening results in one
contact taking all the load.

4,12 Swudy Insights

The safety significance of the simultaneous MDR relay common-cause failures is that
they compromise the single failure assumptions that underpin the de}sign of NPPs and
represent @ major unceriainty in the bottom line of PRAs of NPFs’

MDR relay dependent failure statistics developed in this study could be misleading,
because of recognized uncertainties in NPRDS data regarding the number and cause ol
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 4 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 energized relays, whi}e 30
percent occurred in normally de-energized relays, which may have been energized during
shutdown conditions.

> The clustering of failures of CE plant MDR relays with over-design coil voltage
appears 10 indicate that the rate of varnish offgassing effected the relay failure rate.

3 Twelve MDR relavs that had identical functions in redundant equipment failed

simultaneously in five events due to the dependent failure mechanisms identitied 11
Section 2.3 in this study.
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4 About 1/3 of the 124 MDR reiay dependent failures identified occurred during events
or tests which involved dependent failures of two or more MDR relays simuitaneously.
These failures occurred in about 10 percent of the dependent failure events idenufied.

< 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 dc 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, esting frequency, operational cycling, number of
contact decks. and the amperage and voltage of the contacts.

At enviianmanial qualifisnsian rennrt showed that some improved MDR relays have 10
be replaced. under certain conditions, before its 40-year lite span because Of uging vl

NYE Nycgel 718B grease end bell bearing lubricant and Exar 400 coil leadwire and
shadin< insulation.

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 couls,
‘nsufficient end play clearances, and tramp €poxy deficiencies could go undetected.

P&B instituted  sevies 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 reporting 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, 199,
and 1992. NRC INs 92-04 and 92-19 informed licensees about some of these MDR
failure mechanisms.

A sample of plants surveyed found that most licensees that responded 10 IN 92-04

addressed only normally energized MDR relays, whereas 30 percent of the failures
occurred in normally de-energized relays.

42 Conclusions

The tendency for MDR relays to fail s;multaneously in clusters is caused by a number o
dependent failure mechanisms that appear 10 be influenced by similar design, materiao.
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environment, and operational history. These may be nonrecoverable and nonrevealing
failures which negate the single failure design of NPP safety-related systems.

The many contributors to MDR reiay failures result in an Jnpredictable failure history
that makes it unlikely that a scheduled surveillance testing, preventative maintenance. or
replacement program can be effecuvely 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 faiilure rates as pre-1990 MDR reiays age.

If the MDR relay NPRDS data can be considered representative of licensee 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 1o NRC IN 92-04 from
oniy normally energized MDR relays 1o all MDR relays due to the additional dependent
failure mechanisms identified in this study. This study suggests that licensee MDR reluy
replacement programs should not be based on only plant-specific failure history or be
limited to onlv normally-energized MDR reiavs

Licensees may benefit from a replacement program for new MDR relays based on plant-
specific environmental qualifications and improved dedicated relav 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 1s suggested that a supplement to NRC Information Notice 92-04 be issued to inform
all commercial NPP licensees cf the MDR relay dependent failure mechanisms identified
since the IN was initially issued.

An increase 1n reliability and a reductior. in challenges to safety-related svstems could be
etfected by repiacing MDR relays, subject 0 the dependent failure mechanisms
\dentified in this study, that are relied upon to actuate or operate safetv-reluted systems



Licensees may benefit from performing more root cause anaiysis of reiay 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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P&B MDR Relay Technical Data
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MODR CONTACT RATINGS

SINGLE CONTACTS:

TWO CONTACTS IN SERIES:

10.0 smp. 115 VAC
30 avp. 28 VOC
08 sme. 125 YOO

30 smp. 440 VAC
150 amp. 115 VAC
18 amp. 123 VOC

mmACmmwuonmmwmmo
0% pows |scwr The OC conact fraings v based on fwletve

weos

CONTACT SECTION

OUTLINE DIMENSIONS
TOLERANCES DECIMALS £ 010 ( £ 25) UNLESS OTHEAWISE SPECIFIED

SuThsL vEGHT
APOT 3.137 (76.5 mm) MAX.
SPOT 3537 (50,7 mam) MAX,
12P0T 388" (96.6 mm) MAX.

