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EXECUTIVE SUMMAYY

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-
larching, normally energized and normally de-energized relays. About 124 such failures
occurred from 1984 through 1992. About 1/3 of these oczurred in 10, multiple-relay,
simultaneous-failure events. Five of these eveats involved simultaneous failures of
redundant actuated components. Failures were otten not detected until relay operation
was tested or demanded and some MDR relays failed to reset after 1esting. 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 that caused these failures were influenced by a number of variables
making the failure of a specific relay unpredictable. The failure mechanisms include:

Material Problems

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

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

3. Failure of ac MDR relays to reset may be caused by detachment and wedging of a
copper shading coil between the rotor ard the stator. This may occur when the epoxy,
attaching the shading coil to the stator, cracks due 1o temperature-induced expansion,

stretching and vibration. (MDR relays made prior 10 1/92)

4. Relay actuation may be prevented due to chlorine induced stress corrosion cracking
of rotor return springs, permitting a broken spring part 1o lodge between the rotor and
stator. (Applicable to 172 MDR relays made in 1992)

5. Binding o1 the rotor at 2137° F due to insufficient shaft end-play may be caused by an
oversized coil, over-shimming, and tolerance stackups. (MDR relays made in 1992)
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6. Rotor response time may be slowed at lower temperatures (e.g., 40 F), due to
uncured epoxy on the stator interfering with rotor movement. (MDR relays made in
1092)

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

lication probl

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

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

3. Contact failure may be caused by paralleling sets of relay contacts 1o 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 modifications
since 1985 to eliminate a number of these failure 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
licensees 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 to safety-related systems could be
effected by replacing MDR relays, subject to the dependent failure mechanisms
identified above, that are relied upon to actuate or operate safety-reluted systems.

Licensees may benefit from performing more root cause analysis of relay failures.

increasing contact with relay and NSSS vendors, and submitting more detailed NPRDS
reports to identify and minimize common-cause failures in the future.
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1.  INTRODUCTION

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

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

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

Palo Verde 1988 failure analysis reports and P&B engineers contributed 1o the
identification of several common-cause failure mechanisms. In July 1991, San Onofre
prompted a P&B investigation into its MDR ac rotary relay shading coil failures. An
NRC onsite study of Susquehanna’s analysis of their MDR relay performance in
November 1992 found simultaneous common-cause failures,

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

2. DESCRIPTION

21 "MDR" Rotary Reiay Description

The 1’&B "MDR" series rotary relays are dual-coil rotary relays. P&B technical data and

sket.hes of these relays are contained in Appendix A. These describe various series of
relays rated for 28 and 125 V dc, and 175 and 440 V ac service, with 4 to 24 contacts.
The relays are furnished in either a lateaing or a non-latching two-position version.
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While each series has different coil wattage and current capacities, they are constructed
of the same materials, depending upon the manufacturing date, and are therefore subject
to identical failure mechanisms.
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A “latching” MDR relay has two sets of coils, connected in series inside the relay, which
provide a latching two-position operation. When one set of coils is energized, the rotor
shaft rotates, changing the state of the contacts. The other set of coils must be energized
1o return the relay to its original position.

A "non-latching” MDR relay has two coils connected in series inside the relay which,
when energized, rotate the relay rotor shaft, to opercte 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 to 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 A ela

P&B MDR ac rotary relays also have two shading coils mounted on stator pole pieces 1o
eliminate the heat generation and vibration of ac buzzing of the relay. A shading coil is
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 0n 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.

2.2 Dependent Failure Mechanisms

NUREG/CR-5993, "Methods for Dependency Estimation and System Unavailability
Evaluation Based on Failure Data Statistics," July 1993, defined "dependent failure” or
"common-cause fzilure” as failure of several components due to a common-cause. This
NUREG relaxeq i'.« conventional assumption that dependent fzilures must be
simultaneous and result from a severe shock. It recognized that component failure rates
will increase, that the components will eventually fail at some short interval from each
other. and that the common-cause contribution for a particular plant may be quite
different from the population average.'

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

Each MDR relay is constructed of the same materials, making each subject 1o identical

fuilures. A series of LERs, P&B investigations, independent laboratory analyses, and
reactor vendor generic reports indicate that a number of discrete failure mechanisms

2
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affected the operation of certain P&B model MDR rotary relays in similar ways. Similar
failures have been found 1o have occurred in ac; dc; latching; and non-latching, normally
energized and normally de-energized relays.

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

Material Problems

1. Mechanical binding of the rotor due to organic outgassing and deposition of
contaminants and corrosion particles. 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 comtacts from opening or
closing when the relay coils are energized or de-energized. The binding failures ranged
from slow shaft rotation, to partial rotation, to being compsctely frozen in place.

The principal contaminant, which was not always apparent to the naked eye, was
outgassed material emitted from the brown enamel varnish used to coat the relay coils.

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

P&B has changed the coil coating from varnish o epoxy, brass components to stainless
steel, and other wiring materials to eliminate chlorine, as listed in Section 2.3. (MDR
relays made prior 1o 5/90)

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

3. Failure of ac MDR rotary relays to reset due to the detachment of a shading coil and
its wedging between the rotor and the stator, preventing full rotor shaft rotation and
contact opening or closure. The copper stator mounted shading coils are very
susceptible to temperature-induced expansion/stretching. When the 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 bervilium-copper, as identified in
section 2.3, (MDR relays made prior 1o 1/92)
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4. Relay actuation may be prevented from chlorine induced stress corrosion cracking of
rotor return springs, permitting a broken spring part to lodge between the rotor and
stator. (172 MDR relays made in 1992)

5. Binding of the rotor at higher temperatures (e.g.. 137° F), due 1o 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 to
uncured epoxy on the stator interfering with rotor movement. (MDR relays made in

1992)

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

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

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

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

greater than a singie set can handle, when lack of simultaneous contact opening results
in one contact taking all the load.

A number of "proximate causes” (i.e., conditions that are readily identifiable as leading to
failure) contributed 1o the timing of MDR relay failures and reduced the operating life
of the P&B MDR rotary relays. These include coil wattage, applied ac or de voltage,
equalizing voltages and frequencies, normally energized or de-energized coils,
manufacturing tolerances, ambient and coil temperatures, varnish thickness, mounting
configurations and enclosures, cabinet ventilation, bearing opening size for relay
breathing, testing frequency, operational cycling, number of contact decks, and the
amperage and voltage applied to the contacts. These factors may contribute to an
apparent random failure history, especially between plants. Routine surveillance testing
may not necessarily reveal a degraded condition, as the relay may degrade when it is
reset after testing.

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 time continuum 1o estimate the potential for multiple
failures in a window of time arrives at a more accurate value for system unavailability.”




23 MDR Relay Modifications

P&B modified the design of their production model MDR rotary relay over a period of

years to improve its reliability, while maintaining a standardized product. These
modifications are listed in chronological order in Table 2-1.

Table 2-1 P&B MDR relay modifications

l Date Madification ke
10/85 | Movable contacts changed from silver to silver-cadmium-oxide
02/86 | Coil finish changed from Dolph BC-340 varnish to Dolph CC-1090 epoxy
08/86 | Elastic stop nuts changed from stainless steel to nickel plated steel
11/86 | Switch mounting studs redesigned for press fit into switch plate
03/87 | Paint from light gray alkyd to light gray polyurethane enamel
06/88 | NYE Nyogel 718B grease lubricant added to end bell bearing
16/88 | Coil leadwire sleeving changed from PVC coated fiberglass 1o polyester
acrylic coated fiberglass
12/88 | Paint changed from light gray polyurethane enamel to light gray alkvd
06/89 | Coil leadwire grommets changed from neoprene to polyetherimide
__96/89 | 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 stainless steel
05/90 | Shims changed from brass to phosphor bronze
i 01792 i 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 systems
through LERs submitted to the NRC, industry data, independent failure analyses, reactor
vendors response 1o MDR relay failures, and NRC site visits. The safety significance of

the relay’s failure has been included.

3.1 LaSalle Unit 1

On December 8, 1987, with LaSalle Unit 1 in cold shutdown, a "1A" emergency diese!

generator (EDG) operability surveillance test was performed. When the operator tried

5
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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 a P&B model MDR-137-8, 125 V d¢
normally-energized relay’s contacts to close.” This relay failure could prevent the
operation of the EDG in the event of a loss-of-offsite power,

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

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

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 affecing 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 relays in the nuclear steam supply
system (NSSS), engineered safety feature actuation system (ESFAS), the balance of plant
(BOP) ESFAS, and the reactor trip switchgear.

On August 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 relay failures occurring at Palo Verde Units 1,
2, and 3 over a 2-year period, that could have prevented the fulfillment of various safety
functions. This was detected during either routine surveillance testing or during
actuations of the ESFAS. The relay failures would have prevented the associated valves,
pump motors, etc. from operating as required for a safe plant shutdown or to mitigate an
accident. The failure of the MDR relays in the reactor trip switchgear would resuh in
erroneous indication of reactor trip breaker (RTB) position to both the plant protection
system and the control room operators.

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

Several MDR-7032 rotary relays, examined by Scanning Electron Analysis Lab, were
found to have brown powdery material (varnish) in the magnet, coil, and top brass plate
areas. They found evidence of shaft wear and metal chips, but no evidence of corrosion
on the shaft or brass bushings. The lab concluded that contaminants led to wear and
binding of the shafis.

Other relays, MDR-7032, -7034 and -136-1 were sent to Hi-Rel Laboratories (HRL) for
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 metal
shield over the coils, and the upper and lower races. There was extensive chlorine

(0]
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contamination on the brass races, the armature and the metal coil shield. The lab
believed that these corrosion products may have mechanically bound the relays in the
energized positions.

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

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

1.36x10” failures per hour, compared with a generic relay average of 4.0x107 failures per

hour.

On October 10, 1988, APS submitted LER 88-18, Rev. 1 on 18 P&B relay failures. The
impact of coil voltage on the relay was investigated and identified as one of the root
causes of the failures. Excessive voltage increased the temperature of the coil and
increased the outgassing rate. The rated coil voltage was 28 V dc, but voltage was
measured at an average 31 V dc, after CE changed power supplies to 36 V dc to
alleviate problems which had been experienced with relay pickup at other CE plants.

Another contributor to the premature failures investigated was the operating
environment. The P&B specification for ambient temperature requires that ambient
temperature be maintained less than 149° F; the NSSS ESFAS cabinets ambient
temperatures were measured between 95° and 104° F. The NSSS ESFAS cabinets did
not have forced ventilation; the external surface of a relay in this cabinet was 157° F.

The BOP ESFAS cabinet in Unit 2 had an ambient temperature of 81° F, while the
maximum external surface temperature of a relay in this cabinet was 112° F. The BOP
ESFAS cabinets had forced ventilation. The BOP and reactor trip switchgear ESFAS
cabinets had no MDR relay failures while all the failures occurred in the NSSS ESFAS
cabinets.

