


EXECUTIVE SUMMARY

The Office for Analysis and Evaluation of Operational Data (AEOD) of the U.S.
Nuclear Regulatory Commission has a program to study human performance during
operating events. As part of this program, AEOD formed a team to conduct an onsite
analysis of an event at the Crystal River 3 nuclear generatig station during the midnight
to 8:00 a.m. shift on December 8, 1991. The plant was starting up after & short
maintenance outage and was at about 10 percent power preparing to roll the main
turbine when a slow loss of reactor coolant system pressure transient became apparent to
the operators. The actuator for the pressurizer pray line control valve RCV-14 fuiled,
which left the valve partly open but position indicating lights showed that the valve was
closed. The reactor tripped on low pressure, and an operator bypassed engineered
safeguards (ES) actuation as the pressure continued to decrease. ES was unbypassed
after about si minutes and an avtomatic initiation of ES (including high pressure
injection system) immediately occurred with RCS pressure at approximately 1550 psig.
The operators established manual control of the high pressure injection system to
maintain reactor coolant system nressure above 1500 psig. The cause of the loss of
reactor coolant system pressure remained unknown to the operators until the spray line
isolation (block) valve was closed. This stopped the pressurizer spray flow and permitted
the pressurizer heaters to reestablish control of pressure. It is noted that the operator
further withdrew control rods after the RCS pressure decrease began in an effort to

conirol pressure.

This human performance study focused on the actions of control room operators
during the loss of pressure transient. The study was based on data from plant logs, the
stat.on's event investigation report, and interviews with control room operators and other
station staff. The station training staff also reproduced the event on the plant specific

simulator for observation by the onsite analysis team.

With the pressurizer spray control valve RCV-14 open, but indicating closed, the
operators saw a decreasing pressure with no detectable abnormalities in the controls for

the pressurizer. It was suspected that the reactor coolant system was being cooled, which
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would shrink the coolant and lower pressurizer level and pressure. The surip chan

recorders showed slightly increasing pressurizer level and slightly decreasing reactor
coolant system temperature, and there was a report that steam flow to the deaerating
feed tank had been initiated. Reactor power was increased and the steam flow to the

deaerator was svcured. These actions did not diminish the rate of decrease of pressure.

The initial investigation by the operators of the ceuse of the pressure decrease
was guided mainly by their recall of procedures and plant behavior, not by referring to &
specific procedure. Possible causes that were investigated and rejected included a
leaking pressurizer relief valve, a loss of coolant into containment, an interfacing system
loss of coolai 1 outside of containment, and faulty operation of the pressurizer heaters,
The control s vitch for RCV-14 was cycled shut, but subsequent, continued flow through
RCV-14, whicl could create a pressure reducing spray into the pressurizer, was not

suspected.

The pressure reduction continued, initiated a reactor trip at 1800 psig (18 minutes
after the pressure reduction started) and continued downward toward the 1500 psig trip
point for auto.aatic ES initiation. The ES were bypassed at 1650 psig to prevent
initiation in the expectation that the pressure decrease would be brought under control.
The bypass was removed six minutes later when the pressure was 1550 psig and the ES
initiated high pressure injection system flow into the reactor coolant system. The
pressure reduction was reversed by the high pressure injection system flow. The
operators took manual control of the high pressure injection system and maintained
pressure between 1500 and 1650 psig for 23 minutes while the condition of the plant was
=valuated. Since a decrease in pressure to less than 1500 psig would place the reactor in
a state of inadequate subcooling margin, the control room: supervisor decided to increase
the pressure to 1750 psig by compressing the steam bubble in the pressurizer. This was
accomplished by controlled injection from the high pressure injection system, which
raised the pressurizer level to above the indicated level range but did not approach

filling the pressurizer solid.



Shortly after this evolution the pressurizer spray line isolation valve RCV-13 was
closed to try to correct the pressure decrease. This stopped the spray flow into the

pressurizer and removed the cause of the decreasing pressure transient,

The following is a summary of the results of the analysis of the human factors in

this event.

Mun:-Maching Interfae

The event was initiated by a failure of the actuator for the pressurizer spray flow
control valve RCV-14, which left the valve partly open but with position indicator lights
that showed the vaive fully closed. The resulting spray flow caused a decreasing reactor

coolant system pressure transient that appeared to have no directly discernible cause.

