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On January 28, 1986, the Plant was operating at 80% power. At 0917 following the removal
of Emergency Diesel Generator (EDC) B from service, Emergency Bus E-2 was lost. This i

resulted in the loss of equipment which led to a reactor trip (Hi Pressurizer Pressure). |
Following the trip, unit auxiliaries shifted to the Startup (S/U) Transformer (normal 1

operation); however, a West Bus Lockout occurred in the 115 KV switchyard which
de-energized the S/U Transformer resulting in a loss of offsite AC power. EDG A started,

l su plying power to Emergency Bus E-1. SI and a MSIV closure signal were received due to
Hi h Steam Line Flow coincident with Low Tave. An Unusual Event was declared at 0935.

At 1027, power was restored to E-2 by manually starting and loading EDC "B." At 1228, a
second SI signal was received due to "C" Steam Line High Differential Pressure (frozen
sensing lines caused "C" PORV to momentarily stick open). Neither SI resulted in
injection of water into the RCS. Offsite AC power was fully restored, and the Unusual
Event was terminated on January 28, 1986, at 1634.

On March 6, 1986, the Plant was shut down for a refueling outage. The Station Service
Transformers (SSTs) 2C and 2C were being taken out-of-service for maintenance on the
common supply breaker for these SSTs. While in process of energizing E-2 via E-1 (cross
tie E-1 and E-2), the supply breaker for E-2 tripped open due to degraded voltage relay
actuation. The cause of the degraded voltage relay actuation was attributed to a loose
fuse holder on the degraded voltage Emergency Bus E-2 DC control circuit.

Investigation into the January 28, 1986 events revealed that the loss of E-2 and the loss
of offstte power apparently resulted from two separate and independent conditions.
Hardware changes have been made to reduce the vulnerability of a random blown fuse on the
Emergency Bus UV relays and to eliminate the potential for S/U Transformer protection
circuit DC saturation during transient events. Inspection was performed on similar fuse
holders on E-1 and E-2 and faulty fuse holders were replaced. p.
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EVENT DESCRIPTION

On January 28, 1986, the Plant was operating at approximately 80% power. Emergency
Diesel Generator (EDC) "B" had just been taken out-of-service to install a solid state
overcurrent trip device (amptector) on the EDC "B" output breaker. This breaker
upgrade was being performed on all Westinghouse type DB safety-related breakers and was

- completed on EDC "A" the week before. At 0917 hours, the EDC "B" output breaker had

just been " racked out" when the Emergency Bus "E-2" was lost. This also resulted in
the loss of Instrument Bus 4 (IB-4) which is supplied by Motor Control Center
"MCC-6". Nuclear Instrumentation System Power Range Channel N-44 (fed from IB-4) was
lost, which initiated a turbine runback (rod drop feature). The automatic rod control
system (input from N-44) and the steam dump control system (powered from IB-4) could
not function properly. As a result, a reactor trip was received on "Hi Pressurizer
Pressure" approximately twenty-one seconds after "E-2" was lost.

One minute after the reactor trip, the main generator oil circuit breakers (OCBs)
opened and the Plant Auxiliaries (those powered by the Auxiliary Transformer during
operation) shifted to the Startup Transformer as part of the normal Turbine Generator
Lockout feature. Approximately one second later, a West Bus Lockout occurred in the
115 KV switchyard which de-energized the Unit No. 2 Startup Transformer (See
Figure 1). This resulted in a loss of offsite AC power. EDC "A" started automatically
tnd loaded Emergency Bus "E-1". Approximately sixty-seven seconds after the West Bus
Lockout was received, a Safety Injection (SI) and Main Steam Isolation Valve (MSIV)
signal were received. These were caused by High Steam Line Flow coincident with Low
Tave. The Low Tave signal was caused by the Plant cooldown as a result of the Reactor
Trip. The High Steam Line Flow signal was present due to loss of IB-4 When the loss
of offsite AC power occurred, all three Reactor Coolant Pumps coasted down and the !

Plant was cooled by natural circulation flow. The Plant was stabilized at Hot Shutdown
conditions with Reactor Coolant System (RCS) temperature being controlled with the
Steam Generator (S/C) PORVs. An Unusual Event was declared at 0935.

At 1027 hours, power was restored to "E-2" by manually starting and loading EDC "B".

At 1115 hours, after investigation revealed no faulted condition on the Startup
Transformer and its associated circuits, offsite AC power was restored to the Plant
non-vital Electrical Distribution System.

At 1228 hours, a second SI signal was received. This was caused by "C" Steam Line High i
Differential Pressure which resulted when frozen sensing lines caused "C" S/C PORV to
stick open. The "C" PORV was closed by isolating the air supply to the PORV, thus,
correcting the situation. The freezing condition resulted when power was lost to
freeze protection circuits.