The revised LER stated that "the cabinet air temperatures, air flow, and normal
frequency of operation were not considered significant contributors to the relay failures”
and the roet cause of the outgassing was attributed to excessive Luil temperatures that
occurred when the coils were continuously energized at voltages above their nominal
ratings.

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

As a long term corrective action, APS committed to replacing all MDR series relays in
all their systems during each unit’s next refueling outage. The following design chunges
to the MDR series relays were to be implemented:
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~ Relays in the NSSS ESFAS cabinets were to be modified 1o 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 1o be replaced with
polyester acrylic coated fiberglass.

— Neoprene grommets were to be replaced with polyether imide.

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

~ Spacers were to be stainless steel instead of brass.

—  Shims were to be phosphor bronze insiead of brass.

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

~  Lubricant was to be used on some metallic surfaces.

~ Contact deck and plate to shaft clearance was to 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 coils 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 failure analyses on three of these improved MDR-7062 and -7063 rotary relays
to APS®. The rotor shaft did not move when power was removed and reconnected to
two relays which had failed functional testing by APS. A third relay was "sluggish” (ie..
experienced delaved turn off after removal of power).

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

Six additional MDR-5146, -7064, and -7065 operable relays were subsequently inspected
by HRL and found 10 have tearing of the fiberglass cloth tape on the coils, brown spot
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discolorations on rotor laminations (on three of six relays), and epoxy buildup on top of
coils and the coil retainer plates, but no epoxy on the stator or rotor interface.

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

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

manufacturing process:

Epoxy was splashed on the stator when the lead wires were pulled into the
stator assembly to coat both sides of the coils with epoxy.

Epoxy was used for touch up of coil surfaces after the two cure cycies, but did
not receive addition cure time in an oven,

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

P&B stored the Dolphon epoxy in normal room ambient conditions, instead of
below 70° F, as recommended by the manufacturer, decreasing its shelf-life.

To eliminate these factors, P&B instituted new methods of epoxy storage, handling
(including coating and curing of the epoxy prior to mounting the coil on the stator
assembly) and black light inspection. Touching up coil assemblies using epoxy was
discontinued. Calculations by the Engineering Research Group verified that 4 6-hour
cure time was sufficient to cure the Dolphon CC-1090 epoxy in the MDR relays, even
given temperature uncertainties. P&B uses atmospheric dip impregnation of the MDR
relay coils, in accordance with the epoxy manufacturer’s recommendations'.

33  Combustion Engineering

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

NRC Information Notice No. 90-57, "Substandard, Refurbished Poutci & 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 : nd MDR-142-1, tha
may not operate as required. Stokley Enterprises or the Martin Cempany supplied these
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relays 10 Shearon Harris, Watts Bar and Sequovah and various vendors 1o nuclear plants,

Receipt inspection found them to be improperly adjusted, lacking lubrication, having
nonstandard parts, having incorrect and nonoriginal configurations, and failing one or
more P&R tests,

On September 10, 1990, GE published a Rapid Information Communication Services
Information Letter (RICSIL) No. 053,” as a result of two GE boiling-water reactors
{BWRSs") 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 from rubber grommets and
polyvinyl chloride sleeving. Also, outgassing occurred from varnish on the
coil while continuously energized. The released chlorine and outgassing
accumulated in the area of the botiom end bell bearing and caused the rotor
shaft to bond to the bearing.

P&B believed that "the failed relays were exposed to high ambient temperatures and
possibie high coil voltages or exceptionally infrequent de-energizing." To eliminate
outgassing, P&B changed the finish coating used on the relay coil from varnish to epoxy
on relays manufactured after September 10, 1986.

36 eneral Electric Potentially Re 1 ndition 90-11

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

12

A GE BWR/6 used seven 125 V dc relays, three in the Remote Shutdown
System and four in the RPS. Five were normally de-energized and were not
considered to be vulnerable 10 this failure mode. A failure of the two
normally-energized relays may have resulted in failure to initiate Backup
Scram when required by the RPS. Since the backup scram was functionally
redundant to the normal scram, GE concluded that no substantial safety
hazard existed.

10
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3. GE BWR plants 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.

4. The most frequent use of MDR relays was 120 V ac in the RPS and NSSS.
These had a coil power of 6.0 watts, the nominal voltage of 120 V ac was

carefully regulated, and were typically exercised monthly. GE concluded these
had not experienced a high failure rate.

GE calculated the qualified life of a 125 V dc relay coils with varnish to be 0.4 years,
while field experience demonstrated 3 years or more without similar reported failures.

GE recommended licensee confirmation that normally energized P&B MDR relays:
(1) were being exercised during routine operation or periodic testing, (2) were not in
high ambient temperatures, and (3) were not subject to sustained overvoltage conditions.

3.7 Harris Unit 1

On April 12, 1991, Carolina Power & Light Company, the licensee for Shearon Harris
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 relay
failed 1o function as required. While the relay energized and rotated, two contacts in the
relay failed to pass current. This rendered the “B" train ESF components actuated by
this sequencer inoperable. If a loss-of-offsite power had occurred concurrent with a
safety injection signal, control room operators would have still had the ability to
manually start any required "B" train. ESF components. During this time period, the "A"

train charging/safety injection pump was also inoperable 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 attributed to a random, intermittent failure.

11
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38 San Onofre Units 2 and 3

San Onofre Units 2 and 3 each used four P&B model MDR-170-1 ac rotary relays to
actuate the RTBs. Each relay actuated two RTBs through contacts in the undervoltage
and shunt trip device circuitry. All 3-1 automatic reactor trip signals were processed
through these relays, which were normally energized with closed contacts.

During a surveillance test in the summer of 1991 (contradictory documentation exists
regarding the unit number and date of test), one of these RPS relays failed to reset
following the successful RPS surveillance testing. This maintained the two open RTBs in
the tripped condition and caused the one-amp power supply circuit breaker to open on
overcurrent. These relays were supplied by P&B as commercial grade components and
dedicated by the licensee for use in the safety-related RPS. These relays were instalied
in mid 1989, to solve the problems identified with varnish offgassing.

Failure analysis of the failed relay revea'ed that both shading coils had become detached
due to a design deficiency. The failure to reset was caused by a shading coil falling
between the rotor and the stator when the relay was de-energized, preventing enough
rotor travel to change the relay contact positions on re-energization. An inspection of
the other three relays found that a shading coil had completely detached from one relay
and another coil was loose on the stator of a second relay. The copper shading coil
appeared to be extremely susceptible to temperature-induced expansion/stretching 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 continuously energized for over 18 months. This problem also
affected MDR-141-1 model relays, used in a nonsafety-related pressurizer '~ -2l system 10
control back-up and proportional heaters.

A loud buzzing or chattering of the relay during energization may be a sign of shading

coil detachment. The symptoms given for several 115 and 120 V ac relay failures listed
in Appendix C, "P&B MDR Relay Failure Data,” may have been caused by this failure

mechanism.

By December 1991, P&B had stopped production and changed the shading coil 10
beryllium copper, a harder material that would not stretch as much as copper, to avoid
this problem.

Although Southern California Edison did not consider their failures to be reportable to
the NRC under 10 CFR Part 21 at San Onofre, they recommended that P&B formally
notify their customers 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 BWR/6) issued LER 91-14, Rev 0, addressing two separate ESF actuations within
4 days, due 10 P&B MDR relay malfunctions having the same failure mode, while the

12
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plant was at 100 Jpercent power. The final revision of this LLER, Rev. 3, was issued
August 18, 1992.

On July 19, 1991, ESF actuation of numerous containment isolation valves, contro! room
filter trains, standby gas treatment system, and the fuel building filter trains occurred
during a surveillance test, when two switches were taken to their test position. This was
due to a high resistance on one set of contacts on a normally energized, 24 V 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 testing verified
that the relay actuated and the contacts closed properly. All contacts appeared clean
and shiny. There was no foreign material or residue on the shaft. The relay was
operated numerous times and operated properly each time.

On July 23, 1991, an ESF isolation of a reactor water upstream sample valve occurred
when a switch was taken 1o its test position. Investigation revealed that two contacts on
an MDR-5111-1 relay were open and the coil was in its normally energized state,
whereas the contacts should have been closed. Further testing determined that
sometimes the contacts would close several minutes after voltage was applied and

sometimes would not close at all. The temperature inside the relay housing measured
113° F.

GSU determined that 17 days prior to the July 19th relay failure, a Jass of power
occurred to the RPS "B" bus, which feeds the first failed MDR relay. One day prior to
the July 23rd relay failure, a loss of power occurred to the RPS "A" bus, which feeds the
second failed MDR relay. The RPS power losses would have resulted in the relavs
dropping ou: and picking up on power restoration a few minutes later, but it was likely
that the relay cycled and all contacts did not make proper continuity.

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

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

Relay Voitage Relay Power (watts Temperature (° F)
125 V de 15.6 149
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 to the manufacturer’s specifications, the relays should have been
capable of functioning properly in an ambient environment of 120° F with a minimum of

13
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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
coi! 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 chlorine corrosion of the relay
shaft or bearings. The combination of varnish deposits and corrosion accumulated by the
bottom end-bell bearing, resulting in bonding or sticking of the relay shaft to the bearing.
The licensee noted that small deposits may not have been obvious to the naked eye, but
were apparent under magnification. The relay contacts can then stick in either the
normally energized or de-energized states. It is also possible for the rotary motion of the
relay to be impaired such that it may not turn through its full arc of 30° F, such that
some or all 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 indicztive of the same outgassing
phenemenon found on the failed relays.

GSU theorized that the 125 V dc relays were the most susceptible 1o this phenomenon,
followed in order by the 24 V dc, and 120 V dc relays, due to the lower coil wattages
indicated above. GSU’s experience aiso supported the P&B position that the reiays that
are cycled most frequently are least susceptible to the failure; the River Bend relays
cycled on an 18 month basis were found with heavier deposits that those which were
cycled monthly. However, actual failure history did not prove this to be the case. GSU
cited a number of variables which influenced the actual failure rate, which couid not be
quantified. These included: wattage, normal energization state, manufacturing
tolerances, mounting configuration and enclosures, temperature, test frequency,
operational cycling, etc. The varnish coating applied to the relay coils was done by hand
without strict acceptance criteria and the varnish was supplied by a third party as an
off-the-shelf item without strict control over the ingredients. The coils of the eight relays
inspected displayed wide variations in varnish thickness, uniformity, and color. GSU
concluded that the outgassing phenomenon led to a failure distribution that was
essentially random.

GSU found two other cases of MDR relay failures at River Bend since commercial
operation. These occurred on December 16, 1987, and September 15, 1988. The relay
failure of December 16, 1987, was of an MDR relay which actuated the backup scram
valve on any full scram signal. These failures were initially judged 10 be random and the
relays were discarded.