Duty Hours

The failure of RCV-14 occurred near 3 a.m., when human performance tends to

be at its lowest level.

Procedu | Traini

The procedure that was directly applicable to the decreasing reactor coolant
system pressure was the annunciator response proce Jure. However, the annunciator
response procedure for low reactor coolant system pressure was oriented toward control
circuit failures, which left RCV-14 indicating open. The abnormal response procedure
for engineered safeguards/high pressure injection system actuation had directions for
closing the spray line isolation valve RCV-13 to correct a low reactor coolant system
pressure condition, but these directions were in a later section of the procedure that was
not used because the operator exited the abnormal procedure when ES termination

criteria were met.




Although the alarm response procedure would have been of minimal help, it was
not referred to by the operators. Checking all sections of the abnormal response
procedure once it was entered and with the less of reactor coolant system pressure
control problem still existing would have provided the crew with the direction to close
the RCV-13.

During this event, =1 operator bypassed ES, while a plant depressurization was in
progress and not diagnosed or understood. While guidance existed for ES termination,
similar gridance did not exist for ES bypass prior to actuation, The development of
similar guidance was planned by the licensee to clarify appropriate and expected
operator actions in similar situations. The team noted that such guidance would likely
reducs any operator confusion and eliminate the need for a rapid, knowledge-hased

decision regarding ES bypass to be made in a stressful situation.

Knowledge Versus Rules

The operators’ recail of the content of procedures and of plant behavior was
relied upon to a large extent because of a lack of rules and procedure weaknesses &3
discussed above, The effectiveness of this knowledge was limited by (a) the limired time
for knowledge-based decision-making, (b) misleading data on spray valve position
indication, (¢) the stress occasioned by (a) and (b), and, (d) the time of day. These may
have been factors leading to the inappropriate bypassing of the ES actuation, the
securing of high pressure injection system injection tlow before the reactor coolant
system pressure had risen well above the 1500 psig minimum for the subcooling margin
requirements, and fo: ceasing the verification and checking of the later sections of the
abnormal procedure which contained the direction to close RCV-13.

1 K (C . Control. C L

Closer adherence to the general principles for command, control, and

communications would have been helpful during this evem, especially in view of the



stress occasioned by the event and the time of day. Deviations from these general
pritciples were of particular note in the bypassing of the ES, which occurred without the
prior concurrence of the control room supervisor and continued for six minutes without
being questioned by the control room supervisor. The station's administrative
instructions containes’ .animal restrictions on use of the ES bypasses during transients.
This is especially applicable to the engineered safeguards/high pressure injection system
hypass since it is used during normal plant coolcowns.

The shift technical advisor was present ia the control room throughout this event
and participated in the attempts to determine the cause of the decreasing reactor coolant
system pressure. He did not question the bypassing of the ES. The team noted that the
involvement of "menagement on shift" for the reactor startup contributed positively to
the event progression. "Management on shift" noted that ES was bypassed and
recommended that the pressurizer spray block valve be closed.

Selected Li c Lo

Shortly after the first review of the event, the plant management was considering
actions to reduce the reliance on knowledge-based behavior during this type ot 2vent.
These actions were to (a) provide a diagnostic procedure for response to a loss of
conirol of RCS pressure, (b) provide a clearer statement in policies and procedures
defining the restrictions on overriding ES actuations or other safcty system actuations,
and (¢) review and supplement existing training for thiis type of event,
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I INTRODUCTION

L1 Purpose

The Office for Anulysis and Evaluation ol Operational Data (AEOD) of the U.S.
Nuclear Regulatory Commission has a program to study human performance during
operating events. As part of this program, AEOD formed a team to conduct an onsite
analysis of an event at the Crystal River 3 nuclear generating station during the midnight
to 8:00 a.m. shift on December 8, 1991. The plant was starting up after a shon
maintenance outage and was at about 10 percent power preparing to roll the main
turbine when a slow loss of reactor coolant system pressure transient became apparent to
the operators, The actuator for the pressurizer spray line control valve RCV-14 failed,
which left the valve partly open but indicating closed. The reactor tripped on low
pressure, and an operator bypassed enginecred safeguards (ES) actuation as the pressure
continued to decrease. ES was nunbypassed after about six minutes and an automatic
initiation ef ES (including high pressure injection system) immediately occurred with
RCS pressure at approximately 1550 psig. The operators established manual control of
the high pressure injection system to maintain reactor coolant system pressure above
1500 psig. The cause of the loss of reactor coolant system pressure remained unknown
to the operators until the spray line isolation (block) valve was closed. This stopped the
pressurizer spray flow and permitted the pressurizer heaters to reestablish control of

pressure.

