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On April 2, 1996, with the plant in startup, reactor operators
initiated a manual reactor trip from approx1mately 13 percent power.
The trip was initiated in response to a generator stator high
differential temperature alarm for the main turbine generator (MTG).
Primary systems functioned properly The hlgh generator stator
differential temperature was caused by a reduction in service water
cooling flow through the 33 hydrogen cooler of the main generator.
The reduction of_ cooling flow was due.to gas binding in..the-cooling
system's high point, and inadequate balance of the cooling water flow
between the four coolers. Corrective actions included venting and
flow balancing the coolers; revision of the MTG system operating
procedure and Alarm Response Procedure for temperature balancing and
venting of the coolers, setpoints, trip criteria, applicability of
alarm, guidance on operation of the MTG Data Logger; trained Operators
in the use of the MTG Datalogger. This event had no effect on the

"health and safety of the public.
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On April 2, 1996, a plant startup was in progress and prior to
synchronization of the turbine to the grid, operations was
investigating a main turbine generator (MTG) {TB} stator high
differential temperature alarm {TA}. At approximately 1322 hours,
after turbine roll the Shift Technical Advisor (STA) reviewed the MTG
- Datalogger {DAL} of the Turbine Supervisory Instrumentation (TSI)-
{IT}. The MTG Datalogger indicated the MTG stator high differential
temperature alarm was locked-in with the highest reading of
approximately 3.49 degrees C with a limit of 3.5 degrees C.

Operations knew the alarm had been locked-in for an extended period of
time prior to startup. Operations questioned the locked-in alarm
~without the MTG excited and determined that to clear the alarm the
Datalogger must be reset. The TSI design is such that the alarm will
remain locked-in until reset at the Datalogger even when alarm
conditions are .clear. The Shift Manager (SM) made a decision to
continue with the synchronization and loading of the turbine-generator
based on the belief that the stator temperatures were within
specifications and converging following turbine roll. At
approximately 1455 hours, Operations synchronized the turbine to the
grid and increased power. At approximately 1536 hours, power was
about 13 percent and Operations called I&C to reset the Datalogger.
During this time, Operations was monitoring stator temperature by the
MTG Temperature Recorder {TR}. During load increase, the STA reviewed
the output of the recorder and Datalogger, and did not notice any
change from previous readings. At approximately 1550 hours, I&C
personnel arrived in the control room and reset the Datalogger, but
the alarm did not clear. The Alarm Response Procedure (ARP) requires
the alarm to be verified by observing the stator RTD temperatures
indicated on the Datalogger. I&C notified the Control Room Supervisor
(CRS) who then reviewed the Datalogger readings. The CRS observed that
the readings indicated that the stator differential temperature had
exceeded the ARP setpoint limit.
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Operations assessed the Datalogger readings with Engineering and
determined that the .readings were valid and that they exceeded the
"~ limit in ARP-8, which requires a turbine trip.

At approximately 1612 hours, Operators initiated a manual reactor trip
and a turbine trip occurred automatically. At the time of the reactor
trip, reactor power was at approximately 13 percent, reactor coolant
temperature at approximately 550 degrees F, reactor coolant pressure
at approximately 2235 psig, and pressurizer level at approximately 25
percent. Operations informed the NRC at approximately 1824 hours, of
a four-hour non-emergency notification (log No. 30225) reporting a
manual reactor trip as a result of a high differential temperature
alarm on the main:generator stator.

Both reactor trip breakers opened, all rods fully inserted, and a
turbine trip occurred as required. All safeguards egquipment responded
as. required. A Deviation Event Report was initiated by the STA and
Operations conducted a post trip review (No. 96-01) and an :
investigation of the event. Engineering performed a review and
evaluation of the event, and issued a report identifying the causes
and recommended. corrective actions: The Independent Safety
Engineering Group (ISEG) and the Tactical Assessment Group (TAG)
performed a review of the basis for the decision to continue startup
and synchronize to the grid with an alarm existing for the MTG stator
differential temperature. A post trip review of the Datalogger
"indicated that the stator differential temperature was below the alarm
limit at turbine synchronization with no appreciable increase up to 13
percent power, but had started diverging after reaching 13 percent
power and exceeded the setpoint limit prior to the reset of the
Datalogger.

The alarm that necessitated a turbine trip was the MTG stator high
differential temperature alarm which is generated by a Datalogger of
the turbine supervisory instrumentation. The Datalogger is a software
driven device manufactured by Digitec that receives a signal from the
MTG stator resistance temperature detectors (RTDs) used to monitor
hydrogen gas temperatures. The MTG stator temperature signal is also
sensed by a strip chart recorder. . The Datalogger provides an output
to the high differential temperature alarm on the Control Room
Supervisory Panel, two CRTs, and a printer. The Datalogger program
produces a. variable differential temperature limit based on generator
load and the program compares the highest stator RTD with.the lowest
and generates the absolute value of the difference between the two.
The differential temperature limit becomes the setpoint against which
the maximum measured differential:temperature‘is compared.
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When the measured value exceeds the limit, the Datalogger actuates .the
‘stator high differential temperature alarm and a printout of

parameters at the time of the alarm.

