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ABSTRACT (Lit to 1400 spn. e, nopoxlmately 15mg|o-spacad typewrten h) {16)

General Electric (GE) RMS-9 trip units provided for the Fort Calhoun Station 480V

Load Center Busses have been found to be susceptible to spurious trippin?. Plant |
experience has shown that the 1ong-time/short-time trip functions installed on the
480V Motor Control Center feeder breakers are subject to spurious tripping. The |
4160/480 Volt transformers act as filters preventing the effects from going beyond

an individual load center. Since engineered safeguards components are potentia 1{
affected by this mechanism, which could occur during a design basis event, the plant
has been found to be in a condition outside of its design basis.

As a conservative measure, based on limited industry and Fort Calhoun data, it is
assumed that individual load breakers equiB?ed with a long time, instantaneous and a
short time trip function are also susceptible to spurious tripping.

This event is caused by a circuit breaker subcomponent (GE RMS-9 trip units) not
operating as specified by the Omaha Public Power District or represented by the
manufacturer.

Corrective actions for this event consist of compensatory actions taken to maintain
the ?1ant within its design basis. These compensatory actions will remain in place
until the affected circuit breaker trip units are replaced.
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BACKGROUND

General Electric Company (GE) RMS-9 trip units are current sensing trip devices used
in GE AK type circuit breakers. These devices are used to sense an over current
condition on a circuit causing the associated circuit breaker to trip open. The trip
units in question provide either a long-time and a short-time trip function for the
Motor Control Center (MCC) breakers or a long time, instantaneous and a short time
trip function for the load breakers.

The RMS-9 trip units were installed in Fort Calhoun Station (FCSA circuit breakers
as digital replacements for oil dashgot (EC) type trip devices that were originally
used 1n the circuit breakers. The RMS-9 units were installed starting in December of
1991, and the last installation was completed in November of 1993, The RMS-9 trip
units were installed in the plants 480V AK type circuit breakers. The affected
circuits supply both safety grade and non-safety grade loads.

Spurious tripping of circuit breakers with RMS-9 trip units installed in the plant
started in April of 1992 at FCS and has continued through this {ear (1995). The most
recent event occurred in August of 1995. There have been a total of nine of these
t{pes of trips since 1992 when the RMS-9 trip units installation began, only one of
the trips has been on a load breaker. Some of the trips have been associated with
events where the circuit was noted as having a ground on it and some events did not
have an indicated ground.

DETAILED EVENT DESCRIPTION

In October of 1992, the Browns Ferry Nuclear (BFN) Station issued a 10 CFR Part 21
notification concerning their experience with GE RMS-9 trip units installed in
circuit breakers in their 480V distribution system. I/N reported that they had
experienced tripping of circuit breakers containing kMS-9 trip units apparently due
to extremely short duration, high amplitude current transients.

The spurious breaker trips at BFN appear to be caused by grounds on the 480V three
phase ungrounded distribution sistems. A ground can induce a short duration current
signal on the 480V system. Breaker tripping appears to be a result of the RMS-9's
over sensitivity to short duration current 5?1 es (spikes on the order of 100
microseconds% on the inputs to the RMS-9's. These current spikes are thought to be
interpreted by the RMS-9 as an over current condition that requires the circuit
breaker to trip.

Omaha Public Power District (OPPD) commenced an investigation, shortly after
receiving the BFN Part 21 notification, to determine the potential impact on FCS
plant operation using the experience gained at the BFN facility. In discussions
during January of 1993 with the manufacturer (GE) they indicated that the spurious
trips could be unique to the BFN facility as no other customers had reported
spurious tripping.

In August 1993, the Maine Yankee nuclear plant reported in a 10 CFR Part 21

notification that they had experienced several spurious trips of circuit breakers

with RMS-9 trip units installed. The circuit breakers at Maine Yankee did not have
Ehe }nstantaneous trip function that was apparently causing the problems at the BFN
acility.
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Shortly after the Maine Yankee notification, in August 1993, OPPD's Design
Engineering Department began an evaluation of the nuisance tripping issue reported
in the Maine Yankee Part 21 notification. An Engineering Assistance Request éEAR)
93-138 was initiated to determine if a similar problem could occur at FCS an
determine the generic implications of this type of event.

In September of 1993 the NRC issued Information Notice (IN) 93-75 which restated the
problems discussed in the BFN and Maine Yankee Part 21 notifications and added some
material from NRC discussions with GE. The IN was determined not to apply to FCS as
the bus feeder breakers did not make use of the instantaneous trip feature of the
RMS-9 trip units.

The issue continued to be reviewed and investigated as additional information became
available. System Engineering also continued to trend and track the problem as
additional incidents of circuit breaker tripping occurred at the station.