l v | SI'ng

The human performance study focused on the actions of control room operators
during the loss of pressure transient. The study was based on data from plant lozs, the
station's event investigation report, and interviews with control room operators and other
station staff. The station training staff also reproduced the event on the plant-specific
simulator for observation by the onsite analysis team. The ldaho National Engineering

Laboratory provided technical assistance for this study.
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The onsite analysis team was at the Crystal River 3 site on December 10-12, 1991,
and comprised the {ollowing members:

. John Kauffman, NRC/AEOD (team leader)
. Dr. Harold Ornstein, NRC/AEOD
. Orville Meyer, INEL/EG&G Idaho.



2. DESCRIPTION OF THE EVENT ANALYSIS

The Crystal River 3 nuclear generating station is located near the city of Crystal
River on the Gulf Coast of Central Florida and is owned and operated by the Florida
Power Corporation. It is a single-unit station with a Babcock & Wilcox pressurized
water reactor rated at 2544 MW thermal, 825 MWe. The station began commercial
operation on March 13, 1977. A reactor trip had occurred on December 3, 1991,
becanse of nuclear instrumentation problems, and early in the morning of December §
the plant was being returned to power operations. The reactor was brought 1o criticality
at 12:50 a.m. by the midnight to 8:00 a.m, shift of control room operators. Tte reactor
was at 11 to 14 percent power and was being brought to 15 percent power in preparation
for startup of the main turbine generator when a decreasing RCS pressure transient

became apparent at 2:53 a.m.

Figure 1 illustraies the organizational structure of the contro! room crew, The
shift supervisor (S8) is in charge of all plant activities during the shift, including
maintenance. The SS was present in the control room during this event because he was
overseeing the plant startup. The assistant nuclear shift supervisor (ANSS) was in direct
command and controi of control room activities, and his desk is centrally located within
the control room. The chief nuclear operator's (CNQ's) principal duty normally 1s the
direction of activities of the auxiliary operators (AOs) within the plant external to the
control room. The CNO was present in the control room and assisting in control of the
balance of piant systems during the operation of placing the main turbine generator
online. The nuclear operators (NOs 1 and 2) normally share all the panel operations
duties in the control room. On this shift, during this startup, NO 2 was manipulating the
reactor control rods to control reactor power and temperature. He was slowly increasing
reactor power from 10 to 15 percent when the decreasing RCS pressure transient
became evident. NO 1 was at the main turbine control: and preparing to roll the main

turbine.
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Acting Operations

Superintendent ~ Shift Supervisor
Assistant Nuclear - Shift Operations
Shift Supervisor ’ Technical Assistant
” | s _7 i”_“ e R
Chief Nuclear Operator| | Nuclear Operator ] - Nuclear Operator 2
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Note: 1. The acting operations superintendent, the shift supervisor, and the
ANSS hold senior reactor operator licenses. The chief nuclear operator
and the nuciear operators hold reactor operator licenses.

2. The acting operations superintendent was present as a management
observer and technical advisor.

Figure 1. Crystal River 3 contro! room crew.
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Shift operations technical assistants (SOTAs) are assigned 24-hour duty shifts a1 the
plant. During this 24-hour period, they may be anywhere in the plant and are assigned a
small apartment oa site but are required to be in the control room within 10 minutes
after being called. When this event began, the SOTA was in the control room to provide

technical assistance during the plant startup.

The acting operations superintendent (AOS) was also in the control room to
observe and provide technical assistance during the plant startup. The individual serving
as the AOS was an SS and was acting for the operations superintendent, who was
temporarily offsite. The AOS remained in the rear of the coatrol room in
communication with the SS and the ANSS during this event.

