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ABSTRACT (16)

On 11/26/90 at 1119, while energizing the Channel "A" 125VDC Battery
Charger during the performance of an 18 month capacity test, the charger
output voltage spiked high and 1nitiated an electrical system response
that resulted in actuation of the Channel "A" Emergency Core Cooling
Syatem (ECC8) logic. Actuation of the ECTS logic caused the following
ECCS respongesg: initiation of the Core Spray (C8) system, Low Pressure
Coolant Injection (LPCI) mode of the Residual Heat Removal (RHR) system,
High Pressure Coolant Injection (HPCI) system, "A" Emergency Diesel
Generator (EDG), and Loss of Coolant Accident (LOCA) load ghedding of the
"A" vital electrical bus. During the courge of the above ECCS actuations,
HPCI injected to the reactor vesgssel for approximately 4 seconds prior to
being secured. An unusual event (UE) was declarel at 1143 due to the ECCS
injection to the vesgsel, and was immediately terminated due to the short
duration of the injection. All affected systems were returned to a normal,
standby status, and the plant returned to a normal operating
configuration. Subseguent investigation determined that multiple causes
contributed to this event, including failure of a battery charger control
logic card, and a less than optimum design of the ECCS8 actuation
instrumentation power distribution scheme. Corrective actions included,
scheduling implementation of a previously identified design change on the
ECC8 instrument power distribution scheme, replacing contrel logic cards
on the Channel "A" Battery Charger, forwarding the failed logic card to
the vendor for evaluation, and reviewing the integrated response of plant
systems to the event,
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RESCRIPTION OF OCCURRENCE, CONT'D

In response to the HPCI injection, per the Hope Creek Event
Clagsification guide, the 8N88 declared an unusual event (UE)
at 1143, The UE was terminated at the time that required
notifications were made, because the HPCI injection had been
immediately secured.

Following stabilization of plant parameters, the following
actions were taken:

The ECC8 logic was reset to allow the reopening of the
various system isolation valves (TACS, RACE, PCIG)

- The "A" RHR and Core Spray pumps were stopped.

Ventilation systems were returned to a normal
configuration,

- The "“A" EDG wag stopped, and the "A" vital electrical bus
was returned to a normal electrical lineup.

| - The "A" S8WS pump was stoppe !, and the S8WS was returned
| to the pre-transient system alignment.

- The "A" RFP trip was reset, returned to master level
control, and the pump was returned to service.

- The Reactor Recirculation runback was reset, and power
ascension at a rate of 60MWe per hour commenced.

- The LPCI outboa.d isolation valve was closed from the
control room.

| After restoration of all systems, a review of the 1integrated
responsge of all systams was conducted., The 8NSS concluded
that, with minor exceptiong, all systems had responded as
designed, and that the response of control room operators wag
correct and timely. As previously noted, this event was
reported within one hour as reguired by 10CFR50.72, due to the
declaration of an Unusual Event required when the HPCI
injection occurred.




i K The vl

hj

i e B e e s e A p— i e e e e e iy

P ——— T pe—

IICENSEE EVENT REFORT (LER) TEXT CONTINUATION

FACTLITY NAME (1) DOCKET NUMBER (2) | LER NUMBER _(6) PAGE (3)
YEAR I\\| NUMBER  |\\ |REV

HOPE CREFK GENERATING STATION 05000354 -
N 101219 ]|-1010 OIS(F 1]1

ANALYSIE OF OCCURRENCE

The analysie provided in this secticn discusses the electrical
perturbation that initiated the event, response of the Channel
"A' ECC8 logic to the electrical transient, the PRIP trip /
Reactor Recirculation runback and the overall effect on
actuated ECCS systems and components,

Initiating Transient

During the morning of 11/26/90, a Maintenauc? Flectrician and
Operationg Department Equipment Operator (EQ. ucnh-licens=d)
were assigned the tagsk cf completing an 18 month capacity test
on battery charger 1AD414. This charger and a redundant
charger on the same Class 1E DC electrical bus provide 125VDC
charging power to the Divisien I 125VDC battery, and normally
supply all 125VDC loads on the associated bus, If both
chargers trip for any reason, the battery supplies bus power
until charger restoration. Refer to Attachment 1 for a
schematic of the distribution system,

During performance of the test, while re-energizing the charg:
per procedure, the charger experienced a high output voltage
condition, and tripped (the ¢trip setpoint 1is 152 vbe) .
Subsequent investigation by the Maintenarce Department and
System Engineering determined that two factors contributed to
the high voltage shutdown of 1AD414:

= Troubleshooting determined that one of three control logic
cards for the charger had failed, and

There was no electrical load on the charger when it was
placed in service due to the redundant charger carrying
bus loads. The normal sequence for charger restoration is
to ¢lose the DC output breaker (effectively tying the
charger to the bus) prior to energizing the charger by
closing the 480VAC input breaker. With no load, the
charger overshot its normal output voltage when initially
energized.