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

14



the failure of two relays simultaneously was sufficient to cause system failure. GSU
calculated the River Bend common-cause failure probability of the RPS to be

6.64x10” x 2/4 2/4 = 3.32 x 10™ failures per demand. GSU calculated the RPS failure
probability, using generic relay failure rates from WASH-1400, at 1.3x10°. Thus, the use
of River Bend P&B MDR relay failure rates resulted 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, surveillance frequency,
difficulty of replacement and retest, relay voltage and wattage rating, and length of
Service.

On November 14, 1991, NRC inspectors and P&B engineers disassembled several River
Bend relays, including the redundant backup 120 V dc scram valve relay. This MDR
relay was found to have a set of unused Deck No. 1 contacts, No. J-H, that did not make
proper continvity. A P&B MDR-5112-1, 125 V dc relay, also exhibited intermittent
failure of Deck No. 1, No. J-H contacts. When an MDR relay is mounted horizontally,
with coil terminals at the bottom, these contacts are the top contacts closest to the
bearing. If the hot coil outgassing material vents through the bearing instead of
condensing on the rotor, this set of contacts would be closest to provide a cold surface
for deposition. The surfaces of each set of contacts appeared shiny, but no metallurgical
examination of the contact surface was performed. Figures 1, 2, and 3 show 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 S 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 increase to

5 failures/$,983,956 hours or 8.3x107 failures per relay hour. The Beta factor would
become 2/35 but failures per demand was not changed.”

3.10 Potter & Brumfiel

On September 6, 1991, the P&B Manager of Quality Planning wrote to the NRC that
conformity to 10 CFR 21 requirements was raised approximately 3 years ago, and P&B
informed several users that MDR series relays are supplied only as commercial grade
equipment. However, the G.E. Nuclear Energy Division {GE) was overlooked as one ot
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
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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 breken part of a spring to
lodge between the rotor and stator, preventing the relay from actuating. It was found
that this could have occurred during the wire manufacturing process or as a result of
improper passivation in removing surface contamination. Other spring samples from the
same lot supplied by the Lewis Spring Co. verified this conclusion.

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

ABB CE submitted a 10 CFR Part 21 Eeport 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 Slst week in 1992), and concurrently prepared a CE Infobulletin for
distribution to all CE plants.

3.20 Overall Industry Experience

About 3000 MDR series rotary relays are used in safety-related applications in RPSs,
ECCSs, ESF systems, or emergency power systems in at least 35 commercial NPP units:
1 B&W pressurized-water reactor (PWR), 8 CE PWRs, 10 GE BWRs, and 16 W PWRs.
Many identical MDR relays are used in nonsafety-related applications.

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

—~  Searches of the primary information source, the NPRDS database, contained the
warning that relays were among specific components that are “reportable enly on
fatlure,” that "population data is generally incomplete,” and that "results may be
incomplete.”

—  Inconsistencies in MDR relay usage and failure data were found beiween 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 ''sted only one MDR relay
failure in a questionable population of one relay. One licensee submitted only 1
failure report out of 16 MDR relay failures (many nonsafety-related). Sixteen units
have not reported any MDR failures, whereas 15 plants have had more than a 100
farlures. At least one plant replaced all normally energized MDR relays after a
1983 industry publication. In addition, the industry database does not contain
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information on the many identical MDR relays used in nonsafety-related
applications or their failures.

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

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

- Licensee event reporting under 10 CFR 50.73 and 10 CFR 21 has nnt been
complete. Licensees identified énd reporied only 2 of 10 comn:an cause events
involving simultaneous failures of 2 o1 more MDR reiays.
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3200 MDR Relay Usage i

Appendix B of this report provides a list develcped from the NPRDS database, LERs,
NRC site visits, and NRC inspection reports, describing P&B MDR relay usage.
Without verifying every power plant, this Appendix provides an estimate of the number
of safety-related MDR relays in use, the safety-related systems 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 indeterminant number of MDR relays were in service for an
undetermined period prior to initial criticzlity in some undetermined coil energization
state, which has not been considered in the failure rate calculation.

Figure 3-4, "P&B MDR Relay Usage and Failures vs Reactor Supplier,” and Figure 3-5,
"P&B MDR Relay Failures vs Model No.," were derived from the data in Appendix B 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 relays,
followed distantly by GE plants with 35 out of 1088 relays. This may be only partially
explained by CE's use of excessive voltage on 28 V dc relays to ensure the relays laiched.
Why W plants experienced only 8 failures out of 802 relays has not been explained.

Figure 3-5 shows that the dependent failure mechanisms described in this study affected
many differcnt MDR relays used in NPPs, as may be expected, because of identical
construction materials and configuration that contribute to the identified failure II
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 Potter & Brumfield MDR Relay Failures

Appendix C lists P&B MDR rotary relay failures by model sumber and date of failure,
from the NPRDS database, LERs, NRC site visits, and NRC inspection reports.  This
Appendix lists only failures that were identified as common-cause failures or whose
fatlure symptoms appeared 1o be caused by the dependent failure mechanisms described
above. Licensees often treated MDR relays as disposable components, their failures as
random, and usually performed little root cause analysis, unless many failures occurred.
Licensees rarely returned MDR relays to the vendor or an independent laboratory for
analysis. Licensee explanations of failure causes in the NPRDS database were
scmetimes not very descriptive, viz, "contacts sticking," "failure to change state,” “acting
abnormally,” or "premiature 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 relay
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 dutabase. This also contributed to incomplete
tabulations in some of the comparison figures in this study.

P&B MDR Relay Failures by 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 13.7
failures per year or 5.E-7 failures per hour per relay since 1984, using all the data in this
table. A least squares fit of a straight line shows a slight upward trend 10 this failure
data. '

While varnish offgassing is affected by coil temperature, Figure 3-6 "P&B MDR Relay
Failures vs Coil Parameters,” taken from Appendix C and Table 3-1, does not show a
relationship between higher coil wattages (with higher temperatures) and MDR tailures,
as may have imuitively been expected. While the chiarts show that normal energization
of MDR reiays has a greater correlation with MDR relay failures, it also includes more
than 25 percent (32) of the MDR relay failures that were in rormally de-energized ac
and de relays. More than 70 percent (21) of normally de-ene. vized MDR relay failures
occurred 10 non-latching relays, while less than 30 percent | of the normally
de-energized relay failures occurred in latching type relays, which have either of two ¢coils
continuously energized. This may reflect that some normally de-energized relays may be
normally energized during plant outages. Thus, normally de-energized MDR relays
should not be ignored by licensees in responding 1o NRC IN 92-04.

The highest number of MDR relay failures occurred in 1987 (23), 1988 (235), and 1989
(18), reflecting the excessive voltage applied to the MDR coils at CE piants for several
years and the replacement of these relays. If this can be viewed as premature aging of
the relays, based on operation at higher coil temperatures similar to environmental

qualification testing, this experience may predict increasing MDR failure rates at some
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Appendix B identifies 26 MDR relay dependent failures that occurred in eight
simultaneous-failure evenis. Appendix B points out five "Common Mode" events, which
involved simuitaneous, dependent failures of 12 MDR relays that had identical functions
operating redundant equipment. It also includes three events (denoted in the 1able as
"muitipie simultaneous failures”), involving simultaneous dependent failures of 14 MDR
relays that affected the same train of a system or different systems. In this table,
“common-mode" and “multiple simultaneous failures” were used only to differentiate
between failures that affected redundant components from failures that affected
nonredundant components since each type of event may have a different safety
significance.

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

This table does not include two other events, in which 3 and 5 relays were replaced
concurrently, because the NPRDS database did not indicate that particular problems
were found with more than one MDR relay. However, the identified failure mechanisms
in this study often have been unreproducible during bench testing after a failure. 1f
these were included, the percentage of simultaneous multiple failures wovrld increase to
about 26 percent of the total.

Figure 3-7, "P&B MDR Relay Failures vs Year," taken from the data in Tables 3-2 and
3-4, reflects simultaneous, multiple MDR relay dependent failure events that occurred
three times in 1991 and three times in 1992, due to failures of older relays. In this
figure, "single failures” refers 1o dependent MDR relay failures that occurred one at a
time, as identified in Appendix C. "Multiple failures” is a subset of dependent MDR
relay failures that cecurred simultaneously to multiple MDR relays that did not affect
redundant components of a specific system, as indicated in Table 3-2. "Cominon mude
failures” is a subset of dependent MDR relay failures that occurred simultaneously 10
multiple MDR relays that affected redundant components, as indicated in Table 3-2.

3204  Pouer & Brumfield MDR Relay Failure Rates

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

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

RELAY FAILURE TYPE | RESULT OF FAILURE
FAILURES
| Susquehanna 1 2 Common Mode | Intermittent SRV position
lights
{ (/88 San Onofre 3 137-8 5 Multiple EDG control system
138-8 3 Simultancous maintenance
Failures
6/91 No. 3 170-1 3 Common Mode | Loss of plant protection
Channel C ~ would not
resct RTB
-
/91 River Bend 51111 2 Multiple 1) ESF actuation of
Simultancous contamnment isolation
Failures SBGT and HVAC
2) Reactor water sample
valve isolation
10/91 No. 3 170-1 3 Common Mode Channel D and B RTBs
would not energize and
reset and master relay
failed 10 close
6/92 No. 28 4130-1 2 Common Degraded "A" and "B”
Maode RPS reactor pump trip
logic 1o turbine control
valve fast closure
6/92 No, 28 4134-1 4 Multiple Degraded “B” RPS
Simullancous response to turbine
Failures control valve tast closure
9792 Susquehanna 2 5062 2 Common Prevented reactor
Mode recireulation pump MG
sel 1A and 1B drnve
motors from (ripping
NO. OF EVENTS RELAY FAILURES FAILURE TYPE
b 12 Common mode
3 14 Multiple simuhancous failures
TOTAL L] 26*
*20 percent of MDR
dependent failures
in Appendix C
=== —

' These failurcs were exacerbated by higher than design relay coil voltages.
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Figure 3-9, "P&B MDR Relays in Service vs Year" helps explain some of the differences
between 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 included in the 124 failures considered in this study were the same as
those from the NPRDS database.

lan ific | i ates

NUREG/CR-5993 notes that "to evaluate the common-cause contribution in a PSA
[probabilistic safety analysis], generic data sources are consulted, and they present the
average behavior of a large population of plants over a long period. However, the
common-cause contribution for a particular plant may be quite different from the
population average. This difference can underestimate or 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 MR Relay Failure
Rate by Unit vs No. in Service/Unit." This shows the wide divzesity of plant specific
MDR relay failure rates, from 0 to .21 failures per year per MDR relay. This again

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

specific MDR relay failure rates could be expected to vary greatly.