The pressur er spray line contrel valve, RCV-14, had vot been opened during this
startup prior to this event since the normal procedure for heating up the pressurizer and
drawing a steam bubble would not require pressure reduction by pressurizer spray. At
2:51 a.m,, NO 2 used the control rods 1o "bump” reactor power up by 3 percent, from 11
to 14 percent. This power transient caused a small increase in RCS pressure, which was
sufficient to cause the automatic control circuitry for the pressurizer to open RCV-14 to
an indeterminant position but the closed position indicator light remained illuminated.
When the pressurizer spray had reducad the RCS pressure, the control circuitry caused
the valve actuator to move toward the closed position but the valve disc did not seat,
(Normally, a key and keyway prevent the valve shaft from rotating such that the worm
gearing can translate but not rotaie the shaft. The key was missing from the RCV-14
valve actuator. Since the shaft could rotate as well as translate. the constant relation
between the valve disc position and the actuator position indicator had been lost.
Therefore, RCV-14 remained open an indeterminant amount.)

Since there was no direct indication of flow in the pressurizer spray line, NOs |
and 2 saw a decreasing RCS pressure with no detectable abnormalities in the controls
for the pressurizer since RCV-14 indicated closed and pressurizer heaters were on.
Operator NO 1 suspected that the RCS was in a cooling transient, which would cause the

RCS coolant to shrink and lower pressurizer level and pressure. The strip chart
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recorders showed slightly 1 “~asing pressurizer level and slightly decreasing RCS
temperature, vut the hypot.. . f NO | seemed 10 be supported by 4 report from an
AQ (hat significant sieam flow to the deaerating feed tank from the steam generators
hud been initiated. NO 1 advised NO £ to bump reactor power up to correct the
overcooling and directed the AO to secure the steam flow to t!  deaerator. These
actions +iid noc diminish the rate of decrease of RCS pressure,

The ANSS and the 8§ were notified by the NOs that the RCS pressure was
decreasing, and they, the SOTA, and the CNO joined the search for 4 cause. The
investigation by the operators was guided tnainly by their recall of procedures and plant
behavior, not by referring to & spocific procedure. Possible causes that were investigated
and rejected included a leaking pressurizer relief valve, a loss of coolant into
containment, an interfacing system loss of coolant outside of containment, and faulty
operation of the pressurizer heaters. The control switch for RCV-14 was ¢yclea shut but
continved gross leakage or flow through RCV-14, which could create a pressure reducing
spray into the pressurizer, was not suspected.

The RCS pressure 1aduction continued, initiated a reacior trip at 1800 psig (18
minutes after the pressure reduction started) and continued cownward toward tne 1500
psig (minimum) trip point for automatic engineered safegusrds (ES) initiation (see
Figure 2). The ES was hypassed by an NO at 1650 psig to prevent ES initgtion in the
~spectation that the RCS pressure decrease would be brought under control. The ES
bypass was removed 6 minutes later when the RCS pressure was 1850 psig, and the ES
initiated HPIS flow into the RCS. The RCS pressure reduction was reversed by the
HPIS flow. The opcrators took manual control of the HPIS and maintained RCS
pressure between 1500 and 1650 psig for 23 minutes while the ANSS, the SOTA. the S§,
and the AOS evalua.ed the condition of the plant. Since a decrease in RCS pressure to
less than 1300 psig would place the reactor in a state of inadequate subcooling margin,
the ANSS decided to increase the RCS pressure to 1750 psig by compressing the steam
bubble in the pressurizer. This was accomplished by controlled injection to the RCS
from the HPIS, which -aised the pressurizer level to above the indicated level range but
did not approach filling the pressurizer solid.

e b e e
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Shartly afier this evolution, pressurizer spray line isolation (block) valve RCV-13
was closed at the suggestion of the AOS (the AOS did not specifically suspect that RCV-
14 was passing flow, but he thought closing RCV-13 might be of some help). This
stopped the spray flow into the pressurizer. The closure was seen 10 have removed the
cause of the decreasing RCS pressure transient.