It is believed that a combination of these two factors resulted
in the charger output voltage spiking excegsively high and
resulting in the high voltage shutdown of 1AD414.
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ANALYSIS OF OCCURRENCE, CONT'D
Response of Channel "A" ECCS Logic

Refer to Attachment 2 for a schematic of the Channel "A" ECCS
actuation instrumentation power distribution arrangement (panel
H11-P617). As previously noted, power to this distribution bus
15 provided by the Division I Class 1E 125VDC svstem. The
125VDC puwer supply to the bus is inverted to 120VAC by a DC/AC
inverter. 120VAC zuwer is then converted to 24VDC via 2  power
supply, and ciiis power supply feeds the Channel “A" ECCS trip
unitsa.

The DC/AC inverter (1RLEY-K601A) tripped on overvoltage
(140VDC) at the ongset of this event, and momentarily
de-energized Channel "A" ECCS trip units., Following the high
voltage shutdown of the battery charger, 125vVDC bus voltage
decayed, and 1RLEY-K601A automatically reset (approx, 132VDC
input voltage) , re-energizing the trip units. wWhen
re-energized, the affected Channel "A" trip units recognized
the change of state as a valid Channel “A" initiation signal,
and 1nitiated the various sgystem responses. The short time
duration of this entire transient (a few seconds) afforded no
opportunity for operator response to defeat Channel "A" ECCS
initiations prior to the affected trip units being
automatically re-energized.

Subsequent to the event, Systems Engineering performed an
extensive review of individual trip unit responges to the
trang:en., and determined that all ¢trip units responded
correctly and as designed. The original vendor design of the
trip unita assumec a continuous, uninterruptible power supply
(UP8) for the trip units.

The current electrical distribution scheme meets the intent of
UPS reliability. Two redundant battery chargers, backed by a
125VDC battery, dnverted and rectified to 24VDC, met the

original degign intent. However, Hope Creek previougly
recognized that the protective nature of the 1RLEY-K601A
trip/reset functions render this distribution schene

gusceptible to power supply perturbations, and exposes the
individual ECCE& Channel to unplanned actuations. A degign
change, identified as a result of previoug similar events at
Hope Creek and PSE&G's involvement in the BWR Owners Group, 1is
acheduled to be implemented during the stations third refueling
outage (scheduled to commence 12/26/90).
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ANALYS18 OF OCCURKENCE, CONT'D
Response of Channel "A" ECCS Logic, Cont'd

This design change eliminates all ECCS instrument inverters,
and will power each inestrument bus directly from a channelized,
120 VAC, battery backed Class 1E UPS to maintain required
divisional geparation. Additionally, Hope Creek will continue
to pursue the review of other potential design enhancements to
increase the reliability of ECCS actuation instrumentation
power supplies.

Reactor Feedpump Turbine Trip / Reactor Recirculation Runback

During the course of the previously described load shedding,.
the power supply breaker to the RFPT "A" main oil pump (MOP)
was shed. Thie resulted in a low lube 0il pressgure trip of the
RFPT. The remaining feedpumps (B & C) could not immediately
compengate for the loss of the "A" RFP, and vessel level
dropped from the normal +35" to below +30", This resulted in
an intermediate runback of the Reactor Recirculation System,
and reactor power decreased to approximately 70%.

In response to previous similar occurrences (Ref: LER B88-019,
LER 89-009), Systems Engineerinyg developed a test to determine
if the RFPT auxiliary oil pump (AOP) could be utilized as a
backup to prevent RFPT trips on loss of the MOP. The purpose
of the test (conducted in June, 1989) was to asgssess the
response of the AOP ¢n decreasing RFPT oll pressure, Results
of the test indicated that as presently configured, adjusting
the start setpoint of the AOP to a higher cut-in pressure would
not prevent the RFPT from ¢tripping on Jlocss of the MOP.
However, after consultation with the RFPT manufacturer, it was
determined that modifications to the control circuitry could be
made such that the AOP would start immediately upon losgs of
power to the MOP. This modification would prevent tripping ot
the RFPT under conditions such as noted in this report. A
design change reguest was initiated to accomplish this
modification, and is currently being evaluated,

Asgegsment of Emergency Core Cooling Systems Response

During the course of this event, the "A" Core Spray loop, HPCT,
the "A" LPCI 1loop, and the "“A" EDG were actuated. Ag
previously noted, all systems functioned as designed for a
Channel “A" ECCS8 initiation signal. Of particular interest are
the HPC. and LPCI initiations.
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ANALYSI8 OF OCCURRENCE, CONT'D
Asgessment of ECCS Response, Cont'd

Submittal of this report patisfies the requirements of
Technical 8pecification 3.85.1, Action g., which directs
submittal of a report within 90 days of an ECCE actuation to
document the injection.