COR. AND CONTACT
TERMANAL SORE'YS ¢5- 40
SUPPUED

TVERALL MEIGHT
F2POT 4037 (1178 sy WAX
VOPOT § 00" (1170 mem) MAX
24P 5757 (1461 sy MAX

COM, AND CONTACT
TEMMEMAL BONERS #5 - 40
TUPPUED

wimiwjalnin

A~S



APPENDIX B

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

Iootnotes a1 end of tabie

Failures Reported | Faiture Rate’
1/2 GE EWS MDR-131-1 ? 0 0047
RHR MDR-134-1 ? 0
RB MDA-138-8 ? 0 fauures per
HVAC MDR 4054 2 5 reactor year
s MDR-4165 ? 0 per MDR
RCS MDR-5061 ? 0 rclay
EDG MDR-5062 E 6
RWCU MDR-5151 ? 1
all models 585
3 B ESFAS MDR-136-1 4 0 000G
ELECT MDR-137-8 7 4
CcvGes 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 MDR-7034 110 3
4 CE ESFAS MDR-136-1 2 1 0147
ELECT MDR-137-8 12 8
ELECT MDR-138-8 6 “
RPS MDR-138-8 1 U
RPS MDR-170-1 1 2
ESFAS MDR-7032 21 2
ESFAS MDR-7033 16 0
ESFAS MDR-7034 67 1
5 w RPS MDR-5076-1 8 NONE 0
REPORTED
{ cE ESFAS MDR-7032 10 2 0039
ESFAS MDR-7033 8 0
ESFAS MDR-7034 33 0
ESFAS MDR-167-1 3 0
ESFAS MDR-136-1 Fy) 0
ESFAS MDR-172-1 6 0
PPS MDR-5053 2 0
PPS MDR-5147 4 0
PPS MDR 4004 2 0
FPS MDR-7061 10 1
PPS MDR-7062 12 0
PPS MDR-7063 52 1 ‘
ESFAS MDR-5147 8 0 o
ESFAS MDR-7061 10 3 ‘
ESFAS MDR-7062 6 1 |
1 ESFAS MDR-7063 12 0
LE" “tal 178 |



P&B MDR RELAY USAGE (Cont.)

f
m Fuilure Rate
ESFAS MDR-7032 < £ 175
ESFAS MDR-7033 8 0
ESFAS MDR-7034 13 5
ESFAS MDR-167-1 3 0
ESFAS MDR-136-1 27 0
ESFAS MDR-172-1 f 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 - 0
ESFAS MDR-7061 10 0
ESFAS MDR-T062 | 6 0
ESFAS MDR-7063 12 1
LER Total 178*
8 ’ CE ESFAS MDR-7032 10 6 7
I ESFAS MDR-7033 g 1t
ESFAS NPT, T = 1
ESFAS MDR-167-1 3 0 |
ESFAS MDR-130-1 27 0
ESFAS MDR-172-1 6 0
PPS MDR-5053 2 0
PPS MDR-5147 4 0
PPS MDR -4004 2 0
; PPS MDR-7061 10 0 |
{ PPS MDR-7062 12 0 \
| PPS MDR-7063 52 0 .
i ESFAS MDR-5147 8 {4 \
ESFAS MDR. 7061 10 i i
ESFAS MDR-7062 6 0 lt
’ ESFAS MDR-7063 12 0 |
MDR-5146 ? ! I
LER Total 178° =
|
0 CE ESF MDR-136-1 12 1 0073 1
cs MDR-137-8 1 \ |
ELECT MDR-138-8 1 1 |
RPS MDR-170-1 4 !
VENT MDR-5061 1 1
; ESF MDR-7032 18 0
; ESF MDR-7013 24 0
1 ESF |  MDR-7034 61 2

[ootnotes at end of tabie



P&B MDR RELAY USAGE (Cont.)

VDR Model No. | No. of MDRs | Failures Reporied | Failure Kate |
10 GE RPS MDR-4130-1 12 1 0042
RPS MDR-4134-1 2 1
RPS MDR 4135-1 3% 0
RPS MDR-5111-1 B 1
RPS MDR-5112-1 4 0
NSSS MDR4130-1 18 0
NSSS MD R 4134-1 11 0
NSSS MD  4135-1 2 0
NSSS MD# 1111 4 1
RCIC MDR 118 3 0
SSW MDR 4134-1 2 0
11 GE ESW MDR-4134-1 1 1 0063
NSSS MDR-4135-1 ¥ 2 .
RPS MDR 41351 81 2
RPS MDR-5111-1 4 0
12 w MS MDR-4121-1 2 1 056
13 w MS MDR-134-1 2 1 056
14 GE HPCS MDR-137-8 1 1 089
1 E0T MDR.117-8 2 1
ELECT MDR-138-8 2 2
15 GE HPCS MDR-137-8 1 0 023
ELECT MDR-137-8 3 1
ELECT MDR-138.-8 1 0
16 W ESFAS MDR-137-8 6 0 002
EDG MDR-138-8 1 1
ESFAS MDR-410G3-1 34 0
MS MDR4103-1 6 0
RPS MDR-4121-1 10 U
| CVCs MDR-4121-1 4 0
ESFAS MDR-4121-1 66 0
P 6 0
17 B&AW HPI MDR-131-1 1 0 W3
ESFAS MDR-154-1 1 1
CRD MDR-137-8 “ 0
RPS MDR-137-8 2 0
CRD MDR-1338-8 2 0
CRD MDR-5138 2 0

Footnotes 8t end of table
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P&R MDR RELAY USAGE (Coat.)