To establish this time line, the onsite analysis team interviewed ull control room
personnel shown on Figure 1. Copies of control room strip chart recordings, the control
room logs. and the annunciator printout were also provided by the station. The working
copy of the reactor trip review and analysis by the station staff and a draft of the unusual
operating event report by Babcock & Wilcox Nuclear Services was made available. In
addition, the training staff retrieved the event data from the plant computer and plotted
it (Figure 2 was one such plot). ' Ye training staff also reproduced the event for review
by the analysis team on the plant specific simulator with high lgelity after correcting the
time of operation of the pressurizer heaters. The following sequence of events was
established:

12:39:00 am.  Commenced reactor startup.
1:03:00 Reactor critival.
2:07:00 *  Entered Mode 1 operations, power above | percent.
. Warmed up steam lines, established main condenser vacuum, and

began dumping steam to the main condenser through the turbine
uypass valves (TBVs).

L W ———
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2:51:47

2:52:32

Reactor power was increased from 11 1o 12 percent with the
objective of slowly increasing power to 18 percent in preparation
for rolling the turbine generator and bringing it online. NO 2 was
controlling reactor power and temperature, and NO 1 was

preparing 1o roll the turbine generator,

Reactor pressure increased slightly in response to the above small
power increase but then began to decrease slowly, Pressurizer
spray control valve RCV-14 continued to indicate closed (the
green, closed indicating light remained illuminated while the
yellow, 40 percent open and the red, full-open lights were dark),

NO 2 reported that the RCS pressure was decreasing. NO 1 and
others suspected that the reactor was being cooled because
reactor power was less than the cieam load, and NO | suggested
to NO 2 that reactor power be "humped” upward.

NO 2 bumped reactor power by 3 percent, from 11 1o 14 percent,
by incremental control rod withdrawal,

RCS pressure increased to 2223 psig and then began to decrease.
Tave was 367.3° F and pressurizer level was 176 in,

RCS pressure was 2150 psig and decreasing, Tave was 568 5° F,
and pressurizer level was 190 in. NO 2 was monitoring these
parameters on the strip chart recorders on the panels. These
recorders have 4-in. scales and canaoi be read precisely.

However, the trend of the parameters was readable. NO 1 was
monitoring RCS pressure on the digital indication available on the
safety parameter display system (SPDS), which he. “etter
resolution,

e e Ao e e — Bt R —— e e e i
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2:53:28 . RS low pressure alarm annunciated.

. The control room operators (NO 1, the CNO, the ANSS, the SS,
and the SOTA) began a concerted search for the cause of the
decreasing RCS pressure transient. The steam flow to the
deaerating feed tank v as stopped on the premise that a cooldown
of the RCS was takiag place, although Tave was only slightly
decreasing and pressurizer level was slightly increasing. Indicators
that might show that a loss of RCS coolant was occurring were
checked. Pressurizer relief valve leakage indications, contuinment
sump levels and radiation monitors, and turbine building radiation
monitors did not indicate any symptoms of a loss of RCS coolant,
The steam generator water levels and feedwater rates were
normal and stable. The ANSS suspected that the insurges to the
pressurizer caused by reactor power bumps were cooling the
water in the pressurizer and decreasing the pressurizer
teniperature and pressure (this was an incorrect hypothesis). The

| manual control switch for the pressurizer spray control valve
RCV-14 was cycled to the closed position to ensure it was closed
although the green, closed position indicating light was already
illuminated.

2:54:59 . RCS pressure was 2050 psig and decreasing, and NO 2 again
bumped reactor power 3 percent, from 12 to 15 percent.

3:.00:29 . RCS pressure was 1980 psig and decreasing. NO 2 bumpe’
reactor power from 13.5 to 15 percent.

3:09:17 . Reactor automatically tripped on RCS low pressure (1800 psig).

. Reactor trip procedire AP-5S80 entered.

10
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319 . The ES initiation bistables tripped. Indicated RCS pressure was
1553 psig on Channel A, 1574 psig on Channel B.

3:19:16 . NO 1 removed the bypasses from the ES and the HPIS initiated
automatically.

. The signal that initiated high pressure injection (HPI) also
initiated the emergency feedwater (EFW) system as designed.
The diesel generators started but did not connect to the busses
since the busses were energized.