Nine plants having 309 MDR relays in service reported no failures from 1984 through
1992, which leads to guestioning the reporting accuracy. Seven other plants, with fewer
than 6 MDR relays in service each (17 total MDR relays) with MDR failure rates
ranging from .21 to .023 failures/year/MDR relay, may be discounted because of the
fack of a statistically significant database. Using the remainder of the data on 2673

MDR relays as a sample, the average MDR failure rate was about .0068 failures per year

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

3205  MDR Relay Service Life Failure Rates

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

Figure 3-11, "P&B MDR Relay Failures vs Service Life at Failure by NSS§" and Figure
3-12 "P&B MDR Relay Failure Rate vs Service Life by NSSS" shows the number of
MDR relay failures and failure rates vs service life at failure by each reactor vendor.
The highest number of CE failures appeared at about 4 to 6 years service life. This may
reflect: (1) the accumulated service life of the MDR relay population shown in

T N R R B PR RN IR TR A TR SRR N TR R =
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Figures 3-9 and 3-13, "P&B MDR Relay Accumulated Service Life,” representing

1.83E + 7 hours of relay operation, and (2) the history of excessive voltage cpplied to
certain MDR dc coils at CE plants for several years and the replacement of thase reiays,
Thereafter, CE plant MDR failure rates leveled off.

The inservice MDR relay failure rate for the other reactor vendor plants’ MDR relays
increased again after 7 or 9 years inservice life. Most MDR relays used in CE plants do
not have inservice lives in that range. The older relays were the ones failing most often
in the MDR relay failure increases in 1991 and 1992. This may be a harbinger that
increased age may affect MDR relay dependent failure rates and 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 de coil type and normally energized or normally
de-energized state by year and service life. This data is not normalized for the number
of relays in service and may in part reflect the total population in service. Even so, it is
reasonable that these figures show a higher number of failures of MDR relays with de¢
coils, The failures peaked at a service life of 3 to § years, which may reflect the
infiuence of the in-service population. Both ac and dc coil failures increased from 1990
to 1992. Normally energized relays failed at a higher rate than normally de-energized
relayvs. The number of normally energized relay failures tripled from 1990 1o 1992,

urveill Test

3.20.6

MDR relay surveillance testing or demand frequency varied widely from weekly 10 18
months, depending upon system usage and relay function. Sometimes relay timing was
important, as in scram response time after a main steam isolation valve closure. Many
times relay timing was not critical and therefore, was usuaily not tested. A number of
MDR relays were replaced due to slow actuation. Slow MDR relay response may be
precursor to actual failure and at least one plant is considering verifying MDR relay
timing during valve testing.

3.20.7 ’reven

A sampling of six plants found no preventative maintenance program established for
MDR relays and only one with a EQ replacement schedule. When MDR relays fail,
they are replaced rather than repaired due 1o their low cost and lack of vendor repair
information and pars.

A sampling of receipt inspection of replacement MDR relays found it varied greatly from
plant 1o plant. Some licensees were not aware of iemperature affects on tramp epoxy.
Some licensees accepted P&B electrical testing for lack of their own program 1o time
relay operation. P&B did not publish information about the relay, such as torque
requirements on the switch assembly stud stop nuts or rotor shaft end play clearance
requirements. To avoid recent problems, receipt inspection of dedicated relays could
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Figure 3-14 P&B MDR relay failures vs year, service life, and coil type
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benefit from black light or energization testing to detect tramp epoxy defects and
verification of moving part clearances, bolt torques, and electrical parameters, prior to
i placing MDR relays in service.

3.21 Safetv Significance of MDR Rel ilur

The safety significance of common-cause failures, exhibited by MDR relays, is that
common-cause and common mode failures compromise the single failure assumptions
; that underpin the design of NPPs and represent a major uncertainty in the bottom line of
' probabilistic risk assessments (PRAs) of NPPs.”

3210 Qualitative effects of MDR Relay Fail

The multiple, simultaneous MDR relay failures, described in Section 3.20.3 of this study,
whether they affect redundant or nonredundant components, share « safety significance
that is higher than single MDR relay failures. Such failures could disable a safety-
related system or opposite trains of different safety-related systems and defeat a NPPs |
single failure design criteria. The effect depends on the function of the particular relays
that fail.

The MDR relay common-cause failures addressed here have often been nonrecoverable.

Their failures have been found usually as a result 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 and

annunciation for the operators. MDR relay failures have resulted in inadvertent I

operation, delayed operation, or lack of operation of safety-related pumps, valves, I
1
:

e p—

breakers, emergency power supplies, and ECCS and RPS control sysiems. These actual
failures appeared to have been caused by one of the dependent failure mechanisms
identified. An accident requiring the use of a safety system may be the initiating event
for a demand and a relay failure.

Because these relays have a wide variety of safety-related applications, various failures
have effected safety-related systems, as described in Appendix C, including:

Reactor Protection System

= one-half scram prevented

~ trip path would not trip

-~ trip timing degraded

— multiple channels of wrbine control valve fast closure trip logic degraded
~ trip on spurious MSIV closure

- spurious channel trip

-~ multiple channels failed 10 reset RTBs

45
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| Emergency Core Cooling Systems

-~ recirculation actuation signal did not actuate

‘; ~ safety injection train sigral 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 signal could not be bypassed

E - spurious main steam isolation valve closure prompted reactor trip

- main steam isolation vaives did not close within time limits

— 125 V de control was inoperable

— emergency power sequencer failed to operate

-~ EDG output breaker did not close

- EDG voltage regulator failed to operable

~  prevented 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 stoo

— 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 accurate estimate of
when a particular relay will fail.

The River Bend experience has demonstrated how a loss of power 1o a group of relays
can potentially result in multiple failures. The probability of a relay failure may increase

; with its length of time in service, due 10 the nature of varnish outgassing and silver
contact corrosion failure mechanisms, as shown in Figure 3-12.

The AEOD study on "Insights from Common-Mode Failure Events” noted that "common-
made failure has been cited on several occasions as a significant contributor to
! uncertainty in the bottom line estimates of core damage likelihood in probabilistic risk
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assessments.” This also quoted NRC Chairman Carr in a 1990 letter as stating that
"These uncertainties result from lack of data to fully quantify the potential for multiple
failure from common-causes... . The MDR relay failure data in this study is no
exception 1o these conclusions.

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

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

The only simple, plant-specific, PRA analysis performed by a licensce, based on River
Bend MDR relay failure rates dclermmcd the River Bend (BWR/(;) RPS failure rate
increased by a factor of 25, from 1.31x10° 1o 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 to a failure every 1506 demands, which was significantly less than the MDR
relay design life uf 50,000 mechanical operations over a 40 year period. However, the
calculated 6.8x10°7 failures/relay-hour ex fencnced was shghtly better than the MDR
relay design reliability failure rate of 10” failures per hour.” These two failure rates
may be contrasted with the WASH-1400 generic median relay failure rate of 1 10 3x107
fanlurcs/hnur of normally open or closed contacts 1o operate normally used in PRA
studies.”

Table 3-2 in this report shows that simultaneous dependent failures of two or more
MDR relays occurred at least eight times, and multiple relays were rcpldccd i response
to two other events. Thus, multiple, simultaneous faili.res occurred in about 10 percent
of the dependent failure events identified.

In addition, a plant simultaneously replaced four 28 V dc MDR relays in 1986, when one
of them had high contact resistance and caused a main steam isolation valve 10
spuriously close. In 1987, a second plant simultaneously replaced six 125 V dec MDR
relays, which “did not respond properly” in their EDG control system during prcvcmatwe
maintenance. In 1991, an MDR relay failure in a third plant prevented operation of "B
1rain emergency power system safeguards sequencer, while "A" train emergency power
was not operable. Although these events were not included as simultaneous failures,
voluntary multiple MDR relay replacements 1end 1o indicate licensees had identified a
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significant potential for near term failures. About one-third of all MDR relay dependent
failures occurred during events or tests which involved dependent failures of two or more
MDR relays simultaneously. This reflects the potential for multiple train or multiple
system failures and illustrates the importance of thorough testing of other MDR relays
when a dependent failure is found.

Identification of simultaneous MDR relay failures affecting both trains of a satety system
during surveiilance testing is not likely given the staggering of such testing in use. Actual
simultaneous failures would be more likely 10 be identified during an valid demand,
unless the redundant safety system train is tested immediately after an MDR relay
failure is detected. The most likely identification of additional degraded MDR relays
appears to have been during troubleshooting of similar relays after a failure.

4. FINDINGS AND CONCLUSIONS

{4

1 Findings
4.1.1 Dependent Failure Mechanisms

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

Maternial Problems

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

2. Intermittent continuity and high resistance of electrical contacts was caused by
chemical reactions on fixed and movable silver contacts. (MDR relays made prior to
5/90)

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

4. Prevention of relay actuation was caused by chlorine induced stress currosion cracking

of rotor return springs, permitting a broken spring part to lodge between the rotor and
stator (Applicable to 172 relays manufactured in 1992)
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s, Binding of the rotor at 137° F was caused by insufficient end-play of the shaft due to
an oversized coil, over-shimming, and tolerance stackups. (MDR relays made in 1992)

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

lication probl

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

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

4.1.2 Study Insights

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

MDR relay dependent failure statistics developed in this study could be misleading,
because of recognized uncertainties in NPRDS data regarding the number and cuuse ol
MDR relay failures, population of MDR relays in service, length of coii energization,
and operational cycling frequency. The NPRDS data showed that licensees did not
usually perform detailed root cause analysis of MDR relay failures until 2 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, while 30
percent occurred in normally de-energized relays, which may have been energized during
shutdown conditions.

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

3. Tweive MDR relays that had identical functions in redundant equipment failed

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

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

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

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

An environmental gualification report showed that some improved MDR reluys have 1o
be replaced. under certain conditions, before its 40-year life span because of aging of
NYE Nyogel 718B grease end beil bearing lubricant and Exar 400 coil leadwire and
shading 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 coils,
insufficient end play clearances, and tramp epoxy deficiencies could go undetected.

P&RB instituted a series of design modifications over a number of years to correct
material deficiencies. 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 hus 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, 1990.
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 1o IN 92-04
addressed only normally energized MDR relays, whereas 30 percent of the fuilures
occurred in normally de-energized relays.

42 Conclusions

The tendency for MDR relays 1o fail simultaneously in clusters is caused by a number of
dependent faiiure mechanisms that appear 1o be influenced by simitar design, materials,
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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 relay failures result in an unpredictable failure history
that makes it unlikely that a scheduled surveillance testing, preventative maintenance, or
replacement program can be effectively applied to pre-1990 MDR dc relays or pre-1992
MDR ac relays.

Premature failure experience from above-design coil voltages and increasing failure rates
since 1990 may portend higher failure rates as pre-1990 MDR relays 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
only normaily energized MDR relavs to all MDR relays due to the additional dependent
failure mechanisms identified in this study. This study suggests that licensee MDR relay
replacement programs should not be based on only plant-specific failure history or be
limited to only normally-energized MDR relays.

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

More complete NFRDS 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. ST SGESTIONS

It is suggested that a supplement to NRC Information Notice 92-04 be issued to inform

all commercial NPP licensees of the MDR relay dependent failure mechanisms identified
since the IN was imtially issued.