Engineering's assessment of the event determined that the MTG cold gas
outlet temperature for hydrogen coocler 33 of the MTG hydrogen cooling
system {TK} was above the cold gas outlet temperatures of the
remaining three hydrogen coolers, resulting in a rise in stator
differential temperature. The stator temperature readings showed that
the temperatures on the east side of the generator stator diverged
from the west side, resulting in an increase in the overall
differential temperature. The distribution of stator temperature
readings at the time of the trip shows that the readings were closest
at the top and bottom of the stator, but furthest apart between east
and west. Engineering concluded that the high stator differential
temperature was a result of inadequate cooler operatlon and not a
stator fault.

Engineering determined that the inadequate cooler operation was a
result of gas binding, and inadequate cooler flow and balancing
between the four coolers. The gas binding within the cooler was
attributed to entrained air and hydrogen gas intrusion into the
cooler's service water system. Engineering determined the gas
intrusion was not a result of a fault in the 33 hydrogen cooler, but
due to leakage and migration within expected limits during stagnant
flow conditions. Engineering observed smaller amounts of gas that
were vented from the other three coolers. Engineering's assessment
concluded that the low supply flow of the hydrogen cooler's service
water was due to the cooler service water flows being governed by a
discharge header temperature control valve which responded to the low
generator load condition and cold service water by throttling the
temperature control valve almost closed. The reduced service water
flow in ‘hydrogen cooler 33 and  inadequate flow balancing caused
decreased heat transfer resulting in a higher gas outlet temperature
from cooler 33. When the cooling for hydrogen cooler 33 was reduced,
the measured temperatures diverged and exceeded the alarm setpoint.
The annunciator on the control room supervisory panel for the MTG
stator differential temperature alarm was set to actuate when the
Datalogger senses a stator differential temperature that is above a
ramp of 3.5 to 6.9 degrees C between 0 and 100 percent generator load
respectively, or if the stator differential temperature is above 8
degrees C at any time. At the time of the reactor trip, readings of
the Datalogger indicated a differential temperature of 6.8 degrees C
with a setpoint of approximately 3.7 degrees C. An alarm signal was
initiated when the differential temperature limit was exceeded.

v —
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.The ISEG/TAG's assessment of management's decision to continue startup
with an alarm up determined that there was a reasonable basis for the
decision. Operators appropriately entered procedure ARP-8 when the
stator high differential temperature alarm did not clear as expected
after the turbine was brought up to speed. : Datalogger readings showed
that prior to turbine roll the differential temperature was
approximately 5.5 degrees C. Subsequent to the turbine roll and prior
to synchronization the differential temperature decreased to 3.49
degrees C, with an alarm setpoint limit of 3.5 degrees C. A review of
operator actions and responses to ARP-8 indicated that required
actions listed in ARP-8 were performed by the operators. However,
three steps were not done at the time operations decided to continue
startup; to vent the coolers, to request I&C to verify calibration of
the RTDs, and to reset the alarm on the datalogger. The alarm was
locked-in prior to startup and per the ARP was being investigated.
Operations did not vent the coolers at the time because the coolers
had been vented on the previous shift and the recorder temperatures
indicated that temperatures were converging. Operations did not
request I&C to verify calibration of the RTDs, because the RTD
recordings indicated that the individual RTDs used in the alarm
function appeared to be indicating satisfactorily. ARP-8 requires the
condition that brought up the alarm to be cleared prior to resetting
the alarm. Operators did not attempt to reset the datalogger because
they believed an alarm condition existed due to a section of the
datalogger being out of service (blank Datalogger CRT). The ARP
requires that I&C be notified for a failed Datalogger..

After the trip Operations confirmed that they had vented the hydrogen
coolers on April 1 and earlier on the day of the trip. During turbine
startup operators had to make multiple service water adjustments to
the hydrogen coolers. Post trip, operatlons vented the 33 cooler and
observed the differential temperature decrease and return to
approx1mately the same as the other coolers. Operations verified that
service water line up to the hydrogen coolers was in accordance with
valve Check Off List procedure COL-RW-2 and that venting was
performed Ventlng is requlred by the MTG System Operatlng Procedure

SOP-TG-4.