Footnoies #t cnd of tabie

B4

MDR Modei No. Failure Rate
CE RCS MDR-131-1 1 1 0144
RPS MDR-131-1 2 0
LPS! MDR-134-1 3 1
RPS MDR-134-1 P 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 |
cs MDR-7032 2 1
ESFAS MDR-7032 10 1
ESFAS MDR-7033 14 0
ESFAS MDR-7034 a3 2
19 W | ESFAS MDR 66-4 3 NONE 0
ESFAS MDR-134-1 2 REPORTED
2 w | ESFas MDR -66-4 3 NONE 0
REPORTED
21 w | ESFAS MDR -66-4 1 NONE 0
B ESFAS MDR-134-1 2 REPORTED
2 W | ESFAS MDR 664 3 NONE 0
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 MODR 4094 10 0 057
COND MDR-4094 8 f l
NSSSS MDR-4134-1 9 o
RPS MDR-4134-1 7 ]
RPS MDR-$111-1 8 0
RHR ) 2 !
77 W RPS MDR-134-1 16 0 0
ESFAS MDR-134-1 “ 0
ESFAS MDR-4076 8 0 3
2 GE RPS MDR-4130-1 8 2 0
RPS MDR-4134-1 59 ‘ h
NSSSS MDR-4134-1 u 0 |
MS MDR-5117 4 0 'i
RPS MDR-5117 4 0 i
SLC ,
| W : |!
VENT ’ |
20 0 t



P&B MDR RELAY USAGE (Cont)

MDR Model No. No. of MDRs | Failures Reported | Failure Rute
29 w ESFAS MDR-1.34-1 4 NONE 0
REPORTED
30 w ESFAS MDR-4103-1 B7 1 LY LS
ESFAS MDR 6091 124 0
1 w ESFAS MDR-4103-1 6 NONE ]
RPS MDR-4103-1 7 REPORTED
ESFAS MDR-4121-1 P/

32 g AFW MDR-5059 1 1 A1

33 :‘! CONT MDR-137-8 1 1 21

34 w | ssps " 150 1 s |
35 w CONT MDR-5076 1 1 067
Total

Ini NSSS MDRs Hures

L B&W 2 1

8 CE 1097 82

10 GE 1088 35

16 w -] 4

35 2999 126

“W

" Sinee much of this data came from the proprietary voluntary NPRDS databasc, speaific planis could not
be wentified

Record of plant MDR relay usage 1s incomplete due to lack of data in the NPRDS databasc and
manufacturer’s purchase orders

' The [ailure rates. in failures/reactor year per MDR, were calculated by the following formula for cach
unit indmadually:

Failure rate, = F, /((Y)(N,)
where,
F, = Number of reporied MDR relay failures from 1984 through 1992 by unit x
Y, = Time in service measured in years from imitial criticality through 1992 for unit x
N, = Number of MDRs in service at unit x

The failure rates in this table can not be relied on for high accuracy, becausc this calculation assumed.

- The number of rcported failures is correct, despue the inconsistencies noled sbove. Fuwer reporied
failures would decrease the calcuiated failure rate.

B-3



—  Each failed relay is replaced by an MDR relay which has the same fallure mechamsms. The validity
of this assumption depends on the replacement relay's manufactured date. While P&B was improving
the materials of construction on & yearly basis, the number of failure mechanisms built into the
replacement relay depended on when the unit purchased it, which 15 unknown. This caiculation
assumes each replacement reiay was in service during the entire penod, instead of individually
caiculating N, yearly and subtracting the MDR relays replaced dunng previous years. A few plants
replaced many their MDR relays on & wholesaie basis dering this peniod. This assumption may
increase N,, which would minimize the caiculated failure rate.

~  The number of MDR relays listed in service 1s correct, despite the inconsisicncies 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 inciude any change in state resuiting from reactor shutdown conditions. This couid
have greauy varying affects on the relay, depending upon whether 1t was latching or non-laiching and
whether its energication staie was changed upon plant shutdown. This assumplion may increase Y,
which could minimize the calculated faiiure rate.

— TP time in service excludes MDR reiay energization or usage prior (0 initial eriticality, which would
vary greatly, depending upon 2 specific relay’s normal position duning a plant shutdown and the
amount of testing performed. This assumption may or may not affect Y,, which could uflect the
calculated failure rate for those plants wath inwial 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 10f plant SPECIIC laniuc 1aiss. _ -

S \n-dudes five failures identified in a plant specific LER that were not included in the NPRDS databasc.
The LER did not contain sufficient detail for their inclusion into Appendix C.

B~
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