An increase in reliability and a reduction in challenges to safety-related systems could be
effected by replacing MDR relays, subject 1o the deperdent failure mechanisms
identified in this study, that are relied upon to actuate or operate safetv-reluted svstems.
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Licensees may benefit from performing more root cause analysis of relay failures,
increasing contact with relay and NSSS vendors, and submitting more detailed NPRDS
reports to identify and minimize common-cause failures in the future.

10.
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POTTER & BRUMFIELD RELAYS

a———

N
\
\\ « d’:i

SMALL $POT

ENGINEERING DATA

Designed and construcisd 1o meet or exceed the most rigorous
requirements of military spacifications, MDA sedes rotery re-
lays are used in control circults of nuclesr reactors, missile
systems, gun fire apparstus snd computers

MDA relays meel the most ngorous requiements of specihications
MIL-R 19523 whuch includes the rugged requeements of MIL-STD-
167 tor vitwaton and MIL-5-801 lor shock. The contacts wall nol chat
o when melays ae subjecied 10 high-smpact shock Dlows of 2000
- Enduwance rates are 100,000 operations for senes 141, 170,
and 8t latcheng senes and 500,000 for alf others. MDR relays are
desgwd 1 operale over &N ambient lemparatue range of 0°C ©
+ 65°C MOR relays designed for operation over range of 0°C to
+ 90°C are svailable on special order. Please consult factory

CONVENTIONAL NONLATCHING SERIES

The basc constructon of the conventonal MDR miay consists of &
rolary actusior mechansm with Fe contact sections mounted in in-
sulabing mngs on 1op. The actusior machanism embodes a slator
assembly on wheh two relay colls are mounied The two colls we
connecied n senes Nsoe e relay. When the colls are energaed. &
rolor ms Trough an arc of approximalely 30 degrees, thereby
Oporateng the contact section through the extenson of the rotor shatt
The vave! of he mior & confined © 8 30 dogree wc between ha
slator [aoes and e $10p Ny Two spangs retum B rolor 0 the stop
fng when e colls are de-snergzed This also retums the contacts
o thew normal positions. Thus, the conventional non-latching series
provide an “eneigued” and “de-energzed” postion

MDR serles

10 AMP
ROTARY RELAYS

MEDIUM 24PDT

LATCHING YWO-POSITION SERIES

Except for the leiching feature, MDR lalching two-position relays
vilkze the sams genersl construction &s conventional

relays. They have two sets of colls and provide a laiching two-
position operaton. They operate &s follows

- L

AN, =
& 3E
wig | IE-

—
£

When coll 1-2 s enerpized, conlacts A-B, D-E, G-H and K- close.
mmuhonnmmnmnnwmsmnwn
rot in ehgnment.

When coll 1-2 has buen de-enerpued and col 34 & enorgized,
contects B-C E-F, M-J and L-Mciose The ndeator bne and he two
dots are abgred.

The armature s held by positive spring 8cton in its last energized
position when both colis e de-enerpued Colls mus! be enerpized
alemately, nol simullanecusty

AVAILABLE IN SMALL AND MEDIUM SIZES

MDR rotary relays are ofiered i two basic sizes, smal and medum.
Each o hese & svallabie \n conventional nonisiching and leiching
two-postiion versions. The smal MOR i tumished with
AC colts © 12PDT and with OC ooils 1o 8P7T. The smal letching
relay with AC or DC co®is is equipped with contacts o BPDT. The
medium non-latching servs is provided with AC or DC colls 10
24PDT, while latching version festures AC or DC colls with contacts
0 16P0DT. AR contact arrangements are Form C (break-belore-
make)



SMALL
WO - LATCHaNG

Wow- LATCHING

BMALL
LATCrunG

WEOW
LAYCHMNG

Models bn this sertes srv svwilebls from siock. The lesl pecton of Shie
TIMES Eotaboot Rats by part mumbres hose wiks which are nocmally sloched.

COIL CHARACTERISTICS OF SMALL NON -~ LATCHING MDA ROTARY RELAYS

TYPICAL OPERATE AND RELEASE
AT HOMINAL COIL VOLTAGE AT «25°C Fonlock Kamw e eutiect ko nommai OF M ke sitmes.
OPEAATE TIME RELEAST TIME
TYPE N MILLISECONDS IN MILLISECONDS

SMALL AC MON - LATCHING S 12 Sw 18
SMALL OC NON - LATCHING 1SX X R H
SMALL AC LATCHING 6w 12 NA
SMALL DC LATCHING 0o ie NA
MEDIUM AC NON - LATCHING tw 2 620
MEDIUM DC NON - LATCHING 5w % e
MEDIUM AC LATCHING fe 14 WA
MEDILM DC LATCHING Ve WA

oc COR BREAKDOWN
sEmEs COMTACTS | COL YOLTAGE | COR CURRENT RESSTANCE COR POWER | ol ve pugs
0 M bor AC AMPERES ¥ e WATTS®
MDA-131-1 POT 115VAC Q215 66 65 1230
MOR-131-2 «POT 440 VAC 0.045 1256 <1 1880
MODR-135-1 POT 28 YOC 0362 e 100 1308
MDA-137-8 407 125V0C ©.0%2 1520 103 2378
MOA-134-1 ePOT 115 VAC 0215 (7] (31 1230
MOR-134.2 8POT 440 VAC 0.045 1258 5.1 1880
MDA-136-1 8POT 28 VOC (37~ 76 10.0 1308
MDR-138-8 sPOT 125 VOC 0062 1520 103 2378
MOR-163-1 12PDT 115 VAC 023 6 69 1230
MOR-163-2 12PDT €40 VAC 0.055 840 63 1880
T Actuel Wettmeier readoge
COIL CHARACTARISTICS OF MEDIUM NON -~ LATCHING MDR ROTARY RELAYS
e COR
senes contacts | cow vourace | con cumrent | messtamce | cow powen 'm
80 M b AC AMPERES OHMS WATTS"
MOR-170-1 16907 115 VAC 0.620 B4 170 1230
MDR-170-2 16P0T 440 VAC 0160 107 170 1880
MDRA-172:1 16POT 26 VDC 0667 @ 187 1368
MODR-1731 16POT 125 VOC 0.125 1024 160 2375
MOR- 1411 24P0T 115 VAC 0620 84 110 1230
MDA 141.2 24P0T 440 VAC 0.960 107 7o 1850
MDR-167-1 24P0T . 28YDC 0.667 Q "w? 1308
MDR-142-1 24P07 125 VOC 0.125 1024 160 2315

“Achual Welimew madhogs

COIL CHARACTERISTICS OF SMALL LATCHING MOR ROTARY RELAYS

oC COL REAK

semcs CONACTS | COL WOLTAGE | COE CURRENT | RISSTAMCE | COR POWER .vmtsov?:s“

8 b bor AC AMPERES Ones WATTS
MOR£7-2 «POT 115 VAC 0.150 210 $5 12%
MDA-4091 «POT 440 VAC 0.020 €500 30 1880
MDRET-3 «POT 28 VOC 0.778 3 218 1308
MDA 5060 PpY 125 VOC 0.164 760 206 2375
MDA-407¢ 8POT 115 VAC 0.150 210 55 1230
MOR-4092 PO 40 VAC 0.020 4500 30 1880
MDA-5035 8POT 28 vOC 0778 3 218 1308
WMDR. 5081 ePOT 125 VOO 0.184 760 206 7rs
COIL CHARACTERISTICS OF MEDIUM LATCHING MDR ROTARY RELAYS
o COL BREAX
seRES CONTACTS | COL YOLTAGE | COL CURAENT | MESISTANCE | COR POWER m,.":.‘:’;‘
0 e bor AC AMPERES Ovues WATTS

MOR 8084 12P07 115 VAC 0380 24 120 173
MOR 6045 12P07 440 VAC 0.055 540 §7 1680
MDA-7020 12P0T 28 VOC 0316 856 ] 1308
MOR-7035 12P0T 125 VOC 0.083 1500 104 2315
MOR 66-4 16POT 115 VAC 0380 ) 120 1230
MDA 6066 16PDT €40 VAC 895 540 7 1880
MOR- 7025 16P0Y 8 viC 0316 886 e 1308
MDR-70% erot 125 VOC 0.083 1500 104 2375

A-2



MOR NON-LATCHING RELAY

(MEDIUM)
SWITCH
SWITCH STUDS
TOP \ STOP NUT
CAM
SWITCH \
ASSEMBLY
% SWITCH
N ZQZIE R BARRIER
LUBRICANT REIZRZ(TESR
~ *, -
o3 N 2
SWITCH — =S N S___.Qig::
o (REJIZRZINE
| x 7 ..'\ s :::\\ ROTOR
sTUD, BELI.— R IZRZI] BN ASSEMBLY
END BEARING . N g
ASSEMBLY R N se
~ .'\;7/ TOP SPACER
RETURN e N zs, /TOP SHOCK
SPRING — S NE= 1 PLATE
. . NUT
o AR COILS
LO CKWASPER o e g, N
4//1 A N B .
! /' ) \\ 3 5 STOP RING
::'a /4 L\\:§ o v L“
¢ v r, \‘\\\ :\h ‘ K \5H1M5
BASE ———_ X Q- NI g = N\
ASSEMBLY 7 SN
/ . ” STATOR
ASSEMBLY
BOTTOM
SHOCK
END BELL, PLATE
BEARING AND | BOLT
GROMMETS LUBRICANT

BOT TOM SPACER



KOILisSCd k0111504
031194363 0371943x330
Wl w0l04 Ni 80104

v 130 157104 631 13004 013 13xNa0-83Li04

A4



MOR CONTACT RATINGS

SINGLE CONTACTS:

TWO CONTACTS IN SBERIES:

100 amp. 115 VAC
30 smp. 28 VOC
08 amp. 125 VOC

30 amp. 440 VAC
150 amp. 115 VAC
15 amp. 125 VOC

The above AC contact relings we based on contect ioads having &
50% power factor. The DC contact ratings are besed on resistive

oans

CONTACT SECTION

OUTLINE DIMENSIONS
TOLERANCES DECIMALS £ .010( £ .25) UNLESS OTHERWISE SPECIFIED

N
3

OVERALL HEIGHT
4PDT 3.13" (76.5 mm) MAX
SPDT 3.53° (89.7 mm) MAX.
12P0T 3 887 {08 8 mm) MAX

COIL AND CONTACT
TERMINAL SCREWS #5- 40
SUPPLIED

£

OVERALL HEIGHT
12PDT 4.83° (117.6 mm) MAX.
16PDT § 007 (127.0 mm) MAX
24PDT § 75 (146.1 mm) MAX.

