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ABSTRACT

This report describes the results of a Nuclear Regulatory
Commission (NRC) program begun in 1990 to conduct
onsite, indepth studies of human performance that afl-
fected reactor safety during selected power reactor
events. The purpose of the program is 1o identify the fac-
tors that have contributed 10 good operator performance
during events, as well as the factors that hindered per-
farmance, and to feed this information back to industry.

Under the human performance study program, six onsite
studies were performed in 1990, seven in 1991, and three
in 1992, Fach onsite study was conducted by a mualti- dis-
ciplinary team, lead by an NRC stalf member, with addi-
tional NRC and Idaho National Enginecring Laboratory
personnel. The events studied include a wide variety of
acoident scenanos, including: stuck open safety-reliel
vaive, reactor irip with safety injection, reactor scram due

n

(0 POSILIVE Teactivity insertion, reactor seram due 1o con-
trol rod withdrawal, pressurizer spray valve failure, par-
tial Joss of instrument air in containment, turbine building
pipe rupture, loss of shut- down cooling, excess steam de-
mand evenl, man  steam ation,  loss  of
clecttohydraulic fluid, and reactor water cleanup isola-
tion defeated.

This teport provides information on control room staffing
and organization, the “dual-role” shift technical advisor,
use of shift resources during emorgencies, operator ¢on-
trol of engineered safety features, simulator training,
crew teamwork during stressful situations, task aware-
ness, use of procedures, the human-machine interface,
and licensee followup on events. The information could
be useful 1o licensees in efforts to upgrade existing pro-
grams to improve safety.
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inappropriate actions. Pre. Jditloning to bypass 1SF
actuations s a sighificant powential sately problem.

In two of 16 events investgated 'y AEOD, operitons
defeated the automatic action of an enginecied salety
festure, The operstors  corrected  their  mistukes.
However, this exporience may indicate & higher fuilure
rute than assumed in prohabilistic sk assessments.

Some beensees have not provided suflicient guidance thi
limits defeating engineet ed salety leatures, allowed for by
technice | spectfications and emergency or administrative
procedures.

These events show that some of the unportant T™M)
lessons  learned may not  have  been  retained.
Improveraents in the control of emergency sufety
features offer i high safety return in the reduction of sk
from operator error

Human-Machine Interface

Annuncialor and  computer alarms were  important
aperator wids in recopnizing and tesponding 1o events.,
Operators fulled 10 recognize conditions that were
off-normal, but which were not alarmed during events.

Power reactors are designed 1o provide automatic salety
response  for accidents and  dosign-basis  transients
mnitinted during power operation. For events initiated
during shutdown, operators are expected 1o dingnose and
respond appropriately,

NUREG-1275, Val. &
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A lack of approprintely ranped, direct-reading, control
OO ANSLRUMENtaton (0 moilr  TEactor  pressure,
temperature, and level caused operetors to have duficulty
1 recopnizing and responding to shutdown events, when
OPErntor actions were tequired to accomplish the safety
functions of disabled. avtomatic safety systems. The NRC
propram on shutdown nigk has addressed these issues.

Industry Initiatives

The effectiveness of individugl Heensee's studics of

human performance during operaling events vanies
widely. While some licensees have initiated worthwhile
plant specilic cortective actions beeause of theie Tollowap
on these events, others have missed such opportunities.

Industry groups are engaged in many efforts 10 improve
human performance and human reliability. These efforts
have resulted in improvements to plant performance,
procedures, und prograoms. With the perceived reduction
m the number of events caused by equipment failures,
INPO and other industry groups and human performance
experts agree that o key 1o continued improvement in
plant  performance and safely s improved human
performance. Because no one wtility will experience a
significant sumber and a broad range of iypes of reactor
eventy, information collected from across the indusiry isa
means 1o provide 4 more complete basis on which to
develop  penene  puidance  for improved  aperator
performance.

P W W COERCTEEIN.
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LO INTRODUCTION

Operats, vvenis bave shown the importance of humian
performanoe v reastor safety. 10 ot additional
informaten, e OFfiee for Anilys ais. Pvaluation o
Uperationsl  Paw (ABOD) of the US. Nuclear
Regubatosy Commissier INRC) bopa o profras i 1990
(o comduet Oty indeydh 3 viss. of trmog potformance
duting selected power tearot peesee U purpose of the
program 18 1o identify the factorn tha? nove coatribued 1o
pood operator petformance during events, as well us the
factors that have hindered pe Tormance, and (0 1eed this
information back w0 industey, 7 his report s provided (o
desoribe potentially genene observations and “onclusions
resched from these studhes.

Oyer the st 272 vears, AFOD has investigated 16
events as part of this program.  These are representative
of events that were drongly infleenced by human
potformunce duting this tme period, They can be
conmdored real-time tests of the operatorsand the factors
that aflecied thelr performange.