. Operators entered the ES actuation procedure AP-380.

3:19:58 . NO 1 bypassed ES as per procedure AP-380, which permits the
HPI flow to be manually controlled after it has been automatically
initiated.

3:20:37 ¢ The EFW system was secured because the main feedwater system

was operating normally.

32144 . RCS pressure increased to approximately 1600 psig because of
flow from the HPIS into the RCS.

. NO 1 closed valves MUV-23, -24, -25, and -2u, which stopped
flow from the HPIS into the RCS. HPI pumps 3A and 3C were
secured, and HPI pump 3B was left running.

3:24:25. «  RCS pressure increase reset the 1500 psig bistables for

3:27:32 automatic ES initiation. N 1 reset the automa ic¢
initiation circuit. '

12







342:56

3:45:07

38546

144

4:02

4:55

NO 1 opened MUV-24, admitting flow from HPI pump 3B 1o the
RCS.

RCS pressure began 1o increase immediately but slowly.
(Post-event review revealed that minimum RCS pressure was 1503

psig and minimum SCM was 42° F.)

Pressurizer high-high level alarm annunciated. RCS pressure was

1550 psig.

ANSS directed NO 1 to close MUV-24. RCS pressure was
1675 psig and pressurizer level indication was at the top of the

scale.

Pressurizer spray line isolation valve RCV-13 in series with RCVY-
14 was closed at the suggestion of the AOS. (The AOS did not
vet suspect that there was flow through RCV-14. However, he
noticed that the pressure and pressurizer vapor space temperature
had started to decrease again after MUV-24 was closed He
believed that closing RCV-13 might be helpful and he may have
recalled the rule that closing RCV-13 was one response to a low
RCS pressure condition.)

RCS pressure began to increase rapidly because of cessation of
spray flow and the continued operation of the pressurizer heaters,

Operators stabilize RCS pressure at approximately 1750 psig by
manual control of the pressurizer heaters,

The SS made an emergency action level determination of an

unusual event,

14
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flow meter would provide flow data independent of any failures in RCV-14 or its

actuator or contro's,

The existence of a spray line flow indication would have likely made it clear that
RCV-14 was passing flow and that the appropiate corrective action was 10 close
RCV-13, the izolation valve in series witn RCV-14. Without a spray line flow indication,
*he existence of spray flow would need to be established by a process of elimination, and
the syiptoms for spray flow and for a small steam leak from the pressurizer may be
simlar. However, if either a steam leak or a leaking spray valve RCV-14 were both
possible causes, the appropriate action would have been to close RCV-13. The
annunciator response pr.cedure AR-S02 suggests this and the use of procedures is
analyzed below in Sectiv.' 234,

One of the possible causes of a decreasing trend in RCS pressure is a decreasing
trend in RCS coolant temperature, This was an early hypothesis by NO 1, although
review of the data recordings after the event established that the indicated RCS
temperatures were only decreasing slightly and that pressurizer level was increasing
slightly. (Pressurizer level is directly proportional to the mass averaged temperature of
the RCS coolant and responds within the response time of the pressurizer level sensor.)
A contributing factor could have been the less than idea! readability of trends on the
Tave strip chart recorder. The recorder has a four-inch scale and orly 15 minutes of
elapsed time is visible. However, interviews with operator NO 1 indicated that the
hypothesis of significant cooling of the RCS originated before evaluating the strip charts
and persisted for some time despite the information to the contrary on the strip charts,

233 Duty Hours

The significant actions during this event took place between 3:00 and 4:00 a.m,,
when human performance capabilities tend to be at the low point of the daily cycle.
This effect of the daily rhythm is more evident for the cognitive capabilities than for skill
or rule-based activines. Individuals who are assigned for long terms to the night shifts

16
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actuation. Section 3.14 of AP-380 is preceded by Section 3.6, dealing with luw pressure
injection (LPI) actuation, and since the decreasing RCS pressure never approached ihe
€00-psig LPI actuation pressure, the opeiators did not execute Section 3.14,

ES actuation procedure AP-380 and the reactor trip procedure AP-SEC are titled
"Abnormal Procedures” at the Crystal River 3 station. However, these procedures fall
within the NRC classification of "emergency operating procedures’ (EOPs) aod would
have that title at many other nuclear generating stations. Whenever an LOF s cmered
it is a good practice to continue to check all sections of the EOP until the plant is
stabilized and the cause of the upset 18 corrected. If this praciice had been followed, it is
likely that checking Section 3.14 would have resulted in the operators closing RCV-13, 1t
was noted by the team that administrative inctruction AI400E, “Conduct of Operations,”
does not contain a caution against exiting an abuiiormal or e:nergensy procedute before
checking the remaining sections of the procedure.

