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the study identifies and feeds back the contributors to these events and the corrective
actions that plants have taken.

This report documents the review of operational events from mid-1988 to present that
involved reactivity events le '1g to BWR reactor trips from Modes 1 and 2. These
events were identified by searching databases, including licens-e event reports (LERs)
ccded in the Sequence Coding and Search System (SCSS), and LERSs contained in the
Nuclear Documents System text search system. Events with equipment malfunctions,
such as a turbine control valve or main steam isolation valve closure, that led to a
reactor trip without time for operator response prior to the trip were not .cluded in this
report. Manual scrams were not included.

2.0  REVIEW OF OPERATIONAL EVENTS

2.1 Big Rock Point

On May 13, 1992, the plant was starting up after a refueling outage (R2ference 1). The
operators experienced difficulty in opening the turbine stop valve (TSV) during testing.
The turbine bypass valve (BPV) was opened to reduce the differential pressure across
the TSV. The BPV was then given a partial close signal as the TSV opened. The
reactor scrammed on short reactor period (high rate of flux increase) due to a changing
vo'd concentration resulting from pressure perturbations,

The licensee attributed the event to opening the BPV to reduce RP at low power levels,
This lowered reactor power to below one percent, which enabled short period scram
protection. Operators did not recognize the sensitivity of the nuclear instrumentation
below one percent power. There was a lack of written precautions or warnings regarding
operation of the BPV in this power range, and undersized steam flow pilot holes internal
to the TSV caused difficulty opening the TSV.

Licensee corrective actions included revision of general operating procedures to enhance
precautions and limitations related to low power operations, addition of a caution
statement at appropriate points in related system operating procedures to control use of
the turbine BPV at low power and provide additional direction as to when and how the
BPV is tested during startup, and training of the operators on the specifics of the event.

22  Nine Mile Point Unit 1

On July 18, 1991, the unit was being shut down when an unanticipated RP decrease
occurred (Reference 2). The operators initially diagnosed a pressure regulator
malfunction, but later concluded that steam loads and steam leakage were greater than
steam generation. Hence, the operating crew decided to 1solate main steam line drains
to reduce steam loads. The reactor scrammed on Intermediate Range Monitor (IRM)






The licensee attributed the cause of the event to flux redistribution effects. Flux
redistribution resulted in local effects that coused the IRMs to respond as if the overall
reactivity were much greater., The flux redistribution was not accounted for ir the
operator guidance provided by the nuclear engineers.

Licensee corrective actions included reduction of flux redistribution effects by changing
the control rod withdrawal sequence, and establishing controls to alert operators to rod
withdrawals that might result in a large IRM response due tc flux redistribution effects.

2.5  Monticello

On June 6, 1991, a reactor startup was terminated and a reactor shutdown was
commenced to repair a leaking safety relief valve (SRV) (Reference 5). The reactor
began 1o depressurize because decay heat (DH) was insufficient to supply all auxiliary
loads. As the reactor depresSurized, the reactor coolant temperature decreased, adding
positive reactivity. As long as the operator continued to i...ert control rods, the reactor
was maintained subcritical. The operator stopped inserting control rods to review plant
conditions and the reactor scrammed about a minute later due to IRM Hi Hi.

The licensee attributed the cause of the event to cognitive error in failing to recognize
the actual plant conditions. Numerous contributing causes were identified including a
sense of urgency due to potential SRV failure, transition from startup to shutdown
procedures, customary crew briefings did not cecur, and responsibilities were not clearly
sssigned, all of which led to one reactor operator being left with responsibility for control
rod insertion and monitoring of other panels. The crew had a misperception (because of
prior successful shutdowns with high DH) that moderator cooldown was of minimal
concern while in the IRM heating range with pressure above 650 psig, and the crew did
not recognize that the absence of sufficient DH early in core life would result in
significant cooldown rates with normal auxiliary steam loads in service. Operating
procedures lacked specific guidance for controlling cooldown with low DH, and the use
of recorders as tool for recognizing trends of reactivity during significant reactor
transitions had not been emphasized.