Individual reports of 2ach site visit were prepared and
digtributed within the NRC, to the saes involved in the
studies, and to industry groups, <nd AEOD tried 10 get
feedbuck an the studies. During 1990, AROD met with
consultants, e, Tom Shendan of the Massachusetts
Institute of Technology, and Dr. Al Mosleh of the
University of Maryland. Telephoue vonferences were
held with managument at the sites where studies had
been conducted and a presentation to the ACRS was
made in order (o obtam eomments and advice on ways (o
improve the sticdies, Cn March 23, 1992, AROD met with
Professor James Regson of the University of Manchester,
Dy, Harold Van Coty of the Nanons! Academy of
Seences, and De. Sheridan to obt in their comments and
sug'g‘cstmm regarding continnes progeess with the studies
(Ref. 1)

Ihe events were complex, with human performance
ifluenced by many, often interrelated, factors. The
analyst. looked oroadly to wentify the most significant
gontributing fagtors that helped or hindered operator
perdormance, The studies provided msights v ~wluple
{actors affecting human performance, inclucd — _amples
af good practices as well as changes that ¢oeld improve
tuman performance.

An intenim report was issued in May 1991 (Rel. 2) to
describe the observations und findings from the first six
studies performed. This report desoribes the 6 onginal
studies and 10 additional studies performed singe then,
surmmarizes (he results of the studies, and describes the
analysts observations and the conclusions they reached.

Section | contiins an introduction and deseription of the
AHOD program 1o mvestigate human  performance
dufing operiing ovents. Section 2 contuins o biric!
description of each event studied, including important
findings. Seavon 3 i the detailed analyss soction and
contamns  observations,  background  discussion,  and
¢ amples. Section 4 contains 4 brief discussion of future
program events. Section § containg conclusiaas regarding
setions that cin be taken 1o improve human perdormance
in response v ojorating events, Section & contains
reforences. Seetion 7 contuins an Appendix thut provides
additional backgrour  reparding the shift technical
advisor (STA) position.

Lvents were selecter! for onsite evaluation when human
performance appeared 1o he an important factor in the
progression of the event (Le., the event was s complicated
eventor transient, operators performance appeared 1o be
exceptional, or we did not understand the response by the
opefators).  Bach  onsite  analysis — team  wis
multidiseiplinaty and led by an NRC stalf member with
additional  NRC headguarters, regional, and Idaho
National Engineering | shoratory personnel. Stie visis
were usually conducted within 110 3 days aifter the event
s the operators’ recollections of the events would be as
fresh as possible. Data acquisition and preliminary
analysis required from 1 to 3 days onsite. The Human
Performance lnvestipation Process protocol developed in
uﬂwrnmm with the NRC Office of Research provided a
useful collection of technigues 1o facilitate this work,

Interview grades were prepared in advance of the site
visits, The specific details of the event determined the
type of data that were relevant, The principal sources of
data were plant logs, computer records, and interviews
with operstors on duty during the cvent. Licensee
management and operators cooperated i the data
collection,

A nore detailed prograim description & provided in
Reference 2.

2.0 HUMAN PERFORMANCE
STUDIES

To date, AHOD has performed 16 human performance
stadies; b0 1990, 7 1n 1991, and 3 in 1992, Resulis of the
individus! studies are summarized below. More detailed
deseriptions can be found in the individual event reports.
The events occurred al power and during shutdown. Nine
events occurred at pressurized-water reactors (PWRs)
and 7 occurred at boilling-water reactors (BWRs). The
events  spanned @ broad  mange o conditions,
happenstance, and challenge.

2.1 199 Event Studies

The 1990 human performance studies concerned the
Tollowing six evenls:

NURKG-1278, Vol &
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2.1.1 Peach Bottom Unit 3 — Loss of
Electrohydraulic Fluid (1/28/90)

The Peach Bottom Unit 3 event (Ref. 3) occurred at 8:56
aan. on January 28, 1990, while the plant was at 99.8
percent-power. A major leak of electrohydraulic control
(EHC) flwid was observed from a main turbine control
valve. Anticipating a potential turbine trip without bypass
transient (f EHC was lost), the shift manager ordered a
fast power reduwiion, “o about S0 percent-power and then
4 manual scram of the reactor,

Pecdwater pumps A and B were manually tripped to
prevent overfill; however, the high reactor vessel level
transient following the scram crused o trip of feedwater
pump C. The operator was unable 1o restart feedwater
pump Cand did not attempt 1o restart feedwater pump A
or B. The configuration of the trip reset indicating light
for Unit 3 reactor feedwater pump turbines was different
from the Unit 2 configuration and that in the simulator.
Alter the event, the licensee identified that a common
error i the mainienance of reactor fecdwater pump
turbiaes would have prevented restart of turbines B and
C. However, reactor feedwater pump turbing A could
have been restarted.

The shift manager directed a fast reactor pressure
reduction. The pressure set point on the turbine bypass
valves was lowered 10 dump steam o the condenser (o
feed the reactor with condensate pump A. This also
provided a greater pressure margin against opening of a
safety reliel valve (SRV). The technical basis for the
emergency operating  procedures (EOPs) cautioned
against unnecessary heating of the Mark 1 suppression
pool by opening the SRVs. The crew was unable to
establish reactor feed flow from condensate pump A
because they did not close the suction valves for reactor
feedwater pumps A and B. The open suction valves
allowed the flow from condensate pump A to be returned
10 the condensate tank through the three 6-inch
minimum  recieculation  flowlines  from  the  reactor
feedwater pumps. The procedure for teactor feed with
condensate pump A was written for plant startup when
the feedwater pump suction valves were normally closed.