OOt AND CONTACT
TEAMINAL SCREWS #5 - 40
SUPPLIED

clmiwinlvnle







P&B MDR RELAY USAGE
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Tootnotss at end of 1able

I S
No. of MDRs® | Failures Repor Failure Rate’
1/2 GE EWS MDR-31-1 ? ] (a7
RHR MDR-134-1 ? 0
RB MDR-138-8 ? 0 failures per
HVAC MDR-40%4 ? 5 reactor year
CS MDR-4165 7 0 per MDR
RCS MDR-5061 ? 0 relay
EDG MDR-5062 ? O
RWCU MDR-5151 ? 1
all radels 585
3 CE ESFAS MDR-136-1 4 0 1000
ELECT MDR-137.8 7 4
CVCS MDR-138-8 2 .
RPS » DR-170-1 9 3
C1s MDR-5060 2 1
ESFAS MDR-7032 35 2
ESFAS MDR-7033 28 1
ESFAS MDR-7034 110 3 ol
4 CE ESFAS MDR-134.1 p 1 ni47
ELECT MDR-137-8 12 8
ELECT MDR-138-8 6 4
RPS MDR-138.8 1 0
RPS MDR-170-1 11 2
ESFAS MDR-7032 21 2
ESFAS MDR-7033 16 0
ESFA> MDR-70(34 67 1
5 W RPS MDR.5i76-1 8 NONE 0
REPORTED
6 CE HFAS MDR-7032 1 2 039
ESFAS MDR-7033 8 0
ESFAS MDR-7034 33 0
ESFAS MDR-167-1 3 0
ESFAS MDR-136-1 27 0
ESFAS MDR-172-1 6 0
PPS MDR-5053 2 0
PPS MDR-5147 4 N
PPS MDR.4094 2 0
PPS MDR.-7061 10 1
PPS MDR-7062 12 t
PPS MDR-7063 2 1
ESFAS MDR-5147 8 0
ESFAS MDR-7061 10 3
ESFAS MDR- 7062 6 1
ESFAS MDR-7063 12 0
LER Total 178*
i L= Sl T T e e e




P&E MDR RELAY USAGE (Cont.)

Failure Rate

MDR-7032 4
ESFAS MDR-7033 8 ]
ESFAS MDR-7034 33 5
ESFAS MDR-167-1 3 0
ESFAS MDR-136-1 A (]
ESFAS MDR-172-1 6 1]
PPS MDR-5053 2 0
PPS MDR-5147 4 1
PPS MDR-4004 2 0
PPS MDR-7061 1) 0
PPS MDR-7062 12 0
rPs MDR-7063 52 0
ESFAS MDR-5147 8 0
ESFAS MDR-7061 10 it
ESFAS MDR-7062 O 0
ESFAS MDR-7063 12 1
LER Total 178 H
ESFAS MDR-7032 10 6 097
ESFAS MDR-7033 S 1
ESFAS MDOR-7054 33 |
ESFAS MDR-167-1 3 \
ESFAS MDR-136-1 27 {}
ESFAS MDR-172-1 6 {
PPS MDR-5053 2 0
PPS MDR-3147 4 0
PPS MDR-4094 2 i
PPS MDR-7061 10 )]
PPS MDR-7062 12 {)
PPS MDR-7063 52 0
ESFAS MDR.5147 R u
ESFAS MDR-7061 10 0
ESFAS MDR-70G2 6 i)
ESFAS MDR-7063 12 t
MDR-5146 ? i
LER Total 178
GSF MDR-136-1 12 1 HIT3
s MDR-137-8 1 1
ELECT MDR-138.8 1 1
RPS MDR-170-1 4 1
VENT MDR-5061 1 1
ESF MDR-7032 18 it}
ESF MDR.7033 24 0
ESF MDR-7034 61 2
= = = -

Footnotes at end of table
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P&B MDR RELAY USAGE (Cont.)

Plant | NSSS System | MDR Model No. | No. of MDRs | Failures Reported | Failure Ratc]
10 GE RPS MDR-4130-1 12 1 0042
RPS MDR-4133-1 2 1
RPS MDR-4135-1 36 0
RPS MDR-5111-1 8 1
RPS MDR-5112-1 4 0
NSSS MDR-4130-1 18 0
NSSS MDR 4134-1 1 0
NSSS MDR-4135-1 2 0
NSSS MDR-5111-1 4 1
RCIC MDR-5118 3 0
SSW MDR-4134-1 2 0
11 GE ESW MDR-4134-1 1 1 063
NSSS MDR-4135-1 36 2
RPS MDR-4135-1 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 0356
14 GE HPCS MDR-137-8 1 | 1189
ELECT MDR-137-8 2 1
ELECT MDK-138-8 2 2
15 GE HFPCS MDR-137-8 1 0 023
ELECT MDR-137-8 3 1
ELECT MDR-135-8 1 0
| 16 w ESFAS MDR-137-8 6 0 00?2
- EDG MDR-138-8 1 i
ESFAS MDR-4103-1 34 0
MS MDR4103-1 6 0
RPS MDR-4121-1 10 0
CVCS MDR-4121-1 4 0
ESFAS MDR-4121-1 66 {
RPS 6 0
17 B&W HPI MDR-131-1 1 0 0093
ESFAS MDR-134-1 1 1
CRD MDR-137-8 4 0
RPS MDR-137-8 2 0
CRD MDR-138-8 2 0
_ : CRD MDR 5138 2 1 0

Foomotes at end of 1able
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NSSS | System
CE RCS

P&E MDR RELAY USAGE (Cont)

MMod:l

T R ———————————— L . L A—

T T N e

L N a——

No. of MDRs Flﬂumd , Fhm te

}

\

18 MDR-131-1 1 1 0144
RPS MDR-13i-1 2 0
LPSi MDR-134-1 3 1
RPS MDR-134-1 4 0
ESFAS MDR-136-1 13 s
Cond MDR-137.8 2 i
s MDR-137-8 i {
ESFAS MDR-137.8 4 {
RPS MDR-170-1 1 1
Cs MDR-7032 2 1
ESFAS MDR-7032 10 i
ESFAS MDR-7033 14 0
ESFAS MDR-7034 43 2
19 w ESFAS MDR-66-4 3 NONE 0
ESFAS MDR-134-1 2 REPORTED
20 W ESFAS MDR.-66-4 31 NONE 0
REPORTED
2 W ESFAS MDR-66-4 3 NONE 0
ESFAS MDR-134-1 2 REPORTED
22 W ESFAS MDR-66-4 i1 NONE 0
ESFAS MDR-134-1 2 REPORTED
23 GE EDG MDR-5095 1 1 A70
24 CE EDG MDR-131-1 K NONE 0
REPORTED
25126 GE ELECT MDR-4004 10 { ns7
COND MDR-40094 8 0
NSSSS MDR 4134-1 9 {
RPS MDR-4134-1 T2 l
RPS MDR-5111-1 8 0
RHR ? 2 i
27 W RPS MDR-134-1 16 0 fl
ESFAS MDR-134-1 40 0
ESFAS MDR-4076 58 0
& GE RPS MDR-4130-1 8 2 AN
RPS MDR-4134-] 50 -
NSSss MDR-4134.1 34 0
MS MDR-5117 4 0
| RPS MDR-5117 4 0
SLC ?
SwW ?
VENT 7
20 0
B e e BT T — s

Foomomes a1 end of table
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: |
: P&B MDR RELAY USAGE (Cont.) !
' MDR Model No. | No. of MDRs I
29 w ESFAS MDR-134-1 4 NONE 0 ?
REPORTED ;
30 w ESFAS MDR-4103-1 ¥ 1 AN008 i
ESFAS MDR-6091 124 0 :
31 w ESFAS MDR-4103-1 6 NONE f) ]
RPS MDR-4103-1 7 REPORTED :
ESFAS MDR-4121-1 26 l
2 w AFW MDR-5059 1 1 11 !
| 33 W | CONT MDR-137-8 1 1 2 7 |
'j 34 W SSPS ? 150 1 0015 |
)
35 w CONT MDR-5076 1 i 007 |
Toral |
Units | NSSS MDRs Failures
1 B&W 12 1
] CE 1067 B2
10 GE 1088 35
16 W 802 .
3§ 2999 126
" Since much of this data came from the proprictary voluntary NPRDS database, specific plants could nt
be adentified.
* Record of plant MDR relay usage is incomplete due to lack of data in the NPRDS database and
manufacturer’s purchase orders,
' The lailure rates, in failures/reactor year per MDR, were calealated by the (ollowing formula for cach
unit individually:
Failure rate, = F, /((Y,)(N,))
where
F, = Number of reported MDR relay failures from 1984 through 1992 by unit x
Y, = Time in service measured in years from initial 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, because this calculation assumcd:
' ~  The number of reported failures is correct, despite the inconsistencies noted above. Fower reporied
(silures would decrease the calculated failure rate.
|
|
E B-3 |
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¥ ~  Each failed relay is replaced by an MDR relay which has the same failure mechanisms. The validity

: of this assumption depends on the replacement relay's manufactured date. While P&B was improving
the materials of construction on a yearly basis, the number of failure mechanisms built into the
replacement relay depended on when the enit purchased it, which s unknown. This calculation

. assumes cach replacement relay was in service during the entire poriod, instead of individually

I calculating N, yearly and subtracting the MDR relays replaced during previous years. A few plants

' replaced many their MDR relays on a wholesale basis during this period.  This assumption may
increase N,, which would minimize the calculated failure rate.

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

= The MDR relays’ encrgization or environmental states remain constant from initial criticality through
1992, It does not include any change in state resulting from reactor shutdown conditions. This could
have greatly varying alfects on the relay, depending upon whether it was lutching or non-latching and
whether its encrgization state was changed upon plant shutdown. This assumption may increase Y, i
which could minimize the calculated failure rate. :

= The time in service excludes MDR relay energization or usage prior Lo initial cfiticality, which would
vary greatly, depending upon a specilic relay's normal position during a plant shutdown und the
amount of testing performed. This assumption may or may not affect ¥ . which could affect the
calculated failure rate for those plants with initial criticality after January 1984,

Where MDRs were replaced with new models during the 1984-1992 period, both new and old modcls arc
indicated evea though specific relay totals do not match overall plant relay use. The total number of

MDR relays in strvice are used for plant apeeific Saoluiy ratgs.