Licensee corrective actions included emphasizing to shift supervisory personnel that their
primary focus should be on command and control to ensure that responsibility has been
clearly assigned foi all activities necessary for safe plant operation, changing plant
administrative controls to clarify the duties of control room personnel especially during
power changes, changing operating procedures to secure steam oads to avoid excessive
cooldowns under low DH conditions, and requiring all control rods be inserted or
receiving guidance from the nuclear engineer prior to establishing a cooldown rate.

This event was the subject of an AEOD Human Factors Study Report (Reference 6) and
NRC Information Notice IN 92-39 “Unplanned Return to Criticality During Reactor
Shutdown."
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26  Quad Cities Unit 2

On October 27, 1990, the reactor was being returned to normal operation following the
discontinuation of a turbine torsional test (Reference 7). While reducing RP to return
the electro-hydraulic contro! system to normal, the reactor operator did not realize the
reactor had gone subcritical. As pressure decreased below 800 psig, the reactor operator
began withdrawing control rods to increase RP. The rod withdrawals resulted in a short
period and an IRM Hi Hi scram.

The licensee attributed the primary cause of the event to personnel error. The licensed
reactor operator focused on controlling RP and did not realize that the reactor was
suberitical. The reactor operator did not use the reactor physics knowledge expected of
a licensed operator and did not follow all required procedure steps. The licensee
identified a number of contributing causes including insufficient management oversight of
hot standby operations, ineffective communications including ineffective turnover or
logging of an earlier shift’s eXperience, a delayed shift briefing, insufficient training, and
the limited onsite review of the special test procedure used for the turbine torsional test.

Licensee corrective actions included specific training for controlling RP under different
operating conditions, providing augmented management oversight for hot standby
operation, and procedure revisions associated with the shutdown procedure and the
administrative control process for special test procedures.

This event was the subject of an AEOD Human Factors Study Report (Reference 8) and
NRC Information Notice IN 91-04 “Reactor Scram Following Control Rod Withdrawal
Associated with Low Power Turbine Testing."

oy Vermont Yankee

On July 3, 1988, a reactor shutdown was commenced io repair a steam leak

(Reference 9). About 30 minutes after the turbine was taken offline, the operz.iors
observed a pressure decrease. Operators then used various modes of the mechanical
hydraulic control (MHC) system to attempt to control pressure. MHC operated
erratically in all modes. Attempts to control pressure by positioning BPVs resulted in
large valve position changes and subsequent RP and level oscillations. During a high
level oscillation, the operating FW pump tripped. A standby FW pump was started, but
the resulting injection of relatively cold water caused a rapid neutron flux increase which
resulted in a high IRM flux scram.

The licensee attributed the cold water injection to plant procedures that did not address
response to low RP when not in the "Run” mode, and cognitive error in that the use of
any MHC pressure regulating mode during the depressurizaticn would serve to further
reduce pressure. The suspected root cause of the event was a maifunction of the MHC
system due to dirt or grit lodging in oil system pressure control valves.
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212 Edwin L Hatch Unit 2

On February 24, 1991, a startup was in progress with the reactor critical below one
percent power (Reference 14). A nuclear heatup was in progress at 280 psig. Water
level began to decrease when a BPV opened to control RP. In response to the level
decrease, FW was rapidly injected to the vessel causing neutron flux to increase to the
scram setpoint (about 12 percent).

The licensee attributed the event to personnel error in that operators failed to maintain |
the BPV pressure control setpoint about RP as required by procedure. In addition,

operators failed to recognize that the BPV was open. Contributing to the event was the

closure of a valve in the "W long-cycle return to condenser flow path. The valve

indicated open, but it had failed closed. This caused condensate booster pump discharge

pressure to be higher than expected (approximately 600 psig versus the normal 300 psig).

Operators failed to recognizc"the higher than normal condensate system pressure and

greater than expected FW flow to the vessel.

Licensee corrective actions included counseling of the involved personnel and
replacement of the failed valve positioner.

2.13  Nine Mile Point Unit 2

On Jjune 28, 1988, a reactor startup was in progress with the reactor at nine percent
power and 850 psig (Reference 15). Operations personnel discovered that the
temperature increase of one moisture separaior reheater was lagging the other.
Operators micinterpreted a procedure caution that requires the temperature difference
between the two steam separator reheaters to be less than 50 °F. In order to equalize
the temperatures, the operator throttled open a low load steam inlet valve, This caused
increased sieam loads and reactor power at low RP. This caused reactor water level and
pressure to decrease initially. In the final 20 seconds prior to the scram, FW flow,
reactor level, and RP were all increasing causing reactor power to rise. The reactor
scrammed on an APRM upscale trip (15 percent).