With no reactor makeup available from the feedwater
and condensate systems, the crew placed reactor core
isolatiun cooling (RCIC) and  high-pressure  coolant
injection (HPCT) systems in service because the RCIC
system alone was unable to maintain reactor level. This
required the ¢ w to control HPCT turbine speed and the
test retuen hine throttle valve. The HPCH flow instrument
measured total flow from the HPCL pump. With the
return line open, there was no quantitative measure of
injection flow 10 the reactor vessel. Reactor level
fluctuated between 10 inches and 4 60 inches. At 938
#m., the crew shut the main steam isolation valves

NURLG-1275, Vol, &

(MSIVS) and stopped the EHC pumps ending the
hydraulic fluid leak. Operators stabilized the reactor level
at abowt 9:50 am., approximately 1 hour after reactor
scram.

Peach Bottom Unit 3 findings:

®  [he strategic direction of the contro! room crew wits
Fﬂ active and in accordance with the technical bases
or the EOPs,

®  Reactor operator (RO) actions were in accordance
with procedures and training; however, they were
inadequate for use of condensate pump A after
reactor sGam or use of reactor feed pump A or B o
back up reactor feed pump C. Procedures were
written for startup rather than recovery,

¢ The control room crew experienced a high level of
stress caused by the anticipstion of a potential
turbine trip without bypass and the need 10
overcome human-machine interface problems.

® Because of the lack of a direct-reading flow
mstrarment, control of HPCH flow 1o the vessel was
errptic.

®  Prior training and good communications helped the
crew shut down the plant safely.

2.1.2 Catawba Unit 1~ Reactor Coolant
System Overpressurization — (3/20/90)

The Cataw®= Unit 1 event (Rel. 4) occurred at about 9.20
am. on March 20, 1990, while the plant was in cold
shutdown. The operators were performing reactor fill and
vent operations following a refueling outage. During the
initial pressurization of the reactor coolant system (RCS)
1o 100 psig, the operators overpressirized the RCS and
the residual heat removal (RHR) system because they
were monitoring  pressure instrumentation that was
inoperable,

The event started when the oncoming day shift began
pressurizing the RCS at about 7:05 a.m. The pressunzer
was filled until water exited the power-operated reliel
vitlves (PORVs). The operators shut the PORVs and
Maced them in the low temperature overpressure
protection mode. The operators increased charging
makeup flow from centrifugal charging pump 18 to 100
gpm and decreased letdown flow to 30 gpm. The target
RCS pressure was 100 psig.

Similar previous pressurizations had required 4 10 6 hours
to reach 100 psig. Because gases are usually trapped in
the steam generator (SG) U-tubes, the pressure rise is not
dewectable over the early, longer part of the charging
period. The operators had three indicators of RCS
pressure:  two wide-runge (0 10 3000 psig) and one




narrow-range (0 to 800 psig). However, the operators
were not aware that all three RCS pressare mstrument
wransmitters were still wolated following welding of the
tube figtings during the refueling outage. The two
wide-range RUS pressure instruments were also the
sensors  for  the  low-temperature  Over-pressure
protection mode for the PORVS

ROS pressure tose faster than anticipated. This may have
occurred becatise the previous shift extended venting for
| to 2 hours longer than on previous fill-and-vent
operations. At 938 a.m., the RHR pump B suction relief
valve lifted and limited RCS pressure 10 455 puig and the
RHE pump A discharge pressure o 625 psig. The
operators id not observe these pressure rises, although
the RHR discharpe pressure indicator was operable, The
RHR suction relief valve remained open, passing the
RCS charging Now to the pressurizer reliel tank (PRT).
When the operators observed the rising PRT level, they
began searching for the leakage path from the RCS.
However, the operators did not know that the RCS and
the RHR gystem were pressurized. A systems engineer
entering the control room at this time noticed the high
RHR system pressure and brought it 1o the attention of
the control room operators. No annunciators alarmed
during this sequence begiuse the maximum RHR
pressure reached was shightly below the actuation set
point of the alarm pressure switch, and the computer
alarm pot s signal from the inoperable pressure
transmiiers.

Catawba Unit 1 flindings:

® Plant procedures failed 10 ensure that the RCS
pressure instruments were returned (0 service
following maintenance and no formal independent
review of outstanding work requests was made
before imtial (il and vent.

e The tagging procedure did not require placing
out-ofsservice tags on inoperable control room
indators.

® The operators did not monitor the letdown chemical
and volume control system pressure and the RHR
pump discharge pressure. Both indicators are
located near the RCS  pressure indications.
Maonitoring pressure changes in the chemical and
volume control system and RHR systems could have
heen used to confirm changes in RCS pressure.

