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This LER reports the failure of the 2A reactor feedpump turbine (RFPT) to trip
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Feilure of the 2A reactor feedpump t.urbine to trip.
LVEN1 D&1l 16

L E R NuM.4 R I.1 REPOR T DAf t sfi
'

OTMin f ACILif tES INv0Lvt0 tetMONTH Day flan veam a.u .a 6 = a, woNTH Day vtan , a cit- t. % awes pocast Nuwegmes,.

0 15101010 I i |
1|2 2| 9 9 7 9| 7 0|1|0 dU d1 2| 8 9\ 8

~ -~

0 1 5 1 0,0,0, 1 iT . ..,0.T .. .u
.ni o u..u.NT TO T i .LOui. .t Nn Of s. C.. ,c .. ... .. .. .. . ,, n i,

, , , , , , , , , , ,
==' ai

i n .ni.i . . . u ni.ta... n n.,y n . inn.. .o n..ini n .ian.i n ni..
_ _n, i3 i9 n .Nin n., u . .. .. .

_
_

u n,.,ao..,

g,,,,. g.,.7,.,; ,.g._
n o..in n . _

1 u n..ian., _

n oi.,n n .
a n ian..

_
u n .ian. n.,_ m. ,

u n n.n. n.,

n o..n u... u n,.ian . n,. a u.,

LICEN$tt CONT ACT FOR TMil Lta n21nelut

Tt ttPMONE NUMet s
akt A CQQt

annrnn Lnnavn1
71 11 7 * 15 iC i 17 10 il F

COMPLtil 046 LINE 80m L ACH COMPONtNT f A. LURE DESCRt.tD IN TMil AGPOm? H36
"^NCAUSE Sv81Eu COMPONENT Yj'[C Rt'D TA t

TO m NH UUW N'W M MA ufAC REPORTA Ey

1 n ix niniti cini i i i i i i i i,

i i i i i i I
i I i i i i i

suntamiNTat nuO T in,iefio n ,
uO~T- o., ivi.a,,gy,

~"~) vai t,, n. - ante 7fD $USWWO4 OA Tri ~)NO '
tumCT ,L .. . . | | |.,,,.,.......,n.,

On December 29,1997, the 2A RFPT was being removed from service during reactor
power reduction to support a planned maintenance outage. At this time, the 2A
Reactor Feedpump Turbine (RFPT) failed to trip when the Reactor Operator (RO)r

| pushed the control room 2A RFPT trip push-button. During the time frame of developing
the troubleshooting plan, the 2A RFPT did trip when it received a valid reactor high
level signal. During the subsequent troubleshooting, it was determined the trip solenoid
had an intermittent electrical failure and was the cause of the failure to trip. Further
investigation proved that the failure to trip was not associated with the mechanical
portion of the trip mechanism as had been the case in previous events. The condition
that prevented the 2A RFPT to trip is believed to be an intermittent failure mechanism
that existed during power operations prior to the scheduled outage and is therefore a
condition prohibited by Technical Specifications (TS) 3.3.2.2, "Feedwater and Main
Turbine High Water Levei Trip Instrumentation". Corrective actions for the 2A RFP f
included repair, reinstallation, and testing of the electrical trip solenoid and associated
mechanical devices. Additionally, inspection of the 2B, and 2C RFPTs and the unit 3
RFPTs found that no similar problems existed in the trip solenoid mechanisms.
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Reauirements of the Report

This LER is being submitted pursuant to 10 CFR 50.73 (a)(2)(i)(B) due to a condition
prohibited by Technical Specifications.

Unit Conditions at Time of Discoverv

Unit 2 was in ths "RUN" mode at 39.5 percent of th9rmal reactor (Ells:RCT) power and in
power recuction to support a scheduled maintenance outage. Unit 3 was in the "RUN"

!
mode at 94.6 percent power. There were no systera s, structures or components that-

were inoperable that contributed to the event.

Description of the Event

On December 29,1997, at 5:12 A.M., the 2A reactor feedpump turbine (RFPT) (Ells:SK)
was being secured in accordance with SO 6D.2.A-2, Reactor Feedwater Pump
Shutdown, to facilitate continued power reduction for a planned maintenance outage.
The reactor operator (RO) (licensed) attempted to trip the 2A RFPT from the main control
room (MCR) but was unsuccessful. The tripping of the RFPTs remotely from the control

; room was being observed in response to two previous events of the 2A RFPT failing to
trip remotely that had occurred in April and November of 1997. Upon manual push-

'

button trip initiation from the MCR, the 2A RFPT did not trip as expected and the
appropriate TSA was entered for failure of the 2A RFPT trip logic (Ells:JK) to operate in
accordance with TS 3.3.2.2. Since this failure to trip appeared similar to the previous
failures in April and November, the 2A RFPT was left in the un-tripped condition and an
extensive troubleshooting plan was developed. While troubleshooting plans were being
developed, the reactor experienced a high water level condition due to bypass valve
position changes and the 2A RFPT tripped on a valid high reactor water level of +45".
This new information was factored into the plan being developed to determine why the
2A RFPT originally failed to trip from the main control room.