Throughout the event, RCS pressure remained above the shutoff head of the SI pumps;
therefore, no SI flow entered the RCS. At no time did RCS temperature and pressure
spproach satu-ation. Offsite AC power was restored to the entire Plant Electrical
Distribution System at 1601 hours and the Unusual Event was terminated at 1634 hours.
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During the Loss of Offsite Power, other conditions resulted as follows:

1. The Control Room Ventilation System failed to automatically align to the Emergency.
Recirculation Mode, when the initial SI signal was received. This was caused by
the loss of power to "MCC-6" (supplied by "E-2"). This event was corrected when
the power was restored to "E-2" and "MCC-6". This potential failure mode,
including corrective action, was addressed in CP&L's response to the Control Room
Habitability issue (NUREG-0737, Item No. III.D.3.4).

2. During the event (from 0918 to 1105 hours), the Fire Water Supply to the
Containment Vessel (CV) was isolated when the Phase "A" Isolation Signal

accompanying the initial SI signal closed the Fire Water CV Isolation Valves
FP-256 and FP-248. Technical Specification 3.14.4.2 requires that if a hose
station in the CV is out-of-service, back-up protection must be provided within
one (1) hour. Although the Phase "A" Isolation Signal was reset at 0936 hours,
reopening these valves (a remote operation) was intentionally postponed to allow
the Operators to concentrate on the actions being taken to restore offsite
power. If required, these valves could have been reopened with little delay.

3. During the initial attempt to restore power to "E-2" from EDG "B", breaker cycling
on the "E-2" was observed. An Operator was directed to remove all control power
fuses from breakers on "E-2" to prevent breaker damage. The Operator pulled all
the control power fuses; however, SI Pump "B" fuses were also pulled. SI Pump "B"
is supplied from the "E-1" and "E-2" Tie Bus, but its breaker is physically
located on the "E-2" Bus. The pump had already been stopped in accordance with
End Path procedure, EPP-7, SI Termination. Since "E-1" was available, SI Pump "B"
power via the tie bus was being supplied from "E-1."

Since the control power fuses had been pulled, only SI Pump "A" was available for
automatic start or manual start for approximately 40 minutes. SI Pumps were not
required at the time. SI Pump "B" could have been started by locally closing the
breaker or installing the control power fuses. The control power fuses for the
"E-2" Bus loads (including SI Pump "B") were replaced after the "E-2" Undervoltage
(UV) Relay Fuse was replaced. This action restored the affected components to the
fully operable status.

During this event, there was no threat to public safety since one EDG started and
supplied needed power to one of the two redundant Emergency Buses. The Dedicated
Shutdown Diesel was available if needed. In addition, appropriate provisions are
available in the Emergency Operating Procedures (EOPs) to control the Plant for an
extended period of time without any AC power until some form of AC power is restored
(i.e., offsite power, Emergency Diesels, or the Dedicated Shutdown Diesel).

CAUSE/ CORRECTIVE ACTION

Extensive investigations have been performed to identify the cause of the event. As a
result of these investigations, it has been concluded that two major events (loss of
Energency Bus "E-2" and the loss of of f site AC power) were separate and independent
from one another.
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Loss of Emergency Bus "E-2"

One potential cause of the loss of Emergency Bus "E-2" is attributed to a blown fuse on
the secondary side of the Potential Trantformer (PT) supplying the "E-2" Bus UV
relay. This would have caused a false undervoltage trip condition on the "E-2" Bus,
thereby, disabling the bus until the fuse was replaced. The "E-2" Bus UV relays
initiate the bus loss of power sequence which " sheds" the motor loads off the bus by
opening the load breakers, opens the normal (offsite power) supply breaker, starts EDC
"B" and closes EDC "B" output breakar. However, since EDC "B" was out of service, it
could not start nor could its output breaker close until the blown fuse was replaced
during the event. An extensive investigation of the EDC "B" output breaker, "E-2" Bus
control cabinet, associated circuits and wiring was performed. No unusual conditions
were found that would have caused the blown fuse. The blown fuse was a typical
nonrenewable type 6 amp fuse. Inspection of the blown fuse also showed no unusual

condition. The blown fuse could have been a random failure that can not be related to
the removal of EDC "B" from service.

The second potential cause of the loss of "E-2" was discovered on March 6, 1986, while
the Plant was shutdown for refueling. The Station Service Transformers (SSTs) 2C and
2C were being taken out-of-service for maintenance on the common supply breaker for
these SSTs. While in process of energizing "E-2" via "E-1" (cross tie "E-1" and
"E-2"), the "E-2" normal supply breaker tripped open due to degraded voltage relay
:ctuation.