In early November 1995 during the performance of an additional review of the
situation, Design Engineering came to the conclusion that the interaction of some of
the safety related circuit breakers, during certain plant accidents, might
constitute a condition outside of the design basis of the plant.

On November 8, 1995, a Plant Review Committee (PRC) meeting was held to discuss this
issue and the related conclusions. At 1408 Central Standard Time (CST) the PRC
concluded that this condition constituted a condition outside of the design basis of
the plant. At 1505 CST on November 8, 1995, a one hour non-emergency notification
was made to the NRC pursuant to 10CFR50.72(b)(1)(ii)(B) and (C).

On February 1, 1996, a PRC meeting was held to discuss additional information that
had come to light concerning this issue. The origina] one hour non-emergency report
assumed that only the MCC breakers were susceptible to ground induced tripping.
Further engineering review had recently concluded that, as a conservative ineasure,
affected breakers feeding safeguards motors should be included in the group of
susceptible breakers. At 1043 CST the PRC concluded that, given this additional
information, a supplemental one hour non-emergency report should be made to clarify
this additional information. At 1120 CST on February 1, 1996, a supplemental one
hour non-emergency notificaticn was made to the NRC pursuant to
10CFRSO.72(b)%1)(11)(B) and (C). This revision to the original report is being
submitted pursuant to 10CFR50.73(a)(2)(i1).

The load breakers are being included as a conservative measure. The RMS-9 trip units
purchased for the load breakers at FCS contain a long time, instantaneous and a
short time trip function. For motor protection, the instantaneous function is used,
the short time function is set at maximum. It is unclear from available data whether
the RMS-9's will cause breaker trips at their maximum setpoint.
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SAFETY SIGNIFICANCE

Plant experience has shown that 480V Load Center Bus feeder breakers and 480V Load
Center Bus Tie breakers are not susceptible to current spikes. Plant experience has
also shown that the effects of a ground are limited to the associated 480V Load
Center. The 4160/480 Volt transformers act as filters preventing the effects from
being transmitted to other 480V Load Centers.

The plant conditions that are most likely to lead to the potential for the tripping
of redundant trains of safety equipment were determined to be those that produced a
harsh environment (steam and/or spray) around affected aquipment. The Large Break
Loss Of Coolant Accident (LBLOCA), initiated by either a cold leg break or a
Bressurizer surge line break, and Main Steam Line Break (MSLB& are the Timiting
esign Basis Accidents (DBA) which were evaluated as having the potential to create
a problem with the RMS-9 trip units. Any of these events can cause a harsh
environment requiring automatic Engineered Safet{ Feature §ESF% response. The MSLB
is the limiting Uncontrolled Heat Extraction éUH ) event. The imiting DBA can occur
in Containment (UHE or LBLOCA) or Room 81 (UHE). Room 81 is a room adjacent to the
containment through which the Main Steam lines pass.

Grounds on the 480V system are most likely to originate from equipment located in
the Containment or Room 81 with the following characteristics:

1 equipment that is not Environmentally Qualified (EEQ),
2 equipment that is not normally de-energized, or
3 equipment that is not Toad shed in a DBA.

A list of plant equipment was developed that met these characteristics. The affected
480V Load Centers were reviewed to determine the loads required to mitigate the
consequences of a DBA. The plant equipment determined to have the potential to be
affected is listed below:

1) The safetﬁ in%ection system loop injection valves (HCV-311, HCV-312,
HCV-314, HCV-315, HCV-317, HCV-318, HCV-320, HCV-3Z1, HCV-327, HCV-329,
HCV-331 and HCV-333) motor operators.

2) The high pressure safety injection pumps SI1-2A/B/C.

3) The control room air conditioning system (VA-46A/B, VA-63A/B and VA64A/B).

4) The containment sump recirculation valves (HCV-383-3 and HCV-383-4) motor
operators.

5) The main feedwater isolation valves (HCV-1103, HCVY-1104, HCV-1385 and
HCV-1386) motor operators.

6) Component cooling water pumps AC-3A/B.

7) Containment air cooling and filtering fans VA-3A/B.

Plant experience has shown that if a MCC feeder breaker does trip due to current
spikes, neither the breaker nor the associated equipment will be damaged. The MCC
and associated equipment can be restored by clearing the ground, reclosing the MCC
feeder breaker and restarting the required equipment. The load breakers that have
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been included in this analysis are expected to behave in a similar manner.

A break in the pressurizer surge line near the pressurizer heater cable connections
may cause an immediate ground on several heaters. This represents a unique case, in
which, more than one 480V Load Center may be affected simultaneously. Unrestricted
operation of the pressurizer heaters can affect redundant 480V load centers. To
compensate for this possible common mode failure certain heater operating
restrictions have been implemented.