®  While the increasing PRT level indication alerted
the operators that the RCS response was abnormal,
their initial mind set was that the PORVs were
leaking and that the RCS was not pressurized. A
previously uninvolved RCS system engineer did not
have this mind set and alerted the operators to the
high RHR system pressure.

=2
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o Ihe operators vented the RCS longer than usual
hefore system  pressurization without considening
that this might cause the pressure 1o rise more
rapidly than on prior occasions.

e Noannunciator alarmed when the RHR system was
overpressurized, because  the  maximum RHR
pressure was below the actuation set point of the
pressure switch. Also, the computer alarm wis
moperable because it used a signal from the isolated
pressure transmitters.

2.1.3 Nine Mile Point Unit 2« Partizl Loss
of Instrument Air (5/14/90)

On May 14, 1990, at about 8:50 p.m., Nine Mile Point
Unit 2 (Ref. §) experienced a partial loss of instrument
air. As i result of this loss, the offgas system was affected,
subsequently causing a decrease in condenser vacuum
and ultimately causing the operators 1o scram the reactor
at about 920 p.m.

Uni. 2 was at 100 percent-power before the event.
Numei aus alarms were received from the of(gas system
duting the shift that the operators believed were caused
by condenser air inleakage. At approximately §:52 pm.,
the offgas system steam pressure alarm was received, The
aperators found that the steam supply valves to the offgas
system had closed. At approximately the same time, an
RO in the control room observed a seal water discha
vilve to the mechanical vacuurm pumps was open. The
operator immediately suspected o localized loss of
instrument air or an electrical problem, but no electrical
problem was detected. The onerator discussed this with
the Unit 2 chiel shift operator.

A nonlicensed operator was dispatched 1o investigate.
The operator had supervised the contractor who installed
the instrument air system and had sufficient kiowledge of
the sysiem 1o suspect that only a partial loss of instrument
air had ocourred. He confirmed this by walking down the
systems and opening the instrument air test connections.
From 8:58 p.m. to 9:19 p.m., the control room aperators
noticed decreasing condenser vacuum and lowered power
by reducing recirculation flow and then inserting some
control rods, The operators scrammed the reactor from
45 percent-power at 919 pom.

The uremmns entered the EOPs when the reactor waler
level fell to 144 inches and exited the EOPs when water
level was restored 1o its normal band at 9:25 pom.

On May 15, 1990, the licensee staffl found a ruptured
instrument air line in the tucbine building. An excess flow
check valve had prevented the partial ioss of instrument
air from becoming more widespread.

This event can be summarized as a successful shutdown of
the reactor after the operators properly diagnosed the
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problem. The operators ok a symptomatic approach
afler the reavtor was scrammed even though they had
diagnosed a specific event,

Nine Mile Point Unit 2 findings:

& The control room crew dingnosed the eyuipment
problem accurately and responded quickly in spite of
AUMETOUS NUISANCE ARNUNCIATON,

®  Troubleshooting of the problem was hampered
because the piping and instrument diagrams [or the
wir system were not complete. The diagrams only
showed piping up 1o the major isolation valves, and
for o partial instrument wir loss, the operators had (o
walch for individual Tailure alarms or walk down the
system,

® The “Instrement and  Service  Air System
Procedure™ wis written primarily 1o address o total
loss of instrument air rather than partial losses of the
fystem,

®  The operators had undergone simulator teaining on
i loss of instrument atr seenario, which aided in the
diagnosis and mitigation of this event.

2.1.4 Dresden Unit 2 Stuck Open Safet
Relief Valve (8/02/90)

At 105 a.m. on August 2, 1990, Diresden Unit 2 operators
manoally scrammed the plant after trying unsuccessfully
to shut an SRV that had failed open (Ref, 6). Over the
next hour the plant cooldown rate reached about 129°¢
F/hr, This excoeded the technical specitication (T8)
normal cooldown rate Limit of 100° I/hr.

Unit 2 had been at ag roximately 80 percent-power and
decreasing load at 100 MWe/hr when an acoustic monttor
actuated and other indications (50 MWe drop in electrical
output, rapidly rising torus water temperature, and
mereasing SRV tailpipe temperature; although this was
not consmistent with the SRV position indicating lights)
were received of a stuck open SRV . ‘Ihe shift control
room engineer (SCRE) (degreed, “dual-role” senior
reactor operator [SROJ and STA) decided that an SRV
was open and notified the shift engineer (SE). The Sk
relieved the SCRE and vegan directing the activities of
the control roem crew. The SCRE assumed the
responsibilities of NTA.

Using the abnormal operating procedure, the operators
unsuceessfully tried to reclose the relief valve. The SE
then ordered the crew to prepare for and perform o
manual reactor scram. Following the scram the SE
necame concerned abouwt the wnexpected hugh rate of
heatup of tie suppression pool and without procedural
guidance ardered opening two turbine bypass valves 1o
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reduce sysiem pressure 1o approximitely 600 psi. The S5
believed i was necessary 10 reduge heat input 1o the torus
and hoped the SRV would reseat.