The degraded voltage relays protect the Emergency Buses from low voltage and high
current conditions by opening the normal (offsite power) supply breaker to the affected
Emergency Bus, should bus voltage become less than 415 volts for approximately 10
seconds.

Subsequent reviews and inspections revealed that the cause of the degraded voltage
relay actuation was a loose fuse holder on the degraded voltage Emergency Bus "E-2", DC
control circuit. When the cross tie breaker was closed during the occurrence, it
apparently caused the fuse holder connection to open.

The fuses and fuse holders on Buses "E-1" and "E-2" were inspected and eleven (11) of
twenty-eight (28) additional DC control power fuse holders (3 on "E-1" and 8 on "E-2")
w2re found to be loose to some degree and were replaced. An evaluation is underway to
d:termine a better method to fuse these circuits on a long-term basis to prevent the
loose fuse holder problem.

Subsequent investigation after the March 6, 1986 occurrence, revealed that the loose
fuse holder could have caused the loss of "E-2" on January 28, 1986. In this case, the
operator racking out the EDC "B" output breaker for maintenance could have caused
sufficient vibration to open the connection in the fuse holder.

If the loose fuse holder did initiate the loss of "E-2", then the UV relay fuse
addressed earlier could have blown the when the "E-2" Bus was reenergized. Because of
the events that had occurred, it would have not been easily discernable which was the
actual initiating event.
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Both the UV and degraded voltage relays were determined to be susceptible to random PT
fuse failures. A modification has been performed to these circuits for both emergency
buses to increase the rating of the PT primary side fuses and to eliminate fuse
protection on the PT secondary side to the relays. This modification provides
sufficient circuit protection while minimizing the vulnerability to a random fuse
failure. Should a PT fail, the higher rated primary fuses would still clear a fault
from the Emergency Bus. The modification was performed to both Emergency Buses and was
completed prior to startup from the recent refueling outage.

Loss of Offsite Power

Extensive investigation was performed to determine the cause of the loss of the offsite
power. The Plant trip caused a normal transfer of the Auxiliary Transformer load to
the Startup Transformer. Coincident with the transfer of the load, however, a "C"
pnase Differential Relay operated on the Startup Transformer. This relay tripped the
115 KV West Bus Lockout Relay, which in turn opened all source and load supply circuit
breakers associated with the 115 KV West Bus and the Unit No. 2 Startup Transformer
(See Figure 1).

Subsequent to the event, equipment and possible conditions that could have resulted in
a tripping of the Startup Transformer due to a "C" phase Differential Relay operation
w2re systematically examined. Some of the tests and inspections that were performed
included oil samples from the Startup Transformer, setpoint checks and bench testing of
the transformers relays (onsite and at Westinghouse), inspection of associated circuit
breakers and related buses, and breaker coordination testing of the auxiliary transfer
system. Westinghouse was consulted for independent analysis and recommendations.
During the course of the investigation, all aspects of equipment, equipment inputs, and
2ctual conditions present were analyzed. None of the inspections or tests identified
tny faulted conditions or component failures which could have contributed to the
vent. However, data collected during breaker coordination testing revealed a

condition as described below.

Calculations based on information collected on the installed equipment revealed that
the three (3) current transformers (CT) on the primary side of the Startup Transformer
are susceptible to DC saturation. These cts provide the primary (115 KV) side input to
the three (3) Differential Relays. If a primary CT were in saturation the Differential
Relay could sense a sufficient differential current (30% - 35%) across the Startup
Transformer and operate, leading to a protective action (115 KV West Bus Lockout). The
sccondary side cts are not susceptible to this condition.

The condition (DC saturation) results from a DC component of the AC in-rush current
during loading of the Startup Transformer at the time Plant auxiliaries are
transferred. The susceptibility to this saturation is a function of voltage rating of
the CT, the current present under the in-rush condition and the resistance of the CT
circuit (CT, wiring, relay, etc.). Although this susceptibility is a function of l

circuit design and may have been present during the operating history of Robinson,
conditions in the past apparently had not caused CT saturation to the extent and
current in-rush to a magnitude that operated 1 Differential Relay. Specifically, a !
Jsst Bus Lockout had not occurred during the operating history of Unit No. 2.

1
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Conditions present on January 28, 1986, that apparently contributed to the saturation
of the "C" phase CT follow:

1) CP&L system voltage profile had been increased in November, 1985. Additionally,
the Robinson Fossil Unit was operating at full load that morning. This resulted
in a " stiffer" system (lower system impedance) which would tend to make in-rush
etz-snt effects more predominant.

2) Auxiliary load on Unit 2 was slightly higher due to freeze protection circuits
being energized and the running of other equipment as a result of the cold
weather.