As stated in Westinghouse lTetter number NTD-NSA-SAII-95-468 "Potential Loop Valve
Failure" two High Pressure Safety Injection (HPSI) valves on two reactor coolant
system loo?s and one Low Pressure Safety Injection (LPSI) valve will provide
adequate flow to the reactor core. Administrative controls on pressurizer heater
operation have been im?lemented to meet the operability requirements for pressurizer
operation ger the FCS Technical Specifications and to provide the minimum number of
required HPSI and LPSI loop injection valves. In the event of a single failure of an
ESF train, 480V Load Center, MCC, or motor operated valve, two HPSI valves and one
LPSI valve will be available.

The Control Room Heating Ventilation and Air Conditioning (HVAC) system is normally
in service and is also designed to be placed in service in the initial stages of a
Design Basis Accident (DBA) and to be operated continuously. A ground induced MCC
trip and a single active failure could cause the loss of this function. While
operator action is required to restart the Control Room HVAC, existing plant
procedures provide adequate guidance on restarting Control Room HVAC and adequate
time is available for the operators to restore this function. Calculation FC06311
Rev.3C (Control Room Heat Gain Without Air Conditioner VA-46A or B Cooling)
indicates that in the Control Room the operators will have at least 90 minutes to
restore air conditioning prior to exceeding the Technical Specification limit on
control room temperature. Ninety minutes is adequate time for the operators to
respond to the event and restore control room air conditioning.

The Containment Post Accident Sump Recirculation Valves, HCV-383-3 and HCV-383-4,
must operate when the suction source for the Safety Injection (SI) pumps, the Safety
Injection Refueling Water Tank (SIRWT), is nearly depleted. A Recirculation
Actuation Si$na1 (RAS), operates these valves to allow continued operation of the SI
gumps by shifting their suction source from the SIRWT to the containment sump. The

I pumps are used to cool the reactor core. A RAS may occur as early as 24 minutes
into a Large Break Loss Of Coolant Accident (LBLOCA).

The time when operation of valves HCV-383-3 and HCV-383-4 is required is break size
dependant. For a LBLOCA, all SI pumps are operated, depleting the SIRWT in as little
as twenty-four (24) minutes. Twenty-four minutes may not be sufficient time to allow
the operators to diagnose the trip of a MCC associated with the RAS valve, and
restore the power to the valve operator. A single active failure and a ground could
cause the loss of both RAS valves. Without the ability to operate these valves in a
timely manner it cannot be assured that the fuel peak centerline temperature limit
will not be exceeded. To ailow valves HCV-383-3 and HCV-383-4 to perform there
designed safety function actions have been added to plant procedures allowing these
valves to operate properly.

The main feed water isolation valves are considered operable based on operator
action to trip the Reactor Coolant Pump éRCP) Qi1 Lift Pump motors when containment
spray occurs and verifying the associated MCC Breakers are closed as directed in the
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Operations Memorandums. This is bounded by the discussion on HPSI pump operation by
preventing grounds that would cause the load breakers to trip.

LBLOCA Discussion

The following pumps must be available for mitigation of a LBLOCA (in the pressurizer
surge line) in containment, to accomplish reactor core and auxiliary system cooling:

One HPSI Pump éSI-ZA ,B, or C)
One Component Cooling Water (CCW) Pump (AC-3A, B, or ()

HPSI flow will be assured by operator action to trip the RCP 0il Lift Pumps (a
ground will not occur immediately as there is no direct impingement). The actions
are the same as those required to restore the MCC functions and are directed in the
Operations Memorandums. The actions must be accomplished within 2 to 3 minutes
following initiation of Containment Spray.

CCW flow is assured by all of the following:

1; ORerator action to trip the RCP 0il Lift Pumps.

2 The proportional pressurizer heater trip from the pressurizer low level
heater protection circuitry.

3) The trip of containment ventilation fan, VA-2A&B, from the fire detection
system to prevent grounds.

Analysis shows that satisfactory performance of the SI gumps without CCW on a one
time basis is possible. CCW is not required until RAS. The actions are the same as
those required to resto e the MCC functions and are directed by Operations
Memorandums .

FCS LBLOCA analysis credits the "Leak before Break" criteria for a coid leg break. it
Therefore, it is not ex?ected that a failure would occur prior to the operators
being able to detect a leak and shut the ?1ant down to a cold standby condition.

This analysis is only being credited until the RMS-9 trip units are replaced.

