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This Licensee Event Report (LER) addresses the failure of a relay which prevented the opening of
a discharge valve in the Unit 2 High Pressure Coolant Injection (HPCI) flow path through the
feedwater system, and its effect upon the plant's response to postulated anticipated transients
without scram (ATWS) events. This relay failure was discovered as part of surveillance testing
conducted during refueling outage 2R06.
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This LER is being submitted pursuant to the requirements of 1 OCFR50.73(a)(2)(v)(D).
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Plant Manager
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on April 17, 2001 at 16:45 hours during refueling outage 2R06, High Pressure
Coolant Injection (HPCI) system valve HV-055-2F105 failed to open during a 24-
month surveillance test. The cause of the problem was determined to be a
position monitor relay whose contacts failed to fully close when the relay was
de-energized. The failed relay was replaced and the valve control logic was
tested satisfactorily prior to Unit 2 restart. The inability to open valve HV-
055-2F105 could have prevented the fulfillment of the safety function of a flow
split feature (UFSAR 15.8.3.7) intended to mitigate the consequences of an
anticipated transient without scram (ATWS) event. The design basis safety
function of the HPCI system to provide emergency core cooling was not affected
because adequate injection flow would exist to maintain peak clad temperature
below previously analyzed values.
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Unit Conditions Prior to the Event

Unit 2 was in Operational Condition (OPCON) 5, Refueling, with the sixth
refueling outage (2R06) underway. There were no structures, systems or
components out of service that contributed to this event.

Description of the Event

On April 17, 2001 at 16:45 hours during refueling outage 2R06, injection valve
(EIIS:INV) HV-055-2F105 in the HPCI (EIIS:BJ) flow path to the feedwater system
(EIIS:SJ) failed to open during 24-month surveillance test ST-6-055-205-2. The

inability of the valve to open was caused by a position monitor relay
(EIIS:RLY) (E41A-K57) whose contacts failed to fully close when the relay was
de-energized. This relay had been installed two years earlier, as part of

preventative maintenance performed during the prior refueling outage (2R05).

The relay was last tested, satisfactorily, on May 25,1999.

The HPCI system is provided with two injection paths to the reactor (EIIS:RPV),

one through the Core Spray (EIIS:BM) Loop "B" header and the other through the
feedwater Loop "A" injection pathway. The flow split is one of a number of
diverse ATWS mitigation features, and is intended to limit injection flow

inside of the core shroud during an ATWS event to 3000 gallons per minute (gpm)
for power and flow considerations. With valve HV-055-2F105 not able to be
opened, all available HPCI flow will inject through the Core Spray header. In
this configuration the system is capable of injecting 5600 gpm at reactor
pressures of 1085 psig or less; injection would decrease as reactor pressure
increases, but adequate emergency core cooling injection flow would exist to
maintain peak clad temperature (PCT) below previously analyzed values.

The inability to open valve HV-055-2F105 could have prevented the fulfillment
of the safety function of a flow split feature (UFSAR 15.8.3.7) intended to
mitigate the consequences of an ATWS event. This LER is being submitted
pursuant to the requirements of 10CFR50.73(a)(2)(v)(D).

Analysis of the Event

There were no actual safety consequences associated with this event. The
analytical response of Unit 2 to an ATWS was potentially affected because the
feedwater injection path to the reactor (EIIS:RCT) was not available, and all
HPCI flow would have been directed to the Core Spray "B" sparger.

The design basis safety function of HPCI is described in UFSAR Section
6.3.2.2.1 and Technical Specification 3/4.5.1. HPCI is designed to assure that
the reactor core is adequately cooled, limiting fuel clad temperatures in the
event of a small break in the reactor coolant system and for a loss of coolant
that does not result in rapid depressurization of the reactor vessel. The

reduction in the total HPCI system flow due to loss of the injection path
through the feedwater line did not invalidate single failure assumptions.

Therefore, the loss of the feedwater injection path did not impact the current

loss of coolant accident (LOCA) analysis or the ability of HPCI to meet the
design bases, because adequate injection flow would exist to maintain PCT below

previously analyzed values.
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The current licensing basis analysis for Limerick plant response to ATWS
(NEDC-32265P dated September 1993) was affected by the inability to open the
feedwater injection valve. The flow split is intended to limit injection to
the Core Spray header to less than 3,000 gpm during an ATWS. The current
predicted peak suppression pool temperature for the most limiting ATWS event

-- with the flow split present -- is 189.40 F. If HPCI is injecting during an
ATWS, and with all injection flow directed to the core spray line, the

suppression pool water temperature limit of 1900 F would be exceeded thus
representing an unanalyzed condition.