3) The freeze protection circuits creating a higher than usual resistive load tends
to slow down motors (inductive loads) more during the dead bus period at
transfer. The transfer of auxiliary power uses a " break-before-make" scheme
resulting in a 6-7 cycle (approximately) dead bus time. As the resistive load
slows the motors down, the phase angle increases between the "residust" motor load
and the system. This will further increase the magnitude of the current in-rush

,

and its DC component. l

l

4) Auxiliary load at Robinson has slowly increased over the years due to backfit
modifications.

It is believed that the combination of these conditions on that morning, each
representing an incremental change, resulted in the DC saturation of the "C" phase
primary CT with an in-rush current of sufficient magnitude to operate the "C" phase
Differential Relay. It should be noted that bench testing of the "C" phase
Differential Relay revealed it to be the most likely of the three relays to operate
under this condition.

The susceptibility of the DC saturation is eliminated by a modification which
essentially increases the rating of each CT (increased turn ratio) and connects a
second CT in parallel. This modification was performed on all three phases of the
primary side of the Startup Transformer and was completed prior to startup from the
refueling outage. This modification is based on recomr.4endations f rom Westinghouse.

CP&L believes that its systematic and detailed review of the affected portions of the
Plant's Electrical Distribution System and the identified corrective actions above will
preclude this event from occurring again.
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JANUARY 28, 1986 SEQUENCE OF EVENTS

APPROX. TIME
(HR/ MIN /SEC) EVENT DESCRIPTION

Initial Condition - Plant at 80% power

Plant coasting down for refueling-

0915:00 EDG "B" output breaker racked out for breaker upgrade-

0917:15 - Loss of Emergency Bus E-2, Motor Control Center MCC-6,
Instrument Bus IB-4, and all loads supplied by these buses

Initiation of Turbine Runback-

0917:36 Reactor Trip "High Pressurizer Pressure"-

0918:36 Turbine Generator Lockout (unit OCBs opened and Auxiliary-

Transformer loads shifted to Startup Transformer)

0918:37 - Loss of offsite power (Startup Transformer) due to 115 KV
West Bus Lockout

EDG "A" Auto Start-

All three Reactor Coolant Pumps coasted down (Natural-

Circulation initiated)

0919:44 - SI and MSIV closure signal "High Steamline Flow
coincident with Low Tave"

0935:00 - Declared Unusual Event

0936:00 Reset SI, Phase "A" and Feedwater Isolation-

0941:00 EDG "B" Local Start - Attempted to start loads on-

Emergency Bus E-2 but prevented due to the false
undervoltage signal. Investigation found blown fuse in

the secondary side of the Potential Transformer supplying
the E-2 UV relays.

! 1027:00 Bus E-2 loaded-

1058:00 ' Energized Startup Transformer-

f

l
1115:00 Restored offsite power from Startup Transformer to 4 KV '-

'
Buses 1 and 2 (Non-vital load),

/
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1226:00 "C" S/G PORV stuck open (due to frozen sensing lines)-

1228:00 2nd SI signal " Steam Line "C" High Differential-

Pressure",

1230:00 "C" S/G PORV closed by isolating air supply to the PORV-

1237:00 Reset 2nd SI, Phase "A" and Feedwater Isolation-

1255:00 - E-1 placed on offsite power, secured EDG "A"

1304:00 - Restored offsite power from Startup Transformer to 4 KV
Buses 3 and 4

1601:00 E-2 placed on offsite power, secured EDG "B"-

Plant Power Distribution restoration to normal complete-

1634:00 - Terminated Unusual Event
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Robinson File No: 13510C Serial: RNPD/86-1434

United States Nuclear Regulatory Commission
Document Control Desk
Washington, D. C. 20555

H. B. ROBINSON STEAM ELECTRIC PLANT, UNIT NO. 2
DOCKET NO. 50-261

LICENSE NO. DPR-23
LICENSEE EVENT REPORT 86-005, REVISION 1

Dear Sir:

In accordance with 10CFR50.73, Licensee Event Report System, the enclosed
Licensee Event Report (LER) is submitted. The original report, dated
February 27, 1986, described an event and subsequent investigation surrounding
a loss of offsite AC power on January 28, 1986. This supplement contains a
complete description of the event and should replace'all existing copies of
the original report. In addition to the supplemental information concerning
the loss of offsite power, this report provides adlitional information which
may have contributed to the January 28, 1986 event..

This report is in accordance with the format set forth in NUREC-1022,
September, 1983. The supplemental information has been barred for your
convenience.

Very truly yours,

R. E. gan
General Manager

H. B. Robinson S. E. Plant

JCS/CH/JMC:ac

cc: INPO
H. E. P. Krug
J. N. Grace
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