M Di ion
The fol]owing pumps or fans must be available for mitigation of the limiting High It
Energy Line Break (HELB), the Main Steam Line Break in Containment, to accomplish

reactor core cooling, support auxiliary system operation, containment cooling and
pressure control respectively.

One HPSI Pump (SI-2A ,B, or ()
One CCW Pump (AC-3A, B, or ()

HPSI flow is assured by Operator action to trip the RCP 0i1 Lift Pumps (a ground
will not occur immediately as there is no direct impingement). The actions are the
same as those required to restore the MCC functions and are directed in the

| Operations Memorandums and appropriate emergency procedures. The actions must be
accomplished in 2 to 3 minutes following initiation of Containment Spray.

CCW flow is assured by all of the following:

1) Operator action to trip the RCP 0il1 Lift Pumps.

e == =
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2) The proportional pressurizer heater trip from the pressurizer low level
heater protection circuitry.

3) The trip of containment ventilation fan, VA-2A&B, from the fire detection
system to prevent grounds.

Analysis shows that satisfactory performance of the SI pumps without CCW on a one
time basis is possible. CCW is not required until RAS. The actions are the same as
those required to restore the MCC functions and are directed by Operations
Memorandums .

Containment cooling, grovided by containment spray and the containment ventilation
fan units (either VA-3A and VA-7C or VA-3B and VA-7D) is required to mitigate the
initial containment Bressure geak for the limiting accident. The VA-7C/D fans are
not affected by the RMS-9 problem. VA-3A/B fan operation is assured by the operator
action to trig the RCP oil 1ift pumps. The actions are the same as those required to
restore the MCC functions and are directed the Operations Memorandums.

CONCLUSTONS

Plant and industry experience has demonstrated that the GE RMS-9 trip units do not
operate in the manner intended by the manufacturer or as specified by OPPD. GE
originally represented the RMS-9 trip units as being fully qualified. Experience at
BFN, Maine Yankee, and FCS now indicate that the RMS-9 trip units do not operate in
a reliable fashion.

The situation discussed in this License Event Report (LER) has been reviewed from a
beyond design basis, severe accident perspective. The overall impact upon risk is
small. This is due to the fact that severe accident risk is not dominated by
initiators that produce a harsh environment. Spurious opening of circuit breakers
would generally tend to occur after components were in their accident positions.
Opportunities would generally be available for operator recovery.

CORRECTIVE ACTIONS

Safetg Analysis for Operability (SAO) 95-02 was issued to provide the necessary
operability justification and required compensatory actions. These actions (1-6
listed belowg have been accomplished by two Operations Memorandums and are
controlled by appropriate equipment caution tags. The Operations Memorandums direct
that the RCP Motor 1ift pumps are to be tripped when Containment Spray occurs and
then verify that the MCC feeder breakers associated with the Containment Sump
Recirculation MOV's are closed. Actions 1 and 2 are post-accident performed
instructions, while the breakers discussed in items 3, 4 and 5 are administratively
controlled open. The actions discussed in item 6 are controlled administratively.
Qpprogriate actions have been incorporated into FCS Emergency and Abnormal Operating
rocedures.

P Open the contactors (via control switch) to Reactor Coolant Pump Motor Lift
Pumps RC-3A on MCC-381, RC-3B on MCC-4Al, RC-3C on MCC-3A1 and RC-3D on
MCC-4C1 as an action following initiation of Containment Spray. This action
must be completed within 2 to 3 minutes following the initiation of
containment spray in order to prevent motor load breaker trips.
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P Ensure that the feeder breakers for MCC-3A2 and MCC-4C2 are closed following
the completion of 1 above.

3. Opened the feeder breakers to the Reactor Coolant Pump Motor RC-3C and RC-3D
heaters on MCC-3A1 and MCC-4C1 and RC-3A and RC-3B heaters on MCC-3B1 and
MCC-4A1 respectively.

4. Opened the feeder breakers to the welding outlet in room 81. l
5. Opened the feeder breaker to the refueling equipment in containment. |
6. Operation of pressurizer heaters has been restricted to limit the use of

pressurizer heater banks one and four. The control switches for the
ﬁressurizer heater banks one and four will normally be in off. Pressurizer

eater banks two and three will normally be used for all normal plant
operations.

Theb{ollowing long term corrective action will provide a permanent solution to this
problem.

¥ The actions listed in SAO 95-02 will remain in effect unti)l the affectrd
RMS-9 trip units are replaced or modified. The affected RMS-9 trip uni's

I will be replaced or modified no later than the planned 1996 fall refueling

outage, currently scheduled to begin on September 21, 1996.

SIMILAR EVENTS

LER 91-007 discusses a previous event where deficiencies in the original design of
ghe.480V distribution system resulted in the plant being outside of its design
asis.
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