The pos1tlon of the outlet valves that control service water from each
of the hydrogen coolers were full open in accordance with procedure

COL-RW-2 (Revision 27). The service water from the coolers is
discharged to a header that contains a temperature control valve
(TCV). The temperature of the service water for all four coolers is

maintained by a temperature control loop which monitors hydrogen gas
temperature in the MTG and controls the position of the TCV. '
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TCV controls the combined outlet of the four hydrogen coolers and
assures generator cold gas temperatures do not exceed a specified

limit. A post trip check verified proper operation of the TCV.
CAUSE OF EVENT

The cause of the event (manual reactor trip) was a required operator
action to an alarm for a high differential temperature of the hydrogen
gas discharged from the generator stator coils. The high differential
temperature of the hydrogen gas was due to gas binding within the 33
hydrogen cooler and a reduction of service water flow through hydrogen
cooler 33 as a result of inadequate cooling water flow balance between
the four hydrogen coolers. Lack of operator knowledge of the
Datalogger contributed to the event. The inadequate venting and
cooling flow balancing of the hydrogen coolers was caused by the
omission of relevant information in written communication
(procedures). The system operating procedure for the MTG did mnot
contain adequate guidance for hydrogen cooler venting and service
water flow balancing. The alarm response procedure for the stator
high differential temperature did not have adeqguate guidance to
determine if limits were exceeded, to trip the reactor/turbine, to
determine the cause of the alarm, and to clear the alarm by venting -
and balancing the coolers. Operators had no procedural guidance for
operation of the Datalogger. ’

CORRECTIVE ACTIONS

The following correctlve actions have been performed to address the
causes of the event:

. Procedure SOP-TG-4 was revised to include the following changes:

A ‘Added requirement to balance the generator hydrogen cooler
outlet temperatures by venting and adjusting the hydrogen
cooler outlet service water isolation valves so that outlet
temperatures are w1th1n specified limits and approximately
equal.

- A Added spec1f1c cooler venting criteria to ensure additional
venting is performed to assure that all of the gases have
been evacuated from the coolers.
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A

Addedlguidance for monitoring generator stator temperatures

-and their limits, require verification that hydrogen cooler

gas outlet temperatures are within normal limits, and
requires balancing and venting when not within limits.

added guidance .for the Cperation of the MTG RTD Datalogger.

A lesson plan was developed for the MTG Datalogger and Operators .
trained on its functions and operator responsibilities when using

it.

Procedure COL-RW-2 was revised to require that each hydrogen:
cooler outlet isolation valve be positioned in accordance with
the requirements of procedure SOP-TG-4.

Alarm Response Procedure ARP-8 was rev1sed as follows:

A

Added'guidance and clarified procedure steps for determining
if limits have been exceeded and clarified actions for
tripping the reactor and turbine.

Added guidance for determining the cause of an alarm and
clearing by reference to procedure SOP-TG-4 for venting and
balancing the MTG hydrogen coolers. s

Revised step to address tripping the reactor when permissive
P-7 is not illuminated and transitioning into Emergency
Operating Procedure E-0, and tripping of the turbine when
permissive P-7 is 1llum1nated without directing the user to
E-O.

Added that a failure of the Datalogger s large CRT is not a

" MTG Datalogger failure.

Added to the alarm verification requirement guidance
concerning when the high temperature alarm is not
applicable, when to go to procedure SOP-TG-4 to determine
cause and to clear the alarm by ensuring coolers are vented,
flow is balanced, and the service water temperature control
valve 1is operating properly.

Added requirement to reduce load to decrease generator
stator differential temperature and clear alarm when the
alarm is caused by a differential temperature between any
two valid stator RTD indications.
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ANALYSIS OF EVENT
This event is reportable under 10 CFR 50.73 (a) (2) (iv). The

licensee shall report any event or condition that resulted in a manual
or automatic actuation of an Engineered Safety Feature (ESF),
including the Reactor Protection System (RPS). During plant startup,
a high differential temperature alarm on the main generator stator
was assessed by operations and-determined to be valid and exceeded
the procedural limit. The Alarm Response Procedure (ARP-8) requires a
turbine trip. Operations initiated a manual reactor trip and a - trlp
of the turbine occurred automatically.

A review of Licensee Event Reports (LERs) for the past three years for
similar events in which there was a manual reactor trip identified
LERs 95-018, and 95-012. LER-95-018 was for a similar event where
hydrogen gas binding caused reduced cooling in the 32 hydrogen cooler
which resulted in a stator high differential alarm. However, the gas
binding was caused by a cooling tube failure. The reactor was- tripped
due to a high stator differential temperature alarm during a unit
shutdown to repair the cooler.

SAFETY SIGNIFICANCE

This event had no effect on the health and safety of the public.
Operators took conservative action in accordance with procedures and
tripped by tripping the reactor. The plant is designed for a reactor
and turbine trip. Trips, automatic control actions and alarms will be
initiated by deviations of system variables within the steam and power
conversion system. The reactor would have tripped from a turbine trip
signal as a result of generator/electrical faults or manual operator
action. The plant is analyzed for a major load loss as a result of a
turbine trip. Engineering determined that the generator stator high

" differential temperature alarm condition, when caused by a
malfunctioning or unbalanced hydrogen coollng system, will not damage
the generator stator.
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