An annunciator response or abnormal operating procedure for low RCS pressure,
which has diagnustics and actions similar to Section 3.14 of AP-380, could have resulted
in closure of RCV-13 much earlier in this event. Eaecuting or checking of all sections of
AP-380 could have resulted in closure of RCV-13 after entry into AP-380 and before the
decision was made to compress the bubble in the pressurizer,

Bypassing ES/HPI as the RCS prescure decreased below 1650 psig was not
appropriate and not in accordance with procedures. Bypassing ES is specified in the
plant shutdown procedures, but the control room operatois were clearly not intending to
perform a controlled cooldown and to depressurize the piant and were not in a shutdown
operating procedure. NO 1 used rational reasons for his action of bypassing ES/HPIS,
and this action is analyzed further in Section 2.3.5 "Knowledge Versus Rules,” of this
report.

The control room supervision directed the removal of the ES oypass before it had
any significant effect upon the thermal-hydraulic behavior of the plant during this event.
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response plan ¢nd its requirement for emergency action level determination and
notifications. This initiates action outside the plant if needed to protect the public while
the operators take action within the plant. Including this reference to the emergency
response plan near the front of AP-380 would reduce the S8's reliance on memory.

During this event, an operator bypassed ES, while a plant depressurization was in
progress and not diagnosed or understood. While guidance existed for ES termination,
similar guidance did not exist for ES bypass prior to actuation. The development of
similar guidance was planned by the licensee to clarify appropriate and expected
operator actions in similar situations. The team noted that such guidance would likely
reduce any operator confusion and eliminate the need for a rapid, knowledge-hased
decision regarding ES bypass to ¢ made in a stressful situation.

Comprehensive rules are provided for operation of a nuclear power plant in the
form of operating procedures for normal, abnormal, and emergency conditions.
Knowledge, derived from training, of the plant configuration, instruments and controls,
and system behavior is always required to apply th. procedures and 1o adapt the
procedures to the specific conditions of the plant. In this event, no procedure was
readily available to the operators to support the diagnosis and correction of the loss of
control of RCS pressure. The diagnosis by the operators of the causs and means of
correction was based almost entrely on their knowledge.

The event illustrates several factors which test the relizbility of knowledge-based
behavior. First, the dynamics of the plant behavior provides lim:ted time for
investigation, analysis, and deci: - a-making. In this event, there were 18 minutes from
detection of the decrease in reactor pressure to the reactor trip. The reactor trip
initiated demands for immediate actions, which commanded the attention of the
operators, The initiation of ES aciuation at (0 minutes after the reactor trip put the
operators into en abnormal procedure, the purpose of which was to ensure that adequute
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them (mindset). Two of the incorrect deductions were (a) that the RCS pre  re
decrease was due to cooling of the RCS even though the pressunizer level was not
decreasing and (b) that the surges in pressurizer level caused by the bumps in reactor
power were causing the RCS pressure 10 decrease,

The first bynassing of the ES before ES initiation was an inappropriate action since
it did not conform to any procedure and should have had the prior concurrence of the
ANSS, especially since the cause of the RCS pressure decrease and therefore the
condition of the plant was in doubt. The action was based upon the operator acting on
his own knowledge at a time of stress. The action did have a rational basis in the
operator's mind, His rationale was that the ES bistable trip setpoints are set
conservatively and the ES bypass would prevent an early trip of the ES and prevent a
massive coolant injection to the RCS from all three HPIS pumps before the RCS
pressure actually reached 150G psig. The £5 bypass could give him a few more minutes
to find and correct the cause of the decreasing RCS pressure. Finally, the ES bypass was
reversible and cosld be removed at any time. However, as is typical of a decision that is
based upon knowledge under sti.ss, the operator persisted in his decision and left the ES
in bypass until the action was countermanded by the ANSS.