Engineering judgment is that the expected increase in suppression pool water
temperature would not adversely impact containment (EIIS:NH) performance. The

190'F value is a generic limit, utilized in the original ATWS performance
evaluations (NEDE-24222 dated December 1979). With respect to other
acceptance criteria, for the limiting ATWS events at Limerick, the peaks in
cladding temperature and vessel pressure occur before HPCI initiates. The
initial power surge, which generates the peak vessel pressure and cladding
temperature from these limiting events, exceeds the power increase from the
higher HPCI flow inside the shroud. Therefore the current licensing basis
for peak cladding temperature and peak vessel pressure is not impacted by
loss of the feedwater injection path.

Also part of the Limerick licensing basis, operators are directed in an ATWS
event by emergency operating procedure T-117 to terminate injection to the
reactor vessel by securing HPCI along with all other injection to the vessel
with the exception of Standby Liquid Control (SLC) (EIIS:BR), Reactor Core
Isolation Cooling (RCIC) (EIIS:BN) and Control Rod Drive (CRD) (EIIS:AA). The
BWR Owners Group (BWROG) Emergency Procedure Guidelines Contingency #5,
Level/Power Control, calls for reactor water level to be lowered to below the
ECCS setpoint and for the Automatic Depressurization System (ADS) to be
inhibited. Lowering water level has the effect of reducing power, which is
judged by the BWROG to be preferable in the actual event.

This condition was not significant with respect to risk, and did not affect
the calculated baseline core damage frequency. The frequency of an ATWS in
the PRA model is 9E-6/year, and is considered an extremely low probability
event. ATWS is not treated as a design basis event; the licensing basis
analysis is used to demonstrate adequate plant protection for compliance with
the respect to the 10CFR50.62 ATWS Rule. Large injection sources such as HPCI
are secured (if running) very early in an ATWS event.

The current LGS Probabilistic Risk Assessment (PRA) model does not credit
HPCI in the ATWS response. Further limiting the risk is the fact that the
time during which the valve open logic and relay were in a failed state
existed for a relatively short period, bounded by the previous 24-month
surveillance interval. The flow split to feedwater is one of a number of
diverse ATWS mitigation features described in UFSAR Section 15.8. Other
features remained reliable during the period in question, including alternate
rod insertion (ARI), recirculation pump trip logic, and automatic redundant
reactivity control system (RRCS) initiation. The standby liquid control
system was also capable of providing flow in excess of the 86 gpm required
and assumed in the licensing basis, since three pumps are generally
available.

NRC FORM 386A (1-2001)



NRC FORM 366AU.S. NUCLEAR REGULATORY COMMISSION
(1.2001)

LICENSEE EVENT REPORT (LER)

FACILITY NAME (1) DOCKET (2) LER NUMBER (6) PAGE (3)

1 SEQUENTIAL REVISION
YEAR NUMBER NUMBER

Limerick Generating Station, Unit 2 05000353 01 - 002 - 00 4 OF 4

NARRATIVE (If more space is required, use additional copies of NRC Form 366A) (17)

Cause of the Event

The inability to open valve HV-055-2F105 was caused by a failed position
monitor relay in the valve's opening circuit. During testing and failure
analysis performed following the event, the relay repeatedly failed to

properly reposition to the de-energized configuration (i.e. contacts closed).

The open contact condition was found to be a result of increased friction
between the plunger and the relay coil bobbin, combined with insufficient

spring force.

The increased friction between the plunger and the coil bobbin is caused by

formation of zinc oxide crystals from breakdown of the zinc chromate coating

on the plunger and associated parts. The heat generated from being normally
energized allows for the zinc oxide formation to create a frictional
component too great for the spring return force to adequately overcome.

Corrective Action Completed

The relay (E41A-K57) was replaced for Unit 2 and the surveillance test was
conducted successfully.

Subsequent to the discovery of the failed Unit 2 relay, the same relay for

Unit 1 HPCI feedwater injection valve HV-055-1F105 was confirmed to function
properly. Note that, the relay had been replaced on April 14, 1998, as part

of preventative maintenance and its associated logic system functional test
was last successfully performed on April 24, 2000.

Corrective Actions Planned

The affected relay will be cycled and monitored on a three-month frequency.
Investigation into the broader aspects of the relay failure will continue,
including more detailed analysis of the failure mode(s) of normally energized
relays, as well as aspects of the manufacturing process.

Previous Similar Occurrences

None

Failed Component Data

Manufacturer: TYCO Electronics, Agastat Relay
Model Number: EGPDO04
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