The open SRV blowdown 1o the torus initially caused the
lemperature of the torus to rse rapidly (1.3° Flminute).
Opening the two turbine bypass valves for 2 minutes
reduced the total heat input 1o the torus but contributed
toa 129° 1 plant cooldown in 1 hour, which wis 10 excess
of the 100° F/hour normal cooldown limit, (Plam
cooldown without opening the turbine bypass valves
would not have caused the torus temperaturg 1o approach
its heat capacity temperature limit) Thereafter, plant
cooldown and Jw%hw removil (DHR) were mfected
primarily by the SRV blowdown 1o the torus, although all
auxiliary steam loads were not secured until later in the
event,

Dresden Unit 2 lindings:

¢ Ihecontrol room emergency organization provided
Tittle assistance 10 the SE, When the SE became the
emergency director and assumed command of
control room activities, he had little assistance in
analysing the condition of the plant and in
momionng and evaluating opercator activities. The
SCRE was making telephone notifications and the
two shuft foremen were out in the plant,

®  The turnover of control room supervision during the
event resulted i reduced and discontinuous SRO
advice and communications i the gontrol room.
This may have contributed 10 misjudgments that
were made during the event, (¢.g., excessive concern
with torus heatup and lack of concern for o high
cooldown rate).

®  Although spurious opening of an SRV 15 an
anticipated event for a bolling water reactor, there
wits no event-specilic guidance for plant. cooldown
in the plant procedures or traiming material, The 1S
basis for this event stated that if the reactor is
scrammed before the torus reaches 110° 1, the worus
can safely absorb the heat load from plant cooldown
caused by an SRV blowdown.

®  Ihe operators were gencrally unaware of peneri¢
industry problems involving stuck open SRVs af
other BWRs.

2.1.5 Braidwood Unit 1+ Loss of Reactor
Coolant (10/04/90)

The Braidwood Unit | event (Rel, 7yocourred at 1:24 am.
on October 4, 1990, while m  cold  shutdown.
Approximately 600 gallons of  reactor coolant were
madvertently discharged through a vent valve, resulting
m contamination of personnel. A study of the event was
performed as part of a Region 1T Augmented Inspection
Team (ATT) investigation (Rel. 31).
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At the tme of the weident, Brasdwood Uit 1 was in cold
shutdown with the ROS at appreximately 1807 1 and 360
psig Techmiond staff engircens (1818 were executing two
procedures i parallel:  BwVS 462241, “Reactr
Coolant  Systemn Pressure  lsolation Valve  Leakage
Surveillance,” and BwVS 0.5 2 RH.2- 1, “Residual Heat
Removad Valve Steoke Test.™ The two sun eillances had
begon on the thied shift (3 pom, 10 11 pum.) and were still
ongoing wt shift changeover from sthlfts 3o 1 (1 pom.to 7
aam ). Atapproximately 120 aom, TSEs Land 2, stationes
it the control roem, mstrocted 181 3, sistioned in the
4 foot elevation of the Unit 1 suxilary building
penelration area. to have the eguipment attendant close
o vent valve, which was being used 1o collect leakape
aross an ROS prossuce boondary isolation valve. Al
approsimately 1124 am, TSE 1, without receiving
confirmation from TSE 3 that the vent valve had been
closed, instrocted the auxiliary nudleat station operator
(NSO) to open a different valve as part of the RHR valve
stroke test. When the atuxitiary NSO Qid this, the ROS was
aligned o the inlet of the sl open vent valve, Flow
through the vent suddenly surged and burst the tygon
tubing attached 1o the valve, and the hot water sprayed
personnel in the auxiliary building. The total indicated
loss of pressurizer level was § percent, from 40 1o 35
percent, which represented a loss of approximately 600
gallons.

TSE 3, another TSE present in training with TSE 3, und
the equipment attendant were decontaminated following
the incident. The equipment attendant teceived o
second-degree burn approximately 2 inches in diameter
on his left forcarm when he shielded his face from the
spraving waler. Alter being decontamanated, he was
taken 1o a local hospital to have the burn treated.

Coordinating two procedures in parallel without any
witten guidance represents a fairly compiex, dynamic
tk, which required knowledge-based as opposed 1o
rule-based pedformance by the TSEx. The probability of
making an error or mental ship (e.g, momentarily
forpetung a step) s relatively high in such situitions, and
may be increased if the person involved is fangued. TS1's
I and 2 had been on the job for 17 w0 19 hours. In
executing dynamic tasks, (s critieal that  system
redundincies or chegks be in place 1o catch or prevent
such errors. However, no such redundancies wore
place.

Operational and ISE personnel exhibited three levels of
tusk invalvement or task awareness duning this event:

(1Y The SCRE, the Unit 1 NSO, the SE, and the shift
advisor hind a tow level of task awareness and, in fact,
were not aware that two procedures were being
conducted. This lack of awarensss was attnibuted 1o
nsufficient information being transferred during
the shift wrnover and the SCRE and the Unit |

NSO not closely monttoring the activities being
vonducted w the Unit 1 contrel room.