The delay in the declaration of an emergency action level and the notification of
the NRC as is shown on the time line was also the result of knowledge-based behavior,
This was the responsibility of the SS and he was relying on his memory of the emergency
response plan procedures.

Shortly after the first review of the event, the plant maragement was considering
actions to reduce the reliance on knowledge-based behavior during this type of event.
These actions were 1o “a) provide a diagnostic procedure for response to a loss of
control of RCS pressure, (b) provide a clearer statement in policies and procedures
definine the restrictions on overriding IS Lctuations or other safety system actuations,
an’ (¢) review and supplement existing traizing for this type of event.
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The ANSS did not question the increases in reactor power  He may not nave
been aware of them at an early stage.

NO 1 stated during the interviews that he had bypassed the ES without the
prior concurrence of the ANSS.

The SOTA did not question the bypassing of the ES.

The ANSS countermanded the action to bypass the ES but this was 6 minutes
later and was after the AOS had questioned the action. The ANSS perhips
did not realize that the ES was bypassed or did not critically consider the
advisability of the action,

The procedure for response to the RCS low-low pressure aiarm was not
pulled from the file by the NOs,

NOs 1 and 2 were relatively inexperienced in responses to unplanned
transients, which would suggest a need for closer supervision of their actions
in interpreting transients, increasing reactor power, use of bypass controls,
and the use of procedures.

Manua’ control of the HPIS was taken at a very early stage after automatic
ES initiation. HPIS injection was stopped after a relatively small increase in
RCS pressure and while the RCS pressure and the SCM were still near their
lower limits. A more conservative application of the abnormal procedure by
the ANSS would have raised the pressurizer level and increased the RCS
pressure which was the maneuver that was executed 20 minutes later.

A more thorough command and control of the execution of the abnormal

procedure AP-380, "Engineered Safeguards Actuation,” would have included
having one of the three NOs or the SOTA check through all the steps in
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Since the SOTA was present during this event and was alert and observant be was

a significant source of data during the later analysis of this evernt,

The AOS was present during this event because it was station poliey 10 have a
management represeniative present in the controi room during major maneuvers such as
startups. This policy resulted in removing the first bypass of the ES and the closure of
RCV-13, which were done at the advice of the AOS,

26



a "
’ Y y ’
| . Yy b }

4 A
)
)
}
‘.
“\
R
v
)
! !
I .
\ ! ‘ i ) |
i } } ' ¢
: i Y
)
¢ ve KL\ !
)
W
“
4
“
/
0 ’ k




e e Sl AR Skt e .

34 Knowledge Versus Rules

The operators’ recall of the content of procedures and of plant behavior was relied
upon to a large extent because of a lack of rules and procedure weaknesses as discussed
above, The effectiveness of this knowledge was limited by (u) the limited time for
knowledge-based decision-making, (b) misleading data on spray valve position indication,
(¢) the stress occasioned by (a) and (b), and, (d) the time of day. These may have heen
factors leading to the inappropriate bypassing of the ES actuation, the securing of high
pressure injection system injection flow before the reactor coolant system pressure had
risen well above the 1500 psig minimum for the subcooling margin requirements, any for
ceasing the verification and checking of the later sections of the abnormal procedure
which contained the direcion 1o close RCV.13.

18 )

Closer adherence to the general principles for command, control, and
communications would have been helpful during this event, especially in view of the
stress occasioned by the event and the time of day. Deviations from these general
principles were of particular note in the bypassing of the ES, which oceurred without the
prior concurrence of the control room supervisor and continued for six minutes without
being questioned by the control room supervisor. The station's administrative
instructions contained minimal restrictions on use of the ES bypasses during transients.
This is especially applicable to the engineered safeguards/high pressure injection system
bypass since it is used during normal plant cooldowns.

3.6_Role of Other Control Room Personng!

The shift technical advisor was present in the control room throughout this event
and participated in the attempts to determine the cause of the decreasing reactor coolant
system pressure. He dJdid not question the bypassing of the ES. The team not2d that the
involvement of "management on shift" for the reactor startup contributed positively to
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