Cause of the Event

Extensive troubleshooting was performed and focused around repeating the failure to
trip from the rnain control room push-button. This investigation showed that the push-
outton and the associated wiring to the trip solenoid (Ells: SOL) were electrically secure.
Electrical testing of the trip solenoid coil indicated significant variations in coil resistance
when the coil was mechanically agitated. The trip coil was sent to Valley Forge
Corporate Laboratory for further analysis to determir.e the integrity of the coil under
simulated operating conditions of vibration and elevated temperatures. Testing at
Valley Forge indicated that an intermittent short could be generated when the coil was
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mechanically agitated at all temperature levels. This indicated that normal vibration
with the unit in operation could be a contributing factor to the intermittent shorting of the
coll. Also, internal inspections indicated evidence of wear due to long-term exposure to
vibration. There is a high probability that this intermittent short was present during the
event and prevented the solenoid trip coil from energizing on a short duration signal as
received during push-button operation. Further analysis indicated that with a long
duration signal such as the sealed-in high level trip signal, the coil could build up
enough magnetic field to operate the so6noid piunger.

Additionalinvestigation of the trip solenoid found two conditions that may have.

f contributed to the solenoid failure. First, the trip coil mounting assembly / bracket was
missing two hold-down bolts, as compared to the 2B and 2C RFPT trip coils. These
missing bolts could have magnified the vibration of the coil and lead to the
misalignment and internal degradation. Second, the solenoid valve inspection revealed
misalignment between the trip coil and the hydraulic valve plug. This misalignment was
approximately 0.25" and was not significant enough to cause any interference with
solenoid action but may have contributed to solenoid failure.

In addition to the electrical troubleshooting, a detailed review and disassembly of the
mechanical portion of the 2A RFPT trip mechanism was performed. The inspection
performed for this event found no evidence that mechanical binding contributed to the
2A RFPT failure-to-trip. The cause of the 2A RFPT failure-to-trip was determined to be
directly related to the intermittent shorts observed in the trip valve solenoid valve coil.

Analysis of Eve _n_t

No actual safety consequences occurred as a result of this event. During power
operations, the 2; . RFPT high reactor water level trip feature is required to prevent fuel
cladding damage due to the injection of cold feedwater into the reactor. The 2A RFPT
was being secured as part of a normal shutdown sequence for the planned
maintenance outage and follow-up testing to the November event was being performed
when it failed to trip. The failure of the 2A RFPT to trip on demand from the MCR is the
same trip solenoid that is used to trip the 2A RFPT for the reactor high water level trip.
This trip function is required to be operable whenever reactor power level is greater
then 25 percent and failure of this trip is a condition prohibited by TS. Had the 2A
RFPT failed to trip on demand from the Reactor High Water Level trip circuit or the
MCR at plant operation greater then 25 percent power, operator action would have
been taken to trip the 2A RFPT locally.

_ _ _ _ _ _ _ .
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Corrective ActiorLs

The 2A RFPT trip device was repaired, reinstalled and tested to prove operability. This
included replacement of the solenoid coil, as well as realignment of the solenoid
mechanism and replacement of all four hold-down bolts. In addition, a complete
disassembly of the mechanical portion of the trip mechanism was performed. This
inspection did reveal some worn parts that were within design specifications. These
parts were replaced to gain more margin on the design specifications of the trip
mechanism. A test plan was developed to test the trip mechanism from both the MCR
and locally before returning the 2A RFPT to service. These tests were performed
satisfactorily on January 1,1998. In order to ensure all operational conditions of the 2A
RFPT trip solenoid were tested, additional trip testing was performed at various power
levels. These included a satisfactory trip test after operating the 2A RFPT in standby

; for six hours on January 3,1998, a satisfactory test just prior to putting the 2A PFPT in
'

service on January 4,1998 and a satisfactory * o test on January 6,1998 during a load
drop from 89 percent power. Additionally, increased functional testing of the 2A RFPT
trip circuit is currently Deing performed to maintain confidence that the trip circuit
performs its required function during operational conditions. This increased functional

[ testing will continue until it is determined that it is no longer required.

To ensure that no other RFPTs had similar problems, an inspection of both remaining
Unit 2 RFPTs and the Unit 3 RFPTs was performed. This inspection included
verification that the alignment between the trip coil and the valve plug was acceptable
and that all of the hold-down bolts were installed and secured. In addition, the coils
were tested on the 2B and 2C RFPT to ensure the resistance of the coils was
satisfactory. All testing and inspections were found to be acceptable. A review of past
equipment performance indicates the other turbine trip devices have been very reliable.
This includes successful tripping of the 2B RFPT and 2C RFPT during the April 1997,
November 1997, and December 1997 plant shutdowns. Also, the Unit 3 RFPTs were
successfully tripped during the scheduled testing performed in 3R11 and the Unit 3
plant shutdown in December 1997.

Previous Similar Events

The 2A RFPT failure-to-trip event is a repeat failure and was identified in LER 2-97-009.
Corrective actions in LER-2-97-009 involved repairs to the mechanical portion of the trip
mechanism. The equipment was tested and returned to service. The previous failure to
trip focused on mechanical binding within the trip mechanism. No other issues with the
electrical portion of the trip mechanism were identified to be a concern at that time. This
event is being evaluated within the licensee's corrective action program.
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