Includes five failures identified in a plunt specific LER that were not included in the NPRDS datsibasc.
The LER did not contain sufficient detail for their inclusion into Appendix C.
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Volts

120vAC
115VAC
115VAC
1I5VAC
36vDC
28VOC
28¥C
28vDC
28veC

28¥DC
125v0DC
125vDC
125V0C
120vDC
125V0C
125v0C

125vX

120vec
120VAC
1z20v0C
j2svic

115VAC
125V0C
1Z5v0C
125v0C
125vAC
125v0C
125v0C
125veC
125v0C
125¥0C
175vDT
120vDC
125vec
125900

Coil

Wattis State

MmO~
YUY e

B e e

- - L ad - e
S8P® DWWEEESOBWEOOBEBOOS
e G e v o L Y S P e P

——
o
Tt

10.3
10.3
1e.3
19.3
153

9.5
10.3
0.3

MmO O0OUDOMOOCOMO 0 OGO MM YOS

05-May-68
15-0ct-87
10-Sep-87
20-May-87
13-Jan-87
2t -Aug-85
03-Aug-85
21 -New-92
04-Nov-92
13-Mar-0]
25-Dec -89
09-0ct-89
17-Jun-88
17-Jun-88
15-Jun-88
05 -May -88
14-Jan-46
25<Nov-85%

Inservice
Date

19-Dec-79
16-Jun-74
26-Mar-80
0i-Jan-8%
27 -May-85
0i-Apr-g4
26-Mar-50
26-Mar-80
0i-Jan-84
26-Mar -80
26-Mar -B0
01-Nov-99
19-May-89
24-Sep-8%
0B -Rug-83
0l -Apr-84
01 -Apr-84
01-Apr-84
01-Apr-#4
01-Apr-84
01-Apr-84
Di-Apr-84
01-Apr-84
08-Aug-83
01-Apr-87
01-Apr -84
10-Mar-84
26-Mar-80
01-Nov-90
01 -Nov-30C
i7-Nov-86
08 -Aug-83
27 -May-8%
01-Apr-84
01 ~Apr-B4
03-Apr-84
07 -Apr -84
04 -Sep- &7
OF-Aug-83

Fail
Time
{yr)

B . T e i b i AL - I B Y R
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NS55 System
CE ¢S

W L]
{513 LPsl
BiW  ESFAS
CE ESFAS
CL ESFAS
Ct ESFAS
%3 ESFAS
CE ESFAS
Ct ESFAS
CE ESFAS
&€ ELECY
13 c1s
CE cs

CE ELECT
(83 ELECT
cE ELECT
Ce ELECT
CE ELECT
CE ELECT
CE ELECT
Ct ELECT
CE ELECT
(3 ELECT
CE ELECT
CE ELECY
6E ELECT
CE COND
Gt HPCS
Gt ELECT
W ELECT
ct Cves
ct ELECT
CE ELFCT
i3 ELECT
CE ELECT
cE ELECT
BE fLECT
CE ELECT

APPENDIX C

PAE MOR relay failure data

Results of failure

BRUP PRIR HTRS DIDN'T SHUT OFF
$/6 BLOWDOWN 1SO VLV CLOSED-ST
LPST VALYE DiON'T QPEN - ST
EFW 1SOL VALVE DIDN'T OPEN - ST
EFW FLOW CONTROL VLV INOP-ST
AFW CONT 1SC VALVE TO $/6 INOP
"8" EFW VLY TO TA" 876 INOP-ST
“A" EFW VALVE TO S/G INOP - ST
EFW PUMP DIS VALVE TO S/6 INOP
1 ESFAS DIDN'T RESEY POST RXTRiP
EFw O1S IS0 VALVE INOP - ST
E0G DIDN'T PICK UP LOAD ON GRID
$/G SAMPLE YLV DION'T STAY OPEN
CSP ISOLATION VALVE INOP - ST
EDG VOLTAGE REGULATOR INOP
EDG COMTROL SYSTEM - PM

£DG CONTROL SYSTEM - PM

EDG CONTROL SYSTEM - PM

EDG START RELAY FOUND BAD - PM
0/G VOLT, REG. ADJUSTMENT PROS
EDG ¥OLT. REG. RELAY INOP

EDG PROT  RELAY INOP - PM

EDG CONTROL SYSTEM PM

£EDG CONTROLS PM

“B” EDG VOLT REG LIGHT INDP
EDG TROUSLE ALARM DIDN'T RESET
EDG UNDERVOLTAGE ALARM [NOP
CORD PP DIDR'T STOP POST RX TRIP
HPCS 06 OVERSPEED FROT. INOP
£DG OVERVOLTAGE RELAY InOP

“B" EDG SEQUENCER FAILED - ST
10N EXCHANGER BYPASS VALVE [NOP
EDG CLG WATER PP DIDNT START-SY
EDG CONTROL SYSTEM - PM

£05 CONTROL SYSTEM - PM

£06 CONTROL SYSTEM - pm

tD6 PREVENT MAINT

£0G DUTPUT BRER DION'T CLOSE-ST
LOSS OF £D6 125VOC CONTROL - ST

Relay Failure Mechanism

RELAY BURNT OUT

CONTACTS STICKING

MECHANICAL BINDING

CONTACTS STUCK

OPER SET OF CONTACTS
OVERSIZED COIL STUCK SHAFT
OXIDE FILM ON CONTACTS

CONTACT FAILURE, BUT TESTED OK
DEFECTIVE CONTACTS

RELAY STUCK

MECHANICAL BINDING

STICKING CONTACTS DION'T OPEN
CONTACTS DID NOT PICK uP
CONTACTS STUCK INTERMITENTLY
STUCK IN ENERGIZED STATE
RELAY DID MOT RESPOND PROPERLY
RELAY DID NOT RESPOND PROPERLY
RELAY DID NOT RESPOND PROPERLY
RELAY DID NOT RESPOND PROPERLY
2 CONTACTS WOULDN'T CLOSE

2 CONTACTS INOP WITHOUT TAPPING
DID NOT MEET MANF SPECS

WOULD NOT RESPOND PROPERLY
RELAY OUT OF TOLERANCE

FATLED RELAY - END OF LIFE
UNKROWN

CONTACTS OPEN

RELAY FAILED

RELAY BINDING

FAILED TO OP AT SET VOLTAGE
CONTACTS DIDN'T MAKE-TESTED OX
CHATTERED/DIDN'T STAY CiOSED
LOAD SEQUENCER CONTACTS STUCK
RELAY DID NOT RESPOND PROPERLY
RELAY DID NOT RESPOND PRUPERLY
RELAY DID NOT RESPOND PROPERLY
RELAY DION'T MEET MANF SPECS
SOME CONTACTS DID ROT CLOSE
END OF LIFE
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Mode |
“o.

MDR-170-1
NOR- 1781
MDR-170-4
MOR-170-1
MDR-170-1
MDR-170-1
MOR-170-1
MOR-170-1
DR - 5094
MOR- 4094
MDR - 2092
“DR- 4004
NOR-4094
MOR-4103-1
MDR-$121-1
MDR-4138-1
MDR-4130-1
MDR-2{30-1
MOR-<4]134-1
MOR- 4134+
MDR-8]34-)
MDR-4(34-]
MOR-§134-)
MpE-2jle- |
MOR-2134-)
MDR-4135-1
MOR-2135-1
MOR-4135-1
MDR-4135-1
MR - 5058
MER - 5060
NDR-5061
NOR- 5062
MDR- 5062
MOR - S062
w06 - 5067
DR - 506¢
MDE - 506

Volts

1 15VAC
115¥AC
115vaC
115vAC

12voC

12viC
120VAC
P1SVAC
LISVAC
115Val
115vaC
115VAC
118VAC
120vAC
120vAC
120val
120%AC
i2ovac
120val
120vag
120vaC
120VAC
1Z0WAT
i2oval
1Z20¥AC
120VAC
120%AC
120vaC
125v0C
125v0C
125veC
125v0C
LZSVOC
125V
125%C
125%0C
1£5VBC

Coil

Watts State

e B e i e e e B B w
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failure
Date

13-Jan-92
03-0et-21
01-0ct-81
91-Cct-81
il-Jun-§1
13-Aug-87
22-Sep-86
DR~ Jdun-84
15-Jan-88
09-Feb-87
11-Sep-86
06-Jul -85
0&-Jyi -85
15-Sep-83
04-0ct-87
B1-Jun-82
Ol -Jun-92
16-0ec-87
03-Jan-93
14~ Jun-92
14-Jun-92
12+Jdun-92
12-Jun-92
21-Sep-50
15-Sep-28
03-Aug-91
13-Nav-83
2%-Apr-88
07-Apr-88
11-dan-92
03-Sep-8%

29-May-59

D2-Nov-92
29-Sep-92
29-Sep- 82
13+3ep-92
0% Apr-BE
15 Feb-84

Inservice

01-0ct -86
01-ct-86
01-Oct-56
{1-Apr-8&
15-Jan-8%
28- Jun-86
i8-Fob-86
Z8-Jun-86
28~ Jun-BE
01-Jan B4
08-Aug-83
24-Sep -85

01-Jan-90

01 May-82
Ul -May-8e
Ot -May-8a
08- Jur-83
21 -Sep-B7

fFail
Time

Bl 0 00 0 wr WA s s W IS RPN DD DO S Bb 8P L NSRS T
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N555 System
CE /LS
¢ s
cE ang
CE ars
cE &05
CE P
ct RPS
cE P8
GE awWCy
GE £S5
&t £5W
Gt NS
513 5

- ReC
W bl
11 RPS
ot gPS
GE 9%
GE &PS
GE RPS
GE ers
GE Eio
GE s
GE ]
(413 RS
i 29s
Bt G
&E "PS
GE RES
- AtY
Ct cis
cE HYAL
GE CAC
Gt RC
of BS
ff s
Qf ETECT
isE £5

APPENDIX C (Cont )

P& %R relay failure data

Results of Failure

LOST PEZR WIZ CONTROL CiRCHIT
"B" RPS BRUAKER KEPT TRIPPING
MASTER RPS RELAY DION'T TRIP-SY
“0” RPS BRKR CONTINUDUS TRIP-5T
“C” /PS FAILED 1O BESET - ST
SOURIOUS TRIF OF RX PREAKERS
BT QFS PATH 2 DID NOT TRIP
FALSE RPS CHANNEL 2 TRIP

RVCU PUMP COULD NOT SHUTDOWN
ESSW PUMP FAN DIDN'T SHUTLDWS
ESW PUMP FAN RUNNING (% AUTO
SRY POSITION INCICATION INOP
SRY POSITION INDICATION INOP
CHRG PP MIN FLOW VALVE CPENED-ST
MSIV DION'T SHUT N TimE

CH A/RPT A TCY SCRAM RESPONSESTS
CH B/RPT A TCV SCRAM RESPONSESTS
BACKUP SCREM VALYE FAILED
RPS/MSIV CLOSURE TIMESTS LIMIT
CH B/B2 TCV SCRAM BESPONSE > 15
CH B/Bi TCY SCRAM RESPONSE > 75
CH B/Bl TCY SCRAM BESPONSE > 75
CH B/B1 TCV SCRAM RESPONSE > 13
BACKWASH VALVE DIDN'T CLOSE-ST
PREVENTED RPS MALF SCRAM

T8 APRM RPS TRIP (NPUT - PM
BWCT CONT 1SO VALVE DION'T OPER
0T MAIN STEAM HI RAD TRIP SiOW
RPS DI¥. 2 & 4 RELAY FATLED ST
CHANGED AFw STERAR T0 ALT SUPPLY
SAMPLE CONT 150 VALVE INOP - 5T
D6 ROUM EXHST TAN DAMPER [NOP
ISOLATION VALVE POSITION INCP
RECIRC PUMP 18 WOULON'T TRIP
RECIRE PUMP 1A WOUIDN'T TRIP
NO DIV | CONTHOL PUR LOSS ALAHM
ESw/RRRESR PPS INOP ON IDG -5T
CS PUMF BXR CION'T OPEN 1% §0