(21 TSE 3and ihe ausilary NSO had a modetate level of
ok involvement and awareness. Although they
directly participated in executing some ol the
activities assacialed with the two procedures, both
individuals — appeared 10 lack  an overall
understanding of the system’s conliguration. The
auxtlry NSO did not involve himsell in monitoring
the state of the system while executing the valve
manipulations and thus dd not serve 1o Pmﬂde
redundancy o the activities of TSEx | and 2,

(%) ISEx 1 and 2 had o high state of task awarenoss and
were  direetly  involved  in conducting  and
coordinating the two procedures,

his task involvement/awareness configuration wan such
that overall task success was essentially u function of
T8hs 1 and  2's  performance.  However,  their
perfamunce was affecied by conducting a difficult
coordingtion task while subject (o fatigue. Without
redundancies of chiecks on ieir performance by other
operational personnel, which would be expected in an
effectve structure, the likelthood of committing some
type of error was quite high.

Commund, eontrol, and commuonication  were  not
elfective during the execution of these two surveillances,
The 81, the SCREL and the Unit 1 NSO were not
sulficiently w command 10 offer oversight of the TSE
activities nor be aware of changes i the RCS
conliguratons,

Bradwood Unit | findings:

®  The control room crew was not sulficiently aware of
o involved in the survedlances thid were underway,

®  T'he TSEs were perdforming a relatively complex,
dynamic task while in a state of fatigue and there
were no redondancies in place (o help prevent
errurs,

®  These surveillances were conducted with ineffective
command, contrel, and communications,

2.6 Quad Cities Unit 2~ Reactor Scram
Due to Control Rod Withdrawal
(10/17/90)

The Quad Cities Unit 2 event (Rel. 8) ocourred at 3:39
pam.on October 27, 1990, while in hot standby. The
reactor serammed on hichi intermediate range flux
because the operator withdrew rods 1o increase reactor
pressure without recognizing the need 10 follow the
normal procedures for reestabhishing reactor eriticality.
NRC Information  Notice 91-04  “Reactor  Seram
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Followtng Control Rod Withdrawal Associated With 1Low
Power Turbing Testing,” (Ref. 9) was later issued as a
resuit of this event.

The objecuve of Unit 2 operations during 1his event was
o support a special test to precisely determine the
torsional resonant frequencies of the turbine-generator
rolors. A temporary change was ssued on October 24,
1990, 10 the normal operating procedure for “Shutdown
From Power Operation 1o a Standby Hot Pressurized
Condition,” to allow the use of recirculation pumps and
control rods 1o reduce power and thereby provide greater
flexibility during power reduction 1o hot standby. The
temporary change did not identify any special ingtructions
Of Cautions.

Shift 1(11:00 p.m. to 7:00 &.m,) had attempied the 1est on
October 27, 1990, The Unit 2 NSO had inserted control
rods 10 reduce reactor pressure 10 shut the turbine bypass
valves and permit connection of special test circuiiry (o
the EHC system. During this mancuver the NSO noticed
high control rod notch worths, This information was
passed on orally from shift 1 to shift 2, but not from shift 2
1o shift 3. No lug entry was made of this information,

Operators again attempted to perform the special test on
shift 3, On shift 3, in additon to the special test, there
were other conditions that were of concern 1o the SE and
the SCRI:

(1) two intermediate-range monitor (IRM) channels
were “hypassed,” becavse one IRM had a spurious
trip, and one IRM remote detector drive was
inoperable with the detector inserted,

(2) the drywell had been demnerted to permit entry.

There is limiting condition for operation in the plant’s TS
that required reinerting within 24 hours or the plant
would have 1o be put (n hot shutdown.

At 310 pm,, plant management decided 1o abort the
special test and retuen to power. The SE telephoned the
SCRE and directed him to take the PHC off line 0
permi removing the special test circuits. The SCRE
directed the Unit 2 NSO 1o insert control rods 1o reduce
reactor pressure 10 less than 800 psig. The NSO inserted
control rods, a wtal of 84 steps, while observing the
reactor  pressure  decrease.  The  reactor  pressure
decreased 1o 770 psig, but at the same time the reactor
power had decreased 1o Range 1 of the IRM (the lowest
range of the IRMs; the reactor was significantly
subcritical). At 3:58 p.m., the NSO began rod withdrawal
o increase pressure and withdrew one group of four rods
one notch. He then withdrew one rod one notch. Reactor
power increased sharply and the reactor scrammed from
an [RM hi-hi trip on a 25-second period at 3:59 p.m.
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Quad Cities Unit 2 findings:

®  The plant staff had o low level of awareness that the
reactor conditions required by the turbine torsional
1est would be difficult to maintain, This low level of
task awareness began with the planning and
preparation of the special test and carried on
through all activities to culminate in the reactor
scram, This was also reflected in the procedures,
which had no wl instructions for reactivity
management and no cautions about possible high
rod notch worths,

®  The SROs did not adequately monitor control mnd
manipulations by the Unit NSO,

®  Requalification training had not covered reactor
aperation in hot standby, and the operators had no
special training or briefing for the special test.

e Information on simitar events at other stations had
not been disseminated to the ROs,