The licensee attributed the event to operator error in that operators failed to recognize
that the procedure caution was only applicable when the turbine was in service, and so
should not have been opening the reheat steam valves. In addition, the operators should
have been sensitive to the effect on power and the reduced margin that existed to the
APRM scram setpoint. Secondary causes were a training deficiency and a procedural
deficiency.

Licensee corrective actions included changes to the startup procedure to assure that the
reheater steam supply valves are closed unti! the turbine has reached 15 percent to 19
percent load, and simulator demonstrations to stress to operators tne effects of changing
steain loads on system stability during startup.




B e e

214  Nine Mile Point Unit 2

On October 18, 1988, a reactor shutdewn using control rods was in progress with reactor
power below one percent at 525 psig (Reference 16). Operations personnel were
removing steam loads to gain improved control of the cooldown rute, and reactor water
cleanup reject fluw had been increased to restore normal system flow. The above
actions, in parallel to the high cooldown rate, caused reactor water level to decrease
about 1.5 inches. The FW system responded to the lower indicated level by increasing
FW flow. The introduction of the relatively cold (84 °F) FW resulted in a significant
increase in core inlet subcooling and positive reactivity insertion. In response to a source
range monitor short period alarm, the RO took immediate action to uprange the IRMs,
but the reactor tripped due to high upscale IRM trips.

The licensee attributed the event to inadequate control and coordination of activities
associated with the shutdown on the part of the control room personnel. In particular,
the chief shift operator did not properly control the multiple activities affecting reactor
power during the shutdown process, there was inadequate communication among the
control room operators performing the activities such that each was not aware of the
others’ activities, and the senior reactor operators did not properly oversee control
activities during this t'me period. In addition, a contributing factor was inadequate
direction in the shutdown procedure as to when to secure steam loads during the
shutdown,

Licensee corrective actions included actions to address the above; p.us all crews were
instructed that only one activity affecting reactivity be performed at any one time, and
operators were instructed to pay increased attention to the effects at low power resulting
from changes in RP or changes in FW flow or temperature.

215 Perry

On June 5, 1988, the reacior was operating at about 80 percent power (Reference 17).
Operators were periodically adjusting recirculation flow to maintain power constant Gue
to changes in Xenon concentration.

During one such adjustment, an operator inadvertently depressed the “auto” pushbutton
on the recirculation system flux controller, shifting the flux controller in automatic. Due
to the deviation between actual and demanded flux, the recirculation flow control valves
were automatically opened. This resulted in increased recirculation flow and a high
APRM (11€ percent) flux scram.

The licensee attributed the event to personnel error in that the operator did not exercise
sufficient care to avoid contact with the pushbutton. The "auto™ pushbutton was located
directly behind the sctpoint acjustment slide switch and in the direct line of motion of
the operator’s hand when making an adjustment to the control setting.
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Licensee corrective actions included disabling the automatic mode (the system was not
intended to be used) until the system could be properly tuned, disciplining the involved
nperator, and including the event in requalification training.

2.16  Perry

On June 16, 1988, the reactor was operating at 100 percent power (Reference 18).
Troubleshooting of a recirculation system automatic flux controller circuit card was in
progress when a spurious spike in recirculation flow demand caused increased core flow
and an upscale neutron flux trip. The spike occurred when the circuit card was
reinstalled.

The licensee attributed the event to reinsertion of the automatic flux control carc into
the recirculation flow control circuitry which induced a noise spike into the control loop
circuitry, A technical manual and design drawing review by engineers, both prior to and
following the event did not reveal the potential for this transient. However, contact with
the manufacturer confirmed that reinsertion of the card may cause grounding which
could induce a noise spike. Subsequent troubleshooting confirmed this hypothesis.

Licensee corrective actions included initiation of steps to ensure that the hydraulic power
units to the flow control valves will be locked to prevent unexpected transients when
removing or installing circuit boards in the recirculation flow control system during
power operation.