Relay Failyre Mechanism

ROTOR STUCK WHEN SPEING BROKE
NORMAL WEAR QUT OF RELAY

NORMRL WEARDUT OF 2fLAY

RASTER BELAY WOULDN'T ENERGERTZE
RELAY FAILED 70 RESET

FEEDER TABLE HOT

TTUCK [N ENERGIZED STATE

1 OF 3 RELAYS ACTING ABNDSMALLY
RELAY STIKK

RELAY STICKING

RELAY CONTACTS STICK
INTERMITTENT OPERATION "N &7
INTERMITYENT DPERATION IN 57
STUCK IN ENERGIZED POSITION
RELAY ODPERATED SLOWLY

SLOW OPENING CONTACTS

SLOW OPENING CONTACTS

RELAY FAJLURE

“EXPECTED WEAR™

SLON OPENING CONTACTS

SLOW OPENING CONTACTS

SLOW DPENTNG CONTACTS

SLOW OPENING CONTACTS

BUBNED OUT RELAY CODIL

SMALL END COVER HOLE SOUND SHAFT
EXCESS NOISE: EXPECTED FAILURE
CONTACTS DIDN'T CLOSE-CORROSTON
CEFECTIVE RESPONSE TIME

RELAY OPERATED SLDWLY

FAILED T0 DE-ENERGIZED POSITION
PREMATIRE END OF L |Ff

COIL HAD DPEN CiRCUIT

BELAY STUCK

BELAY STUCK N ENERG POSITION
RELAY STUCK [N ENERGIZED STATE
RELAY STUCK N {NfBGIJED STATE
SEQUENCER CONTACTS STICK CPEN
NOT WORKING PROPERLY
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MOR
Mode |
No.

MOR - 5076
MDR- 5095
MDR-5i11-]
MDR-5111-1
MOR-5146
MDR-5147
MDR-5151
MOR-6091
MDR-7032
MDR-7042
MDR-7032
MDR- 1632
MDR-7032
MDR- 7032
MOR-707.
MDR- 77 42
MOR- 7032
MOR- 7032
MOR- 7022
MOR - 7032
MDR-7032
MDR-7033
MDR-7034
MDR- 7034
MDR- 7034
MOR-7034
MOR-7034
MDR- 7034
MDR- 7034
MOR-7034
MOR- 7024
MOR-70x4
MOR- 7024
MDR-7034
MDR-7034
MOR- 7034

Volts Watts State

125VDC
125vOC
22v0C
22voC
28VRC
32vi

118VAC
28VDC
28VOC
3sVL
<BVEC
35vDC
38v¥pC
3sV0C
3svoC
36vVDC
36VOC
Z8VDC
28VDC
28vVDC
28VDC
J&VoC
28Y0C
28VDC
36v0C
28VDC
36vOC
36vDC
36VDC
28¥DC
36VDC
28¥0C
BVeC
28Y0C
28veC

Cotl

= m
@ >

10.3

i8.7
8.7
3.8
30.8
30 8
30.8
30.8
30.8
30.8
30.8
8.7
18 7
187
18.7
187
18.7
18.7
3.8
18.7
30.8
30.8
308
18.7
30.8
i6 7
308
8.7
i8 7

MMM MmmMmmM MMM MMM MMM MMM MM MM M MM MmO ™m

Failure
Date

22-Mar-81
30-Dec-89
23-Jul-91
19-Jul-81
12-Apr-91
06-Jul-80
09-May-92
25-Jui-90
25-Sep-92
11+Nov-89
28-Mar-89
25-Jan-B9
10-Jan-89
09-Jan-89
02 -Aug-88
03-Jun-87
26-May-87
76-Nov-RE
07 -Mar-8%
12-5ep-8a
13-Aug-84
07-Nov-87
0&-Dec-31
27-Jun-88
?2-Jan-89
19-Dec~88
07-Nov-88
05-Aug-88
09-May-88
03-May-88
07-Apr-88
3] -Dec-87
01 -Apr-87
11-Feb-87
0%-Nov-B6
11-Feb-88

inservice fail

Date

cZ-May-7%
03-Jan-86
15-Jan-85
15~Jan-8%
15-Jan-88
19-Sep-26
0i-Jan-51
Q1<Mar-B8
30-Sep-9]
26-Mar -8
27-Jan-86
18-Jan-88
18-Jan-88
18-Sep-86
18-Sep-86
27 -Jan-85
iB-Sep-86
18-5ep-8%
O1-Apr-84
01-Apr-84
08-Auyg-83
08-Aug-83
27-May -85
24-Sep-85
OB-Aug-83
18-Sep-86
08-Aug-83
18-5ep~86
i8=Jan-88
18-Sep-886
26-Mar-80
18- Sep-86
01-Apr-84
1B-Sep-86
0d-Aug-83
Z6-Mar-80

Time

fyr}
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N555 System
- Cl

GE fLECT
13 ESF
3 E5F
CE ELECT
CE aps
GE CAN
W ESFAS
CE ESFAS
CE €3

%3 ESFAS
CE ESFAS
CE ESFAS
CE ESFAS
CE FSFAS
CE ESFAS
CE ESEAS
CE ESFAS
%3 ESFAS
CE Erw
] ESFAS
ESFAS
(43 (124
%3 Cis
CE ESFAS
CE ESFAS
CE ESFAS
53 £5FAS
CE ESFAS
CE ESFAS
CE NOW
CE ESFAS
Ct ESFAS
Ct ESFAS
Ct ESFAS
o8 3 ESFAS

APPENDIX T (Cont. )

P&B MOR relay failure data

Results of Failure

PRT 150 VALVE CIDN'T CLOSE - ST
DIV | €66 FRILED TD START

CONT 150 OF RWCU SAMPLE VLV-ST
€15, SBGT START, CRWVAC ACT.

8 ECWS PP FAILED TO RUN - 5T

A MSIS RPS TRIP DION'T RESET-ST
CONT ATM VALVE POSITION INDO
£06 - ST

ESFAS CHANREL INOP - ST

CSAS BYPASS DIDN'T STOP NalH PP
VALVE OVERRIDE INDICATION INOP
8 LPS] PP RECIRC VLV INOP<5T
ESFAS OVERRIDE SWITCM INOP - ST
SIAS TRAIN SIGNAL FALLED - ST
“B" AFAS SIGNAL FAJLURE - ST
“B" CONT. SPRAY SIGNAL INOP
“8” SIAS SIGNAL FAILURE - ST
"B” AUX FW SIGNAL FAILURE - ST
ESF TESTING FOUND BAD RELAY
RELAY FOUND BAD IN ESF 57
PREVENTATIVE MAINTENANCE

“A" SIAS TRAIN INOP - ST

“g" EFW INOP - ST

EFW & 5/G BLOMDOWN VLVS INOP -5T
DION'T ACT. ALL "8" SAIS FQUIP
MS1S CHANNEL INOP [N BYPASS -ST
LPST PUMP FAILED IN 28D TEST
"B" MSIS INDP -ST

“A" CSAS INOP 5T

“8" RECIRC ACT SIG FAILED - ST
EMERG POND SW VALVE INOP - ST
"B" STAS SIGNAL FAJLURE - ST
INTERMITANT CONT. 150 SIONAL
CHILLED WATER VALVE INOP

“8" ClAs INOP - ST

REACTOR TRIP ON "A™ MSIV CLOSURE

Relay failure Mechanism

RELAY FAILED CLOSED
MISAPPLICATION/CURRENT LOAD LOW
RELAY STUCK

HIGH CONTACT RESIST, BUT TEST 0K
CONTACYS FAILED TO CLOSE

ALL CONTACTS FOUND OPEN

RELAY STUCK

2 CONTACTS FAILED TO CLOSE

SHAFT BINDING. MANUFACTURE DEFECT
CONTACTS CLOSED SLOWLY
OVERVOLTAGE OUTGASSING FATLURE
OVERVOLTAGE QUTGASSING FAILUR.
OVERVOLTAGE QUTGASSING FATLURE
OVERVOLTAGE QUTGASSING FAILURE
OVERVOLTAGE QUTGASSING FAILURE
OVERVOLTAGE QUTGASSING FATLURE
OVERVOLTAGE OUTGASSING FATLURE
OVERVOLTAGE OUTGASSING FAILURE
END OF LIFE

"END OF LIFE”

ROT OPERATING PROPERLY

WEAROUT DUE TO AGING

ROTOR STUTK DUTGASSING/CORRUS ION
STUCK IN ENERGIZED POSITION
RELAY NOT WORKING PROPERLY
CONTACT CORRCSION - OFFGASSING
CYCLING/CONTACT RESIST,
OVERVOLTAGE OUTGASSING FATLURE
OVERVOLTAGE DUIGASSING FATLURE
OVERVOLTAGE OUTGASSING FAILURE
RELAY STUCK ON DE-ENERGIZATION
OVERVOLTAb: OUTBASSING FAILURE
SPURIOUS STGNAL

OVERVOLTAGE OUTGASSING FAILURE
HIGH CONTACT RESISTANCE

HIGH CONTACT OMMS-5 MDRS REPLACED
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MRR-7061
MOR-706]
MOR-706)
MDR - 7061
MOR - 7062
MDR- 7063
MOR-7063

ey .

Volts

32v0C
Javec
Javoc
v
3ZvC
3zvoc
32viC

Coil

Watts State

Paalae Waa BR s B Bl ool i)

failure
Date

02-0ct-90
15-Mar-89
13-Feb-89
02-Feb-89
05-Apr-90
13-Dec-88
Cl-Nov-88

inservice
Date

28-Jan-BE
24-Jan-86
28-Jan-B%
28-Jan-86
8- Jan-86
19-5ep-B6
28-Jan-85

Fail
Time
{yr}

S e G
L e i

APPENDIX € (Cont. )

PRB MDR relay failure data

N555 System
CE E3FAS
41 €3

CE RPS
Ct FSFAS
CE £5FAS
4 3 £5FAS
CE aprs

Results of Failure

SPRAY CHEM PP YALVE INOP - ST
E5FAS SUBGROUP FAILED - ST

“p" SIAS INOP - 5T

DION'T CLOSE RMT 150 VALVE - 8T
“B" ESFAS CHANMEL 1DST - ST
ESFAS FAILED, THEN OK - ST

"B CIAS CHANNEL LOST - ST

Relay Failure Mechanism

DEFECTIVE CONTACTS DION'T CLOSE
CONTACTS DION'T CLOSE-OFFGASSING
CONTACTS DION'T CLOSE-OFFGASSING
ROTOR STUCK - OFF GASSING

2 CONTACTS DIDN'T CHANGE STATE
INTERMITTENT OF FROM OFFGASSING
ROTOR STUCK - OFF GASSING