¢ The Unit 2 NSO did not report back any information
to the SCRE while exeouting the SCRIE's command
1o insert control rods, although the changes in rod
positions and reactor power level were significant
enough to justily supervisory overview by the SCREE,

®  The communications between the SE and the SCRE
and between the SCRE and the NSO were minimal
and did not contain cautions or directions 1o report
information back,

¢ The Unit 2 NSO performed the procodure alone but
fuiled o monitor reactor power when moving
control rods,

®  Although shift 1 observed high-notch worth, this was
not recorded nor passed on 1o shift 3,

2.2 1991 Event Studies

The 1991 human perdonnance studies concerned the
following seven events:

2.2.1 Millstone Unit 3= Turbine Building
Pipe Rupture (12/31/90)

The Milistone Unit 3 (Rel. 10) event occurred at 4:33
p.n. on December 31, 1990, while the unit was operating
at 86 percent-power, Two b-inch diameter moistiire
separator condensatc return drain Tines ruptured and
discharged hot condensate system steam and water to the
turbine building. A Region I AT investigated the event
and issued the AT reporton February 12, 1991 (Ref, 11).

The catastrophic piping faiiures took place shortly aftera
licensed senior control  aperator (SCO)  (an SRO
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responsible for supervising control room aperations) had
manually closed a valve in one of the lines as part of the
provess to solate and repair a leak in (he line. The SCO
narrowly escaped injury and returned 1o the control foom
to report the fatlure, The contral room operators
manually imtiated a reacior tnp and a main steam ling
isalation and began recovery activilies.

Following the trip, the operators found that they had lost
automatic controd of pressurizer level, The operators and
instrument and control (1&1) technicians deduced hat
moisture in the turbine building caused a loss of power
that isolated mstrument alr 16 e letdown valves and
pressucizer spray valves. Tuey devised a method to
restore instrument air 1o containment and thus restore
aormal control of RCS inveatory and pressure.

Millstone Unit 3 had ne adminstrative  proceduse
governing the steps that snould be taken to eviluate
through-wall leaks in this sysiem. Although licensed
operator error was not a factor contributing 1o this event,
it may have been less than prudent for plant personned (o
try 1o evalugie the significance of the through-wall leak
without eblaining assistance from engineering.

When the SCO elected to personally isolate the leaking
pipe section, contral room command and control was
temporarily degraded. He was working alone in the
turbine bulding without direct means of communication
with the control room and without the knowledge of, or
assistance from, the turbine building plant equipment
operator. The SCO escaped injury Tollowing the pipe
rupture and returned o the control room, where he
played an inportant role in recovery activities.

The problem tn maintaining control of reactor pressure
and inventory was created by the loss of instrument air 1o
the  pneumatic-operated  control  valves  within
containment. The indications of this problem were the
inereasing pressure and level in the pressunizer, which the
RO diagnosed as  cavsed closed letdown and
pressurizer spray valves. The SCO and RO realized that
the pressure irerease would be limited by the astomatic
actuation of the PORVs or by the pressurieer safety
valves, The SCO ook action to limit the rate of increase
in level by manually reducing the charging flow 10 the
minimam required for the reactor coolant pump scals. A
team consisting of the SCO, the RO, and the 1&C
specialist then moved  efficiently  through  problem
identification, diagnostics, action selection, and action to
restore normal control of pressurizer pressure and level.

A nomber of Unit 3 operations, mantenance,
engineening, and other plant personnel had observed the
steam leak before the pipe rapture. There was apparently
a lack of awarcness by these individuals that the
through-wall pipe leak could be a precursor 10 a
calastrophic fatture. While other through-wall leaks in

the secondary systems pipmg had been experienced
during Unit 3 operation, these had been due to locaized
Naws, such as those caused by jet impingement, where @
small pipe teed nto a larger dismeter pipe. Plant
personnel had little awareness that a through-wall leak
might be due (o thinning of the pipe wall by
crosion-corrosion mechanisms. As a resull, they did not
take precautions to protect personnel againgt a pipe
rupture.

Millstone Unit 3 findings:

®  Operator error was not a factor contributing 10 this
event.

¢  Command and control at the plant was diminished
when the SCO operated valves in the turbine
building,

o Sution procedures did not cover actions 1o be taken
for through-wall pipe leaks in the system and did not
caution personnel that these could be a precursor 1o
i catastrophic failure.

e  Teamwork by the licensed operators and the 1&C
technicians identified the cause for the ioss of
instrument air to containment and corrected the
problem.

® The event occurred at a relatively good time of the
day; there were personnel available who were
coming on ghift, who had not gone off shift, and who
were working on the Unit 2 outage.