2.17 River Bend

On February 20, 1989, a reactor startup was in progress with the reactor critical in the
IRM range (Reference 19). The startup was at the point where additional steam loads
were being added. Between each addition of a new steam load, water level was allowed
to stabilize. Following the opening of the fourth 3-inch drain, the level dipped further
than for the previous drain opening. Because of reactor leve! and power reductions,
additional steam voids formed in the core and power began to decrease. The reactor
operator continued withdrawing control rods to maintain RP. The IRM upscale trip
occurred when the startup FW regulator valved opened rapidly, causing a rapid increase
in FW flow and a rapid positive reactivity addition.

The licensee attribu.>d (e event 1o a startup FW regulator valve that had numerous air
leaks and led 10 its slow, sluggish response, and consequent rapid opening.

Licensee corrective actions included repairing the valve and changing the startup
procedure to require having a steam BFV open at approximately 50 percent prior to
placing steam drains in service,

10
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. the need to constantly monitor process indications when in a transient
condition

. nuclear instrumentation response
- improved guidance and controls for testing, in particular changing:
. the administrative control process for special test procedures

. SRV testing so that it will be performed at 940 psig with the mode switch
in "Run"

- improved human-machine inteiface, in particular: |
I
. adding a caution tag for the BPV opening jack control switch to preclude |
its use in a depressurization event (unless shutdown or as directed by |
emergency procedures) J
. lowering the IRM alarm setpoint to allow additional time for operator l
response prior to a scram
3.1.2 Cold Feedwater or Rapid Feedweter Injection Events |
For cold FW or rapid FW injection events (in addition to the relevant actions from the
pressure transient events above), some licensee human performance corrective actions
were:

- improved guidance for testing, in particular:

. providing precautions to perform some surveillancec only when in cold
shutdown or refueling

- improved procedure guidance, in particular:

- verifying during startup and shutdown that the low flow control FW valve
operates smoothly throughout its full stroke

. administratively restricting steam flow during startup and shutdown suet.
that the demand open signal {or the FW low flow control valves does not
exceed 70 percent

3.1.3 PFecirculation Flow Transients

For recirculation flow transient events, some licensee human performance corrective
actions were:

12



- disabling the automatic mode of recirculation flow control to prevent inadvertent
automatic operation

- administrative controls to lock the hydraulic power units to the recirculation flow
control valves to prevent unexpected transients ‘vhen removing or instailing circuit
boards in the recirculation flow control system during power operation

3.1.4 Control Rod Withdrawal Events

For control rod withdrawal events, some licensee human performance corrective actions
were:

- reduction of flux redistribution effects by changing the control rod withdrawal
sequence

- establishing controls to alert operators to rod withdrawals that might result in a
large IRM response due to flux redistribution effects

32  Operator Anowledge

Operator knowledge weaknesses contributed to impromptu operator actions that were
inappropriate in responding to events involving equipment failure,

Operator knowledge weaknesses contributed 10 inappropriate operator actions during
startups and shutdowns that resulted in reactivity insertion events,

Operator knowledge weaknesses were demonstrated in diverse areas.

32.1 Pressure Control
Operator knowledge weaknesses involving pressure control included:

- not understanding the sensitivity of pressure changes (including valve testing and
audition/or removal of steam loads) on reactor power

- not recognizing that a dep-essurization and cooldown (and positive reactivity
insertion) would result from normal steam loads at low DH levels

- not recognizing a cooldown and positive reactivity insertion following receipt of
low pressure alarms

- using a pressure regulator to (erroneously) open BPVs in an attempt to raise RP

13




FINDINGS

AND (

(N

|

i

1
i

o3 1! INS

1990

viLy

ientified as



A SR LA ey

sph
e

S




The equipment failures involved FW or condensate system valves (3), pressure regulators
(2), TSV and BPV position indication, and a SRV,

I'he physical causes of reactivity insertion events weie: (1) pressure transients, (2) cold
FW injection, (3) piant cooldown, (4) recirculation flow increase, and (5) control rod
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COOLDOWN RECIAC FLOWOR WITHORAWAL

Figure 4 BWR Rea tIvity Insertion
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