PDuring the course of this event, HPCI injected to the reactor
vessel for approximately four seconds,. At the onset of the
injection, vessel temperature was approximately 500 deg.F, with
a vessel preasure of 1000 PSIG, and a HPCI discharge flow of
169 GPM. As of the date of thie event, HPCI has experienced
12 injections to the vessel over the life of the plant. By
design, 120 injecticoneg are permitted. Becauge of the early
life of the plant, the HPCI nozzle usage factor has not been
calculated. Systems Engineering continues to ‘frack HPCI
injections, o that as nozzle usage factor becomes a
potential operctional congtraint later in plant life, usage
history is retrievable.

With respect to the LPC1 initiation, a post-transient review of
external operating experience determined that one of the
principal councerns with the event (as expregsed in NRC
Information Notice 90-022) centers on the opening of the LPCY
Outboard Injection Valve (FO017A). Refer to Attachment 3 for a
one-line diagram of the "A" LPCI loop.

The FO17A valve opens when the following logic sequence is
patisfied:

w LPCI initiation signal (high drywell pressure, 1.68 PSIC
or low vessel level, -129"). The LPCI initiation signal
was satisfied by the LOCA Level 1 signal generated when
the trip wunit for Channel "A" ECCS iustrumentation was
re-energized.

- Power available to the "A" Vital Bus. This input was
satisfied because the bus remained energized.

- Reactor pressure (as sensed between FO017A and the inboard
LPCI Injection Check Valve, FO041A) is less than 450 P8IG.
This logic input was satisfied as FO41A is relatively leak
tight. Additionally, due to the configuration of the
agsociated ECCH trip unit, were reactor pressure dgreater
than the permissive, it is poesible an invalid permissive
signal could be generated during an ECCS trip unit
re-energization scenario such ag described in this report,
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ANALYSIS OF OCCURRENCE, CONT'D

Agsseasment of ECCS Response, Cont'd

When FO17A opens, the low pressure LPCI piping is isolated from
reactor pressure by F041A (a testable check valve which serves
as the inboard containment isolation valve on the LPCI
injection line). FO041A is designed to ASME Section II1, Code
Class 1, and ie rated for 1500 P8IC service at 575 deg.F,

Testing of the check valve to verify operability i1s conducted
under the station ASME Section XI Inservice Testing program,
and consists of verifying seat integrity (leak test), remote
position indication, and valve exercising. Additionally, the
integrity of FO041A is verified every 8 hours by logging
pressure between FO17A and FO41lA to establish pregsure
fluctuation trends. This monitoring ensures the integrity of
FO41A, ensures that the high pressure/low pregsure interface
betwveen the reactor vessel and the LPCI system is maintained,
and ensures that primary containment integrity is maintained.

In summary, with FO17A open and the "A" RHR pump running. the
LPCI system 1is designed to inject to the RPY as re.ctor
pressure decays below pump discharge presgsure. In the event
that FO41A was not properly seated, the logic for opening FO17A
could not be satisfied under normal conditions (because
pressure between the two valves would be greater than 450
PSIG). The integrity of FO041A is continuously monitored through
trending of pressure between F041A and FO17A, thereby assuring
LPCI syetem and containment integrity in the event cof a
spurious opening of FO17A,

ROOT CAUSE ANALYSI1S

Ly The moast probable cause of the initiating event (high
voltage shutdown of battery charger 1AD414) was determined
to be a failed charger control logic card. Failure of the
card contributed to the magnitude of the normal charger
voltage excursion when returning the charger to service,
The logic card 1is being forwarded to the vendor for
analysis to confirm this determination.

3 The root cause of the ECCS8 actuation instrumentation logic
response is a less than optimum design of the instrument
bus electrical distribution scheme., The protective nature
of the instrument inverter trip/reset functions renders
the distribution scheme susceptible to power supply
perturbations, and exposes the individual ECCS channel to
unplanned actuations.
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TYPICAL ECCS ACTUATION INSTRUMENTATION POWER SUPPLY
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TYPLCAL LPCI INJECTION SYSTEM DIAGRAM
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TYPICAL 125 VDC BATTERY CHARGER AND DISTRIBUTION SCHEMATIC
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