2.2.2 Oconce Unit 3= Loss of Shutdown
Cooling (3/08/91)

The Oconce Unit 3 event occurred at Sg‘rl(;ximulety 9
am. on March 8, 1991 when the unit lost capability
for about 18 minutes during & refueling outage (Ref. 12).
Several hours before the event, instrument and electrical
(1& '} technicians had obtained authorization to perform
testing on valve 31.P-19 Train A emergency sump Suction
vilve. (A low pressure injection system valve that is a
boundary valve of the DHR system when shutdown),
When the technicians opened the valve, 4 gravity drain
path was created from *he hot leg. A blank flange, which
wiis supposed 10 be instalied between the valve and the
sump, had been installed on the B train ling, The water
level in the reactor vessel fell to the bottom of the hot ieg
causing a loss of shutdown cooling until the valve could be
reclosed and the water level restored. A Region 11 AIT
investigated the event (Ref. 13).

Approximately 2 weeks  earlier, (w0 maintenance
personnel were assigned to install a blank flange on the
emergency sump suction line to vilve 31P-19, Since the
procedure for installation of (he flange did not address
how (o identify the correct ling, the maintenance
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supervisor, on i basts of & review of & drwing,
suppested that the Tlange be installed on the lelt
cmergency sump suction line, However, the drawing used
Wik i schematic sid not intended o provide information
b e physical location. In reality, the sction Hae to
valve 3LP-19 was the one to the right. When the
muintenance petsontiel reached the emergoncy sungp
location, a handwritten, nonstandard tibel on the wall
ubove the sump also designated the telt Tine as 31919,
They procecded to mstalt the Mlange on the left, which was
the line leading o cmergency sump suction valve 3020,
Once the flange was installed on the line to valve 31 P20,
opetung P19 drained reactor conlany through the
open DHR system hot leg suction line into the CPEgency
sump

Over the last several years, the licensee had estabilishiod o
lnbeting program for plant components. However, this
program Md not consider & pipe or flange to be a
componont. Although the pipe penetration was labeled
correetly, the only entification on the Hange was the
incorrect nonstandard label, Following this event, piping
Nanges were added 1o the labeling Progrim

Control operators acted promptly and elfectively to
disgnose the decreasing reactor vessel water level, The
location of the water Joss was quickly established and
apprapriate ataons 10 wolate the leak and restore water
level wete mupidly performed. ‘The combination of
training in system procedures and theory and prior
recognition of the maintenance activity being performed
wak evident in the positive operator's tesponse.

Oconee Unit 3 findings:

&  Procedures used for installing and testing the blank
flange did not provide sufficient information for
Wetitifying the ling,

®  Lrroneous, nonstandard labels at the Nange location
miskey, the instaliation crew and the venliers,

®  During the installation sequence, maintenance
personnel  did not act  independently  when
perfarming an independent verification of the
Ange location.

& Miscommuniation between the control room
supervisor und the maintenance technician led to
opening the valve without the knowledge of control
room personnel.

®  Diverse reactor vessel level instrumentation hetped
ensure that the control operators had no doubt that
there was a teal drop in level rather than a false
mdicated level,
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2.2.3 Diable Canyon Unit 1 - Reactor Trip
and Safety Injection (8/17/91)

The Diabdo Canyon Usnif 1 event necirred at 6:28 a.m, on
May 17, 1991, when Unit | tripped Trom 100-percent
power bigause of an error by an 1&C technician (Kef, 14),
The techmic'an 1ok a tudear instrumentation channel
out of scrvice with another chunned already out of servive,
which saushied the necessary 2out-ol4 trip logic.
Pollowing the reactor teip, multiple steam dump valves
fafled open causing an  oxcessive  cooldown  and
dopressurization of the primary system, which initinted 4
low pressurizer pressure safety injection (81).

The operators understood thit the S initinted because of
coaldown and shrinkage of reactor coolant and not
becavse of & loss of coulant. After venifymg that the
Fonditions an EOP E-0, “Emergency Procedure Reactor
Frip ur Safety Injection,” were met, they entered EOP
F=LL Sl Termingtion.® A number  of  factors
contributed 1o the error by the 1&C techoician that
resulted in the reactor trip. ‘The calibration procedure did
not tollow guidelines that would have made the ecror less
likely, the technictan had not comploted ttaining in
sell-verification, and the goal of completing the
sur.cillance before shift change may have created a
tme-based steess, In addition, the technician was without
direct supervision although sull in tratning. Thus a
number of factors, including procedures, training, steess,

and supervision adversely effected onling surveillance
testing

There wis a potential problem with the annunciator
system. The annunciator system acknowledpe circuit in
the control room causes all Blimking annuncitor tiles (o
£0 10 solid illuminatin and silences the alarms, Other
plants’ control room  system  designs divide  (he
annunciators inta several groups, cach of which has its
own audible signal and acknowledpe button. Since Diablo
Canyon’s single acknowledge circuit affects all the
alacms, there is an increased possibility that an incoming
alarm may not be detected.

The Ticensee could improve the post tnp event review
process. At the conclusion of the event, ihe operators and
other involved personnel were required to give written
mdividual statements on what they mculiex However,
some of the statements were quite teese, perhaps because
they were writien following shift turnover ot 8 a.m. The
statements contained notes on observations, and did not
comment on how the event might have been avoided or
how the tesponse might have been improved.

Diiablo Canyon Unit | findings:

& The conirnl room uperntons responded effectively to
the reacton ieip and S
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